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This training manual has been prepared to provide guidance and instruction 

to technicians involved with the construction of Portland Cement Concrete (PCC) 

pavements. The important tasks involved in this work are explained and good 

practice procedures are described. Most of the material is targeted for those who 

have not had experience in PCC paving construction and some of the material is 

focused on those that have experience in PCC paving and are renewing their PCCP 

Roadway Certification. 

 

This manual is intended for use in any of three ways: 

 

1. A text for a Certification class 

2. A self-training manual 

3. A reference to be used in the field 

 

This manual is intended to help the technician learn the various aspects of 

what is involved in a PCC paving operation and also to become familiar with the 

duties and responsibilities of the PCC pavement technician. 

 

At the beginning of each section, references are made to the: 

♦  2012 North Carolina Department of Transportation Standard 

Specifications with the Specification Article listed 

♦  NCDOT Standard Drawings 

♦  Construction Manual Chapters 

 

These references will enable the technician to refer to those documents for 

more detailed information.  

Different Project Special Provisions may be applicable to different projects 

being constructed in the same construction season. The project letting date will 

determine which Specification Article, Standard Drawing, Project Special Provision, 

or Construction Manual Chapter is applicable. 
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The North Carolina Department of Transportation would like to express 

appreciation to the National Concrete Pavement Technology Center (CP Tech 

Center) for their permission to use quotations, graphs, illustrations and other 

literature in the preparation of this manual. 

Appreciation is also expressed to Gomaco, CMI, Caterpillar, Ingersoll-Rand, 

and other equipment manufacturers for the use of their illustrations and 

information.  Use of specific trade names or manufacturers' illustrations does not 

imply endorsement by the Department. These are used solely because they are 

considered necessary in meeting the objective of this manual. 

The Department also expresses appreciation to the Iowa Department of 

Transportation, America Concrete Pavement Association, American Concrete 

Institute, Federal Highway Administration, the Transportation Research Board, and 

others for the use of their materials in the preparation of this manual. 

Special appreciation is expressed to Jim Grove, Bob Steffes, Heath Gieselman, 

Jeremy McIntyre, Peter Taylor, Bryan Zimmerman, Jim Cable, Dale Harrington, Mike 

Ayers, Leif G. Wathne, Shannon Sweitzer, Wiley Jones, III and many more for their 

help and guidance on the subject of PCC Pavement and the preparation of this 

manual.  
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Cylinder and Beam Sampling for PCCP for Strength-Maturity Relationship (SMR)  
 

CONTRACTOR  NCDOT  
MIX DESIGN  

  Develop a maturity curve at mix design  
  Submit with Concrete Mix design  

Materials & Tests Concrete section reviews and  
approves concrete mix design(s)  

    
TRIAL BATCH (after approval of mix, plant and  
lab)  

  Establish a maturity curve based on  
approved mix design  

  Produce cylinder and beam samples sufficient 
to test at 1, 3, 7, 14, and 28 days (3 per day 
break + 2 instrumented = 17 total cylinders and 
17 total beams)  

  Develop a flexural and compressive  
strength-maturity curve based on TTF  

  
  
  
  

  

TRIAL BATCH  
  Establish a maturity curve with DOT  

equipment to verify Contractor's curve  
  Produce cylinder and beam samples sufficient 

to test at 1, 3, 7, 14, and 28 days (3 per day 
break + 2 instrumented = 17 total cylinders and 
17 total beams)  

  Develop a flexural and compressive  
strength-maturity curve based on TTF  

  Resident Engineer may allow production of 
concrete paving to begin if 14-day breaks 
indicate strength will reach acceptance 
requirement for flexural and compressive 
strengths will be obtained at the 28-day breaks 
on the curve  

    
PRODUCTION SAMPLING   

  First day of production, verify the SMR 
established from trial batch by making 5 
cylinder samples (3 for strength breaks and 2 
that are instrumented)  

  The contractor tests three compressive 
strength samples at the TTF needed to achieve 
the required estimated strength of 3000 psi 
(2006 Specs) or 3500 psi (2012 Specs). If, as 
stated in the Specifications, the verification 
sample is less than 3000 psi (2006 Specs) or 
3500 psi (2012 Specs) compressive, a new 
maturity curve has to be developed and early 
traffic is not permitted on the concrete 
pavement. If the average strength of the three  
cylinders is greater than 10% of the TTF at the 
target strength of the curve, a new maturity 
curve may be developed.  

PRODUCTION SAMPLING   
  For the first lot for each mix, make  

cylinder and beam samples to allow for 1,  
3, 7, 14, and 28 day tests.  

  For the 2nd and 3rd lots, make cylinders only 
for the 14 and 28-day compressive tests 
except as noted below:  

For every tenth lot ( Lot #10, #20,  
#30, etc.)  obtain cylinder and  
beam samples to allow for 14 and  
28 day tests  

  
  If there are any occasions where 3  

consecutive compressive tests fail to  
meet the minimum strength (4500 psi) for that 
mix, then on the next tested lot make cylinder 
and beam samples sufficient to test at 
1,3,7,14,and 28 days. Continue to run both 
cylinder and beam samples for 14 and 28 day 
breaks until such time M&T can perform an in-
depth review of the in-place concrete and the 
batching procedures.   
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Estimating In-Place Strength for Opening to Construction Traffic or Heavy Equipment 
 

1.  After the Strength - Maturity Relationship curve and a target TTF has been  established for a 
given concrete mix design field measurements of maturity and strength from maturity can be 
performed for that mix. 

 

 
2.  Field measurements involve placing maturity sensors in the pavement within the last 

100' of each day's production by the Contractor's personnel and periodically monitoring the 
subsequent strength gain via the TTF of the concrete using the sensors. 

 

 
3.  The TTF will be read by both the Contractor and Engineer's representative and compared to 

the Target TTF from the Strength Maturity Relationship curve. If the TTF is equal to or 
greater than the Target TTF then the pavement can accept construction traffic or heavy 
equipment. 

 

 
4.  The following steps outline the procedures for estimating in-place compressive 

strength based on TTF established by the most recent Maturity curve: 
 

 
i.   The Contractor will insert a minimum of two temperature probes or sensors using 

two maturity meters randomly placed within the last 100 feet (30 m) of each day's 
production. 

ii.   The Contractor will embed the thermocouples in the fresh concrete at the 

mid-depth of the concrete slab at least 2.5 feet (0.8 m) from the edge of the 
pavement. Thermocouples should not be located near tie bars or dowel bar 
assemblies. 

iii.   As soon as practical and while the concrete is still plastic the Contractor will 

insert the thermocouple and activate the maturity meter(s).  Do not disconnect the 
maturity meters unless automatic probes are being used until the required 
maturity values are achieved. Data collection must be uninterrupted. 

iv.  The Contractor will read the maturity meter daily in the presents of the Engineer 
or his representative.  The contractor and  RE personnel will record maturity data 
on a permanent data sheet.  The data sheet shall show the required flexural 
strength and TTF. 

v.  When the maturity value is equal to or greater than the required strength for the 
concrete mix, as determined by the strength-maturity relationship, record the 
maturity value. Remove the meter and clip thermocouple wires at the concrete 
surface. Maturity meters should be read in the presents of the Engineer or his 
representative. 
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9049cf(f1-)�fd f4(1-c0�f9(b�1eaf31)cf19af)-1)4"1�fcb)(2�f1(01�bf�1��d -1(c�9�b1)cf1

,�29�1�0)"2451)4"1�4�0)"2451

��d -1(c�9�b19)41'f1�bf"160c1"f�2�fc2451d )431(a245b 1'�(160c19049cf(f1-)�2451

(af1"�d -1(c�9�1'f"b1�bf"160c1"f�2�fc2451)0c(�)4"1(fd f4(1(049cf(f1(01)19049cf(f1

-)�2451-c0�f9( 1d �b(1a)�f1'0"2fb1+ a29a1)cf1bd 00(a 1+ )(fc(25a( 1d f()�1904()24fcb1

+ 2(a1c0�4"f"124(fc4)�190c4fcb�1eaf1"�d -1(c�9�1d �b(1)�b01'f1f,�2--f"1+ 2(a1

�2'c)(0cb1)4"15)(fb1(01"2b9a)c5f1(af19049cf(f1+ 2(a0�(1bf5cf5)(20410c1")d )5f1(01(af1

d 2&�111

1 ��d -1(c�9�b1"01a)�f1"2b)"�)4()5fb1b�9a1)b1)1�2d 2(f"1f�)-bf1(2d f 1�2d 2(f"1

6�f&2'2�2(31"�c2451"2b9a)c5f 1)4"1�2d 2(f"10�fcaf)"19�f)c)49f�11

1 ��d -1(c�9�b 1)990c"2451(01(af1!-�!1.()4")c"1.-f92629)(204b 1)cf1�2d 2(f"1(01)1

/-�d 24�(f1f�)-bf1(2d f1�2d 2(�1eaf1f�)-bf1(2d f12b1"f624f"1)b1(af1-fc20"16c0d 162cb(1

904()9(1'f(+ ff41(af1d 2&2451+ )(fc1)4"19fd f4(1�4(2�1(af1f4(2cf10-fc)(2041061-�)92451

�-1(01d 29c01b�c6)9245 1249��"2451)43190ccf9(2�f1d f)b�cfb 12614f9fbb)c3 1a)b1'ff41

90d -�f(f"�11ea2b1�2d 2(12b12d -0bf"1041"�d -1(c�9�b1'f9)�bf1401d 2&24512b1-cf60cd f"1

+ 2(a241(af1(c�9�1'f"�11

1 061f&(c)1(2d f12b14ff"f"1+ 2(a1)1"�d -1(c�9�1)1d 2&190460cd 2(31(fb(19)41'f1"04f1

(01bff1261f&(c)1(2d f19)41'f1)""f"1(01(af1f�)-bf1(2d f�1eaf1d 2&190460cd 2(31(fb(12b1

9�)c262f"1241(af1(fb(1-c09f"�cf1241�.e% 1(1121�44f&�11.f�f41(fb(b1)cf1cf,�2cf"1241(af1

(fb(1-c09f"�cf1)4"1b2&1061(af1(fb(b1a)�f1(01-)bb1(af1-)c)d f(fcb1f&-�)24f"1241(af1

-c09f"�cf�11
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1 �40(afc1�2d 2()(20412b1"�d -1(c�9�b19)440(1"2b9a)c5f1-)c(1061)1�0)"�1

�2b9a)c52451)1-)c(1061)1�0)"10c1-�)92451(af19049cf(f1)(10(afc1�09)(204b10(afc1(a)41(af1

')9�1061(af1"�d -1(c�9�12b1f&(cfd f�31"26629��(�13 af41�b2451"�d -1(c�9�b1+ 2(a1

b-cf)"fcb141-�)9fcb1(af1b-0((fc1d �b(1'f1�fc319)cf6��1)4"140(1�4�0)"1(af1(c�9�1041(af1

'f�(10c1241(af1a0--fc1(001,�29��3�1ea2b19)410�fc�0)"1(af1'f�(10c1a0--fc1)4"1b�0+ 1(af1

0-fc)(2041"0+ 4�1eaf1�2'c)(0c1+ a29a12b1cf,�2cf"160c1"�d -1(c�9�b1ba0��"1'f1�bf"1

+ af41fd -(32451(af1f4"1061(af1�0)"�11

1

1 eaf1�)b(1�2d 2()(2041061)1"�d -1(c�9�12b1(af16�f&2'2�2(31)c0�4"10'b()9�fb�15f((2451

�4"fc1'c2"5fb1)4"1�4"fc1-0+ fc�24fb19)41'f1)1-c0'�fd �1eaf1b-0((fcb1+ af41"�d -2451

"�d -1(c�9�b1d �b(1'f1f&(cfd f�31�252�)4(140(1(015f(1(001a25a1)4"1b(c2�f1)1'c2"5f10c1

