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Impact and prediction model of initial dry density on
resilient modulus of gravel soil red clay

Yang Jun, Liu Shiyi , Zhang Guodong
(Collaborative Innovation Center of Geological Hazards and Ecological Environment in Three Gorges Area in Hubei

Province; Civil and Architectural Institute, Three Gorges University, Yichang 443002, Hubei, P. R. China)

Abstract ;: The gravel soil red clay was used to in resilient modulus test under the condition of different initial
dry density and the the resilient modulus variation was studied. The prediction model of resilient modulus
was established. The test results show that: (1) With the same gravel soil content, when the initial dry
density increases,the resilient modulus of red clay increases. When the initial dry density increases from
low to maximum dry density, resilient modulus grow faster and when the initial dry density increased after

exceeding the maximum dry density, esilient modulus grow slower ;(2) With the same initial dry density,
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when the gravel content increases from 0 to 30%, the growth rate of resilient modulus is lower and when

the gravel content continues to grow, the growth rate of resilient modulus is greater; (3) When the initial

dry density increases from 1. 6 g + cm™*

to 2.0 g » em ?, resilient modulus growth values gradually

increases with increasing content of gravel soil; (4) The prediction model of resilient modulus was

established the and the accuracy of the prediction model was ,verified.

Keywords: red clay;gravel soil;initial dry density; resilient modulus; prediction model

ZK5 b AR R R A A 2 2 R AR TR
I AE R B LY L A A A X 2 g
At B R R R AR KR 2 R
B 45 1 19 2 RORG o by T L T AR B 2 o A A B
BESFOURHIS A0 HE AT 06 BE A D RAR B

XHLLRG il AR B, HATAT 3 2805 ik By
AT B AR LR S T A WO B
S B IR AT RDRRAE RO A LK A ) e 4
DL R & B RSN AR B AW
R AT T By 2R b kL A T R R
T RKHESE RN AR R T L ot K
BT o R L1 R M R . Media 551 R 9%
R X 20+ HEAT T AL B Katz 207 R KBS 754
7E BT T R4 RCR

S SR 11 [l R ASE A S R SRR AE o7 2R A R B
3 55 (8] 55N A 1 BEAE S 2 RAL B B KB RE T B2 8
o 6 (] SRR ) B T TR 4 A SR TR R A
CRCEONIE AUFEIR Rk Y NGNS PP g
B RS R R R — s KR TR S AR
WA < 00 G S TR i B2 Vi) i s [m] A R/ iy T 2 [
R ANTF BP0 U B . A A [l SRR R A TR
P B K 4 9 Bl T A S S o O T I R T S
Ja B BE AR AR AN 25 T oK T B IR B 5 AN [
P05 T 2 BT G [ AR e R/ S X T B R 2
AE 1 BB E LA e % TR 45 H )2 R BT B+ T
M E .

FUAT . T K2 E X T AR B0 46 % B T 20K +
o] 38Rk ) 2 A L HEAT T KR B B T < B
XS L P 210K A (] SRR Y DR E AT T 5
FC » A BRI SR B ) 4 R B KT A R R
B T 8 T 1 I 5 X e ST R BLZLRG - ¢ [l g
PR 5 00 0 B TR0 AT A R R R BOR R s iR
450 X 2 B Al AR ALK, AT T — R B BT 5T
Ja S B B A 0 U T A A 1 [ A 02 i 4
R B 25 00 i~ 4 o e R 4 R T 40 349 o

(e ] Sk S R 2 b . DL B ISR 2
(RSS2 @Y UEAR T SITR=NO RPN § S EEAR i oD
[n] 54 R i 00 G T R B A2 R L T 5 AR A X
B,

ST LA b R AR SCES A AL B B = Wk HL I i
S T R T I B Y R R BR 2R g S 1R R R
LTIz AT B R R BRRT LLR £ AT R . R
3 i 93 1) A9F 9 B - 48 K SR D R A RE AT A (IR £ A
TR B A R D A5 T A 4 A 9 R I a8 R
5 R R R LA AR - 0 RS £0KG A 25 A AR 2 RE
B L O R ) B i Bl W U AL R
IS} 1R 900 5 L IR AT T R IR D R A R 1R
F1 T B ASE 8 i ) 46y T % L A A A ML L A S T [l R
B B ) 46 B B X R AR D R 4B R Al Y A A
UERSPNP/E VRN QAR U o ) R S N
2%,

1 e

1.1 ¥t

SENL gk e ol = (A= =T | 70 L e W
K2+420 Bt BAFLLf, RIR &K B8 8, TR 2
PR E LRI IEA Y B B AR bR WL 1.

