=5 ilH 3 1k

Acta Materiae Compositae Sinica

ARISE T UHPCK ABAR S IR EE L R S5 - B AR Y

FIER R AMR 22 STl A A

Experimental study on adhesion slip performance between UHPC permanent formwork with
different parameters and cast-in-place concrete

ZHOU Ming, WEN Xiaodong, GONG Wenbo, QIN Linglin

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20241122.001

AT ARG A SCEE

Articles you may be interested in

T SR N UHPC ) 5 beiR ik L AL DR 4 T By Mg
Interface shear resistance of precast keyway UHPC and post—cast normal concrete

BAMEFR. 2024, 41(5): 2633-2644  htips:/doi.org/10.13801/j.cnki.fhelxbh.20230926.001

ST A Y UHPC— AN Al e Bh 25 Tk g
Bonding properties of UHPC—high strength rebar based on beam test
EAMBIER. 2024, 41(10): 5527-5539  hitps://doi.org/10.13801/j.cnki.fhelxb.20240011.002

UHPC SR 5E A A 5] 511 5T V58 B2 (52 ) PR 32
Factors influencing interfacial shear strength between UHPC and concrete substrate

AR, 2024, 41(12): 65076516  hitps://doi.org/10.13801/j.cnki.fhelxb.20240322.001

AT CFRPYGIRI 5 UHPCHE A PERE IR AT 5T
Experimental study on bonding behavior between CFRP smooth bar and UHPC under impact loading
A KHEIER. 2024, 41(2): 858-870  hitps://doi.org/10.13801/j.cnki.fhelxh.20230612.002

I UHPC-RACAL & 2 B ERE LU SR TS
Experimental and theoretical study on flexural behavior of precast UHPC-RAC composite beams
A BAAR. 2024, 41(3): 1420-1435  hitps://doi.org/10.13801/j.cnki.fhelxb.20230704.001

GFRPfj 5 F % SR EE - Fh A5 TEREAIAER T
Experimental study on bond properties between GFRP bars and self compacting concrete

A MR 2021, 38(10): 3484-3494  https://doi.org/10.13801/j.cnki.fhelxb.20210207.001

1

4"
=
R

PR REMGE AT, FREEZHRINEE


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20241122.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230926.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240011.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240322.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230612.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230704.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210207.001

E’S‘i[‘?]’;l‘ll-'%_“?ﬁ a2t oW 9H 20254
Acta Materiae Compositae Sinica Vol.42  No.9  Sep 2025

DOI: 10.

13801/j. enki. fhelxb. 20241122, 001

AEZET UHPC k A= SRR E -
HF - BB R R

BLOE, B A, R, AR

(TR TR P @530 TRRE, T 315211)

W OE . AR A AT BRSSP T, AR R, SRR RS R R R RE ) A A, L
T BH 25 BT BT M AR R 00 AR K ABAR S5 VR BE - W W) TAE R OCHE . A SO IFHIE T &k se iR e + (UHPC)-3558
REEL (NC) B4, i BUm sy YA LS/, REH5E 17 UHPC BEAR R AR IR 7 =0 (e M8y F7%7 .
R O R B O . AR ZE %) UHPC-NC FEF 0T PERE R R . DFoR 4 R0, bk iy
WERTEARFEA 325 a MR, [URAEFL MBI VIR, b2SBEIR, KA Fh4S | BT UIREIA & NC BT R
C IR, Al X R T & AR 0 52 TR IR . AR 2 1 b 3R iR R A I e, L B T
P AA A BIR A 38 0 F v T 3k 355 KN, 326 ey TR A M B9 g T A sy Al ot 2, A PRASUR B4 X T°59
TSR, SRR Z L T BT i . FLk, UHPC-NC S i 2645 PE R bE M =88 1 £T9L R ry 3 n
M4 5%, UHPC AR RIS, 38 f ik BRR 2k 0 L VR MR A9 5 122.9%, LRGSR 2347 T FHAEMI
W R RT I B4 B R T, 5 e R AL )y A, #EST T UHPC-NC S Bh45 -1 Bl
KHEIFE . UHPC KA ; WAL AmidhE ik, Fmahss-martag; Bisair

