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DESIGN AND CONSTRUCTION OF A NEW GENERATOR HUT 

AT SYOWA STATION 

Naoto HIDA"' and Takahisa SUZUKI* 

Abstract 

A newly designed generator hut which 
will become the heart of the Japanese Ant­
arctic Research Expedition's Syowa Station 
was completed recently. 

The generator hut has a floor space of 
68. 8 square meters and contains two 45 KV A 
generators, four ice melting tanks and a hot 
bath. 

The hut, which is the first step toward 
making the Japanese Antarctic base a per­
manent one, was constructed by the multi­
purpose building and assembling method, 
a new technique developed by the Takenaka 
Building Research Institute in Tokyo. 

I. Pl 

The generator hut is oval-shaped and 
is made mostly of aluminium sandwich panels. 
It has been so designed as to enable easy 
construction by only seven or eight men 
even on a very rough terrain. 

It is an assembly type structure weigh­
ing a total of seven tones. 

Since it will be the heart of the daily 
life at the Antarctic base, strongest emphasis 
was laid on the resistance to fire and cold. 

It has been designed to withstand max­
imum winds of 60 meters per second (134 
miles per hour) and temperatures of 45 
degrees below zero centigrade. 
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Table 1. Annual statistics of t:ie mean relative humidity at Syowa Station. 
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Table 2. Annual statistics of the instantaneous maximum velocity 
of the wind at Syowa Station. 
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Fig. 2. Annual statistics of the mean 
temperature at Syowa Station. 

t::.. 

(1942) (p;,j�j�;pj. 

� Month 

1q57 

I q 5� 
1q 60 

0-----1-0 1 q b 1 

Fig. 3. Annual statistics of the mini­
mum temperature at Syowa Sta­
tion. 

.J_ 
'_, 



5 

c. Mlil!U�J?r.0)��1¥JtJ:£Z11w7k$:ru 1 u���O)�����, �t9'.�1*1<0)1ff!J�.&���f! L 
-c, -e� '6tJ,ffl!' 1J rm�tJ,�mt!nc��PJf?�tJ:rJl.:v.::15:t:. 

d. iU%1¥J��fftrrttJ;m:ttf re�5:E 2' h '6 ts:eo, 1'Pi5EJff!� C��, n_'.l;Jfi!, 1Ktil,i�) vcx1i" 
o!JjU/'frJ0)�@=::15$. 

{�*'[:i�O)�t,i)'.J, G O)r�$-f1*0)�5:E. 
g. £Jff!tg0,. {tJt® 0)-� c L -C�m!i" 0 cc. 

h. El :$: tu l U' t!Uf 0) ffiti ill� 0) 7k � � lffl IY_) 0 c 2:: • 

3) Jif ITi ilt @f 

illfcI@:[Z! (Fig. 1) v:::.5f--t l 5 vc, mf'f O)�J!H�� l I)*� 50 m *PiffiUvc% 0 tdftI@:vC �9€· 
trtt�t9'.1M'i" 0 =f5E 2:: L, ��vc � 1. \ -c vi Ttc: O)*:iJnc l iJ r*5:E L ts:. 

a. 9€'!tfJ!L6\1t:t·tft�i'§:to l Uf4�Ht&U 0) tj:tiCds: 0 .::i:. -t 1v q:'." - --t :,,- ::l - ··-e 2D 0 2:: :;t�vc, -l 0) 
.::i:.,t1v 00f-O)-fIBvcl 0-C, 9€'!tftr*J-em7k�iW:�jmV··ut • �iJ, G7k�m'6�11�l:, 7,KYlmd:: 
L -CO)JllfJ:0):1K, its:vi'J?�Pif* L�-ti.\ffttrvcso c 2::. 

b. mf'fO)��'.l@fvct��tJ: < JJl:7kPJ1-f�tJ:fftitvcs 0 c 2::. 
c. �tf&J��fii L-\i:o-ti. \' Jt�a"JtJ:t� GiJ,iJ� i kviftl3 tJ:{ft)i:vcs 0 ;:.  2::. 
d. mt fAJ � vC x1 L -c, � 9€'!tfl 0)%1� (1P/£U%) ��Ji L -c, Mm 0) y tJ: l \ ::15 fA] vc ��i" 

a. �'�=f5:E�Ffr: ffif.i7(PiSBfo£:t-tg (* :,,- �·11v�) 
b. mtt&J:-gf* : 9€'IUt 
C. mt/0%:t: : .r� -T- Jv :fol tf'fttJl.�m'f1t fflA 
d. �tmm{� : ��miflt 68. 8 m2 (20. 8 tf) 

� fi;t 165.12m3 

f. �1 r*1 r£;1: 2.4m , 



6 

1. /� :t- ;v : +J-1 7�- 2. 4 m X 1. 2 m tJfA] 

BR 60 m/m w, � · m:tr� 30 m/m w 
J. tt m m: : r1 1. o t 

4-illl 0) ffitifiJr!BlUWl#J v=-{l \, ', :��HB�f}!Hi r�mu 0)11�� {t, }J1:k{tv:::. � '? --c' �B,fD;iJ!Qv=. :t-5vt 
Q fl·+ffJl.t!W� J: cf�:1'tlt�tti50) r:f:i iC" l ts:. Q .x. :t- 1v � - -t Y !l - l L --c 0) 19'.�u�IB '? --c 1.,, Q. 

3£�tJR!AJv=.t9'.filU�JL--c1.,,Q3£1[� (45KVA 2�) vi, f&mrJ�%%v=:.1fvr:fJ�-'=J.x_, £:t-&�y§ 

Main entrance 

Fig. 4. Distribution of the =interio<·space. 

