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SIMULTANEOUS SEISMIC OPTIMIZATION OF ROOF GEOMETRY AND ROOF MEMBER SECTION

ON METAL GRIDSHELLS WITH SQUARE PLANES

T KEY, A REY & e KT e HeT, T e
Yuki TERAZAWA, Kenji SHIRAL Ryota KANEKO,

Atsuya NIIMI and Toru TAKEUCHI

A series of the proposed GRSA-based computational morphogenesis subjected to dead load and seismic load was performed for a metal gridshell with square
plane to investigate the relationship between the design variables (roof geometry or member section) and the design philosophy (structural or economical
rationality). Furthermore, the steel amount, dynamic characteristic, seismic performance and buckling load of the form-founded models were analyzed by linear
static analysis, non-linear response history analysis, linear buckling analysis and non-linear buckling analysis.

Keywords: Form finding, Parametric design, Metal gridshell, Seismic response, Buckling load factor; Buckling-restrained brace
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Grid lattice
Diagonal lattice
Outer member

Roof structure

Supporting girder
—Supporting column

Perimeter supporting 1structure
ig.

Numerical model

Table 1 Member specification before seismic optimization
(a) Elastic members
Section
DGR I def [ soft [ hard
Roof Grid lattice $406.4x16 (Optimized in Chapter 3, 4)
Diagonal lattice $26
structure
Outer member $406.4x9.5
Column & Girder $406.4x16 $355.6x11.1 $609.6x22
Supporting Brace $216.3x12.7 $216.3x5.8 $355.6x12.7
structure Supporting column $406.4x9.5 $318.5x10.3 $558.8x19
Supporting girder $267.4x6 $216.3x5.8 $355.6x12.7
(b) Buckling-restrained brace (BRB)
Story w_[kN] A4i Ci 0. [N] | Quy [KN] | N [KN] |4, [min]
3rd 11952 1.54 1.53 23176 5794 236 1676
2nd 11952 1.22 121 32858 8215 334 2376
Ist 11376 1.00 1.00 38285 9571 389 2769

Member section
istribution

Section No.

SlSj
§S1

Control point R,

Comrof point R.

Fixed point
—10 o
—6.7
—3.3
— 08 3
Rigid diaphragm—
x . . . .
(a) Perspective view (b) Elevation and control points
Control point R. Control point R,
C.L, & o O | ol o C.L, O
A A" Al A
L ] o | o o | e
¢ > LHE CEEJ
A »
T—,x T B T—»x B

\ @ Variable z coodinate @ Fixed z coodinate @ Generated by symmetry \
(c-1) Roof structure (c-2) Member section distribution
(¢) Roof plan and control points
Fig.2 Design variable schematics
Section list of grid lattice member as a design variable

(a) Chapter 3 (b) Chapter 4

Table 2

Section No. S Section A [sz] I [cm“] Section No. S Section A [sz] I [cmA]

S1 $216.3x4.5 2994 1,680 S1 $2163x4.5 2994 1,680

S2 $318.5x6.9  67.55 8,200 S2 $267.4x6.0 4927 4210

S3 $406.4x9.5 112.4 22,200 S3 $318.5x6.9  67.55 8,200

S4 $406.4x12.7 157.1 30,500 S4 $355.6x7.9 8629 13,000

S5 (Initial) | #406.4x16 196.2 37,400 S5 $355.6x9.5 103.3 15,500

S6 $508x16 247.3 74,900 S6 $355.6x11.1  120.1 17,800

S7 $609.6x16 298.4 132,000 S7 $355.6x12.7 136.8 20,100

S8 $700x16 343.8 201,000 S8 $406.4x12.7 157.1 30,500

S9 ¢711.2x19 413.2 248,000 S9 (Initial) | #406.4x16 196.2 37,400
S10 $812.8x19 473.8 373,000
S11 $914.4x19 534.5 536,000
S12 $914.4x22 6165 614,000
S13 $1016x22 687.0 849,000
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Fig.4 Comparison of NLRHA and GRSA (Opt-G&M-W)

