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The Influence and Treatment Method of Extraneous Deformation
& Unstability on the Flexural Toughness of FRC
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Abstract

This study discusses the issues related to the accuracy of deflection measurement and
unstable energy in the testing of FRC. Some deflection methods may include large extraneous
deformations. A faulty load-deflection curve will be obtained if an wunstable deflection
measuring system is used, and inaccurate toughness evaluation can result from this faulty
curve. Some load-deflection curve of FRC may be attributed to wunstable region of the
load—deflection curve. If the unstable region is not correctly evaluated toughness indices from
the curve would inappropriately represent true indices. In this paper, the discussion will
focus on the effects of the deflection measuring system both on the measurement of the
load-deflection response of FRC and the evaluation of FRC toughness and the effects of the
unstable region and the management method of unstable region on toughness evaluation of
FRC. It is observed that ASTM toughness indices which is based on measured deflection at
first cracking is influenced significantly by extraneous deformation of deflection measurement.
Extraneous deformation in deflection measurement, however result in negligible errors in
toughness evaluation if JSCE and JCI definitions are used..

keywords : FRC, Extraneous deformation, Load-deflection curve, First crack, Toughness,
Unstable energy
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Table 1 Characteristics of fibers
s Aol 27 Rl = T ?_]zc}'%]'—‘;j— Fc“éﬁl-’f
(mm) (mm) (1/d) (kgf/cm”) (kgf/cm”)
Steel fiber 30 05 60 785 Hooked type 11,000 2,000,000
PP fiber 19 - - 09 Fibrillated type 3,500~7,700 35,000
Table 2 Mixing proportions of fiber reinforced concrete
e He WG B (kg/m’)
& o] AlEH =9E %) T
. % o I oI 100
(mm) (vol. %) 2 ARE | aEA | deEA | gyl A
Unreinforced concrete 0 50 170 340 714 1121 0 0
S30-050 0.50 170 338 710 1116 3.380 39
. S30-075 0.75 169 337 708 1113 5.055 59
SFRC el S30-100 1.00 0 169 336 706 1111 6.720 78
S30-150 1.50 168 333 702 1106 9.990 117
P19-010 0.10 170 340 713 1119 0.680 09
PFRC 19 P19-030 0.30 50 170 339 712 1117 2.034 2.7
P19-050 0.50 170 338 710 1115 3.380 45
S30-050

E o] ELE050%, 0.75% etc.)
A5 Z0](30mm, 19mm)
Hel &

F(steel fiber, P.P. fiber)
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o = theoretical first crack deflection

= first crack load

= span

SEISERY

= elasticity modulus of the concrete
] = cross sectional moment of inertia
H = specimen depth

p = Poisson’s ratio

Fig. 6& 74 0

EAT st AR FHE S AAT s-AF
=4S YR gln ol2 Wlwdnd & Aols
Ehiar glom oy =ls
o} Ass YehlA Xdd= A
YL Hoisks o]
Wil IR Hjsls o] Felle AIFA sFAFo]
staol gl wiet weA Frkshr] wlEol AdthH
o7 AL BES A d

rr

2,
oll o
o,

u

T

i

o
_L
ful

6.1.2 ASTM 1= Ehv|Eo) vXe Q&

Table 4o&= ASTM <lAgeiulge] AFAxr}
Ueht Jlom olE ARFES YEHEe] X o
o] weg} & zolE Holu ok YRWUYS xFet
]—T—(—Oﬂj-ll]_(l QEW3 S AR

12 Hl'

]
ﬂﬁﬂzﬁg xﬂﬂ?‘a —:LLLETH CWJ TAE
u} A7 ehtA) B,

Table 3 First crack deflection about different deflection measurement

A 27 ¢4 A= 3 A= |27 %7 ARHY S A AT JEHY S x33t
u (kgf/cm®) (kgf/cm®) AR (mm) 278 AF (mm) | 2717E AHF (mm)
unrem %666 3210 0.045 0.034 0477
~forced
S30-050 27.09 45 0.042 0.035 0.327
$30-075 27717 BB 0.045 0.046 0.257
$30-100 27779 3765 0.047 0.046 0.305
$30-150 2779 4022 0.049 0.047 0.370
P19-010 2786 3359 0.027 0.034 0,590
P19-030 2941 35,00 0.032 0.035 0.750
P19-050 3035 3654 0.046 0.049 0.268
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Fig. 6 Load-deflection curve for different fiber type and fiber content