&4 3ES: TB332 XERER: A TEHS:  1000-3851(2025)09-5203-13

Experimental study on adhesion slip performance between UHPC permanent formwork

with different parameters and cast-in-place concrete

ZHOU Ming , WEN Xiaodong , GONG Wenbo, QIN Linglin
(School of Civil and Transportation Engineering, Ningbo University of Technology, Ningbo 315211, China)

Abstract: The use of permanent formwork can realize the rapid construction of concrete structures, shorten the
cycle time, and improve the overall structural load-bearing capacity and durability, and the interface bond shear
performance is the key to ensure that the permanent formwork and concrete work together. In this paper, ultra-high-
performance concrete (UHPC)-normal concrete (NC) composite specimens were designed and fabricated, and the
effects of the formwork inner surface shear bond treatment (convex or concave shear nails, horizontal or vertical
shear grooves), the formwork type (bottom molding, side molding) on the shear resistance of the UHPC-NC bond-
ing surface were systematically investigated through double-sided shear tests and theoretical analysis. The results
show that the typical damage patterns of the specimens are as follows: a type of damage, only bond surface shear
damage; b type of damage, bond surface shear damage and NC shear damage; c type of damage, axial compression
failure of ordinary concrete in core zone. After the surface treatment of the formwork, the bearing capacity of the

specimen has been improved. Among them, the ultimate load-bearing capacity of the components with protruding
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shear studs can reach up to 355 kN, which is far higher than that of components with recessed shear studs and trans-

verse shear slots, the convex shear stud setting effect is the best; Moreover, for the shear groove measures, the effect

of horizontal shear groove is better than that of vertical shear groove. Secondly, the bonding performance of UHPC-

NC interface increases with the increase of the hole depth of concave shear studs. When UHPC permanent form-

work is used as bottom formwork, the ultimate load-bearing capacity of the specimen is 122.9% higher than that of

the specimen used as the side formwork, its effect is better than that of side formwork; Finally, based on the existing

bond slip model analysis, considering the influence of template surface treatment, the bond slip model of UHPC-

NC interface is established.

Keywords: UHPC permanent formwork; double shear test; interfacial treatment methods; interfacial bond-slip

properties; theoretical analysis
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F1 C30BELEEILIEIT

Table1 C30 concrete mix proportioning design

Cement/mol% Water/mol% Crushed stone/mol% Fly ash/mol% Medium sand/mol% Compressive strength/MPa
0.038 0208 0.432 0.038 0.277 38.5
2 EBRMEERL (UHPC) AT
Table 2 Ultra-high-performance concrete (UHPC) proportioning design
Powder/mol% Water/mol% Water-reducing/mol% Steel fiber/mol% Compressive strength/MPa
0.492 0.392 0.00027 0.115 139.6
%3 UHPCiR#Figit
Table 3 UHPC specimen design
Specimen number UHPC mold type UHPC mold thickness/mm Protrusion height or hole depth/mm
ST-10-30 Side molding 30 10
HT-10-30 Side molding 30 10
AD-10-30-YM Bottom molding 30 10
TD-10-30 Side molding 30 10
AD-15-30 Side molding 30 15
AD-10-30 Side molding 30 10
PB-0-30 Side molding 30 0

Notes: TD stands for convex shear stud treatment, AD stands for concave shear stud treatment, HT stands for horizontal shear slot
treatment, ST stands for vertical shear slot treatment, YM stands for base formwork, and PB stands for smooth formwork; TD-10-
30 indicates that the UHPC formwork surface is treated with convex shear studs, with a convex diameter of 10 cm and a slab thickness of
30 cm; HT-10-30 indicates that the UHPC formwork is treated with horizontal shear slots, with a slot depth of 10 cm and a slab thickness of

30 cm.