(iii) Vertical acceralation

Table 3 Optimization problem(Chapter 3)
%( M g Bé){B ) Problem M [ M-W
Minimize U+tp [ w(R)xUtp
@ i @ i ® (D Roof geometry DL or Single or Double or Multi
DL | /A | NACB Variables R,
Single ! ! Seismic load 1G
Double 3 ; Stiffaess def
1 W | BRB | (3 Seismic device CB or BRB
Muldi | ! 7. [rad.] 1300
Fig. 5 Model ID RA s [rad ] 1/150
(Chapter 3) Subject to 0< R, <15(1<i<16)

perspective

x direction y direction
U,, =27.0 kNm, U, =747.8 kNm
Uppipry = 1748 KNm, W=261.4t

ff%?v it

(a-1) DL
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(d-1) Multi x

Roof geometries for member section optimization

Fig. 6
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BOBBRYEEZ W+ 5, Figs & Table 3 ICHEHEFTRDET LML
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31 XELETIHEREK

Fig.6 lZxt% &3 2 BIRIER & 7 U R =541 %, Table 4(a) & Fig.9
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DHTRISE 34 % 777, Fig.6 ;T?‘—J: 2T, RENHRE T LR
FRIE, (DEE W EICKHT 2 Rk DL, Q)L O @#EL4EM T
< monsEMER &%@b)’)l‘%tb\ 1 2Dk Single™*?, (3)
— ST IEAT O % 2 DA T 5 Double®™, (4)Z 722 Mt 2 5L
B Multi¥o 4 ¥ TH 5. Table 4 & Fig9()ITRT L H12, Zh

B E OBERICL 2 BENRBBBREZEELTBY, )
%%@Em%mii%ﬁ%@ﬁﬁé%Am%é RETIL, T
i DO R LI & 0 W R OREES Iiritfxfﬁfia)dﬁzi%ﬁ#é
3.2 XHERBICKIMEIFLY—RIRAENEESORBHZIE
TR IC K D HIE = L X — R A GG O Rl B R & 4y
Hr9 %, Table 4(a)ll i a% 71 22 D FFPEE %, Fig.7(a-2)~(d-2)(a-3)
~(d-3)C BB WrIE 20 AT &, Fig.8 \ZEFH i fg RA 454 %, Fig.9(ii)lc
MRS A B %, Fig.10 ICHBEARET— FE27RT,

HETE G BRI O A E AL 0D 4 > T ELE i 2 F i {b, L 7= DL-M,
Single-M, Double-M, Multi-M T, Table 4(a), Fig.7(a-2)~(d-2), Fig.9(ii)
WZBIRT D K51, BRIBIRICEK S 35 Wrmfs 2 S Wi Y 2 -
O LIRS E TR ST 2R ENERI N, ZHITHMOER
A oW RS & RRESMRIE IO EIBRICH 0, WrE RO K
DS RARER DR TE = L X — ORI (= S A BRVE O E) ICERE T 5
2D ThD, ZOBRITEBOMM B IMEGEIEICHEET DD
DD, %@ﬁ1ﬂ%ihbéﬁmmﬁfi T REA1E 2R
P& b AR HIPH T & 0 RE MW A R IR X R VW2 & AR
e % oit,:®F%i%%#?A*ﬂfwé7)yFV:WF
BT, IR DEHMEE A S 32 & TRESIEE S ET S
REHIRARECH D Z L by, —JF, WEAIEICR LIz h
b DFRERIT, BT AT K< 72 D T DR IEERM E )R
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Table 4 Specifications of optimum models

