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Direct shear strength of UHPC wet joints in precast piers
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Abstract: The calculation methods for the direct shear carrying capacity of Ultra-High—Performance
Concrete (UHPC) flat wet joints and keyed wet joints are investigated. By considering the construction and
force-bearing characteristics of UHPC wet joints, a direct shear strength model for UHPC wet joints is
proposed, which incorporates key factors such as interfacial cohesion, frictional resistance, aggregate
interlock strength of keys, and fiber reinforcement contribution. Based on the results of direct shear tests on
joint specimens and finite element simulation, linear regression analysis is conducted to determine the

interfacial bond stress coefficient and friction coefficient. Through the derivation of the aggregate interlock
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strength of keys and the discussion on the fiber contribution, a formula for calculating the shear carrying
capacity of UHPC wet joints is presented. Nine existing formulas for calculating the shear carrying capacity
of UHPC wet joints are summarized, and the proposed direct shear carrying capacity calculation model is
validated by comparing the predicted carrying capacity from the nine existing formulas with experimental
values. The results indicate that with the increase in lateral confinement stress, the failure load of flat joints
exhibits a nonlinear relationship; the ratio of the proposed formula to the experimental values has an
average of 1.04, which is closer to 1 compared to the nine existing formulas, demonstrating superior
prediction accuracy of the proposed formula. The verification of different experimental approaches on the
shear carrying capacity calculation method for UHPC wet joints shows that the predicted values from the
proposed direct shear carrying capacity calculation model align well with experimental values, thus proving
the universality of the calculation method. This method can provide a reference for predicting the direct
shear carrying capacity of UHPC keyed wet joint interfaces.
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Fig.1 Stress state and failure process of keyed joints
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Fig. 3 Mobhr's stress circle of keyed micro element
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Fig.5 Three—dimensional finite element analysis model
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Fig. 8 Fitting of shear capacity data of flat joint specimens
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Fig.9 Overall dimension diagram of flat joint specimen (unit: mm)
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Fig. 10 Three—dimensional finite element analysis model
Hop, UHPC-NC % i % A Hussein 5871 2 I Ao 38 L R R I ) 5 1] 57 A% 5 3 6 25 SR A LA
i B 0 R SR O R ROR AL, R BB AR an ., b, A R G TR A R e A A 0L M s K T

SHANE 3R I (K 11) .
W B3 R TR ILAE IR S g a5 R AT K4 RBRINESHRTERI L
St (2 4), 1 LB A FR e 09 &8 4 5 Table 4 Comparison between test results and finite
=3 FEABRBSY element results
Table 3 Cohesive model parameters Y B 20 /kN IR i 8 1] 3785 /mm
B P 7 I s B - WIE  BME IR ME (XN
K/(Nemm %) 1358 20 358 20 358 F-0 MPa 151.68 167.72 0.84 0.79
//MPa 563 563 563 F-1MPa 30859  334.31 1.33 1.11
d,/mm 4.14e-3 2.77e-4 2.77e-4 F-2 MPa 431.42 449.39 1.46 1.20
5//mm 0.241 0.241 0.241 F-3 MPa 564.71 575.34 1.53 1.34

e AL 0.001 B 7 F (flat joinO)—n G EFBE 18 2088 7).
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Fig. 11 Load displacement curve: comparison
between experimental values and finite

element results

BT iR UHPC -0 2 48 15X 1 A7 R oo A Al
5 B AN RS 1] 20 50 Sl PR R fr 28, 43 5 /i o
*5 TEREXGETARTHTELERILCA
Table 5 Summary of finite element calculation results

for direct shear of flat seam specimens

Yy S A 17 2% LY ) I 77 2%
/MPa /kN /MPa /kN
0.0 167.72 2.0 449.39
0.5 257.24 2.3 479.14
1.0 334.31 2.6 519.85
1.3 364.21 3.0 575.34
1.6 409.35

HHE 20 (21) %% 3= 2 B4l AT R M LA B A
a5 B # 12 s, 15 2 UHPC F i o 59 B )
NS

V,=1.740,A,+ 2.51A,, (26)

# X (26) AKX (15) , AT UHPC W 3% 48 Bt

SR Vit

mm+m+wm@%ﬁ+ﬁ+

0.48/;
d

740, cot 6(!; —
1.740,A,+ 2.51A,, +

T[d[

(27)

W
T

N
—

YIRL F3/MPa

y=1.74x+2.51

0 " 1 " 1 " 1 " 1 " 1 " 1 " ]

