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Studies on distress mechanism of culverts by centrifugal model test

KANG Zuo, XIE Yong-li, FENG Zhong-ju, YANG Xiao-hua
(Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang”an University, Xi'an 710064, China)

Abstract: Based on centrifugal model test, the whole course of distress of culverts was analyzed by simulating the foundation,
ravine land, fill material and construction technology of practical projects. The software of image measuring was utilized to
reproduce the interaction course among the soil mass, culvert structure and ground. And it was shown that the destruction
mechanism of culvert structure was attributed to the phenomena of shoulder pole, which was engendered because of
longitudinal unequal settlement. The evolution of crack on the culvert model was described by recording of video tape, which

was simultaneously contrasted to the practical diseased project.
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Table 1 The rule of similarity on centrifuge under high fill embankment
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Fig.1 The design of the prototype arch culvert
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Fig. 2 The transverse section of the arch culvert model (1:60)
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Fig. 4 The diagram of response current on acceleration
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Table 2 The technical parameters
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19 3.8 20 5 2000.0 1.4 1.4
19 11.4 60 5 18000.0 12.5 19.4
19 19.0 100 5 50000.0 347 76.4
19 247 130 40 676000.0 4694 595.8

3 RIELERLF

(1) 3R TR] 200 0 1) 5 Je b P o 3 0 7 A Py 5 g,
Kl s fioR. aTLUE Y, i ik 3] 60g i, F{UlHT
TR R 11.4 m, IR PR R AR IR,
RN PR O, R AR B )\ Y
B AP, N A F] 100g 1, Al
WA, BRI IR M DTR A ER N “W 7 AR, i 0
TARMPURRASTEPER g s 2 s A #] 130g,
JF B0 45 40 min LG, AT “IRFIR7 DO B+
SRR, BERRR TN Ah AR R DT ZE ORI, AT
TR 52 T A AF] . — 5 A A TR
ZEROR, BSR4 AR AR AT, 5
— TR IR A R 76 BBt N it
IR, SRR LRl 4= 7 N 4 b o M Inad 5 M 20g
42 130g (195 iy e 4 R 0 AT, el o] [ - A e A el
TR 4m BUF, AR SR L= E A EIEE)
BEIS, AT LI I X R 9 % R 1 S EE R, )
A o B LA AR WU e 5 LSy pp i 82405 s 7
BRI AT 4 m LUR, W5 R AR KR
ML, I Hh A A AT B v e B 7 1 LA “ S
T 3 )i S Rt , R T bl Rk T RN
DUBE, TR AL E R TR, DU R RS
) - AR TR o B s BE R34 o, RSO T8 -
[T R I8y NP i Rl B 11 N S P B LB 7 5 o N
DI IR, SO R A s iR
FERRZERGR BRI b, e BT I M BIR

(2) AN S g A, DN S 4 R 2 v
ANES) B AT o 32 OB TR P T L SR - 16« —6 em (£
SRRILIELLR) ALRTH 2. 12 cm 4 NrHTE R4 Hr
& BN R R, AT K RS S R,
W 6 BT /s CREAR AR AR v M 428 5 (A% M7
s E WE 3 (). 6 (a). 6 (b) WLF
BRI FERE AN K, EPS BRIMASTEN I, &
JEE-6 cm BFEJK-16 cm B TE LR AN, (i Bt -+ B9
AT, B 6 (o). (&) nfLLFER, Wik T
PR AN, TR T BB . 245 g
JE/ANT 60g I, BURAT “BRUGIAT” AAAE, {HIEIRIR
RN AR AL, B $EAS A4 1 [
gERSOEIINA), U H A A R R R ) - A
FAK, RN TIEI G A A

T S e s Tol b S

i HE60L

- [b) SEHE B 130
B 5 REHBUEL AR, HERE L BT ARR

Fig. 5 Variation of displacements with the increase of simulated
fill height
B IN,  RBE m BN, 38 T A8 U e
BTt B YRR BTG T RS RS A
R R e A s S 1) % A, AR R ZE IR K,
PR I] TTRE JEG I g 4 v IR 5 1) S8 ) 9 o 73R T 2 e 43 #T
J, R PR 0.5 mm, 1T PN LA RO
A 3.4 mm, 3 ECRTE E IE L B 60g J5 T UGREIA -

35
£ 30
] 208
i‘g 2.5 1(,“5;
& 20 41008
=157 —=-130¢
10
= 0.5
0_0 1 1 ]
5 10 15 o 20 25
BLRRTA RSB 10137 P/
() JENE—6 cmild FATR A =) R
3ol
E 30
E e ke W ¥ X 208
= 2.5 . ————-———— % = iﬁl}.‘-‘
@ 20F 1008
) e —— WAL
E10F
=05
0.0 | 1 |
5 10 s 20 25
ALY BB TR
(b ) JENE—6 cobld AR A 22 5] i
30r
E S e % 208
] —— 4
E.‘ 2,!)|.—__.N —-—60L
215 JN_——;: —+-1008
= y ——1308
S 0g
=05+
005 0 s 0 25
AU VN R I 2 R
(e ) W2 cmii iR A ST
251
k_____4'____,.___._-»—————'(
-E. 2.0 }________,.__r—l-t____._____.. —a— 200
2 s¥ -=-60¢
2 —&-1008
£10 :”/\—,Q -&-1302
=
= 0.5
0.0 L 1 ! J

