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The resilience modulus test and model evaluation of cement stabilized
weathered sand distributing around the Three Gorges reservoir
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Abstract: Taking rebound modulus value of cement stabilized weathered sand distributing around the Three
Gorges reservoir as the research object, we made samples by mixing the weathered sand with 3%, 5%,
7%, and 9% cement respectively, then cured the samples for 7, 14, 21, 28, 35, 56, 70 d respectively, and
carried out the resilient modulus test. The experimental results show that mixing cement can significantly
improve the rebound modulus value of the weathered sand. Under the same curing age, with the increase of
cement content, the rebound modulus value gradually increases and its growth magnitude first increases
and then decreases. The relationship between the cement content and the rebound modulus value expresses
good logarithmic function. Under the same cement content, with the increase of curing age, the rebound
modulus value also gradually increases linearly. Within the first 28 days of curing, the growth of rebound
modulus value is about 95% of that of the entire test period. Through regression analysis, the
mathematical model between the cement content and the rebound modulus values and the mathematical
model between the curing age and the rebound modulus values were established respectively. And the
correctness and the accuracy of the mathematical models were further verified through additional test.
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Table 1 The particle size distribution of weathered sand

AR Wk & e TR 1A Wk A LUp R A R A
& /mm /% % /mm /% & /mm /%
20~10 3.84 2.0~1.0 10.13 0.25~0.1 3.47
10~5 19.27 1.0~0.5 14.54 0.1~0.075 1.26
5~2 39.08 0.5~0.25 6.26 <20.075 2.15
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Table 2 The basic physical characteristics of weathered sand

TURE A/ Y6 FLFE /mm 8 b
oy el b 2 2L 2 AL fHh = KRB KN R/ %
>2 2~0.0.75 <<0.075 EX E
62.18 35.59 2.24 10.21 3.08 3.84 2.24

T AT RLE AR 50 KA D 0RE 1) 32 BRI AR E 10~0.5 mm JE . K2R 83.02% s ki42 10 mm LU E
i HE 3,34 %60 s IZ AL AR S 2) BB C, =10.21, iR R H C. =3.08, ¥ 20 A1 5E il 46 I XA 10 S 20 A
R,
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Table 3 The physical test indexes of cement
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/% 6] / min 6] / min 3d 28 d 3d 28 d
8.3 200 450 3.1 B 25.3 44.6 5.43 8.24
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Fig.1 The heavy compaction sample Fig.2 The process of modulus of resilience test
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Table 4 The modulus of resilience of cement stabilized weathered sand under

different cement content and curing age MPa

KB E/ Vo
Fe AP/ d
3 5 7 9
7 510.92 675.62 793.20 849.92
14 608.86 815.43 932.63 967.30
21 736.24 917.56 1078.17 1126.42
28 837.39 1012.91 1196.54 1223.75
35 869.22 1047.37 1227.09 1 256.69
56 885.34 1062.43 1238.48 1 268.67
70 891.51 1 069.36 1 244.79 1 275.53
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MG 4 P agBE, LUK IR B 5 RS AR bR, DL BT [A] 558855 o AR bR AT 28t SR 4P I 040 9 ol 7014
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Fig.3 The relationship curves between cement content and

modulus of resilience under different curing age
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Ye 5 1 (4 38 in i W 14 K, Hp e IS s AE K 8 i 300 ~ 70 Z G K M Rt e K e B 1 700 ~9 %
ZIE KA A LT RE ., FEAFRPR T KRR 2 XA B [0 55485 & (4 X5 B 5 K U2 15 & 1 3
T 1 1R M R A 7 B T U

MR 7 d B PR SRR AR K B 3 ~ T Z K T 282.28 MPa, fE 7Y~ 9% Z A K
BT 56.72 MPa; MR IR 14 d B, P10 M SBL R ALK e B i 30 ~T X% Z M3 K T 323.77 MPa, Ifif 7€
7% ~9% Z E i LK T 34.67 MPa; 4 3= 51010 21 d BF L B Bl A AR K PR B I 30 ~T U Z K T
341.93 MPa.7E 7% ~ 9% Z [Al i} R T 48.25 MPa; 24324 #& 18 28 d W, $1 K B 38 & 75 K e 48 &
3U~TUZIEK T 359.15 MPa, 78 7% ~9 % Z [HIE B3GR T 27.21 MPa; 432478 W1k 35 d B, 7% [ 3
B AE KRB I 3U ~TUZRIEK T 357.87 MPa, fE 720~ 9% Z B3 T 29.6 MPa; #8124 56 d
i, B [ SR AR K R B 3% ~T7 W Z A K T 353,14 MPa. 78 7% ~9 % Z [ if R T 30.19 MPa; 24
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Fig.4 The relationship curves between curing age and

