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Cracks in Latex-Modified Concrete 
Overlays-How They Get There, 
How Serious They Are, and What To 
Do About Them 

L. KUHLMANN 

The cause, effect, and prevention of cracks in latex-modified 
concrete (LM ) overlays were inve ligated. The types or crack 
that occur in concrete, whether the concrete i LM or conven­
tional , are divided into 1wo ca1egorie : internally caused and cx­
lernally caused. Internally caused cracks are pla tic and hrinkage 
cracks. A in any qunliry c ncre1e, LM i ubjec1 to borh of 
the c if good construction practices are not followed . In uddition , 
because LM ha a low water content. ii ha ' little bleed water 
available 10 evaporate and thu should be protected during place­
ment if extreme drying conditions exist. Exrcnrnlly caused crack 
include cracks cau ed by phy ical 1e<1ring, and nexural. reflective. 
and thermal cracks. All of the e proce . es can be minimiz.ed or 
avoided by foll wing proper construction practices. If cracking 

ccurs in an LMC overlay, ir i. necessary first to determine the 
extent of the cracking before deciding on the remedy. racks 
that are hallow, Ys in . deep or less, do nor affect the permeability 
performance f the verlay. Deeper racks, however. hould be 
sealed. Laboratory studie of crack-sealing techniqu indicate 
that the low-viscosity eaters are capable or filling most cracks 
and are recommended when full-depth penetration i required . 

Because overlays are designed to provide protective concrete 
layers on bridge and parking garage decks, it is desirable to 
produce a concrete layer that has integrity and uniformity, 
and minimize any condition that will cause cracks, thus com­
promising the barrier properties of the overlay. Latex­
modjfied concrete (LMC), like any other concret.e, will crack 
when the tensile stresses exerted on it exceed the tensile strength 
of the material itself. Like any other concrete, these ten ile 
stresses can be produced both by external and internal sources. 
Typical of these internal source are plastic and drying hrink­
age. Examples of external source are tructural movement, 
reflective crack.$ from the deck, thermal expan ·ion, and tear­
ing while finishing. 

These cracking influence. are addressed-how to anempt 
to avoid them , and what to do about cracks if they ccur. An 
attempt i made to under tand how cracks occur and how to 
try to prevent them. In addition, factors that are blamed for 
cracks but in fact have nothing to do with them are also 
discussed. 

Larkin Laboratory, Dow Chemical Company, Midland , Mich. 48640. 

CRACKS IN LMC OVERLAYS-HOW DO THEY 
GET THERE? 

Internally Caused Cracks 

Plastic Shrinkage 

Plastic shrinkage in concrete is cau eel by \~ater evap rating 
from the exposed surface fa ter th~n it can be replaced by 
bleed water before the oncrete ha hardened. A drying 
occurs, moisture leaves the ·urface of the concrete and hrink­
age tre e develop before the concrete gain sufficient strength 
to re ist them. The l.ution, of course, is LO prevent thi 
evaporation until the concret gains proper strength. 

Like most quality concretes, LM mix shave a low wat r­
cement ratio (typically less than 0.40) and there is little bleed 
water available to repleni h that which is lost to evaporation. 
This is particularly critical for thin overlays where there i a 
high surface area per unit volume of concrete. Reduction of 
this plastic shrinkage can be accomplished in two ways: 

1. Place concrete when the evaporati n rat is low , i.e., 
less than 0.15 (lb/ft2)/hr. This evaporation rate is a function 
of concrete and air temperature wind speed and relative 
humidity and can be determined from tJ1e chart , shown in 
Figure 1, published in The American oncrete Institut 's Rec­
ommended Praciice for Hot Weather 011creri11g (I) . 

2. In rail the curing cover close behind the finishing op­
eration. The cur cover is typically damp burlap and poly­
ethylene fi lm, and they b th should be held down with suitable 
weights to prevent them from being blown off. (The polyeth­
ylene fi lms hould be white to minimize olar heat gain and 
increa e in the temperature of the fresh concrete t o quickly.) 