L[] 15 20 25
AT BT R

(d) A2 emithATE A B SRR
E 6 FERMPEmAFHELAEER R B o

Fig. 6 Distribution of differential settlement along the longitudinal

direction



5561 B e, 5

LT RR G  B e e T HLEE 787

(3) IaHR AR IR e 2 1 S 2R 40 B

B 7 A5 LG B T2 AN S50 BR300 il 995

FERFIEE o R T A BRI A YT ] DLRE 5 bl T )
;dnJLF%”?:’i;"‘{ s 8. E 7 a) AfRAT
A B AR HAERE R IR 2R Wl T
2 B, R NEINTFIE. 7 (d) w4, %45
RAAE R T Al I HE FHRTE T — B R R 2
TR . AR R e A T AR S0 Hr, AR G
MBS EE 7 ()RRl 17 R
4%, TGt RTINS 52 1 F EE T R 2 F
37 HEEI A . BReP R BEIA A, LAY 4 N
AR, BB 7 Ca) WRIHTRE AT LA 3, B0 )i
TR AR TR G, S T DL B I 18 naz 4k
HE 7 ) kR iRy B T A 2], HRRR TN
FeELL “P=FR” IR T0R ), B34 Uleu’J Z
B. 7 (c) iLLL—Jr&L EPS UL b ARy pE 22 “9
b7 e BRI HCR iR . HE 7 (b Jr'M&
&éﬁ&wut-mmu& FIREEE T ORIk

(a) AT AR 3T et i

PRSI TN

(d) W00 A 200 R
[E 7 FRYAE A1 SRR B4

Fig. 7 Characteristics of distresses caused by differential

sefflement along longitudinal direction

e A%, 2tk -EAULM' ARSI BLI
B3 VIR TEAR ki g P ma ™, S ARE T 1) JC - T i 4%
“Aid” fF AU, A AR IR
€I L N O T = 1 o8 5 T P ) P
A BRI A A IR SR TS 100 AT 1A S HEE
SR LN EERT MR S35y 0 oS U 1 ) PP 2 N (1 S s Fae i 2
BT 5 5 R A ) G5 IR, SR A A Sl A 1T )
ZERIBER

4 BOREGKIG SRR KIEIIEX L

(1) il S DU BERURE A 5 S A B R A L, 2%

AR, WK 8 Fras (- X. Y Jilin
M3(m>m¢,J%hﬁMt%Immm@,%M
i 20t N AR T J5 ) S ) o 55 58 TR B 32 04k e 7]
YW I A BE T bR e, B 9 BRI TT R AR T L —
M.

P 25 LA 20 X0 R s 26 TR A 0 e A S
ﬂ,ﬁmm&nlﬁﬂﬁXWMM£mrﬂ£uﬁm
RIS, U B i b v B B v 1) L 3 S e ] i S
(52 T RNGURE sEMR il T LRI S V) SR U i R
IR, NN AU

X Jy T BT 0 T mm

400100 200‘_ 300 400 500 600
e ——

_40
-80F
—120{=
-160
=240
280
-320(="
T30
=400 =

Y R i M mm

3400 e --1?“mm —-llllmm - 2R - Swm
m Irlu . « 1 =M mm Rl
m .'ng- = A Do Nhm A mm

Lﬂ""a HENETE 2 BB

Fig. 8 The displacement field on longitudinal section of arch

culvert

ﬂ]‘mi—ﬁlﬁm-ﬁ—szjm R8T mw%]lm +98m 415
v ) 2 1.7 a-mnmu-mlﬂm*li}zx e ] .4
Mlltbms-lll?melZI m
i Fim
30 =790 550 <310 -105 00 205 430 670 910 1060

E 9 JRE T2 I IAMLIE RN ) A1 51 TP h 4k
Fig. 9 The longitudinal unequal settlement of culvert observed in

the practical project

(2) BRI B U DU AR, T 2L 10
m: B CARSGHA, fEMEEE A 60g, Bt
R 1L4m i, BRI BG4S



788 o

B MM 2006 4

OB AU S, BRI i 1
BB 5 BRI B B BRI
G

WE R A WA RN REE™ B
DA 248 e e B B 55 S AR, B AL 5 il

RO T R A 3 ) A
5 45 &
(1) FIR ORGSR R TR D (f b

Mg, O, JF 5 AR RN F RS,
e 7 IR BRI A A ) R U, SRR @O
AT G B M RSB R ) S B 50

(2) JERIALLL “ G LT R <Ry AE”, WL
{1 WA 1) A 1) 3 8 ANt T2 2% A1 3 3R T 45 ey 1 R ik
Fio b phh BLUTRR R AR RO, LiiiE
2y il 2 A RAL kOl “ YR, SEBIHETE [ A T 12 4%
“Aeid” h N R, JFHEZ R B E R
e/ €L DO N T T S S ey 22 3 T il R D =)
BRI N S R E AR S RS AT, T2 R HEE .
J AN AT R A R R R AT S, AT ) ANIA A TR