modulus of resilience under different cement content
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Table 5 The function relationship between modulus of Table 6 The function relationship between modulus of
resilience and cement content under different curing age resilience and curing age under different cement content
FeAP R/ d HETE I GEN LEP Y4 KRB/ Y HESTE C S R FR
7 y = 314.66 In x +1 617.5 0.996 1 5 y = 13.502x +428.99(0 << x <L 35) 0.969 9
14 Y = 33647 In z + 1 804.3 0.976 3 y = 0.647 2x + 847.29(35 << x << 70) 0.981 3
21 y = 369.29 In x + 2 032.7 0.987 9 - y = 13.443x +611.48(0 << & < 35) 0.961 6

y = 0.635 3z +1025.6(35 <<x << 70) 0.990 3
28 y = 373.38 In x + 2 147.6 0.972 9

y = 16.167x + 706.02(0 << x << 35) 0.961 1

35 y =373.33 Inx + 2 179.3 0.975 3 7
= 0.508 6 + 1 209.5(35 << x << 70)  0.997 6

56 y = 368.9 In x + 2 180.7 0.976 2
y = 15.286x + 763.82(0 << = << 35) 0.957 6

70 »y=236932Inx421885  0.9767 y = 0.540 82 +1 237.9(35 < z < 70)  0.998 3

Ve FROK IR IB sy 2 A LA Eon ERRF R S E AL

R A5 5890 540 0 3 7% B W R K R 8 R 5 B [l SRS B (B R AT T [T U A ML ST T AR N A B A
R A3 = Z A oot B B s

E. =[40.466 In(m) + 235.94] « In(n) + 373.12 In(Gm) + 872.96, (0 < m << 35); (2)

E. =(0.006 9m* — 0.833 9m + 394.12) « In(n) + 0.014m* — 1.208 6m + 2 204.4,(35 << m < 70), (3)
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2% 4% 6% 8Y% IR . F2 4 7.14.21.28.35.56.70 d; HIVEK IR BB HIH 3% .5% 7% .9 Y% MRk A b
5.10.25.42.63 d, 8K J5 #E47 [l s Asd 00y, JF 00 25 2R 5 B0 T (B AR PU AR, SR FH AR X 15 25 (B 6 45 B0 A
RIVEAT AL . W3 7.3 8 B,
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Table 7 The evaluation results between modulus of resilience and

cement content under different curing age

FEPE I/ d
KRB E/ %

7 14 21 28 35 56 70

BLINNIED 386.54  488.02 588.03 686.93 718.82 737.55 743.71

2 JEN 383.45 475.82 578.62 700.67 705.88 723.54 754.10
AT 1R 25/ Y6 0.8 2.5 1.6 2.0 1.8 1.9 1.8

IS {E 604.65 721.24 844.00 945.74 977.60 993.26 999.67

4 R H 598.00 745.76 861.72 915.48 955.12  1019.08 1 024.66
AXF R 25/ Y 1.1 3.4 2.1 3.2 2.3 2.6 2.5

S {E 732.23 857.67 993.74  1097.13 1128.97 1142.83 1 149.45

6 R 741.75 830.22 1015.60 1131.14 1156.07 1110.83 1175.89
AT IR 22/ Y6 1.3 3.2 2.2 3.1 2.4 2.8 2.3

BLINNIED 822.75 954.47 1099.97 1204.54 1236.37 1248.96 1 255.70

8 JEN T 816.99 982.15 1126.37 1170.81 1266.04 1 283.93 1 288.35
AR 22/ % 0.7 2.9 2.4 2.8 2.4 2.8 2.6

LE AR X 222 = [ R B — R | /BB {E X 1002,
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Table 8 The evaluation results between modulus of resilience and

