
    



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank. 



i 

 

 

 
 

1  

1.1  .....................................................................................................  1 

1.2  ..............................................................  8 

1.2.1  .............................................  8 

1.2.2  ........................................................  9 

1.3  .................................................... 14 

1.3.1 Cardington Fire Tests ......................................................................... 14 

1.3.2 3 4  ............................... 16 

1.3.3  .................................................................. 18 

1.4  ........................................................... 21 

1.4.1  .................................................................................... 21 

1.4.2 CFT  .................................................................... 23 

1.4.3 RC  ................................................................................. 24 

1.4.4  ........................................................... 25 

1.5  ........................ 27 

1.5.1  ................................................................................ 27 

1.5.2 RC  ....................................................................... 28 

1.5.3  ........................................................ 30 

1.6  ............................................................................. 32 

1  ............................................................................ 36 



ii  
 

2 RC  

2.1  ..................................................................................................... 41 

2.2  ........................................................................................................ 44 

2.2.1  ........................................................................................... 44 

2.2.2  .............................................................................................. 47 

2.3  ............................................................................ 69 

2.4  ..................................................................................................... 73 

2.5  ..................................................................................................... 74 

2.5.1  ........................................................................................... 74 

2.5.2 RC  ..................................................................................... 76 

2.5.3  ........................................................................................... 78 

2.5.4 RC  ..................................................................................... 79 

2.5.5  ....................................................................................... 82 

2.5.6 RC  .......................................................................... 85 

2.5.7  .................................................................................... 87 

2.5.8  ................................................................................ 88 

2.5.9 RC  .......................................................................... 88 

2.6  ..................................................................................................... 89 

2.6.1  ........................................................................................... 89 

2.6.2 RC  ..................................................................................... 94 

2.6.3  ..................................................................................... 111 

2.6.4 RC  ............................................................................... 113 

2.6.5  .................................................................................. 120 

2.6.6  ..................................................................................... 122 

2.6.7  ......................................................................................... 128 

2.6.8  .................................................................................. 142 

2.6.9 RC  .............................................................. 153 

2.6.10  ............................................................................ 160 

 



 iii 
 

2.7  ................................................................................. 163 

2.7.1  ........................................................................... 163 

2.7.2  .............................................................................. 169 

2.7.3 RC  ..................................... 171 

2.8  ...................................................................................................... 177 

2  .......................................................................... 179 

 

3 RC  

3.1  ................................................................................................... 181 

3.2  ......................................................... 183 

3.2.1  ............................................................. 183 

3.2.2  ......................................................... 185 

3.2.3  ........................................................................... 188 

3.2.4  ............................................... 191 

3.3 RC  ................................................... 193 

3.3.1 RC  .......................................................... 193 

3.3.2 RC  ...................... 197 

3.4 RC  .......................... 200 

3.4.1 RC  ................ 200 

3.4.2 RC  ............................................ 202 

3.4.3  ............................................... 204 

3.5  ................................ 207 

3.6  ................................ 211 

3.7  ...................................................................................................... 215 

3  .......................................................................... 217 

 

4  

4.1  ................................................................................................... 219 

4.2  ......................... 221 



iv  
 

4.3  .............................................. 224 

4.4 .................................................. 234 

4.4.1 RC  ............ 234 

4.4.2  .................. 237 

4.4.3  ........................................... 243 

4.5  ...................................................................................................... 245 

4  .......................................................................... 247 

 

5  

5.1  .............................................................................................. 249 

5.2  ................................................................................................. 252 

 

A 

A.1  ................................................... 255 

 

 .................................................................................................................... 257 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

 
 

1.1  ....................  8 

1.2  ....................................................  9 

1.3  ...................................................................... 10 

1.4 17 26  ........................................................... 11 

1.5 WTC7  ..................................................................... 12 

1.6 WTC7  .............................................................................................. 12 

1.7 WTC7  ..................................................................... 13 

1.8 WTC7  ........................................................................ 13 

1.9 Cardington Fire Tests  ....................................... 15 

1.10 Cardington Fire Tests  ............................................................ 15 

1.11 Cardington Fire Tests  ....................................... 16 

1.12 Cardington Fire Tests  ..................... 16 

1.13 3 4  .......................................... 17 

1.14 3 4 1  ........................... 17 

1.15 3 4 3  ....... 18 

1.16  ....................................................... 19 

1.17  ......................................... 20 

1.18  .............................................................. 20 

1.19  ........................................................... 21 

1.20  ....................................................... 22 



vi  
 

1.21  ........................... 22 

1.22 CFT  .............................................. 23 

1.23 CFT  ............... 24 

1.24 RC  ........................... 25 

1.25 1/50 rad  ............................................... 26 

1.26  ...................................... 29 

1.27  ......................................... 29 

1.28  ................................................ 29 

1.29  ............................................. 31 

1.30  ...................................... 31 

1.31  ........................ 33 

 

2.1  ........................................................... 43 

2.2  .................................................................................... 44 

2.3  ..................................................................................................... 45 

2.4  ....................................................... 49 

2.5  ................................................................................ 50 

2.6 H400-1 H400-2  ........................ 53 

2.7 H600-1 H600-2  ........................ 56 

2.8 H400-1 H400-2  ........................... 59 

2.9 H600-1 H600-2  ........................... 64 

2.10  ....................................................................................... 69 

2.11  ............................................................................. 70 

2.12  ...................................................................... 72 

2.13 ISO 834  ............................................................................... 73 

2.14  .................................................................................... 74 

