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Experimental study and prediction model of dynamic resilient modulus of
compacted subgrade soils subjected to moisture variation
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Abstract: The dynamic resilient modulus (My) of subgrade soils is the key parameter used in pavement design and performance
evaluation, and is significantly affected by variation of moisture content during operation. The compacted lateritic soil is used,
and the test specimens are prepared using six different moisture contents and three degrees of compaction. The repeated loading
triaxial tests are conducted to investigate the effects of moisture content, degree of compaction, dynamic deviator stress and
confining pressure on dynamic resilient modulus, and the soil suctions of different specimens are measured using the contact
filter paper method right after cyclic loading tests. The test results indicate that My increases with the increasing confining
pressure and degree of compaction, and decreases nonlinearly with the increasing dynamic deviator stress. The values of My
decrease greatly with the increasing moisture content, as moisture content increases by 4.5% from the optimum moisture
content, they decrease to about 50% of the initial values, and the influences of dynamic deviator stress and compactness on My
decrease with the increasing moisture content. In addition, the relationships for both My — moisture content and My — degree of
saturation are highly soil type-dependent, while the variation of My with soil suction is similar for different soils. Thus by
incorporating the soil suction into confining stress, a new prediction model for the resilient modulus taking into account both
the stress state and the moisture content is proposed. The suitability of the proposed model is validated through the experimental
data from this study and the existing literatures. Then the empirical relationships between model parameters and physical

properties of soils are developed based on the statistical regression analysis performed on 13 different soils, and a good
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agreement between the measured and predicted values of My

obtained using the regression model parameters is found.
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determining the reasonable resilient modulus of compacted subgrade soils in pavement structure design.

Key words: dynamic resilient modulus; subgrade soil; matric suction; prediction model; regression analysis
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Fig. 1 Soil-water characteristic curves (SWCC) of lateritic soil
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Table 2 Fitting parameters of SWCC of compacted lateritic clay
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90 107.5 1.395 0.513 1271.7 72.8
93 154.9 1.286 0.460 1922.8 82.2
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Table 3 Representative My with different degrees of compaction

and moisture contents

SCREE A KR
o L I
15.5 18784 0.17 —-2.63 0.89 128.0
17.0 14959 0.31 -2.56 0.94 97.8
g7 18.5 1221.7 0.29 -2.53 0.98 80.2
20.0 12203 0.30 -2.59 0.99 72.9
21.5 8923 037 236 0.99 58.9
23.0 658.5 036 -—2.25 0.99 433
15.5 1950.7 0.24 -1.60 0.89 1479
17.0 1648.5 029 -—227 092 1123
18.5 1286.6 0.23 —-1.84 0.85 94.2
%0 20.0 11189 0.22 -1.76 0.92 83.5
21.5 1059.0 0.34 -2.08 0.89 72.4
23.0 767.4 033 -2.16 0.99 52.4
15.5 22307 0.19 -135 097 178.6
17.0 1949.8 0.19 -2.03 0.99 142.1
93 18.5 1600.2 0.21 -2.14 099 1142
20.0 13682 020 -—-1.82 098 102.8
21.5 1139.7 0.15 -1.83 0.99 86.7
23.0 8542 027 -—2.05 0.99 62.9
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Fig. 4 Variation of Mp,, with moisture content
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Table 4 Physical properties of different soil samples used in model regression analysis

i T REZFR Ge wi/% w/% I wo/%  pamad/(grem”)  Sand/%  Silt'%  Clay/% KRR
1 [HT 272 355 165 19.0 155 1.884 28.0 42.0 30.0 HR[20]
# TSC 268 196 13.6 60 135 1.954 3.0 81.0 16.0

