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Interfacial Bond Performance of Ultrahigh Performance Concrete Wet Joints
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Abstract: The interfacial failure characteristic, tensile strength and tensile-strength ratio (the ratio of interfacial tensile strength of
wet-joint specimen to that of monolithic specimen) of the ultrahigh performance concrete (UHPC) wet joints were investigated. The
results indicate that all the UHPC wet-joint specimens exhibit the brittle failure. Compared to the specimens without steel fiber (the
interfacial tensile strength is 2.24 MPa), UHPC wet-joint specimens with steel fiber show a better interfacial bond performance with
the interfacial tensile strength of 6.64 MPa and the tensile-strength ratio of 68.6%. When the fiber volume fraction is no more than
2.5%, the interfacial tensile strength, tensile-strength ratio and interface fracture toughness of wet-joint specimens increase with
increasing the fiber volume fraction, and the optimum fiber volume fraction is 2.5%. The long fibers have better performances than
the short fibers in improving the interfacial tensile strength, tensile-strength ratio and interface fracture toughness of UHPC wet
joints, and the profiled fibers perform better than the straight fibers. The ductility of the steel-rebar-reinforced wet-joint specimens
is better than that of the unreinforced wet-joint specimens. Increasing the embedment length and interfacial reinforcement ratio is
an efficient way to improve the ductility and interfacial tensile strength of UHPC wet joints. When the embedment length of the
reinforcement is 6 times as the rebar diameter, the interfacial tensile strength of the wet joints is greater than that of monolithic
UHPC. In addition, the simplified tensile stress—relative displacement models were proposed for the UHPC wet-joint interface at
different fiber parameters.
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Table 1 Chemical compositions of the utilized cementitious materials w/%
Material SiO, CaO MgO K,0 Na,O Fe O3 AlLO3 SO; MgO
Cement 19.30 59.860 3.070 0.890 0.320 5.670 6.040 3.060 2.070
Silica fume 95.20 0.180 0.120 0.090 0.110 0.150 0.120 0.250
Mineral powder 99.62 0.032 0.004 0.008 0.004 0.032 0.065 0.004
w is mass fraction.
R2 WAL TR
Table 2 Mechanical properties of the steel fibers
Sample Length/mm Diameter/mm Length-diameter ratio Tensile strength/MPa Steel fiber type
16HSF 16 0.2 80 2 850 Hooked-end type
13HSF 13 0.2 65 2 850 Hooked-end type
13SSF 13 0.2 65 2850 Straight type
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Table 3 Parameters of the UHPC monolithic specimens and wet-joint specimens

Specimen type Sample o(Fiber)/% Fiber type Specimen type Specimen number o(Fiber)/% Fiber type
Monolithic T-NN-MP 0 Wet-joint specimen T-NN-WJ 0
specimen T15H16-MP 1.5 16HSF T15H16-WJ 1.5 16HSF
T20H16-MP 2.0 16HSF T20H16-WJ 2.0 16HSF
T25H16-MP 2.5 16HSF T25H16-WI 2.5 16HSF
T30H16-MP 3.0 16HSF T30H16-WJ 3.0 16HSF
T25H13-MP 2.5 13HSF T25H13-WJ 2.5 13HSF
T25S13-MP 2.5 13SSF T25S13-WJ 2.5 13SSF

T means tensile; NN represents the specimens without steel fiber; 15, 20, 25 and 30 all represents fiber volume fraction; H is hooked end fiber; S is straight fiber;

16 and 13 all represents fiber length; MP is monolithic specimen; WJ is wet-joint specimen. ¢ is volume fraction.

x4 EFEEEXHSY

Table 4 Parameters of the steel-rebar-reinforced wet-joint specimens

Reinforcement

Interface

. . Reinforcement Reinforcement Interface Embedment .
Sample o(Fiber)/%  Fiber type | embedment reinforcement Amount
diameter/mm type roughness  length .
length/cm ratio/%
T25H16-R6L2A 2.5 16HSF 6 2 HRB400 Rough 3.3d 1.1 2
T25H16-R10L2A 2.5 16HSF 10 2 HRB400 Rough 2.0d 3.1 2
T25H16--R10L2B 25 16HSF 10 2 HRB400 Smooth 2.0d 3.1 2
T25H16-R10L4A 25 16HSF 10 4 HRB400 Rough 4.0d 3.1 2
T25H16-R10L6A 2.5 16HSF 10 6 HRB400 Rough 6.0d 3.1 2

R6 and R10 refers to the diameter of steel reinforcement; L2, L4, and L6 refers to the anchorage length of steel reinforcement; A represents rough interface; B

represents smooth interface; d is the diameter of steel reinforcement.