(a) CB models

Model ID Upr |UkLy U WIt] |CRmax| RA pr | RA g1 | RA ELy Smin | S max
DL (initial) 27.0 | 747.8[774.8 [ 261.4]0.783 | 1/821 | 1/149 | 1/149| S5 S5
DL-M 10.7 | 102.4] 113.1] 915.3 ] 0.469 [1/2636[1/1240{1/1240| S13 | S13
DL-M-W 20.5 | 646.9 | 667.4 | 203.9] 0.817| 1/757 | 1/180| 1/180 | S2 S9
Single (initial) 85.0 [451.3]536.3 [ 229.0 [ 0.644 [ 1/344 [ 1/174 | 1/174| S5 S5
Single-M 28.0 | 48.7 | 76.7 | 801.3]0.302|1/1323|1/2753[1/2753| S12 | S13
Single-M-W. 75.1 | 375.8]450.8 | 179.4 [ 0.969 | 1/287 | 1/241 | 1/244| S2 S8
Double (initial) 120.9 | 598.4| 719.3 [ 233.2| 1.492| 1/151 | 1/71 | 1/162| S5 S5
Double-M 244 | 51.2 | 75.7 | 816.3]0.327|1/1056|1/2680[1/2645| S13 | S13
Double-M-W 80.0 [ 400.1] 480.1]203.9(0.785] 1/186 | 1/187 | 1/201 | S2 S11
Multi (initial) 221.8(499.7] 721.5]234.3 [ 1.354| 1/89 | 1/128 | 1/128 | S5 S5
Multi-M 419 | 59.3 [ 101.2| 818.9] 0.351| 1/503 |1/1997]1/1997| S12 | SI3
Multi-M-W 101.2 ] 271.2 | 372.3{ 290.1 | 0.627 | 1/181 | 1/309 | 1/281| S2 | SI12
(b) BRB models
Model ID Up, |Upy| U Wt] | CR max| RA pr | RA g | RA By | Swin | S max
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Fig. 18 Seismic response of form-found models (Elastic brace CB model)
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Fig. 21 Comparison of seismic response
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Table 7 Linear, elastic and elasto-plastic buckling load factor

(ii) Pattem C (2) DL !

Pattern U Pattern X Pattern Y

Model P I P P I P P
DL 1105 | 1156 | 367 | 612 | 482 | 178 | 61.1 | 482 | 178
DL-M-W 666 | 446 | 141 | 462 | 350 | 92 | 448 | 315 | 88
DL-M-W-BRB 192 | 82 [ 45 | 126 | 56 | 26 | 126 | 5.1 2.5
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Fig.25 Estimation of elasto-plastic buckling load

IR O BAREIEE DK & 2B IS G M A g T 5 85
K& 2R AW 2SR E S, SO BRI IG A A8/ & WAL I I
BN L ET D £ IS WE AR S S, RERMICE
BIPRICE S TRM EREZ I OO BRIICE 2R5t 27 74T Y
TR D L BLEM LR RN RSN D,

NEIEHFE D O BB R BB A TR S N IRPL T, (DR
A BIME & RGO 7 DAL A 8 L 7o RAR R W i o fidE b
EEMT D, QIR &SRO = 2 F —RIRIC K - C
VMBROF ERBMEIGE Z#HF 7 747 VT2 5, )1 EQ)
OO, OBRFT T r—FRERENNOFHTH D,

OIS FME O MBI R LIS EAIE T, BROBRO
I ETATTERAEM W o046 &5 D A HIEL T RO Kk
EKNELN, WESEIEOBRTIE, FilER BRI & A Erm
SATIMSIBRIC S B, 12721, MEEAHEME L RFIEEZEET D
HEETZREAIE T, HEEME L~ULIC Lo T E SRR 72
DRI E M W 23/ S I)BREI BB BIIN DG AR H D, FT2,
HETEI BB A A= 1 5 2 s Ak O M B O 5 AS, SRS 2RS4
IEEYIEC TR IC L B = R A X — RN B A O ol R
DREBIZRICEZ HEBIIRMCTH D, 72720, BRITINEN 5
L S AT < W STRABRRERINIME D 355 0 SCRAPARRE D YBIEAL I A 5 K JH
Wb & ARSI RN H 256 T, REEOMEBLZ S8 L
T REAI A O ST B R0 AR C & A H D,

SHIEEFEEZM O THRELZAHBROEF B EEERE Y v Ko
= b D BRIB I A T DR AR ST O AR IR 4.5 LLE,
TRAT R CReAR 2.3 DLERER TX 5, —JF, RFMEOMMELIC
Peo THIM B EZ KIEICEI L2 v Ry o VBRI, JAFT
BNCZEI N E R B A & — RS SR L, &0 00 1 i i FE AR
BiLE Ofh & bl UCRIBICART U, bt 2 o BEARIR S oo 1
T F Ay VBRI R EHE S OHELE FIRME 0.5 %2 FEISHER
bD, 1272, TOHEEEATYH, a=0.5 %M L=k
JEE e 0D FTAM A VAT Ao SR A 2 UBEAT L, [R5 BB AR
F XMW R & TR L AP OEE Y v Ry =
NVERICEFFRETH 5,

ds, AREITIE, BEFTEOMEELO B/ EIC X D il 2
300 RF T S 7, MG A B O MBS & EALS 2 EA I
T OB LR EM, G-M) TILRRIRIK &5 7, #iRE LClimmz -
RETRE ST 2MRHE LI, KEBIKEZR T ZHEGTIE, &V
EHMRRGHERGOND L FEND T, RO MEs 2%
EABEMEICEE LREHCRRERIS L CRREEZ B ESED
BB RIEGLE L EZ OGNS HOBEE T 5,