The effect of bleed water on early plastic shrinkage cracking 
of these system was demonstrated on 12- x 12- x J-in. 
samples of latex-modified mortars made with two different 
water-cement ratios . The ample · were exposed to a wind of 
9 mph at J°F and 1.8 percent relative humidjty fat an evap-

ration rate of 0.22 (lb/hr)/ft2] for over 2 hr. The sampl with 
a water-cement ratio of 0.26 cracked; the one with a water­
cement ratio of 0.45 did not, indicating that the former had 
in ufficient bleed water to resist initial plastic shrinkage (Table 
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1). These findings do not imply that the evaporation chart is 
in error, or that increasing the water content is an answer to 
cracking. These relatively small samples were made from mor­
tar, so the data may not translate directly to large areas of 
concrete normally associated with overlays. More testing needs 
to be done on this subject. However, what the data confirm 
is that concrete is a complex material and that many factors 
need to be considered when working with it. It will continue 
to be important to monitor environmental conditions while 
placing LMC, and to take precautionary measures during hot, 
dry , and windy conditions. 

Drying Shrinkage 

Like any other concrete , the drying shrinkage of LMC is 
affected by the amount of water in the m'ix. It is the water­
cement interaction that influences the drying shrinkage of the 
concrete, not the latex . Comparative tests (2) have indicated 
that LMC and conventional concrete with the same water­
cement ratio have the same shrinkage characteristics. Whether 
the concrete is latex-modified or conventional , excess shrink­
age will result from xces · water in the mix. The key then , 
is to make sure that excess water is not added. This precaution 
is best accomplished by making a trial mix of the proposed 
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FIGURE 1 Nomograph for determining rate of 
evaporation (1). 
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TABLE 1 EFFECT OF WATER­
CEMENT RATIO ON CRACKING 
OF LATEX-MODIFIED MORT AR 
EXPOSED TO WIND 

Water-cement 
Ratio 

Appearance 
of Cracks? 

0.26 
0.45 

yes 
no 

NOTE: Wind 10 mph, temperature 72°F, 
relative humidity 50 percent. 

ingredients in a laborato r wher all the component can be 
accurately mea ured , mixed and te l<.:d . Thi procedure will 
relate lump to waler-cement ratio , so that in the fi eld . 'lump 
measurements will be accurate indications of water content. 

By making a trial mix, it is po siblc to evaluate the va rious 
components that are used. U ·e of the wrong and . f r in­
stance, can result in a concret mix that r1.::quir~ excess ' arer 
to achi eve a workable lump. In L I · mi . . where th sand 
content is re iati ely high, it i particularly important that thi 
component be chosen carefully. Figure 2 (3) ho\ the surfil c 
imperfection that are present on man y sand particle . These 
smface imperfections ha e a de trimental effect n the mix 
because the macrosurface v ids first have to be fill ed with 
paste, i.e., cement , water, air, (and latex if appropriate), 
before the concrete begins to flow. Thus , a sand with many 
of these macrosurface voids demands extra water before the 
concrete has a workable slump, thus producing an overwa­
tered concrete with inferior properties. Obviously, if slump 
alone is used to monitor water content of a field mix, the 
concrete can ea ' ilY have extra water added inadvertently. 

Thi · surface phenomen n is conCirmecl by the data in Table 
2 where the surface areas of two diffe r nt sand are hown 
t.o be different by a fact r of over 4, e en th ugh both me t 
ASTM 33 fo r gradation. fo laborato ry tests, the high surface 
area of lhe Mary.land and pr duced a concrete of much lower 
slump than the control mix both al th same water-cem nt 

ratio . Or put the oth r way , to achieve the ame ·lump . m re 
wa ter would be required by the concrete made with the Mary­
land sand so th at if slump w re the only t t onduct cl. the 
mix would ea ·ily be oven atered and produce low-quality 
concre te. Perm ability re ults from laboratory tests of LMC 
made with the sand confirmed these findings . 

Milera-Surf !lee 
Voids 

FIGURE 2 Macrosurface voids 
of sand particles. 
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TABLE 2 SURFACE AREAS OF 
TWO DIFFERENT CONCRETE 
SANDS 

Sand Source 

Michiganb 
Maryland 

Surface Area" 
(m2/g) 

0.477 
2.093 

"By Nitrogen absorption test. 
bControl. 

Externally Caused Cracks 

This process is caused by externally applied stresses on the 
surface of LMC before it has set but after a crust has formed. 

