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Compressive and Tensile Behaviors of High Performance Hybrid Fiber
Reinforced Concrete

- 0% =
H2Q' - i3 - 0[S

Soon-Oh Kwon' * Su-Ho Bae® + Hyun-Jin Lee®

(Received October 12, 2020 |/ Revised November 2, 2020 | Accepted November 5, 2020)

The purpose of this experimental research is to evaluate the compressive and tensile behaviors of high performance hybrid
fiber reinforced concrete(HPHFRC) using amorphous steel fiber(ASF) and polyamide fiber(PAF). For this purpose, the
HPHFRCs using ASF and PAF were made according to their total volume fraction of 1.0% for target compressive strength of
40MPa and 60MPa, respectively. And then the compressive and tensile behaviors such as the compressive strength,
compressive toughness, direct tensile strength, and stress-strain characteristics under compressive and tensile tests were
estimated. It was observed from the test results that the compressive strength of HPHFRC was slightly decreased than that
of plain concrete, but the compressive toughness, compressive toughness ratio, and direct tensile strength of HPHFRC
increased significantly. Also, it was revealed that the plain concrete showed brittle fracture after the maximum stress from
the stress-strain curves, but HPHFRC showed strain softening.
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SHH MeHZF FFE|EN MEEs MR9 £52s AAMS, E MREZ R2EZ2(high performance hybrid fiber reinforced
HIEE ZaiR BAdR, Reldf UEE 4w, S2o2d o mortar, HPHFRM)2| &% & QIH 32 B7fo/| fI5t0 =8
. B2ud 92 49, 22l D2TA MR U BaollE ¥ YEYE U8R A0 02RYs Solsic HREY 2as
R S CIYE MR7H AIBEID ATk 1 B, BIFE 2NR =S AN S UEYE U R0 NEINYE 94E U 0l
(amorphous steel fiber, ASF)= B21210] 24610 HEHXO0| 7 X AEAC SH-HYE EN 52 HIotn X} St
A delsieto] w2 Za2ioz Ol Y=3T Y FLRolol &

01 Ho2 2UHXA QICHBotta et al. 2014; Ku et al. 2014 2. g@y“g
Hwang 2015; Moon 2016), L8t R7[8K0! E2[0t0|E NS
(polyamide fiber, PAF)E OF0|= ZE{CONH-]S BHE2HQ2 &t 2.1 AFEE
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AE YL SHHAE, B2 2R HHA47t 25mmel of
Fo= X METAZ 020 52 ZHNS THE4 U hE

c= e - =e° = EABEAES 0|251% 00 0|59 22| AMZEIS Table 29}
- _ s FeE=E VISordi=2WH, Vg3 &el5 = 1able

C, ot Fled Mz M ZdR0l el 24401 11, BH0] ot

2
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v B O = < °° __'_ - < INs oolEzlE MRBEZ Z32|E(high performance
4 U=d H WEds 7L e, §5| 24t Loty
' ' ’ ' id fi i O=EM KXXS O
B _ hybrid fiber reinforced concrete, HPHFRC)2| .54 &S
ALY 2 AR OfEes BATROIN UEIIR| ot Sa8t i
_ _ of sfelEatile 1dt ¥ REst 232|EECRE AEH1 U=
E4oz Y2 UL 0[2{3F EHC=z Qs Z32|E0| YAl
o B SAtO| E|7t2EAM|9] 18s U4X(superplasticizer, SP) b
AR 232EQ RAR ol H AEN07F 7tset Az _
7o Aot Z32|E9 FHHS £EG| fI5I0 DANS Ay
LM QUCHStrong 2006; Nam et al, 2010; Jeon et al, 2014), _
L e Y ME= SEAl(viscosity agent, VA)E ARSSIUCE S71E

mefA 2 HoilM= BIEE ZaRet S2(010E ¥4R/E 0] R —— e .