2.15  ................................................ 75 

2.16 RC  ................................................................ 76 

2.17 RC  ................................................................ 77 



 vii 
 

2.18 RC  .......................................... 77 

2.19  .................................................................................... 78 

2.20  .................................................................. 78 

2.21 RC  .............................................................................. 79 

2.22 RC  ............................................................ 80 

2.23  ................................................................................ 82 

2.24  ....................................................... 83 

2.25 RC  ................................................................... 85 

2.26 RC  .......................................... 86 

2.27  ...................................................................... 87 

2.28  .................................................... 87 

2.29 H400-1_  .................................................................................... 90 

2.30 H400-2_  .................................................................................... 91 

2.31 H600-1_  .................................................................................... 92 

2.32 H600-2_  .................................................................................... 93 

2.33 H400-1_RC  .............................................................................. 95 

2.34 H400-2_RC  .............................................................................. 99 

2.35 H600-1_RC  .............................................................................103 

2.36 H600-2_RC  .............................................................................107 

2.37  ..........................................................................................111 

2.38 A _RC _  ..................................................................114 

2.39 A _RC _  ..................................................................115 

2.40 F _RC _  ..................................................................117 

2.41 1 7 _RC _  .........................................................118 

2.42  ..........................................................................................121 

2.43 A _  .................................................................................123 

2.44 C _  ....................................................................................125 

2.45 F _  .................................................................................126 

2.46 H400-1_  ...................................................................................130 



viii  
 

2.47 H400-2_  ...................................................................................133 

2.48 H600-1_  ...................................................................................136 

2.49 H600-2_  ...................................................................................139 

2.50  ...................................................................................143 

2.51 H400-1_  ..........................................................145 

2.52 H400-2_  ..........................................................147 

2.53 H600-1_  ..........................................................149 

2.54 H600-2_  ..........................................................151 

2.55 H400-1_RC  ...............................155 

2.56 H400-2_RC  ...............................156 

2.57 H600-1_RC  ...............................157 

2.58 H600-2_RC  ...............................158 

2.59 H600-1_ RC  ...........................159 

2.60 H600-1_ RC  ...........................159 

2.61 H600-1_1 RC  ....................160 

2.62  ......................................................................................161 

2.63  .............................................................164 

2.64  ..........................165 

2.65 Eurocode 4  ...................167 

2.66  ...............................................179 

2.67  ..............................170 

2.68 12 10 6 K 1  ...............170 

2.69  ...............................................171 

2.70  ......................................................174 

2.71  .................................................................175 

2.72  ...................................................176 

 

3.1  ......................................................183 

3.2  .................................186 



 ix 
 

3.3  ............................................187 

3.4  ............................................189 

3.5  ..............................192 

3.6  .......................192 

3.7  ...............................................195 

3.8 H600-2_RC  ........................................................197 

3.9 RC 50  ..............................................198 

3.10 RC  ......................................................................199 

3.11 RC  .........................................................................201 

3.12 RC  ...............................................................203 

3.13 RC  .....................................203 

3.14  ...............................................205 

3.15  .....................................................................208 

3.16  ...................................................209 

3.17  ............................................212 

3.18 H600-2_  ..................................213 

3.19 H600-1_  ..................................214 

3.20  ...................................................214 

 

4.1  ........................................221 

4.2  ......................................................222 

4.3  .....................................................................224 

4.4  ............................................................................225 

4.5  .............................................................228 

4.6 RC .........................................230 

4.7  .................................................................230 

4.8  ..............................231 

4.9  .........232 

4.10  .......................233 



x  
 

4.11  ................233 

4.12 RC  ...............................................................235 

4.13  ...............................................235 

4.14 RC  .................236 

4.15  ...................................................................................237 

4.16 X  ................................................................238 

4.17 Y  ................................................................238 

4.18  ........................................................................239 

4.19 RC  ..............................240 

4.20  ...............................................241 

4.21  .............................................................241 

4.22  ...................................................242 

4.23  ...............................................243 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

1.1 CFT  .............................................. 24 

 

2.1  ........................................................................................... 46 

2.2  ............................................................................. 48 

2.3  ....................................................... 48 

2.4  ............................................................................. 48 

2.5 H400-1 H400-2  ........................ 51 

2.6 H600-1 H600-2  ........................ 52 

2.7  ....................................................................................... 89 

 

3.1  ...............................................................................212 

 

4.1  ................................................................ 226 

4.2  ............................................227 

4.3  ..........................................................229 

4.4  .....................................239 

4.5 RC  ................240 

4.6  ...................243 

 

 



xii  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank. 



1 

1  

 

 
 

1.1  

2001

2011

[1]

 

1



2     1.  
 

1923 1924

0.1 1978 3

[2,3] 1934

532 h40  kgf/m2  h  

3001 h60  kgf/m2 

1950

3001

1971 16m 4120 h  kgf/m2 

2000 [4]

[4] 2000

1959 1961

2000

 

1964

1 2 3 [5]



1.1.  3 
 

2000

12 1399

[6,7] 1964

[8] 2000

108 2

12 1433

[9]  

A

B

C

3

A

3  



4     1.  
 

4  

2000 38 38

38

1960 [10]

1961 1963

1970

20m 31m [11]

1964 1967 [12]

 

12 1399

15 3

30 3



1.1.  5 
 

90

 

300N/mm2

[13]

300

200 [14]

[15]



6     1.  
 

1960 [16]

 

RC RC

RC

[14]

[17]

FEM

[18] FEM

3 RBSM 3



1.1.  7 
 

150mm

RC 400mm 400mm

Anderberg [19]

[20] [21]

RC

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8     1.  
 