(f)c1"0+ 41)1-0+ fc�24f�11

1

1

1

1

1

1

1

1

1

1

1
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�2-0d01caec���)�a

a

a

a

1 �52()(0c1(c�9�b1)cf140(1�bf"1)b1d �9a1)b1"�d -1(c�9�b10c1$f)"31% 2&1(c�9�b�1

eaf31)cf19)��f"1)52()(0c1(c�9�b1'f9)�bf1(af31a)�f1-)""�fb124b2"f1(af1(c�9�1'0&�1eaf1

-)""�fb1904(24�)��31(�c410c1)52()(f1241(af1'0&1061(af1(c�9�1+ af41241(c)4b2(�16�f41

(a0�5a1(af1-)""�fb1904(24�)��31(�c41�)52()(f�1(af31"0140(1d 2&1(af19049cf(f1)4"1

(afcf60cf1"0140(15f(1)""f"1f�)-bf1(2d f�1eafbf1(c�9�b1)cf1)1"�d -1(c�9�160c1)��1

-c)9(29)�1-�c-0bfb�1061f&(c)1(2d f12b14ff"f"1+ 2(a1)41)52()(0c1(c�9�1)1d 2&190460cd 2(31

(fb(19)41'f1"04f1(01bff1261f&(c)1(2d f19)41'f1)""f"1(01(af1f�)-bf1(2d f�1eaf1d 2&1

90460cd 2(31(fb(12b19�)c262f"1241(af1(fb(1-c09f"�cf1241�.e% 1(1121�44f&�11.f�f41(fb(b1

)cf1cf,�2cf"1241(af1(fb(1-c09f"�cf1)4"1b2&1061(af1(fb(b1a)�f1(01-)bb1(af1-)c)d f(fcb1

f&-�)24f"1241(af1-c09f"�cf�1

1 74f1)"�)4()5f1061)41)52()(0c1(c�9�12b12(b1)'2�2(31(01"2cf9(12(b1"2b9a)c5f1(01)1

-)c(29��)c1)cf)1b�9a1)b1)412ccf5��)c1)cf)10c1a)4"1-0�cb�11

74f1"2b)"�)4()5f1061(af1)52()(0c1(c�9�12b12(12b1�2d 2(f"12412(b1�bf1(019049cf(f1

"f�2�fc3104�3�1

1

1

1
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1

�40(afc1"2b)"�)4()5f12b1)1cf"�9(2041241b-ff"1061�0)"2451)4"1�4�0)"245�1eaf1

�4�0)"24512b1"26629��(1'f9)�bf1(af1"2b9a)c5f1ba00(12b1b2d 2�)c1241b28f1(01)1$f)"31% 2&1

(c�9�1"2b9a)c5f1)4"1)b1+ 2(a1)1"�d -1(c�9�15f((2451�4"fc1'c2"5fb1)4"1�4"fc1

-0+ fc�24fb19)41'f1)1-c0'�fd �1eaf1b-0((fcb1+ af41"�d -2451)41)52()(0c1(c�9�b1d �b(1

'f1f&(cfd f�31�252�)4(140(1(015f(1(001a25a1)4"1b(c2�f1)1'c2"5f10c1(f)c1"0+ 41)1-0+ fc1

�24f�1

a

eaf1�)b(1"2b)"�)4()5f12b1+ af41�0)"2451)41)52()(0c1(c�9�1(af1(c�9� 1'f9)�bf1061

2(1ba)-f ad �b(1'f1241(af190ccf9(1�09)(2041'f�0+ 1(af1d 2&fc1b01)b140(1(01fd -(31-)c(1061

(af1�0)"1041(af15c0�4"�1a

1

a aa

a

a

a

a
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a

a

��d��a�-�a�ecd()-0a�-��aec���)�a

a

a

$f)"31d 2&1(c�9�b19)41'f1�bf"1)b1"f�2�fc31�fa29�fb1+ af41(af31)cf19a)c5f"1

6c0d 1)19f4(c)�1')(9a1-�)4(10c1241b0d f19)bfb1(af319)41'f1�bf"1(01d 2&1(af19049cf(f�1

$f)"31d 2&1(c�9�b1)cf140cd )��31�bf"1+ af41(af1cf,�2cfd f4(12b160c1)1�0+ fc1�0��d f1

-)�24510c160c1�045fc1f�)-bf1(2d fb 1b�9a1)b1�c')41-)�245�13 af41�bf"1241a25afc1

�0��d f1-)�245 1$f)"31d 2&1(c�9�b1)cf1�bf"1)b1"f�2�fc31�fa29�fb1+ 2(a1(af1d 2&2451"04f1

)(1(af19f4(c)�1')(9a1-�)4(�11

.0d f1)"�)4()5fb1061(af1$f)"31% 2&1(c�9�1)cf1(af1f&(f4"f"1f�)-bf1(2d fb1)4"1

4010�fcaf)"19�f)c)49f1-c0'�fd b�1eaf1f&(f4"f"1f�)-bf1(2d f1+ 0��"1'f1bf(1-fc1ed���a

�   !"1)4"190��"1'f16c0d 1#-1d 24�(fb1�-1(01!1a0�cb1)4"1�91d 24�(fb1"f-f4"2451041

(af1)2c10c19049cf(f1(fd -fc)(�cfb1+ a29af�fc12b1a25afc�1

.0d f1"2b)"�)4()5fb1)cf1(af1cf"�9(2041241(af1f)bf1)4"1b-ff"1061'0(a19a)c52451

)4"1"2b9a)c52451(af19049cf(f1)4"1(af1�2d 2(f"1�b)5f1061)1cf)"31d 2&1(c�9��1

1

1
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badecf70-4f�74�f-0-4

4

e

acdcbf-e35±1f4"c2e�fdce�cdc-51c�e2�b"4�-c22ec��"1± c4�e354�b5-ef4�e

��"�f43ce2�2�c±2e�2"4�e�c3�45-5�"c2e2�3�ef2eb5�5�"3e�5�f-e2�f�"542ef4�e��ae�"��e

-f2cbe152"�"54"4��e��c2ce2�b"4�-c22e�c3�45-5�"c2e�fdce�cc4e2�33c22��--�e"±1-c± c4�c�e

54e3542�b�3�"54ecfb��±5d"4�ef4�e�bf�"4�e1b5�c3�2�ee

a�b"4�-c22e��ae354�b5-e3f4e2�33c22��--�e��"�ce��ce2-"1��5b±e1fdcbef4�e

f�c��f�c-�e354�b5-e��ce3543bc�ce�"c-�e��f4�"���e1fdc± c4�e�c1���ef4�e2�b�f3ce

c-cdf�"542�e

e

��ce��aebc3c"dcbe-53f�"54e54e��ce�bf�"4�ec��"1± c4�ef4�e2-"1��5b±e1fdcbe"2e

3b"�"3f-e�5e355b�"4f�"54e�"��e��ce !e�c2"�4e1b5�bf±ef4�e1b51cbe± f3�"4ce354�b5-�e

�bf�"4�ef4�e1fd"4�ec��"1± c4�e���bf�-"3e354�b5-2ef4�e35±1��cbe25���fbce±�2�e�ce

±5�"�"c�e�5ef--5�e�5be�4"�5b±e3�f4�c2e"4ec-cdf�"54ef2e��cec��"1± c4�e±5dc2e�5b�fb�e

�5e± cc�e1b5�"-ce21c3"�"3f�"54ebc��"bc± c4�2�e��ae354�b5-e3f4e1b5d"�cefebcf254f�-�e

2±55��eb"�"4�e1fdc± c4�e�b5±e��ce�bf�"4�e�5e��ce3543bc�ce2�b�f3c�e"5�cdcb�e

f��"�"54f-e25���fbce�cdc-51± c4�e"2ebc��"bc�e�5e�4"�5b±-�e1b5��3ce2�b�f3ce1b5�"-c2e

2±55��ec45���e�5e± cc�e#$!%�e21c3"�"3f�"54ebc��"bc± c4�2�e
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e

a�b"4�-c22e1fd"4�ec-"±"4f�c2e��ce4cc�e�5be2�b"4�e-"4c2�e��"2e3fbb"c2e± f4�e

f�df4�f�c2e2�3�ef2efd5"�"4�e1b5�c3�e�c-f�2e3f�2c�e��e�"± c�"4�c42"dce2�f&"4�e5�e��ce

2�b"4�e-"4c2�ebc��3c2e354�bf3�5b2'e±5dce"4ef4�e±5dce5��e�"± c2�e�fdce2�5b�cbe

3542�b�3�"54e1cb"5�2e��f�e�"2b�1�e�bf��"3�ebc��3c2e-f�5be352�2e�5be1-f3"4�ef4�e

bc±5d"4�e2�b"4�e-"4c2�e"43bcf2c2e��cef±5�4�e5�e�bf��"3ef33c22ef-54�e��ceb5f��f��e

c21c3"f--�e"4efbcf2e��cbce��ce2�5�-�cb2efbce-"±"�c��ebc��3c2e��ce4cc�e�5e2c�e2�b"4�e

-"4c2e"4e�f(fb�5�2efbcf2�ec)1cb"c43c2e�bcf�cbe�5b&"4�ef33c22e�5e��ce2-"1��5b±e1fdcbe

f4�e2�bb5�4�"4�efbcf�ec-"±"4f�c2e��ce4cc�e�5be2�b"4��-"4ce2c425b2e54e��ce�bf�"4�ef4�e

1fd"4�ec��"1± c4��ef4�e�c3bcf2c2e��ce5dcbf--e�"���e5�e�bf�"4�ef4�e1fd"4�e± f3�"4c2e

��ec-"±"4f�"4�e4cc�e�5be2�b"4�-"4ce2c425b2e± f&"4�e"�ecf2"cbef4�e�f2�cbe�5e3b522e

�b"��c2ef4�e5��cbe�"���e215�2�e

*4e��ce-f4��f�ce5�e1fdc± c4�e�c2"�4�e��ce�5b�edf-0ebc�cb2e�5e��ce-"��e5�ef21�f-�e

± f�cb"f-�e��ce�bf"4f�ce-f�cb�e1-f3c�e�"bc3�-�e�c4cf��e��ce3543bc�ce1fdc± c4�4+4�e

2c-c3�c�ef21�f-�e35�b2c�e��ce2�b�f3c�e��"3�e"2e1-f3c�e�c4cf��e��ce�bf"4f�ce-f�cb�e"2e

bc�cbbc�e�5ef2e��ce-addf-04��cecfb��e�bf�cef�e��ce�5��5±e5�e��ce1fdc± c4�e

2�b�3��bc�e±5�"�"c�e��efe21c3"f-e�bcf�± c4��e"2ebc�cbbc�e�5ef2e��ce-adecf7044

��ce2���bf�ce"2e��ce�51e2�b�f3ce5�e��ceb5f��f�ec± �f4&± c4�ef4�e"2e-53f�c�e

�4�cb4cf��e��ce�f2ce35�b2c2�e*�e"2e��ce��"3&c2�e-f�cbe"4e��ceb5f��f��ea���bf�c2e3f4e

�ce-"± ce5be3c± c4�e�bcf�c��ee

+--e��ce�4�cb-�"4�e35�b2c2�ebc�fb�-c22e5�e��ce1-f3c± c4�e± c��5�2�e2�f--e�ce

��"-�e�5ef33c1�f�-ce21c3"�"c�e�5-cbf43c2ef4�e1b5d"�ce��ce�5b&"4�e1-f��5b±e4c3c22fb�e

�5ec4�f43ce��ce��f-"��e5�e��ce�"4"2�c�e1b5��3��e±"4"±"(ce��ce-522e5�e3543bc�c�e

c-"±"4f�ce2�5b�e35bce1c4f-�"c2�ef4�e354�b"���ce�5e��ce2±55��4c22e5�e��ce3543bc�ce

1fdc± c4��ee
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*4e!"d"2"54e,�ea���bf�c�e-f2c2�ef4�ea�5�-�cb2�e5�e��cea�f4�fb�ea1c3"�"3f�"542e

2�f�ce��f�e��ce�5b&e35dcbc�e"43-��c2e1bc1fb"4��e�bf�"4��e2�f1"4��ef4�e35±1f3�"4�e

��ce2�f�"-"(c�eb5f��c�e�5efe354�"�"54e2�"�f�-ce�5be1-f3c± c4�e5�e2���bf�c�e2���f2c�e

