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SUMMARY

I. Subject

Advanced Study on Performance-Based Behaviour of Asymmetric H Beam Slimfloor

II. Objective and Necessity of Research and Development

1. Technical objective

° In terms of structural design aspect, fire resistance technology has been less
regarded until the late 90’s in Korea and recently obtained a public attention
after catastrophic occurrence of several structural collapses in fire. Under the
circumstances, various composite structure systems, which has adapted from
other countries without comprehensive investigating its fire performance, has
been introduced to the domestic market.

° Since the domestic standards of the structural fire resistance are currently based
on a prescriptive design method, each structural element is applied by different
resistance period in use of its application conditions such as building types,
height, and floor size.

o In order to obtain a required structural performance during the resistance period,
minimum section size and cover thickness are typically suggested for concrete
structures and insulation thickness is proposed for steelworks with respect to the
limiting temperature.

o Although the prescriptive method may offer a simple design approach, it has been
identified as not a economical and safe solution for various innovative structures.
It is hence that the Korean Standard also forwardsincluding the performance
design philosophy. Assessment of temperature development for steel structures
in fire (KS F 2848), with respectto the section factor, may be the first work for
the movement.

o In the situations, not only the practical application methodology but also
comprehensive research fundamentals are widely demanded related to the

composite structures for the new design method.

- viii -



o This research aims to develop experimental and numerical technology for the
performance—basedfire behaviour of Asymmetric H Beam Slimfloor. It is believed

that the technology would be a foundation for the type of research.

2. Economic and industrial objective

o Since the composite floor systems are typically applied for high-rise, long—-span
and multi-purpose structures, the structural damage under fire could potentially
cause a disastrous situation in public. Therefore, in order to reduce the risk of
life and property loss, it is demanded to develop an appropriate assessment
process for the composite structures in fire under the performance—based
method.

o Since the national scientific background of research related to the
performance—-design process for structures in fire is limited, key technologies
commonly dependent on international partners. Regarding the trend of increasing
composite construction in the market, the independent key technology to optimize
the overall design process, in harmonization with existing standard, is required to
be developed for safety and economical purposes. This may also encourage the
competitive power of domestic fire related industries such as consulting,

insulation, material and fabrication areas.

3. Social and cultural objective

o The national concern for the structural fire safety has increased due to several
fire disasters such as the structural collapse of Windsor tower (Spain, 2005), the
Deagu subway fire (South Korea, 2003), the collapse of World Trade Center
(United States, 2001), etc.

o In the record of Korea fire statistics, the number of fire occurrences has been
increased by an average of 4.3% p.y. during the last ten years. As the building
fire occupies an 82.1% of the total fire accidents and increased 23.5% in the
total occurrence number p.y. during the last ten years, it has been generally

recognized that a fundamental response is demanded for the fire model.

III. Contents and Range of Research and Development

_ix_



1. Research on optimum dimension for composite beam section forming asymmetric
H beam in fire

o The temperature development across a section of a structural element in fire is
dependent on the section factor, which is estimated as a ratio of the
fire—exposed perimeter to the cross—sectional area. Hence, with the higher
section factor, the faster temperature development of the section is observed.
With respect to the section massivity, a thermodynamic characteristic and
physical properties of the material, composite beam members, partially embedded

asymmetry H beam, demonstrates typically a good fire resistance capacity.

2. Development of FE analysis about structural fire behaviour and design guide

o The experimental study on the fire performanceof structures costs often in
excess and is exposed to a limitation of the size and simulation conditions. In
order to avoid such difficulties, it is necessary to develop a reliable numerical

solution for advanced study on full scale performance of structures in fire.

3. Development of optimized fire resistance design of asymmetric H beam slimfloor

system

o The research, where the advanced country in fire research for the last 20 years,
tends to be conservative in fire protection design for the column to avoid
collapse and be relatively economical to the beam and slab for fire separation
purposes. As the asymmetric H beam and deep decking is available in the
domestic market, it is possible to use the advanced PBD technology to establish

the 3D slimfloor system in fire.

4. Research on thermal properties and performance of insulation material

o s the feature of the performance based design of structural fire resistance, the
optimized application of insulation for steelworks is one of the major approaches.
The application is based on the insulation performance of the heat conduction
and the high temperature behavior. Therefore, the national laboratory
organization should estimate and provide the performance and physical properties

at elevated temperatures.

5. Establishment of structural fire performance and protection material's guide



o The process of the PBD is achieved by satisfying the performance requirements
under various design routes. However, in the current domestic standards, the
performance requirements are omitted for the insulations. This study aims at
suggesting the performance guidance for insulations in fire in relation to the

structural performances.

6. Development of PBD guide for slimfloor structures in fire

o Although the PBD design process is allowed for structural design under fire in t
he Korean Standards, the prescriptive design method is generally used in
practice due to the development limitation of the application method. The
development of PBD guide for slimfloor structures in fire is deemed to be

impetus to advance the design method in Korea.

IV. Research and Development Results

1.Comprehensive review of the national/international application cases, market trend
and construction method for Slimfloor systems.

2. Experimental study for the flexural capacity of full-scale Slimfloorbeam at
ultimate limit state

3. Experimental study for the flexural capacity of Slimfloor beam at fire limit states
4. Comparative study, based on experimental and numerical approaches, for the
temperature development across the Slimfloor beam section in fire

5. Development of optimal design guide for Slimfloor beam and grids under a range
of piratical loading

6. Estimate the thermal properties for the spray and intumescent coating at
elevated temperatures

7. Assess the stress-strain performance of the spray and intumescent coating at
elevated temperatures

8. Evaluate the weathering effect to the stress-—strain performance for the spray
and intumescent coating at elevated temperatures

9. According to the variable depth of ASB sections, it is proved that fire behavior
of composite beam can resist fire resistance behavior of unprotected for 60

minutes.
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10. From the fire test of asymmetric H beam, fire resistance capacities based on
load ratio is compared. Load ratio 0.4 can endure unprotected fire resistance for
60 minutes. Furthermore, the depth increased of web is effective to extend fire
resistance duration according to the test of section web.

11. In the test of elevated composite beam, the configuration of the temp. rise
which condition is unprotected similar from the lower part of flange to the centre
part and the temp. reaches 600C in 15 minutes after heating. Although stud and
upper flange can resist from fire, unprotected lower steel is strongly bent by loss
of capacities as well as concrete slab is cracked.

12. In the test of elevated composite truss, the temp. of sections of bottom chord
and diagonal chord rises with the similar ratio for 14 minutes but the temp. of
concrete slab is lower. Two specimens classified with sections of diagonal chord
are cracked during 10 and 14 minutes by load ratio.

13. The test to analyze behavior of fire resistance applied to fire resistance
covering material is conducted. Compared with thermal characteristics and temp.
reactions of solvent borme and water borme fire resistant paints, there are foaming
and temp. variations on the surface extensively, if water borme fire resistant paints
are used. On the other hand, 60% of total materials for solvent borme fire
resistant paints are reacted around 200TC.

14. At 5127C, Heat transfer of solvent borme and water borme fire resistant paints
are 7.05X10-3 and 3.06x10-2w-1K-1, respectively, and it is expected to reduce
the differences through heat insulators. Fire resistant capacity of water borme fire
resistant paint mixed alumina is increased. Compared with common shaped alumina,
using porous alumina is two times effective. Moreover, porous alumina can go up
about 60% to control temp. rise and retard separating of fire resistant paint.

15. To give the guideline for real structure planning, the stability evaluation against
lateral force is satisfied with drift ratio the maximum 0.0073 against earthquake
load and wind load displacement ratio maximum H/4842 from the stability test for

object buildings.

V. Utilization Plan for Research and Development Results
o Using the developed performance based fire safety design technique, an optimum

model of the Slimfloor system is developed. Through the application of the
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obtained design process to general steel and composite structures, a fire
resistance design method could be established.

o The optimal design of the Slimfloor beams and grids under a range of practical
imposed loading, could be used as a design guidance for the type of structures.

o Based on the stress-strain performance and material properties at elevated
temperatures for the insulation, economical and safe design solutions could be

provided to the engineers.
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LOOOE 419719 @4 28570 Rasgleh Feld d% ot =& 597}
A2x2 AsA @ 288 ol FATh(2Y 35)

Cantileverad construction of audicerium

(b) WEHHH =
719 35 ING Bank H.Q

(3) Central Park in Dublin

Central Park in Dublin®] A= RC &2 AAFHA oY F7]& W53 A
o] Brlsdltt AAdY dAYolE ZY PR e SYH Fow 259 F
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grol A WEe FozA ol BEAZL F A (17 36)

a9y 36 A Y3} oA (Central Park in Dublin)

(4) Glasgow Residential Building

9m Z=W7}A] 280 ASB 100 ¥ 3} SD 225 vl=7F SHS 7153 g7 Ab&Ht) 7]
T @HE 120 mm @O R Fheto] B Qtof] Bt E MAEHGIT 7 vpdol A
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(a) ==

Decking supported by ASB beams
(b) ASB Holl #x¢ d=
19 3.7 Glasgow Residential Building

Ct. HEIZ(BIOHE) =X A L AIEUHS A
= HIZ ARG 339 27 38)¢ 20069 7l=o 2 2906 dESRE
2004\ 2430 A<= ol F FT7bstal o =9l HPF Aol S7hste] W atis
2,000 H& gFRel HEY A= dEHeld
% 33 5l HIA AR (+$1 @ 1,000 ton)
= 2002 2003 20044 2005¢ 20064 Hl1
=2 2,688 2,703 2,430 2,350 2,906
LH = 2,263 2,311 2,220 2,018 2,089
=g 425 392 210 332 926
3,500
3,000 2,006 || ——%2
26862703 /
2,500
I 2,000 26+8 e
= —m— 5
0
1,500
1,000 926
2l
500 75 302 N
210 392
O 1 1 1 1
2002 2003 2004 2005 2006
Az
17 38 v HIZ 58 Fol
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|
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20024 20034 20044 20054 20064
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20024 200344 200444 200544 20064
o
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i34 dxd HEx

_cLh‘

7hH A (9] : 1,000 m*)

HEg| 2 [50IHE| FHE HIFEHE
I e AR (s4a8| 298 SWAE| JIE

& M| 133,421| 53,861 79,560 32,570/ 5,125| 16,813| 1,148] 11,490 12,415

1
0
O
0K

StSRC | 40,466| 1,731 38,736 12,315 4,960 13,883 4271 3,393| 3,757

20064 | S 31,8101 1,212] 30,599| 7,828 4,954 12,967 134 1,320 3,396

SRC 8,656 519| 8,137 4,487 6 916 293 2,073 362

% 30.3 3.2 48.7| 37.8 9.8/ 82.6/ 37.2 29.5| 30.3

& M| 111,506 50,281 61,225 23,368 3,558 13,576| 1,350 9,862 9,511

StSRC | 30,525 1,261 29,265 8,494 3,494 11,309 532 2,742] 2,694

20054 | S 24,705 1,064| 23,642 5,192 3,487 10,901 386 1,168| 2,508

SRC 5,820 197] 5,623 3,302 7 407 146 1,574 186

% 27.4 2.5 47.8| 36.3 98.2] 83.3] 39.4 27.8| 28.3

& M| 117,461 50,099 67,362 30,966| 2,942 14,740 991 8,860/ 8,863

StSRC | 28,847 1,112 27,730 9,200, 2,846/ 10,738 364 2,140, 2,545

20044 | S 22,421 882 21,539] 5,135  2,846| 10,069 198 1,069 2,370

SRC 6,426 230 6,192| 4,065 1 669 166 1,071 175

% 24.6 2.2 41.2  29.7 96.8) 72.8 36.7 24.2|  28.7

& M| 142,109 62,128] 79,981 45,809 2,646 14,738 732 7,920 8,135

StSRC | 31,216| 1,494) 29,706| 11,405  2,543| 10,825 338 2,254 252

2003 | S 24,148 1,227 22,921 6,716 2,539| 10,177 115 1,183 145

SRC 7,068 267) 6,785 4,689 4 648 224 1,071 107

% 22.0 2.4 37.1  24.9 96.1 73.5] 46.2 28.5 3.1

& M| 138,891 57,315 81,576 49,903| 3,277| 15,447 535 7,523 4,891

StSRC | 34,322| 1,439 32,883 12,725  3,002| 12,394 155 1,936 2,673

20024 | S 27,377\ 1,167] 26,2100 7,319] 2,997 12,089 74 1,186| 2,546

SRC 6,945 2r2|  6,673| 5,405 5 305 81 750 127

% 24.7 2.5 40.3] 25.5 91.6/ 80.2] 28.9 25.71 54.6
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¥ 35 A5 dEx FFad(sed/Fxd) (&<l 1,000 m')
A=E| 7= RSAR| FAS HIFNE| yoig |sang| 2o | 228 [20A8| JiE
& HMI| 84,870 28,433| 56,437| 20.971 4,804| 15,080 715 7,530| 7,338
S+SRC 33,024) 1,213| 31,811] 8,194 4,678| 12,999 409 2,483| 3,049
2006 S 27,527 1,027] 26,500| 5,585 4,676| 12,283 143 1,054| 2,759
SRC 5,497 186 5,311 2,609 2 715 266 1,429 290
. 3.9 4.3 564 391 974 8.2 5.2 330 415
& M| 84,187 31,502 52,684| 21,764 3,148| 13,720 721 6,992| 6,339
S+SRC 28,277 1,147) 27,130| 8,115 3,096| 10,882 458 2,216| 2,363
20058 | S | 23,025 999 22,006 4,722| 3,088 10,496 332 1,176 2,211
SRC 5,253 148 5,105| 3,394 7 386 125 1,040 152
% 33.6 3.6 51.5 37.3 98.3 79.3 63.5 31.7 37.3
& HMl| 91,279 34,587| 56,693| 27,244 3,129 12,909 529 6,439| 6,443
S+SRC 24,867 1,010 23,857| 7,766 3,032| 9,140 189 1,694| 2,035
20044 S 19,721 797) 18,924| 4,564 3,032| 8,493 9N 827 1,917
SRC 5,146 213 4,933| 3,201 0 647 99 867 118
% 27.2 2.9 42 .1 28.5 96.9 70.8 35.8 26.3 31.6
& Hl| 108,965 42,060, 66,905| 38,270 2,431 13,212 510 7,302 5,181
S+SRC 26,985 1,091 25,894| 9,065 2,340 10,210 218 2,022| 1,197
20034 S 21,294 902| 20,392| 5,396 2,336| 9,582 110 1,050 1,047
SRc | 5,691 189 5,502 3,670 4 e8| 108 971 149
% 24.8 2.6 38.7 23.7 96.3 77.3 42 .8 27.7 23.1
& Al 105,120 40,174 64,945| 38,000 2,738 13,525 350 5,763| 4,569
S+SRC 27,570 1,172| 26,398 9,310 2,505/ 10,732 93 1,572| 1,738
2002 S 23,065 1,007] 22,058| 6,063 2,501 10,376 58 960 1,529
SRC 4,505 165 4,340| 3,248 4 356 35 612 209
% 26.2 2.9 40.6 24 .5 91.5 79.3 26.5 27.3 38.0
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(&1 &), 2004