#3 OLC 275 48.0 220 260 23.0 1.649 20.0 48.0 32.0

#4 KLC 271 31.0 21.0 10.0 203 1.664 15.0 60.0 25.0 SCHR[29]
#s SLC 274 325 185 140 182 2.002 10.0 70.0 20.0

"6 TLC 269 250 13.0 120 122 1.806 31.0 50.0 19.0

#7 p-7 267 31.0 240 70 17.0 1.735 35.0 52.0 13.0

#8 P-17 265 380 21.0 17.0 16.0 1.765 19.0 63.0 18.0 X
#9 P-26 271 440 18.0 260 22.0 1.612 4.0 61.0 35.0 SCHRIO)
10 P-53 266 88.0 350 53.0 35.0 1.255 2.0 13.0 84.0

:1 1 A4 — 278 198 80 142 1.847 43.7 40.0 16.3 SR
12 A-6 — 308 184 123 165 1.842 31.2 55.0 13.8

13 RLF-103% 269 420 18.0 240 220 1.612 8.9 63.8 27.3

14 MnRd-103% 266 260 17.0 9.0  16.0 1.806 36.2 45.3 14.5

15 MnRd-98% 266 260 17.0 9.0  16.0 1.806 36.2 45.3 14.5 SCHR[33]
16 RW-98% 269 280 17.0 11.0 135 1.827 11.9 82.4 5.7

#17 TH23-98% 275 850 33.0 520 275 1.469 3.6 21.2 75.2

18 GWREE t+-96% 2.64 275 165 11.0  13.6 1.980 14.0 76.0 10.0 B4l
19 (GHFRE +-91% 264 275 165 11.0 136 1.980 14.0 76.0 10.0

#20 2155 1-87% 272 708 352 356 185 1.720 23.9 33.5 42.6

1 2155 1-90% 272 708 352 356 185 1.720 23.9 33.5 42.6 AR
22 2155 1-93% 272 708 352 356 185 1.720 23.9 33.5 42.6

7E: Sand/%- Silt/%F1 Clay/%5 &~ ki42 KF 0.075 mm, 0.005~0.075 mm F1/NF 0.005 mm [1)EH0R& & .
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BKE, SKEARMMEEAN BN, I AR
13 FhilRE F SR B AR AL S S WIVERR AR R R, P L~
“19 BRE RSO T SR AR AL S B AR
X AR R R AEAN ) & 7K AL 7R R —
EBSHGATIE, £ 58 13 MR R A Liang %
REARTVRIAR SO AT TG 0 P& S 500 B B, 2
AR 3 ANEIASE kys ksy ke BACEHTEAR—,
Hp by ¥IRT 0, 5ARSHAYPRESHR: ks
ONIEAE, BRFE T Mg BEAR R TRIRE B 738 KK,
RIARERNE: ke BIONAE,  BHE S (i B ) 4
RTTN, RINBARFE . EAMEERE 13 P, A
SCEAL A R AL R ARG TS LA 0.61~0.96, “FH4
0.86 (WIP 6 Fin), T Liang Ze R 40 & R &)
1B 0.69, AALIEEEACT Liang SR, REIIACH
L) My TS B0 T AN R e B B &
*5 TRIRENUSSHILL
Table 5 Comparison of fitting parameters from different prediction
models
¥ SCHR[T] AR
%7 ke ks ks R ki ks ks K
"I 146.5 4.489 -7.324 0.97 191.5 2.498 —4.082 0.96
"2 387.8 0.513 -0.373 0.62 380.1 0.550 -0.409 0.71
"3 1811 1.856 -2.742 0.71 192.0 1.128 -1.704 0.92
4 2240 0.984 -0.503 0.29 175.8 1.330 -0.735 0.61
53023 1.372 -1.249 0.26 178.5 1.430 —0.731 0.84
6  702.9 0.891 -2.403 0.43 578.4 0.912 -2.228 0.89
"7 1552 1.384 -1.186 0.71 165.4 1.027 —0.679 0.88
"8 199 2.166 -1.624 0.92 38.6 1.705 -1.386 0.94
f9 1582 1.185 -1.422 0.80 172.5 0.891 —1.044 0.86
10 317.9 0.736 -1.455 0.83 381.8 0.357 -1.023 0.81
"0 4557 1.374 -3.314 0.75 442.9 1.181 —2.986 0.93
21 4280 1.290 -2.477 0.84 470.8 1.114 —2.271 0.91
"2 4455 1.249 -2.351 0.89 534.9 0.987 —2.083 0.94
#14: 0.86
/ :