1) 9£ r�� (45 KVA 3 � fAJ 1 �liH*�fflf =r-�) �tv::t�t��O)iy�HJ 7,� - 7-

� M*AA·Mffi��J:U��' m��O)*M�0)7'�-7' 
3) fr*� J: uI fr+1m 0) 7-. � - 7, 

/±\J\ r=1 ii!1�5't-O)M� J: 1J *.O) 3 7J rM=-t9:vtt�. 
1) RftJ [It 40 '.tff: l 0) jiJI *-1H8 ± tU 7\. r=1 
2) 7J(�(IlxJ\ l=1 
3) =n:l��Iv=-jm_-f Q �u J\ r=1 

{fl L, iHr01JxA r::r c L --c, :5:J,;_ TI'!Lt. [!'.IfJfgM} 0) fit,.� :t- 1v � Ilx5't- L riJj'.fl§ cf Q. 



7 

4. f 00 • ltlr iffitt lOO 

��-��f00%�����CLL, ifffi-K�$�mKJ:0L�-�h�%�cL 

L' fjJ&�fl� L \, ,�Ef-s;p�l{. (7'' !J f- F) vcx1 LL' -e � � tJ� �f 9 �#CiJ�Ytci:: <' �vc 

J: �ri}(�t-:i 9 il��fn�'� � J: 5 tci::%ii��i L\,, c�x. Gh�. 

0 
0 

� 
I 

L=: I DrdlTI pit 

��n-e-��=o_r 45 _KVA /( 

- -----� - - -·'i, / 
' I / 

=,' Pump � : �--- -� -� 
;: 

� / 
,' r ' ; Ma.chine room f \' 

T--�1:11que!,erl, 1--------j \ _ -
j ', I Wocki"€ room 

1-4--��;s;,:1 -�-

Fig. 5. Plan of the generator hut. 

,--;_ :::J. C: =, 

D 

.; � 

________ ,. ___ ·---- -------------

� 
I 

.ru� 

I 

11 

I 
I
I I 
! I 1, 

m : .. ::· 

�tor1 

Buer/ -LI 

fl D 
I� 

11 

11 
=,, 

m 

I',' 

jJ. '1T = = -

l= 

11 

- 11 

�rc1torl 

Drdin 
LI I pit 

JI. 

l 
�' 
� 

Fig. 6. Elevation and section of the generator hut. 



8 

=-0) � {4 � iillii:::. -t:i0 t L -c , �9: �--1- ,�!rrm =- :re) \, , -c Fl Jrfl� mi iJ ��it � J1J::. FJ % vi k 0) 7E:Ha f* 
O)'!'lE�iJ, G fR]��JZl�v-=.xt L -Cil::k 0)'.1:ltiiiJ;� G:h, 4§-¥Arnx::tr O)f,jp *1� J: rff&ln ffl O)j/:JifJ: 
�f\-O)Firi*1�0)flL� �!ff L -c \,, 0 o �JJ�tTtlt�ti:, P3tITT�1f/gv:::. 1 0 &:,�rr-6�5?JfilW:'l±, f'r* 
'l±v=-�-t o�f:J�i>1·0)m:rr:\:te) 1 tf'!l\l.��FO)�{tr::. 1 9, Fig. s O)�rrfi�l<=-7K� :ho 1 5 tJ:, P:J 
% l L -C O)t#Jt1:�;J"f L -Cl.' 01J\flJ��-�}iH1 Lt::. 

+mnrt� J: amtg£0)�5-E l fRJ�r-=-, 7
° v /' f1tv:::.�-t o }�It;t-tj-f!0)�5£v:::. 1 9, lMm0)1Ji 

i;itHt, -ttd·"J'f::i'1'hrJ:L��t}\:0)%f:J�tttC) J: rf/.:; :t 1vt.fO)ffl.fJO)tJE��Til;::, t:... :. :hvil�t-ili.0)1!n0.. 

t�9, �k, �Kt���tn<, $UO)I���ffl�, mixKM-to���mO)ftft, � 

1ir1---tj,v:::.:t'i)tt �/itffdJ:ff:*'lj:�fO)i'}:��-�=- J: �:; -cit/i,J-1:t 1. 2 m '2::'J-£61)t:... 

"' 
:,,,. 
0 
0 

1 

i 

!� 

1200 ----

Yic.ll par.el 

Floor panel 

:n\--
1 

; 

L

/
11 

' ' 

' ' 

:, I : 
; I 

: 

.--- --- -

�-- 1,2 JO---� 

Roof po.ne 1 

7loor pauel 

� 1200 --;,,, 

Rooi panel 

Floor panel 

Fig. 7. List of panel shapes. 

--- �.,200 --.... 

Floe t panel 

_c}�O)t?U��-,;J-i:tv:::.fi'��-tt, �tit Jl >�:t1vi;tl;i-tv:::., /�:t1v1tl L-C0)('7f�'2::'fi'-l·;::,f:... ;!;I; 

:wr:�:::. � 1,, -c &t. � - 7,:) -v '/ "h:::. J: <S 3drs1.Jf\s0'! t L, 11:!J 1r:b tr:rtliJ;�l':::. x�· L -c fg'J}� v;:: .. xtY/1-e �, iJ, 
�. n!f'H�nlv:::.�1.,-c, 7J-cri£�H==-10-Ct��v=-tT!:, vr�. J�Ji�ITfi�f�7J-c:s:iz --c�oiJ,1S::: iJ, '2::' l!J1J!J 
L, flro!lZ:---c � o :. t t Lt-.::. � t:.., *rnt vt��-fw t WtJili!Y,H==--·f* t L 1:r 1, ,--c:-, i:h:s'l. � {t, 
!iM�J o) J�� 1Hr ]Jt '2::' tfHit< L 3€ m tm 0) l11 rrv; 0) 1:i� i"... _;g; ttfi L -c \, , o . 