12 MEHERMBEA R

JT A AR A A 42 4 S A7 B e T S5 A7 s o A
J7 ARG 4 N K5 em B RAR Fro g 15 B R 4%
A B AH XA i NSO R oL, A A T
H P 2 2 A 70 ol e A B A% I A8 (LVDT, il
FEE 0.001 mm)FEATA B, WEAHREE 4 " h& 4
HI7E 60 mme. HH#A £ K F SR A ge HLEEA T I
B T SRR P R AT, gk R
24 0.1 mm/min.

2 HRE5®

2.1 KREARE

2,11 JFREBEREME MRS, B
BRI RN A 435 5 SOBAR W, BRI 35 e
PEBEIR . Horp, RIBEAFYERAERNE— HIF R 5
AR BRI IF RGN e
K B FLWAR N ST 8] 1/3~2/3, B4 AN LT ke 31 T M
AR AT AR, BRI R T B



49 B 11

U SRR LR SRS 4 R e < 2397 -

DRERE , T 4Pk sk R v s B I S A 3 R W X,
AT Y53 A B AR (L 2)o

2.5% by volume

specimen &

B2 W ae il A A B R T L
Fig. 2 Comparison of failure surface between the wet-joint
specimen and monolithic specimen

BT e R N (R R 7 N (VAR b B A 2 e (R VA
UHPC JEARESA A WAT LR, Bk T Hedd i B
ZMBEIIEAL. B 3 BT YERIAR B LT el b2
AR SRS UL, W 3 aLLEH, B4k
TR AR T S A R, R A B UHPC AH L AS

PR

Doped with 5

o s oer

B3 WA TR L 0

FLE L, PUARRVEIIZ T . i ARB LT 4R %
IR T4, % UHPC 5 R a) (K 45 30 R 8 2=
XA A 4k (P I AR T T 722 UHPC 9] 1 45
HREN .
2.1.2 G AdaRiE  UHPC 4k 5 A gk
ST PR 44 SR g (5 B Y BIAR H5 20 (1) AT V155
O'=Z (1)
K o AR 4 ChAN. Ty, MPa; P il
PrAffara, kN A4 AR DX b A A T T AR,

2
mm o

4 N BB B A AR RV 10 4 SR g
H R EE(RRR A h AR sRE, NE). WA 4a iow,
K5 2 4t (1 30 4 4% kAR 1R FL T B e B2 Ak 3
224 MPa, BANA4E)G, WisE Ak n S pr
MRS B T, HOKIAE] 6.64 MPa. HAth 4k
AHIEIF, T25H16-WI SR A T25H13-W
(1) 1.25 f%, T25H13-WJ SRR &4 T25S13-WJ
(1 1.23 45, KEF4Ext UHPC @322 4% 5L P A 5 i 1)
PRIMRA T HLYE, RRAY T A 4.

o stecl fiber
- (VLT

Fig.3 Comparison of the failure surface of wet-joint specimens

10
Average value
gl 4+ Actual value
%36' /%/ 7 :
N oLmda,
&l %
7

Q@@ QY Q0
- A0 £ O \0 £ 0 b A
"ﬁs“\‘)‘a ,‘qp?’ ,iqf)\)’ ,{5@2‘ ,{f)‘a ,"L‘J%

(a) Wet-joint specimens

12

Average value -
T Actual value

8_

S
-
)

Tensile strength/MPa
(=)}

0
. "“\f IR

S {7»@6\ fg')f& eﬁ@'} ('f’\a\ 0

(b) Monolithic specimens

4 UHPC W88 A A RE A A St o 2

Fig. 4 Interfacial tensile strength of the UHPC wet-joint specimens and monolithic specimens



+ 2398 - CRERR R 2740

B 5 2 UHPC AR i1 o 5 18 B (55 R B 4T 4
PEZEE)RELT e B R ARt i 2. Ml 5 alsm, 4
LB RA KT 2.5%I0), WpHAE A (1 St b o

JEREETAES BRI RITHTR, 27455 BRI 0.5%,

PR G 5 P-4 0 1.44 MPa. 44T 4E5 &
2.5%)i, Prffiam g IR, X T
B4 UHPC 2F4Ed5 & BUR S AlA3 Fr i Ab 2T 43 o
8, ARl 3 B Be Bt UHPC F T 21 2 ) (1 ) B sk
/N IXANRIFHipe Bt UHPC AR ET 4k S Sk N
R .

