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Abstract

Build-up of pore water stress under the dynamic load is a key factor to the deformation and
strength behaviour of soils. Study of cyclic pore water pressure of sandy soils under cyclic shear
is an important issue in soil dynamics. The initial consolidation conditions for soil elements
beneath the foundation under the building are usually complex; the dynamic loads for seabed or
offshore foundation are complex too. Therefore, the build-up pattern of cyclic pore water

pressure under multi-directional anisotropic consolidation condition will be rather complex.

The soil static and dynamic universal triaxial and torsional shear apparatus is facilized by
Dalian University of Technology and Seiken Inc. and made by Seiken, Japan. The apparatus is
used to perform cyclic torsional shear tests for values of initial slanting angle of principal stress
axes ap =0°, 30°, 45°, 60°,90° and different values of intermediate principal stress coefficient
5=0,0.25,0.5,0.85,1. Behavior of cyclic pore water pressure of Fujian Standard sand under
multi-directional anisotropic consolidation condition is investigated. The coupling cyclic tests of
triaxial and torsional shear are performed for values of initial slanting angle of principal stress
axes ap =0°, 30°, 45°, 90° and a value of intermediate principal stress coefficient 5=0.5. Behavior

of cyclic pore water pressure with continuous rotation of principal stress axes is also investigated.

Regression analysis of test data shows that ratio of residual pore water pressure u/us can be
expressed as the hyperbola function of ratio of number of cyclic loading N/N; as well as of -
generalized shear strain. The two parameters of the hyperbola function are dependent on initial
slanting angle of principal stress axes. Results obtained from cyclic torsional shear tests under
multi-directional anisotropic consolidation condition show that behavior of cyclic pore water
pressure is influenced by initial slanting angle of principal stress axes. When oy is 60°, the

increasing velocity of cyclic pore water pressure is the fastest.

Effects of inherent and induced anisotropy of saturation sand are investigated. The results
show anisotropy influences the cyclic pore water pressure when initial slanting angle of principal

stress axes is different.

Key words: soil dynamics; soil test; saturation sand; pore water pressure; anisotropic

consolidation
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Table 2-1 Numbers of cyclic torsional shear tests

b 0 0.25 0.5 0.85 1
a
0° 2 2 5 2 1
30° 1 1 3 "1 1
45° 1 3 4 1 1
60° 1 1 4 1 1
90° 1 1 5 1 1
+ 22 FERBFH TESM ERAEMOT R NRREAS
Table 2-2 Combination of applied loads during consolidation
b a,l® pio/kPa pw/kPa Wo/kN Mro/N'm
0 85.67 85.67 0.216 0
30 82.08 87.82 0.135 3.82
0 45 78.35 89.90 0.054 4.41
60 74.92 92.12 -0.027 3.82
90 71.33 94.27 -0.108 0
0 96.02 89.66 0.210 0
30 92.05 92.05 0.120 424
0.25 45 88.07 84.43 0.030 4,90
60 84.10 96.82 -0.060 4.24
90 80.12 99.20 -0.150 0
0 108.75 95.03 0.187 0
30 104.14 97.52 0.094 4.41
0.5 45 100 100 0 5.10
60 95.86 102.48 -0.094 4.41
90 104.97 91.72 -0.187 0
0 123.78 102.92 0.133 0
30 119.95 105.22 0.046 4.09
0.85 45 116.11 107.52 -0.040 4.72
60 112.28 109.82 -0.127 4.09
90 108.44 112.12 -0.214 0
0 128.67 105.73 0.108 0
30 107.88 125.08 0.027 3.82
1 45 121.5 110.03 -0.054 4.41
60 117.92 112.18 -0.135 3.82
90 114.33 114.33 -0.216 0
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Table 2-3 The number of principal stress and K, during consolidation

b agj [s5) o3 K.
0 128.67 85.67 85.67 1.502
025 127.83 92.05 80.12 1.595
0.5 124.83 100 75.17 1.660
0.85 117.65 110.74 71.61 1.643
1 114.33 114.33 7133 = 1.603

EARABTRR AT, LHRTTE LS K EN DT MM e, 8RR E-45~45 1554
RE. ERRTREMBERY NS 7, BANNBRE,, 5 (0, -0,)/2 KAFERY
A—KBET LR FANYGES &M, BENPOMEREDK. FHEUSER
FIRH b K 0 BEDLAG, 4 RFIAIME R A1 7 A ST R H B 2. B 2-6(a)s
2-6(b) B 2-6(c). M 2-6(d). B 2-6(e)%h: it T MIHAERL AT 143 oy 431K 0° 30°, 45°,
60°. 0B T ML HBE2. WEFTR, SMERT, LERGLNHKRENAF
A, BRRE-AS~4S R R, TBHKENHF 0 e NE—EHENREE
ft.