1.2  

1.2.1  

1.1

-P

P

Q

P Q H HQ

1.2

P

P  

 

 

 

 

 

 

 

 

 

 

 

1.1  

 
H

n+1_FL 

n_FL 

 

H
 

 

P

 

HQP
 

Q  



1.2.  9 
 

 
 
 
 
 
 
 
 
 
 
 

1.2  

 

1.2.2  

2005

1979

2005 2

[22]

5 32 1 106m

21 16

4 17

1.3 [22]  

17

1.4 RC

RC

1970

   

H

Q

Q

P

P

HQPM

M

P P

HQPM

M



10     1.  
 

16

17

17

17 [22]

100m

0.1 /

6.0m

15m

 

 

 
1.3 [22]  

 



1.2.  11 
 

 
1.4 17 26 [22]  

 

World Trade center 7 

(WTC7) 2001 9 1

World Trade Center 1, World Trade Center 2 (WTC1

WTC2) World Trade center 7 (WTC7) 

1.5 WTC1

WTC7 WTC7 47

WTC1 WTC2

 

(NIST) [23,24,25] 1.6

1.7

WTC7

1.8

 



12     1.  
 

 

1.5 WTC7 [25]  

 

 

1.6 WTC7 [23]  

 

 

 

 

 
 

 
 

 



1.2.  13 
 

 

 

 

1.7  WTC7 [23]  

 

 

 

1.8 WTC7 [23]  

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 



14     1.  
 

1.3  

1.3.1 Cardington Fire Tests 

1995 1997 (BRE: Building Research Establishment) 

Cardington 8 [26]

1.9

Test1 Test6

Test2 1.10

[26]

2

1.11 30

1.12

FEM [26]

2 RC

 



1.3.  15 
 

 
1.9 Cardington Fire Tests  

[26]  

 

 

 
 

1.10 Cardington Fire Tests [26]  

 
21m 

3m 

Test2 
 



16     1.  
 

 
1.11 Cardington Fire Tests  

[26]  

 

 

1.12 Cardington Fire Tests  

[26]  

 

1.3.2 3 4  

2000 1.13 3 4

[27] 1 2

[28] RC

1

RC

 



1.3.  17 
 

[28]

1.14 1 1.14

X 1 3

1.15

3 X

35

35

40 400

350

450 [15]

 

 

 
1.13 3 4 [27]  

 

 

1.14 3 4 1 [27]  



18     1.  
 

 

1.15 3 4 3  

[28]  

 

1.3.3  

RC

RC

RC

 

[29] RC

RC

RC [29]

1.16

12 10 6 K 1

RC

 

400  



1.3.  19 
 

 
1.16 [29]  

 

1.17

RC

RC

[29]

150 200

[30] [31]

250 1.18

12 10 6 K 1

 

 

 

 

 



20     1.  
 

 

1.17 [29]  

 

1.18  

 

 

 

 

 

 

 

 

 

0.00

0.50

1.00

1.50

2.00

2.50

Th
er
m
al
St
ra
in
(%

)

Temperature ( )

Euro 12



1.4.  21 
 

1.4  

1.4.1  

[32]

[33,34]

[34] 1.19 10mm 26mm

1.20

1.21

550

50

550

100

 

 
1.19 [34]  



22     1.  
 

 

 
1.20 [34]  

 

  
1.21  

[34]  

 

 

 

0.5 1/50
 

50  

0.5 1/25
 

100  



1.4.  23 
 

1.4.2 CFT  

CFT CFT

1 CFT

[35] CFT

CFT

[36]

1.22 CFT

CFT

1.1 [36] CFT

1

1.23

CFT

2 1/50 4

1/100 [36] CFT

 

 

 

 

 

 

 

 

 

 

1.22 CFT [36]  



24     1.  
 

1.1 CFT [36]  

 

 

 

 

 

 

 

 

 

 

 

 

1.23 CFT  

[36]  

 

1.4.3 RC  

RC

1/100 

1/50 



1.4.  25 
 

RC

[37] RC

RC

1.24 [37]

RC

RC

No.1 No.4 1/50 rad

RC

RC

RC

RC

 

 

 

 

 

 

 

 

 

1.24 RC  

[37]  

 

1.4.4  

1/50



26     1.  
 

1/50 rad [34]

1/50 rad [9]

1/50 rad 

1.25 1

12 10 6 K 1 450 [15]

4.0 15.0m 1/50 rad 

15 0m

550

1/50 rad 

 

 

 

 

 

 

 

 

 

 

1.25 1/50 rad  

 

4.0m 
15m

1/50



1.5.  27 
 

1.5  

1.5.1  

[38,39,40,41,42]

[43,44] FEM

 



28     1.  
 

1.5.2 RC  

RC RC

RC

RC

RC

RC

[45]

RC

RC

[28] RC 1.26

Usmani [46]

1.27

[47] 1.28 RC

RC

8

 

 



1.5.  29 
 

 

1.26 [28]  

 

 

1.27 [46]  

 

 

1.28 [47]  



30     1.  
 

1.5.3  

(1.1)

[9]  

 

S
TDP

1800020  (1.1) 

DPT  

S 2m  

 

12 10-6 K-1

S

80% 1/50 rad

[9] (1.1)

40% 1.29

 

 (1.1)

1.30

2

X



1.5.  31 
 

(1.1)

4.0m 4.0m

 

 

 
 
 
 
 
 
 
 
 

1.29  

 

 

 

 

 

 

 

 

 

1.30  

 

S

m0.4

nl il 1l

il 50
1

0.4
il

l
l

l
l

2lX

Y

1l 21 ll



32     1.  
 

