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pr, paper. 
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LIST_OF_ILLUSTRATIONS_AND_THEIR_SOURCES. 

Note: Details of the British, reinforced concrete framed, buildings 

illustrated are provided in Appendix I, including the system 

of reinforced concrete employed, and whether a building was 

entirely reinforced concrete, (that is, including the external 

walls and roof). Full titles of patents are given in the 

text and bibliography. 

Chapter 1: 

Figure 1. F. G. Edwards British 

patent, no. 1415, (1892): detail: 

B. -T., vol. 25, C. & S. supl)l., 

2.1.1907, p. 10. 

section of part of beam. 

Figure 2. F. G. Edwards: test beam 

(1892):, section of part. 

C. & C. E., vol. 4, no. 4, Sept., 

1909, p. 261. 

Figure 3. F. Ifennebique's British 

patent, no. 14,530, (1892): details: 

Le Mt. Arm6, Jan., 1901, 

Planche. 
perspective section of floor 

beams; longitudinal and transverse 

sections of beams. 

Figure 4. F. Hennebique's French 

patent addition (1893) to patent 

no. 223,546, (1892): details: 

perspective sections of floors and 

walling; vertical section of column. 

Le B6t. Arm6, Jan., 1901, 

Planche. 

Sý2pter_2: 

Figure 1. Waverley Castle, Melrose, 

Scotland, (1869, extended 1879, 

some reconstruction 1977); mass 

Own photogranh, April, 1977. 

concrete: exterior. 
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Figure 2. Wool-combing mill, 

Tourcoing, (1895); entirely 

reinforced concrete: perspective 

drawine of exterior and plan. 

Le B6t. Arm6, Oct., 1902, 

p. 78, fig. c. 

Figure 3. Church of St. Jean de 

Montmartre, Paris, (1896-1902); 

reinforced concrete and brick: 

perspective drawing of interior. 

Chapter 3. 

Figure 1. Hennebique's system 

(1896): perspective section of 

columns, beams and flooring. 

Figure 2. F. Hennebique's British 

patent, no. 30,143 (1897): details: 

beams: Perspective, transverse and 

lonaitudinal sections. 

Figure 3. E. Coignet's British 

patent, no. 24,371, (1904); 

details: transverse sections of 

beams and part of flooring. 

Figure 4. Kahn's system: perspective 

section of columns. beams and 

f looring. 

Figure 5. Grain Silos and Cleaning 

Arch. Rec., Sept., 1902. 

p. 390, fig. 10. 

I 
B. N., vol. 71,14.8.1896, p. 215. 

Frangois Ilennebique, Improvements 

in the Construction 
- 

of-Joists 

U. K. patent, no. 30,143,1897. 

Edmond Coignet, Improvements in..... ' 

Reinforced or_Armoured_Concrete 

Construction, U. K. Datent no. 

24,371P 1904. 

B. J., vol. 25, C. & S. suppl., 

27.3.1907, p. 38. 

Own photogranh, April, 1977 

House. Dunston on Tyne, (1901-2): 

interior of Cleaning House. 
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Figure 6. New Bridge Street Goods 

Station and Warehouse, New Bridge 

Street, Newcastle on Tyne, (1901-7): 

interior: lattice-girders. 

Hennebiqiie Ferro-Concrete. Theory 

and Practice, Lond., 4th edn., 

1921, p. 128. 

Chapter 6. 

Portrait of Frangois Hennebique, 

(1842 - 1921). 

Figure 1. Provender Mill, Victoria 

Wharf, Swansea, (1897-8): two 

views under construction. 

Figure 2. Provender Mill, Victoria 

Wharf, Swansea, (1897-8): exterior. 

Chapter_7. 

Portrait of Louis Gustave Mouchel, 

(1852-1908). 

Figure 1. Transit Sheds, No. 9 Dock, 

Manchester, (1902-5): under 

construction. 

Figure 2. Transit Sheds, No. 9 Dock, 

Manchester, (1902-5): exterior. 

Figure 3. ' Collapse of Test floor, 

probably failure of Hennebique's 

system, Manchester, Sept., 1902. 

I 

F. C., vol. 13, no. 5, Nov., 1921, 

1). 118. 

L. G. Mouchel. The_liennebique Ferro- 

Concrete System, Lond., 2nd edn., 

1905p p. 24. 

Swansea Harbour Trust: Visit_to 

Swansea of the Incory)orated_Law-Society 

of-the_United Kingdom, October, 1898, 

Swansea, 1898. 

F. C., vol. 3, no. 7, Jan., 1912, p. 210. 

Le Bbt. Arm6, May. 1904, p. 174, 

fig. A. 

L. G. Mouchel, The_Hennebique Ferro-_ 

Concrete System, Lond., 2nd edn., 

1905, p. 60. 

Photograph. n. d., c. 1902 - 1905: 

The Manchester Ship Canal Company, 

Manchester. 
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Figure 4. Transit Sheds No. 9 Dock. 

Manchester, (1902-5): Shed No. 5: 

successful test of column on 2nd 

floor, 14.3.1904. 

Chanter-10. 

Figure 1. Swimming Bath at Stockholm: 

interior: entirely ferro-concrete. 

Le B6t. Armd, May, 1904, 

177, fig. E. 

L. G. Mouchel, The HennebigH-EM2: 

Concrete System, Lond., 2nd edn., 

1905, p. 90. 

Figure 2. F. Ifennebique's villa at 

Bourg-la-Reine (1902); entirely 

reinforced concrete, faced with thin, 

precast slabs-: exterior. 

Figure 3. Grain Silos and Cleaning 

House, Dunston on Tyne, (1901-2), 

interior: machine-room. 

Figure 4. Factory at Stockholm: 

interior: ferro-concrete roof beams. 

Figure 5. The Royal Liver Building, 

Pierhead, Liverpool, (1907-11): 

under construction. 

Figure 6. Quayside Warehouse, 

Quayside, Newcastle on Tyne, 

(1899 - 1901): exterior. 

Figure 7. Quayside Warehouse, 

Quayside, Newcastle on Tvne. 

(1899 - 1901): part of front 

Relev46 de Travaux Execut6s. Bdtons_ 

Armds_SX21ýLn2 12222bjq22, Paris, 

Ann6e--1902, P. 10, fig. 2. 

Le B4t. Armd. Jan., 1904, 

Planche II. 

Relev6 de Travaux Execut6s. B6tons 

Armds Syst6me Hennebique, Paris, 

Ann6c-__1902, p. 62, fig. 27. 

F. C., vol. 1, no. 10, April, 1910, 

p. 212. 

Relevig de Travaux_Execut6s. Betons 

Arm6s-Systäme Hennebique, 
_ý2Elf, 

Ann6e 1902, . 64, fig. 29. 
------------ 

p 

Own photograph, April, 1977. 

elevation. 
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Figure 8. Grain Silos and Cleaning 

House. Dunston on Tyne, (1901 - 2): 

exterior. 

G. Mouchel, The_llenneblaue Ferro: 
I Concrete SVstem, Lond., 2nd edn., 

1905, p. 51. 

Figure 9. Grain Silos and Cleaning 

House, Dunston on Tyne, (1901 - 2): 

part of front elevation. 

Figure 10. Soap Factory, Dunston on 

Tyne, (1907 - 9): exterior: general 

view from river. 

Figure 11. Soap Factory, Dunston on 

Tyne. (1907 - 9): original building, 

elevation to Flour Mill Road. 

Figure 12. Soap Factory. Dunston on 

Tyne, (1907 - 9): detail of 

elevation to Flour Mill Road. 

Figure 13. Circular Silos, Dunston 

on Tyne, (1906-8): exterior. 

Figure 14. Co-operative Stores. 

North Street, Jarrow, Newcastle on 

Tyne, (1903-4); drawing for side 

elevation. 

Figure 15. Drapery Depot, North 

Street, Jarrow, Newcastle on Tyne, 

(1904): exterior. 

Figure 16. New Bridge Street Goods 

Station and Warehouse# New Bridae 

Street, Newcastle on Tvne. (1901-7): 

Own nhotograph, Anril, 1977. 

The_Co-onerative lyholesale Societies, 

Ltd: Annual, Manchester, 1909. 
----------- 

Hennebique Ferro-Concrete. Theory and 

Practire, Lond., 4th edn., 1921, p. 178. 

Own photograph, April, 1977. 

Hennpb'gL'f! 
-E2r! 

2-Concrete. 
_Theory_ang 

Practice, Lond., 3rd edn., 1909, p. 205. 

Jarrow_&_Hebburn C. S. Ltd., Central- 

Premises. Side Elevation. Construction 

in. Hennebig22's_Patent_Ferro-Concrete, 

Order no. 471, plan no. 4, L. G. 

Mouchel, C. E., 38 Victoria St.. 

Westminster, S. W. p 27.6.1903. 

Own photograph. April, 1977. 

Hennebique Ferro-Concrete. Theorv and_ 

Practice, Lond., 4th edn.. 1921, n. 126. 

exterior. 
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Figure 17. New Bridge Street Goods 

Station and Warehouse, (1901 - 7): 

part of drawing for front elevation. 

Figure 18. Forth Banks Goods Station 

and Warehouse. Forth Banks, Newcastle 

on Tyne, (1906-8): exterior. 

Figure 19. Railway Warehouse, Royal 

Albert Docks, London, (1900): exterior. 

Figure 20. Drill Hall. Chatham, 

(1903 - 4): front elevatinn. 

Figure 21. Y. M. C. A. Premises, 

Manchester. (1908 - 11): exterior. 

Fiv. ure 22. Workshop. Old Fotindry, 

Caroline Street. Hull, (1900 - 1): 

exterior. 

Figilre 23. Office Building and Pattern 

Shov, West Gorton. Manchester, (1908): 

exterior. 

Figure 24. Granary near Murrayfield 

Road, Edinburgh 1(1907-8): exterior. 

Figure 25. Brearley Mills, Luddendenfoot, 

(1907): exterior. 

N. E. R. New Bridee St. Goods 

Warehouse, Newnstle on Tyne. 

Elevations of Offices and Warehouse. 

South_Elevation. signed, A. Pollard: 

original, architect's drawingi 

referred to in tender dated: 

31.10.1905. 

Hennebique Ferro-Concrete. Theory 

and Practice, Lond., 3rd edn., 1909, 

p. 168. 

Hennebiqun Ferro-Concrnte. Theory and 

EE221122, Lond., 3rd edn., 1909, 

p. 169. 

ý2E22ý12ye Ferro-Concrete. Theory 

and Practice, Lond., 3rd edn.. 1909, 

P. 144. 

The Manchester Y. M. C. A. News, 

July. 1911, D. l. 

Photograph, Jilly, 1957, obtained 

from: Simon-Rosedowns, Ltd,., Hull. 

The Yorkshire Hennebique Contractinz 

Company, Ltd., Leeds, illustrated 

catalogue, n. d., c. 1919. 

F. C., vol. 1, no. 4, Oct., 1909, 

D. 77.1 

The Yorkshire fiennebioue Contracting 

Company. Ltd., Leeds, illustrated 

catalogue, n. d., c. 1919. 
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Figure 26. Flour Mill and Grain 

Silos, Brest, (1898): exterior. 

Chapter 11: 

Charles F. Marsh, Reinforced 

Concrete, Lond., 1904, n. 437, fig. 401. 

Figure 1. II. R. Millar's 

illustration to: E. Nesbit 

The-Enchanted-Castle: captioned, 

"This hall in which the children 

found themselves was the most 

beautiful place in the world. " 

Fivre 2. Lion Chambers, 172. Hope 

Street, Glasgow, (1904-7): 

exterior: corner of Bath Lane 

and Hope Street: 

Completed. 

Figure 3. Lion Chambers, 172, Hope 

Street, Glasgow, (1904-7): 

exterior: detail of grille, ground 

floor level, Bath Lane elevation. 

Figure 4. Lynn House, Lynn Street, 

West Hartlepool, (1906-7): 

exterior. 

Figure 5. The Ingalls Building, 

corner of Fourth and Vine Streetq, 

Cincinnati, (1902-4); entirely 

reinforced concrete, veneered with 

white marble for the lower three 

storeys, glazed grey brick for the 

next eleven and glazed white terra- 

cotta for the top storey and 

cornice: exterior. 

Figure 6. Spanish Villa, Tillycorthie, 

Aberdeenshire, (1911-125: exterior: 

front. 

The Strand Magazine, vol. 34, 

igo7v p. 354. 

The Yorkshire Hennebique Contracting 

Comnany, Ltd., Leeds, illustrated 

catalogue, n. d., c. 1919. 

Own photograph, March, 1977. 

Photograph, c. 1920, obtained from: 

Douglas R. P. Ferriday, Hartlepool. 

Arch. Rec., vol. 15, June, 1904, 

p. 532. 

Own photograph, June, 1979. 
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Figure 7. Lion Chambers, '172, Hope 

Street, Glasgow, (1904-7); 

perspective drawing of exterior 

signed, "J. G. G. " 

(John Gaff Gillespie). 

Figure 8. Lion Chambers, 172, Hope 

Street, Glasgow, (1904-7): from: 

architect's drawing: elevation to 

Hope Street. 

Figure 9. Lion Chambers, 172, Hope 

Street, Glasgow, (1904-7): from: 

working plan: elevation to Hope 

Street: upper part of tower. 

Figure 10. John Gaff Gillespie's 

competition design for Ferro-Concrete 

Shop and Offices for The British 

Architect (1909): perspective drawing. 

Appendix I: 

Figure 1. Grain Warehouse, Plymouth, 

(1899): exterior. 

Figure 2. Water Tower, Meyrick Park, 

Bournemouth, (1900). 

Figure 3. Warehouse, -Carmarthen, 

(1904) : exterior. 

10 

Build. Inds., vol. 17,16.4.1906, 

P. 9. 

Proposed Building_II, p2_St: 
_For-Wm. 

Geo. Black, Esq., Elevation and 

Section. Messrs. Salmon & Son & 

Gillespie, Architects, Glasgow, 

April 15th, 1904. 

Building for W. G. Black 

Glasgow. Construction_in_Hennebique's 

Patent-Ferro-Concrete. Hope Street 

Elevation, no. 922, plan no. 15 

(modified), Working Plan, L. G. 

Mouchel, C. E., Westminster, 18.10.1905. 

Brit. Archt., 25.6.1909, illust., 

described, p. 454. 

Hennebique Ferro-Concrete. Theory 

and Practice, Lond., 3rd edn., 

1909, p. 169. 

Charles F. Marsh, Reinforced Concrete, 

Lond., 1904, p. 447. 

The Yorkshire Hennebinue Contracting 

Company, Ltd., Leeds, illustrated 

catalogue, n. d., c. 1919. 



Figure 4. Warehouses and 

Laboratories of Evans, Sons, Lescher 

& Webb, Ltd., Liverpool, 1927: 

Drug Ntanufactory, '(1904), may have 

been the building marked, "Laboratories 

and Mills" (in Wood Street). 

Figure 5. Water Tower, Newton-le- 

Willows, (1904 - 6). - 

Figure 6. Co-operative Store 

Buildings, Colne, (1905-7): interior: 

cafe. 

Figure 7. Granary, Avonmouth Docks, 

(1907-8): exterior. 

Figure 8. Factory, Warrington, (1907 - 

8): under construction. 

Figure 9. Confectionery Manufactory, 

Maitland Street, Glasgow, (1907-8): 

exterior. 

Figure 10. Warehouse, Rainham, Essex, 

(1908): exterior. 

Figure 11. Grain Silos, Silvertown, 

London, (1908). 

Figure 12. Organ Chamber, Alltwen, 

Pontardawe, (1909): exterior. 

The Story of Evans_Medical, 1809 - 

1959: 
-Published_to_Commemorate_ 

the 150th Anniversary of the 

Foundation_of_the_Company, Evans 

Medical Supplies Ltd., Liverpool 

and London. 

fiennebique Ferro-Concrete. Theory 

and Practice, Lond., 4th edn., 

1921, p. 464. 

The Colne and District 

Co-operative Society Ltd: Souvenir. 

Coming-of-Age and Opening of New 

Central-Premises. Saturday, 
_June 

F. C., vol. 2, no. 4, Oct., 1910, 

p. 123. 

C. & C. E., vol. 3, no. 2, May, 1908, 

p. 169. 

F. C., vol. 1, no. 5, Nov., 1909, 

P. 105. 

C. & C. E., vol. 3, no. 1, March, 

1908, p. 82. 

Hennebique Ferro-Concrete. Theory 

and_Practice, Lond,., 4th edn., 

1921, p. 223. 

Own photograph, August, 1976. 



lz 

Figure 13. St. Lawrence Wire Rope 

Works, St. Lawrence Road, Newcastle 

on Tyne, (1909): interior. 

Own photograph, April, 1977. 

Figure 14. Keir Chapel, Keir House, 

Dunblane: interior: part of roof. 

Figure 15. House, Wing Hall, near 

Robin Hood's Bay, (1911): under 

construction, and completed. 

Figure 16. H. M. Stationery Office 

Warehouse, Stamford Street, London, 

(1911-12): exterior. 

Figure 17. Dock Warehouses, Kingston- 

on-Hull, (1911-12): exterior. 

Figure 18. Lecture Theatre. Extension 

to the Yorkshire Philosophical 

Society's Museum, York: exterior. 

Figure 19. Atlas Spinning Mill, 

Ardsley, Wakefield, (1912): exterior. 

Own photograph, January, 1977. 

"The C. 11I. M. " (Cocoa Works Magazine), 

Rowntree & Company, Ltd., York, 

Sept., 1911, pp. 1147; 1149. 

Own photograph, July, 1977. 

Own photograph, April, 1978. 

Arch. & B. J., 17.7.1912, p. 75. 

The Yorkshire liennebique Contracting 

Company, Ltd., Leeds, illustrated 

catalogue, n. d., c. 1919. 
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ABSTRA-C 
- 

T. 

The earliest inventions and uses of cements, concretes and reinforced 

concrete in the modern period (mainly in the nineteenth century) are first 

discussed, with particular reference to Britain. This is followed by a 
description of the state of practice relating to reinforced concrete, and 
the major framing systems introduced in Britain, by the early 1900s. 

This provides a historical and technical context for two core themes: 

1. The Commercial Introduction and_Establishment_of_Reinforced_Concrete 
ram Tion N-5-ritain. F ---; d--Cons-t-r-uc-t -1 

This has principal reference to the introduction of Frangois Hennebique's 

French/Belgian system of reinforced concrete by means of a technical-commercial 

agency for this system in Britain, established and directed by Louis Gustave 

Mouchel. The selected period begins with the commissioning of the first 

framed building on Hennebique's system in Britain (1897), and ends with 
L. G. Mouchel's death (1908), (while the commercial introduction of other 
framing systems in this period is also referred to). F. Hennebique's 
initiation, in Belgium, of a model "specialist" organisation for promoting 
his system, its geographical extension, and Hennebique's personal role 
in the British agency are discussed. 

The effect of building regulations, in Britain on the use of reinforced 
concrete frames is assessed. Clients and their motives for risking the 

new material are examined. Finally, the theme includes a movement among 
a small group of architects and engineers to end the commercial-specialist's 
- notably, L. G. Mouchells - monopoly of reinforced concrete in Britain and 
to generalise the knowledge of such construction. 

2. The Architectural Design of the Early Framed Buildings, with particular 
reference to those entirely in reinforced concrete. 

------------------------ 
The respective roles in design of the specialists and architects are 

established, architect's having responsibility for the initial, and general, 
designs. 

Contemporary architectural ideals are examined with reference to the 
introduction of reinforced concrete, in particular, the ideal of a modern 
style, the relation advocated between style and material, and dominant 

stylistic tendencies. Examples are discussed in relation to specific 
artistic problems which architects perceived in the use of reinforced concrete. 

It is shown that the new construction was generally neglected in the 

expression of ideals for stylistic improvements or innovations, which were 
often associated with a popular, "Renaissance" mode, and that it was to this 

mode that architects tended to adapt reinforced concrete. An interesting 

exception, "Lion Chambers" in Glasgow and its relation to a local (and new) 

aesthetic, "Glasgow Art Nouveau", is given particular attention. It is 

concluded that in these examples, certain stylistic influences were more 

significant than the use of a new construction. 
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I-N-T-R-0-D-U-C-T-I-0-N. 

The thesis initially provides an account of salient developments 

and the application of cements, concretes and reinforced concrete 

mainly in the nineteenth century in Britain, with reference also to 

France, and including the beginnings and early use of Frangois 

Hennebique's French/Belgian system of reinforced concrete, (which in 

the early 1900s accounted for the majority of reinforced concrete 

works in Britain), assesses the state of practice relating to 

reinforced concrete and describes and compares the major framing 

systems introduced in Britain, in the early 1900s. This is regarded 

as of intrinsic interest (and occupies the whole of Chapters 1- 3) 

but at the same time essentially a relevant historicaland technical 

context for the succeeding chapters, which contain two further and 

core, themes: the'commercial introduction of Hennebique's system in 

Britain, and the architectural design of the early reinforced concrete 

framed buildings. These two themes are summarised as follows: 

1. 
---The 

Commercial Introduction 
- 

and-Establishment 
- 

of 
- 

Reinforced Concrete 

Framed Construction (Hennebique's System) in Britain. 

The thesis examines the systematic commercial introduction of 

reinforced concrete framing in Britain, notably Hennebique's system, 

by means of a commercial-technical agency for this system in Britain, 

organised by Louis Gustave Mouchel, in a period beginning with the 

contract for the first fully framed and entirely reinforced concrete 

building there (1897) and ending with Mouchel's death (1908). The 

introduction of other framing systems and their earliest applications 

in this period are referred to. 

The introduction of Hennebique's system in Britain and L. G. 

Mouchel's achievement in extending its use is considered in the wider 

geographical and commercial context-of the development and expansion 

of Hennebique's commercial-specialist organisation for propagating his 

system and Hennebique's personal role in this organisation and in Britain. 

L. G. Mouchel's professional training and occupations, his abilities 

and temperament, are discussed in relation both to his appointment as 

Hennebique's agent and his achievement in maintaining the agency, and the 

establishment of the agency is examined, including ways in which Mouchel 
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adapted Hennebique's model. Mouchel's modifications of Hennebique's 

reinforced concrete system are described and the works designed and 

constructed under his direction are summarised and assessed. 

Clients and their motives for employing the new construction are 

examined, and it is considered whether, in addition to their special 

practical requirements, these clients possessed any peculiar 

predisposition to innovate. The question of building regulations with 

regard to the use of reinforced concrete frames is also considered. 

An interesting movement among a small group of architects and 

an engineer to counteract L. G. Mouchells. supposed intention of 

monopolising reinforced concrete design and construction in Britain, 

and to promote "independent" design by architects, is discussed, and 

the end of the selected period (1908), is marked also by the formation 

of an "independent" body, The Concrete Institute, to study concrete 

and reinforced concrete, and with a membership comprising the diverse 

interests in reinforced concrete existing by this time, including 

specialists, architects, engineers and local government officials. 

0 

2. 
___The_Architectural 

Design of the Early Reinforced_Concrete_Framed 

Buildings in Britain (with particular reference_to_those 
- 

entirely in 

reinforced_concrete). 

The thesis considers the architectural expression of the early 

reinforced concrete framed buildings in Britain (1897 - 1908) in relation 

to contemporary architectural ideals, in particular, ideals for a modern 

style, and dominant stylistic tendencies, and to certain artistic problpms 

which architects perceived in the use of reinforced concrete. This has 

particular reference to buildings both entirely in reinforced concrete 

(including panel walls and other parts) and involving architects in 

their design (of which there are approximately 20 examples), 

excluding buildings with load, -bearing walls of other materials; 

(additional examples cited include buildings entirely in reinforced 

concrete designed by engineers). 

Contemporary conceptions of the architect's role, especially with 

regard to the design of "calculated structures" are examined; 

the architect's (and the engineer's) role/ in practice vis-A-vis the 

reinforced concrete specialists is discussed and the effect of this 

relation on the design of the early buildings. 



is 

As most of the buildings were commercial and industrial 

structures, the question is also considered whether such building-types 

were normally regarded as architectural subjects, whatever the material 

employed. (Insofar as many of the buildings represent examples of 

exterior rather than interior architecture, this ei-reumstftne-e-is related, 

it is suggested, to their commercial and industrial status). 

One example, "Lion Chambers", an entirely reinforced concrete 

office building (1904 - 7) in Glasgow, and its architects, is 

! examined in particular detail, as representing an exceptional and 

interesting application of reinforced concrete in this period. 

Throughout the period encompassed in the thesis, that is, 

including the earlier nineteenth century, "reinforced concrete" is 

understood to exclude combinations of concrete with embedded metal 

where the metal and concrete are not considered to have complementary 

structural functions (the concrete chiefly in resisting compressive 

stresses and the metal chiefly in resisting tensile and later, shear 

stresses). 

Although the term, "reinforced concrete" was not common in Britain 

until the early 1900s, for clarity it has been used to identify the 

material at any time (although older descriptions are also indicated), 

except that in reference to Hennebique's system, with which the thesis 

is largely concerned, the term, "ferro-concretell (used to describe 

Hennebique's system in Britain in the early 1900s) is sometimes 

substituted. Where no particular system of reinforced concrete for a 

building is indicated, Hennebique's system was employed. 

Appendix I provides details of most of the British buildings 

referred to in the text, with further examples and illustrations. 

Where illustrations of significant buildings are easily accessible 

and nothing would or can be added by providing another view, these 

buildings are not illustrated (notable examples being, W. B. 

Wilkinson's cottage (c. 1865), near Ellison Place, Newcastle on Tyne 

and A. and G. Perret's apartments (1903) in rue Franklin, Paris). 
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Introduction. 

Chapters 1 and 2, respectively, concern inventions for, and 

the uses of, reinforced concrete in Britain, prior to the introduction 

and application there of Frangois Hennebique's system of rei 
I 
nforced 

concrete framing, in 1897, (reinforced concrete being broadly defined 

as :a combination of concrete with embedded metal, in which the 

concrete is assumed to resist compressive stresses, while the metal 

is arranged chiefly to resist tensile stresses). Chapter 1 also 

provides a contextual history of the early modern (late eighteenth 
I 

and nineteenth century) development of cements and concretes, and 

combinations of concrete with embedded metal not employed as reinforcement, 

although not infrequently described as reinforced concrete, while 

Chapter 2 also refers to nineteenth century applications of concrete and 

metal. 

Chapter 1: 

provides a fairly detailed, chronological, account of modern 

developments of cements, concretes and the use of embedded 

metal, not employed as reinforcement, in Britain, with 

reference also to France, in order to relate these developments 

to the emergence of reinforced concrete, in the mid-nineteenth 

century, and as a general context for subsequent developments of 

reinforced concrete (Chapter 3). 

(2) distinguishes and describes various patents or inventions for 

reinforced concrete introduced in Britain during the nineteenth 

century (whether or not applied). 
(3) notes significant developments of reinforced concrete outside 

Britain, especially in France, with particular reference to 

British patents and Frangois Hennebique's work. 
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From_"Stuffing" to Portland Cement Concretes. 

The earliest modern British (or Irish) use and description of a 

concrete (a mixture of lime, or cement and water with inert aggregate) 

or as he called it, "stuffing", may have been George Semple's, who 

used a Roach Lime concrete for bridge foundations in Dublin in 1753, 

after observing some hardened mixtures of gravel and lime in the river 

and experimenting with the same. 
1 

Some years later, in 1774, M. Loriot in a pamphlet published in 

London, as well as Paris, was advocating an, leartificial stone" or 

concrete for the., 

"cheap, easy, expeditious and durable Construction of all 
Manner of Buildings and ..... Ornaments of Architecture", 2 

for which purpose he intended to use a Roman kind of cement, that is, 

hydraulic. (No examples are known). 

------------------------------------------------------------------------- 
I 

1. Foundations for Essex Bridge over River Liffey, described by Semple 
in: A Treatise on Building in Water_(for_X222g id inexperienced Readersý 

-2L Spackman, -ý-om; -Tvi-riters on Lime and_C-e-m; n-iT-E3m-E-rIdge, 
1929, pp. 8-9: Semple carefully Measured his proportions of fine and 
coarse aggregate; s. a. George Godwin, jun., Prize_Essav P !! ite Nature 

X-2 2_ 
and_Properties of-Concrete and its_aEpI12ýtion to Construction up to the 

present period, I. B. A. Trans., vol. 1, pt. 1,1835-6, pp. 11-12; 
S, a: Ted Ruddock, Arch Bridges and Their-Builders--1735-1835, C. U. P., 
1979, pp. 40-5. 
Excepting earlier but unspecific patents for artificial stone for minor 
purposes, e. g. see: C. & C. E., vol. 3, no. 3, p. 225. 

2. Spackman, op. cit. (1), pp. 5-6. 
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Although mortars made with hydraulic limes were employed in England 

from the sixteenth century, 
3 

natural cements, such as "Roman" from the 

latter eighteenth century, and artificial cements from the early 

nineteenth century, it seems that both the general use and the common 

definition of concrete in Britain, (where the term itself emerged by 

the 1820s - 30s 
4) 

during the first half of the nineteenth century, was 

normally confined to friable 'lime concretes, . However, concretes 

made with hydraulic limes and with natural and artificial cements were 

also employed to a lesser extent up to mid-century. 

Hydraulic lime concretes set in water and generally formed a more 

durable and stronger material thm,, 'lime concrete' 
5 

while hydraulic 

limes, again, according to Rivington's Building Construction (1879) 

for example, were inferior to 'cements', although there was no sharp 

dividing line. 
6 

(The term, 'cement', much earlier, referred either 
7 

to mortar or to concrete , as the French word, Iciment' in the 

nineteenth century sometimes still did). 

------------------------------------------------------------------------ 

3. E. g. Jack Bowyer, History of Building, London, 1973, p. 96. 

4. Godwin, op. cit. (1), pp. 12 - 13, in 1835 guessed "15-2011 years ago, 
but Smirke, 1817-22, referred to 'grouted gravel', (see below). 

5. E. g: J. Mordaunt Crook, Sir Robert Smirke -A Pioneer of Concrete 
Construction, Newcomen Society, Trans., vol. 38,1965 - 6t p. 9. 

6. Notes on Building Construction, Part 3- Materials, Rivingtons, 
Lond., Oxford and Cambridge, 1879, p. 156; 
s. a: p. 148. Cf: C. W. Pasley, Outline of a Course of Practical 
Architecture, Chatham, reprint. 1862, p. 9. 

7. Harley J. McKee, Canvass White and Natural Cement, 1812_: 
_1834, J. S. A. H., vol. 20, no. 4,1961, (pp. 194-7), p. 197. a 
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Thus in George Godwin's. history of concrete in 1835, he 

noted that, 

"the concrete noW generally employed is compounded of Thames 
ballast and Dorking lime ........ 8 

Dorking lime wase 'feebly hydraulic 
9 

and it was employed, for example, 

by Robert Smirke 
10 

in his celebrated 
11 

use of concrete or, 'grouted 

gravel' 
12 

for the foundations of Millbank Penitentiary (1817-22) 
13 

. 

In 1850, E. Dobson still describes concrete as currently used 

in Britain as a, tweak artificial stone' 
14 

, suitable only for foundations 

and composed of gravel with chalk lime or a slightly hydraulic stone lime, 

as distinct from French lbeton', made with hydraulic lime and seldom 

used in Britain; 
15 

(in France, the term,, Ibeton' at least in the latter 

nineteenth century, included cement-concretes). 

Smeaton's and Cookworthy's investigations (1756) in Britain had 

shown that the hydraulicity of some limestones resulted from the presence 

of clay 
16 

(preparing the way for the manufacture of cement - although 

Smeaton thought iron was also necessary 
17 

); previously the quality of lime 

was believed to depend on the hardness and whiteness of the limestone. 
18 

8. Godwin, op. cit. (1), pp. 14-15. 

9. Notes_on- Building Construction, op. cit. (6), p. 155; see L. J. Vicat's 
classification, ib., p. 154. 

10. Pasley, op. cit. (6), p. 8. 

ll. Smirke's use of concrete significant because by eminent architect and 
well publicised: Mordaunt Crook, op. cit. (5), p. 5. 

12. Ib, p. 8. S. a: Pasley, op. cit. (6), p. 8. 

130b, p. 6. 

14'. E. Dobson, C. E., A Rudimentary Treatise_on_Foundations_and Concrete 
- 

Works, 
Lond., 1850, p. 45. 

15. Ib, p. 44. Term, "hydraulic" from L. J. Vicat - Charles Singer et al, eds., 
A History of-Technology - Vol. 5., Oxford, 1958, p. 483. 

16. E. g. Spackman, op. cit. (1), p. 14. 

17. Ernest A. Dancaster, Limes and. Cementsj. Londonp 2nd edn., 1920, p. 6. 
Belidor also thought so - ib., P. 5-. Husp Godwin, op'. cit. (1), p. 31, 

attributed hydraulicity to the presence of iron. 

18. Spackman, op. cit. (1), p. 14. 
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Indeed, this opinion persisted since Smeaton's results were'apparently 

passed over by many contemporaries. 
19 

Following the recent publication of Smeaton's "Narrative" in 1791 
20 

and 1793, which described his findings , James Parker in England had 

patented in 1796 a "natural cement Ir2l made from calcining an argillaceous 

limestone, and later called Roman cement. 

At first unsuccessful, 
22 

this became well-known in Britain, although 

not in concretes, and on the Continent (Vicat employed it for concrete in 
23 

a bridge at Souillac in 1816-18 Until about 1850, the term, "cement" 
24 

in Britain generally referred to Roman cement. 

The earliest artificial cements, including Portland, differed little 

in strength from the natural cements known. 
25 

James Frost, who visited 

L. J. Vicat in France, 
26 

made an artificial cement in 181 , 
27 

n order to 

improve the colour of Roman cement 
28 

and Joseph Aspdin may have arrived at 

19, Dancaster, op. cit. (17), pp; 6-7. 

20. John Sneaton, A Narrative of the Building and a Description of the_Con- 
stract-ion of the Eddystone Lighthouse-with stone, London, 1791,2nd edn., 
1793. 

21. E. g: Maj. A. J. Francis, The Cement Industry 1796 - 1914: A History, London, 
1977, pp. 26-8. Canvass iVEie, in--the U. S., patented a natural cement 
in 1820: McKee, op. cit. (12). 

22. Ib. p. 29, cont. on p. 32. 

23. E. g: Wolf v. NiebelschOtz, Ublin - Bau, Stuttgart, 1958, p. 24. 

24. Bowyer, op. cit. (3), p. 96. S. a: Spackman, op. cit. (1), p. 63, and Pasley, 

op. cit. (10), p. 12, on use of Rom'an Cement. 

25. W. Morgan, The_Elements of Structure, Lond., 1964, p. 24. 

26. Francis, op. cit. (21), p. 77. 

27. Ib., p. 76: possibly not yet patented, but Louis Carlton Sabin, 
Cement 

- 
and Concrete, Lond., 1905,. p. 10, refers to an English patent, 1810, 

ior an artificial product by ' . 1cining a mixture of carbonate of lime 
and clay but not called cemLMý 

28. Attempted by others: Francis, op. cit. (21), p. 95. 
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his method for Portland cement in 1811 
29 

or 1813 
30 

(patented, 1824), the 

significance of which was the specification for an artificial cement 
31 

(or "stone" 
32 

), rather than its superiority to Roman cement. 
33 

(During 

the early 1800s, in France, Louis Joseph Vicat's copious research and 

writings on the subject of limes and cements also extended Smeaton's 

work. 
34 

) 

From about'1843, Joseph Aspdin's son, William, perhaps accidentally, 

manufactured Portland cement stronger than any other, including French 

artif±cial cements, 
35 

by burning the cement mixture at higher 

temperatures than previously. Professor A. W. Skempton (1962) after 

analysing the results of contemporary tests, concluded that it was 1-8 

times stronger than good Roman cement and therefore must contain enough 

clinkered material to define it as a true (or modern) Portland cement. 
36 

Although, at mid-century, friable lime concretes may have been most 

commonly employed in Britain, beton was becoming more widely adopted and 

by 1869, for example, Henry Reidv C, Hev was advocating, "concrete" as a 37 
generic term to include beton. Reid also now refers to, "Portland 

cement concrete", a description used in the second half of the nineteenth 

century to distinguish this from concretes made with other cementitious 

materials, perhaps following John Grant's specifications for major works 
in London, from 1859. 

29. Portland Cement and Concrete, Wouldham Cement Co. Ltd., - London, 1914, 

30. Spackman, op. cit. (1), p. 54. 

31. Frost's patent for British cement (1822), sometimes compared to Aspdin's, 
omitted alumina: Francis, op. cit. (21), p. 77. 

32. Aspdin's patent was for a "cement or artificial stone". 

33. Morgan, op. cit. (25), p. 24. 

34. See: Spackman, op. cit. (1), pp. 26-34; Francis, op. cit. (21), p. 77. 

35. E. g: see description of publication by Vicat (1851): Spackman, op. cit. 
(1), p. 31ý, 

36. Francis, op. cit. (21), pp. 112-5,158-9. 

37. Henry Reid, C. E., Treatise on Concrete, London, 1869, p. l. 
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The superior properties of Portland cement, compared to Roman, 

were being indicated from mid-century, for example, by public tests at 

the Great Exhibition (1851) and in particular by John Grant's 

comprehensive series of about 15,000 tests of Portland cement and nearly 

700 with Roman, for the Metropolitan Board of Works, between 1859 - 65, 

(although scepticism about its value remained general until about the 

early 1870s. ) Grant, recommended Portland cement as the "best article 

of its: kind" and cheaper than Roman, taking account of strength. 
38 

His 

initial results were extremely variable and Grant demonstrated the 

importance of finely grinding cement and composing "dry" mixtures 
39 

- the 

latter finding disregarded in the early 1900s, (Chapter n). 

In Grant's extensive use of Portland cement concrete (for sewers), 

he did not consider the possibility of reinforcing it with embedded metal, 

a principle introduced a few years earlier, for floors and beams, by W. B. 

Wilkinson. Wilkinson refers to Portland cement in his specification 

(1854 - 5), but was not the first to specify Portland cement concrete for 

structural work (as A. J. Francis (1977) su gests. 
40 

The significance 

of Portland cement for Wilkinson's patent and indeed, later patents for 

reinforced concrete is difficult to assess, however: Wilkinson did not 

confine his specification to Portland cement, and Francois Hennebique, 

in 1893 and 1897, for example, included hydraulic lime in his specifications 

for reinforced concrete. 
41 

38. John Grant, M. Inst. C. E., Experimentsýon the Strength of Cement, London, 
1875, (consisting of 2 pap; rs-tO-iK-e-I. C. E., 1865,1871), --P. 1h; 

s. a: pp. 1,16. 

39. Ib., ' pp. 6,14 - 15; s. a: p. 5: tests taken beyond immediate requirements. 

40. Francis, op. cit. (21), p. 127. Naysmith specified P. C. for floors (1848) 

so did Beardmore - Thomas Potter, Concrete, vol. 2, Lond., n. d., c. 1893, 

pp. 148 - 9. 

41. Frangois Hennebique, Certificat d'Addition au brevet no. 223,546,8.8.1892, 

7.8.1893# reprod-in: Lo BK-. -Armd, Jan. 7-1561, --- 

v1poutraisons compos6es de b6ton de ciment ou chaux hydraulique et de m6tal. " 
Hennebique's British patent, ImpE2y2Ln2Lijs in the Manufacture_or 

I 
Construction of Joists, 

_(2121, 
no. 14,530,1892, complete specification, 

4.5.1893, p. 5, includes, "iron and cement or any other metal and agglomerant. " 
Hennebique's British patent, no. 30,143,1897, refers to cement and 
hydraulic lime (and "cement" in place of "concrete", from the French 
11ciment"). 
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Knowledge of Portland cement and concretes indeed, remained, -"neither 

very scientific nor very exact" 
42 

(and by 1907, Bertram Blount, F. I. C., 

stated categorically that the setting processes of Portland cement were 

unknown). The manufacture of Portland cement did not produce a consistent 

product and this again remained a problem into the early 1900s. 

Although Roman cement also varied in quality 
43 

, Portland (newer) 

tended to be distrusted. For example, G. Dines (1865) thought Portland 

cement corroded iron and therefore, where cement was in contact with metal, 

he substituted Roman 44 
. Lt-Col. Scott, R. E., (1871) observed that Portland 

cement might expand to an "extraordinary" extent; 
45 

however, Scott considered 

that Grant's work had brought the strength of Portland cement, 

"to a degree believed impossible a few years ago 11,46 

and he specified Portland cement in his patent for reinforced concrete in 

1867 (probably the earliest, significant patent for this material, following 

Wilkinson's). 

By the 1860s, Matthew Allen (1862) and Henry Reid (1869), for example, 

as well as stating the value of Portland cement-for concrete, were drawing 

attention to other significant factors in its fabrication, such as the 

nature and quality of aggregate for strength and fire-resistance. (Allen 

advocated a concrete of Portland cement with calcined materials, which 

proved fire-resistant 
47 

). However, Thames ballast, a compound aggregate 

long used and advocated by Reid 
48. 

and recommended again bY T. Potter. , 

42. Reid, op. cit. (37), Preface, v. S. a: Col. H. C. 'Seddon, R. E., Builders' 
Work_and_The Building Trades, London, 2nd edn., 1889, Preface, vi: 

43. Francis, op. cit. (21), p. 36. 

44. G. Dines, discus., I. C. E. 1865 Grant, op. cit. (38), pp. 69-70. 

45. Lt-Col. Scott, R. E., discus., I. C. E., 1871, in: Grant, op. cit. (38), p. 151. 

46. Ib., p. 150. Cf: John Hawkshaw, (past-Pres. I. C. E. ), discus., I. C. E., 
1865, in: ib., p. 90; and cf: Prof. A. W. Skempton on improvement in strengthof 
P. C., c. 1863: Francis, op. cit. (21), p. 140; s. a: p. 139 and p. 246. 

47. Arthur Cates, SME21e and Fire: ý221211H-SM! 122112E2, pr. to Gen. 

. Conference Archts.,, 1878, (pp. 296-304), p297. 

48. Reid, op. cit. (37), p. 43. 
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(1877) 
49 

, for example, as the safest for concrete, was later condemned 

by the British Fire Prevention Committee, although it continued in use 

for reinforced concrete work in the 1900s. Large sized aggregate 

tended to be employed in this period not only for concrete but reinforced 

concrete too, as W. B. Wilkinson's specification (1854 - 5) indicates. 50 

A dry mix iias preferred for concrete at this time, 
51 

but the reasons, 

despite Grant's findings, had little to do with the effect of-the quantity 

of water on strength, 
52 

and ignorance of the "water-cement ratio" and its 

effects again persisted until the end of the first decade of the twentieth 

century. There were no reliable data for the strength of concretes 
53 

$ 

although further tests of Portland cement concrete (for example, Col. 11. 

C. Seddon's 
54 

) as well as tests of reinforced concrete were undertaken 

in the 1870s and 1880s. 

During the early 1890s in Britain, there were again advances in the 

manufacture of Portland cement 
55 

(although, "free lime was still a bugbear 
§6 

and in 1890 - 1, J. J. Webster, M. Inst. C. E. once more demonstrated the 

--------------------------------------------------------------------------- 

49. Thomas Potter, S222rete: Its Use in Building, London, 1877, p. 34. 

50. Chapter 2. 

51. E. g: Reid, op. cit. (37), p. 85. 

52. See, e. g: Reid, op. cit. (37), p. 47, and p. 108. S. a: Charles Drake, 
On Building in Concrete, pr. to Civ. and Mech. Engrs. Soc., Bldr., 
Vol. 33,3.7.1875, Tpp: 601 - 2), cont. 10.7.75, (pp. 616 - 7), p. 601. 

53. E-9: 'n1dr., 11.7.1874, p. 591. B. N., 16.4.1875, p. 447. 

54. Seddon, op. cit. (42), Preface, vi and Ap . 1, pp. 322-6. 

55. E. g: Francis, op. cit. (21), p. 254. 

56. Philip Hobbs, Concrete, B. J., vol. 3,18.2.1896, p. 18. 
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efficacy of Portland cement concretes for fire-resistance, 
57 

(although 

there was controversy at this time about the value of various aggregates 

for this purpose: 
58 

, coke breeze" was commonly used, but often contained 

minute particles of coal. 
59 

) In 1896, Philip Hobbs (of W. B. Wilkinson 

and Co. ) noted that "Portland cement" (-concrete) was in general use by 
60 

architects and combined with iron and steel. 

f 

57. Potter, op. cit. (40), pp. 178-9. S. a: discussion below of Hyatt's 
tests (1870s). 

58. P. Waterhouse, reviewing - G. L. Sutcliffe, Concrete, 1893, J. R. I. B. A., 

vol. 1,21.12.1893, p. 120. 

59. Potter, op. cit. (40), pp. 178-9. 

60. Hobbs, op. cit. (56). 

N 
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Concretes-with_Embedded_Metal in Britain and France - R. Dodd (1808) 

to D. Wilson (1885). 

During the nineteenth century, there were a number of patents for 

combinations of concrete and embedded metal, many of which, dated both 

before and after W. B. Wilkinson's original patent (1854) for reinforced 

concrete, have. been claimed a-s for reinforced concrete. The primary 

objects of this section are to counter these claims, but at the same 

time, to document some interesting examples of such combinations 

ifi this period. 

During the second half of the nineteenth century, (when reinforced 

concrete emerged), there was much discussion about the advisability 

of embedding metal in concrete, especially in the 1870s, when there 

was both a particular interest in concrete, and a new realisation that 

unprotected metal was not fire-resistant. By the early 1870s, cast 

and especially wrought iron had been proved unreliable in fires, 'while 

concrete (such as M. Allen's) had proved resistant and the need to 

encase iron with concrete or other materials was clear. 
61 

Furthermore, J. Douglass Matthews, F. R. I. B. A., observed in 1878 

that it was beginning to be generally realised that the smaller the amount 

of iron in fire-resisting floors, the better. 
62 

T. 11yatt's fire and 

load tests with Portland cement concrete and with embedded wrought iron 

reinforcement were undertaken at this time and there may have been sundry 

other applications in Britain of the principle of economical tensile 

reinforcement., 

61. Potter, op. cit. (40), pp. 158-9. S. B. Hamilton, A Short History of the 
Structural Fire Protection of Buildings Particula; lv in England, N. B. S. 

27, London, 1958, p. 68. 

62. J. Douglass Matthews, F. R. I. B. A., Discus. of Cates' pr. op. cit. (47), 
(pp. 304-312), p. 306. 
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I 
However, there were doubts about embedding iron in concrete. 

Alexander Payne (1876) said it was "well-known" that iron bedded away 

from air did not rust, but although. T. Potter (c. 1893) said the same 
63 

uncertainty on this point persisted. There was concern about adhesion 

between metal and concrete 
64 

and finally, the fire-resistance of such 

combinatiors was doubted. 
65 T. Potter (1877) for example, suggested 

dispensing with iron where possible. 
66 

There was also a more general notion that the "homogeneity" of 

materials should be preserved. (The_Building News (1897) suggested that 

-this resulted from earlier "unsuccessful attempts to combine cast and 

wrought iron" 
67 

). Thus A. Giles, C. E. (1876) said he thought it was 

"axiomatic" to reject mixtures of materials, 

"I would trust either to the concrete by itself or to the iron 
by itself, " 68 

and E. Nash, F. R. I. B. A. (1876) observed, 

"concrete is in itself a very homogeneous material, but when it 
is proposed to introduce bars of iron in a perpendicular 
position, combined with concrete to form a column, I fear that 
homogeneity will be lost"; 69 

he attributed this to the gradual shrinkage of the concrete, resulting 

in an unstable combination. E. Nash's comment is also interesting for 

its surprisingly early reference, if it is such, to reinforced concrete 

columns. 

63. Potter, op. cit. (40), p. 148. Alexander Payne, A. R. I. B. A. Concrete as 

a Building Material, pr. to R. I. B. A., 10.4.1876, R. I. B. A. Trans. O. S. 

(1868-79), (pp. 179-184, discus. pp. 184-192), p. 181. Cf: J. C. Loudon, 

PSYMMedia. of Cqjjag2, 
_farm 

and Villa Archit2QHE2, London, 1833, 

p. 867. 

64. Bldr. , op. cit. (53). 

65. Potter, op. cit. (49), pp-. 114-5. 

66. Ib., p. 116. 

67. Construction of Arches in Concrete - II, B. N., vol. 72,26.3.1897, p. 447. 

68. Alfred Giles, C. E. op. cit. (63), p. 192. 

69. E. Nash, F. R. I. B. A., ib., p. 190. 
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By the 1890s, the Building News (March, 1897), for example, 

referring to recent experiments in Britain and abroad which showed the 
-6 61. 

superior -J Unce of concrete and steel combined, noted that engineers 

and architects in Britain, remained, 

"suspicious of the combination of very different materials in 
construction'. ' 70 

However, the(modern)use of concrete to cover metal and for fire- 

resistance, dated from the early nineteenth century. Among other 

motives, a renewed interest in fireproof construction in Britain from 

the late eighteenth century was to be relevant to combinations of concrete 

with iron. D. Hartley's iron-plated rafters (1773) 
71 

had been succeeded 

by floors of brick arches with wooden, then iron, beams 
72 

(and columns) 

and these often had tie-rods, usually exposed, and a rubble or rough 

concrete filling (1801). 
73 

Ralph Dodd of London obtained a patent in 1808 for bridge flooring 

and roofs, which included plates and other metal sections which might be 

fireproofed with, "artificial stone" 
74 

, perhaps accounting for a reference 
in C. Singer et al. 's History of Technology (1958) to Ralph Dodds (sic) 

as having obtained the first English patent for reinforced concrete, 

"long before 1850", 
75 

although Dodd's patent is not for reinforced concrete 

and no other relevant patent has emerged. 

70. B. N., 26.3.1897, p. 447. 

71. Hamilton, op. cit. (61), pp. 8-9. 

72. Ib., P. 11. 

73. Ib., pp. 12 - 13. 

74. Ralph Dodd, Flooring for_BridE22i-EIE2L)E22l-E22! lEE2L-212. t, U. K. 
patent no. 3141,18089 

75. Singer et al. eds., op. cit. (15), p. 512. 
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W. B. Wilkinson, who patented, reinforced concrete in 1854, was 

apprenticed to a Ralph Dodds, in Newcastle on Tyne, 
76 

and subsequently 

took over his business. 
77 

Dodds (c. 1792 - 1874) who became Mayor of 

Newcastle in 1853 - 4, had come from Alnwick to Newcastle where he 
78 

established a plastering business: there is no evidence of any work 
by him with concrete or reinforcement. 

The first patent for a partly self-sustaining concrete floor/ceiling 

may have been James Frost's in 1822,79 for which instead of his own, 

artificial cement, he specified Roman. The patent also referred to 

casting walls. It is not knqwn whether this was applied. 
80 

Then, some 

years later, J. C. Loudon in 1833, suggested fireproof floors of 'cement' 

and flat tiles, with a centrally embedded netting or lattice of . 

wrought-iron rods, tying together the outer walls of buildings, or a 

similar system for vertical panels, with brick or stone piers as supports. 
81 

According to Moritz Kahn (1909), then associated with the Kahn system 

of reinforced concrete in Britain, the 

"first records of English reinforced concrete date back to 1831 " 82 

although he refers to this also as, *a type of reinforced concrete" and 

was perhaps thinking of Dr. Fox's floors. 

------------------------------------------------------------------------- 

76. Hubert Todd, former London Manager W. B. Wilkinson & Co., letter, 
Pioneers_of the Concrete Industry, Illust. Carp. & Bldr., 30.3.1923, 
p. 438, cont. p. 440. 

77. Joyce M. Brown, W. B. Wilkinson GB19 -_1902), 
_2ný_tlE_Place_in_the_llistory of Reinforced Concrete, Newcomen Soc., Trans., vol. 39,1966-7, 

(pp. 129-42), p. 130 ana footnote. 

78. Old Newcastle Tradesmen, No. XI. Ralph, Dodds, Newcastle Weekly Chronicle 
Kup--pi-em--e; t, 2.4.1887, p. 5. 

79. Potter, op. cit. (49), p. 103: arched/flat sections moulded between 
iron ribs; compos: Roman cement, bricks, tiles, stones, gravel or shingle. 

80. Potter, op. cit. (40), does not refer to it again. Brown, op. cit. (77), 

says not. 

81. Loudon, op. cit. (63), p. 867. Cf: Bernard E. Jones, ed., Cassell's 
Reinforced Concrete, London, etc., 1913, p. 5: Loudon's ''roofs''; 
Peter Collins, Concrete, London, 1959, p. 29. 

82. Moritz Kahn, discus., C. I., C. I. Trans. and Notes, vol. 1, pt. 2,1909, 
p. 56. Cf: Arthur C. Auden, A. M. Inst. C. E, Reinforced 0--22EE212, pr. to Roy. 
Instit. Pub. Health, 19.7.1910, C. & C. E., vol. 5, no. 9, p. 677. 
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Dr. Henry Fox's "fireproof" floor/ceiling of small cast-iron joists 

and a concrete of lime, coal ashes and grit (developed between 1829 - 33 
83 

84 
attracted notice as the first kind of iron and concrete floor publicly 

85 
used in Britain, in a large asylum in Gloucestershire in 1833-4 

(ilthough G. Godwin (1835-6) did not refer to it in his prize-winning 

paper. ) 

Fox patented his floor in 1844,86 when other "fireproof" iron 
87 

and concrete floors were coming into use, such as W. Fairbairn s 
88 

and Mr. Farrell's and, slightly modified after Mr. Barrett, Assoc. 

Inst. C. E. became associated with Fox in 1848,89 the floor was used 

throughout the nineteenth century in public and private buildings of 

all kinds (and in France as well as Britain), and was the precursor 
90 

of many similar patents. 

83. First applic. probably 1833 (see below) although some sources, e. g., 
Niebelschfitz, op. cit. (23), p. 27, say 1829; NiebelschUtz also 
says Portland cement used but no source given. 

84. Mr. Mocatta, V. P., discus., R. I. B. A., 23.1.1854, cont. discus. 9.1.1854, 
Of pr. by H. H. Burnell, A. R. I. B. A., Description of the French Method of 
constructing Iron Floors, R. I. B. A. ý-ra-ns. (pp. 36-52), p. 48. 

85. Mr. Barrett, ib., p. 43 and Thomas Potter, The_EarlX_E22_2LS222E2! 2, B. J., 
vol. 23, C. & S. suppl., 23.5.1906, (pp. 1: ý)p P72. 

86. Mr. Barrett, ib., p. 43. 

87. Hamilton, op. cit. (61), p. 13: concrete arches, sheet iron permanent 
shuttering, n. d. , but used, f actciry, lianchester, 1845: 11enry J. Cowan, 
An Historical Outline of Architectural Science, London, etc., 1966, n. 42; 
Cowan says, "presumably conceived as z)liýT; concrete arch" by Fairbairn. 
Prot. J. Ache, Les D6buts du Ciment Arn6, Techniques et Arch., vol. 15, 
no. 4, Jan., 1955, p. 49, says beams em;; aded in concrete, but see, e. g. 
Brown, op. cit. (77), p. 135. 

88. Mr. Tite, F. R. I. B. A., used Farrell's floor; Farrell was a smith for 
Robert Smirke: Mr. Me, discus., op. cit. (84), p. 48. 

89. Mr. Barrett, ib., p. 43. 

90. Few applied by 1890s: Potter, op. cit. (40), p. 151. 
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S. Giedion (i967) has described Fox and Barrett's floor as coming, 

livery close to true ferroconcrete construction"91 

but Barrett's own description in 1854 
92 

as well as a later account of 

the system as used in 1884 
93 

contradict this. Wooden laths, or small 

hollow tubes rested on the flanges of close-spaced cast or wrought iron 

joists, filled in with a layer of coarse mortar then concrete, 
94 

either 

above the girders or, as in practice in 1884,95 only up to their upper 

surface. The laths were to support the concrete until set. 
96 

The 

concrete (in 1854) was made with "good stone lime", 
97 

and not improved 

Portland cement, 
98 

and although Barrett noted the gradual consolidated 

strength of his floor, 
99 

Brunel thought the concrete liable to 

disintegrate. 
100 

I 
----------------------------------------------------------------------- 

91. Sigtried Giedion, Space, Time and Architecture, Camb., Mass., etc., 
5th 6dn., 1967, p. H4. 

92. Barret, op. cit. (84), p. 41. 

93. Notes on Building Construction, 
_j) 1884, p. 371. 

ai: L23., Rivington's London, 2nd edn., 

94. Barrett, op. cit. (84), p'. 41. 

95. Notes on Building Construction, op. cit. (93), p. 371 and figs. 563 and 5p3a. 

96. Barrett, op. cit. (84), p. 48. 

97. Ib., p. 42; aggregates: fine gravel/ballast/broken bricks. 

98. Now manufactured by several well-known firms; see, e. g.. Francis, 
op. cit. (21), pp. 197-8. 

99. Barrett, op. cit. (84), pp. 42-3. 

10O. P. Boulnois, ib., p. 50. 
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At this time iron and stone tended to be considered the best 

fire-resistant materials, 
101 

(and the lower flanges of joists were only 

embedded in plaster); a distrust of the fire-resistance of concrete 
102 

emerged in the discussion following Barrett's description, as well as 

the fact that his system had never been severely tested in fire. 
103 

Barrett cited among its advantages, apart from fire-resistance, economy 

and simplicity, its avoidance of lateral thrust on walls, solidity and 

durability and shallow depth, 
104 

advantages similar to those later 

claimed for reinforced concrete. 

Two French floor-systems of the 

again were described some years later 

reinforced concrete 
106 

but did not in 

of flat bars and rods was enclosed in 

105 
1840s, Vaux's and Thuasne's, 

(in 1904) as anticipating 

any significant way: 
107 

a system 

the middle of a thin, plaster 

ceiling slab, between girders, with a space between it and a wooden 

floor. 
108 

101- Potter, op. cit. (40), p. 148. 

102. E. g. Tite, op. cit. (84), p. 51. 

103. Barrett, ib., p. 51. 

104. Barrett, ib., p. 41. 

105. Known in Britain, 1840s, e. jr,. pr. by G. R. Burnell to R. I. B. A., 
1849: G. R. Burnell, op. cit. (84), p. 39. 

106. E. g. F. T. Reade, H. A. R. I. B. A., P122222ion on Reinforced Concrete, R. I. B. A., 
5.12.1904, J. R. I. B. A., vol. 12,10.12.1904, (pp. gi: 55ý, r en T-; Hit 

contribution, p. 94: "anticipated fiennebique. " 

107. Cf: Frederick Rings, I. I. S. A., Reinforced Concrete, London, 1910, p. 2. 
and Brown, op. cit. (77), p. 136. 

108. Burnell, op. cit. (84), illusts: ff. p. 36. Notes on Building-ý2221EH2112n, 
op. cit. (93), pp. 375-6. 



37 

Between 1848 and 1850,109 Joseph-Louis Lambot-Miraval 110 
in France 

designed and constructed a rowing-boat (or boats 
ill 

) not infrequently 

cited as the first application of 'ciment arm61 
112 

although Joseph Monier's 

similar mesh and cement mortar tubs are occasionally given precedence. 
113 

Lambot's boat became known when it was exhibited at the International 

Exhibition in Paris, in 1855,114 but he had made similar small 

constructions on his estate from 1845,115 including reservoirs, tree 

tubs and shelves. M. Delesse (1855-6) 
116 

described the construction of 

the boat exhibited, which was, "six years old", as a framework of iron 

rods and wire mesh, enveloped in cement. 
117 J. L. Lambot's 

material comprised a metallic network of wires or bars, 

------------------------------------------------------------------------ 

109. P. G. j En Bateau en Ciment Arm6 age de_54 
- 

ans, Le B6ton Arm6, Dec., 1902, 
(pp. 121-2). Cf: Carl W. Condit, ýLn2Z! 

, 
can Building_ýrt, 

_jh2 
Nineteenth 

S2ntHfy, N. Y., 1960, p. 232. Cent Ans de B6, ton Arm6, La Chambre 
Syndicale des constructeurs en ciment arm6 de France, etc., 1949, 
p. 34, (and others) give 1848. 

110. M. Delesse (1856) cited by: A. L. Cordeau, Les Ciments_Arm6s, le 
Moniteur des Architectes, Ap.., 1899, (pp. 25: 30), p. 25. 

111. "Another" boat found 1975 - Concrete, Feb., 1977, p. 24. Differs from 
illust. in: Le B6ton Armd, D; c:, -H52, Pl. VI. In 1955, two examples 
preserved - BAtir, 1955, no. 47, cited, S. B. Hamilton, A Note on the 
ý1212fy_of-Reinforced-Concrete-in-Buildings, N. B. S. sp-e;: r; -p-. -n-o--. -24, 

1956 , P. K 

112. E. g. Cent-Ans-de_Beton_Armd, op. cit. (109), p. 34. 

113. E. g. Paul Jamot, ArG. Perret, Paris, etc., 1927, p. 2, "Idonnier (sic) 
invented b6ton arm6,1849 

114. E. g. A. L. Cordeau, op. cit. (110), p. 25. 

115. L. Gassier de Bastide, Le B6ton Arm6, Oft., 1902, p. 76. 

116. Delesse, op. cit. (110), p. 25. 

117.2" thick - Jones, op. cit. (81), p. 6. 

/ 
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shaped to the intended object and embedded in cement. lor 
bitumen, 

for naval constructions, reservoirs, tubs and thick planks or beams. 
118 

The advantages cited for the combination were: impermeability, 

fire-resistance, economy and rapid construction, 
119 

and Lambot (1855) 

patented his material in France, Belgium and England. 
120 

S. B. Hamilton (1956), referring to this patent, says it provides 

for tension rods in a concrete beam, 
121 

while U. von NiebelschUtz (1958) 

refers to a, 

vereinforced concrete girder and a pillar strengthened by 
four iron rods ". 122 

A diagram for a plank or beam accompanying the specification shows 

five longitudinal wires, one in the centre of the "cement" and two at 

top and bottom, attached to plates at the end of the beam and held by 

vertical frames or ties: 
123 

there is'no reference to tensile 

reinforcement. 
124 

118. N16moire DescriL)III, (Belgian patent 
S. a: Le Premier Brevet 

119. The Imperial Navy was interested: L 

120. E. g. L. Gassier de Bastide, op. cit. 
no. 330,1855. 

specification), Le rdt. Armd, Noy., 
Connu do Ciment-Arm6, ib., p. 96. 

e Bet. Arme, Dec., 1902, p. 122. 

