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Behavior of Encased and Filled Composite Steel Box

Columns in Fire
Cheng-Chih Chen, Jheng-Yi Lin, Tsung-Teng Ko, Yao-Kuang Hu
Abstract

Keywords: elevated temperature, filled composite column, shear stud

Fire may cause structural damage or collapse, and seriously endanger the human
safety. Columns are main supporting members in structural systems, thus the columns
play an important role in the fire safety. In recent years, the steel reinforced concrete
structures are frequently used for medium- and high-rise buildings in Taiwan.
Concrete filled steel box columns are usually used in engineering practice. Such filled
composite columns behave different in strength degradation and thermal expansion
due to different material properties while filled composite columns are subjected to
axial compression at elevated temperature. The difference may influence fire
resistance of the filled composite columns. This work investigates effects of design

parameters on the fire resistance of the filled composite columns.

This work elucidates experimentally and numerically to explore the behavior of
axially loaded filled composite columns in fire. Four specimens were designed and
tested at elevated temperatures to study the effects of shear studs and axial
compression on fire behavior. The size and spacing of the shear studs are referred to
engineering practice. Axial compression, corresponding to either 0.3 or 0.6 times
column axial strength, was applied to the specimens. Finite element analyses were
performed for both heat transfer and nonlinear static analyses, and, consequently,
sequentially coupled thermal stress analysis was conducted to combine the effects
from temperature and loading. The analysis models were used to simulate the test

results and, furthermore, used to carry out parametric study.

During the test, both axial expansion of the columns and strengths provided by
materials resisted the applied constant axial compressive force. Therefore, less axial
compressive force resulted in greater axial elongation of the specimen and longer fire
resistance time. Applied axial compression highly influences the axial deformation
and fire resistance of the specimens. However, the shear studs increase slightly the

fire resistance of the filled composite columns subjected to axial compression. The
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modes of failure of the specimens included shortening of the specimens, bulge of the
column steel plate, and crushing of concrete inside the steel box. To simulate the test
condition, finite element analysis reasonably calculated temperature distributions on
the cross section in time history, and accurately predicted the tendency of the axial

deformation of the specimens.
According to these research results, the following suggestions are proposed.
For immediate strategy:

The design philosophy of domestic design codes for steel reinforced concrete
members is based on the concept of superposition. This concept implies no need of
shear studs although shear studs are used for shear transfer between concrete and
structural steel. The findings of this work indicate that shear studs can increase
slightly the fire resistance for axially loaded filled composite columns. The research is
needed that whether the shear studs affect the fire resistance of filled composite

columns subjected to additional flexural moment.

For long-term strategy:

The mechanical and thermal properties of concrete at elevated temperatures
depend on concrete mix proportions and admixtures. These properties are lack for
concrete used in domestic. It is needed that symmetrically study and collection of
mechanical and thermal properties of materials used in steel reinforced concrete

structures in order to be referenced in the research and practice.
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i
T 2%<€ap <4% ; G20 =[(fano —fay0)/ 0.02]e0 0 — faup + 2800
T 4%<¢€,9<15% ; Gao = fao
¥ 15%< €0 <20% ; Gao =[1—((€a0 —0.15)/0.05)[fou 0
F €a0220% ; Gao =0
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BT 25 ER Coo s RERFET 2R -

% 5-1Eurocode4 3§ T4+ BREBM %
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(53-7)
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I 8 S gap’e Ea,ega,e Ea,e
b 2 2 b(gay,e — Sa:e)
I epe<e<lce fapo —C)+—+/a" —(€ay0 —€
ap,G ap,e ( ap,0 ) a \/ ( ay,0 a’e) a\/az —_ (Say,e _83,9 )2
M €ayo <E<Eanp fav0 0
IV E= gae’e 0 -

B3t 2’ =(Cayo —€ap0)(Eay0 —Eapo +C/ Eap)
b” = E.0(Eay0 —Eapo)C+C’
(fay,e — fap,e )2
Ea,e (Say,e - gap,e) - Z(fay,9 - fap,e)