(1) UHPC Mz il 7 . b %5 %2 i il UHPC £ 4R
2 17 40 B 75 2% Rl UHPC-NC 42 45 33 14 19 5 1
FHES VERE MR, #E UHPC 554 il 78 B X 12y %
1 AT AN R D7 AL B, IF 5 A SR 6 T AR AT )
b, UHPC BiMR R B I7 vk : T BEMRS

(b) Recessed shear studs processed

(a) Unprocessed

(¢) Protruding shear studs processed
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(d) Horizontal and vertical
shear groove processed

[¥1 UHPC #iti#misb 3 =

Fig.1 Surface treatment of UHPC formwork
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Concrete is poured in the mold,
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Fig.2 Technological flow sheet
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Fig.3 Testloading device (Unit: mm)
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Front view Rear view

(a) Strain gauges measurement point layout

P—Load

Vertical view

Annotation a Displacement meter
l UHPC
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Front (Rear) view Left (Right) view

(b) Displacement transducer measurement point layout

P4 R R BRI s A B8 B (B mm)

Fig.4 Schematic diagram of the arrangement of strain gauges and displacement measurement points (Unit: mm)
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Fig.5 Schematic diagram of the "peeling off" phenomenon
in UHPC slabs

%4 UHPC-NC BZ&X4WEINKBER
Table 4 Experimental results of double-sided shear tests
for UHPC-NC composite specimens

Specimen number  Ultimate load P,/kN  Failure mode
PB-0-30 100 a
ST-10-30 216 b
HT-10-30 293 b
AD-10-30-YM 292 b
TD-10- 30 355 C
AD-15-30 152 b
AD-10-30 131 b

Notes: a indicates the shear failure of the UHPC-NC bonding
surface; b indicates the shear failure of the UHPC-NC bonding
surface and the NC shear studs (or NC shear slots); ¢ indicates
the concentric compression failure of the core normal concrete.
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(c) Vertical shear
groove processed
in No. ST-10-30

(a) Polished formwork (b) Recessed shear
in No. PB-0-30 studs processed
in No. AD-10-30

(d) Horizontal shear
groove processed
in No. HT-10-30

(e) Protruding shear
studs processed
in No. TD-10-30

6 R TEARIREE L -5 REE 1 (UHPC-NC) Rz (g B
Fig.6 Typical failure mode of UHPC-NC specimens
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U,, Uy, Uc—The strain values on the UHPC near the bonding surface at
section A, section B, section C; C,, Cg, Cc—The strain values on the NC
near the bonding surface at section A, section B, section C
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Fig. 7 Load-strain curves of different sections

on No. TD-10-30 specimens
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Fig. 8 Effect of formwork surface treatment methods on load-strain

curves of #C section of UHPC-NC composite specimens
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Fig.9 Effect of hole depth of concave shear stud on load-strain curves of

#C section of UHPC-NC composite specimens
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&5 UHPC-NC #ERXGHLE-BBHESH
Table 5 Bond slip curve parameters for UHPC-NC bonded specimens

Specimen number Tmax/ MPa Sy/mm ko

PB-0-30 2.055 0.032 0.960
ST-10-30 3.640 0.103 1.102
HT-10-30 5.828 0.093 1.124
AD-10-30-YM 3.720 0.081 1.109
TD-10-30 5.917 0.162 1.166
AD-15-30 2.239 0.062 1.085
AD-10-30 2.183 0.052 1.040

Notes: T4 is the maximum shear stress; S, is the corresponding slip amount; k; is a constant value.
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Table 6 Bond-slip comprehensive influence coefficient of UHPC-NC composite specimens

Specimen number Tmax/MPa So/mm o(7) o(S)

PB-0-30 2.055 0.032 1.000 1.000
ST-10-30 3.640 0.103 1.771 3.219
HT-10-30 5.852 0.093 2.848 2.906
AD-10-30-YM 3.720 0.081 1.810 2.531
TD-10-30 5.917 0.162 2.879 5.063
AD-15-30 2.239 0.062 1.090 1.938
AD-10-30 2.183 0.052 1.062 1.625

Notes: ¢(7) is the ratio of the maximum shear stress of UHPC specimens with surface treatment to that of UHPC specimens without surface
treatment; ¢(S) is the ratio of the corresponding slip amount of UHPC specimens with surface treatment to that of UHPC specimens
without surface treatment.
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