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Abstract: Based on the stress analysis of a free body with a
multi-keyed joint at the web of segmental precast concrete
bridge, the shear stress distribution on the root of multi-keys
at the joint was analyzed and derived. According to the elastic
theoretical analysis, a non-uniform factor of shear stress at
the root of multi-keys was proposed and used to modify the
AASHTO formula of shear strength of the joint with multi-
keys. The comparison with the numerical analysis results
shows that the modified formula can accurately reflect the
change trend and peak effect of shear stress in multi-keys.
Moreover, the differences between the calculation results of
the proposed modified formula and the relevant test results are
within 5% .

Key words: segmental precast concrete bridges; multi-keyed

joints; non-uniform shear stress distribution; shear strength

Weks HBH . 2019-01-04
HELWH . BRAAPEFES (B1778468)

5 BT e IR g A R 2 B S RR B AT
R R Ty ). IR B 0] A B K i
N TR (BN B SR B DT BY 4 A A i, 1T B ] BY
1 FEE A R A L BT sk ALE. R,
BY R A T ) 32 1 Pk RE AL 1 HILER R Y B T B
LR EE H A RV TG LA 8. NS RiERE
AR TP BT AR T B R R AR R T T
HABFE,

R4 SE E AASHTOM BN , 824% 1A A DL BY AR 2R
FAFEBATRS . — 3 SR AL LBy Tk, — 2
BB o IR EE - SR 0 BE R TR, DBy AR 11t
BRUMTF N

V. = Ax /fa(0. 204 8, +0. 996 1) + 0. 6A 0.

D
KA BT AR TR AN ; A DAl ER 43 B TR B
TR fa IR LA EDURIREE ;00 BRI
BRI MR (DB RFE X LRE, 55 S8
BT ARER J1 15 4 A A e e T BT AT BY ) 4
ARFB AR L . 3R A 2 (1) 2 R B 85 7 il A4
FIfT kRIS 45 IR A BHF AR & F % s
T b= 22 147 BY 3 4 v AT REAEAE O BY B 140 A AR 1 5] R
% 5T 28 h gk, b H R (DB ey
ARE IR K.

BEAEMEY, ZHT HBPEFEN 5 /m A
WA B4, Zhou 454 e FIRIG 45 RAR Y, B
AASHTO #liE @A R IT B 204 55 J i 58 | Ht
BY R ER 7 B N AR B T R B (H R X% R B AT
VRS PR AL LA 0 2R B A LA B ik At —
H . Alcalde %55 B BUE 2 Hr 45 R W1, BY 1 4
ok B3I SRR TP BT AR IR IR T
BBy & 2 A 0 [\ 9 A X, Jiang &0 7656 o W
2, W BN BRSNS R RR AR
M 33— B2 Wh R R 7 22 il OB 8 P R % )R

%_‘ﬂg%: ﬁ: B(1977—) 91( 9?1:% 9I$@i ’ H‘E%ﬁ?ﬁffﬁ]j@ﬁﬁiﬁé@ E-mail; shenyin@tongji. edu. cn



EloM

W B S BT DR AR R8T J AR 1B BY R 1415

PRBE SR YR A, 206 8T A AR B
AR SIBR B X — A R B e
oY Z. Y B PR IR B AR RS T L
BYZR B J1 7+ 5 22 W BY f g Y AR 38 53 3 A FRAE I L
A5 10 B9 7R 3 B 45 R A 2 4 Sl A X B R AR
BY ) SRR AR T 1A 3% T3 A » S S AR A L A
52 3577 R X 251K BY ) SRARER BY b A1 oA ML
BEATHLSE , BE T3t B AR B B ) (330 k.
R HBAE AR TT 5 Xk 189 7 Lo 5Y ) R i o
HA R RHAT T 2RO,

| ZEENBENASHIELSH

1.1 BREEZHSH

7 B 9 R R MR R R R A AE AL
2V BY 7 SRV A TR AR 75 ) el A . B
RIE A — BRI R de BOER R it B A (I
D EARTEE S b, BANBY I S JE AR 95 B T 1) 3@
KA B S T8 O Ak S SRS, o SBCH B T
GO T 18] v b B TR O R T 1), 2 BREBCH R K
75 A,