A= A 1F 2~4F 5F 6~10F | 11~20F [21~30F | 31FO| &t
M= | 6,356,895 |4,154,345]1,984,868| 111,012 | 49,627 | 49,410 7,525 108
A= 692,337 184,552 | 443,570 | 37,297 | 15,156 9,598 2,108 56
S 4t 395,256 186,357 | 189,481 | 10,207 | 5,086 2,733 1,358 34
CH= 257,090 105,756 | 141,854 | 5,135 1,606 2,603 136 0
oA 202,816 93,261 96,463 7,496 2,915 2,275 406 0
&= 135,340 65,739 63,735 2,647 1,151 1,990 78 0
CH& 130,219 59,488 64,903 2,240 1,423 1,943 222 0
sS4 119,938 66,260 48,873 2,178 1,356 1,122 149 0
=Pl 905, 106 520,279 | 341,378 | 18,794 | 8,328 13,920 2,389 18
Z& 340,546 268,116 | 66,982 2,733 1,223 1,461 31 0
e 322,006 246,235 | 67,739 4,005 2,446 1,492 89 0
E4=t 458,425 386,448 | 66,506 2,505 1,238 1,624 104 0
a5 379,535 316,206 | 57,794 2,572 1,081 1,842 40 0
rai= 559,147 | 490,419 | 63,860 2,070 1,200 1,587 11 0
a5 692,386 581,074 | 103,630 | 4,110 1,522 1,940 110 0
2 627,060 473,946 | 140,610 | 5,962 3,129 3,119 294 0
NS 139,683 110,209 | 27,485 1,061 767 161 0 0
37 HEZe dyd5e

= Ol A2 2(1,000 ton) ME2H Q_;gj;é )
S A 100,000
aA=E 60,000 HEZHA x 15 % x 20 kg/m 20,971
FNE 30,000 HEHH x 5 % x 20 kg/n 28,433

Z WA E 10,000 HZHA x 7 % x 20 kg/m 7,530
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¥ 3.10 HHF B 71409 45009 A9-HW 2=9H(m)
=25t (kN/m?) EO A ()
S
2.5 3.5 5.0 7.0
SB312 7.9 (freq) 7.8 (freq) |[7.8 (freq, str, 8)| 7.0 (str, &)
SB320 8.2 (freq) 8.1 (freq) 8.0 (freq) 7.6 (&)
SB328 8.6 (frea) 8.5 (freq) 8.4 (freq) 8.1(68)
SB336 8.8 (freq) 8.7 (freq) 8.6 (freq) 8.4 (8)
¥ 311 WHF 2 +49] 600091 HA-FH =3 (m)
=E5t= (KN/m?) EC A (m)
S&
2.5 3.5 5.0 7.0
SB312 7.2 (freq) | 7.1 (freq) 6.7 (str) 6.0 (str)
SB320 7.7 (freq) | 7.6 (freq) 7.4 (str) 6.7 (str)
SB328 8.0 (freq) | 7.9 (freq) 7.8 (freq) 7.3 (8)
SB336 8.2 (freq) | 8.1 (freq) 8.0 (freq) 7.7 (str,8)
¥ 312 WHF X1 7HF0o] 750091 A--Ho 2= (m)
x2S (kN/m?) EO A ()
=S|
2.5 3.5 5.0 7.0
SB312 6.6 (const)| 6.6 (const) 6.0 (str) 5.4 (str)
SB320 7.1 (freq) | 7.0 (freq) 6.6 (str) 6.0 (str)
SB328 7.5 (freq) | 7.4 (freq) 7.2 (freq) 6.4 (str)
SB336 7.8 (freq) | 7.7 (freq) 7.6 (str, freq) 6.9 (str,d)
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3 313 A 2] wE FHoj= Ao (A A ets : 2.5~5.0kN/m’)

4
1% SB312 7.8~7.9m
| SB320 8.1~8.2m
_I— ‘]
ddck =
<dgck N el
stan o SB328 8.4~8.6m
]
—+ SB336 8.6~8.8m
| 6000 | SB312 6.7~7.2m
| SB320 7.4~7.7m
1 4
dekk =
~ el
i Ea SB328 7.8~8.0m
b}
—F SB336 8.0~8.2m
| 7500 | SB312 6.0~6.6m
| SB320 6.9~7.1m
T 4
de¢k -
-~ o
sban P SB328 7.2~7.5m
b}
—t SB336 7.6~7.8m
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Deck plate
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Deck plate
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2% 311 Model-T ¢ ©@HE (X740l @ 9.2m)
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Deck plate
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= g8

Ve e

Tk 30T iConerete L
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916@36¢

250
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¢l 2%

Deck

|1 30

29 3.13 Model-TT2] A% (A 7F4 o] : 45m)
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(3) &g o MH
e 24 BuEe 24 TRF) 9AE 299 F A4E H®R)F 94
g 27)(R)ol WE TAA Aol ARE FHEAA ] Ael(y)e A4 Ad
() 2= Arstol(29 3.17~3.18) Al A ¥ v HAHI Y A Ho| 2 &3t
29 A FES AH(E 319F 5 9
:{ Re Rf
,—| Ds .
o o N
pra
[ el B I S B R
¢ web Rc+RE-RD
[ S
Rb
a9 317 A EWHE AHA
Be=1125
Bi=240
Lot ol -
o : Ds=96
Hw=274
| | 17p=30
| |
Bb=350
a9 318 AR 2R 7o GHHAS(HS] 0 mm)
¥ 315 2dd XARdE AAgE
5 AHQHE Nolol=
Model 1 (9.0 m)
1186.14 kN 80.69 ton
Model 2 (9.0 m)
Model 3 (4.2 m) 1065.38 kN 72.47 ton
Model 4 (4.2 m) 1184.31 kN 80.57 ton
Model 5 (4.2 m) 1140.58 kN 77.59 ton
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% 3118 dAE dHe] 2R
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deflecton(mm)

0 0
200-1 150-1
-50 200-2 =50 150-2
-100 _—100
£
E_.5
=150 g 150
3
-200 —200
250 \ \ - \ \
-300 -300
(a) 200 Alg]= (b) 150 Al =
rmelmin
[ & 70 15 20 25
7
1157
—50 1152
' 100
£
5
& —750
3
-200
-250
300

(c) 1156 N g =
% 3119 AR A FA FAA FIE AHA

A FRe AYA B SAF A0 g R HAA Q8 duie] g
2 Qste] BUF oo AFS nAOH, AR AGA A= wE A
shEol ghol whek ofrbe] Aol(eF 1~63)F mSith.

o

|5 e AAL FAE Evl29 HE&S e AdAS std A=
CTE 7 (7T5X100X6X9), AFAl = double L3 73(45X 45X 6, 35X 35X 6, 25X25X5, 20
x20X5)¥ double L& (35X35X6) 0.2 AA o™, 6 mm 2 4SS AME
st BAE AASA T, HAFS EF SS400 (Py=245 N/mif)= AF&3FA ). (19
120, 19 121 #=x). € E+= 60 mme] Topping? 75 mme| RibZE FAE AL
™ D=135 mme| AW LAY E(£=24 N/mr)7} vF=23(1.2 mm)2] A A 279
Al At o, dE Aol§ eoloju4](26-100 mm)E EFF-o EF3A

SA A FREA DA EY et SYE 7 100%9] FHAGHo] A EHEE
Adt AZAA(219-95 mm)E Gk % 3.2500 AlgA] 2 2EE YER AT
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T6@100

\/ 135 NW concrete slab i
- — P —4 135
. 7
280
.................................................. v
. 500 A 500 A 500 A 500 N
250 B 2000 B o
G Girder
a9 3120 FHEHE AFA JUE
600
Slab
EMeSh A J :60
Steel decking y 75
—= C.G. of
Top chord top chord
249 280
Web
Bottom chord
C.G. of
bottom chord
1% 3121 SHEH A AYA dH =
2 AP 325 A A H8 Bl AsE sty IS 1y sk
A o] F8 BHolu o Uy wdle] e ¥y Y4 ¥AS TH Fu
otk b o A% Ao JYste skl 44 RAe Lx WHE Fu
e Aotk At AFL 47 AT WA BEI] Yo FEHI THET}
T HES 4 Hen B Fde] AW YAk e 4AA, @A,
A o) AA FAe] e WskE 2Hey) kel 407420 A} A H 2
o Aol AAYA= 2y 31223 2o, sAAdEAAN SAHE 25E 19
3.123 YER AT
¥ 325 AlgA A =4
A A HANEMEGGHE) | Alstels (&8s H]) ARAL F-A)
M-45-0.4 120.2 kN (0.4) L-45x45%x6
M-35-0.7 210.4 kN (0.7) 1L-35x35%x6
M-25-0.4 315.4kN-m 120.2 kN (0.4) L-25x25%x5
M-20-0.7 (300.4kN) 2104 kKN (0.7) L-20x20x5
M-45-0.6 180.4 kN (0.6) L-45x45x6
M-35-0.6 180.4 kN (0.6) 1L.-35x35x6
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_ - SN = { T . S 7
# 28&27 / £04825 270 Z 22&‘2-3/
418, 17 Wy 2134615 N /
# 19&2 Eonallils
# 7,869 B4 # 4,586 A
500 | 500
-~

P&3
500 500 ‘
— T e ——
100
250 200C
. 2000 »
A BTy SR A
[ ]
[ | I =
j. 22 I
4 |
1 |
#10,11&12
# 228&23 #1.2&3 #13.14815
# 24875 #4586 #16,17818
# 26827 #7.889 #19.20821

a9 3122 FAEHE A ddy AA S A

Aol AlgdAe] FHE stdAA #1,2&3 AMA #10,11&12 AE A #22&23S
Group 1, L/4 A4 std A o] #4,5&6 AFA) 2] #13,14&15 A& A o] #24&25E5 Group
2, T S A #7,8&9 AFAfC] #16,17&18 #19,20&21 A& A o] #26&27S Group 3
olgfil Aottt & 326 /\]@iﬂﬂ Al Ao ekl 8okgk Aol

2 AE L KS F 225769 x=shA] =7l olslo] A o]— 5 39H J1E S d9 o
W gRAA71eATY Bls A9 ElA AAsATh ® 327 A@A ] A
M AEaE, A 353 SFuE e,

%326 FEFAC dHY ¥y

Structural Member Sensor name

M45-T-G1

Top chord Specimen name-Structural Member-location

Brace member Structural member : Top Chord

Bottom chord Web member(Bracing), Bottom Chord

Location : Group 1, 2, 3

A A FREe s ERE 45 ne A8HE AFEAE of
Aol sojof @eh(2) FAEe2E Quk PR} Lo] FHYL TAYE B
Q1 EYBI} AFH L Eejao] FAA} AX B e PR FAY G5

[ex]

AAE rrsEE gt Row HYE
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55400 %LXHQ }1\'—'17:“ 701'5 py:245N/mm2, %EL“‘QE %%E—%% fC:24N/mm2°]E}‘. .TT_IZ_
3279 M EH A RHE A5E BS5950 Part 10 2)&le] thS 2o g A4
t}.(6)

R=045f, B, (1)
oA7|A, g A 99 ZAYE YFAE
ot TAYES] FH AE
p @ 2AYE B9 F& U
p, - EUH HA Zo]
p, © HlA9 Zo]
R.=Ayp, <2)
A7NA, B A A=
a4, AR e A
p, P A AA A=
Zagee 9% ot gy L)
z,=(D,—D,) Z (3)
StHEZ 2 BRHEE g (rS AS 223 2
M= R x|D+ D,— z,— 0.5z,] (4)
oA7|A, b A Eze dAA Zlo
5 0 BT dEAe) £9% A9

B A9e gxsA 2004 Aerde] AES A8 sFe Ao A7)
o3 e mestel AuA vl B3 PR AT 2L Aske] 48
H ZF Aol Alfte] e ddE EAS B4 Aow AAEAT. A s
47 AstE st TdFol d53 stFol AEHES sigon, H FdFo AR
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stEA - AP F-A -

-3

19 312290 2}

1

R

1A

4r
bt

!

gl o

Fo] KS B 0802 Al &

<)

[Ar

H

o

frel

ke
T

2 27

84.11 kKNe. =
< 2057 mm= F4 5

o

= 7315 kN
A
i

1
T

=5 A=

o

3o
|

ol

59.99 %2<]

11312 %= =45},

ok
=1

%,07% Zr=e

[Ar

}o 338 MPa@ Ubebyt

_070

72 490 MPa=® et Al 59

291 MPa, CT

(¢}

438 MPa, CT-3

[e)
€] 701-‘\___‘

‘_'l_

o)

CT-

o

R

37

o2 gehgd. -

(CH) KS 21=Z1 Hl

ToR

fros

(%)
21.55
20.57

22.20
19.62

(mm)

(Mpa)
437.67

(N)

73149.35
121941.96 | 489.66

291.26
337.76

(Mpa)
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(N)

(mmt)

167.13 | 48678.72

6

(mm) | (mm)

103.00 |27.86

2ol
9540 [31.33] 6/9 |249.03 | 84112.51

A3 A
1 steel

CT steel




A& (%)

A A A 7 (mm) &% 7 (mm)

50] 3} 5~16 16~50 | 40°

SS 400 24501% 235017 | 215017 | 400~510 | 21°]% | 1701 | 21°]7 | 23¢

BO0

Bl

1oe

[ .06 i) GrE £ (28

(3) &8 Eot

KS 759 W3t A H7he IS0 8342 7|50 8 3= KS F 22579 d&+%
FA el WstAF el otk v At AR Ao 2EE VTR Wl :
538C ok HH&% 649TCE HA otof ghrpar g Eo] ek AP F¢

