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A Sudy of Reinforced Concrete Corner Columns

under High Temperature

Student : Kuo-Li Huang Advisors : Dr. Wen-Chen Jau

Department (Institute) of Civil Engineering
National Chiao Tung University

ABSTRACT

Columns are the most important members of structure. The strengths of the
columns in general determine the strengths of the structure. Therefore, the study
of the strengths of columns under high'temperature is very important. Many
studies have investigated the strength of interior (four faces fire loading)
columns under high temperatures; however, there has been little research on the
strength of corner (two faces fire loading) columns under high temperatures.

Corner columns are usually ‘under high biaxial eccentricity than interior
columns. Furthermore, during a fire, only the interior two faces of corner
columns are exposed to fire in contrast to interior columns of which all four
faces are exposed. The material asymmetry of concrete after fire further
complicated the behavior of the corner columns. This study investigated the
behavior of corner columns under axial loading, biaxial bending and asymmetric
fire loading.

This study shows :

(1) The corner column under the same stress ratio, the temperature distribution

across the section is similar to interior columns and is not affected by

concrete cover thickness, concrete strength or steel ratio.



(2) The factors affecting the initiation of the cracks under high temperature on
corner column in the order of importance are fire duration, concrete cover
thickness, steel ratio, concrete strength and eccentricity.

(3) A further examination on the residual strength rates of the corner columns

after fire loading shows : (a)in the tension failure zone, the higher the

eccentricity, the higher the residual strength; in the compression zone, the
residual strength did not change significant, (b) the longer the fire, the less
the residual strength, (c) the higher the steel ratio, the higher the residual
strength, (d) the thicker the cover, the less the residual strength, and ,(e) the

higher the concrete strength, the less the residual strength.

(4) After the fire test, the color; crack and burst, observed from the surface are

similar for both interior and corner columns.

(5) After the strength test, failure surfaces are similar for both the interior and

corner columns.

(6) A further examination on the residual strength rates of the interior and corner

columns after fire loading shows : (a) the higher the concrete strength, the

less the residual strength rate, the interior and corner columns yield same
trend, (b) the effect of fire duration on the residual strength rate is more
prounced for interior columns, and ,(c) the effect of concrete cover is more

important for exterior columns.

Keyword: fire damage, interior or corner column, bending or axial force,

reinforced concrete
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fC = fl’ X 1_(M)2 gC <gmax

L gmax _
fc = fr X 1_(m)2 gmax <SC

L 3€max _
f =(1-0.001T)x f_ 0'C<T<500C
f =(1.375-0.00175T)x f_ 500°C < T <700C
f =0 700C<T

r

=0.0025 + (6T +0.04T*)x10"*

max

sNd

f imEd FR% A (keffem®)

f iR LT AR A (kgflem®)
formmd 28 2 hprks A (kegflem®)

e RAY BRE (mm/mm)

CEREHRZRASY B RY (mm/mm)

max

(1)

(2)

(3.a)
(3.b)
(3.c)
(4)

R GFEFiaMRRI3D wiFs i@ v 3 Rt

R o 4o 50

f =(1-0.001T)x f, 0°C < T <400C

f =(1.38 =0.0019 T)x f,
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400°C < T <600C
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f, =(0.66-0.0007T) x f_ 600 C<T (5.C)
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Creo st dic ) 3 40%2 475 > X R & 2SI ez BE TR [24] 40 5N

EC:E[ T-20, } (8)
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f, =0.83xf, 800C <T (9.d)
;i

20



foooovdishm s ki g (keffom®)

yr

for 4@k (keffom?®)

y

T:VvETEBHEAE (C)

IH ST U REEA LM G o7 A

f=f, T <500C (10.a)
f=(=0.09T +145)x107 x f, 500C<T<750C (10.b)
f =(0.08T +26)x107 x f, 750C <T <800C  (10.c)
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P AL F S AR T BEY RFEET 0 Hde ASTM EL19~ISO
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frghi=§ 2 phd 5 L d 2 R R BRI H NEURE
TR ARz Bhd TR MR R PSR Y BT L TG dh
hoB) 31 #5F c o