1.6  

WTC7

15m

 

CFT RC

CFT

RC

 

1.31

RC

RC

RC



1.6.  33 
 

RC

RC

RC

 

 

 

 

 

 

 

 

 

 

 

 

 

1.31  

 

 

1.31

RC

 
 

 

RC  

 

 

 



34     1.  
 

RC

RC

 

 

 

1 5 5

 

1

1960

2000

 

2 RC

RC

RC

RC

 



1.6.  35 
 

3 RC

RC

RC RC

RC

 

4 3

 

5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36     1.  
 

[1] 2015 2015.2 

[2]   3 2014.12 

[3] 

 424 1991.6 

[4] 

 

130

No.657 pp.4 10 2007.10 

[5] 1981.7

[6] 20 2002.7 

[7] 

 369 2007.1 

[8] 

 2004.3 

[9] 

 

2001

2001.3 

[10] 

 

78 922  

pp.120 122 1963.2 

[11] 

 Vol.47 No.3 pp.211 216 2012.10 

[12] 1967.6 

[13] 

 

 

300N/mm2

1 RC

pp.103 104 2014.9 

[14] 2009 

[15] 2014.1 

  



1  37 
 

[16] 

 

89

p.218 1963.9 

[17] 

 pp.1393 1394 1992.8 

[18] 

 

 

3 RBSM

Vol.31 NO.1

pp.937 942 2009 

[19] 

 

 

 

Anderberg Y. and Thelandersson S.: Stress and Deformation Characteristics of 

Concrete at High Temperature 2. Experimental Investigation and Material Behaviour 

Model, Division of Structural Mechanics and Concrete Construction, Lund Institute of 

Technology, Bulletin No.54, Lund, Sweden, 1976 

[20] 

 

 

 

Vol.48B pp.149~154 2002.3 

[21] 

 

 

100 /mm2

75 648 pp.453~460 2010.2 

[22] 2005.1 

[23] 

 

National Institute of Standards and Technology : Structural Fire Response and 

Probable Collapse Sequence of World Trade Center Building 7,VOLUME1, 2008.11 

[24] 

 

National Institute of Standards and Technology : Structural Fire Response and 

Probable Collapse Sequence of World Trade Center Building 7,VOLUME2, 2008.11 

[25] 

 

National Institute of Standards and Technology : Final Report on the Collapse of 

World Trade Center Building 7, 2008.11 

[26] 

 

British steel plc, Swinden Technology Centre THE BEHAVIOUR OF MULTI-STOREY 

STEEL FRAMED BUILDINGS IN FIRE, 1999  

  

  



38     1.  
 

[27] 

 

 

3 4

1 1

vol.46B pp.747~757 2000 3  

[28] 

 595 pp.151~158 2005.9 

[29] 

 73 634 pp.2771~2278 2008.12 

[30] 

 

Eurocode4 Design of composite steel and concrete structures  

Part1-2: General rules structural fire design, BS EN1994-1-2:2005. 

[31] 4 1989.4 

[32] 

 395 pp.121~131 1989.1

[33] 

  Vol.49B pp.375~382 2003.3 

[34] 

 587 pp.205~212 2005.1 

[35] 

 

CFT  

2004.3 

[36] 

 

 

CFT

78 686 pp.885~894

2013.4 

[37] 

 

 

1 

77 679 pp.1463~1471 2012.9 

[38] 

 

 

 

1 A-2

pp.53 54 2011.8 

  



1  39 
 

[39] 

 

 

 

2 A-2

pp.55 56 2011.8 

[40] 

 

 

 

3 A-2

pp.57 58 2011.8 

[41] 

 

 

 

1 A-2

pp.203 204 2008.9 

[42] 

 

 

 

2 A-2

pp.205 206 2008.9 

[43] 

 A-2 pp.55 56 2004.8 

[44] 

 

3

A-2 pp.271 272 2003.9 

[45] 

 

Mamoru Kohno, Tomohito Okazaki: Performance Based Fire Engineering in Japan,  

International Journal of High-Rise Buildings, Vol 2, No.1, pp.23-30, 2013.3 

[46] 

 

The University of Edinburgh Behaviour of steel framed structures under fire 

conditions, MAIN REPORT, June 2000. 

[47] 

 

 

Jiro Takagi, Gregory G. Deierlein COLLAPSE PERFORMANCE ASSESSMENT OF 

STEEL-FRAMED BUILDINGS UNDER FIRES, Dissertation thesis, Stanford 

University, 2007.3 

 

 

 

 

 

 



40     1.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank. 



41 

2  

RC  

 
 

2.1  

1

RC

RC

RC

RC

RC

RC

 



42  2. RC  
 

[1]

 

RC

RC

RC

2.1

RC

[2]

RC

RC

 



2.1.  43 

 

 

(a)  

 

 

(b)  

2.1  

 

3.3m 
 

6.0m 



44  2. RC  
 

2.2  

2.2.1  
2.2 2.3

150mm RC RC

RC 16@200 h=100

2.1

4

RC

 

 

 

2.2  

RC  

 

 

 
4,880mm 

 
3,565mm 



2.2.  45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a)  

 

 

 

 

 

 

 

(b)  

2.3  

Y 

X   

   



46  2. RC  
 

 

 

 

 

 

 

 

 

 

 

 

(c)  

2.3  

 

2.1  

   

H400-1 H-400 200  8 13 1  

H400-2 H-400 200  8 13 2  

H600-1 H-600 200 11 17 1  

H600-2 H-600 200 11 17 2  

 

 SN490B 

 Fc27 

 

 

 

 

 

 

 

  



