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ABSTRACT

The main objective of this study was to conduct in-depth parameter
studies on 3-D finite element (FEM) analysis of rigid pavements under
edge loading conditions. A systematic analytical approach was
utilized and implemented in a Visual Basic software package to study
the effects of mesh fineness and element selection. The deflection
and stress convergence characteristics of various 3-D shell and solid
elements were investigated. Several guidelines in mesh fineness and
element selection were developed and recommended. Using the
principles of dimensional analysis, an additional dimensionless variable
(h/a) was identified and verified to have a substantial influence on
ABAQUS runs using either 3-D shell or 3-D solid elements. Separate
3-D FEM stress and deflection databases were developed using all
dimensionless variables. An example critical stress predictive model
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was developed.
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Together with the existing 2-D FEM research
a tentative stress prediction equation was proposed to
illustrate its possible applications.
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wa | o/, [, [W/,] c a h / L w E k p 3 c 8 oh"2/P | 8%k ~2/P
cm cm cm cm m m GPa | MN/m"3 kPa kN kPa mm
1.0 0.3 7 7] 12,7 7.2 7.2 23.9 1.67 1.67 13.78 132.2 482.3 7.8 2800.1 0.37252 | 1.84808 [ 0.36277
1.0] 03] 7 7] 19.1) 10.7 10.7 35.8 2.51 2.51 10.34 66.1 620.1 22.5| 3600.7 0.95799 | 1.84795 [ 0.36283
1.0 0.3 7 71 19.1] 10.7 10.7 35.8 2.51 2.51 13.78 88.1 551.2 20.0 3200.4 0.63863 | 1.84782 | 0.36281
1.0 03[ 7 7] 254] 143 14.3 47.8 3.34 3.34 24.12 115.7 689.0 44.5]  3999.6 0.60818 | 1.84786 [ 0.36276
1.0 0.3 7 7| 254 143 14.3 47.8 3.34 3.34 31.01 148.7 1033.5 66.8 5999.8 0.70952 | 1.84796 [ 0.36275
1.0] 03] 7 7] 31.8] 179 17.9 59.7 4.18 4.18 20.67 79.3 895.7 90.4 | 5200.6 1.15308 | 1.84796 | 0.36280
1.0 03] 7 7] 31.8) 179 17.9 59.7 4.18 4.18 27.56 105.7 413.4 41.7] 2400.5 0.39914 | 1.84813 | 0.36279
1.0] 03] 7 7] 38.1] 21.5 21.5 71.7 5.02 5.02 13.78 44.1 826.8 120.2 |  4799.6 1.91572 | 1.84786 | 0.36275
1.0] 03] 7 7] 38.1] 21.5 21.5 71.7 5.02 5.02 41.34 132.2 620.1 90.1 3600.0 0.47892 | 1.84803 | 0.36274
1.0] 03] 7 7] 38.1] 21.5 21.5 71.7 5.02 5.02 27.56 88.1 689.0 100.1 | 4000.3 0.79822 | 1.84818 | 0.36275
1.5] 02| 7 7] 127 72 10.7 35.8 2.51 2.51 13.78 88.1 482.3 7.8 1578.5 0.27178 | 2.34354 | 0.39703
1.5] 02| 7 7] 19.1] 10.7 16.1 53.7 3.76 3.76 10.34 44.1 620.1 22.5]| 2029.1 0.69878 | 2.34346 | 0.39696
