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Experimental Study on the Mechanical Properties by Diameter and
Strength of Rebar according Cooling Method after Fire
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Abstract Fire is one of the serious potential hazards to buildings. Hence, post-fire research in terms of
repair and reinforcement is important. Since reinforced concrete (RC) structures are widely used in
construction, it is important to understand the material properties of reinforced concrete at high
temperatures. Therefore, this study tested the mechanical properties of rebars of various diameters and
strengths according to the cooling method after fire. The steel reinforcing bars used in this study were
SD400 D10, SD500 D10, D16, D22, and SD600 D22, and diameters of 10, 16, and 22 mm were used.
Stress-strain curves and strength reduction factors were derived through cooling in the air (CIA) and
cooling in water (CIW) tests. From SD400 to SD500 to SDG600, the strain rate after cooling had rapidly
decreased as the reinforcing bar became stronger. In addition, the strain rate significantly reduced in
CIW than in CIA due to the change in the internal structure of the rebar. However, there was no
significant difference in strength according to the diameter at the same designated strength. Data such
as stress-strain curves and strength reduction factors from these experiments can be used to frame fire

resistance design equations and perform finite element analysis assuming various fire scenarios.

Keywords : Cooling in Air (CIA) Test, Cooling in Water (CIW) Test, Rebar Properties After Fire, Rebar

Reduction Factor, High Temperature Tensile Test
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1. M

= S0 et AT A F sheltHll
dutd o s AZElE= FILEZIZERC: Reinforced
Concrete, O3} RC) 727} Wo] ARE7| wj&of, st
A Al RCF29] HAE SHsH] 3t Ay} 32
E AQgE/do] ¢ Fasitt. 3 2Aol|lA RCFRY
FAAGE A2I FAPE AR 2= JTHHEA
ol Fe-dct. 1y FIYEE 227t F71e o
2 A=} 730l A Wsta, £ =74 7HEE 3
243 2 EE Y7t S g B 38 £ 9l
o} E3YE+= S A, R & AmEA0] et A+
7} BAG, S AdFos A5t QEiEAY ule-
BEat}2]. A3 23 ER YSHE-S o17] &0
K HeiE UA Pttt ZPEsHAY, 5 FAISH
Eoltt. Sk, RCHERC wgo] AsHH, 3Hdo]
ZAYES #QG Aolo] HFSto] Lo 2EE HIEA
FEAA E HEE EATHB,4]. HEe] 23YE=

271 100 T W99l 2xoA ZA(spalling effect) &
A7bsAdo] Stk 2L QS| nEEaEV EEetd

Aol IAof AH =&, HA FXREY HHo] A
SHETH4] E39], 1204 7tdE EFE= ¥4 T
L A BAertA] FEER] ghom, oldt AL 7]&
ATEZ &9l & IHAUN5-7]. T2HA] 3] & RC
TFEE A B 9 B glo] Sk AdRtid,
A&E0] & Folg Y2 5= AUk IutHoE Ao
24 A 22 FAAEs d20lA o] BTt 3
EE= Zog dEAoY, dHgor W 25(400
T olshollAet F&Es= 2R A8 9. 12
(600 T o)ollxls 32 walof wet AR Fe
I EA =7 2010l E5] 45YZHCIW: Cooling
In Water, oJs} CIW) W48 Y7t A= e
A& 3K quenching effect)Z 15}l 600 T o4 71E Fo
Q3518 Z=7t F7FsA "eH10l. CIW7E B A9
T2, RCFZ2ENA A2 Qs 22E Zd= d
o] =& uf A3lpo] g FATHA Y4EE A-9ol
o} o] AL 1129] Hto] Eol 9o F45HA F<t
7] el 371 S0l ¥4=EE 429 2HCIA: Cooling
In Air, oJs} CIAFE tHE ol Uehg 5= Ut
A 2 AHFE71F(KBC 2016y 27HAE7E
(KDS: Korean Design Standard, ©]3} KDS)& &3t
A3, FFFAAE KDS 41 31 00@HsA3AS A
AR)oll A3} KDS 41 31 00°l+= Ao gt