-21-



Fow ARNEIRAN

—— 40~ 40- 40
+kPa 19kPa | 1,¢/kPa
20 20 20}
I [
ET R 1+w4-2'04' 2 R R
20 20l P: a0l (o,-cgV/2/kPa
20 {o-0g)/2kPa w0 (eroghPa 20 ‘
S T § 40-
(a) 0=0° (b) 0g=30° (©) 0p=45°
40 4
* 149/kPa
okPa » »
) . ] 1
40 2 20 ko 20 )
20 (o70gV2kPa L (o,0p)2/kPa | ag
|
40
(d) 0p=60° (e) 0=90°

B 2-6 fRERHBTAR THMIR N EE

" Fig. 2-6 Stress paths in cyclic torsional shear tests

242 BEERE R - HENEBEERKE ~ ,

 VIHREEEMERMT: MAETPHERES pu=100kPa, ¥4 %895 5 b
M0=q0/P'mo=0.43, HATHIIRE XN 1175 MWHE M o, (0°. 30°. 45°. 60°. 90°), F XN HFR

¥ b(0.5)1A% 24 1~ HABVIIAE L K FHBHSER 2-2, K23,

K T R ALV B TR AT BT T PR R B S R U PR P T T AR B i E O 1R R

Sy %A, 75 BEAE DA A S i 4 o R AR (R AR R BRI M LT 2R 5 W B0 ARAL R /S 90°,

- H BAETEER G A R B I — ¥ 02 SRR N N (RIEAES . X B8, BTEfA L
FIBNKEN AT R a, S RTE 0°~180°Z AL (L, BTN HHNIE & EENIER,

BRI N B RE T, 5 (0, —0,)2 NATFEANER. B 2-7 FH@) () ) (d)

()& THIHA ERE /17 Mm% £ oy 5510 0°, 30°. 45°, 60°, 90°H} ik i) s FE R BT 1]

BERBMN N HR.

.22.



FT RRUBIRB YA

—80 40
Lk 40 tzgkPa 19/kPa
[ 20
20|
1 0 Q 1 1] L 1 N 1 N N B
o 40 -20 [o \_20 odo 20 ram— ”
W (o0)2kPa - (o,0)12Pa (o 33r2Pa
40}
—0
(a) 6p=0° (b) a5=30° () @o=45°
1,9kPa
3}
40 - 210 ¢ B 2lo B P
] P
ol (o,0,Y2/kPa

M 2-7 BE-H%% BBEWIIRBREN N H 3

Fig. 2-7 Stress paths of in triaxial and torsional couple shear tests

S23.




PR ZHNARETHRNRBHILER LR

FZE ZHNNAFATRMRBHFLETUNE

3.1 iR

BE AR TR LR ALBRKE DA KRR RGBS R E R R A 3)
TRt R AL AR o ZETERATARAE P T ALBUKE 0 % R R M RIRS + 257 53R
RUMRARRE. EXFRLIES, LE2FELTRERONHBESERES, FEAEEAS
REZ. B, HAERRNAZET LALLM EUFERETTIEENEREX
5IEME.

HIMBHEBN AR T 2r L BHEALE, R AWKEESTEEE). R
FMFLERR R T EERNEW. 73N HHELE e & TILBUKE DR BE
LEAFNF R REFNLEER RPN F XL TR,

3.2 BRIFLERIEMZ

BRI T ALETHRRARRYRHE . ERRMVIHRELSMMBEHET, W
WAaILBKE NN RAEEARNR R THHNBEHARER, 5504 HRR
A SRR FR 22

3.2.1 ERIER AR FLER 2 th 4k

AR SRR TR A AR EEE BB EN AT A ¢, 5P EN
HEY b IHANSHENILERRM M. LT T S MR ENHF BRE A a,0°
30°, 45°, 60°. 90°), 5 FHhEMAHRE b0, 0.25. 0.5, 0.85. 1Y 25 KXW, EH
RKAH—FRBILUENERME . B 3-1 @~y & TiX 25 L urniEmeE. ¥
AFR AR SERR AT RIR IR, DAL R FLBRUKIE 7 B sEHME