P55 LRI DN [ S5 R, SRS A 2 T T A D 1 1)
LERR
(3) M OARES AT Rl MR [

SGURTA, il T AR T 4 m DU S S UK
WHﬁMM R AL e BT 4 m DAL
LRI, RO IR AR, B
it BT AR R P DRI T B R Ja R A ] e 4
TER, AL I AR TEAT 78 20 1A I 1) 44 3 1 o

(4) FEVBAEIEAT R BV I 78 3 25 RS A HE I 1)
WIENG UL, WEBV Ay, % SRR E [ v A — 2L
EG SR LA AR Z NG DL B T 1 58 4R
PRV EOR BRI AL I 2 R RER A A
PRI, JFESUE S A e BEE T A, Bk A
KR SR A i A AN AT TR

2% SCHK:

(1] U 7K Ak e, ¥ TR R HH 0 B R B W S A AR T 1k
AR £ TFEAE,1995,17(4):46 - 50. (XIE Yong-li, PAN
Qiu-yuan, ZENG Guo-xi. Study on deformation behavior of
soft clay ground with centrifugal model test[J].Chinese
Journal of Geotechnical Engineering, 1995,17(4):46 - 50.)

(2] R 20 3R Lo BEABL G B I BRI B (3] - TR
2741,1991,13(6):92 - 97. (BAO Cheng-gang. The state and
prospect of centrifugal model test in China[J]. Chinese
Journal of Geotechnical Engineering, 1991,13(6):92 - 97.)

(3] WESUR. - TR BRI R LN ) R R 3 0] 4

Fi2#41£,1996,18(5):92 - 94. (PU Jia-liu. The civil centrifugal

model test and its trend in development of utility[J]. Chinese
Journal of Geotechnical Engineering. 1996,18(5):92 - 94.)

(4] SR, FDURR IR AR R B ) B OB ST ] 4 T
P44z, 1988,10(6):1 - 17. (PU Jia-liu, GAO Han-yan. Study
on bearing capacity of the shallow foundation with
centrifugal model test[J]. Chinese Journal of Geotechnical
Engineering, 1988,10(6):1 - 17)

[5] MICHAEL O’Rourke, VIKRAM Gadicherla, TAREK Abdoun.
Centrifuge modeling of buried pipelines[J]. Journal of
Geotechnical and Geoenvironmental Engineering, ASCE,
2003, 757 - 768.

[6] HIROHISA Kamata, HIDETO Mashimo. Centrifuge model
test of tunnel face rein-forcement by bolting[J]. Tunnelling
and Underground Space Technology, 2003, 18: 205 - 212.

[71 SHARMA ] S, BOLTON M D. Centrifugal and numerical
modelling of reinforced embankments on soft clay installed
with wick drains[J]. Geotextiles and Geomembrances, 2001,9:
23 - 44,

(8] 4 4. b 1 U4 i e B K O W ST (), 4 b TR
##2,1981,3(1):1 - 17. (GU An-quan. Investigation of the
vertical earth pressure on projecting conduit and underground
chamber under a high embankment[J]. Chinese Journal of
Geotechnical Engineering, 1981,3(1):1 - 17.

(9] Bl 4 PR, EXEF- s HUE BRI ()R] EPS HRkAi
9 3 56 F S (004 1 R 4 46,2005,27(5):500 - 504. (GU
An-quan, GUO ng—tmg, WANG Xing-ping. Experimental
study on reducing-load measurement using EPS of culvert
under high-stacked soil[J]. Chinese Journal of Geotechnical
Engineering, 2005,27(5):500 - 504.

(100 5 58 i Joi o2 4 Iy 43 RSP 0 1 = J g I (0], P4
o e B e AR ,1995,1(1):27 - 30. (FENG Zhong-ju, GU
An-quan. Study on the lateral pressure of large ditch
condict[J]. Journal of Xi'an

University, 1995,1(1):27 - 30.)

JE /NS 5 2 i B T 454 52 0 B 78 AR (1 1 Lo R

B 58 )31 2 K5 7 4l (A 28 L7 ),2001,41(8):110 -

112,116. (ZHOU Xiao-wen, PU Jia-lin. Centrifuge model test

Highway Transportation

[11]

study of the earth pressure and deformation of tunneling[J].
Journal of Tsinghua University (Sci & Tech), 2001, 41(8):
110 - 112,116.)

(12] K 2z, Bs i JAT B A 15 17 M2 b T D I 9 (0] 4 L
J12#, 2001, 22(2): 184 - 188. (ZHANG Yun, YIN Zong-ze.
Study on the vertical ground pressure of the buried tunnel[J].
Chinese Journal of Geotechnical Engineering, 2001, 22(2):
184 - 188.)





