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Gravel foundation dynamic consolidation mechanism and
experiment on consolidation effects
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Abstract: Diameter of granular rock is relatively large and the gradation is poor after mountain cut
blasting. The macro mechanical properties of dynamic consolidation of large diameter granular
rock foundation are highly related to properties of granular rock. Based on the characteristics of
mountain cut blasting gravel backfill foundation and the analysis of granular rock backfill
foundation consolidation mechanism by using granular material mechanics theory, this paper
adopted comprehensive using high density resistivity method, numerical simulation and burying
earth pressure cell method to evaluate the effect of dynamic consolidation, and established the
function relation of resistivity, compactness and bearing capacity. The results show that the
resistivity of foundation is effective in judging the uniformity of foundation. The variation of

resistivity before and after dynamic consolidation is used to determine the influence range of
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dynamic consolidation, and establish the relationship among resistivity, compactness and bearing

capacity. Its correlation is used to establish the effective depth of gravel foundation and the

applicable criterion of judgement. The analysis result of each pressure cell data is used to examine

the effectiveness of gravel foundation with dynamic consolidation of high density resistivity. By

using the distribution pattern of high density resistivity image, data of burying earth pressure

cell, weight of the dynamic consolidation and its curve, the optimal dynamic consolidation

parameter can be obtained, which provide references for optimization design of dynamic

consolidation. 18 figs, 23 refs.
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foundation

0 51 &

B 2 3nk i A R 1) A SR8 L DR 1 D bR T B L R
B2 55 75 it T A o B DU L J8 e A4 R
PR BRI R . (ER RS 19 £ 2 O OB AR HUR
PR - SRIC 25 VRS K PR A ) T AL S i D L B
BORS - [mHERE R a] S SR i R ) RORE AR HIUPR 1) 5t
PR . 5 55 1 A PR S 1R A Ml R R — Rl AT 2 A7
RO T R T EL AR BRRE ATRLAR S K T AT B A i
T AR LTS V8 B L BUAT B TE B W A L S
B T S AT A O T 5 PP G5 2 I [ RCR . H
R B AT 2 A R B HE

IV B A AN T3] — B 1 259 Jo e L 2 — b
I T B RS ey B 22 18] 89 R Bk R 3 BT b
Ko FESRFT S5 S8 A b R B A A A i ) A AT
DN o TR Ay M 3 2 TS P A DA L 3 A BOIR A  h 5F
PR AT A Ay R T [T ) — LB B A
FE A TRERHPEAEAR R b e T AL 45 4 A
B AR . ARG N IRE S B RS HOR 2
T3] 18R 5 5 28 X A R 5l 3 B A UL RS TR o A
FIUREIE AR LA (RO JE 53 2 L 13 (RO JE O 3, T ik
HER A1 3 75 WA TR ) 2 e 4005 5 S R
X SG AR R R T 2 I KA i RO R 5 ik AT b
SETH L M P e R L BEL A s R R 5 IS A M
e v BH AR A 28 0 S T T B A1 3t 6 1Y 20 I BIL 5
WL 2 P R 5 B Bt 1B BB %07 TR B AR
BESUNEISE R b S ok iR iR e
W B FC I A T AR B A Wy 2 i L. 22 1
T HREEEH)Z R 2 X0 1L 5K B AR 7 )2 45
TR ROBOR AR IS F B v BEL R X v A
P R A JBT T BE L R 3 TR AT ) 5% R RIOCR 4y
BEE S P A P e T L 2% 1k X i A b
2R AT T IR

SOREAR BIRRE A7 oA 225 F R 5 i i 5 55 1
RS T AR A 3t PR A fil g B T R A T 2% L R v
% JEE FL LA UL ADL L e R T ) & AR A Y
7 TR b 3 2 S JRE L P58 5 o [ 200R e — AT 2K
7k o DA I AR SORI A v %5 3 rht BHL 3R 9 48000 77 ol i e
A Ml 1) HLBEL SR 23 155 D0 » 20 BT 5 55 I i LS FE A
A SR 5 AR A L P ST e LR S R U =
A Z 1A AR OGO A 5 IR A BUHE 82 4 1R 0 & DA S
TIE Ay B A L T 2T T B A T A A R0

