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1986 AASHTO Guide for Design of Pave-
ment Structures, 64, 683-690
AASHTO Test Method T 274-82, 640-643,

683
Absolute arithmetic error, 232-233
AC (See Asphalt concrete)
Accelerated pavement tests, 86
Air void content, 248, 250 (illus)
AIRCAP computer program, 573
Airfield pavement, 507-509
cracking in, 267-269
evaluation of, 105-113, 155-168, 368-
369, 516-522
nondestructive testing of, 105-115, 155,
323, 502-523, 529, 563-573
AIRPAVE computer program, 157, 516-522
ALIZEIII computer program, 645
Allowable gross loads, 166
Analysis methods (See a'so Nondestructive
testing), 11-16
AREA concept, 373-374, 488-490
Asphalt concrete (AC), 8, 77-79, 107, 211,
230, 247-249
ASTM C 215-85: 634-35
ASTM D 3497-79: 212
ASTM D 4123-82: 212, 454, 471, 636
backcalculation of moduli, 23 (illus), 360,
435 (table), 487-489
errors in, 446-449, 479-480
effects of seasonal variations, 363
effects of temperature on, 153, 350, 496
overlay, 107, 236-238,
phase angles, 30 (illus)
seasonal variations, 363
stress and strain in, 517, 635-636
Asphalt Institute Manual on Asphalt Over-
lays, 432
Asphalt surfacing, 107, 419-423
Asphalt viscosity, 247-249
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ASTM Standards
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D 3497-79: 212
D 4123-82: 212, 454, 471, 636
D 4748-87: 106
D 4788-88: 111-114

B

Backcalculation of moduli (See also Com-
puter programs, Nondestructive test-
ing), 11, 95, 171188, 189-199, 217-
227, 315-321, 561

comparison of computer programs, 27,
96-98, 202, 398-413, 452-466,
correction factor for, 314-321, 431448

database method, 201-215, 401, 601

definition of, 20-22, 27, 643

development of method, 201-215, 315,
393-396, 401, 409-410

errors in 22, 229-249. 289, 316-317, 342,
446-448, 479, 494-499

minimization of, 218-221

expert system, 25, 205, 341-354, 534535

finite element technique, 393-396

FWD testing, 60, 98, 241, 341, 358-362,
402-406, 428-429, 491

graphical method, 358-362, 374-378

history of, 1, 11-22, 96-98, 342

layer thickness, effect on, 229, 238-242

least squares gradient method, 315-316

MDD testing, 70-88, 90-100

manual procedure, 95-96

mechanistic method, 355-367

multilayer pavement, 70-88, 217-227,
318-321, 342, 415-429

overloads, 583, 585-586

random number generator technique,
235-236
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Backcalculation of moduli (cont.)
SASW testing, 122, 128, 156-157, 622—
624, 649—-669
seasonal variations in, 362, 562, 684
seed moduli in, 16, 232, 411
stiffness in, 319
stress-dependent subgrade, 422-425, 544—
547, 551 (illus), 554-555
Uzan method, 96, 217
Base course moduli, 22-26, 33, 263, 360
Benkelman beam, 8, 77, 388, 526, 530, 536—
539, 630-633
and Lacroix deflectograph, 632-633
limitations of, 388
testing overloads, 577
Bessel function, 11, 173, 177-181
Big basin, in overloads, 578 (illus), 581-587
BISAR computer program, 17, 91, 160, 250-
255, 313, 591
comparison of 182-187, 202-203, 399
correcting backcalculations, 436, 446
reducing testing errors, 23, 220
BISDEF computer program, 98, 133, 268,
399, 402-406, 511, 516, 583
comparison of, 184-187, 202-204
influence of seed moduli on, 411(table)
BISTRO computer program, 196-199
Bituminous concrete 161
ASTM D 4123-82:212
Bituminous macadam, 392
Bound base, 419-423
ASTM D 4748-87:106
Bridge decks, 110, 113-114
Burmister two-layer theory, 399-400, 527

