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Effect of Interfacial Treatment on Shear Properties of Precast
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Abstract: Bi-surface shear tests were carried out on precast ultra-high performance concrete(UHPC) and cast-in-place
normal concrete(NC) composite specimens including untreated, sandblasted, rough chiseled and slotting interfacially
treated specimens. The shear load and interface slip were recorded during loading process. Shear load-interface slip
curves were used to analyze the effect of different interfacial treatment on the shear properties of the composite
specimens. The results show that the interfacial treatment significantly improves the shear properties of the precast
UHPC and cast-in-place NC composite specimens, failure modes of composite specimens are mainly divided into
three catagories. The interfacial bonding shear strength and stiffness of the 18 mm steel-wire-mesh chiseling composite
specimens are the highest, and the strength is 4.69 times that of the untreated interface. Chiseling interfacial treatment
and slotting interfacial treatment make the composite specimens have good shear properties and show ductile failure.
The shear properties of specimens with similar average sand filling depth but different interfacial treatment groups

show obvious differences. The variation trend of shear strength and shear stiffness of different groups are about the
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S5 B TR AT AR AR B A R TR SRR
H TR, S e i 0 FH A8 fin b TR gk B 55 08
DA WAy T AT H R X

o E ST U e R AR EA T T R RS,
rp g Pk BE TR BE + (ultra-high performance concrete,
UHPC) fe F B A R H MR L 5 52 81 1 )32 Gk .
UHPC & — il i 38 BE | e B0 s s A L S R4 4
PR AR R AT 2 S AL AT A b s
FE 8 R 7 AL B TR o s S R g
(normal concrete, NC ) il 41 & 45 ¥4 18 F 9 UHPC
o PR AR, T AR A 45 4 kS 2 4 o 19 B T
I DL B R AR 4 73 i JR) B A 1 /R RS %
SEHTEINR T UHPC G Hr A5 0 4 7 TR 6+ R i by
PERE , A L UHPC B 1S K T 20 FF 2L 20 B Wl
JFEFR R T, XA AR PR AL B RR A I8 B S A 4
F P R AR TR 22K W] UHPC SR Btk 5 85 NC
TE B AL A 258 , UHPC-NC F 18 (1) 55 45 1 G X 3% fk 45
P 1 R 2 AR ) R 8 2 OC EE AR L g SR W A
FREE AN JE 51 0 ) 2 25 7™ 35 5% e 215 435 10 A K
SFPE BB X S T R A T RELRE A PR — R oA R e A T
BB PEREAY 2 EAEEL AR LR UHPC
R RN S B NC o 2SR o A8 1t T 20 G il A Y
BUBTPERE , & I Y RE W] i 4R i ALy e ge ,

Tl UHPC 48 %% B 1 52 i K F 5 38 NC 3 3 55
G5

WA B UHPC-NC 4 & il £F o 9% 3= 2 4 %t
UHPC &5 © A 1385 8 1R 5+, A 5 5 1 Ak B X i
il UHPC -85 NC Ft 4 5 1k RE 52 el i F 55 A 6 &~
Gt ARG SR FDOSLTH B9 Y156 B 5 4 Fh 55t 1 Ak 27
A UHPC 5858 NC Ui bt 0y v B a5,
UHPC b A - At B ig ki 5 5%

1 R8T E

1.1 [E#H#

NC R P-O 42.5 /K¢, 44 8 C50 1R & + 17 IC
B CUHPC K Ue REJK By IR A TERb B 2F 4 5
K F AR ] AR P KSR A PO 52.5 7K
FEJK (SF) 2R I SF93 G Ak K s ¥y BE K (FA) R 1T 9%
T IR 5 A Db SR T TR) g 7 o 4l A e, v 4 A
ki 42 M 0.045~0.125 mm(120~300 H ) , 3 b
RiAE N 0.125~0.425 mm (40~120 H ) , £ 9 wb ki
4 0.425~2.000 mm ( 10~40 H ) 5 40 £F 4k % JH K
12 mm |, B 4% 0.18 mm {9 F B A 99 £F 4 | $i fr 58 J&
3 100 MPa, K FLU43 8k 2% 5 Il K 51 5% PCA- T &
FR IR e PR AR WK ) B K R Y S 30 %05 K S kK
UHPC 5 NC B G b Pt Esm B a2 1.2 i .