- - - 2 - - -
NAle] mEwe o My w) D:—4§0d9‘r wgsme L. L= zag 45
FaA Ba gz B A 1 L30S 23 4 RES a Aok B
Age At Agow F am 712 948}04 Bt sgom Fg Aol L/30
2 2% 0 ¥ ez AP

S
>
0o
[}
&
He
HT
x

stz H] 049 xHo= ARAlY] A7|7F v RS AIEAI] M-45-0.49F
M-25-0.49] =9 A& EA etk KS F 2257-6(7)9] 2310l o]ste] He] 3

W 7tES o Ay A8 M Ao E B A e A9 £k HaE 8%
S u 19 31247125 oA H=ukek o] st Ale] = Hlste] AbAle &k
WE7F o Eokom M-45-04 Alg@A Q] A, Al &% AdFol AlgA] ust
AFol FaFo] e Aoz Fy A
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70 780
500
N 800 %
E 08 E 500
¥ a0 o
§ A E W — Siandard Te
2 —4- Standard Tamp K] andard Temp
200 - 95-5-0 208 - MW=
100 —a 95500 Wi k- (E WG
W 558 T e
a : n N a I ; 1 )
o z 4 6§ 2 10 12 14 g & 4 £ 2 10 12 14
tinta{nrin) tinalpin)
9 3124 M45-04 a8 2=8¥ 19 3125 M-45-04 AHA =83

M-25-04 A @A 2] AtA e} st Ao 2% BEE vwdk A3} M-45-04 A9
Aot de] stAAe] 2= v w=kom AbAle] A7t 22 A stEaA Y] &%
Fsol AlgAe A Awel TS = AoE wdE o 17 31289 A vl
oA M-45-0.4 A& A9 WA zFe 128010 e AW 1242 mm, M-25-04
AldA el A9 WFAES 12702 HFS 1315 mm= YERRTE ARA e FA)
A717F Wish Azl &S AA vA= o2 YESTH

800
i

i 700
490 e

e paraturel T
8 g
b= o=
terrrer sl
2
=

=
S
=
=

— Standlard Tamp ~- Standard Temp

200 W MIE-E-GT 200 -, M25--G1
i —a MPE-B-G7 g | & M2E-W=G2
s MPE-B-G3 - M25-W-GS

a L T T a 1 I ' L |

4 2 4 § g % 10 12 14 a 2 4 § 7 10 12 14

fimre{min) time(min)

19 3126 M-25-04 stdA 222 a9 3127 M-25-04 AHA] &%

ke

i=]
LS
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tim? el min/
{8

iz fectionimmy

a9 3128 3tFH 04 Ao AP
shAfe] ko] 7 FHA o2 el stdAY S F AIPA BT 43 9]
ol A 400 C ol&te] wAEE HPom 4 o] FHE Aol = A7t YEpd
Aoz Fdeth A FdF AbAlel A H 10~1290 DA Ao 2%t
o2 g Hlate] & o R YEgon o= Ao T A dFs
= o2 wadEch 17 31299 17 31309 2o mE A HH v
ANA stEE 04004 v AFs BT

Web temperature( ©F Web rmpetiaiz)

a oo Zeo 800 400 BO0 600 SO0 860 [ og A S 400 &Y R TO0 8O0

’ “tak — | _+IM—46I—MI S M == ‘-_—Q—M‘I—ES—{I?I

defloctionfmm)}

—-2&0

-8

19 3.129 M-45-0.4 AA) <]

eE-A7 A

-0 F

=0

=150 T

defle ction{mm)

=200 T

=250 -

19 3130 M-25-0.4 AFA) 9]

=A== AL

ARA 2ol e AR HlawedE wWl M-45-0.4+% 68093 C, M-25-0.4+=
6613 Col =&d olF FA% Aol BANATL. 55 04914 FAje] 27
WEs gAEe s WEAE dge] He dow wunt
(5) BIEHI(0.7) X200l M2 B HE 24
sksH] 0.7 2719 M-35-0.72 M-20-0.79] Al&A| vlule A 19 31313 19
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3132 A At A FAlS] 2% FEE VERITE M-20-0.7 A @A S A5 Al
A AR F L/309 AR Vel =gt g4 A FES B 20
mm, 25 mm AP E AR A A S A5, -] AbAjel] FHZo] WAl
M-20-0.7 A1 A= At Ao ZAagES} v walrh v A A e v
gto] AlZtetda wio] AN HE® o Wol YEiEth 2% Fxe] Hlal
M-20-0.7 Al @A L] A1 Alzko] grol MAA R HlaE ol ¥ -1 A E WJ 4
Ao & BEE vE AFAY v =T A4S
FE7} ApAlel Hlske] 128 A1E A3 F 40 T2 x} ] }9191
7 AEAL AR dFS = Aor dddn M-20-0.7 Al ¥
o] ¢ AbAle] 27t st A el ulsto] AFAIZE 4Rl A 100 T &% zke]7}
Ao ApAje] A7) 7F 2 B AbAe] 2= Aolel oFk AlF A Aol
2378

0
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00 400
500
400
500

5
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Ferrioeratrel )
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R Y
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—i— M3E-5-G2
N ) —e MEF-0-G3 2

7 2 4 6 7 10 2 a 2 4 g & 1 12
tima {min) time{min)

a9 3131 M-3H-07 st A 2=+ 19 3132 M-35-0.7 AHA 2 =X

fim of m i}
7 2 4 & g ia 2

dafectionmm}

19 3133 stFHl 0.79] A=A

ek Alzkel wlalel A M-20-0.7¢] W37k 3Eollem AH2 30 mm,
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M-35- 074 WskA 2 9
A5 k%

RERE R

4= St &

Bo=g A

Wk ZE Aol 7F vhERSE

femperaturel ©)
=
=

—— Stand'ard Temp
—- M 20-5-G1
—h— M20-5-G2
—e- MA0H-GF

Z4 F T 4
timraimin)

19 3134 M-20-07 318A 2% B
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| ]
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U
R
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4008

& 0$# N
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£ 30 mm olglot} ol% F
2 Aw A 5% A

—— M-350.7

AL 123 mmeolth M-25-0.4¢] AR -2 ¢
& 0414 M-45-0.4 A1 @A <} Wapr|zke] =o] 7}
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d 2.8 7 7.4 2 24 b 54 4
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200 o0

|
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2 2
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1
2
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im o rsﬁ
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§ Sawr
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<
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time(min)
0 2 4 6 8 10 12 14

‘ ] — 1 1 1 1 1 1 I}
0 ‘.§ P~ %
% & M-45-0.6
S I —A— M-45-0.4
~—3 - M-35-0.6
—50 | S - 1-35-0.7
5 —— M-25-0.4
Xy — M-20-0.7
AN
-100 \
-~
g
\S
N
L -7150 |
Q
Y
K
N
-200
=250
-300 -
a9 3140 AlFAE A A

M-45-04 A @Al A stdA R AbA o] =1 227 T =how Ao 2k
Fol A@dA e et Aol Gl A= AL :
< 1242 mm= YES T M-25-04 Al g A= st Ao =
[e)

| A X7 Y =ge
] WstA 7S 1273 08 M-45-04 A @Al e Zokom 3L 131.5 mm= Ve
th atEE 0494 ARl B4 2717F dishd s §dell ddFo] AL o R Ao
#rh M-35-0.7 Al@ A= stdAe] &% wXx7F AR eF vlalste] AJF AR 124
B F 40 T Aol7k Ao stAAe] 27t A 9T + oz gt
Hoh M-20-0.7 Al A= AMAIY] X 2 o] HAS Aoz gy A

Aol M-35-0.7

5 Am 4B AT & A}ZHPJ £C7} 100 C =9keh. 8420 0.7
7t

5 %
594 2ol 7} ‘/}E}MJ— 272 123 mm, 30 mm®] 3t} 3}%‘31 0.7 7oA A}
A 27 Wt Wshds el e AS R e e 35 mmel st
/‘}XH HFAE AR A G5 AP FA ] Fheo] WA S
di o] SR E = FFEA 148 A A7A St A9 AR = 7%«] ze
o7 FUFeAL, FAYE B w U X5 B AR die] w
g EREE 7 R ARAE A e ES #04~0.7) wep kA gho]
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oF 10~14% 02 el shggo]l 93 M-45-069 M-35-06% wlustd
AbAle) Aol wheh 24 AolE el ¢ 4 itk

(a) M-25-04 &dB 334 (b) M-20-0.7 &% 333
a9 3141 FAHEY A I3 FJAF

1471 Al (solvent—-borne organic intumescent paint, SBOIP) ¢} <=A5-7] 4|
(water-borne inorganic intumescent paint, WBIIP) o] W3l 5 & o] &3lo] A3
S FYAY. FAF7IA NI =R+ F LE A resin® & polyvinylacetateS A}
-3} 31, ammonium polyphosphate®} pentaerythritol =45 ¥ 2 AF-&3}H,
melamine & carbon source® AH&3tE= 5SS 7HA A vk FAF7IA S A

sodium silicate”} XA Z ALEEHTH dH oz otAst dFwujn A A olE, o]
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AbSEJERE SO filler® AFEH T
Ust=5 & PA2101 applicatorg ©]-&3te] wd3stA Z®ES & 23T,

509%<] ovenol Al 49 oA 71z3slo] ] o] Ate] LAMET} gloo

4 SA4E Al

(L) =z

dE4 574& $13 Shimadzu A9 DSC-60S AAE97] 52 7] &2171
A Abgstel YstERe] SEd we] ol WAASTM 1296[2)E =439
e EA Aol g

FAFZIA B FAAFA =8 E 400CANA 1072 &< 7t
dste] BEAZ F 238 9] DSC cycle A4S st Wstes 24 2 534 5
9] ¥hE peako] WEHA] 2= E SF3Hh Netzch AFe] QMS 403C & o83t
3, DSC9 TGA 5% 10C/min 2o 2 23S Algslit)
A3t A4 =4S 913 laser flash & H]+= Netzch AF] LFA 4172 A3}
R GA FAA = W ese FHE FA7] 98 S5 7293 sapphire &=
Ztdel Wsteg s ¥ § 2o wxste] LFA A3S F345t3th
Fire Testing Technology Ltd. ol 4 #]2}3+ Dual Cone CalorimeterE ©] &3}
Watese] vdd des ARt 7124 AdWE-e ISO 5660-1 [3] o
HE wet 333, 70x70x3 mm3 o A7|E 7HA= Hto| W8 E AW
- Sl dAgE AAste] Azt e 2EWSLE V5t i) 9A =
Wb A 2 58 57mm skt A X3, heat flux= 35.5+0.2 kW/m2 = X3}

5
%

e

2 r

(OhH Wateze S8 HS

a9 3142 FA w7IAC, A 1A JstEs % ammonium
polyphosphate (APP) ¢] DSC Z¥}o|t}. APP+= &% A5A dEyol 7125 W
Z3oto] Yatrgd BH¥S Frd=d dodk JRola DSC 232 a4 &%
Feo] mE e By $2 Fd WS AHE & g A7 U
EEE 200T, 320~40Col A Z e EAukgo]l WS 200CAA L 4§
o] AlZtalo] 320~440C ol nukgE Wy Aol HFAHo= wkges & 4
AT oot MR, A FUIA WIaEsEE B8 UFo 28Ho] = 334
2 EYHow AFgHY e 8 Wi §4 f71A0 vl Fodoe s b
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120
o SBOIC
," M eeeeccccccee N
: \,-’ | —— waliC
100 4 T SBOIC derivate |
i : — — — - WBIIC derivate
: |
80
60 i :
E ,\ I .‘\o. I \-A-'y
) . Ce: . -
- i
2 w0 Y I
B [ e N VT
y..d W ~ ‘\‘m’:\’ ) |
20 T T T T T
0 200 400 600 800 1000

Temperature (°C)

9 3143 FARIIA ATV WstEg el TGA 23

(Lh) UWst&Ez9 &4

T4 F71A19 4 F21A Weere] vEde Algtelo & V&
o ASTM 12699 wret HAstgoew, 1 Aye= 1 3293 2}

3E 329 Wst=se] vE (5127)

1.6

14

1.2

1.0

0.8

0.6

0.4

0.2

0.0

-0.2

/ °4) 1wubBiam sAneAlan

FEFIA
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HIg (Jg'K) 1.73 1.31
o gALo. ool E5 2 ouad, A3t AF o Fe

=45 594 99
o]

Parker's formula[b]ell ]3] Al4b=]
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1.38d*
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t1/2

Hohgkel 50%0l ol2=u &

£ orlsiH t1/22
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-
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ol 1 o2, 19 3144
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o]714 d
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T
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¥ 330 Y3l=g9o dAdxx (512C)

SHASIIA 2527
AMCTT (Wn'K) 7.05 x 107 3.06 x 1072

yetege ddans gostr] YA 70x70x3 mm’ & @] = g
Ysles & T¥sta vhgjdd A E 25l oW 2% WelE A4S 4
T2 3193 Heat Source2: 723 71<9S 93] 355+0.2 kKW/m” 9] heat flux

7}A1+= Cone Calorimeterg AH&-sth. 19 3.144% Cone Calorimeter= 7}

Al ydde] #W 2= ®HstE dehd Zolw 2wl FUhgel whed
exponential growth® X o]Ft} A|7te] Aydle] w2 2x9o We= 19 3145
7 1% 314600 LFERSITh

12 e ¥ 2

600
500
400 = 510
DO 490
300 o
C_D{ 470
3 200 A 460
©
=~ J 0 0 1000 2000 3000
100 A1 o  Surface
o Opposite
0 T T T
0 1000 2000 3000 4000

Time / Sec

19 3145 Ede] 3 E WSt

9 3144 3 mm ¥ 225 YERAY 200027 H3} o= g B e
RE g2 "o %7 5126T ¥ 5106C = steady stateo] o2 A #H
heat flux7} dAstH LA 7|7ko] At & 2%+ steady stateol] o] 27 E]%E]
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SFB1 A7

