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f Behavior and Calculation Method of the Flexural Strength h

of Reinforced Concrete Beam with Fiber

Taweechai Sumranwanich?, Apinan Phuchan?, and Surasit Manwicha?
Burapha University, Saensuk, Muang, Chonburi 20131
\ p Yy g /

Abstract

This paper aims to study the flexural strength behavior of reinforced concrete beam with various
types of fiber, which were steel fiber, glass fiber and acrylic fiber and to propose a method for calculating
the flexural strength of reinforced concrete beam with fiber. The fiber contents in reinforced concrete
were 0.1% 0.2% and 0.5% by volume of concrete. The compressive strength, tensile strength, flexural
strength, modulus of elasticity and Poisson's ratio of concrete were also investigated. From the
experimental results, when the flexural reinforcement of reinforced concrete (RC) beam was kept
constantly, the RC beams with acrylic fiber, glass fiber and steel fiber exhibited higher flexural strength
and ductility than a RC beam without fiber. For fiber content of 0.1-0.2% by volume of concrete, the
flexural strength of RC beam with acrylic fiber was larger than those of steel fiber and glass fiber. But,
for fiber content of 0.5% by volume of concrete, the flexural strength of RC beam with steel fiber was
higher than those of glass fiber and acrylic fiber. Finally, the proposed method for calculating the flexural
strength of reinforced concrete beam with fiber at various states can predict the flexural strength of
reinforced concrete beam with satisfactory error.

! Lecturer, Department of Civil Engineering.

Z Undergraduate Student, Department of Civil Engineering.
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Ae uazussalumaNIESNTUusTaTiRR Ut Fawn
ffu A dousasluguilt 16(a) Seanguit 16 azls

Myt = (A = A )1y jd+ fybh=kd)(+24) - (8)

wIeiezBaANEINIULIIR A wishvzeaduled M 2 =Agfy(d—d ) 1)
b 6“
D = fo
T|® 4 @ & i fs=1y «C, T%Cs
i N.A. h--—kd
N i e
P jd |2 6 Tf,y d-d
A h—kd 27 s e
L |o@o| fuz R T N N Y WA I T P
() sUdaAn  (2) witamstanada (A) NINTEIBVDIVUBILT ) Taud M, ) Tuiud M,,

;mﬁ 16 JUdRAU vaN13EAnAR MINTEETBILIBLTY Tutaud My uazluisus My

£
o

(] Siy =0.70 f; ’ﬁatﬂu‘lﬂmuﬂuuﬁgmﬁaﬁ 6

dwiver k awnsamléan p=_r+.r?2 -0

8)

oSy
N R LY
et R= 1 f}’ Az - d__Jy
—(20(—+71)) RS
2n, fy ( + fv)
sorfu mdsTuussaiamniadusuannindu M, =My +M, (9)

warusNAdAfnIEylawmanIa3NATIN §W3L Three-point bend test Wiy Py, =

aM
(10)



MNsETITBURsALN 195, 7 30 aufl 2 wmsu-Aguieu 2550 357

4.3 MavFuLIIAAgIgA (Nominal moment, M )
ﬁ'lé”a%’uLLioﬁmgoqmmaamuﬂaun’%mL&%umﬁn

Mg dulonlFannasINTeInaIS UL IR AT
1oun M,
Li‘Jumuﬁﬁmﬁma’%uLm:Lﬁu’[ﬂ%uLLiaﬁoaﬂmﬁmﬁqgﬂ

dumfesuusedngegazesauiiaiou

17(9) TagRaTUNNMENESHSULTIAY A, Mouss

Faluguragaounsn wazisemvaadulenngzans
frpt eI aNaUS Ul HLAUE SRR VLTI AT DY

o

paunim war M 1Jum&ssuussailéannusefs

n2
TumsniasusuLsIRsiiRnuintisawing A, fuuse

@
o

SalumaniasusuLsIsaTiaNuAintFawiaiy A’ d
U 17(3) B9 17 azlé
U U

' a
My =(A4, -4 d—=)+ fipb(h——)(=+——— (11)
nl = (4 s)fy( 2) ft,n ( 4 )(2 zﬂl 2)
MnZZAsfy(d_d) (12)
srariu ﬁﬂﬁ@%’uLtsaﬁmgoqmmmuﬂaun%mLﬁ%umﬁn‘n‘?‘imﬁmﬁu‘[ﬂwhﬁ’u M =M, +M, (13)