(115). Provisional U. K. patent 

121. Hamilton, op. cit. (111), p. 2. 

122. Niebelschiitz, op. cit. (23), p. 29. 

123. Illust; Concrete, op. cit. (111), pp. 24-5. 

124. bi6moire_Descriptif, op. cit. (122), p. 99. 
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In 1854, an English architect, Tyerman, is said to have been, 

"working extensively on reinforced concrete", 

and aware of the need to anchor the iron by "roughening, bending or 

perforating. " 
125 

Thomas Frederick Tyerman, an architect and 

surveyor, from Middlesex, obtained a patent (no. 2310) in 1854 for 

the Preparation of Hoop_Iron2_2tS.. L_2sed'for Bondings in Building, 
126 

which consisted in mechanically processing hoop iron or strips of other 

metal to produce a rough, notched, perforated, undulating or spikey 

effect, 

"whereby an additional key, tie or hold may be made upon or 
with the matters ...... brought in connection therewith, or... 
imbedded thereon ". 127 

Tyerman's principle of such bonding described in his provisional 

specification (31.10.1854) preceded W. B. Wilkinson's bonding by means 

of looping -and separating the ends of wire rope, which Wilkinson did 

not mention in his provisional specification (27.10.1854). 
128 

However, 

there is no reference in Tyerman's specification to any particular 

combination of the metal with concrete. T. Potter (1877) 
129 

refers to 

the use of 17yerman's patent" for iron hoops in concrete walls. 

(Tyerman's only other patent at this time was in 1856 for an apparatus for 

receiving wet umbrellas on omnibuses). 

125. NiebelschUtz, op. cit. (23), pp. 27 - 8. 

126. Thomas Frederick Tyerman, Prep2rý! 112E-21-ý222-IE2E, 
-2lE-*-'-'- 

U. K. 

patent no. 2310, provisional specification 31.10.1854; letis. pat. 
12.1.1855. 

127. Ib. 9 P. 3. 

128. W. B. Wilkinson, Construction of U. K. pat. no. 
2293,1854; provisional specification 27.10.1854, compl. specification 
26.4.1855. 

129. Potter, op. cit. (49), p. 127. 

I 
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There were therefore no precedentý, among these examples, for W. B. 

Wilkinson's patent (1854) for example, for reinforced concrete, nor 

even much familiarity with the idea of embedding small section metal 

in concrete, adumbrated in Britain by Ralph Dodd (1808) and J. C. 

Loudon (1833): the French systems of rods in plaster were known in 

Britain, but J. L. Lambot's material, for example, was not publicised 

nor patented until 1855. T. F. Tyerman's soecification (1854), 

providing for the bonding of metal embedded in other materials, however, 

preceded W. B. Wilkinson's specification for this. 

In 1855, in the United States, some curious cast iron floor 

girders were used in a New York imirket, reinforced with wrought iron 

bars, in a manner resembling later French "ferro-concrete 11 
ý30 

but it 

is not known how common this construction was (before the general 

adoption of wrought iron and steel beams), or whether it was used in 

France, or known by F. Hennebique. 

The same year, in France, Francois Coignet, once again often named 

as one of the pioneers of reinforced concrete, especially with regard to 

his writings (1861) 
131 

obtained patents in Britain as well as France 
132 

for a compacted hydraulic lime concretel, 
33 

including in the British patent' 

a floor constructed with parallel iron planks, or a grid of iron rods, 

to support the floor and act as wall ties. 
134 

(P. Collins 

---------------------------------------------------------------------------- 

130. Illust: F. C., vol. 3, no. 5, p. 169. 

131. E. g. N. de Tedesco, The Historical Evolution of Reinforced Concrete 
jn_EEýRc2, C. & C. E., voi. 1, no. 3,1906, p. 159. A. V. Mag-n-y 
La_Construction_en_Bbton Arm6p Paris, 1914, p. 169. 

132. Early Use, of Reinforced Concrete, B. J., vol. 23, C. & S. suppl., 
20.6.1906 ,p 

133. Concrete Architecture, B. N., 23.7.1875, p. 78 - included small amount of 

cement. 

134. Reprod. in part - Earlv_Use_of_Reinforced Concrete, op. cit. (132), P. 18. 
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(1959) states that in a corresponding amendment to the 

French patent, Coignet refers instead to "tirants" or "tension-members", 

but "tirants" can simply mean "ties " 
ý35 

) A. W. Skempton's 

illustration of a composite floor described by F. Coignet in 1861 shows 

wrought iron joists and tie-rods all centrally embedded in Coignet's 
136 

concrete. 

In England, C. C. Dennett's patent for fireproof floors two years 

later in 1857 
137 

was said (1913) to include, 

"reinforced concrete arches ". 138 \ 

T. Potter (1877) considered Dennett's 1863 patent as the next 

significant one for "concrete or beton" floors after J. Frost's (1822), 139 

but it is not clear why. Dennett's system (employed by Sir Gilbert 

Scott and A. WaterhouSe 
140 

comprised a gypsum concrete in Jack arches 

between wrought-iron beams, or in domed ceilings; as illustrated in 1884, 

I'Dennett's arches" do not contain any reinforcement at all, the concrete 

is still made with gypsum and the lower flanges of the iron girders are 

exposed. 
141 

135. P. Collins, op. cit. (81), p. 29, but see - J. 0. Kettridge, French - 
Rnglish Dictionary of Technical Terms and Phrases, vol. 1, London, 
1965, p. 491. 

136. Reprod. in: Brown, op. cit. (77), p. 137. 

137. E. g. T. Potter, op. cit. (40), p. 155. 

138. Jones, op. cit. (81), p. 6. 

139. Potter, op. cit. (49), p. 103. 

140. Hamilton, op. cit. (61), pp. 17 - 18. 

141. Potter, op. cit. (49), pp. 103-4. S, a: G. L. Sutcliffe, A. R. I. B. A., 

Concrete - Its Nature and Uses, London, 2nd edn., 1905, p. 296. 
Rivingion's Notes_on Building Construction, 

_Ej. _ý, 
London, 2nd edn., 

1884, pp. 372-3. 
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Matthew Allen's patent in 1862 for Fireproof Buildings, however, 

included two interesting features: his specification for a concrete 

made with calcined substances and Portland cement, 
142 

which he had 

found gave a strong material fireproof enough to use as fireclay, 
143 

and secondly the use of iron bars on edge and rods to strengthen and 

perhaps reinforce the concrete. 
144 

The bars, 3" deep, may have been 

near the underside of his slabs 
145 

but the concrete was either 7" thick 

as usually applied 
146 

or only 4"; 
147 

Philip Hobbs later, said that 

Allen's floors, 

"were so thin that he did not take advantage of the compressive 
strength of the concrete ". 148 

In his lintels however, Allen may have run a "small piece of iron" 

through the lower half; 
149 

Allen himself later (1878) commented on 
T. Hyatt's reinforced concrete lintels, 

"he thought the principle Mr. Hyatt had acted upon was the 
correct one; but he used about five times too much iron and 
had not got enough concrete over the top of the iron ". 150 

142. M. Allen, U. K. pat. no. 244,30.1.1862. S. a: Cates, op. cit. (47), p. 297. 

143. Matthew Allen, discus., op. cit. (47), pp. 304-5. 

144. H. K. Dyson, C. E., C. & C. E., vol. 3, no. 3, p. 228. 

145. Jones, op. cit. (81), pp-6-7. S. a: P. Morton Shand, Steel and Concrete, 
A. R., vol. 72,1932, p. 177, 

146. Cates, op. cit. (47), p. 297. Cf: Charles Fowler, adj. discus. Payne's 
pr., op. cit. (63), 15.5.1876, p. 225. 

147. Building Construction, op. cit. (93), p. 373. Cf: Sutcliffe, op. cit. 

148. P. Hobbs, S2M212, B. J., vol. 3,17.3.1896, p. 92. 

149. Sutcliffe, op. cit. (141), p. 200 and pp. 270-1, and Allen'j op. cit, 
(47), p. 305. 

150. Allen, ib., p. 305. 
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In 1904 during a discussion on reinforced concrete at the R. I. B. A. 

a visitor, Mr. Robins, claimed that during, "a life's experience in 

concrete work", he had taken out a patent in 1869 which he describes, 

somewhat cryptically, as the first for, 

flarmour concrete in the form of a blending of iron and steel", 151 

and another patent, in 1877, for employing this, 

"by casting the whole of a house from a model floor wherein 
he gave the decoration and the reverse form of that decoration, 
which formed, of course, a different feature in each room ". 152 

Robins coated his metal with mixtures of gum and grit to improve adhesion. 
153 

Neither of these patents has been traced although a patent granted 

to Henry Robins in 1867 for, Sheathing Iron_Ships, 
-etc., 

154 
consisting 

in methods of shielding them with zinc or other metal plates, might just 

be taken as an "armouring" process blending iron and steel. 

In the same R. I. B. A. discussion, F. T. Reade, H. A. R. I. B. A., claimed 

that, again from about 1869, he used a variation of F. Hennebique's 

ferro-concrete, especially. for urban Mansard roofs where timber was not 

allowed; 
155 

however, as Reade appears to confuse Vaux's, Thuasne's, 

Hyatt's and Hennebique's systems, the first two not reinforced concrete 

at all, his claim is doubtful. 
156 

151. Mr. Robins, discus. op. cit. (106), p. 92. Lack of clarity may he due 
to reporting discus. or to Robins. 

152. Ib. Robins claimed this predated similar work in America, although 
which work, and whether he means the patent for "armour concrete" 
or its use in a precast house, is unclear. 

153. Ib., p. 92. P. Collins-, op. cit. (81), p. 50, mentions Robin's patent 
for use of gum "in concrete", for adhesion. 

154. Henry Robins, U. K. pat. no. 2283,1866, specification, 5.3.1867. 

155. Reade, op. cit. (106), pp. 94-5. Hennebique's system is described in 
this chapter and Chapter 3. 

156. Reade was also sceptical about the use of ferro-concrete for girders 
and columns: ib., pp. 95-6. 
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During the 1860s, J. Tall and C. Drake successfully introduced 

practical mobile apparatuses for constructing in situ concrete walls, 

which were much applied for buildings in the 1360s - 70s; 
157 

both 

Tall and Drake embedded small-section iron in walls and other parts 

of buildings. Tall's patent describes his "cement concrete walls" 
158 

at this 0 time as of, 

"concrete combined with brick rubbish or other hard durable 
substance ........ 

or, elsewhere, it refers to the, "concrete and other matters of which 

the wall is.... composed "l, 
59 

suggesting the concrete was used 

something in the manner of Roman mortar. 
160 

Tall's flat roofs - he 

also suggested arched concrete roofs - contained a lattice of hoop 

iron or wood, but centrally embedded. 
161 

Tall said later, 

162 
"with respect to concrete floors I do not approve of iron in them. " 

Drake's use of embedded iron was sparing; 
163 

he regarded it as a 
temporary expedient until there should be accurate information about 

concrete, 
164 

(like E. P. Wells with regard to reinforced concrete in the 

-------------------------------------------------------------------------- 

157. Tall in 1864: J. Tall, cited by - P. C., vol. 1, no. 4, p. 86. 
Drake in 1868: C. Drake, On_Buildinff-! D-S2E2E2! 2, Bldr., vol. 33, 
3.7.1875, (pp. 601-2), coni., Such - 167i71875, (pp. 616-7), p. 616. 
'apparatus patented since c. 1850 - e. g. Joseph Gibbs' patent - 
C. & C. E., vol. 1, no. 3, pp. 206-7. S. a: Chapter 2. 

158. Tall (and Drake) advocated Portland cement for concrete: Tall, ib., 
p. 86. 

159. Specif. reprod. from C. E. & Arch. Jour., 1.9.1866, in: Concrete, Sept., 
1976, pp. 24-5. 

160. Chapter 2. 

161. Op. cit. (159): Accomp. diag. wrongly figured, but iron appears central; 
its purpose not stated. 

162. J. Tall, ' adj. discus. Payne's pr. op. cit. (63), 15.5.1876, (pp. 225-238), 

p. 232. 

163. Drake, op. cit. (157), p. 616. 

164. Charles Drake, Concrete Building, pr. to Civ. & Mech. Engs. Soc., 
13.3.1874. rep. in - B. N., 20.3.1874, p. 323, and Bldr., 28.3.1874, 

p. 270. S. a: P. Collins, op. cit. (81), p. 50. 
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early 1900s 
165 ). Philip Hobbs (of W. B. Wilkinson & Co. ) makes 

an interesting passing reference to Drake, which suggests he may 

have reinforced his concrete, 

"Edwards' ....... beams, with small rods embedded in the lower 
half, and Ward's ...... steel webbing, are'the same in principle 
as what had been previously done by Drake, Wilkinson and others. " 166 

However, Drake evidently did not attach importance to the principle of 

reinforcement. 
167 

168 Philip Brannon's patent (1870-1 ) is frequently represented 

as for reinforced concrete construction, for example by P. Morton 
169 Shand (1932) and P. Collins (1959), but although Brannon proposed, 

for various structural elements, excluding beams I or columns, embedding 

wire or other fibrous substances in concrete - or other materials -' 
to resist, "transverse and tensile strains, " he also employed a, 

I 

" sustaining metallic skeleton.... firmly bolted or bound... " 170 

which carried the wirework; furthermore, the wire was distributed 

throughout the concrete, not placed where tensile stresses were greatest, 

"I intimately commingle with the concreted materials.... and 
interpose between successive layers thereof .... strands or 
fabrics of wire or fibrous sustances .... to effect the 
bonding of the mass 171 

------------------------------------------------------------------------- 

165. Chapter 3. 

166. Hobbs, op. cit. (148), p. 92. Edwards & Ward, discussed later this 
chapter. 

167. S. a: Chapter 2. - The Failure of Concrete Buildings. 

168. Philip Brannon, Fireproof Building, U. K. pat. no. 2703,1871. 
v 

Ki --- Specif. cited, C7 & C. E., o no. 4, Sept., 1906, pp. 284-5. 

169. E. g. Jones, op. cit. (81), p. 7: Brannon had, "grasped the principle of 
reinforcing concrete" (12.10.1871). Cf: Morton Shand, op. cit. (145), 
p. 177: Brannon's 1871 pat. "for floors and sea-defence works" shows, 
"he had grasped principle of reinforced concrete just as clearly as 
Scott before him. " P. Collins, op. cit. (81), p. 43, says Brannon's 
1871 and 1874 pats. for, "a system of monolithic concrete reinforced 
with iron rods" but Collins' source, viz. B. J., vol. 27,20.5.1908, 
(p. 439) also noied that Brannon did not appear to have understood the 
theory of reinforced concrete. 

170. Specif. op. cit. (168). 

171. Ib. 
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Brannon has been credited with being the first to propose a 

reinforced concrete pile: 
172 

whether Brannon's piles 
173 

were of 

reinforced concrete was the subject of a legal debate in 1906, to 

establish whether Hennebique's reinforced concrete pile had been 

anticipated in Britain; 
174 

the conclusion, then, was that it had 
175 

not. 

W. H. Lascelles, who introduced red, concrete, "fish scale" 

slabs to imitate tiling, 
176 

later claimed that he had used reinforced 

concrete for many years, 
1- 77 

but his slabs contained iron rods centrally 

embedded, their purpose to facilitate quicker removal from moulds, 

not permanent strengthening; 
178 

1 

In 1885 in Britain again, R. B. Lee and J. Hodgson patented 

concrete constructions with metallic networks to provide, "fibrous 

tenacity" - but perhaps not, "posts employing spiral binding. " 
179 

In the 

same year, D. Wilson, a cement works manager in Essex, obtained a 

patent for constructing posts and other structures in what has been 

called reinforced concrete. 
180 

Wilson's method consisted of, 

----------------------------------------------------------------------- 

172. E. g: Jones, op. cit, (81), p. 7. Morton Shand, op. cit. (145), p. 177. 

173. Illust: British Patent Rights in Reinforced Concr_e_t_e__P-i_l_e_s, C. & C. E., 
vol. 1, no. 4., Sept., 1906, (pp. 55:: Eý-, --p. 280. 

174. Ib. 

175. Ib., pp. 281,285: case reversed later, but clearly questionable that 
Brannon's patent for reinforced concrete. 

176. Bldr., 14.8.1875, P. M. Potter, op. cit. (40), p. 10. W. H. Lascelles, 
discus., op. cit. (63), pp. 185-6, etc. 

177. W. H. Lascelles, H. C. I., C. I. Trans. & Notes, vol. 4, pt. 4, May, 1913, p. 569. 

178. H. Kempton Dyson, Concrete Block Making in Great Britain, part 2. C. & C. E., 

vol. 3, no. 4, (pp. 25!: 95-, --p-p-. H6-7. Woul'Uam-T-s-Po-rtland Cemeni-and Concrete, 

op. cit. (29), pp. 150-1. 

179. R. B. Lee and J. Hodgson, U. K. patent no. 14,726,1885. For reference to 
spiral reinforcement see: Early 

- 
Use of 

- 
Reinforced Concrete. L op. cit. (132), 

p. 20, and cited, P. Collins, op. c! T-. -ýH), p. 54: may have been referring 
to a provisional specification not completed: U. K. patent no. 14,725 was 
"abandoned". 

180. British Patent Rights-in_Reinforced_Concrete_Piles, op. cit. (173), p. 282. 
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"forming a'core of wire netting or a skeleton metal frame 
of the general figure of the article required and coating 
(it) on both sides with a concrete or composition" 181 

(cement and sand mortar) - thus similar to Lambot's and others' methods. 

Wilson's specification is mainly concerned with the mechanics of 

achieving this, and the various applications and he makes little 

reference to the relative or combined functions of the materials. 

These patents (and uses) represented interesting experiments in 

combining concrete and metal for floors and other parts of buildings 

or other structures, but despite subsequent claims by patentees, or 

later writers, they are not usefully classified as reinforced concrete, 

in which the concrete and metal were efficIently arranged to assume 

complementary structural functions (but M. Allen and C. Drake for 

example, may have used reinforced concrete, in the 1860s). 

181. David Wilson, U. K. pat. no. 5990,1885,. compl. specif. 13.2.1886, 
pp. 8-9. 
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Reinforced Concrete in Britain: W. B. Wilkinson_(1854) 

and_H. Y. D. Scott (1867). 

The first definite design for reinforced concrete, either in 

Britain, or elsewhere, remains William Boutland Wilkinson's (1854) of 

Newcastle on Tyne, who, like previous patentees of concrete and iron, 

constructions was particularly interested in economy and fire-resistance. 

A. J. Francis (1977) has suggested that Wilkinson derived his ideas 

for reinforcement from Brunel's and Pasley's early "reinforced" brick beams, 

especially as a similar beam was replicated and tested in 1851, at the 

Great Exhibition. 
182 However, these were not really precedents for 

Wilkinson's use of reinforcement. Whilst building the Thames tunnel 

in brick (1825-8 and 1835-42 
183 

), H. I. Brunel had experimented with 

mortars (selecting Roman cement) and also the usefulness of ties or bonds 

of various materials in brickwork. Following tests of a brick and Roman 

cement "beam" of 17 courses, with slips of hoop iron distributed lengthwise 

in the lower fivp, Brunel concluded that very small ties or bonds of hoop 

iron (or other materials) made of a piece of masonry, 

'ta substantial mass or great beam, whereon the superstructures 
may further be assisted by a few of the same ties with very 
great advantage ". 184 

The replicated test (1851) (which demonstrated the superiority of Portland 

over Roman cement 
185 

) may well have encouraged W. B. Wilkinson to experiment 

with "ties", at this time, but differed from Wilkinson's arrangements. 

It is likely that economy had something to do with Wilkinson's 

introduction of iron reinforcement: certainly he emphasised the economy 

of his method and, later, his company advertised its fireproof floors as 

------------------------------------------------------------------------ 

182. Francis, op. cit. (21), pp. 127,134, and pp. 50-3. 

183. Ib., pp. 44-5,47,49. 

184. ? I. I. Brunel, I. B. A. Trans., 1835-6, (pp. 61-4), pp. 61,64. 

185. Francis, op. cit. (21), p. 134 and p. 51. S. a: P. W. Kingsford, 
Builders_and Building Workers, L6ndon, 1973, p. 145. 



49 

constructed with, 

"as little iron as possible and that wholly in tension, thereby 
preventing waste ". 186 

I 
W. B. Wilkinson refers unspecifically to his own experiments prior 

ro his patent in 1854 -5 for, Improvements in the Construction 
- 

of 
- 

Fire-Proof 
187 

Dwellings, Warehouses, and 
- 

other 
- 

Buildings, or 
- 

Parts 
- 

of_the_same. 

This relates particularly to floors, ceilings,, roots and staircases 

(and also to hollow block partition walls, not relevant here); a simple 

beam is also briefly described and illustrated. Neither external walls 

nor columns are mentioned. For arched ceilings, Wilkinson describes a 

coarse concrete of crushed bricks, scoria or other hard substances, sized 

up to a quarter-brick, and "Portland or other cement of equal quality" 

(although none other equalled good Portland, at this time) . Hoop iron strips 

on edge were laid across the crown, apparently in substitution for the 

larger portions of brick at this thinner part, but also in a, 

"low Position.... (to) act with more power as tension rods 
to the floor ". 188 

For flat ceilings, the floor - designed for speedy construction - was of, 

"plaster, air-slacked lime, hay and ashes and breeze in certain 
proportions, and wire rope .... or iron in other forms in a state 
of tension.... 11 189 

The wire rope - selected for cheapness and availability rather than for 

bond 
190 

- was however secured by looping the ends or separating 

-------------------------------------------------------------------------- 

186. Advert., W. B. Wilkinson & Co... Arch .&C. R., vol. 57, supplement, 
5.2.1897, p. 30. 

187. W. B. Wilkinson, letter, Bldr., 5.1.1884, p. 42: letter. first cited by 
Brown, op. cit. (77), p. 134. W. B. Wilkinson, U. K. patent no. 2293, 
27.10.1854, compl. specif. 26.4.1355. Wilkinson's pat. also 
discussed and illustrated: Brown, op. cit. (77), and mentioned, e. g. 
B. J., vol. 16,22.10.1902, p. 16S; B. J., vol. 23, op. cit. (132), p. 17; 
Rings, op. cit. (107), p. 2; C. & C. E., vol. 6, no. S., p. 602; 
Singer, ed. op. cit. (15), p. 488; Collins, op. cit. (81), p. 38, etc. 

188. IV. B. Wilkinson, U. K. pat. no. 2293, ib., p. 5. 

189. Ib., p. 6. 

190. See ib., p. 6. 
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191 
the strands and twirling them outwards, an idea possibly acquired 

from T. F. Tyerman, who filed a provisional specification for such 

bonding before Wilkinson mentioned this in his own patent. A beam 

similarly composed is'suggested. 
192 

For house floors, the ropes 

would be about 9" apart and the floor depth 1/16th of the span (1' 

deep for a 161 span). 

The diagrams accompanying Wilkinson's patent indlude flat 

ceilings/floors and roof, with wire rope dipping between supports 

and curving upwards over them, roughly following the bending moment 

(although the rope is sometimes drawn dippýng to reach only the middle 

depth of the floor 
193 

). A simple beam is illustrated with the rope 

dipping well to the underside. 
194 

Wilkinson does not emphasise the new features of his reinforcement 

in his specification, in particular the positioning of the rope, 

which he only illustrates. Some years later, Wilkinson (1884) 

explained that, 

"a straight rod of iron has not much supporting power (but) 

a great deal when bent and embedded in a rigid material 
like concrete" 195 

- as if he almost depended on the metal. The concrete itself was 

------------------------------------------------------------------------ 

191. Ib., pp. 6 - 7. 

192. Ib. 9 p. 7. 

193. Ib., Sheet 1, fig. 2. 

194. Ib., Sheet 2. fig. 1. 

195. W. B. Wilkinson &j Co., op. cit.. (186). 
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evidently of variable quality - even allowing that very coarse 

material was considered beneficial 
196 

(but Potter's interpretation 

of Wilkinson's early system was one where, 

,, The concrete, almost unaided is, relied upon as the weight 
carrying material 11 197 ). 

The next definite patent for reinforced concrete, following 

W. B. Wilkinson's, appears to have been some years later. 

Frederick Rings (1910) drew attention to an English patent by 

"Scott" in 1867 for a fireproof floor where the concrete was said to 

take compressive, and the iron, tensile stresses. 
198 

Henry Young 

Darracott Scott, of Ealing, an officer in the Royal Engineers, obtained 

his patent for, Improvements-in_Constructing the Floors and Roofs of'_11ouses 

and_Other. Buildings in February, 1867 
199 

in which he proposed 

embedding wrought-iron tie-rods in Portland cement concrete floors, 

omitting or reducing in number, supporting joists. He sometimes 

added hoop iron or strong wire, thus, 

S 

"the floor becomes one solid beam, having the tie-rods and 
hoop-iron in combination with the concrete to take the 
tensile strain, and the concrete to take the compressive 
action ...... 1 200 

The rods were placed towards the underside of the floor 
201 

and embedded 

for protection from oxidation and fire; however, if the underside of 

------------------------------------------------------------------------- 

196. In 1884, ib., Wilkinson said good concrete would improve results. 
S. a: Chapter 2. 

197. Potter', op. cit. (40), pp. 153-4. 

198. Rings, op. cit. (107), p. 2; S. a: Jones, op. cit. (81), p. 7. Both 

used Tozer's Handbook on the Lock-Woven Mesh_Syst2T, n. d., pub. Geo. 
West & Co. R. a: Ransome and Saurbrey (1912ý-, --cited, Draffin 
(1942), in: Howard Newlon, Jr. ld., A Selection of Historic American 
vap2rs on Concrete -l876-1926. LA. C. r'. -, -ýy= ------ 

199. Henry Young Darracott Scott, U. K. pat. no. 452,19.2.1867, Specif. 
19.8.1867. Morton Shand, op. cit. (145), p. 177 and P. Collins, op. cit. 
131), p. 50, refer to "HA. B. " Scott. 

200. Ib., specif. pp. 3-4. 

201. lb., diagrams. 

m 

470 
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the floor were cambered, 

"the centre part of the tie rods would be exposed below the 
concrete ". 202 

This latter example perhaps questions how much importance Scott 

attached to the intimate combination of the materials. 

H. Y. D. Scott's work, particularlY in limes and cements, is 

discussed at some length by Charles Spackman (1929) 
203 

(with whom 

Scott was associated for some years 
204 

) and A. J. Francis (1977) 
205 

in their histories of cement: neither mentions any work with 

reinforced concrete, although Francis notes that Scott was a man of 

enormous industry and many activities. 
206 

Among these, Scott ' 

designed the metal construction of t-he dome of the Albert Hall, South 
207 

Kensington (1867-71). In a paper at Chatham in 1862, Scott 

mentioned the successful use of concrete in various countries for 

watertight terraced roofs and roof gardens. 
208 

A. J. Francis states 

that he was a prominent advocate of Portland cement concrete ; 
209 

however, in a discussion at the I. C. E. in 1871, Scott expressed doubts 

about the reliability of Portland cement 
210 

and had developed his own, 

"Selenitic" cement (used for example, by Charles Drake 
211 

). 

202. Ib., specif., p. 4. 

203. Spackman, op. cit. (1), pp. 32-9. 

204. Francis, op. cit. (21), p. 17. 

205. Ib., pp. 16-17,59,156,240-3. 

206. Ib., p. 242.1 

207. Henry-Russell Hitchcock, Architecture: Nineteenth and 
- 

Twentieth 
Centuries, Middlsx, 3rd ed., 1969, p. 236. IIH. G. D. 11 SCO! i, -army 

engr ., (1822-83). Cf: Francis, ib., p. 243. 

203. Cited by Spackman, op. cit. (1), pp. 85-6. 

209. Francis, op. cit. (21), pp. 58-9; s. a: pp. 16,156,242. 

210. Lt. -Col. Scott, R. E. (1871), in Grant, op. cit. (39), p. 151 and p. 153. 
Same as Capt. and Gen. H.. Y. D. Scott, R. E., from descrip. of his selenitic 
method, (p. 153), as quoted in Spackman, op. cit. (1), p. 87. 

211. Ib. For Drake's use, see: Manager, Selenitic Cement Co., B. N., vol. 27, 
14.8.18741 p. 212. 
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Reinforced Concrete_in_Britain_and_France: T. Hyatt (1877) 

to_E. 
_Coignet 

(1889). 

In France, Joseph Monier in 1873 extended his system to 

reservoirs and arched bridges, 
212 

the latter with a network of iron 

rods at the intrados. 
213 

In 1877 - 8, Monier is said to have 

obtained further, important patents for'reinforced concrete beams, 
214 

as well as slabs 
215 

and columns 
216 

but no relevant French patents 

for these years have been traced. 
217 

In 1876, M. de Mazas, 

chief engineer at the Department of Ponts et Chauss6es, was engaged 

in work with reinforced concrete and reaching similar conclusions to 

T. Hyatt, 
218 

working in Britain then, while Alexander Payne, 

A. R. I. B. A., (1876) in Britain was also pointing out that iron embedded 

in concrete could give it tensile strength. 
219 

212. Early 
- 

Use of Reinforced Concrete, op. cit. (132), p. 19. S. a: Magny, 
op. ýit. (131), p. 169. 

213. W. Noble Twelvetrees, Reinforced Concrete Bridg22, C. & C. H., vol. 1, 
no. 3, (pp. 171-180), p. 178. 

214. E. g. Singer. et al, eds., op. cit. (15), p. 488. Kingsford, op. cit. 
(185), p. 146. Cent ans de b6ton arm6, op. cit. (109), p. 64.. 

215. "Iagny, op. cit. (131), p. 169. 
----------- 

216. Collins, op. cit. (81), p. 60: "cement and iron" columns, (1877). 

217. British Patent Office, searcher: Foreign patents. 

218. See: Cordeau, op. cit. (110), p. 26. 

219. Payne, op. cit. (63), p. 181. 
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I Between 1876-7, Thaddeus Hyatt experimented with beams of Portland 

cement concrete with embedded iron bars with the object of obtaining, 

"cheaper and more reliable fireproof constructions" 
220 

and 

presumably while attempting to economise on metal, 
221 

discovered that, 

"the higher the (metal) blades the more they lost as tie and 
the more they gained as compressive material, the portion which 
came into compression being ..... lost, inasmuch as there was 
concrete enough to do this part of the work without it ", 222 

that is, the main principle of 'reinforced concrete. 1223 

Hyatt tested the fire-resistance of Portland cement concrete with 

embedded metal concluding that good Portland cement concrete (especially 

it it were prepared with his own "New Portland Cement,, 
224 

) was the best 

protection for metal; 
225 

furthermore, Hyatt experimentally compared the 

degrees of expansion and contraction of Portland cement (concrete) and 

iron concluding that for practical purposes they could be regarded as 

------------------- --------------------------------------------------- 

220. Thaddeus Hyatt, An Account of Some_Ex22EiLn2Bt2 with Portland-Cement- 
Concrete Combined with Iron, 

_ý2_2_E211ding 
Material, London, 1877, 

7 --------------------- 
reprint. in: Newlon, op. cit. (198), (pp. 53-99), pp. 73,55. 

. 
(Dates 1870 -7 usually stated for Hyatt's relevant experiments, 
e. g. Jones, op. cit. (81), p. 7. ) For biog. Hyatt, see: Newlon, 
ib., p. 51. 

221. Title, ib., p. 53, refs. partic. to "economy of metal in construction. " 

222. Ib., p. 68; s. a. p. 77. 

223. S. a: Hamilton, op. cit. (111), p. 8. Prof. A. L. L. Baker, The Growth of 
the Concrete Industry, The Engineer, London, 1956, p. 181 ------------- 

7 ----- 
224. Hyatt, op. cit. (220), p. 65, p. 78. 

225. Ib., pp. 64-5, P. 70, pp. 72-3. 
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almost identical. 
226 

Finally, like Wilkinson earlier, Hyatt found 

that metal ties required some provision against sliding in the concrete, 

such as by threading the bars crosswise with wires or by riveting the 

ends; 
227 

he also half-suggests a deformed bar. 
228 

However T. Hyatt 

did not introduce, as claimed, 

f 

"vertical reinforcements to take the shear ..... rigidly attached 
to the bottom tension members"; 229 

instead, Hyatt introduced vertical bolts to hold the ties to the 

concrete, which he decided was misconceived, the only attachment 

required being such as to prevent horizontal sliding. 
230 

Among the 

beams tested, and illustrated in Hyatt's book (although not always 

agreeing exactly with the accompanying descriptions), a concrete and 

iron beam (no. 10) 
231 

which gave the best comparative result for the 

quantity of iron used is described as follows, (the dimensions being 6' 1. 

x 12" w. x 8" d. ), 

31, 
"concrete beam, with five round ties at bottom, riveted to 

heel-plates; (and) two upper rods (as) bent ties coming 
down between the bottom ties ..... (with) two plates across 12" x 611 11. 

Ilyatt attributes its strength to, "the bent ties furnished with threaded 

ends and nuts " 
ý32 

------------------------------------------------------------------------ 
226. Ib., p. 71. 

227. Ib., p. 75, p. 81, pp. 90-1: PIS. 0,11. 

228. Ib., p. 75: refers to pegs or pins in a flat tie. Cf: Hamilton, op. 
cit. (111), p. 8; Baker, op. cit. (223), p. 180, -, etc. 

229. Early Use of Reinforced Concrete, op. cit. (132), p. 19. Baker, ib., 
p. 191-31-s; --c-r-ealits Hyatt with using 'vertical hangers'. 

230. Hyatt, op. cit. (220), p. 75. 

231. Ib. illust., p. 89. S. a: p. 81. 

232. Ib. p. 81. 
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In the "Judicious combination" of Portland cement concrete with 

hoop and bar iron, or steel, Hyatt recognised peculiar advantages of 

strength and fire-resistance but also new architectural potential. 
233 

Apart from reinforced concrete floors. he recommended (reinforced) 

concrete beams for house-building and other purposes and reinforced 

concrete bridges and domes; tall chimneys were to be constructed with 
234 

vertical bars and circles of wire. 

Hyatt's American patent (1878) included many of these applications 

and also referred to columns. 
235 

He obtained a number of patents in 
236 

Britain, between 1878 and 1882, either personally, or from New York. 

These included, for example, the construction of cylinders, reservoirs 

or slabs with plastic materials embedding metal which was corrugated 
237 

to improve bonding. 

Hyatt's account (1877) of his experiments and conclusions, was 
238 

printed, "for private circulation ", which A. Raafat (1958), for 

example, suggests must have limited its influence. 
239 

However, A. Cates 

-------------------------------------------------------------------------- 

233. Ib., pp. 77-8, and Chapter 2. 

234. Ib., pp. 76-8. 

235. U. S. pat. no. 206,112,16.7.1878, reprod. in part in: Aly Ahmed 
Raafat, Reinforced Concrete in Architecture., N. Y., 1958, append., 
p. 231; S, a: p. 23, p. 25. 

236. British Patent Office, U. K. Patents. None between 1870 - 7. 

237. U. K. pat. no. 40703,7.10.1880. 

238. Hyatt, op. cit. (220), titlep. 

239. Raafat, op. cit. (235)-, p. 25. 
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(1878) summarised it at the Architects' Conference and noting its, 

"value and importance" 
240 

. and Drake noted its publication, "for the 
241 

benefit of everybody ". In the mid-1890s and early 1900s, (when 

reintorced concrete was becoming properly established in Britain), 

Hyatt's work is again referred to. 
242 

Again from about 1878, Frank Caws, F. R. I. B. A. of Sunderland, - 

who does appear to have been ignorant of Hyatt's experiments - used for 

cheap and fire-resistant warehouse floors, both plain Portland cement 

concrete slabs 
243 

(avoiding the use of sand, which he regarded as, 

Ifpoison to the cement" 
244 

) and slabs with a precautionary use of, "small 

iron rods embedded in the cement near its under-surface " 
F45 

(Perhaps 

Caws' object in this placement, as when he employed metal girders beneath 

the thickness of the concrete, was to retain the monolithicism - or 

homogeneity - of the slab 
246 

_ he also distrusted the expansion of 

iron in concrete. ) Hence the claimp in an obituary notice for Frank'Caws 

I- 

240. Cates, op. cit. (47), pp. 301,303 - 4. 

241. Drake, ib., p. 307. 

242. E. g. P. Hobbs, Concrete, B. J., 3.3.1896., p. 59. Reade, op. cit. (106), 
p. 94. Sutcliffe, op: ýclt. (141), Pref., viii. 

243. F. Caws, V. L5 ýLA. A., Concrete Floors, pr. to N. A. A. , 14.2.1900, J. R. I. B. A. 
vol. 7., 10.3.1900 7pp. 189-97), pp. 189-91. Caws says he found no 
authoritative data for concrete slabs, most useful book being 
Grant's on cements; Caws studied the problem himself using an 
analogy with glass panes. 

244. Ib., pp. 191,197. 

245. Ib., p. 193. 

246. Ib. 
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in 1905, when reinforced concrete was well-known in Britain, that, 

Caws had invented and applied a system of, 

"fortified concrete construction .... long before the system now 
generally in use (Hennebiquevs 247) was heard of"'. 248 

From the 1880s, patents for reinforced concrete, in various countries, 

begin to multiply - both as "native" developments and "imported" 

systems. 
249 

In the U. S. A., for example, Ernest L. Ransome (1884) 

had obtained a patent for a twisted square iron rod intended to 

provide a continuous bond with concrete, embedded in it as a tension- 

member. 
250 

Ransome said he arrived at this idea after first using 

tie-bolts, as reinforcement, instead of I-beams, for cheaper "sdlf- 

supporting" pavements but noting that the provision of nuts and washers 

and fixing doubled the cost of a plain rod. 
251 

(Wilkinson had employed 

twisted wire rope as reinforcement many years earlier, but primarily 

for economy, not bond). When Ransome presented his idea to "the 

technical society" in California, he was, 

"simply laughed down, the ...... opinion being that I injured the iron 11. 

However, as a result, Ransome made extensive tests which demonstrated 

the superior strength of his bars over plain ones, but he said (1912) 

this had not been accounted for. 
252 

In 1889, Ransome erected a concrete 

247. Chapters 3,7. 

248. G. T. Brown, V. PN. A. A., The Late Frank Caws (F), J. R. I. B. A., vol. 12, 
22.4.1905, p. 398. 

249. See, e g. O. N. di Montenegro, 1ý2_ýjstorical Evolution of Reinforced 
Concre; e in Italy, C. & C. E., vol. 1, no. 6, Jan., 1907, (pp. 409-416). 
Josef Schustler, The Historical Evolution of Reinforced Concrete in 

--Tp--p- etc. --- Hungary, C. & C. E. p . 
5i no. ý, 

250. Pat. no. 305,226, Ransome and Saurbrey, op. cit. (198), p. 291. 

251. Ib., pp. 290 - 1. 

252. Ib., pp. 291 - 2. 
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floor with reinforced beams and supported by "concrete" columns, both 

of which he claimed to be the first instances of such construction. 
253 

In 1886, P. H. Jackson of San Francisco apparently obtained a 

patent for prestressing concrete beams 
254 

and in 1889, Paul Cottancin, 

an eminent French engineer, according to C. F. Marsh (1904) set himself 

the problem of, 

"so enclosing the small particles of concrete that this material 
should always be subjected to compression, while the metal 
acted constantly in tension. ". 255 

The result (says Marsh) was his woven wire meshwork used in thin concrete 

slabs and ribs. 

Paul Cottancin's French patent in December, 1890,256 however 

covers combinations of diverse materials, and while he einphasises 

the resistance of these constructions to stresses of various kinds, 

he does not explain exactly how this is achieved. The patent was for 

making walls, or sides (parois) out of plastic materials, embedding 

in these frameworks such as netting or trellis work, in order to 

incorporate bars, woven into or fixed to these frames: their object 

was to increase resistance to stresses of all kinds, the introduction 

of bars in this way being defined as the distinctive feature of the 
257 

patent. 

253. Ib., pp. 294-5, and Chapter 3. 

254. Raafat, op. cit. (235), and Condit, op. cit. (109), p. 234. 

255. C. F. Marsh, Reinforced Concrete, London, 1904, p. 43. 

256. Brevet Cottancin, no. 210,293,18.12.1890, Le B6t. Arm6, Jan., 1901, 
ipp7a-: -ýT-Fa7 

257. Ib., pp. 4 - 6, and Plate. 
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In the form usually adopted, Cottancin's system comprised a 

basketwork of steel wire, centrally embedded in concrete for ribbed 

ceilings/floors, with walls and columns usually built of hollow 

bricks, perforated for a metal framework and with a concrete core, 

although reinforced concrete columns were also constructed, with 

spiral wiring near the outer edges. 
258 

N. de. Tedesco described 

Cottancin's system as aesthetically pleasing but'hard to calculate; 
259 

Cottancin obtained a British patent in 1891.260 

Edmond Coignet 

Society of Civil En 

concrete taking the 

also a new feature, 
261 

two areas. 

(Francois Coignet's son) in 1889 at the French 

gineers, discussed the use of tensile metal with 

compressive stresses in a reinforced slab, and 

the use of, "ties or stirrups" to connect the 

258. A. R. Galbraith, The Cottancin_SX2t2Ln_2f_Armoured Construction, 
B. J., vol. 19,27.4.1904, (pp. 196-200). Marsh, op. cit. (255), - 

pp. 42 - 8. 

259. Tedesco, op. cit. (131), p. 162. 

260. Early Use of Reinforced_Concrete, op. cit. (132), p. 20. 

261. Tedesco, op. cit. (131), p. 161. 
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Reinforced Concrete in_Britain_in_the_Early 1890s 

Stuart's and Edwards'_Systems and Expanded Metal. 

In Britain, experiments on cement, concrete and reinforc6d concrete 

appear to have been less systematic or numerous than in France or 

Germany, 262 
where reinforced concrete was particularly studied from 

the early 1890s, but several companies and individuals in Britain in 

this period experimented with reinforced concrete. 

Peter Stuart of Edinburgh and of Stuart's Granolithic Company, 

had obtained a patent in 1881, describing a method of constructing 

paving and floors with a foundation of stones, a layer of concrete and 

a shallow "granolithic" surface'in which, for extra strength he 

proposed embedding a grid of iron rods between the concrete and 

Ilgranolithic" 
263 

: this practice may account for the suggestion 

that Stuart used, 11steel tension rods" to reinforce concrete from 

about 1880.264 (Peter Stuart had also, apparently, met W. B. 

Wilkinson in Edinburgh (1877) and watched Wilkinson's men working 

at Waverley Station 
265 

). Stuart is also said to have carried out 

extensive experiments on floors and beams of reinforced concrete, 
266 

around 1888. 

262. E. g: Le Chatelier, Feret: Spackman, op. cit. (1), pp. 123,144. 
Michaelis: obit. C. & C. E., vol. 6, no. 7, pp. 489 - 90. 
Bauschinger : Arch. & C. R., 4.6.1897, p. 360. 

263. Peter Stuart, U. K. pat. no. 610,12.2.1881, specif. 11.8.1881. 
"Granolithic" referred to a composition of granite chips and Portland 

or other cement - ib. p p. 4. 

264. Early Use of Reinforced Concrete, op. cit. (132), p. 19. S. a: C. & C. B., 
v;! -. 4'-, no. 4, p. 262: Stu-arts constructing reinforced concrete floors 
'some years' prior 1892. Sutcliffe, op. cit. (141), p. 336 - Stuart 
predated Monier in U. K. (1883). 

265. F. Jay, Pioneers of the Concrete Indus tryj 1-jus tparp. & Bldr., 16.3.1923, 
(pp. 355-9ý-, P: 3997 I 

266. Early Use of Reinforced Concrete, op. cit. (132), p. 19. 
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In August, 1892, Stuart's Granolithic Company tested various 

reinforced concrete slabs and arches, observed by a number of 

architects and engineers and reported by W. A. Thomas, M. Inst. C. E. 
267 

These were of Portland cement and crushed granite or sand and cement, 

the slabs, 61 square and 2" thick. 
268 

The exact reinforcement details 

were not kept, but a meshwork of I" rods was embedded about I" from 

the soffit. 
269 

G. L. Sutcliffe (1905) briefly describes a further test of a 

reinforced concrete floor and beam, made by Stuart's Granolithic 
I 

Company and tested by W. H. Thomas, M. Inst. C. E. between May - October, 

1894, but Sutcliffe says the reinforcement details are not known. 
270 

This experiment was illustrated in one of Stuart's catalogues 

(1897), described in a brief article in The_Building-News. 
271 

The 

journal refers to other experimental results, and works in various 

buildings using "Stuart's system", in particular for floors, corridors, 

staircases and column casings. The system itself is described only as 

the, "Granolithic Fireproof System" which however is said to possess, 

"great strength" as well as fire-resistance. R. I. G. Read, M. Inst. C. E. 

(1898) mentions some warehouse floors by Stewarts (sic) Granolithic 

Company, with which he was associated, constructed, 

"of concrete and iron or steel wires of a certain thickness to 
take the tensional strain 272 

-------------------------------------------------------------------------- 

267. Tests on Reinforced Concrete Conducted in Great Britain_: 
_pt. _2, 

268. Ib., table 3, p. 263. 

269. Ib., pp. 262 - 3. 

270. Sutcliffe, op. cit. (141), p. 341. Thomas may be same as "W. A. Thomas, 
M. Inst. C. E. " of 1892 tests. 

271. Stuarts' Granolithic_Stone, B. N., vol. 72,7.5.1897, p. 664. 

272. R. I. G. Read, M. Inst. C. E., discus. pr. by, R. W. Gibson, (N. Y. ) to R. I. B. A., 
5.12.1898, Fireproof Construction of Buildings in the U. S., J. R. I. B. A., 

vol. 6, (pp. a9-64 ; disc-u--s: -p--p: 9a: 9-), --- F0. 
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In Stuart's catalogue (1901 - 2nd issue), diagrams to indicate 

uses of the system, for example in Leach & Company's offices and 

warehouse (1895) in London, no doubt deliberately (for commercial 

reasons) do not show any details of the reinforcement, but dimensions 

and loads are given, with a warning that, 

"these floors can only be constructed on the Stuart System ". 273 

An upper, flat'floor 
274 

was of Granolithic slabs, 3" thick, supported 

crosswise by steel-beams, but lengthwise (1071) by two rows of, 

"Granolithic Beams extending from column to column". Their catalogue 

also illustrates Stuart's new premises at Millwall, London, containing 

a Granolithic beam 801 long, supported on brick piers, as well as 

granolithic piers, with the claim, 

"The above Granolithic beam is the first ...... to carry a building 
without the aid of steel girders ", 275 

(not dated, but perhaps before 1897.276 ) No reinforcement details are 

given, again, but the scale of the beam is interesting, and also the 

use of slender, Granolithic piers, which Stuart's compare with the 

size of the adjacent brick piers. 
277 

Meanwhile in 1891-2, F. G. Edwards, of London, obtained patents 
278 

for reinforced concrete design which included several important features. 

273. Stuart's Granolithic-Souvenir, Stuart's Granolithic Stone Co. Ltd., 
London, 1901,2nd issue, (not paginated). 

274. Leach's building contained '"' "Stuart" floors, one flat, one 
arched - ib. 

275. Ib. 

276. Catalogue possibly 2nd issue of 1897 catalogue. 

277. Stuart's Granolithic Souvenir, op. cit. (273). 

278. F. G. Edwards, Iron and Concrete for Building, U. K. patent no. 2941, 
_ýre an Iron Beams, 1891. F. G. Edýar , U. K. patent no. 1415,1892. __ie ---E; n -as __ -a 
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His specification was for, 

"improvements in the methods of combining iron or 
for the purpose of resisting the tensile stresses 
cases the compressive stresses also) in concrete 
partitions, beams, girders and other structures"; 

(columns are not mentioned). However, Edwards' patents 

to the construction of lintels. 
280 

In hi. a second patent, January 25,1892, (figure 1), 

steel with concrete 
(and in some 

floors, roofs, 
279 

referred chiefly 

Edwards, for 

deep beams, specified two or more series of rods with the upper series 

bent downwards at the centre of the beam where tensile stresses 

were greatest. He also bonded the rods with the concrete by corrugating 

their ends, which together with bending up the ends of some of the 

rods, was also intended to resist horizontal shearing. 
281 

Edwards 

noted the necessity to curve the rods upwards at the ends to, "resist 

the tensile stresses due to fixing" (although he subsequently 

specified his lintels with quadrant-shaped upper ends to prevent 

their being fixed, intending to simplify the construction. 
282 ) 

279. Reinforced_Concrete Systems: 
_Potterls_and_Edward§f 

Systems, B. J., 

vol. 25, C. & S. suppl., 2.1.1907, (pp. 8 - 10), p. 8. 

280. Ib., p. 10. Potter, op. cit. (40), p. 280. 

281. Ib., pp. 9- 10, see diags. Philip Hobbs, Concrete i-22--A, 
D-J-, 

vol. 3,3.3.1896, p. 59, said Edwards' tests ; Eo; -ea--no slip 
between concrete and reinforcement held only by the adhesion 
of the concrete, but they were probably secured at the ends. 
Sutcliffe, op. cit. (141), p. 203, and p. 213 also assumed 
Edwards' experiments contradicted Hyatt's. 

282. Ib., p. 9, specification, 25.1.1892. 
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Figure 1: F. G. Edwards patent no. 1415 (1892): detail. 

LoocA. 
Figure 2: F. G. Edwards--test beam (1892). 
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Edwards had some experiments'made for him by David Kirkaldy & 
283 Son in 1891 and the results were published in The_Builder and in Engineering- 

In 1894, Edwards obtained another patent, in which he def inbd, 

"the cranking up of rods in concrete beams to resist shear stresses 11 
F84 

A test beam described in this patent, (figure. 2) was made on April 19th, 

1892, and tested on August Ilth, 1894; although only 412j" long, 2" wide 

and 6" deep, it was intended as a model for girders tip to 401 span. The 

beam had twenty diameter iron wires embedded in the underside, bent 

up in sets of four at a 450 angle every 611, so that the tension rods 

were used for the purpose as they were not required towards the 

supports. (The principle is similar to Hennebique's cranked up rods, 

and even more to Kahn's later inclined shear members, cut from the 
285 

lower bars).. Edwards also pierced the beam with circular openings 

to lighten it, also practised later. 

Edwards' system, as patented in 1892, was advertised in about 

1893; 
286 

the 'Fire-proof floor' illustrated is of in situ concrete, 

4" thick, with steel tension rods embedded; its advantages were stated 

as - elasticity, economy of money and space, durability and vermin- 

resistance. Edwards' "Fire-proof Steel and Concrete Lintels" were 

described as, 

"a skilful combination of mild steel rods and Portland cement 
concrete of the very best character, in a way to obtain about 
eight times the normal strength of the same description and 
quality of concrete made in the usual manner 

283. Ib., p. 8. Tests on Reinforced Concrete Conducted in Great Britain, 
Op. cit. (2693-, -P: 259. Sutcliffe, OP7cIK-UZI37--P-P7E55-4 and Marian 
Bowley, The British Building Industry, C. U. P., 1966, p. 16, also 
refer to R5-wa-ra-s' results being published in Builder, 2.5.1891, 
and 17.9.1892. 

284. Tests_on_Reinforced 
- 

Concrete 
- 

Conducted in Great_Britain, 
_pI. _ý, op. cit. (266), p. 259 and p. 261.1 

'161, see diags. S. a: Chapter 3. 285. Ib., pp. 259, " 
286. Two adverts. back of: Potter, op. cit. (40). 
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Although Edwards' reinforcing methods were both published and 

advertised in the early 1890s and known. in the early 1900s, 

some early histories of reinforced concrete, including C. F. 

Marsh's large volume published in London in 1904 
287 

failed to refer 

to them. 

Another early reinforced concrete system in Britain, introduced 

by an American company, was "Expanded Metal"; although the Expanded 

Metal Co. was not, as C. Marsh (1904), for example claimed, the first 

to introduce reinforced concrete commercially in England. 
288 

Expanded metal, devised in the U. S. A. by J. F. Golding in 1883,289 

was patented in Britain in 1889 
290 

and marketed by the (later "New") 

"Expanded Metal Co. " 
291 

It was made from steel sheets, slit and 

expanded into a diamond-netting, 
292 

by 1898 made in various sizes and 

weights. 
293 

Originally intended as, and only suitable for, lathing, 

its manufacture and quality were improved and its application extended 

(since 1889) to reinforcing metal, for floor slabs and partitions, 

the latter use (partitions) developed in England and widely adopted 

in the United States. 
294 

An article in The Building NewE, in May, 1897, draws attention to 

the Expanded Metal Co., of London and their recent handbook and products, 

and notes that, 

"the expanded metal can be introduced on the lower surface of, the 
slab of concrete, so as to impart tensile strength, and has been 
used in this formfor floors, walls, buildings, etc. and the 
strength of the concrete has been therebY increased tenfold 295 

------------------------------------------------------------------------- 

287. Marsh, op. cit. (255). 

288. A. C. Davis, C. & C. E., vol. 6, no. 9, p. 666, said one of earliest 
systems U. K. Marsh, op. cit. (106), p. 86, said first introduced 
commercially in England, but see Chapter 2. 

289. Jones, op. cit. (81), p. 8. Marsh, op. cit. (255), pp. 55-9. 

290. Hamilton, op. cit. (111), p. 3. 

291. New Expanded Metal Co. - C. & C. E., vol. 2, no. 2, Ap., 1907, p. 151, etc. 

292. System described, Marsh, op. cit. (255), pp. 55-9; Davis, op. cit. (288); 
Sutcliffe, op. cit. (141), p. 347, etc. 

293. J. F. Golding, Expanded Metal in its Relation, to_Fireproof Construction, 
pr. to Civ. & Re-cK-En--g7. Soc. 17.2.1898, B. R-., -25.2.1898, (pp. 264--ý5f 
p. 265. 

294. Ib., pp. 264-5. 

295. Expanded_Metal_and_Its_Uses, B. N., 7.5.1897, p. 661. 
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Expanded metal in concrete underwent several series of , 

tests of strength and fire-resistance in the 1890s, in the U. S. A. 

and in Englandý After tests in New York, George Hill, M. Am. Soc. C. R. 

concluded, as reported in The_Building News, (1897) that this form of 

floor had great strength and pointed out the, I 

flactive part the expanded metal plays when covered with a layer 
of concrete" 296 

and it was claimed in 1898, for example that halt the usual number of 

supporting girders might be omitted when expanded metal was applied as 

a "binding material" in concrete floors. 
297 

It is significant that 

The Building-News, (June, 1897), referring to French Iciment arm6l explains 

it as, 

"an expanded-metal sort of construction, etc. such as we now 
use in floors and partitions ". 298 

In 1892, prior to Hennebique's first British patent, in the same 

year, Matthias Koenen and Gustav Adolf Wayss obtained a patent in Britain 

for reinforcing concrete or other materials. 
299 

Koenen is described in 

the application as Architect and Managing Director of the Joint Stock 

Co. "Alonier-Bauten", formerly G. A. Wayss & Co., and Wayss as a civil 

engineer, both in Berlin. Their claim was for erecting, 

"structures such as pillars walls .... and other .... constructions 
consisting in the fitting within the solid bodies and in 
intimate contact therewith of metal rods .... to act jointly with 
the material of the structure whereby the inner tension or traction 
strains are intercepted or relieved the metal rods not forming 
a connected structure (such as a fence or lattice ),,. 300 

296. An_Expanded-Metal Floor, B. N., 9.7.1897, p. 38. 

297. B. N., vol. 75,19.8.1898, p. 270. 

298. B. N. 11 25.6.1897, p. 941. 

299. M. Koenen & G. A. Wayss, Improvements in or relating to Structures 
Adapted to Resist Certain Strains, -KK-pai. no. 1741,1892; daie 
appiic-- H-.! -. 19-92, compl. specif : 27.10.1892, accepted: 28.1.1893. 

300. Ib., p. 5. 
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Examples included a platform roofing or flooring with reinforcing 

bars above the points of support and other bars to take up the lower 

stresses. 
301 

Wayss had constructed his first reinforced concrete 
beam in Vienna in 1890.302 

In France, Edmond Coignet, 
303 

patented a precast reinforced 

concrete beam in December, 1892: 
304 

Coignet's and Hennebique's 

(and Cottancin's) systems were referred to, and flennebique's 

clearly illustrated, in The Building News (August, 1896). 
305 

301. Ib., p. 4. and sheet 1, fig. 1. (compl. specif. ). Not "cranked up 
rods" at point contraflexure, as Jones, op. cit. (81), p. 9, states. 
S. a: Rings, op. cit. (107), p. 3. 

302. Prof. Emperger, Reinforced Concrete in Austria, extracts from prs. 
to Vienna Cong. ýrchts., 1908, in - C. & C. E., vol. 3, no. 4, 
p. 314. 

303. See: Cordeau, op. cit. (110), p. 26. Cent ans de Beton. Arne, op. cit. 
(109), p. 36. N. 

Ide. 
Tedesco, op. cit. (131), p. 165. 

304. Patent: 24.12.1892, Le Bdt. Arm6, ý Sept., 1900, p. 4. 

305. New_Methods of Building Construction_at_Paris, B. N., 14.8.1896p 
pp. 214-6. 
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Francgis Hennebique and Reinforced Concrete. 

Frangois Hennebique's first application of reinforced concrete, 

in a floor slab, is stated in several sources, as in '11879", although 

in all these sources, no location, few details and no earlier 

references are provided. 
306 

P. Collins (1959) refers to Ifennebique's 

use of, 

stprecast concrete beams containing cylindrical iron rods" 

in 1879, in a friend's house at Lombarzeide; 
307 

P. W. Kingsford (1973) 

states that Hennebique obtained a patent in 1880 for floor slabs 

reinforced with round bars and applied it as "fireproof" construction, 

"soon afterwards" in a house at Lombardzeyde, Belgium. 
308 

(This 

application is mentioned elsewhere as in 1888 
309 

). 

It appears, from an account in Ilennebique's company journal, 

Le_Bdton_Armd, (1904), that although the year 1879 was marked for 

Ifennebique by the adoption of fire-resistance as a primary objective, 

, his first application of the principle, in a floor introduced apparently 

by him in 1879, consisted of metal I-girders, with concreto slabs between 

and covered above and below with about 2" ot concrete. 
310 

An articlo 

in Ferro-Concrete (1909), also a house journal for Ilennobique's system, 

306. E. g. Marsh, op. cit. (255), p. 61; Condit, op. cit. (109), p. 232: 
first reinforced concrete floors, 1879 - no location, no sources. 

307. Collins, op. cit. (81), p. 64. Collins' general source is: W. Noble 
Twelvetrees, Francois Ifennebique, F. C., vol. 13, no. 5, Nov., 1921, 
(pp. 121 - 1445--; u-t--ý-w-e-l-v-e-t-r-eeýs--makes no reference to such use, 
(see pp. 123 - 

A). 

308. Kingsford, op. cit. (185), pp. 149-150 - no source given. Cent ans de 
B6ton-Armd, op. cit. (109), p. 35, states Ifennebique's 
r; ln-lo; ý; a with round rods, 1880 - no source. 

309. Cent_ans de B6ton_Arm6, ib. 

310. Le B6ton Armd, no. 71, Ap., 1904, 'p. 153. 
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supports this, 

"in 1879, Fran4pis Hennebique, an engineer who had already much 
experience of and great confidence in concrete, commenced to 
construct floors in iron and concrete. Ile subsequently 
constructed numerous floors of-the combined materials both in 
France and in Belgium, but not representing the system with which 
his name became associated in later times ". 311 

312 Hennebique's first patents for reinforced concrete date from 1892 

and it seems likely that he developed his system nearer to this date 

than to 1879. It also seems unlikely then, that flennobique employed, 

"reinforced concrete beams containing stirrups" 313 

in 1880. Hennebique mentions his first use (but not the date) of 

a reinforced concrete floor in a brochure in 1892; 
314 

it was devised 

for a friend as fireproof construction avoiding costly encased girders 
315 

and may have been in a villa for M. Madou, at Lombardzeyde, 
316 

In 1892, Fra'npois Hennebique took out his first patent for a 

reinforced concrete system of girders, joists and floors, in Belgium 

. 117 (9th February), the same patent in France, (Sth August),: and a 

British patent (Ilth August). 318 Ifennebique applied for his British 

311. Hennebique Methods-of-Calculation. Article_l, F. C., vol. 1, no. 2, 

312. F. Hennebique, Origine et Organisation de 1'ExP121111112n des Brevats 
Hennebique, 4e Congr6s du Mt. arm6, Le Bdt. ýrm6, Sept., 1900, p. 6. 

313. Collins, op. cit. (81), p. 64. 

314. Le Mt. Arm6, op. cit. (310), p. 158, diag. fig. b. 

315. Originally planned. iron beams, concrete. arches: ib., Iro. % 1892 brochure. 

316. Twelvetrees, op. cit. (307), p. 124 - no datp either. 

317. Francois Hennebique, Note 
- 

sur 
- 

les brevets et travaux do la Maison 
Hennebique, Le B&t. ArmL%, Sept., 1900, p. 4, and Ifennebique, op. cit. 
(312), p. 6. 

318. ITEMMEt s in the Manufacture or Construction 2Lj2pq, 
_2jEj2EE_and Re MY& U. K. pat. no. 14,530, date Rpplic: 11.8.1892, full specif7-- 

4.5.1893, accepted: 17.6.1893- Also noted: Jones, op. citA81), p. 9. 
Hamilton, op. cit. (111), PP. 9- 10. 
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patent from Brussels; the complete specification was filed on 4th 

May, 1893. In it, Hennebique claimed the principle of combining, 

"iron and cement, or any other metal and agglomerant in such 
manner that the resistance ..... . the iron offers to tension 
is added to (that) the cement offers to compression, 319 
(forming), very light girders possessing a capacity of 
resistance hitherto unknown ". 320, 

The iron was to be embedded in the lower part of the "cement" and 

might be of various sections; the beams were trapezoidal in 

section on the assumption that a thickness of cement was required 

above rather than beside the iron. 
321 

The principle of reinforcing concrete had been stated previously, 

as noted, and Ifennebique was aware of Monier's work-, for example, 
322 

but perhaps not of E. L. Ransomels, in the United States, who had 

employed reinforced beams and floor slabs similar to flennebiquels, 

in 1888 - 9.323 Hennebique does refer to "the Americans" as being 

the first to experiment with beams of cement mortar, reinforced at 

the lower surface with one or several iron bars, as well as to patents 

(unspecified) obtained in America, and also England, for arrangements 

of various sections of bars embedded in concrete, but says theso 

systems had not come into practice. 
324 

319. Ib., p. 5. 

320. Ib. 9 P. 3. 

321. Ib., pp. 4 - 5, ils. sheets I and 2. 

322. Hennebique, op. cit. (317), p. 4. 

323. Ransome, op. cit. (98), p. 292, fig. 3, and p. 295, fig. 6: 
cf: Hennebique, op. cit. (318), sheets 1 and 2. 

324. Hennebique, op. cit. (317), p. 4. 
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Hennebique further claimed the use of, "anchors or suspension 

stirrups" to support the bar but also to counteract shearing action 

in bending 
325 

(and, "allowing of there being applied in the 

construction of the armed cement girder ..... the forms and methods 

of calculation employed -for lattice work girders 11.326 ) 

The accompanying drawings, (identical to those with the French 

patent, filed a few days previously), illustrate the application of 

plain round rod reinforcement (joined with sleeves) in girders and 

joists, monolithic with the floor slab and trapezoidal in section; 

stirrups are also illustrated, kinked to grip the tension bar and 

with open ends turned outwards for anchorage 
ý 27 

(figure 3). 

Hennebique's subsequent and widely used stirrups were simplified in 

shape. 

The floor system at this stage is shown resting on brick walls 

and with wooden floors on asphalt, with wooden ceilinp laths attached; 

the system itself may contain little wooden blocks to which to attach 

the upper ends of the stirrups 
328 

_ later, Hennebique, and L. G. 