(FR KR 2873 BIZ)
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Eurocode 4 2. 2> 4 M X B AR B B2 4 BT 7 kR R 2 4 #8508k
(Ba)~ "8 R RHRIVIRA R E > A B|EFRT 2 LA B R
B ko & 52 B Rl 53 4 o

d % 5-2 22§ 5-3 (8 4R &R & 500°C T 600°C 2. BF > 37 e 2. 47
B4 A PHE BT 800°C 5+ 5% Bl 2T 0.1 0 2 W AU SR o

# 5-2Eurocode 4 3§ T 4wt 4 FILF TR ik

ﬁ%ﬁ/ﬁfi Ke o = E.o Ko = fap.o Ko = fay.0 Koo = fau0
0.["C] E. fay foy foy
20 1.00 1.00 1.00 1.25
100 1.00 1.00 1.00 1.25
200 0.90 0.807 1.00 1.25
300 0.80 0.613 1.00 1.25
400 0.70 0.420 1.00
500 0.60 0.360 0.78
600 0.31 0.180 0.47
700 0.13 0.075 0.23
800 0.09 0.050 0.11
900 0.0675 0.0375 0.06
1000 0.0450 0.0250 0.04
1100 0.0225 0.0125 0.02
1200 0.00 0.00 0.00

Hir:  Keo 5 APHOTE, 2 A HGTR Gk
Kpo 5 A ¥ oy 20 v PR $70R (e S
Kuo 5 AP ¥ oy 2. 1R "U5R 4 37 (e o

(FHR KR A7 FER)

60



PTE BASBAMERRI LT U A

1.5

1.25 9V —~V <

Reduction factor

o
0 200 400 600 800 1000 1200

Temperature("C)
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Eurocode 4 % » BRI X #2423 50K F# F2Z FERBL - ¥ £ 1

AANKEE R BEM BT A2 BRI E- AR TENIER
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FPRRIIBRBRE PR BRI ERAP T RERE R B (Ewen)
2 4c@ 5-4 17 o
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Bk LR RE 0 doB] 5-5 0Tr o

80,9 80,9

Geo = feo[3( )} (5-8)
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B 5-4 Eurocode 4 3§ TR B4 BEM %

(7 #L %R : Eurocode 4)

% 5-3 Eurocode 4 % ;8 TR,

R RERE

R 408

| :{ (/jﬂ]_ Eeup X 10° €ce0 X 10°
20 2.5 20.0
100 4.0 225
200 55 25.0
300 7.0 275
400 10 30.0
500 15 325
600 25 35.0
700 25 375
800 25 40.0
900 25 42.5
1000 25 45.0
1100 25 47.5
1200 = .

(FAL &R : AP HD)
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()2 10 & 4558 hlic(Keo) » 4ok 54 BB 56 #7m o d & 54 5 %R BB
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# 5-4Eurocode 4 3/ TR I 4 IR Gk

SE sz 1w

’ ﬁ}é‘ Keo =foo /o | oo x10°
20 1.00 25
100 1.00 4.0
200 0.95 5.5
300 0.85 7.0
400 0.75 10
500 0.60 15
600 0.45 25
700 0.30 25
800 0.15 25
900 0.08 25
1000 0.04 25
1100 0.01 25
1200 0 -

(F# &b o he g )

63



FREASHAUMTRAI LA T FEEY

Reduction factor
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®] 5-6 Eurocode 4 3§ 7 R4 1 4 FHFITE ik

(FH &R 277 EER)

AN R
1. 411

# % £ (Thermal elongation) s H4L:E A& + 2 1 B > @ 2 HfLz # £ o
Eurocode 4 %> ff % 3* H &+ # £ 5 5 14x10°(0,-20) ; E AR ER R >

FA P E ST 2N (59T (- -

% 20<0, <750°C ; AL/ 0=-2.416x10"+1.2x1076,
+0.4x107°0; (5-9)

% 750<0, <860°C ; AL/ 0=11x10" (5-10)

% 860<6, <1200°C ; A/ 0=-62x10"+2x107°0, (5-11)