1 38350 B & 40 W S AR

5% 7 000186 3t 5 A 0L g 2 LR A WF 5 L HOUR
A1 HE AR Dy 2 BRSOk B8 BT ik AR
B TRy RE A A A 3 R S i AT BR A Y
ARG B OB S HAR 1 AN FATT AR 45— 1 %)
A5 UKL 8] 9 AR B AT A A A 002 Bl A A I A s
FT S B0 B B A5 K 0 0 2 AT o Rl B
IR0 25 2R 2 B L JOURE 9 J5i 1 it <08 0K 1] 42 A
P fh 2 B 22 5 B2 30 S 4 ) A 3 B e AT T LSS
e AR 2 23 19 I 45 52 28 T ORL ) 0 P9 AT T i
O3 B 2% R 55 0 B T 28 A5 0 IR BT 1 BT RET
TR 2 T EE 45¢ DR B L AU I 2 5 J00RE 0 JE 4E K05
Y REE B R R G ) B 85 1 B AR S A5
(1 R A WL g 2 T SR ) T 4 R H
D L RE R U ST U] RS T ORI AR 1 R )
JoUhE R A B 55 g i I 2 B0 H e R RO
BN JUF- 25 50 A A2 JUREAY N 55 58 ) B AT 4
2 5550 ) e KT 55 (4 T AL L 7R 2E £ 5 ) B BT V)RR E
PET5 R 1 AR H B AR B AT . 5 N [ A A
M 1 2o D Oy AR A M A o A g B AR L [ A
ISR U

568 5 TN T Ay e R L B 6 g B ) 45 58 D i R
2% N T BN U 5 R 1 S AR FG R iR g B H T R



% 64

RIATA,F B KRS e B U] 5 A B] 2OR K 3 71

P iR A 1] R4 T DEM B ADL 45
Fig.1 Results of a DEM simulation for plane
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Fig. 2 Basic idea for transiting particle DEM into FEM
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Fig. 3 Particle gradation curve of broken stone fills
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Fig. 4 In-situ test measurement points and burying

position of earth pressure cells
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Fig. 5 Cable layout of earth pressure cell and protection
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Fig. 6 Probe resistivity inversion results before compaction
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Fig. 7 Probe resistivity inversion results after compaction

30001
2500f A A
e 5 i RS T
----F5 i BT AT
..... Fyif 2y JE

F B #/(Q » m)
—_ —_ [}
[~ W (=)
S 8 8

W
[ =3
=3

0—7 =5 -3 —1

YR /m
& 8 75 i a5 i WIS A F B R AR L

Fig. 8 Resistivity changes of tamping points

before and after compaction
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Fig. 10  Contour of displacement of z-direction with

different number of tamping

0

g \
s
= —O— B
& —1.0}
Bk
#®
2150
p
i —2.0
R

—3.55

FIL Sl 2R 5 B T i R L
Fig. 11 Comparison analysis of measured
curve and calculating curve
0+

£

I o5

&

B

|
i
o

T

|
N
o

75 i o0 K27 1A
|

|
[~
93

8§ - -4 -2 o0
D

P12 S [ 38 A PRI o ek A5 o i B R

Fig. 12 Relationship between different depth location of the

|
o
S

settlement and different compact frequency
0 248 000 P LA 22 DR I IA O 5 i 5 Y e R
A A B 2R B 5 T S BT B [ ik 5 i IS e A 1) DY
B Y B 5 S H Bl R B R . 55 o AR
S AR A T A 75 o i v B AR A 3R 5 (R I 5 ol
Je LB R AR A T DUAR 315 55 o i A9 B 22 A AL 5



74 k& XRFFROGAMFR)

XS B $ IR P G R AT LG RIS RS
RN SR W 13 Pros. EH R
I3 il A AL B AR s Ry D55 i Ji AL LR s Py O 5 ol i
TPy NI IR R

3.4r
[m]
R/R,=13.968—14.021P,/P,
2

30l R=0.98771
=
&

2.6F

2.2 1 1 1 J

0.76 0.78 0.80 0.82 0.84

PP,

P13 A e v B R B S IR AR
Fig. 13 Relationship between gravel ground
resistivity and compactness

3.3 tEAEHENBES N
5 i o A R N BB Y e s T R A S
ARAFERUCTT i IR ) & AR e ) 14 8T 15
Fs. mE 146 15 el .5 1 kK diJa . B
AT — 4 m A 0 ) R A B 3 A IR
AT N 2 75 i 5 vh i R 2
B I ELWR AEE A BT 9 K 56 10 W5 i 22 iy IR
—6.—7 m [ 2 ARy @3 by J1 B W (E IR
EEIRER — 4. —6 mi JE S HE /NG L5 10 KFF
A IR BRI o X R — 7 -8 m i 2 N E S &
P8 2 W A B/ N B R . BRI X R A S Y B
A RGE IR E R — T m e A7 N B A R ) B AL S5

i KB 10 K.

