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Fig. 4 Plane layout of piers with 0° angle between bridge axle and flow direction
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Fig. 6 Flow phenomenon around tandem cylinder piers Fig. 7 Surface flow phenomenon around

multi-level piers along river flow
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Fig. 11 Surface flow phenomenon around piers with 0°angle between bridge axle and flow direction
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Fig. 12 Surface flow velocity in front of piers with different Fig. 13 Bottom flow velocity in front of piers with different
angle between bridge axle and flow direction in fixed-bed model angle between bridge axle and flow direction in fixed-bed model
50
45
40 50
7, 35 45
é 30 T, ;12
# 25 30
£ 20 —— 0" KAMAME é 25 —— 0 fidiE
15 —|— 300 Sefifii = T(s) —|— 300 et
10 —&— 600 St 10 A 600 KA
% 1 2 3 4 5 6 7 8 9 10 1 % 1 2 3 4 5 6 7 8 9 10 11
VT gy
B 14 RAFRAHMEKAXRARBEH@FAE B 15 ZRREHS KL X A SUS B @RI
Fig. 14  Surface flow velocity behind piers with different Fig. 15 Bottom flow velocity behind piers with different
angle between bridge axle and flow direction in fixed-bed model angle between bridge axle and flow direction in fixed-bed model

Hy I 12 FE] 13 S350 U AT 2 0 3 R I T R ARSI K 3 A BRI DR TR ) R e 000 15 R R
T T THT 48030+ 60° 1) S 1 45 AR 38T JROMT il 2k 2 0 B3R T 30° i e A+ BRIV 60 A5 B0 MR BEL K H0 3 19 6 T



5 6 T RL A AR 1) -5 K AN () e Ay I S A R R R B BT 5T 827

077 10K R BEL K 6 9 52 B« 76 0 5t 1 R S 1 9 9 60° 5 S905 FAH 3 1 7K A 1 94 9 1 940 K
T 30°HRBICHE 1 (3 110 7K 975 22 167 9 6 LRG0 . 0° 9 AR MRS (A 3 95 00 oy T A IR P A 8 F 20 1 2
S-S A7 ST T A T4 4 2 2 0 2 P 7K 942 3 1 LA P 849 B 98 60° 304 BUHe 1k ot
BRI 5 FE AT L 2 T 5 60° R BICHE TR (3 110 JL - B 58 TG 90 T 60° 5 BCHE A7 132 14 o .
S5 B T 97 A B 1 20 /AN o 58705 T oy M 0000 38 3ok 4 1 43 B S 6 7K 9 199 7 S 4 . 5 G 7
T A 1 8 e T B AR A B A Sk, — ) (o /2y BRI n ARSI A1 T AR B

BH T B M 6 — € 26T S AR SR A A R R R s 1 R AR 07 BHL T3 ek S K, T A W 607 A7 JIURE AR BHLK
M IR ZE 7K R T 307 AR RS PR BELOK 3 B Y 2 7K. 3 J2 VAL 3 5 R U T 1) 22 L e i 3 K O b ) I 3 JEE
C(du/dz) o DTTE— 25 B 1 358007 00 3 W T ) PR IS A R 8B ) (o = ol” (du/d2)? o p KV L . L o8
TR K/ AT LA 07 A3 B 3CRE A 67 88 A D] PR B 149 B 5 BHL 7 e /0 ol LiE — 2B 5L 1] 0% e £ 4F
SR AT 07 BEL K AR T e 553

H & 14 FIPE 15 S0 Ve 7 42 30 128 R 0 mT LA 3800 DB T 0 3 3 A S [R] 3 SR U T K O AT
28 BIORE: B A0 IRF o PR BORE BEL /A T 2 U« 8 23 7K 9L 8 BT e S 2 2K U DR e el SR I S o e S 1) b 1)
Sy Bl RO AL 75 16 50 BCA B 00 T8 5 4 2 K I b {8 45 7K 30 £ 18 I I80RE 5 B i =5 03 A AN
[F) S A A A [] F) W TR 62 75 7K 3 32 21 910 0 2 LA B A AN T o 3t 3 O 1) 2 el A8 A 5 S e s O L 1) R
U fl ki, B 1 805 T K U T 54 3 58 0 A el TR A R A AR R G AT (AT R A EEZE R DN
2 BH 3 2 b TR IECT POA AE R AU A A R TR ). O e S AR AR R AL L 2 i DA
AT A T TR AC K TR A S80S 48 i 14 e A DX P IS a0 R 2 AR D/ R B BEL A R A T 5 A ) S K A T
AP 7 A 00 DT TR A 0+ L A R A I T R )N+ 2 L0 o AT R K R U D

5 & #

AR ST 2 00 ek 2 T K16 A L 0 ) O B 5 2 R K A S0AE 3 A R

COHR b 17) 55 7K 32 77 1) 4 A [ e ff A B 22 HESEORE W) 2 BLA R2 0 S a0 N T AR B8R /K R 45 4 22 52
B _E WO S R AR T T AR B U0 L DL R T = 2R LA .

