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DETERIOCKATICN AND RESTURATIOCN OF CONCERETE BRIDGES
Ul THE STATE TRUNELIRE SYSTEM

_On September 29, 30 and Oetober.l, 1947, M. Wooley of the Public
Roads Administratioﬁf Mr. Shuttieworth, Bridge Maintenance fngineer, and
the authors ingpected 51 bridges on the state trunkline system in a gurvey
extending through the ceniral, eastern and scuthesstern regiong of the low-
er'peninsuln. The itinerary of the survey is shown on the opposlite page.
This survey was part of o research program, recently undertaken by the
Reseasrch Laboratory at the reguest of Chlef LDeputy Commissicner Harry T.
Ward, dealing with the preservation and recconditioning of conerete bfidges
on the'sﬁate trunkline system.

The immediate purpose of the survey wae Lo determine the nature and
extent of deterlcration of the concrete in the bridges with the ultimate
objective of finding the causes of such deterioration and of taking steps,
not only to repair existing structures. bul alsc Lo devise means of im-
proving the durability ofrbridges to be constructed in the future.

In general, gseveral types of detericration were found. They include:
(1) gradval or normal weathering; (2) cracking and spalling due to loads
gnd shifting of walls end abuiments on fcundsiiong: {3) characteristic
scaling on decks, curbsg, sidewalls and handraile due to chlofide salts;

(4) "D" lines oy map cracking on the surfaces indicating accelerated
weathering; and (5) craching and sgpalling of thin handrail members acceler-
ated by rusting.of reinforeing steel.

The suarvey indicated, however, that 811 structures ewamined were
atill apparently funaamantaily sound, even where the most advanced disin-
tegration had taken place. The present problem is oygdentially one of main-

taining the appearsnce of the structure and of preventing, if possible,




further deterioration to the point where replacement of the structure, or
major portions of it, may become necessary. a
This report discloges the resulte of the condition survey, discusses

possible causes and remedies and presents suggestions for reconditioning

the gtructures for the purpose of regtoration and pregervation.

RESULTS OF CUNDITION SURVEY

The physical defects inherent in each structure encountered on the
condition survey have been summarized in Table 1. A getalled discussion
of each type of detericration follows.

Hormal Weathering

3

This is characterized by slight surface ercsion and pitting, with
no digfigurations commonly assoclated with disintegratlion of unsound con-
crete.

Secaiing Due to Chloride Salls

Characteristic scaling and subseqﬁent digintegration due té salt

action was observed on decks, curbs, Sidewallsd and handrails where the
alt solubien, impounded in depressiensg on the bridge deck, had been

splaghed by traflic or carried in snow and ice to concrete members. adja-
cent to the roadway. This action hes been sariicularly prevalent on strue—
tures of the Detroit Industrial bxpressway System and Willow Fun Express-
way. In some cases also the effact.of chloride seegapge through Joints and
vents of the deck was obpserved in the scaling and surfsce disintegration
of supporting members. An outstanding example of heavy chloride damage
woas found in the Court Street Bridge in Ssginaw, (Bl and X1 of 73-24-12)

where sericus disintegretion had ocgurred in the plerg and understructure

by dnfiltration of ssnd-chloride through copern joints in the deck systenm.



Typical examples of this type of disintegration sre shown in Figure 1.

Structural Cracking and Pauiting

Several structures showed cracxs, breaks, and sgpalls resulting ap-

parently from gettlement or shifting of walls and abutments on founda-

tiong or from impact of vehiecles.

Spalling snd Oracking Accelerated by Rusting of Helpforcenment .

In quite a few cases the oulter leyers of thin members, such as new-

i

ell posts and top sectiong of concrete haondreils, had broken off or
cracked apparently by the rusting of the reinforcing steel which was
either too large or had inadeguate depth of cover for the design and

hape of the member. Examples of this type of disintegration are shown

n

Temperature or Shrinkage Crackg

4 few gtructures contained singular cracxks rurming horizontally or
in a dlagonal pattern characteristic of lfemperature or shrinkage phenomena.
This type of cracking is illustrated in Figure 3.

ay,

Deterioration Due to Water and Frost

Detericration of this {ype is manifested by the appearance of DN

lines which i soon followed by cracking and genersal disintegration. WD

cracking wag observed at localised ereas on curbs, steps, handrails, end

o

posts, and tops and sgides of wing walls, abutments and piers. These

)

cracks usuﬁlly show up first on surfaces adjacent o jointsjlcracksj-or
other openings which permit infiltration of water. TIn certain cases water
was observed to be seeping out of the cracks. Typical examples of this
kind of deterioration sre illustrated in Flgurs 4.