Toudl f; ,

2
w4033

fvnawveniuly P, =/, o, = _
100731,

Aty

= Pen, ), Aasysynaulavannnarastsunanduly, n. AsfiUscnauias
n(Hntfhe ), ¥,

_A;fs, +ft,nbh . /- 0.003E, (c—d )
S

Cc

' b
0.85/.b+ f1.n ﬁ—l

Warnan1Imeapsavi ITeN N sAwIEaUNAY (Back calculation) azlfidnsussnauiilasannaras

USanandulowazasiusznauideivoauzaaduloudazaila il

snsudulowman: = 0.00010(V,7>72% ) +0.1036, 7, =0.45 (14)
swsuidulaui: n =0.09031¢7 ;7% +0.0310, 7, =0.10 (15)
snduiduledoansdiondan: v, = 0-00530(Vf_2'032) +0.3018, 77, =0.50 (16)
wazusInadnfinszygegn & miu Three-point bend test Wiy P, = MZ” (17)
b £,=0.003 .
T — k2 0.857,
e o [ o
72' 4 N A &=% ¢ ZL
h a I H
h-c -
4 - K
L I ) “s ey

(M Judan  (2) mienstiavada

;mﬁ 17 3Udnanu MENSEANAR NINTLALVRIVILILLTI LULNUG M,

(A) NINTLIRUDIRUIBLLTY

() Tausiud M, @) Tawud M,

uazlauaud M,
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TNHIERL D ATUAIUNITATUIUMIAAITULTIAR  ATIN WREMAITULIIANFIATRIATUABUNTALETH
WWaAUSNLANEIY MAVSULTIsALBWANIESHSN  wianfinauduly Iﬁuamﬂfﬂugﬂﬁ 18

START
v
GIVEN:h, b, d, d’, As, A, It £, Vi, di, I, £ f;
3 !
M,= Ay FIND: :i ':Ais
cr — P bd P bd
' v
/3=085 for /=280 kg/cnf
f -280 FIND: f;,n = l//n(nnpfne) e (As B As )fy + ftnbh
B =0.85-0.05 a=
7 — 47,:(0.33) o Jinb
WHERE 71, =———— 0.85f.b+
Jor280< £.<560 kg/cm 100771, B
p1=0.65 for fc>560 kg/cm 7 1
a FIND: =0.70
Sl Junh= ,31 h a a Joy Jun
Prin= e (+-7-3) £ k=—R% R-0 !
" a2 25 2 ~(p+p —(27) (p+ P20 ey
b, (d— ) df,(d— 2) X 7 0- d 7,
- it P
. - ; -0+ ) ) k(dZn 7
[ ' P> Prin 1 M, =(4,-4, )fy,d+f, Dh=kd)(D =)+ A fy(d=d )
THE SECTION IS
UNSATISFACTORY '
INCREASEp NO ooy 2 (SESP Jinyd Ec ) Sl
i Sy de-e fid | yEs
COMPRESSION STEEL NOT YIELDING FIND f; USE i
Af,+ fin(h=c)b=0.85pfibe + A;gcgc(ﬂ) COMPRESSION STEEL IS YIELDING
: : B ,
SOLVE FOR NEUTRAL AXIS ¢ THEN a=Blc j; = f»"
fi=
A 4

O85fe S+ fyn | & Junh

Py =( /, /5c+5y 1,d
THESECTIONIS L yo <0.75 +P‘f:‘ VES
UNSATISFACTORY P =010 , l
' a o ’
M,=(A4,-4 d——=)+f,,b(h— —+——= d-d
n=(A=A)f(d=2)+ fiabl ﬂ)(z 2'8] 2) Afi(d=d)
WHERE ZA(Asfy‘Asfs);JZ,nbh
0.85f.b+ 711
B
END

