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Analysis of Structural Performance of the Concrete Box Girder
with Steel Truss Webs

ZHANG Yan, YANG Xialin, JI Wei
(School of Civil Engineering, Lanzhou Jiaotong University , Lanzhou, Gansu 730070, China)

Abstract: By taking Nanjing bypass highway Jiangshan bridge as the background of the project, we used the finite ele-
ment software ANSYS to establish the finite element model of the concrete composite box girder with steel truss webs, and
analyzed the force condition of its steel truss webs, calculated shear contribution of vertical component of axial force of the
steel truss webs for each analysis section, studied the influence of transverse displacement of load on shear lag effect of
the composite box girder, and deduced the formula for calculating longitudinal elastic modulus of the steel truss webs, fi-
nally the real bridge’s longitudinal elastic modulus were calculated and the bending contribution of the steel truss webs
was verified. The results are as follows: the steel truss webs of the composite box girder mainly bears axial force; the
cross — section’ s sheer force of the composite box girder can be considered as undertaking by the steel truss webs; the
transverse deflection of the load has a great influence on the shear lag effect of the upper flange plate of the composite box
girder; the steel truss webs can be considered not to resist cross-section’s bending moment.

Keywords: bridge engineering; structural performance; concrete composite box girder with steel truss webs;

shear lag effect

BT IS IR B 2 S AR — BT BN - TR
FF R AR N 1 PR AT R SR
5+ 2 SRR AT IEAT AU TS TR Bt 18
B, TR BTN AT AT G T A A i, fi
Z NI 32 A IR R o HTIE A CRBE LA G
FIRAS ) BA 450 A B il 7 (8 PEE AR

TR B R

\mmw

LU 2 0L, HOZ K BB LR TR ) A1 MEARRIEARROMETEE
Y fm B #3:2018-04-03 & 7% B #:2018-05-15

E®WAE : WK A AR EEATH (51708269)

TEERN 9K A (1994—), I3 VLI IEN WL WETR AR ST ] R A5 A BB BT S AT BROT /3T o E-mail :437057220@ qq. com

BIREE A EAR(1970—) , 22, HIRPE PG, 2082 , W28 R0, 3222 A S 45 K B0 B 55 R A BR G 40 # LA BB S8 R 38 DA i 58 B 2
22T AE. E-mail:yxl06@ 163 . com



22 KA S 25 T RE2ER

%16 &

TS TR BE A 20 5 A TR 45 B B9 RN H T
AE TR BB, B N A& S8 E N R 9E 2
Machacek Josef 251 S 4977 I 2T 066 4 2 45 4 2 Y
BT B REAT TR S BB FSE . Jung K H 2512
X AT I TR B 0 2 5 AR R 0 2 A A M A P
PEAT T 50T e BRE X AT I 2R - 4 A A R Y
FEA T2 RE LB 7 e RN RN RN AT T 2P
WF9E . B0 e 4 e 1 AT I TR - 2 A A
G R 55 Z KR L R T B I Al 2 5 R 08 PR DT
TN FAMHT T P R B B AR o X1 e L)
FIHIZS () BRI RL B 1 AN IR R EE A48
BRI T s RN A T B o A KL, IRRIESE T T
VAR JEE B % 0 A R JEE %o L B s RSN R SR o i 156
A0 TR IR SR B A AR R 0T PRI —
B AT TR ST AR Lk A R T AR
o

H AT, & x4 e R B H 4 A4 a5t e
AT FE I LB A L, AR S AT FROCHK A ANSYS
BN T — PR S TR TR EE - A AR R A BRIT
BRY IE LA SERE ST T 416 40 B 0 B AT 1 24k
RE PUBTPEREFNBY A0 s HES T A5 40 2 1 BT
TN ) SRR R A 2, I DA A i T G 46
R NIE

1 HARRAROTERIR Y

AR LR 5 48 A BRI RS g 4], e Sy T
ST ZCL A 8 2 1 A BR TS R, G 58 Al 0 g 48
B R SR BT A TR, ST RE AT 2R FH SR BT
PEATREEL , A28 R AT S5 TR BE = 3 AR A XTI A5, B
HIREAT 5 TR - Ml i 364 i o7 R 40 A
FROTHIRIANIE 2 From o 18 S4B AR B R 1) B9\ m)
P x5 RS 3 AP 4, B BE 1R A €50 TR
et WAPE R RN 3. 45 x 10* MPa, 4N 7 18 #F %

Q345C FANE , WAE T4 A48 0 S M 1 0 KA &
M IEFFRAG 1 R D351 x 16, SRR R 2.06 x
10° MPa, JIE #1 7K S £ oy 67° 4647, 5 [a1 A 1. 95

mo

Solid 185
Beam 188

E2 BHRTESR
8.5
185 065065 1.1 1.1 0.65 065 185
| A S
0.21 03
%0.18 '0.24 03
v sk ke OS33L e e | 4
0.22
! 0.55]|
) . T .
065 155 155 0.65
438