Digintegratlion ls rapid sfter tﬁeﬁe HM lines'appear. Typical ex-~

amples are ghown in Figure 4. Exverience and restarch hzve demonstrated

A



that deterioration of this character is definitely associated with inferior
conecrete and, 1n scme cagses at least, is due.to guestionable construction
practice. Evidence of this appears in the condition of concrete on oppo-
site gides of the expansion Joint in Flgure 4E.

Cracking Due to Embedded Precagt Unilts '

Cracking has cceurred whers hollow precast gbructural wembers, such
as hollow tile, were embedded in the structure to reduce weight. Examples
of cracking resulting from this type of construction are 1llustrated in

Figﬁre 5.

GENERAT, DISCUSSIOH

It is believed that many ¢of ithe factors respongible for the various
types of concrete delerioration encountered in the survey have been elimi-
nated through recent changes in design and construction practices. e
have reference to the discontinusnce of both precast hollow tile in the
deﬁk system to reduce weight and the masslve concrete handrall systeﬁ, the
introduction of beﬁter Jjoint geslers, and the sdoption of air-entraining
conerete wnich should result in a wore upiform and durable concrete provided
reasonable carc ig exerciscd in its mamufacture and placément.

Pérhaps the most cutstending cuuse of the sporadic weathering of
concrefe in varicug parte of the game gtructure ig the non-uniformity of
the concrete resulting from handling anélglacing in the forms. A review
of the concrete mix design charts for structures covered in the survey
which were built before 1940 indicates that in all excepl & very few cases
the water-cement ratic was less than & gallons per saclk, ﬁhich ig not ex-
ceggive for this type of work. Gea Table I1. lven though the designed

water-cement retlc moy be within the reguired limits, the actual water con-



tent will no deoubt be much higher at certain critical points in the struc-
ture, such ag tops of abutments and piers, handrail postg, and at joints}
due to localized water geln. Moreover, there is the gverﬂpresent tendency
of workmen to overfwéter thé mix to gain added workability which, of
course, agpravates the condition.

L possible method of incressging the Gurability of the top surfaces

of deep structural members is to build up the concrete siightly higher

than the finlshed dimension and strike off to the proper height when
bleading i1s over. This preocedure would eliminate the weak top layer

formed with excess water. Over-watering of the mix can be corrscted only

by more vigilant inspection and enforcement of specification requirements

a on the job. In addition to these meapures, positive dreinage of deck

*

joint design improved in corder te eliminatie

iy

surfaces must be provided and

seepage which accelerates weathering st vulnerable pointe by saturating

the concrete with frecrzable water,

RESTORATION OF CuUHCRETE BRIDGIS

There are several different procedures.for the repaly of disinte-

grated concreie surfaces and the cholce of methnod in any perticular case

will depend to & large extent on the condition of the concrste and its
location in the structure. The repalr methods described in the following
text pertain primarily to that type of surface disintegration associated

with chloride salts, wabter and frosi action, anc spelling due to impact.

In general, the vestoration process congistg of completely removing the

disintegrated concrete, properly nreparing the exposed surface, and applying

Sy

te 1t a new coat of conerete. The thickness, shape, and location of the

conerete patelr will determins the work method. The experiences of others

-




in solving this problem are presented for reference and study.

(1)

Experience of the Oregon Highway Department

The following ig an cutline of the procedure used by the Oregon
State Highway Department in patching disintegrated concrete and waterproof-
ing concrete. surfaces for the prevention of disintegration.

"hen digintegration of the commonly cailed "D-line" type has taken

place, it usually affects the edges and corners of curbs, handrails, wing
walls, and other exposed members. To prevent further progress, 1t 1s neces-
sary to remove comsletely sll disintegrated material, greal care being

taken to reach sound concrete beyond the extent of the disintegrated area. .