�bf"4f�ce-f�cb�e3543bc�ce1fdc± c4�ef4�e2�5�-�cb2�e

��04c�f7� f�4-��a�74d04-�f�074��4�����c� 4��4��04���0-�4ecf70-�4f�74

�����f�4-0�����-4-��� �4��4��04��f�-44

e

4 �c����04�����4b�f�0- 4�bc1fbce��ce2���bf�cef4�e�f2ce�c4cf��e�5b�-f4�e

3c± c4�e3543bc�ce1fdc± c4�e"4ef335b�f43ce�"��e��cef11-"3f�-ce2c3�"542e5�e��c2ce

a1c3"�"3f�"542ef4�e�"��efe�bf�"4�e�5-cbf43ce5�e.e/012e�b5±e��cec2�f�-"2�c�e�bf�ce54e

± f"4-"4ce-f4c2ef4�efe�bf�"4�e�5-cbf43ce5�e.e/032e"4ef--e5��cbefbcf2�e!-04f��c�"074

fa��� f���f���4����c���074ecf7��e4f�74�f"��e40#a��� 0��4��4�c�7a�04���f�4

-adecf704f�74df-04-ac�f�0-4� 00���e4��04���0-�4ecf70-4f�74�c�--4-0�����-4

c0#a�c074d�4��04��f�-4�c4f-47�c0��07e4 �c4e"4e��ce����± c4�e5�e��ce54�"4ccbe��ce

�2ce5�e2�3�ec��"1± c4�e"2e"±1bf3�"3f-�e��"2ebc��"bc± c4�e�"--e�ce�f"dc��e

4 �b5d"�cef4�e± f"4�f"4e�"�3�c2ef4�e�bf"42ef2e± f�e�ce4c3c22fb�e�5e2f�"2�f3�5b�e

�bf"4e��ce2���bf�c�e4 �cbce1bcd"5�2-�ef11b5dc�e2���bf�ce"2e�f± f�c�e��e4f��bf-e

3f�2c2�e��e�f�-"4�ec��"1± c4��e5be��e5��cbe�bf��"3�ebc2�5bce��ce2���bf�ce�5e��ce

bc��"bc�e-"4c2�e�bf�c2�ef4�e��1"3f-e2c3�"542ef4�e�5e��cebc��"bc�e�c42"��ef�e45e

f��"�"54f-e352�e�5e��ce!c1fb�± c4��e

4

e

e

e
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e

acde����d�	�
����c�	d���������� ����

�

cfadaeb2e015e”ba-a2e53ea+¼b”� a�0e0f�0e�5�a2e0fae-5�-da0ae3d5�e0fae”5b�0e53e

�b2-f�d�ae53e0fae0d¼-��e”��-a2eb0e5�e0fae�d��a�e���e-5�20d¼-02eb0eb�05e�e3b�b2fa�e

”��a� a�0�e

acde���������d	����

cfae�a�0e”��-adeb2e0fae3bd20e”ba-ae���e2ad�a2e�e�¼� �ade53e3¼�-0b5�2�ecfae3bd20e

3¼�-0b5�eb2e0f�0eb0e0��a2e0fae-5�-da0ae3d5�e0fae0d¼-�e���e-5��a�2e0fae-5�-da0ae05e0fae

�d��aeb�e3d5�0e53e0fae”��ad�e���51b��e0fae0d¼-�e05e¼��5��e3d5�e0fae2b�ae53e0faed5���a�e

5deb�e25� ae-�2a2e5�e0fae�d��a�ecfae�a�02e0fa�e�a”52b0e0fae-5�-da0aeb�e0fae�b���ae53e
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JOINT CONSTRUCTION 

Saw Cuts 

Article : 700-11 

Road Standard Drawings: 700.01 

Earlier in the manual, the types of saws were discussed. The NCDOT 

Standard Drawings 700.01 has types of transverse and longitudinal contraction 

joints detailed and NCDOT Standard Specification 700-11 details each of the 

types of saws used. All joints will be sawed in a single cutting operation. Each 

joint shall be sawn true to line and dimension. Joint sawing will begin as soon 

as the concrete has hardened enough to permit sawing without raveling or 

moving of aggregate. 

The inspector should check a minimum of 20% of the width and depth of 

the saw cuts made. A worksheet to document those checks is included in the 

Appendix. Documentation should be made in the Inspector’s Daily Diary. 

The inspector should check the location of sawcuts. The location of 

transverse contraction joint baskets should be properly marked so the sawcuts 

can be placed directly over the middle of the basket.  

If the contractor does not want to saw completely through the edge of 

the new pavement on the first pass of sawing the Engineer may give permission 

as to the method of stopping the saw cut before it reaches the edge of the 

pavement. Sawing completely through the edge of the concrete edge in the time 

required or as allowed will be required. This method could prevent spalls or 

“blow outs” from happening with lightweight early cut saws at the edge of the 

slab as the saw comes out the pavement. If allowed by the Engineer, pull up of 

the saw just before the edge of the slab.  

Again, sawing through the edge of the pavement will be required either in 

the required time or as allowed by the Engineer. Random inspection of the joint 

location for conformance to the dowel reference markers and depth will be 

required. 

Light early saws 
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The light early entry saw is used for cutting the initial saw cut. The start 

of the sawing window is much earlier than when the larger conventional saws 

were used. Often, sawing can begin within about 3 hours of placement of the 

concrete, depending on weather conditions and concrete mix temperature. 

The light early entry saw offers many advantages compared to the 

conventional saws. There is very little dust because the saw cut is made when 

the concrete is very green and there is a lot of moisture still in the swarf. 

Normally the swarf is left in a small pile next to the joint. The swarf remaining 

should be blown away as soon as possible to keep the swarf from infiltrating 

back into the sawn joint and to clean up in preparation for the use of the 

profilograph.  

Also, this type of saw is smaller than conventional saws so it is less 

powerful, but much quieter. This is particularly helpful when in an urban 

environment.  

Note the specifications do specify the use light early entry saw to be used 

to cut both initial transverse and longitudinal contraction joints to the specified 

depth and width.  

Joints must be sawed before uncontrolled cracking takes place. Sawing 

operations will be continuous, regardless of weather or daylight conditions. If 

sawing in darkness refer to Articles 105-14 “Night Work” and 1413 “Portable 

Construction Lighting” in the Standard Specifications. Adequate artificial 

lighting should be provided when performing sawing activities at night.   

When random transverse cracks occur, it is required that the pavement 

be repaired. The PCCP Repair Manual provides guidance for repair of random 

cracking. The inspector needs to work with the contractor to insure that joints 

in irregular areas are sawn properly. Project plans may show the location of 

these joints. Be careful not to have saw joints intersect at a “T” corner. Often 

these will lead to a random crack as shown below.  
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If bridges with skews are anticipated please plan the joints between 

expansion joints near the bridges but please contact the NCDOT Construction 

Unit, Pavement Construction Engineer, with the layout. If joints near bridges are 

not planned correctly cracking could occur.  

 

Conventional saws 

Conventional saws will be used for cutting the reservoir cuts. The sawing 

is normally done with a gang of diamond blades and can be done as a dry 

process or wet sawing may be used. 

 

Dowel Bars 

Dowel Bars are defined as smooth plain round steel bars conforming to 

the requirements of AASHTO M 31, Grade 60.  

A dowel bar provides a mechanical connection between two slabs without 

restricting the horizontal joint movement, known as contraction and expansion, 

but allows the slabs to share the load of a car or truck from slab to slab known 

as load transfer.   

Load transfer is the distribution of a load, typically a wheel load, across a 

joint. Without dowel bars the slabs would not share the load and each slab 

would flex repeatedly and eventually cause faulting, pumping, or cracking of 

the slabs.   

Verification of Dowel Bar Alignment (Magnetic Imaging Device)  
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In Article 700-11(G) “Verification of Dowel Bar Alignment” the 

specifications require the use either properly secured dowel baskets or a dowel 

bar inserter, provided the ability to correctly locate and align the dowels at the 

joints is demonstrated. 

 The contractor is to provide a calibrated magnetic imaging device 

that will document the dowel bar location and alignment.  The contractor will 

utilize this device as a part of his process control and make any necessary 

adjustments to ensure the dowels are placed in the correct location.   

The contractor will scan at least 25% percent of the joints in the initial 

placement or 1.0 mile of pavement, whichever is greater, at random intervals 

throughout the pavement each time the paving train is mobilized.   

He will scan all joints in this initial section if the dowel bars exhibit side 

shift, horizontal displacement, vertical displacement, horizontal misalignment, 

or vertical misalignment, above the allowable tolerances defined below. In 

addition, he will continue scanning 25% of the joints until it is established that 

the dowel bar inserter or secured dowel basket assemblies are consistently 

being placed at the correct location (meeting the tolerances defined below).  

Once the engineer determines that consistency is established, the contractor 

may reduce the percentage of scanned joints to 10%.  At any time, inconsistency 

in the placement of the dowel bars become evident, additional scanning may be 

required up to 100% of the joints. 

If the consistency of the proper dowel bar alignment cannot be 

established within a reasonable time frame, the Engineer will have the option of 

suspending the paving operation. 

The contractor will provide a report of the scanned joints.  This report 

should include the station and lane of the joint scanned, as well as the 

horizontal location, depth, horizontal and vertical misalignment, and lateral 

displacement or side shift of each dowel bar in the joint.  The joint score 

described below should also be provided in the report. 
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Side shift is defined as the position of the center of the dowel bar in 

relation to the sawed joint.  The maximum allowable side shift is 2 inches  

           

Horizontal displacement is defined as difference in the actual dowel bar 

location from its theoretical position as detailed in the standard details.  The 

maximum allowable horizontal displacement is 2 inches. 

 

 

Vertical displacement (depth) is the difference in the actual dowel bar 

location from the theoretical midpoint of the slab.  The maximum allowable 

vertical displacement depth is 1/2 inch. 

 

 

Vertical Displacement 

Less than ½” from mid point of the slab 

Side Shift 
       less than 2 inches 

< 2 inches 

18” 

 

 Horizontal displacement   

– less than 2 inches 

< 2 

12
”  

Plan 

12
”  
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Dowel bar misalignment is defined as the difference in position of the 

dowel bar ends with respect to each other.  Vertical misalignment is measured 

in the vertical axis whereas horizontal misalignment is measured in the 

horizontal axis.  

                    Vertical Misalignment    Horizontal Misalignment  

                                         

  

Determining a joint score for each joint scanned as below: 

 

Joint Score = ∑(# of bars * Misalignment Category)+1 

 

Example: A joint has 12 bars. 10 are aligned correctly. 1 bar is misaligned 

16mm, and 1 bar is misaligned 22mm.  

 

Joint Score = ∑ {(10*0) + (1 * 2) + (1 * 4)} + 1 

Joint Score = 7 

 

The joint score is a measure of combined effects of horizontal and 

vertical misalignment.  The joint score is determined by summing the product 

of the weight (shown in the table below) and the number of bars in each 

misalignment category and adding 1.  The vertical and horizontal dowel 

Profile View 

d< ±1/2”  
1/2 Thickness 

d 

Profile View 

1/2 Thickness Slab 
Thickness d 

12

Plan 

12
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misalignment should be evaluated and the greater misalignment shall be 

utilized in determining the joint score. 

 

 

Misalignment Category, mm Weight 

0 <= d <= 15  0 

15< d <= 20  2 

20< d <= 25  4 

25 < d <= 38  5 

38 <= d 10 

 

Where d is the individual dowel bar misalignment. 

 

A joint that has a joint score of 10 or greater will be considered locked. 

Identify any scanned joints where the opposing horizontal or vertical 

misalignment of any two bars within the joint exceeds 1 inch.  This situation 

will be considered a locked joint. 

 

 

When a locked joint as defined above is discovered, scan the two joints 

immediately adjacent to the locked joint.  If either of the adjacent joints are 

deemed to be locked, provide a written proposal to address the dowel 
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misalignment for each locked joint.  No corrective action should be performed 

without written approval.  

