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Research on the critical strength of the initial structure of the
uncemented coarse-grained soil

ZHANG Chenxi, WANG Yang, WEI Yufeng, LIANG Peng, HE Congxi
(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of
Technology, Chengdu, Sichuan 610059, China)

Abstract: Both the undisturbed soil and remolded soil have initial structural properties, and the shear stress
resisted by the initial structure of the soil is the structural strength of the soil. In order to study the initial structural
strength of the uncemented coarse-grained soil, this paper defines the characteristics of the initial structural change
points of the coarse-grained soil during the shearing process, and divides the coarse-grained soil into four
structural types according to the content of the coarse-grained soils greater than 20 mm. Visual direct shear
instrument direct shear tests are carried out on the coarse-grained soils with different structural characteristics, and
the critical strength of the coarse-grained soils with different initial structures is determined through the numerical
value and the change trend of the initial structure indexes of the coarse-grained soils during the shearing process.
The results show that the shear strength of the coarse-grained soils with different initial structure types under the

same normal stress and the same particle type are in the same order as the proportion of the structural strength,
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indicating that the particle structure strength plays a role in the whole process of the resisting shear stress. The

average structural strength of the four initial structure types of the coarse-grained soils accountes for 36.27%, that

is, the structural strength accountes for 36.27% of the peak shear strength. The arranged contact structure has the

highest structural strength at 36.62%, followed by the mosaic structure 36.61%. The suspended dense structure is

35.99%, and the superimposed structure has the lowest proportion of the structural strength, which is 35.87%.

Keywords: coarse-grained soil; shear strength; initial structure; structural strength; structure type
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Fig.1 Schematic diagram of the soil shear stage
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Fig.2 Schematic diagram of the change point of the initial

structure of the particle
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Table 2 Initial structure information extraction results
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50 15 20.16 0.975 4.67
50 40 17.72 0.958 4.12
50 60 18.36 0.953 4.26
50 80 16.92 0.941 4.06
100 15 19.52 0.969 4.71
100 40 17.58 0.951 4.29
100 60 15.96 0.952 4.19
100 80 17.93 0.943 4.03
150 15 18.39 0.972 4.82
150 40 16.56 0.961 432
150 60 15.77 0.958 431
150 80 15.60 0.946 4.05
200 15 16.72 0.970 4.72
200 40 14.60 0.953 4.34
200 60 14.97 0.959 4.29
200 80 15.52 0.947 4.07
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Fig. 10 Index changes and shear strain images of different initial structure types
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Table 3 Initial structure index information for each type of interval refinement
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Table 4 Initial structural strength of each type and the
proportion of structural strength

WIRESHS SRS ZEAAREE WR(APTEY SSASREE ASMSREE S 1L
2 /kPa /kPa  BREE/KPa  NH/%  OFHHE/%
50 12473 34295 3637
P 100 19297 53175 3629 159
150 27346 75939  36.01
200 308.10  873.55 3527
50 135.96 367.86 36.96
S s 100 231.33 623.20 37.12 2662
150 326.55 899.83 36.29
200 383.91 1 063.16 36.11
50 130.22 34791 3743
- 100 225.58 606.23 37.21 3661
150 297.11 82394  36.06
200 348.41 97403 3577
50 12246 33857  36.17
—_— 100 196.80 54895 3585 ss57
150 25585 73036  35.03
200 280.93 771.14 36.43




- 62 - 7K SC L T

(] UKL AR 28 15 B0 T, BT B9 58 B2 R/ IN 15 5 A0 B B2 o
FER/NAHEF — B, B S o RS il 45, Lk O
R AL | IR LA, B B AR/ . R T MR
S5 K 0 B AR AR BT I ) B RS i R R R B T Y
YEH .

4 it

(LR LA 5 #2032 A BB, LR A B4
56 S5 T I BIL 9 B D) ad R O 3 — B Be, I 0T R AR
— [ BT IR BT B R A7 O A S, 0 AR A 5 S
WA AT 47 09 9 R L {L Ry 45 A 5 8 5 L o

(2) MRAERIURL Py 5 10, K UKL A) iR 25 A 2 AL 50
RTRE L HEPHE A | B A L B,
I3 5 A K P T FLBR e B ME AR 3 4 b K A
YY) 4 R A A S, RE AT HA R B AL 2
TURELREL - 1) 45 K 5 B LA R 25 A0 5 B2 o L, L 4 R
S RMURE + - 2 S5 4 50 5 5 EE A 36.27% .

