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UNIVERSITY

Cracking Model development

F
MINNESOTA

e 6x6 slabs
— Develop Neural Networks

— Climate characterization

— Damage modeling- MEPDG cracking model with
adjusted strength, if necessary

— Model validation
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Task 4, Investigations (1) R

F
MINNESOTA

* Interlayer analysis: Validated Task 3 Totsky
— Confirmed k_totsky for HMA and Fabric

* Mesh and interlayer values: Effect of mesh refinement

and interlayer k-value on stress at critical location

— 18-kip load + no thermal load and no axle load + thermal
load

* Existing crack: Batch runs for 1L undamaged system
of varied slab thickness and 2L with existing crack
— Assumes 18 kip load, no thermal load 1n 6x6 and 12x15

— 6-on-6 performs equivalently to ~6.6" either with or
without crack
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Totsky approach for interlayer modeling

F
MINNESOTA

* Totsky approach models

(44

cushioning” property of the

interlayer using springs

* Bstimate Totsky coetfficients for -
HMA and fabric interlayers from — i=
lab data = L
* Investigate 2-layer system with
varied k_tot versus 1-layer system
with varied k sub _______ — ﬂ‘

Fabric Type
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displacement,mm

Time, seconds

After 4 million load repetitions
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—Bottom Layer
Wheel Path
(LvDT LB)

- — Top Layer Wheel
Path (LVDT LT)

—West Load

load, Ib.

--- EastLoad

kin: = 500 psi
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Task 4, 1L/2L equivalent w cracking

MINNESOTA
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Task 4, Investigations (2) N,

* 0Ox0 stress response: Factorial of 216 cases
varied by D1/D2, kt/ks, (D1/kt)"0.25 for

stress response of 6x0, 21. system

— 18-kip load, no thermal, 6-on-10 inch system
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Task 4, Investigations (3)

UNIVERSITY

F
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6x06 stress response: Factorial of 1650

cases varied by D1/D2, kt/ks,
(D1/kt)™0.25 for response of 6x6, 2L

system

— 18-kip load, no thermal, 6-on-8 inch system
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Similarity Concept

UNIVERSITY OF MINNESOTA
Driven to Discover™

Two pavement structures are similar if y
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V= unit weight

Korenev’s (1962) nondimensional
temperature gradient

Temperature difference for the linear
strain component of the temperature
distribution

(Khazanovich et al. 2001)
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FaCtO r I a.I Driven to Discolvery

Caze | Slab Elastic Transverse | Lane/Shoulder | Axle
size, ft. | Modulus, Jomnt LTE, |LTE, %o Reference
psi %o Point
Transverse
Position*
a. dual | b.
wheel | single
wheel
1 2x3 100,000 23 20 +0 +0
2 Bxbh 200,000 33 33 +4 +4
3 Tx7 350,000 45 50 +6 +6
4 8x8 600,000 25 +8 +8
3 1.000.000 63 +10 +10
5] 1,200,000 75 +12 +12
7 2.200.000 83 +14 +14
8 3.100.000 95 +16 +16
9 4.300,000 +18 +18
10 5,800,000 +20 +20
1 7.600.000 +22 +22
2 10,000.000 +24 +24
13 12,200,000 +28 +28
14 15,750,000 +32 +32
15 21.700.000 +36 +36
16 28.200.000 +40) +40
17 38.500.000 +44 +44
18 20,000,000 +48
19 63.500.000 +56
2 80,000,000 +60
2 100,000,000 +64
22 122,000,000
2 168,000,000
24 225.000.000
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Task 4, Building database of responses

MINNESOTA

* Stress response in slab according to EPCC,
offset, joint LTE for 4500+ cases

& =10l x|
a = o e = i % = |9 = 2 [ k| = b =)
[= 4C5h_Midslab_Table.cey £
EPCC,LTE,Offset, 5 Y @ 0,2,4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34,36,38, 40,42, 44,46, 48,50, 52,54 56,58, 60,62,64,66,68,70,72 i‘

