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SUMMARY

I. Title

The Development Method of Fire Resistance Structure for non-coating of Slim Floor Long

Span Beam

II. Research and Development Project Overview

In recent years, the demands for the long-span structures and the story height savings have
increased as the building structures become larger and taller, and thus many research efforts
on new composite beams are still being made. However, there is still lack of effective
composite beam systems, which can realize both story height reduction and long—span
structures. This study, therefore, aimed to develop the corrugated webbed prestressed (CWPS)
composite beam system with the sufficient structural performances and good deflection control
capability under room temperatures and on fire events. The full-scale fire tests and loading
tests at room temperature have been conducted to evaluate the performances of developed
CWPS composite members, and the analytical studies were also carried out using the nonlinear
finite element analysis program. The final goal of this research program is to secure 3 hour
fire resistance performance of the CWPS composite beam, and development of the simple

design details of beam-column connections for practical applications.



[ll. Content and Scope of Research and Development

Year Research Objective Key Research Content
« Presenting methods to ensure » Slim-floor beam fire resistance experiments [7.5M composite beam]
fire resistance performance - Target: general composite beams, asymmetric slim floor beams,
. . CWPS composite beams
according to various types of .. . . . -

. i * Detemining fire resistance performance improvement efficiency of
shvm—ﬂoor beams [Target: 90 slim—floor beams due to PS introduction [fire resistance performance
min ] improvement method]

* Review on constructability of proposed composite beam system and
Year 1 _ ‘ - strucpural perfonnanct.e of bea.rnfcolum.n connec.tior.ls
* Theoretical review of specific * Review on construction details for field applications of CWPS
components and development of composite beams
construction methods = Development of continuous construction method for practical
applications of CWPS composite beam and its beam-column
connections
- Design applications for . Revi'ev'v of diffi.culties in .fa.brica}tion of 'CWPS Forgposite structure
developed technology [CWPS [Prov@ng golutlons for difficulties of fl?ld applications] .
. = Selecting sites to apply CWPS composite beam and actual design
composite beam] application
- Presenting the method to ensure | " P.romoti.ng toward green technology certification.
fire resistance performance of * Fire resistance performance tests for CWPS composite beams
. . - load ratio [60%)] and target fire-resisting time [120 min.]
CWPS composite beam with no . Pr e . .
) esenting fire resistance performance improvement method for
cover [target: 120 min.] slim-floor beams
* Development of analytic model * Development of analytic model of developed continuous construction
Year 2| for structural performance method
evaluation of corrugated * Detailed analysis of behaviors of beam-column connections
composite beams and their = Structural performance analysis of PS corrugated composite beams
connections through FEM analysis and numerical analysis
= Review for applications of developed CWPS composite beam system
* Construction applications for into actual public building construction
developed technology [CWPS * Application of developed CWPS composite beam system to actual
composite beam] construction site and providing technical support
» Joint promotion for green technology certification
» Fire test for practical application of developed CWPS composite
* Development of method to beam system
ensure fire resistance performance | = Presenting the suitable method to ensure 180 min. fire-resisting time
of CWPS composite beam with of developed CWPS composite beam system with no fire protection
no cover [target: 180 min.] - Promoting 3 hour fire-resisting time certification for full-scale
specimens with 7.5 m span length
Year 3

= Investigation on fabrication
method of corrugated web
connection and derivation of
optimum connection

* Deriving connection details for actual construction

» Fire behavior analyses and detailed verifications of CWPS composite
beams

* Providing solutions for field applications

= Application of developed
technology [CWPS composite
beam] to construction

* Application of CWPS composite beam system to actual construction
site and providing technical supports

» Promoting 3 hour fire-resisting time certification for full-scale
specimens with 7.5 m span length




IV. Final Results and Applications

Year Key Study Content Study Results
Realistic evaluations of fire behavior of various composite
» Full scale fire tests [7.5M] beam systems
- Targets: convnetional composite
beams, asymmetric slim-floor
beams, CWPS composite
beams
Fire resistance performance improvement method 1:
improving fire resistance performance by increasing beam
size
Verification of fire-resisting Fire .resist_ance _performance improvement. rr_lethod .21
improving fire resistance performance by application of fire
performance enhancements of .
. ) protection to lower flange of steel beam
various slim-floor beams due to -
prestress ‘
Improving horizontal shear resistance capacity by providing
the shear connectors
Review on constructability of Developing bi-directional prestressing device to improve
CWPS composite beam system constructability
and structural performance of its L
Year beam-column connections

o8

Review on construction detail
for field applications of CWPS
composite beam system

Parametric analysis study considering various tendon
profiles

Time(min)

*  Development of continuous
construction method and
connection details for practical
applications of CWPS composite
beam system

Review of various types of beam-column connection
methods considering actual conditions in construction fields

- - EonIE e
] rarasIEag

-~ A
ol = Eello | = TR v s

*  Review of actual fabrications
of CWPS composite beam
[Providing solutions for
difficulties of field applications]

Simplifying shape of corrugated webs for application of
automated welding equipment

—_— = ®

T

= Actual field and design
application of developed CWPS

Review of actual field and design application of CWPS
composite beam system




composite beam system

*  Deriving advantages and disadvantages of developed CWPS

composite beam system

8

Year 2

= Development of fire resistance
performance with no fire
protection [target: 120 min.]