70 70
soE |
50 |- 50 |
g w0l g %
S 3 § 30 o,=0"
a.=0° )
2 b=0 20} b=0.25
10 10
o L 1 1 P | | ra— ° 1 1 1 1 " 1 r | e
[} 5 10 15 20 25 30 0 10 20 30 40 50 60 70
N N

@ u~N bYu~N
-24 -




u/kPa

u/kPa

ufkPa

1 [P PO PR

10 15 20 25 30 35 40
N
(g)u~N

ukPa

0} o=30°
wl b =0.85

0
0 10 20 30 40 50 60 70
N

(i)u~N

70
60 |
50 |-
§ “r
= 3ﬂ|.
20/ a0
I b =0.85
10
nJ_Lill]JlAllll]l
0 10 20 30 40 50 60 70 80
N
(d) u~N
70
of
of
g 40
5 a0
:xn=30°
20 r
104
[2]
o
<
0 Pa— | i 1 P
0 20 40 60 80 100
N
(h) u~N
[y]
o
3
20 u°=30"
10 b =1

' 1 1

80 100 120 140
N
) u~N

0_ 1 1 1
0 20 40 60

-25-



u/kPa

u/kPa

u/kPa

u/kPa

70
60
50

10 |

70
80
50

30

10

o, =15°
b =0
0 5 10 15 20 25 30
N
(k) u~N
u'=45°
b=0.5
" 1 1 1 1
0 5 10 15 20 25
N
(m) u~N
0 5 _10 15 20 25
N
(o) u~N
VWV
1 a,=60°
H b =0.25
0 2 4 ] B 10 12 14
N
(@) u~N

u/kPa

u/kPa

uw/kPa

u/kPa

a,=45"
b =0.25

60

50

40
30

10

AR

20 |

a,=45"
b =0.85

0
0

70

PR

5 10 15 20 25 30 35 40
N

(n) u~N

60 |

50
40
30

20
10

a,=60°
b =0

20 40 60 80 100

(p)u~N

40
30

J
20
10‘

o

w1

,=60°
b=0.5

0

5 10 15 20 25 30 35
N

(yu~N

-26-



BT RN FET OB ORI

70 70
eoﬁ
50 4
g g
H S 3]
20 a=60°
10 b=1
o 1 i i 1 PR S 1
0 6 10 16 20 25 30 35
N
tyu~N
70 70
80 - 0
50 - 50 |-
g of g 40}
S sf S sl /
ol o,790° 20| ‘ o,=90°
b= b =0.25
10 1o}
o " A Pa— 1 1 o L 1 - . 1 L J P i
0 20 4 60 80 100 0 2 4 6 8 10 12 14 16 18
N N
Wu~N Vu~N
7 70
ol
50 |-
o Y9 &
S sl €
20 | u'=90°
10 b=0.5
o e 1 N 1 1 i
0 10 20 30 40 50 60 70
N
Wu~N
70
80 [
SOF M.
g wf
3 sl
20 «,=90°
10} b=l
o 1 | .

Ou~N

3-1 RAANRE P REIAE SR G TFLUER 12 i 2%
Fig. 3-1 Experimental results of cyclic torsional shear tests

-27-



BT ZHNNEHTRARBOIEELAR

METFIH & R FLERE#ML S, aTUE H:

EREBHFRT, EDEHAYIER, RR{ILEBL LK — M e,
ESCHRRERRTILE uro

FHBELEEHT, UEMBRKEREEZVHETHIERNS p'm=100kPa,
SFEREAR.

TR EN A ey h 30°, u°6W%MTEH%AHﬂE§ﬁ%&ﬁE$%R,
BIRKLSEDREBINRAE, TWEa, Nl 0° 90°HAT, LEERBKEERS, F
FRRKEEREMTHE, HIER, LESSHRENKNE, REFETRE.

FEVIREN S8 o, MR b EARRMEE, FLE LFAMBAKBHE, TE b HH
R, $EEEN S oy ARRIER R, FLE EAMERERROER, K& LR HKER
ZUTHRAEHR AL B CRIMKIME: o % 300, 45°, 60°RRILH A BIHL, o,k 0°
BRI B RIHHER, a, X 90°BTRILH C Biphek.