100000,25,0,298.257,281.0786,259. 4617,227. 4555, 181, 714, 135.02,100. 4117 ,75. 2943 ,56. 5704,42. 423,31 6521 ,23. 4331, 17. 1637 ,12. 395187991, 6. 1016,4. 1024, 2. 6404, 1. E885,0. 5481, 0.3404,0. 005, -0. 2053, -0. 3267
100000,25,4,156.4935,167.0095,1559.4107,209. 6604,212. 0615,1595. 512,160, 0983, 120. 4535 ,90. 7946,69. 1108, 52. 7778, 40. 2799, 30. 6279, 23.1456,17. 3425, 12 . 5533, 9. 3955, 6. 7505, 4. 7425, 3. 2349,2. 1163,1.299,0. 7133,0
100000,25,6,117 225,126 2055,143. 9562, 172. 61,197 5002, 203, 3349, 1893065, 155. 7425,117.4787,88 7709,67. 7942, 51. 9645, 39. 8184 ,30. 4076 ,23. 085, 173834, 12 . 9536, 9. 5268,6.8904, 4. 8792, 3. 3596, 2. 2251, 1. 3904,0
100000,25,8,88. 736,96, 5051, 109, 8225, 131, 5646, 163, 3583, 1906739, 158 . 3505,185. 7114, 153 1862, 115. 6933, 67. 5536, 66. 95905, 51 4576,39 . 5219, 30. 2562, 23. 0311, 17.3927,13. 0007, 9. 5929 ,6. 9644, 4. 9526, 3. 4276 ,2. 295
100000,25,10,67.5057,74.2174,84.6814,100.6118,124_5031,158_ 0165,186.6765,195. 3925, 183, 5478, 151. 6246, 114 5845 86, 7827 ,66.4682,51.1165,39.3113,30. 1375, 22 . 9762, 17. 38,13 0142,9. 6215 ,7.0005,4.991 3. 465
100000,25,12,51.4074,57.1946,65. 6034, 77. 7957, 95. 2037, 120. 3148, 154, 8074, 184 . 2426, 193 636,182 1869, 150. 6238, 113, 8585, 86. 2636, 661052, 50. 8698, 39, 1496, 30, 0384 ,22. 9215 ,17. 3559, 13. 0105, 9. 6312,7. 0184, 5.1
100000,25,14,39.0744,44 0421, 50. 8872, 60. 4367 ,73. 6418,591.9115,117. 7331, 152 8013, 182 . 6953, 192, 373, 181, 2875, 145, 9472, 113, 3545, 85. 8936, 65. 838, 50. 6813 ,39. 0214 ,29_ 9554, 22 . 8716,17. 3302, 13. 0024, 9. 6356,7.0
100000,25,16,29.5704,33.8125,39.4169,47. 0054, 57. 2395, 71. 0483, 89. 8295,116. 0756, 161, 4901 ,181. 6641, 191, 5734, 180, 6627, 149. 466,112 9853, 85. 6185, 65. 6361, 50. 5369, 38 9208, 29 8893, 22. 8321 ,17. 3111 ,12. 99529
100000,25,18,22.2275,25.8297,30. 4264, 36. 4971, 44. 5392 ,55. 1917, 69. 3643, 858, 4565,114. 9624, 150. 5923, 160. 5444, 191. 0003, 180. 2093,145.1114,112. 7143 ,85. 4103 ,65. 4812 ,50. 4258, 36. 8457, 259. 8422 ,22.8075,17. 30489,
100000,25,20,16.4069,19_4457,23. 2083, 25. 0761, 34. 4337 ,42. 7546, 53. 6653 ,68. 0727,57. 3764,114_0736,149. 8767,150. 3836 ,190. 5768, 175. 9068, 148. 9126, 112. 6017 ,55. 3674 ,65. 4922, 50. 4773, 35. 9276 ,29. 9457, 229243,