(

Fire testing for CWPS composite beams
- 138 min. fire resistance performance was
Year 2 objective: 120 min)

Application for green technology certification was completed

50

obtained from tests

0 4

-50

-100

-150 “HEEC R
3

-200

DISPLACEMENT (mn)

el A n
QLaver ¥4%)

TIME (MIN)

*  Evaluation of effect of hollow
area inside of CWPS composite
members to their structural
performances at room
temperature, and investigating
fire performance due to different
heat transfer mechanism during
fire

Conducting comparisons In room temperature performance
through loading tests on CWPS composite members with
and without hollow web section

900

800
700 . -100

o 60

z

< 500

3

gm
30

Deflection(mm)

20 ==
i o crcs.

—— i
0 2 -600
0 20 40 60 80 100 120 0

Displacement(mm)

* Development and verification of
nonlinear finite element analysis
model

Development of nonlinear finite element analysis model
considering the construction stages

coupling
700

anchor plate

Load (kN)
£

300
.\ tendon 200
——FPDE2S

steel beam

0 50 100 150 200
Deflection (mm)

Structural performance analysis of CWPS composite beams

through numerical analysis

Beam height (mm)

Srain 0002 0.004 0,006

= Development of design and
construction manual for field
application of CWPS composite
beams

Development of design and construction manual for design and
fabrications of CWPS composite beam and its beam-column
connections
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Year 2

» Filed application of developed
CWPS composite beam system

» Development of standard connection details considering

constructability

<PSG1 T LAYM>

<OIFEET| L OIBR WM>

<OIFBEX| s 0|BH 4>

» Field application of CWPS composite members is completed
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Year 3

= Development of fire resistance
performance with no fire

» Fire testing for CWPS composite beams
- 210 min. fire resistance performance was
(Year 3 objective: 180 min)

obtained from tests




protection [target: 120 min.]
[target: 180 min.]

= Green technology is certificated

0
=50 4
-100 A
-150 e Py

200 A T
=250 A
-300 -

—PS120
350 1 PS150 1
400 {---PS150 2

PS180

-450

Deflection(mm)
h

0 50 100 150 200 250
Time(min)

= Preparing alternative fire
protection method for
beam-column connection of
CWPS composite system

»  Proper fire protection method for beam-column connection
region was prepared to satisfy required fire-resisting

performance.
Fi tecti

| S (-

6 © e & H\

Steel column ® ° o o §

e o o o %
|
CWPS composite beam

- Fire protection method for Gerber-type beam-column
connection

= Field application of developed
CWPS composite beam system

Test specimens to get the official certification of fire resistance from
National Fire Protection Structure have been prepared, which will
be very useful for actual filed application.

2 o ¥

= )




V. Achievement of Research Objectives and Impacts

1. Technical Impacts

Increase of demands for technical development corresponding to demands on the
composite beam member with long span and story height saving in domestic market.
Needs on development of composite beam member with sufficient fire-resisting
performances without fire proofing (3hr target fire rating).

Needs on development of long-span composite beam member with high strength and
stiffness

Lack of development in story height reduction-type long—span horizontal members

Lack of adequate analytic models for high-strength prestressed composite horizontal
members

Increased societal interest in new technology development

Maximization of economic efficiency through long-span structure realization of lower
floors and story height reduction of the upper floors when applying to high-rise
buildings

Availability of stepping stone for advancement of domestic prestressed composite beam
technology and progress in the structural analysis techniques

2. Socioeconomic Impacts

Increase in demands on fast-built method to reduce the financial costs

Reduction of the amount of steel through the efficient use of steel members and
shortened construction period by realizing non-support construction system or
minimizing temporary Support.

Effects of ensuring eco—friendly space through acceleration of high-rise building
construction

Increase in efficient use of space and green space through story height reduction

Need to reduce environmentally damaging factors and maximize economic efficiency
through reducing materials and temporary materials

Effects of ensuring eco—friendly space

Increase in efficient use of life space and green space through story height reduction.

VI. Utilization Plans for Research Outcomes

Transfer of developed technology to private companies and diffusion of research

outcomes obtained from this research program is possible by promoting the national new

technology certification of CWPS composite beam system.