2.2.  47 

2.2.2  
590N/mm2

100MPa

Fc18 Fc27

RC 27N/mm2

SS400 490N/mm2 SM SN

520 

N/mm2 550 N/mm2

[3,4,5]

SN490B  

2.2 RC 2.3

2.4 2.4

2.5 RC

2.5 2.6 2.6 2.7 H H

800 100

2.8 2.9

JIS A 1113 JIS Z 2241

JIS G 0567  

 

 

 



48  2. RC  
 

2.2  

 
    
 27 18cm 20mm 

  
4.5%  0.30kg/m3  

 
 3.16 

 
    

  5mm  2.56 
  5mm 20mm 2.65 

AE 78R  
kg/m3  

     
327 180 835 917 3.60 

W/C  s/a  
55.0% 48.5% 

 

2.3  

 
 

( ) 
 

(%) (N/mm2) (N/mm2) 
H400-1 108 7.25 30.5 26.9 103 
H400-2 129 6.77 31.7 25.5 103 
H600-1 147 6.76 33.4 27.7 103 
H600-2 139 6.14 33.7 25.7 103 

 

2.4  

  
0.2%

(N/mm2) 
 

(N/mm2) 
 

105(N/mm2) (%) 
D10 SD295A 350 489 1.76 17.2 
D13 SD345 380 556 1.86 17.5 

 

 



2.2.  49 

 
(a) H400-1 108  

 
(b) H400-2 129  

 
(c) H600-1 147  

 
(d) H600-2 139  

 

2.4  

 

0

10

20

30

40

0 0.1 0.2 0.3 0.4

Co
m

pr
es

siv
e S

tre
ss

 
(M

Pa
)

Compressive Strain (%)

n1_H400 1

n2_H400 1
n3_H400 1

0

10

20

30

40

0 0.1 0.2 0.3 0.4

Co
m

pr
es

siv
e S

tre
ss

 
(M

Pa
)

Compressive Strain (%)

n1_H400 2

n2_H400 2

n3_H400 2

0

10

20

30

40

0 0.1 0.2 0.3 0.4

Co
m

pr
es

siv
e 

St
re

ss
 

(M
Pa

)

Compressive Strain (%)

n1_H600 1

n2_H600 1

n3_H600 1

0

10

20

30

40

0 0.1 0.2 0.3 0.4

Co
m

pr
es

siv
e S

tre
ss

 
(M

Pa
)

Compressive Strain (%)

n1_H600 2

n2_H600 2

n3_H600 2



50  2. RC  
 

 

 
(a) D10_SD295A 5%  

 
(b) D10_SD295A 1%  

 
(c) D13_SD325 5%  

 
(d) D13_SD325 1%  

2.5  

 

0

100

200

300

400

500

0 1 2 3 4 5

Te
nc

ile
 S

tre
ss

 (M
Pa

)

Tencile Strain (%)

D10_n1

D10_n2

D10_n3

0

100

200

300

400

500

0 0.2 0.4 0.6 0.8 1

Te
nc

ile
 S

tre
ss

 (M
Pa

)

Tencile Strain (%)

D10_n1

D10_n2

D10_n3

0

100

200

300

400

500

0 1 2 3 4 5

Te
nc

ile
 S

tre
ss

 (M
Pa

)

Tencile Strain (%)

D13_n1
D13_n2
D13_n3

0

100

200

300

400

500

0 0.2 0.4 0.6 0.8 1

Te
nc

ile
 S

tre
ss

 (M
Pa

)

Tencile Strain (%)

D13_n1
D13_n2
D13_n3



2.2.  51 

 

2.5 H400-1 H400-2  

 

 

0.2%  

(N/mm2) 

 

 

(N/mm2) 

 

(N/mm2) 
(%) (%) 

 

×105(N/mm2)

            

RT 
361 

361 
353 

352 
538 

538 
32.8 

33.8 
78.0 

77.5 
1.71 

1.85 
361 351 538 34.8 77.0 1.99 

100 
358 

348 
328 

332 
501 

502 
31.5 

31.5 
75.0 

74.7 
1.57 

1.71 
337 336 503 31.5 74.3 1.86 

200 
308 

314 
337 

344 
552 

559 
21.8 

21.7 
65.9 

65.1 
2.28 

2.30 
320 351 566 21.5 64.3 2.32 

300 
252 

258 
311 

316 
580 

584 
30.2 

28.2 
65.6 

65.1 
1.89 

1.81 
263 321 587 26.2 64.5 1.73 

400 
265 

265 
289 

291 
504 

503 
31.2 

30.0 
75.9 

77.5 
1.21 

1.38 
265 292 502 28.7 79.1 1.56 

500 
213 

214 
246 

245 
346 

346 
43.0 

40.2 
87.1 

87.7 
1.98 

1.62 
215 243 346 37.3 88.3 1.26 

600 
139 

139 
143 

142 
189 

188 
70.5 

63.9 
89.8 

89.8 
1.28 

1.34 
138 140 187 57.2 89.7 1.39 

700 
61 

62 
59 

59 
86 

87 
86.1 

82.1 
89.5 

92.6 
0.99 

0.65 
62 59 87 78.1 95.7 0.32 

800 
40 

40 
40 

40 
67 

66 
109.7

117.2
88.4 

89.2 
0.50 

0.46 
39 39 65 124.7 90.0 0.42 



52  2. RC  
 

2.6 H600-1 H600-2  

 

 

0.2%  

(N/mm2) 

 

 

(N/mm2) 

 

(N/mm2) 
(%) (%) 

 

×105(N/mm2)

            