#1 UHPCHIE AL RMERE
Table 1 Mix proportion and compressive strength of UHPC

Mix proportion /(kg+m™*)

28 d compressive

P-052.5 . Coarse Medium quartz Fine Water reducing strength/MPa
Silica fume Fly ash Water
cement quartz sand sand quartz sand agent
734.4 210.0 105.0 706.3 121.1 197.7 31.5 189.0 113.6

®2 NCHESLRAERE

Table 2 Mix proportion and compressive strength of NC

Mix proportion/(kg-m )

P-0O42.5cement  Fly ash Sand Coarse aggregate

Water reducing agent

28 d compressive strength//MPa
Water

475.0 61.0 696.0 1044.0

5.4 161.0 56.7

1.2 Rt

AW 5% K 4 Fh 5 1w Ak BE O 2, R R AL EE (O
L GH) (B (ZM) (P (PS) fMYIAE (QC) , It
Wit 1140 UHPC-NC A &304, B2 3414, 45

1) SCH B IR 3 BERD 3R AR STt 204

WP B4 48 O ELR U A0 36 % S 10 - X2 9 0 R
PEAT I AE | L AL S KUK B2 . - 2 0 10 % 2 R
¢ Y 5L TR 2 B A AP ) 6 Y R S 4 D R
W# 3.
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Table 3 Specimen type and average sand filling depth

Test factor

Specimen Average sand filling depth/mm
Interfacial treatment measure Interfacial treatment factor
GH GH Without treatment
ZM-1 12 mm grid module 5.56
ZM-2 18 mm grid module 4.97
M Steel-wire-mesh grid chiseling
ZM-3 25 mm grid module 4.72
ZM-4 30 mm grid module 4.53
PS-1 Sand blasting rate of 0. 44 kg/m” 2.04
PS-2 Sand blasting rate of 0. 67 kg/m” 2.62
PS Sand blasting by quartz sand
PS-3 Sand blasting rate of 0. 89 kg/m” 2.73
PS-4 Sand blasting rate of 1. 11 kg/m” 2.54
QC-1 ) Grooving depth of 3 mm 1.20
QC Precast grooving
QC-2 Grooving depth of 6 mm 2.40

1.3 X HHE

UHPC-NC i 4 & F UUTE 55 U)K 5 (bi-surface
shear test) fn i £, K SF 2F 150 mmX
150 mm X 150 mm, i fF— il > fi il UHPC, J& &
50 mm, 55— A #HE NC, JE 2R 100 mm. 3 74 14 1
RO SE B UHPC, 3 3 47 A 7 9 5t 1w 4b
L BRAEFR 7 d; BEAE UHPC B 3858 C50 33 TR Kt
+ bR AEFEY 28 d 5 ST R BT D)5

i UHPC Ay 5 i Ab BASCR an E 1 AR 6
ZH AT BT R AT AT A AL BE 2 T 4R SWM RAR 1%
FE" PR R K O 12.18.25.30 mm B 1E )7
B 22 A% . 2 3T L, B RS K R, i B Al

(a) GH (b ™

1.4 MFAHE

UHPC-NC 4 & 0 4 i 59 U] ik 5% 7
Y AW-3000 B f L% il L v A i s i g AL b kAT
P IS W S O 5 T 5 S G N T e
YW C-50 YA 5 A5 845 , 0 B8 A% JER 2% 3% 52 20 i A5 1
AR AL HT R G, DU X BT W RS 8T ) e 2R AT
S )

