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Effect of Initial Static Shear Stress on Undrained Cyclic Shear Deformation
and Strength of Saturated Sand
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Teruhisa FuJjIl, Hideyuki TANIMIZU and Tadashi NAGAI

Abstract
The present study is to clarify the behaviour of sand under various combination of initial static and

cyclic shear stresses and develop a model for evaluating not only cyclic shear strength but also cyclic

residual strain during cyclic loading. As the results of cyclic triaxial compression tests, at first, it was

found that the tendencies of pore pressure and axial strain were greatly affected by the reversal of cyclic

shear stresses. In second, it was found there was a unique relationship between the residual shear strain

and effective stress ratio at the end of each stress cycle. In third, a unique relationship was found

between effective stress ratio and cyclic strength ratio which was defined by the ratio of the amplitude

of cyclic shear stress and cyclic shear strength for a given number of stress cycles. A model which

enables to evaluate the development of pore pressure and residual shear strain with various initial static

and cyclic stresses was proposed based on the above findings.
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FFIRP IEHERERR L AMEENC T 2 0E A Table 1 Conditions of cyclic triaxial compres-
Wil ) DB % P~ 5 120 I 2 DR KTESRN O sion tests on Toyoura sand (Relative

ik U= MIIERE R 2 T - 7. WO o1z, S density Dr=70%)

BWOROKRL -7 8512, BIURER = O rhib & © G e of o Stres
N BT, Tl Uk U =l ek A i L e (kpa) (kpa) (kpa) (kpa) Reverse
| 450 AT pors 4o .
:T";ﬁ”;ﬁi;ﬁlffzi’;ﬁ;“ o7 0.0 30.2 0.734 100.0 100.0 Reverse
! _ 0.0 316 0.724 100.0 100.0 Reverse
KBTI, 1987FC LE L¥2 BHETIThAL R 00 328 0741 100.0 100.0 Reverse
[F— A BRI IcE LTI E D L 9 i2dr -7, 0.0 33.6 0.725 100.0 100.0 Reverse
(1) &kHIE, EhE FETEET 2. (RENEED 00 364 0721 100.0 100.0 Reverse
A2 (BT X 5 & 9 HEHCSEM L TH) 0.0 43.8 0.745 100.0 100.0 Reverse
(2) k%0, 3kegf/cm?? BHTHALE ¢, (A 10,0 316 0.740 106.7 96.7 Reverse
JHEERWET 5. 0.0 36.7 0.740 106.7 96.7 Reverse
(3) BEHAHICE X2, HRIRNDZER & IR 10.0  41.1 0.728 106.7 96.7 Reverse
F AR E R A0, KR B S ¢ B 200 316 0.745 113.3  93.3 Reverse
DREEITS. OB, BEA0.960) 170 b 20,0 3.7 0.73% 1133 93.3 Reverse
DI E L, EBRALT S, 20,0 433 0.736 113.3  93.3 Reverse
(4) FREOTEN & THIIEHE T - HoAKIE 000475 0T 8.3 93,3 Reverse
R P A1 F B £ THITE A R X 30,0 31,0 0.740 120.0  90.0 Intermediate
R TR B SO, AT mwﬁ 30,0 35.4 0721 120.0  90.0 Reverse
5 B TE R0 TR I 1 B 2 300 39.7 0.721 1200 90.0 Reverse
Lt 30.0 498 0.734 120.0 90.0 Reverse
(5) TEWHE [, JEPEKIREET0. 1Hz 0 (86 M iw :;;3$;1£: %gﬁ?ﬁim
iéﬂkLﬁﬁﬁé = DGR LT - 0.0 361 0745 12%.7 867 Intermediate
FAL - MIBUKTEORERFEALOWE b BT (2 PHAG 0.0 415 0737 1267 86.7 Intermediate
¥ 5. 400 477 0.740 1267  86.7 Reverse
BRI, MV PRI BB ) pe=100kPa 7 b £ TH) 0.0 649 0.726 126.7 86.7 Reverse
W AW N Qs (Z0ic- 03 - 22T ohe, oacld, TR 500 291 0.745 133.3  83.3 No Reverse
DR, T B ) B L AW S qeve (5= (Pe+ 5.0 35.7 0.738  133.3  83.3 No Reverse
P /2Ac 3 I 2T PO AT TR, Pyld ik fr FR 5.0 418 0.748 133.3  83.3 No Reverse
B AT EBROWIER) &2 LS Tl 7, 500 443 0.724 1333 83.3 Intermediate
S LS A REBRTIETH b7k &% Table 1, 500 643 0.724 1333 83.3 Reverse
g1mod. £ Stress Reverse DBl T Reverse (4, 500 779 0.747 1333 83.3 Reverse
B3 LIS ) 25 AR 22 & B3R~ 227 ) K S Kb 6.0 289 075 140.0 8.0 No Reverse
2 L7, No Reverse (3JE#iH7 108K Lo b o, 60.0  36.4 0.742 140.0  80.0 No Reverse
Intermediate (2% 0 1T, HE5 LI 155 b3 12 60.0 41.4 0.735 140.0  80.0 No Reverse
SIS AL T 2 2 TP DRERM L LD 2 Z L IUR 60,0 47.3 0.739 140.0  80.0 No Reverse
Loz 60.0 613 0.744 140.0  80.0 Intermediate
b ) sy S R A 60.0 780 0.725 140.0  80.0 Reverse
ki L kB KIS E 2 7 sbli] L sk, 14l 1 % i()_() i%ﬂ.() ().ZI’.S? 146.7 : 26.7 I\io Reverse
PP CRAIR 2 (F L 72, (DR BT ) 511 ) gﬁ ﬁ;:ﬁﬁ mi ;y ??ﬁ@
TR AT WA IEI RS B2 55 )) 00 46 014; 146./7 76:; 1\: Riz:
I ) RBRAIT -2, HARRRED Kl BERS 700 76.6 0.794 146.7  76.7 Intermediate