C

California bearing ratio (CBR) for soils, 347,
387, 402, 526

Canadian Good Roads Association method,
387-389

Cement treated base, 93

CHEVDEF computer program, 77, 399,
402-406, 411(table)

CHEVRON computer program, 17, 220, 313

Climate effects (See Seasonal variations)

CLIPS expert computer system, 344

Coefficient of variation, 46-50, 68, 380

Coherence function, 122, 674

COMDEEF database, 201-215

Common receiver midpoint geometry, 124,
139-153

Composite pavement, 201, 288-289, 529~
530
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Computer controlled instrumentation, 60,
62-63, 158, 371
Computer program, 16-24, 77, 97, 128, 371
comparison of, 202-204, 398-413, 452—
466 i
comparison with forward calculation
schemes, 409-410
database systems, 201-215, 220, 291-311,
401-406, 487-499, 591
expert system, 25, 205, 352-353, 525-535
iterative method, 95, 190, 205, 231-233,
282-283, 401, 461, 477-479
multilayer elastic program, 64, 172-174,
455-457
seed moduli in, 16, 232, 411(table), 460
self-iterative method, 288-289
sensitivity studies, 209-215
Computer programs, 182-187, 202-204,
398-413
AIRPAVE, 157, 516-522
ALIZEIII, 645
BISAR, 17, 95, 160, 250-255, 313, 591
comparisons of, 182—187, 202-203, 399
correcting backcalculations, 436, 446
reducing test errors, 23, 220
BISDEF, 98, 133, 268, 399, 402—406, 511,
516, 583
comparisons of, 184-187, 202-204
influence of seed moduli on, 411 (table)
BISTRO, 196-199
CHEV4, 77
CHEVDEEF, 77, 399, 402-406, 411(table)
CHEVRON, 17, 220, 313
CLIPS, 344
COMDEEF, 201-215
CRANLAY, 527-528
DBCONPAC, 291-311
ELMOD, 194-198, 455-457, 479, 579
method of equivalent thickness, 366,
475
ELSDEF, 64, 68, 98, 399, 402-406,
411(table), 457-458
influence of seed moduli on, 411(table)
ELSYM, 77
ELSYMS, 17, 64, 313, 399
EVERCALC, 458-460, 475, 477-479
FEACONS, 291, 303-305
FEAP, 393-396
FORTRAN 77 based program, 660
FPEDD1, 283-289
ILLIPAVE, 25, 337-339, 371-379, 399-
406, 487-499
ILLISLAB, 371-379
ISSEM4, 399, 402-406, 461
LOADRATE, 399-406,



MODCOMP2, 18, 231-233, 399-406,
411(table), 461
MODULUS, 18, 99, 220-226, 343, 399-
406, 436
PADAL, 189-199
PREDICT, 156
PUNCH, 29, 33
RPEDDI1, 283-289
SASWOPR, 670-682
SCALPOT, 29, 33
TRAFFIC, 516
UTFWIBM, 29, 33
VESYS, 32, 358-362, 366,
WESDEEF, 184-187
WESLEA, 171-188
Concrete base pavement, 85-88
Cone penetration test, 249-250, 265-266
Confining pressure, 443
Coulomb’s Law, 172, 181-182
Cracking, 416, 495, 541, 591
effect on NDT, 267-269
errors in backcalculation, 213-214, 428,
479-480, 495
CRANLAY, 527-528
Creep test, 31, 328
Cross power spectrum, 12, 122-128
Cross-correlation transform, 616
Cross-spectral phase, 671
Crosshole seismic tests, 131
Crushed limestone, 19 (illus), 225-226
Crushing distress, 85
Cyclic triaxial test, 334-336

