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Abstract :

This paper presents an optimization method of the joint arrangement for shell structures
composed of CLT panels. The joining system is modeled as link elements with multidirectional
stiffness. Their stiffnesses are computed by multiplying the weight parameters defined as the
design variables by the original stiffnesses. Furthermore, the joint arrangement is controlled by
multiplying a power-law function to design variables. An optimization problem is formulated to
minimize the strain energy. The effectiveness of the proposed method is shown through numerical
examples. It is confirmed that the joint arrangement in each direction is optimized, corresponding

to the stress state.
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B1. fEPTET IV (Ref.model) X2, WAL R
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Modulus of elasticity Moduluslof shear . %2. i@%%ﬁml\* Iﬂ']ﬂf
N elasticity Poisson's
E (N/mm?) ) R
G (N/mm?) ratio D, D D R
In-plane | Out-of-plane | In-plane | Out-of-plane (kN/mm) Y s i
C ) Tens. (kN/mm) (KN/mm) (kNm/rad)
Stm‘ng 3,600 4,752 345 ;(r)nlp leg; 7.30 14.8 901
axis . .
Weak 500 0.3
2,400 1,248 272
axis
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a, a, ‘ a, A, | B, ‘ B, d, (mm) d (mm) | f(p) Nm)

Case A 1 Ref. Model 18.1 6.64 292
CaseB | 4 ‘ 1 ‘ 1 2 Case A 16.8 5.61 253
Case C 4

Case B 17.0 5.56 254
Case D 4 1 | 2 ‘ 2

Case C 17.3 543 258

Case D 17.1 5.65 257
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a: Tensile and bending ( p,) b: In-plane shear (p ) ¢ Out-of-plane shear (p_)
B3, EHHF/ ST A—2534 (Case A)
“Weoe [ - “Weoe - - | - "
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a: Tensile and bending ( p ) b: In-plane shear (p ) ¢t Out-of-plane shear (p_ )
4. EARLFF YT A—245344G 3 (Case B)

Je . N = o om

I + b T -
G ? . * < © 1 ? Ld < . . L .
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& e e ¢ e L4 4 A L R 4
1 o T PEERNEBYEDS y i T Lo R =i
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a: Tensile and bending ( p,,) b: In-plane shear ( p ) ¢ Out-of-plane shear (p_ )
X5. EALFIF 35 A—245316 (Case C)
. . ‘. . . T " . =
¢:19110 8010 t® s e le 0l - e e o
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a: Tensile and bending ( p,,) b: In-plane shear ( p ) ¢ Out-of-plane shear (p_ )
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I Case 3 (=1, f2)
[ Case 4 (=1, f=2)
40 [ Case 5 (a4, f=2) 40

20 20 20
10 |\ 10 10
Ll | IH . I

0l ! 0
0() 02 04 06 08 10 12 14 16 18 20 00 02 04 06 08 1.0 12 14 1.6 1.8 2.0 0.0 02 04 06 08 10 12 14 1.6 1.8 2.0

Value of weight parameter (p,) Value of weight parameter (p”) Value of weight parameter (p,)

a: Tensile and bending ( Py ) b: In-plane shear ( Py ) ¢: Out-of-plane shear ( P, )
X7, AMI ST A—2ZBFT B AT T4

#5. Ref.modelds X Ot Hff(Case A-D)IZ¥\F 58K F It #6. Ref.modelds LU # S (Case A-D)DHREEIFRIC

J3 - RS ABEJ) (KN/m, kNm/m) ML K T) (kN, kNm)
Nmax | Nmin | Mmsx | Mumin | Vioax Frrmax Fymax Fmax Frnax
Ref. Ref.

286 | -112 | 1.19 | -0.442 | 2.07 93.0 6.29 0.793 0.424
Model Model
Case3 | 282 | -107 | 1.09 | -0.512 | 1.95 Case 3 90.2 8.33 0.838 0.514
Case4 | 284 | -107 | 1.09 | -0.508 | 1.92 Case 4 93.4 8.33 0.843 0.504
Case5 | 293 | -108 | 1.10 | -0.583 | 1.95 Case 5 952 8.39 0.862 0.474
Case6 | 28.6 | -108 | 1.12 | -0479 | 1.97 Case 6 95.1 8.33 0.812 0.417
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F,/p, F,/p, Fy ! py
Ref.Model 6.29 0.793 0.424
Case 3 4.16 0.419 0.257
Case 4 4.16 0.496 0.317
Case 5 4.19 0.454 0.346
Case 6 4.17 0.812 0.417
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