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Specimen ucs Eso ucs Eso ucCs Eso ucCs Eso ucs Eso
(kPa) | (MPa) | (kPa) | (MPa) | (kPa) | (MPa) | (kPa) | (MPa) | (kPa) | (MPa)
C0 (RC) 260 17.6 300 15.2 390 17.7 400 26.8 400 17
C3 (RO) 2200 199.1 2400 198.4 2400 171.3 2600 284.8 | 4100 375
C5 (RO) 3000 136.1 3600 358 3500 313.6 4400 471.1 5000 388.4
C7 (RC) 3300 412.3 | 4500 185.8 4700 322.7 5200 610.6 | 9200 513.1
C9 (RO) 3000 3329 | 5600 267.6 6100 762.5 6700 319.1 9000 568.4
C5 N(RC) 2600 298.3 3700 411.1 5600 545.7 5500 455 5300 340.8
C7N (RC) 3000 | 1953 | 4300 334 8800 | 830.9 6800 | 552.8 | 9000 392
CI9N (RC) 4200 332.9 | 6300 350.1 9100 627 7500 594 8600 692.2
C7(W-D) - - - - 2900 | 141.8 — — — —
C7N(W-D) — - — — 6300 | 339.9 — — — —
C7(F-T) — — — — 2700 211.8 — — — —
CIN(F-T) — - - — 2900 | 349.7 - — — —
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oCo m(3
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Specimen ITS Eso 1TS Eso
(kPa) (MPa) (kPa) (MPa)

Cs(RC) 500 67.3 1100 74.0
C4(RC) 600 51.2 1300 75.5
Cy(RC) 700 38.9 1300 101.3
CsN(RC) 400 36.3 900 100.0
C;N(RC) 500 65.1 1200 86.9
CoN (RC) 700 38.8 1500 95.4
C; (W-D) — — 900 132.3
C;N (W-D) — — 1100 142.1
C; (F-T) - — 200 21.5
C;N (F-T) — - 400 74.5
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FAV 50 b s 3 (F-T) od-0lasy s (W-D)

E (MPa) D (%) Axial Strain (%)

