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ABSTRACT

Cracks due to low tensile strength in prestressed concrete (PC) beams may decrease rigidity and structural
performance, resulting in excessive deflection. In an effort to solve this problem, in this research, prestressed dual
concrete (PDC) has been proposed, consisting of normal strength concrete in compression zone, and high performance
steel fiber reinforced concrete(HPSFRC) with a partial depth in tensile zone. Three PDC beams with different depths
of HPSFRC and two PC beams were cast for experiments. Analytical models at each stage, ie., precracking,
postcracking, and ultimate, were proposed for analysis of flexural behavior in PDC beams. The experimental results
agree well to the analytical ones. Crack formation and its propagation are controlled by the HPSFRC in PDC beams.
The initial cracking and service limit loads are increased along with the load carrying capacity and flexural stiffness.

Keywords : high performance steel fiber reinforced concrete, prestressed dual concrete beams, analysis of flexural behavior
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S HJTh T FRC7F stdolA 1/2 Zo|7kA] Hed =
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Berh a2 A7 £49 d7olAe FRC7E AA
do} shdeljA 12 Zol7kAt AEE 1, BE 23
g Ed Mfuks A8t 45 2 IFRET gHHeR
TAHA gt wEt 2 dFelME Ael7HEsilica
fume)® nZ&EWI(blast-fumnace slag)et 2 A #

E &3 A)(mineral admixture)E ANESH A HAsA
:q_a‘l- ]-OZ] ]uuq _ﬂ_ g}o:h:} O]E Egﬁ ‘T"ZH ] Eﬂ
Aot MEl XY RAATE 9 ‘H e (load carrymg
capacity)& AL Fo&
7Y o|F ZAYE A AsHE ‘%*Xﬂo = -T’—}E]F AR
27} Z38]E(high performance steel fiber reinforced
concrete, 13} HPSFRC)7} A-€5 31t

5, A5 HPSFRCY o+55-9] NSCe] g4do= of
-r°1%‘l Z2EY2E o]F AT E(prestressed dual
concrete, ©13F PDC) B8} 27|7g 2 3 835, &
A& EAF R AL, B FEE Aofsty] 3l
HPSFRC7} Ze|~EHAE EAYE HO Aoy &
WY 1/2 Zolr} ohd BT dRFe) 44 & Zlod
(200mm, 300mm, 0mmE LUt gL 5o
PDC B¢} ZE|2EY2E ZF 3 E(prestressed concrete,
o5l PO)RY %7] w4 ¥ 34 ARgshE, E 44, 35
AR SF F4 FF dAA 2do] AHEd 3 sAs
3o, PC 2 PDC B9 & 75o] v|al - #A4 €t

2. dlEAE
21 ARBNE

21.1 E3gE

2 A7N AFE AEY AUEE 1F RE TERS
ARE®|EHEA 320 cm¥/g, ¥F 3157 AREEIT, &
AYE] KA TR A3 F#& A AT
13mm¢! ZAZHF 264, 28E 6.75)°] AHEHUTH
HPSFRCE Misp7] lste] wiA] #& E3pARl 125

(W EHEA 5%2emYg, HIFE 291) 9} A TR EH A
20,000 cn/g, H1F 206)0] AREEHUT, ZH vRRIT(A[HE
+3E2E3A) Y 0% 5% FHH 2 X|$Hsle] ALRE
At} @2 E-AHERZ A YAUYEE MAE] 9
& A4 ZelgteRaA 1A% ZEA(S 121005, pH
70430, 28 61%, 299 46.0%)7} /\}%E]%IE]-

2.1.2 A+
2 g7 Aol(Ly) 0mm, A73(0;) 05mm, FY
H](L},/Df) 60, o\_]_zo]Jc}E 687 MPas! Eﬂ_aag 1')\-]%7}. /\}__g_

Table 1 Mix design of HPSFRC

Materials Mix proportions
Gmax [mm] 13
Slump [mm] 210
Air [%] 3.7
W/B [%] 25
S/a [%] 46
Steel fiber VI [%] 15
W 170
C 490
Unit weight BFSa 131
(kg/m®) SFb 33
S 678
G 805
SPc (Cx 2%) (kg/m®) 9.81

2 BFS: blast-furnace slag, Y SF silica fume,
¢ SP: superplasticizer

Table 2 Mechanical properties of concretes

Mechanical properties NSC HPSFRC
Compressive strength (MPa) 39.2 84
Flexural tensile strength (MPa) 55 14.3
Split tensile strength (MPa) 36 11.2
Modulus of elasticity (GPa) 29.6 37.3
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Fig. 1 Tensile stress-strain curve