Mouchel in Britain, advocated monolithic reinforced concrete construction. 

329 
Hennebique's French patent( 8.8.1892) does not use tho word, 

stirrup (6trier), but anchors, clamps or hooks, but their purpose, to 

resist shear stress, is the same. In an addition 

to the French patent, a year later, in August, 

325. Hennebique, op. cit. (318), p. 4, and p. 6. 

326. Ib. 1 pp. 4,6. 

327. Ib.,, sheets I&2. Drs. accomp. provis. specif. also used for completo 
specif., (so no changes in drs. between 11.8.1892 - 4.5.1893). For 
French pat. 8.8.1892, see: Le Bft. Arpi6, Jan. 1901, pp. 6 - 8. 

328. Ib. 

329. Reprod: Lo B6t. Arm6, op. cit. (327), p. 7. In this patent (same as 
Belgian patent), Hennebique uses some apparently idiosyncratic 
descriptions, as "gites" (joists) and 11hourdis" (to mean small 
slabs); latter occurs in wkg. drs. Weavers' Mill, Swansea, 

exec., Nantes. (Chapter 6). 
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t4 

Figure 3: F. Hennebique's British ýatent no. 14,530(1892): details. 
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1893p 
330 

Hennebique employs the word 6triers (stirrups) - the first 

official use of the term being in this year, - and also places more 

emphasis on their importance, connecting the tension and compression 

areas of the beam and resisting shear, 
331 

an importance already 

emphasised in the full specification for his British patent in May, 

1893.332 

The use of stirrups in beams to counteract shear stress was 

an important innovation in reinforcing concrete, claimed for 

Hennebique. 
333 

B. Jones (1913) maintained that Hennebique was 

anticipated "to an extent" by Hyatt, but this is questionable, and 

by (Franz) Meyenberg (1891), 
334 

who patented a floor in the United 

States composed of, 

"hollow terra-cotta tubes supported on steel rods embedded 
in concrete above and below (with) loose stirrups hooked 
round the bottom rods ". 335. 

Coignet may have suggested the principle of stirrups in 1889. 

The stirrups, in the addition to the French patent, have the 

simpler U-shaped form , with top ends bent outwards, characteristic 

of many of Ifennebique's early works; an improved floor slab has 

tension rods sloping gradually up to the suppqrts, and stirrups, 
336 

(figure 4). 

--------------------------------------------------------------------------- 

330. Certificat d'Addition au Brevet no. 
-223,212, _52_8.8.1892 

(7.8.1893), 
1901 pp. 8-9. 

331. Hennebique himself confirms 
' 

this observation, 117 aout (1893) ..... 
description plus nette du r6le primoidial des 6triers, " Le B6t. 
Arm4, Sept., 1900, p. 5. 

332. Hennebique, op. cit. 
. 
(318), p. 6: contrast: Fr. pat., Le B6t. Arm6, 

op. cit. (327), p. 8. 

333. E. g: Cent-ans-de B6ton Arm6, op. cit. (109), p. 36. 

334. Jones, op. cit. (81), p. 9. 

335. Ib. y pp. 8-9. 

336. Le Mt. Arm6, Jan., 1901, figs. 6-8, (1893). 
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Figure 4: F. Hennebique's French patent addition (1893): details. 
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Hennebique here alsQ extended his system to: slabs for pitched 

roofs; columns, reinforced with vertical rods and transverse links 

or ties; walls (double or cavity) again with vertical rods and flat, 

horizontal links, and illustrated in monolithic connection with the 
337 

floor slab ; (such connection with vertical supports Is perhaps 

adumbrated in the 1892 patent 
338 

). 

k 

However, these 1892 and 1893 patent specifications do not refer 

to, or illustrate, either bent or cranked up rods in beams, or 
"fishtailed" ends to rods, 

339 
so that a number of later references to 

340 these features as either introduced or patented by Ilennebique in 1892, 

are incorrect. Hennebique did not patent "cranked up" rods in Britain 

until 1897 
341 

and probably not elsewhere either before then, 
342 

although, 

characteristically perhaps, he had already employed them in practice, 

in 1895, for a mill at Tourcoing. 

In the Certificat d'Addition (1893), Hennebique, surprisingly, 

specifically mentions hydraulic lime concrete as an alternative to 

cement concrete in his reinforced beams, although Portland cement was 

exclusively employed by L. G. Mouchel, for Hennebique's system in 
343 

Britain. 

337. Certif. d'Addit., 1893, Le. Mt. Armd, Jan., 1901, Pl. 2, figs. 
12,15,17. 

338. Hennebique, op. cit. (318), fig. 9. 

339. No other pats. for 1892-3 mentioned by Hennebique, op. cit. (317), 
pp. 4-5. A "fishtail" appears in the British and French patents, 

fig. 11, but not as later commonly employed. 
340. E. g: Cent ans de B6ton Armd, op. cit. (109), p. 113. RaRfat, Op. Cit. 

(235), p. 29, and fig. 14, p. 28: no sources given. 

341. U. K. patent no. 30,143,1897, p. 2. (Chapter 3). 

342. Hennebique, op. cit. (317), pp. 4 -ý- 5. 

343. Hennebique, op. cit. (330), p. 8. Chapters 3 and 7. 



Conclusion. 

Although the use of hydraulic limes, or cements and the 

production of non-friable concretes was an essential elemept in the 

introduction of reinforced (and strengthened) concretes for building 

purposes, the emergence and improvement of Portland cement from the 

early 1840s, appears to have been inessential to these developments, 

especially as it was not always trusted to provide either a reliable 

concrete or a suitable cover to metal. However, by the 1890s, 

Portland cement was largely used for concrete, and in combination with 

metal. 

Early patents for combinations of concrete with embedded metal, 

and for reinforced concrete, fulfilled similar functions, in particular, 

provision for "fireproof" flooring and beams, and their introduction 

was similarly motivated by efforts to economise efficiently in the 

quantity of metal employed and, later on, to reduce it also on account 

of the proved vulnerability of exposed metal - especially wrought iron - 

in fire, although there were some doubts about the fire-resistance of 

concrete and considerable scepticism about the combination of concrete 

with embedded metal, which remained into the 1890s. 

Although many claims for inventions of reinforced concrete 

during the nineteenth century have been made, only a few of these 

are justified, while some experiments with reinforcement in Britain, 

(as by Stuart's Granolithic Company, for example), have remained little- 

known. The earliest ascertained invention of reinforced concrete is 

a patent (1854 - 5) by W. B. Wilkinson of Newcastle on Tyne, but T. F. 

Tyerman in Middlesex, may possibly have been studying reinforced 

concrete at exactly the same time, and filed a patent specification 

(1854) for bonding metal in concrete or other materials, before 

Wilkinson included this in his own patent. 

A number of further patents for reinforced concrete were 

introduced in Britain during thq second half of the nineteenth centurY 

and some, unpatented, applications also made in the same period. 
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ýOne, perhaps, improved substantially on Wilkinson's, in principle, 

although further applications were suggested, until about the 

early 1890s, when the introduction of shear reinforcement in beams 

represented a significant addition to reinforced concrete practice, 

and was patented in Britain by F. Hennebique, (1892). 

Throughout this period,, in Britain, reinforced concrete may 

not always have been. popularly di. qtinguished from other 

combinations of concrete and metal, perhaps on account of vague 

descriptions such as F. G. Edwards' "Fireproof Concrete and Steel 

(c. 1893), (nor did Hennebique concisely define the material in his 

British patents (1892; 1897) except for a passing reference to, 

flarmed cement", (1892 
344 

), although L. G. Mouchel eventually mado 

his system well-known in Britain as, "ferro-concrete"). This porhaps 

accounts for, the restatement of the principle at intervals during 

the second half of the nineteenth century; on the other hand, thero is 

also some indication that it was becoming fairly widoly acknowledged, 

especially in the last quarter of the century, and certainly by the 

time that Hennebique's system was introduced. 

344. Improvements in the ........ Construction of_Joists, op. cit. (41), p. 4. 
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Introduction. 

Chapter 2 considers: 

(1) The applications and extent of use of 'reinforced concrete' 

in Britain in the nineteenth century (usually described 

undistinctively asIfireproof1construction 
1 

), prior to 

the introduction of Francois Ifennebique's reinforced 0 
concrete framing in 1897, with some reference to 

applications abroad in the same period. 

(2) A contemporary interest in all-concrete buildings, usually 

strengthened (or, 'bonded') with iron, as a parallel 

development with early applications of reinforced concrete, 

and as a precedent to the introduction of entirely reinforced 

concrete buildings in Britain from the late 1890s. 

1. Chapter 1. 



The Introduction of Reinforced Concrete in Buildinvs: 
W. B. Wilkinson and T. llyatt. 

In 1841, William Boutland Wilkinson (aged 23) had established 

himself in Newcastle on Tyne as a plasterer, developing an 

additional (and early) trade in the manufacture of, "artificial stone". 
2 

Apart from his patent (1854) for reinforced concrete, W. B. Wilkinson 

patented various other inventions, (for instance, non-slip treads for 

concrete stairs, in 1898) and extended his business to include them* 
3 

By 1902, (when Wilkinson died 
4 

), his company, W. B. Wilkinson & Co. 

Ltd.,, was best-known for, "concrete" flooring and paving, 
5 but W'. B. 

Wilkinson had constructed several all-"concrete" houses, 
a 

some of which 

may have incorporated reinforced concrete. (A. J. Francis's (1977) 

suggestion that Wilkinson may have concentrated on paving because of 

the unreliable quality of Portland cement, is probably not valid, 

since Wilkinson did not always specify cement concrete oven for 

reinforced work ). 

2. Joyce M. Brown, W. B. Wilkinson and his Place in the Historyof 
Reinforced Concrete, Newcomen Soc., Trans., vol. 39,, 1966-7, 
(pp. 129-42), pp. 129-30, pl. 27. 
Bernard E. Jones, ed., Reinforced Concrete, London, 1913, p. 6. 
Advert,,, W. B. Wilkinson & Co. Ltd: Concrete Workers, Arch. & C. R., 

vol. 57, suppl., 5.2.1897, p. 30. 

3. B. J., vol. 7., suppl., 25.5.1898, p. xi. Advert., W. B. Wilkinson & Co. Ltd., 
op. cit. (2). 

4. The Late W. B. Wilkinson, B. J., vol. 16,22.10.1902, p. 168, orBldr., 
25.10.1902, p. 375. 

5. lb. S. a. - Advert. op. cit. (2). 

6. Hubert Todd, letter, Illust. Carp. & Bldr., vol. 92,20.3.1923, p. 438. 

7. A. J. Francis, The Cement Industry, 1796-1914 -A History London, 1977, 
p. 127,. Cf - Chapter 1. 
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Unfortunately, W. B. Wilkinson & Co. 's office records of works, 

and tests, including, "many important contracts" of the 18609 - 70s, 

were destroyed by a fire, "some years"prior to 1906,8 and it is not 

known whether Wilkinson's patent (1854) for reinforced concrete 

(or 'fireproof') construction was applied by him before its use in 

a cottage near Ellison Place, Newcastle, built in about 1865 (and 

itself one of the contracts of which records were destroyed 
9 

). 

Philip Hobbs, (1896), Managing Director of W. B. Wilkinson & 

Co., refers unspecifically to some concrete cottages built in 1852, 

possibly by Wilkinson, which could have incorporated his system 
10 

of reinforcement. A concrete palm house added to Castle Eden 

Hall, Co. Durham, in about 1863, (architect, F. R. Hicks of Newcastle), 

from its early date and location, might possibly also have been 

constructed by Wilkinson - however, this is of precast concrete blocks, 

in imitation of stone, built around cast iron columns. 

8. Early Use of Reinforced Concrete, B. J., vol. 23, C&S supplement, 
20.6.1906, p. 17: source: W. B. Wilkinson & Co. S. a. - C. & C. E. 
vol. 4, no. 4, p. 265. 

9. C. R. S. Kirkpatrick, Town Hall, Newcastle on Tyne, letter, 8.11.1909, 
C. I., Trans., vol. 3, Nov. 1911, p. 152. 

10. Philip Hobbs, Concrete. Its Elenents and Uses, B. J., Vol. 3,18.2.1896, 

p. 18: (C) Drake said they were sound in 187 (Drake's own patent 
was in 1868 - Chapter 1). 

ll. N. Whittaker, The Old Halls and Manor Houses of Durham, 1975, p. 73. 
Historic Concrete No. 37., Conc., Sep. 1977, p. 31. - 

Anthony Burns, Dip. Arch., ARIBA, engaged on repairs to the 
Conservatory: personal correspondence, 1.9.1981. 
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W. B. Wilkinson's two-storeyed cottage (behind Ellison Place), 

Newcastle on Tyne, which employed reinforced concrete, was described 

and illustrated in an article by Professor W. Fisher Cassie (1955), 

when it was demolished, in, 11excellent condition". 
12 

Professor 

Fisher Cassie dates the cottage as circa 1865, so do A. Raafat 

(1958) and J. M. Brown (1966-7), citing a letter from W. 11. Thorpe, 

(1925) published in Engineering; 
13 

(Brown identifies Thorpe as, 

"probably William Henry Thorpe, elected As. M. Inst. C. E., 1890"p 

but he was perhaps William Henry Thorpe (or Thorp), F. R. I. B. A. 0 
architect for two reinforced cqncrete framed buildings in Leeds in 

1907.14 ) C. R. S. Kirkpatrick (1909), who drew his information from 

W. B. Wilkinson & Co. 's Manager, is less specific, saying the cottage 

must have been built, "between 40 and 50 years" (1860 - 1869). 
15 

From photographs taken for Professor Fisher Cassio, the cottage I 
exterior appears visually somewhat uninteresting, while inside the 

chief feature appears to have been a coffered ceiling to the ground 
floor. This ceiling was formed of a reinforced concrete slab and 

reinforced concrete main and secondary beams, with twisted wires 

sloping up towards supports, according to W. B. Wilkinson's 1854-5 

patent; the smaller beams were formed between hollow, pro-cast plaster 

moulds 
16 

(which do not form part of Wilkinson's patent specification). 

12. Professor W. Fisher Cassie, Early Reinforced Concrete in Newcastle 
upon Tyne, Mag. Conc. ýsch., March, 1955, (pp. 25-30), reprod. in 
Struct. Eng., vol. 33,1955 (pp. 134-7). 

13. W. H. Thorpe, letter, 15.5.1925., Eng., vol. 119, p. 678. Aly Raafat, 
Reinforced Concrete in Architecture, N. Y., 1958, p. 19. Brown, op. 
cit. (2), pp. 139-40. 

14. Mouchel-Hennebique Ferro-Concrete, 
__List 

of Works . 1897-1919, L. G. 
Mouchel and Ptrs., London, 1920, and, Who's Who in Architecture, 
London, 1914, p. 223. 

15. Kirkpatrick, op. cit. (9) - cottage not on O. S. map (1859). 

16. Cassie, op. cit. (12), pp. 25-7,29. 
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Although Professor W. Fisher Cassie describes the cottage as, 

"entirely reinforced concrete, including the 
stairs and chimney", 17 

it is possible that the outside walls were not reinforced: Wilkinson 

does not refer to exterior walls in his patent and their thickness 

here (9" - 1211) is the same as Thomas Potter (1877) recommended for 

plain concrete walls, 
18 

although perhaps required by the local 

bylaws. 

The pitched roof appears to have been slated or tiled perhaps 

over timber in the usual manner; 
19 

(Philip Hobbs, speaking when 

Wilkinson may still have been active in the firm, expressed a distrust 

of reinforced concrete roofs 
20 ). Thus, perhaps only the floors and 

beams of the cottage, together with the chimney and stairs, wero 

reinforced concrete. 

Instead of this work representing a, "local and temporary" 
21 

application of Wilkinson's system, it is likely that his company 

regularly employed reinforced concrete, from the time of Wilkinson's 

patent, until the early 1900S. 

For example, in 1884, W. B. Wilkinson referred to the'uso of 

this patent; 
22 

in 1894, W. B. Wilkinson & Co. completed a large 

contract at the Central Station, Newcastle on Tyne, for the North-Eastern , 

17. lb. v p. 25. 

18. Thomas Potter, Concrete - Its Use in Building, London, 1877, p. 156. 

19. Illust., Cassie, op. cit. (12), p. 25. 

20. Philip Hobbs, Concrete, B. J., vol. 3,3.3.1896, p. 60. 

21. Charles Singer et al., eds., A HistorX of Technology, Vol. 5, Oxford, 
1958, p. 488. 

22. W. B. Wilkinson, letter, Bldr., 5.1.1884, p. 42. 
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Railway Co., including staircases and, 

"fireproof and other concrete floors 

in a new station hotel. 
23 

In 1897, W. B. Wilkinson & Co. were advertising concrete floors 

with, 

"very little iron, and that wholly in tension , 
ý4 

Several papers in the early 1890s by the company's Managing 

Director, Philip Hobbs, make it clear that the company was then 

testing and employing reinforced concrete, and that while (said Hobbs), 

Wilkinson's patent of 1854 had hardly been improved upon, 
25 

thero 

were some differences in their current practice. 

Thus, in a paper to York Architectural Society in 1894, Ilobbs 

referred to an increasing use of concrete "fireproof" floors and stairs 
I and recommended embedding steel rods or small joists in concreto, 

"low down .... to throw as much tensile strain on 
ýhe iron as possible", 

which, H6bbs said, greatly increased its strength. 
26 

This lecture may well have been attended by William Bell, in 1900, 

President of the York Society,, 
27 

one of the first British architects to 

subsequently adopt F. Hennebique's system of reinforced concrete framing, 

in work for the North-Eastern Railway Co. 
28 

_ but in early 1894, W. Bell, 

23. Messrs. W. B. Wilkinson & Co. Ltd.., B. N., 27.4.1894, p. 591. S. a. Philip 
Hobbs, Concrete, 

' 
B. J., vol. 3,17.3.1896, p. 93. Wilkinson (1854) 

described his material as for fixv-proof construction: Chapter 1. 

24. Advert. W. B. Wilkinson & Co. Ltd., 
_gp. 

cit. (2). 

25. Hobbs, op. cit. (10): Philip Hobbs wrote a series of papers published 
in: B. J., Feb-March, 1896, and collected in a book (1897). 

26. Concrete Construction , B. N., vol. 66,9.2.1894, p. 178: Hobbs also 
noted benefits of combining concrete and iron even with iron less 
judiciously placed - Cf. W. B. Wilkinson & Co., letter, Bldr., 9.7.1887, 
p. 78. 

27. Chronicle, J. R. I. B. A., vol. 7, p. 89 

28. Chapter 7. 



as architect to the N. E. R. Co., 
29 

may already have been supervising 

W. B. Wilkinson's reinforced concrete work for the N. E. R. in 

Newcastle on Tyne. 
30 

Philip Hobbs (1896) referred to his own (as well as Hyatt's and 

Edwards') tests, as demonstrating that with reinforcement the strength 

of the concrete, 

"can be increased tenfold 11 ýl 

Hobbs' own practice now differed from Wilkinson's earlier 

specification, for practical reasons - in view of hurried jobs and 

premature removal of centring, he advised bars on edge, or small (411) 

joists, threaded with J" square, twisted rods for carrying power 

before the concrete hardened; 
32 

(T. Hyatt, to whom Hobbs refers, had 

used threaded bars on edge, and E. L. Ransome in the United States, had 

patented square, twisted rods. 
33 

P. Hobbs also perhaps attached more 
34 

importance to the quality of the concrete than W. B. Wilkinson, earlier. 

P. Hobbs had constructed large, reinforced floors without girders. 

Hobbs also designed reinforced concrete domes, his, "usual plan" being 

to cast the concrete, interlaced with a network of small iron rods on a 

wooden centring, lathed and plastered. 
36 , Although ho had resarvations 

about using concrete for roofs, Hobbs added that it made a strong, flat roof, 

"with 6" of earth, or covered with water or a layer of 
asphalt it will last for ever'l. 37 

29. William Weaver Tomlinson, The North Eastern Railway, Newc., 1914, 
p. 773: William Bell, Architect to N. E. R., 1877 - Present. 

30. Op. cit. (23). S. a. - Chapters 7,9,10; Appendix I. 

31. Hobbs, op. cit. (20), p. 59. 

32. lb. 

33. Chapter 1. 

34. Hobbs, op. cit. (23) and Chapter 1. 

35. lb., p. 92. 

36. Hobbs, op. cit. (20), p. 60. 

37. lb. 
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By the beginning of 1897, (the year liennebique built his first 

large reinforced concrete framed building in Britain 
38 

), W. B. Wilkinson 

& Co. Ltd. had their head office in Newcastle on Tyne, Works at 

Newcastle and Greenhithe, Kent and Managers in London and Liverpool 

(Frank Peck and F. J. Somerville)ý9 The company described themselves as, 

"Concrete Workers Q 
Concrete 

........... 
Concrete Staircases 
with as little iron 
in tension ", 

a) Wilkinson's Improved Granite 
Designers and CqnStructors of 
(and) Fireproof L Floors, 
as possible and that wholly. 

40 

(an uncommon example, perhaps, of Wilkinson & Co. advertising their 

reinforced concrete floors. 
41 

) The company also offered, 

"Fireproof partitions, In ýitu Granolithic Paving 
and 'Foothold Flags' 11. 

W. B. Wilkinson died in 1902, but in 1906, w. B. Wilkinson & Co. were, 

"well-known for work in plain and reinforced concrete 
42 

9 

and thecompany was still active in 1910.43 

38. Chapter 6. 

39. Advert. jW. B. Wilkinson & Co. Ltd., op. cit. (2). 

40. lb. 

41. Brown, op. cit. (2), pp. 131-2: found no evidence of Wilkinson's 
knowledge about concrete floors reinforced with iron, in advertisements. 

42. Early Use of Reinforced Concrete, op. cit. (8), p. 17. 

43. Todd, op. cit. (6)% H. Todd had worked for W. B. Wilkinson & Co. for 24 

years, starting in 1886, i. e., until 1910.11. Todd patented a 
reinforced concrete platform floor, used by W. B. Wilkinson & Co 
Characteristics of the Chief Systems of Reinforced Concrete Ap. Rlýed ýo 
Buildings in Great Britain, C. & C. E., vol. 2, no. 6, Jan, 1908, 

(pp. 427-44), p. 437; s. a. p. 436. 



Thaddeus Hyatt's firm also still had an office in London 

44 
(Farringdon Road) in 1906, although'it may have been concerned to 

promote his patent pavement lights rather than his reinforced concrete 

system. 

In his lens light Works in Farringdon Road, which Arthur Cates, 

FRIELA (1878) described as an, 

"experimental building for the display 

of (Hyatt's) inventions", 45 

Hyatt had constructed part of the floors with small, flat tie-irons 
46 

and iron wire embedded in concrete; HyattIg illustrative diagrams 

(1877) are not quite clear, but he stated that the concrete here acted 

as the compressive member of the slab. 
47 

Although different writers have asserted at various times that 

T. Hyatt, "did not apply his ideas", or was, "not commercially 

successful, " 
48 

an article in The Builders' Journal (1906) claims that, 

"numerous buildings" in the U. S. used Hyatt's method, although it was 

not much employed in Britain 
49 

; moreover, it may have been quite 

widely used there, too. 

--------------------------------------------------------------------- 

44. Early Use of Reinforced Concrete, op. cit. (8), p. 19. 

45. A. Cates, Concrete and Fire-Resisting Constructions, GeneralConference 

of Architects, 1878,, p. 300. 

46. Thaddeus 11yatt, An Account of Some Experiments with Portland Cement 
Concrete Combined with Iron, as a Building Material, London, 1877, 
reprod. in - H. Newl6n, Jr., ed., A Selection'of Historic American 
Papers on Concrete, 1876-1926, A. C 1., 1976, (pp. 53-99), pp. 61-2, 
figs. 10 - 14. 

47. lb., p. 62. These floors were removed in reconstruction work before 
1906 - Early Use of Reinforced Concrete, op. cit. (8), P-19. 

48. Jones, op. cit. (2), p. 8. S. B. Hamilton, A Note on the History of 
Reinforced Concrete in Buildings, N. B. S. Special Rep. no. 24, London, 

1956, p. 8. Professor A. L. L. Baker, The Growth of the Concrete 

Industry, Engineer, London, 1956, p. 181. M. Bowley, The British Building 

Industry, C. U. P., 1966, p. 16., etc. 

49. Early Use of Reinforced Concrete, op. cit. (8), p. 19. 
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I 
Before returning to America, T. Hyatt (1877) had consigned his 

fireproof constructions in Britain to the care of Thomas Rickett, 

an engineer and inventor in Birmingham who had been assisting Hyatt 

in his experiments, 
50 In 1894, The Building News mentions Hyatt's 

system, described at this date as, 

"metal tie-bars, cores or frames ..... 
covered with a thick body of 
concrete, the metal frame giving the 

necessary tensile strength" 

and applicable to, 

51 
"balustrading, walls, floors and roofs". 

In 1896, Hyatt's fireproof flooring is again 
I 

cited, among only 

three other specific examples of concrete floors with embedded iron, 

apparently in current use in Britain. 
52 

However, by 1904, Charles 

Marsh was referring to Hyatt's system as, 

"chiefly interesting from a historical point 
of view", 53 

which suggests that if it was perhaps still in use, it was not popular 

or well-knownthen. 

There is no evidence that H. Y. D. Scott applied his early patent 

(1867) for reinforced concrete in Britain, but a little before the 

approximate date of construction of W. B. Wilkinson's cottage in 

Ellison Place, Newcastle, Matthew Allen (1863) built several, five-storeyed, 

tenement buildings in Mark Street, Finsbury, London for Sir Sidney 

Waterlow's Improved Industrial Dwellings Co. Ltd., with parts, including 

lintels and roof terraces, in his fire-resistant concrete, (probably 

50. Hyatt, op. cit. (46), p. 79. 

51. Building Inventions, B. N., vol. 66,2.3.1894, p. 281. 

52. Open and Solid Structures, B. N., vol. 71,13.11.1896, p. 690. 

53. C. F. Marsh, Reinforced Concrete, London, 1904, p. 70. 
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reinforced); 
54 

by 1878, Allen had used his material - chiefly for 

lintels and stairs - in "numerous"buildings. 
55 

1 

At about the same time, between 1872-8, G. F. Trench made some 

experiments with concrete, perhaps reinforced, for farm buildings on 

an estate at Ardfert, Ireland; (his builders being a, "motley 

company of farm labourers"). For example, in 1878, he was roofing a 

hay barn using concrete columns, beams and arches; considering the 

dimensions of the latter, it is possible they were reinforced, but 
56 

Trench does not say so. 

An interesting and perhaps isolated early example of an entirely 

reinforced concrete building was constructed in the U. S. at this time, 

(in the 1870s ), by William E. Ward, a house near Port Chester, New 

York, with all parts of, 

"b6ton, re-enforced with light iron beams 
and rods", 57 

(but designed externally as if for brick and timber 
58 

). 

54. C. D6tain, Habitations Ouvrieres, Revue G6n6rale de l'Architecture 
et des TravauxPublics, vol. 27 1869, (columns 214-9), cols. 217-8: 
source first cited by P. Collins, Concrete, London, 1959, p. 60. 
Illust: Historic Concrete No. 46, Conc., Aug. 1978, p. 31: Shows five 
storeys. See: Chapter 1, for discussion of Allen's use of reinforcement. 

55. Cates, op. cit. (45), p. 297.5. a. Memoranda, C. C. E., vol. 6, p. 234: 
anonymous expert (1876) on reinforced concrete probably Allen, 
judging by system described. 

56. George F. Trench, letter, 5.6.1878, discus. Cates, op. cit. (45)pp. 310-11: 
arches - 16ft 61n span, 71n springing, 3jin crown. 

57. W. E. Ward, B6ton in Combination with Iron as a Building Material, Amer. 
Soc., Mech. Engrs., Trans., vol. 4, N. Y., 1882-3, reprod., Newlon, op. cit. 
(46), (pp. 103-20), p. 106; fig. 1. 

58. E. W. Kramer and A. Raafat, The Ward House: A Pioneer Structure of 
Reinforced Concrete, J. S. A. H. vol. 20, no. 1,1961, (pp. 34-7), p. 36. 



91 

All-Concrete_Buildings: 1860S - 1870S. 

Early work in reinforced concrete, in Britain, should perhaps 

be viewed in the context of parallel applications of plain and 

strengthened concrete, which was used for the entire construction 

of buildings in this period; such buildings might also be briefly 

examined as a comparative precedent to the introduction of all-reinforced 

concrete buildings in Britain, at the end of the nineteenth centitry. 

During the 1860S -70s, when W. B. Wilkinson built his reinforced, 

or partly reinforced, cottage, and carried out some "important contracts", 

in situ concrete was being advocated and fairly widely employed in 

Britain for walls and other parts of buildings, (and monolithic concrete 

was more common than block construction 
59 

- the reverse was true in 

the United States 
60 

). 

The first modern use of concrete for house-building in Britain 

may have been a bouse of lime concrete near Gloucester, built in about 

1817.61 Then William Ranger had erected a number of buildings by the 

mid-1830sp according to his patent for perforated lime concrete and 

ballast blocks. 62 

In this early period, concrete was also being employed for houses 
in the United States, 63 

gs well as in France by F. M. Lebrun, who also 
lectured and wrote on the subject of building with concrete: 

64 (George 

------------------------------------------------------------------------- 

59. Potter, op. cit. (18), p. 24. Still so, 1896s, - T. Potter, Concrete, 
vol. 2, London, n. d., c. 1893, p. 11. 

60. Carl, W. Condit, American Buildina Art - The Nineteenth Century, N. Y. 1 
1960, pp. 226-7. 

61. Potter, op. cit. (18), p. 16. 

62. George Godwin, jr., Prize Essay upon the Nature of Concrete and Its 
Application to Construction up to the Present Period, I. B. A., Trans., 

vol. 1, pt. 1., 1835-6, pp. 21-2,33-4. S. a. - Collins, op. cit. (54) 

p. 37. 

63. Condit, op. cit. (60), p. 225. 

64. Henry Reid, Treatise on Concrete, London, 1869, p. 68. Charles Spackman, 
Some Writers on Lime and Cement Camb., 1929, p. 49. Collins, op. cit. 
(54), p. 25. S. a. Lime Beton, JRIBA, vol. 14,19.10.1907, p. 704 ff. 
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Godwin, who visited France in 1834,65 was apparently unaware of 

Lebrun's work and does not mention him in his contemporary history 

of concrete 
66 

). I 

W. Ranger's work in Britain was not wholly successful, since it 

did not always prove weather-resistant, 
67 

and concrete building 

apparently lapsed again there for some years. 

In 1869, Henry Reid observed that, 

"America, France - even Denmark and Sweden - 
are before us in the ..... use of concrete 
for buildings", 

68 but he added that there was increased attention to concrete for houses. 

H. Reid attributed this interest to a new confidence in concrete 

resulting from, 

"the introduction of a new material" 

(Portland cement), and a, 

"better understanding of the practical chemistry" 

of the subject, 
69 

(although Bertram Blount, F. I. C., (1907) - pointing to 

earlier confidence in comprehending the action of Portland cement - said 
it was an unknown area 

70 According to H. Reid, the new material had 

recently proved its value in large engineering works (no doubt John 

Grant's). 
71 

------------------------------------------------------------------------- 

65. Anthony King, Architectural Journalism and the Profession - The Early 
Years of George Godwin, Arch. Hist., vol. 19,1976, (pp. 32-53), p. 38. 

66. Godwin, op. cit. (62). 

67. Potter, op. cit. (18), p. 16. Francis, op. cit. (7), pp. 55-6. Chapter 1. 

68. Reid, op. cit. (64), p. 100 and p. 67. Cf: G. W. Hemans (1865) in: John 
Grant, Experiments on the Strength of Cement, London, 1875, p. 49# 
and Grant (1871). ib., p. 118. 

69. Reid, ib., Preface, iii. 

70. Chapter 3. 

71. Reid, op. cit. (64), Preface, iv. Chapter 1. 



q+ 

That Portland cement was considered new in 1869 is surprising, 

but Reid refers to, "interested opposition" to the introduction of 

artificial cements and he also notes that there weret 

'treasonable objections to the use of Portland cement 
from the frequent development of dangerous 
peculiarities due to ..... ignorant manufacture". 72 

In fact, variation in quality continued to be a problem into the 19009, 

and reasonable, as well as unreasonable, objections to its use also 

remained for some years. 
73 

There were 
I 
several marked practical advantages in the use of 

concrete, some of which coincided with advantages currently or later 

associated with reinforced concrete. Henry Reid (1869) regarded the 

sanitary character of Portland cement concrete as its most important 

advantage, especially for improved labourers' dwellings. 
74 

Edwin 

Chadwick, whom Reid citest specifically recommended Portland cement 

concrete for house-building, for sanitary reasons, in his contemporary 

_report 
on housing, 

75 
and Thomas Potter (1877) thought concrete must 

be generally adopted, despite a, 

76 "lingering affection.... for damp and spongy brick buildings". 

A further advantage of strengthened (and reinforced) concrete, in 

constructing improved tenements, was noted: the usefulness of flat 

roofs for urban gardens and clothes-drying. 
77 

--------------------------------------------------------------------------- 

72. Reid, ib. 

73. Chapter 3. 

74. Reid, op. cit. (64), pp. 3,101. 

75. lb., pp. 104-5. Edwin Chadwick, letter appended to adjourned 
discussion of: A. Payne, Concrete as a Building Material, RIBA, 
10.4.1876, RIBA Trans., O. S., 1868 - 79., (pp. 179-84), 15.5.1876, 
(pp. 225-38), pp. 237-8. 

76. Potter, op. cit. (18), p. 17. 

77. E.. g,. J. N. Pedder, Notes of Personal Experience of Concrete and 
Fireproof Construction, General Conference of Architects, 1878, 

p. 312. 
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J. N. Pedder, for instance, constructed tenement roofs of concrete 

and embedded metal for these purposes, and also for fire-resistance. 
78 

The use of concrete as a "fireproof" material, in floors, dated from 

at least the beginning of the century. 
79 

In the early 18509, 

Thaddeus Hyatt may have publicly demonstrated the fire-resistance of a 

purpose-built concrete house in London; 
80 

W. B. Wilkinson's patent 

(1854) for reinforced concrete and others subsequently, including Hyatt's 

were similarly intended ior use as fireproof construction. 

However, perhaps the chief advantage claimed for concrete buildings 

was economy, Concrete was cheaper than brick for walls - especially 

plain walls - and was consequently advocated for low-cost construction, 

again, particularly cottages, and tenements, and also farm buildings. 

For example, G. F. Trench, who built labourers' cottages with in situ 

concrete for floors, walls and roofs, found concrete economical and 

anticipated that its use would improve labourers' dwellings,; 
81 

Matthew 

Allen 
82 

and Joseph Tall 
83 

expressed similar views (and Tall later designed 

an economical pre-cast domed roof for houses 
84 

). 

78. lb., pp. 311-2. S. a. Frank Caws, Concrete Floors, pr. to NAA, 14.2.1900, 
JRIBA, vol. 7, p. 197: experiment in fire-resistance of concrete cottages it by Brannon and Pedder, architects"'(1870). 

79. Chapter 1. 

80. Wolf von NiebeischUtz, ZUblin-Bau, Stuttgart, 1958, p. 28. Cf; 'Hyatt, 
op. cit. (46), p. 73. 

81. Trench, op. cit. (56), p. 310. 

82. Matthew Allen, discus., Cates, op. cit. (45), p. 304. 

83. Joseph M. Tall, letters to Bldr., vol. 25,1867, p. 754, and 1886, 
reprod. ir, *: R.. Harper, Concrete's Battle for London, 1867-1886., Concrete, 
October, 1976, pp. 29-30. Cf. Reid, op. cit. (64). 

84. J. Tall, discus., op. cit. (75), p. 233. 



The cheapness of concrete walling at this time was enhanced by 

a common practice of, "packing" the concrete, that is, 

"introducing boulders, brickbats, or large-sized 
fragments of any similar materials into the 
concrete mass". 85 

Although T. Potter noted that this produced a considerable 

economy, 
86 

some concrete builders evidently considered packed 

concrete superior to solid concrete. For eXample, Joseph Tall (1876), 

referring to the recent construction of a warehouse in London by Mr. 

Goodwin, under licence from the Metropolitan Board, described how 

the Board's specified 2" size limit to aggregate had been evaded, 

and the success of the building was due to the, Iflarge packing". 

Tall added, 

I confess I dare not build in solid concrete with 
gravel ballast". 87 

Philip Brannon (1876) also considered as, 

"true concrete construction ...... rubble embedded 
in ... fine concrete, the mason's 'stone mortar"', 88 

and Brannon (1872) also refers to the use of courses of bricks or 

stones, 

I'variously termed 'packing' and 'bond courses' "! 9 

W. B. Wilkinson's specification (1854-5) for a coarse concrete with 

aggregate sized up to a 1-brick, 90 
and his use of large stones in the 

---------------------------------------------------------------------- 

85. Potter, op. cit. (18), pp. 122-3. 

86. lb. 

87. J. Tall, discus., op. cit. (75), p. 232. 

88. Philip Brannon, lb., p. 228. 

89. Philip Brannon, letter, Bldr., vol. 30,14.9.1872, p. 730, reprod. 
in full in: Harper, op. cit. (83), p. 29. 

90. Chapter 1. 
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concrete for his cottage (c. 1865) 
91 

might be compared with such practice. 

An interesting illustration of both the practice of packing and the use 

of "bond courses" in concrete walls in the 1860s - 70s, is a large, mass 

concrete "Hydroll of four stbreys, built in Melrose, Scotland, in 1869 and 
92 

extended in 1879, (figure 1), recently "opened up" for reconstruction work. 

The concrete contained large granite stones, irregularly spaced and in 

such quantity that, 

"it could almost be described as random rubble 
concrete". - 93 

Moreover, at each floor level, loadbearing brick courses were 

unexpectedly found in the walls, 
94 

that is, 'bond courses' such as Brannon 

(1872) describes. I 

95 
Joseph Tall's innovatory apparatus (1864) for concrete-wall construct on 

and, according to Thomas Potter (1893,1906), his exaggerated claims for its 

economy, 
96 

gave the material some prominence. 

Joseph Tall, with Charles Drake, were the best-known constructors in 

monolithic concrete in the early 1870s. 
97 

C. Drake (1875) estimated that 

since 1867, he had erected several hundred concrete buildings, 
98 

but in 

1876 he claimed the buildings erected under his patent, 

"may be counted by thousands", 
99 

(perhaps the difference between the constructions Drake supervised personally 

and those built with his purchased apparatus. ) 

91. Cassie, op. cit. (12), p. 25. 

92. Notice of building history displayed at the Hydro, now Waverley Castle 
Hotel, Melrose, and, -D. S. M. Sampson, Remodelling a 110 year-old Concrete 
E2121, Conc., July, 1978, pp. 16-18, and photographs of wall-section; -, --- 

from D. Sampson & Co., Edinburgh. 

93. Sampson, ib., p. 17. 

94. lb. P p. 18. 

95. Chapter 1. 

96. Potter, op. cit. (59), pp. 61-2. Thomas Potter, ! L2-E2E! X_Use of Concrete, 
B. J., vol. 23, C. & S. suppl., 23.5.1906, p. 3. 

97. E. g. G. H. G. IILit2rSommunication, B. N., vol. 27,16.10.1874, p. 476: no 
authority on concrete. building knovm except Tall and Drake. 

98. Charles Drake, Libels-UR22_S2ESEete Building, Bldr., 3.7.1875, p. 602. 

99. C. Drake, discus., op. cit. (75), p. 228. 
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The first houses employing Tall's methods were built in 1864, 

at Bexleyheath and had twisted hoop iron embedded in the walls and 

flat roofs. 
100 

The cement (not Portland, but "Medina"), failed, 
101 

but this did not hinder many concrete buildings subsequently being 

erected under Tall's patent. 

In 1867, J. Tall had been refused permission to build some 

concrete cottages in a district of London (Camberwell), the District 

Surveyor noting that concrete walls could not be said to be, 

"properly bonded and solidly put together" 

as required by the Metropolitan Building Act; 
102 

(rules intended 

for brick or stone, were similarly applied to reinforced concrete 

construction, later 
103 

). However, following criticism, the 

Metropolitan Board (1867) had tested a concrete wall at Gravesend by 

striking it with a sledgehammer, and, this having no effect, special 

licences were accorded for a number of further concrete buildings in 

London, erected under Tall's patent and others, such as a warehouse 

(1868) in Southwark constructed with Tall's apparatus by H. Goodwin. 
104 

(In 1871, Edward l'Anson mentioned that the London Metropolitan Board 

allowed concrete buildings, but insisted on a considerable amount of 

iron hoop bond and a wall thickness not less than brickwork 
105 

). 

Philip Brannonts company, The Monolithic Fireproof & Sanitary 

Construction Works Ltd., built two houses in Islington, London, as well 

100. Joseph M. Tall, letter to Bldr., n. d., in - F. C., vol. 1, no. 4, 
p. 86. Possibly pame cottages referred to in: C. E. & A. J., 1.9.1866, 

cited: Conc., Sept., 1976, (pp. 24-6), but Portland cement used. 

101. Tall, lb., 

102. Harper, op. cit. (83), p. 28, citing - Bldr., vol. 25,5.10.1867, p. 737. 
S. a. Potter, op. cit. (18), p. 21,; Collins, op. cit. (54), p. 45. 

103. Chapter 5. 

104. Harper, op. cit. (83), pp. 28-30. 

105. Cited: William Woodward FRIBA, The Evolution of Fire-ResistiER 
Construction, pr. to Surveyors' Instit., Feb., 1911, C. & C. E., vol. 6., 
no. 4, Ap., 1911, (pp. 299-304), p. 300. 
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as a house/shop and small private hospital (c. 1875) at 

Walton-on-the-Naze. 
106 

Although these have been described as of 

reinforced concrete, 
107 

no details of "reinforcement" are known 
108 

and they no doubt conformed to Brannon's patent (1871). 

J. N. Pedder (who ha4 worked with Brannon 
109 

) used a similar 

method in a flat-roofed tenement block in the same period (the roof 

intended for use as playgrounds and drying areas). 
110 

J. Tall's and C. Drake's concrete-walled buildings included a 

few, large houses, for example, one with Tall's apparatus in the 

1860's designed by Sir Arthur Blomfield 
ill 

(whose son, Arthur, later 

designed one of the first, mainly reinforced concrete office blocks 

in London 
112 ) and Down Hall (1870) in Harlow, Essex, a concrete-walled 

mansion designed by F. P. Cockerell 113 
using Drake's methods. In 

situ concrete (with embedded metal) was also applied in various other 

types of buildings, for instance, schools and a church, at Whitehaven, 

constructed by Drake, 
114 

(and, in the 1880s, theatres 115 ). 

106. Early Examples of Reinforced Concrete, B. J., vol. 27, C. & S. suppl., 
20.5.1908, (pp. 438-9). 

107. lb. 

108. lb., p. 439. 

109. Op. cit. (78). 

110. Pedder, op. cit. (77), pp. 311-2. 

111. Collins, op. cit. (54), p. 40. 

112. A. Reinforced Concrete Office Building in London, C. & C. E., vol. 3, 
no. 2, May, 1908, p. 113 ff, and Who's Who in Architecture, London, 1914, 
p. 29. 

113. C. Drake, On Building in Concrete, Bldr., vol. 33,10.7.1875, pp. 616-7. 
Francis Drake incorrectly given as contractor: Historic Concrete no. 27, 
Conc., Nov., 1976, p. 23. Down Hall, B. N., 4.7.1873, P. 8. 

114. T. L. Banks, discus. op. cit. (75), 10.4.1876, p. 191. 

115. E. g. C. Drake, Burning of the Grand Theatre, Islington, Bldr., 7.1.1888, P., 14 
The Society of Architects, B. N., vol. 70, p. 125. 
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However, the use of plain and strengthened, (or metal "bonded") 

concrete for the main construction of buildings in this period, was 

most commonly advocated for, and frequently applied in, low-cost 

housing, whether cottages or tenements. 
116 

As well as applications by 

J. Tall, J. N. Pedder and G. F. Trench, for example, it was adopted 
by various philanthropic societies, such as The Hastings Cottage 

Improvement Society, -who built tenements of mass doncrete in 1873 
117 

and The Peabody Trustees, for example, adopted Tall's system. 
118 

A number of contemporary applications of reinforced concrete also 

tended to be in low-cost, domestic buildings, for example, W. B. 

Wilkinson's cottage near Ellison Place, Newcastle and M. Allen's 

tenements in Finsbury, London, for the Improved Industrial Dwellings 

Co. Ltd. 

116. E. g. Historic Concrete no. 40, Conc., Dec. 1977, p. 30. 

117. Historic Concrete, no. 34, Conýc., June, 1977, p. 23. Mass concrete 
tenements, 1870sj, Dundee: Personal communication, D. M. Walker,, 
Edinburgh, 1.9.1977: Drs. - N. M. R., Edinburgh. 

118. Collins, op. cit. (54), p. 45. 
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Aesthetic-Problems- of-Concrete. 

For practical, and aesthetic reasons too, Thomas Potter (1877) 

considered concrete suitable for large wall areas and, "plain and 

unpretentious". 
119 

buildings, such as, 

"model dwellings for workmen in towns, in the 
erection of which the walling material is the 
largest item". 11-10 

The use of in situ concrete for walls of buildings posed certain 

artistic problems similar to some of those perceived in the use of 

reinforced concrete, later, 
121 

in particular, the flatness and monotony 

of concrete (or rendered) surfaces. 

A characteristic flatness of in situ concrete walls resulted from 

the difficulty of constructing any but plain surfaces, without 

projections, by means of current wall-building appliances, 
122 

(consisting 

of fixed standards or uprights plane to the wall surface and movable 
123 

pane s 

If this difficulty resulted in a perceived want of surface variety 

and articulation, it was enhanced by the ability of monolithic concrete 
to allow wall-openings without supporting lintels or arches. 

124 
While 

Charles Drake (1875) claimed this as an advantage of in situ concrete 
buildings, 125 

The Building News' (1875) attributed a prejudice against 
concrete walls to their appearance of being, 

"cast in a mould, doors, windows and all 
126 

------------ L 
--------------------------------------------------------- 

119. Potter, op. cit. (18). 

120. lb;, Potter, op. cit. (59), pp. 76-7. 

121. Chapter 10. 

122. Potter, op. cit. (18), pp. 93,163: Potter refers to inserted 
projections (as stone string courses), but in situ projections 
posed the same problem,. '. 

123. lb. 

124. Charles Drake, op. cit., (113), p. 616. 

125. lb. 

126. Concrete Architecture, B. N., 23.7.1875, (pp. 77-9); but Drake's 
buildings mentioned favourably. 
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Alexander Payne, ARIBA (1876) made various interesting 

suggestions for the artistic interpretation of concrete. One of these 

entailed a new method of wall-building, involving the erection of a 

permanent wood or iron skeleton- of the structure strong enough to 

support the formwork and filled in between with concrete, in order to, 

"give to concrete buildings ..... the variety of design 
(of) the half-timbered houses of the Middle Ages"; 127 

(T. Potter suggested a half-timber veneer 
128 

). 

Two of Philip Brannon's buildings, for example, had "half -timbered" 

elevations, so did the winning entry to a competition in The Building 
- 

News 
129 

for a concrete villa. Half-timber effects were also applied to 

reinforced concrete framed buildings in the early 1900s, 130 
although 

not in Britain. 

However, an article on Concrete Architecture in The-Building_News, 

(1875) assumed that since the essence of architecture was a, 

"proper articulation of the parts 11, 

concrete was best used in blocks or units, not the uniform precast blocks 

used at this time, but such elements as columns and lintels, which would be, 

"cast in mass, and our walls .... built in panels or blocks"; 
131 

127. Payne, op. cit. (75), p. 181. 

128. Potter, op. cit. (18), pp. 166-7. 

129. EarlX_ELcaLnpj2s of Reinforced Concrete, op. cit. (106), and, Potter, 
op. cit. (18), pp. 166 - 7. 

130. E. g. L'Em2l2i_dH_Beton Arme en ArchitectureitaBet. Arme, Feb., 1908, 
(pp. lý: K), p. 24: lliu--si-: euble chau; -s-e; de Courtrai, a Gand. 

131. Concrete Architecture, op. cit (126), p. 78, For example, of use of 
u lio--- concrete ;!; ýks at this time (1875), see: P. Cusack, n rm 
Loanhead's 'Alost ConsPASHHAN221', Conc., vol. 12, no. 1, Jan., 1978, 
(pp. 22-4). 
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(the envisaged style was to -resemble that of the, "late Mr. Thompson 

of Glasgow"). 

Although this mighi be considered an anticipation of reinforced 

concrete framing, the intention was rather to assimilate the use of 

concrete to the use of the usual unit materials, 

'tour buildings would be, as now, composed of units, 
so to speak", 132 1 

(and with details in stone, or other materials, 

"introduced as the work proceeds... as... in brick buildings" 133 ). 

Alexander Payne (and Thomas Potter) further proposed ornamenting 

concrete buildings with moulded indentations, in place of projections, 

(to suit the method of construction) and with inlaid work, such as 

tiles, or with sgraffito, ornamental plastering or cement rendering, 
134 

(Payne observing that rendering concrete, unlike brick, was employing a 

finer quality of the same material, to achieve a, 

"compact ..... mass of the same nature throughout " 135 

F. P. Cockerell (1870) had employed sgraffito, together with 

panels of fine shingle on cement, to decorate the mass concrete walls of 

Down Hall, Harlow, Essex, although quoins, cornices, columns and dressings 

were stone; 
136 

(C. Drake, the contractor, considered this the most 

artistic concrete building constructed 
137 

). 

132. lb. 9 p. 78. 

133. lb. 

134. Payne, op. cit. (75), pp. 182-3. 

135. lb. 

136. Down Hall, op. cit. (113). Own inspection and photographs, Dec., 1979. 

137. Drake, op. cit. (113). 
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However, the majority of concrete buildings, despite the 

practical difficulties, were designed as far as possible, wholly 

in imitation of stone, with superficial joints and other markings - 

and they were not generally considered successful, 
138 

although 

several reinforced concrete buildings designed in the early 1900s,. 

with even less appropriate reference to stone constructions, w6re. 
139 

A. Payne, and T. Hyatt, in the 1870s were considering new 

architectural possibilities for reinforced concrete, especially domed 
140 

roofs of, "vast span", (which Hyatt envisaged brightly inlaid with 

his other invention, "stone lights" 
141 

), while nearer to the period 

of reinforced concrete framed buildings, F. G. Edwards (1891) was 

suggesting using reinforced concrete beams and posts, with panels 

inbetween, lathed and plastered, or concrete, perhaps considering a 

small-scale, or domestic, use of reinforced concrete and modelled 

upon timber-framed buildings. 
142 

138. E. g., Payne, op. cit. (75), pp. 179-80. 

139. Chapter 10. 

140. Payne, op. cit. (75), pp. 183-4. Hyatt, op. cit. (46), p. 78. 

141. Hyatt, ib. 

142. Reinforced Concrete Systems. Potter's and Edwards' Systems, B. J., 

vol. 25, C. & S. suppl., 2.1.1907, p. 9. 
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The_Failure_of_Concrete_Buildings. 

Instead of perhaps, "preparing the way" in Britain for 

reinforced concrete buildings, concrete buildings appear to have lost 

ground from about the end of the 1870s.. A writer in The Building News 

(1897) remarked that concrete building in the United Kingdom had been, 

.. 
143 

lichecked some years ago" , 

Joseph Tall offered a precise date: 1879! 
144 

Thomas Potter, (1877) observed that recently, opposition to 

concrete had become almost entirely a question of aesthetics. 
145 

However, failures of concrete buildings were another important factor, 
146 

and paradoxically also the introduction of building regulations designed 

to improve building standards. 

P. Collins (1959) maintained that the attitude of The Builder's 

editor (1883-1908), H. Heathcote Statham, to concrete building was a 

significant factor in its decline, 
147 

but if Statham doubted the 

architectural potential of concrete, 
148 

he still advocated its use. 

For example, in 1888, The Builder published a long letter from Charles 

Drake indicating the fire-resistance of his concrete in a fire at the 

Grand Theatre, Islington and editorial comment added, 

"even the architectural ornament ......... remains quite 
uninjured. This is a remarkable testimony to the 
fire-resisting porter of concrete which architects 
should make note of". 149 

143. Construction of Arches in Concrete - I, B. N., vol. 72,5.3.1897, p. 337. 

144. Tall, op. cit. (100), p. 86. 

145. Potter, op. cit. (18), p. 5. 

146. Potter, op. cit. (59), p. 7. 

147. Collins, op. cit. (54), p. 63. 

148. H. Heathcote Statham, Modern Architecture, London, 1897: concrete, 
"bald, unsightly. " 

149. Drake, op. cit. (115), p. 14. 
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The quantity of failures of concrete buildings may not have 

been great: C. Drake claimed that his numerous buildings were 

structurally successful, 
150 

and Edwin Chadwick,. with less interest, 

said he knew of many concrete cottages built without any failures. 
151 

However, there were some notable collapses. These appear to have 

resulted from careless., or ignorant practice and the use ofe "packing" 

and "bond courses" of other materials in the concrete. An overestimation 

c(the qualities of concrete and an underestimation of the role of 

reinforcement, were also perhaps significant factors. 

For example, one of P. Brannon's buildings near Islington Green, 

London, which collapsed in the early 1870s contained material 

carelessly composed of, 

"masses of brick with a trifle of concrete 111,52 

and this, like a similar failure, 
153 

was publicised by a court case. 

A concrete floor which collapsed in 1876 (causing several deaths) had 

a course of bricks dividing it into two layers. 
154 

Exaggerated claims for concrete may have encouraged its use, 

"unaided": Charles Drake (1875) refers, somewhat surprisingly, to the 

150. Drake, op. cit. (75), p. 228. 

151. Chadwick, ib., p. 237. 

152. Potter., op. cit. (59) from - B. N., n. d. 

153. Legal Intelligence.: Fall of Concrete Houses, B. N., vol. 29,16.7.1875, P, 15; 

also cited by: Collins, op. cit. (54), pp. 44-5. 

154. Potter, op. cit. (18), pp. 123-4. 
I 



capacity of, "Portland cement" to resist, 
11 

"enormous tensile and transverse strains 

so that floors and roofs could be cast with, 

"little or no iron... for considerable spans " ý55 

(Drake may have used his iron as reinforcement, however, for wider 
156 

spans 

In 1878, Sir Arthur Blomfield reported upon a concrete roof 

failure at the Anatomical Museum, Cambridge University, where there 

were very large areas of unsupported and unreinforced flooring, and 

too little cement was employed. 
157 

The enforcement of building bylaws (1886) in London, limiting 

aggregate sizes and specifying a larger proportion of Portland cement 

than generally employed, may have discouraged, "packing", while making 

concrete buildings there less economical, 
158 

(economy being the primary 

motive for the use of concrete ). 

In London, at least, it is possible that the effective failure of 

concrete buildings had a residual effect upon general and official attitudes 

to reinforced concrete buildings in the late 1890 s and early 1900 s, 

which were slower to gain acceptance there than in any other urban area 
159ý 

in Britain. 

However, in general, there is no evidence that the use of reinforced 

concrete or even concrete and iron for parts of buildings such as floors 

or roofs in the 1880 s-90s suffered any decline, and there is some 

indication that the special properties of reinforced concrete were 

becoming generally recognised. 

155. Drake, op. cit. (113), p. 616. 

156. Chapter-1. 

157. T. Potter, Concrete Failures, D. J., vol. 25, C. &S. suppl., 27.3.1907, pII35-6. 

158. Harper, op. cit. (83), p. 42. 

159. Chapter 5. 



I The Adoption 
- 

of 
- 

Reinforced Conc ret e_Ab road': 1880 s- 1890 s. 

Moreover, in this period outside Britain, there was a notable 

extension in the applications and adoption of reinforced concrete and 

some of these developments were to influence the use of reinforced 

concrete in Britain from the late 1890 s. 

In Europe, Joseph Monier's system of reinforced concrete was 

widely promoted in the 1880s', by G. A. Wayss, a civil engineer from 

Berlin, and others, who also studied and extended its uses,,: 
160 

"Monier" became a generic name for what was later called reinforced 

concrete, for some years, outside France, especially in Germany. 
161 

Monier's system was also being adopted quite widely in the U. S. A. 

in the 1880 s, 
162 

where E. L. Ransome, who constructed widely in 

reinforced concrete in the U. S. from the late nineteenth century, 
163 

used the maLerial only for "unimportant" structures until about 1888, 

when he constructed a large, reinforced concrete floor. 
164 

Pansome's 

extension to the Borax Works (1889), Alameda, California, included, 

"concrete" columns and reinforced concrete ribbed floors, among the 
165 

first examples of such construct on. 

Shortly afterwards, (in 1891) Edmond Coignet first applied his 

-------------------------------------------------------------------- 

160. Charles F. Marsh, Reinforced Concrete., London, 1904, p. 3. Obit., 
Joseph Monier, C. & C. E., vol. 1, no. 3, July, 1906, p. 170. 
W. Noble Twelvetrees, Reinforced Concrete Bridges - I, C. & C. E., 
vol. 1, no. 3, (pp. 171-80), p. 178. Hi6torique du B6ton Arm6, Tech. et 
Arch., 1949, p. 39. Niebelschutz, op. cit. (80), p. 26 etc. 

161. Jones, op. cit. (2), p. 7. A; L. Cordeau, Les Ciments Arm4s, Moniteur 
des Architectesy Ap. 1899, p. 26. 

162. Twelvetrees, op. cit. (160), p. 178 and, yistorique du B6ton Arm6, op. cit. 
(160), p. 39. 

163. New1on, op. cit. (46), p. 285. 

164. E. L. Ransome and, A. Saurbrey, Reinforced Concrete Buildinga, N. Y., 1912, 
extract in: Newion., op. cit. (46), (pp. 287-305), p. 292. 

165. lb., pp. 294-5 -- Ransome considered both, first examples. 
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patent for precast reinforced concrete joists, at Biarritz, 
166 

and 

Franpis Hennebique, in 1892, constructed perhaps his first, heavily 

loaded reinforced concrete columns and floors for E. Bossut at 

Roubaix. 
167 

By August, 1896, Hennebique's system had been employed 

in Northern France for a, 

"large number of buildings chiefly for 
industrial purposes". 168 

Among these, Ifennebique's first, entirely reinforced concrete 

framed mill building (1895) at Tourcbing for M. Six, 
69 

(figure 2) had 

four storeys with a terrace roof, measured 187 feet long and 1701 611 

wide, and the walls, including a curved corner, were almost entirely 

glazed, although, except at the curved angle qf the building, the street 

wall at ground floor level had customary, individual windows. A 

small detail of the interior construction, 
170 

indicates a similar 

arrangement to that employed in Hennebique's early British buildings, 

including, "cranked up" rods, (not patented until 1897). 

The following year, (1896), Paul Cottancin's system of reinforced 
I 

concrete and reinforced brick was adopted by Anatole de Baudot for 

the Church of St. Jean de Montmartre in Paris, described in 1902 (when it was 

166. Cent Ans de B6ton Arm6, Chambre Syndicale des Constructeurs en 
El;; nt Arm6 de Fra; ce, ete., 1949, pp. 35-6. 

167. Francois Ifennebique, Le B6t. Arm6, Sept., 1900, p. 4. S. a. - NiebelschLitz, 
op. cit. (80), pp. 38-9. 

168. New 
- 

Methods of_Building_q2R2jE2ction at Paris, B. N., vol. 71,14.8.1896, 
(pp. 214-6), p. 215. --ý. a. - Chapter 6. 

169. Hennebique, op. cit. (167), p. 5. Musts: Le B6ton Arm6 a I'Exposition 
de Lille, Le B6t. Arm6, "Oct., 1902, p. 78; F. E., vol. 6,1915, p. 250; 
Collins, op. cit. (54), Plate 14. 

170. Le_B6ton Arm6 a l'Exposition de Lille, ib., p. 78. 
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Figure 2: Woollen Mill Tourcoing. 
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completed) 
171 

as, 

"the most extraordinary structure in Europe , ý72 

De Baudot's church was not, however, the, first with a, "ferro-concrete 

skeleton", 
173 

since it was a composite system of reinforced concrete and 

brick, although the system still allowed a very light, thin structure and 

unusually large openings. 
174 

The church (in accordance with de Baudot's views) is a good example 

of decorative construction, inside and out, but illustrations usually 
175 

reproduced show the interior incomplete ;a perspective drawing for 

the church (figure 3) shows that additional interior decoration was 

intended, 
176 

and F. E. Wentworth-Shields, who visited the church in 1910, 

171. Jean Schopfer, A French Method of Cement Construction, Arch. Rec., 
Sept., 1902, (pp. 375-91), p. 378. 
F. E. Wentworth-Shields, M. Inst. C. E., The Concrete Institute Visit 
to Parij, C. & C. E., vol. 5, no. 6, p. 396. 
H. E. P. Cottrell, A. M. Inst. C. E., [22crete and Brick Construction with 
Continuous Interwoven Metallic Cor2s, Bldr., vol. 82,11.1.1902, 
(pp. 35-7): only just completed. Later English and American sources 
state "1894" as starting date, viz: P. Morton Shand, Steel and Concrete 
A Historical Sury2y, A. R., vol. 72,1932, p. 178; S. Gledion, Sp; E2, 

_jj! 
2 

and Architectur2, Camb., Mass., 5th edn., 1967, p. 325; A. Raafat 
Reinforced Concrete in Architectup, N. Y., 1958, p. 43. A later, 

irench, 

source states "1897" : Tech. et Arch., vol. 15, no. 4,1956, p. 49. 

172. Cottrell, ib., pp. 35-7. 

173. Giedion, op. cit. (171), pp. 325-6. 

174. Visit to Paris, C. I. Trans. & Notes, vol. 2, pt. 2, Dec., 1910. 
Marsh, op. cit. (160), pp. 429-30. Schopfer, op. cit. (171), pp. 378,386. 

175. E. g. Illust: Marsh, ib., p. 430, figure 394; Giedion, op. cit. (171), 
P. 325, figure 195: signs of unfinished work. 

176. Schopfer, op. cit. (171), p. 390, figure 10. 
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Figure 3: Church_of_St. Jean de, Montmartre__Paris. 



Ii or 

describes, 

"a kind of bold mosaic of coloured pottery discs 
fastened on to the concrete surface ", 

as viell as, 

"the curious flat effect of the facade, with its 
parapet looking as if it were made of lace". 177 

177. Shields, op. cit. (171), p. 396. 
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Stuart's Granolithic_Stone Company and the Adoption of Reinforced 

Concrete_in_Britain, 
_12_týE_Early 

1890s. 

Joseph Monier's British patent (1883 
178 ) for reinforced concrete floors 

was little applied in Britain at this time, although there was said to be, - 
179 

"deep interest" in reinforced concrete then. P. Morton Shand (1932) 

cites some floors of an office building (1885-7) in Lincoln's Inn Fields, 

London, designed and supervised by William Simmons, as on Monier's system, 
180 

but in William Simmons' own account (1888) of floors constructed by him, 

the arrangement resembles Matthew Allen's. 181 

G. A. Wayss's attempt to repeat his German and Austrian successes 

in Britain, by acquiring Monier's British rights in 1891, also seems to have 

failed, 
182 

although Monier's system was being used in Britain in the late 

1890s. 
183 

However, reinforced concrete continued to be employed in Britain in 

the 1880s - 90s, by W. B. Wilkinson & Co. and others, while further companies 

(British and American) also began to successfully employ reinforcment there 

in the early 1890s. 

