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A Method for In-situ Liquefaction Test Based on
Reconstituted Saturated Sand Model

FU Hai-qing"*, YUAN Xiao-ming', CHEN Long-wei'
(1.Institute of Engineering Mechanics ,China Earthquake Administration , Harbin , Heilongjiang 150080 ,China ;
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Abstract: Research on soil liquefaction under in-situ conditions will be an important branch in soil
dynamics.At present,in-situ liquefaction test under artificial dynamic loading remains at the re-
search stage;there have been only a few studies. This paper presents a method for in-situ liquefac-
tion test based on a remolded saturated sand model. Many technological problems related to this
method are discussed,which include five parts:(1)test apparatus, (2)ground motion stimulation,
(3)test pit arrangement, (4)saturated soil model preparation,and (5) data measurement and ac-
quisition. An in-situ liquefaction test using this method was performed in this study.The surface
soil acceleration and pore water pressure data indicate that soil liquefaction occurs under artificial
dynamic loading. The main points are: (1) A dynamic loading system can simulate strong ground
motion with an acceleration from 0 to 7 m/s”.(2) Under a loading frequency of 13 Hz to 15 Hz,
the soil liquefaction test can be performed relatively easily when the distance between the soil
model and loading base is 0.5 m to 2.5 m.(3)Measurement positioning and water-proofing are key
factors during the preparation of the saturated soil model.(4)More request in data measurement

and acquisition should be raised because of little acknowledges for soil liquefaction at site.(5)Ex-
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perimental results indicate that this technology is practically feasible.Studies on special liquefac-

tion problems can be performed using this method. It also paves the path for further studies on

geotechnical in-situ testing techniques under artificial dynamic loading.

Key words: soil liquefaction; artificial dynamic loading; in-situ test; method

0 35

1D - WAk 2 T R AR K R B R 2 —, Ji
KZBE L TR SRR T T2
PRUE . XA, B A2 A KA 8 15
BUR S, F & TR S 2R, (H T e,
BHREAWHRERZ P K REE E TRERB R
14 H BRI S P R —

e R A R ISR B AT AR R 5T iR
R BT, BENEEEZRTRELE
AR T LA 2 R UK R P 5 v A R
IR, Lo dn o AL SRR . B 1976 4R 1L 7.8
2 KA AR E 2008 AR BN 8.0 G5z iy
BT R AR S FESE A0 A Y IS ] P AT AR
FEEHT . = NIREAS TT B[R] B 4 T M X 4 R
Qb B R BRI T 0L AR A W R S R K SCHE BT K
TS5 S A R AT REAEL . T A L S MR 3 S PR 2R A AR
SRS A kA R RS R R AR
P e AR S & IR HE DL B ECSE
AYRD A B, 27 5 IR S bR T AR S b 1 R 2R AL
SAFEXMESTEL, T SE PR TR A A N T
T PR 2210 - R YAk ) A8 1 i 225 T SR B 3 )

Wit 5 100 - W Ak TR) R 5% 0 TR A A 1) T A 3R
& T BT RIS, T S A kAR R
Tb R A AR e R A £ A AR B R % LA iR L
PREA G A R A g i — 2P BRI 5T AR B AR HL
B CHE B WA 0 T v B 2 T B AR BT
WACHE I 25 . PR UL, 3 F B 37 7 2 R i Ak ) R A
EOE DAY i o e e WA K=t M R T 3 iyl L

T 1k B 37 W ) S b B 5T R R YA ) A T i
fE Bt 70 AR B TR, B2ASRE W, BT
b 55 260 I 4 R AR AN B 0 2 TR B — b X R A
e DR PE iR 2 ) 2P 08 P A 3 P g B A L RR T U Tk
M 58 R KATPr4n. 32 4, LA Holzer 55 7£
1987 4F Superstition Hills 5% H [\ i 3R 15 T 58 &
637 1 1 Jon s B AL B AR IO Sk . SR AR 9 R
ARSI T AN R AT VR Ak ) R R A5 19 75 2K

SR RN U520 il 7= A 1 b 7R B0 ok B AR R AR
REEl) TR AT AL R AR )2 SO I i N A R D
R v B B B SR AR I S O 3L AE b ad 90 ARAR

i1

BT R . X AR Z 9N TR T (B e
BTk . ETIE T5 E EOR  BIESEOCR A 2 A
WAL TR A B B, T E TR R B A I AR T
P TR AR 7 A PR R A, S EOAR
PR ZEF B, A [ BRI A B AT — AR X
A WA TR . B N LR
BB A R T 0 A AR R R A SR B B