=
L
-
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71&0] ZFE oY, 120X 9] MuH BT} HAE
WaHdARRES  AlAlskaL =9]71&(Eurocode,
ACI, AISC)] |8} vi-¢- F=sict. HahdA 2 o
WPA o 2 ARFAA A H(prescriptive rules) I ‘A5
718k WS AR (PBFD: Performanced-Based Fire
Design, ©|st PBFD) & 7IA7} it SyjolAe 2
AR A S "stal Qlom, FQoA= AFFEA
AHa PBFDE ®dsta Slth. 4y F842HF
&, 715, 84, &8 3= AF5HAFL Asex(H
E9 Wstx)ol wet WsHaAE AAISHES skl 9l
ot ASFEY Fd-AER 59 7% Bt 3 A3
ZUHR)0A e HFHSFR(1SAA 7E)0 TE
AFA LA E T AFUSHER@T A 105)0] T
5715 EHIA(PBFD)YE AATstaL Qict. =&jollA] A
Alske PBED®} #o], siHiollA = 548 PBFDE A4l
7] Yefide AEY 228 &4 meto] daxos
A3 E|ojokgict.

-9 550 ST F29 Iy &4 ]
W A=, 37 Ao 2 AlRAQl dAtdite i
RISk mebA] £ AtolAe iAol AMgE=
- 3%(SD400, SD500, SD600)9] kA & yzaol

oL
AT

2 2y o EAS =& ES SD500 &
48 7120z ZAYDI0, D16, D22) 25 AgHA

£49] Aolg Btk £ AL 5 KDS st
Aol BT B4E WYS] A dolelolng AF
s gl

oL, =9 7| st st 2AIE 43
= Wit 2 X YolEolAl =l 2 Zlelth

ASHPEL KS D 0026(273A)
A AlE )L KS B 0802(F4
W Fastgon, YA wek A
2 #A) 71%0 glonz y|&o S3E AT
FBFFCH10]. KS D 35040 mE SD400, 500, 600 &
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9] ALojjA st BE T} AR EAL 2+ Table 1,
29} et CIASF CIWe] A2 Fig. 200 =t
t}. CIAS CIW A3 2% Fig. 29 Step 1(a) I Zo]
ALY 71¥4EE 2y 10 ©10 T/min)oly, ER2
T (Target temperature)= A< (20 )& 2ot
100 T4 100 THYZE 1,000 T7HA] 7FEsHA L
Step 2(b)t Zo] BH2EC| EEoHH XA 30% ol
7H4RoA =5 FASH] Y R 227 &
298 5 QIEE 53Tt Step 3004 CIA AL Fig. 2
A (@b)o(e)eAR 718E AL 15U ol 42
oA B F, HPEACIA(Strain gauge)E F2o}
2 HA 0] 0.005 /min FHE =2 AFAE(Step
4 Stk ESH CIW AFL2 Fig. 20014
(@b)d(e)EAR 7HEE HEE2 9 HIE 2o] 10%
ol F&dZEt F, ol Fw5] Ad=olA ARl o
2ol HFEACIAE FAstal HAef 0.005 /min ¥
FE L2 AFAEE(Step 2 £ H9 A
XAEL Table 39 A=51t

(a) Cooling in air (CIA)

(b) Cooling in water (CIW)

Fig. 1. Cooling test method of rebar

Table 1. Chemical composition of rebar (SD400,
500, 600) at room temperature (20C)

Chemical composition (%)
Type
C Si Mn P S Cu| N | Ceq*
SD400 | - | < 0.60| - | < 0.050 | < 0.050| - | - -
SD500 | - | < 0.60| - | <0.045 | < 0.045| - | - -
SD600 | - | < 0.60| - | < 0.040 | < 0.040| - | - 0.67
Cr+ V+ M Cu+ Ni
“Ceq : C+—+ ( - 0) | e i)

Table 2. Mechanical properties of rebar (SD400,
500, 600) at room temperature (20C)

Mechanical properties
Type | Yield strength Tensile strength Elongation
(N/mm?) (N/mm?) (%)
More than 1.15 times
SD400 | 400 ~ 520 the yield strength > 16 ~ 18
(= 1.15 x yield stength
SD500 500 ~ 650 More than 1.08 times | > 12 ~ 14
the yield strength [
SD600 | 600 ~ 780 (> 1.08 x yield stength > 10
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Temperature
O
MO
Target Steady State
Temperature >30min |\,
* ©
\\Alr Cooling
(2) .
10°C/min AN
N Start Test
\
\
@ .
Room | Water C ooling [O)
Temperature Ti
ime
Step 1 Step 2 Step 3 Step 4 .
i _ (t, min)
Heating Phase CoolingPhase | Test