5. --:{' - q=- '/ :7" 
®;�frlqJit.-:t�-c*Jl.:s'l.-C��J0v:::. --tot:..c1.), �v:::.&t.�ff;e-r:r: '/ ;;;,O)f:..cl)v:::.t, Jlfil17JtJ:--:z-



No. 25. 1965] (1947) i'(i.j;fittlrtsxW'l?JlJJJ=l'H!tJm (JARE-65) �1\tt*tx1111Jf!H�· 9 

=t- Y Jl iJ\otti 2- .n -c 1., ,  0 .  .:C .h(i  1) ::st+ (�'.=r) v::: .. l 0 t 0) c ,  2) !r'-#JJfdi:�%vc l 0 t 0) 

c 0) 2 15¥!--ei5 0 .  

1 )  *%� t L -c w�f* cw�, w,,.� * 1v ) -F 

6-:�f* -P 

@=t.Gi:�f* (@=ti� • m:f:N,,.� * 1v ) -R 

·-e� 2- .n, It vc -=. h G vi efflvc l 0 -c t  rK5J!J 2- h -c 1., ,  0 .  

F -

P -

R -

Main entrance 
(datum point } 

- - - - - I 
I , - - - - - I / 

I //,.,.. ,,.. ..,.. "" 

F - A t  

Fig. 8 .  (Example) Marking of floor panels. 

2) $P:BfiffG% C:5:JZ-00) O) r=p i C,, ,i�vt, .:Ch..fhct c A...�P vc l 0 -c 2 "'J O)ffvc rK 5JU 2- .h, c1!:> 

0 ls$,� (± l±I A � )  v:::.xt L -C , ffG# O){.ftuf c jj' f� c n�m;E 2- :h, --C 1., '  0 .  

-=. .nvtls@, BR, t±, m*�f*-t« --c v::. to 1., , --cJt]i$�c, � 0 .  

6. �flmffi� (�1ffi�t®i1i�tri!<ifG::=: O)}fliliv� l 0 )  

�9f3mft 0)�1JITT� §' c L --C ,  3B��O)��f!JRH::::. l 0 --C9f31�tJJ!13 0) frz[m (� !13ml.Bt 18
°

C) 

:to i u��. mttwO)�mK�-t 0 c �K,  �**· m*��]i L--c , *:to i um*O)�� 

�1-3-tJ: '5 2 ":) O) �§giJ�� 0.  �v-�ggcffirvt:xv::::. ,L ]zE«t_: 1 '5 v::::. !ll1Vwl13f¥G�ftg v::::. i 0 -c Fig. g 

v::::.�-ttr.i < �5E L f_:. 

TfffiO)*�vt 'a"mt� O)f�ffltt®I v:::.w: i, , ,  .:c 0) J=1lrzf to l v��Mg v::::. "J i, ,  --c ]zE« f_: t 0) c'cf!:> 0 . 

�1!1]( �  (650!) 2 �. �i�'fi* (650!) 2 �. 1rr 2, 600! �f;//:'5(\.�{�3(t5�%* No. 1 ,  No. 2 v::::. l 

I) @Jl!x L f_: T, 1 - -it 1v .::c. Y :.) Y DA-120 O)f1F'Ai�� (SJZ.:lf:v Qr= 20, 740 Kcal/h, ii* Qr= 

39, 430 Kcal/h) v::::. l 0 --c Fic\'l1tJ1at& L ,  m� 200-400! O)j§7J<r'iJtm c L f_: . -:. O) jjf!_ v::::. l IJ ,  

if.f'MJrpJ:f'rl1 80--160 F =; A i.J�:B!fJNJrTf1Jg c t£. 0 . 



10 

2) <t ?K 1J'( ru 

30"" ventdat,on fan (,ntake and e<M1Jst 
cornDrrta.t ,on) 

Fig. 9. Arrangement of machinery. 

�t?K :{} C�t]ntin -+7J'(jm: jfJ ;-� / 7
° P3-+J.!iHfr} -+Rr7JU < :/ ;7 -+7J'(mJ-8 � :/ 7

° P4-+*7}dg� 

r::i ,  ��fJR l*Hi� tl11 lilJc11; C L ,  �R'.,  Mi'tttJ+l ""'-.O)JJRfilg*.ijtr*=tifEl\_7j'(fvl:F§ ffi7j({[f C :tu=- ,  3 * 
� -· i c cl_) c L t  DUR! L, 0R*8�p,/J ('. 

� m*�m��m, m**m, � B  

.x. / :,)  :/ 0) 14;:tprJ;� (:s:JZ;b';::J Qc = 15, 830 Kcal/h, i&::k Qc = 29, 070 Kcal/h) v:=. l 0 -C i fiml. 

7}( 3<  / ;7 v=- 63° C O)fJfil.7}(�"':> < 6 . 

m1t 3< / ;7 v=- ct 6 63° c O)ffiil.1t�<�:1�1J1J'(J=Bt1�jt�VitH=-* 1? , -i- :tH=- 1 0 -c 70 °c O)ffill.1k� 

"':> < I) , **{�;�;iii L -C fil}ttfJR, it�,  TM\�;ff:::.*= 6 .  :ca-tm v=- ti� 6 * i '"-C-1lJ:Tj Lt� IrlYUl 
J=H Hot Warm Air Furnace �rr1vt, -/J �/) , -i- O)*=J!Ii\�O) f2z,A. r::i v::::.t'#� O) Radiator �� 9 

1t (t , t =  20 °C 0) )'v - A .x. 7 - � t2 = 40° C v=. 1.Jri 1.f�-C' � ,  :ca-tTR-C'vi� < 1fM:4� ffl \, ,f' J[{JJ\ 

lillk O)lmJ;J �frtJ: 5 2:::. c -/J�-c, � 6 .  

b. iM\. 7]'( 7}( ill 

f!iil.7J(*i@:iil::� O)iful_Jfil\.!mmr;i'H=- 1:Y!ffi L tdifil.7J'( O)mJj'(l�; f::_ Branch � B:11 L t  ?5ttmFM=-� < .  