Fig. 2 Dual concrete beam section state after
casting interval, 4 and 8 hours.
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Table 3 Experimental programs

Beam Length Cross-section(bxh) Stirrup Tendon HPSFRC depth
PC -
PDC 1 . SWPC 7B 12.7 mm 200 mm
12m 0.6mx1l.1m Minimum .
PDC II 4-wires x 2 tendons 300 mm
PDC III 400 mm
[Unit : mm] ¢ ¢ D13 D13 ¢ ¢ D13 D13
y's
N i
Il 1
0~ vt&#" - - on, M :L'—m E 1
AN = 4000 [ D13 ioN 4000 D13
100 13 @250 = 3250 10@370=3700 13 @250 = 3250 100 100 13 @250 = 3250 10@370=3700 13 @250 = 3250 100
% 4 @200 = 800 4 @200 = 800 % 4 @200 - 800 4 @200 = 800
S0 3650 e 3700 ‘ 3650 430 12 3650 Me—. 3700 e 3650 200
—He— e e M e ¢ e HEH
) 12000 L 12000
fo——— | e —
(a) Prestressed Concrete(PC) Beam (b) Prestressed Dual Concrete(PDC) Beam
<End Cross-Section> <Center Cross-Section> <End Cross-Section> <Center Cross-Section>
D13 _~— NSC D13
50 350
200 200 R
- Sheath ¢ = 40 - Sheath ¢ = 40
250 R o 250
-SWPC 7B 1100 -SWPC 7B
i 940 "
1100{ 200 12.7mm 4-wires | [ 1100 200 12.7mm 4-wires 1100
N
D13
250 m\ ‘ J 550 250 550
326 — ] 56
200 w 20 200
301 60 220 SERTTREN
NSC “5'_'*_‘?‘ HPSFRC hgc—*—*-*—»ol
50" 250 | 250 50 5012512512512550
600 ¢ 600 (
(c)Cross-Section of PC Beam (d) Cross-Section of PDC I (HPSFRC Depth is 200mm)
<End Cross-Section> <Center Cross-Section> <End Cross-Section> <Center Cross-Section>
D13 D13
R 7 ry
1200 %50 200 450
250 - Sheath ¢ = 40 250 - Sheath ¢ = 40 i
-SWPC 7B 1100 -SWPC 7B 040
: 940 ;
1100 200 12.7mm 4-wires 1100 200 12.7mm 4-wires 1100
D13 —— D13 T
“ D13 580 20 D13 550
foofzs b5 300 325|400 a5 |400
200 350 200 0
NI ITTOPPIN 256 M50 220"

800

5312512512512559

500
(e) Cross-Section of PDC Il (HPSFRC Depth is 300mm)

Fig. 3 Shapes and dimensions of beam specimens

A GR(E 06m, F0] L1m& zke Zo] 12m
ol ¥2E HAHY IgrEH2E ZIYPE BHE

HPSFRC7t 442 skl Al 200mm, 300mm 400mm %
opdE Z*%FJ 37H«1 PDC 5.} 2709} PC B7F AZE
% D 13«] o] 20mmA R Ha Ayl
il PH 63» % o AeEze) 944 gus 93
E‘.«] /\]—‘:‘ DJ —5—]_?_01 7_3_0] H}ﬁ’t__i o]z};d:!.o] HH:LE]%{
on|, #27d 9AE DN Hal YR A2l
dhsko 2 wj2E ek PC 2o} PDC 29| 7lash 84
! X]4=7} Table 33 Fig. 3 AA13] el 9ok

%8, A 1

448

600

551251251251255:

500
() Cross-Section of PDC I (HPSFRC Depth is 400mm)

2447 127mme) ZAHSWPC 7B 794 127 mm)
] KS D 7002-1988 T+Adl &3] 718 ARE AT
7} 7147 (tendon)& 471<] 7091;@_ strand) 0.2 750
W 2 Al AL 7 A seREd 1%
A48 A7) AT At 4 ilfﬂgiﬂ, gakal 017y
= %3}04 Aol AXNEAT. 74 AT FEsHE
KN} fr& 7173 e] 2-g=3]0h

9810KN %%*54 A W AFIUTME B3 4
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Fig. 4 PDC beam specimen and experimental set-up
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Fig. 6 Stress distribution and crack propagation of
PDC beam for each region
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(d) Stress block

Fig. 7 Transformed stress-strain distribution on the
cross sections at precracking stage
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CoAC,=T,+T,+T, @1
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o714, 7, & HPSFRCY #& 24 o]
QD& 747} o3} 2ol Yehd 4= gith