B3

AHFFE1% JSPS AR JE(A)(No.21HO458 ) DBk & i & £ L7z,
BEXH

D

2)

3)

4

5)

6)

7)

8)

9)

10
11

12)

13)

14)

15)

16)

17)

18)

Ohmori, H.: Computational morphogenesis: Its current state and possibility for
the future, Proceedings of the 6th International Conference on Computation of
Shell and Spatial Structures, 2008.

Adriaenessens, S., Block, P., Veenendaal, D. and Williams C.: Shell Structures
for Architecture Form Finding and Optimization, Routledge, Oxon and New
York, 2014.

Isler, H.: Generating Shells Shapes by Physical Experiments, Bulletin of the
IASS, Vol.34, pp.53-63, 1993.

Otto, F.: NATURLICHE KONSTUKTIONEN, Deutsche Verlags-Anstalt
GmbH, 1982.

Ohmori, H. and Yamamoto, K.: Shape optimization of space structures for
specified stress distribution: Part 1 Application for shell structures, Journal of
Structural and Construction Engineering (Transaction of AlJ), Vol.62, No.496,
pp.67-73, 1997.7 (in Japanese) DOI:10.3130/aijs.62.67_2

Ohmori, H. and Yamamoto, K.: Shape optimization of space structures for
specified stress distribution: Part 2 Application for space frame structures,
Journal of Structural and Construction Engineering (Transaction of A1J), Vol.63,
No.503, pp.77-83, 1998.2 (in Japanese) DOI:10.3130/aijs.63.77_1

Ohsaki, M. Nkamura, T. and Kohiyama, M.: Shape optimization of a double-
layer space truss described by a parametric surface, Int. J. Space Structures,
Vol.12(2), pp.109-119, 1997. DOI:10.1177/026635119701200205

Hamada, H. and Ohmori, H.: Computational morphogenesis of free surface
shells considering both designer’s preference and structural rationality: Part 1
Heuristic approach by multi-objective genetic algorithm, Journal of Structural
and Construction Engineering (Transaction of AlJ), Vol.71, No.609,
pp.105-111, 2006.12 (in Japanese) DOI:10.3130/aijs.71.105_1

Hamada, H. and Ohmori, H.: Computational morphogenesis of free surface
shells considering both designer’s preference and structural rationality: Part 2
Theoretical approach by optimality condition, Journal of Structural and
Construction  Engineering  (Transaction of AlJ), Vol.72, No.618,
pp.143-150, 2007.5 (in Japanese) DOI:10.3130/aijs.72.143

Sasaki, M.: FLUX STRUCTURE, TOTO publishing, 2005.

Kimura, T. and Ohmori, H.: Simultaneous optimization with respect to both
shape and thickness and its application, Journal of Structural and Construction
Engineering (Transaction of AlJ), Vol.74, No.640, pp.1091-1098, 2009.7 (in
Japanese) DOI:10.3130/aijs.74.1091

Kimura, T. and Ohmori, H.:
simultaneous optimization with respect to shape and thickness, Journal of

Structural topology finding problem by

Structural and Construction Engineering (Transaction of AlJ), Vol.75, No.648,
pp.367-376,2010.3 (in Japanese) DOI:10.3130/aijs.75.367

Fujita, S. and Ohsaki, M.: Shape optimization of shells considering strain
energy and algebraic invariants of parametric surface, Journal of Structural and
Construction  Engineering  (Transaction of AlJ), Vol.74, No.639,
pp.857-863, 2009.6 (in Japanese) DOI:10.3130/aijs.74.857

