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ABTRACT

In this study, reinforced dual concrete beam (RDC beam) composed of steel fiber reinforced concrete (SFRC) in
the tension part and normal strength concrete (NSC) in the compression and remaining part is proposed. It is the
epochal structural system that improves the overall structural performances of beam by partially superseding the
steel fiber reinforced concrete in the lower tension part of conventional reinforced concrete beam (RC beam).
Flexural and shear tests are performed to prove the structural excellence of RDC beam in comparison with RC
beam. An analytical method is proposed to understand the flexrual behavior and is compared to experimental
results. And for shear behavior, experimental results are compared to empirical equations predicting the ultimate
shear strength of full-depth fiber reinforced concrete beam to examine the behavior of RDC beam under shear.
From this studies, it is proved that RDC beam has more superior structural performance than RC beam, and the
analytical method for flexural behavior agrees well with experimental results, and the partial-depth fiber
reinforcements have no noticeable effect on ultimate shear strength but it is considerably effective to control and

prevent evolutions of crack.
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Table 2 Measured properties of hardened concrete

al ol=& ILalx
2408 7l ek A2 100mm x 200mm GFF S Class | f, (MPa)| f,(MPa) | £, (MPa) | E (GPa)
9} 100mm x 100mm x 400mm 458 FAHE A% st NSC 29.1 2.6 47 254
o] 23 FFgo] AHEEen B4 ALs ZaEe SERC 84.0 11.2 14.3 37.9
Table 1 Mix design of SFRC
. . 3
Gmax | Slump | w/e | Air v Unit weight (kg/m®) sp S=——F .
(mm) | (cm) (%) (%) (%) w c BFS | SF IS G | (cx0.02 %) { - 30mm Jﬁwmm
_ ‘ Aspect ratio(l;/d)=60
13 15 26 3.7 15 170 | 480 | 131 33 678 | 805 9.81 .
Steel fiber
Table 3 Summary of experimental programs
Reinforcement ratio icati
Class Designation ; Stirrups SFdRC tﬁp[()llcaglon
p 0 ep mm
RC I (f) -
RDC I -130(D) p=0.26p, 130
Al ! RDC I -170(1) 11-D13 170
exural test RCH(f) _
RDCII -130(f) 0.00294 130
RDC I -170(f) _ 170
RCI(S) p=0.45p, -
Shear test RDCI -130(s) - 130
RDCI -170(s) 170
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Fig. 1 System of reinforced dual concrete beam
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Table 5 Comparison between experimental and analytical results
At elastic limit At ultimate stage
Beam designation Load (kN) Deflection (mm) Load (kN) Deflection (mm)
Ex An | Ex/An| Ex An | Ex/An| Ex An | Ex/An| Ex An | Ex/An
RDC I -130() 90 95 0.947 4.0 4.46 0.897 233 238 0.979 21.26 21.0 1.012
RDC I -170(f) 98 97 1.010 4.02 3.40 1.182 272 266 1.023 | 2264 | 21.12 1.072
RDCT -130(f) 98 101 0.970 34 3.63 0.937 345 352 0.980 25.79 25.21 1.023
RDCI -170(f) 107 102 1.049 3.55 3.65 0.973 418 400 1.045 29.59 26.5 1.117
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Darwish et al. et al.
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(a) RCII

Fig. 12 Comparison of failure mode

(b) RDCII

9] ¢ltiTable 6, Fig. 11).
Al QIR el SFRCE A&3h= Avtoz Y
BER AAYE A8 o WA T i 1
Fo|gt SFRCE #&-3l=
A% Ak Fda= A4 5 9)
2 mEze dgol TFsa

] Fig. 139) =440 EHY
k. 712 gA 7Y B A o Szl
[e)

RDC 2 RC Hof B3] B2 vA dEEE X5
ATk T ol AT A Alolg Adsl FEL
ATl 84S B3 3 TR 4RE ofAls
we wAE FAES WA BEolt AEE U
B9 SFRCE 48311 olejdt 2469 7158 %
28] 1 &7 e A2 o 4 slen A, 79
T 74 20 9449 B9 BE F A4 722 4
Sol= BRAYS nojEn)

407



(T

(@ RC(H

{ Z L \ﬂ 373\ lv% |

(b) RDC 1 -130(f)

AR A,

(c) RDC I -170(f)

ﬁ
|tk

et
+

Ty

(dRCO(H)

(e) RDC I1-130(f)

() RDC II-170(f)

s i iniiaidt:

(9) RCII(s)

Ag:,
ey

% 1
et

BEEY

+ .,é‘n

'~r"g{‘

:am
:%r
ﬁ
ﬁ
_,-t-it.
tﬁ.,
~_¥

(h) RDCII-130(s)

iy R

(@ RDCII-170(s)

nil

Fig. 13 Schema of crack patterns (Unit : Figure
x9.81 kN)

6.8 E

A2 ol FAE X Ut A
2 44 Hu A5 B8 =29 2ide U 2o
D) A2 o] 22E K Fof uig 7 3 F9 3
7 aga 7&3" "4:&3’—33115 ol vjg} 433 F

EE 4 3}@15 QJ o}ﬂxl e aA ¥
ailes
2) AL o) 247 o AR 9D # 723

408

o

& we 1o 34
%EH Agso] 9l

EE r’H*""]'OqJ—
AA A= AT
He Agans 3

& w

o oo B o rlr 24 o
F’ 2 o ool

r -

-+ B

[e3 lﬂ

o, |

ﬁ

o £

2,

oX

a2

-0,

I ox, ofN

3
& dul B2EaEe wel I76) M3 U4 ol
2 Z3E B 2L T2 d4 19
SU A F22 A5 B AL e

2 Qe QEmERY ANDEIESAINA 2
SAAB-0D"S] dBOE %
CURES

1. Ashour, SA and Wafa, FF. “Flexural behavior of
high-strength fiber reinforced concrete beams”, ACI
Structural Journal, Vol. 90, No. 3, 1993, pp.279~287.

