Why may some reinforced concrete bridges merit rehabilitation?

Dario Gasparini

Case Western Reserve University



Rehabilitation of wood covered bridges and iron/steel trusses

Romanticism, aesthetic%Y publ i ¢ advocacy
Economic and cultural value

AUnder standabl eo engineering
Rel ati ve Nneaseo of assessment



Rehabllitation of reinforced concrete bridges

Monolithic or continuous, composite material
Complex aging and degradation phenomenauncertainty
Chemicali ASR, ACR
Electrochemicali Corrosion
Diffusion + chemicali Carbonation
Thermal + mechanicali Freezethaw
Assessment technologidsuncertainty
Rehabilitation technologiesi uncertainty
Craft and technology less evident less public advocacy



Rehabllitation of reinforced concrete bridges

A Can satisfy engineering des
reliability, and durability in a cost -effective, sustainable way

A Can preserve a structure Wwi

A Can preserve engineering an
analogously to architectural preservation



Technologies

Material technologies
Cement
Concrete
Reinforcement
Design technologies
Simple beams
Arches
Composite sections
Continuous beams
Integral bridges
Rigid frames
Prestressed bridges
Construction technologies

Designers/builders

Joseph Melan
Fritz VonEmperger
Edwin Thacher
Willilam Mueser
C.A.P. Turner
Daniel Luten

Aesthetics

Stoneclad
Closed spandrel
Open spandrel
nNStreaml
Continuity
Frames
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18891900

Closed spandrel arches

\

Concrete mix and placement n Wet o0 and Adryo
Reinforcement
Abeams or rail sections fi
Andividual bars and reliance on composite behavior

Broader issues
Antellectual property rights of inventors versus
standardization in the exploitation of a technology

Acield 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. Wilnsch
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Patented Sept. 12, 18983.

J. MELAN.
VAULT FOR CEILIKGS, BRIDGES, &c.
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18941895 Melan arch- Eden Park, Cincinnati



1897 Melan arch- Fredericktown



1900 Melan arch MLK Blvd

Cleveland



19001 1910

Proprietary reinforcement systems
Exploration of arch forms
AHI ngedo arches
ARnTi edo arches
Development of flat slab systems

Development of design specifications



Concrete-Steel Engineering Co.

Melan, Thacher, Emperger
and Other Patents

Plans, Spe

FOR REINFORCING CONCRETE

nd guantity

Our New Diamond Bat

Mueser U, S, Patents, Nos. 815617, 815618, 815619, 815620.

Is without the shortcomings of other
reinforcing bars.

MAXIMUM EFFICIENCY ATTAINABLE
LARGEST ECONOMY POSSIBLE







1909 Threehinged unreinforced concrete arch, Cleveland zoo



Daniel B. Luten

Cooper, J. L. nAr
|l ngenui ty 1 n Art
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CRrRO55 SECTION

1905- RC tied arch
railroad bridge,
Cleveland zoo

A.W. Zesiger
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Flat slab RR bridges in Amherst, WIT C.A.P. Turner, 1910



1910 1920

Development of open spandrel arch forms

Water-cement ratioi Duff Abrams

Widespread use of flat slab systems
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Cedar Point Road bridge by Alfred M. Felgate- 1913



DESIGN OF CONCRETE MIXTURES"

By DUFF A. ABRAMS
PROFESSOR IN CHARGE OF LABORATORY

The design of concrete mixtures is a subject of vital interest to all engineers
and constructors who have to do with concrete work, The problem involved may
be one of the following:

). What mix is necessary to produce concrete of proper strength for a given
work ?

2. With given materials what proportions will give the best concrete at min.
imum cost/? :

3. With different lots of materials of different characteristics which is best
suited for the purpose?

4 What is the effect on strength of concrete from changes in mix, consistency
or size and grading of aggregate?

Proportioning concrete frequently involves sclection of materfals as well as
their combination. In general, the question of relative costs is also present.

The term “Design” is' used in the title of this article as distinguished from
“proportioning” since it is the intention to imply that each element of‘:he problem
is approached with a deliberate purpose in view which is guided by a rational method
of accomplishment,

The design of concrete mixtures, with a view fo producing a given result in the
most economic manner, involves many complications ‘which have heretofore defied
analysis. .