C.=Af, (22)
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gt 279 92 4 (199 Y] T 2ol
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24 Ed + 24 B d+ bh2E,, + 24, B d+ o
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, 2f Db
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Ern

Postcracking Stageoll Xl 4,9 6,5 t=3t 2ol 3
Aok
M= %qan(c—dﬂn T (d,—c) (28)

cu

h
+T(d—e)+ T, (hn~c+7")

(), = = | )
(B,—P)a 2 2

¢§7)4, M, : Posteracking stageol 9} Be) RlE
(ED, : Postcracking stageolA 9] # 744
8, : Postcracking stagedliA2l $4 A3

33 Ultimate stage sfiAd
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o] £8-wgE BYTyl Fe 9o Yt glx, w@He
4% 2 g8 EEE Fig 909 Zo] B]4YE YE}
dk vlAE $8 e Fg A9} 2ol $71 A
28 R¥2 7MgET, PDC B gl disix g9 3y
279 oJal v Ao] JHdr

Cot Cp =T+ T, + T, 3D
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7 T
(d) Assumed Stress block

(c) Actual Stress block

Fig. 8 Stress-strain distribution on the cross sections
at postcracking stage
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Fig. 9 Stress-strain distribution on the cross sections
at ultimate stage
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Table 4 Comparison of Ex.(experiment) and An.(analysis) results for PC beam and PDC beam specimens

Precracking stage Postcracking stage Ultimate stage
Initial cracking load| Deflection at | Limit service load Deflection at Ultimate Toad (kN) Deflection at
(kN) midspan (mm) (kN) midspan (mm) midspan (mm)
Ex Er Er Er Er Fr
Ex. | An. In Ex. | An. In Ex. | An Tn Ex. | An. in Ex. | An. TIn Ex. | An. “in
PC1 |3314)339.4 ) 098 | 461 ] 48 {0.96|437.9| 445 | 098 | 685|721 | 095 | 705 | 658 | 1.07 | 32.1 | 33 | 097
PCII | 328 |3394| 097 (434 | 48 | 091 ] 450 | 445 | 1.01 | 642 | 721 | 089 | 734 | 658 | 1.12 | 358 | 33 | 1.08
PDC 1| 410 | 418 | 098 | 463|521 |0.89| 560 | 640 | 088 | 7.05 | 9.15[0.77 | 745 | 820 | 0.91 | 241 | 21.3 | 1.13
PDC I | 503 | 429 | 1.17 | 568|527 |1.08| 620 | 620 | 1.0 | 88 | 86 | 1.02 | 830 | 912 | 091 | 233|241 | 0.97
PDC III'| 550 | 445 | 1.23 1613 53 | 1.15| 660 | 650 | 1.02 | 834 | 88 [ 095 | 950 | 1012 | 094 | 22.1 | 254 | 0.87
QS+ et Q=0 (30
& =—085f.b5 ()
@ =0857b0d+ A Ee,+f,bhy,—d) (39) z
+A5fy+Apsfm ;;
B , ’ =]
Q== A, Bye,d —f,blh, —d)d—Af,d— A4, f,d (1) =
Ultimate Stageol|Al A4, ¢} 6,2 T3} o] TRtk

M=q, (c— §)+ Cle—d)+ T, (d,—c) (41)
hL
+T(d—)+ T, (hn—c—f— 2’ )
(ED), = %= e (42)
b= LG4 +5, @)

o714, M, : Ultimate stageclA18 @9 =3 RdE
8, - Ultimate stagecllA9 59 23

4. #nt ¥ 1
A8 9 A Ayt vl - £49 PC 29 PDC 1o
2714 B MRS, SREkE, 7 skedElelA

i

1740] Table 4o LFeht} oI,

Qb

Zz

41 A3

il

Precracking stagedllAl 27| F¥€sl5o] PC B9} M)
3l PDC IRAA 24% PDC E IolA 52%, PDC X
MM 67% Z7FEUL, Posteracking stageol A A4
&38t50] PC ®9 H|uwsle] PDC 1 BHellA 29%, PDC X
NelA 43%, PDC X Te1A 52 %71 $71=%ieh PC B9}
PDC Hol thgt AdZ47e st5—AHY F4o] Fe. 109
veh ook 271 8 e 2] 74 oA -AHF
T4 7118 e, 8 Y Tk 'Y 2|9
szl digt 289 WY A4S Jehdith 2] € A
/3 HPSFRC A& zleld w2} PDC 2 oA 20%,
PDC X TelA 209%, PDC B TN 2 %7 S7FE 00
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0 5 0 15 20 2 30 35 0 45 50
Deflection at midspan (mm)
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