Although existing composite structures requires application of fire proofing cover in the



lower flange to meet the legally required 3 hours fire resistance time. On the other hand,
the proposed CWPS composite beam method can satisfy the legally required 3 hours of
fire resistance without fire protection, and thus it can be utilized as the effective and

economical fire-resisting technology.
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- More Stable before composition

% - Accordion effect

High strength High in-plane shear strength

Prestressed Corrugated web
High ductility High out-of-lane shear strength
High torsional strength

- Deflection control Proposed beam lmprovement of bond

- Improvement of flexural strength Using steel more economically

- Reduction of story height with [mprovement of fire resistance
no section area increase - Improvement of constructability
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Prestressed

-Deflection control
-Improvement of flexural strength
-Reduction of story height with no
section area increase

- More Stable before composition
- Accordion effect

Corrugated
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Composite
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/ Improvement of bond
- bond Using steel more economically
- Improvement of fire resistance
- Improvement of constructability
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_ A 2 _ _ _
Y plT Brga’ = ®p|T Baqa’|= Baqa” |= Byqa’| = qa |= Buga’| = vaqa |= Bsga’| = vs5qa
oy 51 a, 62 ,32 63 73 ﬁ4 Y4 /65 s

06 | 000271 | 00336 | 000129 | 0.0168 | 00074 | -0.0745 | 0.750 | -0.0365 | 0297 | -0.0554 | 0416
0.7 | 000292 | 00371 | 000159 | 0.0212 | 0.0097 | -0.0782 | 0.717 | -0.0439 | 0346 | -0.0545 | 0413
0.8 | 0.00308 | 0.0401 | 0.0018 | 0.0252 | 0.0116 | -0.0812 | 0685 | -0.0505 | 038 | -0.0535 | 0.410




09 | 000323 | 00425 | 0.00209 | 0.0287 | 00129 | -0.0836 | 0656 | -0.0563 | 0414 | -0.0523 | 0.406
1.0 | 0.00333 | 0.0444 | 0.00230 | 0.0317 | 0.0138 | -0.0853 | 0628 | -0.0614 | 0.435 | -0.0510 | 0.401
1.25 | 000345 | 0.0467 | 0.00269 | 0.0374 | 0.0142 | -0.0867 | 0570 | -0.0708 | 0475 | -0.0470 | 0.383
1.5 | 000335 | 0.0454 | 0.00290 | 0.0402 | 0.0118 | -0.0842 | 0527 | -0.0755 | 0491 | -0.0418 | 0.373
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Oy Pe Pee Md steel (2 )

€ pe, st t = Y Yy a
P Es EsAeff Es[eff Es[eff
gy Pe Pee d, steel

€ pe,st,b - Yo Yy, (2b)
P E. B A, B, B,

wtebA, ol Aol A Aljtel= oAyl FakE HbYR sl RHEoA = B MY Eo] gl

, ABE7F ofFre] S e 7 AL ko Adske], 4 2a B 4 2b

s al
A A (AefD) 7} G EHHATAE(ef) 2 18] 3to] &4
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-
JEFEHHAI FaHAEE S Ug 4] 3a 2 24 3be} 2.
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(3b)
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WA nat AEFEGEAF nfe FEGHARNEA S, [ge AAGH2AEMEo| T
Aotels dlEfaddd 9 fFada2xEdEesS AHgstr] Qs E dEfadd
SR EAFE WA AAstolof gt} B FIIUAFS} FRGHAENEASFES AH
at7] flsto], 17 3.8( x
717 38(2)9F 3 320 yER vhe} o)