(3) A [ 400 4y 45 # 268 RORDAE - 76 A [] 1 W 7 | A
7] ORE AR 2 (0175 B0 T, D009 58 5 R/ IN 55 254 56k JBE o
FER/INI HE P — B0 RO HESE il 254 | B R 45
FI PP S b e B B A5 H o R W] T BORL 45 AL 5 2
TEARPT BT I S A AR R B T EH 2R

(4) 43 B 1 HURE 1 W0 4 25 1 B 10 98 b 1 18 AL
R, 1l R S T ORDRE o 45 A A B V) 3 R G AR A A
Y, $E 7 T AR A5 R 5 R % LT Y 5i R 645
DO IS 0 N2 R SR AR SIS o RIVE e N

£ E#k ( References ) :

[1]  SBECHE. MR A 09 T F2 R KON F M. 4 - 5307 7k
B AR AR, 1998.

properties of coarse soil andits application[M]. Zhengzhou:

[ GUO Qingguo. Engineering

The Yellow River WaterConservancy Press, 1998. (in
Chinese) |

[2] ODA M, NEMAT-NASSER S, MEHRABADI M M. A
statistical study of fabric in a random assembly of
spherical granules[J]. International Journal for Numerical
and Analytical Methods in Geomechanics, 1982, 6(1):
77 — 94.

[ 3] CHRISTOFFERSEN J, MEHRABADI M M, NEMAT-
NASSER S. A micromechanical description of granular
material behavior[J]. Journal of Applied Mechanics,
1981, 48(2): 339 — 344.

[4] SATAKE M. A discrete-mechanical approach to granular

materials[J]. International Journal of Engineering

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Science, 1992, 30(10): 1525 — 1533.
ELIA G, AMOROSI A, CHAN A H C, et al. Fully coupled
dynamic analysis of an earth dam[J]. Géotechnique,
2011, 61(7): 549 — 563.
X, BRAEK, 2 3, 45 PR ER A 404 F T 2% 08
HL B 0 HE A M AR H B R (0] A 4 gy 2, 2012,
33(7): 1972 - 1978. [ LIU Enlong, CHEN Shengshui, LI
Guoying, et al. A constitutive model for rockfill materials
incorporating grain crushing under cyclic loading[J].
Rock and Soil Mechanics, 2012, 33(7): 1972 — 1978. (in
Chinese with English abstract) |
MANOUCHEHRIAN A, SHARIFZADEH M, MARJI M
F, et al. A bonded particle model for analysis of the flaw
orientation effect on crack propagation mechanism in
brittle materials under compression[J]. Archives of Civil
and Mechanical Engineering, 2014, 14(1): 40 — 52.
b, BRAR K, b s MR R 0 AR S T SO
PEAKBEAL [J]. 2 1%, 2015, 36(7): 1931 — 1938.
[ WANG Zhanjun, CHEN Shengshui, FU Zhongzhi.
Dilatancy behaviors and generalized plasticity constitutive
model of rockfill materials[J]. Rock and Soil Mechanics,
2015, 36(7): 1931 — 1938. (in Chinese with English
abstract) |
5 B E, HAYLEY H SHEN. 2t T k7 41 #4458 4 ) Bk
PR A R A H B TR ATF 5 [J]. A& 2 J124, 2009, 30(E T 1):
93-98. [ GAO Zhengguo, HAYLEY H SHEN. A study of
constitutive model for granular material based on
characters of discrete particles arranged[J]. Rock and Soil
Mechanics, 2009, 30(Sup 1): 93-98. (in Chinese with
English abstract ]
P WIBE, 01, Py M. 5 T GOV B A5 1R ) 45 A 14
AR RERL [J]. A & TR A, 2013, 35(6): 1134 —
1139. [ JIANG Mingjing, LIU Jingde, SUN Yugang.
Constitutive model for structured soils based on
microscopic damage law[J]. Chinese Journal of
Geotechnical Engineering, 2013, 35(6): 1134 — 1139. (in
Chinese with English abstract) ]
ZE RN, W, R SCAk, B B T A S E0N A
BERIB 5T (0], R B TR 22 4, 2021, 61(1): 84 —
91. [ LI Wugang, YANG Gang, LIU Wenhua, et al. Study
of constitutive model for soils based on structural
parameter[J]. Journal of Dalian
Technology, 2021, 61(1): 84 — 91. (in Chinese with
English abstract) |
e X, FF s IR g R e RS T
wAR D A b TR AR, 1999, 21(6): 651 — 656.
[ XIE Dingyi, QI Jilin. Soil structure characteristics and