(lflfa) (ksl',la) f (Hz) W-D F-T W-D F-T W-D E-T
c7 | eN| ¢ | o c7 | ¢IN | ¢7 | CN c7 C7N c7 CIN
1S00) | 10 | 288.3 | 2425 | 2339 | 326 187 | 162 | 188 | 194 | 0012 | 0017 | 0007 | 0012
1034 | ISO(0) 5 255 | 239.6 | 267.6 | 282.1 11 7.1 11.8 11 0019 | 0021 | 0017 | 0.015
1SO(0) 2 1951 | 231.8 | 169.1 | 2663 | 5.4 3 6.1 43 | 0029 | 0.024 | 0024 | 0.024
1S000) | 10 | 1113 | 747 | 106 | 1714 | 175 | 168 | 174 18 | 0007 | 0013 | 0.004 | 0.008
1SO(0) 5 1193 | 71.8 | 1186 | 179 103 | 83 | 104 | 129 | 0010 | 0012 | 0.008 | 0.007
207 1SO(0) 2 958 | 46.9 | 1049 | 149.1 | 4.1 23 44 | 105 | 0010 | 0034 | 0010 | 0.008
207 10 | 1674 | 1086 | 201.2 | 336 176 | 182 | 173 | 206 | 0.007 | 0010 | 0.004 | 0.003
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20.7 5 156.5 | 101.9 | 106.6 | 231.5 9.5 9.2 10.2 9.8 0.006 0.012 0.008 0.005
20.7 2 1427 | 108.2 | 117.6 | 2453 3.7 4.8 39 3.4 0.006 0.018 0.008 0.005
414 10 205.7 | 2142 | 2654 | 374.6 18 17.7 18.9 22 0.007 0.009 0.007 0.006
41.4 5 181.8 186 172.7 47.6 10.6 9.5 10.7 18 0.012 0.013 0.012 0.024
414 2 163.5 | 181.6 | 145.7 41.8 4.4 4.1 4.5 5.25 0.013 0.011 0.012 0.067
62.1 10 2494 | 265.1 | 307.2 80.8 18.7 19.2 18.8 21.4 0.011 0.012 0.008 0.008
62.1 5 195.7 | 251.3 | 2144 | 302.2 11 9.7 10.6 14 0.019 0.013 0.008 0.009
62.1 2 182.9 | 242.1 185 278.1 5 32 4.7 6.2 0.020 0.012 0.018 0.012
103.4 10 303 3289 | 417.1 2959 18.9 20.5 18.8 24 0.011 0.019 0.006 0.008
103.4 5 246 | 325.6 | 361.6 | 444.7 11 10 11.3 12.5 0.018 0.016 0.019 0.013
103.4 2 204.7 | 317.9 | 283.2 | 3873 4.9 4.1 4.7 6 0.029 0.016 0.017 0.017
165.7 10 406.2 | 438.9 | 573.3 | 5514 18.4 21.1 18.6 23.8 0.010 0.017 0.010 0.012
165.7 5 327.4 | 433.7 | 499.1 501.5 11.5 10.1 10.8 12.7 0.032 0.016 0.017 0.015
165.7 2 2923 | 4159 | 405.8 | 4822 4.6 44 44 5.9 0.027 0.019 0.015 0.018
ISO(0) 10 132 161.5 | 135.6 | 4774 18.7 17.2 19 15.7 0.013 0.012 0.008 0.003
ISO(0) 5 1242 | 1522 | 119.7 | 4514 10.9 8.3 11.6 7.9 0.014 0.012 0.017 0.005
1SO(0) 2 95.6 | 145.7 | 90.6 419.4 4.6 2.6 5.1 2.7 0.022 0.005 0.019 0.000
34.5 10 2109 | 261 2152 | 4858 18 16.1 18.8 15.2 0.007 0.009 0.008 0.005
345 5 177.5 | 2382 | 193.6 | 4514 10.2 7.3 11.2 7.5 0.010 0.010 0.013 0.005