Any and all corrective action necessitated by improper joint alignment 

shall be at no cost to the Department. 
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(afebf4 39-)fbe26e(afe#0b9-'ecfb92)0e$2(f@e%b19-'e26e(afe50b63#fe26e(afe

!f34e5a388e!fecbf&f-(f)e!f("ff-e(afebf42&38e6b24e"3(fbe5(2b3'fe3-)e

#24c8f(92-e26e(f5(9-'ºee

e

e

"afe$0b5feGe2308ef%03(92-e62be#38#083(9-'e#2-#bf(fe4 3(0b9(1ebf89f5e0c2-e3e
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f%09c4 f-(e#0bbf-(81ef±95(57ecb2&9)9-'e&3b19-'e)f'bff5e26e3##0b3#17e30(24 3(92-7e
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e

;eGee ”-5(b04 f-(e(afb42#20c8f5e9-e3(e8f35(e("2e26ef3#ae(1cfe26e5cf#94 f-5e

059-'e("2e5fc3b3(fe4 3(0b9(1e4 f(fb5ºee”-5fb(e(afb42#20c8f5e9-e(afe

#f-(fbe26ef3#ae(a9b)e382-'e(afe!f34e3-)e9-e(afe#f-(fbe26e(afe#189-)fbºee

”-5fb(e(afe(afb42#20c8fe(2e(afe49))8fe26e(afe!f34)5e3-)e#189-)fb)5e

)fc(aºee 2--f#(e(afe(afb42#20c8f5e(2e4 3(0b9(1e4 f(fb5e3-)e)2e-2(e

)95#2--f#(e4 f(fb5e0-8f55e3!8fºee%3(3e#288f#(92-e405(e!fe0-9-(fbb0c(f)ºee

e

DeGee  0bfe(afe5cf#94 f-5e9-e3##2b)3-#fe"9(ae*2"<e e4,ºe

e

E)Gee >fb62b4e#24cbf559&fe3-)e68f±0b38e(f5(9-'e9-e3##2b)3-#fe"9(ae*2"<e e

3(e3(e3'f5e,7e47e37e,.e3-)e'(e)315ºe*))9(92-e5cf#94 f-5e3-)e(f5(e3'f5e

4 31e!fef&3803(f)e3(e(afe)95#bf(92-e26e(afe+-'9-ffbºe"f5(e(abffe

5cf#94 f-5e26ef3#ae(1cfe3-)e3(ef3#ae3'fe3-)e#24c0(fe(afe3&fb3'fe

#24cbf559&fe3-)e68f±0b38e5(bf-'(a5,--5%7-e�7�f� 7de-)f2%-

2%76� (�(3�87e-e%(38®-d(2-'7-3e7®,e”6e3e5cf#94 f-e95e)f6f#(9&fe50#ae35e

-2(e5%03bfe2be)34 3'f)e)0b9-'ea3-)89-'7e9(e5a208)e!fe)95#3b)f)ºe”6e3-e

9-)9&9)038e#24cbf559&fe3-)e68f±0b38e(f5(e!f34e95e'bf3(fbe(a3-e,;Oe

20(59)fe(afe3&fb3'fe26ef3#ae(1cfe26e(afe(abffe(f5(e5cf#94 f-57e(afe

5cf#94 f-e5a388e!fe#2-59)fbf)e)f6f#(9&fe3-)e405(e!fe)95#3b)f)ºed af-e
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("2e26e(afe(abffe(f5(e5cf#94 f-5e3bfe)f6f#(9&f7ef9(afbe3e-f"e!3(#ae405(e

!fef&3803(f)e2be3))9(92-38e3##fc(3!8fe!f345e3-)e#189-)fb5e(f5(f)ºe

e

9)Gee <f#2b)e(afe9-)9&9)038e3-)e3&fb3'fe#24cbf559&fe3-)e68f±0b38e5(bf-'(ae

3-)e4 3(0b9(1e&380f5e2-e3ecfb4 3-f-(e)3(3e5aff(e/< 3(0b9(1eGe,@e<f#2b)e

92'e(2e%f&f82ce58f±0b38e2(bf-'(aG<3(0b9(1e<f83(92-5a9c0ºe

e

:eGee >82(e(afe3&fb3'fe#24cbf559&fe3-)e68f±0b38e5(bf-'(a5e35e3e60-#(92-e26e

(afe3&fb3'fe4 3(0b9(1e&380f57e"9(ae)3(3ec29-(5e5a2"-ºee 38#083(fe3e

82'3b9(a49#e!f5(•69(e#0b&fe(ab20'ae(afe)3(3ec29-(5e059-'e3e#24c0(fbe

5cbf3)5aff(ecb2'b34e50#ae35e<9#b2526(e+±#f8ºee<f#2b)e(afef%03(92-e26e

(afe#0b&fe35e"f88e35e<'e&380fºe"afebf508(9-'e#0b&fe95e(afe

#24cbf559&fN68f±0b38e5(bf-'(aG4 3(0b9(1ebf83(92-5a9ce(2e!fe05f)e62be

f5(94 3(9-'e(afe5(bf-'(ae26e(afe#2-#bf(fe49±(0bfec83#f)e9-e(afe69f8)ºee

"afe5cbf3)5aff(e3882"5e(afe+-'9-ffbe(2e)f&f82ce(afe#2bbf5c2-)9-'e

4 3(0b9(1ef%03(92-e(a3(e)f69-f5e(afe#24cbf559&fN68f±0b38e5(bf-'(aG

4 3(0b9(1ebf83(92-5a9ce3-)e3-e<'e&380fe(2e69(e(afe#24cbf559&fN68f±0b38e

5(bf-'(aG4 3(0b9(1ebf83(92-5a9cºee"afe<'ee&380fe9-)9#3(f5e(afebf893!989(1e

26e(afe#24cbf559&fN68f±0b38e5(bf-'(aG4 3(0b9(1ebf83(92-5a9cºee+±cf#(f)e

bf508(5e5a208)ecb2)0#fe3e<'ee&380fe26e-2e8f55e(a3(e:º-:ºee+±349-fe62be

)3(3e62be20(89fb57e9-#2bbf#(e#189-)fbe3-)e!f34e!bf3#ebf3)9-'57e2be

9-#2bbf#(e4 3(0b9(1e4 f(fbebf3)9-'5e96e(afe<'e&380fe95e8f55e(a3-e:º-:ºe

e

FeGee %95(b9!0(fe(afe#24cbf559&fNe68f±0b38e5(bf-'(aG4 3(0b9(1ebf83(92-5a9ce

"9(ae(afe#2bbf5c2-)9-'e)3(3e(2e(afe 2-(b3#(2b7e<f59)f-(e+-'9-ffb7e

>3&f4 f-(e 2-5(b0#(92-e2f#(92-7e3-)e(afe<3(fb9385e3-)e"f5(5e1-9(ºe
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)

)

)

4@#' �(34)0°-3∆�°7)d#°1-6°”)f3(#°6b∆876�)a86∆�)+b°7)�b' �-3886+3)#∆Δ)

5(3@1-#()0°-3∆�°78)

)

0°3�)A8)*)48°6' #°6∆�)=∆)#),(#23)0°-3∆�°74)

*6(fbe(afe2(bf-'(aeGe<3(0b9(1e<f83(92-5a9ce#0b&fe3-)e3e(3b'f(e""5ea35e!ff-e

f5(3!895af)e62be3e'9&f-e#2-#bf(fe49±e)f59'-e69f8)e4 f350bf4 f-(5e26e4 3(0b9(1e3-)e

5(bf-'(aeGe6b24eGe4 3(0b9(1e#3-e!fecfb62b4 f)e62be(a3(e49±ºe59f8)e4 f350bf4 f-(5e

9-&28&fec83#9-'e4 3(0b9(1e5f-52b5e"9(a9-e(afec3&f4 f-(e"9(a9-e(afe835(e,::)e26ef3#ae

)31)5ecb2)0#(92-e3-)ecfb92)9#3881e42-9(2b9-'e(afe50!5f%0f-(e5(bf-'(ae'39-e&93e(afe

""5e26e(afe#2-#bf(fe059-'e(afe5f-52b5ºe"afe""5e"988e!febf3)e3-)e#24c3bf)e(2e(afe

"3b'f(e""5e6b24e(afe2(bf-'(ae<3(0b9(1e<f83(92-5a9ce#0b&fºe”6e(afe""5e95ef%038e(2e2be

'bf3(fbe(a3-e(afe"3b'f(e""5e(af-e(afec3&f4 f-(e#3-e3##fc(e#2-5(b0#(92-e(b3669#ºe

y  =  1 1 2 .4 0 L n (x )  -  4 0 7 .4 2
R

2
 =  0 . 9 6

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

0 2 0 0 0 4 0 0 0 6 0 0 0 8 0 0 0 1 0 0 0 0 1 2 0 0 0 1 4 0 0 0 1 6 0 0 0

M A T U R IT Y  IN D E X , T T F  (º C · H R )

FL
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S T R E N G T H - M A T U R IT Y  R E L A T IO N S H IP

6 0 0  p s i   =   7 8 1 0 °°°° C * h r s

3000 psi = 7810 CPab5º 
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6fb961e!3(#a9-'e2cfb3(92-5e"a98fec83#9-'e>2b(83-)e f4 f-(e 2-#bf(fe

c3&f4 f-(e 2-#bf(fe!f9-'ec83#f)e5a388e!fe9-e3##2b)3-#fe"9(ae(afe3ccb2&f)e49±e

)f59'-ºee*e fb(969f)e>2b(83-)e f4 f-(e 2-#bf(fe>3&f4 f-(e"f#a-9#93-e5a208)e#2-69b4e

(afe!3(#a9-'e2cfb3(92-e95e9-e#24c893-#fe3-)e#24c8f(fe(afe<3(0b9(1eGe.@e”-5cf#(2b)5e

73(#ae>83-(e af##895(e"2b#5aff(ºee

e

e73)�b((b�6∆�)8°3�8)b1°(6∆3)°73)�-b23Δ1-38)�b-)38°6' #°6∆�)6∆*�(#23)�(3@1-#()

8°-3∆�°74)

e

/eGe ”-5fb(e3e49-9404e26e("2e(f4cfb3(0bfecb2!f5e2be5f-52b5e059-'e("2e

4 3(0b9(1e4 f(fb5eb3-)2481ec83#f)e"9(a9-e(afe835(e,::e6ff(e/4:e4 0e26e

f3#ae)31)5ecb2)0#(92-ºe

e

8eGe +4 !f)e(afe(afb42#20c8f5e9-e(afe6bf5ae#2-#bf(fe3(e(afe49)•)fc(ae26e

(afe#2-#bf(fe583!e3(e8f35(e'º;e6ff(e/:º(e4 0e6b24e(afef)'fe26e(afe

c3&f4 f-(ºee"afb42#20c8f5e5a208)e-2(e!fe82#3(f)e-f3be(9fe!3b5e2be

)2"f8e!3be355f4 !89f5ºe

e

;eGee *5e522-e35ecb3#(9#38e3-)e"a98fe(afe#2-#bf(fe95e5(988ec835(9#e9-5fb(e(afe

(afb42#20c8fe"9bf5e9-(2e3-)e3#(9&3(fe(afe4 3(0b9(1e4 f(fb/50ºee%2e-2(e

)95#2--f#(e(afe4 3(0b9(1e4 f(fb5e0-8f55e"9bf8f55e0-(98e(afebf%09bf)e

4 3(0b9(1e&380f5e3bfe3#a9f&f)ºee%3(3e#288f#(92-e405(e!fe0-9-(fbb0c(f)ºe

e

DeGee <f3)e(afe4 3(0b9(1e4 f(fbe)3981e9-e(afecbf5f-(5e26e(afe+-'9-ffbe2bea95e

bfcbf5f-(3(9&fºee<f#2b)e4 3(0b9(1e)3(3e2-e3ecfb4 3-f-(e)3(3e5aff(ºee"afe

)3(3e5aff(e5a388e5a2"e(afebf%09bf)e68f±0b38e5(bf-'(ae3-)e""5e

/< 3(0b9(1eGe'@e<f#2b)e82'e62be59f8)e<3(0b9(1e%3(30ºeee

e

EeGee d af-e(afe4 3(0b9(1e&380fe95ef%038e(2e2be'bf3(fbe(a3-e(afebf%09bf)e

#24cbf559&fe5(bf-'(ae62be(afe#2-#bf(fe49±7e35e)f(fb49-f)e!1e(afe

#24cbf559&fe5(bf-'(aG4 3(0b9(1ebf83(92-5a9c7ebf#2b)e(afe4 3(0b9(1e
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&380fºe<f42&fe(afe4 f(fbe3-)e#89ce(afb42#20c8fe"9bf5e3(e(afe#2-#bf(fe

