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THE PROBLEM AND ITS SOLUTION 

The survival of portland cement concrete pavements is strongly re
lated to thickness. This has long been recognized, as indicated by the 
severity of the penalties that historically have been assessed against 
paving contractors for thin sections. The importance of thickness also 
was demonstrated effectively in the AASHO Road Test. 

Many thousands of measurements are made each year to assure that 
the thicknesses of newly constructed concrete pavements are in compli
ance with those specified. For pavements in which steel reinforcement 
is used, the position of the steel must be similarly determined. Cores 
taken from the hardened concrete, usually at the rate of one per 1,000 
lane-feet, figure prominently in the measurement process. Unfortunate
ly, coring is time consuming, costly, a cause of troublesome discontinu
ities, and of no value in thickness control during the construction pro
cess. Highway engineers have been attracted for many years by the possi
bility that most or all of these disadvantages could be overcome through 
the application of rapid nondestructive methods in the measurements. 

Nondestructive testing techniques are well known and widely used in 
manufacturing processes. Unfortunately, the testing equipment that has 
been successful elsewhere has not performed well when applied to con-
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crete. However, several researches, including NCHRP Project 10-6 (cov
ered in NCHRP Report 52 , 1968) and other studies conducted mostly by 
FHWA and by state highway departments in cooperation with FHWA, have 
produced information encouraging to the eventual application of nonde
structive testing techniques to concrete. 

This project reviewed available nondestructive testing instruments 
and conducted extensive laboratory and field studies to determine the 
applicability of selected instruments in the acceptance testing of pave
ment thickness and reinforcement depth. Results obtained with several 
of the instruments were encouraging, and tentative specifications and 
test methods were developed for their use. It is believed that the appli
cation has been suitably verified for immediate further trial application 
by highway agencies. 

FINDINGS 

In the research with which this report is concerned, nine existing 
nondestructive testing instruments that appeared to have some potential 
for measuring pavement thickness were located and examined. Two of these, 
arid an additional device, were examined for determining reinforcement lo
cation and depth. Final selection of the most promising devices was made 
after applications on eight paving projects in six states. 

In most instances, experimentation with measurement techniques to 
make the most advantageous use of the various devices was required. In 
all cases, the test instruments were examined for use in conjunction with 
construction acceptance specifications having a statistical basis. Al
though this is not in accord with current practice in which one sample 
represents a lot unless deficient thickness is encountered, it was recognized 
that the time, cost, and destructiveness of the coring operac1on now in 
general use has heretofore discouraged the more rational statistical approach 
to acceptance testing. 

An ultrasonic gauge (Fig. 1) developed by the Ohio State University was 
found to perform thickness measurements for both plain and reinforced pave
ment with acceptable accuracy for construction control in conjunction with 
a statistical~type acceptance specification. However, before it can be applied 
routinely, further development, for which success seems predictable, is needed 
to reduce its cumbrousness and to improve its resistance to construction job
site rigors. An eddy current proximity gauge (Fig. 2) proved to be satisfac
tory for measuring the thickness of hardened plain (nonreinforced) concrete 
pavement, and seems also to be capable of determining the position of the steel 
reinforcement in reinforced concrete pavements with acceptable accuracy. It 
cannot be used to determine the thickness of pavements containing steel rein
forcement. A <levice called a "pachometer" (Fig. 3) was found t~ _be satisfac
tory for use in determining the depth and position of distributed steel rein
forcement in both plastic and hardened pavement concrete. 

APP LI CA TI ON 

During the course of the investigation of the nondestructive instruments 
for testing pavement thickness and determining reinforcement position, con
struction acceptance specifications and test methods were devised for appli
cation of the equipment. In the development of a specification for pavement-
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thickness acceptance, the following guidelines based on practice, experience, 
and preliminary results of the investigation were taken into consideration: 

.I 

1. "A realistic specification is one that recognizes that there is a 
cost associated with every specified limit and that the characteristics 
of all materials, products, and construction are inherently variable" 
(NCHRP Report 17). 

2. An "end result" statistical-type specification should be used. This 
will provide the contractor with the greatest freedom of operation 
while assuring that the desired quality of pavement is constructed. 

3. A lot size of either~ lane-mile or 1 lane-mile is realistic. This 
should represent from 1 to perhaps 4 or 5 hours of normal operation 
in modern-day paving. 

