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PREFACE 

The pavement evaluation study described in this report was part of a 

demonstration study conducted for the Air Force Engineering and Services Center 

(AFESC), Tyndall Air Force Base, Florida. The work was requested by HQ 

AFESC/DEM on Project Order No. F-82-74. The work described herein consisted 

of demonstration of three nondestructive testing methodologies for pavement 

evaluation using the US Army Engineer Waterways Experiment Station (WES) 

16-kip vibrator and a falling weight deflectometer. The field tests were 

conducted on 2 November 1982 at MacDill Air Force Base on five selected test 

areas. 

The WES evaluation team was composed of Messrs. Don R. Alexander, 

Dennis Mathews, and Charles W. Dorman, Pavement Systems Division (PSD), 

Geotechnical Laboratory (GL), Joe C. Abies, Instrumentation Services Division, 

and L. B. VanLandingham, Engineering and Construction Services Division. This 

report was prepared by Messrs. Jim W. Hall, Jr., and Don R. Alexander, PSD, 

under the general supervision of Dr. William F. Marcuson III, Chief, GL, and 

under the direct supervision of Dr. Thomas D. White, Chief, PSD. 

COL Tilford C. Creel, CE, and COL Robert C. Lee, CE, were Commanders 

and Directors of WES during the conduct of the study. COL Allen F. Grum, 

USA, was Director of WES during the preparation and publication of this 

report. Mr. Fred R. Brown and Dr. Robert W. Whalin were Technical Directors. 

NY 
--V.V. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 

UNITS OF MEASUREMENT 

Non-SI units of measurement used in this report can be converted to SI (metric) 

units as follows: 

Multiply 

Fahrenheit degrees 

feet 

inches 

kips (force) 

kips (force) per inch 

mils 

pounds (force) 

pounds (force) per 

square inch 

square feet 

5/9 

0.3048 

2.54 

4448.222 

1751.268 

0.0254 

4.448222 

6894.757 

0.09290304 

To Obtain 

Celsius degrees or Kelvins* 

metres 

centimetres 

newtons 

newtons per centimetre 

millimetres 

newtons 

pascals 

square metres 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use 

the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) readings, 

use: K = (5/9)(F - 32) + 273.15. ‘ . 
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COMPARATIVE STUDY OF NONDESTRUCTIVE PAVEMENT 

TESTING, WES NOT METHODOLOGIES 

COMPARATIVE STUDY OF NONDESTRUCTIVE PAVEMENT TESTING 

Introduction 

Background 

1. The Air Force Engineering and Services Center (AFESC), Tyndall Air 

Force Base, Florida, requested that the US Army Engineer Waterways Experiment 

Station (WES) perform an evaluation of nondestructive test (NDT) procedures 

for airfield pavement evaluation. The overall objective of this project was 

to have a series of demonstrations of various NDT equipment and methodologies 

for determination of allowable aircraft loadings. WES was to be one of the 

participants in the demonstrations using equipment and methodologies developed 

by WES for nondestructive airfield pavement evaluation. 

2. WES has been involved in NDT since the early 1950's,1-6 and through 

several research programs has developed both equipment and analytical method¬ 

ologies for NUT pavement evaluation. These studies have been sponsored by the 

Air Force,^ ^ Federal Aviation Administration,^’^ and the Army.^ The WES 

16-kip* vibrator was fabricated in 1970 for use in testing of heavy-duty air¬ 

field pavements. The analytical procedure termed the DSM (dynamic stiffness 

modulus) method, which is based on a correlation analysis, was developed for 

this large vibratory test device. Later studies developed a theoretically 

based procedure where measured deflection basins are used to back-calculate 

elastic moduli of pavement layers using an elastic-layered theory. This theo¬ 

retical approach is applicable to the WES 16-kip device or falling weight 

deflectometer (FWD). 

3. Both methodologies, DSM method and layered-elastic procedure using 

test data from the WES 16-kip vibrator and the FWD, are demonstrated in this 

report. 

Objective and scope 

4. The objective of the work described in this report is to demonstrate 

the nondestructive pavement evaluation methodologies developed at WES and to 

* A table of factors for converting non-SI units of measurement to SI (metric) 

units is presented on page 3. 
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include the results of these methods in the overall study being performed for 

AFESC where comparisons are to be made with established standard Air Force 

evaluations based on test pit methods. In order to achieve the objective, 

tests were conducted on five selected pavement sections at MacDill Air Force 

Base using both the WES 16-kip vibrator and a FWD (Dynatest Model 8000). The 

DSM procedure was used to analyze data from the WES 16-kip vibrator to com¬ 

pute allowable aircraft loads and overlay requirements. Data from both test 

devices were used with the elastic-layered method to compute elastic modulus 

(E-values) for each pavement layer and subgrade, and then compute allowable 

loads and overlays. 

Description of Tests 

Test areas 

5. Five test areas were selected at MacDill AFB as shown on the airfield 

layout in Figure 1. Information as to the pavement structural properties was 

obtained from a pavement evaluation report prepared by USAFESC dated July 1980. 

A summary of physical property data for these pavements is shown in Table 1. 

The surface condition of the test areas was rated using the Pavement Condition 

Index (PCI) and the PCI ratings are shown in Table 2. 

