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Evaluation for Long Term Drying Shrinkage and Resistance to Freezing and
Thawing of Hybrid Fiber Reinforced Concrete

Yo-Seb Kim', Su-Ho Bae?", Hyun-Jin Lee’

Abstract: Many researches have been performed on hybrid fiber reinforced concrete for years, which is to improve some of the weak material properties
of concrete. Researches on characteristics of hybrid fiber reinforced concrete using amorphous steel fiber and organic fiber, however, yet remain to be
done. Therefore, the purpose of this research is to estimate the compressive strength, long term drying shrinkage, and resistance to freezing and thawing
of hybrid fiber reinforced concrete(HFRC) using amorphous steel fiber and polyamide fiber as one of organic fibers. For this purpose, HFRCs containing
amorphous steel fiber and polyamide fiber were made according to their total volume fraction of 1.0% for target compressive strength of 40 and 60
MPa, respectively, and then the compressive strength, length change, and resistance to freezing and thawing of these were evaluated. As a result, the
long term length change ratio of HFRC used in this study decreased by more than 30%, 25% than plain concrete at 365 and 730 days, respectively,
and the durability factor of HFRC was very excellent as more than 90%.
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Table 1 Physical properties of cement

Setting time (min)

Compressive strength(MPa)

Specifi i Blai 2/k
pectfic gravity Initial Final aine (m2/kg) 3 Days 7 Days 28 Days
3.15 225 305 341 26.8 38.6 56.0
Table 2 Physical properties of aggregates
. . Amount of
. Gmax Density . Unit mass . .
Specimen Absorption (%) passing 0.08mm Fineness modulus
(mm) (g/em3) (kg/m3) siove (%)
River sand - 2.54 2.15 1,660 2.25 2.72
Crushed stone 25 2.65 1.22 1,648 - 7.27
Table 3 Properties of chemical admixtures
. . . Solid content Quantity (%) .
Specimen Specific gravity pH %) (by mass of cement) Main component
Superplasticizer 1.05 3~4 18 0.5~2.5 Polycarbonic
acid admixture
Viscosity agent 1.025 - - 0.1~1.0 -
Air entraining agent 1.08 12 28 0.002~0.004 Surfactant
Table 4 Properties of ASF and PAF
. Density Diameter . . Tensile strength Modulus of
Specimen (@/em3) Length (mm) (mm) Width (mm) Thickness (mm) (MPa) elasticity (MPa)
ASF 7.16 30 - 0.8 0.0258 2,200 140,000
PAF 1.14 30 0.5 - - 600 3,100
Table 5 Mix proportions of HFRC
Fiber volume Target . 3
Speci-  Strength fraction (%) Lfi? air W/B  S/a Unit mass(kg/m’) SP VA AE
0, 0, 0, 0, 0,
mens level ASF PAF  (mm) co(r:/toe)nt (%) (%) W C S G (Bx%) (Bx%)  (Bx%)
A 40 - - 45 33 2129 4731 5045 10687 O ) 0.002
B 0.4 0.6 1.0 0.7 0.003
C 150+£25 4.5+1.5 05 0.003
D 60 0.6 0.4 33 32 190 576 782 753 1.8 1.1 0.003
KS F 24245 A &8t AE 7309704 stelBele AdfR7d A oA 9 ¢EES A7) A 02 4R flof vy
ZABES] do|fstE SAF o =M A7 2rs 54 A AR 717 E ol 83t stol| Bl AR Z4g
Brrstaiat dvk. FA-gel 282 e A ES] A E= 349 5

T Aok 250 & w3l vt FE 1, ke
(scaling) 2 & oFApop-out) 5ol &J3l Y=, o] w}=
3= FERE WEH S Ao BN ZAYES] THES
G/ 2ueke] - Ao Wt Eleiy 54
719 B Fste] 257t wHEE = duxte] os) F4g
E F2A= 54839 A8 vid etk & 4 itk &
A, WA e 2ol sdlelA AitEm Za2Ee}