Many different methods of proportioning have been suggested; the most im-
portant ones may be characterized as follows;

1. Arbitrary selection, such as 1:2:4 mix, without reference to the size or
grading of the fine and coarse aggregate;

Density of aggregates in which the endeavor is made to secure an aggregate
of maximum density ;

Densiry of concrete in which the attempt is made to secure concrete of
maximum density;

Sieve analysis, in which the grading of the aggregates is made to approx:-
mate some predetermined sieve analysis curve which is considered to give
the best results;

5. Surface arca 6f aggregates,

It is a matter of common experience that the methdd of arbitrary selection in
which fixed gquantities of fine and coarse aggregates are mixed withoot regard to
the size and grading of the individual materials, is far from satisfactory. Our experi-
ments have shown that the other methods mentioned above are also subject to serious
limitations. We have found that the maximum strength of concrete does not depend
on either an aggregate of maximum density or a concrete of maximum densily,
and that the methods which have been suggested for proportioning concrete by
sieve analysis of aggregates are based on an erroncous theory, All of the methods
of propertioning concrete which haye been proposed in the past have failed to give
proper attention to the ‘water content of the mix. Our experimental work has
emphasized the importance of the water in concrete mixtures, and shown that the
water is, in fact, the most important ingredient, since very smail variations in water
content produce more important variztions in the strength and other properties of
concrete than similar changes in the other ingredients.







19201 1930

Continuous (oneway) beams
Integral bridges

Rigid frames



Continuous beams and integral abutments

INTEGRAL BRIDGES

Presented at the
Transportation Research Board's
69th Annual Meeting
January 1990

by

Martin P. Burke, Jr., P.E.
Bridge Consultant

AThis design innovationeé. h
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

B s state to adopt the Aroutin

Engineers and Architects

5085 Reed Road construction for all mult]i

Columbus, OH 43220
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THE RIGID-FRAME BRIDGE

BY
ARTHUR G. HAYDEN, M.Am.Soc.C.E.

Desseniny FEnvineer, Westehester Connty Park Commission

WITH CHAPTERS ON

\RCHITECTURAL DEVELOPMENT

Grevore 1), Cranke, Fellow, AS.L.A.

DEFORMETER ANALYSIS
By
Puoressok Greorce F. Beoas, M.Am.Soc.C.E.

NEW YORK
JOHN WILEY & SONS, Ixc,
Loxpoxn: CHAPMAN & HALL, Limiten

1931
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Wilmot Road Bridge and Hutchinson River Parkway,
Westchester County Park System

(Rigid Frame)




19301 1940

Moment distribution 7 Hardy Cross

Long, multi-span, openspandrel arches with
continuous decks

Alkali -silica reactions

Stanton, T.E. (1940) nE
through reaction between cement and
aggregate, 0 Proceedings
Vol. 66, p17811811
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1945 1955

Air entrainment T Powers (1949) and Willis

Prestressed an posttensioned concrete
Stressrelieved sevenwire strand
Anchorages
Precast, prestressed sections



Research Laboratories
of the
Portland Cement Association

BuLrLeTiN 33

The Air Requirement of
Frost-Resistant Concrete

BY

T. C. POWERS

Discussion ny

T. F. Willis, Chief of Research
Missouri State Highway Department

Authorized preprint from copyrighted
ProcerpinGs oF THE HigawAy Researcr Boanrp
Volume 29, 1949
2101 Constitution Avenue, Washington, D.C.




PRELOAD
PRESTRESSED CONCRETE
TANK DESIGN CONCEPTS

THE PRELOAD COMPANY, INC.

B37 OLD COUNTRY ROAD, WESTRURY, L L, N. Y

ENGINEERS IN PRESTRESSED DESIGN




L. Coff, Consulting Engineer, NY; Charles Sunderland,
Chief Engineer, JARSCOI Began research on prestressed
concrete in 1944.



FIG |-MODEL OF 200-FT HIGHWAY BRIDGE

One-tenth scale model of prestressed concrete bridge
tested at JARSCO from 1944 to 1947.



No6 - Bridge wires
« /o6

P YNy p
» Sl Gt ety
yper- coated paper

I/ 32= film of paraffin

Two-way prestressing of warehouse floor, Cicero, IL, 1947
The John A. Roeblingbs Sons Co



Rio Paz Bridge- prestressed concrete deck 19449 The
John A. Roeblingdbs Sons Com