2. RuEd

i Eurocode 4 %> f % 3+ 5 ¥ £351 # ¥ £ F 5 18x107°(0. —20) ; £

BREPE LERPFENEFT I 258(5-12)22(5-13)3 & -
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PR AAHMAGEL 45 WK AR R BABEL g2 2k T 2
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2. R
Eurocode 4 R X FAFF2 ¥ €M A B EA)2 d F ~ T UEET >
o E o N (5-16)22(5-17) » 7R de@] 5-8 B s Ao A E R SLBET B 16
W/mK -
¥ 20<0. <1200°C ; Ae =2-0.2451(6. /100)
+0.0107(0. /100)° (5-16)
¥ 20<0, <1200°C ; e =1.36—0.136(6, /100)
+0.0057(0. /100)° (5-17)
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’ G—6—S Lower limits
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Fd 20°C 3 1200°C 2 411 v #u(c,) > 7 4o ] 5-9 #77 o

# 20<0, <600°C ; C. =425+7.73x107'9, —1.69x107°0;
+2.22x107°0; (5-18)
13002
¥ 600<0, <735°C ; Ca =666 — 5-19
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B DN (5-20) B R B B 2L BT B 4o ) 5-10 Hhor o AR @ E R AR A3 100

3 200°C 2R RAIBREEHEDH > REAL X% E -

(1) FiEz
¥ 20<0,.<100°C ; c. =900
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3. B /A4 R e
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ARAME AL TG A E A
%~ Hi S

AT R AR L T RS AR 54 ERF S
B o
1o & F HA S

A 53R AST2Gr 500 H 4 FHRME TR Y A (2000 L 7 iR
T OGr50 g R 4 R BRM o B FEd SRl e e BT R
* Eurocode 4 &3k (& ° v* #ix 7 j57(2004) Gr. 50 2 Eurocode 4 & 3% 2. 4 113 % o
BRT 22 BMEEITR Gl ok 55977 o

% 5-5Gr50 % EC4 2 & H £ B A B F4 FRFIT8 ik

# 2 (°0) kgo =E.o/E. kyo ="Tayo/fay Kuo =fao /fay
Gr. 50 EC4 Gr. 50 EC4 Gr. 50 EC4
25 1.00 1.00 1.00 1.00 1.30 1.25
100 0.96 1.00 0.98 1.00 1.39 1.25
200 0.92 0.90 0.96 1.00 1.48 1.25
300 0.82 0.80 0.77 1.00 1.21 1.25
400 0.85 0.70 0.70 1.00 0.95 1.00
500 0.68 0.60 0.63 0.78 0.57 0.78
600 0.58 0.31 0.39 0.47 0.28 0.47
700 0.40 0.13 0.20 0.23 - 0.23
i keo 5 APEY B2l MEHATR Rl o
Ky o 5 AP ¥F>0 fay 20 "8 K35 B 37 (R #ic o
Koo 5 4B fo 2. 4R PU5R 4 378 Thdc -
Gr. 50 2 #icd %% 25 #(2004) -
EC4 5 Eurocode 4 z2_iE3% -

CESNTERENER 2

[\
34
4
(.
—A=
el
e
=
9

ki

ﬂ

Rutd £ F 4 * Eurocode 4 4p M $-8c> @ 4 M F A3 * Lie(1995)#r:&
A

HAD M S b2 55(5-28) 3 (5-32)
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2
¥ 8o < Emay £ =f 1—[8% _Scj (5-28)
Smax
] -
£ Ee > Ema f=f 1—(803; SmaXJ (5-29)
¢ g, =0.0025+(6T+0.040,7)x10°
£ 0°C <0, <50°C ; f=f (5-30)
¥ 450°C <0, <874°C ; £ =1 |2.011-2353 %=20 (5-31)
o 1000
£ 0, >874°C ; f=0 (5-32)