BT, BT A EEA0.01%/min LU FIZ% 5 2
YARERL, KO BRTED v ke L7
KERIT, BN 7 (=p/Qd e — 72T 50, £7208
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Table 2 Conditions of cyclic triaxial compres-
sion tests on Toyoura sand (Relative
density Dr=50%)

'

Qs eye € Ol o5 Stress
(kpa) (kpa) (kpa) (kpa) Reverse

0.0 184 0.795 100.0 100.0 Reverse
0.0 189 0.795 100.0 100.0 Reverse
0.0 19.9 0.804 100.0 100.0 Reverse
0.0 22.0 0.791 100.0 100.0 Reverse
0.0 228 0.792 100.0 100.0 Reverse
100 25.2 0.790 106.7 96.7 Reverse
0.0 29.8 0.798 106.7 96.7 Reverse
100 33.6 0.798 106.7 96.7 Reverse
100 351 0.798 106.7 96.7 Reverse
20,0 258 0.801 113.3  93.3 Reverse
20,0 30.2 0.799 113.3  93.3 Reverse
20,0 32.9 0.792 113.3  93.3 Reverse
20,0 33.7 0.805 113.3  93.3 Reverse
30.0 30.2 0.836 120.0 90.0 No Reverse
30.0 317 0.806 120.0 90.0 Reverse
30.0  35.0 0.787 1200  90.0 Reverse
30.0  41.9 0.809 120.0  90.0 Reverse
40.0  33.3 0.793 126.7 86.7 No Reverse
40.0 355 0.799 126.7 86.7 No Reverse

40.0 446 0.804 126.7 86.7 Reverse

40.0 489 0.797 126.7 86.7 Reverse

90.0  30.8 0.794 133.3  83.3 No Reverse
5.0 32.8 0.799 133.3  83.3 No Reverse
50.0  35.7 0.806 133.3 83.3 No Reverse
50.0 447 0.807 133.3  83.3 No Reverse
50.0  48.4 0.794 133.3  83.3 No Reverse
50.0  58.8 0.818 133.3 83.3 Reverse

