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Abstract: The tensile strength of clay is an important factor in determining the stability of soil slope. Due to the
fragmentation of soil, the understanding of the tensile strength of clay is not clear. In this study, the uniaxial tensile
test of remolded clay is carried out to analyze the influence of water content and tensile rate on the tensile strength
of remolded clay based on the self-designed direct tensile test device. The test results show that: (1) The tensile

strength of remolded clay increases first and then decreases with the increase of water content, as the other
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conditions (such as tensile rate) remain stable. The peak tensile strength occurs near the optimal water content.

(2) The tensile strength of remolded clay increases with the increase of tensile rate, as other conditions such as

water content remain unchanged. (3) In the water content range (18%—24%) of this study, the remolded clay

undergoes plastic deformation under uniaxial tension, and shows softening failure law after reaching the peak

tensile strength. (4) The discrete element simulation method is used to analyze and verify the results obtained from

the above experiments. The results of this study can be used for the stability analysis of soil slope and the

calculation and design of slope protection.

Keywords: remolded clay; uniaxial tensile test; tensile strength; water content; tensile rate; discrete element

5 N U E TR AV 5o E DO S S I ) S LA e 2 S M (7
AR ST b w2 s . B2, P2 HARRKHE
1 A 5 - R PTRLR FE B VAR OC: TEFR [, 249 50% IR
B G W Y SRR R S R, R e Bl e AR K
FRUGIN, YL oR EE )N, 103 RE L IR ) ki 2
SV TRV R L VG AL A b RR AR XS, T MR S A
MR T AR SZAE R M 5 & AR SRR, AT 5 1 K
MR KRGS IR0, Jihb, A B Es b T 2tk T4,
TEFET . VR RS AR A 2R R0 4230 9 3 S5 0 5l (A R 3 )
YERITR, BR YR Bl 3 8 & AR sk hr R 2479, PRtk 1
B I R AR B BTz B T 8 AR AR

T ARBURL IR FE ARSI T 20 4D 50 4R X, AR 4
it A 08 T =X, 04 5 B a4 0 DAy ] 4 4 6 R 4
IR, LAY TR] e Ty s A 4 4 R e
L D S W N ol [ DS TR . s A |51 B3l
FIUE A T 05 k1o B AR S, (H DS Y 25 2R T 5
L7571 VA5 1 NG = P PV 1 B 0 0 = S I /90109 | E A
73, B 2R RN DT 500 45 3 AR PR aR
P A2 5 B R e HE AT T O RS .
SR SR BT T — B RE I g AR BT R B 0 a5 e
H, W58 T & 7K BB P Hnom B (9 52 0 ; Lu 5500
R T — P 3 S, W7 DA BB DU A 9 B 5
JE, BEIE T & K X R 40 AP B o B Y 5
Tamrakar 55> 3 1o 3% 11875 JE #% 1 Je H X + FE k47
PP, BT T e 52 B AL A 3R] - A B 7 58
R 52 T 5 24 4t 48 50 508 21 Ak 0 A B T e A e, B9
T AS[A£F 445 5 S 7K R0 25 4N A7 o b o B Y
SEMR 5 ST R B T e ke AR R, BFSE T )
BT B UL R R B K R R S Y AR A R K
£ e A TR U ISR E DA TN 01 S = e w71 VAT
R & KRB AR AR TR 2 S5 AR AR AR AR
WEIE 7RG LR EE S S KA RS A R 1
AR 5% [ PRAER R A il A Beh a0 A A% T e
IR BEIE, TRIE T E /K X AR AN+ HUhL g BE 1Y 52

Wi AL 5 2 A B0 S 3T R R L, R
e K 11 5 R Y 05 SO0 AR EAT T, AITSE 1 A KR
AL AR 0] 2 PR 55 88 AR5 ) 5 5K ] A2 Y g 5
BT A A B R R L, B IR T A KRN R
S K A A PR 58 B R 5 BRI LAY XK Pk R+
PEAT T BRI, HFSE T AN [R] 5 7K A 8 R X
AKYe R OB R AR o HE T B A, AR
LR R AN o RO G Wi W o e W
SRR R E 2 A T R AR, A U
BEG R, i 5y 0T Ji o (BRI AR b, R TE 2
B KI5 [y R I3 VR FH 04 TR, 3 32 31 3 5 1) 8 ) 1Y
SR, PR R R 0 i i b 2 fE R R A BRI T
AR B 7, AP B R N RS o X AL
A5 R B, L A o iRE R 0 i it o 7R 32 (L )
A A 3R 240 T3 BT (), DAk Al S A Rl 4 iR g
AR, (IR B TR | e85 R 5 2 8 LA A
HHL