No. hy d/ty | a/hy a tw No. hy d/ty | a/hy a tw
1 10.8 0.20 70.0 6.00 13 10.8 0.20 200.0 6.00
2 10.8 051 1785 6.00 14 10.8 051 510.0 6.00
3 50 15.0 0.20 70.0 433 15 1000 15.0 0.20 200.0 433
4 15.0 051 1785 433 16 15.0 051 510.0 433
5 20.0 0.20 70.0 3.25 17 20.0 0.20 200.0 3.25
6 20.0 051 1785 3.25 18 20.0 051 510.0 3.25
7 10.8 0.20 120.0 6.00 19 10.8 0.20 300.0 6.00
8 10.8 051 306.0 6.00 20 10.8 051 765.0 6.00
9 15.0 0.20 120.0 4.33 21 15.0 0.20 300.0 4.30
10 600 15.0 051 306.0 433 22 1500 15.0 051 765.0 4.30
11 20.0 0.20 120.0 3.25 23 20.0 0.20 300.0 3.25
12 20.0 051 306.0 3.25 24 20.0 051 765.0 3.25
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H 3.3> Reidis 200 et RS EHH2AZUHE N =
No. 7 0,FEM | 0,,FEM | o,elasic | o,elasic oy, FEM Ub’FEM.
(MPa) (MPa) (MPa) (MPa) / oelasic | / o,elasic
1 0.81 -62.7 435 -47.80 3.80 1.32 115
2 0.87 -925 65.2 -76.30 6.09 1.22 1.06
3 0.83 -64.1 439 -51.00 3.9 1.27 1.1
4 0.90 -9%5.6 66.6 -81.70 6.34 1.18 1.05
5 0.86 -64.9 44.0 -53.20 4.05 1.22 1.09
6 0.91 -974 67.4 -85.30 6.48 1.14 1.04
7 0.73 -45.3 31.7 -30.38 25.51 1.49 1.25
8 0.81 734 52.2 -54.95 46.14 1.33 1.14
9 0.77 -46.3 32.1 -33.57 2730 1.37 1.18
10 0.84 -7176 54.2 -60.72 49.37 1.28 1.10
11 0.81 -46.8 32.3 -30.85 2842 1.30 1.14
12 0.86 -80.1 554 -64.83 51.40 1.23 1.08
13 0.62 -30.1 249 -20.09 17.66 175 141
14 0.77 -96.5 42.2 -40.18 30.31 1.41 1.19
15 0.70 -35.7 251 -23.00 1961 1.56 1.28
16 0.80 -60.3 44.3 -46.00 39.23 1.32 112
17 0.74 -36.5 254 -25.19 2094 145 1.22
18 0.84 -63.8 458 -50.38 41.88 1.27 1.10
19 0.56 -286 20.7 -14.48 13.14 1.96 1.59
20 0.71 -46.2 359 -30.91 28.05 1.49 1.28
21 0.62 -30.2 215 -17.10 15.11 175 1.43
22 0.77 514 38.6 -36.49 32.25 1.41 1.19
23 0.66 -31.2 219 -19.16 16.55 1.64 1.32
24 0.79 -55.0 404 -40.89 30.31 1.35 1.15
Average of ob, FEM / ob, elasic and ot, FEM / ot, elastic 1.40 1.19
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H 3.4> ®meteacis ol e AIEKRSHHE A
No. 7 o,FEM o,,elasic Tar FEM
(MPa) (MPa) / o,elasic
1 0.35 324 57.18 1.44
2 042 79.3 57.18 1.39
3 0.38 76.0 57.18 1.33
4 0.44 734 57.18 1.28
5 0.40 .7 57.18 1.25
6 047 69.7 57.18 1.22
7 0.24 106.8 57.18 1.87
8 0.28 101.6 57.18 1.78
9 0.26 9.0 57.18 1.64
10 0.29 90.9 57.18 1.59
11 0.27 3.9 57.18 1.50
12 0.31 839 57.18 1.47
13 0.17 1415 57.18 2.47
14 0.22 1305 57.18 2.28
15 0.20 119.0 57.18 2.08
16 0.23 114.0 57.18 1.99
17 0.21 106.1 57.18 1.86
18 0.24 1029 57.18 1.80
19 0.15 177.0 57.18 3.10
20 0.20 158.0 57.18 2.76
21 0.16 149.5 57.18 261
22 0.20 1375 57.18 240
23 0.17 131.0 57.18 2.29
24 0.21 123.0 57.18 2.15
Average of oa, FEM / oa, elasic 1.90
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<H 3.5> 48N +4

Thick f i
Specimen Parameter Prestress 1CKIESS .o GovEmRLS H-beam Size (mm)
material (mm)
S-1 Normal X 29 294x302x12x12
S-2 Slim floor X 29
S-3 2 layer corrugated web O 19 360x236 x346x14x22
S-4 1 layer corrugated web O 9
Specimen
800
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120 =
= | |
N + - % —w v v v ©
_ H o
o o
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D13@120
S-1
302
H-294*302*12*12 29mm £ Aln|2
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| 800
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\\ 14 <
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—\ ~N
S-2 —
87 ‘ ’ \ 66
346
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e T T e e e e e r e e e e e s e e e s e s s e e r r e s s s e e e s e e e a s e e P r ey §E§l
Elevation
] 8200 _
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<H 3.6> ¥AM Y429 B2k

&
Thermo SOUPIE | Time (min) | S-1(T) | $2(0) | $3(0) | $4(0)
60 481 40.6 29.9 35.0
Top Flange 120 100.2 89.2 105.9 70.3
180 1121 1139 1137 105.8
60 62.0 47.3 46.1 615
Web 120 100.0 108.7 108.1 103.8
180 199.5 1353 144.7 1486
60 91.9 939 106.5 163.2
Bottom Flange 120 190.3 1829 2014 287.0
180 469.7 2776 2914 4183