50b63#fºe<3(0b9(1e4 f(fb5e5a208)e!febf3)e9-e(afecbf5f-(5e26e(afe

+-'9-ffbe2bea95ebfcbf5f-(3(9&fºe

e

+±34c8fe26e”-eGe>83#fee2(bf-'(aeGe<3(0b9(1e<f83(92-5a9ce

e

0°3�)A;)*)=3-6�”6∆�)°73)�b' �-3886+3?5(3@1#()0°-3∆�°7)#)d#°1-6°”)f3(#°6b∆876�4)

e73)�b((b�6∆�)8°3�8)b1°(6∆3)°73)�-b23Δ1-38)�b-)+3-6�”6∆�)°73)

�b' �-3886+3?5(3@1-#()0°-3∆�°7*d#°1-6°”)-3(#°6b∆876�4)

e

e %0fe(2e(afe49±e5cf#969#e-3(0bfe26e(afe4 3(0b9(1e4f(a2)7e&3b93(92-5e9-e49±e

cb2c2b(92-5e3-)e9-e520b#f5e2be(1cf5e26e#2-#bf(fe4 3#9-'e4 3(fb9385e405(e!fe8949(f)e(2e

(a25fe(28fb3!8fe!1e!3(#a9-'e&3b93!989(1e9-e5(3-)3b)ecb3#(9#fºeee

e

"afe 2-(b3#(2be"988e&fb961e(afe5(bf-'(a•4 3(0b9(1ebf83(92-5a9ce)0b9-'e(afe69b5(e

)31)5ecb2)0#(92-ºee1(989=fe(afe(f4cfb3(0bf•(94 fe63#(2be)f&f82cf)e3(e49±e

)f59'-e/""50e(2e&fb961e(afecb2)0#(92-e5(bf-'(a•4 3(0b9(1ebf83(92-5a9cºee"afe

 2-(b3#(2be"988e&fb961e(afe5(bf-'(a•4 3(0b9(1ebf83(92-5a9ce3(e3e49-9404e26e

f&fb1e,:e#38f-)3be)315e2be"af-ecb2)0#(92-e95e505cf-)f)e62be42bfe(a3-e,:e

)315ºee

If the design strength 
is 3000 psi, the 
required maturity, 
TTFreq, that 
corresponds to that 
strength is 7810ºC·hrs
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y = 112.40Ln(x) - 407.42

R
2

= 0.96
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"afe+-'9-ffbe2bea95ebfcbf5f-(3(9&fe"988e&fb961e(afe 2-(b3#(2b5e)3(3e2-#fecfbe

f3#ae,:e&fb969#3(92-e(f5(5e2bef&fb1e,:Oe26e&fb969#3(92-e(f5(9-'e#24c8f(f)ºe

e

/eGe <3#fe3e49-9404e26e69&fe(f5(e!f34 5e3-)e#189-)fb5e9-e3##2b)3-#fe"9(ae

*2"<e e4,e

e

8eGee "f5(ef3#ae!3(#ae26e6bf5ae#2-#bf(fe/*2"<e e,3'0e62be#2-#bf(fe

c83#f4 f-(e(f4cfb3(0bfe/*2"<e e,:?.07e5804ce/*2"<ee e,.407e3-)e39be

#2-(f-(e059-'e(afe1-9(e"f9'a(e4 f(a2)e/*2"<e e,4(0ºee

e

;eGee ”-5(b04 f-(e(afb42#20c8f5e9-e("2e5cf#94 f-e26ef3#ae(1cfe3(e(afe#f-(fbe

26ef3#ae(a9b)e382-'e(afe!f34ºee”-5fb(e(afe(afb42#20c8fe(2e(afe49))8fe

26e(afe!f34)5e)fc(ae3-)e(afe49))8fe26e(afe#189-)fbe)fc(aºe 2--f#(e(afe

(afb42#20c8f5e(2e(afe4 3(0b9(1e4 f(fbºe%2e-2(e)95#2--f#(e(afe4 3(0b9(1e

4 f(fbe0-8f55e"9bf8f55e35e)3(3e#288f#(92-e405(e!fe0-9-(fbb0c(f)ºe

e

DeGee  0bfe(afe5cf#94 f-5e9-e3##2b)3-#fe"9(ae*2"<e e4,ºe

e

EeGee >fb62b4e#24cbf55e3-)e68f±0b38e5(bf-'(ae(f5(5e35e)f5#b9!f)e9-e*2"<e e

3(ºee52be>2b(83-)e f4 f-(e 2-#bf(fec3&f4 f-(57e96e(afe3&fb3'fe26e(afe

(abffe&389)3(92-e!f345e3-)e#189-)fb5e95e"9(a9-e,:Oe26e(afe2b9'9-38e

#0b&fe3(e(afe""597e(afe2b9'9-38e#0b&fe5a388e!fe#2-59)fbf)e&389)3(f)ºee”6e

(afe3&fb3'fe&380fe26e(afe(abffe&389)3(92-e!f345e3-)e#189-)fb5e95e8f55e

(a3-e,:Oe26e(afe2b9'9-38e#0b&fe3(e(afe""597e3e-f"e4 3(0b9(1e#0b&fe5a388e

!fe)f&f82cf)ºee”6e(afe3&fb3'fe&380fe26e(afe(abffe&389)3(92-e!f345e3-)e

#189-)fb5e95e'bf3(fbe(a3-e,:Oe26e(afe2b9'9-38e4 3(0b9(1e#0b&fe3(e(afe

""57e3e-f"e4 3(0b9(1e#0b&fe4 31e!fe)f&f82cf)ºe”6e(afe&fb969#3(92-e

534c8f)5e5(bf-'(ae"af-e(f5(f)e3(e""5e95e8f55e(a3-e;;:ec59e68f±0b38e

3-)N2be4;::ec59e#24cbf559&f7e944 f)93(f81e505cf-)ef3b81e2cf-9-'e26e

(b3669#e2-ec3&f4 f-(e(a3(ea35e-2(e2!(39-f)e""5e0-(98e3e-f"e5(bf-'(a•
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4 3(0b9(1ebf83(92-5a9ce95e)f&f82cf)ºe/< 3(0b9(1eGe4@<f#2b)e92'e(2e6fb961e

2(bf-'(aeGe<3(0b9(1e<f83(92-5a9c0ºe

e

”6e(afe(f5(ebf508(5e9-)9#3(fe3e-f"e#0b&fe405(e!fe)f&f82cf)7e(a95e5a208)e

!fe)2-fe9-e3e(94 f81e4 3--fbºee

e

9eGee 53#(2b5e62bebf%09b9-'e3e-f"e#24cbf559&fN68f±0b38e5(bf-'(aG4 3(0b9(1e

#0b&fºee a3-'f5e9-e4 3(fb938e520b#f57ecb2c2b(92-57e3-)e49±9-'e

f%09c4 f-(e388ef66f#(e(afe4 3(0b9(1e&380fe26e3e'9&f-e>2b(83-)e f4 f-(e

 2-#bf(fec3&f4 f-(e49±(0bfºe”6e(afe"3(fbN#f4 f-(eb3(92e26e(afe

cb2)0#(92-e#2-#bf(fef±#ff)5e(afe"3(fbN#f4 f-(eb3(92e26e(afe#2-#bf(fe
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Predicted
Strength,
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* Note: if the verification 
samples are 550 psi 

flexx or 3500 psi  or  less 
a new curve shall be 

run.
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Specimen 
#

Specimen 
Strength 

(PSI)

Average 
Stength 

(PSI)

Maturity 
Elasped 

time 
(hh:mm)

Specimen 
Maturity 
(C - hrs)

Concrete 
Temperture

Avg. 
Maturity 
(C - hrs.)

Avg. 
Temp.

Bm # 1 300 1499 23
Bm # 2 300 1501 23
Bm #3 300 1501 23

Bm # 4 440 2240 24
Bm # 5 460 2281 23
Bm #6 450 2230 24

Bm # 7 576 4499 23
Bm # 8 578 4512 24
Bm #9 571 4490 23

Bm # 10 595 7510 24
Bm # 11 610 7485 24
Bm #12 595 7505 24

Bm # 13 640 11275 24
Bm # 14 605 11202 23
Bm #15 630 11272 24

Bm # 16 700 23300 23
Bm # 17 703 23200 23
Bm #18 697 23250 23

300.0 24 1500 23

450.0 72 2250 23.7

575.0 120 4500 23.3

600.0 168 7500 24.0

625.0 336 11250 23.7

700.0 672 23250 23.0
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Sealing Joints and Post Construction Checks 

 

Before any portion of the pavement is opened to the Contractor’s 

construction forces, the sawn pavement joints must be protected from 

incompressibles infiltrating into the newly sawn joints. Before any portion of 

the pavement is opened to general traffic expansion, transverse and 

longitudinal joints will be sealed. 

 

 

The joint or reservoir opening will be sawn and prepared to the 

designated dimensions and cleaned. Joint sealer, meeting requirements of 

Articles 700-12 and 1028 will be used to seal sawn joints in PCC pavement, 

shoulders, medians, crossovers, and side road pavement unless otherwise 

specified. 

Within approximately three hours after the joint has been wet sawed, the 

residue will be flushed away with a high-pressure water blast. Within three 

hours after the joint has been dry sawn, the residue will be blown from the 

joint.  

Sand blasting will be required on all joints using the proper equipment. 
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Immediately prior to the installation of the backer rod and sealant, the 

joint will be cleaned with an air blast of at least 90 psi as required by the 

Standard Specifications and using proper equipment. The backer rod will be of 

the proper size and type and will be installed dry, with a suitable tool.  

 

Joint sealer will be prepared and installed in the joint to the proper level. 

The transverse joint should be filled uniformly across the entire width of 

pavement. After sealing, excess sealer will be removed from the pavement 

surface. Check your Standard Drawings before performing this operation.  

Joint sealer can be placed only when the pavement and surrounding air 

temperature is 45 degrees F or higher. 

Sealing will be done only when the joint surfaces are dry by manual and 

visual inspection. If necessary, have a Silicone Sealant Representative present 

during the sealing operations.  

The inspector should check that all joints are cleaned sufficiently and the 

backer rod is approved and installed properly. An approved joint sealer must 

be used and installed in the joint at the proper elevation. 
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A worksheet to document these checks is included in the Appendix. 

Documentation should be made in the Inspector’s Daily Diary. 

 

Texture 

Article: 710-6 

Once the pavement has hardened, checks of the depth can be made to 

determine compliance with Article 710-6 describes the procedure required to 

check the depth of the texture. A worksheet to document these checks is 

included in the Appendix. 

The depth of the texture is important. The grooves are constructed to 

break the plain surface and thereby prevent hydroplaning. But, the grooves can 

create a noise problem. 

In order to minimize the noise from the pavement surface, the tine 

depths shall be as shallow as possible within the specifications. This will insure 

safety but minimize any objectionable noise. 

The apparatus needed to perform ASTM E 965, “Test Method for 

Measuring Pavement Macrotexture Depth Using a Sand Volumetric Technique” 

is as follows: 
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•  Container for Glass Spheres 

•  Sample cylinder (35mm film container) 

•  Ruler 

•  Spreading Tool (Hockey Puck) 

•  Surface Cleaning Brushes (Wire Brush, Soft Bristle Brush) 

•  Small Straightedge (small spatula) 

•  Portable Wind Screen 

 

Procedure:  

Begin by selecting four randomly selected test areas in each lot (same stations 

as strength, and thickness cores). Note: The same technician should perform all 

the testing. 