Stuart's Granolithic Stone Company Ltd., is perhaps little-known as a 

pioneer in the use of reinforced concrete in Britain in the latter nineteenth 

century. The company had been founded either by William Stuart (1840) 
184 

185 
or later by his son, Peter, of Peterhead, 

-Aberdeenshire, 

---------------------------------------------------------------------- 

178. Jones, op. cit. (2), p. 8. 

179. lb. 

180. Morton Shand, op. cit. (171), p. 177. S. a. - J. M. Richards, Modern 
Architecture, Harmondsworth, 1940, p. 52: "primitive" use oi reinforced 
concret; -EY Simmons. 

181. Bldr., 6.12.1888, cited in: G. L. Sutcliffe, Concrete - Its Nature and Uses, 

London, 2nd edn., 1905, p. 272. For Matthew len S system, see Chapter 1; 

for Monier system, see: Marsh, op. cit. (160), p. 85. 

182. P. G., josepý_112E12EJAUt. Arm6, Oct., 1902, (pp. 73-6), p. 74. Sutcliffe, 

op. cit. (181), p. 295. 
I 

183. Cordeau, op. cit. (161), p. 26. - 
184. ProgE2E! 

_R2EjB&_E_q2ýrter 
Of a Century, C. & C. E., vol. 21,1926, 

(pp. 111-49), p. 143: founded 1840. 

185. Early Use of Reinforced 'Concrete, op. cit. (8), p. 19, and, Frank Jay, 
P1o-n-e;;; -9FiEe--Concrete Industry, 11. Carp. & Bldr., vol. 92,16.3.1923, 

p. 356: Peter Stuart, born 836. 
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who made some early tests of reinforced concrete. 
186 

Stuart's catalogue, (1901 - second issue: perhaps of their catalogue 

in 1897 
187 

) describes the company as, Constructional Engineers and Patentees 

of "Granolithic Fireproof Flooring ", the, 

"lightest, strongest and most perfect system ever 
invented"l 188 

but the system was applied to other parts of buildings too, including 

beams and columns. 
189 

Stuart's Granolithic Company Ltd. (1910) claimed that their first, 

"ferro-concrete building", was erected in Britain eighteen years ago (about 

1892), since when, 

"many hundreds of buildings have been treated - all of 
magnitude"; 

a similar advertisement (1914) indicates a date of 1894 for the first 
190 

building. 

However, the description, "treated" suggests part-reinforced concrete 

construction, or reconstruction, in buildings, and examples of Stuart's 

reinforced concrete work, including those cited by Stuart's themselves 

do not include any entirely reinforced concrete framed structures. 

A later, brief history of the company, states that Stuart's Granolithic 
Company had designed and constructed, "reinforced concrete buildings" from 

1855,191 which in view of Stuart's development of reinforced concrete from 

the late 1880s.., as well as Stuart's own claims regarding its application, 

seems somewhat early. 

--------------------------------------------------------------------------- 

186. Chapter 1. 

187. lb. 

188. Stuart's Granolithic Souvenir, London, 2nd issue, 1901. 

189. Chapter 1. 

IX_L-Ld., Edin. Arch. Assoc., Trans., 190. Advert., Stuart's Granolithtg SqiMar 

vol. 5,1905-6, pub. 1910; also in vol. 6,1907-8, pub. 1910. 
Advert., Stuart's Granolithic. Si2%paiaX,. 

_ýtq,, 
Edin. Arch. Assoc., Trans., 

vol. 8, pub. 1914. 

191. op. c't, (184), P. M. 
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Stuart's Granolithic Co. may have carried out reinforced concrete 

work, (floors and beams), for example, in Sanderson's factory (about 1891), 

Chiswick; Mar Lodge, Braemar and Selwyn College, Cambridge (architect, 

Sir A. Blomfield) and at Jenner & Co. 's premises, Edinburgh, before 1897.192 

The company also carried out works in the 1880s (or slightly later) 

in France, including, "cotton mills at Lille, " but no further details 

are known, unfortunately. 
193 

By the early 1890s, too, the American, Expanded Metal Company was 

established in Britain, with offices in London and Works in West Hartlepool. 
194 

Following an American pattern, the company arranged series of tests of 

its product, for example, in 1895-6, demonstrating the large increase in 
195 

strength of reinforced over plain concrete slabs. In January, 1897, tests 

carried out in Manchester, before an audience of architects, engineers and 

others, were held to demonstrate the superiority of Expanded Metal compared 
196 

to Monier's system. 

--------------------------------------------------------------------------- 

192. Early Use of Reinforced Concrete, op. cit. (8), p. 20. Stuart's 
'Eranolithic Stone, B. N., 7.5.1897, p. 664. S. a. Progress During a Quarter 
of a Century, op. cit. (184), p. 143. S. a. Chapter 1. 

193. Progress During a Quarter of a Century, op. cit. (184), p. 143. Although 
T Hennebique constructed reinforced concrete mills in N. France from the 

mid-1890s , no evidence that Stuarts involved: Chapters 6,7. 

194. E. g., advert., Expanded Metal Company, Arch. & C. R., 1.1.1897, p. 32. 

195. Tests on Reinforced Concrete Conducted in Great Britain - LI, C. & C. E., 

V ol. 4, no. 4, (pp. 265-7). Arch. & C. R., vol. 57,7.5.1897, p. 302. 

196. Arch. & C. R., suppl., 15.1.1897, p. 17. B. N., 15.1.1897, pp. 89-90. 



Such tests did not fail to be noticed, for example, by The Building 

NI ews (1897) 
197 

and further tests followed : Expanded Metal was the first 

reinforcing system to be tested by the new, but prestigious, British Fire 

Prevention Committee, in 1898,198. In 1899, a committee was formed by 

the Northern Architectural Association and other bodies, to test concrete 

slabs with and without Expanded Metal. 
199 

Clearly, by the mid-1890s', the company was interested in 

demonstrating the effectiveness 

reinforcement and not merely as 

Reporter (1897) thought Expande 

demand for concrete. 
201 

of the "New Expanded Metal" as 

lathing. 
200 

The Architect and Contract 

d Metal had given a new impetus to the 

By early 1897, Expanded Metal had been employed in many buildings 

in Britain and as reinforcpment among other uses - although its value 

was not always recognised and steelwork might be designed without regard - 

to it. 
202 

Further applications of reinforced concrete in Britain in the early 

1890 s were made by Thomas Potter, using F. G. Edwards' patents for 

lintels and floors, 
203 

although no examples are known. William James 

k 

197. Construction of Arches in Concrete - VIII, B. N., vol. 73,9.7.1897, P. 42. 

198. S. B. Hamilton, A Short History of the Structural Fire Protection of 
Buildings, N. B. S. Spec. Rep. no. 27, London, 1958, p. 27. S. a. - C. & C. E. 
vol. 1, p. 226; Arch. & C. R., vol. 60, p. 227; Chapter 8. 

199.. The Use of Expanded Metal in Concrete, Bldr., 15.9.1900, p. 231. 

200. S. a : Chapter 1. 

201.. Notes and Comments, Arch. & C. R., V01-57,7.5.1897, p. 302. 

202.. Expanded Metal and Its Uses, B. N., 7.5.1897, p. 661. The Use of Ex2anded 
Metal in Concrete ,* op. cit. (199), p. 234. Chapter 1. 

203. Reinforced Concrete Systems: Potter's and Edwards' Systems, op. cit. (142), 

p. 8: Potter's own system was not reinforced concrete. 
S. a. adverts., Edwards' system in Potter, op. cit. (59). 
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Anderson, in Glasgow, designed some buildings in concrete with embedded 
barbed wire as reinforcement and with walls faced in red cement 

204 

one of these received much local publicity when it collapsed. 
205 

F. Bradford & Company (London) may again have used reinforced 

concrete for, "many years" prior to 1.907, when they were contractors 
206 for E. P. Wells' system of reinforced concrete , and, (like F. T. Reade, 

Frank Caws and others) claimed to be using the material, 

"long before the modern theory of reinforced 
concrete ...... met with general acceptance". 207 

Ralph Nevill, FRIBA (1896), was constructing cottage floors reinforced 

with iron rods and, 

"sufficient for anything 11 ; 
208 

he also advocated concrete with embedded rods for partitions and walls. 

In August, 1896, The Building News conspicuously illustrated 

F. Hennebique's system, which (together with E. Coignet's) was being 

currently employed in the new French Civil Engineers' building in rue 

Blanche, Paris, (for the first floor and its supporting pillars: the 

diagrams show similar features to those included in Hennebique's British 

patent (1897). 209 

-------------------------------------------------------------------------- 

204. D. Walker, personal communic., 1.9.1977: see, e. g., Build. Inds., 
15.7.1897. 

205. Glasgow Advertiser and Property Circular, 11.10.1898. 

206. Chapter 3. 

207. Reinforced Concrete Systems - The Wells System, B. J., vol. 26, 
C &'S suppl., 17.7.1907, p. 8. 

208. Ralph Nevill, Notes on Cottage Architecture, JRIBA, vol. 4,31.12.1896, 
p. 120. 

209. New Methods of Building Construction at Paris, B. N., vol. 71,14.8.1896, 
(pp. 214-6), pp. 215-6. Arthur Vye Parminter, Notes on New Methods of 
Building Construction Employed in Paris - II, B. N., vol. 71,21.8.1896, 
pp. 256-7. S. a: Chapter 3. 
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The following year, The_Building-Nevis observed that thep 

"employment of steel and iron in almost an infinity of 
different sections ..... to increase the ultimate resisting 
powers of ........ concrete arches ..... subjected to stresses 
of a tensile character (was) now a very common occurrence". 210 

Although Monier arches, for instance, had recently been employed for 

New Brighton Tower Works, 
211 

t is not clear whether the writer was 

referring exclusively to Britain; however, in July, 1897, another 

article in the same journalý- commented, 

"vie have been for some time prepared ...... to anticipate 
a considerable extension of the present application of 
metal and concrete to constructive purposes". 212 

210. Construction_of_Arches in Concrete -, VIII, op. cit. (197), p. 42. 

211. J. Ashley, Clerk of Works, Tower Works, New Brighton, Concrete Tests, 
B. N., vol. 72., 22.1.1897, p. 148. 

212. T. C., A_Boat_Built, 
_of_Iron_and_Cement, 

B. N., vol. 73,9.7.1897, p. 41. 
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Conclusion. 

By the mid-1890s, a number of companies and individuals in Britain 

were employing reinforced concrete (or, "fireproof" construction), some 

since at least the 1860s, primarily for floors/roofs and beams, as 

well as other parts of buildings, but probably not for entirely framed 

construction. F. G. Edwardis (1891 -2) indicated how his reinforced 

concrete beams might be framed into posts, 
213 

but his system was 

advertised only for floors and lintels. 
214 

Some of these companies and individuals, including W. B. Wilkinson 

& Company (perhaps the pioneers) continued to design and build in 

reinforced concrete into the 1900s, but again, not complete building 

frames, (the use of which is the main concern of the following chapters). 

The earliest uses of reinforced concrete were not infrequently 

combined with the use of plain concrete, or concrete containing some 

metal bonding, in low-cost, domestic buildings, for instance, in W. B. 

Wilkinson's cottage (c. 1865) at Newcastle; (Wilkinson (1854) Also suggested 
215 

reinforced concrete for warehouse floors ) and M. Allen's tenements 

(c. 1871) in ljondon. 

In this period there was a considerable interest in in situ all- 

concrete buildings - often strengthened 6r bonded with metal - especially 

for improving labourers' dwellings, on account of the economic and 

sanitary advantages of concrete. Flat roofs of iron and concrete, or 

reinforced concrete, were also useful for urban gardens or other domestic 

functions. 

11216 T. L. Banks (1876) indeed, refers to a recent, "concrete mania , 
and G. L. Sutcliffe (1905) to an anticipated extension of concrete 

building (which had been disappointed). 
217 

213. Reinforced Concrete Systems - Potter's and Edwards' Systems, op. cit. 
(142), p. g. 

214. Adverts., -Edwards' System, op. cit. (203). 

215. Chapter 1. 

216. T. L. Banks, discus., 10.4.1876, op. cit. (75), pp. 190 

217. Sutcliffe, op. cit. (181), p. 306. 
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I 

Various factors contributed to a decline in concrete buildings 

from the late 1870s, (and before the introduction of reinforced concrete 

buildings), including some publicised failures, mostly in London and 

the enforcement of new bylaws for concrete construction which made it 
01 

less economical and therefore less popular for cheap housing. 

In situ concrete walls (like reinforced concrete walls later) also 

presented artistic problems, because of their unrelieved and monotonous 

surfaces; (flat roofs, as a visual feature, appear to have been ignored) 

and there were many, unsuccessful attempts to imitate masonry. 

The effective failure of concrete buildings perhaps had some 

residual effect upon general and official attitudes to all-reinforced 

concrete buildings in the early 1900s, particularly in London; 
218 

Thomas Potter (1906), for example, maintained that an earlier prejudice 

incurred against concrete walls still existed. 
219 

On the other hand, by the mid-1890s, reinforced concrete was 

becoming more generally recognised in Britain as a distinct, "new" 

material, with superior properties of resistance compared to concrete, 

and FranVois Hennebique's framing system received some publicity in 

Britain before its first important application there in a provender 

mill (1897) for W. Weaver & Company, in Swansea, (which itself, however, 

received little attention, except locally). 
220 

_ 

This application of reinforced concrete framing (and walling), like 

most of Hennebique's earlier buildings in France, was industrial, since 

reinforced concrete, unlike concrete, was most economical for large, but 

also heavily loaded structures. 
221 

Flat roofs too assumed largely 

218. Chapter 5. ' 

219. Potter, op. cit. (96), p. 3. 

220. Chapter 6. 

221. Chapter 9. 
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industrial purposes (such as reservoirs) 
222 

although still sometimes 

employed and advocated for domestic uses. 
223 

In Britain, reinforced 

concrete framing in the late 1890s and early 1900B was employed 

largely for warehouses and other inddstrial structures and scarcely 

at all for domestic or residential purposes. 
224 

222. For examples - Appendix 1. 

223. E. g., by F. Hennebique, who demonstrated the suitability of 
reinforced concrete roofs for gardens in his villa at 
Bourg-la-Reine, (Chapter 10). 

224. Chapter 9 and Appendix. 
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CHAPTER 3: CONCRETE SYSTEMS: THE EAnY 1900s. 

Introduction. 

Reinforced Concrete in the Early 1900s., 

Portland Cements and Concretes for Reinforced Concrete: 

The State of Practice. 

Reinforced Concrete Framing Systems in Britain, 1897-1904: 

F. Hennebique to E. Coignet. 

Reinforced Concrete Framing Systems in Britain, 1905-1907: 

J. Kahn and E. P. Wells. 

The Relative Merits of Systems. 

Hennebique's Contribution to Systems. 

The Shape of Systems. 

Conclusion. 



Introduction. 

Chapter 3 has three main objects: 

(1) To describe the general state of practice with regard to 

reinforced concrete in the early 1900s, especially in 

Britain. 

(2) To draw attention to the major different systems of 

reinforced concrete framing introduced in Britain between 

1897 " 1908, including Hennebique's system, (figure 1), 

and the chief points of controversy relating to them 

perceived by contemporaries. 

(3) To describe the shapes of these systems as usually 

employed and formwork methods. 
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Figure 1: Hennebique's system (1896) 
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Reinforced_Concrete_in_the Early, 1900s. - I 

Henry Lossier (1956) analysed the development of reinforced 

concrete to date as in four stages ("withoutt specific dates), in 

which he characterised a first period of "Originators"by intuition 

and empiricism and dominated by bold applications of reinforced 

concrete by Frangois Hennebique and others: this apt, if general, 

description might be said to apply until at least after 1908, 

(overlapping with what Lossier describes as a second period of, 

"Theorists, " such as Armand Consid6re). 
1 

At the beginning ol the century, various names for reinforced 

concrete reflect both the newness of the material and the new 

attempt to define it, as well as, to some extent, the different systems 

employed. 

F. Hennebique's agent for his system of reinforced concrete in 

Britain, L. G. Mouchel, in 1904 described it as a, "new material, " 
2 

which in many ways Hennebique's system was. By this time, Mouchel 

had introduced the term, "ferro-concretell to define Hcnnebique Is 

system in Britain; in France, the terms, "b6ton armd" or "ciment armd" 

had emerged in general use in the 1890s, not limited to a particular 

system 
3 

and these were translated in Britain, and the U. S. A., as 

"armed" or "armoured" concrete or "cement", where the composite term, 

"concrete-steel" also emerged (like ferro-concrete, intended to indicate 

the combination, rather than the addition, of the two materials. -)4 

1. Henry Lossier, L'Architecture et le B6ton Arm6, Tech . et Arch., 
vol. 15, *no. 4, Jan., 1956, pp. 91-3: also in - C. & C. E., vol. 51, 
no. 1, Jan. 1956, pp. 13-24. 

2. L. G. Mouchel, Monolithic Constructions in Hennebique's Ferro-Concrete, 
pr. to RIBA, 21.11.1904, JRIBA, vol. 12,26.11.1904, (pp. 47-61), p. 51. 
Cf. R. Maillarý, 27.2.1909 quoted in - Max Bill, Robert Maillart, Zurich, 
1949, p. 176. 

3. E. g. A. L. Cordeau, Les Ciments Arm6s, Le Moniteur des Archts., Ap., 1899. 
Chapter 7. 

4. E. g. Armoured Concrete Construction Co; BXitish Concrete-Steel Co., 
Newcastle: C. & C. E., vol. 2, no. 5, p. 398; Concrete-Steel, Studs. Column. 
Bldr., vol. 85, July - Dec., 1903. 
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Peter Collins (1959) states that the term, "reinforced concrete" 

was invented in about 1898 
5 

but William Ward, in the U. S. in 1882-3, 

for example, had referred to, "re-enforced b6ton"; (the early use of 

the term "beton", in Britain, to refer to hydraulic lime or cement 

concretes, before their assimilation as "concrete" was discussed in 

Chapter 1 ); in 1905, a committee reporting to the American Society 

of Civil Engineers, recommended "reinforced concrete,, as a description. 
6 

In Britain, Mouchells term, "ferro-concretell persisted for many 

years, but in parallel with, and increasingly less common than, 

"reinforced concrete '1ý Although ferro-concrete was particularly 

applied to Hennebique's system, it occasionally referred to reinforced 

concrete in general; 
8 but the initial adoption of "reinforced concrete, "' 

as a description by S2ncreteanaConstructional Engineering, for example, 

was associated with a rejection of the special claims of individual 

commercial systems, particularly Hennebique's. 

There was much discussion about the theory of reinforced concrete 

in the late 1890s and first few years of the twentieth century, 
9 

with 

many methods of calculating reinforced concrete structures 
10 

and no 

general agreement, for example, about safe stresses, 
11 

yet with 

information and experiments fast accumulating, although uncoordinated. 

---------------------------------------------------------------------- 

5. Peter Collins, Concrete, London, 1959, p. 77. 

6. W. E. Ward, B6ton in Combination with Iron, as_a_Building Material, Amer. 
Soc. Ifech. Engrs., Trans., vol. 4, N. Y. 1882-3, in - Howard Newlon, Jr., 
ed., A Selection of Historic American Papers on Concrete, ACI, 1976, 
(pp. 163-120), p. 112. Bldr., 8.4.1965. 

7. E. g. Mouchel-Hennebique Ferro-Concrete, London, 4th edn., 1921. 

8. E. g. Henry Adams, II. Inst. C. E. wrote articles on Ferro-Concrete; see Henry 
Adams, II. Inst. C. E. Reinforced Concrete at the International_Congr2n_21 
Architects, 

_ý2ndon, _1906, 
prs. and discus., CA C. E., vol. 1, no. 4, 

Sept., 1906, (pp. H_5: 2Ký_, p. 292. 

9. Ed. f C. & C. E., vol. 1, no. 3, p. 193. 

IO. W. Dunn, letter, 5.4.1905, JRIBA, vol. 12,8.4.1905, p. 373. C. & C. E., 

vol. 6, pp. 352-3. 

ll. Joint Reinforced Concrete Committee, Chronicle, JRIBA, vol. 13,28.4.1906, 

pp. 338-340. 
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By 1910, the, 
12 

"mass of information was becoming cumbersome ". 

N. le Tedesco (1907), editor of. Le Ciment, observed that over 1,000 pages 

would be required to detail the various methods of calculating reinforced 

concrete, published, or applied by engincers - and this would have 

chiefly historical interest. 
13 

The diversity of methods may have resulted to some extent from the 

development of different, and sometimes guarded, commercial systems of 

reinforced concrete. 
14 

Whereas William Dunn (who employed Hennebique's 

system) emphasised' the great differences in results with different 

methods, 
is 

Ferro-Concrete (1909) stressed the similarity of results 

with various formulae, including the Hennebique system. 
16 

In face of doubts about the theory of reinforced concrete, 

formulae, "of a most empirical kind, " 
17 

were used, notably by Hennebique, 

(so that Kings Cross Station, cited by John Summerson (1970), was not 

in fact, 

"almost the last example of empirical engineering ", 

where eye and experience were more important than calculation. 
18 

The uncoordinated repetition of tests in various countries, by 

1909 had become, "almost a scandal", 
19 

although an International 

Commission on Reinforced Concrete had been established in 1906 to collate 

such experiments, with a representation of two British members (out of 

38 members, in 1908, for instance). 
20 

The "blanket" results of earlier 

------------------------------------------------------------------------- 

12. C. & C. E., vol. 5, pp. 461-2. 

13. N. le Tedesco, Theory & Application of Various Continental Methods of 
Calculation for'Reinforced'Concrdte, C. & C. E., vol. 2, no. 1, March, 
1907, p. 52. 

14. Chapters 7,8. 

15. Dunn, op. cit. (10). S. a: Chapter S. 

16. F. C., vol. 1, no. 4, Oct. 1909, p. 66. 

17. Charles F. Marsh, A Concise Treatise an Reinforced Concrete, London, 
1909, pp. 2-3. 

18. J. Summerson, Victorian Architecture, 1070, p. 37. 

19. International Commission on Reinforced Concrete, C. & C. E., vol. 4, no. 5, 
Oct. 1909, p. 334. 

20. Editorial Notes, C. & C. E., vol. 3, no. 5, Nov. 1908, p. 348. 
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tests was gradually realised, for example, the overlooked question of 

shear failuresin American load tests of beams 
21 

(although, by 1906, 

"no ..... scientifically conducted tests of beams with complete 
vieb reinforcement attached to horizontal reinforcenent (sunh 

as Kahn's system) had been made in the U. S. or elsewhere". 22) 

In Britain, on the other hand, the editor of Concrete-and Constructional 

EngjD22EIng (1908) pointed out that there was a, 

"dearth of reliable data about reinforced concrete as designed 
and executed in the U. K. " 23 

William Dunn (1905) stated that few experiments with reinforced concrete 

were either made - or published - in Britain, in contrast to the U. S. A. 

and the Continent, where the results of much research were studied and 
applied in construction, (although not necessarily always generally 
available). 

24 
There was also a lack of tests in Britain of surface 

treatments of concrete, such as colouring methods, compar*ed to the U. S. A. 

Thus, when A. E. Corbett, A. R. I. B. A. came to construct the Y. M. C. A. 

premises in Manchester, in reinforced concrete (Kahn's system) in 1908, 

he explains that he had to undertake his own preliminary series of tests 
25 to find a suitable concrete, and he made use of American experiments. 

21. Cap. Sewell, The_TheorX-21_ý2jnforced Concrete, C. & C. E., vol. 1, 
no. 3, July, 1565, Tpp. 193-8), pp. 193-4, p. 195, figure 2. S. a: B. J., 
vol. 25, C. & S. suppl., 27.3.1907, p. 39. 

22. Ib., p. 194. 

23. C. & C. E., vol. 3, no. 4, pp. "167-8. Cf - C. & C. E., vol. 3, no. 5, pp. 353, 
358. 

24. Dunn, op. cit. (10). Cf - H. Tanner, D. J., vol. 34, p. 548; C. & C. E., 

vol. 4, no. 2, p. 107; bibliography experiments U. S. and elsewhere in: 
F. W. Taylor and S. E. Thompson, A Treatise on Concrete Plain and Reinforced, 
N. Y. and London, 1905, pp. 5534. 

25. A. E. Corbett, S2ncrete_and_Concrete_Tests, J. R. I. B. A., vol. 18,12.11.1910, 
(pp. 18-24), p. 2K- 
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However, some studies made outside Britain, were reported there, 

such as Bauschinger's, in Germany relating to the'adhesion between 

concrete and metal, cited by Concrete "Nonstructional Engineering, in 

1906; 
26 

(on this point, opinions differed about the need to provide a 

mechanical bond by means of deformed barsý 
7 

which was a preferred 

practice in American reinforced concrete systems. 
28 ) 

The similar coefficients of expansion and contraction of iron and 

concrete, 
29 

probably first established by Thaddeus Hyatt (1876-7) were 

confirmed in experiments, for example, at the French Department of 

"Ponts et Chaussees" by M. Durand-Claye in i902, cited by The Builders 

Journal. 
30 

M. Durand-Claye also demonstrated that steel embedded in concrete 

did not oxidise, which had already been proved to the satisfaction of 

many advocates of reinforced concrete by ancient samples of embedded 
31 

metal in concrete which had remained rust-free. The British and 

American Committee Reports on Reinforced Concretein 1907 and 1909 

respectively, also confirmed this. 
32 

However, William Dunn, F. R. I. B. A., (1909) observed that fear about 

the durability of reinforced concrete and the corrosion of the metal 

had restricted the use of reinforced concrete in the U. K. 
33 

and 

----------------------------------------------------------------------- 

26. Henry Adams, M. Inst. C. F, C. & C. E., vol. 1, no. 4, Sep. 1906, p. 292. 

27. E. g. C. F. Marsh, I. C. E. Procs. 1902, p. 311. S. a. later in chapter. 

28. C. & C. E., vol. 1, no. 3, p. 198. 

29. See Chapter 2. S. a. Wolf* v. Niebeischutz, Zublin-Bau, Stuttgart, 

1958, p. 28. 

30. Ferro-Concrete, 
_B. 

J., 30.7.1902, p. 388. 

31. W. Dunn, Constr. and Strength of Reinforced Concrete Columns, pr. to RIBA, 

21.11.1904, JRIBA, vol. 12, (pp. 21-46), p. 46. 

32. W. Dunn, American Committee's Report on Reinforced Concrete, JRIBA, vol. 17, 

20.11.1909, pp. 86-7. Brit. report'-discussed later. 

33. lb., p. 86. 
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Concrete_and_Constructional Engineering (1909) noted that, 

"many well-known engineers avoided reinforced 
concrete because of the fear of corrosion". 34 

The lack of an official testing laboratory for cement and concrete 

was also the cause of the lack of data in Britain about reinforced 

concrete, according to Concrete and Constructional, Engineering (1908), 
35 

(although L. G. Mouchel, for example, evinced a certain distrust of 

laboratory experiments 
36 

). Tests of buildings under construction were 

carried out (by reinforced concrete "specialists") and, occasionally, 

also of purpose-built structures. Hennebique buildings in Britain 

were systematically tested as'completed, 
37 

as part of the empirical 

basis of the system. 

David Kirkcaldy's 
38 

materials laboratory, which had carried out 

tests for T. Ilyatt and F. G. Edwards in the nineteenth century, 

continued tests of reinforced concrete for various individuals and 

companies, testing a Hennebique beam in Southampton in 1902,39 and a 
Consid6re column, constructed by W. Cubitt & Company for William Dunn 

in 1903; 40 
(Consid6re's own experiments in France were being reported in 

j 

34. Edit. 
-Notes, 

C. & C. E., vol. 4, no. 2, May, 1909, p. 79. E. g. Henry Fidler'140t2ý 

on Construction. in_liild_Steel, LongMan's C. E. Series, and reviewer, 
M. Garbutt : JRIBA, vol. 14,23.3.1907, p. 361. 

35. Editor's note, C. & C. E., vol. 3, no. 4, Sept, 1908, p. 267. 

36. Mouchel, op. cit. (2), p. 52. L. G. Mouchel, Discussion on Reinforced 
Concrete, 5.12.1904, JRIBA, vol. 12,10.12.1904, (pp. 84-97), p. 85. Cf. 

- G. L. gutcliffe: Concrete - Its Nature and Uses, London, 2nd edn-., 
1905, p. 208. 

37. Examples - L. G. Ifouchel, The Hennebigy2_E2EE2-Concrete SX! IELn, London, 
2nd edn., 1905. W. Armstrong, Reinfo; ced Concr; -t; -; -n-ii; -Great Western 
ý2jjjv! y, C. & C. E., vol. 1, no. 27, (pp. 108-17), p. 113. C. & C. E., 

no. 2, p. 134. 

38. Cecil H. Desch, Testing_ýRý2ER12ries for Concrete and Cement, C. & C. E., 
vol. 4, no. 7, p. 455. Ktcliffe, op. cit. (36), p. 203; Arch. &'C. R., 
vol. 57, p. 71, etc. 

39. A. E. Spackman, ARIBA, JRIBA, vol. 12,24.12.1904, p. 142. 

40. W. Dunn, Test of an Armoured Concrete_Column, JRIBA, vol. 11,21.11.1903, 
P. 48. 
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British journals and books, from th st me 
41 

IV. Cubitt & Company made 

fire and water tests of a specially constructed Hennebique structure in 

1904-5p 
42 

while E. P. Wells also tested his reinforced concrete system, with 

Kirkcaldy's facilities. 
43 

The British Fire Prevention Committee, and subsequently, The Concrete 

Institute, undertook systematic tests of reinforced concrete, 
44 

but the R. I. B. A. 

Joint Committee on Reinforced Concrete (1906-7) decided not to make 
45 

comprehensive tests, since so many recorded experiments required interpreting. 

I 
By the early 1900s, in Britain, three essential conditions of reinforcing 

concrete had become widely, although not universally, accepted: 

(1) that the concrete and metal adhered sufficiently, 

(2) that their coefficients of expansion/contraction were alike, 

(3) that the concrete prevented the metal from rusting. 
46 

One might include another basic assumption that the cement and concrete 

employed were of adequate quality and water-resistant, although current knowledge 

and practice relating to Portland cement and concrete for reinforced work was 

itself uncertain. 

41.1b., Charles F. Marsh, Reinforced Concrete, London, 1904, append. I, 
p. 507, ff. 

42. Mouchel, op. cit. (37), pp. 170-3. 

43. E. P. Wells, Some Observations on the Report of the Committee on Reinforced 
Concrete, J. 5: 1: 5 

* 
X. -'- vo 17ý7-28.9.1907, (pp. 680-3), p. 681. 

44. C. & C. E., vol. 6, no. 7, p. 515. S, a: Chapter 8. 

45. Report of the Committee on Reinforced Concrete, J. R. I. B. A., vol. 14, 
15.6.1907, (pp. 513-41), p. 514 ----------------- 

46. Mouchel, op. cit. (37), p. 15. Marsh, op. cit. (41), pp. 209-10,263-8, 
275. S. a: F. Rings, Reinforced Concrete, London, 1910, pp. 4-5. 
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Portland_Cements_and_Concretes_for_Reinforced_Conerete: 
_The_State_of_Practice. 

L. G. Mouchel (1904) was explicit that concrete for ferro-concrete should 

be markedly different from ordinary, ((andl usually poor quality 
47 

), concrete, 

in composition, fabrication and use. 
48 

For example, L. G. Mouchel specified 

only Portland cement, commenting that for Hennebique work, the specification 

was, "fairly'severe, " 
49 

and he specified a maximum aggregate size of J11 (to 

fit around the reinforcement). 
50 

The latter was not necessarily common 

practice; for example, a supplier of ageregate for some reinforced concrete 

silos, in 1901, advised the purchaser that it was, 

"generally ready for mixing, but a man with a 
hammer will soon break all the lumps as it is 
received", 51 

which appears to be a somewhat haphazard method of grading. 

S. Bylander (1906) similarly advised a superior quality of concrete 

for reinforced concrete 
52 

; E. P. Wells indeed, considered that in his own 

reinforced concrete system, a, "rich, strong concrete" was essential, 
53 

but Julius Kahn 
54 

and William Dunn 
55 

placed more reliance on the design of 

the reinforcement than on the quality of the concrete. 

47. E. P. Wells, C. I. Trans., vol. 1, pt. 2, p. 101. T. Potter, Concrete Failures, 
B. J. 1, C. & S. suppl., 2-j. 3'. 1907, pp. 36-7.. W. H. Haynes, Chronicle, JRIBA' 
vol. 9,22.2,1902, p. 189, etc. S. a. - Chapters 1,2. 

48. Mouchel, op. cit. (2), pp. 55-6. Cf - B. Hannen, Discussion on Reinforced 
Concrete, op. cit. (36), p. 92. 

49. Mouchel, op. cit. (2), p. 57. 

50. lb. 0 p. 55. 

51. Alex Murdoch, Glasgow, letter, June, 1901, to Rose, Downs & Thompson, Hull, 

re. proposed silos for Brown & Polson, Paisley. 

52. S. Bylander, Build. Inds., vol. 17, 
Concrete, JRIBA, vol. 19,10.2.1912, 

53. Wells, op. cit. (43), pp. 682-3. 

15.6.1906, p. 34. Cf - The ConsistencX-21 

p. 262. 

54. Julius Kahn, A Plea for Reenforced Concrete, American Architect, Vol-83, 
30.1.1904, (p; Z. -36- 

-6-ý -- T. 38. 

55. Dunn, op. cit. (31), pp. 33,45. 
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There was a growing sense among chemists and others in Britain in 

this period of the complexity of the action of cement, and current 

ignorance. Bertram Blount, F. I. C., observed (1907) that although chemists 

believed, "some years ago" that they understood the setting processes of 

Portland cement, the chemical and physical processes involved were 

unknown. 
56 

It was a subject of, "exceptional difficulty , 
ý7 

Thomas Potter, 

for example, agreed that the action of cement was, "erratic and difficult 

to explain. " 
58 

For practical purposes (said Blount) there were practical 

tests; there were no coordinated facts, but, 

it ample speculation as a temporary aid "ý 
9 

Benjamin Hannen, of W. Cubitt & Co., observed that little was known 

scientifically about Portland cemento but enough was known empirically to 

enable a conscientious manufacturer to produce a reliable cement, although 

the time of setting remained a problem. 
60 

Since the late 1870s, cement had continued to improve in quality. 

T. Potter (1907) thought Portland cement was 25% stronger than in 1878; 
61 

and William Dunn (1904) stated that its manufacture had greatly improved in 

Britain in the last five years, 
62 

(when rotary kilns had come into use 
63 

). 
. 

56. Bertram Blount, The Setting-21-ES: Article IX, C. & C. E., vol. 2, no. 5, 
(pp. 368-70). Cf. Benjamin Hannen, jun-., Portland Cement 

- 
for R, S., JRIBA 

vol. 12,20.5.1905, (pp. 491-4), p. 494; H. K-. G. 13amber oi ýssýc! 3ýed Portland 

Cement Manufacturers, C. & C. E., vol. 4, no. 3, pp. 193-4, etc. 

57. B. Blount, lects. on cement, JRIBA, vol. 19,25.11.1911,. p. 6l.. 

58. Thomas Potter, B. J., 27.2.1907, p. 27. 

59. Blount, op. cit. (56). 

60. Hannen, op. cit. (56). Cf. G. L. Sutcliffe, Concrete, London, 2nd edn. 1905, 

P. 90. 

61. Potter, op. cit. (47), p. 35. 

62. Dunn, op. cit. (31), p. 22. 

63. None, U. K., till 1900: S. B. Hamilton, A Note on the History of Reinforced 

Concrete in Buildings, N*B. S. Spec. Rýp--. No. 24,1956, p. 9. 
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There was a further 

although some "free 

considered English 

(1904) said current 

noticeable improvement in strength between 1904-1910, 

lime" was nearly always present. 
64 

L. C. Sabin (1905) 
65 

cement coarser than American or German, but B. Hannen 

British cement was very finely ground 
66 

and in 1907, 

Concrete_and_Constructional Engineering pointed to a "phenomenal" 

evolution in producing good cement in the last 5-6 years - British 

Portland cement was now best. 
67 

By the early 1900s, Portland cements were produced in quantity in 

England and Wales. The recently combined, "Associated Portland Cement 

Manufacturers (1900) Ltd. " 
68 

claimed (1905) to be the largest manufacturers 

of Portland cement in the world; 
69 

this tended to concentrate the cement 

industry in. the Thames and Medway areas, 
70 

while in Scotland, for instance, 

Portland cement was not produced until 1906; (Roman cement continued in 

production there until about 1900,71 and elsewhere, although Portland cement 

had almost replaced it. 
72 

The Portland cement industry was not established 

64. E. g. Oscar Faber, C. & C. E., vol. 21,1926, p. 47. S. a: C. VC. E., vol. 2, 
no. 6, p. 456, 

65. Louis Carlton Sabin, Cement and Concrete, London, 1905, pp. 45-6. 

66. B. Hannen, Discussion on Reinforced Concrete, 5.12.1904, AR. I. B. A., vol. 12, 
10.12.1904 (pp. 84-97), p. 91. 

67. The Progre: s of Reinforced Concrete in Great Britain, CA C. E., vol, 2, no. 
1, 

Rarch, 1907, p. 11. Cf: A. C. Davis, at C. I., B. J., vol. 32, p. 487; R. A. Denell, 
American Methods of Erecting Buildings, AR. I. B. A., vol. 13,25.11.1905, 
p. 29, ff. 

68. Advert., Associated Portland Cement Manufacturers (1900) Ltd., in: sutcliffe, 
op. cit. (gay-, -H. P. W. 

69. Ib. 

70. Evervdav Uses of Portland Cement, Associated Portland Cement Manufacturers 
ýi560'3ý1'_tK., 2nd edn., 1912: s;; list manufacturers. Marian Bowley, 
In=vations in Building Materials, London, 1960, pp. 89,91-2, but S. a. A. C. 
Bavis at C. I., B. J., vol. 32, p. 487: manufacture well-distributed. 

71. A. J. Francis, The Cement Ind. 2stry, London, 1977, p. 73. 

72. Sutcliffe, op. cit. (60), p. 33. 
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in Ireland either, by 1902,73 although it was being promoted there the 

following year. 
74 

English Portland cement manufacturers had agents 

established for example in Glasgow, since at least the 1870s, 
75 

and still 

in 1901,76 and some early reinforced concrete works in Scotland ' such as 

Kinlochleven's Aluminium. Works, from 1905, obtained cement fro. -. I the 

Ascociated Portland Cement Manufacturers (1900) Ltd. 
77 

However, one of the hazards for Portland cement users, particularly 

reinforced concrete contractors and clients, was a current and serious 

problem of imported natural cements, from Belgium, which were deliberately 

misrepresented by importers as good Portland cement, (or, alternatively , 78 
labelled with exotic, misleading names, such as "Cyclops, " or "Leviathan"). 

Concrete and Constructional_Engineering, in its first issue, stated that 

many cement merchants were importing unreliable natural cement and selling 

it as Portland 
79 

and in 1907, the editor noted that the danger of faked 
so 

cement had increased. Max Clarke, F. R. I. B. A., (1908), said that there 

were in London then, bags containing Belgian cement, but marked with the 

Associated Portland Cement Co! s initials. 81 

-------------- ----------------------------------------------------------- - 

73. C. Spackman, Some Writers on Lime and Cement, Camb., 1929, p. 93. 

74. Bldr., vol. 84, p. 648. 

75. P. Cusack, Loanhead's'Most ConsRLSjniýs j2ct' 
-3 . _QL , Conc., Jan., 1978, PP. 22 

76. Johnston & Co. Glasgow, corr. June, 1901, to Brown & Polson, Paisley. 

77. Arch & B. J., July, 1910, p. 77. 

78. Potter, op. cit. (58). 

79. C. & C. E., vol. 1, no. l. p. 6. 

80. Editorial Notes, C. & C. E., vol. 2. no. 4, p. 260.. Týditýridljiotes, C. '& C. E. p 
voI. 5-, --n-o-. 3-, --p7340.1 

81. M. Clarke, FRIBA, Discussion on the Annual Report, J, R, I, B. A., vol. 15, 

9.5.1908, p. 409. 
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This trade was still a problem in 1914 

82 
and evidently helped by 

ignorance among cement agents. For example, in a cement manufacturer's 

tender for one early reinforced concrete project, some silos for Brown 

& Polson in Paisley, in 1901 (not built), "Best Natural Foreign Portland 

Cement" is offered for two shillings less a ton than "other" Portland 

cemený, apparently in good faith, 
83 

and another tender, from Alex Murdoch 

of Glasgow, for the same reinforced concrete work recommended, "Belgian 
84 

cement", which was, "largely used now 1. - 

Moreover, there were, "extraordinary" differences between samples 

of British Portland cement in this period. 
85 

There was not a standard 

specification for its quality until 1.904, although in 1898 a number of 

manufacturers had accepted a definition of Portland cement which at least 
86 

excluded adulterants. Users either purchased what was available, 

or specified their requirements. Indeed, manufacturers provided for, 

ltmultifarious" specifications, 
87 

"Almost every engineer and architect had his own views about 
finene'ss of grinding, strength and chemical composition 
for which in many cases he could give no adequate reason". 88 

82. Portland Cement and Concrete, Wouldham Cement Co., London, 1914, p. 7. 

83. W. K. Renwick & Co., Glasgow, corr. June, 1901, to Brown & Polson, Paisley. 

84. Alex Murdoch, Glasgow, corr. June, 1901, to Brotm & Polson, Paisley. 

85. H. Phillips Fletcher, C. & C. E., vol. 6, no. 4, p. 303. Cf - Wells, 
op. cit. (43), p. 680. 

86. Cement Admiltures, JRIBA, vol. 5,12.3.1898, pp. 259-60. 

87. ThwRevised British Standard Specification for Portland CH20, CA C. E., 

vol. 2, no. 4, Sep. 1907, (pp. 261-4), p. 261. 

88. lb. 



(Thomas Fotter (1907), considered that the primary cause of concrete 

failures was the nature of the cement, usually Portland 
89 

). 

In 1903, an Engineering Standards ComWit"tee 9,0 
then a Joint 

Committee (1904) was formed, including engineers, representation from 

the RIBA's Science Standing Committee (which tested Portland cement 
93 

and the Associated Portland Cement Manufacturers (1900) Ltd., which 

fixed and published the first British Standard Specification for Portland 

cement 
92 

- not however universally acceptable to cement manufacturers$ 

some of whom considered the specification favoured the products of the 

Associated Portland Cement Manufacturers. 
93 

This company's Managing 

Director, H. K. G. Bamber, on the other hand, claimed that the cement 

trade, particularly several members of his company, were the, 

"prime movers in working it up to a high standard " 
?4 

The RIBA Report on Reinforced Concrete (1907) recommended the 

Standard Specification, 
95 

(revised a few years later 
96 

and included 

in the RIBA's own revised Report (1911) 97 
)- However, L. G. Mouchel, in 

the use of the Hennebique system, and A. E. Corbett, employing Kahn's 

reinforced concrete, JLor example, improved on the British Standards for 

cement, which should be, "considerably better. " 
98 

89. T. Potter, Concrete Failures, B. J., C. 4 S. suppl. 27.2.1907, 
(pp. 23-8), p. 26. 

90. The_Revised_British_Standard, op. cit. (87), p. 261. 

91. *Re22rt of the ScienceStanding Committee, JRIBA, vol. 12,6.5.1905, 
p. 435. JRIBA, vol. 12, p. 210. Bldr., vol. 84, p. 482. 

92. lb., Francis, op. cit. (71), p. 264. 

93. Charles Nelson & Co. Ltd., letter to British Standards Engineering 
Committee, Arch., vol. 75,16.3.1906, p. 184. 

94. H. K. G. Bamber, Discu 
' 
ssion on Reinforced_Concrete. L op. cit. (66), p. 90. 

95- Re2ort-2f_the Committee on Reinforced 
- 

Concrete, op. cit. (45), p. 416. 
96- The Revised British_Standard, op. cit. (87). 
97. C. & C. E. vol. 6, no. 8, p. 567. 

98. Corbett, op. cit. (25), p. 22. 
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The Associated Portland Cement Manufacturers were active in trying 

to improve current knowledge, (as well as increase the popularity) of 

cement. 
99 

H. K. G. Bamber (1904) pointed out that the current finer 

grinding of cement, as well as better burning (in rotary kilns) altered 

its properties, but that this was not generally realised. 
100 

By 1907, 

this company was producing a, *"ferrocrete" brand of cement, especially 

finely ground, for reinforced concrete. 
101 

The company gave lectures on Portland cement and demonstrations of 

testing; their policy was to keep in touch with engineers' and architects' 

societies and cement users in Britain and they encouraged viorks-inspections 

by engineers and architects. 
102 

The company also issued publicity for 

cement products - illustrated brochures 
103 

and well-bound trade books 
104 

and organised impressive exhibitions. 
105 

One of their members, The 

Wouldham Cement Company, erected, "fireproof concrete offices" for 

themselves, sometime before 1914, which were probably in reinforced concrete, 
in a classical style. 

106 

--------------------------------------------------------------------------- 

99. H. K. G. Bamber, pr. to C. l., C. & C. E., vol. 4, no. 3, pp. 193-4. 
Everyday Uses 

- 
of Portland-Cement, op. cit. (70), pp. 3-13. C. & C. E., 

vol. 2, no. ý. -p. ii-6. 

100. Bamber, op. cit. (94), pp. 90-1. 

101. The_Building Trade s_Exhib it ion, C. & C. E., vol. 22, no. 2, May, 1907, p. 149. 

102. Editorial-Notes, C. & C. E., vol. 3, no. 5, p. 351. 

103. Advert. op. cit. (68). 

104. E. g. Everyday_Uses_of_Portland_Cement, op. cit. (70). 

105. Building Trades Exhibition, Birmingham, C. & C. E., vol. 3, no. 5, p. 421. 

106. Portland_Cement and Concrete, Wouldham Cement Co., London, 
lst edn., 1914, frontispiece. 
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G. & T. Earle of Hull (who supplied the Portland cement for one of the 

earliest, wholly reinforced concrete buildings in Britain, Rose, Downs & 

Thompson's foundry extension (1900) in Hull 107 ) also, in 1904, published a 

book on the testing and analysis of cements, (which ran into several 

editions, ) ý08 

B. Hannen (1905) of W. Cubitt & Company (Hennebique contractors) 

considered ordinary commercial cement inadequate for reinforced concrete; 
109 

although engineers, not contractors, normally specified the quality of 

cement required, 
110 Cubitt & Company had their own standards, Ivas scientific 

as possible. " ý11 

W. Cubitt & Co. possessed a testing laboratory and established their 

own standard specifications and tests for Portland cement, based also on 
the results of French and German experiments, 

112 
(recent data being 

unaý, ailable in Britain 
113 ). However B. Hannen perceived an, "immense" 

amount of work necessary before arriving at an understanding of Portland 

cement, 
114 

and no chemical analysis was specified by Cubitt's, because of 
inadequate information. 115 

Cubitt & Co. again indicated the importance of tests for fineness of 

grinding 
116 

and tested tho. specific gravity of Portland cement 
117 

(which 

Philip Hobbs (1896), of W. B. Wilkinson & Co., said was thought important, 

but which in 22 years' practice, he had not seen applied 
118 ) and they also 

107. Chapters 7,10. 

108. The Making and Testing of Portland Cement and Concrete., G. & T. Earle, Ltd., 
Hull, 4th ed., 1925, Introd., xi. 

109. Hannen, op. cit. (56), p. 491. 

110. C. F. Marsh, C. & C. E. f vol. 3, no. 6, p. 478. 

111. Hannen, op. cit. (56), p. 491. 

112. lb. 

113. Potter, op. cit. (89). 

114. Hannen, op. cit. (56). 

115. lb. 

116. Cf. Dunn, op. cit. (31), pp. 22-3. S. a. - Bamber, op. cit. (94). 

117. Hannen, op. cit. (56), p. 493. 

118. Philip Hobbs, Concrete, B. J., vol. -I, 18.2.1896, p. 18. 
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particularly studied setting times, taking account of temperatures, 

'$which is not usually done ll, 
". 9 

As well as cements, Cubitt & Co. tested aggregates, 
120 

to Which 

ConcretearaConstructional Engineering_(1909) considered engineers and 

architects gave less attention than to cement specification, 
121 

although 

C. F. Marsh pointed out that special care was required in selecting aggregates 
122 

for reinforced concrete. The RIBA Report (1907) for example, stated 

several important points with regard to aggregates, such as the limitation 

of maximum size to J" and a mixture of sizes to make a dense concrete with 
123 

an economical amount of cement. 

In the use of aggregates, there were problems both of imprecise 
, 

definition, and a general lack of technical information. 
124 

M. Garbutt 

pointed out that, "coke breeze", often used, 
125 

was variable in composition, 
126 

while E. P. Wells experimented with this and with, "cinder" with unfavourable 

results. 
127 

Contractors sometimes suggested as a suitable aggregate for 

reinforced concrete, "slag", 
128 

which P. Hobbs found unreliable and hl 

Garbutt considered dangerous. 
129 

119. Hannep, op. cit. (56), p. 492. Cf. W. Dunn, Discussion on_Reinforced Concrete, 
op. cit. (66), pp. 85-6. 

120. Hannen, ib., p. 493. 

121. Editorial_Notes, C. &C. E., vol, 3, no. 6, Jan. 1909, p. 430. 

122. Marsh, op. cit. (41), p. 129. 

123. Report-of-the_Committee_on_Reinforced_Concrete, op_. cit. (45), pp. 516-7. 

124. B. N., 5.3.1897, p. 337. 

125. Philip Hobbs, Concrete, B. J. 
J. vol. 3, p. 43. 

126. It. Garbutt, JRIBA, vol. 19,25.11.1911, p. 63. 

127. Wells, op. cit. (43), p. 680. 

128. Murdoch, op. cit. (84). 

129. Hobbs, op. cit. (125), Cf. S. Perkins Pick, Discussion_on_Reinforced ConcreLe, 
op. cit. (66), pp. 93-4. 
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Thames ballast, another popular aggregate 
130 

and employed for 

Hennebique work, 
131 

was not appropriate for fire-resistance, 
132 

although 

this was a primary motive for the use of concrete, and reinforced concrete. 

In 1909, the British Fire Prevention Committee issued the first report 

by its Special Commission formed, "to report on and define the aggregates 

suitable for fire-resisting concrete floors" and possibly other purposes, 
133 

This was assisted financially by the Portland cement industry, notably again, 

the Associated Portlancl Cement Manufixcturers. 
134 

A variability of test results for the strength of concretes, often 

noted, 
135 

was rarely attributed to the amount of mixing water used. There 

was a general ignorance among experts at this time and indeed, until about 

1918, of the influence of the water-cement ratio in concrete mixes on the 

strength of concretes, although "dry" concretes had sometimes been advocated. 
136 

137 
Duff Andrew Abrams' important conclusion, first published in New York 

City, in 1918, was that, 

"the water content is the most important element of a concrete 
mix, in that small variations in the water cause a much wider 

change in the strength than similar variations in the cement 
content or the size or grading of the aggregate". 138 

--------------------------------------------------------------------------- 

130. E. P. Wells, C. I. Trans., vol. 1, pt. 2, p. 87. 

131. H. Tanner, C. I. Trans., vol. 1, pt. 3, Sep. 1909, xxxii. 

132. British Fire Prevention Committee Tests. Cf - Rings, op. cit. (46), p. 14. 

133. Conc. 
_ASGE2S2j22, 

Chronicle, JRIBA, vol. 16,23.1.1909, (pp. 216-8). 

134. Memoranda, C. & C. E., vol. 2,. no. 6, p. 486. C. & C. F., vol. 3, no. 1, p. 7. 
I. C. E. experiments aggregs., rep., e. g. C. & C. E., vol. 2, no. 1, March, 1907, 

p. 61. 

135. E. g. Times. Engin. Suppl. cited in - JRIBA, vol. 19,24.2.1912, p. 303. 

136. Cf - Hamilton, op. cit. (63), p. 6. Chapter 2. 

137. Wrongly pub. as "Duff Adams" in - ib., p. 23. 

138. Duff Andrew Abrams, 222192-2f Concrete Mixtures, orig. pub. llins. An. meet. rP. C. 
Assoc., N. Y. City, Dec., 1918, Rev. edn. 1925, reprod. in - Newlon, op. cit. 
(6), (pp. 309-30), p. 320. (Revisions stated in Forewd. to Rev. edn. - ib., 

p. 310). 
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As a working rule, Abrams suggested, 

"Use the smallest quantity of mixing water that 
will produce a plastic or workable concrete". 139 

Until after the first decade of the twentieth century, the extremes 

of contemporary views on the appropriate quantity for water in concrete 

noted by George Godwin in 1836 still obtained. 
140 

Philip Hobbs (1896) 

for example, stated that an excess of water affected the strength of 

concrete, 
141 

but during the early 1900s, a very wet mixture tended to 

be favoured,, in the U. S., France and Britain, especially for reinforced 

concrete. 

Charles Marsh, addressing the Concrete Institute in 1908, observed 

that in the early years of reinforced concrete, very dry concretes were 
142 

preferred, but now, wetter'and "sometimes sloppy" mixes were employed. 

This change may have been associated with conclusions such as W. H. 

Parkhurst's, an American engineer who experimented in January, 1901, with 

different amounts ol water to mix concrete and concluded that "dry" concrete 

was poor and ill-compacted and that an excess of water was safer than a 

deficiency. These results were reported, in Britain, for example, in 

The_Architect-and Contract Reporter, in 1902.143 

Francois Hennebique and Paul Cottancin in 1904 were using a "fairly wet" 

mixture, but Hennebique until about this time had peeferred a very dry mix, 

which Armand Consid&re still favoured. 
144 

However, Le_Beton Armd, 

(Hennebique's company journal), a little earlier in January, 1902, advocated 

an "excess" of water, like the Cement and Engineering News of Chicago, which 

139. lb., p. 320. 

140. III-larsh, op. cit. (41), p. 143. Chapter l. ' 

141. Hobbs, op. cit. (125). 

142. Charles Marsh to C. I., B. J., vol. 28,2.12.1908, p. 424. S. a. - Hamilton, 

op. cit. (63), p. 14. 

143. Experiments with Concrete, Arch. & C. R., 24.10.1902, p. 270. 

144. Marsh, op. cit. (41), pp. 143 - 4. 



it cited. 
145 

E. L. Ransome, in the U. S., believed wet mixes to be 

stronger and denser 
146 

and F. W. Taylor and S. E. Thompson (1905) in 

the U. S., also stated that reinforced concrete required, 

if 
147 

a very wet or mushy mixture 11, 

In Britain, evidence collected by the I. C. E. Committee on Reinforced 

Concrete (1908-10) confirmed that wet mixes were preferred in British 

practice 
148 

and their evidence largely referred to the use of the MoUchel- 

Hennebique system. 
149 

A. E. Corbett, building in Kahn's system, also 

considered a, "very wet" mixture best, to obviate voids in the concrete. 
150 

In June, 1909, however, Henry Tanner, FRIBA, observed to representatives 

of the Concrete Institute, that experiments made whilst constructing his 

reinforced concrete G. P. O. buildings in King Edward Street, London, showed 

that the greatest increases in strength after six and eighteen months occurred 

in, "dry" mixtures. 
151 Several years later, The Concrete Institute's 

Reinforced Concrete Practice Standing Committee (basing their conclusions 

partly on a survey of members) confirmed that the strength of concrete 

increased as the quantity of mixing water was decreased. 
152 

-------------------------------------------------------------------------- 

145. B6ton See ou Mouill6, IzBet. Arm6, Jan., 1902, pp. 106-7. 

146. Hamilton, op. cit. (63), p. 9. 

147. Taylor & Thompson, op. cit. (24), p. 7. 

148. Hamilton, op. cit. (63), p. 18. 

149. The Institution of Civil Engineers and Reinforced Concretep C. & C. E. 
vol. 5, no. 10, (p. 70THý-, -pý. -712: "witnesses" largely users Hennebiqueer 
sy-stem, e. g. W. H. Hunter, A. G. Lyster, C. S. Meik, W. Squire 
Chapters 7 and 8. 

150. Corbett, op. cit. (25), p. 23. 

151. Tanner, op. cit. (131), xxxiii. Rings, op. cit. (46), p. 7. 

152. The-Consistency of Concrete, op. cit. (52), p. 262. 

k 
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The water-resistance of concrete for reinforced worl< was important 

for the preservation of the metal from rust, as well as bearing on the 

question of architectural possibilities for roof shapes and surface 

covers, but opinions on this subject varied greatly (and much depended 

on the quality of the concrete). 

Thus Philip Hobbs (Managing Director of W. B. Wilkinson & Co. ) did 

not favour conc 
. 
rete for roofs mainly because it was "not water-resistant', 

153 

but F. E. Wentworth Shields , M. Inst. C. E. (1907) described concrete as, 

"one of the most water-tight materials known "; 

154 
(this opinion was based on some recent experiments by Mr. Baldwin Wiseman . 

Various waterproofing methods were advocated in the early 1900s, 
155 

including adding bituminous compounds to the surface, or, especially in the 

U. S., incorporating various mixtures in the concrete. 
156 

(A. E. Corbett, 

ARIBA constructing his Y. M. C. A. premises in Manchester on the American Kahn 

system tested a waterproof compound for use in the floor under a swimming 

pool. 
157 

-------------------------------------------------------------------------- 

153. Philip Hobbs, Concrete, B. J., vol. 3,3.3.1896, p. 60. 

154. F. E. Wentworth Shields, M. Inst. C. E.,.. The 
- 

Durability of Reinforced 
Concrete Structures, C. & C. E., 

_vol. 
2, no. 3,5uiy, 1907, p. 231. 

155. Rings, op. cit. (46), pp. 10-11. B. E. Jones, ed., Reinforced_Concrete, 
London, 1913, pp. 266-9. 

156. W. L. Gadd, F. I. C., WaterpE22f'29-S2BEE212, C- & C. E., vol. 3, no. 2, 
(pp. 154-7), pp. 154,1EK-S. a. Sutcliffe, op. cit. (36), p. 302. 
Sabin, op. cit. (65), 

ýp. 
344-6. 

a. 157. Corbett, op. cit. (25), p. 
2_A 
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The roof of one of L. G. Mouchel's earliest ferro-concrete buildings 

in Britain, New Bridge Street Goods Station, in Newcastle on Tyne, was 

covered with "Ruberoid" 158 
a fabric well-known in Britain 

159 
and used in 

Europe since about 1895 160 (and the subject of an article in Hennebique's 

Journal Le_Bdton_Arm6 (1905). 

The roof of Schulze's chocolate factory, Portobello, on E. P. Wells' 

system of reinforced 'Concrete was likewise protected by Ruberoid. 
161 

A 

similar material, I'Vulcanite" was used in Britain from about 1896 (and by 

John Belcher in London to provide a roof garden and tank for the Royal 
'62, 

London Friendly Society's building in Finsbury Square" ). 

Lion Chambers in Hope Street, Glasgow, (entirely in reinforced concrete) 

was to have the roof asphalted, 
163 

but the architects then decided to 

just render the cupola of the building, although this is now covered with 

copper, 
164 

possibly done at the time of construction as with the small 

ferro-concrete domes of the Royal Liver Building. 
165 

The idea of simply rendering concrete roof surfaces was quite widely 

accepted., Reinf breed concrete flat, roofs at Kinlochleven Aluminium Works, 

constructed from 1905 onwards, were water-tight, 
' Irwithout cover. ' 

166 
L. G. 

Mouchel constructed a number of tanks occupying the whole space of a 
167 

reinforced concrete roof, as well as reservoirs, which were usually unlined. 

158. Covering Concrete Roofs, B. J., vol. 25, C. & S. suppl. 2.1.1907, p. 3. 

159. Building Trades-Exhibition, C. & C. E. vol. 6, no. 5, p. 357. 

160. Le_RuberoidItB6t. Arm6, May, 1905, p. 73. 

161. A Reinforced Concrete Factory in Portobello, Scotland, C. & C. E., vol,, 2, 

no. 6, Jan. 1908, (pp. 459-66), p. 466. 

162. H. Cates, Vulcanite Roofing for Concrete Flats, C. & C. E., vol. 1, no. 4, t --------------- Sep. 1906, p. 317. S. a. - C. & C. H., vol. 1, no. 3, p. 214. 

163. Chapter 11. 

164. lb: own inspection of roof. 

165. Jones, op. cit. (155), p. 333. 

166. Arch. & B. J., July, 1910, p. 79. 

167. Mouchel, op. cit. (2), p. 57, and Mouchel, op. cit. (37), p. 88. 
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In 1912, The Associated Portland Cement Manufacturers (1900) Ltd., 

recommended making water tanks and flat roofs watertight by applying, 

"a couple of coats of pure Portland cement and water 
mixed as thick as cream"; 

on a flat roof, this could be, 

"poured on and swept over with an ordinary broom. In a 
few exceptional cases, perhaps, a third coat might be 

required". 168 

Practice was thus mixed, 
169 

with some interest in waterproofing methods, 

and considerable faith in the water-resistance of reinforced concrete. 

There was some awareness, in the early 1900s, of two problems, 

the shrinkage of concrete upon hardening, 170 
and of "creep" under loading, 

which H. Lossier (1956) for example, identified as characteristic of an 

even later phase of knowledge about reinforced concrete than Abrams' 

water-cement ratio. 
171 

Frank Caws, F. R. I. B. A. referred to the problem of shrinkage in 1900, 
1 172 

advising precautions in the size of slabs and mode of casting. In 1904, 

B. Hannen stated that good, modern cement shrank in air on setting and did 

not expand, 
173 

although this was, "not generally known. " 
174 

William Dunn, 

168. Everyday Uses of Portland Cement, op. cit. (70), p. 77 ; EMIIEnd Cement 
and Concrei;, -op: cIt. (106), -p-. ý4: identical text. - 

169. Editor's Note, C. & C. E., vol, 3, no. 2, May, 1908, p. 154. H. Adams, The 
Use_of_Reinforced Concrete in Architecture, CA C. E., vol. 7,1912, -ý-. 777. 

170 Cf. Carl Condit, American_Building Art - The Twentieth Century, N. Y., 
1961, p. 153. 

171. Lossier, op. cit. (1). Cf. Hamilton, op. cit. (63), p. 21: Dr. 0. Faber, 
Plastic Yield. Shrinkage and other Problems of Concrete, pr. to I. C. E., 

172. Frank Caws, Concrete_Floors, JRIBA, vol. 7,10.3.1900, (pp. 189-97), p. 191. 

173. Chapter 2. 

174. Hannen, op. cit. (66), p. 91. Cf: Sabin, op. cit. (65), p. 331; 
Sutcliffe, op. cit. (60), p. 316. A. W. Buel and C. S. Hill, 

_Reinforced Concrete Construction, London & N. Y., 2nd edn. 1906, pp. 102-5. 