4. A minimum number of tests should represent a lot, with the number 
based on normally expected variations. 

5. Thickness evaluations should utilize average test values and deviations 
of values by lot. 

6. All acceptances, penalties, or rejections should apply to an entire 
lot. A lower limit should be placed on all measurements for acceptance 
of a lot. 

7. Through the application of nondestructive testing, thickness measure
ments for acceptance or rejection should be made within a day follow
ing paving. This will provide information that will enable the con
tractor to regulate his operations during progress of the work 
to assure adequate thickness. 

''' 8 . A 0.5-in. deficiency should be the maximum allowable for any one 
test result. 

qq 

9. For simplicity, a fixed number of tests per lot should be used. 
Acceptance should be based on the average of these tests, with a 
maximum allowable number of deficient test values. 

•
110. Assuming that satisfactory work is being obtained under present 

practice, a new specification should be designed to produce the 
f• same, or a slight improvement in, quality. 

11. The statistical risk to the contractor and to the highway agency 
should be small and equal. 

The following specification for the acceptance of pavement thickness was 
deemed to meet the foregoing guidelines. The general plan of application is 
shown in Figure 4. Use of six tests will result in a confidence level of 
greater than 95 percent in an acceptance decision being correct if the stan
dard deviation of the pavement thickness is not greater than 0.25 in., and 
the mean value is equal to the design thickness. Evaluation of pavement 
thickness by coring in this research, and data taken from the literature, in
dicate that pavements produced under present controls probably come close to 
meeting these criteria. 
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Proposed Tentative Specification for Pavement Thickness Acceptance 

1. The lot size will be either one-half(~) lane-mile, or one (1) lane
mile, of finished concrete pavement. 

2. Six (6) tests will be conducted at random locations within each lot. 

3. If the average of the six (6) tests is greater than the design thickness, 
and not more than one (1) test falls below the design thickness, the lot will 
be accepted. 

4. If the average of the six (6) tests is above the design thickness 
minus one-half(~) inch, and not more than one (1) test falls below the design 
thickness minus one-half(~) inch, penalties shown in Table 1 (or 2, or 3), 
based on the average of the six (6) tests, will be applied. 

5. If two (2) or more tests, or the average of the six (6) tests, are be
low the desi.gn thickness minus one-half(~) inch, the lot will be rejected, 

Experience gained during the course of the investigation suggested the 
following test procedure for pavement thickness acceptance: 

Proposed Tentative Method of Test for Pavement Thickness Acceptance 

1.1 This method covers procedures for determining the thickness of 
portland cement concrete pavement utilizing nondestructive test methods 
and instruments. 

2. Apparatus 

2.1 Nondestructive apparatus employed for thickness testing of port
land cement concrete pavement shall have been proven capable of determin
ing pavement thickness within a standard deviation of three-tenths (0.3) 
inch. 

2.2 The apparatus shall be capable of measuring concrete pavement 
thickness over a range of four (4) to twelve (12) inches within two (2) 
hours of concrete placement. 

2.3 The apparatus shall have proven stable and its results repeatable 
within one-tenth (0.1) inch over the temperature range of 40 F to 120 F. 

2.4 The apparatus shall have its operation checked on each project by 
one of the following methods: 

2.4.1 Correlation with Cores 

2 , 4,1,a Conduct five (5) tests on the first one-half(\) wile 
of pavement placed by the Contractor, marking each location with paint or by 
some other method. 

2.4.1.b The next day, obtain cores at each test location and 
measure their length as described in ASTM Specification C174. 
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2.4.1.c Determine at each location the difference between the 
nondestructive test thickness and the measured core thickness. 

2.4.1.d Average the results in 2.4.1.c and apply as a correc
tion to all future nondestructive test results on the project. 

2.4.1.e If mix design, cement, or aggregate changes occur, 
repeat 2.4.1.a through 2.4.1.d to establish a new correction. 

2.4.2 Correlation with Prepared Test Blocks 

2.4.2.a Select an area near the start of paving 
base will be the same as will exist under the completed pavement. 
should be three (3) by seven (7) feet in size, planed to one-tenth 

where the 
This area 
(0.1) inch. 

2.4.2.b Construct a form containing three (3) two (2)-foot 
square steps: design thickness minus one-half (\) inch, design thickness, and 
design thickness plus one-half(\) inch. 

2.4.2.c At the start of paving operations, fill the form 
with the same concrete being used in the paving operations. Compact the con
crete by vibration or rodding, and strike off a plane surface. 