BeE s FriE R RCEH AFT o 5T o 2 Bk %2 Rl

PRRPAZAANER  BERTEAF KPP TIEG i\-, FU 3 e FE it o

LARRAIRAEA AR ] AT 2 - R T A (A2214) Bt
BREAI BB 5081020830208 502082 150 28 % = 3t
BHS b2 1 Ut §0 > oB 330 BEET SO HE 10 2 H 0 E
2 1B Uphd B EEL 2% o DHEPSR A AP ERT M LAF TR 2
EAFE S0 K 5 ARER e

- N EE A TE Y RATR I N IR R 0 T O EERA GRS 75N

B MARES 28 40T 5

8_T_L(8T+8TJ (17)

ot cplox’ oy
X
TR0
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k4 @ 2 #(Wm''C™
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P % B (kgm®)

c it #Jkg'CH

CypiE TR o BBE S RN EERT R IR S 2 3R
AR Ry AR g AFTE 2 0EE 0 TR Y ek 30 fEE 2 AR5 0 5T
FAEREAE 100 B 5 BT BITEM O RIZFERIEF T EKE 0 P RITER
B B 7 B A e 100°C 0 doF RIS 1 A B E AR
poe ”}5 RE TR P E BT R85k B 2 34 B2 © AR 3F ;F‘ P TR > B AR A2 K/T‘
BEIAFPIFTERZPE A0 IIERESD DB A BEFSEER o

o AR Ry E FUR RS 2 € (America Concrete Institute > ACI)
G SRR KPR L ARBR T g b TR R S 2 RS 2
B4R AR E T SRS G 2 B R

AFREI 2 BREM G AP LG S00CH FER RS
AR RS LR FlitEEr A e 2L (2001) ¥ & Schneider &
Haksever (1976) and Lie (1986) 2. #7 % = %[23] > 23t 500 C 2™ » ™4

* Schneider & Haksever (1976 ) and Lie (1986) 2. #7 % = % » 23440

’

f =(1-0.001T)x f_ 0'C<T<500C (18)
f =[1.6046+(1.3T>-2817T)x10°|x f.  500C<T (19)
e =0.0025+ (6T +0.04T*)x10°° (20)
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fo="f x 1—(M)2 E . <E_ (21)
gmax -
fo="fx 1—(m)2 E._<E. (22)
L 3‘c“‘max .
e

T:ER (C)
f/ iR 28 % &8 FUR 3 & (kgf/lem?)

C

fooold fsm s B Rk s A (kgf/em?)

r

£, R R UL % (mm/mm)

£, A, M E 2 R A A B & (mm/mm)

f iR PR % B (kgflom?)

YU st A Mt RypiBd T RET SR VT

FrRAEITR K2 %R 0 BATE T A P E[22][45] 0 R R MR k2 2

Forowdmy a2 gl Tk 208 &% o504

f,=Ee, e7<e¢, (23)
fo=Ff,  &>¢ (24)
BN

£, * 4% 55 B % (mm/mm)
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£, * & %5 "% JR & % (mm/mm)
E, 44 58 4 - #c(kgf/em?)

forgm s R4 (kgf/em?)

AT ARBOPEZ A HEBURATE > AT HRY ACI 28407

P, =0.85x f, x(A —A)+f,xA, (25)
P, =0.8xP, (26)
;i

P & s fighe e & (Ton)
P, i 4 R 7 s sk 2 B s AR 5 R (Ton)

0.8+ & *h iy el e

AT e 2 BRI AT E 0 AP Bresler iz 2

%o SN

1o (27)
Pnl Pﬂx P“y PO
;i

P, : B s ifidhe 55 A (Ton)

P, e ifidhe s & (X#h) (Ton)
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P, : s ididhe A (Y #) (Ton)