MR EN S5 @, (0° 30°, 4591 T, EFHFIERAT, BARLARAIEE
ARTH R, FLERSKEFHEREN AR KB AREIt. B2 44%E
ENN A a,60° 0WMERT, EFHHFIEAT, LEMMKIRZ PAERSHI— g
H, REETRE. IMILRKENNZLBESUEHTRGREERR. TH, B
REHM, FEMHENNMa,00°MERT, FLEMBESIER KR,

322 ERRAREE - ARNEBS X ILENE L

AR RIFERD TR B A -2 ARSI AR EEL B TN TS
B MFLER AW —3L3ATT 5 B0 80 FRE 3 2, (0°. 30°. 45°, 60°.
90°), 1FHFERMANRE bOSH 5 KK, BRARAH—FARILERNTERILMLE,
Bl 32 Flay(e)RE T X 5 FMEIRRME. BUFRRRLHEHTHORK, QLIFR
FLBRKEE S S E .

1oL :_
Ey
o sty

:: | ;1005 :: ‘ :.13;”5

00;,31;-210223;;5;0“ 0021-0152.0;5;;5“‘5
" N

@ u~N ) ®) u~N

_28.



BT ZHN I FMTORREILEZL AR

70 80 t
O ::
v o
S 40 s
§ 30 § ::
20 a,=30° .
' 2r =60°
10 b=0.5 ol g
00.1-0.2.0 Joésloslo 70 % ;‘zL;';é;.;.s
N N
©u~N A u~N
N
3
20
10 a,=90°
b =0.5
%0 0 20 a0 a0 s
N
(©u~N

32 BE-ERS HEANRBAENEHS |
Fig. 3-2 Experimental results of triaxial and torsional couple shear tests
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Table 4-1 Values of shear stress and residual pore water pressure with 5 of 0.5 in cyclic torsional tests

a,() 2 t,0kPa | uc/kPa a, 2R 1,0kPa us /kPa
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Table 4-2 Values of shear stress and residual pore water pressure with different combinations of a,b

a, b to(kPa) | uc(kPa) a, b 1,9(kPa) ug (kPa)
0 18.03 65.78 0 14.87 63.1
0.25 18.3 63.78 0.25 14.26 59.85
0° 0.5 18.5 60.55 30° 0.5 14.43 62.91
0.85 18.15 60.19 0.85 14.35 54.34
1 18.6 52.54 1 14.66 50.07
45° 0 13.43 60.44 60° 0 11.34 58.57
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Fig.4-4 Effects of medium principal stress ratio on residual pore water pressure
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Tab.4-3 Effects of b on residual pore water pressure
b 0 0.25 0.5 0.85 1
Hig{E 64. 17 56. 28 50. 36 48. 59 49. 82
WK P 61. 28 58.7 55. 71 51. 65 51.44
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Table 4-4 Values of shear stress and residual pore water pressure with b of 0.5

a,l E4 wkPa | u/kPa | @ /° E4 7c/kPa | u/kPa
Dpo0-100-2 1825 .| 66.75 Dp090-100-2 7.39 41.44
Dpo0-100-3 17.39 68.10 Dp090-100-5 6.4 38.50

0° | Dpo0-1004 | 1617 | 6243 | 90° | Dpo90-1006 | 6.80 | 40.72
Dpo0-100-5 | 1544 | 60.05
Dpo0-100-6 | 17.16 | 65.95
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Fig. 4-5 Relationship between residual pore water pressure and shear stress

in triaxial and torsional couple shear test

-46 -



WUUR RN R T RS TR AL

B 4-6(2), (OXTELT FF&MAHTH3ARE 5B M- A4 ARSI IRRML
R TUFHEMBEN N AH R T, AHRRTENREREKILEERERRY
KFEL, BERRMVERME L. T ICHRT, SHHITRARLRASHTFRERR
ZR. AETLUEER, FEAUSEKNOMERBMEE, EFFT. KRB EBIN AR
RILERREE S IER T RA BT R AR K.

