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Characteristics of Undrained Cyclic Shear Behavior for the Nak-dong River
Sand Due to the Aging Effect

2
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Abstract

It was known that the aging effect of sands is insignificant in comparison with clays, and hence the study on this
effect had seldom been performed prior to the early 1980s. However, field tests for this effect have been actively carried
out since it was investigated that penetration resistance of reformed sands increased with the lapse of time. Recently,
the aging effect of sands has also been examined in laboratory testings. In this study, undrained static triaxial tests
were performed to evaluate the effect on the Nak-dong River sands, with different relative densities (D,), consolidation
stress ratios (X&), and consolidation times. As a result of the tests, it was proved that the undrained cyclic shear strength
(&) increased with the aged time on the sands. The in situ range of 72, on the sands, which is applicable to the magnitude

of earthquake in the Nak-dong River area, was proposed by using the test results.
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cyclic shear strength

LM E ol wet o8 k1] B4ESo] WstElLh AZ-AT|
whe A O] 7S geo] WMalsl, X5l
AT BE BAL RE A7kl wet Gl 7h wEsh B SEEL o8 WAL Az

123} EXo] Wl Fx ulzrbx|E A|7ko] A Ha, st wet FARAY SIEY E=3t

1 3, AEdsty EE5F 3} 2AF (Member, Ph.D. Dept. of Civil Engrg.. Kyungpook National Univ., ksmans! |@hanmail.net)

2 A3, AEdEy B8 35 (Member, Prof,, Dept. of Civil Engrg., Kyungpook National Univ.)

3 A3d, AEsty 2748k I (Member, Prof, Dept. of Landscape Architecture, Kyungpook National Univ.)

4 A4, AR 53 24 (Member, Prof, Dept of Civil Engrg.. Kyungdong College of Techno-information)

o EEel i B2 dste 39S 2006 49 3047HA 1 W EE B3 E BUFAY] vtk Aake) AR UEn @ wEAe Aistel =5
g ddg 2o £3F A3E gste] gEld v 23T F USS dEzYUh

Aging S0 I8 H&Z 22HY Hitis BISIEAHS

Jm

a 13
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o2 FolEEd, SUFZANN AUE Fets
HHoz AL, o AL BALUUHCSR line)
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H Ao A AREE AFAlE] 7] += Clarence K. Chan

Falo) A5 ASAH/ R AR © SEAEAHo]
RS slsa Palolek AlRe] Z71= 17 Tomm, 0|
140mmo| il =31 W o] A= 27] AtE = 30%,
7 A9l A= 50%7t BES ote] AZRE A Y(dry
deposition method) 2.2 &3t Al2AAER & 23}
Ao A B0, 300kPa7hA] A A o2 XA S
7VelAA 2EZ OS2 B value7} 0.95 oji}o] HEE 3}
ot}

Age] 23t aE & dddAldE 5 % o]
FHERHoz ro] dEE AASHRH SR
AR 2 7719 fasrdgde,)T &
(0, )S 100kPa 7}310] Yt OT, o
oA 3 29} o] 0,/ & WAH O
F7A7= ¢ 5717‘3 AALFEH, q,(=0, —03 ) &

= HR}A O Z 7}7) 43kPa, 75kPantE F7TA|A ot
WH|(K)7} 1.5, 2.00] H=2 stick ool 4
F7He AT AE A A= Weglen, 24 1A
nheh HA| 2] BTt fdte] SE3] ol F
oA EE 1084 e ARr|FHgch

BE Ago] thele] BRETEE, p' = (0, +205.)/3
< 100kPa® AASHA 3t & aging IS ¥25L7] 9
sto] EATRE EEjstlen, Y 3o At

K, gholl Aaglo] =3t Al o] B9z 34%, St =

el A2 56% A=R Uehg
o] SR E T SYA|o9 vjujg WHEAREAIY
< AAst e, 7isted A REE-SE(q, )2 0.1Hz 57}

o) HW(sine)uhE o] Tk Z2e] AR MBS

(reversal) A1} 39 H]HI-X%(non—reversal) Z7, 181
1 2719) 2¥FHkA(intermediate) Z719] okl ¢
Aoz ABSAE B =RolH AR BT

K a,, (kPa) o, (kPa) a, (kPa) o, (kPa) o, (kPa) g, (kPa)