5un 18 FURBUNTAUIUINMNAIT LTI ATBIAIUABUNSALE SN INaNLdUTe
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AT 3 LEAIALSINAARANTZYIFABATUADUNSA

o

wdnmanfinaudulefldannsdneni wWisuideuiv
ALSINARATNINTVADATUALFIINNITATUIUMNIDN
TEauadnediu wud1 AanizAsunsaENLAng 1 A1

LLianﬂﬁmﬁmmﬂmmLﬂﬁaugamnn‘flumam etiana

\lavannisguussnafinssyidaruasunInEsH
mEnABuENLAN WeATunsEY N daufisnnas
wna3niENeIn fnaanuaainedaulisnnin uas
ﬁama:%’uLLionmﬁmgoqmﬁmmmﬂmﬂLﬂé"auimmm
Tisnniguiu sglunausimimela

A19197 3 usanadainszhAemuAsuNIALESHMANINTNEUlaRENIE AT

i . naneea | Ardldennisasey, | AfilEannisauan, waSiBuinuANENY,
LINNANANTANITANG] I— A (nn) B (nn) BT—A x 100%
B1 2,500 3,145 25.80
3 B2 1,500 3,220 114.66
= B3 3,000 2,986 -0.46
g B4 4,000 4140 3.50
E B5 3,500 2,221 -36.54
“g B6 4,000 3,079 -23.02
-«E B7 3,000 2,822 -5.93
R B8 3,000 3,069 228
= B9 4,000 2,984 -25.41
= B10 3,500 2,829 -19.18
B11 2,500 2,606 424
B1 14,010 14,503 3.52
< B2 16,530 17,061 3.21
€ B3 -na - 15,599 -
_«;zf B4 17,520 16,559 549
& B5 21,000 15,106 -28.07
“g B6 -na- 16,543 -
= B7 18,020 16,806 -6.74
2 B8 -na - 16,908 -
°§ B9 19,000 17,416 -8.34
e B10 -na - 17,471 -
B11 15,910 19,782 2433
B1 14,800 15,343 3.67
B2 19,200 18,437 -397
B3 16,980 16,771 -1.23
< B4 20,280 17,914 -11.67
g, B5 21,600 16,187 -25.06
féa B6 14,000 17,980 28.43
s B7 19,400 18,236 -6.00
e B8 17,380 18,597 7.00
B9 19,680 19,151 -2.69
B10 20,700 19,085 -7.80
B11 16,600 21374 28.76

ANELYR - na - NANBhs ‘lsiﬁﬁaga
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5. MSMUEMAISULTIAAAIUADUNIALEIN
wianfinssdulawmdnlusnisedu
INIBNNTATUIUMAITUULIIANDDIATUADUNTA

wwimndnaadulafiudasaniie (BUU method)

#AdlalFBn s lumaienammessdlusu

Fudufiiieatios deldvinmamasaurmmdesuunsedn

yavpuppuniaEsHmanTinasduloman lagiauls

AUMALNNAfATInTsidRuinn s mEnESy
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Buasiniufisnnegegn udvhmsuwSouiouiua
flgannmessslusuiduiu
51 NIMANELATUABUNSAESNIANTINTNIEY
Towdnluenisedu
TuarBuafisdlunmaseuideduniu
Tusuddnzasaunsuniaasumdninasdulomsn
vp0in39udu Tdagulilumeed 4

AN999 4 AL EANTNARBUAUABUNIALESNIANTINaN U lawaN luauddaau

- e HAU6A b x h . . g f, 799WMANn fs v,
U tanaN wanuu 2 >
(BN, X B3.) (nn./z3.%) (nn./p3.%) (%)
U5 ginis
. y 15 x 25 3¢ 16 2¢12 5577 300-315 0.5
BREUFNT NITAT [2]
Craig [9] 17.78 x 38.1 - - 4,580 330-420 1.75
Chunxiang and patnaikuni [7] 12 x15 2¢ 16 2¢6 4,077 800-1,000 1.0
2¢18 05, 1.0
Ashour et al. [10] 20 x 25 3¢ 18 2¢6 5,403 550-1,150 05, 1.0
4918 05,10
2¢ 16
Abdul-Ahad and Aziz [8] 10 x 21 2¢ 16 4,580 180-200 05,10, 15
way 2¢ 12
Altun et al. [6] 30 x 30 2¢ 16 2¢16 4,580 200-320 0.36, 0.72
Lim and Oh [5] 10 x 18 2¢16 2¢10 4,281 390-440 1.0, 2.0
Cucchiara et al. [4] 15 x 25 2¢20 2¢ 10 6,218 400-450 1.0, 2.0