curing age under different cement content

FA R/ d
KBt/ %

5 10 25 42 63

BN ) 496.50 564.01 766.54 874.47 888.06

3 A (A 514.37 580.37 741.24 895.46 864.08
AHXT R 2/ % 3.6 2.9 3.3 2.4 2.7

BLNXIE] 678.70 745.91 947.56 1052.28 1 065.62

5 FEW X[ 655.62 769.03 983.57 1 037.55 1 047.50
X 22/ % 3.4 3.1 3.8 1.4 1.7

HISH 786.86 867.69 1110.20 1230.86 1 241.54

7 R E 814.40 838.19 1 066.90 1243.17 1231.61
AHXT R 22/ % 3.5 3.4 3.9 1.0 0.8

BN ) 840,25 916.68 1 145.97 1260.61 1271.97

9 5 (A 805.80 881.85 1184.93 1271.96 1255.43
AN 1522/ % 4.1 3.8 3.4 0.9 1.3

T AR 2 = | B — IR | /B X 100% .

MLk 2 Rp9THE AR AT LLE ) AR R R 22 (S BN RZ 0 (e 206 ~ 3060 Z [8], e KA XS 1R 22 {H N
4.1 00, I AT BRI R 22 (E 4R 7 520 Z N, 3 W1 SC b i 8 S A Bl R LAY 450 o B RS L RE AL 3R iR 4%
ARt Z AR

4 #&
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AU ENE S0 5 s S le 7 3 3 Z () i B E R et R A bl kb e U S B T R E AT I
IR 7RI R TE RV SORS BRI T AR e

DK e AT A 25 8 e KU A A 8 A I 8, EL 25K e F R 31— e {8 s, 7K DR A A b i A IAE e i 24
IS Y R 2 SEORL 5

D FEMAR A IR I T L K PR AR E AL R A 470 s [l SRS kBt K Y0 45 2t 549 389 o T S 8 004 O 9 A i 2 e
PRF 18 2 2 18] 52 B R4 1 0 RO RO &

D EA R K PEIB 5T L B I8 37 i 1 A 35 <, K A8 AR 0 B 470 1 ] 58 o {7 e W B9 28 L P il
B I [ A ) R AR O RS B B, L I R R AR R 2 [ R SR A i ) 2 I SR
WRIKER.

4) FRAI I AN K P 15 i 2% BT 9] ST e AT R Y S0 i S R R X 3 Z A M A B T3
e 11 I g 15 [ 2 W

SE K

(17 222 0 AR KA D 7 8 3 0 3% P i B2 FH DL V8 % - K& R %, 2005.
AN Yanqing. Stable weathered sand in highway application[ D]. Xian: Chang’an University, 2005.(in Chinese)

(2] shdyty A9, 2 /o0, 5 0 KUAL D 25 I M 25 3 98 1 0 59 U0 5 B2 Rk LT . b B K AR $9 4%, 2012, 10(2) 1 55-60.
HAN Xuemei, YANG Jianying, GU Zaiyuan, et al. A shear strength property of remolded soil of weathered sandstone
splint rock[ J]. Science of Soil and Water Conservation, 2012, 10(2): 55-60.(in Chinese)

[ 37wt fd WAL b 78 w3 A B rh iy i (D79 % - K %2 K%, 2009.



%34 AR F KRAR R 20k F X RAL RS =] B X I AR A I 4 139

GAO Tao. Stability weathered sand in highway application[D]. Xi’an: Chang’an University, 2009.(in Chinese)

[4 ] BB RS, EAMR S5 AR AU L [0] 3 & 1 7 ) AR 15 K USR5 20 7 L 101 2R R R 2 i (T2 1RO
2013,43(2) :84-88.

GE Xiaoming. LI shucai, WANG songgen. et al. Coupling analysis of stress dependence and water sensitivity for resilient
modulus of unsaturated silt soil[J]. Journal of Shandong University ( Engineering science), 2013, 43(2). 84-88. (in
Chinese)

(5 ) BUHE DR L B, B 2R A0 30 75 R 5 L [0 SRS ek 15 9l A ek LU 20 (L DU TR 22412, 2007, 29 (12) + 105-107.
ZHAO Yanging. XUE Cheng. Huang Ronghua. Comparison of compressive resilient modulus and dynamic modulus of
asphalt mixtures[]]. Journal of WuHan University of Technology, 2007, 29(12): 105-107.(in Chinese)

[ 6 sy, 2 H 4 56 ] 3 A8 e 7R AR 30 T i A 5 [ ] A B AC il HR . 2011 (4) ¢ 1-5.