VEH BT e R84 A AT R RN TR T i 8L
WAL T7 5 © S SCHRL3 TR A5 2] T 012 50 2L . id
IR 9 J5 SO AT T WAL U U T R A
ROR . AEBCEEA St — 20 i 17 5 T E AR A
A Y B A D5 vk L RIVTE 3 b N BT 42
WYL AR 1 m® A R R AR LA
TR T AT A s . e AT L D
TRREEAR 1-g T B9 R RBERL, N i 5 2%
PFR AT R AR LT B LS B e Tl 32 08 W AT i
RN P .S PR P, T ELAR 45 A [ B AT 5
FAY ] Ak e b - AT Ay BRI, BB L
BAR WAL 1 R TR B A B RES A R 45 Bt DIAE
= PR LR IR 30 65 3P 6 AN BE sl xfE LS B Y
PP 1 o B RS AT 5 0 M v A D R A ) A

AR SC A 28 R T A R AR RRD A B (Y B 3 R ALt
By k. X Tt - TR 5072k 7E M
SRHAR SO A BOR RS AR G AN iR
A A [ P R T 5 X A B IR 3 5 A K
S0 3 AR AL AT Sy AR G 5 1 £ A 2 1 s DAL 0t DS
AR SN 7 R 8 0 U i 4R 3 3t 5 S A ik A
B IR AR ] g B I R AR L S 4]
TR 6 T HRITIE IR . BEHTTERCR Al o T 2
N TR T R BB R AR S % iy
HE— 25 TF IR AR T2 09 D 07 3 A 1K 6 G Al - 5l
P DA 18 B8 E AR A

1 REIEFEAERK

U B 32 h 3 R AR g Ao I A S R
ERGHE B RS F = RARGEH M. A m
T (1D Bl Iy 28 2 4 iy PR A L W B R L A2 AR
Pl i L S B P A A (2) B I R 5 ok
ERG AR 5 TS B R EMN(RGD .



18 o

T B ¥ iR

2015 4

R N A G IRE B e o AL, F R IZ AR 48 b 0 9 1%
SRS L 45 R R A R A L LR AR AR L B AR IR
5 5 (3D LU0 i B 2R S8 2 46 O 1t B B 70 94 A 1K 6 14 I
AN, k7 T b3 WA 28 G A H AL BE 1 5 73 AR Bl
I 7 B 358 F 0 5 SR

U B 9 PR ZOR RS MO T AR MR BE S5
HARN A 2% 30k ] .

2 373 R B

S 4 b 52 50 H B0 ) IR R G A . AT IR
A0 I K AR 2 %) AT 28T 1) 18 S KT
Tia) o 3 3k 78 A T AR T A o 42 R IR O ) R T R
7738 3b B AE A R b i WP e R Rl (DL R PR SR
Bl A2 328, I3 J8) il — 2 Y I ) AR = g, Hhe
T b 58 Bl /N5 T AR ATAR I A OC 5 Al M 7 B Y
N T3 R P U LS U T I L B S
T4 B B I BE R N  R R B Rt . R
L1, ik 955 D S B R S ) SR N B B T B W
A5, 64T T 37 b b 7R B I

1 IR AR A B T T AR A Bl A Ty )
FEES LML 2% 4.0 m W, ARG 0.5 m 7 5 5 [0]
TR B AR SRS . AR IR R AE LR T 3~5 cm 4b,
HC B0 ) 25 4R 3h A% 1 O n] — B OF 5 98 BB
Ao SR XA R AR A SR A A B 3R R, AT
A 7 Fsz e 384 I 1 7% 2l 149 7K 3P SR /N R 15 L 45
YEL TR B 517

b R /N 5 R E AR G, 8 TR MR
16 3.5.8.10,11,12,13.,14,15.17 Fl 20 Hz F #47
iy b 5% B, 45008 T 00 N SRR 29 10 s, Bl
AWK 100 Hz, #% LR 58, —FEE R T
BUF AT LAAS 3] 9 A Tk B i AR 30 3% . 2 S 3k i e
ALASF) 99 A fin e I AR AT SR .