D

Data base computer approach, 201-215,
220, 291-311, 401-406, 487-499, 591
Debonding, 88, 110
Deflection basin (See also Falling Weight
Densitometer, Loading tests), 9, 229—
243, 280(illus), 372(illus), 373(illus),
561
airfield pavements, 503-505, 508-510,
520
AREA concept, 373, 488-490
“‘big basin” in overloads, 577-587, 578 (il-
lus)
computer programs for, 193-194, 202,
305-307
continuously reinforced concrete, 279
definition of, 8-11, 202, 372-374
flexible pavement, 388, 470—485,
ground penetrating radar, 105-110, 563-
573
portland cement concrete, 279
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representative basin, 214
SASW testing, 134
sensor location, 218, 220, 357, 504-505
surface deflection, 8, 33, 44-45
testing equipment, 233, 279-281, 547
Benkelman beam, 77, 388-389, 526,
530, 536-539
Dynaflect, 8, 18, 42, 247 (illus), 250-
255, 278-280
Dynaflect 8002 FWD, 246-277, 246 (il-
lus)
Dynatest 8000 FWD, 46-57, 60, 194,
278-280, 370(illus)
Lacroix deflectograph 632-633
Linear Voltage Differential Transducer,
44 (illus), 71, 334
Deflection data, 44, 280-281, 392
accuracy of, 134, 229-243
backcalculations, 183-186, 313, 358-362,
399, 491, 561 errors in, 218, 233, 241,
289, 392, 494-499
seasonal variations in, 559
Deformation properties of pavement, 8
Delamination, 110, 113-114
ASTM D 4788-88: 111-114
Design air temperature, 420
Destructive testing, 75, 165-166, 368—369,
606
Deviatoric stress, 441, 640-643
Dilatometer, 265-266
Discriminant analysis, 593—-598
Dispersion curve (See also Spectra-analysis
of surface waves), 120, 122, 612-627,
650, 670
Double Benkelman beam, 632
Duncan and Chang’s stress level, 339
Dynaflect, 8, 11, 18, 42, 119, 247 (illus), 250—
255, 278-280
Dynaflect 8002 FWD, 246-267
Dynatest 8000 FWD, 46-57, 60, 194, 278~
280, 369-371, 402, 432, 452
errors with, 18, 218, 233-234
in comparison tests, 42, 59-69, 333-334

E

Earthquake loading, 332

Edge stiffness, 303-305

Eigenvalues, 655

Elastic moduli (See also Backcalculation of
moduli), 70-88, 121, 300-310, 314-
321, 527, 531, 688

Elastic stiffness, 8, 190

Elastoplastic stress-strain curve, 20-22
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ELMOD computer program, 194-198, 455-
457, 479, 579
method of equivalent thickness, 366, 475
ELSDEF computer program, 64, 68,98, 399,
402-406, 457
seed moduli in, 411 (table)
ELSYM computer program, 77
ELSYMS computer program, 17, 64, 313,
399
Empirical two-layer solution, 12
Environmental conditions (See Moisture,
Temperature)
Equivalent thickness method, 14-16, 475
Errors (See Backcalculation of moduli, Com-
puter program, Nondestructive test-
ing, and specific testing methods)
EVERCALC computer program, 458-460,
475, 477-479
Excessive pore water pressure, 79
Expert system 25, 205, 352-353, 525-535
development of, 341-354
knowledge based system, 347-352, 534

F

Falling weight deflectomers, 41-57, 59-69,

139, 249-250

Dynaflect, 8, 18, 42—44, 247 (illus), 250-
255, 278-280

Dynaflect 8002 FWD, 246-277

Dynatest 8000 FWD, 46--57, 60, 194, 278—
280, 369-371, 402, 432, 452

Kuab 2M-FWD, 9, 42, 53, 59-69, 278-
280

multidepth deflectometer, 70-88, 90-100

pavement pressuremeter, 323-339

Falling weight deflectometer tests (See also

Deflection basin, Loading methods),
42, 60-69, 202, 263, 360, 557

airfield pavements, 323, 369-371

asphalt concrete, 419, 423, 590

backcalculation of moduli, 98, 229-243,
428-429

computer analysis, 60, 189, 201-215, 291-
311, 371, 487-499

errors in, 43, 229-243, 416, 558

flexible pavement, 475-477

overlay thickness, 356

pavement structure determination, 291-
311, 313-321, 356, 470-485

SASW, 98, 124, 132-135

seasonal variations in, 272-274, 313-321,
559

subgrade layers, 419-423, 541

USAF methods, 167
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Far field, 8 (illus), 9-11

