
CIP 19 - Curling of Concrete Slabs

WHAT is Curling?

Curling is the distortion of a slab into a curved shape

by upward or downward bending of the edges. The

occurrence is primarily due to differences in moisture

and/or temperature between the top and bottom sur-

faces of a concrete slab. The distortion can lift the

edges or the middle of the slab from the base, leaving

an unsupported portion. The slab section can crack

when loads exceeding its capacity are applied. Slab

edges might chip off or spall due to traffic when the

slab section curls upwards at its edges.  In most cases,

curling is evident at an early age. Slabs may, however,

curl over an extended period.

Changes in slab dimensions that lead to curling are

most often related to moisture and temperature gradi-

ents in the slab. When one surface of the slab changes

size relative to the other, the slab will warp at its edges

in the direction of relative shortening. This curling is

most noticeable at the sides and corners. One pri-

mary characteristic of concrete that affects curling is

drying shrinkage. Anything that increases drying shrink-

age of concrete will tend to increase curling.

The most common occurrence of curling is when the

top surface of the slab dries and shrinks with respect

to the bottom. This causes an upward curling of the

edges of a slab (Figure 1A). Curling of a slab soon

after placement is most likely related to poor curing

and rapid surface drying. In slabs, excessive bleeding

due to high water content in the concrete or water

sprayed on the surface; or a lack of surface moisture

due to poor or inadequate curing can create increased

surface drying shrinkage relative to the bottom of the

slab. Bleeding is accentuated in slabs placed directly

on a vapor retarder (polyethylene sheeting) or when

topping mixtures are placed on concrete slabs. Shrink-

age differences from top to bottom in these cases are

larger than for slabs on an absorptive subgrade.

Thin slabs and long joint spacing tend to increase curl-

ing. For this reason, thin unbonded toppings need to

have a fairly close joint spacing.

In industrial floors, close joint spacing may be unde-

sirable because of the increased number of joints and

increased joint maintenance problems. However, this

must be balanced against the probability of interme-

diate random cracks and increased curling at the joints.

The other factor that can cause curling is temperature

differences between the top and bottom of the slab.

The top part of the slab exposed to the sun will ex-

pand relative to the cooler bottom causing a down-

ward curling of the edges (Figure 1B). Alternately,

during a cold night when the top surface cools and

contracts relative to the bottom surface in contact with

a warmer subgrade, the curling due to this tempera-

ture differential will add to the upward curling caused

by moisture differentials.
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HOW to Minimize Slab Curling?

The primary factors controlling dimensional changes

of concrete that lead to curling are drying shrinkage,

construction practices, moist or wet subgrades, and

day-night temperature cycles. The following practices

will help to minimize the potential for curling:

1. Use the lowest practical water content in the con-

crete.

2. Use the largest practical maximum size aggregate

and/or the highest practical coarse aggregate con-

tent to minimize drying shrinkage.

3. Take precautions to avoid excessive bleeding. In

dry conditions place concrete on a damp, but ab-

sorptive, subgrade so that all the bleed water is

not forced to the top of the slab.  This may not be

appropiate for interior slabs on which a moisture

sensitive floor covering would be placed.

4. Avoid using polyethylene vapor retarders unless

covered with at least four inches (100 mm) of a

trimable, compactible granular fill (not sand). If a

moisture-sensitive floor covering will be placed

on interior slabs, the concrete will generally be

placed directly on a vapor retarder (see CIP29)

and other procedures may be necessary.

5. Avoid a higher than necessary cement content. Use

of pozzolan or slag is preferable to very high ce-

ment content.

6. Cure the concrete thoroughly, including joints and

edges. If membrane-curing compounds are used,

apply at twice the recommended rate in two ap-

plications at right angles to each other.

7. When minimizing curling is critical, use a joint spac-

ing not exceeding 24 times the thickness of the

slab.

8. For thin toppings, clean the base slab to ensure

bond and consider use of studs and wire around

the edges and particularly in the slab corners.

9. Use a thicker slab, or increase the thickness of

the slab at edges.

10.The use of properly designed and placed slab re-

inforcement may help reduce or eliminate curling.

Load transfer devices that minimize vertical move-

ment should be used across construction joints.

11.Certain types of breathable sealers or coatings on

slabs can work to minimize moisture differentials

and reduce curling.

When curling in a concrete slab application cannot be

tolerated alternate options include the use of shrink-

age reducing admixtures, shrinkage-compensating

concrete, post tensioned slab construction or vacuum

dewatering. These options should be decided before

the construction and could increase the initial cost of

the project.

Some methods of remedying slab curling include

ponding the slab to reduce curl followed by sawing

additional contraction joints, grinding slab joints where

curling has occurred to restore serviceability and in-

jecting a grout to fill voids under the slab to restore

support and prevent break-off of uplifted edges.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