42 phe AP E & 47

LTt phe L A2 1B R ATIAR S BEF AT

1. ~2REI Lz % e 5 MKNBAZ A% o

2. HWEAPMEZ TREF- A F A2 BEIER o

3. dAH(2) EF2 e BEERER > RETHELZ AL ER (Tav) -

4, #~E2~AF TP R (Tav) A 28R TEd & 258 (18)~(20) >
PENTRRAIEURA () 2T RERI BEUEY (g, ) °

5. B VE R G2 ha e (€,20.001) - d tghe {1 E 2 ERAE S

1)

G2 AT, MEE- PR IRRY AR ST w2 BRIEL e o

6. kypf ~e 2 REIBRe b mEF N (21)~(22) +EALTE
Rl A A AR LS f o

7o YA B 2 R W E AN (23) ~ (24) P E v
Ty

8. d HF (6) “¥ LT 2 SR AR SPECE Eob 3 50 EAb T AR
BRERRFI AFAFE BT HE(T) TEHS2Z AR T
T4k S E A o R @A Er 4 o

9. B4R BEIAEZAZLS BEESITF S 5 FE- T2 b %A
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10. £ 34e— il % (Ag) » % - BR VL R RSe, 0 % LD
CE Rl e, EAEHER (5) ~HA (9)  VEET - BT

w5 R (P)

A
=F

T o PR A2 RIS R A TR AP RO e 1R
AR AR o B L A SR 0 (7 e
1. A3RED iz % 2 MINBRE ~% o
2. EHERPMNEEZ AT -~ FAEive BHEIER -
3. dHBM(2)EFZ A BHELER RETHE L AL ER (Tav) o
4, #A 2 A2 TP R (Tav) A > FRETE d m&E 258 (18)~(20) >
PR T R EUES (f) 2 VT REEURR (g, ) °
5. ABR VI RIS Ak (£,=0001) o d R 2F Hi
L pLpEs T fed Cbe PR D 30 T A E 2 - ¢ M kiR

e o d MMHERBRBALT Bt L F AR RSP 2 RPET LR
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6. kypf ~e 2 REIBRe o d mEF N (21)~(22) 3#+E AT
Rt ~F AR 2 AR
7. ST SRR 2 B B E AN (23) ~ (24) FE VT S
a4 T,
8. o #H3 (6) “TIEREI 2ZAPLRAf - Fu~F~F2HELIH 0}
%

fAERGL A

9. B4R EIAZTAFZ LA Z 48T 4 PP ~ob4 (B 2% F 3T

75 dod B T Ew b EE (5) 0 B s ¢ ppniEd (Ac) o

TH V- ¢ MR CERTEE B AP v E T
10, f Tfrz ? PdhpEdc 2 b T RlF R Y T E - BT gRREZ B

sk (P) 2 %% (M)

ILF R 4e- o) 6% (Ag) - BR VT RIPFRE > £4HH 5~
B0 7 75 - THrz ¢ bR e - TR A2 HowR(P,)
2 552 (M, ) (M, =P xeccentricity )

2.3 % ke h (P) 2482 (M ) A& 2#H3 (11) #rF2

B4

PR W5 H ph2 UK B A ?kﬂﬁlj;g EN - SLRU
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(25) 2 (27) ™ Bresler #|#ciz @ %A 472 o

AT ERBEEAS S RBORERBOPE S CRBREF S B P
E2Hb > THBSELFL00F 0 2503 BRI BoPEA TR
2B # * 22 (try-error method ) » RN BHT » THrz ¢ MHphi= % 3 b
T L AR R B R SIS IEURE  BUREY
Mezofhd L AR R o PR P e T L T Y M 4ol 31 47T
C B o

AT IRART A I E B EET 0 A RS T T 2 Bk 2
B0 o0 Ry PR T R R T 0 E e (M) - F
()& & F ooz A A4mnde 502 F B o ieT 2 ' Thh4 & 55

T (p) gt (M)W SRR L A T G

(M) - % () &2 bt (p) -82 (M) & R2 ¥ o
44 B H BB

AL NIRRT ETHAFL S - Hi o K RRREA 140
kgfiom’ % 280 kgflom’ 2 324 + = % 83 B E 2 R4 X2 4ok o 2
E ?‘J‘*“Aa\’ffri;‘f;ﬁ{@”ﬁ gifg_@, j\,{ﬂ;lj;}g_ﬁ;gg a\@(ﬂ‘@?%%iﬁ%)[n]

2B R RAT S IR AT I R P R Sk e
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e T

f ’ ’ O,
f =(1.0053-0.00021T)x(0.98+0.2x—2)x f, < f.  500C<T (28)

C

f ’
f =(2.7-0.0036T)x(0.98+0.2x—2)x f_ 500C<T<750C (29)

C

f =0 750C<T (30)
;td :
T:BECC

f/ iRt 28 = &8 FUR 55 8 (kgflem?)

