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Evaluation of tensile properties of SFRC for TBM tunnel segment
Do-Young Moon, Soo-Ho Chang, Gyu-Jin Bae, Gyu-Pil Lee

ABSTRACT In order to reduce the amount of steel reinforcements in TBM tunnel segments, the use of Steel
Fiber Reinforced Concrete(SFRC) is being tried. The steel fibers with higher aspect ratio than that used in tunnel
shotcrete are preferred to compensate the deficiency in tensile strength of the segments. In this study, the tensile
properties of SFRC with aspect ratio of steel fibers equal to 80 were evaluated through flexural test and Double
Punch Test. In the results of flexural test, flexural strengths of the SFRC were increased about 30%~150% thanks
to bond of steel fibers used to concrete and could be properly predicted by the equation proposed by Oh(2008).
There was a great difference in the estimated direct tensile strengths of the SFRC by the equations presented
in ACI and RILEM. It was found that the Double Punch Test could be suitable methodology to estimate the
direct tensile strength presented in RILEM of the SFRC.

Keywords: Double punch test, tensile strength, SFRC
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Y B7) 32| E(Steel Fiber Reinforced Concrete, ©]3} SFRC)+= ZIAZEQ] 144357
U4 $3 2 BIE 7IHsh] flste] ARETHEEY 5, 2011; Mangat 5, 1987). E3h
FZole ALY IFTES Mdshe AHdolA HFR AT eI BE AREeR
Hrlste] A -1 Fo|uA} sH= A7}t dEo|cKChiaia 5, 2009; Dobashi 5, 2006). =
o/ 4= SFRC7} EJ 2] S S(shoterete)oll 2 ARSEIAE, §813} 9l Solafiz A wAfel
TBM EY9] NIHE FAAIEol AREETHA, 2008; 58 2010).

TBM E|Y9] AlIHEE ¢labchHe] A otk Ack wl sk H7kS 950 200 kg/m’
olige] 2isze] AR EIr Y EEs] AolE Azl el Slalel A Hstel ALK
B B9 oF 40%7} AIFES] PAlo]n, AITHE B} of 40%7h WitgAtlel

AEA RS 7N ul, A0 £euke HAAY|IA Sk e HA A Arteis
ol 2 Jare 2 4 ook
A90) HAE 4713 uleh Zo] EAE TaEo] RUC, A8A A 53t e zz}az

Aol A B offet B B ARk A e 1] FaAse] HAelE ofulx B 4
ol

ol I ke uhg- A0l TelA] @A77k AsEloigich ek, H<E SFRCY

27 A, Ul L R Solk S Beslel —:aaEtﬂoﬂ WA RS

Q) A7} Qe ok ojeh B ARl oA
SFRCO] gt A7-= = TBM EJ'ZQ] A|TTHE fofo| A A=z o=z 23wl Iri(Chiaia 5,
2009; Dobashi &, 2006).

., Y2 oA @A ZPUEAL Qli= SFRC AR E: 0] Ui = AFE SFRCE tiAg
Ao, AlEa} A|Rkels E4do whet oF 30 ke/m’~80 kg/m’e] FAHRE Eet E2
ARESRAL itk ARESHE AR AlYS AR FARS Tdsi, S FEA(/ A7 2
80 oo Bl Az Eof AME= Aol wiste] vl 2 2 & 4 Qlok diEE e
Qo1 60 mm ool A4 05 mm oMo WA F 4% Sl BT 2
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%Olt}.

SFRCE 289 47 ARA] B ATrEe] ke Foluct 1 Aol 7l o vt
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Test "Hi(o]5F DPT)S Falo] Brhskedch. BAHL SFRCO| Helgzwe] w7tet %ol gt
277]Q) B4 FE31H.0m, DPT A 729l B7h ol e, A@dute] WAl s
Ao ARHPHOR B ARATE WshulE BEEIch DPT ARL ol A5 Alwsl
Zjo] Gl ol AT 20051 o] FE 11 AEAo] F3E FAOR AFHUOR, Hiol 25fole]

324 Ao R QIS QI DPT ARe: 47020l

SRAALC o | 27leto), shajuo] RAIE] Thjuo]
1.7ufjo]] Gal] Aol BAlEof| FA| 3 whR] o=tk T3 AlgHR o] w9 Ihdste] Ay
A= FAs) T 4 = Aol Qlti(Malatesta 5, 2009; Cho 5, 2012).