This can be accomplished by fthe use of hammers and chisels on smalil areas
or by paving breskerg or chipping hammersg on larger areas. If the disin-
tegrstion has reached an advanced stage, the complete removal and replace-

ment of the affected portion of the structure may be necessary. The im-

portance of the removal of all traces of disintegrated material cannot -

be overemphasized. FExperience has shown thot ofiten the workman will re-

move all visible affected malterial, then place a pateh on what was, in his

Jjudgment, scund concrete, only o discover later that the material adja-

cent to the patch'éontinues to disintegrate.

after the removal of thé dlesintegrated concrete a patch 1s appiied,
the success of which depends upor securing a bond to the parent concrets,
overcoming the tendencﬁ of the pateh Lo shrink sfter placerent, and proper
curing. All places te be patched should be chipped out to secure not less

than three-fourths-inch thickness for the patch. The edges of the patch

should be sguare aad not feathered. A1l surfsaces should he clean and

rough sc as to gecure 2 good bond ond should be saturated thoroughly by

o




several appiications of water. The preshrinkags of mortgr'is required
for all patches. This is done by mixing the mortar vell ahesd of use and
letiing it staﬁd. The time required for preshrinkage of morﬁar varies
with the different brands of cement and conditions of temperature and
humidity, and is bhest deturmined by experiment on the job. In general
the mortar thug preshrunk should be susceptible to use without the addition
of water before rewerking it for application. After the patch has been |
applied, proper care in ouring must be taken by keeping the patch‘covéred.
with wet burlap for six to ten houre, cfter which it can be covered with
damp gand or burlap‘until the concrete hag thoroughly hardened.

New concrete patehes should be allowed at least two weeis to dry.
out before applying the waterproofing treatment. Hew concrete Sh@uldAbe

-
ks
)

given a neutrallzing wash before the application of the 1inseé oil uged
in the waterproofing treatment. A solution congleling of three nounds of
zinc sulphate crystals to a gallon_of water is brushed over the surlace
to be trested snd allowed to dry for A8 hours. When thoroughly dry, all
ecrystalg Oﬂ‘the surface are removed by wire brushing. Thi tse tment is
not necessafy o old concrete.

Before the waterprooling trestment is szppliied, it 1ls necesgary that
the conerete surface be clean and dry. Dust and loose material can be
removed with & wire brusgh. Hoad oil or grease can be removed by scrubbing
with gagoline or & solvent. Effcrescence can be removed by scrubblng
with a ten per cent sgolution of hyérochloric acid. ¥hen water is used
in cleaning, smple time must be fllkucu o permit thorough drying of fhe
concerete gurfaces before apolying the waterproofing.

pfter the surfoce hes been properiy prepared and lg clean and dry,
two coatls of.hot lingeed c¢ill ere to be applied. The first ccat consists

of a2 mixturs of 50 per cont raw linseed oll and 50 per cent turpentine

e



heated to 175°F, and applied with an ordinary peint brush. Better resulis
will be obtained if the ailr tgmperatur@ iy above 659F. The first coat

1s allowed to set 24 hours before applying the second coat. After the:
first coat of the linseed éilwturpentiné mixture has set, spots will usual-
1y be noticed whére the concrete is more porous than the remainder of the
surface treated. Thege spotg should be spot trested with the not ﬁixture
and sllowsd to set before the second cosat of lingeed oil is applied.

The second coat consists of undiluted raw Jlinseed oil heated %o 175°F,
and applied in the same manner as the Tirst coat. When this coat ig thor-
oﬁghly dry, iha surface is ready for o paint cogt.

The entire Sﬁrface treated with oil is given two coats of white lead
and Qil paint, tinted to the desired shade. 4 concrete color can be ob-
tained by the addition of lampblack and raw sienna ground in oil. The

white palint usged in Oregon hag the following Tormala:

Paint Comwogiticn - Per Cent
Pigment not lesg than 70
Vehicle not more than - 30
Pigment Composition: Per Cent
White lead carbonzie - 4000 te 45.0
Titanium barium pigment 35.0 to 40.0
Zine Oxlde 15,0 te 20.0

Tinting plements,1f reguired 0.0 tc 5.0
The first coat is thinned by the addition of two quarts of turpentine
and two quarts of boiled linseed oil 4o the gallon of paint. The second

coat 1lg thinred with sbout one guart of boiled lingeed oll to the gallon of

: a4 heavy plgnent coat that will be susceptible to

paint, sc as not to gl
scaling, but which is etill heavy encugh to brush out uniformly and evenly.

