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Abstract ; To investigate the shear behavior of ultra~high performance concrete (UHPC) dry joints, based on finite element analy-
sis theory, the UHPC dry joints were modeled and analyzed in the general finite element analysis software ( ABAQUS), and the me-
chanical performance of the UHPC joints under direct shear load was obtained. Using existing experimental data, the applicability and
accuracy of the American Association of State Highway and Transportation Officials (AASHTO) section bridge design code and UHPC
dry joint shear strength calculation formula proposed by many scholars were evaluated. At the same time, the formula of direct shear ca-
pacity of UHPC dry joint was obtained by fitting the collected measured data. The results showed that the ABAQUS model based on the
concrete plastic damage theory can simulate the direct shear force characteristics of UHPC dry joints. The average value of the ratio be-
tween the model test results and the finite element results was 0. 970, and the coefficient of variation was 0. 107. American AASHTO
formula and Spanish ATEP formula based on ordinary concrete structure can not accurately predict the shear capacity of UHPC dry
joint, and the calculation results were not safe. The prediction result of UHPC joint calculation formula proposed by scholars was con-
servative, and the economy was poor. The calculation formula given in this study was accurate and can provide reference for joint de-
sign and calculation of actual segment UHPC fabricated bridge.
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Tab. 1 Parameters of models

=N st % UHPC i £/ MPa 11 13 57/ MPa
Type of specimens Number Strength of UHPC Lateral pressure
F-1 120 6
sk F-2 120 12
Flat joint F-3 120 18
F-4 120 24
K1-C2-0.5 120 6
P K1-C2-1 120 12
Single—keyed joint K1-C2-1.5 120 18
K1-C2-2 120 24
K3-C2-0.1 120 1.2
=gk K3-C2-0.2 120 2.4
Three—keyed joint K3-C2-0.5 120 6
K3-C2-1 120 12
KD-C2-50-0.2 120 2.4
KD-C2-100-0. 2 120 2.4
R
K KD-C2-150-0.2 120 2.4
Large—keyed joint
KD-C2-0.2-R1 120 2.4
KD-C2-0.2-R2 120 2.4
600 540
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540 270
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Fig. 1 Specimen dimensions of joint models

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 5 Damage—inelastic strain curve of UHPC
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Fig. 12 PEEQ distribution of three—keyed joints
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Fig. 13 Principle tensile stress of three—keyed joints
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Fig. 14 Stress characteristics of shear plane for three—keyed joints
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Fig. 15 Load—slippage curve of big keyed joints
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Tab. 2 Summary of results

EV i) ETe

RIS IR (V) /kN

HBRTCEER (Vigy ) /kN
" P V|.:sl/Vl<‘l-1»\

Types of specimens Number Experimental failure load FEA results

F-1 169.0 162.0 1.04
ks F-2 334.6 324.0 1.03
Flat joint F-3 481.7 486.0 0.99
F-4 616.3 648.0 0.95
K1-C2-0.5 468.9 475.1 0.99
e K1-C2-1 707.2 660. 8 1.07
Single=keyed joint K1-C2-1.5 877.2 839. 1 1.05
K1-C2-2 956. 4 1016.4 0.94
K3-C2-0. 1 383.7 597.6 0.64
=tk K3-C2-0.2 608. 5 710.6 0. 86
Three—keyed joint K3-C2-0.5 878.2 877.3 1.00
K3-C2-1 1229.6 1184.8 1.04

KD-(C2-50-0. 2 — 801.4 —
KD-C2-100-0. 2 667.7 693. 6 0.96

ifiieyed joint KD-(C2-150-0. 2 — 674. 1 —
KD-C2-0.2-R1 748.2 695. 1 1.08
KD-C2-0.2-R2 693. 4 714.9 0.97

3 UHPC 13245 5oy RE I8 47

3.1 #MEAX

1) 2 AASHTO #i A=

FEE AASHTO (1999) 28 2N iR & 1 T e 4%
52 7 S S B B RN A e R AR L SRk
K (9) Frm,
Vo= A, Jf.(0.996 1 +0.204 807,) +pd, 0, . (9)
Ko, AL AL J1,MPa; A, A4 i
VR PTET A, mm®; A, b 4% b EE 5 v AR
mm?; £ N BT 30 AR, MPa g JBE 45

