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Abstract

This study was intended to compare and evaluate the adhesion of High flowing Self-compacting Concrete (HSCC), Con-
ventional Concrete (CC) and deformed bar based on concrete strength 3 (30, 50 and 70 MPa), among the factors affecting the
bond strength between concrete and rebar, after fabricating the specimen by modifying the rebar position at Horizontal rein-
forcement at bottom position (HB), horizontal reinforcement at top position (HT) and vertical reinforcement type (V). As a
result of measuring bond strength of HB/HT rebar to evaluate the factor of the rebar at top position, the bond strength of HB/
HT rebar at 50 and 70 MPa was 1.3 or less and at 30 MPa, HSCC and CC appeared to be 1.2 and 2,1, respectively. Thus, when
designing the anchorage length according to the concrete structure design standard (2007) at HSCC 30, 50 and 70 MPa, it
would be desirable to reduce the correction factor of anchorage length of the horizontal reinforcement at top position, which is
suggested for the reinforcement at top position, to less than 1.3 of CC.

Keywords : high flowing, self-compacting concrete, bond characteristics, compressive strength level, pullout test
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Table 1. A|JHIE A

Hammiel siapyE o 2218 N3

Item CaO SiO, AlL,O5 MgO Fe O3 SO3 Insol. L.OI Surface area Density
Type (o) (%) (o) (%) (%) (%) (%) (o) (cm’/g) (g/em’)
OPC 61.40 21.60 6.00 3.40 3.10 2.50 0.21 0.03 3,540 3.15
SG 42.12 33.33 15.34 5.70 0.44 2.08 - 3.00 4,160 2.90
FA 6.51 58.20 26.28 1.10 7.43 0.30 - 3.20 3,550 2.18
LSP 43.80 11.06 4.13 1.42 1.44 0.30 - 35.66 4,600 2.69
HSCCe ZA%dl= ATFAHIZE HL AHo|th(Xiao and Table 2. SXe| 2|8 ME
Falkner 2007). Wb £ dAqlMe SABES}) I Ttem . . Unit volume
_ . _ _ o Gmax | Density | Absorption EM
FAEA JFL PRl 29 T A2 INE S (mm) | (gom’) | (%) R IS
e m
Z (Horizontal reinforcement at Bottom position, HB), P
s = _ , N G 20 | 2.68 1.01 6.94 1,626
3452 T (Horizontal reinforcement at Top position,
3 . . - S - 2.57 2.07 2.76 1,659
HT) ¥ 21 ZZ(Vertical reinforcement type, V)O-& 3}
A7 ARAIE ARt 3] FAEE AR H3h30, Table 3. O|8&2e| 22X ME
50 51 70 MPa)l] W& HSCC B CCoF olFdZe] 73t Item | Yield strength | Tensile strength | Elongation
EANS un - B89 Type (MPa) (MPa) (%)
D13 542 628 16
2. B
TATES] FAEAS Uolry] S5t ARSHE HZS
21 ARExi= D13 o|FHTE ARS3IY O, Table 3& He] Ee]4 A

2.1.1 AHE 2 E3x)

AMES E% 315 glom® ¥ EZE 3,540 cm¥/ge] E
FEEW=AME©J3E, OPCE oFhE ARSI on, 24
Al HSCCE A|Z3l7] ¢J8te] n2&e) vjEZ©]s}l, SGE
oFsh, Zeto] ofAl(el3}, FAR °Fgh 2 23] wliEZk©]sl,
LSPE °F3hS ARRBISIT Table 12 Higtel] ALgE Al
E 9 &3] gl ¢ B8 A4S geigh Aotk

2.12 =A)

== dE (e]3), SE oRRhE ARSI
M, H2IAE JMW# 20 mmRl M3 FeEAels),
G=Z ¢FhE ARSSIST). Table 2= H2IAl 2 Al
3 44ES AEg Blolth

s

2.1.3 &34
HSCCO] 54 FRE 9l Eshle = Wil =
e7lERA avds AeAlelsh SPE o R 371E &=

& A Aold

2.2 HiEHA|

HSCC 4537 EAA) 7

& oA ofx gyl

A 9¥7] Wil Table 49} 7o YREESS|(JSCE) “AF

25T /R—L‘:7]Z e]

71EHE 238

E_,] }\]b‘-]

Ll

A—];%o}ﬁq(ﬁzjxj:ﬂi%a, 2000). Table 4 7|
71Eeeke A7 3 & HSCCE Nan-Su| BiEHIA™H (Su

et al., 2003; Su et al., 2001yS 54 -

T

ol A=

neste] 2 =

&3 el g DAY gele] BeleRage) o)

Agol He} 7fEAe

Factor, PF)atS

A8

(Choi et al., 2006; HA% 5, 2009).