1.0 400 400 300 100 100 0

1.5 386 429 300 86 129 43

2.0 375 450 300 75 150 75
16 g=XgrEslsi=Ed H212 M=



I 3 HEMEAIE =2
Sample state K q, (kPa) g, kPa) Consolidation time (min) /0 Stress reversal
35 10, 100, 1000 > Reversal
1.0 0 40 10, 100, 1000 1 Reversal
45 10, 100, 1000, 10000 >1 Reversal
45 10, 100, 1000, 10000 1.05 Intermediate
L?Srsfsiiﬂd 15 43 55 10, 100, 1000 1.30 Reversal
60 10, 100, 1000 1.40 Reversal
45 10, 100, 1000, 10000 0.60 Non-reversal
2.0 75 60 10, 100, 1000 0.86 Non-—reversal
70 10, 100, 1000 0.93 Intermediate
35 10, 100, 1000 >1 Reversal
1.0 0 40 10, 100, 1000 >1 Reversal
45 10, 100, 1000, 10000 > Reversal
] 35 10, 100, 1000 0.78 Non—reversal
M?Slrirg(;;nd 1.5 43 45 10, 100, 1000, 10000 1.05 Intermediate
55 10, 100, 1000 1.30 Reversal
45 10, 100, 1000, 10000 0.60 Non—reversal
2.0 75 75 10, 100, 1000 1.00 Intermediate
85 10, 100, 1000 113 Reversal
4 L& AR UL = ME
D (%) Consolidation After consolidation
r A K 7, (kPa) . . N o
(before consolidation) v time (min) Dry unit weight (g/cm®) |  Void ratio, e D (%)
10 1.340 0.997 34.370
35 100 1.339 0.999 33.904
1000 1.341 0.996 34.516
10 1.340 0.997 34.252
10 40 100 1.341 0.995 34.727
1000 1.340 0.997 34.324
10 1.339 0.998 34.016
100 1.340 0.998 34.128
4 1000 1.340 0.996 34.466
10000 1.340 0.996 34.447
10 1.340 0.996 34.471
15 100 1.339 0.999 33.883
1000 1.339 0.999 33.933
10000 1.340 0.997 34.419
30 15 10 1.339 0.998 34.028
55 100 1.339 0.998 34.055
1000 1.339 0.999 33.888
10 1.340 0.997 34.324
60 100 1.340 0.997 34.237
1000 1.339 0.998 34.027
10 1.340 0.998 34.145
45 100 1.339 0.999 33.906
1000 1.340 0.997 34.237
10000 1.341 0.996 34.493
50 10 1.339 0.999 33.808
60 100 1.340 0.997 34.201
1000 1.341 0.996 34.613
10 1.340 0.996 34.475
70 100 1.339 0.998 34.017
1000 1.340 0.997 34.392
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S B AR AU = MY
D (%), | K o kPa) ansolidgtion After consolidation

(before consolidation) ¢ v time (min) Dry unit weight (g/cm®) |  Void ratio, e D (%)

10 1.404 0.906 56.400

35 100 1.403 0.907 56.095

1000 1.404 0.906 56.387

10 1.403 0.907 56.170

10 40 100 1.403 0.907 56.243

1000 1.405 0.905 56.681

10 1.403 0.908 56.012

45 100 1.402 0.908 55.906

1000 1.403 0.907 56.271

10000 1.404 0.906 56.487

10 1.403 0.908 56.075

35 100 1.402 0.909 55.729

1000 1.403 0.908 56.010

10 1.403 0.907 56.282

50 15 15 100 1.404 0.906 56.504

1000 1.404 0.906 56.487

10000 1.406 0.904 57.018

10 1.403 0.907 56.269

55 100 1.402 0.908 55.891

1000 1.403 0.908 56.075

10 1.402 0.908 55.907

15 100 1.404 0.906 56.401

1000 1.404 0.907 56.311

10000 1.403 0.908 56.076

20 10 1.403 0.907 56.225

75 100 1.403 0.908 56.003

1000 1.402 0.908 55.881

10 1.404 0.907 56.311

85 100 1.404 0.906 56.504

1000 1.403 0.907 56.191
B AZTE, 70 1T AH LSS ek A 2% 4 maw Aol osjel Z7ke) ol
ot (K=1.0, 1.5, 2.0)0|4] YLt ¥H=5-8-2(q,) Q! 45kPas 7}
Sl e AT wet e ol 18]
4, ANgdn} 9 2 494 ¢, 9] A7of wet S z7o] ZH2} thE reversal,
intermediate, non-reversal 242 H3+=0), (a)2] £=1.0
4.1 8832 reversal 2710 A= 2 O] wHE-gE o2 Qletof QR