C

fooolZ R E S B PR A (keflomd)

r

fo @ B4 (kgflem®)
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B2202 7 280 3 0 2
2 A2104 5 280 2 0 4
A2204 5 280 3 0 4
B2104 7 280 2 0 4
A1204 5 140 3 0 4
3 A2112 5 280 2 7.5 2
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B2112 7 280 2 7.5 2
Al212 5 140 3 7.5 2
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M3 29.45 18.97 29.45 18.97
M4 36.4 22.94 33.12 21.9
N1 8.61 22.94 12.28 21.9
N2 15.56 18.97 15.56 18.97
N3 29.45 11.03 29.45 11.03
N4 36.4 7.06 33.12 8.02
C 22.5 15 22.5 15
S1 5 5 7 7
S2 5 25 7 28
S3 40 25 38 28
S4 40 5 38 7
T STRI9 TG pe R B
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%9 iP@EMIATHEX
ek K w=E | AR
A2102 X1-X4 ~Y1-Y4~C~S1-54 13 +
A2202 Y1-Y4 ~ C~ S1-S4 9 |
A1102 X1-X4~Y1-Y4~C~S1-54 13 +
B2202 X1-X4 ~ C ~ S1-S4 9 —
A2104 X1-X4 ~Y1-Y4 ~ C~ S1-S4 13 +
A2204 Y1-Y4 ~ C~ S1-S4 9 |
B2104 X1-X4 ~ C ~ S1-S4 9 —
A1204 X1-X4 ~Y1-Y4~C~S1-54 13 |
A2112 MI1-M4 ~ N1-N4 ~ C ~ S1-S4 13 X
A2212 NI1-N4 ~ C ~ S1-S4 9 \
B2112 MI1-M4 ~ C ~ S1-S4 9 /
Al1212 M1-M4 > N1-N4 ~ C ~ S1-S4 13 X
A2114 MI-M4 ~ N1-N4~.C ~ S1-S4 13 X
A2214 MI-M4 ~ C~ S1-S4 9 /
Alll4 MI1-M4 ~NI1-N4 ~ C~ S1-S4 13 X
B2214 M1-M4~C ~S1-S4 9 /

%10 %re 2 BB EIppEy

ok w21 1 (°C)

=

A (X)Y) lhr. | 2hr. | 3 hr 4 hr.
26.01mm.70.6mm P& e [106.2 (2152 |318.0 | 4254
’ TR E [239.73 (447.75 |586.53 | 692.83
155.6mm. 110 3mm P& E | 945 |128.9 [204.9 | 2943
’ FERE [79.82 (200.43 [307.47 | 396.07

P& e | 57.8 |101.9 | 1154 | 151.9
225mm, 1 50mm FERE [36.84 [97.78 |165.16 | 229.58
294.5mm, 189.7mm PE B | 452 | 88.7 |101.2 | 106.6
TERE [24.22 [51.12 [90.178 | 131.33

364mm.229.4mm e e | 41.1 | 80.3 | 96.5 | 101.6
FEpl e |21.21 |32.42 |54.86 | 82.19
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% 11 %ra’i\g_—ﬁ?ﬁﬂ:u,ﬂ)ﬁﬁ)ﬁfﬁ&gﬁ

L i lhr ("C) | 2hr ('C) |3hr (C) | 4hr (C)