CC v &gl T2 AREE= I E gk 11w
slo] S92 150420 mmE IS AAISITE. EAE Eo
AREE HISHEE Table 59 2T}

B3l dojx|= ZAR-2E (Packing
A5 HSCC| Higks A8t

& P8l 871 QA IS}, AEZ ehE ARSI 23 X|ETY AE
23.1 &8 A1
2.14 HZ HSCCO] f-54 W71 A1RHe KS F 259400 F3f]
Table 4. JSCEO MA|El HSCCQ| dsHI} 7|&Eet
Rank
Item ! 2 3
) . Minimum gap between reinforcement (mm) 35-60 60-200 >200
Construction condition - 3
Amount of reinforcement (kg/m”) >350 100-350 <100
Flowability Slump flow (mm) 600-700 600-700 500-650
Segregation resistance Time required to flow through V-funnel (sec) 9-20 7-13 4-11
ability Time required to reach 500 mm of slump flow (sec) 5-20 3-15 3-15
Filling height of U-box test (mm) =300 =300 =300
Absolute volume of coarse aggregate per unit volume of HSCC (m*/m?) 0.28-0.30 0.30-0.33 0.32-0.35
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Table 5. 232|E H{EE

Unit Mass (kg/m®)
e | PE o ol o) vol. 50| vl )| W€ | WP [ ’ s | o lexon
OPC | SG | FA | LSP
HSCC 30 | 1.12 | 49 - 20 20 ss | 38 | 178 | 326 | - 56 | 87 | 768 | 848 | 0.7
HSCC 50 | 1.12 | 55 20 10 - 50 | 37 | 177 | 354 | 93 | 35 - | 866 | 752 | 1
HSCC 70 | 1.07 44 20 10 - 31 23 151 481 126 48 - 656 887 1.5
CC 30 - 45 - - - 50 | s0 | 178 | 356 | - - - | 768 | 979 | 0.1
CC 50 - 45 - - - 35 35 172 492 - - - 717 931 0.5
CC 70 - 39 | 20 - - 31 | 25 | 175 | sel | 129 | - - | 551 | 917 | 08
Slump flow #k& 79319921, Ccol f54d H7F A9
HE KS F 240200 &3k Slump 78 =431k
Se¥leveing moriw
232 AR AGY AF
HSCCo] AsEE A& A|PS KSCE 2003-0300 3 m e
o AEEY Ades SH3IAT V-funnel 734171 {
A ANEE AFAR Al T e 4T sk -
Alg7t 3] EEUlES W7 kS SAsITh
233 T34 AP
HSCCS A4 %7} A1F& KSCE 2003-019] Z3}o] O
TS S8t Ud vhel Al E Al F 7] Fig. 1V Al g¢
ZEholE Solge FITEV) AT ARIE B8l A5
H =olet TaE SAsAh

N

24 ASZE 3 BHITUET A

FadlEe] A=AE Al HHLS KS F 240590 31
ANEH, AIFE FAIAE 0100%200 mm $FF E=o
CCE 2% 83 TS slar HSCCe TS &R ke A
HlollA] ARsIom, 2447 & EEE EFsie] 249 A
B7EA] 20+3°Ce] ol At FAEATE cC 2
HSCCY] Z7NRNIAAE AFL USAEE FAALL T
HhHo 2 A3 23218 FAAE o]83}] KS F 24230
T3t AAEHAT

2.5 NEA e, EF g o SEAIE g

B AP E vig A= 30, 50 2 70 MPa ¥ 99
HSCC ¥ CCo FASAE vl fHES] 98t 3V
type) B FE(H type) APAES AASAT. F2A e A
£ AJHS KS F 24419 F31] Fig. 1219 V type Al
FA= 150x150x150 mme] =0 FZo2 HITS X
3l99.0m, Fig. 249 H type AlEA= 150x150%300 mm
o] Brof F-ZRE 75 mme}t 225 mm X0 FHo =
HAZS HXEIAT. H typed] 749 KS F 244190 314
150x150x300 mm A|EAE EFEZE 149 150x150x150
mm?] 2709 PEAT} HEF 2o - H2el ik
9x19] Pk FHrPIALE 3 cCe RS Aesl]
oHsklom, HSCCe 739+ F3ls Frlo= Edsial
. AT D13 o|FEHIS AREEINAL AEAY ] ZHol