T SR T V- 2 D R R RN R vk Al R R AR R
0.85~2.00 mm (10~20 H ) i f1 B4 , iz BEA [5] ms >
(0.44.0.67.,0.89,1.11 kg/m”) , ¥4 41 i 76 W PE 5L 1
UHPC R L, Jf XA e b i A7 Fe 5, b A i —2f
JEA UHPC 78 UHPC 84k J5 T g me ib S i . bl
W A7 23R 1) 8 K I 2 3 A T T 49 D O R S B
KGN YD R R R U RE Y BB i A
150 mm X 150 mm X 150 mm Y 57 5 A o |, ) 4
G 55 00 5] B 34 S8 15 mm, = fE] (] BE 30 mm ;3%
% 5¢ AR 50 mm Wil UHPC A9 5830, 8 9% 24 h
Ji WASE I o D) Ay 5 1 I 2 VDR R ) 38 K, U A
T TSP 14 D R R K

(c) PS | (d)QC
K1 i UHPC S b 3 =X

Fig.1 Interfacial treatment measures of precast UHPC
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(a) Loading device

3R A W 3 s Ll B 3 AL (1) a AR
3 B4 5 1 85 D) RS A, BRI UHPC 5 NC
PR B A5 5, A R SR A O 5 (2)b
Je i SRR X B 45 B 5 NC P o ) i 8 A A
DIWEIR | B 45 5 10 1 A% W IR B R A I, NC

UHPC

UHPC

NC

(a) Type a

UHPC

Shear plane
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Steel tie plate

NC

(b) Type b

Steel tie plate

Internal shear
plane of NC

L]

(b) Loading sketch(size:mm)
P2 XU 59 s 56 i 28 2 1
Fig.2 Loading sketch of bi-surface shear test

S B 5 B 5 (3) ¢ FER A AR X UHPC-NC i
Je kA 35 DI SRR AT BE 4k S 2, 72 NC N &6 85 I i
RAEBTUIREIR IS B 45 B 5 NC 85y U w34 9% 57
Wr , B PR B UHPC $E 18 5% B8 3 48 NC K, NC i #6
BTN A W 54, B 5588 2 Bl B I
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NC NC NC

(c) Type ¢

K3 UHPC-NC 414 14 04 % i 57 7] i 50 pl PR X

Fig.3 Typical shear failure patterns of UHPC-NC composite specimens in bi-surface shear test

Klags i 78 HEG R MBIRIES . i 47
A (1) 6 AR A B IR 25 Oy a2 il YR A A 1 Ak
UHPC 5 NC #& &4 B B30, 838 )5 fitdil UHPC
SR A OEH L (2) B AR A ads, BY
VIR w #i i UHPC S i A /> i NC HEAR 5/, i
b A S o B 5 B Rk L (3) 1 B A Y il
WA 53 b2 o 28, B 45 F T B N I NC P 5
VI s 9 5 W7 . BE PR K A R, S A v Ak
P fry UHPC ™ g Bt 57 58 2 56 3 K5
/N 12 mm A% % B A 18 4 UHPC (g 5 NC # % 4E
BRI R, 0 b 3K 5 18 mm M 4% 5
25 mm M #% # B AL AL UHPC &4 8 /0 i3k, HNC
R BT B IR, R e R IR 5 30 mm P A% B B S 1 Ak
UHPC "I 5 NC ) & A B KB IMEA L% , b2k
MR . (4) YTt 2 3t 1 1) i SR TR 28 K 4k e 38, D4
b2 R o R IR DR 20 T UHPC Y S i L
A SRR U BH A BT 245 1 A UHPC 4T 89 58 5 K

T NC B BT 558 B . [F] i, UHPC )8 b 77 76 B i
i1, X2 Oy UHPC BY YIRS M 3 AR B AFTE LY )
2R A B 5 &2 b 2B BEIR I, NC P38 59 D) 1 B 3K
RhGE U AR A 0 W IR | 3k 2 PR Sl D) A A B A 4
SR B0 3 T NC NP8y 5 B, NC R #E
S DT IE R 25 LI R e AR 58 4 Y TR IR
22 BHIYIEH-FAEEBME