2. Gunasedaran, M, “Strength and behaviour of
lightweight concrete beams made with sintered
fly-ash aggregates and fiber-reinforced partially”,
The Indian Concrete Journal, Vol49, No.1l, 1975, pp.
332~334.

3. Swamy, RN. and Al-Ta’'an, SA “Deformation and
ultimate strength in flexural of reinforced concrete
beams made with steel fiber concrete”, ACI Journd,
Vol.78, No.5, pp.39%5~405.

4, Toutanji, H. and Bayasi, Z,, “Effects of manufacturing
techniques on the flexural behavior of steel fiber-
reinforced concrete”, Cement and Concrete Research,
Vol.28, No.1, 1998 pp.115~124.

5 Bowling, ] and Groves, GW., ‘“Debonding and
pull-out of ductile wires from a brittle matrix”,
Journal of Material Science, Vol.l4, No2, 1979, mp.
431~442.

6. Swamy, RN. and Mangat, P.S., “The interfacial bond
stress in steel fiber cement composites”, Cerment and
Concrete Research, Vol6, Nob, 1976, pp.641 ~649.

7. Laws, V., “The efficiency of fibrous reinforcement of
brittle matrices”, Journal o Physics D, Applied
Physics, Vol4, No.10, 1971, pp.1737~1746.

8. Allen, HG, “The strength of thin composites of finite
width, with brittle matrices and random disconctinuous
reinforcing fiber”, Journal o Physics D, Applied
Physics, Volb, No2, 1972, pp.331~343.

S=2E 32| E518| =2 173 35(2005)



9. Aveston, J., Mercer, RA., and Sillwood, JM., Fibre 13, Sharma, AK, “Shear strength of steel fiber

reinforced cements-scientific foundations for specifications, reinforced concrete beams”, ACI Journal, Vol.83, No.

In Composite-Standards, Testing and Design, Proc. 4, 1986, pp.624~628.

National Physical Laboratory Conference, UK, 1974, 14. Narayanan, R. and Darwish, LY.S., “Use of steel

pp.93~103. fibers as shear reinforcement”, ACI Structural
10. B g, 554, 2¥e, “AFEF 1% A= 23 Journal, Vol.84, No.3, 1987, pp.216~221.

YEE o] &3 o]F F3E Hel 3 A% sy, 2 15. Ashour, S.A., Hasanain, G.S,, and Wafa, F.F.,, “Shear

AEsts] =73, 137 6%, 2001, 12, pp.o4~592. behavior of high-strength fiber reinforced concrete
11. Baston, G. Jenkins, L., and Spatney, R, “Steel beams”, ACI Structural Journal, Vol.89, No.2, 1992,

fibers as shear reinforcement in beams”, ACI pp.176~184.

Journal, Vol.69, No.10, 1972, pp.640~644. 16. Imam, M, Vandewalle, L., Mortelmans, F., and Van
12. Furlan, S. and de Hanai, JB. “Shear behaviour of Gemert, D, “Shear domain of fibre-reinforced

fiber reinforced concrete beams’, Cement and high-strength  concrete  beams”,  Engineering

Concrete Composites, Vol.19, No4, pp.359~366. Structures, Vol.19, No.9, 1997, pp.738~747.

e o

2 AFoE AFR0) RS By BAUES ASHE 92F 2 UulA 226 BE 4= 2AYEES 44T
% 222 o A, oj2e U ARBAES) AP se] FG BT 227
AR 724 452 AN $AH2 T2 Aol RC ol W) RDC 27h 72A0% 9438 92| 913
9 A Ago] ANHh Ed 2487t wAE A2TaE vl @ A5 A% oldsu LY

o) A2k5jo] AP ATNS HALT, MY AFE A BYo) AX B4 wgE BREAE B AW 4= 422 91
Aokel 1@9) 394 Z3dst ROC v A% 48 Z3bh ulu B4Egi ¥ 798 ROC 5= RC 5ol H5 2o
958 TEH A5 BHRD, § Y AL A9Ane F QHE A0E Ueht, £ A% ARdT ¥ELow
A58 B3Y A3 3T AIYEE 2 938 vHA) FIIT 29L Aofen A4 A F2E HRcE o
ARoR fESHE 202 sk

A0 : AT o]F TaYE B, ATTIYE B, FAF B 2ade

i

m
I
-{m
4T
)
|o
it
=
B
ok
i
o 2 X E U
ol bt 2L

O

F!F

22 015 232|E 2o| & & Mt S 409