B 1(a) & 8 Hz BFFEREIIZAb (0 m W 5D £ {4
F1R) T S8 R B R Ay L T AT R 1 s B 1R
(b) 2 Z B R % Fourier 3.t B o] %0, B4R 7= 2E 1)
RN JLF R 8 Hz R340 . HAAS R % R
(] 0 56 %) 0 o 3 R AR A 2 AL, B T 0 R AN T8 2
HRAE 99 A3 B i L 35345 BN [/] AR MR AR
T A5 F  AA Hh 2R BE WRAE JF s TR 2 . T AR
FN LTI (D3 I3k & e & 4 TAEM 306 [l (3
~22 Hz) N S0 7= A 0 R 1 7% 3l 104 n 3 i
TE 0~7 m/s” Z[H], B W5 /2 B0 3% WAk R 30 1 20K
(2) Hbu 3% im0 B85 R 1L 1 5 DB PR L RO 2 FE 0~ 0.5
m Y. AR R RS R & D 5 b R B A

015 —0 mJll 5l A AR I

0.10
0. 05
0. 00
-0. 05

MMIEREE/ (mes™

B 5] /s

R, )
NEaIbho—
OOOOO

* SOOOO

= ]

o OO

' ]

J
|
1
|
!
i
!
I
]
|
f
f/
|
i
1
!
{
(
L]

I 18

0. 02+

WWW“MMMM@MW oo e, |
0. 00 ¥ T T ”.
0 10 20 30 40 50 6

W% /Hz
(b)

B 1 X4k kmik B A2 R R Fourier i (8
HZ;O m }ﬂll ,;‘.)

Fig.1 Soil surface acceleration time history and its Fou-

rier spectrum (measuring point at 8 Hz,0 m)
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Fig.2  Soil surface acceleration amplitudes at different

measuring points and frequencies

TR O 5 (3) AR TAEAT 3T - 1A 1 % o o 3 o
PRl A AR — B (O BB SRR 2 4.0 m AMRIRR
A0 R R AR O 2 E] 1.0 m/s” AR, B0
JE AR B R 5 (5) TAEMURAE 12 Hz DL T A,
B 7 A 0 JE R A R b AR B K P B R R A AT
WAL .

o HUI % 9 B SR 12~ 20 Hz (149 010 32 1 {14
— 5 BT L IR HEOR TR A5, 0 B0 O 6 21 /NS s 2
BB T 1 fr, Ry T UL b 7R Bl s L L (B
1.0 o 0 % A 4% b 3% hin 3 B (L A9 90 B B 3..00
m/s”, FE BRI B ) T Dk A B T OC R (43 h



B3 L

I3, 4 5 T T SR R 1 B3 A K 5 19

1/R* Al 1/(R)™ R ARKEEE) 7544 4 m {5 [H
WM (R D AR 1 a5l L SCF RS
44 BW EAH SW . 12~20 Hz %58 F A 1Y
R b i R OB A A 1#] 3 TR

®1 MRMEEEE(12~20 Hz) 5RETEE
Table 1  Soil surface acceleration amplitudes (12 ~20 Hz)

and assumed values

HUPEE A T BE MR/ (m o+ s™%)

®/m 12 Hz 13 Hz 14 Hz 15 Hz 17 Hz 20 Hz BW i SW i
0 2.10 4.61 5.57 6.11 6.88 6.00
0.5 0.56 1.14 1.47 1.52 1.94 2.69 12.00 4.24
1.0 0.46 0.92 1.26 1.23 1.50 2.09 3.00 3.00
1.5 0.36  0.68 0.97 0.99 1.13 1.54 1.33 2.45
2.0 0.33 0.58 0.82 0.87 1.00 1.25 0.75 2.12
2.5 0.29 0.52 0.78 0.81 0.88 1.05 0.48 1.90
3.0 0.25 0.42 0.65 0.73 0.76 0.96 0.33 1.73
3.5 0.23 0.40 0.61 0.66 0.74 0.86 0.25 1.60
4.0 0.21 0.32 0.54 0.61 0.66 0.72 0.19 1.50
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Fig.3 Attenuation of soil surface accelerations (12~

20 Hz)
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YA & (DI Z e, T g
SUREST R, 5B RS ARAT , b 2L A] LU i K 7
AMAZ RIS PR AR B (2O iR 2= D 2 m JuH
N TR 28 5 (3) JFAZ 5T 4 Bl 3 0 A fiE
eI BB R AR DL AR T 7 AR BRI 5 (4) 15T
il A R X A ) e v, D A R P i AT R
P A s (5) IR A5 1k 1 1E] AT R T RV DL
SURE JRy PR B A B T TR W i I