 Design Conditions &

(1). Design Code and Materials
-. Design Code : KBC-LSD05 -
-, Steel F, = 325 N/mm? (SM4SO) i
-. Concrete fae = 24 N/mm?
(2). Section 8 T s
-. Beam Dim. @ AH-336x240/350x18x30 °
-. Deck Plate @ 250x600x130x100 mm
-. Shear Connector : 1Row-®16@200 1 ] -
350
(3). Design Conditions
-. Support : UnShored
~. Beam Type : T-Section (Both End Pin) H-Beam Section Properties Unit @ cm
-. Beam Length L = 8.00m As = 231 Yo = 14.60
k= 44354 Zy = 2858
-. Beam SD&CI'( S = 8.00 m J = 636 Cup = 2447084
-. Unbraced Lth, b = 8.00m
-. Slab Depth Ds = 100 mm
-1 Design Loads &
-. Steel Beam Ws = 1777 N/m
-. Conc. + Deck We = 4020 N/m?
-. Construction Load We = 1500 N/m?2
-. Fini. Load Wi = 1000 N/m?
-. Live Load Wi = 6000 N/m?
4 Loading Summary
(1). Case 1a - Out of Balance Load
-. Load 1 We,1 = DeckWix4.00+1.2 = 939 N/m
-. Load 2 Weo = (Wor1,24Wex1.6)%4.00 = 28897 N/m
-. Total Load ~ Wia = (We,itWe2) + We1,2 = 31968 N/m
(2). Case 1b - Balanced Loading Condition
-. Total Load Wi = Weor2 + Wer.2 = 59926 N/m
We,o Wae
(3). Case 2 - Dead+Live Load
-. Load Wae = (Worl. 2tWix1.24Wix1.6)%4.00 = 62497 N/m
-, Total Load ~ Wz = Wae*2 + Wer1.2 = 127126 N/m "
1 Check Transverse Flange Bending &
-. Plate Moment oM = Wex137.5 = 3978 N-m/m
~. Moment Capacity oM = TP+Fy/4 = 73125 N'm/m
= oM/aMp = 0.0543
. Neglect the influence of transverse bending of the bottom flange plate in construction stage.
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-1 Check Construction Stage

(1) Case 1a: Out of Balance Load

- A = 1.76%EJR = 44.31
A = MalCe=T)=M,. .. = 248.61
-. A = /iy = 102.56 < Ar ——> Non-Compact Section
- OMy = 0.90:Co[My-(M-MI(GZ22)] = 771.2 KNem
—Np
“ Ma = Wile/8 = 255.7 kN-m
- A = JGJEC, = 0.00100 1/mm
-. B = by Table 8.6.3 = 0.120
—m o= (Wer “We)*e/hs = 12.56 kN/m
- M = B(Franle) = 12.1 kKN'm
S DMy = @S2 = 118.6 kKN-m
= Com = Mu/®Mn + Min/®Ms = 0433 < 1.0000 —> O.K.

(2) Case 1b : Balanced Loading Condition
- Mux = Wpli¥/8 = 479.4 kKN-m
=. Com = Mu/®M, = 0.622 < 1.0000 —> 0.K.

-1 Check Composite Stage (Case 2)

(1). Effective Slab Width

-. Base Width at Length By = L/4 = 2000 mm
-. Base Width at Spacing B: = Sp = 8000 mm
-. Effective Width B. = Min[Bi,B] = 2000 mm
(2). Check Connection Ratio
- Fo = fu(B+Te+d-0.5Tu)L/2 =  644.4 kN
-. R = ZQn = 15650.2 kN
-. Re = 0.85%fxBeDs = 4080.0 kN
-. R = Ak = 7501.0 kN
~.Re = Fsst B = 21946 kKN < Re  —> Ra/R: = 0.538
" Effective Slab Thk. Ds = Ds0.538 = 53.8 mm

(3). Plastic Moment Resistnce of Composite Section

=. Be = Te*Bi*Fy = 3412.5 kN
-. R = TeBxFy = 2340.0 kN
-. Rw = Tu*DxFy = 1614.6 kN
-. R = 0.85+fu*Ds*Be = 2194.6 kN

P PNA Steel Web and below the Solid Concrete Slab

Sy = %ﬂmm. = 116.1 mm
- oMy = @ Rb(D‘?‘Dc—O.5Tn—y:)+§“§“(Yc—Dc-Tl)z+%(d“yC... = 1142.4 KN-m
— Ma = WAL?/B = 1017.0 kN+m
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‘ —. Com = Mu/@M, = 0.890 = 1.0000 —> 0.K.

-1 Check Shear Strength &

=. @Vy = @u0.6FAw 1179.4 kN
- Vo = Welh/2 = 508.5 kN < @Vn —> 0O.K.

4 Check Deflection &

5(Wq*SetWs)Li*/ (3B4Esls)
B(WrtWi) SeL1#/ (384Eslen)

-. 84
-. &

19.81 < 40.0 mm —> O.K.
20.52 < L/360 =22.22 mm —> O.K.

-1 Check Vibration &

-. Wn = Dead t+ 10% Live = 46738 N/m
a = 9.869, le = 70658 cm*, m = Wh/g
_ _ 1 a [Esl _ —
o= g 43Hz > 4.0Hz —> O.K.
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SFB2 A7

-1 Design Conditions =

(1). Design Code and Materials
-. Design Code @ KBC-LSD05 P
-. Steel F, = 325 N/mm? (SM4S0) S‘UEL
-. Concrete fe = 24 N/mm? ’7 -+
(2). Section g T s
-. Beam Dim. : AH-328x238/348x16x26 b
-. Deck Plate : 250x600x190x100 mm J
~. Shear Connector : 1Row-®16@200
348
(3). Design Conditions ‘ '
~. Support : UnShored
~ Beam Type : T-Section (Both End Pin) H-Beam Section Properties Unit © cm
~-. Beam Length Li = 8.00 m Ii‘s ; 3752; ;: _ 13523
-. Beam Spaci. Sy = 6.25 m J = 424 Cwp = 2018371
-. Unbraced Lth. L = 8.00 m
-. Slab Depth Ds = 100 mm
- Design Loads
-. Steel Beam Ws = 1545 N/m
-. Conc. + Deck Ws = 4020 N/m?
~. Construction Load We = 1500 N/m?
~. Fini. Load Wy = 1000 N/m?
-. Live Load Wi = 6000 N/m?
- Loading Summary &
(1). Case 1a - Out of Balance Load
-. Load 1 We,1 = DeckWix3,13+1.2 = 734 N/m
- Load 2 Wez = (Warl.24Wex1.6)%3.13 = 22576 N/m W, Wz
-. Total Load ~ Wia = (WetWe2) + Wsx1.2 = 25163 N/m
(2). Case 1b - Balanced Loading Condition We
-. Total Load Win = Weox2 + Ws*1.2 = 47005 N/m
Wa.e Wz,e
(3). Case 2 - Dead+Live Load
~. Load Wae = (War1 28Wir1 . 24Wix1.6)#3. 13 = 48826 N/m
-. Total Load Wo = Weex2 + Wex1.2 = 99505 N/m W
- Check Transverse Flange Bending &
-. Plate Moment oM = Wex136.5 = 3082 N-m/m
-. Moment Capacity oMo = TixFy/4 = 54925 N-m/m
=. oM/pMp = 0.0561
. Neglect the influence of transverse bending of the bottom flange plate in construction stage.
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-1 Check Construction Stage

(1) Case 1a : Out of Balance Load

- A = 1.76%ETF, = 44.31
A= MalCo=1)=M. .. = 213.53
-. A = lo/iy = 102.56 < A ——> Non-Compact Section
~ OMa = 0.90+Cu[Mp-(MM) A /‘D)] = 645.5 kN-m
- Mx = Wil2/8 = 201.3 KN-m
- A = yGJ/EC, = 0.00090 1/mm
- B = by Table 8.6.3 = 0.152
== m = (We2 We.1)*e/hs = 9.87 kN/m
T . _
- Mn o= B{Fanl?) = 12,0 KNem
S OMy = @#SFy/2 = 101.5 KN-m
— Con= Mu/OMn+ Mn/®Myy = 0430 < 1.0000 -—> O.K.

(2) Case 1b : Balanced Loading Condition
- Mu = Wil#/8 = 376.0 kN-m
= Com = Mu/@M, = 0.583 =< 1.0000 —> O.K.

- Check Composite Stage (Case 2)

(1). Effective Slab Width

-. Base Width at Length B = L/4 = 2000 mm
-. Base Width at Spacing B: = Su = 6250 mm
-. Effective Width Be = Min[By,B:] = 2000 mm

(2). Check Connect:on Ratio

. Fso = feu(B+Tekd-0.5Tw)L/2 = 638.4 kN

= Ree = ZQn = 1550.2 kN

-. Re = 0.85+faBeDs = 4080.0 kN

-. R = Ay = 6522.8 kN

-. Ry = FstRse = 2188.6 kN < Re  —> Rq/R: = 0.536
. Effective Slab Thk. Ds = Ds0.536 = 53.6 mm

(3). Plastlc Moment Resistnce of Composﬂe Section

. Re = To*BixFy = 2940.6 kN
-. Rt = TeB*Fy = 2011.1 kN
-. Re = Tu*DxF, = 1435.2 kN
-. Re = 0.85%fux*Ds*B. = 2188.6 kN

P PNA Steel Web and below the Solid Concrete Slab
(Re+Rw—R:-Rc)d

—. Ye = T+DC+Tt = 90.9 mm
- OM, = m[Hb(D+D¢—0.5Tb—yc)%( ~ c—Tl)ZI-%(d—yc... = 999.4 kN'm
= M = Wal/8 = 796.0 kN-m

- 1838 -



4 . Com = Mw/®M, = 0.795 < 1.0000 —> 0.K.

-1 Check Shear Strength &

- @Vn = @0.6FAw = 1023.4 kN
- Vo = Wela/2 = 398.0 kN < @V —> 0.K.

-1 Check Deflection &

- &4 = B(WgxSctWs)Li#/ (384Esls)
5(WrtWi)SolLr*/ (384Eslerr)

18.44 < 40.0 mm —> O.K.
18.17 < L/360 = 22.22 mm —> O.K.

|
&
1]

n

-1 Check Vibration

-. Wh = Dead + 10% Live = 36671 N/m
@ = 9.889, le = 62349 cm*, m = Wh/g
_ 1 a [Esle - -
- o= 5y 2\ m = 45Hz > 4.0Hz > 0.K.
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Model 1 (86%) Model II(48%)
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No.1 195 192 83 93
FH-E WA No.2 169 161 71 71
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No.6 226 277 102 119
SR No.7 373 501 277 268
No.8 564 633 402 387
No.9 703 733 566 492
No.10 936 940 770 766
sHE-E A No.11 877 873 632 657
No.12 317 782 - 546
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— N — — E— —
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; v E Y -
Sesaay | T S AL 2 H) & (%)

ZaeE slab 543.0 171 80
AREDA 1536.8 6.7 31
Au 991.2 1434 66.8
SH-EAA 1616 475 22.1
g - 2146 100

SR ENER 214.6/_ 5 30(51 %1 04

s 186, 0.30(3F= 4] 0.4)

3£ 345 Model T ZFEU] 2 (48%)

s vl Y .
zgzaRN) | o H AE H] (%)

=95 shab 6256 209 56
PR 1536.8 125 33
e 11263 1587 423
EEERpY 633.1 1835 88
) - 3756 100

AEWE/ g2 356/ 5p(3+5H] 05

Ry 186, 0.52(3t=H] 0.5)

- oy EAE ZrEy -
%92 (kN) A R H A ] (%)
ZAYE slab 632.2 20.9 46
AR Z ] 1536.8 12.3 2.7
DR} 571.0 80.5 17.7
-2 @ A 1176.1 341.1 75.0
A - 454.8 100
FEUE/ ey A48/ o ar(5h=n
s 6563, 0.67(3}=4] 0.5)

: A R E Y -
Sesaey | R S & 2] § (%)
TAIE slab 10470 722 11.2
AR EAA 1536.8 1024 158
g 22875 1884 292
shrE A 12187 282.0 438
& - 645.0 100
AEdE /e 6460, ) g1(5 =
s 769, 0.81(s5H] 0.4)
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ZPEYE Axgngs A74EE A4S o4 ¢ .

AA AFH EFS AHEYA STEELY £HZ 205 283 A|~ge 7h7)
Es gaet Fo] 2 dAag A8y WiEe] S AFHE AL eol
RC7} 849 A2ea} 22 Zol7p FS & 5 i)

wEbA JA AFH E2FE s D WAAEH S ¢ STEEL Al ~¥12 6,708
m’, RC & Ad A|A"e 39515 m” 283 SdZ20]2 H43 A ~dL 6057
m’ol ™, AMEAE] C F4EFe] 49 STEEL Al2=¥e 8704 m°, RC SA& Y B
A28 70377 m® 2181 SYZEE H 83 AAELe 7933 mYS & 5 9l

CAEASRE EHEREY A 2ES AL A5 RCE A& Alayrng AF
F E#Fo] dA3] H& A& & F Uy
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® Watil=

¥ 363 st E2 vl (m?)

o . S D aA A AGAE C ZI5F
ALT1 ALT?2 ALT3 ALT1 ALT?2 ALT3

AY, H 21,730 - 5,041 39,194 - 8,528

0 a -

SEE NI E o

STEEL A 2€l3 £PZE o] A|2ue Arel REd FFE AL437] wiol

=
AZHUCIER FAE SHER A2 A A s ZWAE Al
Fiol FAYER 7] wiel Wty wHo] HAE WilyE =
Fol dAs Hee & 5 AT

