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[ Abstract] 1In response to the common forms of specimens used for interface shear performance testing, these specimens fail to
effectively reflect the actual situation of shear stress on the interface. An optimized improvement scheme for the traditional Z-type
specimen was proposed. By employing the optimized Z-type specimen, experimental studies on the shear strength at the interface
between ultra-high performance concrete (UHPC) and normal concrete ( NC) were conducted, examining the influence of shear
reinforcement ratio and interface roughness on the interface shear strength. The research results indicate that the failure occurs on the
NC side or partially on the interface and partially on the NC side, which is characteristic of typical brittle failure. The shear strength of
the interface increases with the increase of roughness, but when the roughness is larger than the value of 1. 8, the effect of increasing
interface roughness to enhance the interface shear strength is not very significant. Ribbed reinforcement as shear reinforcement can fully
exert the anchoring effect and the effect of improving the interface shear strength is more evident than that of smooth-round
reinforcement. A calculation formula for the interface shear capacity of UHPC and NC, which can consider the contribution of shear
reinforcement and interface roughness, has been established. The theoretical calculation values are in good agreement with the
experimental results, which can provide reference for the engineering design of composite components with UHPC and NC interfaces.

[ Keywords| ultra-high performance concrete( UHPC) -normal concrete (NC) interface; optimized Z-type specimen; interface shear

performance ; roughness; shear reinforcement
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Fig. 1 Types of shear specimens and shear stress distribution
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Table 1  Mix proportion and performance index of NC and UHPC
WOKH, M LEtA PP R Al I TTFY 28 d P8y
Z 3l 7] K W AR AR BEK 9k IKIBE L
I e R U Y Ry e T A T
NC  0.458 1 1.59 3.23 — — — — — — — 0.458 5.42 25.20
UHPC 0.290 1 — — 0.2 1 0.3 0.15 2.41 2 0.3 0.200 7.59 111.07
F2 WHRERER
Table 2 Strength index of steel reinforcement
W B, EREE, CFEHE, WMRMEE, FHHE/
Eayis mm MPa MPa MPa MPa
397.85 579. 43
$6 405. 06 395.42 585. 68 577.94
383.34 568.71
HRB335
384.76 578. 69
$8 382.95 382.75 576. 32 574. 82
380. 55 569. 45
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(b) SR E
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Fig. 3 Loading device
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Fig. 4  Failure pattern of the specimen
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Table 3 Test results of interface shear performance of the

UHPC and NC
MBS mOAR WRATE RO bR
FE 45
B p/% V. /kN S/mm  7/MPa
1 710 0.6 0 31.99 1.37 3.20
2 716 0.6 0.283 41.79 1.89 4.18
3 718 0.6 0.502 49.90 2.49 4.99
4 720 1.8 0 38.39 2.09 3.84
5 726 1.8 0.283 45.92 2.84 4.59
6 728 1.8 0.502 63.62 3.56 6.36
7 7-3-0 3.0 0 41.72 2.58 4.17
8 736 3.0 0.283 50. 07 2.97 5.01
9 738 3.0 0.502 65. 82 3.44 6.58
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Fig. 5 Load and slip curves of the UHPC and NC specimens
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Fig. 6  Effect of roughness on interface shear performance of the

UHPC and NC specimens
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Fig. 7 Effect of reinforcement ratio on interface shear

performance of the UHPC and NC specimens
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o £ A UHPC SE 5 R BT 8 B s Sk 5L T BE 82 2R 80,
S T FIRE R 786 485 1T 40 0 B 1. 07 A1 1. 3855k, K, FAH
HAEHRE OGRS 23 0.5 A 101 MRS 2
L1053 50,5 F10. 950 Sy FUIHTHC 7 % 5 f, A B9 79 e
PR 3 5 o NCBRIAERPT RS £ =0. 831, .