75 60
70} s sr
; 2 < 50
S 65} / s [ /
é. ] / a5
S [ ]
60| i
1 “or qr,J’—ﬂ”’
85 = FHMIRK - L
o BEARR ° BARR
L ry L - 1 30 " L A 1 L 1 1
14 16 18 20 22 60 63 68 69 72 75 7.8
7, /kPa 7, kPa
@u ~ ¢ ®) ur ~7¢

B 4-6 FRIREAZPORERRILESHR XA

Fig. 4-6 Relationship between residual pore water pressure and shear stress in different shear tests

423 A EFLERBERR KRR S

W =R RIS LN 77 f I S E 5 %A, B 4-7 S TR BT R
A FITEERBY N 7 WRAE BT X LA R B FLER K ) e SRR S p'e Z HEREFR IR
BRRAR TR, BN EEMBEEM, FLBKED KREKRAR
mtR, BREUABISEE B AEY,

1.0

08
o
06
(@a=0° | ¢ (bya=45°
o o_=2lekes | a0 o §_c127kPa

4 7 _=11.9kPa
s g =115kPa

7,,=20.3kPa
® ¢ =]85kPa

—
" | |

I PRGN DU S N
0 o0 80 100 0 20 4 60 80 100

N N
B 47 FEEESFH TIREFLEILSERRBZ MK R

Fig. 4-7 Variation of ratio of pore water pressure and initial mean effective sress with number of cycles

2

-47-



SN SHR A TRRBOLEER
4.3 {EIFHENRIE P FLIE LLBEHR X LRy SEL B2

FLEN ARG RF M — MR SR BB RSN AR RER. BF
BN AT B R /AN % A 77 W (B RV 15 2 8] AN T TSR SRR, R IX KA op it B )
NFRIR EAXHFRKILE u/u, MERRKLEN/N, ZEHRR. BERARLE
VIth ERN S1 ey 1 90°HER T, FLEMR BB HIEHE, XHERT, Nu,, 31T
R—k, LEWER U/ u,, .

RTBAIFHERIERE 27, DIFLBRKE R BB I2 B B R FRAE AR H 7L
JEARHE, A5 PRSP 6 R AR A BR b v O RR o W SRS bk, 303 4 PR L AR P AR T T
96 SUEBERIE A BIMRUERI BN JE IR AR . (R FE= M ISR E LS T, LER
RES BN PR RELES, FRES RN BIRGRE. TH, NRAROREIR
MERE, ERKLEREBR EALRED, REEATRTITFEN, MEUMKIEE
RERRTLE u, fERBOIRARYE, ZEME EANMIRER K, B ASCE B DL — N AR 1E
AR, ASCHATHRIRRRR P, AH AR AEM RN, YN, 37
MNZEMRANE, BREFEEBEMNERORRAERNR, FEARTF, RO
PHrHERE X A |- XBIM AR 3, B E] 5%ATHPRA, XAEME LR HBRAEMNC ¥, xit
BEAT LR OB 1 3K B S% T3S BL BRI I TR R IR BUE X N, TEUBR,
EHEBOLT, FRATRRERK, SEHEARKED, LT 5K, XEFRTE—L
R & BRMERER, KRBT TESMBIE.

43.1 MAREEHFEHFHATRRILEN hERX TR

MNE=ZERHMTHRTLUE S, 15 EN AT F AR RILENR BEREE
HRENEW. AE 47 PAUEY, REWNAMBEE—CBE LERELENER
Ria%, EBE, EARNELEHT, LENERAARUOMRE, EEABBERE
M. HESHTEND RS b EHRANER FTHAMGEN D HARILERBRREN
W, BRHBEN A TER—&FRRMHL. B 4-8@~CRHTEREPENHES b
R4 0, 025, 0.5, 0.85, 1 T, EARRYILEER ) ARBERILBEKE ;L 56EEF
RELLZ MR R.

ME 48 TLAEY, ZER—MPENHIREEAT, MEEIEHANLER
RBBHEHEMZEEN. MEEARNPENNREERT, WHEENHHILE
RKEMNERXEREAMAUE. Bkl JHRENDAN 0ont, LERBFHLAL
FHEERR, MERBEES TR, LARNERE. BEWHBENSRHRA, FLENE
KEMBEEZ DI, BINHEN DN 60°HEHE, MAMBRILENEBEER

-48 -




BT =P R THARE LR LR

B, HERIARS)E—ARE DR ERATE . RERLE R SHK L% Rt L,
ERHFRIMENEE.