Fujita, S. and Ohsaki, M.: Shape optimization of latticed shell defined by
parametric surface for uniform member length and maximum stiffness, Journal
of Structural and Construction Engineering (Transaction of AlJ), Vol.78,
No.685, pp.495-502, 2013.4 (in Japanese) DOI:10.3130/aijs.78.495
Yamamoto, K., Minagawa, Y. and Ohmori, H.: Shape optimization of space
structures for buckling load, Journal of Structural and Construction Engineering
(Transaction of AlJ), Vol.68, No.564, pp.95-102, 2003.2 (in Japanese)
DOI:10.3130/aijs.68.95 1

Yamamoto, K., Minagawa, Y. and Ohmori, H.: Shape optimization of single
layer truss domes for linear buckling load using block-diagonalization, Journal
of Structural and Construction Engineering (Transaction of AlJ), Vol.69,
No.578, pp.51-58, 2004.5 (in Japanese) DOI:10.3130/aijs.69.51 _1

Ogawa, T., Ohsaki, M. and Tateishi, R.: Shape optimization of single-layer
latticed shells for maximum linear buckling loads and uniform member lengths,
Journal of Structural and Construction Engineering (Transaction of A1J), Vol.68,
No.570, pp.129-136, 2003.8 (in Japanese) DOI:10.3130/aijs.68.129 2

Kimura, T. and Ohmori, H.: Shape optimization for linear buckling load,

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

Journal of Structural and Construction Engineering (Transaction of AlJ), Vol.78,
No.686, pp.733-741, 2013.5 (in Japanese) DOI:10.3130/aijs.78.733

Michiels, T., Adriaenssens, S. and Dejong, M.: Form finding of corrugated shell
structures for seismic design and validation using non-linear pushover analysis,
Engineering Structures, Vol.181, pp.362-373, 2019.2,
DOI:10.1016/j.engstruct.2018.12.043

Hayashi, Y., Takeuchi, T. and Ogawa, T.: Shape optimization of single-layer
lattice shell roofs focusing on buckling strength under seismic load, Journal of
structural engineering B, Vol.59B, pp.479-488, 2013.3 (in Japanese)

Shigeta, Y., Kobayashi, A., Minowa, K., Ogawa, T. and Kato, S.: Optimization
of shape and member stiffness distributions for single-layer reticulated shells of
rectangular plan, Journal of IASS, Vol.57, No.4, pp.173-186, 2015.12.
Terazawa, Y. Niimi, A., Nair, D. and Takeuchi, T.: Generalized response
spectrum analysis based computational morphogenesis for metal gridshells with
buckling-restrained braces subjected to seismic loading, Computers and
Structures, Vol.275, 106914, 2023, DOI:10.1016/j.compstruc.2022.106914
Terazawa, Y. and Takeuchi, T.: Generalized Response Spectrum Analysis for
Structures  with  Dampers,  Earthquake EERI, 2018.5.,
DOI:10.1193/092217EQS188M

Terazawa, Y. and Takeuchi, T.: Optimal damper design strategy for braced

Spectra,

structures based on generalized response spectrum analysis., Jpn Archit
Rev., 2019:00:1-17., DOI:10.1002/2475-8876.12122

Terazawa, Y., Sano, W. and Takeuchi, T.: Design method of seismically isolated
structures based on generalized response spectrum analysis, Journal of
Structural and Construction Engineering (Transaction of AlJ), Vol.85, No.775,
pp.1187-1197, 2020.9 (in Japanese) DOI:10.3130/aijs.85.1187

Terazawa, Y., Fujishima, M. and Takeuchi, T.: Optimal mixed placement and
capacity distribution of buckling-restrained braces and conventional braces on
a large metal spatial structure without rigid diaphragm assumption, Frontiers in
Buil Environment, Vol.8, 2022.7. DOI1:10.3389/fbuil.2022.954117

Ishibashi, Y., Terazawa, Y., Tanaka, H., Yokoyama, R., Mizuno, H. and Takeuchi,
T.: A novel damped braced tube system for tall buildings in high seismic zones,
The Structural Design of Tall and Special Buildings, 2022, 1926,
DOI:10.1002/tal.1926

Terazawa, Y., Tanaka, H. and Takeuchi, T.: Optimal seismic response control of
damped braced tube system with focus on cost performance of introducing
energy-dissipation devices, Journal of Structural and Construction Engineering
(Transaction of AlJ), Vol.87, No.801, pp.1082-1092, 2022.11 (in Japanese)
DOI:10.3130/aijs.87.1082

