Appendix E

Validation of the Product a(AT/D)



Table E- 1. Experimental matrix

Validation#1 Validation#2 Validation#3 Validation#4 \idhtion#5 Validation#6 Validation#7 Validation#8 Valitign#9
Shoulder Typp PCC AC Widened Lanf PCC AC Widened Ldne PCC C A Widened Lane
PCC thickness, if. 10" 10" 10" 12" 12" 12" 8" 8" 8"
Base/subbase thickness]in. 16" 26" 4" 26" 4" 16" 4" 16" 26"
k-value, psi/iny 100 30 200 200 100 30 30 200 100
Loading typ. Single Axle Tandem Axlg Multi-Axle (8 Toem Axle Multi-Axle (8) Single Axle Multi-Axle (8) SingléAxle Tandem Axle
Joint spacing, ). 177 315 315 177 177 315 315 177 177
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Table E- 2: Validation#1

a(AT/D) Analysis 1 Analysis 2
(10-6 in'-l) Gradient CTE Olong,bottom| Otrans botto Oiong, top Gradient CTE Olong,bottom| Otrans, botto Olongtop
CFfin) | @0%in/inPR)|  (psi) (psi) (psiy | CFiny | (10°%in/infR) | (psi) (psi) (psi)
0.0 | +20r-2 0.10 118.2 76.0 75.6 0 5.00 116J1 748 74
25 | +20r-2 1.25 141.9 89.4 94.5+0.5 or -0 5.00 141.9 89.4 94.5
50 | +2or-2 2.50 1677 1040 1154 +1or1 5.00 1677 @0} 1151
75 | +20r-2 3.75 193.4| 1186  135.4r1.50r-1] 5.00 1934 | 1186] 1356
100 | +2or-2 5.00 2192 1332 1563 +201-2 5.00 2192 . 23p 156.2
125 | +20r-2 6.25 2452|1497  177.3250r -2 5.00 2452 | 1497| 177.3
150 | +2or-2 7.50 2712 1663 1983 +30r-3 5.00 2712 a6 1983
175 | +2or-2 8.75 2972 182.f  219.4r3.5or -3 5.00 2072 | 182.8| 2194
20.0 | +2or-2 10.00 3232 1993 2404 +4of-4 5.00 3242 9.39] 2404
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Figure E- 1: Plot of validation#1
Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)
Analysis 2:  Constant CTE (5x4®in./in./OF) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: PCC
PCC thickness: 10”
Base/subbase thickness: 16”
k-value: 100 psi/in.
Loading type: single axle
Joint spacing: 177"
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Table E- 3: Validation#2

a(AT/D) Analysis 1 Analysis 2
61 -1, - -
(107in.7)| Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0®in/infR)]|  (psi) (psi) (psiy | Criny | @c®insinlR|  (psi) (psi) (psi)
0.0 +2 or -2 0.10 201.6 78.0 125.3 0 5.00 198J1 770 122.7
2.5 +2 or -2 1.25 241.8 89.6 155.4+0.5 or -0 5.00 241.8 89.6 155.4
5.0 +2 or -2 2.50 285.6 102.2] 188.1 +1 orf-1 5.00 285.6 2102. 188.1
7.5 +2 or -2 3.75 329.3 114.7 220.41.5 or -1 5.00 329.3 114.7 220.7
10.0 +2 or -2 5.00 373.0 127.3] 253.4 +2 or|-2 5.00 373.0 .32y 253.4
125 +2 or -2 6.25 416.8 139.9 296.4+2.5 or -2, 5.00 416.8 139.9 296.6
15.0 +2 or -2 7.50 460.5 152.4} 339.1 +3 or|-3 5.00 46(.5 A5p 339.7
17.5 +2 or -2 8.75 504.3 165.0) 382.*-3.5 or -3 5.00 504.3 165.0 382.9
20.0 +2 or -2 10.00 548.0 177.5 426.4) +4 or|-4 5.00 544.0 7.8517] 426.0
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Figure E- 2: Plot of validation#2

Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x10
to 10x106 in./in./OF)

Analysis 2:  Constant CTE (5x4®in./in./OF) with variation of temperature gradient (0
to +49F/in.)

