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2006 CNR IVALSA 3 CLT
2007 7 CLT

CLT
CLT 27)-28) 29) CLT

 
27) CNR IVALSA 3 CLT

CLT CLT
4%~5%  

28) CLT 7 CLT CLT
29) 7 CLT

 
30) M24

 
31) CLT 1m 2m 3m 3 0kN/m 15kN/m 30 

kN/m

 
32) M24 2 CLT

CLT
 

33) CLT
1 CLT

 
34) CLT 2 CLT

2
 

35) M27 5 5 CLT
CLT

 
36) M27 5 5 CLT

 



12 
 

37) 1m 3m CLT JAS Mx60 5
5 1P 4P

1P
4P 80% 115%

 
38) 2 CLT CLT

CLT  
39) CLT

CLT
CLT

 
CLT

CLT
CLT
40) 41) 42)  

43) 44) 45) 46)

CLT

47) 48) 49) 50) CLT
51) CLT

CLT
 

52) 53) 54) 55)

CLT  
 
  



13 
 

3 CLT  
CLT

CLT
CLT CLT  

3.1 CLT  

CLT
CLT

 

3.1.1  
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3.1.2  

3.1.2 A1 AG-1 ( )
A2 B1 B2 500 kN [IPU-20-/50R-B43]

SDP-100C 100 mm A2 B1 B2
CDP-25 25 mm 80 mm

100 mm 2 mm/min 10 mm
80% 56)

20  
C1 C2

 
 

 
  

3.1.2  
3.1.1 CLT  

 
  

kg/m3 kN/mm2 kg/m3 kN/mm2 kg/m3 kN/mm2 kg/m3 kN/mm2 kg/m3 kN/mm2 kg/m3 kN/mm2

1 313 5.72 308 5.41 310 5.49 312 5.57 312 5.40 315 5.57
2 377 5.25 382 5.42 379 5.33 380 5.38 386 5.35 377 5.37
3 316 6.32 301 6.26 308 6.29 308 6.34 312 6.32 309 6.40
4 345 6.45 344 6.41 344 6.44 344 6.42 343 6.42 344 6.47
5 369 6.62 374 6.58 370 6.55 372 6.69 374 6.57 371 6.74
6 403 6.48 403 6.38 401 6.50 402 6.41 399 6.55 403 6.34
7 309 7.27 311 7.55 306 7.35 309 7.42 309 7.35 307 7.39
8 343 7.43 341 7.32 341 7.40 341 7.33 340 7.40 341 7.33
9 366 7.55 367 7.48 365 7.46 366 7.45 365 7.37 366 7.45
10 401 7.46 399 7.98 400 7.36 400 7.36 397 7.30 400 7.36
11 310 7.92 307 8.31 308 8.09 307 8.11 306 8.13 306 8.04
12 340 8.41 339 8.28 339 8.30 339 8.32 340 8.25 339 8.28
13 369 8.01 373 8.38 370 8.16 370 8.22 371 8.31 370 8.19
14 393 7.96 398 8.04 394 8.04 397 8.07 400 8.20 396 8.14
15 354 9.38 353 9.20 354 9.33 352 9.22 355 9.26 351 9.09
16 397 10.25 389 9.21 391 9.24 391 9.26 388 9.06 391 9.24
17 374 10.32 371 10.13 371 10.32 372 10.24 370 10.33 372 10.25
18 420 10.34 413 10.48 415 10.46 417 10.40 416 10.50 414 10.37
19 386 10.87 392 11.51 390 11.27 387 11.19 391 11.56 385 11.07
20 430 11.54 428 12.49 427 11.93 431 12.01 431 11.84 434 11.93

C2A1 A2 B1 B2 C1
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 3.1.3  

3.1.3 CLT
B1 B2

 
CLT 3.1 (3.2) (3.3)

3.1.3  
PCLT FC//A// FC A    (3.1) 

FC// N/mm2  
FC// = 0.1ρ+ 0.378   (3.2) 
FC : N/mm2  
FC 0.024ρ - 1.661   (3.3) 
A// mm2 A mm2  
ρ kg/m3  

3.1.4 (3.1)
 

3 CLT
C1 C2

3.1.5 C1
1.82 N/mm2 C2 1.53 N/mm2 2

(3.4)  
Frs= 0.00495ρ - 0.133   (3.4) 

Frs: (N/mm2) ρ (kg/m3)  
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2 mm/min

CLT  
 

 
CLT-P  

 
CLT-I  

3.2.4  
 



21 
 

3.2.3  

CLT 3.2.5
3.2.1  

(a). (b).
(c). (d).

(e).
(f).  

