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Strength Characteristics of Sand in Torsion Shear Tests

€ A g
Nam, dJung—Man

= B Ak
Hong, Won—Pyo
g F @

Han, dJung-—Geun

Abstract

A series of torsion shear tests were performed to study the strength characteristics of
sand under various stress paths during rotation of principal stress. These results can be
classified into two groups of 25cm and 40cm according to the height of specimen, and tor-
que was applied only in the clockwise direction. In this study, strength characteristics of
sand for the principal stress ratio in torsion shear tests were investigated and their res-
ults were compared with Lade’s failure criterion. And the effect for specimen height was
considered. From the results of tests, friction ahgle of sand was affected by the deviatoric
principal stress ratio b={(¢,~a;) / (0, —¢;). Failure strength of sand was determined not by
the stress paths but by the current stress state. From comparison of specimens on 25cm
and 40cm height, effect of end restraint could not be found. In the test where b is over 0.5
due to extension force, necking phenomenon by the strain localization was found.
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Table 1, Test program

ﬁ'['est No.| Specimen | Friction b value
Height(cm)! Angle(¢) fin failure point
1 40 43.507 0.064 |
2 40 41,933 0.053
3 40 43.793 (.150
|4 40 44,565 0.217
15} 40 45.390 1.300
6 40 41.887 0.489
40 42.363 0.264
8 40 45.067 0.271
40 43.271 0.492
10 40 44.747 0.582
11 40 #8714 | 077
12 40 38.582 0,740
13 25 44,004 0.091
14 25 46,643 0.191
15 25 45,506 0.277
16 25 45.205 0.499
™ 17 25 42.173 0.587
18 25 41.403 0.656
19 25 39.528 0.8349
r— 20 25 41.200 0.879

WRebazys se)a) Saedul by FAA
o) ¥o] S& et AlA Y-S hehyeln
o ® 13 2},

3. opwE

Aubr o2 A 7hell 23k 3L e EhA
< B PARES 1 AEL M Sl
o Al 28 Ae} sthAe|EE B og
s glch B Aol 28, HE, EaE,
G 2L etFEAA J4 S s &
2] F-A4]al Lade(1990)o] 213+ Fxivid st
FA &2 (isotropic single hardening consti-
tutive model)& o] &-3}¢ict o] 292 UA
(non-associated flow rule}& AHg3h= 70|
Exo]v}(Kim %, 1988 ; Lade % 1988a,b).
{ non-associated flow rule)& A}-83}= # o)
ExojrH Kim £, 1988 : Lade 5 1988a,b).

oWl E Aol 3}Fo] 2}-gle] o] whayal
8 A17bel] 23t dge welshA] ge A
He shdulyy) sgdwsdesn Fhsled 4
(1)¥} zke] vtepoh

de;=de& +dé (1)

o] gl & A(l)elA A5 Hooke?
s 2y, 24HEE 7 v 3
B5WE W dA s}l O PRFEGOE o]
 Birete] S Ewse) stog vhehic
ol 714 S Ewakel3 Al-&HEH, 2%
Bk g A3gdEdgfes L 4 gl
th 34, Ladet mhE-EAel gk A 82 33}
W A TAHY ] gy EHAAE ApAl
i shgdct o] fE Al 2 A3 2w
o] greg veple] ohda} o] Ak gl

(%—27)(113—:)"'=m 2)

Q7)M, P el el EAIR ol
o1ol, 73t me AR wat AYHE Ealo)
AwZolct 5] ez HE Qlojxli shaw
& FeR BN Sz Wl 44

&

A T A RE 153



& 7Rl A sletRekolm, ol A2
el AlEgFEA g 2 Rl AR
ARE T, 59 ghel wha} Frlgtch o] wx™
o Apghel wiste] EZI HE 7hR[AL
W o] T-§-& mztel oz} F715k)

A(2)el ol AlAgl sb|FEE ¥ del
vepd upel zo] opHdlgER|e] Ik A9
(/L,-203 (P./1)9] #AE 77t y&3} x
Z9) gtog Aoz F& gt o7
A AR AP E ASUEA R A
Atz B v S A7 25 AR
AbzatZA1g o] AHNAE 3 HoF 47
me o] 5L Br|F-Asle] FI A4l A
A7} 7] L7 24 Zhzh 44533 012 AA T
o}