BR, MYRERSIFHA 0HIHE, WIRRETEM: FUEFGN R RERAT Y
GH8, HEE— LA, FAHRARAR. —Bokil, FLRMEE M L HILITEmES
KEE— LR U R PERRR, LUERBOFAEE N SR NN EWE
%, BALXGES—A LR HIRBTEHEN L, £5 BB ER AN 90°
EHER BTN ) S TLIE R KR RHEAT T 4047 TE— LB A s R BAENN R, FLER
STHS L, BE, BN AR, FLEIREYE LT, MRsE, E0koERT,
FUEFFIA TR, EBUARIR MR FUE R B R R 7E4R /N 7 B Y

MBENAANRRASBILER BABNERR T LASFARMERR, A% 48
T AT R 0 47

432 PEMHRBHEZ WA HATREALEN HER PN

B 4-9a)(e)dmth T BB EN A a, 4518 0°, 30°. 45°, 60°. 90°5MT,
EARRT ERN SR B b B EFRILIRAKE S STEF RSB 2w % R, '

WLAER, EVHRENDAERMERT, RRBFEN DR b MILERST X
BYRAR K AR IR AW AR FFAEBRIR /D, ER B AKIX T B W H R mAE £ 5 51 5
MERERE, FEANEAFREN -3, TWH, ERRMYISGENS AR
WIEEHF AR, '

VIHEN S K 0°rF, BT R ENDRECH 1 940, HEJLH b EER SIS
B, BPeRHMEE—R. MHRENSNR 45, 60°8, FENNRBMEHELRE
Fo BB TR SHEE—R. BVAEENS MR 300, 900K, MLHR LT
T—RZ. AHRERE, HEAHAT —ENER. HRXMERERTEERSH
TN AEER . BAMENBNAEENEL, EETRBEAETHARKER
T EMAEREBEIMRK X RBENTREEE—CHEN. XHAEEFIEE
A5 % 90°MIER KA R . NE 4-7)FATLUE H, X V18R R 158 5 90° M.,
BN AREN AN EURSERILER BB RANE L. BRYESEE—EHE,
BRAG AR SRR XAMKERS LR—~EH, RRE—EHTEEAZE.

4.4 EAETARALER HEREESEMRE
ATREGEOYFRY, FENRRLERBITEAMT. LRIFENNREYK b

- HMAERKREANYWAYEEE, Bt XBEUMBRENHAYFTELENR. KR

-49-



HIUE ZHRRALF AT ORREL MILFERR

1.0

Q9 | (o]
.-"""' 1.0 o
08} @ ¥ r® 9 .. +
| © . * 0.8 . e
& " + o ® o .30
06, o u* + » 30
- s osf o
. |:)l:l I.. ++"'+ E t " o e +
04 r 5 a" ot o qz=30° 0.4 - ] ¢ aze0"
O = ++++ " o0 . o
Du.- +++-|. . -.I Lt +
021, o o sttt 0.2} » et
.t + om0 N .+ +
L T | 1 [ 0.0 bt b S T TP
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
NN, N,
(c) b=0.5 (d) 5=0.85

(e) b=1

B 4-8 MIAER N RFHAFAREFLER HiE 0808
Fig. 4-8 Effects of o on stress pattern of pore water pressure in cyclic torsional tests

-50-



WIVRE Z RN R T ORI EER

1.0

0.4

0.2

0.0

08},

0.6

(b) ap=30"
]
10 +
ol
0.8 me
=3 S 06[0
3 2 " =0 3 - " =0
04 o 50.25 04+ o &0, 25
. o, ® 0.5 I ® 0.5
0.2} o /=0.85 0.2 o /0.85
| +  pel + Fl
o.o A 1 L ~d L a ] o-o 1 1 . 1 1 i
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
NN, NN,
(©) 0=45° (@) a,=60"
"=
[ o £0.25 .
081 o 405 .
I o £=0.85
é 06 + 1 ..:
g [ o'.. =
04 o® igo
[ ......;.b E i!C) °
0.2 o ..'. a'Er o o o °
’..u'] o ° °
0.0 ,!3..[% 10 al N [P N
0.0 0.2 04 0.6 0.8 1.0
NN,
(¢) 0=90°

B 4-9 dER N REFER IR EILER HER B TP
Fig. 4-9 Effects of medium principal stress ratio on stress pattern of pore water pressure

in cyclic torsional tests

-51-



- ___ ]
IshEN AR T AR EN I REH D HIUE B HE. KB FEUN L HE
FHUEEA, BRNFHHEEN ST AR CKIER, AXBRKAMEEI, ER
AT EHAMET . N FEMHHALSH TS BEHSHERURMBXREEE T

B SN R TORRRHILERR

4R, B, BATARNBENHAHTHFHRE L.