  

(a).  
 (CLT-P) 

 (d).
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3.2.1 CLT  

 
 

  

P max P max

kg/m3 kN a b c kg/m3 kN d e f
1 419 47.51 1 401 64.69
2 398 42.98 2 407 83.31
3 397 51.05 3 387 75.33
4 392 48.12 4 390 63.50
5 392 40.17 5 395 64.11
6 408 46.90 6 402 69.81

AVE 401 46.12 AVE 397 70.12
SD 10.80 3.90 SD 7.82 7.88

COV 0.03 0.08 COV 0.02 0.11
1 402 103.34 1 387 127.88
2 394 95.88 2 393 133.63
3 414 113.47 3 374 145.73
4 396 109.32 4 386 136.32
5 401 102.32 5 388 138.15
6 404 92.71 6 394 135.97

AVE 402 102.84 AVE 387 136.28
SD 6.84 7.83 SD 6.92 5.84

COV 0.02 0.08 COV 0.02 0.04
1 432 160.75 1 397 199.09
2 392 124.64 2 401 202.15
3 384 163.64 3 414 198.00
4 405 167.94 4 416 207.83
5 399 165.88 5 394 190.43
6 406 166.48 6 396 196.91

AVE 403 158.22 AVE 403 199.07
SD 16.53 16.64 SD 9.69 5.77

COV 0.04 0.11 COV 0.02 0.03
1 404 158.54 1 388 214.16
2 424 183.25 2 399 198.51
3 413 174.67 3 416 214.01
4 418 180.66 4 418 204.56
5 408 166.59 5 416 194.72
6 390 180.16 6 418 195.36

AVE 410 173.98 AVE 409 203.55
SD 11.83 9.61 SD 12.52 8.87

COV 0.03 0.06 COV 0.03 0.04

CLT-ICLT-P

110

440

110

220

330

220

330

440
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CLT-P (a) (b)
(c) CLT-I 110 mm 220 mm

(d) 330 mm (e) (f)
440 mm (f) (f)

CLT

 
CLT 3.2.6

3.2.7 330 mm
330 mm

CLT-I 330 mm 440 mm
2

CLT-I CLT-P  
CLT-P

1.80~2.18 MPa (3) 7.94 N/mm2

1.69~1.89 MPa
(3.4) 1.85 MPa( 400 kg/m3)  

 

  

3.2.6 CLT - CLT-P CLT-I  
  

 
  



24 
 

  

  

  

3.2.6 CLT - CLT-P CLT-I  
 

 
3.2.7  
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3.2.4 CLT  

CLT
 

M20-SCM435  
 

785 N/mm2  184.87 kN 
930 N/mm2  219.02 kN 

Pt-bolt 219.02 kN 
400kg/m3  

(3.2) Fc// =40.38 N/mm2 
(3.3) Fc  =7.94 N/mm2 

(3.1) PCLT = 266.19 kN 
400 kg/m3  

(3.4) Frs =1.85 N/mm2 
3.2.4.1 CLT-P  

CLT-P (Pu-P) (3.5) CLT-P
(Pshear-P)

(PCLT)
(Pt-bolt) CLT-P

 
Pu-P = min{ Pshear-P  PCLT  Pt-bolt } (3.5) 
Pshear-P = SCLT-P×Frs   (3.6) 

SCLT-P b h 2 b :  (110 mm) h : 
 : 3.2.8  

(3.5) Pu-P Pmax 3.2.2
Pu-P Pshear-P CLT-P  
3.2.4.2 CLT-I  

CLT-I (Pu-I) (3.7) CLT-I

(PCLT) (Pt-bolt)
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(Pshear-I)
3.2.8  

Pu-I =min{ Pshear-I  PCLT  Pt-bolt }  (3.7) 
Pshear-I = SCLT-I×Frs   (3.8) 

SCLT-I (a+b) h/2 2 a :  (100 mm)
b : (220 mm) h : : 3.2.8  

(3.7) Pu-I Pmax 3.2.3
CLT-I 330 mm Pshear-I

440 mm Pt-bolt 200 kN

25%

 
3.2.2 Pu-P  3.2.3 Pu-I  

 

h Pshear-P PCLT Pt-bolt Pu-P Pmax 

(mm) (kN) (kN) (kN) (kN) (kN)

110 44.77 266.19 219.02 44.77 46.12

220 89.54 266.19 219.02 89.54 102.84

330 134.31 266.19 219.02 134.31 158.22

440 179.08 266.19 219.02 179.08 176.98
 

h Pshear-I PCLT Pt-bolt Pu-I Pmax 

(mm) (kN) (kN) (kN) (kN) (kN) 

110 65.12 266.19 219.02 65.12 70.12 

220 130.24 266.19 219.02 130.24 136.28 

330 195.36 266.19 219.02 195.36 199.07 

440 260.48 266.19 219.02 219.02 203.55 

 