B ] _ AHEE 8 sE=EsiNE HARl Z7|¢stK|(air entraining
a5t 1Mds stolEelE MREZ Z32|E(high performance B}

L agent, AE)E AI2sIFiCoH, 0|29 2 EME Table 31t 2Tt

hybrid fiber reinforced concrete, HPHFRC)2} 145 510|122
Table 1. Physical properties of cement

- Density Setting time(min) Fineness Compressive strength(MPa)

e

P (gfem’) Initial Final (m’/kg) 3 Days 7 Days 28 Days
Ordinary portland cement 3.15 225 305 341 26.8 38.6 56.0
Table 2. Physical properties of aggregates

G Density Absorption Unit mass Amount of passing .
Types (mm) (g/em’) (%) (kg/m®) 0.08mm sieve(%) Ll
River sand - 2.54 2.15 1,660 225 2.72

Crushed stone 25 2.65 1.22 1,648 - 7.27

Table 3. Properties of chemical admixtures
; : : Quantity(%) ;
0,

Types Specific gravity pH Solid content(%) (i s F i) Main component
Super-plasticizer(SP) 1.05 9 38 0.5~2.5 af gy:(ﬂ’ii‘zﬁe
Viscosity agent(VA) 1.03 - - 0.1~1.0 -

Air entraining agent(AE) 1.08 12 28 0.002~0.004 Surfactant
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Table 4. Properties of fibers

e Aspect Density Length Diameter Width Thickness | Tensile strength Nfe(;:;ltlil(l;isty()f
ratio (g/em’) (mm) (mm) (mm) (mm) (MPa) (MP
a)
ASF" 188 7.16 30 - 0.8 0.025 2,200 140,000
PAF™ 60 1.14 30 0.5 - - 600 3,100
* Amorphous steel fiber
** Polyamide fiber
Table 5. Mix proportions of HPHFRC
Fiber volume Chemical admixtures
Tz?rget ) fraction Target .Target wiC | S/a Unit mass(kg/m”) .
compressive strength| — Specimens %) slump |air content @) | @) (Cx%)
(MPa) (mm) | (%) o : T
ASF | PAF C S G SP VA AE
Plain - - 0.5 0.6 0.002
ASF0.2+PAF0.8 0.2 0.8 0.8 0.6 0.002
40 ASF0.4+PAF0.6 0.4 0.6 45 33 | 2129 | 473.1 | 504.5 |1068.7| 1.0 0.7 0.003
ASF0.6+PAF0.4 0.6 0.4 1.2 0.8 0.003
ASF0.8+PAF0.2 0.8 0.2 3.5+ 1.5 0.8 0.003
150£25
Plain - - L5 0.5 0.9 | 0.003
ASF0.2+PAF0.8 0.2 0.8 1.4 0.9 0.003
60 ASF0.4+PAF0.6 0.4 0.6 33 52 576 782 753 1.6 1.0 0.003
ASF0.6+PAF0.4 0.6 0.4 1.8 1.1 0.003
ASF0.8+PAF0.2 0.8 0.2 2.0 1.1 0.003
* Superplastizer
** Viscosity agent
**% Air entraining agent
sfolEe|E HRE FHalY| fletd 271H dREM HIEE 4 3 T
HR(ASF) R7IMREM KAQ| Zel0t0 |E HR(PAFIE 2
B - AI5I%o0, 0159 221H 4 9 AL Table 49t -
2t 13,
A k2! 350
E )
2,2 Hiddy
2.21 A M= 1
_ ~ 24 35 .24
24 AFUT 40MPa U 60MPaZ2| HPHFRCE HMZE5H| ¢ [
s 251 MO =2 HIH = = EHO| ZhA
of0] UEst UREY ZH2IE X YUY S 7 i YHel 4y Fig. 1. Detail of specimen for direct tensile test
9| et AgY d7 5 M= 40| CE dR/E AEsi 4=
o NS BIMITIE WS MESIACL 5 SAREHE & ZAH(G100%<200mm)E HASIHD, MEOINE S kst
45% 3 33%= SEoIALL 21 sEHE W S5 SU|[E2 244 7| QI5t04 HPHFRCZ MZrSHOH0F iUt B 72 2 A Xx[Qf
150£25mm, 3.5%15%=2 Ao, 510|22|E 4R = Aoz gel Sefo] 1Ms Flo|EE|E MeEZ REEZ(high
= O HIHH|9 1.0%=2 et 2, HIEE ZeiRet S=(010] performance hybrid fiber reinforced mortar, HPHFRM) AJHS
C MRE Table 52F 0| 2g - AF=25IRUCH HPHFRCO| &= HPHFRCS} SQ3t HiEto 2 Fig, 11} 20| HXECH = 22F}
& 3R QIS EUtoh| fI5H0d KS F 2403(2014)0f et & 20| BA|HEH|= 212} 45% 33%2 MEFIFON, 2H Z2
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Table 6. Mix proportions of HPHFRM

