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Slant Shear Test for Determining the Interfacial Shear Strength of
Concrete Strengthened with Ultra-High Performance Fiber Reinforced
Concrete
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ABSTRACT In this study, slant shear tests for the prism specimens strengthened with ultra-high performance fiber reinforced
concrete (UHPFRC), normal- and high-strength concrete were performed to evaluate the interfacial shear strength between old and
new concrete substrate. Test parameters are the roughness of surface, concrete strength, and fiber volume fraction of UHPFRC. The
surface of the concrete was roughened by shot blasting. Test results showed that the adhesion bond resistance of the specimen with a
roughened surface was very large compared to that of the specimen with a smooth surface. In addition, the interfacial shear strength
appeared to be affected by the concrete strength rather than the fiber volume fraction. For the roughened surface by shot-blasting
method, interfacial shear resistance exceeded the upper limit which is presented in current design codes even if the shear-friction
reinforcements are not provided. Based on the test results, it is applicable to use the current concrete design codes to achieve the
shear-friction design for the interface between conventional concrete and UHPFRC. However, for the surface which is not processed,
it would be appropriate to provide additional shear-friction reinforcement.

Keywords : ultra-high performance concrete, steel fiber, slant shear test, shot blasting, interfacial shear strength

.M £ 3578 PR hgehel Q8 BAEE 4Ha R
T RS eSSk itk
A A AR T QA3 o) 7| E 7 Qg B E, ZA, U] Bp- 1A 7] e AN E V& HEEA
S, ARALE] Tl o st A EC] Fal7F 35skal ik g E(o]3} RC) AF=2 WA 5 S 9l thFst 5
E35], A 7of| 93t AZE9| ylaf= mqw o1 w1 &) ¢} 7 B FHEo] A o, Fe By B g
AH &S = ffPEP ol st Il & WA st A}F FEMA O RE o A Ry, T AEYY R, ©A
54700 M= AEAZE) AS nE AZ2o] X 7o t3) AFHAES o] &3 FRP 23, SASE 34 5o 9
FABIE=E AABIEE dtar 9l o, R A7} 5o] A o} 53], dASE 32 7]1E RC F-A ol 100~500 mm 7
0o AZEO 7S A R0 Fekst HAYZ Ao R /)= T A FAES FEFst] BAShE 3H o2 Wi
AZEo YRAASTHI} 9 »77)Fo) wet B B3s ol A& T7HA FA Y TR TS A7 ol
of ¥ = e AT RS kAL vk Sy 9] A t} o] WS FERC 715} W] BE- BAS 9l AL
NEAZEL AZT27)FV) whe} @A A7} o] o] %) ¥ arolH, Ao el RC Kol = 285 7| = g}, ¢
T= FAsk 9o, B BAo] Do st Ao-o= A HZES 98 AHEEE ZIYEE 7]E RC FAY Y
SALEE VI ZAYEE AT F oo, 52 T7]E
*Corresponding author E-mail : wyarch97@snu.ac.kr AR Aert 2 23 EE AL 5 9lth HE 59
Received January 8, 2016, Revised August 31, 2016, A= 7] RC BAS) B S o8] 1A R 1A
Accepted September 12, 2016
(©2016 by Korea Concrete Institute ZAYEE ARESE TS TR ol ti gk A7 5 €14

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 637
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



% Es] JgEaglom vheket Ay A5 Bl o
o] YA YTk FH 2 Ao otd, =114
A B 7} 23 2] E(ultra-high performance fiber reinforced
concrete, ©| 3} UHPFRC)E A3l i FELE 3 K o]
-, 71 SAYEE AHEPE wBo RAFA7E dA3]
ZropA v et e A 5o Tladrt 24 vehh= 3o
Z YEeRgt) o, 71E 23 E FAQL 1Y AT E
Atolof] ATAAN7F X H A kol = A Heo] 5
7¥eke 0% Yebst) shAIRE, - 74 28 E Alo] €]
Ad o] AGdAA A 7F ARE- 5] A o O}L 73-F-oll= A ol A
Aeh= Ak-S- ol o8l Aol el w27t dad = Ql
o3 ACI 2328 E ¥7 2| Z(ACI Concrete Repair Manual)'”
of W=, Aol A 88 HA F AL EE 6.9~12 MPa
2 gtAskar ik o]y sk 7)ol i E o] QlgelE B
8}l = ol A= oF2] 7] RC -4 2 UHPFRC Ate] AR of]
A A sk A kg ol o gk A7 w9 m gk A otk
o] @17l A= UHPFRCE R7E RC ¥-A12] #3245
B7E Y3 A7 Ao, #2 E 9L UHPFRC AWl
Ao RAL L F F et sk obE e Rt —:‘131’4
EQ uG% i’—ﬂﬂ] ER B7d A E AdelA 9 71

o
-

or 1o |o
O

2.71EA7
GASES Fol B FA2] B-, 71 RC FA 9F B
& ZAYE Apolof] Aldoe] BASHAl HH, o]F ZAE
Atol ] Aol M d Vol M AAlStaL Sl AL EE

stua}7] SlalA s FouT 71E RC BA|2) WA 2] A
o] Fatk, 712 Aol &AL Avjg o Alstn T EA
0% ANWE W57 18] AHLE & WAe] Aoz Al

= Eg}A E(sand blast) 2} 2}o]o] B2 4 (wire brush) & ©] &
g, B8 ARG A3 F-& Ul W (chipping) 5 T
Ft W o] AR-E 3L QUTEY o 74, MEB Y| AEE FF

8] xR mAAE 27 E W] Raletel ¥ AL
A W A4 A& e ol e Haow W
} =
[}

= Einwe Ziﬁi ‘/]’ﬂ"flwr.