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
LB /) /MPa

E12 TEEXGRIERBFHAYEENS
Fig. 12  Fitting of shear capacity data of flat joint specimens
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PRI BB R SR E S Ew A L. H
e, SR (15 ] H 3 1 1 1000 1 5 S 50 (A 1R 25
0B R 0. 26 %0 ~7.83% , SCHK [ 30 ] H 4 3 7 1) il
WA 5 52 B0 (IR 22 R 13%~19% . 7= 28 R A
S H UHPC - 52 85 10 14 38 56 B A 1) 24 3% 6 4%
PR, T BOTE R ) 29 OB R I ) UHPC 5 145 422
S 1900 £ AR K o
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Table 6 Summary of specimen size

o Pere AR BEIGARRIE PR A
iR LSSl , ) )
/mm /mm”® /mm”
FAUEE 3 1 30 000 15 000 51213.2
=R 30 000 45 000 138 639.6
30 000 45 000 88 713.2
FE G 30 000 45 000 93 541.0
30 000 45 000 102 811.5

F7 XEK[30]FEKERTICE

Table 7 Summary of specimen size

3.2 AEEEBEHITEE 5
[l A AN 2 3 018 1 4 HEAT BT 5T, 9T R
TS HE AN S AR SCH T 9 Fh TN Y A R
Bz 4% BT R R ST AR, 40 45 35 [ AASH-
TO2003 #LIE 48 9 Fh H By i A X I
5 AR SO 00 B R 3 T S AR R R AT X E
M. PR 4E R A XA
(1)Koseki? 355 /45
V,=Au/f. (12+0.0175,) + 0.6A 0, (28)
Ao ARG T b SO AR T Y T A s o R BE
PUR SR 5 A, o0 HE A b RE 45 fioh %) T A
(2)Buyukozturk * 314423 2
V,=A(7.80 /% + 1.365,) (29)
AP A A B g T TR
(3)26E AASHTO2003 #1785 38 24 L
V,=A/fu (0.996 1+ 0.204 8,)+ 0.6A 0,
(30)
A o B TR BE B A AR BT e R

ey Beser e BEUARERIE  Beakimsm s .
W R B /mm? &1 /mm? B/ mm’ (4)Rombach™ 3+ A= .
1 60 000 15000 84 270 V,=0.14A, /. + 0.65A0, (31)
(613 A
XU I 45 000 30 000 93 540 (5) FF 3R A5
A(0.55 /7 + 1.00, ).t i
#£8 UHPCHEIEE vo—=! / (32)
Table.8 UHPC material strength O.8Aj<0.55 /]C + 1.06”)’ EA s
MRORIE SRS /MPa RO R SR E /MPa .
6)+F (813 N
Sek[15] 114.8 98.5 (6) LA "3 25
k30 134.9 — V,=A/0,(0.6f.—05,) +0.6A;5, (33)
9 KABESIHTEERITL
Table 9 Comparison between test and calculated results
EWEE TR SUEBH S /KN g HT /KN G 4ETTEk /KN FIR L ) /kN RER R /KN R/ Y%
K1-6 290.57 182.10 3.005 475.67 468.95 1.43
K1-12 393.77 272.10 3.005 668.87 707.23 5.42
K1-18 479.81 362.10 3.005 844.92 877.23 3.68
K1-24 565.85 452.10 3.005 1020.96 956.41 6.75
K3-1.2 176.67 231.08 3.005 413.76 383.70 7.83
k[ 15] K3-2.4 338.05 269.01 3.005 610.06 608.50 0.26
K3-3 568.89 382.41 3.005 954.30 878.20 8.67
K3-12 687.52 571.41 3.005 1261.93 1229.60 2.63
KD(50)-2.4 221.82 384.37 3.005 609.20 — —
KD(100)-2.4 233.06 384.37 3.005 620.44 667.70 7.08
KD(150)-2.4 254.64 384.37 3.005 642.02 — —
K1-6.89 1160.88 206.10 0.123 1367.10 1 149.00 19
Cik[30]
K2-6.58 1183.91 321.60 0.246 1 505.76 1329.00 13

ARG T 7k K(keyed joint) n (B 147 £ide ) —m (N 17 13 1) , KD CRSEA ) (=) CRE 3 TR ) —m (I 1) 137 3 )
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(7)Z2E P A TR AT AT SR IR 10 B o F AR 3L