AR SCHIR ] T 57 3E 4 B 56 20 e LA KR I 1K
UGS L Xk T S R O B (R, BT T
RN 7K AR08 I R - U R R AL, O i g
B ROTRAUT 0 I A5 R AT 1 AR A Bk
1 HERENHAESHE TR
L1 5 S R H R B R

VR 2 2 A A L 3% D 3 877
FEARKE o X T 7 T al 8 AL B 25 LI A4 1 , e —
e 5 e HL mCaR ) JRORG 45 A5 R AR B A I, 29T K 2 il
BN T B v i T L, AR 2 7 A Sy R A IR 5 T 249 3R
/e M BRI B &, S EGUER R M. X T
“FIE B IR, B AR AR TE — o 1 2 WA
FH D0 A5 1) - AR BT 7 58 B A A —E IR 22 . I,
BRI R AR L Y By, AR G T — BB
TR, o 2008 H. 32 By 1% Sl ORI 2 f 4R,
7 A Bl VR A kR SR L R, LA



2024 4F

P, S SR b R I BT T 5 i - 89 -

JIEE TP G R Az, RS B 18 W i & AR R, B
SyAE R AR AR IR o P R S BT EAT 23R, il R
eI K A 2 BB v B4 . B EL A i B £ T
HOd T 2685 1 B0R I L, X T REs s A5
JER | A

AR SR 4 57 2R 4 B a6 e 2 B )
IR I HESE | [ E R A R AR I AL
P IR S5 TR AT R, SME AL AR RO B . A B
P62 B R AR LN 1 s .

8
\, N
IR s s s 2 IHES; 3R 4P R
S—EERN; 6—1kE; T3 8K, 9— FIEER,;
10—URFeAL; 11—TE3hbR; 12— FIEER,; 13184
B1 simhmidie s 5ilFEE

Fig.1 Uniaxial tensile test device and the sample mold
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Table 1 Basic parameters of the remolded clay
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Fig.2 Gradation curve of the remolded clay
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Table 3 Uniaxial tensile test results of the remolded clay with Table 4 Uniaxial tensile test results of the remolded clay with
different water contents at the same tensile rate different tensile rates when the water content is 20%
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Fig.3 Stress-strain curves of the remolded clay with different
water contents
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Fig. 4 Stress-strain curves of the remolded clay at different
tensile rates
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Table 5 Basic calculation parameters of particles

S H SHURUE
WOk [ MU EE/(N-m ™) 1x10°
WL [ RIEE/(N-m™) 1x10°
FhE55R B /kPa 24.09
ok B/ (kgrm ) 2760
FEREZAL 0.35,0.45, 0.55, 0.65
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— 5 WAL AL, IV 7 B 107 72 38 s s el o C
TURE S8 BN, IR o 1Y 7 6 58 T 2, GCkE
F T ABUR. 6] PR 45 o 42 R A, HH B — 2R Bl A i
PL8%, BB R S A — 2

NN THERE

Fig. 8 Evolution process of sample force chains

# 8

He 0 45 R 5 B e 45 2R X e (18] 9), Hop &1 9(a)
A TR 5 7K SR I 7 - AR R L, P 9(b) S AN [R]
P A A A 1 g - AR MRS o AR T LA #, AR
N G N S0 E VA S S 0 16 A9
MG IR AR — 2

14 1
—— LR 18%
| - o-- BIESE R 18%
12 —o— HIGLE R 19%

o= BHIFZE R 19%
—— JRIGAEF20%
-2 - BHIFEER20%
—— I 45 21%
- - WIS R21%
—— R4 R22%
- o - WAL R22%
—— XI5 24%

- BHIEZE R 24%

1. #1/kPa

N7/ %%
(a) AFE K

5 g

(D BEFE &K R A3, =985 A Phn om B 5
BLH S B TH 5 T A e e, W R T 7 50 38 H1 BT e
K AR I, VA {7 RN AR 2 T 4 5 A A R Y
i, BB 0 HU R S T R, W R 3B
i)

(2) 1 RE A IR 15 55 DA 18] 35 2 B0 38 20 50K F)
B A0 IR B (A 5 B2 I, BURE P HH BB/
TR IR e A WS W SR A AR A O, AR R
ANHLIN] F) S AR R, T B BT T 5 R, TR —
ZRBUA IR L 1 R EE, S S TR, R BEIR
RS R R — B TR R & KRR AR,
R PR A AR AR KR A R — 2

TEA4 Ja BRI FE T AR A, 0030 2 SR 1R B R
— RS L ORTE LR 32 BB A R X AR R
JEE B9 5 i ML, MR R TS MILIRT 2 4 0 BOR S
P RTERL AR TR B2 AR, AT 36 I AR SCAY 73
Prafidt .

