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Shear Rate Effect on Undrained Shear Behavior of Holocene Clay
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SYNOPSIS : A laboratory investigation was carried out into effects of strain rate on undrained shear
behavior of Holocene clay underneath Kobe Airport with an objective to evaluate the factor of safety of the
retaining structure built on it. It was examined in a series of triaxial compression and extension tests
performed using different rate of axial straining. A comparative compression test in which the strain rate was
changed in steps was also carried out. Similar tests were performed in constant-volume direct shear box
(DSB) test. And, the deformation characteristics of the clay were also examined in order to evaluate the
variation of stiffness during undrained shearing. It was found that the undrained strength increased with not
only the shear rate but also the consolidation period. ISOTACH properties seemed a key to govern the
undrained shear behavior.

Key words : clay, shear rate, stress ~ strain relationship, shear strength, deformation coefficient
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2.1 AIE &%

2.1.1 CPIS &ISAIE &

a8 1.8 2 Ao A3 AEAE Ao mALE el 9l 2] Jehdniel el t
A8 A B XEE(digital servomotor)E MBI o], ACE)HMAEFEZR d, v AstE AEESI=
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) } !
> @
Digital servo motor Regulator @ AID board
(2) Load cell (9) Air pressure (8 Terminal
% DPT for Volume change (0 Electric-air converter D Driver box
, PT for back pressure ) DIA board @ Rs232C
Pore water pressure meter (1 Perspex cylinder (19 Vacuum pump
PT for cell pressure (3 water tank @) Computer
(@) Burette (twin pipe type) 3 Strain amplifier €D Vacuum pressure

n. b. PT : Pressure Transducer

@) Hand wheel
DPT: Differential Pressure Transducer

(2) Digital servo motor
(3) Upper plate

(4) Load cell

(5) Prop

(8) Bottom plate
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Upper shear box

Space

between the
(D:direct drive motor for lateral loading (2):drive init for lateral Lower shear upper andthe
loading (3):direct drive motor for vertical loading (4):drive unit for box —I» lower shear
vertical loading (8):serial correspondence board (6):slide unit boxes
(@:lincar roller way (8):shear box @:outer box @0:load cell for
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KOBE Airport
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9o oF 2v) o] ol ehH(K=0.5)0< ¢ F ulwjg dukslgith s, b AR AYAF A=
Q3% gQle|lm=Z QPAAZES dE XHbEsks| o] 3t (H AN T7S 2003)s 7Ioo=2 12 4 &
BAAS ddEeaL, AR Fe] 19@4AHE sItHa® 9. Fan). dHEFs & AddAFd mlA=
AgEre] s AgHoz wusr|9ste, a3 400kPad] ARES U o R 3T/ 443
AE45(0.02, 0.1, 1%/min)E °|-&3te], 717} v A& Akl
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3ELovp AEAE =21
Initial | Consolidation conditions
—— Shear
K.P Ve o water Consolidation B
ID . Ope . speed
(-m) (kN/m”>) (kPa) content i time value
(kPa) ) (%)
(%) (min)
KTAC1 23.5 16.04 180 55.8 200 1629(3.11) 0.95
KTAE1 25.5 15.50 163 55.9 2264(9.7t) 0.96
KTAC2 32.5 16.60 162 53.5 400 1520(11.41) 0.02 0.95
KTAE2 26.5 17.17 172 57.5 2732(7.5t) ' 0.96
KTAC3 35.5 16.51 181 52.0 500 1426(2.9t) 0.95
KTAE3 25.5 16.11 163 53.8 2662(4.4t) 0.97
KTAC4 38.5 16.02 198 55.5 2406(4.8t) 0.1 0.97
KTACS 39.5 16.15 198 56.5 400 2702(5.4t) 1 0.95
KTAE4 24.5 16.42 182 59.2 2408(4.8t) 0.1 0.96
KTAEbS 24.5 16.37 182 59.6 2439(4.91) 1 0.97

2.3.2 ¢ MUY

el g A5 AlgE niA R i Ad Al e dddbyd F ddEEe] 93-S JES ] fls)
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Dso7F 0.0011mme] 7] ool #4(1995)e] A7l oA A #A F A Fak Alolo 0.2mme] &
e g alo] o Aol P4 =S o] AAY DS AT F 2.0 AAH dw A
Bt

Ak
o 1 -
dAPe) 23 AREE el

O

%2 AAA AWARAE 22

Initial water | Consolidation conditions

K.P Ve 0 Shear speed

ID (-m) | &N/m®) | (kPa) content v (kPa) Consolidation Ceavsalionia)
(%) v time (min)