This waterproof! treatment ig net a cure for the basic weaknesgs of




the concrete which makes it suscentible to disintegration. If properly
applied and maintained, it promiscs to postpone serlous disintegration for

many yearg." i

4

o [
Experiences of the New Jersey dighway Department (2)

The method employed by Hew Jersey to patch concrete pavement surfaces
is described as follows. The technigue is appiicable to bridge decks,
curbs, side walls, and other horizental surfaces.

"We have done some considersble guentity of this type of work. The
thickness of the pabches placed hag varied from an appreciable depth down
to almest a feather edge. Jn meking these thin patches the surface is
first thoroughly cleaned and ali wnsound conerete removed eithsr by hand
or power tools. Ti is highiy degirable that the culside perimeter of the
pateh be trimmed down tO'Prmvide a vertical edge. [lwnedlately after

€

cleaning off the ﬁurféce to be patched the same is thoroughly cleaned
with a high pressure sipr jet, It is then thoroughly sorinkled with clean
WaterAand dusted uniformly and cerefully with nesl cemdnt. This iz done
immediately prior to placing the concrete wmixture and before the cement
has had & chance to dehydrate. Sheuld anvihing occar which would prevent
placing the concrete before the cemont has dehydrated, the pateh should
Iagain be wetl and neat ccment sgein dusted over the samc. The conecrete
mixture is then applied; the same biing mixed with a very low weter cement
ratlo, so that it is, ac a natter of feet, harsh and dry. UThe mixture is
gtruck off high and allowed to stahd

then thoroughly tamped into pleace

o

ntil initial set has tawen plsce. The concrete ig again tamped, sereeded

+

of f to the proper elevatlon and Tinisghod in o menner to conform to the

balance of the surface, after which it ig cured with the use of wel burlap,

il



at’leést originally. Uther standard curing methods are oleo used later
during the period.

The cement used nas, 1n some cases, been special high early strength
cement but, more freguently, however, we haVe used the standerd Portland
cement and have, in many cases, inclu@ed z twe and one-half per cent calT
cium chloride golution in the mixing water used. Generally speaking, the
water cement ratic shonld nobt evesed Tour geilons.

In cconnection with the wmalier of the aggreogates and proportions
of concrete mizxtur:eg, we would advige ap followe:

For patcheg un to ap inch and & half in depth we have used a 1-1-2
mixture, using a¢ . Q.FéQtﬁo sand and broken stone or'gravel up to one-
guarter inch maximum. Over an inch and s hall in depth and up to four
inches we have used two Jdifiereni proporiions; iue Flrat being 1 - 1-1/2 -
2-1/2 and the other 1 - 1-3/4 - 3. In such cases the maximum size of the
coarse aggregafe hsg boeen three-quarter inch broxen stone or gravel. Fhere
a patek ig over four inches in dspth we uge & 1 - 1-3/4 -~ 3 mizture, to-
gether with a cosrse aggregaie having o marimun slze of one and one-half

inches. The standard coarse sgeregate used in our conerete pavement miz-—

ture is what is known es either inch and & cuarter size or three-quarter

inch size. The inch and & cuarier glege 1g prepared from a aixture of
roughly fifty per cent inch anc 2 half and eithoer three-guarter or five-
gighth inch. stone. The threo-guarier inch slze ie made by & combination
of practically equal proportlieons of in and vae—oa‘htl inech sizeg.

S ey

In cur opinion, the most lmportant factors to be observed in any

work of this cheracter are as follows:

is.

1. The thorough cleaning snd removal of all uosound materi

DJ

criremoly dry mizture end extremely thorough tamping.

n
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3. Delay of fingl finishing until after indttial set has laken
place and the grester vort of shrinkage hag taiken.place.

4o Qareful and tomplete curing.

It is not slweys entirely fessible to use eractly the same ingred-
ientg 1in ﬁaking the patch thet were Qriginally used iﬁ constructing the
pavement. Particularly if the pavement ig old end somewhat discelored,
there may he a considerable color contrasgt belween the patch and the sur-

.

rounding pavement. This.is not entirely desirable, altheugh? in' my opin-
ion, it iz = miﬁor factor; £he integrity of tbé oateh belng of far greater
importance then the spotty apoasrance., I, howvever, appearance ig of
importance, admixtures‘of elther ferrous oxlds or lamp-black may be‘emw
ployed.