14 1 .
—— 23,6 mm/min
12+ - Eﬁijkéﬁi3.6 mm/min
—e— RIRZEHS.4 mm/min
- ISUFZE LS. 4 mm/min
101 —a— RIRZEH7.2 mm/min
- ISFZEAL7.2 mm/min
£ gt —v— 255 10.8 mm/min
§ - BOUEZEH10.8 mm/min
=o6r
4 -
2 I .
0 0.5 1.0 1.5 2.0 2.5 3.0
SR 7/ %o

(b) AR

9 [RrA1-RrE gttt B

Fig. 9 Comparison of stress-strain curves



2024 4F

P, S SR b R I BT T 5 i - 93 -

S E L ( References ) :

(1]

(21

L4]

Le6]

(71

WRARTT, S IG5, 36 1) 2%, 45 . e T 5 A B2k Y o 4 05
05 30 Y R AR AT ALIR B (7], 7K S b B TR A R, 2021,
48(6): 151 — 160. [ CHEN Linwan, ZHANG Xiaochao,
PEI Xiangjun, et al, Model test of the linear loess fill slope
instability induced by rainfall[J]. Hydrogeology &
Engineering Geology, 2021, 48(6): 151 — 160. (in
Chinese with English abstract) ]

T, R, IR, % mpE W AR R B BT
SRR (7], 35 MROR 72 i (U BR B 27 R, 2021,
51(5): 1338 — 1346. [ WANG Lei, LI Rongjian, YANG
Zhengwu, et al. Experimental study on cracking
characteristics of loess steep slope under intensive
rainfall[J]. Journal of Jilin University (Earth Science
Edition), 2021, 51(5): 1338 — 1346. (in Chinese with
English abstract) ]

INFETE, TR AR VLA T, . BRI KR 2 8 L
AR T W AL (0], M 53 4, 2021, 40(10): 1617 —
1625. [ SUN Pingping, ZHANG Maosheng, JIANG
Ruijun, et al. Deformation and failure mechanism of
rainfall-induced shallow loess landslide.[J]. Geological
Bulletin of China, 2021, 40(10): 1617 — 1625. (in
Chinese with English abstract) ]

Wt MK E, REiZ, . 7 R I 20 i
T B I U AE S (0], K SOl S T AR b S
2021, 48(5): 91 — 101. [ YANG Zhihua, GUO
Changbao, WU Ruian, et al. Predicting seismic landslide
hazard in the Batang fault zone of the Qinghai-Tibet
Plateau[J]. Hydrogeology & Engineering Geology, 2021,
48(5): 91 — 101. (in Chinese with English abstract) ]
AT, 2R, ARG, A5 TR R AR S e K T T 2
Y b R G I PEIT A (0] b BT 4R 2022, 41(8):
1473 — 1486. [ LI Caihong, LI Xue, GUO Changbao, et
al. Seismic landslide hazards assessment along the
Xianshuihe fault zone, Tibetan Plateau, Chinal[J].
Geological Bulletin of China, 2022, 41(8): 1473 — 1486.
(in Chinese with English abstract) ]

EVe, XU G, SEEEAR, 45, b 5 T A B M T Al
Ko g B A 2 (6] B R 52 e B 5 (30, b B b R
2021, 48(1): 21 — 39. [ WANG Tao, LIU Jiamei, LI
Zetong, et al. Seismic landslide hazard assessment of
China and its impact on national territory spatial
planning[J]. Geology in China, 2021, 48(1): 21 —39. (in
Chinese with English abstract) |

KR, 75 B, R IR R T I S SR T PR B
HH T 5T (7). B TR A, 2015, 32(9): 25 -
29. [ CHENG Yonggang, WU Liuzheng, ZHAO
Xiaoyan. Research on the cause of expressway

embankment landslides and their treatment scheme[J].