X M L E T HATHET, P55 i=1,2, -,
N, N R85 Ji5esat. & X y: A% A5 1.0 g]
B OMBEES, e NS 1 AN BY IBRIEE s b
BY S48 R R, G 1 B,

NP ONONNL NN N
QAN NN NN N

N NN N

<
— N ————————

AN

\
)

Y

S

RS

AR
N\

A

WKWK \Q

NN
N\

I

\
i
1

\.

Ve
a W By ST AR

Bl 1 FEtRpEES

Fig.1 Free body of web
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Fig.6 Geometries of multi-keyed joints(unit:mm)

x2 BEmMHKESH
Tab.2 Parameters of loading on models

MEEE ) P/EN fROBE ¢/mm BT Q/KN  BABIIE

1 450 1492 223.8 2
2 675 995 223.8 3
3 900 746 223.8 4

i3 A PRI it S = 4k ST RO R
(LB D). RGP T B RER, BB REAK 6 m,
AR B 3 m. B AEN TRE R . WAE
X153 RUBE 43 R W 350 4 « B2 4 W TU1 T R /™ T B3 100
mm RE N BITMAE /N 20 mm; HARF 50T
RH% /N 200 mm. P FH RI#E R 22 18] SR FH 40 € 4
TR (tie-constraint) #E#%. 4% A ™ T AN W AT & 8] % &
fifi3%fi (hard contact) , EE¥E R EBUNZE.

3 000 3 000

1

Rl

3 000

B7 ARTER(HAML:mm)

Fig.7 Finite element model(unit: mm)
2.2 BESWER

2.2.1 HFBHEEMW
AT 1~3 ABY e e o Tl 3947, BY



1418

[l 3 K 2 RCOE BB 2% O

EEVE

TR 500 13.8.6 4>, IR Y 1 /R T4
PSR ANE 8 Fros. BN K o fa fF- & J e Lt
BY 7 ) e RAB AR FE H (6] A4 BY 1 BEAR TS s 32 4% T 2R 1
1.2.3 BYBY N S AE 4351 Ky 0. 30.0. 28.0. 27 MPa,
BBy R 22 L YN T S0 A B4 Y e
B3 BY 1 BRI B I 7 I (AR

0.351

—s— AR AN
—A— BEEETHIRAYD
0.30f 030 —v— BRI A3
£ — Wfar
E 025}
3;;%\‘(
B o2
>
E o5y
b=
0.10f
0.05 s s ' ' s :
1500 -1000 =500 O 500 1000 1500
y/mm
B8 sAsMEMNNME

Fig.8 Effect of key’s number

PR A AT AR Y N ) W 7 B 5 AR (B AU 4 SR
AH—20 KO FIZ L0 FBY R S A5 Rk
555 8E N BLIE H, 895 ) M5 7 s S Y
.

2.2.2 By EIE W

BB AR 3.4.5 BY HEEEEYI N 6 1~ i E
i Z5 W | aB il B N 7 1 - i I (Y
THEMIUL R ANE 9 s, BY 4RI (st 28
R 3) A BY S AR IR BY W 140 A B A e
WEE k0. 27 MPa, H 3UFE 55 6] 19 BY 7 BEAR 1 5
BY J R — A0 A (B TRIIS A 4.5) By BY J AR
BYRT A7 04 {H 43 51 0. 21 MPa.0. 27 MPa, ¥ i B 7E

0.35¢

—e— T T3
—e— AT 4
o —A— B TR
§ 0.27 0.27 — s
<0254
& 0201 021
g o ]
m
®/ 015
=
®
0.10F
0O ——
Eipak:- 32
EH9 HHEREEAZN

Fig.9 Effect of keys’ layout
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Fig.10 Effect of axial force to shear ratio
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Tab.3 Comparison between experimental and calculated values of shear strength
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