Fig. 2. The procedure of cooling in air test (CIA) and
cooling in water test (CIW)

Table 3. Test conditions and set values

Step Test condition Setting value
1 Heating rate 10 C/min
2 Holding temperature time > 30 min
(at target temperature)
>
CIA Air cooling period = 7 days
(at room temperature)
3 Water cooling temperature <10 T
CIW Water cooling period > 10 min
Cooling period in air after > 30 days
water cooling (at room temperature)
Loading rate .
4 (displacement control) 0.005 /min

| J

(@) UTM

!Thermocouple (Furnace)

(d) Data logger

(c) Rebar setting

Fig. 3. Test equipment and settings
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Ao] AMgH | € ¥PE AolA= Fig.
30 Akt Ws-AIF7I(UTM: Universal Testing
Machine, ©J3} UTM)9] 2=4l(load cel)< Fig. 3(a)

9} Zo] Hdf 2,000 kN9 ot5-8&%(load-capacity)<
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7HAH, ©9l= o 250 mm7HA] S8 5= ok 2
< 7193k= A7|7FE Z(electric furnace)= Fig. 3(b)
o} Zro] UTME] A|71(jig) Atololl AAl=H, AS fI5]
HE 9] 5515 ol A&E AAothESSEHIE ¢
10-1904000).

A7I7FEEE A 1,200 °C7HA] 718 & jloH
A7 AT R E FAT 5 Uk E3F Type K &
ARE Aol Faste] AAE REE S75150H,
A2 SDT25(Type K Thermocouple) ZH|E o]&
st A #HXEE AF S5t 71 & A9
HEES EHo] e A ZHo] HFEACIA
(strain  gauge)s FASFATh  ARH  Tokyo
Measuring Instruments Lab. 2] H&EA0|A|&= YFA
9] YFLAAO|RAlolH, Hd} 22 F4ARe] 1IHY
E(15~20 %) &7°] 7Fssttt. UTMY] sk5-#He| o]
el A7171d29] 2%, |FEACIXY HIE =F
tlo]EE tlolE| =7 (data logger) FAE &3l 5T
3, AFER ALotHt. dlolE|2 A= Tokyo Sokki
Kenkyujo Co., Ltd.2] TDS-150& °l-85to] Z7gat3ict.

2.2

Ao AREE 29 TR 272 SD400 D10,
SD 500 D10, D16, D22, SD600 D22& & 5%o|d,
7 Ba2E R Y 3/ £Pspqict. Lol o]
= E% 400 mm o9, A¥Zd3= o 3784 =5
23] PP o R TEoIqinh AFFAS Fig. 13+ &
o] CIA%} CIW & 717t =35ttt B2 AR2(20
)z} 100, 200, 300, 400, 500, 600, 700, 800, 900,
1,000 T oJH, 100 T 992 s34t B2
02 A2 59} /4 Table 49 HE st}

iz
0

9|

rivi}

Table 4. Type and number of rebars according to
target temperature (CIA, CIW)

Test : Cooling in air (CIA), Cooling in water (CIW)

Target temperature (C)

Diameter
Type
(mm) | 20| 100| 200|300| 400| 500] 600| 700| 800| 900| 1,000

SD400[D109.53) 3|3 (3|3 3|3]3]3|3|3| 3

D10©.53) 3313331333 3|3| 3
SD500[D16(15.9) 3|3 (3| 3|3|3]3]3|3|3| 3

D22(22.2) 3|13 |131313|333]3]|3]| 3
SD600D22(22.2) 3|3 (3| 3| 3|3]3|3|3|3| 3

826

3.1 AR-2EEH

FFIHCIWAFCZ I8t AIZ-2&34(time-
temperature curve)= SD400 D10 dZ2] A¥ATE
HHEZ Fig. 400 Uetlilch. AIRE-F42 Fig. 39 71E
22 QIS 19 BH2EE FAM(Type K& &3t
T4 Yepdth o]= Table 49] T2 HI(SD500,
SD600)2] Atet FYsty] wizo] ot A9 AT
Aetnt. 7HdRoA A% 2% 33 ohEA A7
7HdR 9] oA TAGl= =9} Ho] 27 Xjo]
7} SI& & Stk wEbA Ee] R4 WEZHA] 4
SH| 257t REEHEE 308 o JHE2LoA F-A]5t
At} FE3] 7ME" A2 Fig. 29 (b)(d) &A419F 20|
10&0]4 10 T H|9te] &Eof FZAIZT o]ZA d2=
AL FES AAsty, 2EME3E A1717] s oF
30 ol Aol S| ARSI

i

1.100

1.000 e men JOUIC
900 4
800
700
600
500
400
300

200 .
100
0

0 20 40 60 80 100 120 140 160 180
Time (min)