B3 AEHEPREEERTTEEA,:m)
J;.;V\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\I,;,‘

0.975 17X1.95 0.975

4 HAAEFHREE RN :m)

2 HHIERF PR RE S Br

FENT BT AT R0 A AR 2R, AT 5 TR
MR R e A B A TR Az i rh AR far 2k (P = 300
KN) FI AR A8 (¢ = 10.5 kN/m) O R O
32 Mg DL 1,

AT ML AT

y

5 BEBMAIRER

®1 EFNZHER

5 M./ (kN-m) 4 M,/ (kN-m) % T/(kN-m) 31 Q./kN 971 Q,/kN
Taf 2T
BKME B/ME BKE B/ME BKME B/ME KE EB/ME BKME B/ME
5 e A e iy 2% 0.385 -0.385 3.929 -3.929 0.109 -0.109 3.036 -3.036 0.311 -0.311
A 2 0.450 -0.455 2.908 -2.908 0.061 -0.061 3.166 -3.166 0.350 -0.350

3 AR DINTERE BT
BIPRS00 )
LA P AT AR I, A SR AL R 1L

— A1 S SR FF AR S48, 5 LA 0T BT R 32 1 B
1,90 53 1 & IR 0 % 1) R A TR B R
PRI TR B 20 5 46 22 10 AN G IR A 19 B0 59 BT
Wk, antEl 6 s o



i A TR AR BE A SRR SR PERE S B 23

170 == MG AT il Jy 18 g0 43 o —m— R0 R BT )

10
1 234567 89101112131415161718
A1 A5 5% 9 1] A brix/m

75t

OF L0
175 == WA g 5 1) 4 tek—m— 40 117 /K 52 () 58 85
150
§ 125}
R 100}
5

ﬂj{j
w
[}

25+t

A1 A5 FAGE G i A brx/m
(b)) £ 41 fiif 4%

Bo MEFFHIHE S

BTG TR B 25 A TR A 7K s W 1) i A
R, R A3 ATt o 188 1) ek W FORE o T A T K A2
BT Sy Xl T A S N R T
ORI B RE 5 SE PR DU AT B o AR STk
(3]0 AR R R Z PP (P =2 000
kN) R B A 107 3 (g = 200 kKN/m) /E B, Hols eh
REFIBERESY 9K 13,46 mm F1 39.74 mm, /N T2H A
TR SR 176001, H AT 0 A FHAT 2 454
F12E T B T B A G R R T 55 B R R
JE BRI AR ST 43 8 7 3R s 1 =R o 4l
B MR AT BT B STk B LR .

HRAfE T 7 T, R 37 W% i) A 28 1 AT 1 TR O
TALEFER, bR SR i, A7 B AN AT IR
FROBTBT ST R AR K, REMEEE T 100%, X
JAE AR AT EAFF BT B 5T R A /0N 11 D PR ity A 2 A 4
TS HERN S 43 BY 7 5 85 v A BT RE AT B BY Tk
JINF D PR B v A v s 3 LR T TS R, S
BREP A K A 85 J 5878 A A SC TR A5 R R
Ho 2 Bk TR AT 08T sTERAR K, 7E4NAT I
SIS E A SRR E b, T 208 R g 31
MR BT B RE 1, DR B2 BY 345 ey ST IE AT 7, DA
M R TS5 F 1 2 Pk 5 T Sk .
4 A BRE A R A A R SR

VA sEAL]

RGeS 1 e AR T, Hh ARG 13 28 T AR
BB 7 i 3R e Az 1 N BT VDAY , X R BT U AR T
W5 B G AR T 8 2 B AR AL A o (3 B I T

SEVTEARAE DN )L | DT e 23 A AN P A2
PRI AR , BORE A R BT o 2
Y MR, () 2 el B 0 AR A R

A:O% (1)

ARGt 327 5 4R R af 28 (P = 300 kN) 4
BRI A a4k (¢ = 10.5 kN/m) A FH A 137 32 B 47 1 =X
TR 2 AR 3 0 B 38O, AT 4 BT, SR far 2
H T AR A0 XoF 45 A G T R 114 BY 7 RN ) 5
B 7 A AR IR E s B

Ll l l

i A AT T fur 2 A7 B 1T i 2% A7 11T
7 AERMMBLE

AR SCH RIS F— 8, 72 BROC AR A, X
5 A5 AR A BRI X SR AT B RS A, Al R
2 LRI R AN A 1, Ay Rk G AR ST 1) ] f X AR S
WFFER A FI S, 2 BB BT o (« = 8.725 m)fEH
1/4 B5 50 ek, B b (x = 16.525 m) fE N i5
Sy TR , X 2H A A 1) b B BY g A A T
M, AT R E & 8 R . LA AR R B B
T R BOFR ) 43A a9 AN 10 FIER .