34.5 2 177.8 | 268.9 | 172.4 | 4273 43 4.2 33 2.4 0.009 0.009 0.013 0.004
68.9 10 260.6 | 330 336 523.7 18.5 16 18.8 16.4 0.012 0.008 0.008 0.008
68.9 5 204.8 | 298.8 | 2343 | 491.7 11.2 7.3 11.5 8.6 0.019 0.009 0.019 0.009
68.9 2 181.7 | 312.4 | 193.1 483.3 4.9 3.8 5.1 2.5 0.021 0.010 0.018 0.007
3 103.4 10 306.2 | 3922 | 426.6 | 618.7 17.4 15.9 18.9 15.7 0.006 0.007 0.010 0.009
103.4 5 275 | 383.2 | 311.1 524.2 11.2 8.9 11.3 7.7 0.023 0.014 0.017 0.005
103.4 2 223.6 | 377.8 | 259.5 | 4949 4.9 4.2 5.1 24 0.028 0.013 0.022 0.012
172.3 10 423.6 | 497 | 680.2 | 6324 17.3 16.3 18.6 16.3 0.005 0.007 0.007 0.009
172.3 5 336.3 | 481.6 | 549.9 594 11.3 9 11 9 0.030 0.014 0.016 0.017
172.3 2 285.5 | 474.8 | 464.4 | 648.7 4.8 4.4 4.7 2.5 0.034 0.020 0.019 0.014
275 10 563.7 | 721 939.1 853.5 18 18.5 18.6 17.4 0.008 0.006 0.008 0.008
275 5 440.6 | 700.3 | 745.5 804.9 10.8 10.3 104 9.1 0.025 0.012 0.013 0.015
275 2 4344 | 6914 | 631.9 | 784.7 4.2 4.5 4.5 2.7 0.030 0.017 0.025 0.021
ISO(0) 10 204.4 | 171.7 185 346.7 17.9 13 19.6 16.7 0.006 0.008 0.013 0.009
1SO(0) 5 182.5 | 167.3 | 1383 | 324.8 11.7 6.5 12.1 9.1 0.022 0.014 0.022 0.011
ISO(0) 2 1583 | 166.9 | 391.3 | 316.6 5.1 2.8 18.8 3.1 0.027 0.020 0.007 0.014
68.9 10 366.7 | 403.6 | 2909 | 366.3 18.7 11.8 11.1 17.2 0.010 0.007 0.012 0.010
68.9 5 2983 | 410.5 | 259.7 | 346.9 11.1 4.1 4.9 9.5 0.013 0.007 0.011 0.012
68.9 2 268.5 | 430.2 | 436 325.9 4.6 3.1 18.5 3.4 0.014 0.009 0.007 0.013
68.9 137.4 10 406.5 | 463.8 | 642.6 | 439.6 18.1 13 18.2 17.7 0.008 0.006 0.006 0.010
137.4 5 380.3 | 539.9 | 5309 | 4499 11.4 7.4 10.9 10 0.022 0.012 0.013 0.020
137.4 2 336 | 557.7 | 398.7 | 4044 4.8 3.3 4.9 3.7 0.024 0.011 0.020 0.020
206.8 10 532.5 | 656.7 | 757.6 | 806.3 18.5 14.3 18.1 18.1 0.009 0.006 0.005 0.009
206.8 5 447.1 | 659.1 | 587.7 | 6878 11.1 79 11.3 10.3 0.021 0.011 0.018 0.019
206.8 2 373.7 | 660.1 | 561.1 633.2 4.8 3.7 4.7 3.9 0.032 0.016 0.018 0.018
344.7 10 719.3 | 1035 | 1112 | 1092.6 18.1 16.9 17.7 18 0.008 0.005 0.005 0.008
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344.7 5 585.7 | 995.7 | 937.8 930.8 11.3 9.5 10.7 10.2 0.030 0.010 0.014 0.011