6. The size of each test area was approximately 50,000 sq ft, but the 

dimensions of each area varied as shown in Figures 2 through 6. These figures 

also show the locations of the tests conducted. 

Test equipment and procedures 

7. The WES 16-kip vibrator is an electrohydraulic steady-state vibra¬ 

tory loading system. The unit is contained in a 36-ft semitrailer along with 

supporting power supplies and automatic data recording equipment. A 16,000-lb 

preload is applied to the pavement with a superimposed dynamic load ranging 

up to 30,000 lb peak-to-peak. The dynamic load can be applied over a fre¬ 

quency range of 5 to 100 Hz but the standard test frequency is 15 Hz. The 

dynamic load is measured with a set of three load cells mounted on an 18-in.- 

diam load plate. Velocity transducers which are located on the load plate and 

at points away from the plate are calibrated to measure deflection. Test 

results are recorded on X-Y plotters and a digital printer. 

8. Data collected with the WES 16-kip vibrator are the DSM and deflec¬ 

tion basins. DSM is obtained from the slope (load/deflection) of the dynamic 

5 



load versus deflection data obtained by sweeping the force to maximum at a 

constant frequency of 15 Hz. This slope is taken at the higher force levels. 

Deflection basins are obtained by measuring deflections at distances of 18, 

36, and 60 in. away from the center of the load plate. The deflection ratio 

Ac^Mio i-s used to determine the radius of relative stiffness, £ , for 
60 18 

rigid pavements. 

9. The FWD used by WES is a Model 8000. A dynamic force is applied to 

the pavement surface by dropping a 440-lb weight on to a set of rubber 

cushions which results in an impulse loading. The applied force and pavement 

deflections are measured with load cells and velocity transducers. The drop 

height can be varied from 1 to 15.7 in. to produce a force from 0 to 15,000 lb. 

The load is transmitted to the pavement through an 11.8-in.-diam (30-cm) plate. 

The signal conditioning equipment displays the resulting pressure in kilo- 

pascals and the maximum peak displacement in micrometers. As many as three 

displacement sensors may be recorded. 

10. FWD data collected were deflection basin measurements. Displace¬ 

ments were measured on the load plate and at distances of 12, 24, 36, and 48 

in. away from the center of the load plate. Since this particular model has 

only three transducers for deflection basin measurement, the four deflection 

points were obtained by dropping the weight twice at each location and shifting 

the transducers to the additional spacings. 

11. Both the WES 16-kip vibrator and the FWD were used to measure rela¬ 

tive deflections across joints in the FCC test sections. The set-up for these 

measurements is shown in Figure 7. 

Test data 

12. Data collected on each of the test areas with the WES 16-kip vibra¬ 

tor are presented in Tables 3 and 4. Table 3 shows the DSM measurements and 

deflection basins to be used for evaluation. Table 4 gives deflection measure¬ 

ments made on joints in the portland cement concrete (FCC) slabs in Test Areas 

1 and 5. Similar test data for the FWD are given in Tables 5 and 6, 

13. Air temperatures in terms of daily maximums and minimums were ob¬ 

tained from the MacDill AFB weather station for 20 October to 3 November. 

These temperatures are shown in Table 7. Temperatures of the asphaltic con¬ 

crete (AC) pavement surfaces were recorded periodically during the testing 

as indicated in Tables 3 and 5. 



ANALYSIS OF TEST DATA USING DSM METHOD 

14. The evolvement of the DSM methodology nondestructive evaluation is 

well documented, ^^ and details of the procedure will not be presented here. 

The methodology is based on correlations between the nondestructive DSM mea¬ 

surements and the computed allowable single-wheel load (ASWL) as determined on 

a number of in-service airfield pavements representing a range of pavement 

types and conditions. The ASWL were computed from existing Corps of Engineers 

(CE) pavement design procedures, using in-place pavement strength measurements 

determined through test pits and direct sampling procedures. 

Flexible Pavement Evaluation 

15. The conventional theory used to evaluate military airfield flexible 

pavements is based on a determination of strength parameters, such as the 

California Bearing Ratio (CBR), moisture, density, classification of materials 

and other values, using limitations and criteria developed from performance 

studies. To utilize the proven performance of the conventional methodology, 

the nondestructive quantity of the DSM was directly correlated to the ASWL as 

determined from the conventional method. The measured DSM for flexible pave¬ 

ments is corrected to a common pavement tempe- qture of 70°F because deflection 

measurements on AC are sensitive to temperature. A method adopted from the 

Asphalt Institute is used to determine the median temperature of the AC laye 

This procedure uses the pavement surface temperature at the time of the test 

plus the previous 5-day air temperatures. This median pavement temperature is 

then used with relationships developed by WES to correct the measured DSM to 

70°F. The temperature-corrected DSM values are used with relationships from 

Reference 12 to determine allowable gross aircraft loads (PG) on any desired 

aircraft at any level of operations (passes) using: 

F, (DSM) ., 
P = -_ X NH X 100 
G S(%ESWL) Nc 

where 

F, = load factor obtained from curves in reference 12 
k 
S = factor that accounts for load on nose gear 



%ESWL = equivalent single wheel load in percent 

Nm = number of main gear wheels 

Nc = number of controlling wheels (number of main gear wheels used to 

develop the %ESWL curves) 

This relationship was developed from correlations between DSM and ASWL with the 

ASWL determined from test pit data. Existing analytical relationships from the 

GBR procedure were then used to make the translation to multiple-wheel aircraft. 