flm.7]'( �1iffli"hvfiliil_7J'( 3< / ;7 v=- <4nt-/J� n mJ11'l',H=-tiU8' � n, W;v=-�� O) v � 11v �{:*"':>· 

c. � § 

� S 0)£,��v=- vtm7t �  / ;7 J: IJ 63°C O) ilfil.1t �f$ L, 14';7tm-c,m.l!t�r-vf -c 1Eeffii" 6 .  

i k, m��K J: 0 -r��-t 6 2:::. t t ��t� 6 .  



d. 111: 7K 

11  

1JP*vi-t�-C�'�tJIU13 COfjp* !::.0 
'/ � (1001) v:.::. jjc/_) 0 ,  2=. ;h:� ;f- Y 7° (P6) v::. J: -:> L T� 

� !*J 650 l 2 � CO fjf: 7k 3< Y � 11 c/_) v::. ;fj'; L, 11 i '? t� � v::.? 7} co f.t 0 � < Ji7J v::. ;f- Y 7° (P s) 

�=- J: IJ 1Ji7K.MW'i' fft.t 5 .  

4) 9BmfJIH� lfi 

a .  = Y :) y co�mUi � c 9£1[� CO }ffil�i�i'fr co;fn Q= 18, 000 Kcal/h T9£1l[fJR F'3 CO  �Wii. 

I8°C 'i' {*"J· 'ffiij�vi 7 7 Y 'i' {�JfHtf � l*J ml.Jtn�J: '? t��,fr, =fr.&�J\ o v :.::. ?t) 0 7 7 Y 

(No. 2 ) 'i' i b Lt'fil.mR 'i' T���v::.* 0 .  � v::., � F'3iliil.Jtn�J: '? t� �'fr!i,  7 7 Y (No. 1 ) 

'i' i b L, PHK-?- 0 .  mR § J: 1J m� co� nt co 9£{E, � co ftf!,fjf:3<"t, fj/:;i_m co&::;,��vi,  7 7 Y 

(No. 1 ) 'i' i b L -CJlI�F� ts:vtf11°�-t 0 .  

b. 9£1[tJ!u�m � r�rnt �,r� 

1&5E?Yi-t-6' J: U'� I13�{4 

F�* ml.Jl: fo = -20° C 

ffi xt ?KHl Ao = l (IOQ�,;) 

*� X-{ filll: X0 = 0. 000634 kg/kg 

.:C / ;)< JV !::.o - io = -4. 43 Kcal/kg 

lifilll: fa = I8°C 

ftlxtz�ll: Aa = 0. 6 (60%) 

*i'.ixtfilll: Xa = 0. 0077 kg/kg 

.:C / ;)< JV !::.o - ia = 8. 99 Kcal/kg 

�+N • �i'. · BK,,-!; -* ;1,,17 ,  G com���fil: 

*,, � -z. ;v CO l*Jrlm � Fig. 10  v:::.�-t. 

*,,-!; -* ;!,, cor.- t�m-¥ CK) t-6' J: aoo� CA) 

,, .... =- n 1,.. ff�:53' co mftt 

* t4" ¥r�5t co Im ff{ 

��,,-!; -Z. Jv COiit�Jmfi{ 

,,.., =- 7J A tf�:5J' CO ��ifit$. 

* t4" tiHt co �� 1t ifit $. 

ARH =47. 61 m2 

ARw = 17. 54 m2 

AR = 65. 15 m2 

KRH = 1. 905 Kcal/m2 h 0c 
KRw = 2. 793 Kcal/m2 h °C 
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:{, Jv !]) 

roof pane l 

; -- . : --r-= 1 I I •� A l c,m i n i u<n s heet l 2 �.;;, 
I I I I � J;i 

i 
! I 

, - - Pape1 h ot,ey-comb 
------�·...__.....__._.l_ ·-- f l um1 ,--. , �:11 s r1cet O � %  

Wa l l  Ft1n2i 

�- � .. - /,lur.1 1n.:..urn s l1ec.t l 2 "\, 
· i · ,1

1 - ' E, - lac fi l l e d  
' I  ' 

I · ·- pP<pes· honey -c onb 
I , .  I 

I L ·----�_.,.I _· ·_.· __ ' · - A lurnrn w·r , 11, c L  O ::i .· •• 

I j 

1�:J. 1 ' ,; r t;Jr ,__, ;; - CJ,71h 
, -ls : :':: 1 �_eQ ;J,:,.., 

___ J.�_:_· __ Ll ·:. l _ _  j ___ _ _ -· -· _,,...,...,...,,, _ ___,__ /'.l.'J' J ru:.1m ,:;,r e e i , 1 2 /  ..... 

Fig. 10. Panel scctt ons. 

AwH = 49. 67 m2 

A \YW = l.J. 04 1T. 2 

Awo =: 0. 26 1r 2 

Awon = 4. 96 rn.2 

Awmv = 4. 67 m2 

Aw =---= 75. 30 n ! �  

Kwvv = 2. 688 Kcal/rn2 1 1  

Kwo = 3. 08 Fca1/m 2 h ° C 

Kwon = 0. 668 I{cal/m2 h '.)C  

KwO'v'i .:::: '.2 .  193 Kcal/r,, 2 h ° C 

}\ FII CC""-14 .  26 rn2 

AFW = 17. 4 111 2 

AF = 61. 3 ff, 2 

KFH = 0. 650 Kcal/m 2 h ° C 

KFw = 1 . 513 Kca1/rn2 h °C  



K · A =  KRH •ARH+ KRw •ARw+ KwH • AwH + Kww• Aww+ Kwo • Awo 

+ KwoH • AwoH+ Kwow •Awow+Krn · Arn+ KFw • AFw= 295 

13 

�P3'Aflfil. ta = 18° C, 71-'Aflfil. to = -20° C, �r:'31: rO)fJfil.J!t& 4° C c Lis:.�,fr O) ffl��:I: 

Qt viT� O)jj 9 .  