HER] Al ade] Agd dEe tef 9
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% 365 9ol ztAl Agol we FEA (H9)
B qiHE D WA AlE AFAE C 458
pun
ALT1 ALT?2 ALT3 ALT1 ALT2 ALT3
E=
Z]i]f 2,636,574 1,373,588 2,662,218 5,897,262 3,564,201 5,903,037
I =]
;_ L:HT 1,541,767 1,614,869 1,247,784 2,935,668 3,181,564| 2,592,090
7
]ﬁ 47,921 21,864 46,150 103,451 53,136 103,514
i}
A ZHJEJ—
%’L H] 5,617,830 5,441,341 5,137,781 9,065,391| 8,078,796| 8,372,108
1 =
S]]: 'Lt‘]r 603,284 584,331 551,733 1,060,992 945,524 979,852
=1
V2|
5 0 0 0 0 0 0
3} Al 1104,473,686 9,035,993 9,645,666] 19,062,765| 15,823,223 17,950,604
Z]Lig" 2,636,584 1,373,588 2,662,218 5,897,262| 3,564,201 5,903,037
3L L, =
z J—HT 1,541,767 1,614,869 1,247,784 2,935,668 3,181,564| 2,592,090
73
B 47,921 21,864 46,150 103,451 53,136 103,514
.
= A &=
= B 5,163,759 5,001,535 4,722,511 7,835,774| 6,983,000, 7,236,527
s
1 B 504,706 488,850 461,579 999,115 890,381 922,707
=1
|
5 0 0 0 0 0 0
3} Al 9,894,737 8,500,706 9,140,242 17,771,270| 14,672,282 16,757,875
Zi]g 2,636,584 1,373,588 2,662,218] 5,897,262 3,564,201| 5,903,037
S LI =
;_ “’]‘jr 1,541,767 1,614,869 1,247,784 2,935,668 3,181,564| 2,592,090
3
H| 47,921 21,864 46,150 103,451 53,136 103,514
i
= A&
5 ) 5,093,519 4,914,129 4,639,981 7,575,488 6,751,041 6,996,147
o | e
7+ | ) 455,403 441,096 416,488 897,308 799,653 828,685
%
5 0 0 0 0 0 0
3} Al 9,775,194 8,365,546 9,012,621 17,409,177| 14,349,595| 16,423,473

- 191 -



o AW
o A : ] i
< : W T
> : ] ; do oy T AWK < =
o I | . : & o B g g iy
w5 | 2E =L x S
0 X =
3 == ke 2Ry ¥ Peg s
<& o T ] LI L= AN <o
— o _ : mﬂqwrm T.;OLQQ_q nmﬂ.Am
m% m { & ] : ﬂ.L n T M o= Z oo 3 X
ST 8 X <z B s UE R
D [ 5 ﬂmmﬂ. ﬂﬂau d;mu,rTio
g < , B L o W I
X e W ® o T O i 8w e
o Mo N : oy A Ol il g Zr 2T
Al " T oy B o XA
N <O E H z : AR ey 0 o o E X <
50 ® E g - 53 o i o ,ﬁ Lf = M .y <
o (o o R = o N I T
S : 4“@% W g N o L)Hc1u%
5 . 0 ~N —_ - o -
B R 7 1] = kR Ho_%éwn %Rdl%x_.
o B B a , N _ ﬂﬂuaﬂi uofrmi i
o I = , 2o R TN Lo T
= | B |- < =T R < oy 2 5
¥ = | oA ® Moo ®om oMz BN
ol N IS ] e Al A Mo H i oy <R
%%wa = | = oo X 5 ]i.71ﬂrr T
wLEm e —— ) Koy ® o T LT oy - T
. ay Mo t 2 ] ] o = B oo <5g M,* mu < B T
Esy w|= | tEZz. TrEeEl PR
X @.M W_ = | B [ § | mﬂ_ T 5 oy =n N & ) W oy o %1_ o
o N A ] op Mo oA E T T T g
Y < . Ty e T o P M g
° = A q| <] 2 o 5 ol wo— o A
‘A# Lf ‘m ﬂ_l g s - £ 1__/11_ ‘._.E»O., R q — io X ~ w.A ﬁl
CRNCS g ¢ 8 8 8 A ) B r O ) el N 3
< .H_._ IAO % aamvm_n = & ° =._._._ Jl El E.E # Olﬂ JL _,m A_l _&o HL 1.Aro w ..%E EE OE
Q . el A H o — &)
= F _3 M o Mo & — moE W e H o T O MM &u i ﬁ oz mm
2e N Nruﬂ M_./utﬂr%ﬁa R T om KT _m_wauk,%ﬂpu
S I © e

- 192 -



LN g
A7 FhH oz s = W S E R0 AlAEE 350mm W9l B
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sHER AAFS Fol e Ak v HEAS 2835te] 1o &
=49 o Atk o 8710m W9l o) AHF-§ Ee T8 JHS AA 7] SfsiA
AN RC &l 729 4%, o 600 mm =9 HFo] 275 uts &4
F2o] A28 350 mm el Hep ol A das &8st & 2A
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(9h)

Z=J| (Period)

¥ 3.67 7] (Peiod)

STEEL

RC B AH

SHEE0

1 mode

2.305 (sec)

1.935 (sec)

2.436 (sec)

(Lt) Sdts &8 (H/500)

STEEL RC 2 AY 2P Z 7o)

et 6.43 (cm) 3.55 (cm) 452 (cm)
°° H/1524 H/2673 H/1983

yHra 6.14 (cm) 3.33 (cm) 5.60 (cm)
¢ H/1596 H/1606 H/1600

3-& WY 19.6 (cm) 18.984 (cm) 17.926 (cm)

Height (m)

100

- - ;/ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,

80 |--nooee- { f --------------------------------------------- ;

N — |
60 |- f }"- ?if- -------------------------------------------------- I

50 ij ----------------------------------------------------- - g; ———————— f ————————————————————————————————————————————————————
T Tl D I 40 [ ,f ———————————————————————————————————————————————————————
' /4

e |

P : 20 jf, ———————————————————————————————————————————————————————————
[
J." —+— STEEL ! —+-STEEL
Ji —=_RC
L R —=—RC 10 B s san s s SLIMELOORT
+— SLIMFLOOR = s
—— Limit(H/500) imi{Fibon)
0 0

0 2 4 6 8 0 12 14 16 18 20 ] 2 4 6 8 10 12 14 16 18 20

Displacement (¢m)

% JWA-XIZ

Displacement (cm)

% 3187 Fots FWL-YIE
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Height (m)

STEEL RC E AY EH9EZ29
XHar 0.45 (cm) 0.37 (cm) 0.36 (cm)
0.0011h 0.008h 0.0010h
) 0.39 (cm) 0.31 (cm) 0.47 (cm)
Y33k
0.0008h 0.0007h 0.0013h
100
e
1.1 IR ;SO
b1
80 ————————————————————————
1
F0 s s s s 1 S T
80 : ’ ----------------
| f =

____________________________________________________________

B LR R PR —+— STEEL
—=—RC
+— SLIMFLOOR SLIMFLOOR
0 0
0 0.1 0.2 0.3 0.4 05 06 o 0.1 0.2 0.3 0.4 0.5 06

Story Drift (cm)

1% 3188 S S -XEk

Story Drift (cm)

1% 3189 SR 9-YH

(2) eeixe

—

#0370 2 AdH
STEEL RC B A YT 20
X3k 6,135 (kN) 8,202 (kN) 6,350 (kN)
Y 4,686 (kN) 6,239 (kN) 5,003 (kN)
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Height (m)

Height (m)

-~ —+— STEEL

™
—=— RC
[

20

80

70

60

50

40

30

20

10

«— SLIMFLOOR

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

Shear Force (kN)

2% 3190 B H e -Xak

Height (m)

100

—+ STEEL
—=—RC
90 L .~ SLIMFLOOR
80 |-----o-] \ ————————————————————————————————————————————————

] DR ). W —

- . —
) N
. S

%
30 o A R S
'

20

L[ J S — -------- -

o 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

Shear Force (kN)

% 3191 M-y

STEEL

RC B AYH SHEE0]

X3k 311,289 (kN-m)

418,082 (kN-m) | 288,059 (kNm)

YHysk 248,442 (kN-m)

326,127 (kN'm) | 239,759 (kN-m)

100

20

80 |2

70

60

50

40

30

20

10

0

—— STEEL
—=—RC
—————————————————————————————————————— -« SLIMFLOOR

NN e
N
[v] 100,000 200,000 300,000 400,000 500,000

Overturning Moment (kN-m)

19 3192 AErdE-X4kak

Height (m)

100

20

80

70

60

50

40

30

20

10
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Displacement {cm)

==

a9 3194 Fsks

09 -X1g

[e]
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19 319 F

(2) 605 F&=8 (MEAE C F&=F)
(JF) Z=DI (Period)
¥ 3.72 7]
STEEL RC SH&HE LY E20]
1 Mode 5.706 (sec) 4.580 (sec) 4.968 (sec)
(Lt) Eot=s 899 (H/450)
¥ 373 ¥l AW
STEEL RC EF&YH EHEZY
X 41.12 (cm) 18.5 (cm) 27.84 (cm)
H/488 H/966 H/665
varar 41.8 (cm) 18.5 (cm) 28.35 (cm)
H/480 H/966 H/653
38 Iu9 44,58 (cm) 39.73 (cm) 41.17 (cm)
210 210
""" 200
***** 190
""" 180
————— 170
----- 160
----- 150
----- 140
..... 130
,,,,, 120
E o pooee A g T/ P S SRS S
E’ ,,,,, :E‘ T/l ST [ NS £ OSSPSR ST S
I (W™ = 5 SN || Ll . A e
_____ 80
_____ 70
_____ 60 ‘
_____ 50 |--4-#
T Rt
77777 30 |24
""" 20 |% —=FLATSLAB |
—= FLATSLAB | 10 ;f;;r:;sso? 1| |
«#— SLIMFLOOR --f----.
Limit {H/450) 0 I
i} 5 10 15 20 25 30 35 40 45 50 o ? 10 8 = 28 30 3z 49 % 50

Displacement {(cm)

5

=

K3

CEERG:

o



STEEL RC ER&HYR E£HE=9
X 0.51 (cm) 0.35 (cm) 0.40 (cm)
0.0011h 0.0008h 0.0009h
0.51 (cm 0.34 (cm A4
- (cm) (cm) 0.40 (cm)
0.0011h 0.0008h 0.0009h
210 210
1 o o 200 [rormmm e oo
G0 |y F e R e R D R S R R S D R S 190 |- i ———————————————
Qo S e e R R S R MR e R e R ABO: [t s e i A ffffffffffffffffffffffff
170 ATO. o S T S i
e e S e B o e S P SUTE A ——
B e R R e s e G [l e e e e e
G 1 B e e 140
A oo v enasm e i e e M g e SR R R SR 130
DO s s R R e R T e TR R 120
% 110 % PO, e m o s R D S s T s
-],E',’ 100 |-oomemmmee e e e -‘.E‘.’ 00 |- e
* 20 * 90
80 80
70 70
60 €0
50 50
40 40
30 30
20 fo-ooeeen- .;x.'f ................. —+— STEEL 20 ‘cfy
10 ,)D'.(' ,,,,,,,,,,,,,,,,,,, —=— FLAT SLAB __ - ,/),)' ,,,,,,,,,,,,,,,,,,, —= FLAT SLAB _
o e +— SLIMFLOOR 0 Lo .+ SLIMFLOOR
0 0.1 0.2 0.3 0.4 05 06 0.7

Story Drift (cm)

19 3196 SRS -XE

[}

0 0.1 0.2 0.3 0.4 0.5 06 0.7
Story Drift (cm)

% 3197 S -YH

[e]

STEEL RC Z3&d8 E£HE=29
X3k 15,636 (kN) 19,735 (kN) 15,497 (kN)
Y&k 14,989 (kN) 19,249 (kN) 14,885 (kN)
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210
200 g = Flatsias S
190 = SLIMFLOOR 190 PR —————
ABO L g m s R e 4180
170 170
160 160
150 150
G- U N NOON——— SO (O ——— 140
G 1. [N USRI .S NS 130
120 oo R 120
% & 1. J UREURSSUNPSUNISUIEY T S, AU E 110
% LT T R . . zg 100
80 [0
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
o o
o 5,000 10,000 15,000 20.000 o 5.000 10,000 15.000 20,000
Story Force (kN) Story Force (kN)
% 3198 ¥ AT Xk I 3199 ¥H A -Yek
(OF) A& 2OE
%376 1 EHE
STEEL RC SH=dE sEE=0
Xehak 150,729 (KN-m) 170,712 (kN-m) 139,217 (KN-m)
yeret 145,983 (kN-m) 167,842 (kN-m) 135,082 (kN-m)
210 210
- —+— STEEL ool —+ STEEL
—=— FLAT SLAB L —=— FLAT SLAB
190 . SLIMFLOOR 180 s ~— SLIMFLOOR -
ABO R 180
170 170
160 |- Tem oo mm o 160
150 150
L7 ] Ry o R e 140
[ [ R EREEERE, . 3 R e e e e 130
T . . & R 120
% 110 [ommmmmm oo E 410
= -
'E = - . e :? 100
B0; | IR e e e S L S S S S o0
B [esamenamenan e M o i R R R R sp
FO; [t e N My ot et s et e e e et e 5
B [ s e R o R &
50 50
40 40
30 30
20 20
10 10
]

o 50,000

100,000 150,000

Overturning Moment (kN-m)

a9 3200 A ERERE-XHE)

200,000

a9 3201 AERWE-YHEk
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(1) 235 QA A2 (F4S 0 HAHHH)
(JF) ALT 1 : Steel AIAEY
1. Design Conditions !
Desigh Code : KBC-LSD05 i
Material | SM480 (R = 324 MPa, E = 206000 MPa)
Section Size | H-900x200x10x18 =) JEN
lUnkbraced Lengths Le = 8100, Ly = 8100, Le = 2708 mm 2 10
Effective Length Fact, kK. = 1 G&, Ky = 1.0
Medification Factor Cy = 1.0 ::
2. Member Force and Moment =
P = 000 kM Unit : mm
My = 457 20, My = .00 kN—m Ay o= 11420 rr = 51,79
_ _ | = 4 THOES l, = 2.140E7
Ve = 17422, Vi = 0.00 kN o T
. Z. = 2180000 Z, = 335000
3. Check Axial Strength A = 487 Ay = 5000
- lr = 187.07 £ 300,00 ---> OK,
4. Check Flange & Web Thickness Ratios for Flexure
Check width-thickness ratio of flange
- Ay = 0,385 = 858
- A = 0,83E7F—60 = 236l
- BTR = b2y = §.25 < A, —>» Compact Seclion
Check depth-thickness ratio of web
-, A = 3.76E7F = .8
- A, = 5.70,E7F, = 143 81
- TR = Hite = 458> < 1, —> Compact Section

5. Check Flexural Strength about Major Axis

- M, = Min[F*Z,, 1,5%F,*5,] = 705 4% kN-rn

Fa = Min[Fu, Fr58] = 25162 MPa

-, M = Fo*S: = 483 .32 kN-m
Check Web Local Buckling (WLE)

= 705 48 kKN-rn

-, Mus = My
Check Flange Local Buckling (FLE)
— Me = M, = 705 .49 kN-m
Check Lateral-Torsional Buckling (LTB)