(1904 
175 

and 1907 
176 

), who discussed shrinkage stresses in reinforced 

concrete columns, said the shrinkage of concrete on setting in air was a, 

"well-ascertained fact, " based on experiments in Germany and in France, 

(by A. Consid6re), although many builders and some architects beli6ved the 

concrete swelled on setting (which it probably still did, very often, 

because of the quality of cement). However, so far no means was 

devised to take proper account of-the problem. Dunn refers specifically 

to Hennebique's system, which did not allow for shrinkage, but which 

employed rules and practices which were safe as customarily applied. 

E. P. Wells was one of the few specialists at this time to try to provide 

against the effects of shrinkage where necessary in reinforced concrete 

design. 
177 

J. Autissier, 
178 

and H. Lossier (1956)ý 79 
stated that the creep or 

gradual deformation of concrete under pressure was not known in the 

first decade of the century, but noticed by E. Freyssinet in 1911 (and 

Studied from 1925). 
180 However, Professor Ira Woolson at Columbia 

University made tests in 1906 which, incidentally, showed the flow of 

concrete under pressure and t-hese were reported in Concrete and Constructional 

Engineering, in May, 1906.181 

------------------------------------------------------------------------------ 

175. Dunn, op. cit. (31), pp. 31,43. 

176. W. Dunn, The_Dome_of St. Paulls, JRIBA, vol. 15,23.11.1907, p. 73. 

177. E. P. Wells, Concrete and: Reinforced Concrete, pr. to L. C. C. Sch. Build., 
Brixton, C. & C. E., vol. 5, no. 6, June, 19Y5, p. 433. S. a: C. & C. E., vol. 5, 
no. 8, Aug., 1910, p. 573. Cf: Portland Cement and Concrete, op. cit. (82), pp. 47-9, 

178. J. Autissier, Tech. et. Arch., vol. 15, no. 4, Jan. 1956, p. 51. 

179. Lossier, op. cit. (1); Ili-nsoupconn6e" mistransl. as "ignored" with 
reference to creep, in : C. & C. E. , vol. 51, on. cit. Cl), p. 13. 

180. Autissier, op. cit. (178), Cf: Condit, op. cit. (170), pp. 153,190. 

181. Tests_with_Conc., C. & C. E., vol. 1, no. 2, May, 1906, p. 141. 
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Thus, although the need for special and good concretes for 

reinforced work was acknowledged by specialists and others, while 

Portland cements continued to improve in overall quality, there were 

significant gaps in basic knowledge about Portland cements and concretes. 

While some of these, such as ignorance about the action of Portland 

cement, were now perceived (following earlier confidence in the subject), 

others, notably the effect of mixing water on strength were unrecognised. 

The, problems of shrinkage and creep, although studied later, were, 

however, noticed in the early 1900s. 

Opinions and practice with regard to the water-resistance of 

reinforced concrete varied widely, and in Britain particularly, there 

was considerable confidence in employing it for roofs with no other 

cover than Portland cement rendering. 

\ 
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Reinforced_Concrete Framing n2 in Britain, 
_EXst2L _182Z_: _1904: 

F. Hennebique to E. Coignet. N 

By 1904, according to Charles Marsh, As. M. Inst. C. E., systems of 

reinforcement had proliferated to the extent of about 50,182 although 

Marsh omitted at least one significant name ( F. G. Edwards 
183 

) from 

his compendium 
ý84 

Some systems were designed only for specific 

structural elements, such as floors, or pipes; others were adapted, 

not always appropriately, 
185 

to entire building frames and other parts. 

C. F. Marsh, and others, regarded most of these patents as 

counterpatents for small details rather than statements of main principles, 

which were, "not patentable'. ' 
186 

This is not quite so, since main 
ý87 principles formed part of the claims of several important patents. 

there were also considered to be major differences between some of the 

main framing systems. 

British patents for inventions abroad could be obtained by whoever 

first introduced the invention in Britain, whilst any prior use, or, 

182. Marsh, op. cit. (41), p. 2. A. R. Galbraith, The Cottandin System of 
Armoured Construction, B. J., vol. 19,27.4: 155iT p. 196: says 200 systems 

Kewptun Dyson, ex ni-, -but s. a. H--- 
_jh2_History 

and Development of 
Reinforced Concrete, 27.9.1910, C. & C. E., vol. 5, no. 10, Oct. 1910, 
p. 765: estimates 76 systems, Europe and U. S. 

183. Chapter 2. 

184. Marsh, op. cit. (41): largely based on M. P. Christophe: Le Mon Arm6. 

185. E. g. Kahn system, dis6ussed later this chapter. 

186. Marsh, op. cit. (41), pp. 2,27. Typjyj_eystems of Reinforced Concrete 
Construct'20 Scient. American7 12.5.1906, p. 386. S. a: Collins, op. cit. 
(5), p. 74. 

187. Chapter 2 and later this chapter. 
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"explicit publication" of an invention invalidated a patent, 
188 

thus 

encouraging protective applications, such as A. Consid6re's British patent 

in 1902, probably several years before he established active representation 

in Britain. However F. Hennpbique successfully applied for his main 

British patent (December 1897) following both publication, and use of his 

system in Britain, (Chapters 2,6). 

The systems discussed here are chiefly those which: 

(1) provided for complete building frames (and they were 

also applied to walling), 

and, 

(2) were introduced in Britain before 1908. 

According to P. H. Palmer, M. Inst. C. E., (1905), the reinforced 

concrete systems most applied in Britain then were Expanded Metal, Monier's 

and Hennebique's; (Palmer includes Cottancin's, not strictly a reinforced 

concrete system). 
189 

The New Expanded Metal Company's reinforcement was "weil-known" (1903) 

for, floors, flat roofs, domes and walls, 
190 

but not fully framed buildings. 
I 

ConcretewAConstructional Engineering (1907), 

"regretted that (they) should continue to pin their faith 
to R. S. J. s in column and beam construction"; 191 

(the company had an interest in designing and constructing structural 

steelwork; 
192 

however, in 1908, they employed vertical strips of expanded 

metal as shear reinforcement for girders 
193 

---------------------------------------------------------------------------- 

188. British Patent Rights and Reinforced Concrete Piles, C. & C. E., vOl-l' 
no. 4, Sep. 1906, (pp. 280-5), pp. 280-1. 

189. Philip H. Palmer, Armoured or Reinforced Concretq, Incorp. As. Munic. 
& Co. EiYgrs., vol. 31,1905, (pp. 343-55), p. 348. 

190. Expanded Steel and Concrete, B., N., 27.11.1903, p. 720. B. J., C. & S. suppi., 
24.4. l9Oi7--p7ZE-. -Eu-i-l-d-. --I-n-d'. 16.5.1906, Advert. xiii. 

191. The_Building Trades_Exhibition, C. & C. E., vol. 2, no. 2, Ap. 1907, p. 151. 

192. New-Works in Concrete. L C. & C. E., vol, 4, no. 4, Sep. 1909, p. 287. 

193. CA C. E., vol. 3, no. 2, Alay, 1908, p. 102. 
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J. Monier's earlier patents, acquired and extended by G. A. Wayss 

had lapsed and the system was used in 1904 by many firms for-slabs and 

walls but not apparently for beams; 
194 

there are no known examples of 

"Monier" or "Wayss" reinforced concrete framed buildings (or walls) in 

Britain before 1908.195 

By 1904, as well as F. Hennebique's system, three others had been 

introduced into the U. K. from the Continent which were applicable to 

building frames - columns, beams and slabs, as well as walls, by A. 

Consid&re, F. Visintini and E. Coignet. (At this time in Europe there 

were at least six other reinforced concrete framing systems employed, 

and, E. Ransome's system, for example, in the U. S., most of which 

included walls. 
196 

Following Frangois Hennebique's first British patent (1892), he 

obtained three more there in 1897, the most important being no. 30,143 

for "Joists, Girders, etc. " 
197 

Between 1899-1908, Hennebique obtained 
198 

eleven further British patents, two of which did not relate to ferro-concrete, 

and the others, not relevant for present purposes. Ifennebique does not 

appear to have patented a monolithic framing system in Britain, such as he 

applied, for instance, in 1897, in Weaver &, Co. 's Mill in Swansea. 

L. G. Mouchel (Hennebique's agent) also, from 1900, obtained a number 

of British patents; these were almost certainly L. G. Ljouchel's own 

inventions, rather than, as S. B. Hamilton (1956) states, F. Ifennebique's, 

199 "taken out in the name of ..... Mouchel 11 ; 

for example, L. G. Mouchel claimed credit for some novel features of ferro- 

concrete piles which were the subject of half of his dozen patents and 

I 
-------------------------------------------------------------------------- 

194. Marsh, op. cit. (41), p. 84. 

195. E. g. see, CA C. E., vol. 1, no. 3, p. 214; C. & C. E., vol. 1, no. 6, p. 469. 

196. Marsh, op. cit. (41), pp. 35-6,48-53,92-7,100-1. 

197. British Patent Office (U. K. Patents). 

198. Thermal-or Hydro-Thermal-Motors,, pat. no. 17983,1902. 
Aerostatic Apparatus, no. 26000,1907. 

- pp ------- 
199. Hamilton, op. cit. (63), p. 11, re: Mouchel's pat. no. 15446 (1900). 
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Hennebique continued to take out British patents in his own name throughout 
200 

the period of Mouchells agency for his system in the U. K. 

L. G. Blouchel applied for five patents in 1900, although at least one 
201 

of these was not finalised , and seven more by 1906; four related to 

framed buildings, 'modifying or adding to Hennebique's system, 
202 

Hennebique obtained patents in 1897, in France and Britain, for hollow 

floors, and for continuous beams over several supports. 
203 The British 

patent, no. 30,143, was applied for from Paris, on 20th December, 1897, and 

accepted, 12th February, 1898.204 The patent illustrations (figure 

2) refer to a continuous beam, rectangular in section (but not necessarily 

so 
205 

) reinforced with two pairs of tension rods, each pair in the same 

vertical plane, parallel in the centre of the joist, increasing resistance 

to tension here, then inclined towards supports. 
206 

The inclined arms 

are connected to the horizontal bar by straight U-shaped stirrups, of 

sheet or hoop iron, terminated in a small hook to facilitate fixing. 
207 

These are placed closer together, approaching the supports; (their function 

was described in Hennebique's previous patents 
208 ). The upper. bar is bent 

again to pass over the support near the upper surface of the beam and be 

fixed in the wall, or prolonged into the next bay for a certain distance, 

and held down by smaller, reversed stirrups. 
209 

Hennebique notes that the 

200. S. a: Chapters 6,7. 

201. Brit. Patent OfficgU. K. Pats. ); L. G. Mouchel, pat. no. 4549, Posts, 
_E2jeE. L_2tc-,: 

, "abandoned". 

202. lb. Chapter 7. 

203. French pat: F. Hennebique, Le B6t. Armd, Sep. 1900, pp. 4-5. 

204. Frangois Hennebique, Improvements in the Construction of Joists, 
_2iEý2n 

and the Like of Cement Strengthened with_Iron, 
-H-th2-ý1ý2, 

U-K. pat. no. 
56; N5; -1897. (pp. 1-2,1 sheet drs. ) -- ---- 

205. lb., p. 2, 

206. lb., p. 1 and sheet 1. 

207. lb, p. 1 & figure 2. 

208. Chapter 1. 

209. Op. cit. (204), p. 2. and sheet 1. 
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number of bars in the same vert1cal plane may vary according to the size 

of the girder. The ends of rods are fishtailed. 
210 

The specification claimed, in particular, 

(1) the use of bent bars as described and 

(2) the use of straight stirrups of hoop iron in aU form 

for connecting the straight and bent bars as described. 

Fishtailed ends, although illustrated, were not mentioned in the text. 

Thus, said Hennebique, 

"it is possible to construct girders resistant ...... in a perfect manner to the effects of tension... ... 
of compression, the breaking effects and the bending 
effects, whilst reducing to a minimum the quantity 
of iron employed". 211 

The new features patented in 1897, already applied in the French 

Civil Engineers' building (1896) and in a mill (1895) at Tourcoing, 

were again applied in the first Hennebique framed British building, 

Weaver & Co's mill, Swansea, for which working drawings were executed in 

October-November, 1897, (and in which fishtailed or hooked, ends to bars 
212 

were also the subject of special cautions ). 

210. lb., figures 1,4,5. 

211. lb. p p. 2. 

212. E. g. Moulin i Grains h Swansea - Construction des Fondations en 
Bfton AW Systdme Hennebique, plan no. 6, Nantes, 3.11.1897. 
Moulin A'Grains A Swansea-Toiture, plan no. 5, Nantes, 12.10: 1897. 
S. a: Mouchel, op. cit. (2), p. 49; Marsh, op. cit. (41), pp. 180-1. 

I 
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S. B. Hamilton (1956) mentions that in 1898, Hennebique introduced, 

"the V-stirrup ..... clipping onto the main bar" 
213 

(to obviate displacement). However, kinked stirrups to grip the bar, - 

for which Hennebique (1893) had previously substituted straight stirrups 

were noted in Concretean&Constructional Engineering (1908) as a recent 

improvement. 
214 

In 1905, in Britain, for example, straight stirrups 

were being used in beams (and this year L. G. 'Wouchel patented stirrups 

secured by cotter pins). 
215 

Hennebique had illustrated but not described reinforcement for columns 

in his French patent addition (1893). William Dunn, FRIBA (1904) who 

had employed Hennebique's system in London (1903) 216 
said the vertical 

bars - iron or steel - were intended to withstand compression, with the 

concrete, as well as tension; L. G. Mouchel asserted the importance of 

transverse links, or "distant pieces" in preventing the bars buckling: 

these were either punched plates or wire at this time. 
217 

External and 

internal walls, constructed in one piece with columns, were reinforced 

with vertical and horizontal rods and transverse stirrups. 
218 

Although the main structure was normally constructed in situ, 
219 

F. Hennebique sometimes employed precast ceiling/f loor slabs, or used a thin 
220 

slab supported on beams as centering and forming part of the floor. . 

213. Hamilton, op. cit. (63), p. 7. 

214. Characteristics of the Chief Systems of Reinforced_Concrete_Applied-to 
Bu-ilal; -g-s-7i-n-E-r; -a-t-Britain, C. & C. E., vol. 2, no. 6, Jan. 1908, (pp. 427-44), 
p. 430. S. a: Jones, op. cit: (155), p. 220. 

215. Chapter 7. 

216. Chapter 8. 

217. Dunn, op. cit. (31), p. 30. 

218. Buel and Hill, op. cit. (174), pp. 214-5. 

219. E. g. Marsh, op. cit. (41), p. 196. 

220. lb., pp. 161,188. 
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Hennebique also employed a floor consisting of lightweight, precast 

concrete, or fireclay hollow tubes, between which secondary beams were 

moulded in situ - used in Britain, for example, in the Royal Liver 

Building (1908), Liverpool. 
221 

One of L. G. Mouchel's British patents (1900) specified precast 

wall slabs, for sil6s, as an alternative to similar, in situ panels. 
222 

For a large reinforced concrete water tower (1904) at Newton-le-Willows, 

the horizontal struts were moulded on the ground 
223 

and small parts, such 

as parapets 
224 

and window frames, 
226 

were precast, in the Hennebique system. 

(In 1905, J. A. Brodie, City Engineer in Liverpool, constructed a 

tenement block there using all precast reinforced concrete slabs. for walls, 

floors and ceilings, dovetailed-at corners, with openings ready moulded. 
226 

Edmond Coignet's system again employed prefabricated elements but 

the main structure was normally in situ. E. Coignot applied from Paris for 

his first British patent on 10th November, 1904,227 The patent describes 

and illustrates rectangular beams (figure 3) reinforced with round, steel, 

tension bars and also upper, compression bars, linked with iron wire ties, 

which were closer together near supports. Heavy floor slabs also employed 

compression bars, tied to the lower bars. 
228 

Columns (usually square-section 

------------------------------------------------------------------------------- 
221. Albert Lakeman, The Royal Liver Buil, ding. L_ ýIYHE221, C-& C-E-, V01-6, 

no. 10, Oct. 1911, (pp. 727-35), p. 734. 

222. Gustave Louis Mouchel, Improvements in .... Walls, Partitions, Slabs, 
Blocks-and_the_Like, U. RT-pat. no. 15,446,1900. 

223. The I. C. E. and Reinforced Concrete, CA C. E., vol. 5, no. 11, Nov. 1910, p. 804. 

224. F. C., vol. 1, no. 10, pp. 206-7. Marsh, op. cit. (41), p. 204, etc. 

225. New_Works. in Concrete, C. &. C. E. vol. 3, no. 1, March, 1908, p. 80. 

226. A Concrete Building in Liverpool, Eng. Rec., vol. 52, no. 18,28.10.1905, 
p. 486. 

227. Edmond Coignet, Improvements in .... Reinforced or Armoured Concrete 
Construction, U. R7-pat. no. 24,371,1904, accepted, 12.1.1905, 

amended, 3.8.1905. 

228. lb., pp. 1-3, figures 2,3,5. (Coignet's slabs varied between 211 - 811 
thick; Hennebique's were generally 31, - 511 : e. g., Buel and Hill, op. cit. 
(174), p. 187; i'vorkshop, -Old 

Foundry. L_ý211_: Construction in Hennebique's 
Patent Ferro-Concrete, draw. no. 3,24.6.1900. 
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Figure 3: E. Coignet's British patent, no. 24,371 

(1904): 
-details. 
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but sometimes rectangular or round) included vertical bars and spiral 

binding, 
229 

and Coignet refers to the construction of domes (which his 

father, Franqois Coignet had built of concrete and iron in. the 1850s). 
230 

Coignet also described prefabricated beams, which he considered "sometimes" 

desirable. 
231 

However, Coignet formally claims only the methods: 

(1) of tying the upper, compression bars in beams to the tension 

bars in the floor. 

(2) of reinforcing consoles. 

232 
(3) of reinforcing pipes and domed roofs. 

Coignet refers however to precedents and specifically to patent no. 3377 

of 1883; 233 
(this was J. Monier's British patent 

234 ). 

E. Coignet had noted incidentally that the ties connecting the 

tension and compression bars of beams, 

"may however be arranged obliquely 11.235 

In 1906, he obtained two further British patents, 
236 

in one of which, 

2.29. Coignet, op. cit. (227), p. 2, figure 8. S. a: 
-Characteristics 

of the Chief 
§X212LnE, op. cit. (214), p. 438. 

230. Editorial_Notes, C. & C. E., vol. 5, no. 5, p. 304. Chapter 1. 

231. Coignet, op. cit. (227), p. 2, figure 6. S. a: Characteristics of the Chief 
EX212LnE, op. cit. (214), p. 429. Chapterll. --- 

232. E. Coignet, U. K. Pat. no. 24371, op. cit. (227), p. 3. 

233. lb. 

234. Chapter 2. 

235. Coignet, op. cit. (227), p. l. 

236. Edmond Coignet, Reinforced Concrete Construction, U. K. pats. Nos - 
14678p 14693,19697 
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(No. 14693), most of the main tension bars in beams were bent up 45 0 
and 

hooked onto the upper steel bars, a more flexible system than J. Kahn's, 

but preceded in principle by F. G. Edwards. 
237 

Coignet's system included reinforced concrete walls and partitions 
! 38 

His patents for precast beams may not have been much applied, 
239 

but 

prefabricated beams were used in one of Coignet's early British buildings, 

a perfume warehouse for Grossmith Ltd., at Ivy Lane and Duke's Head 

Passage, London, E. C. 
240 

In 1902, Franz Visintini, an architect from Zurich, 
241 

patented 

a reinforced concrete system in Britain adaptable to most structural 

elements 
242 

and a curious imitation of steel construction, based on a 

reinforced concrete unit resembling a Warren truss, 
243 

and with all parts 

prefabricated; 
244 

(the principles of steel construction were already 
k 

--------------------------- : ----------------------------------------------- 

237. See: Hamilton, op. cit. (63), p. 13, figure 7; G. C. Workman, of Edmond 
Coignet Ltd., C. & C. E., vol. 4, no. 6, Nov, 1909, p. 404; G. C. Workman, 
C. & C. E., vol. 21,1926, pp. 102-3; Chapter 1. 

238. Characteristics 
- 

of the Chief-wSystems, op. cit. (214), pp. 439-40. 
Reinforced Concrete Railway Structures, London, 1913, 

p. 49, etc. 

239. Jones, op. cit. (155), p. 216. S. a: B. N., 21.8.1896, p. 256. 

240. New_Works in Concrete, CA C. E., vol. 2, no. 4, Sep., 1907, p. 323. 

241. Armoured Concrete_Lattice-Girders, B. J., vol. 19,6.1.1904', * p. 7. 

242. F. Visintini, Lattice or Truss Girders, U. K. Pat. No. 28382,1902, 
Dr. L. Hess, T-he-Historical Evolution- of Reinforced Concrete in Austria, 
C. & C. E., vol. 2, no. 4, Sep., 1907, (pp. 265-72). Marsh, -0-P7cN7 - 

pp. 110-1. 

243. C. Condit, American Building Art - The Nineteenth Century, N. Y., 1960, 

pp. 117-8: ! or origin of Warren truss. 

244. Marsh, op. cit. (41), pp. 110-1. Op. cit. (241). 
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employed to some extent in the internal arrangements of reinforcement 

and, sometimes inappropriately, in calculations for reinforced concrete 
245 

No framed buildings in Britain on Visintini's system in this period 

are known. The first use of the system was for beams (1903) in Austria 
246 

and by 1904, it was represented in London by E. Merck, 
247 

and by C. H. 

Reynolds Assoc. M. Inst. C. E. of Teddington. 
248 

Visintini's system 

subsequently failed a test by the British Fire Prevention Committee 
249 

which may have influenced its adoption. C. H. Reynolds, in 1904, also 

represented Maciachini's system, from Milan, in which beams and columns 

were inspired by A. Considdre's experiments. 
250 

Armand Consid6re's system differed from Hennebique's and many others 

and to some extent it was a focus for critics of Hennebique's system in 

Britain. 

A. Considere, (who was the same age as Hennebique 
251 

) obtained his 

first British patent, no. 14,871, in 1902 - 3, (patented in France in 

December, 1: 901 
252 

) relating to, 

"armed or stiffened structures of concrete or similar 
material ..... especially ..... the construction of 
buildings, bridges and arches of wide span". 

245, E, J, Mehren, J. A. C. I., Mar/Apr., 1935, pp. 349-50: e. gi, continuity of 
reinforced concrete framing neglected. 

246. Bess, op. cit. (243), p. 271. 

247. Op. cit. (241). 

248. Marsh, op. cit. (41), p. 111. 

249. F. R. Farrow, Reinforced Concrete Hollow Floors, C. & C. E., vol. 3, no. 3, 

p. 244. 

250. Marsh, op. cit. (41), p. 75. 

251. Both born 1841. For Hennebique, see Chapter 6; For Considere's dates, 
(1841-1916) - C. & C. E., vol. 21,1926, p. 87. 

252. Armand Gabriel Consid6re, ITPEMTeEtE Relating to the Construction of 
Buildings.,.., 

_PEjqg2ý, _ýE2ý22 
and the Like in Strengthened Concrete_or 

Similar aterial, Compl. Specif. (Amended), U. K. pat. no. 14,871; istforeIgn 
applicý v(Pranceý, 14.12.1901; applic., U. K,, 3.7.1902, accepted, 2.7.1903, 
amended, 23.5.1911', (amends. shown on specif. ). 
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Consid6re's principle was that, 

ftmetal possessing very high tensile strength is employed 
in positions or directions wherein it will produce the 

most useful effects, at the same time preserving as far 

as possible the continuity of support, not only in 

each section, but also in the work as a whole". 253 

A. Considdre maintained that transverse reinforcements of metal bars, 

straight or bent had proved inadequate and he proposed substituting 

binding with hooping or wires, externally, or embedded in the concrete. 
254 

For example, for columns, Considare proposed in addition to longitudinal 

wires or rods, a hooping either of independent circular bands or of 

helicoidal spirals and he notes that, 

"this binding is sufficient, without any additions, 
to offer the required resistance to compression". 255 

Similar spirals may strengthen parts under tension, but here longitudinal 

bars were more important - and, 

"these bars are as long as possible .... preferably they 
are replaced by rods of drawn iron or steel". 256 

257 
Considere's experiments in reinforcing concrete date from the mid-1890s; 

his spiral reinforcement was subsequently, and satisfactorily, tested, for 

253. lb., p. l. S. a: Consid6re, Le B6t. Armd, Oct, 1902, p. 82. 

254. lb. 

255. lb., pp. 2-3, and figures 1& la. 

256. lb., p. 2. 

257. Cordeau, op. cit. (3), p. 27. Hamilton, op. cit. (63), p. 6. 
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example, by the French Department of Ponts et Chauss6es 
258 

(where 

Consid6re was a Chief Engineer 
259 

and from 1902, Inspector-General 
260 

) as 

well as in England, in 1903 by William Dunn, who gave his favourable 
261 

conclusions in the R. I. B. A journal. Considere's system was also 

described in The_Builder (190.5) and elsewhere, although probably not 

applied in Britain before 1908.262 

In a series of articles in The_Builders' Journal, (1907), Considbre 

stated that his b6ton frett6 (hooped concrete) was a new material, with 

superior resistancesto armo, ured concrete (with longitudinal bars and 

lateral ties) and that slenderer dimensions and flatter arches were 

possible. 
263 

C. A. P. Turner (1909) described Consid6re's column - hooped and also 
ý64 

with vertical bars as, "the safest and most conservative type " 

Consid6re's reinforcement was also considered particularly suitable for 

continuous beams. However, Considbre referred to a problem of cracking 
265 

in the outer concrete cover in beton frett6 - in some dock buildings 

in his system (about 1911) visited recently at Hull, the concrete of the 

external pillars has indeed spalled off exposing the spiral reinforcement. 
266 

Although walls are not usually included in early descriptions of Considere's 

system, those buildings in Hull have reinforced concrete panel walls as well - 
267 

as rame., 

258. Marsh, op. cit. (41), pp. 240-2. A. Considare, SpIEýjjy_ýeinforced Concrete 
and its ApRIISý112L', B. J., vol. 25, C. & S. suppls., March-June, 1907, pp3l, 44. 

259. Cordeau, op. cit. (3), p. 27. 

260. Un_Nouvel_InsVecteHr: 22B2E2j, Le B6t. Armd, Oct, 1902, p. 80. 

261. Dunn, op. cit. (40), S. a: Dunn, op. cit. (31), p. 38. 

262. Bldr., 8.4.1905, pp. 376-7. Marsh, op. cit. (41), append. l: but Marsh, 
perhaps an oversight, omitted Considere's system from his descriptions 
of systems. S. a: Chapter 7.1 

263. Considere, op. cit. (258), pp. 64,44, s. a: p. 62. 

264. C. A. P. Turner (1909) in: Newlon., op. cit. (6), p. 247. 

265. Consid6re, op. cit. (258). 

266. Own visit and photographs. See, Consid6re, op. cit. (258), p. 43: cover 
to reinforcement. 

267. Own visit. DescriptionspConsid6re's system, e. g: Chara&; j. QgjgjjcB_Qj_jhq 
ýhief_SyEt2Lns, op. cit. (214); Jones, op. cit. (155). 
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Reinforced Concrete Framing Systems_in_Britain, 1905_-_7: 

J. Kahn and E. P. Wells. 

By 1907, two further framing systems were introduced and also applied 

in Britain, one American, one British. The former is of interest because 

of its claimed advantages, opposed to Flennebique's system and because of 

its application in an important early framed building, the Y. M. C. A 

Headquarters in Manchester. The latter, is discussed chiefly as an 

uncommon example, in this period, of a system originated in Britain and 

whose designer was active in propagating the material there. 

Julius Kahn patented his new, "trussed bar" in the U. S. in 1902-3,268 
269 

and in Britain (1903) where. the system was introduced in February, 1906 

with the opening of a London office for the Trussed Concrete Steel Co., 
270 

which chiefly employed Kahn's system in the U. S. 
271 

Kahn's system differed from Hennebiquels, in-having beam stirrups 

inclined at an angle of 45 0 from the tension bars, of which they formed part. 

The tension bars had a circular middle section, flanked either side by 

flat fins, which were sheared and bent up to form --tirrups, towards th-- 

supports, while in the centre of the beam the full section of the tension 

bar was retained. 
272 

Moritz Kahn (Julius's brother) explaýned that the stirrups were angled 

to reinforce the beam against shear stress at right angles to the expected 

directions of shear fractures and rigid attachment was intended to transfer 

stress to the tension reinforcement more effectively; 
273 

they also prevented 

dislodgement during the placing of the concrete. 
274 

---------------------------------------------------------------------------- 

268. Jones, op. cit. (155), p'p. 11,222-3. Marsh, op. cit. (41), pp. 70-1. Cap. Sewell, 

Reinforced Concrete in the U. S., C. & C. E., vol. 1, no. 2", May, 1906, p. 80. 

269. Hamilton, op. cit. (63), p. 13: Trus. Conc. Steel Co., U. K. pat. no. 17556,1903. 

270. R. C. Systems: XII: The Kahn Trussed Bar, B. J., vol. 25, CA S. suppl., 27.3.1907, 

(pp. 35: Z6ý7 Indust. Notes: - M. KaRn-, A_Reinforced Concrete System with Rigid 

C. & C. E., vol. 1, no. ly Urc 

271. lb., R-C. 
_S 

n!: XII, p. 38. B. J., vol. 26, CA S. suppl., 4.12.1907, p. 340. X212L 

272. Kahn, op. cit. (270), lb., B. J., vol. 26, p. 340. Jones, op. cit. (155), etc. 

273. Kahn, ib., p. 67. 

274. E. g. Jones, op. cit. (155), p. 222. 
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Kahn bars were employed in floors 
275 

and although designed 

specifically for horizontal members were applied vertically as column 

reinforcement 
276 

(figure, 4); external walls and domes 
277 

were also built 

on Kahn's system. 

E. P. Wells was described (1908) as, "one of the few British 

designers in reinforced concrete" and whose research in concrete was 

well-known. 
20-8 

At this time, Wells was Honorary Treasurer of the newly 

formed Concrete Institute 
279 

and he lectured on concrete and reinforced 

concrete to the Institute and other bodies. 
280 

Wells' period of greatest activity in reinforced concrete (as opposed 

to Portland cement and concrete 
281 

) appears to have been from at least 1906. 

By 1906-7, Wells devised a system of reinforced concrete, with 
482 resemblances to Hennebiquels, 
^ 

and applied it to beams, floors, columns 

and walls. 
283 

In 1907, he patented a twin, or double bar, connected by 

a short web. 
284 

275. Reinforced_Concrete_SX2l2Ts_ýll, op. cit. (270), p. 38, figure 6. 

276. lb. S. a: Buildinj; 
_TE2g2f_Exhibition, 

C. &, C. E., vol. 2, no. 2, p. 152. 

277. Reinforced Concrete_SX212TE_ýjj, op. cit. (270), p. 40. Characteristics 
; FiK_e_Chief_SX! j2Ln2, op. cit. (214), p. 432 ff. 

278. Editorial_Notes. C. & C. E., vol. 3, no. 2, May, 1908, p. 90. 

279. lb. 

280. E. g. Concrete in Arched BridE2_22R! jEH2!! 22, pr. to C. l., C. & C. E., 
vol. 4, and Reinforced Concrete, pr. to no. 2, (pp. 121-6); oncrete_ 
Incorp. Clerks of Works Assoc. of G. B., B. J., vol. 27,17.6.1908, pp. 505-7. 

281. E. P. Wells, C. I. Trans. ", vol. 1, pt. 2, p. 101. E. P. Wells, On the Value-of 
Gauged Neat Portland Cement, CA C. E., vol.?, no. 4, p. 353. 

282. Characteristics of the Chief_Sy2t2LnE, op. cit. (214), p. 432 ff. B. J., vol. 26, 
! ý. 7.1957, p. 8. B. J., vol. 29, -p. 430. 

283. Characteristics of the Chief_SX! j2Lns, op. cit. (214), pp432-3,436-41. 

284. lb; R22ent Patents, C. & C. E., vol. 5, no. 1, Jan, 1910, p. 48: 
E. P. Wells, pat. no. k310,1907, amended 22.2.1909. 
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Figure 4: Rahn's system. 



Wells varied his method with circumstances to the extent that he 
285 

was sometimes said not to have a, "system, " ; however, a reinforced 

concrete factory in Portobello, Scotland (with brick exterior walls), was 

described in 1908 as, 

'tan excellent example of Mr. E. P. Wells' system of 
reinforced concrete construction", 286 

As a Consulting Engineer to Stuart's Granolithic Company, E. P. Wells 

prepared the drawings, for example, for a reinforced concrete factory at 

Hayes, erected by Stuart. 0 in 1910; 
287 

he also designed work for 

F. Bradford & Company. 
288 

Wells noted that he habitually made his 

calculations on the backs of envelopes. 
289 

285. Characteristics of the Chief_SX212H-2f Reinforced Concrete_Applied-to 

,a ! Hý2_jn Great Britain, C. & C. E., vol. 3, no. 2, May, 
1908, P. 151: 7--- 

286. A Reinforced Concrete Factory_lB-E2E! 2ý2ll2, -s22t! 124, C-& C-E-, vol. 2, 

no. 6 an. 1908, (pp. 459-66). --- -1-5- 

287. Reinforced Concrete_FactorX-al-ER22, C. & C. E., vol. 5, no. 5, May, 1910, 

(pp. 563: 14), p. 314. 

288. C. & C. E., vol. 4, no. 1, March, 1909, p. 66. Chapter 2 (F. Bradford). 

289. Wells, ap. cit. (43), p. 682. 
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The Relative Merits of-Systems. 

The Joint R. I. D. A. Committee on Reinforced Concrete (1906-7) 

found difficulty determining the merits of various systems and so 

did not pronounce upon them, except by not giving preference to, 

"special forms of bar" and excluding them" 
90 

or other "peculiar 

arrangements" claimed as patent. Concrete and Constructional 

EEUIR22Eing (1911), referred to the, 

Itambiguity of current thought ..... in respect to the subjects of 
shear and adhesion, and (the) strong opposing partisans of 
continuous mechanical bond and plain rods". 291 

Further controversial issues viere the significance of lateral column 

binding, and the relative facility and efficacy of construction Of 

different systems. 

Henry Adams, It. Inst. C. E. (1906) observed that while the 

early designs for reinforced concrete had not provided reinforcement 

against shear stresses (although this had in fact been done to some 

extent), such provision now received nearly as much notice as the 

direct stresses of tension and compression 
292 

and Charles Marsh (1904) 

noted that stirrups were used in some form in many reinforced concrete 
293 

systems, but their best angle and attachment were disputed. 

Captain Sewell, for instance, regarded Kahn's inclined 

and rigid stirrups as an advance in the development of reinforced 

concrete, 
294 

although their spacing was less flexible than in loose 

stirrup systems (as Hennebiquels). Neither did the sheared 

off stirrups always reach far-enough into the depth of the 

concrete ; Sewell himself cites one test where the Kahn bars did 

290. Report of the Committee on Reinforced Concrete, J. R. I. B. A., vol. 14, 

291. Editorial_Notes,. C. & C. E., vol. 6, no. 9, Sept., 1911, p. 648. 

292. Henry Adams, Ferro-Concrete Construction, pr. at I. C. A., London, 
July, 16-21, ! 555_: _K!; ary of Procs., T. R. I. B. A., vol. 13, (i-lxxii), 

xxvii-xxviii, or in: I. C. A., 1906, Trans., R. I. B. A., 1908, p. 174. 
Chapter 1. 

293. Marsh, discus-l OP-Cit- (66), p. 87. 

294. Cap. Sewell; Reinforced Concrete in the U. S., C. & C. E., VOI-1, no. 2, 
3.0 ---------------------------- May, 1906, 
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not rise above theneutral axis. 
295 

Furthermore, at the ends of the beam 
296 

where shear was at a maximum, the stirrups were shorter. 

However, Kahn's system, which acquired features from others, such 

as the use of expanded metal, and spiral reinforcement, attracted many 

orders in the U. K., as well as the U. S., and was evidently successfully 

employed in the large Manchester Y. M. C. A. building, (Chapter 10). 

Present practice employs either vertical, or inclined, stirrups, although 

vertical stirrups and straight main steel bars are more common. 
297 

Controversy over the use of plain or twisted, or deformed, bars 

is exemplified for instance in a series of claims and counter-claims 

contributed to Concre'te&rAConstructional Engineering in 1910.298 

F. Hennebique and L. G. Mouchel believed there was a good natural adherence 

between concrete and iron or steel and employed plain, round, bars, as 

noted. 
299 

Deformed bars were popular in the U. S. 300 
and marketed in 

Britain, for example, Indented bars, (with oblong projections on 

alternating sides), by the Patented Indented Steel Bar Co. and Columbian 

steel ribbed bars, which were tested by the British Fire Prevention 

Committee in 1899 
ý01 

forc 295. Cap. Sewell, The_TheorX-2! A2! B,, 
--- 

ed_Concretc, C. & C. E., vol. 1, no. 3, 
July, 1906, 

296. Turner, op. cit. (264), p. 253. 

297. See e. g., W. MorganTýjftements-of -SiructureLondon, lst pub., 1964, 
R. P., 1976, p. 94. Dr. D. Phillipsp Dept. il Engineering, Univ. 
Glasgow, perA. -communic., 4.9.1980. 

298. The_Choice of Reinforcement, by A Correspondent, C. & C. Ej, vol. 5, no. S. 
Aug, 1910, (pp. 552-7), p. 557. The_Choice of Reinforcenent, by Another 
Corresp., C. & C. E., vol. 5, no. 9, (pp. 641-3), p. 643; (etc). 

299. Mouchel, op. cit. (2), p. 49. Jones, op. cit. (155), pp. 219-20. 

300. E. g. A. C. Davis, C-& C. E., vol. 6, no. 9, Sept, 1911, p. 666. 

301. For Indent. bars, see, e. g. SýýERSteristics of the Chief_SX212Ln2, 

op. cit. (214). B. F. P. C. test: C. & C. E., vol. 2, no. 2 , p. 151. 

. 11 
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Indented bars (occasionally advocated by the editor of Concrete and 

Constructional_EngjRe2rjRg, in preference to those used by L. G. Mouchel) 

were applied in all major structural elements of buildings, but like 

Columbian bars, often in conjunction with R. S. J. s. 
302 

(Columbian 

reinforcement was used for the floors and roofs of Mewas and Davis's 

early London example of a large steel-f ramed building in 1906 
303 

). 

Twisted bars, as used by E. Ransome in the U. S. after 1884 and used 

in modern practice, were disapproved by L. G. Mouchel, because he 

believed (in common with Ransome's critics in the U. S. ) that steel 

should not be bent or twisted in any way as being harmful to the 

metal fabric. 
304 

The manufacturing process for plain bars, did not in fact, produce 
305 

smooth, round, bars, but bars with a rough, or corrugatedsurface, which 

perhaps explains their practical success in many conditions and the 

considerable weight of opinion in favour of their general adequacy. 
306 

Marsh considered deformed bars superior but said the question was whether 
307 

plain bars sufficed. Both kinds are used today, but in different 

technical circumstances, (plain bars being the more ductile, deformed bars 

providing superior bonding 
308 

). 

302. E. g., C. & C. E., vol. 2, no. 1, March, 1907, p. 4. Jones, op. cit. (155), 
p. 221, ff. 

L 303. Steel and Concre. te at the Ritz Hotel ýarjqo vol. 1, no. 6, Jan., 1907, 
TP-P-Z39-54), pp. 448,45374. Chapter 5. 

304. Mouchel, op. cit. (2), p. 49. 

305. M. de Joly (1896), cited by Cordeau, op. cit. (3), p. 28. S. a. E. Morsch, 
Forms of Steel bars for Reinforcement, F. C., vol. 2, no. 2, (pp. 34-6), p. 36, 

on crookedness of small diameter rods. 

306. E. g. F. Hennebique; L. G. Mouchel; R. I. B. A. Jt. Com. on Reinforced Concrete (1906-7 
H. Adams, M. Inst. C. E., op. cit. (292). 

307. C. F. Marsh, pr. to C. I., C. & C. E., vol. 3, no. 6, p. 474. 

308. Dr. D. Phillips, Dept. Civil Eng., Univ. Glasgow, pers. communic., 
4.9.1980. 

N 
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The importance of lateral ties as well as longitudinal bars in 

column reinforcement was being realised and the use of helical 

reinforcement compared with other bindings with vertical bars showed a 

relative increase between 1904-10,309 reflected in the modified Second 

Report of the R. I. B. A. Joint Committee on Reinforced Concrete (1911). 
310 

Armand Considare's findings with regard to the benefits of spiral 

reinforcement may have influenced Ifennebique and Mouchel in their later 

use of more closely spaced transverse links in columns, compared with 

their proposed use, for example, at the time of Hennebique's patent 

addendum (1893), although L. G. Mouchel'claimed to have originated spiral 

reinforcement, 
311 

and Hennebique was working on, "similar but not 

identicall''lines to Consid&re; 
312 

E. Coignet also carried out relevant 

tests before 1905.313 

The Trussed Concrete Steel Co. adopted spiral binding in columns 
314 

in a reinforced concrete framed building in London, designed by Arthur 

Blomfield (1908)ý 
15 

following at least one serious failure in the U. S. 
316 

which was attributed to the unsuitable use of Kahn bars in columns. 

Spiral reinforcement, contributing to load-bearing, is still employed, 
311. 

or links to prevent longitudinal rods from buckling and as shear reinforcemen 

309. Dunn, op. cit. (31), pp. 30-1,38,44, and, W. Dunn, Regulations'- for Tbinforced 
Concrete Buildings in London, C. & C. E., vol. 5, p 

310. Chronicle, JRIBA, vol. 18,30.6.1911, p. 595. 

311. E. g. see, Marsh, op. cit. (41), p. 62. Chapter 1 and Chapter 7. 

312. A_Cardiff-Warehouse, B. J., vol. 26, C. & S. suppl., 14.8.1907, p. 17. 

313. Sutcliffe, op. cit. (60), p. 354. 

314. A Reinforced Concrete Office'Building in London, C. & C. E., vol. 3, no. 29 
M7371- 8, p. 115. Turner, op. cit. (264), p. 239. 

315. lb., A_Reinforced Concrete Offico Building, p. 115. 

316. C. & C. E. vol. 2, no. 1, March, 1907, p. 3. 

317. E. g. Morgan, op. cit. (297), pp. 131-2. 
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Despite its efficacy in use, Consid6re's spiral reinforcement which 

he preferred continuous, was difficult to embed in concrete, (which was 

placed from the top of the form), compared to other reinforcements, 
318 

and the concrete might be, "very wet" to compensate for the difficulty 

of tamping it, 
319 

despite the fact Consid6re preferred a "dry" mixture. 

Considdre himself said his system was less vulnerable to bad workmanship 
320 

and the Consid6re Construction Co. in Britain cited comparative experiments, 

using inexperienced workmen, to prove this. 
321 

Kahn's stirrups, because flat, were again said to be difficult to 

encase in concrete. 
322 

Julius Kahn and others argued, on the other 

hand, that Hennebique's stirrups required more skill to place, and were 

liable to displacement during concreting, or if the concrete failed. 
323 

While this was disputed, Hennebique reinforcement was displaced during 

the construction of an early water tower at Newton-le-Willows, causing 

subsequent problems. 
324 

In 1905j L. G. Mouchel patented a method of 

retaining stirrups in position during moulding, 
325 

and "kinked" stirrups 

were later re-introduced. 

The importance of care in executing the Ilennebique system, in 

particular, was asserted by a committee investigating the collapse of a 

reinforced concrete building on this system in BAle, in August, 1901,326 

318. E. g., Dunn,, op. cit. (31), pp. 30,43. 

319. Marsh, op. cit. (41), p. 152. 

320. lb., append., p. 520, cited by'Marsh. 

321. T. B. Shore, Mgr., Considbre Constr. Co. , C. & C. E. . vol. 5, no. 5, p. 373. 

322. Turner, op. cit. (264), p. 257.1 

323. Kahn, op. cit.. (54), H. Adams, B. J., C. & S. suppl., 4.12.1907, p. 340. 

324. The_I. C. E. and Reinforced Concrete, C. & C. E., vol. 5, no. 11, Nov., 1910, p. 804. 

325. Chapter 7. 

326. Failures in Reinforced Concrete_and_Their Lessons, C. & C. E., vol. 1, 
no. 4, Sep. 1906, p. 278. 



n+ 

although L. G. Mouchel and others 
327 

believed unskilled labourers were 

competent for reinforced concrete work, with skilled supervision. 

Concrete2zdConstructional En. GIE22ring (1907) described the need for, 

"extreme care and supervision at every stage 11 

of reinforced concrete work in general as its, "weakest point", and Edwin 

T. Hall, F. R. I. B. A., observed that, 

"one of the gravest things in the use of reinforced 
concrete was the personal equation", 328 

329 (. although C. F. Marsh maintained the same was true of steel 

327. Mouchel, op. cit. (2), p. 50. C. F. Marsh, Construction in Concrete and 
Reinforced Concretep I. C. E. v Procs,, vol. 1491 London, 1902, pr. no. 3324, 
(pp. 297-312), p. 25i. Armstrong, OP-C't- (37), p. 110. 

328. Editorial_Notes, C. & C. E., vol. 1, no. 6, Jan., 1907, p. 403. 
Ed--wln--ý. --H-a-l-l--Discussion 

on I- _ReMt-21-loint 
Committee, JRIBA, 

vol. 14, p. 501, Cf: F. T. Reaae, -ib., p. 503. 

329. C. F. Marsh, ib., p. 501. 
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Hennebique's Contribution to Systems. 

Frangois Hennebique at various times has been credited, or credited 

himself, with a number of inventions relating to reinforced concrete. 

He has been considered the originator of the reinforced concrete beam, 

and the reinforced concrete pile, the inventor of stirrups and "cranked 

up" rods, of the application of reinforced concrote in monolithic framing, 

and the inventor of the"T-beam" for purposes of calculation. Hennebique 

has also had attributed to him roles in the development of spiral 

reinforcement and pre-stressed concrete. He is said to have been the 

first to substitute steel for iron reinforcement in practice and finally 

to have originated the "three-sided" formwork - method for columns. 

F. Hennebique was widely, but mistakenly, regarded by contemporaries 

as the originator of the reinforced concrete beam. 
330 

fiennebique himself 

believed that the possibility of subjecting a reinforced concrete member 

to bending had not been envisaged until about 1892, when, "the Americans" 

had first tried beams of cement-mortar reinforced in their lower surface 

with iron bars; several patents had been obtained in America and England but, 

"none of theSe systems came into practice"; 

(in fact, quite a number did so, and were preceded by others, also 

appl ed . 
331 

Hennebique's reinforced concrete pile3, however, patented (in Belgium) 

in 1896, were either the first such constructionsp 
332 

or the first 
333 

successfully driven; (a British Court case was brought by L. G. MoUChel 

to establish Hennebique's invention). 

330. E. g., Marsh, op. cit. (41), p. 61. 

331. F. Hennebique, Le B6t. Arm6, Sep. 1900, p. 4. Chapters 1,2. 

332. lb., p. 5. Marsh, discus. op. cit. (66), p. 89. However, Coignet claimed 
piles of cement and metal framework, France andBelgium (1894): 
CA C. E., vol. 1, p. 283. 

333. C. S. Meik, Ferro-Concrete Structure, Notes, 1903. S. a: Chapter 7. 
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Hennebique himself as well as later writers have claimed his 

stirrups as novel, 
334 

although E. Coignet may have suggested a similar 

principle in 1889, and E. Ransome, in the U. S., occasionally employed 
335 

U-shaped vertical stirrups, for example, in 1891. Hennebique's 

consistent use of shear reinforcement, of which he urged the importance 

from 1893, was significant, however; for instance, the introduction of 

Hennebique's system in the U. S., impressed on American engineers the 

necessity of such reinforcement and was followed by developments such as 

the Kahn bar. 
336 

B. Jones' claim (1913) that G. A. Wayss and M. Koenen obtained a 

British patent in 1892 for a reinforced concrete floor introducing, 

"rods cranked up at the point of contraflexurell 

and tensile reinforcement of rough or serrated rods or strips# 
337 

appears 

to be unfounded: Koenen and Wayss's U. K. patent (no. 1741) in 1892, 

while claiming the employment of-reinforcement and of rough/serrated metal 

for bo'nding, does not refer to bent up rods, such as Hennebiquels. 
338 

However, T. Hyatt experimented with "bent ties" (Chapter 1). 

Hennebique seems to have'been the first to apply reinforced concrete 

including shear reinforcement to the entire construction of framed 

buildings. 
339 

P. Morton Shand (1932) refers to Hennebique's method of 

joining reinforcements between members by means of, 

340 
"round bars .... bent back and hooked together. 1's. 

334. Hennebique, op. cit. (331), pp. 4-5. Cf: M. Flament, Le. Bet. Arme, Oct. 
1900, p. 1; W. R. Howard, Presid. Address, Soc. Engrs. Trans., March, 
1954, p. 16. Collins, op. cit. (5), p. 64. 

335. Cap. Sewell, ý2inforced Concrete in the United_States, C. &C. E., vol. 1, 

no. 2, May, 1906, p. 80. 

336. lb. Chapter 1. S. a: Chapter 6. 

337. Jones, op. cit. (155), p. 9. Rings, op. cit. (46), p. 3, mentions a 
similar patent, perhaps*obtained in Berlin. 

338. M. Koenen and G. A. Wayss, 1HEMMEts in .... ýftructures_ada2ý2q_12 
Resist_Certain Strains.,, U. K. pat. no. 1741,1892. 

339. F. Hennebique, Le Bet. Arme, Sep. 1900, p. 5. 

340. P. Morton Shand, Steel-and-Concrete: A Historial_Survey, A. R., vol. 72, 
1932, p. 177. 
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In his first framed British building, for example, Hennebique employed 

hook-ended bars as links, but he also relied largely on overlapping 

reinforcements and securing them by means of stirrups, bindings, and 

11fishtailing" the ends. 
341 

C. A. P. Turner (1909), (in rare praise, 

perhaps) described Hennebique's system as, "well tied together " 
j42 

Robert Maillart, as well as L. G. Mouchel, attributed the 

invention of the reinforced concrete T-beam as a basis of calculation, 

to Hennebique, 
343 

which Maillart called a "dominant 'element in his 

system" and which was also assumed by E. Coignet and E. P. Wells 
344 

in 

their calculations. 

A. W. Buel and C. Hill (1906) mention that, "Considare and 

Hennebique" together made spirally hooped and other reinforced concrete 

columns for tests. 
345 

This may refer to Hennebique's cooperation 

simply in fabrication, although The_Builders' Journal (1907) stated that 

Hennebique was working on, "similar, but not identical" lines to 

Consid6re in this subject. 
346 

However, Hennebique considered spiral 

reinforcement unworkable for piles, for instance. 347 

Hennebique also studied the problem of prestressing concrete; W. R. 

Howard, who worked for L. G. Mouchel from 1906 and became a director of 
348 

the Pre-Stressed Concrete Co., states that Hennebique was, "working on 

the same lines" as E. Freyssinet in pre-stressed concrete, 
349 

although he 

does not say when. (Freyssinet, from his own account, began his work 

in 1903 and made his first successful application of pre-stressing in 

-------------------------------------------------------------------------- 

341. Moulin A Grains b. 
-Swansea, _2jh_EI22E, 

plan no. 4,10.10.1897. 
fie-n-n-eb-lque, op. cit. --(H4-5. Mouchel, op. cit. (2), p. 48, figure 2. 

342. C. A. P. Turner, 2oncrete Steel Construction, 1-tinneap., 1909, in: Nc-wlon,, 

op. cit. (6), (pp. 245-84), p. Hg: 

343. Maillart, op. cit. (2), p. 15. Mouchel, op. cit. (2), p. 49. 

344. Wells, op. cit. (43), p. 682. 

345. Buel and Hill, op. cit. (174), p. 82. 

346. A_Cardiff Warehouse. L op. cit. (312). S. a: Jones, op. cit. (155), p. 219. 

347. W. Noble Twelvetrees, Francois HennebiqH2, F. C., vol. 13, Nov., 1921, 
p. 137. 

348. W. R. Howard, London, letter to Mr. Crundwell, 6.12.1977. 

349. W. R. Howard, notes, 17.11.1971. (Hennebique died, 1921 - Chapter 6). 
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350 
1907. ) -Hennebique was also, it seems, a pioneer in methods of 

vibrating concrete and in Welding reinforcement 
351 

(the latter practice 

distrusted by Mouchel). 

Hennebiqua may not have been (as claimed) the first to substitute 

steel for iron reinforcement in practice, 
352 

although the first British 
353 

framed building (1897) employed steel bars. In Hennebique's first 

British patent (1892, no. 14,530), he refers to joists, "of iron or 

steel and cement" and similarly in 1897 (patent no-30 143) his claims 

refer to, "cement strengthened with iron or the like" while F. G. Edwards, 

for example, not only patented lintels in 1891-2 "preferably" reinforced 

with steel rods, but shortly afterwards advertised his method, which 

employed steel reinforcement exclusively. 
354 

For in situ column construction, The Scientific American (1906) 

credits Hennebique with inventing and patenting the use of "three-sided" 

forms. 
355 

Thus, Hennebique might be credited with the first successful 

employment of reinforced concrete piles; he appears to have been the first 

to point out the importance of stirrups in beams as shear reinforcement 

as well as the first to use bent up rods consistently for a similar purpose. 

Hennebique may have been the pioneer in effectively using reinforced concrete 

for complete framed construction and the inventor of the "T-beam" in 

calculation. It is also likely that he introduced the widely adopted 

------------------------------------------------------------------------- 

350. Eugene Freyssinet, Tech. et Arch., vol. 15, no. 4, Jan., 1956, p. 66. 

351. Howard, op. cit. (349). 

352. Collins, op. cit. (5), p. 65. As Collins says, T. Hyatt had 

suggested steel earlier, but not necessarily bsed it, see, T. Hyatt, 
(1877) in: Newlon , OP-cit. (6), p. 77. 

353. Col. O. S. Portsmouth (architect's father), letter, 26.5.1966, re. 
materials, lVeaver's Mill, Swansea (1897-8). 

354. Adverts. Edwards, end of, T. Potter, Concrete, vol. 2, London, n. d., 

c. 1893. S. a: Chapter 1. 

355. Typical-SYE12LD2-2f_Reinforce-i-(, oncrete Construction, Scientific American, 
---------- 

'il2.5.1906# n. 385. 
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"three-sided" form, especially in view of his early interest in 

efficient and safe working methods. 

I 
Hennebique was probably preceded by F. G. Edwards (or T. Potter) 

in his use of steel, instead of iron, for reinforcement. His 

involvement in the development of spiral reinforcement is uncertain, 

while if he contributed to the development of pre-stressed concrete, 

this may have been well after E. Freyssinet's early work. 

I 
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The Shape of Systems. 

The shapes of systems were less variable than their reinforcements. 

However, while formwork economy influenced such shapes to some extent 

(and P. Collins (1959) and others have emphasised this influence), 

reinforced concrete systems developed in the first place from simple 

substitution for existing "fireproof" construction. Thus Hennebique 

(1897) ncited that, 

"it has been thought possible ..... to replace the 
purely metallic elements of building construction 
by parts equally incombustible but lighter and more 
simply and rapidly made". 356 

Furthermore, a trabeated frame was not the most economical shape for 

formwork, as C. A. P. Turner's invention of his mushroom system demonstrated. 

Hennebique's reinforced concrete framing, however, usually resembled 

timber, rather than metal construction? 
57 

Hennebique's frame is 

frequently similar in spans and proportions to timber frames and columns 

and beams are connected by "haunches" or brackets 
358 

(figure 5) while 

exposed concrete floors and ceilings are clearly board-marked. The 

yellow-grey colour of some interiors does not contradict a resemblance 

to wood. 

Beams were usually rectangular, presumably as easier to build than 

Hennebique's original, trapezial beams, 
359 

and columns usually square 

in section; if hexagonal, octagonal and circular columns were, "frequentlyll 

used by Hennebique 
3P 60 

they were not in-Britain by L. G. Mouchel. 
361 

356. Hennebique, op. cit. (204), p. l. 

357. Own visits and photographs - Appendix 1. 

358. "Haunches" il. in Hennebique's 1893 French patent addit., (Chapter 1). 

Maillart, op. cit. (2), commented on Hennebique's use short span 'slabs. 

359. Own inspections and photographs - See Appendix 1. S. a: Jones, op. cit. 

(155), pp. 172-3; Chapter-1 - for Hennebique's early patent. 

360. Hennebique Methods of Calculation- VI, F. C., vol. 1, no. 10, p. 217. 

361. Own inspections and photographs: Appendix I. 
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Figure_ý5: 
_Graiii_Clean 

i; ij, 
_I 

I ouse_Dunston. 

Fii,, ure 6: Nev. Street 
--. ------------------------ - 
on_Tyne. 
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Most other systems were similar in appearance 
362 

(and Auguste 

Perret, who worked for Hennebique for a period, designed a reinforced 

concrete frame for the Champs Elys6es Theatre (1913), Paris, curved 

and bracketed like a wooden structure 
ý63 

) The resemblance to wood is 

diminished however by texture and often colour as well as the absence 

of joints, and sometimes column sizes rare in woýd. 

Other systems, as well as Visintini's, adopted the shapes of steel 

trusses, where wide spans and heavy loading were required : the 

earliest British example was probably New Bridge Street Goods Station 

in Newcastle on Tyne (figure 6), completed by L. G. Mouchel in 1907 ; 
36 14 

(such construction here was estimated (1976) as heavy and uneconomical. ) 

Although N. Pevsner (1976) suggests that Robert Maillart, in 1905, 
365 , was the pioneer of arcuated reinforced concrete, Monier's arched, 

reinforced concrete bridges were earlier, and which Maillart himself 

described as revolutionary in shape. 
366 

Philip Hobbs had constructed 

reinforced concrete domes in Britain in the 1890s 
367 

and Hennebique 

also built domes, as well as arched bridges, before 1900.368 

362. E. g. warehouse interior, Kahn system: C. & C. E., vol. 2, no. 1, 
March, 1907, p. 76. 

363. Illust., e. g: R. Banham, Theory and_Design in the First Machine_Age, 
London, 1960, p. 55, figure 14. 

364. Chapters 7,10. Cf: girders for Tynemouth Palace Theatre: F. C., vol. 1, 
no. 2, p. 30. For recent estimation of economy: D. G. McBeth and A. M. 
Garratt, Historic Concrete Construction in the North-East, 1976, p. 3. 

365. N. Pevsner, 1976, p. 290. 

366. Maillart, op. cit. (2). S. a: TXpj2j! j_SXstems of Reinforced_Concrete 
Construction, Scient. American, 12.5.1906, p. 386. 

367. Chapter 2. 

368. E. g., coupole, Salle des Fdtes, Vichy: Le Mt. Armd, Oct, 1900, 
figure 6; bridge over railway, Esternay: Cent Ans de B6ton Arm6, 
Paris, 1949, p. 36. 
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The first dome employing Hennebique's system in Britain may have 

been in the Spanish City Pavilion (1909) at Whitley Bay (501 in 
369 

diameter and 6" thick). Several, larger, phurch domes (as proposed 

in 1877 by Thaddeus Hyatt) followed, in various systems. 

In 1910, in Paris; the first "shell" roof, not unlike a metal platep, 

perhaps, in conception, was erected for a railway'station, gare de Bercy, 

in Boussiron's (French) system, 
370 

similar in several respects to 

Hennebiquels, 
371 

The shapes adopted were usually obtained with simple, timber 

formwork with boards cut and built as required, despite Drake's 

introduction of re-usable iron frames in the 1860s as a superior substitute 
for wood, and the standards and panels introduced for concrete buildings, 

which were no longer in much use. 
372 

No special drawings were normally 

made for formwork, until about 1907.373 

For uprights or columns, three sides were usually erected first then 

the fourth built up as work proceeded (walls were similarly constructed, 

with one side built up first) : this was Hennebique's original method, 

allowing economy and observation of work in process. Edges to columns 

and beams were chamfered by. means of triangular wooden fillets in the 

forms and wooden blocks might be inserted for other details. 
374 

Alternatives to timber were considered however. A. E. Corbett 

(1904) referred to the use of thin, corrugated iron centering for floors, 

as cheaper and easier than wood and rusting away after the concrete matured; 

369. E. g. Mouchel-Hennebique Ferro-Concrete. -ý-'EI-21-! 2EýE, -122Z: 
12121 

1920. Ka-Týp-p-endix 1. 

370. Boussl: paij, Tech . et Arch., vol. 9,1949, p. 49. A. Raafat, Reinforced 

Concrete in Architecture, New York, 1958, p. 79. M. Bowley, The British 

Building Industry, 1966, p. 53, 

371. See: Marsh, op. cit. (41), pp. 35-6. 

372. Sutcliffe, op. cit. (60). 

373. S. E. Thompson, M. Am. Soc. C. E., Forms for Concrete Construction, C. & C. E., 

vol. 2, no. 3, July 1907, (pp. 209-11), p. 208. 

374. Marsh, op. cit. (41), p. 152. Jones, op. cit. (155), p. 280. 
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he also recommended small-meshed metal lathing as centering. 
375 

G. L. Sutcliffe (1905) suggested Doulton tiles for a concrete wall 

without other formwork 
376 

and A. E. Corbett employed terra-cotta tiles 

as permanent formwork for his Y. M. C. A. building in Manchester. 
377 

Circular columns with entasis were built for another early "Kahn" 

building, by means of forms made of narrow slats, 
378 

while fluted columns 

were also cast by means of interior. forms of plaster of Paris, (but not 

in the U. K. ) 
379 

I 
The_Builders'_Journal (1908) described current centering practice 

as, "standard, through want of inventiveness" 
380 

(although Ifennebique's 

house at Bourg-la-Reine was regarded as extraordinary in shape). 

C. A. P. Turner's attempt, in the U. S. from 1903, to simplify the 

usual forms for reinforced concrete framing, in a beamless system for 

light loads, 
381 

resulted in his mushroom column and slab system, patented 

in 1905.382 Instead of beamed floors, Turner employed a flared column 

capital with radial and concentric lines of reinforcement extending from 

the column head several feet into the reinforced floor slab. 
383 

In the 

event, the system proved economical instead for heavy loads, reducing 

shear around the column head by spreading the load, and it had other 

advantages over the usual frames: ' even less obstruction to light, and 

-------------------------------------------------------------------------- 

375. Alfred E. Corbett, ARIBA, Modern Domestic Architecture, JRIBA, 
vol. 11,9.1.1904, p. 120. 

376. Sutcliffe, op. cit. (60), p. 313. 

377. Chapter 10 and Appendix I. 

378. E. g. Jones, op. cit. (155), p. 181. 

379. lb., pp. 177,1811 s. a: p. 155. 

380. Centering, B. J., vol. 27, C. & S. suppl. 20.5.1908, p. 436. 

381. Turner, op. cit. (264), p. 274. 

382. Newlon, op. cit. (6), p. 243. S. Giedion, Spa22L_jjLne and Architecture, 

H. U. P. p 5th edn., 1967, pp. 454-5: says Turner "experimented ir; M 
1907'. ' Condit, op. cit. (170), pp. 167-9, also gives later dates for 

experiments and patents. 