a b

/4

T

12
B8 HEmE

o i AR A B T e i R T e 8 T

By ¥ R A
OOSoOo o= —————

oo oo o~
PO ERNOS VRN O
o >
T T —

00 05 1.0 1.5 20 25 3.0 35 40 45
b 3RS 7 A BRy/m
(a) 1/41%
——f FAE T = AT 1T A i 4 AT B T

1.47
13F
& 1.2+
W 1.1
210}
0.9
o8
07}

oel—v

0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

b BB 100 A2 bRy/m
(b) 5t
B9 &HhfrEk



24 KA S 25 T RE2ER

%16 &

115 AL T = i 4500 5 1T —A— fif 45 47 7 101

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45
b B AR ) A Ay/m
(a) 1/4¥%
o=t BALE T e A AT B 1T A A 467 T

5T )R B

COoOoO— =

2
O
8
6
4_
2_
0
8
6
941

0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45
- FARCBE 17 A By/m
(b) #H

10 s

L 9 AT RN, M AT I TR e 2 G R R 2
rh AR P VR P, 7 80 ) 28 67 X H: b 3R BT
TN S MAR I, HAT R 2 i A8, 5 vtk
SRR BT JIHE ROV A 14 B A T FEARBY R
Joj B S, 33 AT R A E TS R B i
VOLIDANGES A8 S ry N R VAR EIR G s A= R (ALY 4
B HERI L, YA B TR E 1
B, BT A T2 S AR R BAURFEAL , 3R T )
TSN Fe AN BR A D PR 2 A R ) R T A 3 B
il TGN AR Y & BLE , A AR R B AR A FR
b B F1 i R ARTE 174 5 Ah WK T L TUAR H
P AR I /N T L TR S 5 4 5 e 42 v fer 24
T & 1B, BT 2/ T ALG 46 247 B, it
BF, A FIRE AR B kb 0 5 i R /4 5
AR S R T TR H S, A 5 v Ak W S /N T L TR
TR, H AR 2k BV T AL 5Y 01 ¥ 2R BB AR/ MA 5
21 5 v A v far 20 FH T far 2k 07 & 111 B, B ey 24
TUAF RN, LR, A 46 BB B ik
B8 7 RETE 174 W5 A0 WY /T TR b, 7
225 v A D A8 R T L TR AR r S, LA A 28 B R R AL
BY 7 R AR/ IMEL

F L 10 W], S AT e R B L A R 4
W 2537 o 28V FH ST fir 28088 o) 28 67 X A A7 1 0
ARG AR Y I ROV AN, /4 B
T A B i FR BRI AB A 7 A 1o i 2
YEFAERE St tadh . 55 rh A rp far 4800 T 0L
B LA AR R AR A B Ab BT ) R A

1/4 5 85 AL 2w /N T L TI0R APl s 2 5 AR
Ay A T r AL B 11, 25 R A B S Ak
FR BT 3 R ALAE 1/4 B A0S vh AR 2w T L T A
s M P A rp R AR T AT R I, AR R
A AA AL R Y TR /4 B5 AR R T
TS S , A6 85 R Ak /N T TR R

5 AR RIEE 2)-Hr

5.1 BEFEITENHETRIMNEER

P T MR AT i el B 4 ] TR Bk - B ABURIE
HEAT SR e AR I F A 3 3 1Y A AT T 1
WA 325, 5 PR AT IS AT S AL I S T R A
AR TR B 4 2 5 A SR O AT AT, B ]
1T 7R PR 25 2 o 22 ) B B AT HE AT A DA — A P
JCH R ICINAAETE &, , RGN HTI AT (14 1f)
N b ISR D A D R B, AR 4, SME
D, HIEAT R s st i o £, Y hm g P AR
N0 Mp Np FIP = 1VAEFITR B MON QE 12 B
Ro

w2l /o 0
!
d h

B EFtEAT

% P *sin(6/2) % %
E 12 BFtEETENE

BT LI 6,
ZJ ds + Zj‘ﬁds

.2 0
3 2 Phsin® &
_ Ph N 2 (2)

6FEIcos % FEA,cos g

Ao 1 BRI R AR 5 A, A B AT T AR
5.2 MMEERX BRI ASHERNERER

SR S RE AR T 0 45 B D)8 T8 AH 55 14 J )
XTI AT AT 40 5, B B AT I AT 45 B3 BT A5 1) T
SRR o 285 A0 I M A R AR . — RN 47 Y
RHEAT , HAT B % 1] = BE 5K B2 BE R b FD,
W HIR SR K R b F0 b BRI, DU A ) T
B He

sin(6/2)