Overlay thickness requirements for aircraft loads greater than the existing 

capacity of the pavement can be determined from similar analysis. Once the 

allowable load is determined, an effective subgrade GBR can be computed. This 

GBR along with the existing pavement thickness can be used with the GBR proce¬ 

dure to compute AC overlay thickness. PCC overlays for use over flexible pave¬ 

ments cannot be determined with this methodology. The computations for this 

DSM procedure for flexible pavement evaluation have been computerized on a 

program called FLEXEVAL. 

Rigid Pavement Evaluation 

16. The methodology for NDT evaluation of rigid pavements using the DSM 

method is also well documented,^^ and will not be presented in detail. The 

procedure uses a correlation between the DSM measured at the slab center to 

the ASWL as determined from the conventional evaluation criterion. This cri¬ 

terion is the Westergaard analysis using material properties such as thickness, 

subgrade modulus, and flexural strength. 

17. To determine the allowable loading for aircraft having gears with 

different geometries, relationships between the loads of these aircraft and 

the ASWL are used. These relationships are based upon the equivalency of maxi¬ 

mum bending stress in the concrete slab. The DSM has been correlated to ASWL. 

The radius of relative stiffness £ is obtained from a correlation of measured 

deflection ratio to £ . From the Westergaard analysis, £ is related to a 

load factor F which is simply a ratio of ASWL to the wheel load on any air- 
lu 

craft of interest. Thus, F^ interrelates ASWL to the wheel loads of dif¬ 

ferent aircraft geometries. 

18. The radius of relative stiffness £ of a rigid pavement is obtained 
12 

through deflection basin measurements. A correlation between £ determined 

from nondestructive deflection basin data and £ determined from the 

8 
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Westergaard theory gives the relationship between a ratio of deflections mea¬ 

sured at points 18 and 60 in. from the center of the load plate as a function 

of Î, 

19. The effects of stress repetition levels (aircraft passes) on the 

allowable gross aircraft load are considered by the use of a traffic factor. 

The traffic factor is a function of the aircraft gear geometry, the lateral 

distribution of aircraft traffic on the pavement being evaluated, and the traf 

fie volume and is independent of the pavement structure. The allowable gross 

aircraft load for a specified number of aircraft passes is computed from the 

equation 

PG = 0.0189(DSM)(Fl)(Tc) 

where 

F = load factor obtained from curves in Referencfe 12 

T = traffic factor obtained from curves in Reference 12 
c 

20. Overlays of PCC or AC to strengthen existing PCC pavements are de¬ 

termined from overlay equations from the CE conventional procedure. These 

overlay equations consider the condition of the existing slabs, the antici¬ 

pated degree of cracking to occur in the existing slab, and the structural 

requirements. The DSM procedure for rigid pavements has been computerized on 

the program RIGEVAL. 

Composite pavements 

21. The procedure for evaluation of composite pavements is to convert 

AC overlay and PCC slab to an equivalent thickness of PCC and use the proce¬ 

dure for plain rigid pavement. The correlation between DSM and ASWL on com¬ 

posite pavements is different from plain PCC pavement, and this results in the 

following equation for the allowable gross aircraft load PG = 0.0172(DSM) 

X (F ) (Tq) f°r composite pavements. The radius of relative stiffness ¡¿ for 

composite pavement cannot be determined from the deflection ratio measurements. 

The subgrade modulus k can be estimated from the subgrade soil classifica¬ 

tion, i can then be computed from appropriate relationships in the Wester¬ 

gaard analysis, and then the F^ factors are obtained from the same curves as 

used for plain PCC pavements. 

22. Overlays for composite pavements are determined in a manner similar 



to that for rigid pavoir.ents except an equivalent slab concept is used for the 

composite section. The RIGEVAL computer program can be used for composite 

pavement evaluation. 

ANALYSIS OF TEST DATA USING LAYERED-EUSTIC METHOD 

14 
23. The layered-elastic methodology was developed under FAA-sponsored 

research and has been described in literature. The method was initially 

developed for light aircraft pavements, but has been found applicable to heavy 

aircraft pavements.^ The general approach is to use a linear layered-elastic 

model with measured deflection basins to predict in situ modulus values for up 

to a four-layer pavement system. Measurements are made using at least two dif¬ 

ferent NDT loadings in order to define the nonlinear, stress-dependent modulus 

of the subgrade. Allowable aircraft loads and overlay thicknesses are deter¬ 

mined using limited tensile strain at the bottom of the asphalt layer and ver¬ 

tical compressive strain at the top of the subgrade for flexible pavements. 

For rigid pavements, a limiting tensile stress at the bottom of the PCC layer 

is used. 

Determination of Layer Modulus Values _ 

24. The computer program BISDEF was developed at WES to determine modu¬ 

lus values for pavement layers. BISDEF uses the Shell BISAR multilayered 

linear elastic program. In this procedure the thickrtesses of the layers are 

determined from historical data or from cores. Poisson's ratios are assumed 

and a rigid boundary is placed at a depth of 20 ft. Initial modulus values are 

assumed for each layer as well as an upper and a lower limit for the modulus. 