A1102 52.1 100.9

A2102 73.3 108.4

A2202 — 104.4

B2202 52.1 90.3

A1204 51.6 — 101.0 113.3

A2104 65.5 108.5 122.9 172.1

A2204 58.9 98.1 113.6 139.6

B2104 51.6 90.5 110.8 131.2
T 338 57.9 100.2 112.1 139.1

212 o E - #6  SiE R PR it

i The (‘C)Y | 2hr ('C) [3hr (C) | 4hr (C)

Al212 - 103.3

A2112 66.0 107.8

A2212 50.8 103.8

B2112 53.9 95.1

Alll4 67.3 103.4 102.0 142.0

A2114 51.5 95.1 113.5 132.7

A2214 66.6 109.4 124.3 173.4

B2214 — 100.0 108.5 149.6
TR R 59.4 102.2 112.1 149.4

L mEE 6

ol
f
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% 13 %rw AR R(CC) (A2214)
R EE S PR Bk & 5% PR Bk
X » §EYL | 8.61 |15.56| 22.5 |29.45| 364 | 5 5 40 | 40
Y »§E4 | 7.06 [ 11.03| 15 |18.97|22.94| 25 5 5 25
0 hr 27.4 | 273 | 26.8 | 27.3 | 272 | 269 | 27.6 | 27.0 | 26.7
1 hr 102.7 | 88.0 | 66.6 | 42.6 | 39.9 [ 108.1|168.9|150.7 | 36.7
2 hr 209.2|128.9109.4 | 82.9 | 72.6 |200.3 | 365.5|255.8 | 64.1
3 hr 338.5(216.6 | 124.3|106.3 | 104.0 | 292.8 | 523.9 [ 336.9 | 96.3
4 hr 452.21308.7|173.4 [ 117.1|111.2|378.2|644.9 | 407.8 | 106.3
5 hr 508.3 [ 377.1 | 221.5|145.1|130.2 | 409.9 | 593.8 | 389.5 | 125.0
6 hr 464.3389.3|257.2 | 177.8 | 159.0 [ 367.9 | 479.0 | 321.4 | 147.5
7 hr 409.9 | 367.6 | 268:6'{ 196.14175.3 | 326.6 | 400.4 | 275.8 | 160.9

X AEAEF I EERE

HoZ2 BEAL Y B A EiF bR R G 2 FEAE

L4 RIS G B AR iS o P AR APERRE 2 ER N IR
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14 e P ERUR R L
X i Y #h
Bk
€ € x € ux €ty € cy € uy

A2210 | % | L% | k¥ | RE¥ | RE¥ | &%
A2212 | % | PE®R | AR | RE¥® | LAY | PA¥
A2214 | 2% | PR® | PR¥® | RRE® | 2RE¥ | PR¥
A2110 | &% | £k% | ¥ | BE® | RE¥ | &%
A2112 | £E¥ | LE¥ | LE¥ | BE¥ | LE¥ | 2E¥
A2114 | 2% | 2R® | 2E¥ | RRE® | k% | 1A%

215 phe N E B R R A

X i Y i
EL
€ & E ox € ux €ty € oy € uy

A2200 | BRE%® | RE%R | BRE% . RE® | RE¥® | RE¥
A2202 | RE¥# | BR¥ | LE¥ | BREY¥ | BE¥ | BE¥
A2204 | BRER | BRE®R | RE® | RE® | BE® | BE¥%
A2100 | BRE® | BRE®R | RE® | RE® | BRE® | BE¥
A2102 | BRE® | LE¥ | LPE¥ | BE¥ | BE¥ | PAE¥
A2104 | BE¥ | BRE¥ | BE¥ | BRE¥ | BE¥ | BE¥