LSC" : Long Span Composite

sfo] w=Ae] Fd % wet BYo R ddste] FRJAAE B Fro| Y e ex 4
o] oyt mak WAL MG FAE SAPSTHAANE AR )7k AHF Bgkolof Tl
S-27} S-3% A9l Folsh WAEHA gron], B BEAL 71 G S-AHEAE T4 R -llayer)
7bS-2, 39 M3 9 8 T we Aom vehdth o deep-deck AEFOEA Y EdAs)
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TEMPERUTURE (T)
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0 Actual Temp =51 —+52 =53 -+54
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<H 3.7> FAH 429 23CIE URERL

Tiifﬁif?iﬂe Time (min) | S-1(T) | S-2(C) | S3(C) | S-4(T)
60 - 918 1022 1318
10 120 - 1316 1800 2452
180 - 236.1 3130 3848
60 - 874 96.2 1155
20 120 - 1219 1542 1907
180 - 2058 2757 3205
60 - 80.1 80.1 1063
30 120 - 1158 1248 1397
180 - 1731 1959 2643
60 - 740 739 1031
40 120 - 1124 119.4 1070
180 - 1526 1676 2154
60 - 676 5.7 80.3
50 120 - 1087 1131 1065
180 - 1411 1633 1769

—5Standard Temp © Actual Temp =C] ~-C2 (C3 «(C4 =5

L4000

1200 -

1000

800

GO0

MPERLUTURE (T)

.\.
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400
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0O 30 60 90 120 150 180
TIME (MIN)
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vl ARHEA R 9 PSHIYE AAHE iy EFHAQ A AL T FH]

PSES] 7 B B e, d5FAe mE stdds AA 23 8 383 o] S, S-2
S-3, S-4 EF 180 o3 WstS gE & F e AoE YEyEth WaddE T8 180
oA S-19] 49 -2919 mn, MEEC] -48 m/minE UEREI, S-29] 4§ W go] -5698
mn, WEE0] -1.04 my/min=2 YERSaL, S-39] 49 Wy -822 m, WP E°] -0.70 m/minZ
LEbt o) S-49] A% Wy se] -736 m, WEEC] -0.28 m/min® YERsEh KS F 225719
Wstds 471 wad S-19] WEF 7|ES 3415 m, WEE 71$S 152 m/mino] L, S-2
S-3, S-4°] AgFF 7|+ 3251 m, AFEE 7]+ 144 m/min ©| o}

<Z 3.8> ¥AH g429 Uetds

Specimen Time (min) Displacement Rate of disp.lacement Fire res-istance

(mm) (mn/min) (min)
60 -24.2 -0.6

S-1 120 -935 -14 180
180 -291.9 -4.8
60 -11.22 -0.18

S-2 120 -30.14 -0.28 180
180 -56.98 -1.04
60 -249 -0.08

S-3 120 -50.0 -0.66 180
180 -82.2 -0.70
60 -254 -0.04

S-4 120 -485 -0.16 180
180 -736 -0.28

Ay 38 FAXNES 7|FoRE S-1S 98%E AN LHI FFolgeH, S-2& 17.5%,
S-3% 25.3%, S-4+= 226%2] WMo WA Wy o] s AA LS S4 AP HS
Wt EAe] FA7E 9 mz 7 A FS ExgSoE Batal 3u) olake] sty EaE
Exg S29 WEds SHoA & AbolE Kol et o] PSESICRE date] W o
3 132 Aol dFEAY] wWiEer dudE T3 S-3 S-49 Wi sol FAE FEoR
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Temperature(C)
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Temperature(C)
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. A-A Az A

FE5HA AstzzdolM PSS E R e Wilds H7HE flste] & 393 o] ddAl +
Fath S-1, S-2, S4 AdA= B 77 120 mn, 150 mn, 180 mE A-&3F9 1, S-39] 74+
F71 150 mE Hgsta ZYAEd A B9ds A% A A ARt aeR 7 W
BS itk skl @Al AAle " 3390014 19 3429k Zuh WSt Al Aok E=
g E i 2eWstE fEely] fste] 19 2389 2ol K-Type 1 mn @HHE AX|gte] 2T

73

i
= 01'
(z

o

. Thickness of slab’ | corrugated | Concrete’s Tendon’ Deck | H-beam Size

Specimen ) .
topping (mm) web type | strength |wrapping (mm)| type (mm)
S-1 120 -
S-2 150 -
20%2
1 layer 45 MPa Deep 320x236X346
S-3 150 25 -Deck x14x22

S-4 180 -

N PR I ‘“ ¥
’ i
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Specimen

S-1
Specimen_PS120
(O 3.39]4&M MM E[S-1]
Specimen
LH /@ Stud_@100 LH 7 T;) %
= ‘ =
(- . | e L
| - |
S-2

Specimen_PS150

[08 3.40] MEH| AMEZ[S-2]
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Specimen_PS150
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M| &M =[S-3]

Specimen

S-4

Specimen_PS180

[08 3.42] MaH| AMZ[S-4]
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o <dE FA o0& Wi 2x=33)