1. Inspect the test area to be measured. Test area must be a dry 

homogeneous area that contains no unique, localized features such 

as cracks or joints.  
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2. Thoroughly clean the surface with the stiff wire brush to remove 

any residue and then with the soft bristle brush remove any of the 

residue, debris, or loosely bonded aggregate particles from the test 

surface.  

3. Position the portable wind screen around the test area.  

4. Fill the small sample cylinder of known volume with the glass 

spheres and gently tap the base of the cylinder several times on a 

rigid surface. Add more material to fill the cylinder to the top and 

level with a straightedge.  If a set of laboratory scales are available, 

determine the mass of material in the cylinder and use this mass of 

material sample for each measurement.  

5. Pour the measured volume or weight of material onto the cleaned 

test surface within the area protected by the portable wind screen.  

6. Carefully spread the glass spheres into a circular patch with the 

spreading tool (hockey puck), rubber side down, filling the surface 

voids flush with the aggregate particle tips. 

7. Measure and record the diameter of the circular area covered by 

the glass spheres at a minimum of four equally spaced locations, 

such as 0°- 180°, 45° - 225°, 90° - 270°, 135° - 315°, around the 

circumference.  

8. Compute and record the average diameter of the circle. 

 

 

Calculation: 

•  Cylinder Volume:  

o Calculate the internal volume of the sample container 

as follows: 

∏d2h 

V=     4 

   Where: 
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   V = internal cylinder volume, in3, (mm3) 

   d = internal cylinder diameter, in. (mm), and  

   h = cylinder height, in. (mm). 

 

•  MATX
d 
or Average Macro Texture Depth 

o Calculate the average macro texture depth as follows: 

4V    

MATX
d
=  ∏D2 

 

   Where: 

MATX
d
 = Mean texture depth of pavement macrotexture, in. 

(mm). 

 V = sample volume, in3, (mm3), and 

D = average diameter of the test area covered by the glass 

spheres, in. (mm).  

An example of one test area location for calculating the mean texture 

depth of the pavement macrotexture is below:  

 
 
 
 

Thickness Coring 

Article: 700.15 (F), 710-9, 710-10(B) 

Cores shall be taken from PCC pavement to determine pavement 

thickness, and the amount of payment the Contractor will receive. The 

Department will identify the limits of each section and the random location of 

each core. The Inspector will witness core drilling, take immediate possession 

of the cores, and deliver the cores to the Materials and Tests Laboratory with a 
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HiCAMS Number and Card.  

The cores will be located as follows: 

Locating Cores 

The Inspector will first assign all cores a random location. Core locations 

should be consistent and selected at random using the random number chart in 

the PCCP manual. 

The locations will then be marked on the road. These should be placed as 

accurately as possible to insure the proper location.  

The inspector and contractor should check to insure there is not a dowel 

bar or tie bar in the pavement in that location. If so, the inspector shall approve 

the moving of the core location slightly in order to miss the obstruction. 

The Inspector will also go along with the Contractor while they are 

cutting the cores. This is to verify that they cut them at the right locations and 

are marked with the proper identifying marks.  

The Inspector will take possession of the cores, mark the cores, put them 

into the HiCAMS system, and deliver them to the Materials and Tests laboratory 

for measurement.  

Deficient Thickness Areas 

When the measurement of the core from a lot is not deficient more than 

0.2" from the plan thickness, full payment will be made.  When such 

measurement is deficient by more than 0.2" from the plan thickness, take 2 

additional cores at random within the lot and determine the average of the 3 

cores.   

In determining the average thickness of the pavement, the Engineer will 

use all 3 core measurements with the exception that measurements which are 

in excess of the plan thickness by more than 0.2" will be considered as the plan 

thickness plus 0.2" and measurements which are deficient of the plan thickness 

by more than 1.0" will be considered as the plan thickness minus 1.0 inch.  

Measurements which are less than the plan thickness by more than 1.0" will not 

be included in the average.  If the average measurement of these 3 cores is not 
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deficient more than 0.2" from the plan thickness, full payment will be made.  If 

the average measurement of the 3 cores is deficient more than 0.2" but not 

more than 1.0" from the plan thickness, an adjusted unit price in accordance 

with Subarticle 710-10(B) will be paid for the lot represented. 

When the measurement of any core is less than the plan thickness by 

more than 1.0", the actual thickness of the pavement in this area will be 

determined by taking additional cores at not less than 10 foot intervals parallel 

to the center line in each direction from the affected location until in each 

direction a core is found which is not deficient by more than 1.0 inch.  

Exploratory cores for deficient thickness will not be used in averages for 

adjusted unit price.  Patch all core holes within 72 hours of taking the core, 

using a Department approved nonshrink grout compatible with the pavement 

concrete.  Areas found deficient in thickness by more than 1.0" will be removed 

full lane width and replaced with concrete of the thickness shown on the plans.  

Any full width repairs to the concrete pavement must be performed in 

accordance with the North Carolina Department of Transportation Partial and 

Full Depth Repair Manual and not be less than 1/2 of the panel length (7.5 feet). 

 

Reporting 

The HiCAMS system will produce a report that will be available to the 

Engineer. The Engineer will be required to put in the required thickness into 

HiCAMS. The Engineer will then be required to initiate PARS if necessary. If help 

is needed with PARS please contact the Construction Unit.  
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TABLE 610-7  

MRI PRICE ADJUSTMENT PER 0.10-MILE SECTION  
MRI after  Completion Price Adjustment Per Lane 

(Inches Per Mile) (0.10-Mile Section) 
45.0 and Under $200.00 

45.1-55.0 PA = 600 –(10 * MRI)  
55.1-70.0 Acceptable (No Pay Adjustment) 
70.1-90.0 PA = 650 –(10 * MRI)  
Over 90.1 Corrective Action Required 
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Localized Roughness 
Areas of localized roughness shall be identified through the “Smoothness 

Assurance Module”  provided in the ProVAL software. Use the “Smoothness Assurance 
Module”  to optimize repair strategies by analyzing the measurements from profiles 
collected using inertial profilers. The ride quality threshold for localized roughness shall 
be 125 in/mile at the continuous short interval of 25 ft. Submit a continuous roughness 
report to identify sections outside the threshold and identify all localized roughness, with 
the signature of the Operator included with the submitted IRI trace and electronic files. 

The Department will require that corrective action be taken regardless of final 
IRI. Re-profile the corrected area to ensure that the corrective action was successful. If 
the corrective action is not successful, the Department will assess a penalty, or require 
additional corrective action. 

Corrective work for localized roughness shall be approved by the Engineer before 
performing the work and shall consist of either replacing the area by milling and inlaying 
or other methods approved by the Engineer. Any corrective action performed shall not 
reduce the integrity or durability of the pavement that is to remain in place. Milling and 
inlay or any corrective actions shall meet the specifications requirements for ride quality 
over the entire length of the correction. Notify the Engineer 5 days prior to 
commencement of the corrective action. 

Localized roughness correction work shall be for the entire traffic lane width. 
Pavement cross slope shall be maintained through corrective areas.3

3

3
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North Carolina Department of Transportation 
Procedure for Repair of Portland Cement Concrete Pavement 
 
 
 

 
 
 

 
 
Portland Cement Concrete (PCC) pavements are specified for their durability and low 

maintenance requirements.  The long-term performance of the PCC pavement depends 
greatly on the initial construction practices.  That is why is it supremely important that 
PCC pavements are constructed of quality materials and quality workmanship in 

accordance with the Specifications.  Most of the problems that hinder PCC pavements 
are the results of flaws in the initial construction or lack of maintenance inspection. 
 

This manual identifies some of the common types of PCC pavement distress, their 
causes, and describes typical methods and procedures for the repair. When pavement 
distresses occur the cause of the distress must be corrected at the source of the 

problem. 
 
Concrete pavements, like other construction materials, expand and contract with 

moisture and temperature changes and may show early distress after paving has been 
completed. Distress could occur while the concrete is still in the plastic state or soon 
after the concrete has hardened.  Examples of common early distressed problems are: 

 
1. Shrinkage cracking 
2. Spalling 

3. Full-depth cracking 
 
When early cracking or distress is observed, the cause of the problem should be 
identified and appropriate corrective actions taken to reduce the potential for additional 

cracking or spalling to develop.  
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SECTION I 
COMMON DISTRESSES 

 
 
 

 
 
Plastic Shrinkage Cracking: 
Shrinkage cracking is shallow (1”-4” deep) closely spaced parallel cracks in the top 
surface of the concrete slab.  When the rate of evaporation is higher than the rate of 
cumulative bleeding in plastic concrete, shrinkage cracking has the potential to develop. 

Often shrinkage cracks form perpendicular to the direction of the wind at the time of 
placement. 
 

 
 
When plastic shrinkage cracks are suspected it is recommended that 4” cores be taken 

to determine the depth and severity of the cracking.  Depending on the depth of 
cracking, partial or full-depth replacement is required.  If the crack is deeper than 3” or 
if extensive cracking is observed, full-depth slab removal and replacement will be 

required. Both full depth and partial depth procedures are addressed later in this 
manual. 
 

To reduce the susceptibility to plastic shrinkage cracking, fresh concrete should be 
protected from environmental conditions such as wind, high temperatures, and low 
humidity.  The internal concrete temperature often plays a part as well.  High internal 

concrete temperature increases the potential for plastic shrinkage cracking.  Lowering 
the internal concrete temperature or applying a curing compound early will reduce the 
susceptibility to shrinkage cracking. 
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Spalling: 
 

 
SPALL AT TRANSVERSE JOINT 

 
 
Spalling is defined as cracking, breaking, chipping, or fraying of slab edges within 0.3 

meters from the face of the longitudinal or transverse joint. Spalling or excessive joint 
raveling may develop as a result of the joint sawing operations, use of the wrong blade 
size, or poor operation of the sawing equipment, or incompressible material infiltrating 

into the joint.  
 

 
LONGITUDINAL SPALLS FOR REPAIR 
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SPALLED JOINT (CRACKING IN THE SLAB).  

SPALLING IS CAUSED BY OBSTRUCTIONS OF THE JOINT CLOSURE DUE TO INCOMPRESSIBLES 
(SAND, SMALL STONES, FRAGMENTS OF CONCRETE, SLURRY, ETC.) IN THE JOINT, AND SAW 

CUT TIMING. 

 
 
 
 
Spalling can occur when unsealed joints or cracks fill with incompressible material that 
prevents movement of the slab due to thermal expansion. Other causes of spalling are 

poor construction, poor repairs, dowel bar lockup, improperly located dowels, etc. 
 
The Specifications require taping or sealing joints adjacent to new lane construction to 
prevent material from entering joints and causing joints to spalling. After sawing the 

joints a good paving practice would be to seal off the newly formed joint to prevent fine 
material from entering the joint before it is sealed if construction traffic has been 
allowed on to the new pavement. 

 
Minor joint spalling is typically repaired using a partial depth repair technique discussed 
in Section II of the manual. Partial-depth repair is typically used to repair spalling at 

pavement joints. If the spalling is severe and excessive in length, replacement of the 
affected slab should be considered.  
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Full Depth Cracking: 
 

Cracks that extend through the entire depth of the slab is defined as full depth cracking. 
These cracks often begin moving and functioning as a contraction joint without load 
transfer devices. 

 
Full depth cracking can be caused by: repeated heavy traffic loads, failure of the 
doweled joints to function properly, loss of aggregate interlock along the crack face, 

inadequate joint sawing (saw timing), lack of subgrade support, excessive shrinkage, or 
the intrusion of incompressible materials in the open cracks.  
 

To prevent full depth cracking saw joints in the sawing window, cure fresh concrete in a 
timely manner, and properly maintain joints by protecting the joints from the infiltration 
of incompressible material. 

 
Saw Timing Window: 
 
There is an optimum time to saw contraction joints in new concrete pavements as 
illustrated below by the Saw Timing Window. The window for sawing is a short period 
after the placement of the concrete pavement when the concrete pavement can be cut 

to control crack formation (controlled cracking). This timing begins when the strength of 
the concrete pavement is sufficient to saw without excessive raveling or breaking 
aggregates free along the surface of the concrete pavement. The sawing window ends 

when the concrete pavement starts shrinking significantly which is known as dry 
shrinkage or temperature contraction. When the window ends uncontrolled cracking will 
occur. 