= Shoulder type: AC

= PCC thickness: 10"

= Base/subbase thickness: 26”
= k-value: 30 psi/in.

» Loading type: tandem axle

= Joint spacing 315"
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Table E- 4: Validation#3

O(AT/D) Analysis 1 Analysis 2
(10-6 in'-l) Gradient] CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, bottol Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
0.0 +2 or -2 0.10 57.2 88.8 29.5 0 5.00 52.§ 86.4# 2418
2.5 +2 or -2 1.25 107.8 116.7| 84.1}+0.5 or -0 5.00 107.8 116.7 84.1
5.0 +2 or-2 2.50 162.9 147.0 143.4 +1 or[-1 5.00 1629 a4y. 1434
7.5 +2 or -2 3.75 217.9 177.3] 202.41.5 or -1 5.00 217.9 177.3 202.7
10.0 +2 or -2 5.00 272.9 207.6 262. +2 or{-2 5.00 274.9 .20y 262.0
12.5 +2 0or-2 6.25 331.3 240.2) 316.32.5 or -2, 5.00 331.3 240.2 316.3
15.0 +2 or -2 7.50 389.7 272.9 370.7 +3 or|-3 5.00 389.7 .P7p 370.7
17.5 +2 or -2 8.75 448.0 305.5 425.¢+3.5 or -3, 5.00 448.0 305.5 425.0
20.0 +2 or -2 10.00 506.4 338.1) 479.1! +4 orl-4 5.00 509.4 8.133] 479.3
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Figure E- 3: Plot of validation#3
Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)
Analysis 2:  Constant CTE (5x4®in./in./°F) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: Widened lane
PCC thickness: 10”
Base/subbase thickness: 4”
k-value: 200 psi/in.

Loading type: Multi-axle (8)
Joint spacing 315"
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Table E- 5: Validation#4

a(AT/D) Analysis 1 Analysis 2
6 -1 - -
(107in.7)| Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
0.0 +2 or -2 0.10 88.1 60.4 64.9 0 5.00 85.5 58.p 62)5
2.5 +2 or -2 1.25 118.4 81.1 91.91+0.5 or -0, 5.00 118.4 81.1 91.9
5.0 +2 or -2 2.50 151.4 103.5 121.3 +1 or|-1 5.00 151.4 508, 121.2
7.5 +2 or -2 3.75 184.3 126.0 150.4+1.5 or -1] 5.00 184.3 126.0 150.6
10.0 +2 or -2 5.00 217.2 148.4] 179. +2 or|-2 5.00 217.2 A48 179.9
12.5 +2 or -2 6.25 248.6 169.6 206.§-2.5 or -2) 5.00 248.6 169.6 206.8
15.0 +2 or -2 7.50 280.1 190.8 233.1 +3 or|-3 5.00 28(.1 8190 233.7
17.5 +2 or -2 8.75 3115 211.9 260.@-3.5 or -3 5.00 311.5 211.9 260.6
20.0 +2 or -2 10.00 342.9 233.]] 287.$ +4 or]-4 5.00 3439 3.123] 2875
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Figure E- 4: Plot of validation#4

Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)

Analysis 2:  Constant CTE (5x4®in./in./°F) with variation of temperature gradient (0
to +49F/in.)

= Shoulder type: PCC

= PCC thickness: 12"

= Base/subbase thickness: 26”
= k-value: 200 psi/in.