- L = 1.?6*r,.‘\|| E“ = 1.82 m
v

e ETIEDF = Bzm
s
- Lu = 270m < Lr= 523m
- M, = 2 [M (T M,)(L" LL“ )] = 653,98 KN-mn
1)

= Mm = Min [Ma, Mg = 65398 kN-mn
Compute flexural strength about major axs

- My = Min My, Me, Mol = A53.98 kN-m

= @M = F My

588 58 kM-

6. Check Interaction of Combined Strength

-, B &P, < 020

PI ([ Mlx My | _ —
ToP, llG‘JM @M,,.;l = Q.7 < 1000 > Dk

—. Reasm =

7. Check Shear Strength

Calculate shear strength in local-x direction

=V = 0.8*Fe A = B28 47 kN
= BV = &N = T745.62 kN
—. Applied shear torce | Vi = 174 22 kN

= Wl @Vp = 0,234 < 1,000 ——=> 0K,
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@ Cf

1. Design Gondition

Design Code CAIE-SRC2ZK
Unit Systermn stonf, m
Element Murnber  :568

Iaterial :EVAAS0 (No:3)
Section HCT (Med)
Mernber Length 0500000

Concrete filled option for Pipe/Tube = Not Applied

2. Member Force

Axial Forces Fux = -1229.7 (LCB: 1, POSt()
Bending Mornents My = 0.00000, MWz = 0,00000
End Moments Myi = 0.00000, Myi =5.61301 (for Lb)
Myi = 0.00000, Mvi =5.613001 C(for Lv)
Wzi = 0.00000, Mzj =-1.21B1 (for Lz}
Shear Forces Fyy =1.21985 (LCB: 11, POS:I)
Fzz =-1.2739 (LCB: 10, POS:1)
3. Design Parameter
Nornent Goefficients Cmy = 0.85, tmz = 0.85
Effective Length Factors Ky = 1.00, Kz = 1.00
Unbraced Length Ly = £.00000, Lz = G.00000,

4. Modified Properties of Composite Section

0.95

Concrete Section
Type = Rectangle
He = 0,95000
Area (4c) = 0.86643

(Fc = 2447.32)
Bc = 0.95000

Steel Section

Sect Mame = 1CT, H 428407420735 (Fy = 33000)
Depth = 0.42300 Wleb Thke = 0.02000
Top F Wid = 0.40700 Top F Thie = 0.03500
Bot.F Wid = 0.40700 Bot ,F Thi = 0.03500
hrea (As) = 0.03607

Main Rebar
42022 (Fyr = 40788.6)

Area (Ar) = 0.00155

Lu = £.00000

Yield Stress Fuy = Fy+0. 7*Fyr=Chr/bs)+0. 6+Fc+(ic/hs) = B3434.6
Wodulus of Elasticity Em = EstD.2+Ec+(fcfés) = 32253226
Radius of Gyration Ry = MAX[D.3+Hc, ry]l = 028500, Rz = MAX[D.3+Bc,rz] = 0.28500

5. Stress Checking Results

Axial Stresses

KL/
= 34091 ,8/44073.3

Slenderness Ratio !
fa/Fa

Shear Stresses
fuy/Fuy =
fvz/Fyz =

- 202 -

2 0 e 1L 1
0.773<1.000 ,...000eees

51.4/12701,7 =:0.004 < 1,000 ....0000..
149 8412701, 7 = 0012 =<1,000 ..........



(Lt) ALT 2 : RC 2 HOH AIAE
@ G

1. Geometry and Materials

Design Code @ KCI-USDO3 Build.) T— 83:

Material Data @ f, = 27 MPa (&, = 0.850) R
fo =400, f» = 400 MPa

Section Dim, = 600 * 400 mm

Top Layer 1 D 4-025 (dy=60 rmm)

Bot. Laver 1 4 -025  ide = 80 mm)

Bot.Layer2 @ 2-D25 (dy= 111 mm) [

£00

Total Steel Area Ay = 5067 mme (gy = 0,0211) = @J—t

2. Member Force and Moment

M, 430,90 kM- W, o= 2320 kN
Ty = .00 kN-m

3. Check Reinforcement Ratio and Crack Control
Minirmurm Tensicn Reint., Aypn = 732 < A0 mmE Lo ke
Maxirnum Tension Reinf, Syme = 68816 > A mmE Lo Ok
w =108 8:L4A *10°= 02654 mm < 0.3000 mm ....... O.K.

4. Check Torsional Moment Capacity
Strength Reduction Factor &= 0 850

Tig: = @(«JEME)% = 0.6 kM-m > T, (Torsicnal Reinf. Megligible)
op

5. Check Bending Moment Capacity

Strength Reduction Factor = 0. 900
Frovided Reinforcement

Tension Reinf. = 3040, Comp. Reinf. = 2027, 3Skin Reinf, = 0 rmrm®

Meutral Axis Depth c = 100 rmm

Balanced Axiz Depth cy = 324 mm

Dezign Morment Strength @My = 518.6 kiN-m

Strength Ratio © Applied/Design = 0847 < 1 000 .. 0K,

6. Check Shear Capacity

Strength Reduction Factor @©= G 880
PV, + PV, = 153,99+ 80,3 =234.2 kN
Stirrup Spacing 2 - D10 @ 260 mm
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@ Cf

1. Geometry and Materials

Bgtf

Design Code @ KCI-USD2S (Build,)
Strezs Profile @ Equivalent Stress Block
Material Data : fa = 357 kofferm® (3, = 0.796) 2
fy =4079, fu = 4079 kaffome =
Section Dim, @ 100 + 100 em
Effective Len. @ KL, = 400 cm
Steel Distibut,: 14— 5 - D32 (d = 6,00 am) L&r
Total Steel Area Ay = 111,19 om? (0,4 =0.0111) JI 1000 JI
2. Magnified Moment
KL fr, = 400/30 =13.32 < 34-120M/Mg) = 22.00
&x  =1.000
klyfry = 400430 = 13,32 < 34-12(M/Mg) = 22,00
&, =1.000
3. Member Force and Moment
P, = 1837.08 tf
Mee = 2.54, My = 3380 tf-m
4. Check Axial and Moment Capacity
Rotation Angle and Depth to the MNeutral Axis & = -4.32°, c = 126.44 cm
Strength Reduction Factor @ = 07000
Maxirurn Axial Load PP = 1933.53 #
Cesign Axial Load Strength PPn = 232054 H
Cesign Moment Strength DMp = 3.60 f-m
DMy = 38.16 tf-m
Strength Ratio : Applied/Design = 0 847 < 1.000 Ok
P(tf f M (tf=rm)
3500 &
‘\-\"‘-\-\. o m——
H=—432 ] et Ba=2320.5
3100 ke 4@ L dr’\ e
T é'\‘%-
- |
Zron =) o =
\l [r=fi=0 ) _TJts. o
2300 24
=T { } ?
i 0 Ea
BT —T=0.56 8 ) i
1500 I a
=,=38.060m M. (H-m
oo / ; /a_ -z % E_
bi'] | =24
/ — L
=4 B =% e
oo = e 45
= ti=ri
L= r ] port
e L= - P B
0o %288 KA AT ST 8% % ° %38 %8

5. Check Shear Capacity

Strength Reduction Factor @@= 0 880
Y=Y Direction
Design Force Wuy = 54.02 tf (Pu = 1637 .00 tf)

Required Tie Spacing © 4 - D10 @ 450 mm
Provided Tie Spacing © 4 - D10 @ 450 mm
Dy + PV = 172,89 + 20,66 = 183,65 tf >

Ny =020 O.K.
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SB 336X240/350X18X30 259.67 (mm) 93.95 (tonfm)

©
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BEAM DIAGRAM

MOMENT-v
4.26273=+H001
3.00983e+001
T 1.93694=+001
7.74048e+000
T 0.00000e+000
-1.55174e+001
-2.71463e+001
-3.87753e+001
-5.04042e+001
=6, 2033 Te+0p1

-8.52910e+001

SCATE FACTOR=
1.0040E+001

CBall: ENV
MRX : 3755
MIN : 3588

FILE: 1120-SILMF~
UNIT: tonf: m
DATE: 12/28/2007

VIEW-DIRECTION
%:=0.483

Z: 0,259
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. Design Condition = =
Design Code CAK-ERC2K ——
Unit System tonf, m B y
o
Elernent Nurnber 374 ——
Matgrial : SWVMB0 (No:3) EI
Section S1CT (Me:B) o b
Member Length  : 4.33600
Congrete filled option for Pipe/Tube = Mot Applied
Concrete Section
Twpe = Rectangle (Fc = 2447.32)
- Member Force He - 0.95000 B = 0.95000
Asiial Forges Foc= -1130.4 (LCB: 1, POS:) rea (). - D:RRe3
Bending Mornents My = -42.071, Mz =-3.9736 Steel Section
M I Zect Mame = ICT, H d4282407x20/35  (Fy = 33000)
Enid Mamehis Myi = 42071, Myl = 33,9891 (for Lb) g ™™ _p goton  eb Tk = 0.02000
Myi = 42,071, My = 33,9891 (for Ly} Top F Wid = D.40700 Top F Thk = 0.03500
S = ot F Wid = 0.40700 Bot ,F Thk = 0.03500
Mzi 3.9736, Mzi = 2.91220 (for Lz] Area (hs) = 0.03607
Shear Forces Fyw =-2.0122 (LCB: 11, POS:|)
v : : Main Rebar
Fzz 17,541 (LCB 1, POS:L) 100 Trur = 407006
brea (4r) = 000155
. Design Parameter
Ioment Goefficients Cny = 0.85, Cnz = 0.85
Effective Length Factors ky = 1.00, Kz = 1.00
Unbraced Length Ly = 4. 33600, Lz = 4.33600, Lu = 4.33600

- Modified Properties of Composite Section

Yield Stress Fuy = Fy+0.7+Fyr={hr/bs)+0. 6+Fcrlhc/hs) = B9434.6
Modulus of Elasticity En = Es+0.2+Ec+(hc/his) = 32253226
Radius of Gyration By = MAX[O.3+Hc,ry]l = 0.28500,  FRmz = M&X[0.3+Bc.rz]l = 0.28500

. Stress Checking Results
hwial Stresses

feibE S HIEIREEAEIE, =B 00 s R R 0.k
Banding Stresses
Major Axis
o o e R e T e B e 1 s W 1 A 0K
Minar Axis
thetbbzs B BHRRI0N 0= DR 000 s o o s 0.K

Cormbined Stresses  (Compression+Eending)
Reon = (fa/Fa)2 + [Cny/(1-fa/F'ey]]«fby/Fby + [Cmyv/(1-fa/F'ey)]+fbz/Fbz
PSR el TR oo o T R P, T T R S 0K

Shear Stresses
fuy/Fuy = O e M R R PR o) (B e R e e e L et 0K
foaffvz: = 20 2HET0NE =0 TR S 008 i nm i i o 0.K
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(2) 60 a2 (HEAIEl ¢ =A=2E)
(JF) ALT 1 : Steel AlAE!
@ Gt

1. Design Conditions
Design Code © KBC-LSDOS
Waterial L OSM490TMC  (Fy = 324 MPa, E, = 206000 MPa)
Section Size | H-386x208x0x14 & ]
Unbraced Lengths Ly = 8800, Ly =8800, Ly = 2573 mm
Effective Length Fact K. = 1,63, e = 1.00

Medification Factor Cy = 1.00
299
2. Member Force and Moment —=
Py = 300 KN Unit = rm
My = 400 55, My = 0.00 kN-m A= 12010 moo=  #1.28
_ _ I, = 3.370E8 Iy = 6.240E7
Yie = N sar = Rdl noo= 167.00 L= 78,10
. 2. = 1845561 Z, = 83057
3. Check Axial Strength Au = 5581 Ao = 2474
-l = 113,06 < 300,00 -—-> OK,
4. Check Flange & Web Thickness Ratios for Flexure
Check width-thickness ratio of flange
- Ay = 038ETR = 9.5
- Ar = 083E/F-69 = 2381
- BTR = b2t = 1088 < A, —> NonCompact Section
Check depth-thickness ratio of wehb
- Ay = 376ETR = 94.85
- A, = BI0ETR = 143.81
-, DTR = Hie = 378 < 1, —> Compact Section
5. Check Flexural Strength about Major Axis
= M = Min[Fy*Zy, 1,5+F+5:] = 557.256 kN-m
Fo = Min[Fy, Fr569] = 254 6% MPa
- M, = F*S, = 4304 kN-m
Check WWeb Local Buckling (WWLEB)
- M =M, = 597,25 kh-m
Check Flange Local Buckling (FLB)
- My = Mr(l\ﬂer)(M) = 585,25 kN-m
A=Ay
— Me = MinlMa Kl = 585,26 kN-m
Check Lateral-Torsional Buckling (LTE)
Sile  E BRI = 34Tm
F)‘f
- L = Dy = s@m
5
el = 28 m <€ L= 347m
- Mn =M = 597,25 kN-m
Compute flexural strength about major axis
= M = Min[WMm, Mu M = 585 26 kN-m
- EMa = B = 52673 kN-m
6. Check Interaction of Combined Strength
-, P @&P, < 0,20
B _ P Me o My | _ ==
. Fean Wl\®MM+QMwJ o7ER < 1.000 > 0K
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v
. Design Conditions = =
Concrete Section 1
Strength ! Fe= 408 kaficme 5
=2 X
Dirmensicn P He=110, Be =65 om =
Steel Section
Material BMST0  {F, = 4100 kgffom?) P |
Section Dim, b bH-850x400:4 1541 550
Rebar —
Mo—Row-Dia Do12-4-D2s
Strength t Fer= 4079 kgflom? Steel Section Froperties Unit: cm
Deswgn_ Parameter. L= 91904 o= 44174
Design Code T AIK-SRCZK i = 32 BOB o= B.28
Unbraced Lengths L, = 880, L = 580 8. =16280.09 8 =2208.72
Effective Length Fact, K¢ = 1.00, K = 1.00 Pa: = pioay Fe = B850
Bending Coefficients Cw =085 Cp =085
Conerete filled option for Pipe/Tube = Mot Applied
. Member Force and Moment
P, =2338.82 f
My = 0,00, My = 0,00 tf-m
Ve = 4.5, Yy o= 078 A
. Check Axial Stress.
[ ). Check Slenderness Ratio of Axial Compression Member
= Kl = Mas LK T, Ll ] = 287 < 2000 —» 0K
{1 Calculate Axal Compressive Stress of Member
—-.fi = PufAs = 3.64 tflome
i) Check Interaction Ratio of Awxial Stress
= fulFy = 3.64/4.09 = 080 = 1,000 — 0K,
. Check Shear Stresses
[ 1. Check Interaction Ratio of Shear Stress
= fwlFe = 0,02/1.58 = 0013 € 1,000 —» 0K,
{ ) Check Interaction Ratio of Shear Stress
= fu/Fu= 0.00/1,58 = 0.001 = 1.000 —> OK
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(LF) ALT 2 :
® C1