Temperature(°C)

Fig. 4. Time-temperature curve of SD400 D10 in
cooling in water(CIW) test
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Ay ol AR SH-HEPE T (stress-strain
curve)< Fig. 59 Zom, S-HPYE ZAS 59 &
EB%(f,. 9. MPa) H AFLE=(f, o, MPa), EAIS
(&, MPa)E Z=ESH3Th. FE30] FHoHA] g2 7
%, 0.2 % offset method& °|-&dt] YELLE =&
sielon, SE-HEE JAHA JARPA=E IFHE
(tensile strength)@ 3IATHFig. 59 DF). CIA®+
CIWARCE 34 HAIE59 58-HPE I42 Fig.
6ollA Fig. 10704 Astiet. S8-HPE J49 ¥
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SD400 D10 9] S¥-HPE FAE Fig. 6(2)9]
CIAS} Fig. 6(b)Q] CIW= vlmslgch. SD400 D10 &

9] CIA 482 Fig. 6(2)2F Zol 300 CTE ALty
600 T oJstollA] A2t =7t 7kt Ae gRlgk
4= Sl 100 TollAe A=ty A7t 71 wWol S7t
stgou, AL THperfect plasticity)d FAE
(elongation)°] 74313t 700 T olAoA= A2
v o] Zrastylont, 1#me] Fei= FASH
700 TOlA 1,000 T7HA] 257t 4584 Bert 7+
A5t 12d, CIW A9 Fig. 6(b)2F o] 700 €
oldollx F=rt S7keka, AAlEo] A FH/ut
7F Uehth. A 278804 &3t glo] 3473
= AT} 1,000 T oldolde Eadant
(quenching effect)7} &AYsto] =}t Aol Z7tst
et

=3

o (Stress, MPa)
fi w0 T
| l\
1, .0 H
C T E
A : |
foo |5 /7 02%offset
i
Eg,/(Elastic modulus)
0 0 £y Eu0
Linear | Perfect plasticity or | Strain-hardening Necking

region vielding

£ (Strain, mm/mm)

Fig. 5. Typical stress-strain curve of steel(rebar)

F2o)A 7HEE I 22 AAERN B B 7
ol 9597 2 o vt SUeke @42 71E AT
S04 HIEJCH10-12]. SD500 D10 9] -33-
HEYE FXL Fig. 7(2)9) CIAS) Fig. 7(b)2] CIWZ H]
5kt SD500 D10 9] A2 5Yst A4S 7t
A2 e 73%9] SD400 D109} vlw3stct. SD500
D10 EZ9] CIA A¥L Fig. 7(a)2F Zo] 100CE A
Skal 500 T olstellA AF2tiu] Z=rt F71et A& &
oIst 4= Qltt. SD400 D10 A3 &, 400 CTolA %
7 7R A Ut 700 T olAolAE SD400 D10
CIA A3 Zye} o] A2ty o] Fhrastylont,
O] P2 FASHAT 900, 1,000 TolME H=
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7F 71 @A yEhdth CIW A8 Fig. 7(b)2F 2]
900 ColdollA A&7t F7ketal, dA4lEe] ashe 3
Az YeRgdth SD400 D109 CIWARR 2,
700 ColAe SE-M3E IHAFHE AT A A=
ok thA ZHAsllon, 800 CTolA A7t glol A
o7} @Akt 1,000 TolAolAE SD400 D10
CIWARE T} Zo| ggdaur} Wt F=7t 7ot
9t SD500 D163 D22 9] SY-HIPE A4S
217} Fig. 8%} Fig. 9= WeRARIT. SD500 D163 D22
A9 CIAYSTLS ZH2} Fig. 8(a)9} Fig. 9(a)olx, CIW
AY L 247+ Fig. 8(b)?} Fig. 9(b)eltt. SD500 D10,
D16, D22 &9 CIA AE9 A3l Fig. 7(a), Fig.
8(a) 181 Fig. 9(a)< v, 600 T olAtollA 7
L7} 2319k £3] 700 TololAE 3435 =7t
AT AS Y-HEE JAS BT A T 5= Stk
SD500 D16 ZE9] 400 T2} SD500 D22 &9 500
T Ada Zo] Aoz @2 2hoA thah FEo
Za7F = 4971 194tk SD500 D10, D16, D22 &
+9] CIWARZZE 7+ 423t Fig. 7(b), Fig. 8(b)
T3 Fig. 9(b)& ¥|wsHH, SD500 D109] 700 € 3
AL ALskal 700 T ool BF: =7t T
37 Yelgt SD500 D10 A& 1,000 T o
A gEdanE Qs Awrt F7keteledt, SD500
D163 D22 L Q5|8 a7t At o8 &
oY 27 o] F7tE,E 12004 HEd At A4S
AL BRISILE E3F SD500 H29] CIW AL
tjd] 100 T4 400 T7HA|
eI 4= STt