7.5
Steel fiber type: 16HSF
£ 60l —=— Wet joint specimen (WJ)
2 ®7 —e— Monolithic specimen (MP) 520
i) 4.86
g
245
_i;-‘ 440 432
£ 3.05
= 3.0+
S
1.5F
5 1.74
L=
00 L L 1 1 I 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
o(Fiber)/%

K5 UHPC i filiik B2 19 B B 4T 4k 5 B AL th 2
Fig. 5 Variation curves of the increment of the interfacial
tensile strength with fiber contents

UHPC IR (17 A 5 5 B £ AR B 1
B mOLE 4b). FITEEBBET, BKLT
YRS AT 4 0) UHPC Fim b A v R I $ THE I B
HFE. B S A, SRR 2.5%, %
TRy e 55 18 0 B 2T 4 45 St 0 S AR e 2k 1k 1
Ko, ELTYEB R 2.5% 5, i Hioim B 1 B 1 K ig
FEH BT R R
2,13 hrfpswfEte K6 b UHPC 3R A1
E SRR CETE VA L PN E 0 LT A A A
S TR A A 1) T A i A T AR A
LLAE L (2)]. W 6 FioR, RBE4ER1IH
MR 46.5%, 15 AR YRR B a8 AR 1 4y A
S L KIE B T 68.6%, 1A 24 UHPC B ANE
SR, LA ORGSR ORI B AR, (H s K B
TR TR T U AR 3B A0 £ 4, AR 4%
S AN R T R T . UA B A
T 2.5%IF,  FrAdnim A Bl BE 41 4k 15 5 0 18 T i 4
T o B N LT Yl RN S5 2T 4 kB A i 55 L FR 32 T4
FH A 83, 3K 5 VR 4 A A 1) 7 T A i AR A

J Chin Ceram Soc, 2021, 49(11): 23932404 2021 4
FUAREAHALL
5 = fct,WJ /fct,MP (2)

Kb ENPMTRELE; fiows 4 UHPC M H48 A1
PSRN GREE, MPa; fomp A [RIZE%Y UHPC 44
WA R R, MPa.

15

Monolithic specimen (MP)

Hewillarw
Wet joint specimen (W) ot
12 + Tensile-strength ratio &
< ™~ o
& / 68.6% 03:5%
= [
= 9r 62.2% 52 49
i) 63.3% 7] .
= ]
s 593% [7]
o 6Ff
= 46.5%
5
=
3 -
0

o

\@ o b o
N " "
« &\eb &’1/62‘ &’\(:32\' r(‘;j

b >
&
IR

Kl 6 UHPC ik 1 St L i B K fr i iz L
Fig. 6 Interfacial tensile strength and tensile-strength ratio of
UHPC specimens

2.1.4 PN AR Y AR YES =
FIEAREE 60 mm (1) UHPC J 43R 1 S 1 47 b
JI-HAX LA i Ze (AN B T AR4% 48 F8 70 1) AT 5% )
wWmE 7 frose B 7 A WA EIR BN )2
B> I g Bt AR 37 5 8 ) 1 0 A e A 888 Jon (5 )
JEREAORSFAAR); ik BN ) J5, AR &
CUEI R IFAE S AL TP R A28, N BE R T B
SifE Sl A 74 N E VAL I TR VA L DNAPA P28t ] o 2
Jist AT Ay i 2 S T A 5 B2 LR 2 UHPC B RHFDKS
S0 RN ET e b R R S Py A, ik hY
A% BIWEEAE WY g J5 BRHEDRG 45 2 L B8R, KHR 43
T B AN LT YRl Sk et , S ECRGE AN A7
SRR, BRI R A .

X UHPC g% 4% 5 i B ) —A A 8% e i) h
B BCHEAT I, LNy e O REHE A 2 BT
KU AE ARG o ) XL AR A0 N g —HED0 7 1]
TSR] o — s 12k, UK 8)>kKAE UHPC V4%
TR 1 SR G R, WA (3).

{J=K‘S 0<s <35 3)

oc=A-B-s 5 <5<S,,

e o HFHIHARN T, MPa; s h FEIAHRA7
T, mm; sq R SRR Y g Ik BRI g IR ARG
PR, mm; Spax K T RLAH Y 2080 4E 0 I R4



249 A5 11 1Y

U SR e AR IR IR A R S M e .

2399

7.5
—=—TI15H16-WI-1
—e— TI5H16-WI-2
6.0 —a— TISHI6-WJ-3
—+— T15H16-WJ]-4
§ 45l Simplified model
NS =4.10-4.56-s
2
Z 3.0
v
1.5
0.0% : !
0.0 0.2 0.4 0.6 0.8 1.0
Relative displacement s/mm
(a) TI5SH16-WJ
75 :
—a—T25H16-WJ -1
—eo—T25H16-WJ-2
6.0 —a— T25H16-WJ-3
—+— T25H16-WJ-4
§ 45 N Simplified model
\\
E N 0=6.95-8.69-5
g 30
w2
1.5
0_0 = | |
0.0 0.2 04 0.6 08 1.0
Relative displacement s/mm
(c) T25H16-WJ
7.5
—=—T25H13-WJ-1
—+— T25H13-WJ-2
60r —a— T25H13-WJ-3
v T25H13-WJ-4
QE‘? 45 Simplified model
S
2308
@ :
15 0=152.29-5