V.= A,(0.57 /. + 0.65,)
(8) Turmo™ {1442 :
V,=A./f. (0.186 30, + 0.906 4 )+ 0.45A 0,

(I P2
V.= O.8Ak(0.39ﬁ§+ 1.516,)+ 0.6A 0, (36)
AT IR S0 T I 1907 48 45 B 47 24

F10 2EANITEERKREESTL

(34)

(35)

AXGHEE . A AR S R 50 E 0
FFXTHC A3 0, a5 SR 26 11 8 13 s o A Se 4 =X
550 FAE 19 F- 0 1. 04, 5 HoAth 24 XA o
RS 1, B8 2%, W sh i/, B ik Al
WA SO KBS R T A AL, B, A&
SCHE A UHPC HOBY K2k J) it 5 ik . al ok
UHPC # H7 1 42 4% 5L 1 1Y B 59 7K 2% 68 g w0 48
%,

Table 10 Comparison between the calculated values of the existing formula and the test

N ‘ : RN : ‘
#(28) X2y KB KB HX@B2) KB KB4 KB5 H(36) N
K1-0.5 143.65 328.73 683.96 425.45 608.95 502.31 497.01 307.21 327.17 468.95
KI1-1 152.36 357.98 1225.38 609.82 916.23 836.04 681.38 526.34 543.89 707.23
K1-1.5 161.07 387.23 1766.81 794.18 1223.51 1146.28 865.74 745.47 760.61 877.23
K1-2 169.77 416.49 2308.23 978.55 1530.79 1445.67 1050.11 964.60 977.33 956.41
K3-0.1 407.04 826.56 709.28 823.06 786.42 512.49 738.02 352.50 418.18 383.70
K3-0.2 409.24 842.39 990.93 922.88 919.51 788.22 815.88 440.78 505.01 608.50
K3-0.5 415.84 889.91 1835.89  1222.34 1318.80 1452.93 1049.46 705.62 765.50 878.20
K3-1 426.84 969.10 3244.15 172145 1984.27 2400.13 1438.76 1147.01 1199.66 1229.60
KD(50)-0.2 409.24 539.03 990.93 850.99 735.48 716.32 522.06 440.78 505.01 —
KD(100)-0.2 409.24 568.37 990.93 857.94 775.50 723.27 550.48 440.78 505.01 667.70
KD(150)-0.2 409.24 624.70 990.93 871.29 852.36 736.62 605.03 440.78 505.01 —
K1-6.89 155.80 548.06 919.30 631.66 1077.01 691.10 673.00 494.74 514.34 1149
K2-6.58 284.84 605.59 1413.38 935.88 1166.49 1037.78 733.46 597.56 637.02 1329
11 EFARHEE AL ARNTHEESKEELEL
Table 11 Comparison of the ratio of the calculated value of the existing formula, the calculated
value of the formula in this paper and the test value
Y ‘ ‘ ‘iff%iﬁ/iﬁgﬁﬁ ‘ ,
A3 A (28) #(29) #(30) A (31) A (32) #(33) A (34) A (35) #(36)
K1-0.5 1.01 0.31 0.70 1.46 0.91 1.30 1.07 1.06 0.66 0.70
KI1-1 0.95 0.22 0.51 1.73 0.86 1.30 1.18 0.96 0.74 0.77
K1-1.5 0.96 0.18 0.44 2.01 0.91 1.39 1.31 0.99 0.85 0.87
K1-2 1.07 0.18 0.44 2.41 1.02 1.60 1.51 1.10 1.01 1.02
K3-0.1 1.08 1.06 2.15 1.85 2.15 2.05 1.34 1.92 0.92 1.09
K3-0.2 1.00 0.67 1.38 1.63 1.52 1.51 1.30 1.34 0.72 0.83
K3-0.5 1.09 0.47 1.01 2.09 1.39 1.50 1.65 1.20 0.80 0.87
K3-1 1.03 0.35 0.79 2.64 1.40 1.61 1.95 1.17 0.93 0.98
KD(100)-0.2 0.93 0.61 0.85 1.48 1.28 1.16 1.08 0.82 0.66 0.76
K1-6.89 1.20 0.14 0.48 0.80 0.55 0.94 0.60 0.59 0.43 0.45
K2-6.58 1.13 0.21 0.46 1.06 0.70 0.88 0.78 0.55 0.45 0.48
SEH{E 1.04 0.40 0.84 1.74 1.15 1.39 1.25 1.06 0.74 0.80
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