P10 € B Bux N By * ey~ By 2 TRFFHEE B 28

2 AMATREER T
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216 #HBe (EVT) 2 EekEdrdt ik
PR %@ (Ton)| A+ (Ton) | FBkiE/4 7@
A2100 328.00 377.38 0.87
A2200 393.60 415.78 0.95
B2200 339.20 415.78 0.82
A2110 200.00 212.27 0.94
A2210 200.00 235.43 0.85
B2110 216.00 196.94 1.10
Avg. 0.92
217 e ERREE LS ITE RE
B A
EL )| R e/ s TR
(Ton) ( Ton)
A2110 | 200.00 | 212.27 0.94
A2112 | 14240 | 128555 1.11
A2114 | 121.60 | 113.02 1.08
A2210 | 200.00 | 235.43 0.85
A2212 | 132.80 | 148.99 0.89
A2214 | 153.60 | 133.75 1.15
B2110 | 216.00 | 196.94 1.10
B2112 | 105.60 | 115.97 0.91
B2214 | 121.60 | 120.88 1.01
Al1212 | 120.00 | 106.80 1.12
All114 | 100.80 | 78.06 1.29
Avg. 1.04
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218 b 5 F RS G5 A 47 00 Bk

PRE | AR R
B3
(Ton) (Ton) /% F7 1B
A2100 328.00 377.38 0.87
A2102 17440 | 246.87 0.71
A2104 236.80 | 221.31 1.07
A2200 393.60 415.78 0.95
A2202 166.40 | 288.13 0.58
A2204 166.40 262.57 0.63
B2200 339.20 415.78 0.82
B2202 153.60 288.13 0.53
B2104 147.20 221.31 0.67
A1102 136.00 163.78 0.83
A1204 158.40 191.36 0.83
Avg. 0.77
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# 19 (a) AR AR 3% (Pult)

s B2 58
i B e A B I A
A2104 72.20% 58.64%
A2114 60.80% 53.24%
A2102 53.17% 65.42%
A2112 71.20% 60.56%
2 19 (b) A4 x4 (Pult)
i s R
et B I 2 B G A ot B v 3 A ok s A
A2112 71.20% 60.56% A2112 71.20% 60.56%
A2114 60.80% 53.24% A2212 66.40% 63.29%
A2212 66.40% 63:29% A2114 60.80% 53.24%
A2214 76.80% 56.81% A2214 76.80% 56.81%
A2102 53.17% 65.42% A2102 53.17% 65.42%
A2104 72.20% 58.64% A2202 42.28% 69.30%
A2202 42.28% 69.30% A2104 72.20% 58.64%
A2204 42.28% 63.15% A2204 42.28% 63.15%
kB Rt g R PR
Bkl PEREVF | AT EF Bkl ROk | A TR F
A2112 71.20% 60.56% Al1212 77.80% 69.24%
B2112 48.89% 58.89% A2212 66.40% 63.29%
A2214 76.80% 56.81% All14 76.05% 58.90%
B2214 57.30% 56.96% A2114 60.80% 53.24%
A2202 42.28% 69.30% A1102 58.22% 70.11%
B2202 45.28% 69.30% A2102 53.17% 65.42%
A2104 72.20% 58.64% A1204 57.95% 70.01%
B2104 39.01% 58.64% A2204 42.28% 63.15%
AL THEKER Y

86




20 4wsi AL B2 HHty
BB |G | FURS A | Fak 4 | L4 Rl 24 B A
(Ton) (Ton) (Ton) (Ton) (Ton)
78.10 294 .57 372.66
A2210| 3% 68.38 9.72
(100% ) (100%) (100% )
56.48 190.29 246.78
A22121 3% 68.38 -11.9
(72%) (65%) (66% )
46.98 289.40 336.38
A21101 2% 42.59 4.39
(100% ) (100%) (100% )
25.22 186.63 211.86
A2112| 2% 42.59 -17.37
(54%) (64% ) (63% )

Py 27 R4 0 Toy 474

LR 543 & onAes iy

%21 CRAIRBRARZ XHHE
Bl |RAIRE | BRSPS AN S LS R E4 B R A
(kgf/em®) | (Ton) (Ton) (Ton) (Ton) (Ton)
78.10 294 .57 372.66
A2210 342 68.38 9.72
(100%) (100%) | (100% )
56.48 190.29 246.78
A2212 342 68.38 -11.9
(72%) (65%) (66% )
80.64 162.83 243 .51
A1210 183 68.38 12.27
(100%) (100%) | (100% )
69.93 105.74 175.67
Al1212 183 68.38 1.56
(87%) (65% ) (72%)