383. For Turner's and Maillart's systems, see, e. g., Bill, op. cit (2), p. 154. 
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further freedom in partitioning. 
384 j 

The system, (called "mushroom" - said Turner - on account of the 

rod formation at the column head and because of its rapidity of erection 
385 

did not imitate previous materials in conception or shape. 

Robert Maillart, in Switzerland, experimented with a similar and 

perhaps superior, system in 1908,386 but derived from his assumption of 

slabs as active structural elements, and conceived from the start as 

supporting considerable loading. His first flat slab building. was in 

Zurich in 1910.387 

By 1913, over 1,000 flat slab buildings had been erected-in various 

countries, 
388 

but none, it seems, in-Britain. 
389 

However, it is 

unlikely the system was, "scarcely known" (in England) after 1914; 
390 

ConcreteanaConstructional Engineering described Turner's system and 

illustrated its application in the U. S., as early as 1907 
391 

and 

further reports followed. 
392 

384. Turner, op. cit. (264), p. 270. Jones, op. cit. (155), p. 225: 
for column spacing. 

385. Turner, ib., p. 269. 

386. Maillart, op. cit. (2), p. 162, and, Bill, op. cit. (2), p. 10. 

387. lb., p. 162. 

388. Newlon, op. cit. (6), p. 243. 

389. E. g., no mention use in U. N. in-. C. & C. E., to this date. 

390. Bowley, op. cit. (370), p. 52, n. 2. 

391. New Works in Concrete: New Buildin. U. 2_in the U. S. on the "Mushroom" 
ý-eli; 7forced-Concrete_SyEt2T, C. & C. E., vol. 2, no. 5, Nov., 1907, (pp. 407-11). 

392. C. 
'&C. 

E., vol. 5, no. 2, Feb. 1910, pp. 145-6. C. & C. E., vol. 6, no. 1, 
Jan, 1911, pp. 36-8: mushr. bridge (U. S. ). A_New 

- 
Type 

- 
of 

- 
Girderless 

E122D Arch .&B. J., vol. 33,1.2.1911, pp. 129-30. C. & C. E., 
vol. 6, no. 12, Dec. 1911, (pp. 920-9). 
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Conclusion. I 

Whilst cement companies and others tested and improved cements 

and concretes (which had to be superior for reinforced work), and 

some tests were made of reinforced concrete in Britain in this period, 

there was more interest and research, particularly relating to reinforced 

concrete, in some European countries, and the U. S. (although the 

results of studies were uncoordinated until after the establishment of 

an International Commission on Reinforced Concrete in 1906). 

However, contemporary understanding of Portland cement was khowingly 

scant, especially in Britain, resulting there in "multifarious" 

specifications'to manufacturers and sometimes confusion with natural 

cements, (quite frequently substituied for Portland by retailers). 
Neither was there much information about the relative values of aggregates. 

There was a general ignorance, in most countries, of the effect of 

the quantity of mixing water employed on the strength of concrete, and a 

growing preference for wetter (and weaker) concretes. There was also 
I 

disagreement about the water-resistance of concrete and widely divergent 

practices. 

Nonetheless, systems of reihfbreement proliferated, especially in 

Europe. In this development, Franpis Hennebique's contribution was 

considerable, in particular, his systematic provision for shear in beams, 

the use of reinforced concrete in monolithic frameworks and the 

introduction, of efficient methods of formwork construction. 

Various reinforced concrete framing systems were introduced in 

Britain before 1908, including Hennebiquels, and E. P. Wells' British 

example. These to some extent offered rival explanations of the functions 

of specific rein f orcement s. -some of which subsequently proved equally valid -while 

in the absence of general agreement or rules relating to the use of 

reinforced concrete, its application was dominated by, "specialists" and 

their special systems; (the first-detailed course of instruction on the 

subject of reinforced concrete, in Britain, was introduced in 1911, at 

the L. C. C. School of Building, Brixton 
393 

1. 

------------------------------------------------------------------------------ 

393. Editorial Notes# CA C. E., vol. 6, no. 9, Sep., 1911, p. 651. 
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The uncertainty of knowledge and practice, particularly in Britain, 

makes the successful erection of many large, reinforced concrete 

structures, mostly on Hennebique's systemp 
394 

surprising. (Indeed, 

Ferro-Concrete (1909), remarked that Hennebique's constructions were 

regarded as, "almost impossible ") 

If Hennebiquets co=ercial organisation was designed to ensure 

that work on his system was properly executed (Chapter 6), the bases 

of good practice were uncertain. "Hennebiquell methods (whether applied 

by Hennebique, or adapted by L. G. Mouchel in Britain) relied on a 

combination of "intuitive" understanding of reinforced concrete and 

empirical practice (with every structure tested as built), 
396 

as well, 

perhaps, as on providing a, "large excess of strength", 
397 

(although 

if additional reinforcement were used, this did not affect the often 

slender proportions of structures). 

Hennebique's system was employed extensively, with relatively 

few serious failures in the first decade (and none at all in Britain); 
398 

his system was much imitated and the main features are still valid. 
399 

------------------------------------------------------------------------- 
394. Chapters 6,7. 

395. Hennebique_11ethods of Calculation_=_j, P. C., vol. 1, no. 2, Aug., 1909, 
p. H-. Cf: T. J. Gueritte, The First Decade of Reinforced Concrete in 
the U. K., CA C. E., vol. 21,1926, p. 89; Mouchel-Hennebique_Ferro= 
Concrete, op. cit. (7), p. 2. 

396. E. g. L. G. Mouchel, discus. op. cit. (66), p. 85. Mouchel, op. cit. 
(2), pp. 50-1. Hennebique_11ethods of Calculation_=_Il, F. C., 
vol. l. no. 3, Septe. mber, 1909, pp. 43-4. Chapter 7. 

397. Caws, op. cit. (172), p. 193. Cf: P. Hobbs, Concrete', B. J., vol. 3, 
3.3.1896, p. 59. 

398. Chapter 7. Cf: A. T. Walmisley, discus., op. cit. (66), p. 92. 

399. E. g. see: Morgan, op. cit. (297), p. 95, figure 6 . 6b. 
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The shape and spans of Hennebique frameworks as usually employed, 

as well as of other major systems, such as Kahn's, often had a 

similarity to wooden construction , except when openwork girders 

might be designed for wider spans in imitation of metal, and it is 

more likely that timber formwork was economically adapted to such 

frames than that it was a major economic influence on their shape. 
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CHAPTER-4: 
--------- 

REINFORCED_CONCRETE_AND_"THE_ADVANCEMENT I 

OF_ARCHITECTURE". 

Introduction. 

Contemporary Architectural Ideals and the Role of Architects. 

Commercial and Industrial Architecture. 

A New Style and the Relevance of the-Modern "Structural" Materials. 

Conclusion. 
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Introduction. 

The following, general, questions considered here, relate to the 

contemporary architectural ideals and associated conceptions of the 

architect's role, which might influence attitudes towards reinforced 

concrete framing as a new material in Britain, as well as its practical 

employment by architects for commercial, industrial and other kinds of 

buildings, in the early 1900s: 

The context of architectural ideals and dominant stylistic 

tendencies, to which attitudes to reinforced concrete, and 

attempts to employ it architecturally, might conform, 

including the relation between style and material. 

2) Whether the new "structural" materials, steel and reinforced 

concrete, were associated with contemporary ideals for a 

modern, "style for the twentieth century", (especially in 

view of such association by later writers). 

3) Since many ot the early,, reinforced concrete buildings were 

commercial or industrial structures, involving architects 

in their design, whether such buildings were normally 

regarded as architectural subjects, (regardless of the 

materials employed). 

4) The ideal role of architects, and the design of, "calculated 

structures" (steel and reinforced concrete). 

Chapter 8 examines architects' roles in practice, in the design of 

early reinforced concrete framed buildings, in the context of the existing 

" specialist system" for reinforced concrete work and contemporary arguments 

for dismantling this system. The'significance of the R. I. B. A. 's Joint 

Report on Reinforced Concrete (1907) is also considered in that chapter. 

The general formal ideals discussed here are related in Chapters 

10 and ll, 'to certain artistic problems perceived in the use of reinforced 

concrete, and to examples of "architectural" applications of reinforced 

concrete in the early 1900s. 
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ý2212TMEary Architectural 
- 

Ideals and the Role of Architects. , 

I The proper character of the architect's role in design and 

construction, around 1900, was a "vexed question" 
I 

and attributed roles 

ranged between "artist-craftsman", "artist-scholar" and "scientific 

constructor"; new responsibilities were also added, such as fire 

prevention, (frequently a relevant concern where the use of ferro-concrete 

was considered )ý 

The only 

said to be a, 

unrestricted 
4 

architects in 

requirement for 

"brass plate" 
3 

Membership 

19011 
5 

represen 

architectural practice at this time was 

(surveyors and engineers were similarly 

of the R. I. B. A., which comprised 15% of 

ted certain'professional standards 
6; 

most 

of the architects of the ferro-concrete buildings discussed in Chapter 

10, were members. In general, architects regarded their social status 

as low 
7 

and their remuneration as inadequate. 
8 

Professor Aitchison, 

A. R. A., President of the R. I. B. A., complained in 1897, 

it at present the architect was nobody; no one thought 
anything of him - he worked for almost nothing, and 
he had no other reward .... newspapers treat architecture 
as it buildings grew naturally; they would as soon think 
of asking who was the author of a mushroom... " 

1. J. Slater, Bldr., vol. 85, pp. 158-9. 

2. B. J., vol. 2, p. 86; B. J., vol. 25, Fire suppl., 10.4.1907, p. 25. 

3. E. g: B. J., vol. 10,1899, p. 302; William Emerson, President's Opening 
Address, 5.11.1900, J. R. I. B. A., vol. 8, p. 5. 

4. W. Emden, The_Society_21_ýEEý112212, B. N., 3.12.1897, p. 789. 

5. Barrington Kaye, The Develo2Ln2nj-2j_the Architectural P. rofes'sion in 
Britain, Lond., 1960, p. 175. 

6. E. g: see, Aston Webb, President's Opening Address, J. R. I. B. A., vol. 11, 
2.11.1903, p. 5. 

7. B. J., vol. 1, p. 235, B. J., vol. 10, p. 220. Pros22212, B. N., 31.12.1897, 

p. 929. The International CongE2H-2j_Archit; cis, 
_Yj22n!, 

1908, C. & C. E., 

vol. 3, no. 3. p. 209, etc. 

8. B. J., vol. 7, p. 102. B. J., vol. 10, p. 400. J. R. I. B. A., vol. 7, p. 348, etc. 

9. Prof. Aitchison, A. R. A., P. R. I. B. A., discus., H. Heathcote Statham's 

pr., The New Government Offices Scheme, 12.4.1897, J.. R. I. B. A.. p 
vol. 4, p. 311. 
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This does not necessarily mean that architects were employed for 

reinforced concrete buildings because they were cheap (see Chapter 7), 

but this position did result in some architects undertaking several 

simultaneous jobs, with some delegated to assistants and this was also 

the pattern in public offices, such as the Office of Works, 
10 

(one of 

the early clients for reinforced concrete buildings). 

The_Building_ý2, fs (1897) divided architects roughly into three 

classes: "surveyors, plan experts and artistic designers" (combined, 
11 in "country towns"'). William Emerson (1900) considered that the 

architect's province reached from engineering to embroidery 
12 

and the 

President of the Northern Architectural Association, rrank Caws, F. R. I. B. A. 

(1901), said an architect should be, "artist, scientist and businessman"; 
13 

(Caws himself - as scientist - experimented with reinforced concrete - 
see Chapter 2). The Builders' Journal (1898) thought it possible to be 
both artist and constructor if such work as surveying and estate agency 

were omitted from architects' practice. 
14 

Alternatively, the architect 

was regarded as properly a general administrator rather than executor. 
15 

The public was said to expect an architect to be either primarily a 
bus inessman, 

16 
or an ornamentalist. 

17 

----------------------------------------------------------------------- 

10. E. g. Edward W. Hudson, A. R. I. B. A., letter, 26.4.1913, J. R. I. B. A., 
vol. 20,10.5.1913, p. 498. Leonard Stokes, letter to The Times, 
17.9.1901, in: Chronicle, J. R. I. B. A., vol. 8,28.9.1901, p. 485. 

11. B. N., vol. 72,1897, p. 333. 

12. W. Emerson, Address 
- 

to 
- 

Students, 5.2.1900, J. R. I. B. A., vol. 7, 
(p. 121 ff), P. IH. 

13. Frank Caws, F. R. I. B. A., Th2_E221, 
_Eresent 

and Future of British 
Archit JYJ2, President's Address, N. AYA., 13.11.1901, J. R. I. B. A.? 
vol. 9,23.11.1901, (pp. 45-8), p. 47. 

14. B. J., vol. 7,18.5.1898, p. 265. 

15. E. g. James Lockhead, B. J., vol. 3, pp. 189,205. 

16. Joseph Oswald, F. R. I. D. A., President's Address, N. A. A., 13.11.1895, 
J. R. I. B. A., vol. 3, (pp. 72-5), p. 74. 

17. Francis C. Penrose, President's Address, 4.11.1895, J. R. I. B. A., vol. 3, 
p. 3. 
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However; R. Blomfield observed, in 1909, 

"All architects worthy of the name were artists - if not 
in attainment, at any rate in intention 11,18 

and C. Bertram Bulmer (1893) said the aim of, 

"true architects (was) Art - to ...... endow.... a building.. 

with form, proportion, colour and refined and chaste 
adornment 11.19 

Further objectý of architecture were that as well as being 
20 

pleasing, it should be intellectually interesting and instructive,, with 

the practical purposes of buildings expressed - but not obtruded. 
21 

Among recurrent formal and symbolic ideals at this time, are an emphasis 

upon a substantial and, "rooted" quality, characteristic of classical 

architecture 
22 

for example', the quality of "repose" 
23 

and the ideal 

of "permanence" in art. 
24 

These objects were to be attained primarily through well-composed 

and generous proportions, employing a redundance of material 
25 

(instead 

of th 
Ie 

"engineering minimum") and by integral decoration, including 

mouldings, sometimes claimed as, "the technique of architecture "ý 
6 

18. Prof. R. Blomfield, A. R. A., F. R. I. B. A., The Annual Dinner, 26.5.1909, 
J. R. I. B. A., vol. 16,12.6.1909, p. 551. Cf: e. g., John Holden, F. R. I. B. A, 
President's Address, Manchester Soc., of Architects, 2.10.1894, J. R. I. B. A., 
vol. 2, (pp. 28-31), p. 31; G. T. Brown, F. R. I. B. A., President's Address, 
N. A. A., 11.11.1908, J. R. i. B. A., vol. 16,9.1.1909, p. 188. 

19. G. Bertram Bulmer, Presid. Leeds & Yorks. Soc., 20.11.1893, J. R. I. B. A., 
vol. 1,23.11.1893, p. 62. 

20. E. g. B. Pite, J. R. I. B. A,, vol. 11,11.6.1904, pp. 447-8. Prof. Aitchison, 
J. R. I; B. A., vol. 4, p. 1 . 

21. Arch. & C. R., vol. 57, p. 253. 

22. E. g. John Belcher, Essentials in Architecture, Lond., 1907, p. 27; 
Brit. Archt., vol. 58, Be-c7-YgH, p. 435. 

23. J. D. Grace, The_QualitX-21A222se in Architecture, J. R. I. B. A., vol. 7, 
1900, pp. 429-3-1 

24.11. Heathcote Statham, 1.11.1897, J. R. I. B. A., vol. 5, p. 9. 

25. H. Heathcote Statham, The Architectural Element in EnUjMEIDG-ýHýE. 
pr. to R. I. B. A., 15.5.1899, J. R. I. B. A., vol. 6,20.5.1899, (pp. 385-96), p. 386. 

26. A. N. Paterson, Tradition in Architecture: Its Function and_Value, pr. to 
R. I. B. A., 21.4.1902, J. R.!: 57X7---vol. 9, (pp. 505-14), p. 309 
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A preference f-Qr "substantiality" (and "repose") extended beyond a 

preference for classicism. 
27 

These ideals posed artistic problems in 

the use of slender, reinforced concrete frames and thin reinforced walls, 

as well as the possible use of unreposeful cantilever constructions, 

as we shall see (in Chapter 10). 

To meet these ends, "a style" might be perceived as necessary, but 

not in the sense of archaeological reproduction; for example, G. Baldwin 

Brown (1895) said, 

"It is not enough ..... for a building to have "style" in 
the abstract - it must have a style", 28 

by which he understood, 

"the element of restraint, and adherence to well-considered 
conventions, play an. important part in the design ". 29 

He cited the Institute of Chartered Accountants as, on the whole, a 

successful example of, 

"living architecture, using classic conventions 11. 

Engineering might be regarded as pleasing, without attempts to mimic 

architecture, but less intellectually interesting. 30 
A concealed 

steel frame to a building was sometimes regarded as admissible, with art 

to, "dress scientific structure 11.31 However, the structure may not 

always have been scientific, as R. I. G. Read, M. Inst. C. E. maintained that 

27. See, e. g. T. G. Jackson, Reason in Architecture, Lond., 1906; 
C. F. A. Voysey, jd2as in TKings, in: T. Raffle; Davison, ed., The Arts 
Connected with Building, Lond., 1909, p. 120. 

28. G. Baldwin Brown, review, H. Heathcote Statham's Architecture for General 
E22d2EE, Lond., 1895, J. R. I. B. A., vol. 2, (pp. 587-95ý# P. E88. 

29. Prof. B. Brown, Architecture for the_Public, J. R. I. B. A., vol. 2,19.9.1895, 

p. 670. 

30. E. g. Statham, op. cit. (25), p. 388. 

31. Prof. Kerr, J. R. I. B. A., vol. 7, p. 186. 
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English architects did not allow engineers to ddsign steelwork and erect 

it first (as in the U. S. A. ), resulting in haphazard mixed constructions 

of steel and brick. 
32 

A petition to the R. I. B. A. in 1892 in support of architecture as 

a fine art 
33 

advocated a closer association with sculpture and painting, 

and the idea of the architect being his own executant builder, or craftsman, 

was also proposed on the basis that (artistic) design and construction 

were inseparable, 
34 

(although an interest in the "allied arts" among 

younger architects was said to be tending to a "non-architectural" view 

of architecture. 
35 

) 

An emphasis on the "art of building" was also associated with a view 

that architecture was properly an expression derived from the materials 
36 

and structures employed, 'not preconceived forms. This theory was said 

in the 1890s to be losing ground compared to earlier in the nineteenth 

century, 
37 

but in 1901, T. G. Lucas said the view that architectural 

progress depended upon, "logical building (was) coming to the fore among 

architects " 
ý8 

In 1903, for example, there was also new optimism abo'ut 

a craft revival and The_Builder anticipated a "traditional vernacular" 

future style. 
39 

--------------------------------------------------------------------------- 

32. R. I. G. Read, M. Inst. C. E., discus. R. W. Gibson (N. Y. ), 
_fjj22E2of Construction of Buildings in the U. S., pr. to R. I. B. A., 5.12.1898t 

j7KKKA., vol. 6, (pp. 49-64; discus. pp. 64-8), p. 67. 

33. R. Norman Shaw and T. G. Jackson, eds., Architecture: A Profession 
or an Art-, Lond., 1892, xxxiv - xxxv. 

34. lb., T. G. Jackson, xxviii; R. Blomfield, p. 40; R. 1j,. Shaw, p. 7. 

35. B. J., vol. 7, p. 41. Cf., Prof. Aitchison, Opening Address, 1.11.1897, 
J. R. I. B. A., vol. 5, p. 3. 

36. Jackson, op. cit. (27), p. 149. A. S. Dixon, Prqsident's Address, 
Birmingham A. A., J. R. I. B. A., vol. 18,24.12.1910, pp. 147-8. 

37. A. T. Bolton, A. R. I. B. A., The Influence of Literature on Architecture, 
J. R. I. B. A., vol*. 2,27.6.1593, p. 567 - 

---------- 

38. T. G. Lucas, Influence on Desi[, Ll, pr. to Leeds 
& Yorks. Arch. Soc., 4.3.1901, J. R. I. B. A., vol. 8,22.6.1901, (pp. 409-16), 

p. 410. 

39. Bldr., vol. 85, Oct. 1903, pp. 359-61. 
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The craft movements in Britain, inciuding the Arts and Crafts 

Movement, shared with the view sometimes called, "structural rationalism", 

ideas like expressing the nature of materials, and "fitness" allied to 

beauty, 
40 

but the Arts and Crafts' theory and subsequent, similar, views 
41 

also conceived of building in terms of handicraft and spontaneous building 

art. The art of building was advocated in opposition to the "present 

emphasis" on the science of building, and mechanical perfection. 
42 

Professor Aitchison, in 1902, considered that contemporary invention and 

capacity in architecture rejected new materials and possibilities. 
43 

J. L. Ball (1908) refuted the idea, "popular at present", that 

architecture was accidental to fine building and defined its function as 
44 

the expression of dominant structural ideas in more or less symbolic forms. 

This resembled the emphasis on formal ideals, outlined above, insofar as 

traditional symbols, such as capitals, were universally admissible, and 

"proportion", as the expressive mode, was not determined by economical 

structural proportions; architecture was, "idealised structure " 
!5 

Engineers' objectives were generally regarded as limited to, "safety 
46 

and economy" ; however some architects argued that if building 

construction were inseparable from architecture, the same logic applied to 

---------------------------------------------------------------------------- 
40. For discus. of the idea of the structural basis of architectural form, 

(nineteenth century), see, e. g. Carl Condit, American Building Art. The 
Nineteenth Century, N. Y., 1960, p. 270. B. J., vol. 1, p. 339, refers to: 
7'ex-iýýordinary in-fluence" of Viollet-le-Duc. 

41. E. g. Beresford Pite, A Review of the Tendencies of the Modern School of 
Architecture, V01.8,22.12.1900, (pp. 77-91; 
a! scu-s--. -, -pp--. 9l-6). T. Raffles Davison, op. cit. (27), Introd. 

42. E. g. M. 11. Baillie Scott, Ideals in BuildinZ. L_Ej! ls2_2nq_jrp2, in: 
- i-i-R. Davison, ed., ib. S. a: Modernism in Ar_, 16.7.1897, p. 65. 

43. Prof. Aitchison, The Learning_21_ýr2hitecture -_I., R. A. lects., 1902, 
J. R. I. B. A., vol. 9,8.3.1902, (pp. 199-200), p. 199. 

. 
ýr2hitectura as a Fine, Art, 'I)r. ý'to-13irmingham A. A., J. R. I. B. A, 44. J. L. Ball, 

vol. 1511 a, -2.1908, (pp, 239-48), pp. 2i5,246-7. ' 

45. E. g. J. L. Ball, The_p2glLaninEE-2f_Ar2ý1122tuE2, President's Address, 
Birmingham. A. A., J. R. I. B. A., vol. 16,6.3.1909, (pp. 309-14). 

46. J. R., Sharman, discus. two papers on: Modern Steel Building-ý2221M! 122, 
28.4.1913, J. R. I. B. A., vol. 20,10.5.1915, (pp. 477-90-), -p--. 4-85. 
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modern "calculated" structures - steel and reinforced concrete- with 

which architects should be conversant, either in principle 
47 

_ or in 

deta 1.48 

"Structural rationalism" was concerned with the expression of I 

materials and structures in whatever way was appropriate - and 

therefore included "scientific construction" or "paper architecture"; 

as such it was relevant to architectural design in reinforced concrete. 

In this view, the architect's role, ambitiously, -was as a constructor 

with artistic sense, and thus in a position to retain an artistic 

control over the proper ("truthful" and artistic) use of modern 

structural materials. 

For example, Frank Caws, F. R. I. R. A. , -(1901) considered 

architects needed a scientific knowledge of modern materials, as steel, 

in order to give a building its'character of proportion - which should be 

that of, "strength to duty" 
49 

(and Albeirt Hodge (1908) expressed an early 

admiration for the functional appearance of express-engines, as 

"sculpture in steel" 
50 

William Curtis Green, F. R. I. B. A. (1913), like 
51 

Caws, W. R. Lethaby and others - believed that architects should 

understand, 

"structural mechanics ..... we need to.. ... move with freedom 
in the primary stages, and not ..... be dependent upon the 
engineer putting things right in the end ". 52 

Horace Cubitt, A. R. I. B. A. stated that as, 

"construction was the basis of architecture.... he had for 

47. E. g. T. E. Collcut, President's Address to students, 4.2.1907, J. R. I. B. A., 

vol. 14,9.2.1907, (pp. 213-7); W. E. Vernon Crompton, J. R. I. B. A., vol. 20, 
28.6.1913, p. 609. 

48. E. g. Chronicle, J. R. I. B. A. p 25.4.1895, p. 420;, F. Caws, F. R. I. B. A., 
J. R. I: 57X:; -vol. 4,1897, p. 225. 

49. Frank Caws, Reviews, J. R. I. B. A., vol. 8,21.1.1901, p. 134. 

50. Albert H. Hodge, Architectural_SculptyE2, pr. to Birmingham A. A., 
6.11.1908, J. R. I. EA., vol. 16, (pp. 153-62), p. 159. 

51. E. g. W. R. Lethaby, The Architecture of Adventure, 1910, in: Form in 
Civilisation, O, U,, P, ý-nR--ea-. -, 19-57. Lethaby s sually conside-r-ea-! -- solated, 
e. g.: G. Ru-; ens, Introd. to: Architecture Mvsticism_and_MX! ý, Lond., 1974. 

52. William Curtis'Green, F. R. I. B. A. p Review of DesiED2 Rý 
--- -a 

AMViM-LE 
Prizes. and Studentships, 1912-13, J. R. I. B. A., v; 1.20,8.2.1913, p. 207. 
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many years thought that the structural engineer as distinct 
from the architect should not exist ", 53 

although William Dunn, F. R. I. B. A., observed that for architects, 

"theory and algebra are things to be avoided ". 54 

P. Leslie Waterhouse in about 1912., stated that, 

"already almost every important building ..... is designed 
with its network of steel framing ". 55 

A. S. Parker, F. R. I. B. A. refers to the diverse requirements of modern 

buildings, including warehouses, and their "modern steel construction" 

as subjects for architects' study 
56 

and Mr. Campbell, M. P. (1893) 

observed that architects took advantage of steel girders for greater 
floor and ceiling spans. 

57 
If architects did not necessarily design 

steelwork, there is little doubt they were commonly employing it, for 

large or commercial and industrial buildings, as they were beginning to 

employ reinforced concrete. 

However, in the early 1900s, architects - and engineers - in 

general knew little about steel and even less about reinforced concrete 
58 59 

construction C. F. Marsh and other writers being exceptional) 

and indeed the reinforced concrete specialists disagreed among themselves, 

(Chapter 3). As M. Bowley (1966) pointed out, the professional interest 

------------------------------------------------------------------------ 

53. Horace Cubitt, A. R. I. B. A., discus., op. cit. (46), p. 478. 

54. William Dunn, review: T. Potter, Concrete, Lond., 3rd edn., 1908, 
J. R. I. B. A., vol. 15,26.9.1908, (pp. HE: 3ý, p. 622. S. a: W. Howard 
Seth-Smith, F. R. I. B. A., J. R. I. B. A., vol. 19, p. 681. 

55. P. Leslie7Waterhouse, The_StorX_2j_ArSýjt2StuE2, Lond., etc., rev. edn., 
n. d., c. 1912, p. 209. 

56. A. S. Parker, retiring President's Address, Devon & Exeter Soc., 14.5.1904, 
J. R. I. B. A., vol. 11, p. 400. 

57. Mr. Campbell, M. P., J. R. I. B. A., vol. 1,6.11.1893, P. 14. 

58. E. g. R. Blomfield, On Architectural Education, pr, to R. I. B. A., 20.2.1905, 
J. R. I. B. A., vol. 12,25.2.1905, p. 245, and 

;; -e: L. G. Mouchel, Monolithic 
Constructions in HennebiS221s Ferro-Concrete, pr. to R. I. B. AT --------- 

--- ---- -I 21.11.1904p J. R. I. B. A., vol. 12, p. 47. 

59. E. g. Charles F. Marsh, Assoc. M. Inst. C. E., Reinforced Concrete, Lond., 
1904. 
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of British engineers, who were not apparently very interested in 
60 61 

ferro-concrete even around 1905 was not required (because of the 

existence of reinforced concrete specialists: Chapters 6- 8). 

In 1906, Concrete_and_Constructional-Engineering noted a growing 

tendency for the public to require greater constructional knowledge of 

architects. 
62 

The, "rising generation" of architects was studying 

structure; 
63 

The Builders' Journal_and Architectural_Record in 1906 

changed thelatter part of its title to, "and Architectural Engineer" 

and in 1907, a Technical Bureau for Architects was established, with 

a variety of aims, including an information service relating to new 

methods of construction. (This was administered by a committee of ten 
64 

architects, all but one, fellows of the R. I. B. A. ). In 1911, 

Concrete and Constructional_Engineering was maintaining that architecture 

should be a technical profession. 
65 

60. Bldr., vol. 88, Ap., 1905, p. 371. 

61. M. Bowley, The British Building_Industry, Camb., 1966. 

62. C. & C. E., vol. 1, no. 4, Sept. 1906, p. 287. 

63. Caws, op. cit. (13), p. 46. 

64. A- Technical Bu, reau for Architects, J. R. I. B. A., vol. 15,21.12.1907, 
p. lio. 

65. Editorial Notes, C. & C. E., vol. 6, no. 1, Jan. 1911, p. 2. 

z 
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Commercial-and_Industrial Architecture. 

66 67 
Although in 1892 and still in 1905 architects were not engaged for 

9 
7 buildings, and although M. Bowley (1966) for example, suggests that 

10 68 
the employment of architects for industrial buildings was exceptional, 

most of the selected group of reinforced concrete buildings referred to 

in the General Introduction, and which were commercial or industrial 

structures, involved architects, as well as structural specialists, in 

their design. 

That architects were not unusually engaged for ordinary commercial 

and industrial buildings (and not only for domestic, "public", or 

prestigious commercial buildings) is'indicated by a number of contemporary 

examples. 

Many - and often well-known - architects included "utilitarian" 

subjects in their practice, for example, J. W. Cockrill, A. R. I. B. A., 

in 1893. was engaged in planning swimming baths, subways and sewers. 
69 

C. Trubshaw, F. R. I. B. A.,. designed a, "huge warehouse" at Sandon Dock, 

Liverpool 
70 

and W. Hiltoxi Nash, F. R. I. B. A. had partly superintended a 

large warehouse in 1900 and in 1904,,. was no erecting one in ferro-concrete; 
71 

(much of Professor G. Aitchison, F. R. I. B. A., A. R. A. 's early professional 

life was spent, "in building and in surveying heavy structures, mainly 
72 

warehouses ....... 

66. Shaw and Jackson, op. cit. (33), introd., xv. 
67. T. G. Jackson, discus., op. cit. (58), P. M. 

68. Bowley, op. cit. (61), p. 30. 

69. J. W. Cockrill, A. R. I. B. A., letter, Brick_and_Concrete IV211s, J. R. I. B. A', 

vol. 1,7.12,1893, p. 85. 

70. B. J., vol. 1, p. 310. 

71. W. Hilton Nash, F. R. I. B. A., Discussion on Reinforced Concrete, 5.12.1904, 
J. R. I. B. A., vol. 12,10.12.1964, (pp. 84-97), p. 93. 

72. Prof. Aitchison, 'discus. prs. on: Brickwork_Tests, J. R. I. B. A., vol. 3, 

p. 357. 
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There was some debate at this time whether such buildings were 

legitimate artistic subjects. If architecture were regarded primarily 

as the art of building, a wider range of buildings might be admitted 

to the possibility of becoming architecture, although this was not 

incompatible with the idea of "fit" embellishment according to building 

type. 
73 

Thus Henry 11. Hill (1909) for example, maintained that for 

commercial architecture, "fitness" of construction and decoration was 

appropriate; the function of profit was not susceptible of higher 

architectural expression. 
74 

For instanqe, factories should be, "bold, 

strong, solid in impression" 
75 

(far from the, "daylight" factory). 

In 1904, L. G. Mouchel referred to some criticism of reinforced 

concrete buildings to date (as, "rather plain and even ugly") in which 
he saw some justification as they were generally, 

t1of the utilitarian kind, such as factories and warehouses" 

and as economical as possible. 
76 However he added that, 

"therefore our works appeal..... more from their mass and 
outline than from their architectural detail" 

and, by including an industrial building among his, "artistic examples" 

of ferro-concrete construction, (F. E. L. Harris's mill and silos - 
Chapter 10), although he qualifies it as a, "handsome building of its kind, " 

he clearly wished to indicate that such buildings were susceptible of more 

than "utilitarian" design. 

73. E. g. William Emerson, ads. studs., J. R. I. B. A., vol. 8, p. 202. 

74. Henry 11. Hill, B. A., The Influence on Architecture of Modern Methods 

of Construction, J. R. Y. B. A., vol. 16,25.9.1909, (pp. 705-11), '0167- 

Cf. Condit, op. cit. (40), pp. 299-300. 

75. B. J., vol. 9, p. 25. 

76. Mouchel, op. cit. (58), pp. 57-9. 
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Alban H. Scott, M. S. A., accounted it, "an honour" to be the 

architect for Kinlochleven Aluminium Works, (which employed reinforced 

concrete in parts), from 1905.77 (Several of the architects for the 

reinforced concrete buildings discussed in Chapter 10, were employed as 

company architects, for example for the Co-operative Wholesale Society, 

the North. -Eastern Railway Co. and Rowntrees, Ltd. ). 

In a paper to the R. I. B. A. (1904), "on the Design and Construction 

of Buildings connected with the Generation and Supply of Electricity 

known as Central Stations", 
78 

Charles Stanley Peach, F. R. I. B. A., maintained 

that such buildings for new industries formed an important part of modern 

practice 
79 

and the R. I. B. A. President agreed that, 

"architects were always glad to take up such buildings, for 
they were their raison d'dtre"; 

they Offered, 

"great architectural opportunity on account of the scale 
of the buildings and the opportunity they afforded of. 
plain wall surface ". 80 

It is perhaps worth noting that architectural competition subjects 

included such structures as, for example, a "Riverside Warehouse. " 
81 

In 1917, Moritz Kahn, associated with the American Kahn system 

of reinforced concrete established in Britain earlier, advocated the, 

"architectural treatment of the factory b'uilding" not only for advertising 

--------------------------------------------------------------------------- 

77. Alban H. Scott, Arch . and B. J., July, 1910, p. 77. 

78. Charles Stanley Peach, F. R. I. B. A., Notes on the Design and Construction 

of Buildings ..... known as Central Si3H;; -s-, -pr. to R. K. K. K-F875.1904, 
T. K. K. B. A., vol. 11,2.4.1904, (pp. 278-313; discus. pp. 313-8). 

, 9. Ib., pý. 279. 

80. Ib., p. 316. 

81. Silver Medal Design_for_Riverside Warehouse, B. N., vol. 
170, 

pp. 242, 

s. a. 237. 
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purposes, but also for the beneficial effect on employees; 
82 

perhaps only with this latter consideration were industrial interiors, 

as well as exteriors, regarded as architectural subjects. Kahn 

also advocated specialist industrial architects, 
83 

perhaps anticipated 

by the company architects referred to above. 

The_Building News (1897) suggested that the utilitarian and commercial 

objects before architects should be met in an, "art spirit" 
84 

and William 

Dunn, F. R. I. B. A., whose part in the introdu ction of reinforced concrete 

in Britain is considered in Chapter-8, observed, 

"Our task is to take the present and find our ideal in it, 
not disregarding even the vulgar material commercial 
requirements of our buildings, but fairly accepting 
these as conditions, to give them artistic expression 85 

82. Moritz Kahn, The Design and_Construction_of_Industrial-Buildings, 
Lond., 1917, p. 48. 

83. Ib., pp. 50,52. 

84. ProsP221E, OP-C't- (7). 

85. W. Dunn, Tribute on Death of R. 
_Watson, 

19.2.1916, J. R. I. B. A., vol. 23, 
(pp. 142-45, p. 143. 
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A New Style and the_Relevance_of_the_Modern_"Structural"_Llaterials. 

I 

' 86 
Excepting domestic architecture, modern buildings in general 

disappointed architects (for most Pf which they were not employed, 

as noted) and among these, urban commercial buildings ("syndicate 

architecture" 
87 

) were especially criticised. 
88 

Stanley D. Adshead, 

F. R. I. B. A. (1907), considered that, 

"modern architecture ..... fails utterly, when regarded 
as a whole, for want of cohesion and agreement as to 
general direction ". 89 

E. Guy Dawber proposed a Ministry of Fine Arts, or some consultative 

committee for architecture, especially in towns, 
90 

(one of a number 

of indications of a certain movement for professional artistic control 
over the urban environment, at this time). 

R. Blomfield (1900) characterised the main faults of contemporary 

architecture as the, 

"lack of a sense of style (and) an effort after novelty 11 91 

and . 

"the popular demand for so-called originality" 

was described by Basil Champneys (1895) as, 

it perhaps the most dangerous influence against which the 
art of the time has to struggle 11ý . 92 

86. E. g. A. E. Corbett, Modern Domestic Architecture, pr. to Alanch. Soc. Archts., 
12.11.1903, J. R. I. B. A., vol. 11, (pp. 117-25), p. 117. 

87. E. g. W. Lethaby, J. R. I. B. A., vol. 8, p. 391; E. Guy Dawber, President's 
Address, A. A., 30.9.1904, J. R. I. B. A., vol. 11,15.10.1904, p. 558. 

88. E. g. B. N., vol. 68,1.2.1895, p. 151. 

89. Stanley D. Adshead, F. R. I. B. A., Style in Architectural Draughtsmanship, 

pr. to Liverp. Soc. Archts., J. R7I. B. A., vol. 14,1.6.1907, (pp-. a5g: N5, 

p. 485. 

90. Dawber, op. cit. (87), p. 558. 

91. Reginald Blomfield, J. R. I. B. A., vol. 7, p. 413. 

92. Basil Champneys, The Value of_Sim2jicity_jn J. R. I. B. A., 

vol. 2, ll. 2. l895, -Tpp. E55: 95p p. H6---- -ýESý112212E2, 
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Attempts at originality, apparent 
- 
effort itself being a fault, 

93 

94 
commonly involved, "prostituting the orders" or designing, 

"in every known style, especially if strange and decadent ". 95 

Among these, no doubt, was "llart nouveau", perhaps a genuine new 

style, but generally rejected as eccentric. 
96 

The Building News (1897), noted an array of modern buildings 

representing all schools and phases, although versions of the 

"Renaissance" prevailed. 
97 

S. D. Adshead, F. R. I. B. A. 
-'(1908), 

distinguished 

five categories of original, transitional, styles co-existing in England, 
98 

then: 

(1) Twentieth century Renaissance, or Free Classic ("a confusion of 
forms strung together without fitness"). 

(2) Scholarly work, as by Mew&s and Davis. 

(3) Twentieth century Gothic - for ecclesiastical purposes. 

(4) Otto Wagner's Art Nouveau. 

(5) Individual styles originated by artists such as R. Norman Shaw, 

J. Bentley and others. 

93. Leonard Stokes, President's Address, 30.1.1911, J. R. I. B. A., vol. 18, 
4.2.1911, p. gJ8. 

94. T. Gildard, Glasgow, B. J., vol. 1, p. 352. Cf: W. R. Lethaby, The Theory 
of Greek Architecture, 3.2.1908, J. R. I. B. A., vol. 15,8.2.1908, 
(pp. 213-9), p. 21g. 

95. Champneys, op. cit. (92), p. 236. 

96. E. g. Jackson, op. cit. (27), p. 157. 

97. Development of Building, B. N., vol. 73,27.8.1897, p. 281. 

98. S. D. Adshead, F. R. I. B. A., Styj2_jE_jEchitecture, pr. to Leeds & Yorks. Soc., 

10.12.1908, AR. I. B. A., vol. 16,6.3.1909, (p. 304 ff), P. 306. 
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A single, original, unifying, modern style was anticipated among 
99 

#1 
100 

many architects, ý a style for the twentieth century ". and which 

would also unify different types of buildings. 
101 

The hypothetical 

style generally had two broad symbolic functions, to be modern; and 

national, (although Paul Waterhouse, in about 1912, pointed to the 

cosmopolitanism of architecture in the "civilised world" 
102 

). The ideal 

was less often associated with new building types or functions and the 

problem of an expression (or expressions) for new structural materials 

was often largely irrelevant to its motives, which were to improve the 

general quality of architecture and also to parallel the "great stylistic 

unities" of architectural history. 
103 

Professor G. Aitchison thought such a style should represent a, 
"compendium of culture attained", commemorative as well as artistict 

104 

and W. Emerson envisaged, 

"large imperial ideas as part of the artistic conception 11.105 

However, Professor Aitchison (1902) expresses an interesting problem 

in this object., 

"The question, then, is how we are to evolve something that 
is at once novel and yet has all the best characteristics 
of the most perfect specimers of antiquity" 106 

The "evolutionary idea" influenced various arguments in connection 

with the question of. a modern style. Darwin's theory that species were 

99. E. g. Percy Robinson, F. R. I. B. A., President's Address, Leeds & Yorks. 
Soc., 11.11.1909, J. R. I. B. A., vol. 17,20.11.1909, p. 91. 

10O. E. g. B. J., vol. 10, p. 331. 

10I. A, N. Paterson, StX12, 
_lLiýjyjgLi2jity 

and National Tradition, President's 
Address, Glasgow A. A., J. R. I. B. A., vol. 2, (pp. 246-95, -p. 247. 

102. Waterhouse, op. cit. (55), p. 208. 

103. E. g. Prof. G. Aitchison refers to a, "new epoch of glory": Chronicle, 
J. R. I. B. A., vol. 4,23.9.1897, p. 473. 

104. Prof. G. Aitchison, The Advancement of Architecture, First lect. of series, 
R. A., 29.1.1894, J. R. I. B. A., vol. 1,1.2.1894, (pp. ý43-4), p. 244. 

Cf. Notes, A. R., vol. 23,1908, p. 217. 

105. William Emerson, J. R. I. B. A., vol. 7, p. 408. 

106. Prof. Aitchison, The Learning of Architecture_-_III, R. A. Lects. 1902, 
J. R. I. B. A., vol. 9, (pp. 381-91), P. 384. Cf: A. N. Paterson, Address, 
Glasgow A. A., J. R. I. B. A., vol 3 7.11.1895, p. 27: architect: "spirit" of 

-older work but engineering "e; sentially of today". 
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mutable, instead of, as previously believed, "fixed but various", 
107 

had suggested or'perhaps reinforced a new concept of change or innovation 

of types - or styles - with a conservative pattern of slight changes over 

a long time-scale 
108 

but the probability of entirely new types replacing 

others, 
109 

better adapted to changed conditions. Thus, a modern style 

was required to represent a, "living and natural tradition", 
110 

with 

originality, "as in nature", limited within types, 
ill 

and, I'the fine 

arts were necessarily progressive. " 
112 

This view is frequently implied in contemporary ideas about the 

best process of architectural development and innovation, whether 

regarded as the evolution and artistic expression of structural types 

(described earlier as, "structural rationalism"), or perceived as 

primarily a process of formal artistic and symbolic modification, 
(for example, the expression of a "cultural record"). 

In 1896, James Lockhead, A. R. I. B. A., in a series of papers on 
"Our Modern Architecture", identified as the, 

"predominant style of the present moment .... a Traditional 
and Transitional Renaissance 11,113 

107. Charles Darwin, The Origin 
. of '_S2221! 2, lst edn., 1859, ed. J. W. 

Burrow, Penguin, The idea was not new, but first convincingly 
explained by Darwin. 

108. Ib., p. 445. 

109. Ib., p. 459. 

110. A. Romney Green, The Influence of Tools on Design, lect. VI, 
op. cit. (27), p. 9i7---- 

111. Cawsop. cit. (13), p. 48. 

112. Aitchison, op. cit. (104), p. 244. 

113. Cf., e. g., Ernest 
, 

George, President's Opening Address, 2.11.1908, 
J. R. I. B. A., vol. 16, pp. 1-2: approach to "common language in a version 
of English Renaissance"; A. R., vol. 22,1907, p. 167; John Summerson, 
The Turn of the-Century, Univ. Glasgow, 1976, pp. 24-5: considers 
Fre; Tudor (early-K-e-nalissance) most chatacteristic and unifying 
architecture in Britain, 1900. 
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in which a, 

"truer appreciation of the meaning and application of old 

and admirable forms is observed (being) a healthy and 
thoroughly national type ..... distinctly fin de sidcle, 

appropriate and artistic ". 114 

As a national style, the "Renaissance" represented a cultural heritage 

and perhaps, an evolutionary stylistic type, numerously modified; 

G. A. T. Middleton (1896) cited R. Norman Shaw's New Scotland Yard 

(1887-8), as an example of a, "purely Renaissance" building. 
115 

Insofar as new structures were thought to imply new forms, the 

emergence of new types, rather than the continuity of development 

was emphasised. In the "structural rationalist" view of architectural 

development and innovation, the necessary expression of new structures 

(steel and reinforced concrete) must logically result in new forms, 
116 

as indeed might a more scientific knowledge of familiar materials. 

W. Lethaby argued that the line of architectural development could only 

persist through changing form, based on structural experimentation and 

change 
117 

and Professor Aitchison (1898) stated that, 

"As our knowledge of .... materials, of the strains and stresses 
that result from the different forms of buildings becomes 
more accurate, it will naturally affect the shapes of (buildings) 

and I think we must look very much to this for future 
advancement in architecture 118 

C. F. A. Voysey (1909) justified his principle of "fitness to purpose" 

by reference to the, "theory of evolution" and he noted that, 

114. James Lockhead, A. R. I. B. A., Our Modern Architecture: Listless and 
Animated, B. J., vol. 3, (pp. 06-7,189,205), p. 189; by -national" 

Lockh; a5ls examples show he includes at least Scotland and England. 

115. G. A. T. Middleton, Classic Details and Th2jj_jppjj2ation, B. N., vol. 70, 

31.1.1896, (pp. 157: 8), p. 158: Middleto-n also desc-M-e-s predominant 

style as, "Transitional Renaissance". 

116. E. g. F. Bannister Fletcher, The Influence of Material on Architectur2, 

Lond., i897, p. 26; T. Lewis Banks, F. R. I. B. A., discus. op. cit. (71), 

p. 93; George Hubbard, F. S. A., discus. op. cit. (46), p. 490; 

George, op. cit. (113), p. 5. 

117. Lethaby, op. cit. (51); -S. a. W. R. Lethaby, Ilchitecture, O. U. Po, 1911, p. 2. 

118. G. Aitchison, President's Opening Address, 7.11.1898, J. R. I. B. A., 

vol. 6. p. 2. 
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"if fitness is to be our law ..... we must not pin our 
conceptions to pre-existing forms too rigidly ". 119 

Henry Charlewood postulated a new architecture st4ited to, "visible 

steel construction. 1120 The Vauxhall bridge (1903-6) in London, subject 

of much controversy between the L. C. C. and the R. I. B. A., and steel with 

bronze sculptural decoration, was considered by Statham and others, 

"highly artistic " 
121 

The concept of an evolutionary perfection of structure and styles 

however posed an apparent artistic problem for the fresh expressions of 

new structures, that these must normally-be, rude and imperfect in form 
122 

at first. There was also a problem of habituation to the new 

proportions of steel and reinforced concrete construction, as used for 

complete building frames. W. R. Lethaby said proportion "to the modern 

minds (was) organic fitness plus habit 1", 
23 

but not all modern minds 

agreed, and his associate, J. L. Ball, argued that architects were unlikely 

to habituate themselves to the, "familiar bad", (see earlier). 

Nevertheless, some who wanted a new contemporary expression 

believed it must depend on the artistic and appropriate use of the new, 

modern materials and structures - particularly'steel (and iron) 

construction, although reinforced concrete was occasionally considered. 
Various images for such a style seem to have been usually based partly 

on the Chicago skyscrapers, 
124 (examples of rudimentary architectural 

form, according to Montgomery Schuyler! 125 
) 

119. Voysey, op. cit. (27). 

120. Henry C. Charlewood, Presid. N. A. A., 11.11.1911, J. R. I. B. A., vol. 19, 
9.12.1911, p. 118. 

121. H. Heathcote Statham, J. R. I. B. A., vol. 15,1908, p. 446. 

122. Montgomery Schuyler, Modern Architecture, 1894, in: W. H. Jordy & R. Coe, 

eds., American Architeci-u-r; --an-a--oiR-e-r-Tv-riting2 12L'192HIX-ý2ýK! H, 
p. 114. 

123. Lethaby, op. cit. (94), p. 215. 

124. E. g. Aitchison, op. cit. (104), p. 244; B. J., vol. 1, pp. 106-7. 

125. Schuyler, op. cit. (122), pp. 113-4. 
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Expression of the relatively slender frames of steel or reinforced 

concrete did not happily coincide with apparent contemporary expressive 

needs. 
126 

Expositions of "structural rationalist" theory, or aspects 

of it, were sometimes accompanied by indication6 of aesthetic prejudices 

similar to those held by proponents of a formal approach to a 

contemporary style. For example, Beresford Pite, in a paper on, 

"The Development of Architecture" in 1903, characterised architecture 

as the art of building, evolutionary in the past; but he also believed, 

"a canon of proportion exists ". 127 

One outlet for structural rationalists was to reject modern 

materials or structures as inherently inartistic (as Montgomery Schuyler 

similarly referred to the possible "inexpressibility" of certain 

constructions, such as cantilever bridges 128 
) and therefore irrelevant 

for a modern style. 
129 

Furthermore, there was usually an extension of the theory to 

include, "logical adornment, and expression" and "reasonable" building 

was deemed not inconsistent with elaborate building, nor a "scholarly" 

approach. 
130 

(T. G. Lucas in 1901 considered the unfinished Roman Catholic 

cathedral, Westminster, as a "keynote for the twentieth century", 

scholarly but also rational 
131 ). T. G. Jackson (1906) emphasised that 

construction and material were the basis of architectural form, but this 
then required to be, "clothed and decorated" 132 

and John Belcher (1907) 

------------------------------------------------------ ------------------ 
126. E. g. BuildinZAL[22ý12R! 2, B. N., 22.1.1897, p. 117; s. a. Chapter 10. 

127. Beresford Pite, The_Deve"ETEEI-2! 
_Architecture, 

Bldr., vol. 85, 
10.10.1903, p. 369. 

128. Montgomery Schuyler, Art in Modern Brid ges, May, 1900, in: Jordy & Coe, 

eds. op. cit. (122), vOI-. ý; -7pP: 35l-7l), p7364, with ref. to the 
Forth Bridge, Queensferry, Scotland. Cf: Statham, op. cit. (25), p. 388, 

on girders. 

129. E. g. Bolton, op. cit. (37), p. 567. 

130. Lucas, op. cit. (38), pp. 410,415. 

131. Ib., p. 413. 

132. Jackson, op. cit. (27). 
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argued for the "fitness" of a granite base to buildings (to express 

stability). 
133 

The evolutionary ideal was not always, pursued. In 1906, T. G. 

Jackson makes an interesting reference to, 

11 a new school - for it almost amounts already to a school", ' 

among younger architects, rejecting styles and attempting a, 

"studied restraint and simplicity which gives their work a 
certain character ". 134 

It would appear to be a development from 

A. S. Parker, F. R. I. B. A., (1904) refers to 

for the last twenty years, characterised 

in design and the expression of the purpi 

motive. 
135 

the Arts and Crafts Movement. 

a new school of design, growing 
by "simplicity and restraint" 

Dse of a building as the chief 

H. Heathcote Statham refers to the new school for, "ostentatious 

simplicity" and cites an example of a brick-walled town house without, 
"architectural features", 

136 
and Beresford Pite comments on, 

"the new realism which has brought (the architect) now to 
the barrenness of brick walling, before which he stands and 
waits for the new light of the twentieth century ". 137 

W. Lethaby's and J. L. Ball's Eagle Insurance Buildings in Birmingham, 

which N. Pev., m er (1942) considered a building exemplifying the "twentieth 

133. Belcher, op. cit. (22). 

134. Jackson, 6p. cit. (27), pp. 182-3. S. a. H. Heathcote Statham, 
A Threefold_AS222t-21_ýrchitecture: Tradition-Character-Idealism, 
13.4.1958--, -K. R. I. B. A., vol. 15,25.4.1908, (pp. 365-81), on, 'Ichý-racter" 
as, individualism, concentration and directness, e. g., F. Lloyd Wright's 
Larkin building. 

135. Parker, op. cit. (56), p. 400. 

136. H. Heathcote Statham, discus., op. cit. (41), p. 93. 

137. Beresford Pite, F. R. I. B. A., Modern House Design, A. R., vol. 8,1900, 
(pp. 153-5), p,. 155. S. a. Proi-. -B-e-re--sio; -d-ýli-e, --Inspiration in Modern 
Architectural Art, J. R. I. B. A., vol. 15,7.12.190, (pp. 81-3), p. 81, 
on 7bald modern craze" in architecture. 
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century spirit" 
138 

was described in The_Architectural Review (1900) 

as styleless, expressive of its function and showing a mastery of material 

and composition 
139 

; (J. L. Ball regarded architecture as properly "idealised 

structure" - see earlier). 

Edgar Wood's house at Stafford (1908), with its somewhat stark 

1,140 brick front and which Pevsner describes as a "bewildering anachronism 

may well have been part of this developing school. The flat roof 
1 141 

employed by Wood, was relatively common, in 1905, (for example) as 

noted below. It seems that the chief objects of the "school" were 

simplicity and stylelessness, but new structural materials might be 

employed as means. 

A. N. Paterson (1902) noted another aspect, perhaps, of the new 

movement, a "sham rusticity", in domestic buildings, with an, 

"assumed simplicity of living (to which) garments of 
skin and leaves, or at the most a smock frock" 

were appropriate. 
142 

F. Chatterton, (1907) referring to M. H. Baillie 

Scott's Bexton Croft, (1894-6), said it contained a heavy beam in the 

dining room, "neither square nor sound, (an) inexcusable affectation" 
in new work; 

143 
there were apparently many similar examples of 

"excess rusticity" or "Elizabethan" motifs , in the early 1900s, which 

might be described as a continuation of the Arts and Crafts Movement, 

138. Nikolaus Pevsner, Nine Swallows No Summer, A. R., May, 1942, 
(pp. 109-12), p. 109. 

139. The 
- 

New Eagle Insurance Buildingsi-22IT2E2-E2! vz_ýIELningham, A. R., 
1900, pp. 52-3. 

140. Pevsner, op. cit. (138), p. 112. 

141. "Where can Wood have got the idea of these flat roofs? " Ib., p. 112. 

142. Paterson, op. cit. (26), p. 312. 

143. F. Chatterton, reviewing M. H. Baillie Scott, Houses and Gardens, Lond., 
1906p J. R. I. B. A., vol. 14,1907, p. 293. 
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I or perhaps a distinct development; in this aspect of the movement 

for simplicity and intended stylelessness, there was both archaism of 

design, and also of material. 
144 

There is some evidence that the use of steel and later reinforced 

concrete and the advantages they offered was affecting the appearance of 

commercial and industrial buildings, although Paul Waterhouse in about 

1912, noticed an increasing tendency to conceal the use of steel framing 
145 

For example, Henry H. Ifill (1909) comments on the modern warehouse as, 

Itno longer a great cliff of walling, pierced at intervals 
by rows of windows but .... more often piers and curtain 
walls to floors ....... 146 

and he maintained that habituation to "iron" 
147 

proportions was taking 

place. Victor D. florsburgh (1907) in an essay on the influence of the 

use of iron and steel on modern architectural design, after noting that, 

"In some cases we have arrived at the complete steel frpLme,,... 
the only function left to the wall being the exclusion 
of the weather 11, 

said that, 

"in its full development the beam and stanchion 
construction displaces the structural motive of the wall ". 148, 

Horsburgh also noted particular use of steel in urban, commercial, 
buildings and with strong, "steel and concrete" floors with few stanchions, 

enabling independent planning of each floor. The flat roof of "iron 

------------------------------------------------------------------------ 

144. E. Guy Dawber, F. R. I. B. A., E2EL111212,19.2.1906, J. R. I. B. A., vol. 13, 
24.2.1906, (pp. 201-14), p. 212. S. a. Adshead, op. cit. (98), p. 305; 
C. A. Nicholson, Modern Church_Design, J. R. I. B, A., vol. 14,23.2.1907, 
(pp. 241-54), p. 242. 

145. Waterhouse, op. cit. (55), p. 209. 

146. Hill, op. cit. (74), p. 707. 

147. Hill uses iron as term including steel, ib. 

148. Victor D. Horsburgh, On the Influence of the Use of Iron and Steel on 
Modern Architectural Besign, J. R. I. B,. A., vol. 14,19.10.1907, (pp. 689-701), 

.p 
however. pp. 692,701: thought the use of structural steel temporary 
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and concrete", by 1905, had also come, "somewhat largely into use" 
149 in towns for various purposes, including gardens and clothes-drying areas; 

(H. Ifeathcote Statham in 1896 thought we "might eventually get to like 

itit. 
150 

) 

The Building-News (1897) considered that there was greater evidence 

than in any other country, except America, of, 

'vengineering, iron construction, and other technical 
trades elbowing art" 151 

and , 

"we have not yet the steel-frame building amongst us, 
but many approaches to it ". 

A bold use of terra-cotta facing was also remarked, and in combination 
with a, "Free Renaissance" style. 

152 

One of the commercial design problems which provoked architects at 
this time was the relatively new type of plate glass and steel or Iron 

ground floor shop window, 
153 

unde3ý solid, often elaborate upper storeys, 

"lofty and grandiose structures pendant upon shining 
acres of plate-glass". 154 

This was an increasingly typical shop type by this time, built new or 

149. George L. Sutcliffe, A. R. I. B. A. ' Concrete Its Nature and Uses, Lond. 
2nd edition, 1905, p. 302. S. a. H. Heathcote Statham, Modern 
Architecture, 1897, p. 252. 

150. H. Heathcote Statham, B. J., 9.12.1896, p. 279. 

151. DeveloRT2LI! 2-2LP!!!! LE3, OP-cit- (97), p. 281. Note use "iron" to 
incl. 

steel, e. g. (147). Cf., Maurice B. Adams, discus. pr. by J. J. 
Stevenson, Difficulties and Hindrances in Producing, Good_Modern 
Archit22tyr2, J. R. I. B. A., vol. 8,26.1.1901, p. 127: necessity of using 
so much iron against good architectural effect. 

152. DevelopLn2Lit2-2LPHijdjLig, ib. 

153. E. g. A. Stratton, A. R. I. B. A., reviewing English Shop-Fronts, 
-2! 

La2Lý2f, 
J. R. I. B. A., vol. 15,21.3.1908, p. 332. 

154. Hill, op. cit. (74), p. 708. 
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modernised in thousands. 
155 

The_Builders' Journal was uncertain 

whether plate glass should be regarded as "abuse or revolution. " 
156 

In 1908, the Architects' Technical Bureau proposed industrial 
157 

design conferences, presumably to include such problems. In 1913, 

The_Times referred to architects' increased knowledge and experience 

in the area of commercial architecture, particularly their artistic 

solution of the, f1shop window problem" in large stores (such as 
158 

Selfridges). Several of the reinforced concrete buildings discussed 

later, incorporated ground floor shops. 

Halsey Ricardo, for example, had suggested for such buildings a 

thin skin of impervious material to protect the steel frame, such as 

glazed terra-cotta, externally and thin concrete slabs internally. 
159 

James Lockhead (1899) suggested that the use of reinforced concrete 

might resolve the architectural problem of the shop-front, providing 

a style with "structural propriety" and not inconsistent with the 

Transitional Renaissance which he regarded as characteristic of 

contemporary trends towards a modern style. 
160 

Paul Waterhouse observed that a return to Renaissance principles in 

the last part of the nineteenth century was often accompanied by skilful 

adaptability to new materials and construction. 
161 

Henry H. Hill, 

155. Stratton, op. cit. (153), and B. J., vol. 1, p. 318. 

156. B. J., vol. 10, p. 348. Cf., Modernism_in_Art, B. N., 16.7.1897, p. 65. 

157. Chronicle. -J. R. I. B. A., vol. 15,17.10.1908, p. 654. 

158. The Times, 24.9.1913, cited in: Chronicle, J. R. I. B. A., vol. 20, 
27.9.1913, p. 714. 

159. Halsey Ricardo, A. A. Notes, J. R. I. B. A., vol. 12, pp. 16-17. 

160. James Lockhead, A. R. I. B. A., Sho2jMts, pr. to Glasgow A. A., 7.2.1899, 
B. J., vol. 10, p. 23. Cf. Howara Ince, The Design of Londoft Shop Fronts, 
A. R., vol. 14,1903, (pp. 75-87), p. 84. 

161. Waterhouse, op. pit. (55), pp. 204-5. 

I 
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considering the influ'e'nce on architecture of modern methods of 

construction in 1909, observed that in the use of "iron" or reinforced 

concrete, in the walls of buildings, b6cause of their abnormal thinness, 

solidity was concentrated in the piers or columns, with the spaces 

between emphasised and the solids appearing to be a decorative framework, 

"This kind of design.... is peculiarly characteristic 
of the present time, and its development is of especial 
interest, seeing that it is the direct outcome of the 
new construction and has. revived a principle - that of 
the pier, as opposed to the wall .... in combination with a 
manner .... based chiefly upon-the forms of the later 
Renaissance ". 162 

However, elsewhere (in the same essay), Hill says it, ?? occasionally" 
happens that, in the employment of the new construction, "the 

structural lines are so clothed that they become the leading motive 
of the design 11.163 

4 

162. Hill, op. cit. (74), p. 708. 

163. Ib., p. 706. 
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Conclusion. 

It has been noted that while architects were employed for only 

10% of buildings, these included ordinary commercial and industrial 

structures and that the quality of such buildings in general 

constituted one of the motives for the ideal of a unifying, modern 

style. It seems that the introduction of steel and reinforced 

concrete was not necessarily relevant to the ideals associated with 

z 

such a style, at this time, nor, very often the means to achieve it. 

The ideal of evolutionary progress was pervasive in the early 

1900s, either in arguments for the artistic refinement of forms, 

following the conservative aspects of the evolutionary idea and 

tending towards a rejection of novel forms, or alternatively in 

advocacy of formal adaptation to new structures and therefore tending 

to assert the necessity of novel forms. This aspect of "structural 

rationalism" provided an ideology for somehow adopting the special 

characteristics of steel or reinforced concrete frames in new formal 

types, but this presented problems, not only of many architects' 

ignorance of modern construction, but the anticipated crudeness of 

novel forms, and the dominance of conflicting aesthetic prejudices. 
1IT4 

An emergent modern style, "a version of late English Renaissance" 

was sometimes adapted to the new materials, but generally traditional 

materials were preferred as appropriate to express certain symbolic 

and formal ideals, such as permanence and substantiality. 