2.1 MY
2 AtellA= SFRCE| A= AldS =3siqitt. |74 KSF 2566(KSF, 2010)2] 7|z
40}01 S|t 71322 ASTM C 1609M-07(ASTM, 2007)9] 7|&1} SYsic}. st
ol tiste] 33)9] AlFS d¥stal AME Fafsilth Id 1w FAIEAY AlYs
A S, I8 1b)ye AlEAEE UeaL Slek g s A (Dol s ARSI Al
LAl 2 RSO, 0.45 mm/min®] £E=2 ZFSIGITE AR F sk ARSI 19}
o) AZstAk

Pl
b h?

fr= O

o714, P& HISHEN), b mjHe] Emm), his uvjwe] folmm), 1S X1k 742
(mm) & oJuj3te.

2.2 DPT A&

23 3% QAkg o] 36}5—% s JM She Al elek 23 2 ). webA AER
shal 27) i 379) Tt b st Qubel %APOJXPJMS&P th2 sy ke
ehdtk1Y 3 2.
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18 4. DPT A|EX A

Malatesta 5(2012)& A @A} Alsigte] =70 st dake dmsiglon, Asiwe] 247
A@AL] AT vl 147F AP Acw AN ek TejEe 1Y 29 aoh b 1:29]
Ml 2K Ao] oAbHoltt Ea AlEAIY] ol A7Te] 7k 12 e} ARE Aow
ANslRenR 18 2004 hiz be] 1ol 267} Bl Ao ARt Ee Afsle As)
o] disiol FAF s1EAel ) HEs FEE 24e 71K7] Sl8io] 017} 30 mm oololof
abrhar Fgalglnh 2 AEeIAkE 27 150 mm, %] 300 mme] BAAE AL EH AT
Alaipunch) & 2174 38 mm, 0] 25 mm= AZElo] AL lEASIGEE YA 5
s slgon, s1ET SN AZSAKIY 4 B2,

DPT Ao] oJ3 SFRCO] Qs Hdielsg hapaom the Baee] dom the
4] @)= A A Q)04 P HefalEN)E bek his AlEA|e] w4 12 olmm),
at AstEo] WA(mm)S onlFith 1Y 2 2.
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ATmEe] eEeiers BARE Anteie oot e AHERS Aguse Astark
ol HTT} ZPHHE BAO] AHEIHE Heols 7o) AHuI7 0.25%-0.5% HSlel glo.

A S| SR AT Aol 1% AR S ASHE Ao teheh

3.2 232|ES} ZHR

TBM Bd A1 EO] AME-H= SFRC= dlf-s SR ERA, US54 40 MPa~60 MPao|th
B ATlofAs Z ZaeEo] uigke: & 29} Zho| 3Ktk ZAEE A 289 QFE7Fw= KS F 2405
(2005)f &fzto] SR em, Aite 3k 33 Aok AP S E Aot drEddes
A, C40 F22 QFEZFE 40 MPa9t A4-24]2F 20 kg/m’2l AAE oulgic) Y& w
A= 40 MPa®] A9 AAUSAEY] 20%5 2ol Y45 Uehd vHd, 60 MPao] 7

o= 2 °oF 10% H= F=53F Zo2 Yepg:

& Aol AME A= =9 BAR] AR AREARI/ A= 80, AfrEolE 60 mmo

3 el Aol RS AR Al Afme] &fshd, 1,050 MPaol4goltt.

H 1, AgHs

4y 7 Epeyi = E(g/m) AR AEAY
AAYE A=

0 % 0 3 C40_FO
0.25% 20 3 C40_F2

40 MPa
0.5% 40 3 C40_F4

5] 7} &
Hd= A 1.0% 80 3 C40_F8
(150 mmx150 mm "