60.0  27.6 0.791 140.0  80.0 No Reverse
60.0 32,9 0.791 140.0 80.0 No Reverse
60.0 45.7 0.794 140.0  80.0 No Reverse
60.0 50,8 0.800 140.0  80.0 No Reverse
60.0 609 0.831 140.0  80.0 Reverse

70.0 27.2 0.788 146.7  76.7 No Reverse
70.0 329 0.795 146.7 76.7 No Reverse
700 35.1 0.793 146.7 76.7 No Reverse
700 46.1 0.795 146.7 76.7 No Reverse
70.0  50.8 0.811 146.7 76.7 No Reverse
70.0 604 0.797 146.7 76.7 No Reverse
80.0 257 0.801 153.3  73.3 No Reverse
80.0  30.3 0.795 153.3  73.3 No Reverse
80.0 36.0 0.803 153.3 73.3 No Reverse
80.0  44.7 0.806 153.3 73.3 No Reverse
80.0  51.5 0.809 153.3  73.3 No Reverse
80.0  59.9 0.798 153.3  73.7 No Reverse

BHATE A 200kef (o — FLLOKEEEL) 12l o
HTHT & L7z, EBRIE, MXEET0%, 50%0 8 &
TH% 130,50, 100kPa @ 3 58 % 17 - 72,
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Fig. 1 Typical records of cyclic triaxial compres-

sion tests’ results, in the case of (a) :
Reverse, (b) : Intermediate, (¢) . No
Reverse
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Table 3 Classification of cyclic behaviour of sand with initial static shear stresses by additional
loading pattern

Pattern of cyclic stress Effective stress ratio Characteristic of failure
Stress reversal Wave form Dr=70% Dr=50% Dr=70% Dr=50%
q
q q
Reverse
WAW - A AN\ - AN ] - Liquefaction Liquefaction
9s<Qcyc . VU (4 P
q q
No reverse SR A W) boeee o 8 i
No liquefaction Rej;?gf_;‘aﬁon
9s>Acyc
Time
p P
. 9
Intermediate | ,q q Liquefaction
Residual or
4e5q - | A /- AN deformation
s eye | ‘ Residual
Time ) p deformation

7.0 T T T T T T T T
[ .
E 6.0 | uqcyc;thkPa D_=70%Z .
b | [@q_=70kPa
1.0 T T T u(lgj T [IXB T T : = 5.0 D:ns 20 " l]D A .
D_=70% GeycS40kPa 2 4.0 r 8”. 28 . ol .
W:qq=10kPa s S - " A
o [P AO 0O 3s 20 = 3.0 } ::" 50 . a0 |
¢ % - : E
Lo o ap v S 2.0 F |M" 70 o A e} .
2 “ .‘. O § 10 | 0 Y
T atiui
0.0 . , \ , , 1 2 5 10 20 50 100 200 500 1000
' 5 10 200 50 100 200 500
Number of cycles N{cycles) Number of cycles N(cyc]es)
(a) (b)
- 10.0 T T T T A T T
1.0 T i Uii] T T T T E 8.0 - Dr=507, o A
- 2
501 o OAOO 0 000 qcyc'a32.5kPa o
0% A @q_-10kPa ~Zeo0 b
a0 e9® (O " 20 * =~ AN
§ FRPNEVY v WIS o o
S 0.5F 1] "y B O " 40 — 4.0 :
mO E . ® "50 " = o
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(c) (d)

Fig. 2 Buildup of residual pore pressure and axial strain with number of stress
cycles, (a) : Pore pressure (Dr=70%), (b) : Axial strain (Dr=70%), (¢) :
Pore pressure (Dr=509%), (d) : Axial strain (Dr=509)
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Fig. 6 Relationship between Axial strain and effective stress ratio in static triaxial
compression tests, (a) : Dr=70%, (b) : Dr=509%
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