100000,25,22,12.0321,14_ 5821,17.6571,21. 5638,26.6071,33. 1497 ,41. 6498, 52. 727,67 2853, 86. 7231, 113. 5366, 1494393, 180.0311,190_2959,179 6852, 148. 7393, 117. 4685,85. £677,65. 4207, 50. 4308, 38. 902 ,29. 9376 , 22
100000,25,24,8.6721,10. 793, 13,3027, 16. 4319, 204325, 25 5898, 32 2521 ,40. 8702 ,52. 0594 ,66. 7212,86. 2514, 113 . 1465, 145, 1201 ,179. 7733,1590.09,1759. 5226, 148 6135, 112, 3742 ,65. 2007, 65. 3787, 50.4103,38.9,29_ 59532
100000,25,28,4. 1622 5. 6153, 7. 2508, 5. 2351,11. 7318, 14. 9262, 159. 0353, 24. 324,31 1279, 39 . 8892, 51. 2161, 66. 0055, 85. 652,112 6519,148_7175,1759.451,189. 837,179, 3307, 146_4765,112 2879,85. 1615, 65,3818, 50,4533,
100000,25,30,2.7037,3. 8937, 5. 2043, 6. 7716, 8. 7298, 11. 23,14. 4473, 18. 5917, 23. 9231, 30. 7734, 39 5208, 50 552,65, 7831, 85. 4684, 112, 5029, 148, 55995, 175 3604, 189 . 7721,179. 2502,148_46,11%. 2941 ,85. 189, 65. 4312, 50, .
100000, 25,32,1. 6233,2. 5918, 3. 6353, 4. 8649, 6. 3907, 53364, 10844, 14 0822 18 2564,23. 623,30 5098,35. 3532 507594, 65. 6237 ,85.3392, 1124008, 1485227, 179 3077 ,189. 7427, 179 2846, 1484774, 112 3338,85.2521,
100000,25,36,0.2744,0. 9036, 1. 5512, 2. 2901,5. 194, 4. 3453, 5. 8385, 7. 7845, 10.3161,13. 5944, 17. 8177, 23. 2369, 30. 1775, 39. 0744, 50 5319, 654437 ,85. 2042, 1123099, 145, 476, 179. 3069, 189 7895, 179, 3793, 148. 6223, 112
100000,25,40,-0.3732,0.02458,0.414,0.5413,1. 3545,2_0082,2.6648,3.9976,5.494,7.4589,10.019,13. 3306,17. 5902, 23. 0473, 30. 0258, 36. 9593, 50.453,65. 4025 ,85. 2031 ,112. 3531, 145, 5675, 179, 4496, 1899853, 179 6402
100000,25,44,-0.6232,-0.3754,-0.153,0.0822,0.3576,0.7075,1.1739,1.8034,2. 6539, 3. 7942, 5. 3066,7. 2923, 9. 6764, 13. 2146, 17. 5018,22. 9865,29. 3937, 36. 9591, 50. 45855 ,65. 4507, 85. 3255, 112 5336, 145.8096,179. 7627
100000,25,48,0.0122,0. 2393, 0. 5668,1. 0015, 1. 618,2. 4608, 3. 5963, 5.1086,7. 0974,9. 6888, 130391, 173447, 22 8564 ,25. 8999 38, 9118 ,50. 4993 ,65. 5605, 85. 4927, 112, 7958, 145, 1874, 180. 275,191, 0509, 180. 9744 ,150. 59