AAe] Lxo wE s ss TA8] flstel HE 4] sk S 2 dHe] 55 5
Ak Ay ¥ 3107 o] yehdth EdX T 120 mE A43 S-19 A5 g e 1693
S Frshs oz Yo oju siE-Zdx %7 10709 T, dlEe 2571 3264 T, 4%
ZAA 2%7F 1702 CE Jehgth e 54 150 mE 443 S
@A) 2271 10601 C, g2 %7 3661 C, 45 Zdx9 £%7 1717 T2 Yeyth &
B FA 150 mE AEsta Ao WS B S-39] A s FAdA &7} 11217
T, B9 2%7F 418 C, 45 Z9A %71 1570 T2 Yebdth &8 57 180 mE A&
§F S-49] A s FWA RE7F 10741 C, A2 2571 2951 C, A E9A 257} 1140
T2 eyt Eg FAgES] 2k wE ysdss 24387 flsted 714

ZAYE W 255 AT 43 & 3109 2ol YEster, SYHE Fd wE JFE A4

_{

Thermo couple location S-1 () S-2 () S-3 () S-4 (TC)
Top Flange 170.2 171.7 157.0 114.0
Steel Web 3264 365.1 41.8 295.1
Bottom Flange 1070.9 1060.1 1121.7 1074.1
10 890.7 926.8 9745 996.0
20 '158.9 343.8 895.8 925.6
Concrete 30 648.8 800.3 812.0 884.2
40 564.5 830.3 730.2 744.6
50 470.0 858.0 652.5 666.6
Fire resistance (min) 169 180 180 180
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TIME (MIN)
(a) S-1
—Standard Temp 0 Actual Temp =S1 —+52 -S53 =S4
0 30 60 90 120 150 180
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(b) S-2




H

TEMPERUTURE (T)

TEMPERUTURE (T)

—Standard Temp 0O Actual Temp =+S1 —+52 53 +S4

e uin 1R Ly

0 30 60 90
TIME (MIN)
(c) S-3

120 150

—Standard Temp 0 Actual Temp =+S1 —-+S2 --S3 +S4

0 30 60 90

120 150 180

TIME (MIN)
(d) S-4
[12 3.43] HAM A8l AZN 12 B2 2c=21
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1400

1200

1000

800

600

400

200

1400

1200

1000

800

600

400

200

—Standard Temp O Actual Temp ®Cl1 +(C2 C3 +«(C4 =(C5H

0 30 60 90
TIME (MIN)
(a) S-1

120 150 180

—Standard Temp °O Actual Temp #Cl1 +—C2 - (C3 «(C4 =(C5

120 150 180

0 30 60 90
TIME (MIN)

(b) S-2

- 132 -



TEMPERUTURE (T)
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2 €12 FA &2 yFE A5 [N 5]

SYE FA D FAdY gt e o2 s ds AAs A3 1 3113 #o] S-12
1699 Watdss FHehs Aoz Yepdon, 52, 53, 54 BT 180 o] W=
g1 & 5 e Aog etk WS F53F 180% A S-19 4% -390.0 mn, ¥ EE 0]
-05 m/min= YWERgI, S-29 4% wWado] -2169 mm, WP EC] -05 m/min® YEFSA,
S-39] A% WdF -2037 mn, W ESl -01 m/min® YERFEOM S-4°] - I TFo] -
179.1 mn, B¥Eo] -0.3 m/min= YERSTH

<H 311> HAH 4B Uatds

. . . Displacement Rate of displacement | Fire resistance
Specimen Time (min) . .

(mm) (mm/min) (min)
60 -167.8 0.1

S-1 120 -197.3 -0.2 169
169 -390.0 -05
60 -1477 05

S-2 120 -169.9 -04 180
180 -216.9 -05
60 -1456 1.0

S-3 120 -1685 -14 180
180 -203.7 -0.1
60 -130.0 12

S—4 120 -150.5 0.0 180
180 -179.1 -0.3
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A4d sA7)E AF

L FAFS R s f#3712(CO/C02) A #4: FAEs £4
Folks B AZE 5% ol WY ¢ KATRACOC0) MEFES AFNE AS
Yz YA

2,033/7280 ppmo.2 H7IE A=), o= LHkAd . (27,761/99,400 ppm)2] 7%,
R (6412/22,960 ppm)9] 31%, PSIE Y B 34 B(2-Layer) (4,223/15,120 ppm)9] 47% TS24

a7k A Aol 53% o). .<i 312>

SE[=4)|12 352U

PSTrEYE PSTFEHE
2 ustgtys B0 BAH | .
= ===° wEE=c g4 stA K (2-Layer) A1 B (1-Layer)
e =
15 =M 29 29 19 9
(mm)
TN
, (L° ° 180 180 180 180
fEET
! ?J 0394 0.095 0.062 0.029
(m)
79 co? 30,811 7,429 4,848 2,268
JtAz
2)
) (oX 110,320 26,600 17,360 8,120
SH||7}A wMH|g 100% 23% 16% 7%
CEEREEY