4550 mm) 0 % 0 3 C60_FO
0.25% 20 3 C60_F2

60 MPa
0.5% 40 3 C60_F4
1.0% 80 3 C60_F8
0 % 0 3 C40_FO
0.25% 20 3 C40_F2

40 MPa
0.5% 40 3 C40_F4
DPT A3 1.0% 80 3 C40_F8
(150 mm=300 mm) 0 % 0 3 C60_FO
0.25% 20 3 C60_F2

60 MPa
0.5% 40 3 C60_F4
1.0% 80 3 C60_F8
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ol 2o (kg/m’
W/B S/a il °G( il op A ]
= | (= (= w C S e | = Steel Fiber A g
AHE) A&) 2) | (AME) | (34 I I ks (%)
@) ) @2 | | sy | FED
0% -
0.25% | 20
40 MPa| 35.0 72.0 175.0 350.0 1184.0 466.0 150.0 30
0.5% 40
1.0% 80
0% -
0.25% | 20
60 MPa| 28.0 70.0 175.0 437.0 1087.0 467.0 188.0 30
0.5% 40
1.0% 80
3 ¢EY= Zut
by | I ZH = T i = z ¥
P 3 BREA | AR | A 2x29x | BEd
(MPa) (MPa) (%) (MPa) (MPa) (%)
C40 _FO 50.11 1.73 100% C60_FO 55.22 5.79 100%
C40_F2 53.67 0.96 107% C60 _F2 54.28 2.93 98%
C40 F4 52.89 1.78 106% C60_F4 54.74 0.89 99%
C40 F8 55.13 1.08 110% C60_F8 57.77 1.44 105%
4, MgZda 3 nF
4.1 gAdZq
e ARA] FAE A s 3 40 ARSI #olN HEAT= FEHUAE BHAE Yol
Arteldtt. B Es ArEdEd] S71l wet AFAe = S7kshe A= UeEhdth o=
C403 CO0oNA 5Lt Fd= YERHlTh C40_FACHdT SUE 0.5%)9] 370 AldA| Aake]
27 A S AT7E 27%%] Ae® UeRdAIRE A9EAQl F71e] ks &Id 4= Qo C60
Hrb= C409] RIS S71Fde] o HeEsi(1d 5 ). o]= 3F 39 4=74we] Ayt
AR BARA, 7= 602] vl #EAd FSo2 Qlste] e Ato] Aoz dZsA]

okoty 1oz =A=h AA|E vlel ZHo] C400] AL TR ol 2717} 153%9] 28k
C609] 7ol A=} A2 267} Bl AL Belet 4= Qlrk
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H 4 EAEZE 20
B T =4 o Bz =4 | 7

g | B |EERA | wsA] gmw | [ #@ [wewd|asAs| e
(MPa) (MPa) (%) (%) (MPa) (MPa) (%) (%)
C40_FO0 3.24 0.38 12 100% C60_F0 4.74 0.54 11 100%
C40_F2 4.48 0.33 7 138% C60_F2 6.29 0.17 3 133%
C40_F4 5.96 1.59 27 184% C60_F4 7.52 0.80 11 159%
C40_F8 8.21 0.63 8 253% C60_F8 9.42 0.84 9 198%

1200 12.00
1000 10.00 )
8.00 ° /: 8.00 o L4

§ 6.00 // § 6.00 /) [)
“ ¥ a0 ./
00 v y=5.76x+3.24 y=4.9148x +4.74
' R?=0.9922 200 R2=0.925

0.00 0.00

0 025 05 075 1 0 025 05 075 .
V(%) Vi{%)
(a) LY=L= 40 MPa (b) ¥=Z= 60 MPa
a8 5. MgEUl 2 Honzsel wal

ARoRyE 5T UAPHES SFRC BAAG =2 mladvier & 5ol ulwste] ek
WAtk Wafa®l Ashour(1992)2> 4] (3)1} Zo| EJIANEE U= =(f,, MPa)S} HREUE
(Vy, %)2] 42 AQksiom, Songh Hwang(2004)2 4] (4)9h o] E7w(f,,, MPa)}
HEEAR(V), W9 2344108 FHSIATE T, S ATQ008)L UZE(S 4. MPa)9} 4]
AR/ )2 HRBAR(V)Q) BoR THE AHGARF=1/dx V)9 5 Al (5)2}
Zol Acksllrh. £ ATAE 2 A cEmEn Agmdue Aol 4 (6O
Aprstol 1 HBHES umshlc. webd +ghe BefBolsie Aolul, ghe Haglshe Aol

ATpie) SIg 4 9I%0| Wafash Ashour(1992)9] male w9 =7 TjejHlshs S0 =
Upehgtom, vhel Song} Hwang(2004)9] Hele: wham7lshs 20 Uekilth ©.9E(2008)]
RS QAT 40 MPa 75 10%-~40% TR I5He 202 Vel G574 60 MPad]
Aol 0o 1-9%A HliLA A cllSshs A0 Lhebdek. neba ©.d3(2008)0]
AN oS mdo] MAE #AR]ES] 60 MPa SFRCE] QA= o5 Alo] ArthHom Hgat
AOR Uehgtth s B A7 AT ARAe) AP RRY ozl ORA, FF F7120
Aol OJ3F 7 mgko] o|FoHof & Aoz Wk
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Jropre =0.994/f +3.83V; 3)
— 2
Fropre = 0.69/f o +3.43V,+0.32 V7 (4)
f7‘.,[1l‘6 =0.63 V f{:k‘, + O75FV fr:k: (5)
(fropre = froea)
Error(% )= —2——""%100 (6)
fe.’L'
H 5. oSAInte| H|w
e AEEZ= Wafa 7, Error Song 5, Error LdE Error
- (fr.ear MPD) | (f; s MP) | (%) | (f; pper MPa) (%) | (fy pre> MPa) (%)
C40_FO 3.24 7.01 116 4.88 51 4.46 38
C40 F2 4.48 8.21 83 5.07 13 5.71 28
C40 F4 5.96 9.11 53 5.16 -14 6.76 13
C40 F8 8.21 11.18 36 6.22 -24 9.13 11
C60_FO 4.74 7.36 55 5.13 8 4.68 -1
C60_F2 6.29 8.25 31 5.10 -19 5.75 -9
C60_F4 7.52 9.24 23 5.24 -30 6.88 -9
C60_F8 9.42 11.35 21 6.34 -33 9.35 -1
80000 80000
O P -y B
60000 —JJ\A\ 60000 /H\“
5505 /IJ \\ 50000 ,/ \
% 40000 [f S % 40000 / JJ‘ LL‘
= 30000 f ;’1 j\ . 30000 ]ff \
20000 / L/‘\—\ 20000 | J‘J j m \
mmVﬁEMﬂf\ Ceor ] o N NS
6 = o R
15 2 25 3 35 4 45 5 55 o o5 1 15 2 25 3 35 4 45 5 55
Displacement(mm) Displacement(mm)