Fast Fourier Transform, 26, 45, 123

Fatigue cracking, 479-480

Fatigue distress, 8, 85

FEACONS, 291, 303-305

FEAP, 393-396

Field dispersion curve, 123

Finite difference method, 658

Finite element method, 393-396, 400, 438

Flexible pavement, 288-289, 314, 288, 470-
485

Flexural failure, 507, 568-570

FORTRAN 77 based computer program,
660

Fourier transform, 45, 613-615

FPEDD1 computer program, 283-289

Frequency correction, 436-437

G

Gage length, 613, 616
Geophones, 123, 234
Goodness of fit, 467
Granular base materials, 79-81, 83, 230,
480-482,
moduli of, 349, 447, 547
Graphical method of backcalculation, 358~
362, 374-378
Ground penetrating radar, 35, 105-110,
563-573
ASTM D 4748-87: 106

H

Haskell-Thompson solution, 121

Heavy vehicle simulators, 70-71, 77, 91
High strength stabilized base, 488
Hostelling test, 688—689

I

ILLIPAVE computer program, 25, 337-339,

371-379, 399, 402-406, 487-499
errors in, 23, 220

Impulse stiffness modulus, 508

In situ testing (See also Falling weight den-
sitometer, Ground penetrating radar,
Infrared thermography, Multidepth
deflectometer, Spectra-analysis of
surface waves), 60—69, 105-110, 139,
155-168, 629

Inference engine, 534

Infrared thermography, 110-115

Interface conditions, 181

Integration formulas, 172-176



ISSEM4 computer program, 399, 402-406,
461

Iterative procedure (See also Backcalcula-
tion of moduli), 95, 205, 231-233,
282, 401, 463, 477-479

J

Joint load transfer efficiency, 506-507, 531
Joint stiffness, 305

K

Kip, definition of, 43

Knowledge-based expert system, 343, 347-
352,534

Kondner’s strain level model, 338

Kuab 2M-FWD, 9, 42, 53, 59-69, 278-280

L

Laboratory testing, 334-336, 453, 617-618
in Argentina, 633-643
Lacroix deflectograph, 8, 632-633
Layer moduli (See also Backcalculation of
moduli), 22, 247-249, 262-265, 358-
362
errors in, 22, 314-321
mechanistic method, 355367
Layer thickness, 8, 567, 568 (illus), 569 (illus)
accuracy of backcalculation of data, 219,
229-243
measurements, 355-367
Least squares gradient, 315-316
Light weight deflectometer, 547
Lightly cemented base pavement, 79-85
Linear voltage differential transducer
(LVDT), 44 (illus), 71, 334
Load level correction, 438—446
Load transfer, 520, 531
Load weight devices (See also Deflection
basin, Falling weight densitometers),
8, 51, 59-69
accuracy of, 43-45, 218, 233-234
Benkelman beam, 8, 77, 388-389, 526,
530, 536-539
Curviameter, 8
Dynaflect, 8, 18, 42, 247(illus), 250-255,
278-280
Dynatest, 9, 46-57, 59-69, 194, 369-371,
402, 432, 452
FHA Cox Van, 9
Kuab 2M-FWD, 9, 42, 53, 59-69, 278-
280
Lacroix deflectograph, 8, 632-633
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Marchetti dilatometer, 249-250
Phonix FWD, 9, 42, 46-57, 278-280
Road Rater, 8, 18, 42, 46-57, 278-280,
432
Shell Vibrator, 9
WES 16-kip Vibrator, 9, 41, 503, 529
Loading rate, 331-332, 434-435
Loading tests, 8-11, 46-51
Bessel function, 46-53, 177-181
LOADRATE computer program, 399, 401-
406
Long term monitoring of pavement, 49-51,
91, 556
Low volume road, 398-413