5.2 HAMIIMNBLSINAARNNTZTINADATUADUNTA
a & A [ & av A
iwsnmannadulman luauIseau
NANNTATUIUHILTINAAANNINNANAUABUNSA
wSNnaninandulamanilamaniasasnasn way
fisnzgegamaiinisduinieusly wWisuidisy
funanimaapszeaindudug Idusaalflugui 19

uaz 20 ANAGU BadlswSeuidisunaudwodn 1
annewmanaduisuanndanuaaaaiaulainimin
nanfedmlnyiraaianiouliiiulauas 30 uas
Lﬁaﬁmsmﬁama:%’uu,ianmgaqmwu*j'l AnaA1N
ARALARBUINNN a1z IMENESNATINagLENTiDY
wsegluinousifivansulé
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¢ Craig [9] B Ashour et al. [10]
A Limand Oh [5] X Chunxiang and Patnaikuni [7]
®  Adul-Ahad and Aziz [8] = Altun et al. [6]
X U3TnNn 3nas uasign1 anseAl 2] — Equal line
""" LuamIALARaY -30% — - i duamnandan +30%
. .
X
. o
]
X on ™
- -
Y
A Ao _®
Lun
A A
W
10,000 20,000 30,000 40,000 50,000
Py, test (ﬂﬂ.)

Ui 19 ussnafinenavAuLismanasNENATINTLER NN TATEL (P, 1es) wWasufeuiuildanmsdassi (P, anaiysis)

(nn.)

Py, analysis

50,000

40,000

30,000

20,000

10,000

©  Craig [9] = Ashour et al. [10]
A Limand Oh [5] % Cucchiara et al. [4] /,/
X Chunxiang and Patnaikuni [7] ®  Abdul-Ahad and Aziz [8] e
= Altun et al. [6] +  dsman gmfa Uzt Mz 2] g
Equal line ~ ceeeee uaaaLAtew -30% o
— = | FuamaIAaaY +30% -7
o R < o
7
P
Y
7
2 - 4
e
e
P P
-
. i< :
.7 "
A o
e t [
P
e n b | -
. 4 o
4 me
/./ ‘..' °
Vs AA
7 ‘ .- -
e
7 : .-
g
T T
10,000 20,000 30,000 40,000 50,000
nn.
Py, test ( )

31 20 LLi\mmﬁﬁanaﬁoﬂwugaqﬂﬁ1ﬁa1ﬂmiwmaau (P, os) WABLABAUALFINNTIATIER (P, araye)
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6. aUNA

ANWANIINARDILA DN AITULTIFATDIATY
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foBlNUATDIADUNI ALY

2) idandndulpdovar 0.1 wardovar 02 lay
USunmszesraundn nsiduladansnziozasaniu
wanluAupsuNInESuwanzs A UARUNT ALESN
wiinaasnunsanadaldgenindulominuazidu
Toud wiidasadnuduledosas 05 laaUsuinTzey
paun3n MsHdulswdnnanluamunsunIaaSuman
nautE [FAUABUN AT HMENENITASULTINAGA b
gondduloufuaziduladuansiozaian

3) WpWSsufisuuTINAFAIINNITAIUINALLT

va o

NARAIINNANINAFBLAFAIZAI 289§ TBUAzN
Foeduq wuih "‘a%‘n'ﬁﬁl,auaimﬂﬁﬁﬁﬂ (BUU method)
NINIINAUIURILIINARADBIATUADUNIALTINLNAN
inauduloidlonsuninEuuandn (P,) usenadaie
WENE3NENATIN (P) WATLINNANAGIER (P,) 16
TaaarunsavhueeladindiAsanaannds wasian

AanuaaaAdeuaglunurinymela
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