1.5] 02| 7 7] 19.1] 10.7 16.1 53.7 3.76 3.76 13.78 58.7 551.2 20.0 1803.8 0.46584 | 2.34366 | 0.39695
1.5] 02| 7 7] 254] 143 21.5 71.7 5.02 5.02 24.12 77.1 689.0 44.5| 22544 0.44366 | 2.34348 | 0.39695
1.5] 02| 7 7] 254] 143 21.5 71.7 5.02 5.02 31.01 99.1 1033.5 66.8| 3381.6 0.51758 | 2.34348 | 0.39692
1.5] 02| 7 7] 31.8] 179 26.9 89.6 6.27 6.27 20.67 52.9 895.7 90.4 | 2931.0 0.84107 | 2.34382 | 0.39695
1.5] 02| 7 7] 31.8] 179 26.9 89.6 6.27 6.27 27.56 70.5 413.4 41.7 1352.5 0.29113 | 2.34336 | 0.39694
1.5] 02| 7 7] 38.1] 21.5 32.2 107.5 7.52 7.52 13.78 29.4 826.8 120.2 | 2705.7 1.39756 | 2.34366 | 0.39696
1.5] 02| 7 7] 38.1] 21.5 322 107.5 7.52 7.52 41.34 88.1 620.1 90.1 2029.1 0.34938 | 2.34346 | 0.39695
1.5] 02| 7 7] 38.1] 21.5 32.2 107.5 7.52 7.52 27.56 58.7 689.0 100.1 | 22544 0.58232 | 2.34330 | 0.39697
3.0 0.1] 7 7] 127 72 21.5 71.7 5.02 5.02 13.78 44.1 482.3 7.8 506.7 0.15052 | 3.00978 | 0.43975
3.0 0.1] 7 7] 19.1] 10.7 32.2 107.5 7.52 7.52 10.34 22.0 620.1 22.5 651.5 0.38707 | 3.00981 | 0.43977
3.0 0.1] 7 7] 19.1] 10.7 322 107.5 7.52 7.52 13.78 29.4 551.2 20.0 579.1 0.25804 | 3.00969 | 0.43976
3.0 01] 7 7] 254] 143 43.0 1433 10.03 10.03 24.12 38.6 689.0 44.5 724.1 0.24575 | 3.01100 | 0.43977
3.0 0.1] 7 7] 254] 143 43.0 1433 10.03 10.03 31.01 49.6| 1033.5 66.8| 1085.9 0.28672 | 3.01005 | 0.43977
3.0] 01] 7 7] 31.8] 179 53.7 179.1 12.54 12.54 20.67 26.4 895.7 90.4 941.2 0.46591 | 3.01020 | 0.43978
3.0 01] 7 7] 31.8] 179 53.7 179.1 12.54 12.54 27.56 35.2 413.4 41.7 4343 0.16127 | 3.00991 | 0.43977
3.0] 01] 7 7] 38.1] 215 64.5 215.0 15.05 15.05 13.78 14.7 826.8 120.2 868.8 0.77409 | 3.01053 | 0.43975
3.0 01] 7 7] 38.1] 21.5 64.5 215.0 15.05 15.05 41.34 44.1 620.1 90.1 6514 0.19353 | 3.00973 | 0.43975
3.0] 01] 7 7] 38.1] 215 64.5 215.0 15.05 15.05 27.56 29.4 689.0 100.1 724.1 0.32255 | 3.01100 | 0.43977
60| 02| 7 7 127 72 43.0 35.8 2.51 2.51 13.78 | 5639.9 482.3 7.8 60.2 0.01042 | 1.42950 | 0.97465
60| 02| 7 7] 19.1] 10.7 64.5 53.7 3.76 3.76 10.34 | 2820.0 620.1 22.5 77.4 0.02680 | 1.42990 | 0.97454
60| 02| 7 7] 19.1] 10.7 64.5 53.7 3.76 3.76 13.78 | 3760.0 551.2 20.0 63.8 0.01787 | 1.42944 | 0.97456
60| 02| 7 7] 254] 143 86.0 71.7 5.02 5.02 24.12 49349 689.0 44.5 86.0 0.01702 | 1.43007 | 0.97459
60| 02| 7 7] 254] 143 86.0 71.7 5.02 5.02 31.01 63449] 1033.5 66.8 128.9 0.01986 | 1.42931 | 0.97456
60| 02| 7 7] 31.8] 179 107.5 89.6 6.27 6.27 20.67 | 3384.0 895.7 90.4 111.8 0.03227 | 1.42974 | 0.97466
60| 02| 7 7] 31.8] 179 107.5 89.6 6.27 6.27 27.56| 4512.0 413.4 41.7 51.6 0.01117 | 1.42951 | 0.97461