1) Gavts dE Alde=ddr|gdTd 32 AlY

A|EI7]: 0.1(L)x0.1(W)x0.05(H) m
A& ZTL A|Cf CO 2HAHEF — 39.1 ppm, AT CO2 LM — 140 ppm

A0 Wy x2

2) A[E37| the| D520 T2 Rof7tx
3) AI™ 4 : ISO 19702:2006(Toxicity testing of effluent-Analysis of gases and vapours in fire effluents using

FTIP technology)
KS F ISO 5660-1:2008(%A H& Al®-G giF

<EZ=22|0/HE>)

(b) CO,

gkA H%I: _E_/;l

[02 3.46] SFoHItA 2



<H 3.13> dBEE 2O QoA MAS20 (B 1A J1F)
- wAedg | aia
= ﬁ]‘g“l‘”ﬂ QN O = B =)
R A =23 (ur) fraf ks AT A =
(mm) ,
(ppmy/m’) (ppm)
co 2 za 1 (302:272)8200<3-8,757,600 78,200 30811
800
o
120 <
o+ —
™ - ©
d [ -
a
D13@120 1 N
302
H-294*302*12*12 29mm & £ 1| =2
T—T T—T T—T T N E————(— — T—T T T T — —
B
00 ‘
<H 3.14> £8E20 429 KoiotA &&E20 (B 1L JIE)
- wNwgg | fans
o 557 = o =
A A =& H3 (or) fraf 7k S F A =
(mm) ]
(ppm/m') (ppm)
CcO 78,200 7429
29 Z WA (346+27%2)x8200=3,280,000
COq 280,000 26,600
800
$16_@100 | 236
o EU ('f‘c\) ° o] H (o] ° (o] ° (o] ° (o] g
a #10 @soo_u//. | I : b
1 \ 14 &
Deck | R
I o
- ’ \ \ 66
346
29mm £AOE H- 360*236*346*14*22
LRI E e PRI T S R R R R R T ST |
[\ e
i 8200 i
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<H 3.15> PSIIEAIE

St

2(2-Layer)2 SolIIA AEZH (B 1A JIF)

- SqaAg | wets
- SEES) . .
>3 ZA WA (ur) a7t S oA =
(mm) c
(ppm/m’) (ppm)
CO B 78,200 4,848
19 ZWA: (346+27%2)x8200=3,280,000
CO, 280,000 17,360
800
$16_@100 J,\ 236
v (f O\ ° (o] ﬁ o (o] Q ° o g
T —
a #10, @500_// \\ — 9
1 14 <
Deck | R
T ® 0 (@]
o | | L Les
346
19mm B IO|= H 360*236*346*14*22
= \‘ulw i; ‘LL777 —— = i ———— :,::j;: = ol Qo
‘ = \‘ "'@ T — —,;%:7 e —————— 7 | E == £ ! Q
. 8200 A
<H 3.16> 2 MEI|I=[PSIHEAE stdE(1-Layen 2 KolItA AE20 (B 1A JIF)
= ok fraf 7k
- SEERY N .
R A =ZHA (mr) a7k S A
(mm) -
(ppm/m’) (ppm)
CcO 78,200 2,268
9 Z WA (346+27%2)*x8200=3,280,000
COq 280,000 8,120
| 800
236
¢16_@100 \ |<——I
(o] "~ C?‘DX) [D o ﬁ o] DI o N o] ° o §
it ¢10_@5004///. AY —i 1
14 <
Deck | 2
T o ° &
7 || 1 s
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M
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3
o 7122 FAS U2 D
gl
o 9| XTIl SAS1169%1X] .
A
° & T:URAW, DRMEAI L
o
o T X185 X205
* 7| S:SRC
« 228 :DECK SLAB 2 ]
o FEE: OfSEEEA =1 |
T
o 2BEkA A AGD CHAKE | PSTIY o
Sl AjAgo|H D =
__ "_’; "—J;

[08 3.47] HARASE e ¥ X BHE

x'ﬂ

AFo] obd A7z gk CO, wiEde] H7lel gk &Q171d 2 A 39 7]#e] FA= <l
sto] =7} LCI (life-cycle inventory) Glo]E|#|o]2~ 17 348 7|dtste] zF gl CO, W& S

Ahae
fRENETeY
=27} LCI tlo|E{si|o| AR St INTRO  AlNME  @00MR  EeAOIE AJOIRE  ENGLISH