Table 4 Effects of extraneous deformation on ASTM toughness parameters

CAl AR S AAT o ARHgS x3tey)
Al8H 98
(Vol. %) I Tio JEN JEY Rs10 | Riozo | Reozo Is Lo JEY JEY Rs10 | Riozo | Reozo
S30-050 0.50 54 116 | 226 | 330 124 110 104 4.7 105 195 | 277 116 90 82
S30-075 0.75 45 114 24.0 36.2 138 126 122 44 10.0 184 26.1 112 4 7
S30-100 1.00 44 109 24.7 381 130 138 134 42 10.0 229 324 116 129 55}
S30-150 150 47 114 25.7 40.1 134 143 144 45 10.1 21.2 29.4 112 111 82
P19-010 0.10 5.3 6.8 84 98 30 16 14 2.2 2.8 - - 12 - -
P19-030 0.30 55 71 105 138 32 34 33 3.1 45 - - 28 - -
P19-050 0.50 46 76 13.1 184 60 55 53 3.1 5.0 78 9.7 38 28 19
I olf-E AHHEW ASTM SAAFE Z27]HEA Table 5914 R uie} o] JSCEAuEhE =
B el €l 2E TANDAAG HFALIY SFRCE] A% Apuse THPel mek ofae)
WA 2GRN WAL ol R skt 4TS Molle AR 1 e ASTM A
o FHFPe] I 2U|HEMFLE ARG gefulele] HlF] wHlEths RS ¢ F lon,
oF 6~200) B A UepERE Z7|FIRAAY] = PFRCS] 7% SFRCo}= WHHZ SRuidS X3t
gedon gehie RRE PR 2488 o2A oY 271 A%e Yehled 1 o4 A
02 yehte EAVF ARHEEY JFo FUkhe etz 7Ae] seg7tEe] Aol SFRCI= &
H|L AN A 1o A AAFHl QAR+
lendt 4 A S71e=A 1= N (j ]_ Table 5 Effects of extraneous deformation on JSCE toughness
) ehbe ol geby 9Rude TR o ooramelors
FAAFHAOERE Lol ASTMRMFEv]El= ==
f=nIn = 5 5O I3k
FRCS QAe wrlsled Qojr 2 ox2 ¥ akst - selg YFRFE AAD | TS F)
g H o)z T3t Axely & 4 ok e (Vol. Tisce FJSCEQ Tisce FJSL‘Er
K AEE = % | (kg -cm) | (kg/em) | (kg - cm) | (kg/en)
= _ S30-050 050 539.0 2.2 5632 25.0
6.1.3 JSCE gstetulEo] WX oo SN0B | 0B | 6399 | B4 | 656 78
JSCE olgsetueE ah- Az 27T s0100 | 100 | 70 | ®0 | 62 | 6
QY Aol B AL ByEA ghov) 2rEge] S G R L
_ P19-010 0.10 734 33 110.7 49
F FgRe Wx] ¢ky] wj&of| xF I disiA AR P19-030 030 1488 66 1803 30
3k b AL A3 Yok & 4 9Tk PI9-050 | 050 | 2126 130 3124 139
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Table 6 Effects of instability on ASTM toughness parameters

P19-010 P19-030 P19-050

Bobg | webg | weoby | woby | wery | wery
A | UA | oUiA | uA | uA | duA)
AAN | E8A | AAN | Z8A | AAN | 28

15 53 53 55 55 46 47
Tio 6.8 88 7.1 9.8 76 95
I 84 15.3 105 186 131 17.3
Is 9.3 16.8 138 213 184 229
Is 127 | 197 20.0 387 280 332
Lo 191 | 264 33.3 54.1 471 54.0

Rs10 30 70 32 86 60 %
Riozo 16 65 34 88 5 78
Raozo 14 15 33 87 53 56
Raozo 15 15 31 57 48 52
Rso100 13 13 27 31 38 42
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Table 7 Effects of instability on JSCE toughness parameters

Fiber | 29PgoldA] 74 | B9bgoix] E3)
Series C[()nt?]t

E/O : Tisce Fisce Tisce Fisce

| (kgf - o) | (gbferd) | (kef - cm) | (kgfem?)
PIO-0I0 | 010 | 734 33 97 42
PIO-GRO | 030 | 1488 66 248 100
PIO-GR0 | 050 | 206 130 U8 149
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