RC =

o
l»
it
i
>
>
0

1. Design Condition

Design Code
Unit Systermn
Mernber Murnber
Material Data
Colurnn Height
Section Property
Rebar Pattern

2. Applied Loads

Load Carnhination

 KCUSDo3

s tonf, m

;5244 (PM), 5242 (Shean)

: fek=509858, fy=407885, fys=407885 tonfin®
2 823m

G (Mo 201)

c28-7-D32

Total Rebar Area Ast= 00208492 i (pst=0010)

17 AT Point

Py = 4805.62 tonf
My = (0. 00000, Nz = [0.00000 tonf-m
Mo = SQRT(Moy ™+ Mea?) = 0,00000 tonf-n

3. Axial Forces and Moments Capacity Check

Axial Load Ratio

Maorment Ratio

Congentric Max. Axial Load gPri-rmax = 5372.47 tonf
PulgPn = 4805821537247
MWelephin =0.00000/0.00000
Iy ephny =0.00000/0.00000
Mez/phinz =0.00000 /000000

4. P-M Interaction Diagram

Ftonfl oas

8=0.007
MA=Go 00

MActonfrr)

§ 5 5 80 94 8 B

5. Shear Force Capacity Check

Applied Shear Strength Wu

Q .ﬁﬁ:

1.2

=0.834 <1.000....... 0.k

=0.000 <1.000 . ...... 0.k

=0.000 <1.000....... 0.k

= 0,000 <1000 e 0.K

PP Ritant) @M (toni-rr)
B715.59 0.00
B726. 47 5e8.09
4852, 63 83z2. 40
4053, 43 1001.30
3360, 56 1074.91
279z, 38 1092, 74
2465.24 1090.08
2274.04 106881
1921, 22 1014, 48
1464.85 910.98
953.97 764,31
352.09 567, 46
=758.03 0,00

=33.9213 tonf (Load Cornbination: 23)

Design Shear Strenath s =283142 +17 8475 =280990 fonf (2-D10 @420

Shear Ratio

Wu fgin = i@eT2l = 100
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(CH) ALT 3 : SES20 AI2E

@® G2 : ot=0ll st A4 H2UE

BEAN DILGRAN

MOMENT-y

9, 65265=+001
5. 775149=+001
7.80763e+001

T.02011e+001
6. 142 60e+001

3.5100fe+001
2.63254=+001
1.75503=+001
5. 77514e+000
0. 00000e+000

SCALE FACTOR=
6. 7813E+000

CBall: EVL
ME 27785
MIN @ 27747

FILE: 071112 &~

THIT: tonf- m

DATE: 12/28/2007
VIET-DIRECTICH

Zi D.259

M
)
oo
\]
S
w
)
\]
QL
ofy
2
o
et
B>
oX
Uﬂi
!
&,
m
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1. Design Conditions - -
Concrete Section i
Strength : F.= 510 kgtlem® 5
=2 X
Cimension P He=110, B =85 cm =
Steel Section
Material  SM570 (F, = 4100 kgflome) o BTt
Section Dim, ¢ bH-B850:400x41%41 630
Retbar —=
Mo—Row-Dia D 12-4-De5
S_trength © Fyr= 4079 kgffom? Steel Section Froperties Unit: om
Cesign Farameter L = getend L = d4ai74
Desigh Code I AIK-5RCZK i = 32 808 iy = @29
Unbraced Lengths L, = 834, L = 54 8. =18280.03 8y = 220872
Effective Length Fasl, Ko = 1.00, K = 1,00 e = plnio7 fe = 998,50
Bending Coetficients Cw = 0.85, Cw =085
Congrete filled option for Pipe/Tube = Mot Applied
2. Member Force and Moment
P, = 232555
My = 0.00, My = 0,00 -m
Ve o= 322, Ve o= 071
3. Check Axial Stress.
{1 Check Slenderness Ratio of Axial Compression Member
= Kiir = ManllLMdre, Lirkfral = 24 < 200 —= DK
{ }. Calculate Axial Compressive Stress of Member
- = PdA £ 3.62 tiom?
1. Check Interaction Ratio of Axial Stress
= fafFa = 3.62/4.47 = 080 < |00 —> OK
4. Check Shear Stresses
{ ). Check Interaction Ratio of Shear Stress
— fwlFeu = 0.01/1.58 = 0008 < 100 —> DK
{1 Check Interaction Ratio of Shear Stress
=, fu/Fe= 0.00/1,58 = 0001 £ 1000 —> O.K.
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o
= = o = =
i AAE A7) e SEe) ARAe] ) 2ol 9 olart Ba
sich 2 AFolA Wista Fe] dEAS Hriete] sAAE ¥ simulationd] 2§
@ &9 sl 8 Wed A5 U, A%AS, wed, ddEEg 2 o
A5E Fohivh 49Y AR s ok Frbvwel FAse] A 2o W
S8R0l U dAEES 4HHQ YRR T ofF o|BHOR H4dte]
ool WakEAL dlEe & Qi WL ANl BT ST AE A
EE T7EE AAd AFAoE dEHES oA
Wshd Al 714 o9 d&e ddRmes wHAe] A Aolzt ALY EA 9
gloiA o] & B dFow TP 4 Utk ol ofel 1Y 3204 Hde]
7hsatth ofdf aleAe] ATE F39ete 4ol wE 225 YErdH, A
()3} o] EARY,
heater
A
L
e T, .
:im_ QA,
= R ’ K= ——=/ 1
e T 77 L, ()
coolant

% 3204 TS S

AELEE S5t Lt Wi ol o
a. Comparative Cut Bar Test[1] : ]S reference sample Ale]o] FiL o] &
4 H 2ETEE FAS] Sk A7 Yy

o
1 o =
AFS S-S oz s FA4sY
b. Guarded Hot Plate Method[2] : A #

SAsts WHoR 4 AldHe] AV|7F Aok g @S 7HX U
c. Hot Wire Method[3] : 7 €3t &%= 7}A]+= furnace WA AlH o
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248 wdAel AFE Telwu] WA o] AW BHe] =TT
A #FAF SEZ A9ES ol §ah WEOoR WsHEI Lo 1eel AR
of F= A gut et

[e)
. Laser Flash Analysis(LFA) [4] : @llo]A = A+ 3¢ |
g e AR vtdetal o] do] Mty = ded AbEs 545t
| E 7ol WHO=E Parker[b]el ©sle] dFH 2ol ostA 4
FAS = e 2ok

2 (2)

oJ71M de= A&l FAClAL t1/2= Al E] ojHe] Hu2ro| Artgrel] =Y
otz AlZkolth. LFAl Wik 7WeF=of 54 5 += data®l Fel= 19 3.20590
LHER A

Temperature signal vs time detected by IR

A AT
Ll Sappinre 4
crucible AT ===~
C——m———
S Inflated iR d*
Intumescent LU
T ﬂ coating L,
Laser Pulse used for increasing >

!
surface temperature -

1% 3.205 LFAS] =74 Algfx 2 data FE)

ol ¢} ] &Eo] H] <L (specific heat capacity), Y E=S =A3lo] &3 & HHo
2 dAEEE A 5 ok
§=-Cp (3)
oluf A dAEE (Wm' KD
a @ AL (m’s ™)
Co:¥ld (U kg KD
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gagstel e Ase dddsol adE= AdE ot

(2) &€
- TGA-MS % DSC #4

PA2101 Byk Gardner film applicatorE AF&3to] Al55 ¢F2 filmo & 9HE
o] AZAIZIT}, Aol oF 2 o] F7FAQl Ayt gl WA Ax
S a3k 7 Axd A|HE borerg AHEste] A5 3mm 7FFe] disk®E A%

st} AR E o] &3t AlH S H7Fo] 10-30mge] ¥ =5 HH3HA Zofu
0] $h TGA-MS+= NetzchAFe] STA 409PC, QMS 403 STA-MSE ©]
sto] of2Z 3 B97IE A AReAl 10C/mine] HXE= 1400C7HA]
SestH AdEFstel ol Qo= gase ARES ®AE DSCe 4 ¢
NetzchA}2] DSC 404Z o] &3to] A 9715 FAsAA Aol 4 1400T
744l 10C/min9] 22 s23tHA ddFS SA 9 oh

.

oo 2

=4 54 A8 Az
&

A7NA FEE FolatHA XHTE} 23 %ﬂﬂﬂl ELPE‘r H«l 7%“?32 LR T
45 o) Aol A AxAIZIT & l el kel M We FUE =X
ol AxE wrEEi A Tﬂltﬂﬁ}g} FAE S8

838 Axd WL R 237} 200%3004200mm” Q1 A7) 2ol Wi 7t &
=l dAgs AP oy F4EE 10C/mine] HEF FHsta
20L/min ¢ £Xx=2 airg =¥ 7] 2971E A 5 A48 v
W 7tES FAe 100L/mine airs &8 A7 2 WEE w2A WAzl

o A E mh Al 1 e wojua A dHES Ze AAT H
o]Z StruersAt9] accutom® 1% A7 E o] g3ste] WA RE 4mm)
tA o2 cutting@eh ol EA TAT zZ+7he] AJAL oF 10+10mm” & A
Jom A=21 HAFn 74, WAS S

ot ™
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- H4Eg 54
oA A ZFEE A|HS agate-mortard] Wil Esle] 1%
NetzchAFe] DSC 4045 o] &3ste] vdS5A #H[6lel ¢
standard sapphire, powder sample®] A2 YU3t= 2TolAo FdHS =
Aatal v LS Axbeth B A Sl 917 gase AAE AMES L, S

%%+ 10C/mine] ¥ =5 skt

AZE 1010%4mm® 2719 7+ 4= g /\] Hel graphite sprayE coatingsfil

&oto] AAaE o7l dd 2=
2t C g AL golAE EAFSte] Hh
8 2=Wstel A3kE SAstke] 4 () o3 It
¥ HE e ZEv] dxe vd

A AAHE powderd HE w531 W AZ gk

=2 QY AHEFHIE =45 o2 9% (true density) S =

gol gols
Aslal o] ¥ porosityE AlAFgtt) olu] A5t B3 HEHsle] dAT 4
AE Huke-S A3y Y& F71%e] ¥rS propylene carbonate solventZ
AF-8-gHt}

(3) 21

- TGA-MS % DSC A3}

AZE AJAe] 7]E GEA TGA-MSE 19 3.2060] Yebigich H24
o] BA W3k 9F 1007200°Col A F438] #HAasthr 700C 77}%1

o5 1L o]Fo= A1¢ Wt %ic OJ@%

gase] MSEAS AHEW tj
Ao R HAH= OH- 95 &
A ArdEFo]l FA A7) d- A sk

| Mlo}L DSC?ﬂJJroM Y 2

o

1% 32079 DSC graph®l 10702TColA 39 peaks & & =4 o= =
FHslrt glemz AdX FI1A AR melting AFoZ E
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Temperature / °C

Temperature / °C

600
500
400+
300
2007 —— Furnace
’ 00_' _____ Steel Plate
1/ . —— Intumescent Center
0 : (ﬁ' T T T T T T T T T T T T T T
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<3t 13> B values, uniform load, torsional simple support

%Luuuiﬂuuuu Jl,
A A
al L bL
L
B
AL a=0.5 a=0.4 a=0.3 a=0.2 a=0.1
0.5 0.97 0.97 0.98 0.98 0.98
1.0 0.91 0.91 0.91 0.91 0.92
2.0 0.70 0.71 0.71 072 0.74
3.0 0.51 0.51 0.52 0.54 0.57
4.0 0.37 0.37 0.38 0.41 0.44
5.0 0.27 0.27 0.29 0.31 0.34
6.0 0.20 0.20 0.22 0.24 0.28
8.0 0.12 0.12 0.13 0.16 0.19
10.0 0.08 0.08 0.09 0.11 0.14
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(B) 2H=E AaddZdAq e LaMF(n)e n=V /V 2% A%t

.