There were also many novel, individual, eclectic formal 

experiments (dismissed as, "spurious originality" by the proponents of 

a unified and progressive style, based on tradition) and new uses of 

old, decorative materials, such as faience, but little reference to the 

use of steel and none to reinforced concrete in such buildings. Art 

nouveau, also regarded as eccentric, and not qualifying as a style, 
165 

as defined for example by G. Baldwin Brown, was largely a decorative 

movement and had little association with reinforced concrete, 
166 

but 

164. Cf., Bldr., vol. 92,8.2.1902, p. 1'25: impossible to avoid architectural 

precedent without avoiding architecture. 

165. Op. cit. (29). 

166. One, interior, example (Stockholm) mentioned and illustrated in 

Chapter 10. 
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some with metal, used structurally and decoratively. 

An "anti-style" movement for simplicity made some use of new 

structural materials*, sometimes with unusual effect (for example, 

Edgar Wood's roofs), although a parallel "rustic" movement used 

archaic materials and was inimical to calculated structures. 

The early reinforced concrete buildings, discussed later 

(Chapters 10,11), illustrate a number of attempts to reproduce the 

prevailing "Renaissance" forms and-details in reinforced concrete, 

in various commercial and industrial structures, and, in one 

interesting example (Lion Chambers, Glasgow), an attempt to 

assimilate reinforced concrete instead to the, "art of building" 

and a plain vernacular source, and at the same time, to resolve the 

contemporary "shop problem ". 
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CHAPTER--5: 

THE QUESTION_OF_BUILDING REGULATIONS. 

Introduction. 

Restrictions and Exemptions. 

Corporations and Early Reinforced Concrete Buildings. 

Professional Interest and "Antediluvian" Regulations. 

A Reinforced Concrete Government Building. 

The Extent of Regulation. 

Provisions for Reinforced Concrete and Steel-Framed Buildings. 

Conclusion. 
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Introduction. 

Contrary opinions have been expressed by later writers upon the 

influence of building regulations in Britain on the general adoption 

of reinforced concrete therer from the 1890s 
1 

and the objects of 

Chapter 5 are: 

(1) To assess, as far as possible, the character and geographical 

extent of legal restrictions relevant to reinforced concrete 

buildings in Britain in the late 1890s and early 1900s, noting 

any exempted cases. 

(2) To assess the effects of such restrictions, and exemptions, in 

practice, in this period. 

(3) To discuss how and when regulations were first modified to take 

account of reinforced concrete construction. 

1. E. g., Peter Collins, Concrete, Lond., 1959, p. 78: said bylaws 
hindered the adoption oF-r-einforced concrete by English architects. 
Marian Bowley, The British Building Industry, C. U. P., 1966, pp. 
12-13,26: concl-uKed-iK-ai bylaws werd circumvented for reinforced 
concrete buildings outside London. 
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Restrictions_and_Exemptions. 

The London Building Act (1894), which like other London Acts to 

a certain extent became a model for urban regulations elsewhere, did not 

refer to reinforced concrete, 
2 

not surprisingly, since although in 

use by several building firms, reinforced concrete was not yet 
3 

universally acknowledged in Britain as a distinct, new material. 

However, the normal provisions of the Act effectively excluded 

the economic use of reinforced concrete, or other materials, for thin 

or panel walls, (whether with reinforced concrete, or steel, 
4 

framing) 

and this remained the case until 1909 for steel, and 1915, for reinforced 

concrete framing. 
5 

Stipulated wall thicknesses appropriate to 

load-bearing brick or stone walls were required and, indeed, as ruled 

in a London case in 1895, for examýle, a wall, by definition, "should 

stand by itself 11ý 

Neither did beam dimensions specified by the Local Government Board 

in its Model Bylaws in 1905, for example, allow for the smaller 

dimensions in relation to strengths of reinforced concrete, or steel. 

In 1911, Sir Henry Tanner, F. R. I. B. A. stated that suitable byla)v$ 

remained to be added to the Model Code. 8 

7 

2. See, e. g. C. C. Knowles and P. H. Pitt, The History of Building 
Regulation in London, 1189-1972, LonZ-, -; -. a. -, p-. 93. 

3. Cf: Editorial Notes, C. & C. E., vol. 3, no. 4, p. 265. 

4. B. Dicksee, Fire Preventive Clauses in the London Building Act, Bldr., 

vol. 85,18.7.1903, pp. 69-73: steel frame not prohibited provided walls 

scheduled thicknesses. 

5. See: Knowles and Pitt, op. cit. (2), pp. 98,102. 

6. What_is_a_Wall? BA., vol. 1,28.5.1895, p. 253. 

7. Ernest H. Essex, As. Al. Inst. C. E., Roofs and Floors of New Building: 

Their Structure and Stability. Being Annotations to the Model Bylaws 

of Re-L. G. B., Lond., n. d., --c. 1905, e. g. p. 11. 

8. Sir. H. Tanner, First Presidential Address to Members of the Concrete 

Institut , 
CA E. E., vol. 6, no. 12, Dec., 1911, p. 932. 
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This seems to have been the position generally in most towns 

in the U. K., that is, no special provisions in bylaws for or against 

reinforced concrete, but its use often precluded under ordinary 

building regulations, particularly for thin or panel walls (and 

therefore entirely framed construction) insofar as thicknesses 

appropriate to load-bearing walls were required. Other towns than 

London had fewer bylaws, but in cases of difficulty, "little but 

the common law" to resort to, which was, "uncertain and costly", that 

is, there was less right of appeal.. 
9 

For example, A. E. Corbett, 

A. R. I. B. A., referring to his efforts to construct the Y. M. C. A. 

headquarters in Manchester in reinforced concrete, said that one 

difficulty was that there was no recourse from local authority decisions 
10 

e 
To illustrate the effect of urban regulations as to wall-thicknesses, 

E. R. Matthews (1908), Borough Engineer of Bridlington, cited a hypothetical 

three-storeyed warehouse; if the walls were brick, then, 

"taking, say, the city of Birmingham regulations as .... a 
fair example of our British regulations, these being 
up-to-date", 

their thickness would be: 22j" for the first storey, 18" for the second 
and 13j" for the third, whereas in reinforced concrete, according to 
American regulations (1906) cited by Matthews, the comparative 
dimensions would be: 8", 6" and 6". 11 

The rules relating to wall 
thickness also practically excluded combinations of reinforced concrete 
and terra-cotta or other, facings and not only bare or rendered 
reinforced concrete panels. 

------------------------------------------------------------------------- 

9. A. Young, reviewing: Horace Cubitt, Building in London: A Treatise on 
the Law and Practice Affecting .... Buildings, Lond., 1911, J. R. I. B-. ý-. -, 

vol. 19,11.11.1911, (pp. 13-15), p. 15. 

10. A. E. Corbett, Discus. at C. I., CA C. E., vol. 6, no. 7, July, 1911, 
(pp. 502-15), p. 514. 

ll. Ernest R. Matthews, As. M. Inst. C. E., The Use of Reinforced Concrete in 
EEgjn2ering and Architectural 
11.3.1908, B. J., vol. 27,22.4.1908, (pp. 363-7), p. 366: Matthews cites 
regulations (1906) of Buffalo City, U. S. 
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One of the chief advantages claimed for reinforced concrete, 

as for concrete, was fire-resistance. However, under the London 

Building Act, for example, stone or brick were specified as the 

fire-resistant materials for walls and wooden floors-were acceptable 

except in-public buildings, tenements or special locations. 
12 The 

London County Council, under powers granted by the Building Act (1894), 

approved Portland cement concrete as fire-resistant for floors, used 
13 

as a filling between joists, but the question of the proper fire 

protection of iron or steel was omitted (and the internal construction 
14 

of warehouses, "almost entirely neglected") The Builder (1903) 

suggested that the Metropolitan Fire Brigade only inspected 

government buildings 
15 

and also noted a want of uniformity in the 

control of public authorities over building construction, especially 

with respect to fire. 
16' 

In one aspect of the regulations relating to fire, reinforced 

concrete (and steel) were possibly encouraged. The height of buildings 

was restricted in London, and elsewhere, (for example, Glasgow) as 

a fire precaution, although two storeys were permitted in roofs, 
17 

with 

further restrictions on the use of timber here, 
18 

perhaps assisting, 

Iz. S. B. Hamilton, A Short History of the Structural Fire Protection-of 
Buildings, N. B: 9-. -Np-ec-: Rep. no. 27,1958, p. 24. 

13. Chronicle, J. R. I. B. A., vol. 6,6.5.1899, p. 378. 

14. Dicksee, op. cit. (4), p. 71. 

15. Inspection of Buildings by the Metropolitan Fire Brigade, Bldr., 

vol. 84,30.5.1903, p. 571. 

16. Notes: 
- 

The_Colney Hatch Disaster, Bldr., vol. 84, p. 107; S. a: Bldr., 

vol. 85,10.10.1903, p. 351. 

17. Hamilton, op. cit. (12), p. 24. S. a. J. R. I. B. A., vol. 7, pp. 221-2. 

18. F. T. Reade, Discussion on Reinforced Concrete, J. R. I. B. A., vol. 12, 

10.12.1904, p. 95. 
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or resulting from, a preference for Mansard roofs, which were carried 

out in both reinforced concrete and steel framing. 
19 

The ratio of solids to voids stipulated by the London Building 

Act, as well as the required wall-thicknesses, discouraged skeleton 

framing for such buildings as warehouses. 
20 

R. Langton Cole (1899) 

maintained that the Act did not prevent the adoption of skeleton 

framing, but half the area of the external wall of each storey had 

to be covered with brickwork, the thickness depending on the 

storey-height. 
21 

Buildings with interior reinforced concrete construction but 

load-bearing external walls of brick or stone, were erected without 

difficulty in many towns, including London and Aberdeen, for example, 

(some designed by eminent architects). However a number of entirely 

reinforced concrete buildings, with panel walls were also built 

from the late 1890s. 
22 

According to the Report (1907) of the R. I. B. A. Joint Committee on 

Reinforced Concrete, while building bylaws in Britain required external 

walls to be in brick, stone or-concrete of certain specified thicknesses, 

"In some places it is in the power of the local authorities 
to permit a reduced thickness of concrete when it is 

strengthened by metal; in other districts no such power 
has been retained. " 23 

(The "retention" of such power raises the interesting question of when 

and where in Britain it was initiated). 

--------------------------------------------------------------------- 

19. Ib. Ritz Hotel (1906), London, had a steel-framed Mansard roof. 

20. Delissa Joseph, F. R. I. B. A., discus., J. R. I. B. A., vol. 6,10.12.1898, 

p. 68. 

21. R. Langton Cole, A. R. I. B. A., Skeleton Buildings, J. R. I. B. A., vol. 6, 

25.2.1899, p. 239. 

22. See Appendix I for examples. 

23. Report of the Joint Committee on Reinforced Concrete, J. R. I. B. A., 

vol. 14,15.6.1907, (pp. 513-41), p. 515. 



22.6 

In rural districts, the Local Government Board (1909) informed 

the Concrete Institute, 

"either there are no bylaws in force regulating buildings 

or the bylaws are based on the Board's rural code, which 
makes no provision as to the structure of walls for 
securing stability or the prevention of fires. In such 
districts the construction of buildings of ferro-concrete 
would be unrestricted ". 24 

Occasionally, early reinforced concrete buildings (usually 

industrial) were erected outside towns (for example, a large "daylight" 

factory, near Wakefield 
25 

) but many were in towns. 

The Local Government Board further stated that in many other . 
districts, a bylaw similar to one in its Model Bylaws had been adopted, 

allowing the erection of domestic buildings, subject to certain 

conditions of size and position, of materials apart from brick or 

stone and which would include ferro-concrete. 

In London, some classes of buildings were exempt from the 
Building Act: government buildings - although Local Government buildings 

in general employing reinforced concrete were still subject to a 
discriminatory loans policy by the Local Government Board - and buildings 

on dock, canal or railway company land. 
26 

With respect to the reasons 
for the latter exemptions, James S. Gibson, F. R. I. B. A. (1904) commented, 

"It is perhaps to be expected that the enormously powerful 
influences which these companies are able to bring to bear 
on Parliament should result in their securing advantages... 11 27 

24. Communication from the Local Government Board to the Parliamentary 
Committee of the C. I., 8.12.1909, cited in: Editorial Notes, C. & C. E., 

vol. 6, no. 7, July, 1911, (pp. 483-8), pp. 486-i. ---- 

25. See Appendix I. 

26. E. g. James S. Gibson, F. R. I. B. A., Architectural Design and the London 
Buildin&_ýSj, J. R. I. B. A., vol. 12,54.12.1904, (pp. 124-5157-pp. -156: 1: 

27. Ib., p. 130. 
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Horace Cubitt, author of a book (1911) on the subject of 

building regulations, also noted that under section 82 of the 

1894 Building Act, the county council could approve constructions 

not coming under the ordinary provisions, such as silos 
28 

and 

E. Fiander Etchells added that under section 203, the council could 

allow reinforced concrete for electricity buildings, 
29 

although his 

reference to such use, in 1900, is unfortunately vague. 

Under the 1894 Act, all concrete buildings incurred a 50% 

su - rcharge on district surveyorst fees. 
30 

In addition, as reinforced 

concrete came into use, the Local Government Board stipulated a 

period of fifteen years to repay loans for reinforced concrete 

buildings, instead of thirty years as for brick or st'one construction, 
31 

thereby discouraging its use by any municipal bodies. 
32 

The loan 

period for schools was also shorter for reinforced concrete work, 

being thirty, instead of fifty years. 
33 

28. Horace Cubitt, A. R. I. B. A., 9.1.1913, C. I. Trans. & Notes, vol. 4, 
pt. 4, May, 1913, p. 570: perhaps what Collins, op. cit. (1), p. 78, 
refers to as, "special rules for industrial buildinps. " 

29. Fiander Etchells, ib., P. M. 

30. Knowles & Pitt, op. cit. (2). 

31. E. g. Ifenry Adams, M. Inst. C. E,, EErro-Concrete Construction, B. J., 

vol. 26, C. & S. suppl., 4.12.1907, (pp. ý37-40), p. 338. 

32. Ib. 

33. Tanner, op. cit. (15), p. 932. 
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Corporations and Early Reinforced Concrete Buildings. 

In his prefatory remarks to the Joint Committee's Report on 

Reinforced Concrete (1907), Sir Henry Tanner, F. R. I. B. A., maintained 

that the employment of reinforced concrete was, 

"practically prohibited for complete buildings under the 
ordinary building rules and regulations" 34 

and Charles Marsh (1904) commented that reinforced concrete buildings 

were erected in England, 

"generally after a great deal of trouble with the authorities". 35 

However, L. G. Mouchel, in a paper to the R. I. B. A. on 21st November, 1904, 

remarked that, 

"At the present time London enjoys the unique privilege 
of being the only town in the civilised world where 
ferro-concrete constructions are actually prohibited ", 36 

(by means of insisting on the minimum thickness of external walls as 
37 

if for concrete ) and he added that the building regulations in other 

towns in the U. K., 

"do not, if read strictly, permit of the use of ferro-concrete. 
But notwithstanding this, after intell'igent and impartial 
investigation by the various authorities, we have been 

permitted to construct everywhere ...... tv 38 

Varioirs examples tend to support L. G.. Mouchells claims. 

------------------------------------------------------------------------ 

34. Sir Henry Tanner, Prefatory remarks, op. cit. (23), 
1 
p. 514. 

35. Charles F. Marsh, Assoc. M. Inst. C. E., Reinforced Concrete, London, 

1904, p. 7. Cf. The Concrete Institute, B. J., vol. 27,26. i. 1908, p. 197. 
-- --------- 

36. L. G. Mouchel, Monolithic_Constructions_in_Hennebiquels_Ferro-Concrete, 

pr. to R. I. B. A., 21.11.1904, J. R. I. B. A., vol. 12,26.11.1904, 

(pp. 47-61), p. 60: 

37. Ib., p. 61. 

38.1b., p. 60. 
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In 1900, Newcastle on Tyne Corporation became one of the first 

local authorities to'suspend its building bylaws in favour of an 

entirely reinforced concrete warehouse for the Cooperative Wholesale 

Society (Hennebique system), 
39 

not the first such construction in 

Britain, since it was preceded by a provender mill (1897) in 

Swansea, entirely in Hennebique ferro-concrete, but for this, possibly, 

no special dispensation was necessary. 
40 

The Cooperative Wholesale Society, together with the North 

Eastern Railway Company were two major clients for early reinforced 

concrete buildings in Britain, operating largely in the North of England. 

In Hull too, it is likely that an exception to the city bylaws 

was made in 1900, for an entirely reinforced concrete extension building 

to Rose, Downs and Thompson's Old Foundry, 
41 

although it is always 

possible that Ifull corporation may have "retained" the power to allow 
thinner walls where concrete was strengthened with metal. 

Glasgow, like Newcastle on Tyne, for example, appears to have 

a certain tradition of municipal enterprise and innovative building, 

which enabled clients equally enterprising to use reinforced concrete 

early for the entire construction of buildings, with one especially 
interesting result, Lion Chambers (1904-7) in Hope Street, Glasgow, 

although the Glasgow Building Regulation Act in 1900, it seems, only 

referred to plain concrete walls. 
42 

39. Marsh, op. cit. (35), p. 426. 

40. Weaver & Co's Mill (1897-8), Swansea, was originally beside a 
dock basin, perhaps on exempt land, but, alternatively, two of 
the directors of Weaver & Co. may have been able to wield some 
influence as members of the Town Council: P. Cusack, Weavers' 
Provender Mill and_Silos, Swansea, Open Univ. project, 

Y5iF, 
p. 6. 

41. Appendix I. 

42. Glasgow Building Regulation_Act, B. J., vol. 10,3.1.1900, p. 339. 
-ERa-pi-e-rs-5$ 10. 
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In Exeter, the Streets Committee permitted St. Sidwell's 

Wesleyan Church (1902) to be constructed with Cottancin's system, 

which did not accord with Exeter's building bylaws. 
43 

0 

The City Surveyor for Belfast, Mr. Cutler, (1911) stated that, 

"although they had no bylaws for regulating steel and reinforced 

concrete buildings, yet they had used such discretion as was 

necessary in dealing with these structures. They had not 

enforced the bylaws with regard to the thickness of walls, and 
they had given facilities to those who wished to use such 

-materials ". 44 

The earliest reinforced concrete framed building in Ireland, a 

four-storeyed linen factory for Thomas Somerset & Co. in Belfast in 

1905, (architect, W. J. W. Roome 
45 

) had brick walls, 9" thick, carried 

by the ferro-concrete skeleton, and, 

"as this was the first Ferro-concrete building of the kind 
in Ireland, the Belfast Corporation insisted on a thorough 
test of the construction before passing the building. The 
tests were carried out in the presence of the City Engineer, 
Mr. H. A. Cutler, M. Inst. C. E. and proved entirely 
satisfactory.... 46 

Furthers entirely reinforced concrete, warehouses, among the first 

such buildings erected were completed in Carmarthen (1904), Manchester 

(1902-5), and indeed in London (1900), 
47 

these examples however, being 

on dock lands which could be exempted from the usual building regulations. 

43. Marsh, op. cit. (35)-, p. 428. 

44. Mr. Cutler, City Surveyor, Belfast, discus. of pr., by 11. D. Searles- 
Wood, F. R. I. B. A., The Influence of Building-Regulations on- Architecture, 

to Roy. San. Inst. Eong:, -5-elfast, rep. in: C. & C-E,., vol. 6t no. 9, 

Sep. 1911, (pp. 701-4), p. 703. 

45. Mouchel-Hennebique Ferro-Concrete. List of Works Executed in the U. K., 
lggi: 1919, L. G. Mouchel & Ptrs., p. 32. 

46. Hennebique Ferro-Concrete. Theory and Practice, London, 4th edn., 1921, 

P. NK-_ 

47. E. g. Mouchel-liennebique Ferro-Concrete. List of Works, 1897-1919. 

Own pRotographs. 
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Professional Interest and "Antediluvian" Regulations. 

Although by 1907, there were, 

"Innumerable buildings in England with parts, such as 
floors, roofs and lintels, in reinforced concrete" 

there were said to be, "comparatively few" entirely in reinforced 

concrete 
48 

and this is so despite L. G. Mouchel's personal success 

in erecting a number of reinforced concrete framed and "panel" walled 

buildings, in various cities in the U. K., in the late 1890s and first 

few years of the century. British architects and others around 1900, 

seem to have agreed that there was more progress and interest in 

reinforced concrete on the Contin-ent and in the U. S. than in Britain, 
49 

(although in the U. S., there may not have been much architectural 

interest until nearer the end of the first decade 
50 

), and for this 

situation building regulations were sometimes held responsible. 
51 

However various other reasons for the later adoption of reinforced- 

concrete by engineers and architects in Britain are apparent, in 

particular, uncertainty about its reliability and especially its 

durability 
52 

(enhanced by the Local Ciovernment'Board's'shorter loan 

period for reinforced concrete 
53 ) and the example of American failures 

of reinforced concrete in which context perhaps, cracks in buildings 

48. Letter from Council, R. I. B. A., to First Commissioner, H. M. O. W., - 
9.12.1907, Chronicle, J. R. I. B. A., vol. 15,21.12.1907, (pp. 137-9), p. 138. 

49. E. g. Ferro-Concrete, B. J., 30.7.1902, p. 388, R. T. Surtees, C. & C. E., 

vol. 2, no:! -, Ferro-Concrete in Scotland, F. C., vol. 2, no. 5, 

P. 150. 

50. Reinforced Concrete and Tradition, Arch. Rec., vol. 26, Oct. 1909, P. 301. 

51. E. g. H. Tanner, op. cit. (23), p. 514. 

52. F. E. Wentworth Shieldsp M. Inst. C. E., engin. conference, I. C. E., 

19.6.1907, rep. in: D. J., 17.7.1907, p. 7. 

53. William Dunn, American Committeels, ReE2Et_2Li_ýeinforced Concrete, 

J. R. I. B. A., vol. 17,20.11.1909, (pp796-7). 

I 
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in Britain caused "alarmist" reports. 
54 

There was also, 

"the difficulty of securing a good artistic result ". 55 

If reinforced concrete became widely known in Britain a little 

later than in some European countries, it was also rapidly adopted 

there by a number of individuals, professional bodies, Ssuch as the 

R. I. B. A. ) and journals, 
56 

(particularly, lh2_p2ilders' Journal and 

Concrete_and Constructional Engineering), and from perhaps 1903-4, 

the two major legal restrictions on the use of reinforced concrete 

in Britain were repeatedly criticised. These were the preclusion of 

thin reinforced concrete walls by most urban building regulations and 

the Local Government Board's refusal to accept the usual repayment 

period for loans for reinforced concrete construction, which tended 

to undermine confidence in the material. 

The bylaws with respect to reinforced concrete were described 
57 58 as "obsolete" (1903) and, "antediluvian" (1904). The restriction on 

loans was said to discourage municipalities from using reinforced 

concrete, 
59 

a view held, for example, by the Association of Municipal 

and County Engineers. 
60 

The same, "antiquated" legislation also 

affected steel-framed buildings in London and elsewhere; one of the 
first fully framed buildings in London, the Ritz Hotel (1906) had 

I 
------------------------------------------------------------------------ 

54. F. E. G. Badger, Dep. City Building Surveyor, Liverp., ýeinforced 
Concrete and Steel Framed Buildings, pr. to Liverp. Archit. Soc., 
F. C., vol. 1, no. 6, p. 131 and C. & C. E., vol. 5, no. 3, pp. 198-9. 
S. a: Chapter 7. 

55. Council of R. I. B. A., letter to First Commissioner, H. M. O. W., 9.12.1907, 
op. cit. (48), Chapter 10. 

56. Chapter 8. 

57. Notes. Building Rules for Concrete - Steel, Bldr., vol. 85,28.11.1903, 

p7gii: - 

58. Harold 11. D. Anderson, discus., op. cit. (18), p. 90. 

59. Sir H. Tanner, C. & C. E., vol. 3, no. 4, p. 264. 

60. Letter from Assoc. Munic. & Co. Engrs. to L. G. B., Editorial Notes, 
C. & C. E., vol. 3, no. 5, Nov., 1908, p. 346. 
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superfluously thick masonry wa s, 
Gl 

so did the Waldorf Hotel,, (1907) 

Aldwych. 
62 

M. Bowley (1966) states that the L. C. C. suggested in 1905 that 

the London Building Act should be amended to enable the council to make 

regulations for the new methods'of construction but, 

"here it seems the R. I. B. A. held matters up.... the 
architectural profession had not made up its mind 
sufficiently about the steel-frame.... to enable it to 
advise the authorities before 1909 11.63 

However, the R. I. B. A. had sent recommendations to the L. C. C. relating to 

the regulation of iron or steel skeleton buildings in 1904, (with 

suggested wall thicknesses of 13" and 8j") 64 
and which in William 

Woodward, F. R. I. B. A. 's view (1909) amounted to, 

"practically the groundwork of the (1909) Bill 111 65 

but they were not incorporated in the London Building Acts Amendment 
Act of 1905, (which revised the list of fire-resisting materials, 

providing for others which might be approved by the L. C. C. 
66 

). 

----------------------------------------------------------------------- 

61. Steel and Concrete at the_Ritz_Hotel, London, C. & C. E., vol. 1, no. 6, 
ja-n--. 1-9-07, (pp. 439-54), p. 439. Ritz Hotel still required special 
permission: H. Adams, CA C. E., vol. 7, p. 775. Note: steel framed 
buildings elsewhere included a multistoreyed factory, 1904, for 
Rowntree & Co,, York: Rowntree & Co., and, Rowntrees' Company Mag., 
1920. 

62. Reinforced Concrete 
- 

Floors 
- 

at 
- 

the_Waldorf_Hotel, C. & C. E., vol. 2, 
no. 3, July, 1907, p. 243. 

63. Bowley, op. cit. (1), pp. 13-14. 

64. The London Building Acts Amendment Bill, 1904. Recommendations 
- 

of 
iýe-R--. -I-. -B-. A ------ J. R. I. B. A., vol. 11,6.2.1904, (pp. 181; -192), pp. 189-190. 
8j" for upp; rmost 20ft. 

65. W. Woodward, Discussion on the Annual_Rep2rt, J. R. I. B. A., vol. 16, 
8.5.1909, p. 496. Edwin T. Hall, i; -., p--. 472, disagreed about the 
R. I. B. A. 's precise intentions in 1904, but R. I. B. A. certainly offered 
positive proposals for metal skeleton buildings. 

66. Hamilton, op. cit. (12), pp. 24-5. S. a. Collins, op. cit. (1), p. 80. 
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The R. I. B. A. 's recommendations to the council did not refer 

specifically to reinforced concrete, but in 1906, the R. I. B. A. established 

a'Joint Committee 
67 

with other bodies to study reinforced concrete, 

one of its aims being to consider how building regulations should be 
68 

altered to allow reinforced concrete walls. In correspondence 

with the Commissioner of Works concerning Local Government Board loans 

for reinforced concrete buildings, the R. I. B. A. (1907) advocated the 

advantages, including the durability, of reinforced concrete buildings. 
69 

Indeed, Concrete and Constructional Engineering (1907) noted a, 

"sudden and widespread" interest in, and use of, reinforced concrete 

in Britain during 1906-7 and suggested that this might be due to, "a 

small coterie of men" taking up and Popularising the subject. These 

un-named pioneers (who may be identified and several of whom were 

members of the R. I. B. A. Committee) had, 

"kept aloof from the representatives of the various 
so-called "systems", more particularly those worked 
by foreigners". 70 

William Dunn, F. R. I. B. A., (undoubtedly one of the "coterie" insofar 

as one existed), in 1905 said that reinforced concrete was coming rapidly 
into use 

71 
and in 1907 he asserted that the great majority of R. I. B. A. 

members were likely to use reinforced concrete any day. 
72 

Within a year 

67. Cont. till 1932: Knowles & Pitt, op. cit. (2), p. 97. 
68. Chronicle: Joint Reinforced_Concrete Committee, J. R. I. B. A., vol. 13, 

HN-. 1906, (pp. 338-40), p. 339. 

69. Letter from Council, R. I. B. A. to First Commissioner, 9.12.1907, OP-cit- 
(48). 

70. The Progress of Reinforced Concrete in Great Britain during 1906, 
E: -Z-C. E., vol. 2, no. 1, March, 11. S. a: -Chapters 

7,8. 

71. William Dunn, F. R. I. B. A., Reinforced_Concrete_Floors, J. R. I. B. A., vol. 12, 
8.4.1905, p. 373. 

72. William Dunn, Discussion on Report of Joint Reinforced Concrete Committee, 
J. R. I. B. A., voI: H-, -1797! 907, (pp. 4U: 353ý-, -p. 502. 
ib., p. 501, "one had seen, of course, a lot of reinforced concrete used. " 
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of the introduction of Kahn's reinforcing bar in Britain (1906) 

for example, 120 orders were placed although mostly small, indicating 
73 

the, "great interest in reinforced concrete" there at this time. 

From its foundation in March, 1906, Concrete and Constructional 

EDUIR22Eing like the R. I. B. A. Committee, urged changes in the regulations 

to favour reinforced concrete 
74 

and the Concrete Institute (1909) was, 

"taking up a strong position" regarding the proposed amendments to the 

London Building Act and had petitioned Parliament. 
75 

The I. C. E. and 

the Surveyors' Institution, 
76 

the Association of Municipal and County 

Engineers and other bodies also supported changes, the Muncipal Engineers 

citing evidence provided by the British Fire Prevention Committee's 

tests of reinforced concrete. 
77 

Some municipal engineers had early managed to adopt reinforced 

concrete, for example, A. E. White, City Engineer for Hull Corporation 
78 

and J. A. Brodie, City Engineer of Liverpool, although Brodie was I 
compelled to adopt exaggerated thicknesses for his precast reinforced 

concrete slabs for walls and other elements, in 1905, (1411, instead 

of 7"), to comply with building regulations. 
79 

There was apparently 

some demand in urban districts for reinforced concrete walls in 1906 
80 

(which had advantages in space-saving, for example). 

---------------------------------------------------- 
73. Reinforced Concrete Systems_XII: 

_The_Kahn_Trussed_Bar, 
B. J., vol. 25, 

E. & S. suppl., 27.3.1907, p. 38. 

74. E. g. Editorial Notes, C. & C. E., vol. 2, no. 1, March, 1907, p. 2. 
Editorial Notes, E: -& C. E., vol. 2, no. 4, Sep. 1907, pp. 257,259., 
idito; I-all-Notes-, C. & C. E., v6l. 3, no. 4, Sep. 1908, P. 265. 
Editorial-Notes, C. & C. E., vol. 3, no. 6, Jan. 1909, p. 427. 

75. Chronicle, J. R. I. B. A., vol. 16,8.5.1909, p. 483. 

76. Chronicle, J. R. I. B. A., vol. 15,29.8.1908, p. 583. 

77. Editorial Notes, C. & C. E., vol. 3, no. 5, Nov. 1908, pp. 345-6. 
§: _aT7Kap_i; r_s_i and 9. 

78. A. E. White designed an early f. c. highway bridge in Hull, 1902-3: 

Mouchel-Hennebique Ferro-Concrete. List of Works, op. cit. (44); 
Eo--ni-ract for bridge, 21.11.1902. 

79. A Concrete Building in Liverpool, Eng. Rec., vol. 52, no. 18,28.10.1905, 

p: i9j. S. a. Chapter 3- -------- 

80. Joint Reinforced Concrete Committee, J. R. I. B. A., vol. 13,28.4.1906, 

(pp. 338-40), p. 339. 
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In 1908, the editor of Concrete_and_Constructional-Engineering 

observed that "England" was unique in remaining without municipal or 

government regulations for reinforced concrete, whilst the Local 

Government Board, 

"persists in..... an attitude which can only be considered 
as antagonistic to its employment ". 81 

Charles F. Marsh (1904) had pointed out that in Germany, Austria 

and Switzerland, special clauses were inserted in city building 

regulations to provide for reinforced concrete construction and also 

in Manhattan, New York, 
82 

(although these did not refer to walls and, 

in C. F. Marsh's opinion, tended to be over-cautious); in Frankfurt, 

reinforced concrete roofs or floors were allowed, but columns were 

prohibited. 
83 

In France, official regulations for the use of 

reinforced concrete were issued in 1906p 
84 

but before this, reinforced 

concrete buildings were permitted there, "subject to the investigation 

of proper authorities". 
85 

Most large American cities apart from New 

York had introduced regulations for reinforced concrete by 1906.86 

One of the aims of the R. I. B. A Joint Reinforced Concrete Committee 

(to which Charles Marsh belonged) had been to consider how the building 

acts and bylaws in Britain should be similarly altered to allow 

reinforced concrete walls. 
87 

The R. I. B. A. Report (1907), which 
Concrete and Constructional Engineering considered provided the best 

substitute for regulations relating to reinforced concrete in Britain 

----------------------------------------------------------------------- 
81. Editorial Notes, C. & C. E., vol. 3, no. 3, July, 1908, p. 176. 

82. Marsh, op. cit. (35), pp. 4-5. 

83. Ib., pp. 5,7. 

84. E. g. Tech. et Arch., 1949, p. 48. 

85. Marsh, op. cit. (35), p. 4. 

86. Cap. Sewell, Reinforced Concrete inthe United States, C. & C. E., 
vol. 1, no. 2, Tla-y, 1906, (pp. 79-87), p. 84. 

87. Joint-Reinforced Concrete Committey, op. cit. (80). 
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then, 
88 

advised regulations to accommodate reinforced concrete and 

that complete drawings should be lodged with the local authority. 
89 

A revised Report (1911) which made the same recommendations, 
90 

became 

the basis of the L. C. C. Regulations for reinforced concrete. 
91 

Following the R. I. B. A. Report, Charles Marsh (1908) compared its 

recommendations with the proposals or regulations of bodies in various 

countries, relating to reinforced concrete. 
92 

These included the 

Swiss Society of Engineers' and Architects' recommendations (1903), 

the Prussian Government regulations (1904), New York Municipality 

regulations (1905) and the French Government rules (operative, 1907). 

The comparison showed considerable variation in pronouncements under 

different headings and only the New York regulations gave guidelines 

as to the reinforcement (and referring only to the quality of the steel) 

or any provisions relating to fire-resistance, apart from the British 
Committee's recommendations (which were not, however, regulations). 

93 

88. Editorial note, C. & C. E., vol. 3, no. 3, July, 1903, p. 181. 

89. Report-of-the_Joint_Committee, op. cit. (23), p. 515. 

90. Second_Report of the Joint. Committee, C. & C. E., vol. 6, no. 8, p. 566. 

91. Searles-Wood, op. cit. (43), p. 702. Editorial 
- 

Notes, F. C., vol. 3, 
no. 7, p. 207. 

92. Charles F. Marsh, M. Inst. C. E., A_Summary of the Rules, 
_E2UHIýjions and Recommendations for the Use 0en orced Concrete as published f-R-1 i 

in--Va-rious Countries, C. & C. E., vol. 3, no. 3, July, 1908, p. 181 ff. 

93. Ib., pp. 183-4. 
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A- Reinforced_Concrete_Government_Building. 

Sir Henry Tanner's employment of a reinforced concrete frame 

and some reinforced concrete walling, for G. P. O. extensions (1905-9) 

for H. M. O. W. in King Edward Street, London, E. C., attracted attention. 

A previous correspondence with the R. I. B. A. indicated the interest of 

the Commissioner of Works in reinforced concrete, and the G. P. O. 

buildings - visited by various professional bodies 
94 

_ demonstrated 

in London the economy and feasibility of using reinforced concrete 

and encouraged more architects to require changes in the building 

regulations. 
95 

The subject was also taken up in the House of Commons, 

with questions, (favourably met) as to the durability of reinforced 

concrete 
96 

and its suitability for public buildings. 
97 

It also drew further criticism of the Local Government Board's 

position, compared with other government departments. 
98 

Concrete 

and Constructional Engineering in November, 1908, stated thatits 

attitude was now, 

"a matter of bias, and no longer one of professional or 
technical importance 99 

In a letter to The_Times (1908) referring specifically to Sir 

11. Tanner's building, W. Howard Seth-Smith, F. R. I. B. A., and Monro 

94. Bodies included I. C. E: Reinforced Concrete for Post Office_Buildings, 
C. & C. E., vol. 3, no. 1, 

95. Henry Adams, The Use of Reinforced Concrete in Architecture, C. & C. E., 
175-- vol.. 7,1912, & C. E., vý no. l, ' 

March, 1908, p. 5. 

96. Mr. Horniman, M. P., question to First Commissioner of Works re. 
durability: Memoranda, C. & C. E., vol. 3, no. 1, March, 1908, p. 65. 

97. E. g., L12TM25a, C. & C. E., vol. 2, no. 5, Nov. 1907, P. 392. 

98. Editorial-Notes, C. & C. E., vol. 2, no. 4, Sep. 1907, p. 258. 

99. Editorial-Notes, C. & C. E., vol. 3, no. 5, Nov. 1908, p. 346. 

I 
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pronounced themselves, "aggrieved... in common with a large number of 

architects", that their clients were prevented from using reinforced 

concrete on account of unenlightened building regulations. 
100 

In 1907, perhaps in response to the credence increasingly 

accorded publicly to reinforced concrete, the Local Government Board 

exceptionally granted an almost normal loan period for a reinforced 

concrete roof to Hammersmith Public Baths, depending on satisfactory 

tests after erection, 
101 

(indicating some confidence in the result 

on the part of Hammersmith Borough Council). 

The Times' Engineering Supplement (1908) noted that the L. C. C. 

had recently sanctioned some large reinforced concrete granary 
buildings in South London with, 

"walls and structural features generally proportioned in 
accordance with engineering principles regardless of .... 
the London Building Act" . 102 

The article added that, 

"it is understood that these buildings are the first 
commercial structures of their class ... sanctioned 
in the metropolis as "special buildings" exempt from 
the ordinary regulations 11. 

(Horace Cubitt, had referred to the L. C. C. 's powers to approve special 

buildings such as silos). 

The first building exempted by the L. C. C. from the 1894 Act was 

a granary at Bermondsey for Uveco Cereals Ltd. in 1908 (Hennebique 

------------------------------------------------------------------- r- 

100. Chronicle, J. R. I. B. A., vol. 15,9.5.1908, pp. 412-3. 

101. J. Ernest Franck, A. R. I. B. A., Test of a Reinforced Concrete Roof, 

J. R. I. B. A., vol. 14,19.10.1907, (pp. 702-4), p. 702. 

102. Cited in: B. J., vol. 27, C. & S. suppl., 20.5.1908, p. 435. 

S. a. Chronicle, op. cit. (100), p. 413. 
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s ystem), with W. T. Walker, F. R. I. B. A., as architect. 
103 

This was 

followed, also in 1908, by a much larger granary at Silvertown, for 

the Cooperative Wholesale Society, designed by the Society's architect, 

F. E. L. Harris, A. R. I. B. A. 
104 

The Silvertown granary, 1021 above ground 

level, consisted of eight cylindrical silos, with reinforced concrete 

walls 6" thick, (Ifennebique system). 
105 

A steel-framed factory under construction in West London (1908) 

had also been permitted brick infil walls of "uniform thickness, 

sufficient to exclude damp", from basem'ent to fourth floor. 
106 

The same year, (1908), Liverpbolls seventeen-storeyed, reinforced 

concrete framed, Royal Liver office building (Ilennebique system) was 

sanctioned by Liverpool Corporation to be constructed on, "economical 
107 

lines 11, although it was not, at least, eventually, "designed 

throughout in reinforced concrete 1", 
08 

having 1411 granite walls supported 

by the frame. 
109 

When A. E. Corbett, F. R. I. B. A., was engaged from about this time, 

in designing the reinforced concrete framed Manchester Y. M. C. A. 

headquarters, he says that reinforced concrete was not recognised in 

the bylaws, although powers to include it were being sought. 
110 

However, the Y. M. C. A. building was not, as Peter Collins (1959) suggests, 

originally intended to be reinforced concrete, but designed to accommodate 

Iw ------------------------------------------------------------------------ 

103. Mouchel-Hennebique Ferro-Concrete. List of_Works., op. cit.. (44). 

104. Ib., p. 50. Apparently demolished: visit to Silvertown site: 
Appendix I. 

105. Hennebique Ferro-Concrete. Theory and Practice, op. cit. (45), p. 223. 

106. Chronicle, op. cit. (100). 

107. Times Eng. Suppl., cited in: op. cit. (102). 

108. Ib. 

109. Albert Lakeman, The Royal Liver Building. 
_ýIX2222_1, 

C- & C. E., 

vol. 6, no. 10, Oci. 1911, (pp. 727-735T7-p-. 735. 

110. Alfred E. Corbett, F. R. I. B. A., M. C. I., The Y. M. C. A. Building 
- 

Manchester, 

8.6.1911, C. I., Trans. & Notes, vol. 3, pub. Nov. 1911, p. 28ýf ii7p 

pp. 284-5. 

I 
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a steel frame and brick "in case" the regulations could not be 

changed: 
ill 

a dýcision to switch from steel and brick to reinforced 

concrete was made when the working drawings were nearly completed and 

for pianning and constructional reasons. 
112 

The large, reirifOrced concrete, Y. M. C. A. *building was eventually 

permitted, provided the exterior walls were a minimum of 9" thick; 

furthermore, an "absurdly" high loading was adopted at the request 

of the city authorities, which was applied by the architects as a 

test in itself, 
113 

(apparently unnoticed. by the Local Authority). 

In other. areas, legal subterfuges began to be practised 

occasionally, as in November, 1909 for a permanent school building at 
Anerley, North Surrey, with walls of small concrete slabs (used with 
part steel framing and expanded metal): this was classified as a 
temporary structure to circumvent the bylaw specifications of wall- 
thicknesses. 114 

In a reply to the Concrete Institute's Parliamentary Standing 

Committee on December 8th, 1909, in reference to bylaws regarding 

reinforced concrete construction and walls of new buildings, the 

Local Government Board stated, 

"The Board are only aware of one authority, the U. D. C. of 
Newquay, Cornwall, who have in force bylaws specifically 
dealing, except in connection with steel framing, with the 
construction of buildings of ferro-concrete. The Board 
confirmed a series of bylaws for that authority on October 
22nd, 1909 ..... allowing the walls of , new buildings to be... 
of reinforced concrete of such thickness as .... necessary to 
secure ..... stability. " 115 

--------------------------------------------------------------------- 
111. Collins, op. cit. (1), p. 78. 

112. Corbett, op. cit. (110), p. 284. 

113. Ib., A. E. Corbett, C. & C. E., vol. 6, no. 7, pp. 502,510; s. a. pp. 
503p 514. 

114. Concrete_for_Rapid School Building, C. & C. E., vol. 4, no. 6, Nov. 
1909, pp. 431-3. 

115. Cited in: Editorial Notes, C. & C. E., vol. 6, no. 7, July, 1911, 
(pp. 483-8), 
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The Board concluded, perhaps defensively in view of continuing 

criticism of their attitude to reinforced concrete, that they had 

not found that alarge number of local authorities had expressed a 

wish to make provision in their bylaws for the use of ferro-concrete. 
116 

This was a different question however, from not restricting its use, 

and sidestepped the issue of whether local authorities should be 

encouraged to consider making such provision. 

116. Slow progress in reinforced concrete among municipalities 
a result of the attitude of the L. G. B: Memoranda, C. & C. E., 
vol. 3, no. 2, May, 1908, p. 173. 
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The_Extent of Regulation. 

Amid agreement among various bodies and individuals that 

building regulations should permit reinforced concrete construction, 

particularly thin, reinforced walls, there were divergent opinions 

about how far such construction should be regulated by law. 
I 

Editorial comment in Concrete_and Constructional Engineering (1908) 

observed that while regulations abroad contained no specific ruling 

on the thicknesses of reinforced concrete walls, this should be 

included in British regulations. 
117 

In January, 1909, the journal 

suggested that the L. C. C. should only regulate external walls, apart 

from essential fire-prevention clauses, until all materials in a 

building were subject to regulation, 
118 

but in April, 1910, 

editorial policy was that, 

"the regulations .... should cover all reinforced concrete 
used in a building, whether internal or external .... detailed regulations are absolutely essential ". 119 

(The policy change may be attributable to the editor, Edwin 0. Sachs' 

absence through illness during 1910 120 ). Charles Marsh, for example, 

also thought it, "absolutely necessary to impose some restriction as 
to the methods of calculation 11 121 

117. Editorial Notes, C. & C. E., vol. 3, no. 3, July, 1908, p. 176. 

118. Editorial Notes, C. & C. E., vol. 3, no. 6, Jan., 1909, p. 428. 

119. Editorial Notes, C. & C. E., vol. 5, no. 4, April, 1910, pp. 227-8. 

120. Edwin 0. Sachs, C. I., extraord. meet. 6.10.1910, C. I., Trans. 
& Notes, vol. 3, Nov. 1911, p. 3, refers to his long absence 
through illness. 

121. C. F. Marsh, discussion, op. cit. (18), p. 89. 
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"Specialist" firms were considered opposed to much regulation 

of reinforced concrete design 
122 

and L. G. Mouchel (1904) was explicit 

on this point, stating that he would prefer no regulations for 

reinforced concrete, excepting the determination of various tests 

to be applied to completed buildings. 
123 

S. Bylander (engineer for 

the steel-framed, Ritz Hotel, London 
124 

) also argued that instead 

of imposing severe conditions on reinforced concrete construction 

(as done in the case of Corbett's Y. M. C. A. building in Manchester 
125 

local authorities should, for example, employ qualified inspectors. 
126 

In France, Frangois Hennebique, like L. G. Mouchel, had opposed 

official regulations (introduced in 1906-7), on the ground that they 

would restrict innovation. 
127 

(Robert Maillart (1909) also believed 

that strict rules for reinforced concrete were inappropriate, as a 
128 

certain freedom was necessary to the engineer and Bernard Jones 

(1913) writing on the subject of reinforced concrete in Britain, 

considered that current laws would exclude most of the patents granted 
in the nineteenth century. 

129 
) Hennebique's working formulae were 

legally recognised in France however, while Ferro-Concrete (a journal 

associated with Hennebique's system in Britain) argued for their- 

acceptance in the U. K. alongside those proposed by the Joint Reinforced 

Concrete Committee 130 
and the basis of the L. C. C. 's draft regulations. 

122. E. g. Adams, op. cit. (95). See Chapters 6,7,8 for discussion of 
"specialists". 

123. Mouchel, op. cit. (36), p. 60. 

124. Steel and Concrete at the Ritz Hotel, op. cit. (61), p. 450. 

125. Op. cit. (113). 

126. S. Bylander, discus., C. & C. E., vol. 6, no. 7, June, 1911, p. 512. 

127. W. Noble Twelvetrees, Francois Hennebique, F. C., vol. 13, no. 5, 
Nov. 1921, pp. 140-1. 

128. R. Maillart, (1909) cited in: Max Bill, Robert Maillart, Zurich, 
1949, p. 177. 

129. Bernard Jones, ed., Reinforced-Concrete, Lond., 1913, p. 7: he isn't 

specific. 

130. Editorial_Notes, F. C., vol. 3. no. 5, Nov. 1911, p. 141. 

N 
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Ferro-Concrete (1912) further argued that detailed regulations 

such as the L. C. C. and other bodies were then proposing would, 

"petrify the errors and undesirable features they embody, and.. 

prohibit improved methods, discourage initiative, and reduce 

constructive design to one.... level of mediocrity, thereby 

retarding progress in reinforced concrete construction for 

many years to come 131 
1 

and in particular, asserted that designers of reinforced concrete 

pillars would be, 

"forced into the employment of the least reliable form of 
transverse reinforcement", 

(spiral, instead of Hennebique's method). Ferro-Concrete advocated 

instead the personal responsibility of the designer, as in other 

branches of civil engineering, 
132 

not the ability to, "throw 

responsibility on the regulations". 
133 

Ferro-Concrete 
134 

naturally 

approved criticism by an engineering correspondent in The_Times (1912) 

who likewise pointed out that these regulations would prevent 
135 

variation from the present practice of (helically) reinforcing columns. 

The same correspondent, commenting that the L. C. C. 's proposed 

regulations were, 

"positively bristling with formulae 11, 

also expressed doubts whether formulae should be introduced into 

regulations for using reinforced concrete any more than for a 

------------------------------------------------------------------------- 
131. Editorial_Notes, F. C., vol. 3, no. 7, Jan. 1912, p. 207. 

132. Editorial-Notes, F. C., vol. 3, no. 6, Dec. 1911, p. 176. 

133. Editorial Notes# F. C., vol. 3, no. 10, April, 1912, p. 298. 

134. Ib., p. 297. 

135. Cited in: J. R. I. B. A., vol. 19,24.2.1912, pp. 302-3. 
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steel-framed building or a highway bridge, which would make the 

issuing authority a, "laughing-stock" to engineers. He also 

criticised extended descriptions of practical points which were, 

"specifications" rather than "regulations", and concluded that the 

prescribed tegt loads would crack the conýrete and factors of 

safety were too small. (The regulations were now seemingly 

over-optimistic about the qualities of reinforced concrete). 

ýf 

Ferro-Concrete (1909)'had made the point that whilst there were 

no regulations in Britain for reinforced concrete work, yet, 

"It is the only country in the world where failures of such 
construction have been absolutely unknown"; 

0 

(this is probably not an exaggeration, with regard to completed 

buildings, since the first serious failure of a reinforced concrete 

framed building in Britain may have been one in Bradford, in about 

1914). 
136 

In the U. S. A., P. Collins (1959) maintains that failures 

with reinforced concrete resulted from lax regulations, 
137 

although 

in Britain a low rate of failure was not accompanied by stringent 

rules. (Ferro-Concrete attributed this success to L. G. Mouchel's 

specialist organisation. 
138 

) 

Some members of the R. I. B. A. Joint Committee, themselves, shared 
the view that official regulations shouldbe flexible, 

139 
even 

minimal, although they were concerned to regulate reinforced concrete 

----------------------------------------------------------------------- 

136. Editor's note, F. C., vol. 1, no. 3, Sep. 1909, p. 49. Chapter 7. 

137. Collins, op. cit. (1), p. 79. 

138. Editor's note, op. cit. (132), S. a: Chapter-7. 

139. Cf: G. C. Workman, Regulations for Reinforced Concrete, corresp.,, 
18.4.19101 C. & C. E., vol. 5, no. 5, May, 1910, p. 371. 
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N% 

design and construction. ' For example, Sir Henry Tanner considered 
4 140 

that such rules should be left open as far as poss ble. 

William Dunn wanted minimal regulation on various grounds: that 

no fixed rules could accommodate all circumstances - and he noted 

the example of the restriction on the development of reinforced 

concrete resulting from the building laws - and that L. C. C. 

regulations could not be quickly altered. 
141 

(The only restrictions 

Dunn thought necessary were those essential to prevent fire and 

for public health and safety. ) W. Dunn considered reinforced 

concrete walls should be permitted, but existing freedoms should 

not be eroded, and, like Ferro-Concrete, he argued that the best 

safeguard was individual responsibility 
., 

(to which "a Civil Engineer" 

(1910) replied that architects and builders were not yet all registered 

or educated in the mechanics of building 
142 

). 

140. Sir Henry Tanner, discus. op. cit. (43), p. 703. 

141. William Dunn, F. R. I. B. A., R2gyjýjjons for Reinforced Concrete Buildings 
in London, C. & C. E., vol. 5, no. 4 , pp. 231-6. 

142. Letter from "Civil Engineer", April, 1910, C. & C. E., vol. 5, no. 5, 
May, 1910, pp. 371-3. 
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Provisions-for_Reinforced Concrete and Steel-Framed Buildings. 

In Londons, as well as Manchester and Liverpool, various large 

reinforced concrete buildings were given special permission for 

erection, in 1908 no doubt partly as a result of the building of 

Sir H. Tanner's successful and publicised G. P. O. extension in King 

Edward Street, London. Towards the end of 1908, following a 

recommendation from the'Building Act Committee, that Parliament 

should be requested to amend the London Building Act (1894), to 

facilitate the use of steel, or reinforced concrete, in the 

construction of buildings, 
143 

the L. C. C. (General Powers) Act 

(1909) gave the Council the power to make regulations for the 

construction of buildings wholly or partly of reinforced concrete. 
144 

Also near the end of 1908, Manchester City Council, for example, 

was seeking a parliamentary clause, 

"to authorise the making of further provision (for) the 
erection within the city of buildings in reinforced 
concrete, or with - steel frame construction", 145 

perhaps as a result of the proposals to build the Y. M. C. A. headquarters 

there, not only with a reinforced concrete frame, but reinforced 

concrete walls (cased in tiles). The Cooperative Wholesale Society 

had already made use of reinforced concrete in its Central Premises 

in Manchester and was employing "Hennebique" framing for a bank 

and-furnishing extension in 1908, but with self-supporting brick 

and stone exterior walls. 
146 

- 

----------------------------------------------------------------------- 

143. Memoranda, C. & C. E., vol. 3, no. 5, Nov. 1908, p. 419. S. a. 
Er_n_; s__t_G_eorge, President's. 4ddress, 2.11.1908, J. R. I. B. Ae, vol. 16, 
7.11.1908, p. 5* 

144. Knowles & Pitt, op. cit. (2), p. 98. S. a: London Building Acts 
Amendment Act 1909, J. R. I. B. A., vol. 17,257.11.1909, P. 91; 
Skeleton Construction and the Amended_London Building Act, C. & C. E., 

vol. 5, no. 1, Jan. 1910, p. 5, ff. 

145. MemoEanda, C. & C. E., vol. 3, no. 6, Jan. 1909, p. 509. 

146. Mouchel-Hennebique Ferro-Concrete. List of Works, op. cit. (44), 

pp: I9_, 517__an_a7 F. E. L. Harris, A. R.!: 5_. X7_, 7;; _p; rative Wholesale 
Society_Building, F. C., vol. 2, no. 9# March, Y911, (pp. 25ý: NYT, 

pp. 269# i5l. 
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With reference to Manchester City Council's required power, 

Concrete and Constructional Engineering (1909) commented, somewhat 

cryptically, 

"If this clause receives the sanction of Parliament it 
will allow builders to secure the requisite strength in 
walls thinner than those they now make of brick, but, on 
the other hand, the proposed clause may mean restrictions 
where there is at present entire liberty of action. " 147. 

Perhaps the comment refers to the replacement of discretionary powers 

by enactment. 

Liverpool Corporation also obtained a General Powers Act in 

1909, allowing it to modify Building Acts operative in the city, 
to permit the construction of iro4, steel or reinforced concrete 
buildings. 148 

The London Act permitted metal skeleton framed buildings, 

without the addition of load-bearing outer wallst and incorporated 

regulations for these. 
149 

However the L. C. C. Regulations for 

reinforced concrete, were not passed until 1915, although 

formulated several years earlier. 
150 

(This may have promoted 

architects' further use of steel framing perhaps instead of 
reinforced concrete construction, at least in London, between 1909-15. ) 

Despite the R. I. B. A. Reports and recommendations relating to 

reinforced concrete, it seems that debate on the proposed London 

amending (General Powers) Act, (passed in 1909), as in 1904, may 
have been more concerned with the provisions for steel-framed 
buildings, for example in R. I. B. A. meetings - and architects were 

147. MemoEanda, op. cit. (145). 

148. Mem6Eanda, C. & C. E., vol. 4, no. 3, July, 1909, p. 224. 

149, Knowles & Pitt, op. cit, (2), p. 98o 

150. E. g. Tanner, op. cit. (15). 



2+9 

making considerable use of steel; - Henry Adams (1912) said the 1909 

Act resulted from architects' wider use of steel framing and their 

requirement to apply it to outer walls. 
151 

The issue debated was whether the Bill's provisions for steel-framed 

buildings should be limited to these outer walls. Representatives of 

the R. I. B. A., together with the I. C. E., Mechanical Engineers', 

Surveyors' and Builders' institutions iind the Concrete Institute, (with 

one dissentient), favoured limiting the Bill's. provisions for steel-framed 

buildings to the construction of enclosing walls, to enable thin, outer 

walls, 
152 

without regulating the entire framing, which was regarded by 

the R. I. B. A. as limiting architects' autonomy in designing the interior 
153 

William Woodward, F. R. I. B. A., dissenting, argued that it was "absurd" 

for the L. C. C. to have control over the external walls, but not over 

the connections between exterior and interior. 
154 

In the House of Commons, during the parliamentary debate of 

amendments to the London Building Act, it seems the position of 

reinforced concrete became secondary to steel because some of its 

advocates were primarily occupied in the controversy about the 
155 

regulations for steel. (These, in the event, accepted metal skeleton 

construction and made district surveyors responsible for steel framed 

buildings, "from the foundations and bearing on the ground to such 

details as the pitch of rivets. ' 
156 

). 

151. Adams, op. cit. (95), p. 775. S. a: Chapter 4. 

152. Chronicle, J. R. I. B. A., vol. 16,, 23.1.1909, p. 216. Edwin T. Hall, 
Blscu--s-slonon the Annual_Report, J. R. I. B. A., vol. 16,8.5.1909, 

p. 472. Note: Chronicle m; n-ilon-s C. I., but not I. C. E.; Edwin Hall 

includes I. C. ET--E-u-t--n-ot C. I. 0 
153. Hall, ib. 

154. William Woodward, RIEEussion on the Annual_ReMl, J. R. I. B. A. p 
vol. 16,8.5.1909, p. 466. 

155. Editorial_Notes, C. & C. E. p 
156. Knowles & Pitt, op. cit. (2), 

vol. 4, no. 4, Sep. 1909, p. 233. 

pp. 98-9. 
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However, in 1910, the R. I. B. A. organised a conference of bodies 
157 

to discuss, the L. C. C. 's Draft Regulations for reinforced concrete. 

This conference concluded that the R. I. B. A. Reports should be used. as 

the basis for calculations for reinforced concrete, 
158 

but in 

December., 1910, Concrete and_Constructional EnEIE22EADU accused the 
159 

R. I. B. A. of being uncooperative and, in 1911, of being "adverse to 

any regulations" for reinforced concrete; 
160 

if so, perhaps this is 

attributable to William Dunn's influence, who opposed detailed 

regulations on grounds of inflexibility. Dunn saw no contradiction 

in compiling the R. I, B, Ae Reportsp in which he was significantly 

involved, in some detail, as these were amenable to speedy alteration 

as necessary, unlike legal enactments - and he refers particularly to, 

the extended acceptance of helical or lateral column reinforcement,, 

which could have. been excluded by Council Regulations based on the 

first Report of the Joint Committee (1907). 
161 

In December, 1911, Concrete and Constructional Engineering observed 

that the adoption of rules for reinforced. concrete construction in 

London had taken (so far), 

"the combined forces of the House of Commons, the House of 
Lords, the London County Council, numerous special Committees, 

and at least half a dozen of our great Institutions a full 
five years to obtain what in nearly every other country could 
be obtained, with due consideration and full efficiency, 
in ...... something like six months 11.162. 

157. Chronicle. L J. R. I. B. A. p vol. 18,24.12.1910, (pp. 132-3), p. 132. 
9-. 37-EK-ap-ter 8 for I. C. E. 's attitude to reinforced concrete. 

158. Chronicle, op. cit. (157), p. 133. 

159. Editorial Notes, C. & C. E., vol. 5, no. 12, Dec. 1910, p. 866. 

160. Editorial Notes., C. & C. E., vol. 6, no. 12, Dec. 1911, p. 893. 

161. Dunn, op. cit. (141), p. 235. 

162. Editorial Notes, C.. & C. E. , vol. 6, no. 12, Dec. 1911, p. 893. 
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At this stage the L. C. C. was about to seek confirmation of its 
163 - 

suggested rules from the Local Government Board. (The L. C. C. 's 

General Powers Bill had been modified by the action of the R. I. B. A., 

the C. I., the I. C. E., and other societies, so that regulations 

proposed for reinforced concrete must be submitted to all these 

bodies, as well as the Local Government Board, instead of being 

in their sole power. 
164 

) 

As these draft regulations stood by the end of 1911, reinforced 

concrete was defined as concrete reinforced by metal so combined 

that the metal would, 

"take up all the direct. tensile stresses, assist in the 
resistance to shear, and assist in the resistance to 
compression where necessary. ". 165 

External walls of reinforced concrete not less than 411 thick were to 
be permitted with a reinforced concrete frame, 166 

and all details 
of construction and materials were to be submitted to the district 
surveyor 

167 
(who would be required to have a good knowledge of 

reinforced concrete: by 1911, there was such expertise available 
outside, "specialist ranks" 

168 
). 

Other cities had also delayed and by 1911, although Manchester 
Corporation, for example, had powers under their new Act to make 
regulations, this'had not been done; every case was considered# , on 
its merits" and without appeal. 

169 

----------------------------------------------------------------------- 
163. Ib. 

164. Dunn, op. cit. (141), p. 233. 

165. L. C. C. 
_Regulations 

for Reinforced Concrete. 
_ReMI-2ý _Ihe 

Building 
Eo- Acts mmittee, C. & C. E., vol. 6, no. H-,, 5e; c7 1911, (PP-895-911), p. 896. 

166. Ib., p. 906. 

167. Ib., p. 896. 

168. Editorial Notes, C. & C. E., vol. 6, no. 1, p. 3. 

169. A. E. Corbett, discussion at C. I., op. cit. (10), p. 514. 
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In June, 1911, Sir Henry Tanner announced the Local Government 
N 

Board's first loan on a thirty-year, instead of fifteen-year, basis 

for reinforced concrete, 
170 

although Concrete and Constructional 

EngineerinE (1909) had referred to "exceptional cases" where longer 

loan periods were granted; 
171 (such as the example of a reinforced 

concrete roof (1907) in Hammersmith). 

The L. C. C. Regulations did not finally come into force until 

Ist January, 1916 
172 

and were described by H. Kempton Dyson (1916) 

as the most scientific building regulations yet in Britain and 

requiring engineering skill to apply. 
173 

Walls could now be 411 thick 

and window openings could be two thirds (not half) of the wall area - 

although this limit was unnebessary structurally, as the walls were 

panels. 
174 

Some of the earlier reinforced concrete buildings had 

already employed 411 walls and sometimes over two-thirds of window area. 

The L. C. C. Regulations were widely accepted outside London, 

and the routine passing of plans and easy tenders, it is saids 

resulted in a spate of bad buildings, 175 
perhaps justifying the 

concern of those who had opposed municipal controls over reinforced 

concrete design. 

170. Sir If. Tanner, The First Summer Meeting of the Concrete Institute, 
7.6.1911, C. & C. E., vol. 6, no. 7, July, 1911 7- p 

171. Editorial Note;, C. & C. E., vol. 3, no. 6, Jan. 1909, pp. 434-5. 

172. H. Kempton Dyson, review of: E. S. Andrews, L. C. C. RegE121122! 
relat'NAM21nforced %22E212, J. R. I. B. A., vol. 23,1.4.1916, p. 188. 
Hamilton, op. cit. (12), p. 25. 

173. Kempton Dyson, ib. 

174. Ib. 

175. S. B. Hamilton, ý Note on the_History of Rei, nforced_Concrete_in Buildings, 
N. B. S. Spec. Rep. -n;.. 5! -, -j939-, p. 20. 
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Conclusion. 

From about 1903, there was increasing criticism from architects 

and engineers of the want of legal provision for the use of reinforced 

concrete, and steel, frames, especially. the use of panel, or curtain 
176 

walls, which was largely excluded by current building regulations. 