The layered-elastic program is used to calculate a deflection basin produced by 

loading the NDT device, which is compared to the measured basin. If the 

basins do not agree, modulus values are changed iteratively until the modulus 

values produce a basin from the layered-elastic theory that matches the basin 

measured with the NDT device. A match is considered adequate when the sum of 

the absolute values of the differences in the measured and calculated deflec¬ 

tions is less than 10 percent. Hence, the average difference for each deflec¬ 

tion is less than plus or minus 2.5 percent. For this study, a modulus value 

10 
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of 250,000 psi was assigned to the asphalt layers to account for temperatures 

seasonally higher than encountered during testing. 

Determination of Allowable Aircraft Loads 

25. Allowable load-carrying capacities and required overlay thicknesses 

were evaluated using the WES—developed computer program AIRPAV. For a partic¬ 

ular aircraft (gear configuration, load, pass intensity level, etc.), AIRPAV 

used modulus values determined from BISDEF and the BISAR program to compute 

stresses (rigid pavement) and strains (flexible pavement) that will occur in 

the pavement system. AIRPAV then calculates the limiting stress or strain 

values from the criteria in the CE layered-elastic design methods. ’ Allow 

able load for the aircraft is determined by comparing the predicted stress or 

strain to the limiting value. 

Limiting Stresses and Strains: AIRPAV 

Rigid pavements 

26. The evaluation is based on the tensile stress at the bottom of the 

slab which is determined as follows: 

_ R_ 

öAll A+B log10C0V 

where 

o,,= allowable tensile stress, psi 
All 

R = PCC flexural strength, psi 

A = 0.58901 

B = 0.35486 

C0V = aircraft coverages 

Flexible pavements 

27. The horizontal tensile strain at the bottom of the AC and the verti¬ 

cal subcrade strain are both considered in the evaluation of the flexible pave- 
19 

ments. The allowable AC strain criterion used is as follows: 

JA11 
= 10 

(AC) 

11 



where 

( eac 
A = N + 2.665 ^log^ 14>22 

5.0 

N = (Aircraft Coverages) 

E = AC modulus, psi 
/Yv¿ 

18 
28. The allowable subgrade strains are computed using the following: 

N - 10,000 UAn ) 
y subgf 

where 

N = repetitions 

A - 0.000247 + 0.000245 log Esubgra(Je 

B - 0.0658 (E . , )0-559 
subgrade 

E . ,= Young's modulus of the subgrade, psi 
subgrade 

Overlay calculations 

28. The required pavement thicknesses are computed by increasing the 

thickness of the upper layer until the stress or strain criterion is satisfied. 

AIRPAV accepts as input an initial new thickness and uses an iterative proce¬ 

dure to close in on the actual thickness needed to support the aircraft under 

consideration. AC over ays on AC pavements are simply the difference between 

the required thickness and the existing AC thickness. Overlays were computed 

for the PCC pavements using the following: 

^ + 0.392 

AC overlay = 2.5 

PCC (partially bonded) A' C h 
r 

PCC unbonded = 

F = factor which projects the cracking that may be expected in existing 

PCC pavements 

h^ = required thickness of PCC, in. 

C, = condition factor of existing pavement, ranges between 0.75 and 1.00 
b 

12 
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h = thickness of existing PCC pavement, in. 

C = condition factor of existing pavement ranges between 0.35 and 1.00 
r 

Evaluation of Load Transfer 

29. The ability of joints in PCC slabs to transfer load is measured 

with the NOT device in the configuration shown in Figure 7. The ratio of de¬ 

flections measured on each side of the joint (deflection of unloaded slab/ 

deflection of loaded slab) is related to joint efficiency or load transfer. 

The allowable loads determined at the slab centers can be reduced for poor 

joint transfer using load reduction factors. These factors are a function of 

the deflection ratio. 

30. This procedure was developed by first relating the deflection ratios 

to the percent maximum edge stress. This is shown in Figure 8. The maximum 

edge stress condition is a free edge with no load transfer. The edge stress 

is reduced as more load is transferred across the joint. The design used by 

the Air Force assumes 75 percent maximum edge stress (25 percent is carried by 

adjacent slab). The data points shown in Figure 8 were computed with both the 

ILLISLAB20 program and the.WESLIQUID21 program (both are finite element pro¬ 

grams). A range of pavement thicknesses and subgrade moduli k were used in 

this development. The 75 percent stress corresponds to a deflection ratio of 

0.76, and this would be for 100 percent of the design load (load factor of 

1.00). The condition of 100 percent maximum stress would occur at a deflection 

ratio of 0.0 (no load transfer), and would allow for only 75 percent of the 

design load (load factor of 0.75). By computing the allowable percent of 

design load at different deflection ratios, the relationship of Figure 9 can 

be obtained. Figure 9 then provides the procedure for reducing the allowable 

load determined at the slab center to account for the load transfer capabili¬ 

ties at the joint. As can be seen the load reduction factor falls between 

0.75 and 1.00. 