CLT-P   CLT-I 
3.2.8  
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3.3  

FEM
 

FEM CASTEM DMT
CEA

 

3.3.1  

2 3 3.3.1 3.3.1
3.3.2 CLT-P CLT-I 5 5 mm

30 mm 15 mm ( 4 mm) 1/2
2 X Y FEM 4 1

5 5 5 mm X Y Z 2
3 3

30 mm Z 15 mm
Z  

3.3.3

220 mm 330 mm 440 mm 2 Y 3
Z

 
3.3.1  

2  
 

(MPa) (MPa) 

X  Y  XY  

 425 8500 400 

 8500 425 400 

 

3  
 

(MPa) (MPa) 

X  Y  Z  XY  YZ  XZ  

 425 425 8500 400 100 400 

 8500 425 425 400 100 400 
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30mm 15mm 4mm CLT-P-220 30mm 15mm 4mm CLT-I-220 

  
30mm 15mm 4mm CLT-P-330 30mm 15mm 4mm CLT-I-330 

  
30mm 15mm 4mm CLT-P-440 30mm 15mm 4mm CLT-I-440 

3.3.1 2  
 
  



29 
 

  
30mm 15mm CLT-P-220 30mm 15mm CLT-I-220 

  
30mm 15mm CLT-P-330 30mm 15mm CLT-I-330 

  
30mm 15mm CLT-P-440 30mm 15mm CLT-I-440 

3.3.2 3  
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2 5 5 3 5×5×5  

 
CLT-P CLT-I CLT-P CLT-I 

2 3  
3.3.3  
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3.3.2  

2 3.3.4
 

  

  

  

3.3.4 2  
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3 3.3.5 CLT-P CLT-I
3.3.6 CLT-I

3.3.7 CLT-I 3.3.8
CLT-I 43.47 MPa

220 mm 330 mm
440 mm  

 
 

 

  
CLT-P  

 

 
 

 

 

  
CLT-I  

3.3.5 3  
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3.3.6 220 mm  

 
3.3.7 CLT-I  

 
3.3.8 CLT-I  
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3.4 ABR490 M16  

611 1 CLT
ABR490 JIS B 1220 M16

40 cm
86kN CLT

ABR490-M16  

3.4.1  

3.4.1 ABR490 M16 580 mm 57)  

3.4.2  

3.4.2 20 65% AG-
1 250 kN ABR490-M16

30 58)

250 kN
ABR490-M16

 

 

3.4.1 M16  

     
3.4.2  

  



35 
 

3.4.3  

3.4.3 3.4.4
3.4.1  

3.4.3
 

ABR490-M16 1 57 
kN 53 kN 97 kN 95 kN 90 kN
88 kN  
 

  

3.4.3  
 

 
3.4.4 ABR490 M16  

 
  

580mm M16  

M16  
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3.4.1  

 

P max D max P y D y P u D u K
kN mm kN mm kN mm kN/mm

1 97.35 73.54 56.48 3.01 89.95 95.14 18.78
2 97.66 75.50 55.27 2.95 89.83 91.27 18.74
3 95.99 73.15 57.17 2.91 88.13 86.82 19.62
4 96.95 74.95 58.43 2.83 89.81 100.26 20.68
5 96.34 79.42 57.43 2.70 88.65 93.16 21.27
6 99.09 79.87 53.28 4.14 91.72 93.91 12.88
7 98.27 78.51 54.61 2.74 90.45 91.46 19.94
8 97.63 81.16 57.30 2.60 90.36 99.97 22.02
9 98.83 76.13 55.41 2.98 91.30 89.81 18.60

10 95.92 78.32 58.86 2.51 88.60 96.20 23.42
11 97.42 74.17 57.09 2.36 89.80 92.96 24.19
12 98.10 75.30 54.75 2.55 90.32 90.47 21.47
13 97.17 76.97 56.61 2.98 89.29 91.14 18.99
14 97.43 74.74 56.27 2.40 89.68 92.60 23.45
15 96.35 79.72 58.44 2.44 89.26 100.39 23.97
16 97.34 76.17 54.34 2.40 89.61 92.81 22.67
17 98.52 77.40 54.99 2.58 90.90 92.55 21.28
18 98.38 73.78 54.78 2.60 90.57 88.94 21.04
19 96.83 76.90 55.94 2.37 89.25 92.71 23.58
20 96.23 81.22 57.47 2.64 89.23 98.83 21.76
21 95.98 76.70 58.04 2.54 88.56 93.95 22.82
22 97.26 79.71 56.48 2.51 89.69 93.88 22.51
23 97.05 76.28 58.53 2.32 89.56 95.08 25.26
24 95.78 75.55 59.80 2.33 88.66 98.63 25.69
25 95.74 80.67 59.49 2.35 89.11 106.16 25.35
26 97.58 75.14 54.64 2.43 90.08 92.57 22.51
27 96.95 75.00 55.98 2.35 89.55 95.17 23.79
28 97.30 78.74 57.24 2.39 89.81 94.26 23.93
29 98.22 77.36 54.60 2.86 91.06 96.39 19.12
ave 97.23 76.97 56.54 2.65 89.75 94.40 21.70
SD 0.93 2.36 1.70 0.36 0.86 4.05 2.70
cov 0.01 0.03 0.03 0.14 0.01 0.04 0.12