Qt = (KRH ·ARir+KRw • ARw) Cta +2-to) + (KwH • AwH+ Kww • Aww 

+ Kwo ·Awo+ KwoH • AwoH + Kwow • A wow) Cta -to) 

+ (KFH •Arn+ KFW · AFw) Cta -2-to) = 11, 360 Kcal/h 

F 7 l 9 0)�A��K l o ffl*�t 

fiA��1K V1 = 0. 7 VR = O. 7 X l60= 112m3/h 

VR = ���� = (3. 6 X 7. 2+n x 3. 62) X 2. 4· . 160 

71-'AtBlt ro = 1. 395 kg/kg (at-20° C) 

fsi:A ���Titrr·,: G1 = r o v 1 = 1. 395 x 112 = 16 kg/h 

Qi = G1 (ia --i0) = 156 (8. 99 +4. 43) 

= 2, 100 Kcal/h c ts:. 6 . 

.:r. / :)  / O)�J\��%:v.::. l 6 m���l:i:1� 

ZX --140 (DA -120 Diesel Engine 45 KV A) 2i;' � 1500 RPM --c 1 itffl�RJfililti�fr 

ts.. 5 t 0) c -j- 6 . 

VE = O. 065 x 3600 = 234 m3/h 

GE = roVE = 1. 395 X 234= 326 kg/h 

� O) ��vrtJII1� 0)  Jfl fil! 0) 1\ J: 9 �Jt� r'3 v:.::. A  0 -c iJ" G .:c. / :) '/ v:.::. :f1kA � :h o  O) "Ctffil�r.�r:lt 

QE = GE Cia -io) = 326(8. 99 +4. 43) = 4 , 380 Kcal/h 

tJ_E: 0)}�9;;:��.1ri'C O)ftiiJ�JEffiJJR O)*iW:m:ft1. fR'f Qc c ts.. o .  

Qc= Qt+ Q1+ QE = 11, 360+2, 100+4, 380= 17, 840 Kcal/h 

� Jt vi .::r:.. / :) / 0)��1H� 9z: c JE'i'[� O)ffl�*lil: O)fo �Q = l8, 000 Kcal/h c /� :::; /" ;z, L -c 

" ,  6 iJ "  G , {IZ5E L t.: �fT-J3f:isJ'AUili 18° C vi, {ij�!f:ef 5JU 0) Heating �frts.. 5 � c tJ: L v:.::. ,  1f, 

51'f* 'b *-fl 6 t 0) c :it· f'-- -c J: i, , • tJ: t'C) , �� 0) $it(� v:.::. J: 9 , .:c. / :) :,., iMq; 11: L is.:�fr- 0)*5W 

O) /?fjJl::. 0)/.::: ol_) v:::. , Js:Uf� /� ;t ;i..- J13 ffiff.'9 48 m2 v:.::.!QzW![ffi c L t :&: � 0. 8 m/m 0) -J- -1 1=1 /" �mffi� 
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7. l¥9:g«-!· Tifil l !£� ffUt 

� JBffi:tJR0)\';9'.Jr-J·J;tffific· /t ,  ± l L -C �{�?k{4 ,  ��?k{4 ,  �:f:!Hll40 l L -c O)��H�UX:ll.� 
flt, licfiRtffili ,  �rm, m�/J .  G 3Jfil:$:: L t:..17� . 2::. 2::. -c· it1E v=- 7t=tf*1Y:1 .:i:. v ;;  v 3 / O)l[�/J .  G l§t 
ni--t- 6 � l l Lt:... 

kO)±:� t O) � � vf 6 c *O)� � t � 6 .  

1) JARE-1965 JB1aTJ+I O)m}fh -C O)m��m�9'.�fi1 8 }\ !J\ 6 $j=f�J -C 5'\-;)i'. O) *§-�<(l -C �5G 

T--t- 6  2::. t � EH� l --t- 6 .  
2) 9J)JiR O)�t-tRft*vt -c- � 6 t� vt&tci: < -c --tdJ- , n ·�l1{J r'21 , ,mi:� O)�Y� 6ltldi;t -c· t !Z.llr& 

nJfII§ t;_ t 0) v� --t 6 .  
3) ;t�-, r&:rin!ri:, �1KJ:0) 1, ,fn --c s !tfl;�PJ"ff�-c-� 6 2::. l .  
4) ft*!lwftvi?F 'ffi' v-=-lii*i11 tci: 1 n� J, ,� Y_) 6 J 0) [p1 f'r0 0) J;_ c·!zl1';9:TIJ1i� tci: 2::. c .  
� �� � 0) �� 0) � 0 � - r c�� K� L -c t , �w*�mt*�� 1 5 K --t 6 � 

c .  

6) ffim:imft, �li1� l 0) ;EJtHt, 1, , -f'tL 0) ftrq', 1v /J ,  G t  nHm --c � 6 � l .  
7) 1, ,f,nO)���-Gtt t 1 - 2 A -c-�kb��mmx, i�, i:J J::vfTtJff� -c- � 6 ;:  t .  