ANALYSIS OF TEST RESULTS 

31. Allowable aircraft loads were computed for 13 aircraft groups each 

at four pass levels. The evaluation was made for the controlling aircraft in 

each group. Table 8 shows these aircraft and the pass levels for each. Note 
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that the pass levels are not the same for all aircraft. Also overlay thick¬ 

ness requirements were computed for the B-747 at 10,000 passes and for the 

DC-10-30 at 1000 passes. Each allowable load or overlay thickness is for a 

specified aircraft and pass level. Effects of mixed traffic were not consid¬ 

ered for this demonstration project. These computations for allowable loads 

and overlay thicknesses were made using three analysis procedures: (a) The 

DSM method using test data from the WES 16-kip vibrator, (b) the layered- 

elastic procedure using test data from the WES 16-kip vibrator, and (c) the 

layered-elastic procedure using test data from the FWD. 

32. In addition, an analysis of the load transfer at joints between FCC 

slabs in Test Areas 1 and 5 was made. A reduction factor for the allowable 

loads based on reduced load transfer is determined. 

Allowable Loads - DSM Method 

33. For each of the five test areas an average DSM value was used for 

evaluation. For the rigid pavements in Test Areas 1 and 5, a representative 

radius of relative stiffness £ was determined from deflection ratios of 

^6(/^18 ’ comPut:er Pro8rams FLEXEVAL for flexible pavements and RIGEVAL 

for rigid and composite pavements were used to compute the allowable loads and 

overlay requirements. Allowable load determinations were made for each of 13 

aircraft at four different pass levels. Results are shown in Table 9. As 

shown, Test Areas 1, 2, and 4 can withstand the design aircraft loads at the 

indicated traffic levels. Areas 3 and 5 will require overlay thicknesses for 

some aircraft at the higher pass levels. Area 4, which is the composite pave¬ 

ment, was evaluated as a flexible pavement. Consideration of this area as an 

equivalent rigid section produces significantly lower allowable loads. 

Allowable Loads - Layered-Elastic Method 

34. A representative measured deflection basin was selected for each 

test area for use with a layered-elastic procedure. The BISDEF program then 

determined a set of modulus values for each pavement layer that would produce 

a computed deflection basin that would match the measured basin. The modulus 

values determined in this manner are shown in Tables 10 and 11 along with a 

comparison of the deflection basin match for the WES 16-kip vibrator and the 





10,000 passes. The computations were made with the DSM method, the layered- 

elastic method with WES 16-kip vibrator, and the layered-elastic method with 

FWD. Results are shown in Table 15. The DSM method indicates AC overlay is 

only required for Test Area 3. No PCC overlays are shown for the flexible 

pavements (Test Areas 2, 3, and 4) because they cannot be obtained with the 

DSM method. The layered-elastic method using both the WES 16-kip vibrator and 

the FWD indicate overlays for Test Area 5 only. 

SUMMARY 

39. Nondestructive testing was performed on five pavement test areas at 

MacDill AFB using both the WES 16-kip vibrator and the Dynatest FWD. The test 

results were used to compute allowable aircraft loads for 13 military aircraft 

and to compute overlay thickness requirements for two aircraft types. Analyti¬ 

cal procedures developed by WES were used to make the computations. These 

consist of the DSM method used with data from the WES 16-kip vibrator and a 

layered elastic procedure used with data from either the WES 16-kip vibrator 

or the FWD. The WES 16-kip vibrator applies a vibratory load at specified 

frequency, while the FWD uses an impact loading. Both devices measure the 

deflection of the pavement surface at various point? from the load point. 

40. The NDT methodologies were demonstrated on two flexible pavements, 

two rigid pavements, and one composite pavement. The DSM procedure uses 

empirically derived relationships of the measured DSM correlated to allowable 

single-wheel load from the standard evaluation procedures. The layered elas¬ 

tic methods use the measured deflection basins with computer codes to calcu¬ 

late elastic moduli for the pavement layer. These moduli are then used in the 

computer codes along with limiting stress and strain values to make the eval¬ 

uations. A method of evaluating the load transfer of joints between PCC slabs 

was also demonstrated. 
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Test 

Area 

TJ-1 

TJ-2 

TJ-3 
TJ-4 

TJ-5 

C3-C2 

C12-C11 
C21-C20 

A22-A23 
A13-A14 

TJ-6 

TJ-7 
TJ-8 

TJ-9 
TJ-10 

A4-A5 
B2-B1 
B11-B10 

B20-B19 
B26-B25 

LJ-11 

LJ-12 

LJ-13 
LJ-14 

LJ-15 

Al-Bl 

B5-A5 
B8-C8 
C12-B12 
A16-B16 

LJ-16 

LJ-17 
LJ-18 

LJ-19 

C18-B18 

B20-C20 

B23-A23 
B26-C26 

TJ-1 J15-J16 

TJ-2 

TJ-3 
TJ-4 

TJ-5 

J12-J13 
J9-J10 

J6-J7 
J3-J4 

TJ-6 

TJ-7 
TJ-8 

TJ-9 
TJ-10 

G5-G4 

G8-G7 
G11-G10 

G14-G13 
G17-G16 

LJ-11 
LJ-12 

LJ-13 
LJ-14 

LJ-15 

Al-Bl 

El-Fl 
Gl-Hl 
Il-Jl 

Ml-Nl 

LJ-16 

LJ-17 
LJ-18 

LJ-19 
J1 

Cll-Bll 

Gil-Fl 1 
Kll-Jll 

Oil-Nil 

J2-I2 

2 
J3 
J4 

J5 
J6 

J2 
K2-J2 
J2-J1 

J3-J2 
J2-J1 

J7 J3-J2 

Table 4 

Test Data -WES 16 kip Vibrator - Joint Tests 

Station 
Test or 

No. Location Date Time 

Surface 

Temperature 
°F 

DSM 
Edge of 

Slab 
kips/in. 

