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Rehabilitation of wood covered bridges and iron/steel trusses

Romanticism, aesthetics Ÿ public advocacy                             

Economic and cultural value                                                          

ñUnderstandableò engineering and fabrication technologies                               

Relative ñeaseò of assessment and repair; known durability



Rehabilitation of reinforced concrete bridges

Monolithic or continuous, composite material                   

Complex aging and degradation phenomena - uncertainty              

Chemical ïASR, ACR                                        

Electrochemical ïCorrosion                               

Diffusion + chemical ïCarbonation                   

Thermal + mechanical ïFreeze-thaw               

Assessment technologies ïuncertainty   

Rehabilitation technologies ïuncertainty   

Craft and technology less evident ïless public advocacy



Rehabilitation of reinforced concrete bridges               

Å Can satisfy engineering design criteria of functionality,   

reliability, and durability in a cost -effective, sustainable way

Å Can preserve a structure with economic and cultural value

Å Can preserve engineering and construction technology legacy, 

analogously to architectural preservation 



Technologies Designers/builders Aesthetics

Material technologies Joseph Melan Stone-clad  

Cement Fritz VonEmperger Closed spandrel 

Concrete Edwin Thacher Open spandrel  

Reinforcement          William Mueser ñStreamliningò    

Design technologies C.A.P. Turner Continuity          

Simple beams Daniel Luten Frames  

Arches 

Composite sections

Continuous beams    

Integral bridges

Rigid frames

Prestressed bridges

Construction technologies





1889-1900

Closed spandrel arches

Concrete mix and placement ïñWetò and ñdryò compacted mixes

Reinforcement

ÅI-beams or rail sections ñin parallel withò concrete

ÅIndividual bars and reliance on composite behavior

Broader issues

ÅIntellectual property rights of inventors versus  

standardization in the exploitation of a technology

ÅField versus shop control of quality



French and Belgian Influences

Francois Coignet

Francois Hennebique

P.A. Joseph Monier

German, Austrian, and Hungarian influence

Joseph Melan

Fritz Von Emperger

R. Wünsch







1894-1895 Melan arch - Eden Park, Cincinnati



1897 Melan arch - Fredericktown



1900 Melan arch- MLK Blvd,

Cleveland



1900 ï1910

Proprietary reinforcement systems

Exploration of arch forms

ñHingedò arches

ñTiedò arches

Development of flat slab systems

Development of design specifications







1909 Three-hinged unreinforced concrete arch, Cleveland zoo



Daniel B. Luten

Cooper, J.L. ñArtistry and 

Ingenuity in Artificial Stoneò



1905 - RC tied arch 

railroad bridge, 

Cleveland zoo

A.W. Zesiger 





1909 - C.A.P. Turner flat 

slab bridges - continuity



Flat slab RR bridges in Amherst, WI ïC.A.P. Turner, 1910



1910- 1920

Development of open spandrel arch forms

Water-cement ratio ïDuff Abrams

Widespread use of flat slab systems



James B. Marsh Patent for ñrainbow archò August 6, 1912



Marsh arch, Iowa



Cedar Point Road bridge by Alfred M. Felgate - 1913







1920 ï1930

Continuous (one-way) beams

Integral bridges

Rigid frames



ñThis design innovationé.had its beginning with the 

appointment of J.R. Burkey as the engineer of 

bridges for the Ohio Department of Highways in 

1925. Under his direction, Ohio became the first 

state to adopt the ñroutineò use of continuous 

construction for all multiple span bridges.ò

Continuous beams and integral abutments



1930ôs aesthetic





1930 ï1940

Moment distribution ïHardy Cross

Long, multi -span, open-spandrel arches with 

continuous decks

Alkali -silica reactions

Stanton, T.E. (1940) ñExpansion of concrete

through reaction between cement and 

aggregate,ò Proceedings of the ASCE, 

Vol. 66, p1781-1811







1945- 1955

Air entrainment ïPowers (1949) and Willis

Prestressed an posttensioned concrete

Stress-relieved seven-wire strand

Anchorages

Precast, prestressed sections







L. Coff, Consulting Engineer, NY; Charles Sunderland, 

Chief Engineer, JARSCO ïBegan research on prestressed 

concrete in 1944.



One-tenth scale model of prestressed concrete bridge 

tested at JARSCO from 1944 to 1947.



Two-way prestressing of warehouse floor, Cicero, IL,  1947

The John A. Roeblingôs Sons Company, Trenton, NJ.



Rio Paz Bridge - prestressed concrete deck 1947-49  The 

John A. Roeblingôs Sons Company, Trenton, NJ.


