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A UPDATE CN EYVALUATIOR

TECHNTIQUES AND REPAIR MATERIALS

FOR CONCRETE BRIDGE STRUCTURES

petericration of reinforced concrete is a common problem for bridge
structeres located in a marine envaironmeni, This paper presents a review
of the principle causes of reinforced concrete diciress, the basic steps

to evaluate structure conditions, Including aondesiructive methods, nlus

ceeent advances in copnerebe repair metbhod und products.

L. CAUSES OF DISTRESS

A, Corrosion

The most common dizstress of reinforced conerete 1u corrosion of
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ecumbedded steel reinforcenment. Chioride ions are considerad
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be Lhe major csuse of the corrosion.  UJcean sait waters provide
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a ready source of chloride ions and are thus one of the harshest
env ironments for a reinforced Concrete siructure. Conerste
normally provides reinforcing steel with excellent corrosion
protecticn. A high alkaline (high pH) environuent in conerete
resulits in the Tormation of a proveciive film around ithe steel
which proteets it from currosion.  Chlcorides can break down the
protective alkaline barrier and, af oxygen and melsiure are

present, electrochemical corrosion will occour.  The subseguent



cxidatlon of iron (the apede) and the production of rust along
the bar results in & volume expansion which induces substantial

sitresses on Lthe zurrounding concrete with craocking,

delasinatlons, and spalling resulbting.  The dist:

s oprocess is
svogressive in that cracks and spalle faciiitabte entry of
pres

chloride, waler, and oxygen to the con
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rebe thuz acceleraiing
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corrosion rates. The major factors which affect the correosion

of reinforcement are:

1. Permezbility and denseness of Lhe concrete.

2. Depth of cover.
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Byailabiiity of oxygen and rate of oxypen diffuzsicon.
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dater maturation of the conovele.

5. Concrete carbonaticon.

Suifate Attuack

The sullates in seawatsr are moderately agaressive to conerete.

Splizte attack involves the reaction of sulifabte with hydrated

liae {fermed during cement bydration) producing gypsus. This

resulits in sclid velume expansion with subseguent cracking snd
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disintegration of the conerete surface. Cood quality concrete
practices including the use of cements Tow in tricaleiun
aiuminate (Csﬁ) content with low waboer-cowepnt rabtics wiil

prevenl sulfate Induced distress.

Carbonation

dydrated poritland cement will chenmically react th the carbon
dioxide in tLhe atnmosphere. In additicn to reducing the
alkalinity of the concrete {(thus pronobting corrosion)
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carbonation inereases the shrinpkage of conorete on
tends o promote zurface crack developmeni, Again concrete
guality plus concolidation and curing detemoine the axtent of
carbonation. For good concrete, carbonatlicn s a very slow

process which does not penetrate deeply. Alszc high humidiny

reduces carbonation rates.

Cracking

in addition to the previously dizcussed corrosion apnd chemd

reactions which ecrack hardened conerebe other conmon causzen of

oracKs ineclude:

1. Drying shrinkage.

fat
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e Differentisl thermal siresses in a siructure.

3. Construction and service loading conditiona.

a. Errors in design and detailing including improper Jointing

ang inasuflicient reinforcement.

CONDITION SURVEY

The key element of a successful repair and restoration project
is a specialized condition survey and evalustion to collect and
asseuss data and zelect appropriate repairs. The condition

survey wouid normally include a2 visual ipspection plus

v

nondeastructive and destructive testing. TYhe elements of the

condition azurvey are discussed in detwil 1o the following

saragraphs.
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A careful examination bY an experienced walerlals englneer or
technician is conducted to ideniify exient, severiiy, and
iccations of distress. The guidelines given in ACI 201.1R-68,

Zing and L0gBINE
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ACT 345-82 and AASHTO are useful to categor
distress. Photographic documentation of typical conditions is

and ezsential aid to the evaluation process.



Hondestructive Testing

Mondesiructive lesting techniques are ovallable Lo oblain
estinates of strength, uniformity of strength, the thiciness of
a well, detect interpal cracks or voids, locate rebar;, and
establish rebar cover and bar size. The more compon NOT methods

include:

Te Pachoneter - This i35 & magnetic device used to locale rebar
and, if bar size ig known, estinate congrete cover. Thae

aguiprent is usually effective for depths of cover up to &

inenes.

2 Ultrasonic Pulse Velocity and Pulse Atitenustlion - This
gequipoent emits an energy wave through the concrete and
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measures the velocity of the wave plus the atienuation of
the gsignal beiween the bLransmitter and receiver.
Velocities can be correlated with compressive strength and
overall copncrete quality obtained {rom cores. Atlenustion
ig indicative of cracking or voids. The standurd test
method 1s described in ASTH C 597, Ulirasonlc equipnent
wmust be gperated and interpreled by experisnced pergonnel
cince pesulis are affected by melsture, reinforceing steel,

and smbedded itens.  The egquipment is easily portable and



up to 200 tests points cap be checked In a day.