SD600 D22 E9] §8-HFE J4E Fig. 102
9] CIA® Fig. 10(b)9] CIW= B3t} SD600
D22 9] A2, 54 A4S 7 B2 F=Y
SD500 D229} B3t SD600 D22 &2 CIA 4
F2 Fig. 10(2)2} Zol, 500 TE A5k 100 THE
600 T7HA| A2 &g} vlsshA &=k 700 T
oJAo| A= SD500 D22 CIA AYZATQ} Zo] A2y
Welo] ZA Aoy, Iz Fei= A
%3 1,000 ColA Zert 7% 2A yehgeh CIw A
2 Fig. 10(b)e} Zo] AAHoZ S-HFE 4|
A Mg Eo] AT $Y-HPE A9 off HE
2 Q4(toughness)ol™, AREANHAE Julgitt. A
Ao = SD500°] Hle) 1A= B2 Ad SD600 Ht
2 & YHCIWZ 4%, A7t 552 5 Y= ol

|1 E T R
A7} el gad

Uepct,

QY= S
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Fig. 6. Stress-strain curve of SD400 D10 rebar(CIA, CIW tests)
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Fig. 7. Stress-strain curve of SD500 D10 rebar(CIA, CIW tests)
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Fig. 8. Stress-strain curve of SD500 D16 rebar(CIA, CIW tests)
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Fig. 9. Stress-strain curve of SD500 D22 rebar(CIA, CIW tests)
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Table 5. The yield strength(MPa) and reduction factor of rebar cooling test(CIA, CIW)

014 016 018 0.2

SD400 D10 SD500 D10 SD500 D16 SD500 D22

SD600 D22

Temp.

®. ©) CIA CIW CIA CIwW CIA CIW CIA CIW

CIA

CIwW

YS*|RF*| YS|RF|YS|RF|YS|RF|YS|RF|YS|RF|YS|RF|YS|RF

Y.S

R.F

Y.S

R.F

20 [529.70] 1.00 [529.70| 1.00 |575.37| 1.00 |575.37| 1.00 [543.09| 1.00 |543.09| 1.00 |577.77| 1.00 |577.77| 1.00

611.65

1.00

611.65

1.00

100 |582.06| 1.10 |557.29| 1.05 |527.23| 0.92 [559.49| 0.97 [598.22| 1.10 |509.68| 0.94 [562.12| 0.97 |578.26| 1.00

647.16

1.06

703.05

1.15

200 [531.82| 1.00 [570.86| 1.08 (608.19| 1.06 [587.89| 1.02 |565.20| 1.04 [528.15| 0.97 [562.16| 0.97 |594.12| 1.03

638.38

1.04

674.12]

1.10

300 |515.40| 0.97 [553.31| 1.04 |604.62| 1.05 [603.80| 1.05 |575.04| 1.06 [511.26| 0.94 |573.20| 0.99 [594.32| 1.03

635.18

1.04

679.29

1.11

400 [562.44| 1.06 [579.67| 1.09 [594.90| 1.03 [590.59| 1.03 |518.67| 0.96 [495.86| 0.91 [595.61| 1.03 |591.43| 1.02

612.41

1.00

642.45

1.05

500 [550.51| 1.04 [548.46| 1.04 |630.38| 1.10 |632.10| 1.10 |566.22| 1.04 |464.94| 0.86 [578.56| 1.00 |581.10| 1.01

584.44

0.96

664.75

1.09

600 [566.10| 1.07 |547.03| 1.03 [553.04| 0.96 |607.12| 1.06 [494.08| 0.91 |536.64| 0.99 |517.74| 0.90 |516.70| 0.89