M

Marchetti dilatometer tests, 249-250

Material damping, 29-33

Material homogeneity, 219

Material properties (See also specific mate-
nials), 27-33

Mechanistic method, 355-367,

Method of equivalent thickness, 195, 400

Minimization of squared error, 226

Minimization process, 219-221

MODCOMP2 computer program, 18, 231-
233, 399, 402-406, 411(table), 461

Modified Benkelman beam, 389-391

MODULUS computer program, 18, 99,
220-226, 343, 399, 402-406, 436

Modulus of elasticity, 164

Moisture, 79, 106, 498

Moisture accelerated distress, 79

Multidepth deflectometer, 70-88, 92 (illus)

backcalculation of moduli, 75-79, 90-100

Multilayer elastic program, 171-188, 195,
318-321, 400

Multilayer pavement, 217-227, 321, 342

Multitemperature analysis, 269

N

Near field, 9
Nomographs, 359
Nondestructive testing (See also Falling
weight deflectometer, Ground pene-
trating radar, Infrared thermography,
Loading tests, Spectra-analysis of
surface waves, Surface deflection, Vi-
bratory devices), 1, 7, 119, 279, 503,
525-526
accuracy of, 41-57, 220
and 1986 AASHTO Guide, 683-690
airfield pavements, 502-523
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Nondestructive testing (cont.)
comparison of devices, 41-57, 59-69,
278-280
errors in, 219
expert system, 525-535
future of 35-36
in Argentina, 628—647
of overloads, 574587
seasonal variations in, 272-274, 313-321,
558
Nondestructive testing program, implemen-
tation of, 156, 556-562, 599-610
Nonlinearity of moduli, 18-22

o

Optimization techniques, 658—660

Optron, in overloads, 579

Overlay thickness, 161-162, 355-367, 432,
570-573

Overloads, 574-587

P

PADAL computer program, 189-199
Pattern recognition process, 620—622
Pattern search algorithm, 220-223
Pavement, properties of (See specific pave-
ment types)
Pavement classification number, 508, 522,
520
Pavement cores, 606
Pavement design, 416
1986 AASHTO Guide for Design of Pave-
ment Structures, 683-690
airfield pavements, 109, 121, 507-509, 529
computer systems, 487-499
cracking, 416, 541
flexible pavements, 288-289, 314, 487
overlays, 364—366, 599-611
Shell Pavement Design Manual, 639
structure, 313, 321
Pavement dynamic cone penetrometer, 399,
407-408
Pavement evaluation, 8, 85, 120, 171, 356,
471, 526, 590
airfield, 105-113, 155-168, 326, 368—369,
502-523, 563-573
bridge decks, 110-114
computer systems, 376-378, 465
designing programs for, 272-274, 589-
598, 599-611
expert system, 25, 205, 353, 525-535
flexible pavements, 288, 470—485
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in Argentina, 628—647

in Illinois, 61-66

in Netherlands, 415-429, 540

in Nevada state, 470—485

in Saudi Arabia, 61-66

in South Africa, 77

in Washington state, 470—485

overlay thickness, 364—366

overloads, 577-581

rehabilitation, 236-238, 470-485, 556

seasonal variations, 471-475, 480-483

subgrades, 690
Pavement layers, 8, 70-88, 190
Pavement monitoring, 470-485, 556
Pavement pressuremeter testing, 323-339
Pavement Profiler, 526
Penetration index for soils, 402—-404
Permeability of soils, 481
Phase angles, 28
Phase velocity, 120
Phonix FWD, 9, 42, 46-57, 278-280
Piezoelectric accelerometer, 579
Plate load tests, 262-265
Plate stiffness, 319
Poisson’s ratio, definition of, 638
Portland cement concrete (PCC), 43, 4648,

88, 107, 206, 213, 529

ASTM C 215-85: 634

cracking in, 213-214

joint efficiency, 279, 506—507

overlays, 161-162, 570-573
PREDICT computer program, 156
Premixed bituminous carpet, 391
Pressure, confining pressure, 443
PUNCH computer program, 29, 33

R

Radar (See Ground penetrating radar)