4 B LRBG F

25 P B A 0 R SRS A A R K D il
o BRI R R e A B2 SR A L i
B AR AT B . X B AR IR T L AN B E
RZ [ Bk B K AR AR 25 E g/ L A AN E
ST AR XE E AR O, P HIAE T Bl 5
P ARG RIS £ B RA BT 2200 . Chang™ § | 7K
DURTE R WA 8 b B i 45 TR RN 1.8 m?
(18 0 N b - R AY IS g P B 3 E W] T A
GRS R BIUP S S Tirie o (U U IR WUV SV TR R el O



20 o

T B ¥ iR

2015 4

Tzl g b B 4 A AR R R A

L AT S B E R iR AR,
R DN P R (D 3BT By K« B e A
WIE L)1 em B A0 B)Z R SR 5 AT N i i
— JRE B R G | R e A S B B K A R, Bl K
FHRH R FT BB B ORE BT 7 By K 2 i A A
0 AR M B O B e AT AL, (2) RS E
AL B K AR 5 I T ORE [ BT B AIARIE R
S TURE PN AT 2 R e T A AR R i
e, 370 PN 20 JEE A6 B PR /N IR B AR A HLRD A 0K
T LA o DRI R 0 A ] e i, a0 B 0 A
0 2 2 Bk 22 Ak — AP R B E L. KR T DL R
W B ML E RO IR B A e A% s L I il 4 A
[Fi) R0 236 2 11 A D - T

b BRI ] £ 58 52 AR HARARZS TR [ 45 24
NI LA [ 45 0 18] o R D 3% A i — )2 SR A
(D857 SN I 1L 7 = PP ) S WA VAL 3 S R
LR DU A A A 4 0 AR R T R A T
Ko A eRb R E A E R AR R R
ELAE L FIRD T ] A 2 R AT

5 HEWNESRE

AR o A 1 K L — T R T R
55 2R e R GRS B L 55 — 7 TR TR A B
IO AT 14— PRI IU . A A A 35 B A ) e >R B
JE U] 25 LA P 7 ] 2 2% SCRRL6

B 03 4% A AN N g o AR A2 37 4 % Ak
LS ES 2PN G IERYN L ECR A R e el P K
2 AN E PRI 3R 2L 3K 2 45 i I 5 R R Al ok —
SERME. 53 5 X 3 30 WAk 1) BB F 5 AN 5 L
B AL K A TR B 2 e W 3 L i 2 BR Ak
TR A A A D HE LA 2 AT B A TR0 £
1) B R RN o A R AT T CRAIE . ATk
TE A I 5 R B 5 R TP O B T (D) B A A%
TS 1 A R AR 7 LA 3 B A A N )
Brxh o (2)FE— o056 245 50, R 7 B %) B4 i
A0 20 Ak B A 300 000l 5 2R R e S i B R 0L

BN BRI 78 BN B WA IR GRS 51X
— PRI ZR A 5 080 o AT XoF 5080 00 o 55 R 8 4 R o 2L
SR LA DA 6 500 0552 | AT S S R gy B S B R 2R

6 X SLHIENT
T3P B ik 59 B A8 7k AT T —

A AR . s A S B R K
WG IF R R UM . S TE AN A LT AR I
o AU R A TR AR B SR AR B T i TR R . %
YA 56 A 3t 9 32 A D A v S A AL TR I R
(A BRALER 2D G 5 Frzs . ol w0, i fa) , wb
b AL S 08 e 3t 3 R i R R WA Y
JEHBE T R BE A e . 1 BLR FRE 4 7T A B
A X LA IR 2 B U g UG T R, B
A KRR WAL T % 0T AT o A QU 1Y
SRRV E TR S A R (B Ta A 7o

.07 R0 A A 3
0.57
0. 07
4-0. 5
1.0
= ]
_1.5 ; ; ; ; ; ‘
0 5 10 15 20 25 30 35 40 45 50
1A/ s
(a) Hb 2% hn 3 & i) 2
8
- — A L AR AL
O
<
(=™
< 47
1
= 27
0_
0 5 10 15 20 25 30 35 40 45 50

I 8] /s
(b) FLJE IS 2

A5 Ak EeARLILENRE
Fig.5 Soil surface acceleration time history and pore

water pressure time history
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