r+,;] %\T‘I‘@" ’ T-,ﬂ %\T’F%[T—"
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122 R4 Hie PRI R 2 B 8[33]

| BRE O irav 5 EE| e
#25k w (Ton )[4 +7 & ( Ton)
<t 4 (cm?) (cm)
30emx | 0.1 fc, 69.1 (100%)(67.86 (100%)4-#7 (15.5)| 23em 15
30em | o [77.3 (112%)[69.12(102% J4-#7 (15.5)| 23em | 15
40emx ().lfc, 129.2( 100%)|127.4 (100%)|6-#7 (23.2)| 24cm 20
40cm ().2f, 134.5(104%)[129.8 (102%)|6-#7 (23.2)| 24cm 20

’

f =214kg/cm’ » fy=3710kg/cm’ » %3 & =5.5 = A4

‘)\'%QEEEEZ/J\EE?, £ B 150 &> &~

% 23

B4 sk Egln iz BE (27 A 4)

R Y Bh | B4 ~45 & (Ton)
0 F [271.19 (100%)
A2212 :
02f [274.68 (101%)
0.1f |222.13 (100%)
A2114 :
02f [22554 (101%)

4R 543 FnARA AT
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25 HRMENRAERALT
e
EES b |4 S i

- BB Py ERREA ~REI AR 198

Eﬁj]‘ 40x40 | 86% | 64% |kgflem® ~ 4% 55 %5 PR3 B 5 3677 keflem’
(6-#7)~ & k& 3.8cm ~ 5.1cm ~ 6.4cm

- AP mBRREA S REDT BAE 248

35] 40%40 | 77.5% —  |kgflem® ~ 4% 52 "8 PR3 B 5 3677 kgflem’
(6-#7)~ %3k 3.8cm

- EBpopi s mBRES S~ ERDT BRE 196

[35] 40x40 | — 55% |kgflem® ~ 4% 55 %% PR3 B 5 3616 kgf/em®
(6-#6) ~ #H & 3.8cm

o e Eipopis mBRREA SRETHAE 198

[3f] 3030 | 62% | 31.6% |kgfiem® ~ &% & *% JR 35 B 5 3620 kgf/em®
(4-#7) ~ W& k& 4em

- Eis s BRBES S RES BRAE 209

35] 20x20 | 44.9% | 164% [keflem™ > 4% 55 *5 R 355 B 5 3510 kgf/em’
(6-#4 )~ % K 4em

o o iho 20cm 4~ m R4 SRS

[3if] 40%x40 | 53.9% | 39:4% |3 B 198 kgflem® ~ 4% 5 "% PR3 B 5 3620
keflem® (6-#7) ~ %3 A Scm

o Hw ko 15em pio~ @ BRRA ~ BAED

[31F] 30x30 | 56.2% |29.15% |3 B 209 kgficm® ~ 4% 55 % PR35 & 5 3620
kgf/em® (4-#7) 3k Scm

o % ke 10em p4 s & B4 ~ RS

[3if] 2020 | 44.1% | 21.2% |3 B 170 kgflem® ~ 4% 52 "5 PR3 B % 3510
kgf/em® (4-#7) ~ %3 & 4.6cm

o Hw ko 15ecm pio~ @ BREA ~ B D

[35] 30x30 | 64.8% | 54.5% |3 A 2214 kgflem?® ~ 4% 55 " PR3 & 5 3710
kgf/em™ (4-#7) ~ %3 K 5.5cm

. oo 15cm f4n s 0.1f B4 ~ GRS 5

[35] 30<30 | 79% | 62% |B 214 kgflem® ~ 4% 5 ¥ PR3 B 5 3710
kgf/em® (6-#7) ~ %3 & 5.5cm

o ¥ % ke 15em p %1‘0.2f0,/§),@*‘ ~ R R

[35] 30x30 | 81% | 63% |+ 35 & 214 kgflem®~4% 55 "% PR3 B 5 3710
kgf/em® (4-#7) HE A 5.5cm
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Hro o 20em po > 2R EA SRR