D45 sfolsals HREY Zaz|E0l ¢

A
L

=]

Target Fiber volume fraction - . . Cement-aggregate ratio Chemical admixture
compressive strength Specimens (%0) ar?:in) o %) (ratio in mass) (Cx%)
0
(MPa) ASF PAF Cement Fine aggregate SP
Plain - - 0.5
ASF0.2+PAF0.8 0.2 0.8 0.8
40 ASF0.4+PAF0.6 0.4 0.6 45 1 1.5 1.0
ASF0.6+PAF0.4 0.6 0.4 1.2
ASF0.8+PAF0.2 0.8 0.2 1.5
210+20
Plain - - 0.5
ASF0.2+PAF0.8 0.2 0.8 1.4
60 ASF0.4+PAF0.6 0.4 0.6 33 1 1.5 1.6
ASF0.6+PAF0.4 0.6 0.4 1.8
ASF0.8+PAF0.2 0.8 0.2 2.0
2 210£20mm, AJHIE-TIEXHH|= 2|2 1015, 510|E2|E
M99l UEe FA| AHH(0| 0% AHSIHCHTable 6). H
AE SAHE g = 2402 BIf6t SEE Met = Al
IR 20+£3C o] R=2 HRUMSIICt
222 YSYE Y YFAY A
HPHFRCO| B SM2 WII5H| 95104 KS F 2405
(2010)0f| 2t MF 7 H 28Y LFLE AlFE +HoIACH,
UZ0IM HIE Hotot7| Hlote] JSCE-SF5(1984)0f et ofs T
AE HRIZUS Fig. 22+ 20| ZHsIAC
Fig. 32 MREZ Z32[EQ| U=0IM 2 U014 Hof| Cist Fig. 2. Compressive toughness test
HolE Lt Aoz A= AlgA| SHet ots-H9| H0[HE
0125104 HPHFRCS| =01 & =01 HIE AlMSIRACH &
FOIM2 Al (112 20| 7I% HEEN S2-H3E T4 oRYo) _ Toughness Ratio ~ Area OABC /1
o -
BEo2 Holgin, UFOIA Hls 7|E0| HTUISCE-SF5 1984, g "
Nataraja et al, 1999; Poon et al, 2004)2} 20| A|&H| 20|29 % o
0.75%01 STl HHE 32 VIEOR S2-HEE T of B R
of BN ARYER Lz ZIOE, A (219 20| YEOK HIZ §
HItSHLt, c
&c 075
Strain (%)
OF=O0|M =
HFUS = AREA)5c M Fig. 3. Definition of compressive toughness
- ARFEA 4 pc
U=0IM H| = 7 (2) 223 HEAUZZ =

O471M, AREA ;450 Fig. 39| M
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Fig. 5= HPHFRCO| MEE YFUEE LIEtH o2 EH
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2
2 7Y 21 289 UEUTH|= 242E 99~113%, 97~107%2 LIEf:
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Fig. 5. Compressive strength of HPHFRC
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Fig. 6. Stress-strain curves of HPHFRC under compressive test(40MPa)
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Fig. 7. Stress-strain curves of HPHFRC under compressive test(60MPa)
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Fig. 10. Direct tensile strength of HPHFRM
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