T
R
o 2% 9 #E Mool sk, 71 e 7Y

Agal APdS
(Kwon et al., 2016). ©&}A]
F7145 ol &3t sto| By

EAHRIZ1.0% U AFRAG FARNEE AR F, ]
SO AR, A7 x5 54 S sAes Add = B
7FstaLat g

J. Korea Inst. Struct. Maint. Insp. 61



2. 28 e

21 AR M=

stolBElE M{R7} 8] E(Hybrid fiber reinforced
concrete, HFRC)E A 2}517] flte] AR E= Aol A 7
$H1E BE ZEWNE AHMEMHA A E AR, 1=
2]7 442 Table 13} 2t} Z=A) o} &2 A= 24 A5
QHEoll A AAHE 574t s AL} HeE S o] 838k o,
o] E¢] &4 422 Table 29} 2t} HFRCOll AH8-H 3}5}
2 A= 158 B s FAYER SR ARRE ]
= SAR] ZEFtE Ak o] 1435 7HEAl(Superplasticizer,
SP)9} AP Eo] M-S FZIATI= S A(Viscosity agent,
VA) 2 Wsalid Mde 9% 871938 A (Air entraining
agent, AE)°|H, o] 52| FEEAJL Table.33} £} HFRCE
A Zysl7] f1ted A5 B4 2287 Al A %
’d-f{(Amorphous steel fiber, ASF)<} 71324 Z&]ofv]
E d(Polyamide fiber, PAF)Z ©]-&3}9].0 1, o] 52] &4}
2 524 548 Figs.1~2 2 Table 49} 2t}

Fig. 2. PAF

22 &8 2y

2.2.1 FAIA AZ
HFRCS 4% 28 4&74 %, A7) 4255 E4 2
53142 371517] 918k Table 59} 20| EA2) E WA

ri

62 SIRPEZETICL X2 FEE] =2 M 232 M 2T (2019. 3)

A2 9 7S Z42) 150425mm, 4.5+1.5%
2 Ak TR AFAE 40 2 60 MPa 27} T Al
sto] Bl & Ao AA AHnl= A4 A-8A4S st
1.0%= AAston, o] Ay 7|&9 ATEAAZTE
ASF0.4%+PAF0.6% % ASF0.6%+PAF0.4% “37%5+2] 3
5ol 7P e A2 Yeh, B ATl A = o] vighe
AN S THJun, 2018). =745, dolwis) 9 545l A3
S ¢35ke] 242} KS F 2403 (2014), KS F 2424 (2017), KS F
2456 (2013)°ll w2t L+ FAIA)(9100x200mm), 253 &
AIAI(100%100x400mm), 253 FAIA(76x101x412mm) S
AR AZrE FAA = A8 T 2447 A st E=
S AAT T AIY A7R] 20:3C 2] E2 FEFY ==
235 AAskAth

222 AFSF=ANE

A7) x5 2 WEald ool AHE HFRCO] =5
32 mlotalr] $fated, wighalE 3702 Al 2ke FA Aol tha) A
KS F 2405 (2017)°l whe} A5 28 4= =E H7FsHach

22337 A=xF5 N
HFRC®| 7] AZxr= 542 B7Fsk7] 9151 KS F

2424 (2015)°f whet vl el 3704 A2k 2 FAAE
2 F 54 thold AlolA] ol ofsf Aol 273
SR U, 2043 °C ] FollA Fe AAlsk e, A

ARk, BE 7171H(7, 28, 56, 91, 182, 273, 365, 546 L 730
)2 dolHsE S5 AL, 2o Hska2 2 (1)l &fs) 7+
S tH(Fig. 3).

(Xm _on) - ()(11 _XiQ)

ZAoAsh& (%) = 17 =2 %100 M
0

o714, Lo 71 AHololH, X01, X022+ 212 7| &0 2 3
ARl A o] 2 2)(Z717h0) AL, Xil, Xi2E ZH2F Al ol Al

o] 2ok,

224 5283 N3

HFRC 2] W&3l43-S H71sk7] 918 52831 A 3
2w HHPE 2704 A Zste] AlE 1493 FEFAY S 248
ZIBE FAA ol thal A KS F 2456 (2013)2] A& 24 B
N 71554, T3l ol wek stk 2830 A
o] F2 FAA L 255 F3ATHNA W R 4T A -18C
7HA] o] i, Th5-of -18 Coll A 4 CR A5 Al 7= A= 1



(a) Specimens fixed in constant temperature and humidity chamber

(b) Measurement of length change
Fig. 3 Length change test
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(b) Measurement of fundamental transverse frequency
Fig. 4 Freezing and thawing test
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Fig. 6 Drying shrinkage of HFRC
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