2 Nov 82 1152 
1158 

1200 
1210 
1211 

89.1 

1213 

1215 
1218 

1219 
1220 

1224 

1226 

1227 

1229 
1230 

1232 

1233 
1236 

1252 

1019 

1021 
1023 
1025 
1026 

1029 
1030 

1031 

1032 

1033 

1049 
1048 

1046 

1045 
1044 

1038 

1039 
1040 
1041 

1052 

1056 

1057 
1108 
1108 

1104 

1105 

4720 
4200 

5720 
3420 
5800 

4960 
3580 

5520 
3600 

4560 

3660 
4080 
3640 

5040 
3840 

3760 
3420 

5560 
3960 

2100 

1790 

2000 
1610 

1770 

1570 
1850 

1740 
1760 

2300 

1740 

1320 
1580 
1770 

1680 

1330 

1560 
1960 

1960 

1840 

2500 

1800 
1700 

1680 

1470 

1390 

Force 
lb 

Deflection, mils 
Distance from 

Center of 

Plate, in. 

0 

14,270 

14,872 

14,403 
14,735 
14,578 

2.93 
3.42 
2.44 
4.20 

2.40 

14,743 
14,582 
14,523 

14,592 

14,325 

2.82 

4.03 
2.55 
4.08 
3.06 

14,368 

14,479 
13,853 
14,525 
14,607 

3.82 

3.31 
3.71 
2.80 

3.67 

14,283 
14,156 

14,205 
14,928 

3.78 

4.09 
2.47 
3.68 

4,566 

10,009 
14,586 

14,403 
14,378 

14,767 
14,611 

1.98 

4.55 
6.71 

7.54 
6.76 

8.76 

7.89 

14,647 

14,237 
14,904 

14,352 

14,617 

8.76 

7.51 

7.91 
7.92 

6.22 

14,601 

14,700 
14,406 

14,743 

14,823 

7.87 

10.15 
8.32 
7.81 

8.62 

14,417 
14,235 
14,618 

14,061 

14,560 

10.08 

8.67 

7.13 
7.10 

7.22 

14,772 
14,410 

14,552 

14,525 
14,424 

5.61 
7.34 

7.87 
7.96 

9.09 

14,466 9.30 

18 
Deflection 

Ratio 

2.32 
2.10 
1.69 
1.93 
2.00 

2.35 
1.59 

1.89 
1.58 

1.85 

1.79 
1.98 
1.58 
1.88 
1.30 

1.47 

35 

75 
2.12 

1.66 
3.83 
5.59 

4.97 

5.75 
5.22 
6.36 

5.86 

6.22 
6.13 
4.65 

5.15 

3.93 
3.49 
5.92 
4.86 

4.02 

4.28 
5.17 

5.43 
3.33 

5.46 

4.75 
5.04 
4.88 

5.56 

3.83 

7.07 

. * H , .- *.* v1 V V *> V -.- -,- - -.. -.- -,. - ■ 
........ -....-.1...^.1-.,. 

\.*f. 

0.79 
0.61 

0.69 
0.46 

0.83 

0.83 
0.39 
0.74 

0.39 
0.60 

0.47 
0.60 

0.43 
0.67 
0.35 

0.38 

0.33 
0.71 
0.58 

0.84 
0.84 

0.83 
0.66 
0.85 
0.59 
0.81 

0.67 

0.83 
0.77 

0.59 

0.83 

0.50 

0.34 

0.71 
0.62 

0.47 

0.42 
0.60 
0.76 

0.47 
0.76 

0.85 

0.69 
0.62 
0.70 

0.42 

0.76 
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T.ible 5 (Continued) 

Test Test 
Area No. 

Station 
or 

Location Date Time 

Surface 

Temperature 

°F 

3 T-3 -22 ft rt 3 Nov 82 92.0 

A-0+S0 -12 ft If 

A-l+50 

A-2+50 

A-3+50 

A-4+50 

A-5+50 

A-6+50 

A-7+50 

A-8+50 

A-9+50 

(Continued) 

Force 
lb 

13,983 

13,935 
13,951 

13,951 

Deflection, mils 

Distance from Center 
of Plate, in. 