100000,25,56,-0.3676,-0.3386,-0. 2886, -0. 2043, -0. 0687,0.14,0. 449,0. 8926, 1. 5137, 2. 3659 ,3. 5154, 5. 0447, 7. 0562,9. 6773, 13. 0669, 17 4255 ,23.0104, 30 1541, 35 3035, 51 0776,66. 3922 ,86.6677,114. 4322 151, 442,18
100000,25,60,-0.3444,-0_3463,-0. 3422, -0. 3253, -0. 2862 ,-0. 2125, -0.0882,0.1075,0. 4013 ,0. 8268, 1. 4266, 2. 2552, 3. 3791, 4. 8829 ,6.8719,9.4777,12. 8664, 17. 2479 22, 8915, 30. 1478, 39, 4889, 51, 5697, 67. 3512, 88, 3167,
100000, 25,64, -0.2707,-0.2836,-0. 2992, -0. 3152, -0. 3279 ,-0. 3317, -0.3188,-0.2782,-0. 1953, -0.0504 0. 1822, 0. 5361, 1. 0546, 1. 7933, 2_8232,4.2347,6. 1428, 8. 694, 12. 0747 ,16. 5243, 22 3554, 29. 9815, 39. 9595, 53,0671,
100000, 35,0,298. 2294, 2810046, 259 3718,227. 3509, 181 . 595, 134 8884, 1002685, 75. 142,56 4105, 42 2575, 314841 23 2626,16.9936,12 2314,5_6356,5.9437,3. 9516, 2 4979, 1. 4555, 0_7247,0. 2274, -0. 0974, -0 2985, -0
100000,35,4,156. 3978, 166. 5047, 189. 2969, 209, 5388, 211. 932,195, 3776, 169, 9589, 120, 3403 ,50. 6489 ,68. 9635, 52. 6302, 40. 1332 ,30. 4831,23.0039,17. 2051, 12. 7203, 9. 2686, 6. 6295, 4. 6288, 3. 1281,2.0171,1.2078,0.63,0.;
100000,35,6,117.1151,126. 0572 ,1453. 6323 ,172. 4813, 197. 3676, 203. 1952 185 1686 ,155. 6033, 117. 3359 ,88. 6315,67. 6555, 51. 5279 ,35. 6845, 30.277,22. 9583, 17. 2611 12, 5363 ,9. 4144, 6. 7845,4. 7794, 3. 2663, 2. 1384,1. 310
100000, 35,8,88. 6105 ,96. 3756,109.6901,131. 4301, 163 2225 ,190_5375,198. 2142, 185. 5758, 153. 0519, 115. 5608, 87. 4234, 66. 8631, 51. 3333,39.401,30. 1392 ,22. 9183, 17. 2843, 17 8969, 9. 4941 ,6. 8707, 4. 8642, 3. 3446 ,2. 207
100000,35,10,67.3693,74.0791,84.5424,100. 473,124, 365,157, 8799, 186 5419, 1552604, 183 4185,151_4364,114.4619,86. 6632, 66. 3522, 51,0046, 39, 2027, 30. 0328, 22. 8753, 172831, 12 9214 ,9. 5329 ,6.9162,4.9112,3. 39
100000,35,12,51.263,57.05,65. 4598, 77. 6539, 95. 0645, 1201787, 154.6749,184. 1138,193. 4388, 182. 0662, 150. 5071, 113, 7458, 86. 1548, 660002, 507684, 39 0517, 29944 ,22. 8304, 17. 2681, 12. 9262, 9. 5503 ,6.941,4.59401,
100000,35,14,38_9248,43 8936, 50. 741,60, 2937 ,73. 5026, 91. 7765, 117. 6028, 152 . 6758, 182, 5747 ,192. 2631, 181, 1763, 145 8403, 113. 2518, 85,7949, 65. 7427, 50. 5892, 38. 9324, 29 8691, 22_7881,17.2493,12. 9242 ,9. 5602, 6