» Loading type: tandem axle

= Joint spacing 177"
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Table E- 6: Validation#5

O(AT/D) Analysis 1 Analysis 2
(10-6 in'-l) Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
00 | +20r-2 0.10 52.9 56.6 66.4 0 5.00 51.4 55.8 65)0
25 | +20r2 1.25 68.4 65.7 82.5}-0.5 or -0] 5.00 68.4 65.7 825
50 | +2or2 2.50 85.1 75.6 100 +10rf1 5.00 85.JL 7516 .10
75 | +20r2 3.75 101.9 85.4 117.4+1.5 or -1 5.00 101.9 85.4 117.6
100 | +20r2 5.00 118.6 95.3 1354 +2o0r2 5.00 1196 053 135.2
125 | +20r2 6.25 133.3]  106.6]  147.4-2.5 or -2 5.00 1333 | 1066| 14738
150 | +20r2 7.50 1480] 11800 1603 +30r-3 5.00 1480 .a1§ 1603
175 | +20r2 8.75 1626] 1203 172435 or -3 5.00 1626 | 1293] 17209
200 | +2or2 10.00 177.3] 1404 1854  +4o4 5.00 1713 0.64] 1854
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Figure E- 5: Plot of validation#5
Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)
Analysis 2:  Constant CTE (5x4®in./in./°F) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: AC
PCC thickness: 12"

Base/s

ubbase thickness: 4”

k-value: 100 psi/in.

Loadin

g type: Multi-axle (8)

Joint spacing 177"
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Table E- 7: Validation#6

a(AT/D) Analysis 1 Analysis 2
6 - - -
(107in.7)| Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
0.0 +2 or -2 0.10 124.1 63.0 64.3 0 5.00 120[7 623 61|3
25 +2 or -2 1.25 162.9 70.5 98.5[+0.5 or -0, 5.00 162.9 70.5 98.5
5.0 +2 or -2 2.50 205.1 78.7 135.9 +1or|l 5.00 2051 787 358
7.5 +2 or -2 3.75 247.2 86.8 173.G+1.5 or -1 5.00 247.2 86.8 173.0
10.0 +2 or -2 5.00 289.4 95.0 210.7 +2 or|-2 5.00 2894 9510 210.2
12.5 +2 or -2 6.25 331.6 103.2 252.4+2.5 or -2 5.00 331.6 103.2 252.6
15.0 +2 or -2 7.50 373.8 111.3] 295. +3 or|-3 5.00 373.8 3111 295.0
175 +2 or -2 8.75 416.0 119.5 337.33.5 or -3 5.00 416.0 119.5 337.3
20.0 +2 or -2 10.00 458.2 127.9 379. +4 orl-4 5.00 454.2 7.612| 379.7
|
500 | Olongitudinal, bottom
450 /,0
400 /
350 /
‘D
o 300 Olongitudinal, top
g 250
p—
72 / /
150 —
100
50 Gtransverse, bottom
O T T T T

0 5 10 15 20 25
a(AT/D), 10°%in™

—— Analysis 1-— Analysis 2

Figure E- 6: Plot of validation#6

Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16

to 10x106 in./in./OF)

Analysis 2:  Constant CTE (5x4®in./in./°F) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: Widened lane
PCC thickness: 12"
Base/subbase thickness: 16”
k-value: 30 psi/in.

Loading type: single axle
Joint spacing 315"
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Table E- 8: Validation#7

O(AT/D) Analysis 1 Analysis 2
(10-6 in'-l) Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
0.0 +2 or -2 0.10 113.9 158.4] 68.9 0 5.00 1112 157.8 65,
2.5 +2 or -2 1.25 144.7 165.2] 105.4+0.5 or -0 5.00 144.7 165.2 105.8
5.0 +2 or-2 2.50 178.2 172.6] 145.9 +1 or[-1 5.00 1782 6L72. 145.9
7.5 +2 or -2 3.75 211.7 179.9 185.4+1.5 or -1, 5.00 211.7 179.9 185.9
10.0 +2 or -2 5.00 245.2 187.3 226. +2 or|-2 5.00 248.2 .38y 226.0
12.5 +2 0or-2 6.25 284.4 196.0) 264.§-2.5 or -2) 5.00 284.4 196.0 264.8
15.0 +2 or -2 7.50 323.6 204.7] 303. +3 or{-3 5.00 323.6 .204 303.6
17.5 +2 or -2 8.75 362.7 213.4 342.33.5 or -3] 5.00 362.7 213.4 342.3
20.0 +2 or -2 10.00 401.9 222.1 381. +4 orl-4 5.00 4019 2.122] 381.1
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Figure E- 7: Plot of validation#7
Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)
Analysis 2:  Constant CTE (5x4®in./in./OF) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: PCC
PCC thickness: 8”