60| 02| 7 7] 38.1] 21.5 129.0 107.5 7.52 7.52 13.78 1880.0 826.8 120.2 103.1 0.05361 | 1.42953 | 0.97459
60| 02| 7 7] 38.1] 21.5 129.0 107.5 7.52 7.52 41.34] 5639.9 620.1 90.1 77.4 0.01340 | 1.42984 | 0.97458
60| 02| 7 7] 38.1] 21.5 129.0 107.5 7.52 7.52 27.56| 3760.0 689.0 100.1 86.0 0.02234 | 1.43010 | 0.97460
3.0] 01] 2 2 127 72 21.5 71.7 1.43 1.43 13.78 44.1 482.3 7.8 403.8 0.34912 | 2.39833 | 1.01996
3.0] 0.1] 2 2[ 19.1f 10.7 322 107.5 2.15 2.15 10.34 22.0 620.1 225 519.2 0.89771 | 2.39836 | 1.01994
3.0] 01] 2 2 19.1f 107 322 107.5 2.15 2.15 13.78 29.4 551.2 20.0 461.5 0.59845 | 2.39844 | 1.01990
3.0] 0.1] 2 2[ 254 143 43.0 1433 2.87 2.87 24.12 38.6 689.0 44.5 576.8 0.56998 | 2.39849 | 1.01996
3.0] 01] 2 2 254 143 43.0 1433 2.87 2.87 31.01 49.6| 1033.5 66.8 865.4 0.66497 | 2.39887 | 1.01996
3.0] 0.1] 2 2 31.8] 179 53.7 179.1 3.58 3.58 20.67 26.4 895.7 90.4 749.6 1.08059 | 2.39758 | 1.01998
3.0 01] 2 2 31.8] 179 53.7 179.1 3.58 3.58 27.56 35.2 413.4 41.7 346.1 0.37404 | 2.39828 | 1.01995
3.0] 01] 2 2[ 38.1f 215 64.5 215.0 4.30 4.30 13.78 14.7 826.8 120.2 6924 1.79540 | 2.39935 | 1.01994
3.0] 01] 2 2[ 38.1f 215 64.5 215.0 4.30 4.30 41.34 44.1 620.1 90.1 519.1 0.44884 | 2.39824 | 1.01992
3.0] 01] 2 2[ 38.1f 21.5 64.5 215.0 4.30 4.30 27.56 29.4 689.0 100.1 576.8 0.74811 | 2.39849 | 1.01996
60| 02| 3 3] 127 72 43.0 35.8 1.07 1.07 13.78 | 5639.9 482.3 7.8 58.9 0.01192 | 1.39905 | 1.11480
60| 02| 3 3[ 19.1f 107 64.5 53.7 1.61 1.61 10.34| 2820.0 620.1 22.5 75.7 0.03066 | 1.39934 | 1.11472
60| 02| 3 3] 19.1] 107 64.5 53.7 1.61 1.61 13.78 | 3760.0 551.2 20.0 67.3 0.02044 | 1.39936 | 1.11469
60| 02| 3 3 254 143 86.0 71.7 2.15 2.15 24.12| 49349 689.0 44.5 84.1 0.01947 | 1.39913 | 1.11472
60| 02| 3 3] 254 143 86.0 71.7 2.15 2.15 31.01 6344.9 1033.5 66.8 126.2 0.02271 | 1.39875 | 1.11470
60| 02| 3 3 31.8] 179 107.5 89.6 2.69 2.69 20.67| 3384.0 895.7 90.4 109.3 0.03691 | 1.39888 | 1.11475
60| 02| 3 3] 31.8] 179 107.5 89.6 2.69 2.69 27.56| 4512.0 413.4 41.7 50.5 0.01278 | 1.39915 | 1.11475
60| 02| 3 3[ 38.1f 215 129.0 107.5 3.22 3.22 13.78 1880.0 826.8 120.2 100.9 0.06132 | 1.39897 | 1.11472
60| 02| 3 3] 38.1] 215 129.0 107.5 3.22 3.22 41.34] 5639.9 620.1 90.1 75.7 0.01533 | 1.39929 | 1.11472
60| 02| 3 3[ 38.1f 215 129.0 107.5 3.22 3.22 27.56| 3760.0 689.0 100.1 84.1 0.02555 | 1.39916 | 1.11470
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1in.=2.54 cm, 1 psi=6.89 kPa, 1 pci = 0.27 MN/m®, and 1 kip = 4.45 kN
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