U 

5.708 

8,724 
8.708 
8,724 

18.50 
18.46 

19.65 

19.13 

14,078 

14.047 
14,047 
14,047 

27.72 
27.68 

29.13 
28.82 

14,094 

14,110 

14,078 
14,126 

27.99 
24.40 

26.42 
25.98 

13,983 
13,999 

14,047 
14,078 

29.25 
27.72 

26.97 

26.97 

13,983 
13,983 
14,047 

13,983 

14,063 
14,470 
13,951 

14,063 

29.57 

28.23 
27.40 

27.09 

13,872 

13,999 
13,872 
13,904 

13,872 
13,904 

13,856 
13,920 

13,920 

13,888 
13,920 

13,920 

13,872 
13,904 

13,872 
13,920 

13,840 

13,888 
13,840 

13,856 

9.09 

9.17 

27.95 
27.68 

29.09 

28.39 

21.34 

21.50 

22.87 
22.28 

27.56 

26.42 

25.79 

25.47 

28.62 

28.03 
30.59 

29.29 

26.97 

25.55 
25.51 
25.91 

24.84 

25.00 

27.17 
25.67 

27.56 

26.85 
26.34 
26.18 

36 

1.69 

1.61 

3.15 
3.15 

14.61 
14.76 

2.56 
2.60 

5.08 

5.16 

15.04 

14.76 
2.83 
2.91 

5.63 

5.63 

15.43 
15.28 

3.35 
3.54 

6.22 
6.46 

15.91 
15.83 

4.02 

4.13 
7.52 
7.28 

16.26 
15.83 

3.54 

3.50 

6.42 
6.38 

11.61 

11.02 
4.17 
4.21 

5.98 
6.06 

14.88 

14.53 

3.39 

3.39 
6.34 
6.34 

14.80 
14.76 

2.99 
3.11 

5.79 
5.79 

13.19 
12.87 

2.76 
2.80 

5.08 
5.08 

13.90 
13.46 

2.64 

2.60 
5.28 

5.24 

14.41 

14.29 

3.15 

3.11 
5.94 

6.02 

4S 

1.22 
1.22 

1.85 
1.89 

1.93 

1.89 

2.48 

2.52 

2.56 
2.36 

2.24 

2.20 

3.07 

3.07 

2.32 

2.32 

2.17 

2.20 

2.01 
2.05 

1.85 
1.89 

2.17 
2.20 
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Table 5 (Continued) 

Station 
Test Test or 

Area No. Location Date Time 

3 C-0+00 Center line 3 Nov 82 3:43 

C-1+00 

C-2+00 

Deflection, mils 

Surface 

Temperature 

°F 

Force 

lb 

92.1 

92.0 

0 

Distance from Center 
_of Plate, in. 

12 

13,824 

14,031 
14,078 

14,047 

15.31 

15.55 
16.18 

15.83 

14,063 
14,078 

13,824 

13,983 

17.48 

17.13 
16.18 

16.61 

14,047 

14,094 
14,158 

14,078 

16.18 
16.10 

16.73 
16.50 

24 36 

10.47 

10.63 

11.10 
10.98 

10.24 

10.12 

■58~ 

3.67 
3.78 

6.34 

6.22 
2.40 

2.20 

4. 17 

4.21 
6.46 

6.61 

2.52 

2.80 

3.31 

3.35 
5.79 

5.71 

2.20 
2.24 

"* i. - " « r >* ». 

^TÏTSTTÏ KP '1 

■ "•'-y'JyJ. 

* O \r, 

*„» V* V^. i * ' » * te. 

C-3+00 

C-4+00 

C-5+00 

C-6+00 

C-7+00 

C-8+00 

C-9+00 

C-10+00 

B-0+00 =12 ft rt 

91.0 

4:30 

92.0 

J 

14,063 16.73 11.02 
13,999 16.30 10.91 

13,967 16.02 

14,015 15.91 

13,951 23.39 13.90 
13,935 23.27 13.-78 

13,983 24.25 
13,904 23.54 

14,031 20.63 12.01 

14,015 19.80 11.85 

13,951 19.37 
13,920 19.06 

14,015 20.00 11.18 

14,047 19.84 11.27 

14,047 20.94 

13,999 20.28 

14,078 17.28 10.63 

14,047 16.97 10.63 

14,047 16.77 
14,110 16.77 

13,300 15.39 8.82 

12,632 15.43 8.78 

13,792 15.94 
13,792 15.63 

14,015 18.78 10.12 

14,094 18.11 10.16 

14,063 17.60 
14,110 17.48 

13,808 15.71 9.53 
14,015 15.94 9.65 

14,031 16.54 

14,047 16.22 

13,935 30.31 15.43 
13,935 28.46 15.04 

13,792 27.32 
13,920 27.13 

— 4.21 -- 

-- 4.21 
6 34 — 2.60 

6.38 - 2.52 

— 4.21 
-- 4.06 - 

7.05 — 2.68 

6.97 — 2.72 

— 3.90 -- 

— 3.90 -- 

6.38 -- 2.52 

6.42 -- 2.56 

— 4.13 -- 
— 4.13 -- 

6.57 — 2.95 
6.54 — 2.91 

-- 3.43 - 
— 3.54 — 

5.31 — 2.09 

5.43 - 2.17 

— 3.35 — 
— 3.43 — 

5.39 -- 2.40 

5.31 - 2.44 

-- 3.11 — 
-- 3.07 

5.24 - 2.13 

5.12 — 2.13 

— 3.31 — 

-- 3.43 — 
5.51 — 2.44 
5.51 -- 2.40 

— 3.11 — 
— 3.15 — 

6.06 — 2.09 

5.91 — 2.13 

(Continued) (Sheet 9 of 15) 
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Table 5 (Continued) 

Test Test 
Are.i No. 