Rebound, Pullout, and Penetratlion Tects - All of theoe

devices give an indlcation of uniformily and strength of

the concrete pear the test surface. The rebound hanmer has

a spring levaded ram which drops a small weight upon an
o

impact Tace and then measures the repound of the weight.

ullout test wmeasures
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gubedded netal dnsert and
conerete from the concrete mass., The penetranion best

determines the penetration of a steel probe Which 1s shot

-,

T tech

inte toe goncrete. ALYl of these b
correiatlon with conpressive strength data From cores or
cys«inders to =ztaplish relisble indicated sirenglh values.

Thece NDT pethods are fast and end relatively

inaxpensive,

Badlography - Lamma radiograpiay cii be used Lo detecl slze
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and location of robar., The technique can 2iso be uged
indicate ¢rack plane or discontinuit.es parallel to the
plane of the radiation. The eguipuwent io expensive and

tesiing iz a slow process, thus limiting this lechnigue tu

very opecific sitwilons.

-ruciive Testing and Core Sampling
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A core program includes sampling the in place concrete at
tocations and periorming lests to ldentify deszired properties
of the conereve. Mool sampling prograns ars blased in that
sasples ure generally lcocated at reasonably good and at
distressed areas. The selection of sampling areas and the
punber of samples require careful evaluatiop by the engineer in
prder Lo define a test program which will supply the requlred
infeormaltion and meet the budget and time consblraints of the
owner. Yeszts which are commonly performed on core samples
include:

7. Compressive Strength as per ASTH CH2.

Petrographic Analysis., Petrographlic analysis can identily
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gineralogy of the aggregates, voldage and alr content,
evidence of chemical attack, alkali-aggregate reectlions,

degrea of carbonaticn, presence of reszidunl cem=abt wurnd

mlneral admiztures, ond the compoeunds preosendt in the
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hydrated cement.

Y. Chloride content and pi are typically performed at various
] ¥
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intervals frog surface downward to the redar depth.

4. Density . Density variations can e indicative of chunges



in materials plus changes in strengtl.

Careful

necasary o zelect

evaluation of

EVALUATION AND REPAIR OBJECTIVES

[

the condilion survey and test resuliis

proper, and durable repalr procedures. ‘Thne

repaire will normally be selected t¢ accompliszh one or wmore of

the focllowing objectives:

2. Tmprove

2. improyve

4. Improve

I
o
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Zaportant constraints which will ilmpact

Replave

or increase abliffness or sirength.

funetional performance.

watertightness by sealing cracks and porous surfaces.

appearance.

Corrosion

g

damaged councrete and reinforeing ztesl plus

Future corrogsion distreus.

uroin Lhe selection of

Fof

repair progedures include costyg, desived 1ile of fhe repairs,
and gite specific conditions such asz availsble construciion Llime

and traffic mainlernance requirements.

iV. REPAIR PROCEDURES AND HATERIALS
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Repairs to conerete normally ipnclude patebiling, crack sealling,

and surface sealing.

Patcliing

The inportant characteristics of a conerete patching material
are elasiicity, dimensicnal stability, and bond or adhesion.
Compatbtibility with the existing substrate regarding pi,
expanszion cocefficient, and permeablility are dimportant factors

affecting the success of corrosion repalr areas.

Polymer concrete znd polymer modified portland cement concretes
are probably the most common repair materials. A wide varicty
of polymers have been used. The properties of polymer concreie
are largely related to pelymer/aggregate ratios and the
Since most polymers have coefficients of thermal expansion 2 to
3 times that of normai conerete, agiregate T11lers and depth of
pateiring need to be considered during the seleelion process.
Some of the wore common polymer concretes and thelr properties
are:

-

s exvellent chemjical

ot

r - High strengli

o

1. Epoxy mort
resistance, some shrinkage during hardeunipg, short pol life

{generally 10 - 30 miputes).



. Methyl methacrylate acrylic mortar or concrete -~ Rapid

H

strengih gain with ultimate sbrength =similar to norwal
conercbe, some shripkage, initial zet is aceelerated at

temperature over 70°F.