RT 
372 

371 
359 

364 
547 

548 
32.8 

35.5 
76.6 

76.8 
1.71 

1.82 
370 368 549 38.2 77.0 1.94 

100 
335 

358 
332 

340 
512 

514 
33.2 

32.5 
75.3 

74.5 
1.85 

1.81 
381 348 516 31.7 73.6 1.77 

200 
320 

327 
352 

353 
574 

572 
20.5 

21.1 
65.0 

63.4 
1.68 

1.76 
334 354 569 21.7 61.7 1.83 

300 
269 

274 
336 

344 
596 

598 
28.3 

27.2 
64.5 

64.9 
1.77 

1.89 
278 351 600 26.0  65.2  2.00 

400 
268 

270 
303 

306 
514 

513 
32.7  

31.2 
78.4  

79.3 
1.73 

1.69 
271 308 511 29.7  80.1  1.66 

500 
226 

227 
260 

261 
354 

357 
31.7  

37.1 
81.7  

84.8 
1.57 

1.67 
227 261 360 42.5  87.8  1.76 

600 
143 

142 
146 

146 
193 

191 
52.1  

60.6 
79.7  

83.2 
1.92 

1.58 
140 145 189 69.0  86.6  1.24 

700 
62 

62 
59 

60 
88 

88 
81.8  

75.8 
94.7  

95.7 
0.83 

0.88 
62 60 87 69.8  96.6  0.92 

800 
39 

40 
40 

41 
68 

69 
125.7 

108.3
80.1 

82.6 
0.36 

0.40 
40 41 69 90.8 85.0 0.44 



2.2.  53 

 
(a)  

 

 

(b) 100  

 

 

(c) 200  

2.6  H400-1 H400-2  

 

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)



54  2. RC  
 

 

(d) 300  

 

 

(e) 400  

 

  

(f) 500  

2.6  H400-1 H400-2  

 

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)



2.2.  55 

 

 (g) 600  

 

 

(h) 700  

 

 

(i) 800  

2.6 H400-1 H400-2  

 

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)



56  2. RC  
 

 
(a)  

 

 

(b) 100  

 

 

(c) 200  

2.7  H600-1 H600-2  

 

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)



2.2.  57 

 

(d) 300  

 

 

(e) 400  

 

 

(f) 500  

2.7  H600-1 H600-2  

 

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)



58  2. RC  
 

 

 (g) 600  

 

 

(h) 700  

 

 

(i) 800  

2.7 H600-1 H600-2  

 

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)

St
re

ss
(N

/m
m

2 )

Strain (%)



2.2.  59 

H400-1 H400-2 

  

 

 

 

 

(a)  

 

H400-1 H400-2 

 100  

 

 

 

 

(b) 100  

2.8  H400-1 H400-2  

 



60  2. RC  
 

H400-1 H400-2 

 200  

 

 

 

 

(c) 200  

 

H400-1 H400-2 

 300  

 

 

 

 

(d) 300  

2.8  H400-1 H400-2  

 



2.2.  61 

H400-1 H400-2 

 400  

 

 

 

 

(e) 400  

 

H400-1 H400-2 

 500  

 

 

 

 

(f) 500  

2.8  H400-1 H400-2  

 



62  2. RC  
 

H400-1 H400-2 

 600  

 

 

 

 

(g) 600  

 

H400-1 H400-2 

 700  

 

 

 

 

(h) 700  

2.8  H400-1 H400-2  

 



2.2.  63 

H400-1 H400-2 

 800  

 

 

 

 

(i) 800  

2.8  H400-1 H400-2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64  2. RC  
 

H600-1 H600-2 

  

 

 

 

 

(a)  

 

H600-1 H600-2 

 100  

 

 

 

 

(b) 100  

2.9  H600-1 H600-2  

 



2.2.  65 

H600-1 H600-2 

 200  

 

 

 

 

(c) 200  

 

H600-1 H600-2 

 300  

 

 

 

 

(d) 300  

2.9  H600-1 H600-2  

 



66  2. RC  
 

H600-1 H600-2 

 400  

 

 

 

 

(e) 400  

 

H600-1 H600-2 

 500  

 

 

 

 

(f) 500  

2.9  H600-1 H600-2  

 



2.2.  67 

H600-1 H600-2 

 600  

 

 

 

 

(g) 600  

 

H600-1 H600-2 

 700  

 

 

 

 

(h) 700  

2.9  H600-1 H600-2  

 



68  2. RC  
 

H600-1 H600-2 

 800  

 

 

 

 

(i) 800  

2.9  H600-1 H600-2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.3.  69 

2.3  

2.10

RC

1 2.3 A 3 2.3 F 1 7

L 150 90 9 9

H 588 300 12 20 PC

t 9mm RC

RC 3

2.11  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.10  

 

 
2,950mm 

 

 

 

 
 

RC
 

5,100mm 

 

 RC

RC

 
3,300mm 

 RC



70  2. RC  
 

 

 

(a)  

 

 

(b)  

2.11  

( )  

 



2.3.  71 

 

 

(c)  

 

 

(d) RC 7  

2.11  

 

 



72  2. RC  
 

2.12

1 RC

RC

 

 

 

 

 

 

 

 

 

 

 

 

2.12  

 

 

 

 

 

 

 

 

 

 

RC  

 



2.4.  73 

2.4  

[2] 2.13 ISO 834

RC RC

[6]

1

2

 

 
 

 
2.13 ISO 834  

 

 

 

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300

Te
m

pe
ra

tu
re

 

Time min

2018log345 tT



74  2. RC  
 

2.5  

2.5.1  
2.14 B D 2

1 2 2

2 18 K 0.65mm

B C  

2.15  

 