d

Hyodo 5{(1991)& =718 A ATH-3-=(q,,) o HHE-3-2
(g,)8 BEZAQ 2400A q,/q, >1 & o 4L
A7) 0,/ 0y <1 4 = SR
o] §lo 2= non-reversal 7ol 3hH, g, /q,=0.9~
1.1 Atolof| Q& wji= intermediate z71o]2tal E8IITh

o]
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¢

18 EERXLBES=2Y

M213d XB=

& 9 AFLyE weh L27haA {5t g%
u}3] 7} Y E| Q1T (b)) A, =1.5 intermediate Z730f|A]
= AHOA(PTL) Ol 52 A&7 Ql 1F4ete] o]
o5t p’ 9] 4= cyclic mobility”} WAE L2 H, ()2

K =2.0 non-reversal ZZAo|A& PTLE At & 7+
oro] Wsir} #9] 911 FLAA] HET 224 gojd




27]oAshe AR eeich oloh ol SR W
ol g, 9] Z7]o] whe} 9ds| ohe Thale] op
Holn, Lee®} Seed(1967)2] A|@ A} 2ol ¢,7t
VS v BRERETE STt g = Bl
AR7EeIN 1 Fa% AAYE 2 4 Ak
£ =FollA] FLI} PTLY| 2782 TUt 279 A=
of hotod HHATAHE AAste] Tt Vaidsh
Chern(1985), Alarcon-Guzman $4(1988)-2 AF=QF&A]
Y3} SERHINEES ol gato] make] ulujs A
A HEAFY] ASTAE AFst=l, Vaide}
Chern(1985)= A A5 227 E 9] FHAZH=H|(CSR)
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Sample state A g, (kPa) Aging time (min) :t‘)r(elnar:
10 100 1000 10000

35 11 14 18 -

1.0 40 3 7 - D.AS
45 2 3 5
45 15 17 18 21

Loose sand

(Or=34%) 15 % L > _
60 1 1 1 -

R.S
45 18 23 25 35
2.0 60 2 3 10 -
70 1 1 3 -
35 24 35 38 -

1.0 40 6 10 12 - D.AS
45 4 4 4 7
35 358 362 370 -

Medium sand

(Dr=56%) 1.5 45 39 41 42 48
55 10 13 15 -

R.S
45 113 115 136 160
2.0 75 11 11 14 -
85 2 3 5 -
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32 8. Agingdll 2 ¢ /¢ 2 N BHIZH(Dr=56%)
E 7. A#2Y S7MESH3I(Seed S, 1983)
Magnitude (M) 5.25 6.00 6.75 7.50
Number of cycles(N) 2~3 5~6 10 15
H 8. AgingOil [HE XIZIFEY BIEMERIT
Cyclic shear strength, R, =(q,/p);
Magnitude, M
D (%) K Aging time (min) 5.25 6.00 6.75 | 7.50
Number of cycles, N
2.5 5.5 10 15
10 0.4249 0.3815 0.3516 0.3327
1.0 100 0.4324 0.3914 0.3629 0.3448
1000 0.4618 0.4135 0.3802 0.3592
10 0.5289 0.4926 0.4668 0.4500
34 1.5 100 0.5514 0.5085 0.4782 0.4587
1000 0.5607 0.5191 0.4897 0.4707
10 0.5979 0.5322 0.4873 0.4590
2.0 100 0.6153 0.5506 0.5061 0.4780
1000 0.7469 0.6358 0.5627 0.5180
10 0.4647 0.4198 0.3887 0.3688
1.0 100 0.4730 0.4319 0.4031 0.3847
1000 0.4750 0.4350 0.4069 0.3888
10 0.6466 0.5858 0.5436 0.5167
56 1.5 100 0.6722 0.6052 0.5589 0.5295
1000 0.6864 0.6161 0.5677 0.5370
10 0.8661 0.7626 0.6925 0.6487
2.0 100 0.9163 0.7953 0.7143 0.6642
1000 1.0067 0.8613 0.7652 0.7063
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