=27t LCI DB Bl oS5 TOTAL

LEI COJESHO| A SO ST E7 Il W 2 EAK, S BT, MT| B n ‘
AFEEUl WA PET LG dolEHH0IAS S| W BE - BARSE ] FHE WER=RIucE j“' i

Q
=7 LCi DB - BE A RENE=E HOME > 7121 L
- Bu U BB
Hasy f 14 -
O e g R — —— ]
o AHR
ol Fd ’.‘_4'1 SmAaa Il a2 N2y S L A (L IEE] ] t NEL
3, PR
LI-SEH ™ [13-butadiens, C4HE] 2003
L4~ ECIE [1,4-butanediol, HO(CHZ2)A0OH] (4/i2]
1E F@EUE AIME [Podland Cement_tvpe 1] 002
28 EWUWE AUE [Portland Cement_type 2] 2002
I E@EUNE AIME [Podland Cement_type 3] 2002
5% EWUE AIME [Porttand Cement_tvoe 5] 2002
FHE 4Ok [eaustic soda, NaOH] 003

2HI @ _90% [potassium hydroside, KOH=-90%]
PHES B 95% [potassium hydroxide, KOH-95%]

(08 3.48] :‘DP LCI HIOIE%HIOI I; ¢
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ARt hdFHE 0% 2 dFAM 483t CO, TAFE I A3t hdF
Wol CO, HIEU%S 3498 CO,-Ton/FUZR H71EQ=d, o= Aukgtdu el wlEa 2657
CO,-Ton/FUL.Z YEhFom 24%9] CO, A7re] 7Fs3st Aoz yehytt)

CO, A7 oAM= FAte] o] 8%+ ZF A5 (Material and Production), 2 A 552 A471=]¢]
&% (Transportation) “18]3L FA} (Construction)] ©AE 1333

FAAN dd7es 488 A A Aol 2 Co, TS oF 31 Ton( A7 a37F A&
Hag el 22 Aol

125 7% 349 ¥ 717 3509 JERNAS.

=
oX!
N
i
i)
N
rpN
ok
iRt
=
2
1o
Q
&
=
e
o2
1o

jud

- Y g -
g % = Wiaterial and Produ cBon Transporation Tonstroction
Funtional Unit (FU) : Building x 5 5 5 - 5E = i UM Decrement

ITEM Unit/FU_ | CO,-ka/Unit | CO-t/FU m 0, -ll;.-’Unit—hn 0D _-f/FU_| CO_-kg/Unit | CO_tH/FU | CO_AF/FU Ratio
H-steel(kg) Ema0n TaiE 284 =0 00288 [ 138 = am| a0k

Grder [Tendenlkg T EE [ i) )* 248 T R ] T B
Fire resistante Coverim s === &S = — 1T TIEE| 0%
H-steslihg) S5 i £ Te0|  aoe
Reinf FT 74 a 27 Qo
R T A - __34 ga’tﬂn___ B 30| o0%
Forms{m) [ 0|  oo%

Dreep-deckikg) — - —) 0 a -
qap | REnforcement (g =260 007 0 EE] S
Concrete(m) 1567 15182 5 1243 oo
Forms{m) EEET [ 0 sz| _ oow
SUM el 784 3458 oo
Total 0%

-~
- MHEH7IE -
" = . Waterial 2nd Producton Canstrudtion
Funtional Uit (FU) : Building ” - e T = e UM Decrement

TTEM UnityFU_ | CO_tf/Unit | CO_1f/FU O _-tf/Unit | COtF/FU_| CO_f/FU Ratia
H-steel(kg) =35 ] 138 & ] 6E

Grder [Tendenthg) ESid REEN 0 7 B
Fire resstance coverim] s i1 TI| e
H-steellkg) ] = . E L[ &%
Reinf orcement k) 2572 (‘ g 0 5 £33
Lok [Concretelm) E el 2 = £ 756 T
Formsien T S

Deep-deckii) ™ T BE =
stab Reinforcement k) 1BO%0 e a 43 1115
[Concretelm) To67 ar 37 1283] oo

Forms(m} 0 5100 1] 0 -
E 1554 | 575 2857 | 24.1%

[O& 3.49] 2 SHUA COg I:IH’CO*_J aljmi ( JF LCI CIOIEIHIOIA D1EH)

4,000

Construction
3,500 -
B Transportation

3,000 es % Material and Production

-~ ////

2,500

Co, 2 ZF (Co,-ton/FU)

1,000

500

0
Uyt MR-

[O& 3.50] 20kE CO, HHE22 Hlw (=Jt LCI GIOIEHIOIA D18



L W3tz 94 434 e

& 2 3 =AE A sHB
gAY 9 7&;‘ CHN I PR i o
Specimen TS ] o) % B12.7 deep—deck
DPSIZO - 1.3:0.8m, 45MPa | H-320%236%346 - 4EA 120 mm (Cap-deck
H%:0.392m %]4%22 Type)
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