I a8 SRl

~ 173848 LRO.6 &k 7% LRO3 kol 2t o d 2 58 m 2 it
EAYT O BB BIERETZE L o APTHAIN VA ¥Te HiLE 2 0 RS A F
VLR b A AT > hoB] 512 2 B 5-13 #6
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(a)4 17348 LRO.6A— (b)A #7348 LR0.6B—
s 33 D482 #75 R AR A 7 Fl(b) Lo 29 A 42 BTG ERA
S5, S4 C5 C4 S5, S4 Cs C4
NTI1 i
494.09 i
455.45 ¢
416.81 —
378.17 %S
339.52 H
300.88 »
262.24 1
223.60 H
184.96 |
146.32
107.68 \
69.04 i
30.40 A S i P dNRL KIS
Y
ZX .
S6
(c)4 #7 i 4 LR0.3A— (d)# #7:# 4 LR0.3B—
ded 46 A 42 ¥T5 F R A T dedh 44 A 482 BT R A T )
S5, S4 Cs5 C4 S5, S4 Cs5 C4
NTI1 i NT11 Cl1
563.57 | 615.70
51931 6 567.07
475.05 — 518.43
430.78 RS LR 469.80 C2
386.52 : 421.17
342.25 = 37253
297.99 ! 323.90
253.72 5 27527
209.46 | 226.63 C3
165.19 178.00
120.93 \ 129.37
76.66 < 80.73
3240 A h--..—--ll';gln. H3 ) 1 32.10
Y
ZX ZX
S6 2 S6 2

LB ¥4 42 BT B
A st i 22T wpE
O:mElzadkpe

B 5-14 &7 HA 2 %e BER A

(FA kiR 0 AP 5 )
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# 5-6 FHRAFERELAPFTEVR

(@) F BT 4 &l v R

5 min 10 min 15 min
(°O) Test FEM Test FEM Test FEM
C1 32.80 32.40 32.90 32.40 32.90 32.41
C2 32.50 32.40 32.60 32.43 40.40 32.64
C3 33.10 32.52 36.30 34.01 89.50 38.78
S1 61.80 50.90 109.90 102.52 171.00 177.98
S2 74.00 55.44 163.80 113.95 | 303.50 | 202.14
H1 35.50 33.50 45.40 40.45 66.00 54.22
H2 40.10 37.87 59.20 59.40 98.80 93.57
H3 58.60 50.06 100.00 99.69 158.90 172.65

20 min 25 min 30 min
(°O) Test FEM Test FEM Test FEM
C1 38.50 32.47 47.50 32.69 58.30 33.25
C2 46.30 33.34 61.00 34.95 77.70 37.82
C3 97.20 48.63 101.20 64.20 102.10 80.99
S1 246.10 324.59 311.50 | 312.10 | 375.60 | 345.77
S2 321.70 373.92 456.30 | 339.62 | 519.80 | 383.86
H1 92.50 79.98 111.60 107.35 112.50 125.85
H2 114.20 157.45 124.40 188.73 169.00 | 209.90
H3 230.40 314.06 | 296.80 | 305.12 | 356.80 | 338.49

35 min 40 min 45 min
(°O) Test FEM Test FEM Test FEM
C1 65.80 34.37 - 36.24 - 38.95
C2 117.40 41.91 120.00 47.04 95.70 53.09
C3 118.30 97.26 145.30 113.32 108.50 129.30
S1 462.40 388.52 52340 | 426.83 | 546.10 | 459.66
S2 527.60 432.11 580.10 | 47534 | 626.50 | 512.18
H1 128.70 146.26 156.40 167.30 195.80 188.06
H2 211.90 238.62 268.60 | 266.91 312.20 | 293.36
H3 425.50 380.61 494.10 | 418.70 | 550.50 | 451.56

(FH AR 27 f )

R AR L A B B A ISl RO i)
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4 5-6 FRURIBEE R B AT E Y R(HD)
(b) BEE T4 FEM2L R

5 min 10 min 15 min
(°O) Test FEM Test FEM Test FEM
C1 32.20 32.53 33.30 36.13 36.60 44.80
C2 32.20 32.12 32.10 32.39 32.20 33.47
C3 32.30 32.87 33.20 39.07 37.70 53.64
S1 69.90 58.04 214.80 142.50 | 397.50 | 267.43
S2 79.10 66.45 220.50 166.21 | 406.50 310.98
20 min 25 min 30 min
(°O) Test FEM Test FEM Test FEM
Cl 145.10 59.87 47.70 75.43 56.10 90.98
C2 58.10 35.99 33.30 40.19 | 505.70 45.71

C3 106.20 78.54 67.90 103.35 | 104.50 127.24
S1 457.30 | 391.29 | 49890 | 416.88 | 558.90 | 472.87
S2 488.00 | 426.01 551.20 | 455.70 | 642.50 | 518.12