95.05 71.45 52.58 1.80 87.75 84.94 15.40
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3.5  

59) 8 CLT
TBA-65 1 5.47 kN

ABR490-M16
CLT  

3.5.1  

U 3.5.1 3.5.2 3.5.1
345 mm 800 mm 90 mm

CLT JAS Mx60-3-3 10.4% 410 
kg/m3  
 

 

TBA-65 

 
 

3.5.1 U  
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3.5.2 3 3 CLT  
 

3.5.1  

 
  Gpa  

% kg/m3    

1 11.4 416 

6.0 3.0 8.0 

2 10.8 420 

3 9.6 411 

4 10.7 408 

5 10.2 405 

6 9.8 402 

AVE. 10.4 410 
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3.5.2  

3.5.3 20 65%
AG-1  

M16 SCM435 10.9 6
U 4.5 mm M16

SCM435 10.9 2
250 kN CLT SDP-

100C 100 mm
59) 1

6.9 kN 5.3 kN 16 84.8 kN
6 2 

mm/min 80%  
 

  
3.5.3  
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3.5.3  

3.5.4 60) -
Pmax Dmax 0.1Pmax

0.4Pmax 0.4Pmax 0.9Pmax

Py X
Dy Dy Py

K 0.8 Pmax

Du X Du S
Du X X S

X
Pu Dv

Du/Dv Ds  
 

 
3.5.4  

 

  



41 
 

3.5.4  

3.5.5 16 CLT
 

8 16 3.5.6 3.5.7
1 3.5.1 3.5.2  

2 1.8 1.6
1.8 2.2 16 CLT

 
ABR490-M16 1 57 kN 53 kN

97 kN 95 kN 90 kN 88 kN
16 53 kN 44 kN 108 kN 94 kN

101 kN 88 kN  
ABR490-M16

CLT ABR-M16
16

 
 

 
3.5.5  
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3.5.6 8 -  

 
3.5.7 16 -  
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3.5.1 8 1  

 
 

3.5.2 16 1  

 
 
  

P max D max P y D y P u D u K
kN mm kN mm kN mm kN/mm

V8T1 6.75 1.26 3.98 0.31 6.36 0.50 1.60
V8T2 6.80 1.02 3.89 0.24 6.43 0.39 2.05
V8T3 7.28 1.27 4.12 0.27 6.91 0.45 1.90
V8T4 8.80 1.05 4.86 0.32 8.16 0.54 1.90
V8T5 6.78 1.03 4.14 0.34 6.51 0.53 1.54
V8T6 7.65 1.02 4.28 0.29 7.19 0.49 1.82
AVE 7.34 1.11 4.21 0.29 6.93 0.48 1.80
SD 0.80 0.12 0.34 0.04 0.68 0.05 0.20

COV 0.11 0.11 0.08 0.12 0.10 0.11 0.11
5.48 0.82 3.41 0.21 5.34 0.36 1.34

P max D max P y D y P u D u K
kN mm kN mm kN mm kN/mm

V16T1 6.52 1.19 3.16 0.10 6.20 2.24 2.06
V16T2 6.83 0.59 3.36 0.07 6.25 1.74 3.08
V16T3 6.62 1.42 3.03 0.09 6.17 2.33 2.01
V16T4 7.48 0.87 3.75 0.18 7.13 1.85 1.33
V16T5 6.67 1.24 3.23 0.14 6.27 2.38 1.45
V16T6 6.50 1.18 3.40 0.12 6.17 2.20 1.71
AVE 6.77 1.08 3.32 0.12 6.36 2.12 1.94
SD 0.37 0.30 0.25 0.04 0.38 0.26 0.63

COV 0.05 0.28 0.07 0.33 0.06 0.12 0.32
5.91 0.38 2.74 0.03 5.49 1.50 0.47
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3.6  