University  of

new approach in research on its quantitative parameter[J].


https://doi.org/10.1002/nag.1610060106
https://doi.org/10.1002/nag.1610060106
https://doi.org/10.1115/1.3157619
https://doi.org/10.1016/0020-7225(92)90162-A
https://doi.org/10.1016/0020-7225(92)90162-A
https://doi.org/10.3969/j.issn.1000-7598.2012.07.009
https://doi.org/10.3969/j.issn.1000-7598.2012.07.009
https://doi.org/10.1016/j.acme.2013.05.008
https://doi.org/10.1016/j.acme.2013.05.008
https://doi.org/10.7511/dllgxb202101012
https://doi.org/10.7511/dllgxb202101012
https://doi.org/10.7511/dllgxb202101012
https://doi.org/10.3321/j.issn:1000-4548.1999.06.003
https://doi.org/10.1002/nag.1610060106
https://doi.org/10.1002/nag.1610060106
https://doi.org/10.1115/1.3157619
https://doi.org/10.1016/0020-7225(92)90162-A
https://doi.org/10.1016/0020-7225(92)90162-A
https://doi.org/10.3969/j.issn.1000-7598.2012.07.009
https://doi.org/10.3969/j.issn.1000-7598.2012.07.009
https://doi.org/10.1016/j.acme.2013.05.008
https://doi.org/10.1016/j.acme.2013.05.008
https://doi.org/10.7511/dllgxb202101012
https://doi.org/10.7511/dllgxb202101012
https://doi.org/10.7511/dllgxb202101012
https://doi.org/10.3321/j.issn:1000-4548.1999.06.003

2022 4F

SRR, 55 JUIR SRR 1400 4R 45 4 5 AT 7Y - 63 -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Chinese Journal of Geotechnical Engineering, 1999,
21(6): 651 — 656. (in Chinese with English abstract) ]
ST T, B AR . AR RN BT R A S5 R 1 B R R Y
KA D] M R 22 (A R B 2R, 2015, 46(5):
1838 — 1844. [ ZHANG Ningning, LUO Yasheng.
Relationship between structure and strength property of
unsaturated loess[J]. Journal of Central South University
(Science and Technology), 2015, 46(5): 1838 — 1844. (in
Chinese with English abstract) |

LB S A P AR R X AR BT B 5 B A R
[D]. 754 : P4t K 2%, 2019. [ WANG Yong. Structural
characteristics of loess and its effect on soil shear
strength[D]. Xi'an: Northwest University, 2019. (in
Chinese with English abstract |

SRDR IR KR b B L 5 3 B R S LS (0] BT K
J1 % H, 1990, 6(3): 29 — 36. [ GUO Qingguo. Shear
strength characteristics and parameters of coarse-grained
soil[J]. Shaanxi Hydropower Journal, 1990, 6(3): 29 —
36. (in Chinese) |

L TR A 0 e i R B AR AL [0 oK S T T AR
Hb T, 2021, 48(4): 72 — 77. [ MA Lu. Compression
characteristics and models of cohesionless soil[J].
Hydrogeology & Engineering Geology, 2021, 48(4): 72 —
77. (in Chinese with English abstract) ]

Bhut, B K0, 35 5. URE O RLRL 1 55 D) AR T8 5% i
£ 40 0L B 5 (0] 7K SCHb BT T AR b S5, 2021, 48(1):
114 — 122. [ WEI Jie, WEI Yufeng, HUANG Xin. A
meso-scale study of the influence of particle shape on
shear deformation of coarse-grained soil [J]. Hydrogeology
& Engineering Geology, 2021, 48(1): 114 — 122. (in
Chinese with English abstract) |

EwEI, £ 2, e, A DR b R 0T e R
WL 55 5 B ROTRLRL D], R K32 4 G TR,
2020, 37(3): 279 — 286. [ WANG Xiaoshuai, WANG
Zihan, JING Xiaokun, et al. A macro-micro study and
distinct element simulation on large-scale shear test of
coarse-grained soil[J]. Journal of Shenzhen University
(Science and Engineering), 2020, 37(3): 279 — 286. (in
Chinese with English abstract) |

o A8 KRR, - A v A 30U R FRATF 5T (00, 7K r i ik
11, 1998, 14(1): 83 — 88. [ QU Zhijiong. Research on
Application of Coarse Grained Soil in High Earth-rock
Dam[J]. Design of Hydroelectric Power Station, 1998,
14(1); 83 — 88. (in Chinese) |