SHI Hong. Research on test method for modulus of resilience bearing plates on highway soil roadbed[J]. Technology of
Highway and Transport, 2011(4): 1-5.(in Chinese)

[ 70 vt Wy, op e A B L 45 Ok 4 3 25 ] ik K B [0 ]t F 25 10 45 TR 2% 41, 2010, 6(5) : 919-925.

LING Jianming, SU Huacai, XIE Huachang, et al. Laboratory research on dynamic resilient modulus of subgrade soil
[J]. Chinese Journal of Underground Space and Engineering, 2010, 6(5): 919-925.(in Chinese)

[ 87 BRIT2E . ¥4 2. w5 W PR AL F L 0] S s i B0 [ . 20 . 2010(4) : 143-147.

CHEN Kaisheng, HU Xin. Resilent modulus test of high liquid red clay[J]. Highway, 2010(4): 143-147.(in Chinese)

L9 o, AL, 255,55, KB R & W IR AT L3 & M s e F e [J )8 & 0%, 2013, 34(1): 133-138.

DONG Cheng, LENG Wuming, LI Zhiyong, et al. Experimental study of dynamic resilient modulus of cement-improved
high liquid limit clay[J]. Rock and Soil Mechanics, 2013, 34(1): 133-138.(in Chinese)

(107 1 24 PRFRA 28 T 92k - 9 o] e i i 30 B 50 [ . 24 B, 2010(8) :199-205.

XIAO Junhua. Experiment and study on resilient modulus of compacted silt under cyclic loading[ J]. Highway, 2010(8) :
199-205. (in Chinese)

(1170 # A /K P A8 e 1 Je M FRPT R 3 B B [ SR i S M G R [T, WS A B 5185, 2013(3) :57-59.

ZHENG Wei. Cement stabilized soil unconfined compressive strength, compressive modulus of relationship with age
[J]. Highways and Transportation in inner Mongolia, 2013(3): 57-59.(in Chinese)

C12] E M . 5 2 G . R Rl A9 B0 VR IO A ¢ o5 R 6t 00 IR o 38 i 52 i [ J A 22 R 222 i CH AR B2 D . 2013, 33(2) :33-37.
WANG Haipeng, HAN Chunpeng. Effect of freeze and thaw on confined resilient modulus of improved lime-soil[ ] ].
Journal of Chang an University(Natural Science Edition), 2013, 33(2): 33-37.(in Chinese)

(130 B R B Sk AR L 55 WD AN TR 48 A 5060 B2 K b R P s il ) B 52 [0 ). Tl /510, 2013 43(1) :55-60.

YANG Jun, LI Xinchun, ZHANG Guodong, et al. Research on the influence on expansive soil characteristics by different
mixing rates of weathered sand[J]. Industrial Construction, 2013, 43(1): 55-60.(in Chinese)

(1470 B KA INBENT. 3 7K 3 H 52 B X 2 R A A i ik [ 380 A 149 552 W AF 9 (7). 36 ik T2, 2013(3) + 1-5.

LV Dawei, SUN Xiaoli. Study on influence of water content and compactness on resilient modulus of clayey sand subgrade
[J]. Subgrade Engineering, 2013(3): 1-5.(in Chinese)

L1570 W . oIS L 220 w5 SR 9 I £F K P e 0 A o [l b e U B 5 [0 ). Tl 5T, 2008, 38(12) 1 96-123.

LIU Chenghui, ZHANG Peng, LI Qingfu. Experimental study compressive resilient modulus of polypropylene fiber
reinforced cement stabilized macadam[ ] ]. Industrial Construction, 2008, 38(12): 96-123.(in Chinese)

[16] e fis, &X B, X A S0, 45 56 1] % 5 - [l 55 R ki O 36 R 58 B0 AR () 0. 8 BR 3838 K% % 4R (A AR B 00, 2012, 31(4)
795-798.

ZHANG Xiao, ZHAO Duijjia, LIU Shaowen, et al. Research progress on determination of resilient modulus of subgrade
soils in U.S.[J]. Journal of Chongqing Jiaotong University(Natural Science), 2012, 31(4):795-798.(in Chinese)

(RH HB)