1.81

F& 77 {6/MPa
5

=
=y
T

0 2 4 6 8 10 12 14 16
I5 di R 3

B 14 g5 i b R ) R 1 0 f e e {E
Fig. 14 Maximum amplitude of pressure of

pressure cell when tamping
A He & RE S B Y R 5 TR B e R
BHL 232 4% DU ) 5 55 A 3L 5 R At ) b L 38 0 A A
MWIA . 4 ) SR SR T 9 J5 fin [ g 4 A4~ 4r

2016 %
1.6
—0——4m
—O0——6m
1.2 —&——=7m
———8m
&
2
@08
R
H
0.4
o~
S e S ey i

B 15 g5l 5 ) &y

Fig. 15 Pressures of pressure cell after tamping
D& BV . 0 35+ Hs g & 500 A0 B 37 S 75 T
e B A B L i A v B R A 0 SIS T A
HE 1) 5 I T[] AR ) S T AT

4 PIGERNERST

FORLAR BOAR T 7 S IE 25 VB AS L 28 K PR 5 L 5 55
4~5 dJa fLBK S EFE A T2 € - fLBUK R
THHCBE R . T 0l 55 i 7 BT A 1k 5 d P
2 3 75 i Al DL AT . 1l 57 25 RS . F W) i L
14 FL B /K T 29 S 80 AT RABEA T T R 55 it 1 .

5-5 Il 1T 55 5% Je R BHL 3 4R 0 S 38T 245 2R G &) 16
PR

 E/m
32.20

12.20

4.60

1.70

P16 5-5 F A1 S5 S5 Je HL BH 4 ¢ I i 45

Fig. 16 Probe resistivity inversion results of

section 5-5 after compaction

HT & 16 m] 1 0 £k T 1) DAy it Sk v i A 1 A Sk
s TRAR 10 m JE R A9 1 A7 £ )2 1 L B R A A O
WL o J5c 7 S A o BE CBE R 0 10~19 m) L BEL S (L 45 s
PR 3 S P A L 97 SRR B 2236~ 10 m Al
20~28 mFy LRI o AT A B A7 X B S HAt
LA HR > A L % BUTE S5 S5 A I 0% i AR I T L 4 5K
JE I3 KA 5 v B BH R OK 9 B A 1) 57 S RIOR B8
22 AT R 22 T TR — 5~ —T7 m,

TUCIE 17 s B AR Ry L SR L B R
TRIR 2K 28 5 AR 8 S92 Y 1R P9 8 A1 7R 3 A HE (B
Wi+ 55 55 X1 7R 28 41 0 700~ 900 kPa, 1l JF 58 75 X



% 64 R 5B I3RS I B L) 5 e ] 2R K 3 75
8501 0 200 4(;33%3%73&1;??0 800 1000
o 850
§750 - —20
* 650 g&é
—40
06 —s0  —40  —30 —20 -10 0
¥ i/m
(a) AR 5 H R F ol
070 BTS2 R B VRO
0.66 Fig. 18 Changes of foundation bearing capacity with depth
9062 o I AT R . e A R BH SR 40 5 5 A S )2
K o L 207 O A6 0 e 5 75 5 0
0ss b B A 5 5 A RO Y B
(3) He, BHL 2% Js 6 b T 2] v S 0 e v BEL IX TG BHL
“060 =50 —a0 :)—go =20 -1 0 D UL R B e 7 4 £ T 75 B 380 3
) R B AR R B o BSR4 5 B4 07 45 o L
600 2 5595 SRR 2R AH G 5 43 B FELBEL 38 4 S R 3 )
ol = 4 2 AR B 68 5 4 BT 98 95 A 1 P e
? ool LR ISR TR S AT 25 R T
e e 2 R P B 6 T RN 558 5 M [ AR M3 P A R
=20 (A2 S T 8 % 3 o BEL 2 488 4 [ 9 3
200} B SR A BT PR AN AR T — 5 R H X TR 5y
100 0 —20 =30 —20 =10 o Jonn ] b K S5 o S B AP R ARSI DA SR 55 AR Y BB

YR B /m
(c) B EHRXR

FE17 MR AR AR ) % 9L L B A Y O R
Fig. 17 Relationship between {foundation bearing capacity,

density, resistivity and buried depth

300~350 kPa, i B K S TR 5 e 8 1 1.5 4.