M E THE A7) ol B 9 o] F A B E Aol A o] F-2)
AEE 2GS (splitting prism test) 2 2 H G
(direct shear test), “12] 12 AAFH ¢ A & (slant shear test) 5
choFst i of) o8 -8 &= QlTh ! 53] HAbAw A E e
ASTM C 882'V0] A A 5] o] Q) 0w, ACI HAFA| 310 -2}
Fro H7HE flaA = ol & MRS kil QIth Tayeh et
al'll)g 51_5711: —“T’—ﬂ\j/] Eg]_ UHPFRCJ =] ;G—E /H 0 olo]_
1] 918l of e} 74 Al o' A el 2t A A E EH”
O 7 FAAMASA S st AP A, ME Sk

£ WA S e ARA PR ol
7.5% J =] ZE F7F &7} 9l il

o] &3l A& A 2] 27T = ok g4, /] 7(}_\:_ =2 a7}
o} ko] MEEeAES o] §3te] WA el S 3 4
l"f—i—. FEE 9 102.7%Y e F3 a35 B3]
Aol oshd MEBeknEst ARl 713
ﬁdgﬁlﬁ0i4aMw

ATolAM = 71E & EFAEA dA S Sl M=Et
ALt W] o] =82} A~ ¥ (shot blasting) "= AF
F-Aj o UHPFRCE X

_EL
o
o

> Fl‘N
L

o

3. A ==Y
3.1 A2 E

UHPFRC+ %1735 Al E &34 (Ultra-high performance
cementitious composites)°ll A -5 S 3to] vk S48
EZN 7|ES) A F 1 1 s A Ed v]E)] 57
T, 3R, A 5& AT AE AdA R
t}L'Y UHPFRC A2l AR 73435+ 2 0] 7F 19 mm2} 16 mm
ol A3 7387 ZVzF AFE-E Q) G0 R =
2,500 MPa, 272 0.2 mmo]t}, Zo]7} A = th& 741
ZAA Fa)v)o] sl 2(19 mm) : 1(16 mm)2] B]& = 3]
%tk Table 1< UHPFRCO] Wi RS =8 AWl EC] T
T =] FHH = e ST

r-?L'_O,LFlFF

3.2 A A=

XA S-S ASTM C 8820l A A Al 8laL Q1=
o AR e whel = E AT Fig. 12 A3 A F4=
1T ASTM C 882" ufe} Al 2l AAbd ek 82 9
Ao] ¥ o] F7]= 100x100 mm, 3] 300 mm,
231 BAFFEE 60°0] T
Table 2+ A A HEE HolF) APA] Hye
AA7| 9} 7|E A E Aol A HA 8] 2 E b=
ZF%, Z18] 31 UHPFRCE] A+ E41E(0.5%, 1.0%, 1.5%,
2.0%)°]th 3 2B E FZR7|F4 st A= o
E A7 B S E AAHANN S A e 22
2 E A4St UHs #A7) itk 53], UHPFRC= 74
A 29d&o] 74 et tEA T STVt B S
HATE'Y A A= 74+ £ &l ubel UHPFRCE 2.7
H ARAR HEA T 1 E ZAER B E A

P

Table 1 Mix proportion (weight ratio)
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Fig. 1 Dimension of test specimen
Table 2 Test parameters
Name No. of Roughness Jere e ¢ Vi
specimens (MPa) | (MPa) | (%)
NC2V0.5 3 NR NSC |UHPFRC| 0.5
NC2V1 3 NR NSC |UHPFRC| 1
NC2V1.5 3 NR NSC |UHPFRC| 1.5
NC2V2 3 NR NSC |UHPFRC| 2
NC6VO0.5 3 NR HSC |UHPFRC]| 0.5
NC62V1 3 NR HSC |UHPFRC| 1
NC6V1.5 3 NR HSC |UHPFRC]| 1.5
NC6V2 3 NR HSC |UHPFRC| 2
SC2V0.5 3 SB NSC |UHPFRC| 0.5
SC2V1 3 SB NSC |UHPFRC| 1
SC2V1.5 3 SB NSC |UHPFRC| 1.5
SC2Vv2 3 SB NSC |UHPFRC| 2
SC6V0.5 3 SB HSC |UHPFRC| 0.5
SC62V1 3 SB HSC |UHPFRC| 1
SC6V1.5 3 SB HSC |UHPFRC]| 1.5
SC6V2 3 SB HSC |UHPFRC| 2
NC2C2 3 NR NSC NSC -
NC6C6 3 NR HSC HSC -
NC2C6 3 NR NSC HSC -
SC2C2 3 SB NSC NSC -
SC6Co 3 SB HSC HSC -
SC2C6 3 SB NSC HSC -
Total 54