2) PEBEA ATEP #iE A

PEHES ATEP HLIE (1996 ) K 5k 14 57k %l 43
TE I 7 FH A BT R 4 e AR A Bk S o, LT
et A= (10) s,

V,=A(L 4o, + 1.8 /f, ) +0.64,0, (10)

K, £ MIREE PR EARIEE , MPa,
3.2 FHEEWUTEAKX

RGN/ W ST S B0 L S TR w2 S

Mk | ZESF AT UHPC T8 K4 1 1E
AT,

1) Voo &l

HAPEAE Voo 2510 3T LR By g [0 R B, 4fi 5
T UHPC #4800 BBy A =X (11) PR,

" o : g g
VJ :Iu‘AsmO-n + EAI(L/\/(-][I + ?n) _(?n) © <11)
i=1

AP Ay NS AR R BTUTRE A £, = 0.9, ,
S FIINARRY 3 25 AR BRBTRIBR

2) XA E S 24

AR B[R] 3 T 5 R Ry g [ DB 4 T
UHPC 42480y B 87 38 33 an =l (12) —=0(13)
B .

Vi=Af7.(0.97 +0.10,) +pA, o, . (12)

Vi=Af [0.9+(0.13-2.7x 107 )o, ] +
MA O o (13)

3) A A

WA SR 35T A BR T EE L R R I )
[ 7347, $& i1 T UHPC T8 = (14) s,
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. A (0.78 ./f, + 1.890,) +pA, o (0o, <3 MPa)
A(LOLJf. +0.950) +pd_ o (o, =3 MPa)

3.3 AMRITELANX

M ERE AT A LR, A B B T
AR 1A A EE R R 7 (B, 33 Fh 5 1k B8R 32 1 L3
Ty AER TR BE bR oi B A — 2 A RE AL, B
AR T LA (R I A R R A R — R
BRI, ASHFFE R B G ik, A8 T8l A
T UHPC TH85iH R A,

IS R R TR A R G T8 1 2
JINBERTN , T He8E BRI R FoR A

B —. V. = A, Jf(C, + Cyo,) +pA, 0,

BRIV, =A(C, Jf. + Co,) +pA, o,

A B B0 B AR T o3 R B A B 1) ) AR
P21 2 N B, SR C, ML R R e 4 5R JEXT
HAGPUST RS , ZEL C, SRS 00 [ ok B v
BB A 52 ), R ASE R () X5 2 AR 3 UHPC 38 Y
SRR S IR SRS, A R S e T 0 ) e g
o, AREE LIRS /7 ARG VER ., N,
I3 HTI R 8w ARl AASHTO UK 0. 6,

X T BUA B A URPC T80 1Y
TFLBTHHE - Shin' 4 10 4~ Gopal 45" 6 4~
Voo 25 6 A FxIARIE ™ 4k 15 4, Bt 37
AR, TE K55 1.2 ~25. 23 MPa J5 1 |, 8
G158 UHPC Tigs R # itE AT,
Vi=A, Jf. (1477 + 0.053 40,) +pd_ o, . (15)
V= A(L.5636./f." +0.519 70,) +pd,0, . (16)

AN KT HAE L 3,

#3 TEERLL

Tab. 3 Comparison of calculated modes

o A FRE P

2k ; ,

F I Average Standard Coefficient of
ormuiae value deviation variation
s

/It?dl I 1.05 0.33 0.32
ode.

) —

ETTH 1.06 0.35 0.33
ode

AASHTO 1.27 0.34 0.27

ATEP 1.24 0.39 0.32

Voo et all® 0. 65 0.15 0.23

XA AE S

i Tongxum 0.87 0.22 0.25

VR f— [14]

e 0.87 0.21 0.24

Pan Rensheng[ 14]

(14)
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TR R w43 A R A
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