1  CLT
CLT

CLT

 
2  CLT-P CLT-I 330 mm

330 mm
 

3  CLT-I 440 mm

 
4  3 CLT

 
5  

 
6  

ABR-M16
16
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4 CLT  

CLT CLT
 

4.1  

4.1.1 4.1.2 4.1.1
1P CLT 1000 mm 3000 mm 90 mm 3 3

CLT JAS Mx 60-3-3 A 10.4 %
410 kg/m3 90 90 mm 10.5 %
430 kg/m3 90 150 mm

10.8 % 470 kg/m3  
CLT 12 mm 200 mm HBS D12-L200

9 CLT
CLT 4.5 mm 270 mm 150 mm 65 mm 6.0 
mm 10  

2
400 mm 100 mm 35 mm 90 mm 90 

mm  ABR490-M16
CLT U 4.5 mm

65 mm 16 V16 U 6.0 mm
65 mm 24 V24 2

U M16 SCM435 10.9 2
 

 

TB - 5 M 
TB 5 M  

V 16 - 15 C 
V 16 15 15kN C  
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2P 1000mm CLT 1P 2 2000mm
CLT 2P 2 CLT

4.5 mm 110 mm 910 mm 3 1
34  

90 90 mm 90 150 mm
CLT 12 mm 200 mm

HBS D12-L200 14 CLT
CLT 4.5 mm 270 mm 150 mm 2

1 18  
2

2P-TB 400 mm 100 mm 35 mm 90 
mm 90 mm ABR490-M16

2 2P-V16 CLT
U 4.5 mm 65 mm 16 U

4.5 mm U M16 SCM435 
10.9 2  

 

2P - TB - 15 C 
2P CLT 2 TB 15 15kN  
C  

2P - V 16 - 15 C 
2P CLT 2 V 16 15 15kN
C  
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4.1.1  

TB  V  

    

TB-5M 1 V16-15M 1 

TB-5C 2 V16-15C 2 

TB-15M 1 V24-15M 1 

TB-15C 2 V24-15C 4 

2P-TB-15C 1 2P-V16-15C 1 

 
 

 

HBS-D12 200 TBA 65 
 

 
16              24  

 

 
ABR490 M16  

4.1.2  
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1P  

 
1P  

4.1.1  
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2P  

 

2P  
4.1.1  

  



50 
 

4.2  

4.2.1 4.2.1 1P-CLT
2P-CLT 4.2.2

100 kN 200 mm
1P-CLT

ISO2158161)

Du 180 mm
1.25% 2.5% 5% 7.5% 10% 1 20% 40% 60% 80% 100%

3 1
5kN 15kN 5kN

 
2P-CLT Du 200 mm

Du 115 mm
2 15 kN  

SDP-100C DP-500E
2

 
 

4.2.1  

 

 
 

D u ( ) (mm)

1.25 2.25 1

2.5 4.5 1

5 9 1

7.5 13.5 1

10 18 3

20 36 3

40 72 3

60 108 3

80 144 3

100 180 3

1P-CLT
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4.2.1  

 

 

 

4.2.1  
  

D u ( ) (mm)

1.25 2.5 1

2.5 5 1

5 10 1

7.5 15 1

10 20 3

20 40 3

40 80 3

60 120 3

80 160 3

100 200 3

2P-CLT ( )

D u ( ) (mm)

1.25 1.4 1

2.5 2.9 1

5 5.8 1

7.5 8.6 1

10 11.5 3

20 23 3

40 46 3

60 69 3

80 92 3

100 115 3

2 CLT ( )
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TB 1P  
4.2.2  
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V16 V24 1P  
4.2.2  

 



54 
 

 

 

2P-TB 2P  
4.2.2  
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2P-V16 2P  
4.2.2  
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4.3  

CLT 4.3.1
4.3.2

CLT 40 
mm 2P-CLT 1P-CLT

 
 

  

 

 
 

4.3.1  
1P-CLT 24 4.5 mm

6.0 mm  
4.5 mm 24

16 6
24 25 16

4.5mm U 24 6.0mm U

 
2P-CLT 16 4.5 mm
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16 4.5 mm  

  

24 4.5 mm  

  

16 4.5 mm  24 4.5 mm  
4.3.2  
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24 6.0 mm  
4.3.2  
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CLT 4.3.3
4.3.1  

5kN(TB-5) 15kN(TB-15)
(Py) (Pu) (Pmax)

(K) 15 kN 5 kN 10%
15kN (TB-15) (V16-15) (K)

(Py) (Pmax)
20%

ABR 101 kN/89 kN 1.13
 

100mm

180 mm
ABR

40 mm 93 kN 4%

(Pu) 30

16 V16 24 V24 24
16 (Py) (Pu) (Pmax) 30 40

V24 2 CLT

Ds

μ
40  
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4.3.1  

 