Parti.cu lar care must be exercised when finishing LMC to 
avoid tearing the surface and causing cracks. LM is different 
from conventional concrete in that a crust, i.e . , a relatively 
firm material caused by the drying of the latex, will form on 
its surface if exposed too long to th air while in the plastic 
state. When this crust forms, the working life of the LM has 
expired, while underneath, the concrete will be quite plastic 
until the setting time has expired. The difference between 
the e two could be as much as 2 hr, depending on the drying 
c nditions of the air and the temperature of the LMC. This 
surface crust can be torn and cause surface cracks if the fin­
ishing operation continues. On bridge deck overlays, where 
a rake is commonly used for applying grooves, the e tear · 
will appear as short and shallow (typically Y2- x l/s- in.) cracks 
oriented 90° to th direction of the grooves. (The effect of 
this type f crack on th p rmeability properties of LM is 
discussed later.) 

Flexural cracks are caused by excessive ten ile stres applied 
to the overlay by flexural movement over negative moment 
areas. Excess deflection of a bridge deck under traffic can 
cau. e cracks to appear in an overlay at the negative m ment 
region. The pattern of uch cracks would be transver e ap­
proximately in straight. line and probably spaced 2 to 4 ft 
apart. These crack can occur in any concrete overlay , in­
cluding LMC. Ev n though the flexural strength of LMC is 
greater than conventional concrete, it is not designed to resist 
these exce s tensile stresses. 

In new two-course construction, the overlay should be placed 
after removing the forms from the base concrete, so that 
stresses cau ed by the weight of th verlay are borne by the 
underlying concrete. lf placed before lhe form are removed , 
the overlay will have to carry a p rt ion of it · own weight and 
may crack in nega tive-moment regi n . 

R eflecti e cracks are cau ed by movement ofthe und rlying 
concrete reflecting through the overlay. Any time there is a 
crack in a concrete d ck that is to be overlaid with a well­
bonded, rigid material such as LM , it is imperative to de­
termine beforehand whether the crack is stable. If the under­
lying concrete on either side of the crack continues to move 
after the overlay is applied, whether from load deflection or 
temperature change, it is certain that the crack will be re­
flected into and through the overlay. In order to address this 
problem, a oft joint should be installed in the overlay right 
over the crack in the deck. 

Expansion joints in the deck can cause the same pr blem. 
They should not be overlaid at the time of placement of the 

verlay, with the xpecta tion of cutting them with a saw the 
following day. Doing so would result in a crack in the overlay 
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over the joint and po ibly ome debonding adjacent to the 
joint. The proper procedure is to form the overlay joint with 
an expandabl material (i.e .. plastic foam) and pour the 
overlay against it. After cure , the material can b removed 
and replaced with the final joint material. 

Temperature-related cracks are cau. d by temperature dif­
ferences between the newly-placed overlay and underlying 
concrete creating excessive differential expan ion. Becau e 
many overlays are placed during the summer, there is concern 
about the proper time of day to place the overlay to avoid 
differential expan. ion between the deck and the-overlay . Both 
early morning and late even ing placem nts are commonly 
used to addres thi problem (as well a to avoid working 
during midday when the temperature and wind can aggravate 
cru ting) . There are no definitive tudies comparing cracking 
performance with time of placement , but the argument for 
early morning is per ·ua ive and is presented here for con id­
eration. 

Early in the morning, i.e., just before dawu , the deck is 
cool. As the overlay is placed and the temperature ri e , both 
the deck and the overlay warm and expand together, mini­
mizing differen.tial movement between the two. The heat re­
ceived by the overlay in the morning hour accelerates cure, 
producing additional trength to resist subsequent drying 
shrinkage. (The procedure of prewetting the deck before 
overlay placement will al o help thi situation by cooling the 
d ck even more.) Traffic-Telated crack are cau ed by vibra­
tion from traffic in adjacent lane that loosen th fu1is.hed 
but not yet bardened LMC. Where the grade of the deck i 
evere, i.e., greater than 6 percent, and there is vibration 

from adjacent traffic, fre hly placed LM may move downhill 
sligl1tly, creating cracks . This proces can happen even hours 
after placement if th temperature of the LMC i low. The 
best solution is to reroute or reduce traffic. If this can't be 
done, reducing the slump of the LMC or utilizing Type III 
cement to accelerate cure will help the situation. 