040 .2 L 1 L L " L L
0.0 02 04 0.6 08
Relative displacement s/mm

(e) T25H13-WJ

1.0

7.5

—a— T20H16-WJ -1
—e— T20H16-WJ -2
6.0 —+— T20H16-WJ-3
v T20H16-WJ -4

Simplified model

Stress o/MPa

0.0 0.2 0.4 0.6 0.8 1.0

Relative displacement s/mm
(b) T20H16-WJ
7.5

—=— T30H16-WI-1
—=— T30H16-WJ]-2
—+— T30H16-WJ-3
— Simplified model

o
=)

[+

g 4.5 0=6.93-9.91's
%

230

w2

T
o=171.28s

0.0

0.0 02 0.4 0.6 0.8 1.0
Relative displacement s/mm
(d) T30H16-WJ
7.5
—=—T25S513-WJ-1
6.0 ——T25513-WJ-2
' —4—T25813-WJ -3
- —v— T25813-WJ 4
E 45 — Simplified model
B
%
£ 30
v
1.5
Yy
004 . ‘ A
0.0 0.2 0.4 0.6 0.8 1.0

Relative displacement s/mm

(f) T25S13-WJ

7 UHPC ¥ 858 S R 3 ) —FE 0 5 ith 2%

Fig. 7 Interfacial tensile stress—relative displacement curves of UHPC wet joints

BRALFSE, mm; K Oy ETHBCAIWIE [ (4)],
MPa/mm; A, B4 FFFBAFE REL AL

Pt
K= O-max /Sl

(4)

s O AT N T (T R ) »

MPa,

X 5 45T % UHPC g8k i N J1—4H
SRS A S5 s S H DA K R (3) T 15 31145
UHPC JRAZ4E R 70 N A RS R,
WL 7. B S W A IEARbR Gr T o—s k5 s
AL AR RAE, BI(S), THESE L 5. &
KIS, B EREL 2.5%0, UHPC 4%



« 2400 - CREMR 2R 24410

J Chin Ceram Soc, 2021, 49(11): 23932404

2021 4F

Stress

a,

I i

é, Relative displacement s

max

8  UHPC it Fe 4 i 1 i 2 ) — A0 (7 3% ] A AR
Fig. 8 Simplified tensile stress—relative displacement model
for UHPC wet-joint interface
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Table S Parameters of the simplified stress-relative displacement
model for UHPC wet-joint interfaces

Sample Omax/MPa  Sp/mm  K/(MPamm™')  G¢(MPa-mm)
T15H16-WJ 3.98 0.9 146.32 1.79
T20H16-WJ 4.98 0.9 155.63 2.24
T25H16-WJ 6.64 0.8 184.43 2.66
T30H16-WJ 6.56 0.7 171.28 2.30
T25H13-WJ 5.33 0.8 152.29 2.13
T25S13-WJ 4.32 0.6 147.67 1.32

2.2 BEeAmid
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Fig. 9 Failure mode of T25H16 specimens
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Table 6 Tensile test results of the reinforced specimens
Collaborative-stress stage  Debonding-degradation stage
Interface .
Serial number Sample Anchorage reinforcement First peak Relative Second peak  Relative 853/81 Failure
length . stress displacement stress displacement mode
ratio/%
fu/MPa 5, /mm fis /IMPa s3 /mm
1 T25H16-R6L2A 3.3d 1.1 4.91 0.068 4.40 0.251 3.69 Interfacial
debonding
2 T25H16-R6L2A 3.3d 1.1 5.85 0.070 5.27 0.260 3.71 Interfacial
debonding
3 T25H16-R10L2A 2d 3.1 4.89 0.048 7.26 0.702 14.63 Interfacial
debonding
4 T25H16-R10L2A 2d 3.1 4.56 0.051 7.57 0.616 12.08 Interfacial
debonding
5 T25H16--R10L2B 2d 3.1 2.34 0.044 5.17 0.561 12.75 Interfacial
debonding
6 T25H16--R10L2B 2d 3.1 2.80 0.041 5.79 0.522 12.73 Interfacial
debonding
7 T25H16-R10L4A 4d 3.1 533 0.033 9.04 0.659 19.97 Interfacial
debonding
Matrix
fracture
8 T25H16-R10L4A 4d 3.1 4.91 0.038 9.18 0.825 21.71 Interfacial
debondin
Matrix
fracture
9 T25H16-R10L6A 6d 3.1 6.20 0.020 Matrix
fracture
10 T25H16-R10L6A 6d 3.1 8.12 0.020 Matrix
fracture

The maximum crack width at the wet-joint interface of T25H16-R10L6A specimen is 0.02 mm according to the crack observation instrument with an accuracy

of 0.01 mm.
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wet-joint specimens
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Fig. 11 Tensile stress—relative displacement curves of the

steel-rebar-reinforced specimens
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