 
  

P y D y Pmax Dmax P u D u K
kN kN mm kN mm kN mm kN/mm

TB-5M 14.18 22.2 25.21 171.9 20.92 172.1 0.64 5.24 0.30
15.41 23.2 28.75 188.2 24.02 191.6 0.66 5.29 0.31
15.03 23.6 23.13 150.7 20.82 173.5 0.69 5.30 0.29
15.22 23.4 25.94 169.4 22.42 182.5 0.68 5.29 0.30
15.16 22.0 27.99 190.9 23.40 191.1 0.70 5.73 0.29
15.47 20.8 23.88 177.1 21.12 179.1 0.75 6.31 0.28
15.31 21.4 25.94 184.0 22.26 185.1 0.73 6.02 0.28

TB-15M 16.91 22.9 27.78 169.8 23.21 170.2 0.74 5.42 0.32
16.19 19.8 30.11 184.6 24.43 184.6 0.82 6.19 0.28
15.98 20.0 25.28 166.1 22.11 166.6 0.80 6.03 0.27
16.09 19.9 27.69 175.4 23.27 175.6 0.81 6.11 0.28
15.96 20.8 29.70 183.9 24.43 184.1 0.77 5.78 0.28
15.99 20.5 25.38 166.5 22.27 167.0 0.78 5.86 0.28
15.97 20.6 27.54 175.2 23.35 175.6 0.77 5.82 0.28

V16-15M 24.14 37.7 33.64 102.8 32.63 174.0 0.64 3.42 0.39
17.98 20.7 32.79 80.4 31.64 145.3 0.87 3.98 0.37
22.70 27.9 35.87 95.1 33.65 165.6 0.81 4.01 0.38
20.34 24.3 34.33 87.7 32.65 155.5 0.84 4.00 0.37
19.28 20.1 33.14 124.2 31.93 146.6 0.96 4.42 0.39
17.96 27.8 30.79 83.8 29.12 166.9 0.68 3.70 0.38
18.62 23.9 31.97 104.0 30.53 156.8 0.82 4.06 0.39

V24-15M 25.49 28.6 43.49 123.5 41.24 179.2 0.89 3.87 0.39
27.42 29.9 44.69 130.8 43.00 143.9 0.92 3.07 0.40
18.90 17.9 36.32 101.9 34.24 105.0 1.05 3.23 0.40
23.16 23.9 40.51 116.3 38.62 124.4 0.99 3.15 0.40
21.90 18.1 44.43 56.2 41.79 143.6 1.21 4.16 0.37
28.87 32.3 49.40 95.0 47.33 128.8 0.89 2.43 0.50
25.39 25.2 46.91 75.6 44.56 136.2 1.05 3.30 0.43
28.69 26.8 53.71 100.3 51.31 183.9 1.11 3.84 0.38
23.08 22.1 41.27 95.0 38.76 149.0 1.07 4.01 0.39
25.88 24.5 47.49 97.7 45.03 166.4 1.09 3.92 0.39
23.87 24.8 46.81 93.9 44.95 159.8 1.02 2.98 0.46
22.40 20.0 40.44 96.4 38.49 158.7 1.16 4.62 0.34
23.14 22.4 43.63 95.2 41.72 159.3 1.09 3.80 0.40
38.82 9.5 66.35 162.2 59.47 165.5 4.09 11.40 0.21
36.50 10.2 54.29 69.4 51.42 127.6 3.56 8.84 0.25
37.66 9.9 60.32 115.8 55.44 146.6 3.83 10.12 0.23
35.62 7.6 78.72 48.3 71.11 70.9 4.68 4.67 0.35
39.87 11.6 73.61 51.7 67.83 65.4 3.44 3.31 0.42
37.75 9.6 76.17 50.0 69.47 68.1 4.06 3.99 0.38

16 (
4.5mm)

2P-TB-15C

AVE.

2P-V16-15C

AVE.

15

24 (
6.0mm)

V24-15C-3

AVE.

V24-15C-4

AVE.

24 (
4.5mm)

V24-15C-1

AVE.

V24-15C-2

AVE.

TB-15C-2

AVE.

16 (
4.5mm)

V16-15C-1

AVE.

V16-15C-2

AVE.

D s

5

TB-5C-1

AVE.

TB-5C-2

AVE.

TB-15C-1

AVE.