KD1 | 28.5 15.89 174 55.0 200 1433(61t)
KD2 | 26.5 16.18 172 55.7 400 1486(231t) 0.1
KD3 | 28.5 16.33 174 52.6 500 1483(32t)
KD4 | 24.5 16.02 182 57.4 400 1606(271t) 0.02
KD5 | 25.5 15.92 163 55.6 1457(22t) 1
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o F2k3E  g(=01-03)9 HUAS 1/2& HHlg Ad A= Si el ¥, Siv 4ESo
93.6~158.4kPa, A17&50o] 53.5~129.8kPa-s YEF L St} g, FHHE 0<e.<0.002% 77kl A g~
e THAS] 712 7)ol A 3 7RI AT Enaxis 80~166MPa<] Bé.ﬁohﬂ, Suet PRZRAZ Qb ¢FE o]
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400 -
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15 [cracss* * <
o KTAC2=3» 0 OfIiry, = 100
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- LYYy e
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- =
3 4
> S o0} -
130 wract = _S Strain rate
. J = 0, 1
®  KTAE1 x 8 200 0.02%/min
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12 a kiacs -300 | | —— KTAE2 ] Me=1.25
A KTAE3 —— KTAE3 =
0.1 1 10 100 1000 10000 -400 0 100 200 300 400
Time, t (min) Average of Effective Stress, p'(kPa)
% 10, wlg AFARe) FU-A FA a9 11 FESY A=
350 300
Strain rate=0.02%/min
300 200
i
o
= 250 100
o
@
(7]
g 200 0
7}
5 KTAE1(200kPa)
£ 150 -100
= KTAE2(400kPa
g KTAC1(200kPa) TG ( )
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50 -300
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D e e ¢ e) = P M
0 ! (c’=0) (kPa) (MPa)

KTAC1 1.60 1.53 38.6 93.6 83 1.58
KTAE1 1.54 1.47 62.6 53.5 80 1.37
KTAC2 1.46 1.30 33.9 131.0 118 1.37
KTAE2 1.42 1.19 48.8 103.5 128 1.20
KTAC3 1.42 1.22 34.5 158.4 122 1.40
KTAES3 1.52 1.24 53.1 129.8 166 1.26
KTAC4 1.52 1.35 35.1 145.2 123 1.42
KTACSH 1.49 1.28 33.2 159.2 131 1.34
KTAEA4 1.56 1.28 441 101.4 144 1.13
KTAES 1.57 1.30 50.5 117.7 151 1.23

T 4.2 AAH duAdG Alge] An debwolth. Y 13.+5 A o] #HAle] wglelt)
ek Adddare] F7H0.2mm) E JRAIRE oF 24A7H1d)o] AIgk Al HelA AAsSl7] vl
1 AN EYReE Addate] mpgo] daA oz Aolr], FspFe]l AQcia FEETH b Al
A ZEH] e 1.47~1.599 H9loln, KD37F HAAAT dEFR AAGZAA) ] e
1.23~1.429] F& HYel A8t ATk 29 14. 2 a9 15+ 42 Ad 5 Ad 83 F=9d
A2 AAEEe AAE vEbdllth vl A9 e S 73.3~155.5kPa, fr o)z

Y:Sl- (I)‘: tanil(‘[u/ovc)}\i‘ 9‘!]: 8409&1\:]]_4— ?:51_15, Ccu:Oi 7]';(3—3]’04 :TL?:S} E‘IHH%: @% 11 (']—Z—}— q)CU(:tanil(Su/ovc))
= 17.1°, & Su/0,.=0.31% .

E 4 AAH dudw A A

Angle of shear

resistance (°)
D €0 er sy (kPa)

¢' ¢cu

(c’=0)

KD1 1.58 1.42 31.2 73.3
KD2 1.54 1.27 32.4 127.0
KD3 1.47 1.23 32.0 171 155.5
KD4 1.59 1.28 33.5 121.7
KD5 1.58 1.28 31.9 137.9

Azsinfel o] A= FAA Q] vl AW} wX = Adddre] S AL Y&, sLst
otz 7Elo A ¢rdsl Al S o] &351e], 0.02, 0.1, 1%/min®] 3FF9o AUELE o] fsle] U& 9
Hlaj 5 AGA PSS AAsth 29 160 9 29 17.2 272 Ak 3ol glojA] fFasdads 9@ =
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a3 15, AeE-A43E 4 O 16 A& mE fa SHAR
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0.50 , 0.36
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