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Analysis of Surface Settlement Characteristics caused by
Explosion-induced Liquefaction of Saturated
Sand Layered Foundation
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Abstract; Ground surface settlement caused by explosion-induced liquefaction of saturated sand foundation is an
important subject in the seismic safety evaluation and explosion compaction of dam foundation. In this paper, the
characteristics of ground surface settlement caused by liquefaction under contained explosions are studied for layered
saturated sand foundation with roller compaction. Based on the existing empirical prediction models of explosion-in-
duced liquefaction and surface settlement, the calculation formula of liquefaction volume is derived, and the rapid
prediction model of surface settlement area is established and verified for reliability. Based on the above model, the
characteristics of the explosion-induced liquefaction zone of saturated sand foundation and the resulted surface settle-
ment funnel are investigated by changing the control factors such as compactness, explosive amount and burial depth,

and the influence of stratified ground compaction on the characteristics of the surface settlement funnel is also dis-
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cussed. The results show that the explosion liquefaction zone of saturated sand foundation has three types from small

to large, including ellipsoid type, funnel type and pot bottom type. From small to large,there are two types of surface

settlement area:inverted cone type and butterfly type. The liquefaction and settlement zones increase with the in-

crease of explosive amount and the decrease of burial depth and compactness. For the layered saturated sand founda-

tion with rolling compaction, the explosion-induced liquefaction and the resulted surface settlement are not only af-

fected by the amount of explosive,buried depth and density,but also determined by the relative size of delamination

thickness compared with the initiation depth,which further affects the range of surface settlement area.

Key words;

characteristics; settlement funnel characteristics

VFZ AN TR G VLRI 25 2 2 A A Rk 2
Hh 252 BRSBTSz LA A
P BRS04 RS b b B & AR Ak T 7 A
YLK, JE I E S LS A M, B
FEMAIRD - M FEH KRR AL 5 | 7B 1) M 2 DL AT 2010

FUROC T AL 5 R B R DU 7 kAT
RGP 2R T L AEE RIS . fiE R R
L Y S e € I v N Y NP IR 2o
SR PO A R 2 B e R Bl bl
B AL T R A WAL B 2 4% s R AR TR Y R
N AR AKX R N S AR st g, Hoe T
RRNEW AL W AT 5 22 g 38 ST 8 AL B K T LU 0 28 30 A6
B ALREXT 25 58 s AR S TR WAL HEA T TUI , AS BE B4
S AT L, Jovk N T AR R A 2 WAL
BB AN I 1 £ 225 (] LS-DYNA [ FLAC 4
AP R K AL B 5 R 0 st e TR T, Rl
IR S 2 07 I, B AR AR AR R
B RS AR AR S NAR R LR L 5
PRAFFSEI R R, o T TR S B v B P
2 BN WAL B TR X A S 00, R 2P B 22
B IR AT

FRKEWAL S R AR DTN 5 255 25 e TR AR
AT Boh )R 3 e B R o 6, sl
FRNE TR B HEA T R , 1 25 1y S B IA B
AR SRR AR SR A BRI 0, 3 T80
F 8 S AR b B B IR A DU 4 R TR
ARG ARGEAT 53T 3 53 A1 BR85S HE 52 R OB L 2
PEH A B 3 S R R AL, X T IA TR 2 T
FEANHIL B8 25 A 1 ARD £ 3 B, i A2 22 55 A T
P2 A B, 20 b 2 — 7 J5 A M B A O s o
52, Jm TR S AR O SR R , ML 2 X R A
AT B MR DRI 25 B R MR 5 EERT o

PRI , 0 P s 52 B9 D 73 R i A5
TE PRI T ML T AR DT . BT
SN VAN AT R TR | RS 8l T e I A Y

layered foundation; explosive liquefaction; excess pore water pressure ratio; liquefaction zone

P TR AL K TR XY PRSH DA T 1% 5 i i k)
U M s g 5 2 90 T 45 2R, B8IE 1% 07 vk 14l
s BT 12, i 2 28 P ) 1 DR 3R S K 2
i IR AT RN AL S L Y R DT D < R AL, O
TS AR e 02 X s SR DR - RF R B2 TR

1 b+t BRI RS Rtk

iU BE LI
1.1 SRR SRR MRV IE

BB AT R NE 7 A TR L 7 a8 BT 0 RN
J RIS L, 2 A T U RS L R R
A A RS AL R S 3 B 04, > R AR LB K
FE 3K T 0 58 1) A 2800 B 4 A A
VEW AL 151 5 , BEAE ALK B i s S HE s, 120
ORI A AR T BT HES B B R A RS
(I 25 S B R 1w ™ A TR, 3 M W A5 | ke 1Y
RUUEHLEE 1 PR .

1.2 BRIERLHA R ERER MR ITESEFIESH

FRBN R WAL T | 1 H R T RE ( Ah) O T A
A X 35 ) 9 R, — 3 ok Ak 2 A AR RS Ak
(&, = Ah/h,) 1SR Y, PR, o8 S04 M b SR TR
WA S E WAL X TS L, TR TR A Y
FER 2 A o U P i 3 3 R | 06 {1 4 1 7%
FLBRIK L, B P S B 14 1 5 (8 25 B 3 56 2% A 1)
AT AR, TR ALK R b R, SR E S
FPVEALBK T Au FIRIIRSE 0 A RN ST o 1 1
(B, ANU0 SRR AR S5 S BV I, 3 VG R ), i
ARSCIE RSB K IR L R, VE 536 bR

R, = Aw/oy, (1)

R, =0 W, 3558 WAk 5 Aw Ay H K far 4%
Ja BB LR K T 3, kPas o o W1 46 U 1] A5 500
71,kPa,

PET AR BT A A T A +
b8 AN A X R b R TTREIE AN 2 s, 3
HL R, R RTTRE AR R, A TR 425 S o
FRIE RS R, A RO EAR s hy 2 NEZGIRIR;



40 2

RLs DU, S0, E g HAIED 153 2 R KW A 5 | 1B 1 B R TTC R R A 23 # 11

h,, HEKRBACTHREE . T LLIE Y ALK S B i A
A, WAL XS B G TR S (408 R 4 /) s K M AL 5|
A DT S A o T2 M R S st et
ok DI T T e 2 1 A, 3 R BRI

OO(()D

BRA LB
B 1 7K

(a) BERT AR TS Lo 2

(a) Explosive load acting on sandy foundation

oo%%oooo‘é
QO%OO
O O§ B

&
%%8%%%0 BRE

SEESTEES Hih ke

0000000 H%
(b) B> + I AL

(b) Sand foundation liquefaction

Y25 N REAS S B o £ 15 52 88CR 1 e AR, X
T2 i He i A0 SR - R R A DU Y
MR UK AE M R AT 2007

IS 71
_i_‘

(c) FRFLBRAK B IR RS | s R TR
(c) Surface settlement caused by dissipation

of excess pore water pressure

BT RIS R A R TR LA

Fig. 1

JE b THT £

WAL R Ly, L
TR + 3t

y

2 MRS R S TR DX S P (2 i)
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area morphology ( Single charge blasting)
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Mechanism of surface settlement caused by explosion-induced liquefaction
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Table 1 Empirical prediction model of excess pore water pressure ratio in single charge contained explosion
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Table 2 Empirical prediction model of surface settlement in single charge contained explosion
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