344.7 2 5342 | 989.6 | 880.4 | 799.4 4.2 5 45 4 0.028 0.014 0.021 0.024

551.7 10 949.5 | 1356 | 1724 1174 18 20.6 17.1 16.9 0.008 0.005 0.003 0.010

551.7 5 7772 | 1276 | 1421 948 11 12.1 10.4 10.3 0.027 0.010 0.013 0.022

551.7 2 689.2 | 1139 | 1306 | 1237.1 4.5 6.1 4.2 4.3 0.038 0.024 0.018 0.020

103.4 10 433.3 | 4443 | 628.8 718.8 18.4 14.9 17.7 22.3 0.010 0.011 0.007 0.004

103.4 5 360 | 4453 | 5184 | 6433 10.7 7.4 10.5 132 0.016 0.013 0.011 0.012
103.4 2 3264 | 429.6 | 4413 | 580.2 4.5 2.5 4.1 59 0.017 0.011 0.010 0.013
68.9 10 380.1 | 360.7 | 431.1 359.9 19.1 12.5 18.6 17.2 0.012 0.006 0.006 0.011
68.9 5 318.6 | 489.8 | 3743 | 253.6 11 5.8 11.3 9.6 0.014 0.007 0.013 0.011
68.9 2 313.1 | 4929 | 3369 | 2832 43 2.7 5.1 3.5 0.010 0.006 0.015 0.012
103.4 10 431.4 0 5333 0 18.2 0 18.6 0 0.007 0.000 0.005 0.000
103.4 5 389.2 0 456.1 0 114 0 11.5 0 0.015 0.000 0.013 0.000
103.4 2 325.3 0 407.7 0 52 0 4.9 0 0.021 0.000 0.014 0.000
1034 206.8 10 565.9 | 7154 | 8164 | 4719 17.6 14.8 17.6 17.6 0.005 0.005 0.005 0.015
206.8 5 496.9 | 7135 | 641.8 | 393.8 11.9 8.8 11.3 10.2 0.026 0.013 0.016 0.029
206.8 2 4223 | 705.1 | 616.9 | 3679 5.1 43 4.6 3.8 0.028 0.015 0.016 0.028
413.6 10 839.4 | 1119 | 1429 938.3 17.8 18.2 17.5 17.7 0.007 0.005 0.004 0.011
413.6 5 699.9 | 1090 | 1143 752.3 11.1 10.3 10.7 10.4 0.024 0.009 0.013 0.022
413.6 2 608 1005 | 1039 671.4 4.9 5.7 4.6 4.1 0.039 0.023 0.020 0.032
620 10 1058 | 1359 | 1886 1248 17.4 215 17.4 16.8 0.006 0.005 0.003 0.010
620 5 889.8 | 1448 | 1599 | 1102.7 11 13.3 10.6 10 0.022 0.009 0.011 0.026
620 2 1061 1349 | 1316 733.1 44 5.7 4.9 3.8 0.027 0.022 0.030 0.073
ISO(0) 10 3309 | 356.4 | 363.5 | 396.7 18.6 12 18.6 17.1 0.009 0.006 0.006 0.008
1SO(0) 5 290.4 | 384.8 | 343.5 | 380.9 12.4 6.2 11.7 9.4 0.030 0.012 0.020 0.016
1SO(0) 2 305 | 368.2 | 301.6 | 3639 6 2.7 5.5 3.4 0.024 0.017 0.030 0.036
103.4 10 464.9 | 663.8 | 658.2 | 538.5 18.8 13.3 18.3 17.6 0.008 0.005 0.007 0.009
103.4 5 390.4 | 543.6 | 541.7 | 4899 11.8 7.3 11.4 9.9 0.019 0.013 0.013 0.018
103.4 2 522.1 | 544.8 | 485.1 457.3 52 3.6 4.9 3.6 0.016 0.015 0.013 0.013
137.9 10 507.2 | 653.9 | 6963 | 5579 18.8 13.3 18.3 17.9 0.008 0.005 0.006 0.010
137.9 5 430.2 | 646.8 | 619.2 | 519.6 11.7 73 11.3 10.2 0.019 0.010 0.012 0.019
137.9 2 522.1 | 6543 | 567.6 | 4822 52 4.1 4.6 3.7 0.016 0.015 0.013 0.018
1379 275.8 10 693.4 | 938.8 | 1036 948.7 18.6 15.2 17.7 18.3 0.007 0.005 0.005 0.008
275.8 5 558 | 925.5 | 887.4 | 790.8 12.2 8.6 11.2 10.4 0.027 0.009 0.016 0.017
275.8 2 687.1 | 925.1 | 806.7 | 741.5 4.9 49 4.8 4 0.021 0.014 0.022 0.023
412.9 10 899.3 | 1160 | 1376 | 11483 17.9 19.5 18 18 0.007 0.006 0.004 0.008
412.9 5 735.7 | 1129 | 1167 900.9 11.7 11.4 11.1 10.2 0.025 0.013 0.014 0.026
412.9 2 856.1 | 1070 | 1048 846.5 5 5.4 4.8 4.2 0.029 0.022 0.019 0.025

825.8 10 1303 1612 | 2188 | 1379.1 17.3 27.3 17.5 14.4 0.006 0.007 0.004 0.015

825.8 5 1017 | 1495 | 1894 | 1007.9 11 15.7 10.4 9.3 0.036 0.019 0.012 0.034

825.8 2 1243 | 1398 | 1592 958.4 43 7.1 4.9 4.6 0.041 0.032 0.027 0.048
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ABSTRACT

The present paper investigated the dynamic and durability characteristics of silty-sand soil
used in the base layer treated with cement and a mineral polymer via a series of |aboratory
tests. The specimen selection for the cyclic triaxial test was based on the results of the
uniaxial compressive strength, Brazilian tensile, wetting-drying and freezing-thawing cycle's
tests. The results showed that, the compressive strength of the cemented soil can be reached in
the shorter period of times and volume loss of the cement specimen may be eliminated due to
the use of polymer. The compressive strength of the treated specimen with 6.3% cement and
0.7% polymer and has been selected as the optimal combination. In the durability test, the
cement-polymer specimens show a better performance than cement specimens, and this trend
is more noticeable in wetting-drying cycles than freezing-thawing cycles. In the next step, the
cyclic triaxial test was performed on four optimal combinations with treated cement and
cement-polymer. An increase in frequency raises the resilient modulus and damping ratio,
while it has decreased the axial strain. For AASHTO T307 stress level, the mean values of the
resilient modulus of cement-polymer specimen were higher than cement specimen in two
curing modes. Meanwhile, for damping ratio parameter, the cement specimen shows a better
performance than cement-polymer specimen. Generaly, soil treatment with the cement-
polymer specimen demonstrated a relative advantage over the cement-only specimen in the
medium stress range for the base layer in wetting-drying mode (as defined by stress levelsin
AASHTO T307 standard).

Keywords: Treated Base Layer, Cement, Mineral Polymer, Static and Dynamic Behavior,
Durability
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