441 MEEN N AR a, A 0°15R
X FEARER, RAARERAN AL MERITHES, TSR AR EBIE

KR, B 4-9 e, =0° b=01FMAM, S TXMHMENELER.

10 Lus .
08} ’
3 —0° o8l "
? ?’; 04l ?i%
YE otz 024 ois oja 1.0 o'oo.o otz - o:4 ofs oin 1.0
NN, NN,
ARBJAMALR TSR
410 @, =0° b=0 R TR HMBH AR
Fig. 4-10 Fit results of experimental curves with oy of 0°, b of 0
R 4-5 AREVARALER
Table 4-5 Fit results of S orders polynomial
b Bl B2 B3 B4 R-Square(COD) SD
0 4.1837 -16.7843 39.3278 -40.6315 0.99963 0.00538
0.25 3.32732 -12.3574 26.3339 -24.09273 0.99922 0.00744
0.5 3.41392 -12.1908 25.69381 -23.66754 0.99936 0.00671
0.85 3.91174 -17.2379 41.58228 | -42.21023 0.99855 0.01137
1 5.76047 -9.22995 -0.13277 10.79369 0.99625 0.01511

SD —Standard Deviation #7MEE, B %;
R-Square(COD)—-1X R %

ARFAAAXREH AW T
4 Y=ulus, X=NIN¢ 1
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Table 4-6 Fit results of hyperbola with a; of 0°

b P1 P2 R-Square(COD) | Chi*2/DoF
0 0.38342 0.56885 0.98588 0.00111
0.25 0.45143 0.52444 0.97254 0.00196
0.5 0.41027 0.56706 0.97766 0.00157
0.85 0.52893 0.40007 0.97813 0.00195
1 0.09959 0.83872 0.93479 0.00397
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Table 4-7 Fit results of hyperbola

2, C) b Pl P2 R-Square(COD) | Chi*2/DoF
0 0.38342 0.56885 0.98588 0.00111
0.25 0.45143 0.52444 0.97254 0.00196
0.5 0.41027 0.56706 0.97766 0.00157
0 0.85 0.52893 0.40007 0.97813 0.00195
1 0.09959 0.83872 0.93479 0.00397
BE* 0.44351 0.51511
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0 0.11894 0.85455 0.98754 0.00061
0.25 0.02291 0.99761 0.98804 0.00017
0.5 0.10043 0.88741 0.9822 0.00078
3 0.85 0.01329 1.00597 0.97354 0.00024
1 0.01583 0.99619 0.98589 0.00013
BE 0.05428 0.94835
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% 0.85 0.00715 0.96705 0.68744 0.00453
1 0.00963 0.97462 0.80557 0.00234
BE 0.01361 0.97342
0 | 370652 | -2.73968 0.96489 0.00228
0.25 4.25491 -3.21982 0.95581 0.00245
0.5 2 -1 0.93803 0.0035
% 0.85 8.66947 | -7.67327 0.97027 0.0013
1 3.34639 | -2.45196 0.97855 0.00178
B 4.39546 -3.4170
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Table 4-8 Fit results in in triaxial and torsional couple shear tests

a, l° Pl P2 R-Square(COD) | Chi*2/DoF
0 0.25858 0.72126 0.99648 0.00023
30 0.10735 0.84772 0.96782 0.00174
45 0.05935 0.89273 0.87571 0.00621
60 0.01 0.99 0.87571 0.01818
90 0.01654 0.97189 0.81418 0.0037
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Fig. 4-15 Variation of ratio of residual pore water pressure with generalized shear
strain in cyclic torsional shear tests
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Table 4-9 Fit results of hyperbola

a,l° b Ml M2 R-Square(COD) | Chi*2/DoF
0 0.2131 0.94458 0.99695 0.00024
0.25 | 0.14568 0.97334 0.99559 0.00032
0.5 | 0.08543 0.98892 0.95367 0.00327
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025 | 031313 0.91758 0.99135 0.00021
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