35 min 40 min 44 min
(°O) Test FEM Test FEM Test FEM
C1 65.20 106.97 77.60 122.22 94.20 134.03
C2 70.90 52.36 72.80 59.93 76.30 66.48
C3 30.80 150.92 115.50 172.86 81.30 189.56

S1 594.20 511.57 635.40 539.86 664.60 568.38
S2 667.40 553.38 702.10 584.93 725.40 615.71
(FH R A ] ER)

F s R 2
d B 5-15% 4 5-7 7 H R > A 4734 LRO3-A 2 # £ 3,29 %2 % 4p
RARERT R AL W R BRI AR BRAEEL T AR RS L
Bt @ A9 MLR03-B2 £ 4,0 F s kT2 ¥ KB B e
Tk d A 47 H LRO3-B 2 BAFHA) 4 5% 5 o FME S X b 0 £ A1
AT E G R A o R phe R0 MG EEARE > S 2 F SR LRO6
A% T o LRO6 A5 K )R gk ApiT o L e frz # & )30
BOF RS ® R ARG fhe BREGRA P phe R E M e R TR
AR BT RFMLIRO (R E TR o FEDENRESFR A TEF &
PoHT R BT A AR RT RAFM S EERE D T REH



kg
=g
it

BAREAME RS TG AR A

SR BREE AL AT RS E BT TR TR SRR R A A0

FERAEABI L GETRTES2Z LR FHA D > A E R %R RARRR
lﬁ‘

% 5-7 3% LRO.3 % 5)4c LRO0.6 % 7| dhe 752 F 520 4 454 &

LRO.3-A LRO.3-B LRO.6-A LRO0.6-B
Test FEM Test FEM Test FEM Test FEM
T G
15.65 | 14.37 | 1543 | 15.48 2.49 5.24 2.46 5.41
# =& (mm)
booki 28.77 | 3550 | 24.88 | 29.00 | 12.36 | 16.10 | 11.35 | 13.90
¥ & P B (min) ' ’ ' : : : : :

(FH kiR 0 AFT g IR

Axial deformation (mm)

rTrrr Tt I‘ L L
0 5 10 15 20 25 30 35 40 45
Time (min)

-10 T

B 5-15 :#48 LRO.3 % 7]f- LR0.6 % 7|dhr 252 FH B L4710 &

GRS ER SRR 23

5~ #FHE 29

d SR E TR A2 A2 e ®75 & LRO.6 & 73tk &

RAFHE 77 0 X R Glics 10 JURE - FBET 4 A %
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2o d & 58 2 [F]5-16 2 W 5-19 F pOAERLR T 4 AR AE v 875
e Fla 4 o B HE A B ARSI A RE S R GEERT 4 AR A0y
FuB B RF o % A 47 LRO.6-B > 4o B prgf I - (2R R 2 s F A e m &
% Bl ek o WR AL Pt LRO.6-A -

% 5-8 A 49308 LRO.6 4 7|86 § » £ R

LRO.6-A | LR0.6-B
A-A %o e L13
B~ % & (mm) ’ )
B-B %75 ¥ +
bt pmm| 14| 202
(FAR KR - 2577 FIT)
A A
B B
— o T —
f |

B 5-16 3% LRO.6-A 2 % %7 % # » 8357 % B

(FAL %R : A= g AEm)
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TI

. | R =] I|_—:.j;,l

W 5-17 #4 LRO.6-A 2. A-A %73 v+ %757 L W

(FH kiR 0 AFT g EEID)

W 5-18 #4% LR0.6-A 2. B-B %73 # +» %757 &, W

(FHR KR ~A7 7 HT)

4
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$o 3 EAR U RS el

YR AT AL R VRS g A e U T A
RS 2R AR F R HE ALY 2 B R VR T T w LKA
BEALT_ S 15~ 2 % UG UL AR EME % «}r:}ﬁ% o B w % Eurocode
(2005)fc % B AISC (2010)%.45 = *+i2 AR RFTF VL F BT 2 BHER
FEORTFETHBEET EERUREER Y RG> A A RS RE
FAF O FE RPN SHEAD VR S F AR AR TEA Y * % > 4o CNS 12514
otk R ik :i_:;;z‘ii/{fq—l—ﬁ_ﬁ]b"’ﬁ‘ﬁ*”f?-lgff VMR BREIN ZEREFTIRL