(a) ERJUEZLE 40 MPa

a3 6.

QIEZE 60 MPa

oo
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3 62 S-S ESIAS U ik I9u Zo] Hesige] mudt olF el
AT 3 AR SHEe) havt Ueuel, 2897t sl 9ol oju szt watskck
Te AR Qe A9l oluiiy e Rao] A% WHIoRA, B A
sek. HojslE ol %ﬁf& 5e Pas EOl—E 2700 Heslgo] e ke g

olst e st caost caoow FUsH I3t 5 ek

2 913 AP EE AN ACI 54 4RO Alw
R Eote] TAS AMSH i ek ke AA] AMgH A
ZPf0E A (7)3k o] AABE ik 4 (A 1ds Z4Re] Bauls ojulst, 1 -
oA ARG AR FAARE 00It Vi AREUED, B, & FEARRA, FaHA

=

ffCtm.,az =0.3 (fck')2/39 ffctk, ar O'7ffctm. ar (8)

ArETE 3 60 UERRITE 9} o] A EE AETIEel wEt s 2 ER}

SR|EhE v 2 2}jo]S LeRACE ACI 544.4RS Z] 0.7 MPaz ujj$ B4z oz Frlslal 9=
E 6. NFUYYE YA
21 A&=7r= A7} = ACI 544.4R RILEM TC 162-TDF
= (f ) (ffct,fla MPa) (f14» MPa) (ffctk,az’ MPa)
C40 _FO 50.11 3.24 0 2.9
C40 _F2 53.67 4.48 0.19 3.0
C40 _F4 52.89 5.96 0.37 3.0
C40 F8 55.13 8.21 0.74 3.1
C60_FO 55.22 4.74 0 3.1
C60_F2 54.28 6.29 0.19 3.1
C60_F4 54.74 7.52 0.37 3.1
C60_F8 57.77 9.42 0.74 3.2
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HHE, 9] 1ZIAE A 3 MPa HER 4v o) 2] Brhskn 92 & 4 itk A
SFRCE] § AL Belg7dwrt obd AHeldwrt AGEP) whEe] ]2} e el
Aol ATAEY HFE 20l 2 HolE 7HHE 4 e & 4 9Iek ACI 5444RY 7]EL
Mgl et G Tefehd Fok BAPL 9lon, RILEM TC 162% &3S 720w
28] whEel RS BTl HE Gl et 9eS Slg 4 Ak

4.2 DPT Azt

DPT A3} AAfl= 18 73t o] = 7l = Al 7)9] afaHo] AEsHAA] AR o] opd arof|
ofate] mhulE 2& BRI 4= ek A ()9 <8l Ak A Ak & 7o Uehidck
QAF-go] AIN= 2.7~33 MPao] S uerfa 9ick o] Hih= 47] & 62] RILEM TC
162(2003)0] AAE YEAERRE F4E A= Ao} vl SR A vy
Q. FEE 2 B DPT AIRe] MEASTE FAIFe] vlske] ke o g zhrhs Aot
ol4to] AR RE DPT AIFS F87IE0lA #48kaL dE SFRCO| AHIAH=ES vl
s 4gdsk=t At Ao R deE:

g 7, DPT A|gX[Q| oty

H 7. DPT Al&Z1}

2u Series 1 Series2 Series 3 B EZFHAt HEA

= (MPa) (MPa) (MPa) (MPa) (MPa) (%)
C40 F2 2.61 2.71 2.76 2.69 0.08 2.9
C40 F4 2.74 2.84 2.55 2.71 0.15 5.5
C40 F8 2.71 2.72 2.72 2.72 0.01 0.3
C60_F2 3.19 3.25 3.15 3.20 0.05 1.6
C60 _F4 3.29 2.85 3.23 3.12 0.24 7.7
C60 _F8 3.58 3.29 3.00 3.29 0.29 8.9
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