Terazawa, Y., Ishibashi, Y., Tanaka, H., Yokoyama, R., Mizuno, H. and Takeuchi,
T.: Numerical investigation of dynamic response characteristic of damped
braced tube system with different damped slit configuration, Journal of
Structural and Construction Engineering (Transactions of AlJ), Vol.87, No.802,
pp.1247-1256, 2022.12 (in Japanese) DOI:10.3130/aijs.87.1247

Terazawa, Y., Asai, T., Ishibashi, Y. and Takeuchi, T.: Effect of design
parameters on dynamic response characteristic of single damped outrigger
system incorporating linear viscous dampers, Journal of Structural and
Construction  Engineering  (Transaction of AlJ), Vol.85, No.774,
pp.1067-1077, 2020.8 (in Japanese) DOI:10.3130/aijs.85.1067

Asai, T., Terazawa, Y., Miyazaki, T., Lin, PC. and Takeuchi, T.: First mode
damping ratio oriented optimal design procedure for damped outrigger systems
with  additional linear dampers, Engineering

Vol.247,2021.11. https://doi.org/10.1016/j.engstruct.2021.113229
Terazawa, Y., Ishibashi, S., Omura, H., Asai, T. and Takeuchi, T.: Non-linear

dynamic response characteristic of single-damped outrigger systems with oil

viscous Structures,

dampers or elasto-plastic dampers considering design earthquake levels,
Journal of Structural and Construction Engineering (Transactions of AlJ),
Vol.87, No.791, pp.149-165, 2022.1 (in Japanese) DOI:10.3130/aijs.87.149
Terazawa, Y., Kaneko, R., Niimi, A. and Takeuchi, T.: Form-finding of metal
gridshells focusing on the tradeoff relationship between strain energy for dead
load and seismic load, Journal of Structural and Construction Engineering
(Transaction of AlJ), Vol.89, No.823, pp.967-978, 2024.9 (in Japanese)
DOI:10.3130/aijs.89.967

Manual for structural engineering of building standard law, the Ministry of Land,
Infrastructure, Transport and Tourism, 2015. (in Japanese)

2015 i G B FR BT I E R AR 3, [ - A0@4, 2015,

—899 —



35)

36)

37)

38)

39)

40)

41)

42)

43)
44)

45)

Notification No. 1457 of the Ministry of Construction, 2000.5 (in Japanese)
R 5 R HS 1457 5, 2000.5

Sinha, R. and Igusa, T.: CQC and SRSS methods for non-classically damped
structures, Earthquake Engineering & Structural Dynamics, Vol. 24,
pp. 615-619, 1995. DOI:10.1002/eqe.4290240410

The Japan Society of Seismic Isolation: Manual for Design and Construction of
Passively-Controlled Buildings 3" Edition, Daioh Co., Ltd, 2013 (in Japanese)
AAGEME S Sy & T HIRMRER A T~ = = 7 V55 3 i), 2013
All: AIJ Recommendation for Design of Latticed Shell Roof
Structures, 2016.11 (in Japanese)

AARBGES © T F Ay x VEIRMEEREHESE, 2016.11

Akimoto, Y., Nagata, Y., Sakuma, J. Ono, I. and Kobayashi, S. : Proposal and
Evaluation of Adaptive Real-coded Crossover AREX, Transactions of the
Japanese Society for Artificial Intelligence, Vol.24, No.6, 2009.11
DOI: 10.1527/tjsai.24.446

Kobayashi, S. : The Frontiers of Real-coded Genetic Algorithms, Journal of
Japanese Society for Artificial Intelligence, Vol.24, No.1, pp.147-162, 2009.1
DOLI: 10.1527/tjsai.24.147

Shinkenchiku 2011:1 (in Japanese)

BIREEE 2011 4E 1 A%, 20111

Tekkogijutsu 2013:8, Vol.26, No.303 (in Japanese)

BRHEELN 2013 45 8 A &, Vol.26, No.303

https://www.zaha-hadid.com/

Shinkenchiku 2018:7 (in Japanese)

BIREEE 2018 427 A 7, 2018.7

AlJ: AlJ Standard for Allowable Stress Design of Steel Structures, 2019.
AARHEEL 2 - SRS TFA TS ) LG ME, 2019,

(2025 4F 1 H 8 HERaEE, 2025 455 A 23 HERMHIE)

—900 —



