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Effect of Surface Preparation and Curing Condition on the Interfacial Bond Strength between
Ultra High Performance Concrete and Normal Strength Concrete
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Abstract

This study reports the interfacial bond strength between Ultra High Performance Concrete (UHPC) and Normal Strength
Concrete (NSC). While previous studies have focused on the interfacial strength between NSC substrate and UHPC overlay, this
study use precast UHPC for enhanced constructability and replacement of formwork. The factors affecting the interface strength are
comprehensively reviewed. It can be classified into: interface shape, degree of hardening and moisture condition of UHPC before
combining with NSC, and curing condition of composite materials. Conducted experiments verify the effects of each factor on the
interface strength and, accordingly show different failure modes. In particular, a new failure mode of the failure of a part of UHPC
was firstly found in the case of sample with rough interface between UHPC and NSC. The other factors of the degree of
hardening and the moisture and curing conditions of UHPC were discussed. This research will provide a valuable foundation to

utilize the UHPC as a composite material.
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Table 1 UHPC as Repair Materials and Precast Concrete

Purpose Repair and retrofit Composite precast concrete
Substrate NSC UHPC
New layer HPC, FRC, HPFRCC, UHPC NSC
etc.
Degree of .
. . he
hardening of End of hardening Depends on cur}ng method
and period
substrate
Surfac'e Damage of harden concrete | Deformation of fresh UHPC
preparation

HPC : High Performance Concrete, FRC : Fiber Reinforced Concrete,
HPFRCC : High Performance Fiber Reinforced Concrete
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Fig. 1 Conceptual Approaches about Interface and Bond Strength between Old and New Concrete(Beushausen, 2005)
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Sk st R 7k olelAA H, o] B
A 8l Qo] Bawhulela ek

3.8 ™
3.1 ARAHE L HHEH]

o] ¢17toll AREEE UHPCS] 77345 2 uieH]= Table
29} Zom, o|F kst el WY} )= 715919 (Hong
and Kang, 2013; Kang and Hong, 2014)%} 53k k31
ok AME, Beff gl 2gE AJE NSCO] W/C=0.540] 1,

HHZFA 29+ 25 mmo|th
32 Mz EM

UHPCS} NSCE] 713 5405 gobiy] 918l KS F 2402
(Standards, 2007) %! KS F 2594 (Standards, 2009)°l =
&Yz} £3]Z Z2 A9, KS F 2405 (Standards, 2010)
o] w2 &A% A3, KS F 2423 (Standards, 2006)°l

27 QL MG WEeglon, dAE Aue] A4
o AeE RIsk] 28 Fig. 3(a)st 22 WHoE AF
ZIEysedck. Al 371l tist A3 A7E #Jelste] Table 32}
| Bt sk JeRch 32 Y8 (Heat treatment) $F
UHPC= BV § 2471 &8 g AJEs 2% 80+2TC,

Table 2 Mix Proportion of UHPC (by weight ratio of cement)

WiC | SE/C | Cement | D5 | sand | Filler | Superplasticizer | !
fume fiber
02102 | 1 |02 | 1103 0.04 2 (vol.%)

Table 3 Results of Material Tests

B Curing Strength [MPal
Type Flowability Foriod o —
[mm] Condition ero Compressive rect | 5p ltt.l ne
[day] shear | tensile
Heat 7 167.6 _ _
treatment +5.6
Slump
. 117.7 33.0 17.2
UHPC flow: 7 435 +95 +11
65050 Air
23 155.2 36.1 19.7
+5.4 *1.4 +0.4
7 19.3+ 4.80 2.4
: 0.6 +0.8 +0.2
Nsc | Smme
120 28 23.3% 6.60 2.0
0.3 +0.6 +0.1

Air : Constant temperature and humidity chamber (20£2C R.H 60+2%)
Heat treatment : Air curing with heat treatment
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Fig. 2 Test Procedures: (a) Surface Preparation, (b) UHPC Curing,
(c) NSC casting and Curing, (d) Bond Strength Test
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(b) Splitting Prism
Fig. 3 Test Methods and Specimens for Bond Strength
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Table 4 Test Variables

Variables (Notations) Specification

Plane (P), Rough(R), Grooved parallel to load
direction (Gx) and grooved perpendicular to load
direction (Gy)

Surface shape
(P, R, Gx, Gy)

Curing period of UHPC| Curing period of air cured UHPC before casting
(1day, 3day, 7day) Normal Strength Concrete (NSC)

Curing condition of
UHPC
(H, A)

Air cured UHPC with(H) and without(A) heat
treatment before casting NSC

Air Surface Dry(ASD), Saturated Surface
Wet (SSW)

Moisture condition of
UHPC (ASD, SSW)

Curing place of UHPC
and NSC composite
(Air, Lab, Out)

Constant temperature and humidity chamber (Air),
laboratory (Lab) and outdoors (Out)
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Temperature [ C]
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0 7 14 21 28
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Relative Humidity [%]

Fig. 4 Temperature and Relative Humidity in the Curing Places
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Table 5 Results of Bond Strength Test

Specimen Direct shear Splitting tensile

No Name strength [MPa] strength [MPal
1 P__7day (A)_ASD_Air 1.51+0.55 0.96%0.30
2 Gx_7day (A)_ASD_Air 3.56£0.46 1.12%0.41
3 Gy_7day (A)_ASD_Air 7.26%+1.00 1.51£0.06
4 R_7day (A)_ASD_Air 4.49%0.14 1.49%0.10
5 P__lday (A)_ASD_Air 3.60£1.75

6 Gx_lday (A)_ASD_Air 5.22+1.38

7 y_lday (A)_ASD_Air 7.34%0.23

8 P__3day (A)_ASD_Air 2.79%1.50

9 Gx_3day (A)_ASD_Air 3.42*1.18

10 Gy_3day (A)_ASD_Air 5.46+1.66

11 P__7day (H)_ASD_Air 1.12+0.15

12 Gx_7day () _ASD_Air 8.05£3.31

13 Gy_7day (H)_ASD_Air 9.08%£0.48

14 P__7day (A)_SSW_Air 2.86+0.35

15 Gx_7day (A)_SSW_Air 4.25+0.49 -

16 Gy_7day (A)_SSW_Air 6.98+0.94

17 P__7day () _SSW_Air 0.60+0.27

18 Gx_7day (H)_SSW_Air 5.569£3.31

19 Gy_7day (H)_SSW_Air 6.11+0.93

20 P__7day(A)_ASD_Lab 1.75+0.47

21 Gx_7day (A)_ASD_Lab 3.59%0.39

22 Gy_7day (A)_ASD_Lab 4.73+2.66

23 P__7day (A)_ASD_Out 2.38%0.89

24 Gx_7day (A)_ASD_Out 4.15+0.47

25 Gy_7day (A)_ASD_Out 5.21*1.04

Name : Surface Shape_Curing period of UPHC (Curing condition of
UHPC) _Moisture condition of UHPC_Curing place of composite
specimens
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Fig. 9 Bond Strength with respect to Curing Place of UHPC—NSC
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