& 5 J& UHPC-NC 2 24 (9 55 U1 far % — 5 18 ¥ #8
(F-s) 2 . AR 4 e /s — 30 vk Dt B0 il 48 1) 3 | T
iy BE AT — etk Il 1

25 2R Y B T8 B Y0 e RN A TR DL 3R 4,
s F A R R A 2, o, Ay 0 B ke P 1 4 B B
(R A B Ar 28, =, S e B 35 B, SD 2 e PR B 58 B2 1) 4
WE2E , K ARG B BRI 2R it vk 3 (U331
B 0y ST BT ST I EE 5, by 38 B RS R A B 7y 28 1) 1) 98 B8
L5 N IR BT Rl 2 PR 1S K B B i PR A 48 A Y
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Fig.4 Shear failure patterns of composite specimens
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= GH * GH ZM-2 = GH
200 fe PS-1 PS-1 600 Fe ZM-1 - 500 |-» QC-1 QC2
a PS-2 N 500 LA ZM-2 4 QC-2
160 Fv PS-3 PS-2 v ZM-3 ZM-3 400 -
+ PS4 400 -+ ZM-4
Z 120t G e Z 300l
~ PS-3 ~ 300  7ZM-1 ~ QC-1
80 PS4 200 ZM-4 200 -
[GH GH
40 100 F 100 -
, 5 — Flttlng curve — Flttmg curve — Fitting curve
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Fig.5 Shear load-interface slip curves of UHPC-NC specimens

i I 5(a) AT : (1) GH 43R 28 /Y #i i UHPC %
(IR R TR Wit Sk A=Y (S DA R K
KTy, M TCHUA S A T . 1 T 240 Ik R, 45 A
U i) 284 250 I 18] B 2 I & 2 B VIR IR, PR O O o 4
1 1 T 2B B e O A A B e A PR A 28 A R
R A BT U SRR IR L(2) PS 4 Wik UHPC 5 im ik
7T WD b B BE WD 0BG n, F R RS B R

KA AR R4 e 3o, Wil fF PS-1.PS-2. {8
R Bk B — o B, i 25
il UHPC 45 & 2% , i Wil UHPC 5 B 58 NC (1)
BUAR IS & 77 N B . TR B b Rk i S A b it &
7 3% UHPC, 3 /> UHPC 5 NC By # fih i , fd 45
UHPC-NC i 26 45 J b i 4k 2= 76 O Fe £ 48 g
By 50 BRAK A 10 1 2 245 18 O B BRI, i
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Table 4 Interfacial shear loads and slips of specimens

K/(kN- s/ s/

Specimen F,/kN F/kN ¢,/MPa SD o
mm ') mm mm

GH 130.68 130.59 3.06 0.274 163.55 0.41 0.41
PS-1 166.66 166.66 3.75 0.334 219.00 0.39 0.39
PS-2 203.02 203.02 4.52 0.391
PS-3 131.69 131.69 2.93 0.251
PS-4 117.79 117.79  2.62 0.133
ZM-1 ~ 406.31 374.39 9.00 0.413
ZM-2  646.07 604.85 14.36 0.369
ZM-3  642.09 542.68 14.27 0.365
ZM-4  334.22 300.30 5.58 0.424 292.95 1.25 0.85
QC-1  361.58 319.52 8.49 0.397 400.95 0.82 0.62
QC-2  565.08 554.77 11.79 0.523 489.60 0.85 0.80

262.66 0.52 0.52
152.66 0.44 0.44
167.30 0.50 0.50
374.20 0.84 0.72
570.60 1.33 1.07
330.98 1.61 1.28

PS-3.PS-4.PS i F iy ith 8 3k DL 2 4 Pk, 7E i IRl
B i 20 Ak 31 e A W R B IR . 25 5 3 4 W] A B A T
R b T, w4 T A B BY 5 AN B 5y NI
B0 BT T R