Radial stress, 324

Random number generator technique, 235~
236

Rayleigh wave phase velocity (R-waves),
121, 139, 142, 160, 649—657

Relative standard deviation, 77, 86, 679

Repeatability errors, 43, 72, 234

Representative basin, 214

Residual structural life, 590

Resilient modulus, 442, 471, 683-690

Rigid pavement, 323, 368-386, 518

Rigid loading plate, 60—63

Road Rater loading device, 8, 18, 42, 46—
57, 278-280, 432



Root mean square, 232
RPEDDI1 computer program, 283-289

S

Sand asphalt modulus, 269
Sandy gravel and clay subgrade, 225226
SASW (See Spectra-analysis of surface
waves)
SASWOPR computer program, 670-682
SCALPOT computer program, 29, 33
Seasonal variations, 362, 562, 684, 690
effect on pavement performance, 113,
471-475, 480-483
in falling weight deflectometer tests, 272—
274, 313-321, 558
Seed moduli, 16, 232, 283, 411(table), 458
Segmented loading plate FWD, 61-63
Seismometer, 62-63, 68, 577
Self-iterative computer method, (See also
Computer program), 288
Semi-rigid pavement, 415-429
Sensitivity study, 209-210
Sensor location, (FWD), 65 (illus), 218, 233,
246-248, 357, 505
Shear stress, 181-182
Shear waves, 160
Shelby soil tubes, 212
Shell method moduli, 349
Simulation process, 230-242
Soils, 338, 347, 443
AASHTO Soil Classification System, 686,
687 (table)
AASHTO Test Method T 274-82, 640-
643, 683
CBR, 347, 387, 402, 526
frost penetration, 559
moisture in, 497-499
penetration index, 402-404
permeability of 481
resilient testing of, 131, 212, 497
seasonal variations, 363, 684-690
Shelby soil tubes, 212
Spectra-analysis of surface waves (SASW),
119-136, 139-153, 629, 670-682
accuracy of, 98, 124, 132-133, 136
backcalculation of moduli, 121, 133, 622
624, 649-669, 679
errors in, 120, 139-140, 650
Linear Voltage Differential Transducer
(LVDT), 44, 71, 334
optimization technique, 124, 658-660
pattern recognition process, 620—622
Rayleigh waves, 139, 142 (illus), 143 (illus)
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source and receiver geometry, 138—153
Spectral analyzer, 123
Squared error, 223, 226
Stabilized base materials, 350
Stabilized limestone, 225-226
Standard conditions, backcalculation of
moduli, 431, 445-446
Standard errors of estimate, 494
Standard pit test method, 526
Stiffness criterion, 190
Stiffness profiles, 50-51, 120, 129-136
Strain hardening, of soils, 443
Stress and strain, 440, 446, 517518
Stress dependency of subgrade, 419-425,
544-547, 554-555
Stress level analysis, 329
Stress-strain curves, 20-22, 325, 339
Structural life, 593-598
Subgrade moduli, 266269, 481-485, 527,
541-555
in Falling weight deflectometer tests, 419—
423, 541
in soils, 338, 347
AASHTO T 274-82: 640-643, 683
strain in, 518
Surface deflection test, 44—45
Surface measurements, 8
Surface wave spectra, 33, 119-136
Systems identification methods, 33-35

T

Temperature correction, 432, 433 (illus),
435-436
Temperature effects, 432, 506
backcalculation of moduli, 269, 350, 380-
382, 435-436
on pavement, 350, 363
on testing, 153, 281, 357
Test site selection, 603
Texas Transportation Institute, 91
Time of testing, 281
Traffic control, at testing sites, 606, 608 (il-
lus)
TRAFFIC computer program, 516
Transportability, of equipment, 369
Triaxial resilient test, 479—480, 642—-643
Two-mass loading system, 42

U

Unconfined compressive strength, 85
Uniqueness of solution, 314-321

USAF wave propagation method, 155-168
UTFWIBM computer program, 29, 33
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v

VESYS computer program, 32, 358, 366
Vibratory devices, 503, 526
Voids, under pavement layers, 107, 565

w

Water bound macadam, 391
Wave number, 9

Wave propagation method, 165166

WES 16-kip Vibratory Device, 9, 41, 503,
529

WESDEF computer program, 184187

WESLEA computer program, 171-183

Witczak modified equation, 448

Y
Young’s modulus, 130 (table), 133, 160