18 gl 2 AR 2%y B3GR 1 A2 A, i B W] LR
R AE O~ — 11 mZ [A] I, B TR 5 38 A0 7K 28k
T2 R BT R Ay AT A BH 5 A Al Y
=11 m DL EALBREAR RN EE S 1 A i A b 3 58
GERAT A Z AT HEWT AT BB MAE — 11 m /A
LA I R B AT R S SR TR P R T m
PGBV A s — 11 m DUF 28K, it i + .4
5 B R 23 R A A 3E R

5 & iE

CL) SR 7 T 18] 85 Ay M K&  RIVSER g B 199 2% 5 558 ) ik
P 45 AN BB s 45 B A 9 o e R 2O 3 A B
B BE LA 5 55 BT oh BT )RR B B | [ 45 1 4 5
A IR PERE BT BE i A2 18] 1 55 56 B2 % =i B B

(2) e 5 J3E vl BEL 23 96 08 IO T8 A 5 5 o ] 28 2R

oy Mk it etk — 2 IR AR I .
S EZ 3k

References:

(1] BREE, QW0 RiEsS. 5. 2 EBES 5 E REORE

O B R S 3 I DR vh R R DL st 3R 4y B 2 E e
2010,25(2) :701-708.
CHEN Chang-yan, BAI Chao-xu, SONG Lian-liang,
et al. Application of the multi-channel transient Ray-
leigh wave method to highway goaf detection[ J]. Pro-
gress in Geophysics,2010,25(2) :701-708. (in Chinese)

L2] X @, ahiEe & (k.55 sBRF B A AU £

6 R A B TR U R N (). b Bk B A% BE R, 2014, 29
(6):2910-2916.
LIU Yuan,SUN Jin-zhong,ZHAO Ti,et al. Quantita-
tive evaluation of dynamic consolidation effect of
foundation based on multi-channel transient Rayleigh
wave method [ J]. Progress in Geophysics, 2014, 29
(6):2910-2916. (in Chinese)

(3] WM. EExH.£ W.% LORGHEDEREERN
WORL B HOT SR B BT R T ). A a2 5 TR
4R .2015,34(H4 1) :3564-3573.



76 KX FFROARAF B 2016 4
TIAN Hu-nan, JIAO Yu-yong, WANG Hao, et al. GE Shuang-cheng, LI Xiao-ping, SHAO Chang-yun,
Research on biaxial test of mechanical characteristics et al. Application of seismic refraction and resistivity
on soil-rock aggregate (SRA) based on particle flow for exploration of reservoir dam site[ J]. Progress in
code simulation[ J]. Chinese Journal of Rock Mechan- Geophysics,2008,23(4) :1299-1303. (in Chinese)
ics and Engineering, 2015, 34 (S1): 3564-3573. (in [11] JREZ=BRE.E A% mEEdEE g
Chinese) HbBR ) B2 3E L2003, 18(2) : 323-326.

[4] BHHOP, RE0E, e, BT =4S Honik sy ) DI Qing-yun, NI Da-lai, WANG Ruo, et al. High-

[7]

[8]

Lo]

[10]

Jym WA FELT ], W R R 2 2l B AR R 2015, 42
(3):70-76.

JIA Min-cai, WU Shao-hai, YE Jian-zhong. Discrete
element modeling of dynamic compaction in granular
soils using PFC*" [ J]. Journal of Hunan University:
Natural Science,2015,42(3):70-76. (in Chinese)
FRE, T B AR E R A M kLT] . it
BRI A3 R, 1995,10(1) :56-75.

BAI Deng-hai, YU Sheng. Theory and methods of re-
sistivity tomography [ J ]. Progress in Geophysics,
1995,10(1) :56-75. (in Chinese)

WO, EEEH. mmE s R RS T
A7 %% .2003,10(1) :171-176.

DONG Hao-bin, WANG Chuan-lei. Development and
application of 2D resistivity imaging surveys [ J].
Earth Science Frontiers, 2003, 10 (1): 171-176. (in
Chinese)

MR B K LX) B, SR R R B R B Y
LI T 5 B4 . 2012, 48(5) :969-978,

YANG Zhen-wei, YAN Jia-yong, LIU Yan, et al. Re-
search progresses of the high-density resistivity meth-
od[ J]. Geology and Exploration, 2012, 48 (5): 969-
978. (in Chinese)

THE . (R R P TR I B A A B B N 3 1
BARHRID]. Kb KWPH T KR ,2014.