μ
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TB-5C-1  

 
TB-5C-2  

4.3.2  
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TB-15C-1  

 
TB-15C-2  

4.3.2  
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V16-15C-1 4.5 mm  

 
V16-15C-2 4.5 mm  

4.3.2  
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V24-15C-1 4.5 mm  

 
V24-15C-2 4.5 mm  

4.3.2  
  



65 
 

 
V24-15C-3 6.0 mm  

 
V24-15C-4 6.0 mm  

4.3.2  
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2P- 2P-TB-15C  

 
2P- 2P-V16-15C 4.5 mm  

4.3.2  
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4.3.3 1P
15 kN

100 mm
 

 

 
 

 
 

4.3.3  
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4.4  

heq 4.4.1 4.1

heq

1 SABCDEF

2 ( OAG+ ODH) 4.1
 

 

 
4.4.1  

 

    (4.1) 
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4.4.2
heq 6% 1.5%

2.0% heq 10% 13%
5.5 4.0%  

 

 
4.4.2  
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4.5  

1  5 kN 15 kN
15 kN

5 kN 10  
2  15 kN

180 mm 20
100 mm

180 mm
16 24

24 16 30%
40%  

3  2P-CLT

20 1P-CLT 2P-CLT
2P-CLT 2

 
4  

6% 1.5% 2.0%
10% 13% 5.5 4.0%
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5 CLT  
CLT

CLT
CLT  

5.1  

4.1.1 4.1.2 5.1.1
1000 mm 3000 mm 90 mm CLT JAS Mx 

60-3-3 10.4 % 410 kg/m3

90 90 mm 90 150 mm
CLT HBS D12-L200

CLT 10  TBA-65
2

CLT 580 mm M16 ABR490
TBA-65

M16 86kN
16 1 5.5 kN 24  

 

TB - BSL -580 
TB BSL 580 580gal 

2P-V 16 -JMA KOBE NS -500 
2P CLT 2 V 16 16  

JMA KOBE NS 500 500gal 
 

 
5.1.1  

    

TB- JMA KOBE NS-500 1 V16- JMA KOKE NS-500 1 

TB-El Centro NS-500 1 V16- El Centro NS-500 1 

TB-BSL-580 1 V16-BSL-580 1 

 V24- JMA KOKE NS-819 1 

2P- TB- JMA KOBE NS-500 1 2P- V16- JMA KOKE NS-500 1 
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5.2  

1 5.2.1 5.2.2

3.0 m CLT 1 Newmark β 62)

1

 

 
5.2.1 1  

 
5.2.2  
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5.2.1 m 2 1
611 1

5.1 5.2
m 5.10 t 2

63)

0.82 kN/mm V16-15 0.86 kN/mm
V24-15 1.09 kN/mm 2P 1P 2

15 kN  
5.2.2 3 JMA KOBE NS

500 gal 50 kine El Centro NS 500 gal 50 kine
BSL 580 gal 58 kine

1  
 

 5.1  

  5.2  
Qa H 3 m Q0 2 15

n 0 C1 1
0.3 W1 1 W=m g m: kg g 9.8 N/kg  

 
5.2.1  

 
m K c  

t kN/mm % kN 

TB-15 

5.10 

0.82 

2 15 V16-15 0.86 

V24-15 1.09 

 
5.2.2  

 

 

gal 

+ - 

JMA KOBE NS 500 350.4 499.9 

El Centro NS 500 500.0 467.8 

BSL 580 518.3 579.3 
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JMA KOBE NS 500 gal 

 

 
El Centro NS 500 gal 

 
BSL 580 gal 

5.2.3  
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5.3  

5.3.1

 
BSL 580gal

 
 

 
JMA KOBE NS 500 gal  

 

JMA KOBE NS 500 gal  
5.3.1  
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El Centro 500 gal  

 
El Centro 500 gal  

5.3.1  
 

 
  



77 
 

 
BSL 580 gal  

 
BSL 580 gal  

5.3.1  
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16 JMA KOBE NS 500 gal  

 
16 JMA KOBE NS 500 gal  

5.3.1  
 
  



79 
 

 
16 El Centro 500 gal  

 
16 El Centro 500 gal  

5.3.1  
 

 
  



80 
 

 
16 BSL 580 gal  

 
16 BSL 580 gal  

5.3.1  
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24 JMA KOBE NS 819 gal  

 
24 JMA KOBE NS 819 gal  

5.3.1  
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2P-CLT- JMA KOBE NS 500 gal  

 
2P-CLT- JMA KOBE NS 500 gal  

5.3.1  
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2P-CLT- 16 JMA KOBE NS 500 gal  

 
2P-CLT- 16 JMA KOBE NS 500 gal  

5.3.1  
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5.3.1 1P
CLT 16

5.3.2 BSL580 gal

 
 

5.3.1  

 
 

 
5.3.2 1P-TB 1P-V16  

 
  

+ - + - + -
JMA KOBE NS 500 177.19 -99.34 4.86 5.62 27.20 -19.33

El Centro 500 127.65 -118.90 5.44 6.02 26.53 -22.70
BSL 580 192.11 -192.84 17.70 18.42 30.55 -25.46