1 & 5(b) B AT, ZM 41 il 26 2 W% B AL 0 S i
A SRR 5Kk B S A A P A IR LR T L ZM 4L il
LR AE W R BCR M B B R B B, 7 2 2% 12
B AR PR RS K I R B R AL B T
UHPC F RS B 1S R, 2% 3 o , ZM 4 L1 ~F- 3
BRI KT PS4 F QC 41 . ZM 4 i) UHPC A
T T B ™ W4 O ELAR 2T 2 R R K 30 2 Pk 1 4 o B 1
e BR 77 2% BF 91 ) UHPC 5 &6 4 ol 89 Wr , i F
UHPC A & HA GEPEB IR , ZM 24 5 T 59 )
WA 2 B0 A PR Y S X st ph [ 4 bl B A
AW T8 T E B . 2R B0 A 4 1 1 ZM-2 3k B A PR A
1 93.62% Hi KA B M, 5=1.07 mm, 5,=
1.33 mm, Ji IR B B 1 3 8 a3k 1 s, 19 24.30 %6 3 A
ZM-3 163k B 4% BR AT 4% 10 84.52 % Wi Be A 4k, 5=
1.28 mm, s,=1.61 mm, Ji it B B 09 ¥ 7% & 35 3 5 19
25.78% iR MF ZM-2 5 ZM-3 ¥ P11 A F = F 11 B 5T
JEE (8 ) B, 5 R Bk S P A, e oAy 1) A

5o A, QC A Bk 2 TR IR . 5
ZM A 2L, QC 2H il £ mir 9] B A 52 Ze v 1 L 5 30
P A B B L 3 T QC 4 5 i A 3 i UHPC
YIRS B3 43 59 R, UHPC H) 4 4E 2% 7 5L 7 85 17 8% 3R
bR PRl 2 B R B B R QC-2 1 i A it
2R 7E 3K B B R i 4% 19 98.18 % Rif HE AR L& M, 5=
0.80 mm, 5,=~0.85 mm, Ji i B Bz (%) 1 A% £ 38 5] 5,11
6.25% . #1& F ikt ZM-2, iK1 QC-2 1Y i IR By B 4
i PR 22

2.3 UHPC-NCHREMIEBESHIRE
H AR RS A PR e o, T LR (D)
T

F,
Z'ufg (1)
Hob A NAE SRS AR
UHPC-NC F-1i $t 55 W 52 nl iz B 28 P4 K o B

2R A A T AR A A A 1 B T B BY 5 B AN
B9y NI EE L2 4.

1 2% 4 h 2 B BT 58 B A A5 SR T (1) ZM 4
o ZM -2 B S T REURS B v, A R R AL e
A, MO 2 B0 R K A L T B BY R R, 9k 3
14.36 MPa, /&6 4110 4.69 £, =2 PR 1 K B /MY
A ZM-1 189 1.60 45, 156 BA 38 J2 3 0 0 A 340 4 mT DA
M B AR ST B0 BY 9 R RS K i ZM-3 Rl R A
B e 1 B BT BT AE D, F A I 5y A R Ok 2K 1
ZM-2 11 99.37 Yo 5 2o B 15 K 0 A 320 4 25 [ IR 5 T A
B FE A4S 5T 08T 9 B/ i ZM4.(2) QC
2 5T VDR e 55 g b B8 T 21 45 3 B S T e 5T
B U4 bk QC-2 B B T T BT 9RO N
11.79 MPa, ik #3814 ZM-2 1 82.10% , & 6 ¥t £ 4k
A S TP BT 5 B 1Y 3.85 4% , & M QC-1 19 1.39 4%,
Wk B I R B v VDR VR T AT AACHR AL A e B
T B0 5 58 8 . (3) PS 2l 3 14 Bl 4 Mt A0 236 ) 185, S TeD
BU 5 o P R 5L S S R IR A R A R L
T R 4 I B AR v S TR RS R R 498 R A T ML i A
3 A BE WD 2 55 P 5 UHPC (0455 /8 7, [R] s
234 W UHPC & #1079 2> UHPC 5 NC 42 fil T
L fiff L T 4% o 5 AT Ll F PS-2 110 B e B R i
Ry WA 2L A ) R AR, RO W AR 1 1.48 4%,
KB ZM-2 1 31.48 % (B AS 7 B A A&, ik 1 PS-2
(97 B RERD R B o 2.62 mm, 5t QC-2 14 - 4 3
WP UR I 2.40 mm R4 30T , R 1 HL 5 T 4 BY 5 5 10
IR AF QC-2 1 38.34 %6, 3 b, IR RS B 22 30 19 AN [m) 37
T A 3 A ) A T B 5 B R I ) e 25