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Journal of Railway Engineering Society, 2015, 32(9):
25 —29. (in Chinese with English abstract) |
WA, SR, 22 AR, G SR L DX Bl
R S B RS R RLA AT (T]. R A
i, 2022, 30(3): 656 — 671. [ ZHAO Haijun, MA
Fengshan, LI Zhiqing, et al. Geological hazards and
protective measures of road slope in Himalayas Mountain
ArealJ]. Journal of Engineering Geology, 2022, 30(3):
656 — 671. (in Chinese with English abstract) ]
G, i, B85t . LRTURLIK I # R AT
LR (7). MR ARL 2 R JR , 2015, 30(3): 297 — 309.
[ TANG Liansheng, SANG Haitao, LUO Zhengui, et al.
Advances in research on the mechanical behavior of the
tensile strength of soils[J]. Advances in Earth Science,
2015, 30(3): 297 — 309. (in Chinese with English
abstract) |
THUSYANTHAN N I, TAKE W A, MADABHUSHI S P
G, et al. Crack initiation in clay observed in beam
bending[J]. Géotechnique, 2007, 57(7): 581 — 594,
VISWANADHAM B, JHA B, PAWAR S. Influence of
geofibers on the flexural behavior of compacted soil
beams[J]. Geosynthetics International, 2010, 17(2): 86 —
99.
AZMATCH T F, SEGO D C, ARENSON L U, et al.
Tensile strength and stress—strain behaviour of Devon silt
under frozen fringe conditions[J]. Cold Regions Science
and Technology, 2011, 68(1/2): 85 — 90.
ARG, BPE, R, 45 R A b b R
5T [T, #52 TR %4, 2014, 36(2): 233 -238. [ LI
Chunging, LIANG Qingguo, WU Xuyang, et al. Study on
the test of tensile strength of remolded loess[J]. China
Earthquake Engineering Journal, 2014, 36(2): 233 — 238.
(in Chinese with English abstract) ]
B, 2 op, BRER, AF . R S Ak - po b i B e B Y
0], KRILRF#BEBEAR, 2017, 34(6): 93 - 96. [ HUANG
Ke, JIANG Chong, CHEN Qing, et al. Experimental
study on tensile strength of compacted expansive
soil[J]. Journal of Yangtze River Scientific Research
Institute, 2017, 34(6): 93 — 96. (in Chinese with English
abstract) |
SHLOIDO G A. Determining the tensile strength of frozen
ground[J]. Hydrotechnical Construction, 1968, 2(3):
238 — 240.
SOBHAN K, MASHNAD M. Tensile strength and
toughness of soil-cement-fly-ash composite reinforced
with recycled high-density polyethylene strips[J]. Journal
of Materials in Civil Engineering, 2002, 14(2): 177 —
184.
ZHOU Guoqing, HU Kun, ZHAO Xiaodong, et al.

Laboratory investigation on tensile strength characteristics


https://doi.org/10.1680/gein.2010.17.2.86
https://doi.org/10.1007/BF02377405
https://doi.org/10.1061/(ASCE)0899-1561(2002)14:2(177)
https://doi.org/10.1061/(ASCE)0899-1561(2002)14:2(177)

94.

7K SCHb BT TR b S

554

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

of warm frozen soils[J]. Cold Regions Science and
Technology, 2015, 113: 81 —90.

AKIN I D, LIKOS W J. Brazilian tensile strength testing
of compacted clay[J]. Geotechnical Testing Journal,
2017, 40: 608 — 617.

LGN, HWIE, SRR, 5 L ARBURR B BT AT
ik ). a5, 2016, 37(3 i) 2): 175 -
186. [ LI Haoda, TANG Chaosheng, XU Qiliang, et al.
Advances in experimental testing methods of soil tensile
strength[J]. Rock and Soil Mechanics, 2016, 37(Sup 2):
175 — 186. (in Chinese with English abstract) |

T, R, TARA, . &5 908k £ PR L5
WF5E 1. & A 1285 TR 24k, 2006, 2503 7] 2):
4186 — 4190. [ ZHANG Hui, ZHU Jungao, WANG
Junjie, et al. Experimental study on tensile strength of
compacted gravel soil[J]. Chinese Journal of Rock
Mechanics and Engineering, 2006, 25(Sup 2): 4186 —
4190. ( in Chinese with English abstract) ]

LU Ning, WU Bailin, TAN C P. Tensile strength
sands[J].
Geotechnical and Geoenvironmental Engineering, 2007,
133(2): 144 - 154.

TAMRAKAR S B, MITACHI T, TOYOSAWA Y.

Measurement of soil tensile strength and factors affecting

characteristics of unsaturated Journal of

its measurements[J]. Soils and Foundations, 2007,
47(5): 911 —918.