(4) Ahmad %7038 5 X 8 ML 48 7 T B 57 ik
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0.18 (f.) A,
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d, +1
K (10) W .f o NC BIHARST R,/ =0.83f,, H
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KRB EAR ;A P A HEEREGA W
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Fie B E 3R 4 PR 3807 T H Oy kX BT T TR
& Z 3% UHPC F1 NC B850 0F 9 50 59 AR 480 R A7 B
W, IR 5 g (AT e, S5 R 3k 4 Fr
No HITFE SR AT, BRI VS Design of Concrete
Structures-Part 1: General Rules and Rules for Build-
ings (EN-1992-1-1) "'l 3 [{ 2\ i A 3% B 31 B30
AASHTO LRFD Bridge Design Specification (2017 )"
E R I I Had TR, X FEEH TE
A2 34 o 25 o B T MRS B2 ) 5 ), 7 S T Ab
T R AE R, T DA B R T A A R ) Y AL A
WS, B R M B 4 v AL AL BT BT R B . S
B3 A LIS R R R T TR B ik B R

+pALf, (10)

0.3 +

x4 UHPCH NC REMHEAZFHINREESIHERE

Table 4 Tests and theoretical values of interface shear capacity for the UHPC and NC specimens

oy A E/KN v v v v,

i Eurocode 2 (2004)!'%) AASHTO LRFD (2017)'") Zhang 257! Ahmad 21200 — — —_— =

kN Vv, v, v, v, v V, Vs vy
Z-1-0 31.99 6.17 7.82 1.13 27. 44 5.18 4.09 .13 1.17
7-2-0 38.39 6.17 7.82 0. 89 27. 44 6.22  4.91 0.89 1.40
7-3-0 41.72 6.17 7.82 0.72 27. 44 6.76  5.34 0.72 1.52
7-1-6 41.79 15.33 17.31 1.09 36.72 2.73 2.41 .09 1.17
726 45.92 15.33 17.31 0. 86 36.72 3.00 2.65 0.86 1.28
736 50. 07 15.33 17.31 0.73 36.72 3.27 2.89 0.73 1.40
Z-1-8 49.90 22.42 24.65 1.09 43.41 2.23 2.02 1.09 1.19
728 63.62 22.42 24.65 1.05 43.41 2.84 2.58 1.05 1.52
738 65.82 22.42 24.65 0. 87 43.41 2.94 2.67 0.87 1.57
Pyfs 3.91 3.29 0.94 1.36
5 5 FRAL 0.43 0.36 0.17 0.11
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TELCFEERE |, 5] A Zhang AU S T LT RLRE BE (LA
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0.6/ZA" (11)
K (1) Hof h NC B AR BE E 98 B 5 £, A UHPC
FE R BT 58 BE 5 A7 51 [T Ab UHPC R fRL,
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3.3 UHPC-NC R HEHImBEEABHTEHESH
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Table 5 Validation of the calculation formula of the interface

shear capacity for the UHPC and NC specimens

v/ / / / v,/
sy l e fuu 1 ;
kN MPa ~ MPa  MPa kN

V.V,

Z-1-0 31.99  20.92  92.12 0 30. 32 1.05
7-1-6 41.79  20.92  92.12 395.42 39.60 1.09
7-1-8 49.90 20.92 92.12 382.75 46.29 1.14
720 38.39 20.92  92.12 0 36.08 1.05
7-2-6 45.92  20.92 92.12 395.42 45.36 1.04
7-2-8 63.62 20.92 92.12 382.75 52.05 1.27
Z-3-0 41.72 20.92  92.12 0 41.84 0.98
7-3-6 50.07 20.92 92.12 395.42 51.12 0.99
7-3-8 65.82 20.92 92.12 382.75 57.81 1.18

» [_]p-06 31%
30l p=18 ]
R 4-3.0
25+ 24%
N 21%
% 20 LT 7
H 15 F
10}
sl
0 0.283 0.502
FCHi %0/ %
(a) FLBIEASH
70t p=0 68%
p=0.283%
60r NN p=0502% 57%
51%
50 47% N
4;%9- or = 35% §
0l 19% . § §
10 § § §
N N N

0.6 1.8 3.0
HEREBE S
(b) AEKEE
Bl 8 Pt BY A A A1 AL D B B2 X UHPC-NC # 1
BUOY A& SRR

Fig. 8 Contribution rate of shear reinforcement and
roughness to the interface shear capacity of the

UHPC-NC specimens

& 8 (a) AT AT, ZERC A %0 p = 0. 283 % At 1
o P BT AKA  FEB BY R ) M STk R K 2N T
20% , AR AR /DN H DTk 3R B A KRS B 1 3G R
BN X T A RN p =0.502% W F, 7F 4
KB 2 LA, AT LA /=5 Bt 5 A9 A5 X S 18 e 5 7K 4%
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