YIN Chang-bin. Study on the application technology
of high density resistivity method to detect existing
highway subgrade moisture field [ D]. Changsha:
Changsha University of Science & Technology,2014.
(in Chinese)

EOME R ML RGO, T v B LR KA Bl
R 3 52 AR B 5 LT 0. B e BE 24 B R, 2008, 36 (3)
53-97.

WANG Hua, CHENG Hua, RONG Chuan-xin. Re-
search on measurement and test technology of strata
released zone base on high density resistivity method
[J]. Coal Science and Technology, 2008, 36 (3):53-
57. (in Chinese)

BXUR BNT B L SR AR T 5 R P AR R T
IR IUHE B8 55 T R T L] R gy B ik g 2008
23(4):1299-1303.

(12]

[13]

[14]

[15]

[16]

[17]

density resistivity image[ J ]. Progress in Geophysics,
2003,18(2):323-326. (in Chinese)

B HLHE X DA B AR e 8 P R B Ak 7 3t T R I
JA A L LT ]t Bk 4 B 2 g i L 2005, 20 (2)
381-386.

LU Huijin, LIU Shao-hua, LIU Bo-gen. Application
of resistivity tomography survey method in detecting
ground subsidence[ J]. Progress in Geophysics, 2005,
20(2) :381-386. (in Chinese)

MM IR R R SR IS O I R R DR
T LE G R DB B A LT ] KV H TR 240 A AR F
Z,2013,10(2) ¢ 1-7.

ZENG Sheng., LI Zhen-cun, ZHAQO Jian, et al. New
technology of rapid, nondestructive and comprehen-
sive testing for operation highway subgrade disease
[J]. Journal of Changsha University of Science and
Technology: Natural Science, 2013, 10 (2): 1-7. (in
Chinese)

T 5 B B B 5 e . R T L R 1 R I A L
TR 2R 23 DX A R v M I iy B T . st Bk
Wy B2 R . 2014,29(1) £ 362-369.

YANG Jing-ming, WEI Zhou-zheng, GAO Xiao-wei.
The application of the methods of high density meth-
od and transient electromagnetic to detecting coal
mining goaf and to inspect grouting effect[ ] ]. Progress
in Geophysics,2014,29(1) :362-369. (in Chinese)
IRAMSY . 155 4 9% 256 3t 52 JU 4 0 5 R AR 3t J5 ) 3 Ty s O
FELT 1. R H A% E 1998 ,13(2) 1 41-45.

XU Pei-fen. The researching of the high resolution-
seismic exploration in determination of geology struc-
ture[ J . Progress in Geophysics,1998,13(2);41-45.
(in Chinese)

TROGHR. M5B B R 00 R R s R SR )
ML), s Bk B A% ki, 2012,27(6) : 2716-2721.
ZHANG Guang-bao. Exploration and effectiveness analy-
sis of high-density resistivity method on Chujiaying giant
landslide site[ J]. Progress in Geophysics, 2012, 27 (6) :
2716-2721. (in Chinese)

VDRI L TR AR W R VR VR TR A T BT P
WFFEL)]. BEsH AR . 2013,32(7) 1 100-102.

SHA Zhen-hai, ZHANG Ji-feng. Appliation of high



% 6 R, 5 LWL E S B LS 5 e B 2R K 77
density resistivity method in landslide surface investi- XU Ming, LIU Xian-shan. Influence of particle fric-
gation[ ] ]. Coal Technology,2013,32(7):100-102. (in tion coefficient on mechanical characteristics of ce-
Chinese) mented sandstone[ J ]. Journal of Central South Uni-

(18] FHk, IR, W o S5 T o R R BH R A B 3 versity: Science and Technology, 2014, 45 (1) 299-
AR A )] KD HEL T R 2F 254 . B R EL 2% 305. (in Chinese)
hi.2013,10(4) . 22-27. (210 M. EOG k. WOk B ) 2 S LML b 5t L2
YIN Chang-bin, LI Zhen-cun,ZENG Sheng,et al. Ap- H AL, 2009.
plication of high density resistivity method in the sub- SUN Qi-cheng, WANG Guang-qian. Introductory the-
grade cavities detecting[J]. Journal of Changsha Uni- ory of granular material mechanics[ M ]. Beijing: Sci-
versity of Science and Technology: Natural Science, ence Press,2009. (in Chinese)