525.41

0.86

655.07

1.07

700 439.20| 0.83 [555.19| 1.05 [438.47| 0.76 [534.92| 0.93 |353.84| 0.65 |438.08| 0.81 |386.18| 0.67 [360.90| 0.62

383.54

0.63

411.31

0.67

800 [386.29| 0.73 |541.35 1.02 [366.95| 0.64 [451.22| 0.78 [345.84| 0.64 |600.44| 1.11 [335.29| 0.58 |439.89| 0.76

368.51

0.60

451.74

0.74

900 [358.78| 0.68 [584.26| 1.10 [327.43| 0.57 |405.38| 0.70 [288.61| 0.53 632.63| 1.16 [317.27| 0.55 |450.63| 0.78

357.22

0.58

449.51

0.73

1,000 [331.92| 0.63 [588.07| 1.11 [302.58| 0.53 |639.76| 1.11 |276.81| 0.51 [583.85| 1.08 [308.91| 0.53 |599.18| 1.04

339.06

0.55

435.53)

0.71

*Y.S : Yield strength(MPa), **R.F : Reduction factor

Table 6. The tensile strength(MPa) and reduction factor of rebar cooling test(CIA, CIW)

SD400 D10 SD500 D10 SD500 D16 SD500 D22

SD600 D22

Temp. CIA CIw CIA CIw CIA CIw CIA CIw

CIA

CIW

0, ©)
TS |RF*| TS| RF| TS| RF| TS| RF|TS|RF|TS|RF|TS|RF|TS|RF

T.S

R.F

T.S

R.F

20 |641.94| 1.00 |641.94] 1.00 |676.05| 1.00 |676.05| 1.00 [690.80| 1.00 |690.80| 1.00 |707.39| 1.00 {707.39| 1.00

782.88

1.00

782.88]

1.00

100 [695.12| 1.08 |667.88| 1.04 [635.24| 0.94 |688.11| 1.02 [729.66| 1.06 (741.56| 1.07 |701.40| 0.99 699.05| 0.99

795.72

1.02

824.85

1.05

200 |653.40| 1.02 |683.07| 1.06 |699.38 1.03 |672.83| 1.00 [715.50 1.04 (743.04| 1.08 |701.45| 0.99 (706.95| 1.00

808.34

1.03

800.61

1.03

300 [622.32| 0.97 |661.77| 1.03 |690.26| 1.02 [693.78| 1.03 [716.39| 1.04 |741.26| 1.07 |697.39| 0.99 (707.00| 1.00

817.58

1.04

806.30]

1.03

400 |678.80| 1.06 [703.76| 1.10 |704.11| 1.04 678.15| 1.00 |683.25| 0.99 |757.96| 1.10 {707.30| 1.00 |712.32| 1.01

772.97

0.99

819.08]

1.05

500 |680.72| 1.06 |675.30| 1.05 [705.57| 1.04 |707.81| 1.05 [729.96| 1.06 [736.03| 1.07 (685.06| 0.97 |695.09| 0.98

758.12

0.97

757.11

0.97

600 [651.01| 1.01 |665.64| 1.04 (634.74| 0.94 |671.58] 0.99 [607.30| 0.88 |701.66| 1.02 |607.57| 0.86 |618.18| 0.87

628.36

0.80

748.70]

0.96

700 |573.89| 0.89 [655.61| 1.02 |557.95| 0.83 |617.36| 0.91 [557.08| 0.81 [624.63| 0.90 |506.23| 0.72 593.00| 0.84

556.28

0.71

656.69)

0.84

800 [575.46| 0.90 |683.28| 1.06 [513.02| 0.76 616.37| 0.91 [539.31| 0.78 |654.26| 0.95 |502.41| 0.71 |634.65| 0.90

564.12

0.72

656.69)

0.84

900 |551.53| 0.86 [684.39| 1.07 |493.21| 0.73 652.9| 0.97 |533.53| 0.77 |682.31| 0.99 |491.01| 0.69 (655.22| 0.93

542.22

0.69

635.36

0.81

1,000 [531.00| 0.83 [792.15| 1.23 |447.73| 0.66 |775.40| 1.15 [488.01| 0.71 |657.81| 0.95 |488.07| 0.69 |635.41| 0.90

529.98

0.68

641.29)