 
Defining the sawing window in the field can be done by the scratch test method. 
Experienced saw operators and technicians rely on judgement and the scratch test to 
estimate the time to saw the joints. The test requires scratching the concrete surface 

with a nail or knife blade, and then examining the depth and how clear the scratch is. In 
general, if the scratch removes the surface texture it is too early to saw without raveling 
problems.  

 
SAW TIMING WINDOW 
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When full depth cracking occurs the only repair option is a full-depth repair method. The 
full depth repair method is discussed in Section IV of this manual. 

 
 
 

 
CANDIDATE FOR FULL DEPTH REPAIR (BLOW UP) 

BLOW UPS ARE CAUSED BY THE BUCKLING AND SHATTERING FROM THERMAL EXPANSION 
AND USUALLY OCCURS IN HOT WEATHER AT TRANSVERSE JOINTS OR CRACKS WHICH DO NOT 

ALLOW FOR EXPANSION. 
 
 
 
 
 
 

 
CANDIDATE FOR FULL DEPTH REPAIR (CORNER BREAK) 

CAUSED BY THE INTRUSION OF MATERIAL IN THE JOINT AND POOR SAW TIMING. 
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CANDIDATE FOR FULL DEPTH REPAIR (“D” CRACKING) 

CAUSED BY FREEZE-THAW EXPANSION AND OCCUR NEAR TRANSVERSE JOINTS AFTER MANY 
YEARS OF SERVICE. 
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SECTION II 
PARTIAL DEPTH REPAIR: 

 

The purpose of partial depth repairs is to correct localized areas of concrete pavement 
distress such as edge spalling. Repair of this type restores rideablility, deters further 

deterioration of the joint, reduces foreign material damage potential, and provides 
proper edges so those joints can be effectively resealed. 
 

Below are the procedures for both the Partial Depth and Full Depth repair methods. 
When the contractor submits his procedure and materials for approval to the Resident 
Engineer he should have materials that meets the requirements of the enclosed 

specifications and procedures that are as detailed as shown below.   
 

Spall repair shall be for small areas only. The areas shall be cut square or with a 

maximum length to width ratio of 1.5:1. If two spalls are less than 12 inches apart they 
shall be combined. A maximum to two spall repairs per joint (per slab) will be allowed. 

 

PROCEDURE FOR BASIC CONCRETE PAVEMENT SPALL REPAIR 
(PARTIAL DEPTH REPAIR): 

 
 

PROCEDURE: 
 
1. Survey the limits of the repair:  

Prior to repairing the spalled area, a survey of the spalled area should be 
made to determine the limits of unsound or delaminated concrete.  Sounding 
is done by striking the existing concrete surface with a steel rod, chain, or 

hammer.  Delaminating or unsound concrete will produce a dull or hollow 
thud, while acceptable concrete will produce a sharp metallic ring. The repair 
boundaries of the repair should be extended beyond the detected unsound 

area concrete 4”.  All partial depth repairs should be of rectangular-shape 
regardless of the location. 
 

A sketch of the slab showing locations and severity of the spalls should be 
made.  Pictures, if available, should accompany the sketch of the slab. An 
example of symbols and a sketch are shown in Section V or this manual. 
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MARKING THE BOUNDARIES OF A PARTIAL DEPTH REPAIR 

2. Remove the joint or crack sealant adjacent to the repair area. 

 
3. The repair boundaries should be kept rectangular and aligned with the joint 

pattern to avoid irregular shapes.  Irregular shapes may cause cracks to 

develop in the repair material.  Saw cut the parameter of the repair area to a 
minimum depth of 4”.  Over saws, or partial depth cuts outside of the repair 
boundary, can be eliminated by using a core drill in the corners of the repair 

and then chiseling out the corner of the repair.  A saw cut along an existing 
joint is made by skimming the blade along the joint face to remove sealant 
residue and leave a clean vertical joint face. 

 

 
SAWING THE OUTSIDE BOUNDARIES OF A PARTIAL DEPTH REPAIR 

 
4. Remove all unsound concrete from the affected area to a minimum depth of 

4”, but do not expose the dowel bars.  Be careful not to damage the 

underlying concrete during the removal process. 
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REMOVING THE UNSOUND CONCRETE 

 

5. Sound test the newly exposed concrete to ensure all of the delaminating or 
unsound concrete has been removed.  With a hammer to remove any 
fractured rock. 

 
6. Thoroughly clean the repair area; remove any dust, loose aggregate, etc. 

from the repair area.  Prior to patching, the exposed vertical faces and 

bottom of the repair area should be sandblasted to remove all loose particles, 
oil, dirt, dust, asphaltic concrete, rust, and other contaminates.  After 
sandblasting, blow out area with an air lance connected to an air compressor 

to remove sandblast sand, etc.  Check the area for contaminates prior to 
patching the area.  Any contamination on the repair surface will reduce the 
bond between the new patch material and the existing concrete pavement.  

 

 
SANDBLASTING THE REPAIR AREA 

 

7. To prevent the repair material from flowing into the adjacent joints, use caulk 
in the saw cuts and adjacent joints.  When placing a partial depth patch 
adjacent to any joint, there must be no bond between the repair patch and 
the face of the adjacent concrete joint.  A compressible insert such as 

Styrofoam, asphalt-impregnated fiberboard, or plastic joint inserts should be 
set to form the joint area prior to placing the patch material.  The new joint 
should be no less than the same width as the existing joint or crack.  Failure 

to reestablish the joint as described can result in a repair failure.  
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USE OF COMPRESSIBLE INSERTS AND PROBLEMS CAUSED IF INSERTS ARE NOT USED 

 
8. Saturate the repair area with water and/or ice mixture (for air temperature 

greater than 80°F.) if required by the manufacturer’s product instructions. 
 

9. Remove all excess water from the repair area with air to achieve a Saturated 
Surface Dry (SSD) condition. 

 
10. Apply a bonding agent with a scrubbing effort to thoroughly coat the patch 

surface and fill the voids.  

 
11. Place repair material in accordance with the manufacturer’s 

recommendations. Materials for Partial depth repairs are discussed in Section 

III of this manual. 
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PLACING REPAIR MATERIAL WITH COMPRESSIBLES IN JOINT LOCATION 

 

12. Strike off patch flush or higher than the existing roadway surface.  If patch is 
raised, grinding to a smooth surface will be required, however, patch material 

which is not flush with the pavement will have to be removed and replaced. 
 

13. Protect the repair material from direct sunlight and/or freezing temperatures 

during curing.  Allow the repair material to cure per the manufacturer’s 
recommendations. 

 

14. Saw and Reseal joints in accordance with Article 700-12 of the NCDOT 
Standard Specifications. 
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SECTION III 
PARTIAL DEPTH REPAIR MATERIAL 

Material for small repairs such as corner breaks should have the following specifications: 

% water by weight   7.9 – 8.0 

Flow @ 5 drops   100 

Setting time 
(ASTM C 266 @ 

72°°°°F 
Initial: 
Final: 

   
 
 
14 to 75 minutes 
20 to 90 minutes 

Compressive 
Strength, psi 
(ASTM C 109) 
 
2 hours 
24 hours 

7 days 
28 days 

   
 

 

70°°°°F 
1500 
4500 
8000 
9000 

 

 
 

1 day 
psi 

7 days 
psi 

28 days 
psi 

Flexural Strength 
(ASTM C 348) 

580-850 880-1000 1100-1150 

Splitting Tensile 
(ASTM C 496) 

550-850 1100-1200 1250-1300 

Slant Shear Bond 
(ASTM C 882) 

1800-2500 2900-3000 3100-3360 

Direct Shear Bond 
(Michigan DOT) 

150-200 350-390 375-450 

Direct Tensile Bond 
(ChemRex, Inc. 
Method 

100-150 170-190 290-300 

Modulus of 
Elasticity 
(psi X 106) 

3.8  4.7-5.1 

Abrasion resistance, inches of wear  
(ASTM C 779A, 28 day, air cured sample) 

 

30 minutes 
60 minutes 

  0.0110 inches 
0.0260 inches 

Freeze/thaw 
resistance 
(ASTM C 666 A) 

 Retain 98.3-98.5% of original dynamic 
modulus 

Rapid Chloride Permeability2 

(AASHTO – T277/ASTM C 1202 
 960-990 coulombs 

(very low) 

Scaling resistance 
(ASTM C 672) 

   

 Weight Loss lb./ft2 

25 cycles 
50 cycles 

 CaCl2   0.003 
CaCl2   0.005 

NaCl   0.067 
NaCl   0.084 

1Typical Results from air cured samples. 
2Typical results from 3 days moist cured and 39 days air cured samples. 



2016 PCCP Manual 
Repairs 

136 
 

 
15. Elastomeric Concrete should be used for transverse joints because of wheel 

traffic concerns. Provide material that complies with the following 
requirements at 14 days. 

 

Performance Data (Elastomeric Concrete -  Transverse Joints Repair) 

Concrete Properties Test Method Minimum 

Requirement 
Bond Strength to 
Concrete, psi 

Brittleness by Impact, ft-
lb. 

Compressive Strength, psi 

ASTM D 638 
Ball Drop 

ASTM D 695 

450 
7 

2800 

Binder Properties 
(with aggregate) 

Test Method Minimum 
Requirement 

Tensile Strength, psi 
Ultimate Elongation 
Tear Resistance, lb/in 

ASTM D 638 
ASTM D 638 
ASTM D 624 

800 
150% 
90 

 
In addition to the requirements above, use elastomeric concrete that also resists water, 

chemical, UV, and ozone exposure and withstands extreme temperature (freeze-thaw) 
changes. 

 

Furnish a manufacture’s certification verifying that the materials satisfy the above 
requirements.  If requested, provide samples of elastomeric concrete to the Engineer to 
independently verify conformance with the above requirements. 

 
A manufacture’s representative should be present on-site during the installation of the 
elastomeric concrete until the crew has a comfort level working with this material. 
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SECTION IV 
FULL DEPTH CONCRETE PAVEMENT REPAIR: 

 
Localized full-depth cracking may result from one or more of the following: 

1. Late transverse joint sawing or insufficient depth of sawing. 

2. Misaligned dowel bars. 
3. Excessive curling and/or warping 
4. Rapid surface cooling. 

5. Early age loading by construction equipment 
6. Excessive drying shrinkage. 
7. Excessive base friction restraint 

 
Full-depth cracking that appears within 30 days is usually the result of poor construction 
practices. The important items to consider for full-depth cracking include: 

 
1. Panels in pavement areas with full depth cracking that extends the full width 

or length of the slab panels should be replaced. 

 
2. Full depth cracking in pavement areas that extends less than one-third the 

width or length of the slab should be treated as a full width crack. 

 
3. Full depth corner cracking in pavement areas must be repaired by full panel 

replacement. 

 
4. Use of partial panel replacement in critical pavement areas on new pavement 

is not recommended.  

 
5. Proper procedures need to be followed for slab removal and replacement. 

The procedures must include the following: 
 

a. Slab removal without damaging adjacent sound slabs or the base. 
•  Use of double saw cut method along slab perimeter. 

•  No heavy impact loading to break slab into small pieces. 
•  Saw cut panel into smaller segments and lift out. 

b. The base must be inspected for damage and corrected prior to 
concrete placement. 

c. Use of approved concrete mixture for machine and hand placement 

operations 
d. Use of vibration to consolidate the concrete. 
e. Use of proper techniques to finish, texture, and cure replacement 

slab. 
 
Types of distress that occur in rigid pavements which may justify full-depth repair 

include: 
•  Corner break 

•  Durability (“D”) cracking 
•  Patch deterioration 

•  Shattered slab ( A slab broken into four or more pieces with some or all 
cracks of medium and high severity. 

•  Joint or crack spalling (if spalling is one-half the slab thickness or deeper) 
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Many rigid pavements are also subject to spalling and faulting at intermediate cracks. 