JMA KOBE NS 500 82.21 -58.66 4.70 8.46 41.31 -34.41
El Centro 500 59.65 -82.02 5.42 5.82 30.90 -28.48

BSL 580 182.69 -137.36 17.65 16.99 26.09 -28.63
24 JMA KOBE NS 819 176.24 -85.89 4.76 7.20 36.64 -40.36

2P- JMA KOBE NS 95.45 -59.74 3.66 6.10 62.29 -50.50
2P- 16 JMA KOBE NS 47.62 -37.83 3.66 7.40 71.36 -55.42

500

(kN)( al)

16

(mm) (s)
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5.4  

1  3 1P
BSL

 
2  1P TB-15 V16-15

 
3  1 JMA KOBE NS 500 gal 2P

TB-15 V16-15
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6 CLT  

6.1  

m k c
 

2 1 CLT
1P-CLT 1

TB-15 V16-15  

6.2  

64) 65) 6.2.1
6.1 6.2

P0 C1 C2 C3

6.3 ~ 6.5
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    6.1  

   6.2  

     6.3  
  6.4  

    6.5  
 

Pm kN Dm m k
Xm Ym k1

k0 X X0 k2

Soft spring k3 Hard 
spring  

 

 
6.2.1  
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P0

C1 C9 6.2.1 C3 0.001
 

P0 C1 C2 C3 6.2.2 C4 C9 6.2.3
 

6.2.1  

 
P0 Pmax Dmax 0.8Pmax Du 

kN kN mm kN mm 

TB-15 17.98 27.62 175.31 22.09 175.59 

V16-15 30.01 33.15 95.87 26.52 156.12 

 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 

TB-15 1.482 0.070 0.001 0.061 0.844 0.315 0.198 0.043 0.878 

V16-15 1.011 0.040 -0.110 0.199 0.707 0.166 0.304 0.061 0.758 
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TB-15  

 
V16-15  

6.2.2 P0 C1 C2 C3  
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6.2.3 TB-15  
C4 C9  
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6.2.3 V16-15  
C4 C9  
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6.3  

6.3.1  

 
TB-JMA KOBE NS 500 gal  

 
TB-JMA KOBE NS 500 gal  

6.3.1  
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TB-El Centro 500 gal  

 
TB-El Centro 500 gal  

6.3.1  
 
  



94 
 

 
TB-BSL 580 gal  

 
TB-BSL 580 gal  

6.3.1  
 
  



95 
 

 
V16-JMA KOBE NS 500 gal  

 
V16-JMA KOBE NS 500 gal  

6.3.1  
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V16-El Centro 500 gal  

 
V16-El Centro 500 gal  

6.3.1  
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V16-BSL 580 gal  

 
V16-BSL 580 gal  

6.3.1  
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6.4  

-
6.4.1 1

BSL

BSL 6.2.1
Dmax C3  

6.4.2
6.4.1 6.4.3 El Centro NS

El Centro NS
33 46%  

6.4.4
 

5.1 t

Du

1/15rad. 680 gal
800 gal 800 gal

ABR
ABR  

CLT
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TB-JMA KOBE NS 500 gal  

 
TB-El Centro 500 gal  

6.4.1 -  
 

  



100 
 

 
TB-BSL 580 gal  

 
V16-JMA KOBE NS 500 gal  

6.4.1 -  
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V16-El Centro 500 gal  

 
V16-BSL 580 gal  

6.4.1 -  
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TB-JMA KOBE NS 500 gal  

 
TB-El Centro 500 gal  

6.4.2  
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TB-BSL 580 gal  

 
V16-JMA KOBE NS 500 gal  

6.4.2  
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V16-El Centro 500 gal  

 
V16-BSL 580 gal  

6.4.2  
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6.4.1  

 

 

 

 
6.4.2  
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1P  

 
1P  

6.4.4  
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6.5  

1  
El Centro NS

El Centro NS 33 46%
 

2  5.1 t
680 gal 1/15 rad.

800 gal Du=155 mm
800 gal CLT

 
3  CLT
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7  

CLT

 

CLT  

1) CLT

CLT

CLT

 

2) CLT 330mm

330mm

 

3) 3 3

CLT

 

CLT  

1) 

180mm

20  

2) 50% CLT

30% 40%  

3) 1P-CLT 2P-CLT

2  

4) 6%
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1.5% 2.0%

10% 13% 5.5 4.0%

 

5) 

El Centro NS

El Centro NS 33 46%

 

6) 5.1 t

680 gal 1/15 rad.

800 gal Du=155 mm

800 gal CLT

 

7) CLT
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