(3]
(2) =HE Aw AAAe] 4 9 vy HEZe 35 a4 9o T
AL J)Eon sE, 2HE A9 AdAe JEEAS FuaH BT A4S
H 2 HP 7S] ABe Ax|gict o] wf ~HE dd AdA ¢ Fo] 22 b
a9 FRAste) F2H YYRESL Bas
_ E3EE ZEEM 25mm °|%
A X\
Deck Plate Deck Plate
[ J
<3y 127> 2EE Adddge] 21 91 A
(3) A ARAMERD JORAES Atold & 349 v de F 4L
o= grh o] W 22 BHE B9 FARE HAT A5, A FEAG
o #hs 50%7HA AE & AT
V,=FA,
V.=085f,B1,
o7IA, ¢, Z3IYE EHE Fa2F7, mm
Ho FEUWEHAR ORWESR Alo]e] & FHAEE Ve us GO
V,=F,A,
o7|M, F, Ao MAVE FEFE, N/mm’
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1.6.2 A2 2124

(1) H&2 Higt

At HE 4o B faHes oo AdAds wEstoiof gt

D A= 28 59 /2016l glofof g
2) Aol THF F= =W 570 ojujofof F

Off

3) Ao AuEe 1w 9 06u olul, AWLL 150 o= s},
4) ATR Helne] HATAE 12mmol 4o 31, 28 ATRe 3¢ v =
Nelo] ZES Fo] Heine] Wy wAstelok gt

(2) &3 HIHE HEZ2 £HEZE

iy
M
AV
g
1o
o
[
b
i
o
M

fre o H 4o Alg 9 FA4A ZHE s
=

n#she] Axkstelo} Tl

<39 1.28> fr¥

[l A ]

AR B JGE= s 2 AT AE 7P wgeE] B oA
AA QB AL BES Ao dbdste] Ao of st} 9B o] &4
FES st WH2 B AEEE & d,UEE 7S dHA A A9
sto 2 A vk = o Az g X2 JFEE 7R v A HP e ¢
A A AR AAAES e 2ol T

i) Case 1 : PNA7} 38 E &Y B Z A AHo A3 45

B R < RX—
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ﬁF

Case 3 : PNA7} 232 E &g Holyolal
+RIU() (y(ﬁ < -l)s)

)+Rwo( +D.+t,— yc)—i—Rt +R,

2
]

——R

PNA7} Z23gE S rololar HEZ B X 45

o] AASLHERTE= 19 1307 7&1, oluf o] PNAS 9+

o . yc yc c_tt _ d+DC+tt_yc
C—T.RCDS +lzt+}iwod—7d0_Rwo d_do

_ R—R+{2R,,(D+t)+d}/(d—d,)
Ye = 2R, [(d—d)+R./D,
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D
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wo

d—d)
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2D,

t
+a(yc—Dc—§) TR,

iv) Case 4 : PNA7} a8 E &£ B 359 HIW

AW R<R+R<R+R, (D <vy,)

e e

)

|

— == PNA

PNAZ} 238 E <l B 35 HIEZ 9 rd 9%
A2AASHEEE 19 1313 #2a, oluje] PNAY
d+t,+D.—y,
¢=T: R+R+R,—R, d_d’ - =
_ (R+R,~R—R)
Y, 2Rw/d +D.+t,+d
PNAoI A FAIA =+ v 2o
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—
|
|
e |
lis) ; g2
|
|
|
. |
[ |
| 350 |

I 1
<Y 1.32> FEXAA oA i

ot
o

: SM490 (F, = 325 MPa)

| AH—-336X240/350X18X30
ZF o w,=1.81 kKN/m

3) 22 0E
@ w1 250X600X100X190 (1.2t)
@ % w,;=0.1995 kN/m?

(2) &ists

1) AISotS © w,=1.5 kN/m’
2) Dt&ZoE @ w; =36 kN/m?
3) AME  w=2.0 KN/m’

1.7.2 2HEA

(1) EH5ts
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1) AIZSE

x

wy = [1.2(wd+ww>+1.6wc] « (L/2)

wy =1.2w,
W, W,
wy = (1.2w,) * (L/2) l
[ | ]
x e
@D case la : S35 slso 93 He] I HE ’
HIZZgo]lE  0.1995 X (8/2) = 0.798
(0.12+0.061)x24x(8/2
Z2agE ) = 17.376
A FakE 1.5 X (8/2) =6
Z3A R = 1.81
1.2%(0.798+17.376)+1.6 = 31.4088 0.9576 31.4088
o
! X6 kN/m |
= 2.172 )
® 9 1.2X1.81 2172
kN/m
= 0.9576
4 1.2%0.798
kN/m
@ case 2b : ZSotE0l 2ot B & HE
HIZHolE  0.1995 X (8/2) = 0.798
(0.12+0.061)x24x(8/2
ZI4E ) = 17.376
A&etE 1.5 x (8/2) =6
701-;<HE_ = 1.81
1.2%x(0.7984+17.376)+1.6 = 31.4088 31.4088 31.4088
©1 ! |
76 kN/l’l’l [ | ]
® 5 1.2x1.81 = 2.172 kN/m o
1.2%x(0.798+17.376)+1.6 = 31.4088
o
3 =<6 kN/m

2) AF2SH (case 2 : Dead + Live load)
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HaZolE  0.1995 X (8/2) = 0.798
(0.12+0.061)x24x(8/2

ZAYE ) = 17.376

nhztsl5 3.6 < (8/2) = 14.4

A A ek 2.0 X (8/2) =38

AT RN = 1.81
1.2x(0.798+17.376+14.

o 4) = 51.8888
+1.6%8 kN/m

w9 1.2x1.81 = 2.172 kN/m
1.2x(0.798+17.32+14.4

o 5 ) = 51.8888
+1.6x8 kN/m

(2) & 3 - AISH

28 HHE M, = PXxe = 31.4088 X8x0.1375 =34.55 kN « m

x

Kol 2= ol gt =N

6= M3

51.8888

51.8888

171X, e = B,/2—75/2 = 350/2 —75/2 = 137.5 mm

M, / M, = 0.059

M, M\’
o—l/prx\/l—o.m( )—0.48( ) ~ 1.

web A Al FEA A FHEZ AR 2= Fd o3 F

M,
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2) HIOHE HE2Zo HHAS
oHH A oo A A2 RHE | GH22PHA BT HE
A (cm?) W (kg/m) I (cm?) r (cm) y (cm)
.| 44354 | r | 13.9
230.8 181 14.6
L1 14197 | | 78
A T Al 4= 2THE A THE A S HAEHdT Hl S "4
S (cm® y (cm) 7 (cm® Cw (cm®) J (cm")
S.| 2336 Z .| 2,955
7.6 2,447,064 636
S, | 3035 Z,| 1,379
3) 33 &8 M,

@O A ad

L,/r, = 8000/78 = 102.56

200000
—1761/ S = 13.66
A LBk
+/(1+B,+B)]

5= 295(3(1, /1) 1)(a/1) V1T

34560000 276 | /141970000
= (2. 2 —1
(2 25)[ ( 141970000 ) } ( 8000 ) 6360000

A,=1.76

A M, = Moﬂ‘“

r "

=25 7 |

cr Lb

= —0.19
t(B) 30« (2400 ,
= g = gy = 34560000 mm

d=336—30X2= 276 mm
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I I d \?
- _ e | Tve || &
G 1

34560000 )(34560000 )( 276 )2
141970000 /\ 6360000 /| 8000

= 25(1—

2EG,
M= =T 1B+ +/(1+B,+B)]

_ 2(200000)(1.0) A

141970000)(6360000) [(— 0.19)+ V(1 +0.12+ (= 0.19)?) ]

8000
— 4205.8 kKN m
A = 42058
=> A <A,<A,
v o=l — or— a2 <
n_q p_( D T)A_A - p
r p

]l[p = F;/ZZ 3252955000 = 960.375 kN « m
M =F,S, ., FS, 5 4 %

F,S,. = (F,—F.)S,, = (325—70)(2336000) = 595.68 kN » m

F .S, =(325)« (3035000) = 986.375 kN « m

yf Mxt T

M. = 595.68 kN « m

= a1, = G~ (- )

102.56 —43.
= (1.0) [960.375—(960.375—595.68)( 02.56 — 43.66 )}

4205.8 —43.66

=955.21 kN m

- 345 -



4) 27Sot=s0 28t 29 &ds &

‘/lluaﬁ jl[f h
+
oM, oM,

n ny

<10

2 2
D M, = (wl—i-wQ—i-wS)% = (31.4088+2.172+0.9576)% =276.31 kN « m

@ oM, = 0.9<(955.21) = 859.69 kN « m

m
@ %}L:ﬁ 7a‘bL2
137.
m= (w, ~wy) 5~ = (3L.4088—0.9576) % =13.68 kN/m
tt tb
h=D—5 5 =306
a=b=05

0
\— GJ _ \/ (81000) « (6360000)
EC (200000) « (2447064000000)

w

AL = (0.00103) « (8000) = 8.24
8= 10.1152 (by Table 4.1)

= 0.00103

13.
My, =p %abﬁ = (0.1152) (%)(0.5)(0.5)(8)2 = 12.61 kN « m
S,k 11 2
@ oM, = ¢ J2 L= (0.9)w: 118.61 kN « m
MI'L‘ M 1 . .
o o Mp o 27631 | 1261 043 = 1.0 0K,

oM, ' oM, — 859.60 ' 118.61

2 2

L
M, = (w1+w2+w3)T = (31.4088+2.172~|—31.4088)% =519.917 kN « m

M, 519.917
¢M, ~ 855.69

mn

=0.61 <1.0 O.K.
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1) otF S8k 25 &0l 28 =Y 6 M3

g HuE M, = Pxe = 51.8888x8x0.1375 = 57.08 kN « m
2 AT E M,

= Lxt; X F, /4 =8000 X (30)* X325 /4 = 585.0 kN « m
1714, e = B,/2—75/2 = 350/2 —75/2 = 137.5 mm

M, [ M, = 0.098

t
o,/F,, = \/1—0.52( i,

~
|

=

o
ey
i

U

—

(e}

kA Abg Al A sREE A 25 ol o3 F o) AS A EA B

2) ds 3&

2 2

F,=f, g(Bt+tt+d—O.5tw)

= (0.6)(&200)(24O+30+276—0.5(18)) = 1288.8 kN
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B, =0.85f,.5, D,

= (0.85)(24)(1000)(120) = 2448.0 kN

=> R =F,+R, =12838 < R,= 2448 A !

sb

E;b /R( =053 => ch, = 63.6 mm

R,=085f,B D,

= (0.85)(24)(1000)(63.6) = 1297.4 kN

H-ZAl Ry = A, F, = (350)(30)(325) = 3412.5 kN
H R,= A F, = (18)(276)(325)= 1614.6 kN

A EWA R = A F,= (240)(30)(325) = 2340.0 kN
7 A K R, = A F,= (23080)(325)= 7501.0 kN

=> B < B, TR <K+E,

Ej—i_ R’LU_Rt_RC(l

D = 212.
Ye 2R Jd +D.+t, 78 mm

ot = o| D+ D)

d+D. +t,—vy) —D. —t)
+ R ( c t y() + }%L (y( c t)

v 2d / 2d
crly-p~ | e fu 7]
_ R \y.—D. ) wl¥e™ 5
= 1061.75 kN e m
oM, > M,
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(4)

1)

HEHEE

ol

Al

0K
i

[y

Sl (Bdd)

dft, <245\ E/F,, <1 7%

V. =0.6F, A, = 0.6(325)(18)(276)

yw* Tw

= 968.76 kN

wL  (31.4088+2.172+ 31.4088)(8)

et 2
= 259.96 kN
V, = 259.96 < ¢V, = 871.88 0.K.

V. =0.6F,, A, = 0.6(325)(18)(276)

yw* Tw

= 968.76 kN

wL  (51.8888+2.172+51.8888)(8)

e 2

= 423.798 kN
V,=423.798 < ¢V, = 871.88 O.K.
HEHE

5 wL? 5 (64.9896)(8000)*

. = . - . < 4
384 " B.7 384 (200000)(d43540000) o007 <40 mm
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5 wLl* 5 (12.8)(8000)*

. = 2.88 < 22.22(L K.
384 ° E.I. 384 (200000)(1184196180) > (£/360) mm O.K

(6) dsEE

w; = DL+ 0.1LL

= (0.798 +17.376 +2.172 +14.4) + (0.1 < 8)

= 35.55 kN/m

5 (35.55)(8000)*
frd ° - . 1
O = 381 " T200000)(1184196180) _ 01 mm

18

f=——==636 Hz > 4 Hz O.K.
Vor
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2.3.4 G329 &k JI=2 (Deck cut-outs)

o] gHtyd "2 SHolEE AN ZdAxHe Eus
sHA 3h7] 9138 ¢F 50mm x 240mm Z o2 Hth
oz dutst 49 ol Ak HA A o]

W
2

2

o
o,

ot

o e

2.3.5 dIA&Xl (Installation)

Fol 2& d= BelolEg AFWWe e 2k

D YA

) Fol Be Hla BelolEe] EAE WE ujate] 99, MYl WA= 98
of A3 Aol Awkste] AL§ gt}

L) Fol Ao Ya Bdol= Augre]l AR ofrhe] fEAe] gom
AR 45 Al FAsA wAs ol Bk vze 14 144
@600mm7t 7 o] @FAFATE A o o4 7ol Weld A5 ¥
EelolEs} U= FeolE Atelo] EAZE WAT Selt dor] of B4R
ARE o] 2Es EdE & gtk

) Fol A A FYolE B FAAY A= FlE =W ot
L) SE Fol Ze Ha FHolEY iAol st Fel X wijA ek, &
g3 ZFHolEet AEH9 AT Fojx 600mm ol e] tFo=
-84 (Tack Welding)atil, =5-9loF A=) JF Hag 27 59
A3 84 (Tack Welding) =& &84S st 45 H3Azoh
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2.3.7 I3 DA (Decking to steelwork)
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size (& 2%2(0) +%=(0)
P1 254X254X73 - 44 0.56 - 746
P2 254X254X89 - 93 0.42 - 783
P3 254X254X107 1 60 0.55 799 661
P4 203X203X86 3 68 0.44 727 558
P5 203X203X60 1 82 0.51 812 691
P6 254X254X73 2 78 0.47 778 578
P7 152X152X%X30 1 75% 0.48 788 731
P8 305X305X283 1 115 0.17 728 411
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APA = W B7F 3= ARS s s o2 Frhste] 60wt A A
th AgA stFnE EHBEIL 29 @Y AAxHoR AFgthe 27 ol
AE 0452 AlLstg o o AR Asetts 23 stdA e 0172 AAts
ATH A GHFe} FAYE S HoAN 2= X L AFAHRE 17 32
2 ¥ 359 2t}

TNO Ao weol LejH AdA= 9472 WA TS vl A4z
AA I YRl A& A8 IAZ 233t o] Ao -y A
Ad= 19 637 o] YERSLT

Table G.4

Test data Ffor TIWO fire test

Crata

Fire Test D3

Beam span (m)
Slab span {m)
(centre of besaring)
Test load (KM/mM*)
Self weight (kM/m™)
Steel section

- imternal

- external

Flate width

(15 mm thick}
Steel grade

Actual strength (MN/mm)

Slab depth (mm)
Concrete grade (M/mm?)
Weld size (fillet)

Bar diameter {mm}

Axis distance (mmk

4.5
3.82

2.9
3.0

HEB 240
HEB ZO0
440 - internal
230 - external
52356

239 (beaml)
279 (plate)
280

30 MNWC

7 mm leg

16

(=1
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Figure 6.1 Flan view of TNO Test D3

- 373 -



Table 6.5 Temperatures (" Clin the critical elements in TNO fire test

Fire period (mins)

Element

G0 mins 90 mins

[close to failure)

Internal beam:
Bottom plate 504 930
Bottom flange 576 740
Edge beam:
Bottom plate 804 976

Bottom flange

{not measured)

{not measured)

Composite Slab:

Decking
Reinforcement
Slab surface

896
405
103

1002
670
143
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