0.82

*T.S : Tensile strength(MPa), **R.F : Reduction factor
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Table 7. The elastic modulus(MPa) and reduction factor of rebar

cooling test(CIA, CIW)

SD400 D10 SD500 D10 SD500 D16 SD500 D22 SD600 D22

gmgj CIA CIW CIA CIW CIA CIW CIA CIW CIA CIW
EM*|RF*| TS | RF | TS | RF | TS | RF | TS | RF | TS | RF | TS | RF | TS | RF | T.S | RF | T.S | RF
20 192,530 1.00 (192,530 1.00 (177,563 1.00 [177,563| 1.00 |187.323| 1.00 |187.323| 1.00 (196,668 1.00 (196,668 1.00 206,990 1.00 {206,990 1.00
100 |193,712] 1.01 (180,775 0.94 (190,170 1.07 (184,569 1.04 [170.836| 0.91 [210,037| 1.12 [179,746| 0.91 [182,752 0.93 [222.807| 1.08 [195.354] 0.94
200 (198443 1.03 [192102] 1.00 [183,137 1.03 (207,116 1.17 (181,234 097 [216379 1.16 [179,746| 0.91 07622 1.06 (196872 0.95 (191,492 0.93
300 [201,489 1.05 [172,560| 0.90 181,142 1.02 (174493 0.98 [167.284] 0.89 [207.291] 1.11 [189,807| 0.97 [194106 0.99 [211,218 1.02 [207.230| 1.00
400 195,744 1.02 00822 1.04 [185341] 1.04 (170,709 0.9 [184,018 0.98 [209,321] 1.12 [192,050] 0.98 (199233 1.01 (187,063 0.90 [201,693 0.97
500 (197,890 1.03 [185578 0.96 (176896 1.00 (171,184 0.96 [199,787| 1.07 [206,160| 1.10 [184592| 0.94 |178,173] 0.91 [183,601| 0.91 05622 0.99
600 (177,977 0.92 195305 1.01 [186937 1.05 (170,183 0.96 [189,027| 1.01 (194442 1.04 [193,648) 0.98 [174383 0.89 [204,215 0.9 214,678 1.04
700  [180,961] 0.94 210,611 1.09 [185788 1.05 229,611 1.29 [204716| 1.09 [164,107] 0.88 (184,809 0.94 [185758 0.94 [192,381] 0.93 [169,134] 0.82
800 1457700 0.76 [126437| 0.66 [142,070, 0.80 [204915 1.15 [194345 1.04 [177.590 0.95 [179.825] 0.91 (161,365 0.82 [205409 0.99 (185,523 0.90
900 161,005 0.84 213,038 1.11 [195644 1.10 [241,746 1.57 200,387 1.07 [183,48G 0.98 (196,464 1.00 (191,703 0.97 201,460 0.97 [171,695 0.83
1,000 (160,253 0.83 226,811 1.18 (172389 0.97 [237,081| 1.34 [200402 1.07 (194,125 1.04 [184866| 0.94 [206492 1.05 [202,893 0.98 189,217 0.91

*E.M : Elastic Modulus(MPa), **R.F : Reduction factor
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Table 8. Changes in mechanical properties after cooling (CIA, CIW) according to the strength and diameter

of rebar
CIA | cw
Group Comparison| Comparison As the strength of the rebar increase, recovery
target rebar
Yield strength |Tensile strength|Elastic modulus| Yield strength |Tensile strength|Elastic modulus
1 SD400 D10| Decreased Decreased Increased Decreased Decreased Increased
Strength | SD500 D10 | (9*=600) (6=600%) (6=700%) (6=600%) (6=600%) (6=700%)
2 difference | sp500 D22 Increased Increased No difference | No difference | No difference | No difference
SD600 D22 (6=600T) (6=600T) (6=600T) (9=700T) (#=700T) (9=700T)
As the diameter of the rebar increase, recovery
. SD500 D10 [ . ; ; } . .
3 Diameter SD500 D16 Yield strength |Tensile strength|Elastic modulus| Yield strength |Tensile strength|Elastic modulus
difference SD500 D22 Decreased
No difference | No difference | No difference | No difference | No difference (6>7007)

*@ is the temperature of the rebar

&= SD500 9] =7} offje]l fAghe A &
QIS &= Qie}. ®HH, SD5009] BgAlG== 700 T ol
oA SD400 Ett F7FtArHincreased). 3¢
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