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Preliminary study on uniqueness of stress-strain envelope curves of sand

SHAO Longtan® 2, GAO Rui "%, XIA Pingxin®, GUO Xiaoxia® 2, SUN Yanpu' 2
(1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China;

2. Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, China; 3. Department of Civil Engineering,

Changzhou University, Changzhou 213164, China)

Abstract: The uniqueness of the stress-strain envelope curves of sand under cyclic unloading is of great importance in
understanding the inherent properties of the sand. A series of monotonic triaxial compress tests and cyclic triaxial tests,
considering constant amplitude, step stress amplitude as well as random stress amplitude, are conducted on the silica powder
and Fujian standard sand to explore the consistency between the stress-strain envelope curves and monotonic curve by
employing the full-surface digital image measurement system. The results show that the monotonic stress-strain curves of the
soil samples with the same density and confining pressure are approximately consistent with the stress-strain envelope curves
that undergo different cyclic stress processes, and the uniqueness of the stress-strain envelope curves of the sand is proposed.
The influences of the cyclic stress history and stress level on the regression velocity of the curves and the application of the
uniqueness of the stress-strain envelope curves in the establishment of the axial strain accumulation model are discussed.
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and triaxial compression tests!?’!
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Table 1 Particle gradations of test materials

SR 2 B/ Y%
RIG AR Gs 2~0.5 0.5~0.25 0.25~0.075 0.075~0.025 0.025~0.005
<0.005 mm
mm mm mm mm mm
FERORY 2.68 0.00 0.90 15.34 43.38 31.45 8.93 2.62
mEERY 2,65 30.10 64.30 5.60 0.00 0.00 0.00 1.73

1.2 RIesH

AR A 98 A 2 BT N A3 B R ROk
FkE AR AIRIE AR, AT — R B B =R AN
PR =G . TR AR TR, A% R
(BRI K P o ROk (14 B KR e /N2 BE 43 ) A
1.65, 1.20 g/em’®s #& bR AERD (1) B AN B /N T3 FE 4y
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Table 2 Program and strengths of triaxial monotonic shear tests

Ws  THE/(grem?) [ e /kPa /)% /kPa
SP11 1.40 150 719
SP12 1.40 200 861
SP13 1.40 250 1068
SP14 1.40 300 1261
SP15 1.40 350 1470
SP16 1.40 400 1643
SP22 1.45 200 987
SP32 1.50 200 998
SP42 1.60 200 1112
FS42 1.60 200 502

NRBEE, R 55 PR i 4 500
N WA PRI R, “SP” FRoRilis B
NRERURY, “FS” FomiIA B e @ bn e, Ja =
At BT LA 2 45 R 2 AR IR I O 46 13 R BB
ISz AI R IR S 2, BN R s S sy, A R
0 B U RO, AKX R SC R IR 4. RIE
PRAER AU b TR RAIE IR 4518, RBEAT 3 RN
HFR .
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Table 3 Programs of triaxial cyclic load tests

Fooowl  TEE BE ROAR FEMREY
=5 pR= (g'cmj) kPa [ % e
1 SP115 1.40 150 5 200
2 SP121 1.40 200 1 5
3 SP122 1.40 200 2 25
4  SP123 1.40 200 3 50
5 SP124 1.40 200 4 200
6 SP125 1.40 200 5 200
7  SP126 1.40 200 6 200
8 SP127 1.40 200 7 200
9 SPI135 1.40 250 5 200
10 SP145 1.40 300 5 200
11 SP141 1.40 300 1 5
12 SP142 1.40 300 2 25
13 SP143 1.40 300 3 50
14 SP155 1.40 350 5 200
15 SP165 1.40 400 5 200
16 SPl61 1.40 400 1 5
17  SP162 1.40 400 2 25
18 SP163 1.40 400 3 50
19  SP225 1.45 200 5 200
20  SP325 1.50 200 5 200
21  SP425 1.60 200 5 200
22 FS421 1.60 200 1 5
23 FS422 1.60 200 2 25
24 FS424 1.60 200 4 200
®4RBHSPHFAN
Table 4 Meanings of numbers in test number
Hoyhr — LIED,
I T S N N S
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Fig. 3 Stress-time course under different cyclic loadings
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Fig. 4 Stress-strain curves of silica powder
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Fig. 5 Stress-strain curves of multi-stage cyclic triaxial tests
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Fig. 6 Stress-strain curves of multi-stage cyclic triaxial tests (FS)
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Fig. 7 Stress-strain curves under random stress amplitude (SP)
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