(2) 38 1 B A9 58 A5 XATR S 1 o T /K 30 D77 1) A L N 7 S A SR S A e B R LR TR S
B /N o B A AT S 1 5 1 SR R /0 o R SETE SR 05 2R B AR /) (LR MR Y R O

St References

(1] SRIEIE. JFEIXT Wesr B2 AL il vl 55 By 400 L0 . b [ o 4l . 1993(2) : 35-37.
MI Ju-zheng. Scouring and protection of bridge foundation in the downstream reservoir area [J]. China Journal of
Highway and Transport,1993,(2):35-37.

(2] % R FER AR S EKZRESERR SR8 J]. B ARS# I, 2000,10(6) :554-555.
LI ling, LI Yu-liang, QI Xue-chun, et al. Experimental study of cylinder turbulent flow patterns in a shallow water
layer [J]. Progress in Natural Science, 2000, 10(6) :554-555

(3] E%% H0% 25 Wi 8 ) 2 SEah M. Jb 5t . b B KA K HE R . 2002,
WANG Xing-kui. SHAO Xue-jun. The basis of river dynamics[ M]. Beijing:China WaterPower Press,2002

(4] ZFHE. KR, KEZ V. KRS EARRRER AT L] BN B2, 1999, 11(4) < 31- 34,
JI Ri-chen. LIU Zhi-qiang. ZHANG Duo-ping. On charac teristics of skew bridge hydraulics[ J]. Journal of Gansu
Sciences, 1999,11(4):31- 34.

(5] ZEHE A73CH:, G IR RS 2K IR B BF 57 5 BRIR ARV L) 1. KBk 3E & , 2007, 18(4) :504-508.
JI Ri-chen. HE Wen-she. FANG Zhen-ye. Experimental and theoretical study of skew bridge backwater[ J]. Ad-
vances in Water Science, 2007,18(4) :504-508.

(6] R4S 25, SAR M AR 52 A3 T 7K U B 1 i % 01 BE 19 B A0 BT LU D, ZK B2 30k J& 2005, 16(5) « 634-637.
LI Fu-jun, ZHANG Bai-zhan, LIN Gui-bin. Theoretical analysis of the deflection degree of the flow direction under
bevel bridge[J]. Advances in Water Science, 2005, 16(5) :634-637.



828 [T S A SN O B SCE Y oY %45 %

(7] v A/NE RS R A B S = 4k 38 3 ST IR JR 3 o il B [0 ). TRl o% K4 25 42, 2007(5) : 582-586.
LING Jian-ming, LIN Xiao-ping, ZHAO Hong-duo. Analysis of Three-Dimensional Flow Field and Local Scour of
Riverbed Around Cylindrical Pier[J]. Journal of Tongji University,2007(5) :582-586.

Bed fixed experimental study on velocity distribution of
bridge piers with different intersection angles between
bridge axle and flow direction

YAN Jian-ke “*, JIAO Chen ', LONG Tao ', YANG Jiu-cheng ', SHEN Bo *

(1. Chinese First Institute Limited Corporation of Highway Survey &. Design, Xi'an 710075, China;
2. Chang’an University, Xi'an 710064 ,China)

Abstract: By measuring the of velocity around multi-level bridge piers with different intersection angles between bridge axle
and flow direction in fixed bed, the paper studies velocity distribution and hydrodynamic characteristics of bridge piers
with different intersection angles between bridge axle and flow direction. The results show that bridge piers are arranged
at different intersection angles between bridge axle and flow direction; that the piers influence each other, and that the
piers in the upstream influence flow structure of the piers in the downstream. The disturbance can be attributed to three
causes: near, shearing, and wake stream. When bridge piers are arranged at orthogonality between bridge axle and flow
direction, velocity fluctuation in front of the piers or behind the pier is the biggest, but the affected region is the smallest.
The smaller the intersection angle between bridge axle and flow direction bridge piers are arranged, the bigger velocity
fluctuation in front of the piers or behind the pier, but the smaller the affected region.

Key words: pier; intersection angle ; velocity distribution ; hydrodynamic characteristic ; fizxed bed
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(L% 821 7
Simplified algorithm of buckling critical load for shear-bending
cantilever rodunder axially uniformly distributed load

LI Liang', LI Guo-qiang®*

(1. College of Civil Engineering,Chang”’an University, Xi’an 710061, China;
2. State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: According to the boundary conditions, bending and shear buckling displacement curves of vertical cantilever bar, the
trigonometric function expressions are selected to approximately express the bending component and shear component of the verti-
cal cantilever rod. Then the energy method is used to deduce the buckling critical load calculation formula of the shear bending
cantilever bar under vertical uniform loads, and the reliability of the simplified algorithm is verified by compare with the results of
finite element calculation. Finally, the result comparison between the recommended formulas under vertical uniformly distributed
load in this paper and the Timoshenko equation under top-concentrated load are conducted, and one dimensionless coefficient are
recognized. Then the accuracy ofthe formula is verified through the parameter analysis.

Key words: vertical cantilever bar ; boundary conditions; trigonometric function; bending component ; buckling critical load
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