ZEgdt, JHEA, TAEER, 45 A 4N L 0P B ik
B wge (V). TR M 2 4, 2012, 2003 1] 1): 655 —
660. [ LI Jian, TANG Chaosheng, WANG Deyin, et al.
Experimental study on the tensile strength of fiber
reinforced soil[J]. Journal of Engineering Geology,
2012, 20(Sup 1): 655 — 660. (in Chinese with English
abstract) ]

% 57 B, BETE M, MRAe, . Ao - SR R o B
S R Z AT ST (7). A - TR %R, 2014, 36(6):
1160 — 1166. [ LU Li’na, FAN Henghui, CHEN Hua, et
al. Influencing factors for uniaxial tensile strength of
dispersive soils[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(6): 1160 — 1166. (in Chinese with
English abstract) ]

sk, IR, moR, 55+ T EE R R E 0
W & i) (0] 2 £ TR =4, 2014, 36(7): 1309 —
1315. [ ZHANG Xutao, ZHANG Qiangyong, GAO
Qiang, et al. Development and application of geotechnical
direct tension test devices[J]. Chinese Journal of
Geotechnical Engineering, 2014, 36(7): 1309 — 1315. (in
Chinese with English abstract) |

Kz, BRAF 2 Se R Ry hreR BEAR Y (I K SO
TAEHLE, 2015, 42(4): 56 — 60. [ ZHANG Yun, CHEN
Tensile

Mengyun. strength of compacted clay[J].

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Hydrogeology & Engineering Geology, 2015, 42(4): 56 —

60. (in Chinese with English abstract) |

BT, W 5, AT O AL L TR AR i e

(RIF BN 0], #4037, 2017, 38(6) - 1832 — 1840.
[ cul HAN Shangyu, HONG Baoning.

Development and application of a new geotechnical

Meng,

device for direct tension test[J]. Rock and Soil
Mechanics, 2017, 38(6): 1832 — 1840. (in Chinese with
English abstract) |

[ RN S S N T S W T DA & AT R T
[J]. 7K SCHb s T A2 Hh 57, 2017, 44(4): 98 — 104. [ HU
Lei, ZHANG Yun, SHI Butao, et al. Test research on the
tensile properties of remoulded clay [J]. Hydrogeology &
Engineering Geology, 2017, 44(4): 98 — 104. (in Chinese
with English abstract) ]

SR PR, A, FL/ANEY, 45 AEA AN 1 B hr e B Y
IKIGHFSE (7] KFI#4iz, 2017, 48(5): 623 —630. [ CAI
CHE Ruijie, KONG Xiaoang, et al
Experimental investigation on
sands[J].
Engineering, 2017, 48(5): 623 — 630. (in Chinese with
English abstract) ]

ZERER AR AR M PR BRI i 5E (D] BRI
AL Tl k2%, 2021. [ LI Ziyue. Experimental study on

tensile strength of unsaturated cohesive soil[D]. Wuhan:

Guogqing,
tensile strength of

unsaturated  fine Journal of Hydraulic

Hubei University of Technology, 2021. (in Chinese with
English abstract) |

K E A R S K A T T R R -G I A B B
3 U], B bR eI, 2022, 66(5): 68— 72. [ ZHANG
Guohua. Tensile strength and tensile-shear combined
strength formula for compacted expansive soil[J].
Railway Standard Design, 2022, 66(5): 68 — 72. (in
Chinese with English abstract) ]

Bt il AR, R, 55 KR SR L B s
BE R B 5 0 vk (3. oK SCHb S TR M %, 2022,
49(6): 81 — 89. [ WEI Hongshan, WANG Weizhi, XU
Yongfu, et al. Tensile strength characteristics and
calculation methods of the cement stabilized soil[J].
Hydrogeology & Engineering Geology, 2022, 49(6): 81 —
89. (in Chinese with English abstract) ]

A AR R T B AU S R RS - TR T ik
PR GB/T 50123—2019[S]. bt = 3%l i At
2019. and Urban-Rural
Development of the People’s Republic of China. Standard
for geotechnical testing method: GB/T 50123—2019[S].
Beijing: China Planning Press, 2019. (in Chinese) ]

tE: M AR

[ Ministry of Housing


https://doi.org/10.1016/j.coldregions.2015.02.003
https://doi.org/10.1016/j.coldregions.2015.02.003
https://doi.org/10.1520/GTJ20160180
https://doi.org/10.1061/(ASCE)1090-0241(2007)133:2(144)
https://doi.org/10.1061/(ASCE)1090-0241(2007)133:2(144)
https://doi.org/10.3208/sandf.47.911

	1 试验装置的研发与试验开展
	1.1 试验装置与试样模具的研发
	1.2 重塑黏土的单轴拉伸试验

	2 试验结果
	2.1 不同含水率的试验结果
	2.2 不同拉伸速率的试验结果

	3 分析与讨论
	3.1 应力-应变曲线分析
	3.2 含水率对重塑黏土抗拉强度影响分析
	3.3 拉伸速率对重塑黏土抗拉强度影响分析

	4 试验结果验证
	4.1 模型的建立
	4.2 结果验证

	5 结论
	参考文献