A FAAZ 49(50.8 mm)EEEFE 5, 2007) 3}

fr &

o gazEst FANES Sglov], RHEA e

Fig. 3 &3 ™4

% [}
e

PVC pipeE |83l HIR3} F171o] HEE 31tk H2MA
L CSA S806-02 TFF(CSA standard, 2002)0]
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Fig. 37 2-& wpHoz Arslgon, 8152 1000 kN &
2ke] TSR EAIF 7 (UTM)S ©]831] 22,000 N/mine] £
=2 71 2 skl o Slipde AlPA A
o] E=5o] JE HIo LVDTS AX|sle] =431t}

3.1 232|E9| KEEM

3.1.1 54

Fig. 4= =558 HSCC 2 CCol #54%S 3718t
7] 918t Slump flow 2 Slumpgks A2)d o]t} Fig.
4¢] Z3} HSCC= HSCC 30 ¥ 50 MPa 749 JSCE 2%
= TolA AAIZE Slump flow 600~700 mm THESIH .S
o, 7P =& vt A= #kQl HSCC 70 MPa2 700 mm
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MPad] 7Z-%oll= 242} Slump 170, 150 2 170 mmE =
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3.1.2 AgEe A3

Fig. 5& 4%=4<8 HSCCY AZweAEE 78]
25l V-funnel 3175} Slump flow 500 mm E=24]
7+s APk Aol Fig. 59 43} 30, 50 2 70 MPa2]
789 JSCE 25+ 7142 w3t

3.1.3 34

Fig. 62 =4 HSCCo T3S H7IsH] ¢lshd
U-box F% =ol& Aelgh Aotk Fig. 69 A% 2& 7
T4FE HSCCE JSCE 2 55 FAA AAIE 300
mmold-S T3S

3.2 REZE 8¢

3.2.1 ¥288 E9AE

Ay FAg|ES] Rl we AsS doliy] flsle]
oaPAISS 2A)E AW} Fig. 7, Fig. 8 2 Fig. 9 ©|th

Fig. 72 A9 91XE W A7l 30 MPa HSCC ¥
ccel FaeE-adads vepd Aot Fig. 79] A%
AEZR V type B EEHE2Q HB type?] HSCC 3
CCY| 79 F2e8 SIS Ak 43S vea 3l
o, HgRakgE o]zle] AFeA HSCCE CCRL}; 413
T2 E HPAE ] FAle] SR olHd Ak
HSCC7F Ccitt 3sha 2k gl 7413 F3o] thas
7V BoF gkt FEARETR] HT type®] CCY
73 27) AFEY ol vy Fito] YRR ¢ bf
2 HoRFsee] £gsle] HSCCS & AFo] velddl
we} HT type®] CCo| 7% He]Hol o5t 7]A1%1 F
Zgo] 2831A] o} F27YErF HSCCol Bls) ZA A
3 Aoz FokEc)

Fig. 8& A9 IXE WHIA|A 50 MPa HSCC
cCe] 28 -EHade veRA Aol Fig. 89 A% v
type®] - HSCCZF CCHY HulEw o] of ) 5713}
Atk S HT type®] 73%- HSCC7F CCHTF A¥73t 4
HIAE F3to] FAlol S71jtel wet s18hA izt A 7]
AA F2Eo] v F718E Ao ket
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Table 6. Mgz Qof

e Age P P Position Ultimz:te bond stress e of ftoe
(days) (MPa) | (MPa) | type | (MPa) O?E/T\//\(,&) HBHT | z/[f,

A% 27 - 4.5 Pull-out
HSCC 30 28 36 34 HB 23 85 1.2 38 Pull-out
HT 19 70 32 Pull-out
\% 35 - 4.9 Pull-out
HSCC 50 28 51 4.1 HB 32 91 1.02 4.5 Pull-out
HT 31 89 43 Pull-out
A% 36 - 43 Splitting
HSCC 70 28 69 5.8 HB 35 97 1.03 42 Pull-out
HT 34 94 4.1 Pull-out
\% 25 - 44 Pull-out
CC 30 28 33 3 HB 19 76 2.1 33 Pull-out
HT 9 36 1.6 Pull-out
A% 31 - 4.5 Pull-out
CC 50 28 48 3.7 HB 29 94 1.1 42 Pull-out
HT 26 84 3.8 Pull-out
\% 35 - 43 Splitting
CC 70 28 65 5.1 HB 35 100 1.25 43 Pull-out
HT 28 80 3.5 Pull-out

oy 7] A], f: Compressive strength; f: tensile strength; f,: ultimate bond strength; ¥: Vertical reinforcement Type; HB: Horizontal
reinforcement at Bottom position; HT: Horizontal reinforcement at Top position