2. Latex modified mortars or councreis.

W

2. Polyvinyl acetate - Improves strength and abrosion

Pt

‘geigtance, not resigtant to acids or alkalis,

guesticnable performance under high smoilisture
condition.
b. Styrene Butadiene Rubber -~ lmproves strength and

flexibillity, good resistance to alkaiils apd acid but
can by attacked by organlic solvents., Interusal filam
that foerms when coalesced can be destreoved by
Tinishing of the surface.
Silica Yuwe conerete 13 being uszed with Zncreasing freguency in
severe env iromuaents. Silica fume is a by~product of fthe reduetion of
high-purivy quarts w@ith cesl in eloctiric are furnaces in productlon
of gilicon and ferrosilicon alloyo. The fune, which has frow 74% to
L0F silicon dioxide, consists of spherical particles about 100 tipes

suallier in diameter than the average cement pacrticle. Silieca fume



acts as a "super pozzolon” reacting with lime during hydration of Lhe
cement Lo form cementitious caleium silicate hydrabe. Becauvse of the
fumes exireme Tineness and high silieca contenl the pouvolanic action
is very &ifective. Replacemenit of cement with 5 to 20 percent cilica
fure can substantially increase concrete sirsngth, reduce

ufates and chloride ion

L

permeabllity, and increase registance 1o 3

penetrabtion. Compressive strengbhs in excess of 10,000 psi and

ot

crmeabil ity less than that of lalex nmodiflied concrete have heen

o

p
reported . Silica fume miyes require significant mix adjustasnis

including increages iIn air entraining agent dosapge, use o
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reducaers Lo negate increased walter demand, and longer mixing Line.
Barly streagth gain (€ to 3 days) is similar to normal concrele.
ileeding is greatly reduced by the addition of zilica [ume, Lhus

seigture loss protection to prevent plastie chrainkage cracks is

necessary.

H Crack sgaling

The gelection of an appropriate crack sealling procedure 1o a
function o7 the cause ang the active cor dormant stats of

movenent at the graclk. betive c¢racks are those gwhilch

1]

experience current movement from thermal icadings, foundation
¥ Gy

gettlement or ofbhar forces. Dormant oracks are cracks where
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there i3 nd movenent opr the cause of cracki been
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eliminated . Such cracks are usually shrinkage or load induced.

FLARIBLE SEALIHG

Active cracks can be routed out, cleaned, and filliled with a

o~

suitablie Field-moulded Tlexible sealant to function as a

L

Jeint. Hipgh performance [flexible zealants include
pelysulfide, polyurethane, silicones, and low modulus epoxy
materials, Each of these materials nasz particular
chraracteristics such as chemical resistanes, extensibility,

and seiting properties which must be considered for sach

specific appiication.

ROUTING AND SEALING

Routing and =zealing can be used on cracks that are dormant

and of no structural significance. Thig repair iy not

applicable fopr zealing cracks whieh will be under

sigpnificant hydrostatic pressure. Dpoxy compounds and

urethanes are premlum sealants,

sPUXY INSECT i0H

Cracks as narrod as 0.05mm can be bonded by injection of

12



epoxy. However unleas the crack is dormant, cracking is
iikely to reoccur near or away from the repaired avea.
Bpoxy injection requires a hipgh degree of gkill and
temperature conditions may lmpose censtruction copsbraints.
In addition it is very difficult to seal cracks which are
@moist or actively leaking water. Pot life of Lhe spoxy,
viscosity, crack width and injection pressures all alfect

the depth of penetration and rebonding.

SURFACS SEALERS

=

Waterproofing barrier systems Lo prevent the intrusion of

enloride Irom seawater and other deleterious chemwicals are belog

3

used with increasing Trequency. Of particular nolz are silane

based penetrating sealers which have high waler repellency and

ne silanes do notl aliar

e
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ghhioride sereening properties.
goncrele appearance and repertedly do not inpede water vapor
perneabliliity during drying of the interior of the concrete.
This iz an iamporiant properiy, particularly near spiash or tidal
zones where the concrete ig subject to frequent drying znd
wetting, feneilrating urethane sealers do allter the surlasce
appearance (adds luster) and usually results in some surface
buildup and reduction in water vapoer transmission. Urethane
gealery offer eycellent water repelliency buil nave not perlormed

az well as the gilancs as a ciloride ilon barrier in acng



research studies. Urethane ccatings usually require a dry
gubstrate. Epoxy sealers have excel lent chemical reszistance and
resistance to chloride ion migraticon. The epoxies generaliy
result in surface buildup and harden the cogncrete surlacs.
Yater vapor transmission is reduced and the potential for
blistering of the coating increases, especially if solids

content of the epoxy is high.

This is by no means a completfe listing of all the considerations or
products available to the engineer who is planning repair of a
concrete bridge. The technology is evolving rapidly, with new
products being introduced at a fast pace. It is likely that useful
lives of structures will be extended more easily and more cost

effectively in the future.
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