0.8

% 0

W

i’g 0.4

= 5 —o— Liang5(2008)E R
02| ¢ —e— Z SR

O 7y 73 74 ¥ %6 *7 78 79 710 720721722
THFE
6 TEIMREHIE REFILL

Fig. 6 Comparison of fitting parameters from different prediction

models
3.3 REESHEANH
SRTIAN [A) LA IR A S TR ELE iR sk A, %

JERME Mp Fy R LTI AN G, HFEMNK,
NTRAEE AR A N EHEME My, AR
B SRR R . B T3R5 AR R
1S3 13 MRS 8, DLBBVERR 2 Ip VIR
wr (%) Zhiki & Clay% (<0.005 mm, %) ZHHikE
BB Pogrs (<0.075 mm, %) T p, (glem’). i
YEFEHL AL (Ip/Pog7s) A1 wPL (Ip-Pogrs) AR E, KH
SPSS # A, it 1B A A A [ A 5 1A AL A S R 2 4
(kyy ks T ko) HFTIETREMAK LR, @LH—
At I P AESRRAAT EAE T2 R I B E AL, P
{ELBR /N BH 5 2 RE 6T 7 () LA 4 S 3 ey, RIER
WG ky~ke 2 BFHEMEERR, RENITH
A B (R4 A e B He s R B RP SR — 4L g
FEG AR R A SRR S % Juig P 2 MR A 7
Trai RINE 6, 133 ky~ke SV I Z 5055
EI

Ink, =2.531+0.1087, — 0.039w, —

0.016Clay% +2.008p, »
k, =0.653—0.017P,,,, +1.054p, , ¢\ (10)
k, = -3.838+0.04P,, . ~17.662A1 +
0.112w, —0.786p, -

AL, AR SHL ks [BA REOH RS, kg A ks
WG REIYE S, R SHE YR Z A
B2 R R

6 AXERSH LTRSS LB HER

Table 6 Results of stepwise and multiple regression analyses for

proposed model parameters

FAE B4 WiNE sdEE o PR

AR 2.531 2207  1.147 0.289
Ip 0.108 0.027  3.961 0.005
Ink, wr, -0.039 0.016 -2.520 0.040 0.78
Clay% -0.016 0.008 -2.024 0.083
Pd 2.008 1.130  1.778 0.119

AR 0.653 0.551 0.421 0.183
ks Poo7s -0.017  0.009 -1.830 0.097 0.58
1.054 0.717  1.471 0.172

Ld
#EE -3.838  3.119  -1.231 0.253
Poors 0.040 0.017  2.410 0.043

ks Al -17.662 4.583 -3.854 0.005 0.83
wr, 0.112 0.037 2992 0.017
Pd -0.786  0.369 -0.620 0.155

3.4 1REIR[FEMHIGIIE

K 4 pHA o FhEFE C11~"19 LR A
SRR R HBRA K AR (10) HHATHRAE, "11~"19
TRER I TEE N 8.0~52.0, BIKRIARESKE LT
Ak, HFERETAFRELERR. B 7 83T 9 .
(10) MITRIME S SMERGT EL, 45 5 B oRBE s 5
ATEBELE R — e al Ny, RAETMAERE M R % R
EE0.79, BAE TAKK R (100 HnEEME. KW
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Fig. 7 Comparison between measured and predicted values of My

using proposed model
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(iR N bl b N | 32 o A NI | I b
My SRR AN Bl R LR, BRI 0T Mg 150 P2
S I (P v i k)

(2) F—RAKFT, JEMAEEIE 1 Mg B 5K
IR BRI B, ARSI AR B KR wop 18
T 4.5%HF, ANFESZEE T Mg ¥ FEL 50%, R
/NZ 70 MPa, RIUAEZ PR UM, AR & KR
BRI 77 E SERE X My (R0 R FE R i 5 o
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