Note: NR=no roughness; SB =shot-blasting; f,. 5~ and
f. g are measured compressive strength of existing concrete
member and strengthening concrete; NSC =normal strength
concrete; HSC = high strength concrete; UHPFRC = ultra-
high performance fiber reinforced concrete; and V; is the
fiber volume ratio, respectively.
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Table 3 Compression test results

1™ placing 2" placing
Concrete & UHPFRC (C2 and C6) | (C22 and C66)
fa S etom o Feton
(MPa) | (MPa) | (MPa) | (MPa)
30.1 32.9
f(dII;IéSl(li/[Pa 31.8 30.5 28.9 31.7
Concrete 29.6 33.4
HSC 84.4 74.6
£ =60 MPa 86.6 83.8 77.9 75.3
o 80.3 73.5
144.4
V;=0.5% - - 148.1 141.2
131.1
119.0
V=1.0% - - 1345 | 132.2
UHPFRC 143.1
139.6
Vi=1.5% - - 155.9 | 147.6
147.2
132.8
V;=2.0% - - 128.9 | 1334
138.4

Note: f, is the design compressive strength; f, is measured
compressive strength of materials; and f,,, is the mean
value of compressive strength. NSC and HSC are normal-
and high-strength concrete, respectively. C2 and C6 means
normal- and high strength concrete of existing structures
and C22 and C66 denote strengthening concrete.
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Fig. 5 Test for determining the tensile strength of UHPFRC
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Fig. 7 Normal and shear stress at the interface

Table 4 Tensile stress of UHPFRC

TCSt fd fctm
specimens (MPa) (MPa)
C0.5
(V,=0.5%) 4.5; 5.9; 4.2; 4.4; 4.1; 4.6 4.6
cl 10.8; 7.4; 9.1; 8.8; 7.8; 5.6 8.2
(Vi=1%) :
Cl1.5
€2 13.1; 11.3; 13.4; 13.9; 10; 10.9 12.1
(V/=2%) 15 1135 13.45 13.9; 105 10. .

g5 HREY Z3nER 2ZE Z32|E9 A

Note: f, is the peak tensile stress obtained from direct
tension tests and f,, is the mean value of tensile stress.
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Table 5 Test results (in average)

Name Roughness Vi Jor e Forsc Fors g T T/ T (i)

(%) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
NC2V0.5 | No roughness 0.5 30.5 141.2 5.6 1.4 2.4 0.44
NC2V1 No roughness 1 30.5 132.2 1.3 0.3 0.6 0.10
NC2VI1.5 | No roughness 1.5 30.5 147.6 1.0 0.2 0.4 0.07
NC2V2 No roughness 2 30.5 133.4 1.9 0.5 0.8 0.15
NC6V0.5 | No roughness 0.5 83.8 141.2 5.3 1.3 2.3 0.21
NC62V1 No roughness 1 83.8 132.2 7.2 1.8 3.1 0.28
NC6V1.5 | No roughness 1.5 83.8 147.6 15.2 3.8 6.6 0.60
NC6V2 No roughness 2 83.8 133.4 6.6 1.6 2.8 0.26
SC2V0.5 Shot-blasting 0.5 30.5 141.2 25.5 6.4 11.0 1.99
SC2V1 Shot-blasting 1 30.5 132.2 21.8 5.5 9.4 1.70
SC2V1.5 Shot-blasting 1.5 30.5 147.6 19.2 4.8 8.3 1.49
SC2v2 Shot-blasting 2 30.5 133.4 26.0 6.5 11.2 2.02
SC6VO0.5 Shot-blasting 0.5 83.8 141.2 80.4 20.1 34.8 3.19
SC62V1 Shot-blasting 1 83.8 132.2 50.1 12.5 21.7 1.99
SC6V1.5 Shot-blasting 1.5 83.8 147.6 40.6 10.2 17.6 1.61
SC6V2 Shot-blasting 2 83.8 133.4 59.8 15.0 25.9 2.37
NC2C2 No roughness - 30.5 31.7 5.7 1.4 2.5 0.44
NC6C6 No roughness - 83.8 753 14.5 3.6 6.3 0.57
NC2C6 No roughness - 30.5 753 7.2 1.8 3.1 0.56
SC2C2 Shot-blasting - 30.5 31.7 21.3 5.3 9.2 1.66
SC6C6 Shot-blasting - 83.8 75.3 46.4 11.6 20.1 1.84
SC2C6 Shot-blasting - 30.5 75.3 16.8 4.2 7.3 1.31

Note: f,. gz and f, g are measured compressive strength of existing concrete member and strengthening concrete; f,. .

is measured compressive strength obtained from the slant shear tests (=P,/A); o is the calculated normal stress at the

interface, 7 is the calculated shear stress, and =

max

642 | BH==32|E5t5

== X287 X|6= (2016)

(siny is the maximum shear strength obtained from Model Code 2010.

18)
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