MR A& AR B BB R4S ROk A A
T 7 B 5 3R 04 3 R S T e B I AR A A A R,
A 52 AR [R] 1) A8 bk g4 Horp 30 ZM-2 1 S T Bt
BRI e K, o4 570.60 kKN/mm it F QC-2 tn 36 BE Y
BER g BB NI EE , ik ZM-2 11 85.80 %6 i A4
PS-2 7 W ib 21 B 26 B f5 R 9 5 T B BY I, kit
1 ZM-2 1) 46.03 % , PS-3 24 T 5 W2 Fe /0N, SRy ik
ZM-2 11 26.75% ; GH 41 /% 5 1i 40 59 W B2 578, ik
1 ZM-2 ) 28.66 %% .

i 3 X BE A ) UHPC-NC %45 1 REIF 98 0B 47 4
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gEU R BLOR TR)A T Ak BE 5 XA SRR NC- BB
UHPC 4 %5 45 38 5 4 2.20~6.02 MPa, £} 57 28 56 ]
15 BB 07 R BE AT 35 5 11.16~15.5 MPa. F {5, 20
Xif Wi il UHPC 858 NC 47 X 57 U1K A5 1, A
[vi] FF il 28 3 0 1A ) 2 5 A A T e B SR R Ry 1.29~
3.77 MPa.Ding %%} fil il UHPC—# 5 UHPC #E47
XUTH 55 VIR 50 B, O BT S R A AL A il
B S T HE BT 38 BE 43 51>~ 0.990,1.006 MPa, $5 5 1
20 A i 1 S TP B 5 AT 3K 12,355 MPa. A SC LU
K 18 mm B IE J5 T84 22 A 154 7% B Ak 2R 1 k1
ZM-2 [ ST BT 8 9 BE 5 K, 14.36 MPa, i i ATE
AR FE 25 S A ZM-2 1 ST T 5 W SR B e
th e [ B DR s 22 300 A S ) S e IR i L B
T Ah By vk O I A RO B A R R B OB A
UHPC G 4B H 51 b 2 7 5

3 #Hig

(1) Fidh UHPC 5 B3 NC ik {24l IR i 32 2 % 9
FAL UHPC-NC #5445 5 58 , UHPC-NC %45 5t
5 NC P 56259 5 W, DA b 45 7 % 2B 35 D) ek R R
A% 5 NC APl 5

(2) ¥ 6 43X 1 28 v i 5 79 7 P 300 1 6
BB 5 B2 S 18 R /) 5 Wb 2H i B T e 5 5
i 5 W% A0 23 174 58 A T 216 18 R U0 K U B A [
T Ak 31 T I AEAE— D e Sl i A A SRR
1K 18 mm 1F J7 B 9 22 W % % B Ab 3 11 3L 1
ZM-2 B iE e 0 5 5 A 1 T BT KR d K, 4 ok
14.36 MPa 1 570.60 kN/mm, # A Jy & fe & i i 7t
[PLSL .

(3) B 1 e 0 5 B A Y 21 A3 R B v B B W
AT A A R . 5 1 Ak 3 5O () (EL 5 TR RS 32 AH O
B S5 T B 5 A 25 8K

() AR F 1 B35 ) oy 48— ST W RS il Ze R 1
S 55 WA Ak 3 3R BT R A I A L R R
IS Ab P )34 R 1T 2R 0 e SR RR AT

S & k-
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