This deterioration may be caused by repeated heavy traffic loads, failure of doweled 
joints to function properly, and/or the intrusion of incompressible materials in open 
cracks (hauling on new pavement with initially cut joints). 

The following procedure should be used for full depth repair: 
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PROCEDURES FOR BASIC FULL DEPTH CONCRETE PAVEMENT REPAIR: 
 

1. Define Repair Boundary Area: 

Each distressed area should be examined and the repair boundaries marked on 
the slab.  A detailed survey, with sketch and photos, should be made to identify 
the required repair area.  An example of symbols and a sketch are shown in 

Section V of this manual. Guidelines for locating repair boundaries are provided 
below. 
•  All full depth repairs should be full lane width. 

•  The minimum recommended repair length is 6 ft (1.8 m).  The Standard 
Specifications require that 6 feet is a minimum length when load transfer is 

provided. 
•  On multilane pavements, if a distressed area exists in adjacent lanes, align 

repair boundaries to avoid small offsets and to maintain continuity. 
 

 
DEFINING THE REPAIR LIMITS 

2. Saw Existing Concrete: 

 
Isolate the repair area from adjacent concrete and shoulder materials using full 
depth saw cuts.   

 
Full depth sawing will physically separate the repair area from sound concrete, 
eliminate damage at the bottom of the slab, provide necessary room for removal 

without damaging the surrounding materials, and leave smooth vertical faces for 
dowel bar placement.  An air hammer shall not be used to outline the repair 
area.  
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Sawing operations should not proceed removal and repair operations by more 
than two days because the full depth cuts eliminate any load transfer.  Not 

having effective load transfer could cause the repair area to begin pumping or 
punch into the subbase, causing subgrade damage. 

 

 
SAWING THE REPAIR LIMITS 

 
3. Remove the deficient concrete slab: 
Procedures that are used for removal must not spall or crack the adjacent 

concrete edges or unnecessarily disturb the base coarse. Two basic methods are 
used to remove concrete pavement, the lift-out method and the breakup 
method. 

 
•  Whenever possible, the lift-out method is preferable to remove the 

deteriorated concrete.  The lift-out method is typically accomplished 
by using a crane or front-end loader to remove the damaged concrete 
from the repair area.  After sawing the area full depth around the 

perimeter of the repair, multiple holes are drilled into the concrete 
slab and lift pins are inserted.  Chains are then attached to the crane 
or front end loader to lift the damaged concrete slab out vertically. 

 
This operation should be closely monitored to make sure that no 
damage occurs to outside edges adjacent to the repair area.  If 
damage to the adjacent concrete occurs, the repair area will have to 

be expanded. 
 
The lift-out method usually does not disturb the underlying subbase.  
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THE LIFTOUT METHOD 

 

 
THE SAW CUTS FOR THE LIFTOUT METHOD 

 

•  The breakup and cleanout method is typically accomplished by using 
a pavement breaker and removing the broken pieces of concrete with 

a backhoe.  This method will disturb the underlying base layer.  The 
breakup and cleanout method can damage the adjacent slabs if 
proper sawing procedures of the area are not followed.  When the 

outside of the repair area has been sawed with the full depth saw 
method additional saw cuts should be made approximately 1.5 to 2.0 



2016 PCCP Manual 
Repairs 

142 
 

feet inside the outside perimeter of the repair area.  The breaking up 
the slab should start in the center of the repair area and work 

ouward.  Once the center piece has been removed, a backhoe can 
easily lift out and remove the smaller pieces without damaging the 
outside edges of the repair area.  

 
4. Prepare the Base layer: 
 

After cleaning out the concrete from the repair area, repair any damage to the 
base coarse.  If any damage to the underlying base is found, the base layer must 
be replaced with material that conforms to the Standard Specifications. 

 
 

REPAIRING THE BASE LAYER 
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5. Provide Load Transfer: 
Reestablishing load transfer across the transverse joints is the most critical factor 

affecting full-depth repair performance. Tie-bars should be drilled and epoxied 
into the adjacent concrete along the longitudinal joint.  Dowel baskets should be 
installed at contraction joints, to provide adequate joint functionality.  Tie bars of 

the same size as the dowel bars should be drilled and expoxyed along a 
transverse joint where there is not a regular contraction joint. 

 

 
PLACING LOAD TRANSFER DEVICE 

 
 

6. Sandblast and Clean Surfaces: 
Sandblast and clean all surfaces and use an approved Portland Cement 

concrete pavement mix design for hand placement. The Portland Cement 
concrete used to fill the area shall be finished, cured, and jointed per the 

appropriate Standard Specifications. 
 

7. Place and Finish Concrete: 

Patched area should be protected from direct sunlight during curing and/or 
freezing temperatures. 

 

 
Protect the Repair From Rapid Evaporation 
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Protect and Cure the Repair 

 

8. Cure and Insulate Concrete: 
 

9. Saw and Seal Joints 
Saw the joint to full depth within 7 to 12 hours.Reseal joints in accordance with 
Article 700-12 of the NCDOT Standard Specifications. 

 
 
 

 
 

 

 

 

 

 
Pictures of joints left to right: Cleaned joint, Backer Rod in Joint, Completed joint 
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91"fc6"da67ab)d9b& b"fd91"fb"f4dc";d&8²f6(²bdc;&63f8)b4"d6fd64d"1fd8"91&&1"d21)dfab&df1d
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For CRCP, two sets of saw cuts are required to provide a rough joint face at repair boundaries. To 
ensure good repair performance, the joint faces must be rough and vertical, and all underlying 
deteriorated material must be removed and replaced with concrete. The rough joint faces and 
continuity of reinforcement (reestablished during repair, keeping the joints tightly closed) provide 
the load transfer across the repair joints through aggregate interlock. 
 
The rough joint faces are obtained by first making a partial-depth cut around the perimeter of the 
repair area, to a depth of about one-fourth to one-third of the slab thickness, as shown in the 
figure below (FHWA 1985). The partial-depth saw cuts should be located at least 18 in. from the 
nearest tight transverse crack. They should not cross an existing crack, and adequate room should 
be left for the required lap distance and center area. If any of the steel reinforcement is cut, the 
length of the repair must be increased by the lap length required. 
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After the partial-depth cuts, two full-depth saw cuts are then made at a specified distance in from 
the partial-depth cuts as shown in the figure above. This distance depends on the method of 
lapping used to connect reinforcement. The recommended distance is 24 in. for tied laps, and 8 in. 
for mechanical connections or welded laps. This distance may be reduced depending on the 
required lap length. 
 
Step 2: Concrete Removal 
Jointed Concrete Pavements 
Two methods have been used to remove deteriorated concrete from the repair area: 

•  Breakup and Cleanout Method. After the boundary cuts have been made, the concrete to 
be removed is broken up using a jackhammer, drop hammer, or hydraulic ram, and then 
removed using a backhoe and hand tools. To prevent damage to adjacent concrete, large 
drop hammers should not be allowed, and large jackhammers must not be allowed near a 
sawed joint (FHWA 1985; ACPA 1995). Breakup should begin at the center of the repair 
area and not at the saw cuts. 

•  Lift-Out Method. After the boundary cuts have been made, lift pins are placed in drilled 
holes in the distressed slab and hooked with chains to a front-end loader or other 
equipment capable of vertically lifting the distressed slab. The concrete is then lifted out 
in one or more pieces (FHWA 1985; ACPA 1995). 

 
Advantages and disadvantages of each removal method are listed in table below. The lift-out 
method is generally recommended in order to minimize disturbance to the base, which is critical 
to good performance. This method generally provides the best results and the highest production 
rates for the same or lower cost, and with the least disturbance to the base (FHWA 1985). 
 
Regardless of the method and equipment used, it is very important to avoid damaging the 
adjacent concrete slab and existing subbase. In either case, the specifications should state that if 
the contractor spalls the existing concrete during removal, a new saw cut must be made outside of 
the sawed area and additional concrete removed at the contractor's expense. 
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The procedure for removing concrete from the center section (between the inner full-depth saw 
cuts) of the repair area is the same as for JCP. The deteriorated concrete must be carefully 
removed to avoid damaging the reinforcement and to prevent spalling concrete at the bottom of 
the joint (beneath the saw cut). This can be accomplished by using jackhammers, prying bars, 
picks, and other hand tools. 
 
Separating the surrounding concrete from the reinforcing steel must be done without nicking, 
bending, or damaging the steel in any way. The use of a drop hammer or hydro-hammer should 
not be allowed in the lap area because this equipment typically damages the reinforcement or 
causes serious spalling beneath the partial-depth saw joint. 
 
After the concrete has been removed, the reinforcement should be inspected for damage. Any 
bent bars must be carefully straightened. Bent reinforcement in the repair area will eventually 
result in spalling of the repair because of the large stresses carried by the reinforcement. If more 
than 10 percent of the bars are seriously damaged or corroded, or if three or more adjacent bars 
are broken, the ends of the repair should be extended another lap distance. 
 
Step 3: Repair Area Preparation 
 
All subbase and subgrade materials that have been disturbed or that are loose should be removed 
and replaced either with similar material or with concrete. If excessive moisture is present in the 
repair area, it should be dried out before placing new material. Placement of a lateral drain may 
be necessary where there is standing water. A trench must be cut through the shoulder and a 
lateral pipe or open-graded crushed stone placed. 
It is very difficult to adequately compact granular material in a confined repair area. Hand 
vibrators generally do not produce adequate compaction to prevent settlement of the repair. 
Consequently, replacing the damaged portion of a disturbed subbase with concrete is often the 
best alternative. 
 
When the repair length is less than 15 ft., a bondbreaker board is typically placed along the length 
of the longitudinal joint to isolate it from the adjacent slab. If the repair is longer than 15 ft., 
tiebars are typically installed in the face of the longitudinal joint (ACPA 2006). 
 
Restoring Reinforcing Steel in CRCP 
 
As mentioned previously, the continuity of reinforcement must be maintained through full-depth 
repairs. 
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The splicing of the reinforcement bars should be conducted using the detailed design information 
presented in the Design and Materials Considerations section. 
 
On CRCP repairs, it may be necessary to restrict the time of placing concrete to late in the 
afternoon, depending on the climatic and pavement conditions. On some projects where concrete 
has been placed in the mornings, expansion of the adjacent slab in the afternoon has resulted in 
crushing of the repair concrete. This is especially true when the failure extends across all lanes. 
 
Step 6: Curing 
 
Moisture retention and temperature during the curing period are critical to the ultimate strength of 
the concrete. Proper curing is even more important when using set accelerating admixtures. 
Therefore, as soon as the bleed water has disappeared from the surface of the concrete (typically 
within ½ hour of concrete placement), the approved curing procedure should commence to 
prevent moisture loss from the pavement (ACPA 2006). Typical curing methods include wet 
burlap, impervious paper, pigmented curing membranes (compounds), and polyethylene sheeting. 
In general, a normal application of the pigmented  curing compound (typically 4.9 m2/liter [200 
ft2/gal]) gives the best results.  
 
On projects with very early opening time requirements (4 to 6 hours), it may be necessary to use 
insulation blankets to obtain the required strength within the available time. The insulation 
blankets promote rapid strength gain by keeping the internal temperature of the concrete high, 
thus accelerating the rate of hydration. In general, insulation blankets are not needed on hot 
summer days. The use of insulation blankets during cold periods requires special care. The 
insulation blanket should not be removed when there is a large difference between the concrete 
and air temperatures, because rapid cooling of the pavement surface following the removal of the 
insulation blanket can cause cracking of the repair slabs. 
 
Step 7: Diamond Grinding (Optional) 
 
Rehabilitation techniques such as full-depth repairs may result in increased roughness if not 
finished properly. In particular, differences in elevation between the repair areas and the existing 
pavement can create an uncomfortable ride. Restoration of a smooth ride may also be an issue 
when using precast panels. If needed, the best method to blend repairs into a concrete pavement is 
with diamond grinding. 
The smooth surface results in improved rideability of the construction project.d
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SECTION V 

SAMPLE SYMBOLS AND SKETCH 

 
Example-Symbols for Repair Sketch 
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Example-Symbols for Repair Sketch 
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Example-Sample Sketch (Should have notes and pictures) 
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