8) I1Hf� O)�* l tci: 6 �tt&J O) v �1v (7J\:5f) rJ/tl�t/J��J0c· � 6 ;: t . 
9) liH!n O){§i0s{tr".:.M L -C , ffitfH1G ri\11 0)3(}"6t f�IDL 13Mfi::�/J��J0-c30 6 ;: l .  
l-jJ-_-_ O)�J,;E v��� i, , -c ,  !l:li�rnG1st vt*O) l 5 tdZc:ITi: , :;:-· ,, ,; y s.,, 3 Y c tci: 0 t:.. . 
1) ,, � * 1v tYt& : ,frfi'-!· 83 tY ( -it 1 :< 4' -011 x 8' -011 tJ PJ) 

2) ff * � : -frJ\t 26 * (r[=t:;R:ff�?i'D') 
3) � * � :  '* � Cir«-r) 

1Y tN � Cir fi0fl 

108 * (PJ:*� 36, ;J\� 72) 
93 * (PJ** 27, ;J\� 66) 

201 * 

-0 k O)�ffiffl��. IAffl, ��m��� 

5) � O)f&:*:& : 3. 64 m 
·6) ,,� * ;v l TY O)W::ffi: : t�f$flf,,� * ;v 28. 25 kg. 
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1 . tt @i � � 
:: 0) m4m vi, ffititfut-9,HJHMU J=fHt#J 0) �1Ut c L t  tt IOO � tL tc. t 0) ·-c � 0 .  
��-�0) �$�* 2: L --c , �•• 0)�• 2: �K. M*�����. m�� 1 a�*�� 

�f!itstc. cb, 7Gt�tt inM7K'l1:, it illl 111:��1t 0 tc.ttttn�&:,� c � n 0 .  7i-tmfrJ:vfttv=:. 0 i. '  
t t ,  7· 1J -if - r �{E:iffi!Y::. Jruf x. � 0 :: c ,  � l lf w!l ?nu 0) 1!g0.. {Uc c t tJ:: i. , , 31E 5t tdM {Wel1:, 
it:0.. 1[1:ii�&:,� c � n 0 .  *'B'VC, :: O)f:IO)�J[gfflmlfo/Jvc�i. , t vi, mt-fun�I CrJl.ll. t) O)�-M! 

1-t c flm* 0)111f � 1-tn�ilBJtJ::�* c tJ:: 0 .  4-fi�tlvffF�--e, """ 1J ::i 7
° !< - vc l 0 '.s§:ilituii�±� 

-=¥� t tJ:: 0 �if, �tt0)*11m:m::t-o 1 U•fft$#0)Ji:::k-tr!, M:::km::l:�v=-n�  tJ:: fJ O)�J �.&n�im 

x. G tL 0 :: c c tJ:: 0 . 
A,@J O)�'§ vc�-t 0ljitn*tt@vc�1. , --c a, � ��ft�1*�#0) *;{t!llUi 9. o t tJT-e �  0 

:: t n��* � ntc.. i tc.,  ®IJ: O)fF�il�n 2: L t vi ,  m��J --ui, ��tJ::ijJHr�nnqtJM�--c:­
�f, 3::vcAnvc 1 0 �IiJ�r=piC., t �x. G n 0 .  ffl�tt@ vc � i. , --c t Anvc l  fJ mH'ux. of!?:I 
O) l'iJfl�tJ::ffl��1*ffl Ltc. .  

ffl�7553'.: c Lt vi::kz!U L t ,  .,.{ -* iv rJl..ll.7553'.: c iW!irJl.vcffll:1-t � ntc. .,.{ -* 1v �I!x IJ 1-Ht 0 � 
ffl, :t-o l cf .,.{ * 1v11f-ffljJ53'.:0) 2 �vc 0 1. ,  t��t Ltc.. .,.{ * h1553'.:� ffl l. \fc.�ir, !�tt�� l 
UrJl.:tl.I�ii�YtJ:: < ,  :a�II;f£vi 111i*1tc· � 0 ocmi, ffl�1* c L t  O)ij-jJ � .,.{ -t 1v g 1*iiq=f 
0tc.cb,  ,,{ -t 1vl®i-ffii:t-o l Um:ltii�::k � < tJ:: l'J ,  flm*�{'J::*'[1:vcx��*tc. L�-ti.  ,. i tc. , 
�173�:I: 1 . 0 t  O) ;-f-; 1 7- r l/ - ;L, i)��vt Gh 0 iJ\ :_ O) �q:tl¥JfJ::m:l:�st1i-t 0 vC vi .,.{ -t ;v 
:1553'.:vifU,��- oc� L i. ' · -75, �ffl.,.{ * 1v� ffl i.  ,fc.�ir, .,.{ * 1v @ 1* viffl�1¥JtJ::jJO)JfLffi.ii�Y 
tJ:: < ,  m�, �.,.{ -t 1v vi)OOJE�173 • 71-�lfill..Bt§: vC l I) �  l: 0 �fRdj. vct-j- L timt x_ 0 O):J;_ c· l 
< tJ:: 0 .  1*.,.{ -t ;Hi�:t-o l tf',J,�vc l 0 --C IK @i � ;nfc.,J, 7- .,.{ / c·xti � n. m�. �.,.{ -t ;v 
C �VC�� 1[1:� q:t iC,, vc�x_,  �.,.{ -t ;v O)Jiif:l:{t�ITT 0 fc. . fJ::16', �ffl$# 0)�jJ/:fVC l I) ,  $ 
tt�:I: 2: tiirfilIT?Jrvi1JrY:!tim Ltc.n\ �$#*81-vilfi!:l:1-t � :htc.. �irfilITFJrO)�fJn�{'J::* O)• 
ff-t1t-c*mtce ? � < ,  '6"$ 0)�if75t* c L ta, M•tJ:: ;t-; 1v r *1ffc6�:±. c L t ,  < � cflI:cb, 
� L ::  .7;,i_ � �  ffil.  , fc_. 
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Ji * )fill 3* 
Ji * fl � 

1:f.� � {[ � fllll. 
+ JS] 

.L= mi. :X\. 