—. 50 Yy
g —4@)— HSCC g ® HSCC
= —&—CcC = 40 —#— CGC
o 30 2 30
o [
w 20 % 20
E 10 'g 0
m n L 1 'l L L '} L m 1 i 1 i 1 i 1 i 1 i 1 " 1 "
o 1 2 3 4 5 6 7 8 o 1 2 a 4 5 6 T 8
Slip (mm) Slip (mm)
(a) V type (b) V type
™ T
o o
= =
3 g
k) »
z z
S S
m m
Slip (mm) Slip (mm)
(b} HB type (b) HB type
— 50 S50
S — @ — Hscc =
= 40 #5— CC =
w (7]
2 10 E
=" - 3
g 10 *'*ﬁffvrﬁyva é
s3] o PO T VT*WY—V‘WT_\M:\—AU%
o 1 2 3 4 5 6 8
Slip (mm) Slip (mm)
(c) HT type (c) HT type
Fig. 7 5& 33-2% &4 - 30 MPa Fig. 8 £& S%-&& &l - 50 MPa

Fig. 9% Z9 9AE WslA#A 70 MPa HSCC H oluf TF&
CCel Fa-g8 &HIAS e Aol Fig. 92 A9 v 2& uAlggrt %*3*3}9512‘31, HB type®] 7-¢- HSCC %
type®] 73-¢ ZAT o] WSk AR WAstlom,  ccol FERSY-EHIAY A fARE Bl veRit
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o]#13k A= HT type2] 7% HSCC7} cCcHu}l A7t
2 HAE 7ho] FAlol FUgkl wet 3hehE My %
1A o] ti ZVRE Aoz e}

322 Ho) 32 =

(

J—Lo

A

d EL_"] Z(‘]l o
lo =8¢ AZdo]

Table 6-& HSCC @ CCo RA4E A3H ZAzjolr}
Table 6°] Ay} F2HZ] gt 3% HSCC 30 HB/
Vv 2 HT/VE 273 wrl= 85 E 70%°]H, CC 30 3%
= 76 ¥ 36%= HSCCY 74-F CCHU FAZHTol tigh
FHET FRIERL FTkske gkl UERsiTh Egh
HSCC 50 HB/V % HT/VE] RAAZFEH|= 91 Z 89%,
CC 50 739 94 @ 84%E HSCCE CCHT} F3HZo|
i3t Sl d o] R TR e 7hAaslgen, &
AFTo] tigt AT e SR Eke] vER
t}. E3F HSCC 70 HB/V 2 HT/VY BEPIEH|= 97
2 94%0]H, cC 709 3% 100 E 82%F HSCCE CC
R} AT gk gshEe] FRER} oA 7
Asllon, SRR et FEREZE STk
7d&Fo] ERStTE

3.23 A2 Al

ZAZE FEAY A 3eHE ZAES] Hrt A
o] AEFe ¥ 289 Fo FEFo= Ao|7t wAaH o}
2t ZAYE FRAAT AN E olelgt dEks wkedsie] 4
o] AN AR A 139 BAAGTE A8sla gt
EIYEFZEATIE, 2007).

B AFox= HSCC 2 Ccol AR EZASFE 37}
371 918t HB/MHT #H2o] FRPIERlE S8t Ae|sh
Zo] Table 6°]t}. Table 69 Az} 50, 702 5-ole
HB/HTS] ¥R H= 1.3 olspt Yo, 5=
30MPa8] 7% CC % HSCCe= 242t 2.1 2 128 Jeht
t}. 3], 30 MPa2] HB/HTOl thdt F-27=R]7F HSCCY]
749 CCrU} e 7hs Uepd o= B EAY 4L =

€ e AR AT < A8 5l ste] FAESL FENA Aol B

o~ Ponax M oF Qs A Ao wdEn) wEbA w2 RAAS

v zdl, fto] Yehd 30 MPa CCE 7529l BMEE 735 SR

o171A, @ el g bt FAYES] PR Aols

o, = SAEYE LA Hol 7oz BEjdl uet Az HEH 2
Prnax = ZHRIESE 2% Aog ghkEr)

Table 7. SEAH AR
Type A\ HB HT

HSCC 30

CC 30
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Fig. 11 38938

324 FATE 57Tt TS B4

o] A 2 Agckls daw Za8E] BT
o] JgLS nR= TS L& (factor)S 3] BT
gt oS21E AABIAT ol ¢lEale AFAEe] o}
g} thekst Aoz AskE] T ¢ o]F CEB-FIP code’}
7 M85 oz AMSEIl Q)tH(Fernando e al., 2008; 7
9k 5, 2008).