F1 AMTHERYEMERIER
Table 1 The basic physical property indexes of red clay

K2l & it/ % N ;
RKE W/ PR/ WAEAR

0.075~

>0.075 mm <0.002 mm KE/% % % B/%
0.002 mm

13.30 76. 40 10. 30 21.90 52.36 21.08 31.28

M B SRTT DL LTRGBS B i R
RT PEIE I AE (R, AN RE B4 AR B B IEOR
1.2 RAWER

I BT R SR A BRE 2 b B B = e L3 i ok
i TAE KO-+ 150 Bif i iy 4 e o ] e e 4 2 1 B
A1 A BVE B bR W3R 2 & 1,



%24

AR 5 A e T B AT R R A AR R AR £ ) B AR S 04 v A TR AR AR AL 23

R2 RAVHERAERABER

Table 2 Natural gravel basic properties test results
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KE/ N N % EzR1 4
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Fig.1 Natural gravel grading curve
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Table 3 Heavy compaction indexes under the condition

of different natural gravel content

B KRWORB R/ %

iy AR bR

0 10 20 30 40 50
mARTHE/

1.725 1.758 1.784 1.808 1.828 1.845
(g+cem %)
A

1 17.2 15.6 14.2 12.9 12.2
KE/ %
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Fig. 2 The bearing plate method of modulus of resilience
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Table 4 The results of modulus of resilience under

different initial dry density

% it/ WIMR T %/ (g« em™ %)

% 1.6 1.7 1.8 1.9 2.0

0 43.21 58.76 72,31 83. 24 88.76
10 52.61 66. 83 77.92 85. 44 91.58
20 56. 34 70. 25 78. 64 89. 91 96. 36
30 64.16 74. 33 87.55 98. 11 104. 29
40 72. 84 85.18 98. 27 109. 73 116. 84
50 89. 67 103.72 119.74  134.93 144. 38
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Fig.3 The curves between initial dry density

and modulus of resilience
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Fig.4 The curves between gravel content

and modulus of resilience
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Fig.5 The curves between gravel content and

growth value of modulus of resilience
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Fig. 6 The fitting curves between modulus of resilience
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Table 5 The fitting parameters under different gravel content

MG S R FR K
B/ %
a b R?
0 182. 81 37.03 0.97
10 173.98 26. 85 0.98
20 181.51 26.95 0.97
30 186.93 23.61 0.99
40 205. 74 23.52 0.97
50 252.45 29.12 0.99
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Fig.7 The fitting curves between modulus of

resilience and natural gravel content
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Table 6 The fitting parameters under

different initial dry density

WG T % B/ 5 HH 2 2R B

(g+cm %) R?
1.6 0.014 6 0.056 3 49. 149 0.99
1.7 0.015 4 0.045 6 61.116 0.97
1.8 0.017 4 —0.010 3 74.236 0.97
1.9 0.025 6 —0.312 1 84.523 0.98
2.0 0.024 2 —0.146 3 88. 649 0.98
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Table 7 The additional test results of modulus of

resilience under different initial dry density

BH/ WIERTHEE/ (g« cm™ )
% 1.6 1.7 1.8 1.9 2.0
5 47.83 61.45 74.01 82.19 89. 74
15 51. 34 65. 32 77.00 85. 98 93. 24
25 61.24 73.21 84.15 92. 45 102. 32
35 70.73 81.02 95.22 104. 27 110. 87

45 79.01 94. 05 108. 05 121.08 134.52
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Fig. 8 the fitting curves between modulus of

resilience and initial dry density
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Table 8 The fitting parameters

R A%
BE/% a D1 R?
5 188. 17 38.98 0.97
15 187.97 35.33 0.98
25 182. 03 23.76 0.97
35 186. 11 16. 39 0.97
45 247.56 37. 40 0.98
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Table 9 The forecast model of relative error table

BT/ (g e em )

BHE/
% 1.6 1.7 1.8 1.9 2.0
5 3.95 0.45 0. 82 1.69 1. 38
15 3. 64 0.08 1.28 0. 44 1.46
25 2.61 1. 85 0. 83 0.29 2.20
35 2.50 0.68 0.03 0. 66 2.04
45 2.75 0.32 0. 88 1.01 2.63
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Table 10 the results of modulus of resilience under the

initial dry density 1.80 g + ecm—>"nd the sand content 30 %

[l 3 A [m] i A [EELY:
i bE& b=
H# /kPa = /kPa H /kPa

K1+880 87.52 ||[K2+080 87.67 | K2+4+280 86.84

K1+920 87.50 ||[K2+120 87.86 | K2+320 88.03

K1+960 87.57 ||K2+160 87.94 |K2+360 88.21

K2+000 86.99 ||[K24+200 87.71 | K2+4+400 88.13

K2+040 86.93 ||K2+240 87.45 | K2+420 86.46
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HEASENIAImS R P Z R 87. 55 kPa tHY) &,
Horpr, 3037 e 45 R AEL Ry 88. 21 kPa, 5 2 NI 55 1Y
AH X1 2% 4 (88. 21 —87.55)/87. 55=0. 75 % ; Bl 1%
S fe /MEL 86. 45 kPa, 5 2 AR IR 1Y AH X 1R 25l
(87.55—86.45)/87.55=1.26%.
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