1* 1ij Ml 
� 1 :;z. r v -;v 

60 m/sec 
O m 
-45° C 
-20° C 
400 kg/m2 

�]!\: 1 .  0 t 
1:f. � v=. :1D vt 6 PJ 5't-� ml.15t ft 

(1954) CWJ�JtM 

C 1 7J pfT) 

t� 38°C (P'S� + l8° C 5't-$+t� -20° C) 

� �-� � � � K l � ���ff (����) 

tt · � ft•��K 1 ��m*m 

filtN · i1i • W � - .->� - ,r, .:::.  7J A {Ei!ffl 0) 7 Jv � .:::. 7 A ,,� ;t Jv ( ?itf!tlr�t:t) 

ip&flI�� ft= 1 , 400 kg/cm2 (!�Jt]J) 
2, 100 kg/cm2 (ftlt}j) 

� fr m� c�*�*mm��m) 

i=p $ -;v r 
�Am SS 41 1Jr1I fu1 

r; 1 -v· - \:1 - 7° JIS 3525 6 �- ¢12 IlliJS /. � "'1-



Fig_ 11_ Floor beam plan_ Fig_ 12. Roof beam plan_ 

·ill � ! l l ! l t Dr 

4. 1tff� �-&t JJt! 

1) }t-&tJJt!�:i[ 

1. ± 

2_ "' - 7,.  lJ / f - - - - - - tK  

3_ � i" :/ � - - - - - -� 
4. � i" :/ 

� - - - - - -tK  

5_ * � - - - - - -tK 

6. * �- - - - - - tK  

7. *� (1J\�) - - - - - -tK 

8_ * / ',  * iv - - - - - -tt 

g_ tt (q:t :;k:) - - - - - -� 
10. tt (WJ lffl) - - - - - -]¥. 

11. � tR �- - - - - -� 
12_ M. tR � - - - - - -� 

Fig_ 13. Elevation_ 

� 

* w-. � 

� 

w-. � 

!J\ � 

/'> * iv 

(q:t:;k: . WJ lffl) 

tR � 

tR � 

tR � 

tR 1J\ � 

� Iv r frff (12¢) 

� L ;: �  

� L ;: �  

°' � 2:' "'.) ;: {± q 

� 1v r $ (16¢) 

, f:',J7* !::0 
:,-jfirJ L 

� 1v H W  (12¢) 

� iv }, ;?rjf (12¢) 

� L ;: �  (�iv r ;?rif) 

� 1v r $ (16¢, 12¢) 

�iv r ;?rif (16¢) 

� Iv }, ;?rjf (12¢) 

17 



18 

13. tt (� !rr]) · · · · · · fil _,., ,Z- Jv 

14. m tR � . . . . . . m � .,.� * )V 

15 .  tt cm !Hl) . . . . . .  7, -r - 17 1 -t1 -

;f; Jv r � ( 8 <p) 

< � u ll:: cl_> 

< � u ll::&0 

°* L -::  dj,. 

(1956) C�ffi�M 

tJJ::f1�filJ:: (;7) 1S"filS1zHr vir'f L -:: dj,. , � JV r �&'), < � Ull::&0 :to l UW;H"$ l::
0
:/ �IJ L c , fl f.f 

4 ftl (;7) }1if jJi! v::::.!�JJ_ L t: .  t�J v::::. jt,HJ::::. l Q ;}( f jJ :to l U1lk � t-: "i 9 (;7) '3 (Jffil. T ffiiJ) v::::. l 6 

1J1Uff:)k:5:JZ:JJ 'la:'5Hfi't" Q :71-fffi ;z.. -r - 17 1 -t1 - v::::. "J "' ,  --c vi , *19 1 . o t/2Js: (;7) 0 !3R:1J iJ\:tfl9E � n Q t-: 

&0,  ttID'lfilS c ;z.. -r - 17 1 -t1 - !tirt'f� v=-"J "' ,  -c vi , Nit Cl)�/fm::k�lt�!.� 'la:' 1itJ: "' , , rifi-filStl 

*1U (;7) gS( � 'la:' 1.m x.. , k Cl)� � 'i'.1: 'la:' 1itJk!, L f: . 

2) ti.ITJlt'f�ryiJJt�.®tM� 

�J.�111:t : 7, -r - 17 1 -t1 - Cl) filt�t}t:ftl!fiEJl!tvi 45° --c·jS Q iJ�. 5ml!tfA!�v::::. vi Fig. 14 v=-�--t 

'fA.�f* 7·· P '/ !l 'a:' Jfl \, ' t-=:. 

T 
1Ee:m ��* : 7 A A 7 - 1ti tTJ1m�.�� (5o t) .  ?JW 9Eii  r Cl) ij  \�7J 'a:' !VC�IR 9 t=

T.4142 --c· 
7 ·1 !l fffi5h:::. {ili'h < i:J I 3R 7J 'la:' � 9E L t-=: . 

T 

1050 kg 

1350 kg 

1400 kg 

Gu.y 

45" 

'I/ I /.  

t 

Po s t  

c::-
3ea.m 

Fl.oo r pa'1e l 

Fig. 14. Test piece. 

742 kg · · · · · · · · · ·  · ·Z2% �!Hei 

T 

954 kg . . . . . . . . . . . .  �%f( C 7 ·1 !7 iJ�fiiJ, G vi f hk '5 ) 

989 kg . .  · · . . . . . . . .  lifrfjJ f;N W- Gr?c�1ijm) 



No. i5. 1965) (1957 J 

�T-

i;&&,S\ 1. 7 ,;; :7 �� 60 m/m J: 9 7. 5 m/m F::. �Jt: 
2. HJll'H5JW)f!i5itlz;:;" J: cf 1J 7·0) 1� �'a:' 4. 5 m 'm J: i) 6. O m/m r:. ¥t.W:: 
3. 7 -;; :7 O),j:!173$�:,A -t 0 ffl50-0) �J!: 

Fig. 15. Detail of the test piece. 

Photo. 1. Under experiment. Photo. 2. Original designed hoolz plate 
after experiment. 
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6 .  