2013,10(4) :22-27. (in Chinese) (22] Bh AN B RBET S 4R ORI AR B A

(197 xIZem.iF B, A8 T2, OkL R B A8 fb okt e 25 0 & WS AR AR [T, ) #2% 4R, 2006, 55 (12)
S0 R B S [T, b R AR 2 4, 2014, 36 (11) 6691-6696.
1427-1435. ZHONG Jie, PENG Zheng, WU Yao-yu, et al. The
LIU Xian-shan, XU Ming, XIONG Wei-hong. Effect critical phenomena of the dilute-to-dense transition in
of change in particle stiffness on the mechanical re- two-dimensional granular flow[ J]. Acta Physica Sini-
sponse of cemented sandstone[ J]. Journal of Univer- ca,2006,55(12):6691-6696. (in Chinese)
sity of Science and Technology Beijing,2014,36(11) ; (23] % B REMA. JEESE B, PH ZE A 0K Ay A 18 3 FE
1427-1435. (in Chinese) (1. ¥y BE 242 . 2009,58(9) : 6566-6572.

[20] 3  HH,X05E 0. UKL 2R 188 IR BORT I 45 b 2 00 24 R 1 PENG Zheng, LU Kun-quan, HOU Mei-ying. Slow

BRI LT ], i p R 2 2 4l AR RR 2 L 2014, 45 (1)
299-305.

(E#%H 55 70
(13 7Kk - 1 0 M. 30 4 2 XU BEAE AR OR ) 3 4R TR Y

[14]

[15]

[16]

M AR 1 [T 79 B A2l K 2% 24 iz, 2003, 38 (3):
309-313.

YANG Yong-qing, PU Qian-hui. Lateral stability of
parabolic double-rib arch under non-directional loads
[J]. Journal of Southwest Jiaotong University, 2003,
38(3):309-313. (in Chinese)

X, B AR AR R AT 0 e A AR A )
[J]. T# J1%.2004,21(3) :21-24,54,

LIU Zhao, LU Zhi-tao. Lateral buckling load of tied-
arch bridges with transverse braces[]]. Engineering
Mechanics,2004,21(3) :21-24,54. (in Chinese)
ST BT B A7 G R R OB AR K HE AT IR
SR T B0 A o 2 4l T3 R, 2010, 31
(2):9-13.

Al Yong-ming, HUANG Ping-ming, YANG Bing-
cheng. Practical calculation method for lateral stability
of two-ribs through cable-stayed arch bridge[J]. Jour-
nal of Zhengzhou University: Engineering Science,
2010,31(2):9-13. (in Chinese)

X % o o BT BR L AR I L A5 R EE 2 HE ) & Ok A
I s 2 3 55 vk [T ). LR g1 4%, 2011, 28 (12)
166-172.

LIU Ai-rong. SHEN Fu-lin, KUANG Ju-tao, et al.
Calculation method for lateral buckling critical load of

leaning-type arch rib system[]]. Engineering Mechan-

[17]

(18]

[19]

[20]

[21]

drag in jammed granular medium[]J]. Acta Physica

Sinica,2009,58(9) :6566-6572. (in Chinese)

ics,2011,28(12) :166-172. (in Chinese)

X Ze o PR BR TR AR O SRR X HE R 45T 2% AR I
G 2 A B L1, £ R TR 22 4l 2012, 45 (4.
107-115.

LIU Ai-rong, SHEN Fu-lin, ZHANG Jun-ping, et al.
Analytical solution of lateral buckling critical load for
leaning-type arch bridges[ J]. China Civil Engineering
Journal,2012,45(4) :107-115. (in Chinese)

POUTRE D B L,SPOORENBERG R C,SNIJDER H
H.,et al. Out-of-plane stability of roller bent steel ar-
ches-An experimental investigation [ J |. Journal of
Constructional Steel Research,2013,81:20-34.
XUALME. - O E A R B AR (D] Kb . )
K ,2008.

LIU Li-hui. The research on properties of main-vice
arch cooperation system bridge[ D]. Changsha: Hunan
University,2008. (in Chinese)

ZEZE. HREMEE 5 IR3HIM. b5t b E RE
JR Ak, 1996.

LI Guo-hao. Stability and vibration of bridge struc-
tures[ M ]. Beijing: China Railway Publishing House,
1996. (in Chinese)

BRIEE , U WL 2 (] 4L AT 45 AL M0 AR 2k 11 52 T 3
S0 B R 224, 1989, 17(2) 1 161-172.

QIAN Lian-ping, XIANG Hai-fan. A practical method for
lateral buckling analysis of arch bridges[J]. Journal of
Tongji University,1989,17(2) :161-172. (in Chinese)