Other Possible Causes of Cracks 

There have been some instances where transverse cracks have 
appeared in overlay· placed while traffic is on adjacent lanes. 
Because the cracks have ome order, i.e., they are relatively 
traight and in a specific direction, the que tion ha been 

raised as to whether the traffic vibration has cau eel racking 
by flexing the bridge. Field data on this issue, however, are 
inconclu ive. In any ca e, becau e there i the possibility that 
maintaining traffic during overlay c n tructi n may adversely 
affect the movement of the deck, consideration hould be 
given to placing the overlay when the traffic count is low or 
when vehicle speed is restricted. 

It has been reported ( 4) that screedLng and finishing op­
erations- particularly, the rate of movement of the screcd­
can have an effect on cracking of conventional mixes. Roller 
finishers are typically used to finish LMC verlays; to date, 
there has been no research to determine if there is a relation 
between roller speed and cracking. Clearly, this subject needs 
more study. 

HOW SERIOUS ARE CRACKS IN LMC 
OVERLAYS? 

Although having cracks in LMC overlays is not desirable, 
when they do occur it is important to understand the impact 
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that a particular typ of crack has on performance of the 
overlay. The overlay hould not be a · urned to be a total lo ·s 
ne ding replacement. Rather , it is important to know what 
impact the crack might have on the performance of the 
overlay. This can onJy be determined by examining Che crack 
in detaiJ preferably by cores taken from the deck, t deter­
mine their width and depth . For instance, a shallow crack ( I/A 
in. deep) has litt le effect on the permeability of tbe overlay , 
wherea a deeper ne ( Y2 in.) has a significant effect. Te t 
conducted on cores taken from an LM overlay had both of 
the e type: · of cracks. The shallow cracks had the appearance 
of tears that are typically caused by late tining, when the cru c 
has begun to form n the surface, whereas the deep crack 
appeared to be from pla tic hrinkage. U ing the rapi.d perme­
ability te ·t (15) (AASHTO T 277-83), chloride permea ility 
was measured on the cores with crack and compared to a 
core without cracks. The results (Table 3) indicate that the 
core with shallow tears in the surface had the same low perme­
ability (260 coulombs) as the core without crack. , indicating 
that these shallow tears do not affect the permeability perfor­
mance of the overlay. The core with the deep crack. however, 
had a ignificantly higher permeability (700 coul mb ), and 
thus required sealing. For this particular overlay, the treat­
ment was to ·eal the deep cracks with a low-vi co. ity polymer, 
and treat the hallow te<irs as cosmetic blemishes by covering 
them with a latex-cement slurry. These treatments are dis­
cussed further later. 

WHAT TO DO ABOUT CRACKS 

Even with the best of intentions, cracks do occasionally appear 
in LMC overlays. If the degree of cracking is not severe, where 
severe refers both to size and frequency, the cracks can be 
treated so tbat the overlay is re ·tored to serviceable condition. 
(The degree of cracking that require replacement of the 
overlay rath r than era k treatment i. not addressed her 
becao it would need to be deterrni11cd on an individual 
basi .) 

Tw studies (5 6) have reported on the e ffect of eaters on 
filling cracks in LM . B th c n ist d of ·lab · of LM that 
were intentionally cracked by exposure f the fresh concrete 
to beat and wind to induce plastic ' hrinkage cracks. In on 
ca e, the sample was 3Y2 in. rhick; in the other it was 1 in. 
thick. In both cases, cracks of various widths and depths were 
created. 

After the LMC cured, the cracks were sealed with a variety 
uf lllaterials, including epoxy and methacrylate (both of low 
viscosity), sodium silicate and latex-cement slurry. Sample 
were ihei1 cul from the lab and the cross "eCtion examined 
to determine depth of penetration of the various sealant ma­
terials. The results are presented in Table 4. 

TABLE 3 PERMEABILITY TEST RESULTS OF CORES 
FROM AN LMC OVERLAY 

Core 

Control 
Sample 1 
Sample 2 

Type of Crack 

None 
Tears; 1/s in. deep 
Shrinkage; 1

/2 in. deep 

Permeability 
(Coulombs) 

260 
260 
700 
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TABLE 4 EVALUATION OF MATERIALS FOR SEALING 
CRACKS IN LMC 

Sealer Viscosity Cracks Penetrated? 