A great deal of the work which we bave done has been the patching
of igclated spalled or detericreted sreas. There have on one or itwe

et

oceaslons, however, been Talrly sizesble areas patched, particularly where
pavements ﬁave baea.damaged by the burning of vehlcles carrying infiam~
mable meterials. Particeularly in the cage of the isclsted patch gropo-
gition, one operatién in periicular, done within the last two years, has

indicated the probability that if & surfece 18, In gencral, basically un-
séunﬁ, it is probably not worthwhile to do thin patching, by reasoﬁ of
the fact that while the paﬁch ey stond up, the remainder of the surface
surrounding the paten will, in the course of a comgaratively short time,
digintegrate arcund the pateh. In such cases, 1t is prebably better to
completely resurface the pavement, perforﬁing only such Qatching és may be
essential to provide a reascnably sound bage for the resurfacing.!

The Bfidge daintenance organizetlon  should porhsps aupplemeﬁt the

experience of Uregon, Nep Jorsgey snd others reosliving concrete by experi-




menting with the use of alr-ontreining concrete, mewbrane curing maierials,
proprietary bonding agents and non-ghvinging cementis in.connec%ion with
thelr present technigues of patching in order that the Department may
benefit by obtaining a wider field of knowledge and experience in this

important work.

The Gunite Method

Gunite is the trade name of & sand-cement mixture placed with the
#lement Gun! and possesgoed propefties that meke 1t pdrticularly adaptable
for repairing magonry or conerete structurss. The cement gun may be pﬁr -
chaged cutright for repsir purposes or the word mey be déne by regular
(unite contractors under contract. The method is generally too well known

to warrant further discussion here.

£3)

The Intrusion Method

The Intrusion selhod hag been usa& successfully in stebilizing old
cut-gtone structures and foundatlong. Briefly, the intrusion process con-
sletes of drilling holeg al intervals snd injecting an intrusion miﬁture
which consigts of Portland cement, s powdercd nineral filler and water,
and in some cases o fine sand, Thn Intrusien mizsture is injected by punp-
ing under pressure sulficlent to secure thorough penctration of the struc-
ture without displocenment of structuré. gart&. The intrusion mixture

filis the cavities with & dense, shtrong saste highly bonded to the walls,

(3)

Prepachking sethod

Prepaciing is concrete umade by paeking the forms with coarse aggre-

o

gate and then pumping in & cement basce intrasion alziurs Lo £111 the veolds

ander pregsure.  Defectlve conerete of the structure is chipped cut, a form

oy
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applied, and the space behind the form is packed lightly with coarse
aggregate. Intrusion mixture is pumped in and, under prassure;,not only
filles the spaces within the prepacked sgoregate, but also penetrates into
the pores of the underlying surfaces and inte corroding cracks and vold
spaces. The cementing to and stabilizing of the underlying mass i a
distinctive featurs of this methed of repair.

The work of restoration by eithor sethod discussed above ig con-
ducted by the Intrusion-Frepairt Co. with offfices In Chicage, Cleveland

and Toronto.

The investlgation hag served a upeful purpose in focusing atiention
on several pertinent facltors assgociated with bridge design, construction
and maintenance which should not be overiooked 1T we wilsh to construct more
/

‘pleaging and enduring structures.

1. ALYl plans for future concrete bridges should be carefully seruti-

nized for design wealmesses which will pornit water to asccumlate and re-

mein at locelizad aress where 1t will eventuelly seep into joints and onto

tope of sbutwents, ploreg and wing ~alls.

ni]
£

Ao ALL jolnte in the vosdway gbutuwentis ghould be carefully

designed and congtruched to insure no ledkage into the structure or through

joints onto members of the substructure.

3. Durable concrete should be striven fur by employing a low water
cement ratiec, gound aggregelies, sulficlont cement, proper comstruction

practices and workmenship, wnd fiem enforcenent of apecifications through

vigilant dnspecilon.



v The uge of sir-entraining concrete should climinate many of the
weaknesses now showing up in the oldor structures constructed wiih stand-
grd Portland cement.

5, many of the structures now showing deterioraticn can be success-
fully and economicelly vepsired with svailable malntensnce equipment and
peracnncel by following well-esteblished procedures.

6. Sitructures in advancod stages of deterioration can be success-

1

fully repaired by methods reculring more speclellzed eguipment such as the
Gunite process.

7

7. Every bric

o

L1 ocoagtitubte an individual prob-

v to be repslred

lem which will regulre good judgment snd ingenuity, but experisnce indi-

cates that it can be done.. Irom ths present condition of many structures,

this work should start nov.
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