E’;‘ 40x40 | 74.2% | 60.9% |3 B 214 kgfiem® ~ 4% 55 " JR3% & 5 3710
kgf/em® (6-#7) ~ %3 & 5.5cm
. H o s 20em poH~ 011 B4 SRR
[35] 40%x40 | 82.7% | 72% |4 3 B 214 kgflem®~ 4% 55 %5 JR36 B 5 3710
kgf/em® (6-#7) ~ %3 & 5.5cm
. H o s 20em poH~ 021 B4 SR
[35] 40%40 | 85.8% | 73.7% |4 3 B 214 kgflem®~4% 52 %5 JR3% B 5 3710
kgf/em® (6-#7) F3E A 5.5cm
B e 7.5cm 45021 B4 ~ B
e | 30x45 | 77.8% | 76.05% |2 a@&zlsquf/cmzxﬁfpﬁéz PR & 5 4200
kgflom® (# ¥ 4-#10 ~ {5 % 4-#8) ~ B3k Ay
A
B e 7.5em 455011 B4 R
AFTF | 30%45 | 71.2% | 60.8% |2 55 B 342kgf/om’ ~ 4% 55 %% PR35 & 5 4200
kgf/om® (4-#8)~ B3k 5 24
B s 7.5ecm &4 0.1 ¢ B4 R
AFTE | 30%45 | 66.4% | 76.8% |2 3 B 342kgf/om’ ~ 4k 55 %% PR35 B & 4200
kef/em” (4-#10) ~ ®H K 5 24
B s 7.5em A4 0.1 B4 R
a5 | 30x45 | 48.89% | 57391 S8 342 kgf/om®~ 4% 55 %8 PR3% B 5 4200

kgf/em® ( % 4-#8~ 15K 4-#10) K

WA

AL T REKRER Y
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21C

o ~ o ro
O > o o

COMPRESSIVE STRENGTH, % OF ORIGINAL
ro
o

200C 4000C €00C

A ERA 0.4f;

800C

AEXREEFHELEL

Original Strength = f":
Avg f.= 3900 psi (275 kg/cm®)

Gor 400F “8OOF 1200F [600F
&R
21C 200C 400C 600C 800C
125 : : . :
BREAN oafy
- "ﬂ"‘-- .l
'__.-&————15,-#" ~1
100

o
=

COMPRESSIVE STRENGTH,% OF ORIGINAL
>

wEEHEEL
Original Strength = fé
Avg. f, = 3900 psi (273 kg/cm®)

0
TOF

a00F  800F |2 00F

a2E

DRIENRGESFY 3§ B F . T ER )
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FLEEE A (mL/g)

RIS
fT RS PR

400
& E (O

o6 VFEARAArERIREL R R R[]

0.07
0.06
0.05
0.04
0.03
0.02
0.01

L D Before exposure
[ 0048 to 600 °C
. After exposure
to 600 °C
l.017 0.025 0.019
" —I 0.0054 I 0.0054
NSC-1 HSC-1 HSC-2
NSC f#slssRstT HSC SRl
Bl 7 600C+ 3 167 PR AT KA RLES]
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By (N/mm®)
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By (N/mm®)
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H.T =high temperature

1, RHRERAE

o3/ " SRR
) S, S
Ty
= . I:|$ r
= . LT &3
04 ¢~ Lu Zh D /Defoemed bar undes
= —8—Lv T.G.Plain bar under H.T.
0.2 I 3¢ Shen R./Steel wire after HLT.
=¥ Hua¥ 1 /Sreel wre under HT. k
0 100 200 300 400 500 600 700 300 900
- oc
= (°C)
B 13 39 4w s % R (10)
1
H.T =high temperature m
08} Ec
ET SZFRpai
, O6r c
o
o HT &=
= o4t
03 b ——Lu 7h D Deformed bay under H T,
- —8—Lv T.G./Plan bar under HT.
—¥—Hua Y] /Steel wire under H.T.
E i i i i i
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identify the temperature at the four corners of
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area, sum all elements forces

forces of steel and concrete are determined as the product of stress by
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No check axial strength is the maximum
of this procedure
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