01




554 i A TR AR BE A SRR SR PERE S B 25

v E Ad',’;b (3)
Krp: E N B ER ¢ SRR I BT IR
PR R SO AR TE A Sl ) P AEATT

AIGNASTE 6, Al i T HORAS

0
5 Pl 2Ptan > @
2T EA, T Et'

Al B BU AT AT B e i K BE, L =

2htan(0/2) ; Ay 2 55 S50HW T A B R B T AR, A, =

ht' o

5.3 MHIEATEIN ER R
PHTEAT A S B B, S5 IR A

I SRR By L% T 0, 55 0, ML), 258

FAR G E, 5 Ey FCRIT

lZlAlsini
2
E; = 7 Eo (5)
(AR + 12hlsin2(5)}
BEH S EARAARK3) FIA(5), T
t = 3.09 mm (6)
E; = 0.0984E, (7)

AR R D351 mm x 16 mm 8045 20 35 ) 0
HTIEAT A DA 1 i AR i A SR8 Ol 309 mm AW AR 11
0.0984 15 H1 T S Bk 42 FH A 4N AT HE AT i ROST
BN, HAPSE A A A R &k 5055
AR I AR P N ) L A R BN — N B A, AT
HAFER B BINTIE AT B9 A 1) 35 P /), RO
LA TR AT AN HCHT R 1 250, 4G R 1
LR A R TR BE 3 AORH
6 &

(1) PAMTIE R BE 40 A48 R IR T %2
AR, B [R5 SO A AR B AT hr

(2) ‘BT TR BE 20 A48 R R #m 87 ) a] ik
RN A AL ER ST IE AT AL, DT B8 v T3 45 4 1Y) 2
SRR,

(3) YWHTIE TR EE G40 Rz s h
Tar A T, far 2800 ) A8 A6 0 L 1 32 A 1 B 7 i A%
W ] B S 5 AN AT I TR 1 25 A0 TR 2
SpAT Ao A P, i 280088 1) 728 o 6 L | B AR Y 5

TS RA FR

(4) T IEAT B N 1] W BE 7 /0, Al Rk
AERBUEI S R, S AT IR 2R B A A AR 2
U BRI, 7T H R SR RITER

S
[1] Machacek Josef, Charvat Martin. Study on shear connection
of bridge steel truss and concrete slab deck[J]. Statyba,
2016,23(1):105-112.
[2] Jung K H, YiJ W, Kim J H J. Structure safety and service-
ability evaluations of prestressed concrete hybrid bridge gird-
ers with corrugated or steel truss web members[ J]. Engineer-
ing Structures, 2010,32(12) :3866-3878.
(3] & B HTIEALS AR A AR T (D] B At AR
K2#,2015:11-55.
(4] REw8LTT K CBINTIE A& R8T R R0N B A R IT 2
Hrld]. A B SSE R ,2013,30(11) :68-72.
(5] X0 sk A<, x40 ST IE 000 TR B - 4 45 4
B0 BN L) ] KA 5 BT AR 2441, 2013, 11(6) -
73-77.
(6] w4, X B, 5RAEAR A5 TR - IRBE L 415 451
P& 8 PBL - #9481 I T ST [ ] AR M Ko
2 ,2016,46(3) :572-577.
(7] wfeds, X B sRAEAR AR I IR - IR BE L KB4
A1 R B A BB ] B R, 2017, 47(5) 1 47-
52.
(8] X Z, KA, I TLHE . jg ot Se A B VLI MR i 0
it T[] . 23 % ,2013,58(12) :80-82.
(9] Br 4 AWHTHRAL G 2 i R HER e[ D] L 4
R R ,2014:15-41
[10] A AR L ] 52 3 38 i 7 2 S A7 T 5 1o R
H5:JTG D60—2015[ S . bt : A R 558 H Rtk , 2015:
59-60.

[11] e A R [ S5 da i s . > B 9 73 TR B - S T
JHREE T AR BT LIS  JTG D62—2012[ S].db T A
A H A, 2012:94-96.

[12] 5RO, T4l , PRITEL . 5 T8 I R A B A5 =X 1 7
BERIR BT Sy 0 o L) ] R TR~ 4R, 2015, 48
(6) :44-50.

[13]  Tidgwl, JE LAk & S R e M) bt AR
A& L, 2013:14-19.

[14] £ B8 d, £ W, AEHE R
B[] W2 4 (LA , 2014, 48(4) < 711-
720.

[15] Bt BBk, 4 PHPE B SR AR PC A 229 1] W1
BESMHT L] KA S S TR0, 2008,6(4) : 139-140.