5 C-ll 

A-13 

E-13 

1-13 

M-13 

N-15 

J-15 

F-15 

B-15 

C-17 

G-17 

K-17 

L-18 

SLntion 
or 

Location Date T ime 

Surface 
Temperature Force 

"F 1b 

3 Nov 82 14.0 

? 
85.0 

86'. 0 

(Continued) 

. 1 V h* . 
*■ ■ »■.— 

14,380 
14,428 
14,444 
14,460 

14,174 
14,221 
14,126 
14,158 

14,428 
14,492 
14,412 
14,412 

14,396 
14,333 
14,349 
14,285 

14,158 
14,174 
14,206 
14,158 

14,476 
14,508 
14,555 
14,587 

14,237 
14,237 
14,190 
14,221 

14,206 
14,158 
14,301 
14,190 

ifeflection, mils_ 
Distance from Center 

of Plate, iiK_ 
0 

5.28 
5.28 
5.39 
5/35 

6.18 
6.10 
6.10 
6.10 

5.08 
5.00 
5.00 
5.04 

5.67 
5.51 
5.83 
5.67 

4.88 
4.96 
5.08 
4.96 

4.84 
4.72 
4.76 
4.84 

5.20 
5.20 
5.28 
5.31 

5.08 
4.96 
5.04 
5.00 

14,460 
14,476 
14,444 
14,444 

5.28 
5.28 
5.35 
5.24 

14,365 
14,349 
14,285 
14,253 

14,206 
14,190 
14,285 
14,190 

5.24 
5.35 
5.39 
5.31 

14,380 
14,444 
14,349 
14,365 

14,301 
14,380 
14,301 
14,428 

-8 

4.96 — 3.50 — 
4.92 — 3.4) 

4.53 -- 2.72 
-- 4.61 -- 2.87 

5.20 -- 2.4o 
5.28 — 3.5S -- 

4.45 -- 2.95 
-- 4.49 -- 2.87 

4.45 - 3.11 — 
4.49 -- 3.15 — 

3.78 — 2.64 
3.86 - 2.64 

4.84 
4.88 

4.21 
4.25 

4.49 
4.45 

4.57 
4.65 

5.08 
5.08 
5.00 
4.96 

5.20 
5.28 
5.35 
5.43 

4.80 
4.84 
4.88 
4.92 

-- 3.31 -- 
- 3.31 — 

4.09 — 2.76 
4.21 -- 2.76 

4.37 — 3.31 
4.45 -- 3.35 
-- 3.94 -- 

3.90 — 
2.87 
2.91 

3.03 
3.07 

3.74 
3.74 

2.52 
2.56 

3.0' 
3.0' 

3.86 
3.98 

2.56 
2.56 

3.15 
3.15 

4.29 
4.06 

2.64 
2.56 

4.65 
4.69 

3.35 
3.35 

4.21 
4.13 

2.68 
2.76 

4.45 
4.53 

- 3.15 — 
-- 3.19 -- 

3.70 — 2.52 
3.82 — 2.52 

4.53 
4.41 

- 3.15 — 
- 3.11 — 

3.74 -- 2.68 
3.74 — 2.60 

5.04 
5.04 

3.50 
3.50 

3.90 
4.09 

2.80 
2.83 

4.21 
4.25 

2.91 
2.91 

3.58 
3.66 

2.44 
2.48 

(Sheet la of 15) 
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Table 5 (Concluded) 

V ¿y 

i 

Deflection, mils 

Test 
Area 

Test 

No. 

Station 

or 
Location 

H-18 

J-6 

Date 

3 Nov 82 

Time 

Surface 

Temperature 

°F 

86.0 

87.0 

Force 
lb 

14,317 

14,412 
14,380 

14,428 

4,211 

4,227 

4,115 

4,195 

9,153 
9,184 

9,105 
9,153 

14,206 

14,237 
14,237 
14,237 

Distance from Center 

of Plate, in. 

0 

4.72 

4.65 
4.76 

4.69 

1.50 

1.57 
1.54 

1.38 

3.07 

3.15 
3.07 

3.15 

4.76 
4.76 
4.76 
4.80 

12 

4.29 
4.21 

1.34 

1.42 

2.95 

2.83 

4.45 
4.41 

24 

3.46 

3.62 

1.14 

1.14 

2.40 
2.44 

3.62 
3.58 

36 

3.03 

3.03 

1.10 
0.94 

2.01 
2.01 

2.87 
2.87 

48 

2.52 

2.52 

0.75 

0.79 

1.77 

1.77 

2.64 
2.64 

. •' 

"(Sheet 15 of 15) 









Table 8 

Pass Levels for Pavement Evaluation 

Aircraft Controlling _Pass Levels for Four Pass Intensities 

Group Aircraft_I__II III IV 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

C-123 

F-4 

F-lll 

C-130 

C-9 

T-43 

(B-737) 

B-727 

KC-135 

C-141 

C-5A 

KC-10A 

(DC-10-30) 

300,000 

300,000 

300,000 

50,000 

50,000 

50,000 

50,000 

50,000 

50,000 

50,000 

15,000 

E-4 15,000 

B-52 15,000 

50,000 

50,000 

50,000 

15,000 

15,000 

15,000 

15,000 

15,000 

15,000 

15,000 

3,000 

3,000 

3,000 

15,000 3,000 

15,000 3,000 

15,000 3,000 

3,000 500 

3,000 500 

3,000 500 

3,000 500 

3,000 500 

3,000 500 

3,000 500 

500 100 

500 100 

500 100 
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Figure 7. Set-up for joint deflection tests 
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Figure 9. 

DEFLECTION RATIO, 

Load reduction factors for load transfer analysis 