SR o SERE AR G R BER N = Ry I R U R ER PR

BN SRC iR @i AR e B N3 Fa A8 A7 R4

A SR S RS DA R S A R o T
ARFEE ZAH ARG R F o B FRRAREE PR ARG LT R
BT FREA N > T AP R RS R R

$0 {2 4R350 0 A B SRC R ATRE SR Y B3 A
A 4hE RS RPN B GED PE e E i2 Ap AR R L AR s 2R
PRGEBERLIZ IR DIELGE P IVEAS XD HBREFA L Rl U
B A g X DRER A EREE S AR VT FET  FRL EQ0IDE
A AR BRI AR PR RS GEEZFEA 4 HINH
Bits o HAE iR B Y N iR 2R EA S o d B E £ (2010)8 AR T R
RHF P HE2ZESE  FREFTRZMATAEER AN Fl il g
RS 2 SRS R R RE R 2S8R

PA b2 fel 0 R ARG BRI T2 EENS AT 4 B

TEEA%R AN SRCARF X B LT SRCHEEFRET S & 8 Bp 142
%% %> SRC T#l—{tﬂ;ﬁ* BREAIFRET A &7 od AT REHESFR N
P4 (T T 4 bt b pEakz B8 e e

Fobo gt Lo Spl BN AR D VA RES Y T i

ﬁﬁﬁﬁﬁiﬁ%iﬁ*%ﬁﬁ%éﬁ’@m%w%%%ﬁmﬁiﬁﬁzﬁ%z
SR Y ARG VAR RS R R 2wl e
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4o Park et al. (1997)% Kodur (2007) » H iZ 2% = ;% & 8] 5 2 38(6-1)22(6-2) %777 ° 4%

2 N(6-1)F (6-2)FF s AR T ER T B RS S Aok 6-1 Ao 5 3 E Bt
R ER I A k7 EM % Kodur 22 3% 2 73+ 8 #7 % = » B2 2% Park et al. (1997)
DFEIER

L5 LRO.6 4P| RE(F o s54v 2 e 4 A ARG Jip2 4
RO.3

PRI -
3
t=(172.7-50.8 /]13(;)><1n(NX10

6-1
kaXAC) (6-1)
R=fx(—20 y py [P
KL—1000 C
H

(6-2)
?otfe R A @l fErg(min) D 22 D A E A8 TS

m?‘

“~

MOER G2 FE (mm)
N 2 C Zdhe fE(KN) > fo ® f 5 RG2 28 % FB 5% & (MPa) > A
T

=

pOER G
286 ff(mm’) 0 Lo 3 i € VEE A(mm) o L 5 AL L 0K

Gl SR FrR R TR RS 5 8:(0.06 £ 0.07) -

FIIRS

li

7 ok R

# 6-1 FEfe fadlam g R R al b ek
itk P AT RS Chapra (1997) Kodur (2007)
LRO.6 ,% 7] 26 — 51
LRO.3 & 7] 42 41 72
(FHhm: 2P g R

i d ERPPFRPZEKFWIRH  F=2F5 703 TIERL ik
P E R AR A 2R3 AL AT R VAR R R Al Ty

FELPEE T e e A R F (R E E 2010) 0 B VAL R R SR
?i&/k?ﬁ fﬁi}_—%_fi s TP E%iinﬁ‘}\’%?}/{o
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AP RS N E G AR A AT A S A R X R

2w AR T CRRET A FE PR R A P E03 B2 068

Fé‘%ﬁ?ﬁﬁ{)—» _zggo FLEREEHE LTRSS I &G

1.