Study A-LMC Slab Thickness 1 in. (6) 

Methacrylate 10-20 cps yes 
Epoxy 10-20 cps yes 
Latex-cement-sand slurry" "pancake batter" nob 

Study B-LMC Slab Thickness 3.5 in . (7) 

Methacrylate A 
Epoxy 
Epoxy 
Sodium-silicate 
Latex-cement-slurry< 

60 cps 
175 cps 
not reported 
not reported 
"pourable" 

yes 
yes 
yes 
no 
yesd 

• cment/sand = 0.33: latex solids/cement = 0. 15; water/cement = 0.38. 
b lurry was well bonded but only covered 1hc surface of the crack. 
' Latex solids/cement = 0. 15; water/cement = 0.67. 
•only at bottom of wide cracks. 

These studies indicate that the methacrylate and epoxy seal­
ers were effective in penetrating and filling cracks and should 
be used for repairing cracked overlay . Two different latex­
cement mixes were tudied and neither of them appeared to 
be particularly suitable for filling cracks. The mix in Study A 
consisted of sand , cem nt, latex, and water, whereas the other 
was just cement, latex, and water. The former had the lower 
water-cement ratio and thus less Ouw. The slurry used in Study 
A did not penetrate but tended t bridge the crack and bond 
to the top surface of the overlay. The mix used in Stud B 
wus of low en ugh visco ity to flov into tlte cnicks but it did 
not fill them ignificantly. In addition, the high water-cement 
ratio of this mix would make the long-term performance of 
such a grout suspect. Use of the e slurry mixes should be 
limited to treatment of the shallow tears and cracks. The 
sodium silicate product that was tested did not indicate any 
effect on filling the cracks. 

HOW TO PREVENT CRACKS IN LMC OVERLAYS 

The obvious first step in addressing a problem is to try and 
prevent it from occurring in the fir. t place. Preventing cracks 
in LM verlay. can best be accomplished by followi1.1g pr per 
con truction practices for quality concrete. This means having 
a pecification that is appropi:iate fol' the project; using high­
quality materials and quipment chal is in good oper, ting 
order; employing people who are experienced , quality con­
scious , and interested in producing good work; uncl milking 
decisions on the j b that will benefit the long-term perfor­
mance of that j b. fo particular for LM , il means keeping 
close control of the water in the mix; avoiding placement of 
LMC when the evaporati n rate i · above 0.10 (lb/ft2)/hr; and 
applying the burlap cover appropriately to avoid plastic 
·hrinkage cracking. 

Another pos ible crack prevention mea ure is related t 
the curing chedule. Typically LM is cured for I day damp 
and the remainiJ1g days open to atr drying. Under normal 
conditions, thi · procedure ii, g d but if temperature and wind 
conditions are not favorable, 1 day of damp curing may not 
be long enough to prevent shrinkage cracking during drying. 
Recent research (7) on the effect of curing chedule on shrink-
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FIGURE 3 Shrinkage of LMC versus initial cure time, lower curve, 
normal (1 day wet), upper curve, 2 days wet, remaining days at 
72°F, 50 percent relative humidity. 

age of LMC indicates that during the initial wet-cure period, 
slight expansion of the concrete occurs, and that by extending 
the wet cure beyond 1 day there is potential to offset shrinkage 
stresses that occur during the dry-cure period. 

Results of shrinkage studies with 1 day versus 2 days of 
damp cure are shown in Figure 3. These data indicate that 
by extending the damp cure time to 2 days, slight expansion 
of the LMC will occur, thus putting the overlay into compres­
sion and reducing the tendency to create shrinkage cracks. 
The compressive strength properties were essentially unaf­
fected by this extra day of wet cure. 

CONCLUSIONS 

1. Cracks in LMC are not always detrimental to the long­
term performance of the material. Shallow tears from late­
finishing operations need not be sealed. Deep cracks should 
be sealed, using low-viscosity epoxy or methacrylate sealers. 

2. Cracking in LMC can be controlled by proper attention 
to the quality of the materials used in the mix as well as the 
construction procedures used to place it. 

RECOMMENDATIONS 

• Placement of LMC overlays should be limited to condi­
tions for which the evaporation rate is less than 0.10 (lb/ 
ft2)/hr. 

• Two days of wet cure should be considered as a standard 
curing procedure for LMC. 

• Care should be exercised during placement of overlays 
where the grade exceeds 6 percent and traffic is maintained 

on adjacent Janes. Traffic should be rerouted or slowed, or 
Type III cement should be incorporated in the mix design. 

• Research should be conducted on the roller finisher to 
determine if there is a relationship between speed of the roller 
and cracking. 
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