Fig. 102 <527 AF40E vlwste] vepd Aot
Fig. 102] A3} CC 30 HTH$+ KempZ} AAIEH o=
I FABIACH, CC 30 HTS A3 ZE Higoxe 7]
ol AR dSAS A3ske A9t Jelst). A3
AEHle FIARIYT ZIYE Y=AEY AFLES U
= @, ff) ol 3 YEbdTh(Valcuende and Parra 2009;
Xiao, 2007). Y% Wslol| WE FRHE] A= 30
MPa®] 73%- CC7} HSCC Xt} V type, HB type ¥ HT
type 7, 17 2 53% HAske ATS BHIJOHW, 50 MPa
o] Aol 11, 9 2 16% A3t TE 70 MPa2l

204 HE5AE - 20094 9H

A9l Vo type 2 OHT type 3 2 18% A3 on,
HB type®] 7Z4-5-ol= HSCCo} CC7t 543 ghol vehsdt.

Fig. 11 4574%= 30, 50 @ 70 MPa <5 7J] +
2LEH] (v, ff) 2 S8t YERA Zlolth Fig. 119]
A7 V type®] HSCCZL CCoF FAkSE Aas vEhilom,
BEAE 3 4% JIollx A9 e 578 A
HB type®] 73-¢ REJ=olxe= HSCCF CCRu 3k
Uepdlon, 14 J9oa A4E 11 Aole sk
TS HT typed] 7% REZEME HSCCS CCe] o]
7} o] wom wE JolMe oF 14% o)z} LAY}
ATk Table 7& 30 MPa®] 733)]F FI2ES] A AA
gt & BAES el Alzlolt),

Table 7¢] A7} HSCC 30 Al@AI] 79 Hy) 23
E FAHA ATl 271 vitE AHeA 1T 4 3
ek 22y CC 309 FFHREES] HT A9 229 &
3l we7h AusiAl VA @ar 9lom, gk Ao
F2Hel thEke] 71EE RIS 4 ATt olHd Al
HSCC 7% =& A s A1 Asdev £

o] e Wi CC A AYA AR el I 2
Aol 7%, M F Beld 4 9wy V1 BEos 4
ZapAN g3 B2EE) FHso] PHo] ol
o= ek,

4.4 B

1.30 MPa2] V type & HB type2] 4% ZHF2R33 o]
Aol Aselx HSCCE CCHut AFE77E 2 vjAg
Zro] FAle 7Rt e, T3k HT typee] CCY 75

z27] Ay o]l vldy F7to] YehA] &al vz

H)R2SHo)| Tgsle] HSCCe e A%S VR

o} 50 MPa & 70 MPa®] HSCCE CCHU FHu&dH

ol of 20 FTIsIlom, FEE EHIAY] AT
AR AES eI

2.30 MPL] HSCCE CCHEU}F 2dTo) tigh =539
FAREA) F7bske AES JEISITE 50MPag)
HSCCE CCHUF G212l thgh g8hi-ae] R}
SHHT T 7RSIl om, A ETe) gk =3
ToME 7R A UERIITE 70 MPao] -
HSCC 70 HB/V ¥ HT/VY] FAATH|E F2E 2
gk gehETe] FAIENZ) oid hAslg o, o
21Ho) tidt FHAARETN e SR AES e
Wit

3. ZABE JPSAE} FAEe] #Al= CC 30 HT9] 7
+ KempZl AAISH €527 AR H, CC 30 HT
& At BE HligtollAe 7] AAE 5AE g
ske A} JERiTh
ool A¥AIE F3le] HSCC 30, 50 2 70 MPa2l

735 SATNE F2AA7IF(2007) F2EEo] HAA] AR

Aol AN EE FEET Uigt 3o RAAASE

CCY 13HT= THAAIA 2§ she Zlo] vl g 3o =

gekE)
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