 

 

 

 

 

 

 

 

(a)  

 

 

 

 

 

 

 

 

(b)  

2.14  

 

 

 

 
 

 

 
 

 
 

B D  

  



2.5.  75 

 

 

(a) H400-1  

 

 

(b) H400-1  

2.15  

 

 

 

 

 

 

B  C  

 

 

 



76  2. RC  
 

2.5.2 RC  
RC 2.16 6 2

7 1 2.17

30mm 6 78

K 0.65mm

50mm 2.18

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.16 RC  

Y  
X  

_0 150 

 

Y

X

 



2.5.  77 

 

 

 

2.17 RC  

 

(a)  

 

(b)  

2.18 RC  

  

 



78  2. RC  
 

2.5.3  
2.19

3

2.20

 

 

 

 

 

 

 

 

2.19  

 

 

2.20  

 

 

 

TF 
W 
BF 

VB_4A



2.5.  79 

2.5.4 RC  
RC 2.21

A 1 25mm

25mm 3 F 1 7

25mm  

2.22 RC  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.21 RC  

Y 

X

 

 

 

 
 

_ _T,B 
T 25mm
B 25mm

Y  
X  

VS_  



80  2. RC  
 

 

 

(a) A  

 

 

(b) F  

2.22 RC  

 

 



2.5.  81 

 

 

(c) 1  

 

 

(c)  

2.22 RC  

 

 



82  2. RC  
 

2.5.5  
2.23 C

F 3 2

2 2 12

FLK-2-11

80 5%

 

2.24  

 

 

 

 

 

 

 

 

(a)  

 

 

 

 

 

 

 

(b)  

2.23  

 

 

 

 

 



2.5.  83 

 

 

(a) C  

 

 

(b) F  

2.24  

 

 

 

C  

 

 

F  

 

 

 



84  2. RC  
 

 

 

(c)  

2.24  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.5.  85 

2.5.6 RC  
RC 2.25 F

XY XY

FLK-2-11

80 5%

 

2.26  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

X  
 

Y  

_ _ 1,2 

 
 

U D  
 Y

X

1 2

1

2

Y

X

2.25 RC  



86  2. RC  
 

 

2.26 RC  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.5.  87 

2.5.7  
2.27

FLK-2-11 80 5%

 

2.28  

 

 

 

 

 

 

 

 

2.27  

 

 

2.28  

 

ST AO ST AI ST CO ST CI ST FO ST FI 



88  2. RC  
 

2.5.8  

RC

RC 3

RC

RC

 

 

2.5.9 RC  
RC

RC

 

 

 

 



2.6.       89 

2.6  

2.6.1  

2.7 H400-1

72

A

B D 2

A 1

2.29 2.32

200

RC

ALC

[6]

 

 

2.7  

  ( )  ( ) 

H400-1  72  

H400-2 213 216 

H600-1 136 288 

H600-2 219 288 



90  2. RC  
 

(a) A  

(b) B  

(c) D  

2.29 H400-1_  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_A

W_A

BF_A

Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_B_ave

W_B_ave

BF_B_ave

Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_D_ave

W_D_ave

BF_D_ave

Heating Temp



2.6.       91 

(a) A  

(b) B  

(c) D  

2.30 H400-2_  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_A

W_A

BF_A

Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_B_ave

W_B_ave

BF_B_ave

Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_D_ave
W_D_ave
BF_D_ave
Heating Temp



92  2. RC  
 

(a) A  

(b) B  

(c) D  

2.31 H600-1_  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_A

W_A

BF_A

Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_B_ave
W_B_ave
BF_B_ave
Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_D_ave
W_D_ave
BF_D_ave
Heating Temp



2.6.       93 

(a) A  

(b) B  

(c) D  

2.32 H600-2_  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_A

W_A

BF_A

Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_B_ave
W_B_ave
BF_B_ave
Heating Temp

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

TF_D_ave
W_D_ave
BF_D_ave
Heating Temp



94  2. RC  
 

2.6.2 RC  

RC 2.33 2.36

2.16 3B 3D 5B 5D RC

RC

100 150mm

RC [7,8] RC

100 [7.8]

[7,8] RC 5%~6%

6%~7%

2.16 4B 4D

RC

1 H400-1 H600-1

2 H400-2 H600-2

H400-2 H600-1 H600-2

RC

2.16 1B 1D 3F 5F 7B 7D

RC 100

3F 5F

1B 1D 7B 7D  

 

 



2.6.       95 

(a) 1B  

(b) 1D  

(c) 3B  

2.33 H400-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1B_0 1B_30 1B_60

1B_90 1B_120 1B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1D_0 1D_30 1D_60

1D_90 1D_120 1D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3B_0 3B_30 3B_60

3B_90 3B_120 3B_150



96  2. RC  
 

(d) 3D  

(e) 3F  

(f) 4B  

2.33 H400-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3D_0 3D_30 3D_60

3D_90 3D_120 3D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3F_0 3F_30 3F_60

3F_90 3F_120 3F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4B_0 4B_30 4B_60

4B_90 4B_120 4B_150



2.6.       97 

(g) 4D  

(h) 5B  

(i) 5D  

2.33 H400-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4D_0 4D_30 4D_60

4D_90 4D_120 4D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5B_0 5B_30 5B_60

5B_90 5B_120 5B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5D_0 5D_30 5D_60

5D_90 5D_120 5D_150



98  2. RC  
 

(j) 5F  

(k) 7B  

(l) 7D  

2.33 H400-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5F_0 5F_30 5F_60

5F_90 5F_120 5F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7B_0 7B_30 7B_60