A ERERFHEARM S KT R 2P RETERPALY 100°C > F 4E
FAm TIOE RS A ERE RSB ELY 5 400°C BR
GRS AR R B P B RS A BEN Qe EA - AT
WA AG APERE PR R -
ERERBHMMEALBOIEF L I ERHPBARTE 20 BB
B2 AR e R RR A R e R S LR E A B B
B r RS B IIEMAR o BURCS SRR b 2 5 Ak
G b LAs BN IRR GRS R o

WhREEFR ARSIV AP R —F AR e P L A 0.3

BIEAEE R B 4 B R A S R Bhe ¥R A0 1 B bedmd L Rt R
PERET R BT b 2 ph 4 %] 6 PR BRI phe $,17 5 2
L 3L o

AR R e P S R R Y T L AR A TR
Fad 4 4t N A AR F R X R Y PR w b PRk b e o
NJF ﬁlf‘u%/}ﬁv}iﬁgﬁggé?ﬁi\:'rf BET AL T LI R
WA PR R OGE R A F o X B FEeDTE R B B 548% o

B ER SR T4 FTPER MRS B L ERBWTT AR
w Eu 4 kT2 ]‘%,E’T , _/‘F_!)‘z%ﬁ.f@ﬁv]:};% /& 5 X AR 54 %q/E %’E’/(/ﬂéii

BHFFAL THA L B REEL R o
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¥- 8 23

FouAlfa e g Rt e Ve g L el e g
IPEBH LN RIVERFAY AT
LS F N § IR S
PR SRCH R - g0 4 © ot 34 5 A0 R b e & i 2 0 £
TEPA S RTS frenfed SBET S o AR RES BT IR SER
A AR AN E RS R A P AT B e A )
PErT s MRa TR g SER . T4 F LT REA N LR Bk o

2. #FEHR -
HE SR RRINFETLHBEE] RP R
IPHBR R FIRE AT Y T
EAPRS R S e g 8
? Fﬁwﬁﬁl““*”i?ﬂéii HE 3 FE? 24 B2 HBTEF 7 F o8
Rp WP *‘Kln\ﬁ’f m‘gﬁ‘%g\;%’f&’%%éwﬁ‘ifjf‘?—&lF’ﬁg;;&
&%'ﬂ SR S S L R R N AR T S
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fHek-  RBAGEREI RRHERATE

EXLi Y
2 BRRE 0 M B et E S b

TAR TR TR E D R
A2 E AR FEM R R R o & SR A B A e Al F R o #TG ¢
(HxBxt,xtp) 5 400x400x19x19 mm » 38 & & (L) 5 336 m; o Hsm 7 o
H@ s kas B (Fy) 3 4.25 thlem® > 3842 78(Eg) 5 2000 tflem’ 5 354 PR 5% 4
B 5 R (f) 5 515 kgflem®
- g R

(a) ¥ & B =t (B)R 2

B=40 cm > 30 cm OK
(b) HEmf-£f « v E(B/H)HRZ

B/H=40/40=1.0 > 0.4 OK
(c) & & 876 3 18 S04t 2 %15 2 2%

A, (400x400)—-(362x362)

. =18.1% = 2% Ok
BH 40x 40
(d) %75 %+ &5
21950, = [ 237,57 h
t Fys
2. 4k R4 2 AL R R
40" 36.2°

A4 4T A A=289.6cm’ ; ff B = =70228.9 cm*

12

I, [70228.9
il e gL = = =15.57 cm
Az VA, V2896

I g s
A2 § e L S, =1 +ax /A—g=16.73 PR RRL o=
g

87



FREASHAUMTRAI LA T FEEY

0.1

- KL S_1><336 (425 _ 0o 15
T e ntx16.73 V2000

6314 AR % B % & P =(0.2107 —0.57A7 —0.06), +1)F, A =1154.5 tf

ys© s

3.RC A AL B 5% R
A=13104cm’; B2 £33 2 E B L > ¢, =0.85

P.=¢.(0.85fA +AF,)=085x(0.85x515x36.2%)/1000 =487.6 tf

5. fadldm g R IR R R AR
P =P +P, =1154.5+487.6=1642.1 tf

F £ (P/P,) 5 0.6 RIP=9853 tf; £ £+ (P/P,)5 03 RIP=4925 (f

i#4 LR0O.6-A 2 LRO0.6-B ¥ %5 4cbe 4 5 985 tf

e

#4 LRO.3-A 2 LR0.3-B § %% 4w 4 5 492.5tf
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