A number of partly reinforced concrete framed builaings with 

load-bearing walls of other materials were constructed without 

difficulty in various cities. At the same time, L. G. Mouchel and 

his agents for Hennebique's system, from 1897, erected a number of 

reinforced concrete framed, and also panel-walled, buildings in 

various places, for railway or dock companies, exempted from the 

usual regulations, or occasionally in rural areas where restrictions 

were minimal, but also in areas of urban councils either with 

existing provisions for strengthened concrete, or (more commonly) 

with the usual bylaws, but willing to waive them, such as Newcastle 

Corporation (and where L. G. Mouchel also had a particularly 

effective representative). 

Insofar as reinforced concrete was less speedily adopted in 

Britain than in some European countries, other motives than the 

provisions of building regulations - such as a distrust of 

reinforced concrete - were perhaps more significant (except 

possibly in London, where regulations excluding panel walls were 

strictly enforced). On the other hand, the Local Government Board's 

strictures on loans for reinforced concrete had the indirect effect 

of further discouraging confidence in it. 

However, the successful examples of the first "Hennebique" 

buildings, as well as applications - and reinforced concrete regulations - 

abroad, interested several engineers and architects in Britain, notably 

Charles Marsh, M. Inst. C. E., and William Dunn, F. R. I. B. A. who, (as 

176. "Curtain" walls, as between piers, referred to in R. I. B. A. 

recommendations (1904) to L. C. C., op. cit. (64), p. 189. 
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Concrete and Constructional-Engineering suggested in its reference'to an 

influential "coterie") in turn, encouraged a wider interest in 

reinforced concrete. W. Dunn (1903) employed Hennebique's system for the 

interior of an Assurance building in central London, but later advocated 

Consid6re's helical reinforcement for columns, a preference transmitted, 

via the R. I. B. A. Report (1911), into the L. C. C. Draft Regulations 

and provoking criticism from Ferro-Concrete on behalf of the Hennebique 

system. 

From about 1905-6, there was a general interest in both reinforced 

concrete and steel-framed buildings in Britain; Concrete and 

Constructional_Engineering was founded and pressed for modified 

regulations for reinforced concrete and steel, but its particular 

target was the Local Government Board's short loan period for 

reinforced concrete, which was nonetheless retained for some years. 

Following the establishment of the R. I. B. A. Joint Committee on 
Reinforced Concrete and its Report, in 1906-7, the publicised and 

successful construction of large reinforced concrete government 
buildings in London, (these being exempt from the Building Act), 

and increasing demands to employ reinforced concrete from architects, 

potential clients and specialists, more local authorities, including 

the L. C. C., from about 1908, began to permit reinforced concrete 
framed buildings with reduced wall thicknesses in individual cases, 

and started the process of changing theirbu. ilding regulations in 

favour of such construction. In this year, the Concrete Institute 

was also founded and in December, the I. C. E. appointed a committee 
to report on the use of reinforced concrete. 

177 

An L. C. C. General Powers Act in 1909, however, resulted in 

regulations for steel-framed buildings, while similar regulations 

for reinforced concrete were postponed. This was partly because 

----------------------------------------------------------------------- 

177. Chapter S. 
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the question of regulations for steel skeleton buildings, which 

had been considered by the L. C. C. and various professional bodies 

in 1904, again focused attention, (and the erection of the 

fully steel-framed, but heavy masonry faced, Ritz Hotel (1906-7) in London, 

perhaps provided a rival focus to Sir Henry Tanner's G. P. O. buildings 

in reinforced concrete). A delay of several years was due also 

perhaps to a continuing debate among various bodies (which had 

involved themselves in the legal process) about the extent to which 

reinforced concrete design and construction should be regulated by 

law; other cities, such as Manchester, similarly postponed 

introducing regulations for reinforced concrete, while permitting 

its use on a discretionary basis. 
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CHAPTER_6: 
----- 

THE DEVELOPMENT_OF_THE_SPECIALIST SYSTEM AND 

THE EXPANSION OF FRANCOIS HENNEBIQUE'S FOREIGN INTERESTS. 

FranVois Hennebique: From Brussels to Paris. 

The Extension of Ferro-Concrete and the Specialist System. 

The "Maison Hennebique". 

The First Major British Contract: Weaver's Mill., 
_Swansea. 
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Francois-Hennebique: From Brussels to-Paris. 

The introduction of FranVois Hennebique's reinforced concrete 

system in Britain and L. G. Mouchel's achievement in extending its use, 

should be seen in the wider geographical and commercial context of the 

development and expansion of Hennebique's commercial-specialist 

organisation for propagating his system, and Ilennebique's personal 

role in this organisation, and in Britain. 

Francois Hennebique was fifty years old when he first patented his 
a 

reinforced concrete. Born near Arras in 1842, about 25 miles from 

the Belgian border, he had trained as a mason and (although sometimes 

said to have, "no scientific education" 
1) 

he studied various subjects 

at home, including mathematics, chemistry, physics, architecture and 

archaeology. Hennebique then specialised in church restorations, in 

which he gained a considerable reputation in Northern France and Belgium. 

At the same time, Hennebique established himself as a public works 

contractor, constructing buildings, viaducts and bridges and working 
in concrete, iron and steel; 

2 
his combined concrete and iron floors, 

dating from about 1879, were discussed in Chapter 2.3 flennebique 

also exhibited iron constructions at the Spanish Colonial Exhibition 

in Madrid, in 1884.4 

1. Jacques Fougerolle, LIEvolution du Bbton_Armd, in: Cent Ans de B6ton 
ýETý, Chambre Syndicale des Constructeurs en Ciment Arm6 de France, 
Paris, 1949, (pp. 63-77), p. 74. 

2. The_Li, fe and Work of Francois Hennebique, F. C., vol. 2, no. 9, March, 
1911, (pp. 258-66), pp. 258,261. W. RoHe Twelvetrees, Francois 
Ifennebique -A Biographical_Memoir, F. C., vol. 13, no. 5, -Nov. 1921, 
ýp-p--. 1111'8-44), pp. 122-3. H n--S! -ýe, Tech. et Arch., vol. 9,1949, 
p. 46. 

3. Hennebique Methods of Calculation, F. C., vol. 1, no. 2, Aug. 19 , 09, 

p. 25. --; 'olf von NiebelschUtz, ZUblin: B! H, Stuttgart, 1958, p. 39: 
concrete in French Govt. works-, -U-89. 

4. Niebelschatz, ib. 
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The difficulty of precisely dating Hennebique's earliest i 

application of reinforced concrete was again discussed earlier, although 

the motives for its development were clear: a fire-resistant combination 

of concrete and iron or steel which should also be economical; it was 

probably during the later 1880s that Hennebique studied the problem of 

such combination, (Chapter 2). In 1887, he was associated with M. 

Govadrts, later President of the Society of Architects of Belgium, in a 

project to erect a wooden tower in Brussels, intended to be the same 

height as the Eiffel Tower in Paris and with a second storey hotel, 

with reinforced concrete floors. 
5 

According to C. Roch, a former employee of Hennebique's, in Brussels, 

Ifennebique, when a sub-contractor in Alolenbuch, Brussels, had successfully 

constructed reinforced concrete slabs with round rods and had the idea 

of constructing beams also, with plain, round rods and stirrups. 
6 

Roch 

further states that Hennebique tested beamed floors in collaboration with 

the chief engineer for Belgian bridges and roads and it was the latter 

who drew tip the calculations for the Ifennebique system. 
7 

Hennebique patented his beams and floors in 1892-3, (Chapter 1 . ). 

Subsequently he gave up his public contracting work in order to develop 

ferro-concrete. 
8 

For this purpose, Hennebique established an office in 

the centre of Brussels, in partnership with a financier, Septon. 9 

------------------------------------------------------------------------- 

5. F. Hennebique, reported by: P. G., Le Sixi6me ConaEý2-52-H! 22-60-6, 
Le B6t. Arm6, no. 45, Feb., 1902, (pp. 113-5), pp. 114-5. Peter Collins, 
Concrete, Lond., 1959, p. 64, briefly refers to this tower but not to 

7- Hennebique's proposed use of reinforced concrete; illust: PI. 13. 

6. C. Roch, Marseilles, letter-to C. R. J. Wood, 5.6.1958, transl., 
(pp. 1-18), pp. 2-3. 

7. Ib., p. 3. 

8. E. g. The Life md_Work_of_Francois_Hennebique, op. cit. (2), p. 261. 

9. Roch, op. cit. (6), p. 3; s. a. p. 2. 
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In 1896, when C. Roch joined the Brussels firm, he says that 

H6nnebique employed there_two architects, two engineers, two drAughtsmen 

and a chief engineer. 
10 

The latter was M. Foort, who later, like Roch 

himself, joined L. G. Mouchel in Britain, (Chapter 7 Hennebique's 

son, Edouard (who died in 1899 
11 

) was a director of the firm, and his 

two daughters, with Septon, administered the accounts. 
12 

The involvement 

of Hennebique's family in his company, continued and extended through 

marriage; both Hennebique's daughters married colleagues. 

Between 1892-6, some important ferro-concrete constructions were 

erected, including floors and roofing for a refinery at Saint-Ouen, * 

Paris (1894), following a fire in the building 
13 

and the first large 

fully framed mill, in Tourcoing (1895). In 1896, Hennebique was elected 

a member of the Soc16td des Ingenieurs Civils de France. 
14 

Hennebique said he personally superintended the first works in 

ferro-concrete 15 
(such as the work at St. -Ouen, for example 

16 
) and 

that, in acting as foreman, he had found defects in the concretes used 

until then and said he also realised a need to teach contractors and 

workers about b6ton arm6 before entrusting them with its execution, and 

to allow licences for his patents only to good and conscientious 

constructors, introducing into these firms, workers trained by Iiimself. 
17 

10. Ib. 

11. Quatrii3me CongEýes du B6ton_Armö, Le Böt. Armd, Sept., 1900, p. 2. 

12. Roch, op. cit. (6), p. 3. 

13. Raffinerie Parisienne, 
_f! _S2int: 

22fLi, La Construction Aloderne, 20.4.1895, 
p. 543. ff. 

14. Life_and_Work of Francois-Hennebique, op. cit. (2), P. 266. 

15. F. Hennebique, Le Bät. Armö, Sept., 1900, p. 7. 

16. Raffinerie Parisienne, op. cit. (13), P. 343. 

17. F. Ilennebique, Le BÖt. Armä, Sept., 1900, p. 7. 
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Accordingly, 11ennebique established an organisation consisting 

of teams of regional agents and engineers and draughtsmen, who prepared 

working drawings, and contractors licensed to use his systen; at the 

same time, Hennebique personally travelled much in Europe and elsewhere, 

establishing agencies. 
18 

19 
By the time Hennebique moved his head office to Paris, in 1898-9 

his technical organisation was well-established. For example, in 1898, 

it comprised 25 technical agencies, with 68 engineers and draughtsmen, 

and 89 licensed contractors, employing 6,000 workers. 
20 

The Brussels- 

office was at this time moved to snialler premises. According to Ro6h, 

the new arrangements excluded Septon, with whom Hennebique broke off 

relations, as well as Foort, the chief engineer, who left Hennebique's 

employment 
22 

(but came into Mouchel's later), and, very likely, Roch 

himself (who did the same 
23 

). 

Hennebique first rented apartments in Paris, in 1898,24 but then 

moved to the apartment block at lp rue Danton, built entirely on his 

system and intended to represent an example of architecture in 

ferro-concrete, (Chapter 10. ). 

18. Roch, op. Cit. (6), p. 4. 

19. Roch, op. cit. (6), pp. 5,8, and: A. L. Cordeau, Les Ciments Armds. 
Le ßfoniteur des Architectes, April, 1899, p. 5-6 ----------------- 

20. F. Hennebique, Tableau du Däveloppement des Entreprises du D6ton Arm6, 
Le Bät. Arwä, Sept., 1900, p. B. 

21. Roch, op. eit. (6), p. 5. 

22. Ib. 

23. See Chapter 7. 

24. Roch, op. eit. (6), p. 4. 
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Hennebique took his two sons to Paris and gradually engaged new 

staff there, including M. Flament and'M. Baffrey, 
25 

who married his 

daughters, retaining both their names and Hennebique's and continuing 

in the company (which still exists, under the name of Baffrey-Hennebique 
26 

T. J. Gueritte was also engaged, 
27 

who became Mouchel's agent in 

north-eastern England, (Chapter 7 

Regional agents, trained in Hennebique's methods, selected 

contractors from among, 

"the most competent and confident in the country" 

who were licensed to use Hennebique's system, 
28 29 

in return for royalties. 

The licence was calculated to confer advantages but prevented coalition 

between licensees, among whom there was a certain amount of competition. 
30 

The central, technical bureau, where Hennebique was assisted by his 

son-in-law, Flament-Hennebique, and a large staff of qualified engineers, 
31 

checked projects and designed those for, "important"'works, 
32 

(and at 

the office, payment was by the hour, no doubt to encourage industry 
33 

25. Ib. 

26. Personal correspondence with the company, Baffrey-Ifennebique, Paris. 

27. Roch, op. cit. (6), p. 4. 

28. G. E., Des Garanties de Bonne Ex6cuti, 
p. 7. N. de Tedesco, H; 

-Historical in-France, C. & C. E., vol. 1, no. 3, 

29. Dr. F. von Emperger, The Prevention 
Structures, C. & C. E., vol. 4, no. 5, 

30. F. Hennebique, Le Mt. Arm6, Sept., 

2Li, Le Mt. Arm6, June, 1903, 
Evolution of Reinforced Concrete 
July, 1906, p. 163. 

of Failures in Reinforced Concrete 
Oct. 1909, p. 312. 

1900, p. 7. 

31. Life_and Work of Francois Hennebique, op. cit. (2), p. 265. 

32. G. E., Des Garanties de Bonne Ex6cution, op. cit. (28). 

33. Roch, op. cit. (6), p. 9. 



M. Dumesnil (1900) in Le B6ton_Armd, stressed the importance of the 

unified direction and centralisation of working drawings for beton arme. 
34 

Each of Hennebique's technical offices was administered by an 

engineer trained in Hennebique's methods of calculation and construction 

in Paris 
35 

and the output of specially trained engineers governed the 

numbers of new regional, technical offices, 
36 

while application for 

plans was otherwise made to the head office. 
37 

The technical staff 

were maintained at Ilennebique's cost and under his direct control, 

while contractors were controlled by the terms of a "licence", had 

a defined region of activity and were attached to specific technical 
38 

offices. 

Hennebique continued and extended his office at 1, rue Danton as 
39 

a specialised training centre, which was international both in the 

sense of engineers from Europe, Asia and America 
40 

coming to train 

with Hennebique and trained French engineers being sent abroad. Robert 

Maillart is said to have been a pupil of Hennebique's 
41 

but early 

evidence for this appears to be obscure. 
42 

Most of Hennebique's young 

------------------------------------------------------------------------ 

34. M. Dumesnil, Le B6t. Arm6, Sept., 1900, pp. 2-3. 

35. Reviews-of_Books: Le B6ton Armd: Relev6 de 
I- 

Travaux 
- 

Executes en 1909, 
F. C., vol. 2, no. 3, p. 94. 

36. La Villa en ciment arm6 de Bourg-la: ý2ýn2, Le Bgt. Arme, Dec. 1904, 
p. E9-4. 

37. Relev(ý de Travaux Executds, 
_ý2nAe, _le22, 

Bdtons Armi5s Systdme liennebique, 
P-a-ris 

. 
38. Life_and_Work_of_Francois Hennebique, op. cit. (2), p. 262. 

39. Twelvetrees, op. cit. (2), p. 127. S. a. Relev6 de Travaux Execut6s, 
op. cit. (37), Des Garanties-de-Bonne Ex6cution,.. Op. cit. (28), etc. 

40. Twelvetrees, ib., p. 127. 

41. S. Giedion, Space, 
_jiLn2_a2d 

Architecture, H. U. P., 5th edn., 1967, 
---Zate; e; t. A. Raafat, Reinforced Concrete p. 451: no so; -r-c-e-given for-iKls s 

in_Architecture, N. Y., 1958, p. 75. 

42. Max Bill, Robert Maillart, Zurich, 1949, does not mention this, either. 
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pupils came from the Ecole Centrale des Arts et Manufactures; 
43 

Hennebique 

preferred young engineers because they were unprejudiced about ferro- 

concrete. 
44 

The centre at some time included a testing laboratory which 

was at the disposal of "government and other engineers". 
45 

Although in 1896, Hennebique's staff in Brussels included 

architects, in 1900 he does not mention the employment of architects 

as part of his establishment. Neither is there any reference to any 

attempt to include at the school any aesthetic training or discussion 

with respect to ferro-concrete, although Hennebique regarded his material 

as having architectural potential (Chapter 10), but then Hennebique did 

not believe in imposing art in buildings and in particular scorned the 

methods of what he called, "puerile symmetry ,! 
46 

During the period 1898-1902, one of "dozens" 
47 

of court cases 

in which Hennebique became involved with regard to his patents for 

reinforced concrete, was proceeding against Hennebique, brought by 

Paul Cottancin, demanding that Hennebique's patent for stirrups and 

"cross-pieces" (entretoises) should be nullified. This was on grounds 

of precedents ("Ramson and Jackson") and vitiation by disclosure 

(a reference to brochures published by Ifennebique at the time of his 

1892-3 patents). Cottancin also claimed damages for defamation. 

The case failed (24.12.1900), as the precedent was invalid and the patents 

predated the brochure in law, although in pursuit of his objects, 
Cottancin apparently misrepresented the authority of tests of his own and 

Hennebique's systems and wrote to one of Hennebique's clients denouncing 

-------------------------------------------------------------------------- 

43. F. Hennebique, Le B6t. Arm6, Sept., 1900, p. 7, n. 1. 

44. Life_and_IVork_of_Francois Hennebique, op. cit. (2), p. 262. 

45. Twelvetrees, op. eit. (2), pp. 130 - 1. 

46. La_Villa en Ciment_Arm6,. op. cit. (36), pp. 284-5. 

47. bl. Robert Flament-Hennebique, Neuilly sur Seine, 2.8.1980, 
pers. corresp. 
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his system as plagiarised. 
48 

The judgem I ent against Cottancin was 

substantially confirmed on appeal (May, 1902). 
49 

Following this successful outcome for Hennebique, he brought a 

case himself to prevent competitors infringing "his rights", but the 

judgement (6.3.1903), ran contrary to its precedents in declaring that 

anyone could execute work in b6ton armd in whatever system, which 

might legally affect the position of Hennebique's licen, soes, who, 
50 furthermore paid 10% royalties instead of the 572 offered by competitors. 

Nonetheless, Hennebique argued that the judgement - against which an 

appeal was tried, however, 
51 

_ did not imply that licensees could freely 
52 

work in other systems as well as his own. 

Hennebique sometimes permitted his agents or licers. ees ýo use 

rival systems, when requested. 
53 

One of Hennebique's licensees, 

Al. Grouselle, executed some experimental work for Consid&re (both 

ffordinarily" and spirally reinforced pieces), for tests at the 

Department of Ponts et Chauss6es. 
54 

Wolf von NiebelschUtz (1958) asserts that in France, Hennebique's 

patents were declared invalid after one year, in Monier's favour, 
55 

--------------------------- 7 ------------------------------------------ 

48. Le 
- 

B6ton Arm6 au Tribunal_Civil, Le Bdt. Arm6, Jan. 1901, (pp I- 9), 
pp. 1: 3. and, Af. fiennebique, Rulti6me Conj; f6s du B6ton_Armd, p. 19, 
suppl. to: Le B6t. Armd, no. 69, Feb. 1904. 

49. Le B6ton Armd en Cour d'App2j, Le Mt. Arm6, June, 1902, (pp. 1-4), 
pp: 5: 4. 

50. At. Cordier, Huiti6me Congr6s du B6ton_Arm6, op. cit. (48), p. 19. 

51. M. Hennebique, ib., p. 19; s. a. p. 27. 

52. Ib., p. 20. 

53. M. Bernard, ib., p. 22. 

54. A. Considere, SVIE211y_Eeinforced Concrete and 
- 

its 
- 

Application, 
B. J., vol. 25, E. & S. suppl., 27.3.1907, p. H7 

55. NiebelschUtz, op. cit. (3), p. 38. 
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but Hennebique's patent for stirrups was evidently operative in 1898, 

since Cottancin was contesting it; M. Robert Flament-Hennebique, 

Frangois Hennebique's grandson, has no knowledge of any of Hennebique's 

French patents being invalidated. 
56 

t 

56. M. Robert Flament-Hennebique, Neuilly Sur-Seine, 2.8.1980, 

personal correspondence. 
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The_Extension_of_Ferro-Concrete_and_th, e Specialist_System. 

The worldwide extension of Hennebique's technical-commercial 

organisation and the number of Hennebique works between 1892 (the date 

of the first patents) and the end of the first decade of the 

twentieth century, is impressive. 

In 1892, Hennebique says that six works were carried out; 
57 

none were 

complete buildings, the first entirely ferro-concrete construction, for 

an important mill, being at Tourcoing (1895). 
58 

The first of the works 

in 1892 was floors and columns for a building at Roubaix. 
59 

In this year, 

Hennebique's system was introduced in Switzerland 
60 

(and popular there, 

by 1897 
61 

). For 1893, the total of works amounted to 41.62 The 

first reinforced concrete framed "Hennebique" building in Britain, 

(Weaver's Mill, Swansea, 1897-8) was preceded by a factory in St. -Michel, 

Switzerland. (1893) and another in Cairo (1895) 
63 

as well as the works 

in N. France referred to previously. 

By 1898, (when Hennebique was particularly interested in 

establishing representation in the geographical "nerve centre" at the 

junction of France, Switzerland and Germany 
64 

) the total works numbered 

over 800,65 although by December, 1899, there were said to be over 
3,000 ferro-concrete constructions, 

66 
including between 1100 - 1200 for 

that year. 
67 

These figures do not quite tally but suggest the scale 

of operations. 

57. F. Hennebique, Le B6t. Arm6, Sept., 1900, p. 4. 

58. Ib., p. 5. 

59. Ib., p. 4. 

60. Prof. F. SchUle, The Historical Evolution of Reinforced Concrete_in 
Switzerland, C. L C. E., vol. 2, no. 2, May, 1907, p. 91. 

Gl. The_Construction_of_Arches_in_Concrete_-_X, B. N., 13.8.1897, p. 215. 

62. F. Hennebique, Le B6t. Arm6, Sept., 1900, p. 5. 

63. Tech et Arch., vol. 9,1949, p. 46. 

64. NiebelschUtz, op. cit. (3), p. 41. 

65. F. Hennebique, Le B6t. Arm6, Sept., 1900, p. 6. 

66. Ib., p. 7. 

67.1235 works in 1899: F. Hennebique, Tableau du D6veloPrement des 
Le B6t. ýrmd, 7 Sept. T-i555, ---g Relev6 EEIEERrises du B6ton_Arm6j_ I P. 

de Travaux Execut6s, Ann&e 1899, op. cit. (37), but ReleV6 Ann6e--igH a 
and elsewhere give 1129 works, for 1899. 
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Hennebique refers to these early works as constituting a "forcing- 

house" (une v6ritable p6pinibre) for engineers and constructors, who 

rapidly had to acquire experience usually gathered in long years of 

practice. 
68 

Many of these works were "unimportant", some, "remarkable", 

such as the bridge at ChAtellerault, 4601 long with two arches of 1331 

span and one, 1671; these since 1892, had brought Hennebique two million 

pounds in royalties. 
69 

Compared with the total of executed works between 1892-9,3061,70 

there were 8,078 projected works and estimates. 
71 

In 1900, Hennebique 

illustrated the growth of his organisation year by year, showing the 

numbers of offices, projects and works (and their value), and employees 
72 

among whom architects are not specially mentioned, even before 1896, when 

Roch states there were two, compared to three engineers, in the Brussels 

office. In 1892, there was one technical office, two engineers/draughtsmen, 

no licensed contractors yet, and 71 projects but only six executed works 

(employing 70 workers). By 1897, when Hennebique actively introduced 

reinforced concrete in Britain, there were seventeen technical agencies 

and 56 engineers/draughtsmen and 55 concessionnaires or licensed 

contractors; in this year there were 1,542 projects and 473 executed 

works (and 3,000 workers employed). The percentage of projects executed 

for these two years was therefore about 8J% in 1892 compared with about - 

31% in 1897. The first reinforced concrete framed building in Britain, 

Weaver's Mill, Swansea, designed in October-November, 1897, was project 

number, 2,615.73 

--------------------------------------------------------------------- 

68. F. Hennebique, Le B6t. Arm6, Sept., 1900, p. 7. 

69. Tedesco, op. cit. (28). 

70. F. Hennebique, Le B6t. Arm6, Sept., lbOO, p. 7. 

71. Ib. 

72. liennebique, Tableau, op. cit. (67). 

73. Drs. for mill, e. g. Moulin A Grains h Swansea. 
-Construction_des 

Fo ndations om b6ton arm6 ý: K. jt4ýtjS__Hennebique, plan no. 6,3.11.1897. 
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At the Paris Exhibition (1900), Hennebique won a "Grand Prix" for 

his works in France and elsewhere, but also for the organisation of 

his company. 
74 

The same year, he was made a member of the French 

Government's Commission du Ciment Armd. 75 

In 1902, by which time there were three technical offices in 

England, Hennebique opened seven new agencies 
76 

and the total works 

amounted to 7,025.77 At the end of 1904, for example, at the Paris 

office alone, there. were between 50 - 60 engineers and draughtsmen; 

elsewhere in France, Hennebique had 21 regional agents with, on average, 

a team of three engineers or draughtsmen and there were 175 licensed 

contractors. 
78 

In other countries, there were altogether 43 agent's 

offices, with usually four or five engineers or draughtsmen and 145 

licensees. 
79 

Over 12,000 ferro-concrete structures were erected by 

the end of 1904,80 and by 1905, the Ilennebique system was represented 

by offices in twenty major cities, apart from offices in Britain. 
81 

An analysis of a total of 62 offices in 1909 found these to be mostly in 

Europe (43) with twelve in the U. S., four in Asia and three in Africa. 
82 

74. M. Dumesnil, Le Mt. Armd, Sept., 1900, p.. 3. 

75. Life_and Work of- Francois Hennebique, op. cit. (2), p. 266. 

76. Relev6, 
_ýEn6e_1902, 

op. cit. (67). 

77. P. G., Le Mt. Arm&, Dec. 1902, p. 111. 

78. 
-La_Villa 

en Ciment Arm6, op. cit. (36), p. 284. 

79. Ib. 

80. L. G. Mouchel, Monolithic Constructions in Hennebique's Ferro-Concrete, 
pr. to R. I. B. A., 21.11.1904, AR. I. B. A., vol. 12,26.11.1904, 
(pp. 47-61), p. 51. 

81. List of offices in: L. G. Mouchel, The Hennebique Ferro-Concrete SysIET, 
2nd edn., 1905.1 

82. F. C., vol. 2, no. 3, Sept., 1910, p. 94. 
I 
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At this time (1909), Hennebique's system was by far the most 

widely used. 
83 

By now, there were 19,000 
84 

- 20#000 
85 

works, 

including nearly 1,000 bridges, 
86 

, none of the latter having failed. " 
87 

A list of Hennebique works in the U. K. between 1897 - 1911 was 

issued by L. G. Mouchel and Partners (1911) and supplied a total 

of ferro-concrete structures for the U. K. of 1,073, (including 160 

bridges), compared with an estimated total of Hennebique-works of 

nearly 24,000 to mid-1911.88 

83. F. C., vol. 1, no. 2, Aug., 1909, p. 25. 

84. Ib. 

85. F. C., vol. l, no. 4, Oct., 1909, p. 66. 

86. Recent Developments-in_]Perro-Concrete Bridge Building_, F. C., vol. 1, 
no. 5, Nov., 1909, p. 89. Cf: L. G. Mouchel, Ferro-Concrete_Bridges, 
1907, titlep. 

87. Recent_DevelopLnents,. ib. 

88. Reviews: 
-Hennebique 

Ferro-Concrete. List of Works U. K. 1897-1911, 
L. G. Mouchel & Ptrs., 2nd edn., 1911, in: F. C., vol. 3, no. 8, 
Feb., 1912, p. 269. 
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The_"Maison 
- 

Hennebique". 

M. Bowley (1960) concluded from a study of building innovations, 

that they may depend upon the structure of an industry and its 

entrepreneurs as well as on a demand for the product. 
89 

This seems 

particularly apt of Hennebique's organisation, although the practical 

advantages of reinforced concrete were also considerable, (Chapter 9). 

The "unique organisation", created by Hennebique, 
90 

and borrowed 

by others? such as Edmond Coignet, in general guaranteed the competent 

application of his method. 
91 

Its particular application in the U. K. 

is discussed in the following chapter. The success of Hennebique's 

organisation did not result entirely from specialised training and 

limited contracting, however: it also depended on the way Hennebique 

exercised his authority as well as upon his choice of individual regional 

agents and in particular upon a neat combination of allegiance to_ 

himself and regional autonomy. 

Hennebique's company always included members of his family as 

colleagues, but he also liked to regard his whole organisation as, 

vvune vaste famille, industrielle et commerciale". 92 

The cohesiveness of the organisation was both maintained and exemplified 

by annual banquets and congresses in Paris, for agents and 

concessionnaires. 
93 

For example, in 1902, Hennebique and his family 
94 

gave their customary reception to about 150 guests (agents and licensees) 

(and the tests of the bridge at ChAtellerault were celebratbd with an 

--------------------------------------------------------------------- 

89. M. Bowley, Innovations in Building, Materials. Lond., 1960, p. 111. 

90. Emperger, op. cit. (29), p. 312. 

91. Le Mt. Arm6, June, 1903, p. 7. 

92. La_Villa en Ciment_Arm6, op. cit. (36). 

93. Rep. in: Le B6t. Arm6, e. g., Le B6t. Armd, Sept., 1900, p. l. ff; , 
Le B6t. Armd, Dec. 1902, p. 109. Congresses usually lasted 3 days. 

94. P. G., Le Sixi&me Congrbs du B6ton Arm6, Le B6t. Arm6, Feb. 1902, 
(pp. 113-5), p. 113. 
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additional banquet, including the Mayor among the guests 
95 

). 

At such reunionst Hennebique was accustomed to take perhaps a 

"paternalistic" attitude when presiding; thus, addressing the fourth 
96 

Congress of b6tan armd, he asserted, "nous-sommes surtout en famille" 

A writer in Le_B6ton_Armd referred to Hennebique's "friendly 

approachability", (I'llamicale familiarit6 qui lui conquiert si vite les 

sympathies de ceux qui l1approchent" 
97 

). Toasts to Hennebique at the 

annual banquets refer, for example, to the, 

"originator, inventor, administrator and head of our great 
family -a friend to all of us" 98 

(from S. de Mollins, the Swiss agent), or Dumesnil's less translatable 

eulogy to Hennebique, 

"notre ami, notre conseil, notre lumi6re". 99 

100 
On such occasions, presentations were made to Hennebique by the Congress. 

It was in keeping perhaps that Hennebique and his family should head a 

subscription appeal for Joseph Monier, as a reinforced concrete pioneer 
101 

fallen into poverty. 

The Congress included public and private discussions, lectures, 

visits and tests of ferro-concrete structures. A lecture by M. Flament- 

Hennebique (Hennebique's son-in-law) at the 1903 Congress was given to 

95. Le Böt. Arm6, Sept., 1900, pp. 13-14. 

96. F. Hennebique, 4e Congrbs du Bgton_Arm6, Le Bät. Armd, Sept., 1900, 
p. 3. 

97. P. G., Le SixiZ>me_ConffEbs, op. cit. (94), p. 114. 

98. S. de tiollins, Le Mt. Arm69 Sept., 1900, p. 2. 

99. IM. Dumesnil, ib. 

100. Le Bgt. Armg, Sept., 1900, p. l. 

101. E. g., Le B6t. Arm6, Sept., 1902, pp. 57-9: Souscrip1122_M2212r, Le B6t. 
Armd, Feb., 1903, p. 154. 
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an audience of 400.102 M. Flament-liennebique also discussed 

ferro-concrete in papers to the French Society of Civil Engineers, for 

instance, in 1909 on the subject of the resistance of reinforced concrete 

buildings to earthquakes, when he observed that in earthquake areas, 

ferro-concrete would be found suitable for, 

"large, decorative monuments, palaces, cathedrals, etc. " 103 

Hennebique himself - and L. G. Mouchel - advocated the architectural 

potential of b6ton arm6, (Chapter 10). 

These reunions were policy-making, as well as informative and 

social occasions, and in keeping with Hennebique's view of his 

organisation as a "responsible family" rather than a pure business 

organisation, there were no statutes or rules, on the basis that with 

common sense and similar interests, good faith sufficed, and decisions 
104 

made were accepted. (Hennebique's philosophy here extended to a 
105 

dislike of official regulations -). However, in 1903, the Congress 

appoin. ted a committee of arbitration to act in cases of disputes 

between interested parties within Hennebique's organisation. 
106 

The conduct of Congress meetings, as reported in Le_B6ton_Arm6, 

shows Hennebique presiding, both well in control and open to, and 

requesting, questions for discussion, 
107 

and indeed exemplifying his 

administrative flair to which Ferro-Concrete refers. 
108 

----------------------------------------------------------------------- 

102. Le B6t. Arm6, Jan., 1903, p. 126. 

103. Chronicle, J. R. I. B. A., vol. 16,3.4.1909, p. 406, and Reinforced 
Eon-cr--ei-e-for Earthquake Districts, C. & C. E., vol. 5, --n; 7E7---- 

pp. 95-6. 

104. Les-R6gi292El! 
_Iyggs_2aE_EEx: 

ý6mes, Le B6t. Arm6, March, 1905, p. 29. 

105. Ib. and, Twelvetrees, op. cit. (2), pp. 140-1. 

106.8e Conl; I: Z-s du B6ton_Arm6, suppl. to Le B6t. Arm6, no. 69, Feb. 
195iv-Pp. ý8-9. 

107. E. g. Le B6t. Arm6, Sept., 1900, p. 9. 

108. Life_and_Work_of_Francois Hennebique, op. cit. (2), p. 266. 
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Policy discussions included the subject of advertising (then 

normal practice among engineers) and there was an Advertising Committee 

which presented periodic reports. 
109 

Hennebique is usually 

associated with vigorous and direct advertisement of his system and 

name, 
110 but the opinions and practice of Hennebique and some of his 

agents with regard to publicity are not always compatible with this 

view. Hennebique did distribute 5,000 copies of his first brochure, 

"Plus d'Incendies D6sastreux" to accompany his first patents (1892)1 
11 

(although Joseph Tall in Britain had earlier claimed a distribution of 
24,000 for his own pamphlet) and Professor F. SchUle, although 

referring specifically to the introduction of reinforced concrete in 

Switzerland, said the way the material was advertised in "the earlier 

years" had "repelled some", 
112 

but this was not necessarily a 

reference to Hennebique. 

In a discussion at the Congress in February, 1904, M. Picot commented 

that Demay and other reinforced concrete specialists (including 

Cottancin, according to M. Gillet) advertised successfully in public 

places, such as railway stations and M. Mottez expressed the view that 

their own advertising should be unlimited ("il faut de la publicit6 
113 

A outrance") However, Hennebique disagreed; he noted that a large 

and costly advertising campaign would give free publicity to (inferior) 

rivals, between whom new clients would not distinguish, but Hennebique 

further explained that he had decided to launch his system on the 

basis of works, not advertisements, which were less effective, and that 

his first clients were his publicity agents, 

"Je consid6re que les annonces ne touchent pas, mais que 
ce sont les travaux exicutds, qui portent au contraire. Ce 
sont mes clients, mes premiers clients, qui ont 6t6 mes agents ... "114 

---------------------------------------------------------------------------- 

109. Rep. of Comit6 de publicit6 by M. Monnier-Ducastel, 8e__Congr6s du 
B6ton Arm6. L op. cit. (106), p. 3. 

110. E. g. Collins, op. cit. (5), p. 66. 

111. F. Hennebique, Le B6t. Arm6, Sept., 1900, p. 4. 

112. Schule, op. cit. (60), p. 91. 

113.8e__Con&Edýs du Bbton_Arm6, op. cit. (106), pp. 6-7. 

114.11. Hennebique, ib., 11.1.1904, p. 7. 
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Thus Hennebique made the most of the occasions of the completion 

of new works; the ChAtellerault banquet has been mentioned. On the 

occasion of testing the Risorgimento bridge, Rome, Hennebique, with 

his agent for Italy, Mr. Porcheddu, characteristically expressed the 

desire for tests in addition to the official tests to be carried out 

(to show the effect of vibration on the arch). 
115 

Illustrative prints 

of such tests - which were invariably successful - were used as publicity, 

in Britain and elsewhere. 
116 

Through his works in effect, Ifennebique, 

"forced engineers and architects to notice b6ton armV 
117 

and Schale, 

for example, concluded that the "good results" of Ifennebique work 

had given confidence'to architects, engineers and others. 
118 

If loyalty to Hennebique and his system was expected as a 

condition of attachment to his organisation, 
119 

and technical staff 

were paid directly by Hennebique 
120 

and therefore accountable to him, 

Hennebique also pursued a deliberate policy of decentralisation and 

autonomy for his agents and licensees, 121 
for example, by not imposing 

his own name too much in advertisement and allowing agents and licensees 

to enhance their own reputations instead. 122 

------------------------------------------------------------------------ 

115. F. C., vol. 3, no. 8, Feb., 1912, p. 255. 

116. E. g. Tests, 
_2Ej2! 

22_Railway Co., prints found in "llennebique" 
archives, U. K. 

117. P. Gallotti, Le B6t. Arm6, Nov. 1903, p. 85. 

118. SchUle, op. cit. (60). 

119. bl. Hennebique, Be--Congrbs du Bgton_Arm6.. op. cit. (106), P. 7. 

120. Life_and_IVork_of_Francois Hennebique, op. cit. (2), p. 262. 

121. ßl. Hennebique, Le Bdt. Arm6, Sept., 1900, p. 7, n. 2. 

122.31. Hennebique, Se Congrýs du B6ton'Ar4uý�op. cit. (106), pp. 7-8. 
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There were thus mutual advantages in the use of Hennebique's 

system: the agents and concessionnaires gained the benefits of 

belonging to Hennebique's organisation, but without submerging their 

own names; for Hennebique, the employment of his system - and an 

economical reliance on local reputations to advocate its use. 

Hennebique had decided on this policy, as he acquired his agents and 

licensees and in working out what their relations together should be; 

local autonomy meant that agents and concessionnaires not only 

advertised their own names and reputation (and Ilennebique's policy 

was also to select firms "of repute", as noted), but retained their 

existing clienteles, while Hennebique, without plhcing himself too much 
123 

in the forefront, issued a certain amount of general publicity. 

Thus Hennebique suggested that local advertisement might provide the 

best solution. 
124 

Ifennebique's "general publicity,, included the publication and 

distribution of Le_B6ton_Arm6, produced from 1898 and subsequently 

edited at 1, rue Danton by an editorial committee of nine members, from 

France and Switzerland; the chief editor was P. Callotti, 
125 

presumably 

the "P. G. " signing many of its articles, but other expert contributions 

were included, often summariSed or reprinted, for example, a series by 

Paul Christophe, engineer at the "Ponts et Chauss6es" department 

and author of a standard early work on reinforced concrete. 
126 

There 

were papers on architectural, as well as technical, subjects relating to 

ferro-concrete, as well as reports of the congresses on b6ton armd, and 

international examples of use were illustrated, including early British 

buildings. 

123. Ib. 

124. Ib., p. 9. 

125. E. g. Le B6t. Arm6,1907, titlep. 

126. Paul Christophe, Le-B6ton Arm6 et Ses_AppjjSý11222, Le B6t. Armd, 
April, 1900, p. l: Christophe's book, -Le B6ton Arm6, was basis for 
C. Marsh's Reinforced Concrete, Lond., 155i; 1;!; -oa., ib. 
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Le B6ton Armd was intended for Hennebique's agents and licensees, 127 

and others who might be interested. 
128 

M. Lebrun described it as 

a valid publication, that could be put before clients. 
129 

Lebiun, 

formerly a member of Hennebique's Advertising Committee, concurred with 

Hennebique's view that publicity should be, "restrained", and'remarked 

that publicity was required to influence engineers and architects, and 

that would be, 

it what was in their offices, not in railway stations ". 130 

Rival systems were sometimes given space in Le Bdton Arm6, for 

example, A. Consid6re's paper on his "beton frettd" (ha)ped concrete) 

to the Acad6mie des Sciences was reported 
131 

and published 
132 

in Le 134ton 

Arm6, where Consid6re himself was given credit as an, "eminent engineer" 
133 

(L. G. Mouchells attitude to Consid6re differed - see next chapter). 

In 1912, however, Considdre and others were successfully sued by fiennebique 

for infringing his patent for reinforced concrete piles. 
134 

Le B6ton Arm6 gathered and published information relating to the 

use of Hennebique's system from national and local newspapers in Britain, 

for example an article from the Daily-News an Southampton docks in 1902,135 

-------------------------------------------------------------------------- 

127. Le B6t. Arm6, is subtitled, Organe-des Concessionnaires-et Agonts. du 
Sy2t&me Hennebique. 

128. Le Bdt. Arm6, Sept., 1901, p. l. 

129. M. Lebrun, op. cit. (106), p. 25. 

130. M. Lebrun, ib., p. 6. 

131. Acad6mie_des-Sciences, Le B6t. Arm6, Sept., 1902, p. 59. 

132. Etude Th6orique. .. tu Uftan Frett6. Note de M. Considare A1 'Acad6mie 
aes-S-Ziences, Le B6t. Arm6, Oct., 1902, pp. 82-3. 

133. Acad6mie_des_Sciences, op. cit. (131). 

134. F. C., vol. 4, no. 6, Dec., 1912, p. 187. 

135. Le_B6ton Arm6 en_An. Gj2j2EE2, Le Mt. Arm6, April, 1902, p. 157. 
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The recent completion of the Cooperative Wholesale Society warehouse 

on the Quaysi'de at Newcastle upon Tyne was noted, in November, 1902, 

with reference to the Newcastle Evening Chronicle. 136 This building 

was again illustrated in October, 1903 137 
and Weaver's mill was shown 

(but in section only, and some five years after completion) in November, 

1903.138 The interior of a "Hennebique" factory at Dunston on Tyne 

was also illustrated, in January, 1904.139 

Le_Bdton_Arm6-- judging by its scarce availability in the U. K. 

now - was probably not generally distributed there, except in Mouchel's 

offices. An English parallel, Ferro-Concrete, was begun only in 1909, ' 

(after L. G. Mouchel's death). 

M. Grouselle, in the 1900 Congress, had sugeested the advisability 

of arranging for good photographs of buildings available to popularise 

works; 
140 

these were held at the head office in Paris and some were 

sent to Concrete and Constructional Engineering, for example, for an 

article in 1909.141 

The Congresses included an International Exhibition of Ferro-Concrete 

Work, open to the public, to which agents and concessionnaires sent 

photographs and drawings, 
142 The 1902 exhibition, for example, 

included works in Egypt and Russia, as well as Italy (from M. Porcheddu) 

and England, among countries represented. 
143 The English exhibit (1902) 

consisted of three "fine photographs" of the Cooperative Wholesale 

Society's Quayside warehouse, Newcastle upon Tyne. 
144 

136. Le Bdt. Armd, Nov., 1902, p. 104. 

137. Magasins de la 
- 

soci6td 
- 

Cooperative de Newcastle on Tyne, Le B6t. Arm6, 
6c-t--., 1903, Pl. II. 

138. Le B6t. Arm6, Nov., 1903, pp. 93-4. 

139. Usine_de_la_Soci6t6 C. W. S. A Dounston on Tyne - Salle_des-14achines, 
E-e-Eet. Arm6, Jan., 1904, Pl. II. 

140. M. Grouselle, Le B6t. Arm6, Sept., 1900, p. 9. 

141. Reinforced_Concrete_Bridges, C. & C. E., vol. 4, no. 5, Oct., 1909, p. 317. 

142. E. g. P. G., ExP22'ý122-qu B6ton, Arm6, Le Mt. Armd, Feb., 1002, 
(pp. 115-22). P. G., Le_7e_Congl: ýE 1122EII12n du B6ton Le 

_Arm6, 190-1 p. 125. B6t. Armd, Jan., . 3, ý: 

143. Le B6t. Arm6, Feb., 1902, (pp. 119-22), p. 120. 

144. Ib; mention of "future reference" here which did not, I think, 
materialise. See Chapter 10, and Appendix I, for Quayside warehouse. 
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The seventh Congress Exhibition, in January, 1903, included 

photographs of the "important" reinforced concrete silos at Dunston, 

as well as a further picture of the Quayside warehouse, completed. 
145 

Drawings and photographs of the latter building were also exhibited at 

an Exhibition of Building in the Grand Palais, Champs Elysees, in 1903.146 

At the eighth Hennebique Congress (1904), a reinforced concrete factory 

at Dunston-on-Tyne, "drew much attention" 
147 

(this would have been 

F. E. L. Harris's flour mill for the C. W. S. - Chapter 10). 

I 

Le B6ton Arm6 (Jan., 1903) observed that visitors to the 

Congress Exhibition included crowds of students (Ilen masse serr6es"), 
148 

It is probable that Auguste Perret, perhaps still associated with 

Hennebique, saw the British buildings in Newcastle and Dunston whilst 

designing his own reinforced concrete framed apartments in rue Franklin, 

Paris (constructed in 1903 
149 

), although there is no visible influence, 

(Chapter 10). 

M. Flament noted (1904) that it had been an early principle of 

Hennebique's to supply free drawings and estimates to potential clients 

to advertise the advantages of the new material and that this policy 

had been successful. 
150 

As to publicising his methods of calculation, 

however, Hennebique (1900) said he had not given calculations either 

to the press, or to engineers requesting them, for "three-four years" 

except under pledge of secrecy, but he supplied calculations to the 

jury of the Paris Exhibition. 
151 

145. P. G., Le 7e Congrgýs et l'Exposition du Bgton_Arm6, Le D6t. Armd, 
Jan. 1903, P. 135. 

146. G. Espitallier, Une Maison de 16 Etages en Ddton Armg, Le B6t. Arm6, 
Sept., 1903, p. 74. 

147. P. G., Le 8e Congrbs, Le Mt. Arm6, Jan., 1904, p. 114. 

148. Le_7e_Congr6s, Le B6t. Armd, Jan. 1903', p. 125. 

149. Date 1903 inscribed in porch: personal inspection. 

150. bl. Flament, 8e_Congrý>s, op. eit. (106), p. 13. 

151. F. Hennebique, Le B6t. Arm6, Sept. 1900, pp. 4-5, n. 2. 
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At the Paris International Exhibition (1900), Hennebique applied 

himself to gain a reputation for his b6ton armd, where he not only 

constructed parts of some important structures, but also prepared a 

detailed exposition of his material, its applications, and the growth 

of his organisation, for the'Exhibition jury, 
152 

(resulting in the award 

of his "Grand Prix"). Ifennebique's works at the Exhibition included 

wide-span arched floors at the Petit Palais des Beaux-Arts, the 

framework of the Palais du Costume, floors of the Grand Palais with 

cantilevers to 3m5O and a shallow bridge at the quai de Billy. 
153 

Hennebique himself does not make any particular mention 
154 

of a large 

spiral stairway in the Petit Palais, which however is illustrated by 

Charles Marsh (1904) 
ý55 

Other systems of reinforced concrete were also represented at 

the Paris Exhibition (1900), although most of such work there was 

on Hennebique's system. 
156 

E Coignet's ChAteau d'Eau (or Palais 

de 1'Electrfcitd) was "much admired"; 
157 

a pavilion by Cottancin was 

impressively tested for fire-resistance and strength 
158 

and, "more than 

200 acres" of Expanded Metal were employed, in various buildings. 
159 

1 

Despite the collapse of a reinforced concrete footoridge for the 

Exhibition, shortly before it was opened to the public, 
160 

the 
Exhibition was signifant in resulting in a wider appreciation of 

reinforced concretq, as well as the first where reinforced concrete 

152. Ib., p. 3, ff. 

153. F. Hennebique, Le Mt. Armd, Sept., 1900, p. 6. S. a. Charles Marsh, 
Reinforced Concrete, Lond. 

J. 
1904, pp. 415-7 and illusts., (Petit 

Pala'is), pp. 465-7, and illusts., ("Quay Debilly" bridge); Le B(st. 
Arm6, Oct. 1900, figs. 4,10, (Palais des Lettres). 

154. F. Hennebique, Le B6t. Armd, Sept., 1900, p. 6: selective catalogue 
of works at Paris Exhibition. 

155. Marsh, op. cit. 

156. It. Flament, 8e 

157. Marsh, op. cit. 

158. Ib., pp. 19-20. 

159. Uses of Expand, 

160. Marsh, op. cit. 
stated. 

(153), r p. 417. 

-ý229Eý2, 
OP-cit- (106), p. 37. 

(153), p. 421, il. ', fig. '386. 

ed Metal, Bldr., vol. 79,29.12.1900, P. 584. 

(153), pp. 27-8: eight killed; designer/system, not 
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was accorded an important place in constructions. 
161 

Professor von'ý' 

Emperger (1908) for example, maintained that the impulse Hennebique 

gave to reinforced concrete at the Paris Exhibition of 1900 was significant 

for the subsequent application of reinforced concrete on a wide scale, 
162 

and in 1913, it was observed that the Exhibition, 

"had undoubtedly much influence on the recognition of 
reinforced concrete in England and throughout Europe 163 

Its formal adaptability, substitution for metal and fire-resistance were 

advantages recognised by the organisers. 
164 

Hennebique exhibited again in Paris, in August, 1903, at a 

Housing Exhibition at the Grand Palais, where the Minister of Trade 

at the opening was impressed by the "light and elegant, construction 

and pleasing decoration" obtained with ferro-concrete; Dumesnil had 

designed a balustraded terrace on light arches and slim columns, with 

a spiral staircase concealed among rocks forming the base. 
165 

However, 

it was observed that only one project exhibited, used b6ton armd to 

meet the problem of economical and hygienic housing, 
166 

In Le B6ton Armd, and periodic pamphlets, it is notable that 

Hennebique emphasised his experience of ferro-concrete rather than 

the novelty of the material - and considering the quantity of structures 

erected, this was justifiable. At the same time, he advertised new 

advantages, in particular fire-resistance, (Chapter 9) and the weaknesses 

of traditional materials were somewhat exaggerated. 

----------------------------------------------------------------------------- 

161. Exposition Universelle 
- 

de 1900. Extrait du Rapport de M. Alfred 
Plý-arK, ý2M!! saire General, Le Bdt. Armd, April, 1903, P. 181. 

162. Prof. von Emperger, extract pape r to Vienna 
' 

Congress Architects, 1908, 
C. & C. E., vol. 3, no. 4, Sept., 1908, p. 314. 

163. B. Jones, ed., Reinforced Concrete, Lond., 1913, p. 229. 

164. Picard, op. cit. (161). 

165. Inauguration de 1'Exposition de 1111abitation, Le Ut. Arm6, Aug,, 1903, 
P. 5 

166. J. G., Les Confdrences de IlExP2211122_de 
- 

1'Habitation, Le Bdt. Armd, 
Nov., 1903, p. 86. - 
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Later, when sound-transmission had become one of the recognised 

disadvantages of reinforced concrete (Chapter 9), a timely pamphlet 

was issued with reference to the soundproof qualities of Ifennebique's 

system: Concrete and Constructional_Engineering noted that the pamphlet 

laid, "special stress on its soundproof qualities. " 
167 

The success of Hennebique's organisation depended considerably 

on his choice of key agents, to whom, as noted, he accorded considerable 

autonomy. Between Hennebique and his engineers in Paris, and regional 

agents, there was'continuous contact and exchange of ideas. 
168 

Some 

agencies including Mouchel's in Britain became after a few years more 

or less independent of Hennebique in practice (see next chapter), 

although continuing to employ his system, but Ifennebique remained the 

recognised "pioneer" of both system and organisation. 
169 

Hennebique's agents were, 

"infused with the Hennebique method and able to inspire confidence 
in it" 

and distinguished engineers in their own right, according to a writer 

in Le_B6ton_Armd. 
170 

Hennebique or his agent was responsible with 

the successful tenderer, for the good execution of the work, 
171 

and 

Hennebique engaged those prepared to act in a spirit of, 

"personal and absolute responsibility", 

which Hennebique said, he had made a general rule of conduct in those 
172 

around him. 

167. Memoranda, C. I C. E., vol. 6. no. 4, April, 1911, p. 324. 

168. G. E., Des Garanties 
- 

de 
- 

Bonne Ex6cution, Le B6t. Arm6, June, 1903, 
p. 7. Ell; and Work of Francois Hennebique, op. cit. (2), p. 262. 

169. E. g. Hennebique Ferro-Concrete. Theory and Practice, Lond., 4th edn., 
1921, introd. 

170. G. E., Des Garanties de Bonne Ex6cution, op. cit. (168), p. 7. 

171. Ib., and Le Mt. Arm6, Sept., 1900, p. 7. 

172. M. Hennebique, Le B6t. Arm6, Sept., 1900, p. 7. 
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Auguste and Gustave Perret were associated with the Maison 

Hennebique in the early years of its establishment, before setting 

up their own project office, although, unfortunately there are few 

details about this; 
173 I'M. Perret" participated briefly in Hennebique's 

Congress of Bdton Arm6 in 1900 (on the subject of reorganising the journal, 

Le_B6ton_Armd) 
174 

and is mentioned again in connection with Ifennebique's 

organisation in October, 1902.175 

L. G. Mouchel 
176 

was among a number of Hennebique's selected 

agents who after a course of training at the Paris office, assiduously 

introduced his system in various countries and regions. The introduction 

of reinforced concrete beams in Switzerland in 1892, for example, was, 

"due to the persistent-activity of the representative of the 
Hennebique firm, Mr. S. de Mollins of Lausanne ". 177 

Eduard Zfiblin constructed a number of important early works on 

Hennebique's system, as Hennebique's entrepreneur inNaples (from 1895) 
178 

then his agent in Southern Germany from 1898, when he both designed 

and executed work in ferro-concrete, paying a 7% royalty to Hennebique. 
179 

These works included three spinning mills in Italy in 1896-7 and 

----------------------------------------------------------------------------- 

173. M. Robert Flament-Hennebique, Neuilly%sur Seine, 2.8.1980, personal 
correap. M. Flament-Hennebique also mentions that the archives of 
Hennebique's organisation partly destroyed during German Occupation. 
Collins, op. cit. (5), whose book, subtitled, A_Study of Auguste Perrot 

and his Precursors, does not refer to any connecilon of Perret bros. 
with Hennebique's organisation. 

174. M. Perrot, Le BA. UK, Sept., 1900, p. 9. 

175., Perret & Bellay, mentioned as contributor to Le Stan Armd's 
subscription list for A Monier: Le BA. Arm6, Oct., 1902, p. 75. 

176. See following chapter. 

177. SchUle, op. cit. (60), p. 91. 

178. Niebelsch5tz, op. cit. (3), p. 37. 

179. Ib., pp. 41-3,105. C 



textile factories at Alsace 
180 

including an entirely9ferro-concrete 

spinning mill at Mulhouse. However, Ublin himself obtained patents 

and much of his work was original, so that by 1904, royalties were 

ended although personal contact with Hennebique remained; 
181 

(a 

somewhat similar pattern obtained for L. G. Mouchel). 

Ublin was a member of the International Commission on Reinforced 

Concrete 
182 

and like Mouchel founded an international company, and with 

principles of decentralisation and personal responsibility 
183 

similar 

to Hennebique's. 

By the time of the sixth Hennebique Congress, in February, 1902, 

one of Hennebique's daughters and her husband, M. and Mme. Baffrey- 

Hennebique, and perhaps flennebiquels'son, Jules, 184 
had embarked to 

take Hennebique's system to the U. S. A. 185 

Hennebique himself reserved the right to construct personally 

in b6ton armd, in any of the regions where he might have representatives, 

one reason, he said, being his new applications, - 

"he always endeavoured after progress" 

- and the consequent necessity for him to carry out certain jobs. 
186 

(His reinforced concrete piles, for example, were, "sensational" 187 
). 

180. Ib., pp. 37,45. 

181. Ib., p. 44. 

182. Editorial_Notes, C. & C. E., vol. 2, no. 2, May, 1907, p. 89. 

183. NiebelschUtz, op. cit. (3), p. 50. 

184. Roch, op. cit. (6), pp. 4-5. 

185. P. G., 6e Congr6s du B6ton_Arm6, Le B6t. Arm6, Feb., 1902, (pp. 113-5), 
pp. 113 -4. 

186. F. Ifennebique, 8e Congr&s du B4ton Armd, op. cit. (106), p. 20. 

187. E. g. Twelvetrees, op. cit. (2). 
1 
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Such progress in new applications was commercially motivated, 

insofar as the superiority of the Hennebique system was maintained 

over competitors. 
188 Thus Hennebique continued to take out 

personally, new patents in Britain for reinforced concrete, and 

other inventions, after L. G. Mouchel's establishment there as 

his General Agent for the U. K. 

I 

188. M. Hennebique, Be Congrbs, op. cit. (106), p. 21. 

S 
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The First Major British Contract: Weaver's Mill, 
_Elv22222. 

L. G. Mouchel's commercial-specialist organisation in Britain 

(which is examined more fully in the following chapter) was established 

from 1897 and modelled on Hennebique's, with regional agents within 

the U. K. trained in Hennebique's offices in Brussels, or in Paris, 

like Mouchel himself. There were close connections initially with 

Hennebique, although Alouchel's organisation soon became independent; 

the flennebique system, with modifications by Mouchel, became known 

as the, I'llouchel-Hennebique" system. 

Mouchel may have been Hennebique's first client in the U. K. 
189 

for the construction of some "house property" and other work in 

South Wales, 
190 

about which little is known, prior to the construction 

of probably the first entirely reinforced concrete, framed, multi- 

storeyed building in Britain, Weaver's Mill in Swansea. 
191 

The commission for the mill was obtained for Hennebique by M. 
192 

Lebrun, his agent in Nantes, after an exceptionally low price 

(E4,150) was offered by Hennebique. (A larger, neighbouring granary 

also entirely ferro-concrete was commissioned a few weeks later, 

but for E15,478 and erected shortly after the mill). However, Weaver 

& Co. first sent one of their directors and their architect, 11. C. 

Portsmouth, to France, to study buildings using Hennebique's system 

and when they reported favourably, the contract for the mill was 

signed on 20th October, 1897. 
I 

--------------------------------------------------------------------- 

189. M. Robert Flament-Hennebique, Neuilly stir Seine, 2.8.1980, 
personal corrbsp. 

190. The Life and Work of Louis Gustave Mouchel, F. C., vol. 3,1912, 
Tpp-. H5: iýT. -H2. 

191. See, P. Cusack, Weaver's Provender Mill and Silos, Open Univ. Project, 
1975, and Mouche!: Re-n-n-;; Ique Ferro-Concrete. 

_Elsi 
of Works, 1897-1919, 

Lond., 19257---- 

192. Roch, op. cit. (6), p. 5. 
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The director and architect were accompanied in their visit by 

L. G. Mouchel, who may have already become associated with Hennebique, 

or who may have had an interest in the construction (see Chapter 7). 

Weaver & Co's mill is a good example of Hennebique's "practical 

advertisement". It is clear that particular, care was taken in the design 

and the construction of this building to ensure a propitious start 

to the use of Hennebique's system for framed buildings in Britain; 
193 

(figure 1). 

A well-known local architect, Mr. H. C. Portsmouth, was employed 

for Weaverls Mill, but the working drawings were done by the Nantes 

office; 
194 

(Hennebique had not yet moved his headquarters to Paris). 

Hennebique may have been personally involved in these, since 

although he had several hundred European contracts on hand at the time, 

only a few of these would have been large and complete buildings, and 

this was the first significant British contract; furthermore, the 

design incorporated a new feature in Hennebique's 1897 British patent, 

bent or cranked up rods in beams (Chapter 3) and Weaver's Mill was 

one of the earliest buildings to be reinf6rced in this way. 
195 

The execution of the mill was directed by M. Lain6, a concessionnaire 

in the West of France, charged with the Job by the Nantes office. 
196 

Trained foremen were also brought from France. The materials too, 

cement, sand ("high quaiity*from the Loire" 
197 

), aggregate and steel 
198 

bars, were all transported from Nantes. 

193. Roch, ib., also said, "Hennebiqde wanted this construction to be 
a good one". 

194. Drawings are numbered and stamped as from Nantes office (see Appendix). 
S. a: Moulin A Provende A Swansea, Le B6t. Armd, May, 1900, p. 4. 

195. Tourcoing mill (1895) may have used such reinforcement: Chapter 2. 

196. Moulin A Provende A Swansea, Le B6t. Arm6, May, 1900, p. 4. 

197. Roch, op. cit. (6), p. 5. 

198. See: Cusack, op. cit. (191). 
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189 

- The overall design of the mill (figure 2) seems intended to 

display the capabilities of ferro-concrete, in particular, a superfluous 

cantilever extending 141 from the main vertical supports to carry the 

uPper five storeys, and a load of 670 tons. 

a reservoir to hold 100 tons of water. T. 

Northern agent and later managing director 

later referred to the early boldness of the 

construction of this building 
199 

(and which 

personal influence). 

The root was used as 

J. Gueritte , ýJouchel's 

of L. G. Mouchel & Partners, 

heavily loaded cantilever 

again, suggests Ifennebique's 

Weaver's Mill was another successful Hennebique construction, 
200 

although F. E. L. Harris, A. R. I. B. A., had to draw The Builder's attention 
201 

to it, in Wt-ober, 1900, two years after its completion. Despite 

earlier articles describing Hennebique's system, and others, for example, 
202 1 in The_Building News (1896) it seems that the construction of Weavers 

Mill was unknown, or ignored, by the national building or architectural 

journals at this time, 
203 

as were other, reinforced concrete buildings 

erected shortly afterwards, elsewhere in Britain (such as F. E. L. Harris's 

Quayside warehouse in Newcastle upon Tyne). Indeed, it was not until 

five years after Weaver's Mill was started, that L. 0.1 Mouchel, in 

September, 1902, began to feel that his efforts to introduce forro-concrato 

construction in Britain were being recognised. 
204 

199. T. J. Gueritte, The 
- 

First-Decade 
- 

of 
- 

Reinforced 
- 

Concreto 
- 

in the U. K. 

(1897-1222), c. 11 C. E-, vol. 21,1926, p. 89. 

200. See: Cusack, op. cit. (191). 

201. F. E. L. Harris, A. R. I. B. A., letter to Bldr., vol. 79,27.10.1900, p. 360. 

202. See Chapter 2. 

203. No mention found, in various British journals (1897-8) - but the 

mill was noticed locally: Cusack, op. cit. (191). 

204. L. G. Mouchel, Westminster, 5.9.1902, letter to W. It. Hunter, Manchestor, 

(pp. 1 - 12), p. 11. Cf: preceding chapter: evidence that reinforced 

concrete "recognised" from about 1903 (U. K. ). 
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