2.4.2.d After two (2) or more hours, conduct two (2) or more 
nondestructive tests on each step. 

2.4.2.e Determine, for each step, the difference between 
the nondestructive test thickness and the step thickness. 

2.4.2.f Average the results in 2.4.2.e and apply as a 
correction to all subsequent nondestructive test results on the project. 

2.4.2.g If mix design, cement, or aggregate changes occur, 
repeat 2.4.2.a through 2.4.2.f to establish a new correction. 

3. Procedure 

3.1 Turn on the test apparatus and allow it to warm up for at least 
five (5) minutes. 

3.2 Select the lot size at either one-half(~) larte-mile or one (1) 
lane-mile. 

3.3 Select six (6) test sites in a random manner within the lot. 

3.4 Conduct a nondestructive test at each test site as soon as 
possible after placement without causing displacement. Calculate the 
thickness at each site, using the correction obtained in 2.4.1.d or 
2.4.2.f. 

3.5 Average the results from the six (6) tests and note the number 
of individual test results below the design thickness. 

3.6 Using items 3, 4, and 5 of the Proposed Tentative Specification 
for Pavement Thickness Acceptance, determine the acceptance, penalties, 
or rejection of the lot. 
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Experience in the investigation showed the following procedure to be appro
priate for testing and accepting reinforcement depth: 

Proposed Tentative Method of Test and Acceptance for Depth of Reinforcement 

1. Scope 

1.1 This method covers the procedures for detennining the depth of 
reinforcement below the surface of portland cement concrete pavement, 
utilizing nondestructive test methods. 

2. Apparatus 

2.1 Nondestructive apparatus employed for determining the depth of 
reinforcement shall have been proven capable of determining the depth with 
a standard deviation of less than one-half(~) inch. 

2.2 The apparatus shall be capable of determining depth of reinforce
ment from zero (0) to five (5) inches. 

2.3 The apparatus shall be proven stable and the results repeatable 
to one-eighth (1/8) inch over a temperature range of 40 F to 120 F. 

3. Procedure 

3.1 Turn the instrument on for the warm-up period recommended by 
the manufacturer. 

3.2 In each one hundred (100) feet of pavement, take two (2) 
depth- to- reinforcement mp;i~1irPmPnt-~ hPt:r.Jeen t-he ~t-rike- nff ;inn fini!::hing 

operations in a random manner. 

4. Acceptance 

4.1 If the depth to reinforcement is deficient by more than one-half 
(~) inch, notify the paving inspector so that corrective action may be 
taken. 
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Figure 1. Thickness determination with the Ohio State ultrasonic gauge. 
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Figure 2. Eddy ou:r>rent pr>oximi ty eauge in operation. 
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Figure 3. Pachometer ~n operation. 
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Figure 4. Proposed tentative pavement thickness acceptance plan. 
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TABLE 1 

PENALTIES BASED ON NUMBER OF TEST 
RESULTS BELOW DESIGN THICKNESS (Six Tests) 

Using 6 Tests Using 10 Tests 
No. Tests Percent No. Tests Percent 
Deficient Payment Deficient Payment 

0-1 100 0-3 100 
2-3 88 4-6 88 
4-5 75 7-8 75 

6 50 9-10 50 

TABLE 2 

PENALTIES BASED ON PERCENTAGE OF DESIGN 
THICKNESS ACTUALLY PLACED 

Use equation: (t/T)C = payment (not to exceed contract price) 

where t = average measured thickness, in. 
T = design thickness, in. 
C = contract price 

TABLE 3 

PENALTIES BASED ON REDUCTION IN PAVEMENT LIFE 
(from AASHO Road Test) 

11 in. Design Thickness 10 in. Design Thickness 
Average Test Percent Average Test Percent 
Thickness, in. Payment Thickness, in. Payment 

11.0 100.0 10.0 100.0 
10.9 95.5 9.9 95.1 
10.8 91.2 9.8 90.4 
10. 7 87.0 9.7 85.9 
10.6 83.0 9.6 81. 5 
10.5 79.2 9.5 77 .4 

9 in. Design Thickness 8 in. Design Thickness 
Average Test Percent Average Test Percent 
Thickness, in. Payment Thickness, in. Payment 

9.0 100.0 8.0 100.0 
8.9 94.5 7.9 93.9 
8.8 89.3 7.8 88.1 
8.7 84.4 7.7 82.6 
8.6 79.6 7.6 77 .3 
8.5 75.1 7.5 72.4 