7B_90 7B_120 7B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7D_0 7D_30 7D_60

7D_90 7D_120 7D_150



2.6.       99 

(a) 1B  

(b) 1D  

(c) 3B  

2.34 H400-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1B_0 1B_30 1B_60

1B_90 1B_120 1B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1D_0 1D_30 1D_60

1D_90 1D_120 1D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3B_0 3B_30 3B_60

3B_90 3B_120 3B_150



100  2. RC  
 

(d) 3D  

(e) 3F  

(f) 4B  

2.34 H400-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3D_0 3D_30 3D_60

3D_90 3D_120 3D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3F_0 3F_30 3F_60

3F_90 3F_120 3F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4B_0 4B_30 4B_60

4B_90 4B_120 4B_150



2.6.       101 

(g) 4D  

(h) 5B  

(i) 5D  

2.34 H400-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4D_0 4D_30 4D_60

4D_90 4D_120 4D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5B_0 5B_30 5B_60

5B_90 5B_120 5B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5D_0 5D_30 5D_60

5D_90 5D_120 5D_150



102  2. RC  
 

(j) 5F  

(k) 7B  

(l) 7D  

2.34 H400-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe
ra
tu
re

(
)

Time (min)

5F_0 5F_30 5F_60

5F_90 5F_120 5F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7B_0 7B_30 7B_60

7B_90 7B_120 7B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7D_0 7D_30 7D_60

7D_90 7D_120 7D_150



2.6.       103 

(a) 1B  

(b) 1D  

(c) 3B  

2.35 H600-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1B_0 1B_30 1B_60

1B_90 1B_120 1B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1D_0 1D_30 1D_60

1D_90 1D_120 1D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3B_0 3B_30 3B_60

3B_90 3B_120 3B_150



104  2. RC  
 

(d) 3D  

(e) 3F  

(f) 4B  

2.35 H600-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3D_0 3D_30 3D_60

3D_90 3D_120 3D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3F_0 3F_30 3F_60

3F_90 3F_120 3F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4B_0 4B_30 4B_60

4B_90 4B_120 4B_150



2.6.       105 

(g) 4D  

(h) 5B  

(i) 5D  

2.35 H600-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4D_0 4D_30 4D_60

4D_90 4D_120 4D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5B_0 5B_30 5B_60

5B_90 5B_120 5B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5D_0 5D_30 5D_60

5D_90 5D_120 5D_150



106  2. RC  
 

(j) 5F  

(k) 7B  

(l) 7D  

2.35 H600-1_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe
ra
tu
re

(
)

Time (min)

5F_0 5F_30 5F_60

5F_90 5F_120 5F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7B_0 7B_30 7B_60

7B_90 7B_120 7B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7D_0 7D_30 7D_60

7D_90 7D_120 7D_150



2.6.       107 

(a) 1B  

(b) 1D  

(c) 3B  

2.36 H600-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1B_0 1B_30 1B_60

1B_90 1B_120 1B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

1D_0 1D_30 1D_60

1D_90 1D_120 1D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3B_0 3B_30 3B_60

3B_90 3B_120 3B_150



108  2. RC  
 

(d) 3D  

(e) 3F  

(f) 4B  

2.36 H600-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3D_0 3D_30 3D_60

3D_90 3D_120 3D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

3F_0 3F_30 3F_60

3F_90 3F_120 3F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4B_0 4B_30 4B_60

4B_90 4B_120 4B_150



2.6.       109 

(g) 4D  

(h) 5B  

(i) 5D  

2.36 H600-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

4D_0 4D_30 4D_60

4D_90 4D_120 4D_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5B_0 5B_30 5B_60

5B_90 5B_120 5B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

5D_0 5D_30 5D_60

5D_90 5D_120 5D_150



110  2. RC  
 

(j) 5F  

(k) 7B  

(l) 7D  

2.36 H600-2_RC  

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe
ra
tu
re

(
)

Time (min)

5F_0 5F_30 5F_60

5F_90 5F_120 5F_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7B_0 7B_30 7B_60

7B_90 7B_120 7B_150

0

200

400

600

800

1000

1200

1400

0 60 120 180 240 300 360 420

Te
m
pe

ra
tu
re

(
)

Time (min)

7D_0 7D_30 7D_60

7D_90 7D_120 7D_150



2.6.       111 

2.6.3  

A

2.37 1

H400-1 H600-1

30

H400-1

H600-1

200

2

H400-2 H600-2

45 1

1

190 210

1

 

 

(a) H400-1 

2.37  

0

10

20

30

40

50

60

0 60 120 180 240 300 360 420

Ho
riz
on

ta
lD

isp
la
ce
m
en

t
(m

m
)

Time (min)

TF_exp W_exp BF_exp



112  2. RC  
 

(b) H400-2 

(c) H600-1 

(d) H600-2 

2.37  

0

10

20

30

40

50

60

0 60 120 180 240 300 360 420

Ho
riz
on

ta
lD

isp
la
ce
m
en

t(
m
m
)

Time (min)

TF_exp W_exp BF_exp

0

10

20

30

40

50

60

0 60 120 180 240 300 360 420

Ho
riz
on

ta
lD

isp
la
ce
m
en
t
(m

m
)

Time (min)

TF_exp W_exp BF_exp

0

10

20

30

40

50

60

0 60 120 180 240 300 360 420

Ho
riz
on

ta
lD

isp
la
ce
m
en

t
(m

m
)

Time (min)

TF_exp W_exp BF_exp



2.6.       113 

2.6.4 RC  
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(c) H600-1 

(d) H600-2 
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(c) H600-1 
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