Base/subbase thickness: 4”
k-value: 30 psi/in.
Loading type: Multi-axle (8)
Joint spacing 315"

E-8




Table E- 9: Validation#8

O(AT/D) Analysis 1 Analysis 2
(10-6 in'-l) Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
0.0 +2 or -2 0.10 154.8 96.5 87.1 0 5.00 1519 94.4 849
2.5 +2 or -2 1.25 188.7 120.4] 112.3+0.5 or -0, 5.00 188.7 120.4 112.1
5.0 +2 or-2 2.50 225.4 146.4 139.4 +1 or[-1 5.00 2254 446. 139.4
7.5 +2 or -2 3.75 262.2 172.4 166.4+1.5 or -1, 5.00 262.2 172.4 166.6
10.0 +2 or -2 5.00 298.9 198.4) 193. +2 or{-2 5.00 294.9 4198 193.8
12.5 +2 0or-2 6.25 335.5 227.9 228.4+2.5 or -2] 5.00 335.5 227.6 228.0
15.0 +2 or -2 7.50 372.1 256.9 262. +3 or|-3 5.00 3741 @56 262.3
17.5 +2 or -2 8.75 408.7 286.0 296.9+3.5 or -3 5.00 408.7 286.0 296.5
20.0 +2 or -2 10.00 445.3 315.2 330. +4 orl-4 5.00 4494.3 5.81] 330.7
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Figure E- 8: Plot of validation#8
Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)
Analysis 2:  Constant CTE (5x4®in./in./°F) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: AC
PCC thickness: 8”
Base/subbase thickness: 16”
k-value: 200 psi/in.
Loading type: single axle
Joint spacing 177"
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Table E- 10: Validation#9

O(AT/D) Analysis 1 Analysis 2
(10-6 in'-l) Gradient CTE Olong,bottom| Otrans botto Olong, top Gradient CTE Olong,bottom| Otrans, botto Olong,top
CFfin) | @0%in/inPR)|  (psi) (psi) (psi) | CFiny | (10°%in/infR) | (psi) (psi) (psi)
00 | +2o0r-2 0.10 153.8[ 1084 79.3 0 5.00 1514 1043 771
25 | +20r-2 1.25 181.9] 1322 105305 or -0] 5.00 1819 | 1322] 1051
50 | +2or-2 2.50 2124 1582 1334 +lor1 5.00 2134 25§ 133.1
75 | +20r-2 3.75 2428| 1843 161.3150r-1] 5.00 242.8 | 1841 1612
100 | +20r-2 5.00 2733[ 2100 1894 +2012 5.00 2743 @1p 189.2
125 | +20r-2 6.25 3038] 2372  220.¢2.50r 2] 5.00 303.8 | 2372 2200
150 | +20r-2 7.50 3343| 2644 2504  +3013 5.00 3343 @6k 250.8
175 | +20or-2 8.75 3648 2916  281.4350r-3] 5.00 3648 | 291.6| 2815
200 | +20r-2 10.00 3953 318 3123 +4o0f4 5.00 3993 881 3123
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Figure E- 9: Plot of validation#9
Analysis 1:  Constant temperature gradientQF2n.) with variation of CTE (0.1x16
to 10x106 in./in./OF)
Analysis 2:  Constant CTE (5x4®in./in./°F) with variation of temperature gradient (0

to +49F/in.)

Shoulder type: Widened lane
PCC thickness: 8”
Base/subbase thickness: 26”
k-value: 100 psi/in.
Loading type: tandem axle
Joint spacing 177"
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