A

m = 44.53
L 3

s tm=101

10 L
0.01 002003005 01 0203 05 1

a
L
12| 4. Determination n; and m for failure criterion

4. U= EH

4.1 oo REde| HIR
Fol7b 40emel 71 FAA HIF sk S
F29t g0] 2kg/cm?] TorsionHHel| =4
st 29 5ob gk o371 A& g0] 4453

o) mol 01Yahe) Eurelnst wee] w3
W veRl delx WU YA FE

st & =g slelvh gl ol &
ol stmis Alg s A es 3

)
A

154 134 F4 - 1997%F 8 H

Asjsh e HolL glvh o F AHE A
3oz ANMD AFYRAE ADEe
b=02} A|@elAl AYAAA} o 2}
noh =F 7 okl AolE el 3l 1
o ohE o) ARelAE AdH 7} o 235)
W owch 23 gk Beluh AraatEel
s Al Hohes "4 22 ze]F Reln
sl 2l 3 vhiR) ohE Aldelde AYA
7 e zaaw vt 2 AE R gled ol
olAE Aol B 4 glor ol g H3-8Y
o) qHal 9o A ASel F AR
geatol sl wlamshd hselAE %
%7 dlZAs xol7h vl ste] T AAE
Wol L gk lAFRel A 1 Zpol7} oh5
oA ot 2 B we) MASE RS2 vl
G glck @bl A Re) Fagel wlsdl
No.l#} No.2 % No.b7.8, Nobat § 22|50
Nol1z} 12¢) A #g wlitste] ¥m 2 217
2ol }E HHFEE 79 BE e Bel
ek & el s gmis Aol 9%
S kx] , BAI SH A 2ha) a7
b AAsle 9 o S ek

w] 52 Ak G el A kA7) ge)
M) bz A (3) % ()3 2eh

|

-

T e

.o, G0
=sin ( ) (3)
¢ O’]+0';j
4 } -
5l | @, =2kg/em* Failure Surface
‘ m = 44.53
E
Q
.
bb
i
3
-3

-2 0 2 4 6 8
&, —de{kg /cm?)

1] 5, Stress points at failure and failure
surface( all Specimen)



2 (O'g_ﬂ'a)z/”l“l“"?':u

=sin H{~—————— 3
sin '{ P ) (3)

. (02_03)

b= (01"0'3)

=sin’g Y]

4714 gz 27 Yol Mo} el A7 LY
wrago] A 23} o) R 2 wTh

6.2 REWROE 2

staialel bgkell A3 Aotz go] wiste
A% 28 62 be gle] F7)3tel wa} Wiy
vtazte Fobsich 35| <l e) zhg
st b7t 0.5 olatellA] Fefi= W Rulbatzto)
sk AakE 2o b7l 1el AEAAA Y
A= b7h 02 A A A B 42 3
e Reldl ook zeivt 29l A3E 0
2 ASA| oA QA xe] et g
Mo Zxret 2F &3S Hole ez o
bl gleh(Lade, 1982). 1Y 72 Lade %

60
a,” = 1.0kef/ cm?
50 - Failure Surface for
1 =27.1 and m = 0.42
corresponding to 0#
" = L.Okgf/ cm?
w 0% a Okgf/ em o .
@
o
=
o
_5 30
el
& O Undrained Test
B 20 @ Drained Test
14 ! ] L 2
L] 0.2 0.4 0.6 0.8 1.0
b= 03— 0y
gy —d3

(a) Torsion Shear Test on EPK Clay

Table 2. Undrained strength anisotropy of loose
Ham River Sand(Hight %, 1988)

b la:deg|c, kN/m?

0 0 78 Triaxial Compression
0.5 0 76 Plane Strain Compression
051 45 4] Plane Strain at a=45"
1 Q0 22 Triaxial Extension

*ey=(1.79 ; Shibuya(1985).
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