100000,35,16,29. 4184, 336624, 39 2699, 46 8605, 57. 1013 ,70. 9152, 89. 7018, 115. 9533, 151, 3733 ,181. 5526, 151, 4669, 180 5608, 145, 3654, 112 8946 ,85. 5281 ,65. 5477 50, 4512 38.8385,29. 8091, 22. 754,17, 235 12.9251,9

4
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Task 4, Edge vs joint stresses

MINNESOTA

© =10 x|
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Joint stress/Edge stress ratio
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wheel offset, in

UBOL, Task 4, 20 Dec 2016 P8 Civil, Environmental, and Geo- Engineering



UNIVERSITY

Ta.Sk 4, Edge VS JOInt StreSSeS }u-ImNIES(JT,-s.

Edge stress/Joint stress ratio
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0 20 40 60 80 100

Joint LTE, percent

UBOL, Task 4, 20 Dec 2016 P8 Civil, Environmental, and Geo- Engineering



UNIVERSITY
0OF
MINNESOTA

Edge stress/Joint stress ratio
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Task 4, Building database of responses ,"&"

F
MINNESOTA

* Response of 6x6 panel system — ==
with asphalt shoulder to axle | -
loading at midslab |

* Response of 6x6 panel system

with AC shoulder to axle
loading at joint with interlayer
void

e Additional factorials to be
conducted with PCC shoulders

|

Wrong void location

UBOL, Task 4, 20 Dec 2016 P8 Civil, Environmental, and Geo- Engineering



Task 4, MEPDG national database

* Determine single-layer equivalent of two-layer UBOL systems,

Database of 170k
MEPDG 1.1 projects

summarizing:

— 7 climates, 8 PCC overlay

thicknesses

— 2 existing PCC
thicknesses, 2 subgrade
types

— 2 lane widths, 2 joint
spacing

— Interpolate for EPCC,
Mod Rupture, COTE

UNIVERSITY
OF

MINNESOTA

A ~1ol |
LDl ?
_s Froject [C:ADG2002 Projects\NATL_TABLEYCFLZB3HFF3IZEL dop] X
[ General Infarmation Analysis Status:
B sitefProject Identification Analysis % Camplete
B analysis Parameters [ Traffic 100%
O Climatic 1002
[ todulus 100%
[ Faulting JPCP 100%
E- g BT [ Cracking JFCP 100%
nputs esults =
= 0 Traffic =l Input Summary B Sunmary 100%
=1 [ Traffic Yolume Adjustment Factors Praject
[ manthly Adjustment Traffic General Project Information:
[ wehicle Class Distribution Climatic [ —— Value -
I Hourly Truck Distribution Design Type New JPCP
[ Traffic Growth Fackor Layer DR_ESIgn Life: 20 Years
[ axle Load Distribution Factors B output Surmmary Eg?:lt:.lctinn . g}\zlagsznnz\m _
= @ General Traffic Inputs =@ PCP Summary B LIJ

E number axlesiTruck
E Axle Configuration
[ wheelbase
B dlimate
= [ structure
= Design Features
- @ Layers
E Layer 1 - Ipcp
[ Laver 2 - Asphalt permeable base
= Layer 3 - A-6
B Laver 4- a6

For Help, press F1

[  Faulting Summary:

[ Faulting {plat)

[ LTE (plat)

[ Cracking Summary

B cumulative Damage (plat)
[ Cracking {plot)

E IRI(plat)

Properties
Setting | Walue
Units US Custamary

Analysis Type  Probabilistic
Output Type  HTHML Pages
Warnings Enabled

=== Run Analysiz
o> Y

use with database to evaluate top-down/bottom-up damage
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Remaining work

F
MINNESOTA

* Finalize NNs, correct void analysis
* Integrate with erosion in the faulting model

e Assemble the model

UBOL, Task 4, 20 Dec 2016 P8 Civil, Environmental, and Geo- Engineering



UNIVERSITY

Remaining work

F
MINNESOTA

Contract modification will be required:
* 'To allow more time to complete the project

e To account for PI’s move to another institution

— Move project to UPitt

— Appoint an interim PI at the University of
Minnesota and modify the contract with UPitt

UBOL, Task 4, 20 Dec 2016 P8 Civil, Environmental, and Geo- Engineering



UNIVERSITY

Remaining work

F
MINNESOTA

* Task 4: UBOL procedure development — April 30, 2017

« Task 5: Procedure user guide development — July 31,
2017

« Task 6: Evaluate guidelines on suitability of UBOL —
August 31, 2017

« Task 7: Draft final report — September 30, 2017
« Task 8: Final report — December 31, 2017

UBOL, Task 4, 20 Dec 2016 P8 Civil, Environmental, and Geo- Engineering