ERE, FIEE, B, % . 0] 90 R R8N 1 5y
BOR AL BF 5 0T (0], 4 42 01 %%, 2017, 38(5):
1533 — 1540. [ WANG Jiaquan, ZHOU Yuefu, TANG

[21]

[22]

[23]

[24]

[25]

[26]

Xianyuan, et al. Development and application of large size
direct shear test apparatus with visual and digital collection
reinforced soil[J]. Rock and Soil
Mechanics, 2017, 38(5): 1533 — 1540. (in Chinese with
English abstract) ]

o5, B 0, R OIE PR, 45 R T RE SRR ALHIL ) 0 p R
5 3 954 443 4 T 3 AT (0] 7K S R TR b R 2019,
46(5): 120 — 126. [ HE Liang, WEI Yufeng, PAN

Yuanyang, et al.

functions  for

Analyses of roundness damage
characteristics of coarse-grained soil based on energy
dissipation mechanism[J]. Hydrogeology & Engineering
Geology, 2019, 46(5): 120 — 126. ( in Chinese with
English abstract) ]
T, BRI A HURL B 470 5 55 BE 5w YR a3 A (0.
B3 TR, 2015(3): 154 — 157. [ WANG Guan, CHEN
Jian. Analysis on factors affecting shear strength of coarse-
grained soil of subgrade[J]. Subgrade Engineering, 2015
(3): 154 — 157. (in Chinese with English abstract) |
XU, PV TR, B 5%, 45 DR ASURL BB A% 8 PR AIF 5T
PRV LV]. 9 3 K 27 2 AR (A SR BESA R, 2012, 40(4):
361 —369. [ LIU Hanlong, SUN Yifei, YANG Gui, et al.
A review of particle breakage characteristics of coarse
aggregates[J]. Journal of Hohai University (Natural
Sciences), 2012, 40(4): 361 — 369. ( in Chinese with
English abstract) ]
TG, A, KR, A5 RURE = s B AR
5 1R UKL 0 46 22 M 0 4R DD, e b g %, 2011,
32(2): 585 — 592. [ WANG Guangjin, YANG Chunhe,
ZHANG Chao, et al. Numerical simulation triaxial tests
for coarse-grained soil and preliminary study of initial
fabric of sample grain[J]. Rock and Soil Mechanics,
2011, 32(2): 585 — 592. ( in Chinese with English
abstract) ]
SRER . 56 TR+ TR AR B A 25 83 (0] 7K
FI K B HE AR, 1979, 10(6): 53 — 57. [ GUO Qingguo.
Discussion ~ on  engineering  characteristics  and
classification of coarse-grained soil[J]. Water Resources
and Hydropower Engineering, 1979, 10(6): 53 — 57. (in
Chinese) |
R . SR, S R 45 A% X e T K S s R AR B SRR T
4 BT R i AL AT 5 (D). )R : 7Y R 288 K, 2014,
[ CHEN lJian. Study on mechanism of effect of particle
packing structure on engineering properties of coarse-
ggrained soil filling high-speed railway embankment[D].
Chengdu: Southwest Jiaotong University, 2014. (in
Chinese with English abstract ]

iE: KRR


https://doi.org/10.3321/j.issn:1000-4548.1999.06.003
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3321/j.issn:1000-4548.1999.06.003
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3321/j.issn:1000-4548.1999.06.003
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3321/j.issn:1000-4548.1999.06.003
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.11817/j.issn.1672-7207.2015.05.036
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3724/SP.J.1249.2020.03279
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043
https://doi.org/10.3969/j.issn.1000-7598.2011.02.043

	1 粗粒土初始结构及结构强度评价
	1.1 初始结构强度定性描述
	1.2 初始结构分类

	2 不同初始结构类型的直剪试验
	2.1 试验方案设计
	2.2 试验结果分析

	3 初始结构强度定量评价
	3.1 初始结构描述指标及量化方法
	3.2 不同初始结构类型各指标变化对比
	3.3 指标变化分析及结构强度占比确定

	4 结论