T 

1500 kg 

2200 kg 

2800 kg 

3100 kg 

l'--- 1 ':> 0� , I 
I 

I I  ' /� 
1l I ' _J 

I i 
-Jo (_,)� 

t 

lCGO kg · · · · · · · · · · ·  -�%�roftti 

r -- 1 00---1 

II (__) l 
----\ n I 

\ � 
\__ I I 

L sJ--J 
Sec c nd d s s 1 gne� 

h:i :iL  p late 

1555 kg . . . . . . . . . . . . 7 ·:; ?1 tRn4 

1979 kg . . . . . . . . . . . . 7 ':I ?1 � E[ll£m 

2192 kg · . . . . . . . . . . . :f&:� om:rn:trm V) )  

(19581 Ci¥Hilli1f£H 

'10 

Photo. 3. Second design ed hook plate. Photo. 4. Second designed hoo.i plate 

after experiment. 



.._ __,., 
Second design 

l 
Enforcement design 

2 1  

� 2 �vc � 1, , -c vr. ,  7 ';I !7 �!f0vc» ,» ,  Q 5t1J t iJ��ttWJll!O) 1. o t tJ Tc-c:t>hvi, ViU: Iv 
.J::' e:- Y 7'' ;v tJ:�%vi� G tJ: 1, , .  �ttW,f1J O)  2 {{'f-�O)WJ.mn�irH�WJ:I: c tJ: 0 -c 1, , 0 .  .:::. O)�Bt 

,O)WJ11UJ: G ff1i{El!J=H t pJf?� c fU� � h 0  . .:::. O)*s*, 7 ';I !7 �!f0� J: tYttlfJ(ff�O)�jBtvi�tt 
1m1Jvc1t L -CJE5ttJ:�Bt�t='if� .:::. c »�J?tWi2, � ht�iJ\ �Mt t=/=t 7 ,;; !7 �!f00)f iffi1¥JtJ:��hiJ� 
�� GhkO)t, �� O)�������- c Lk. 

:�=1HMm O) fil:fl, m:, J*O)%/� :f ;Hi�iffi# 7 )v � =- ::i. - A ,  � - / �  - ,, ,  -=- }J A :::z 7 0) -tj- './ 

F 7 1 'Y 7"' /� :f )vl)��iffi1¥Jvc1*J=H � h-C \, , 0 iJ\ %$ -' � * ;v 0) [73,  ��in::: . .illf-' � :f Jv VC virnJt�ER 
EE 300 kg/m2 iJ�iJ .iJ ,  Q . .:::. O)�ffvc J: 0 �%:I:� J: tF!il:z:�vc:xt-t 0 :tc�·l:i�tfftW-t 0 t� � vc 
�!f0::k�Wf�J��1TtJ: 0 t� . 

2) fA.�f:t � J: cY�.it15i! 
�J�f* (i��� c /Al�vc S :;$>-- � JJ A ;f; - F'I� KK � A-100 � - /� _ ,,, =- JJ A (27. 6 

rn/.n ffll) �mrn�:tJQI L, t=p ml :::z )V !7 t±�,,, 1 7 ';/ !7 �ft� Lt� t 0) � :::z 7# c L, fi!IT�iffi 
7 1v � -=- "'- - A flx (50 S l . 2 m/m J�) �BHfo1t�t±jU�;i-foflJ SHfo ;t; Y r 3000-FLX vc --c �  
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• - - Bo, :, 

-Po,;t Post 

Fig. 16. Samp ling of 
test pane l. 

�o 

}JnI Lt-=�.�1*��{1: Lt_: . fil ,,� ;t-. 1v0) �r� O)  {iffi�m_ 
Ii Fig. 16 �=- �-tftA < '  J'Jill±E�tt*' J: U�v=- , ;f 1v r *' J: 
cf' < � lf'� t 0 -C �JE � ;rL Q. .:_ O)�,fr, /"- .:::. jJ .b- O) jj j1i] 
vi Fig. 17 v=-�-tftA < , $1 1 , 230 m/m :1:H�J � y .f Y :15 1AJ 
(L) c -t 6 . �.�{* Ii, Fig. 16 MtiffiHH=-�-tftA < ,  

$� 600 m/m, -:& � 2, 400 m/m c L , Wn· [{tl 0) df.-v:::. � ( ,  
-c �1ffl'�.��fftJ: 0 f_: . i t-= Fig. 17 v=-71�-t J: 5 v=- , � O) 
7 v - .t.. � ::z 7 r1v=-�v-)" -c ::l0 6 . 

LS 1�s 

I"!, � JS 41°0 _ ZS �b l 
1 L', f�" 

Fi;;: . 17. Fie.me plan made of Japanese cypress. 

r-m- · -[IJm·· . �- AlvM ,1 1vrn sheet 1 2'7"' 

-,,0 
· · � H,- lac f,l le.d 

�L 
; : , . , paper honey - comb 

I ' ' ' I · 
........;.=e-bd.a�===�=· � Alurn,mum sheet 

Fig. i8. Wall panel section. 

i�U,jtf*� Fig. 19 0) J: ,3 ;:::. ,  xfJ' /icl9�� 1. 25 m 111M!x11-tf c L ,  $JJJ-/Hi 4 f_·QJtJv:::.0'vt , [gf 
0) J: ') v =. l /J ,  G 4 0) 7'' P ,;; ;7 r:::. )![fl* ::z :/ ;7 Y - r 5- 7-.. ], l::0 

- 7-�*-rt, �·r,} :;(JHf!J°J:R c L t _: · 

<---------- z..400�------

Fig. 19. Lord map for test 



1 1. 8 
1 

12. 3 

11 .  9 
2 

11 .  4 

12. 4 

12. 2 

11 .  8 

11 .  9 

4) �.� 2 

Table 3. Weight of counter loading 

12. 1 12. 2 12. 0 

11 . 6 12. 2 12. 1 

12. 0 11 .  2 1 1 .  2 

12. 2 12. 6 11 . 5 

12. 4 12. 6 12. 3 

12. 8 12. 2 1 1 .  9 

11 .  9 11 .  6 1 1 .  5 

11 .  9 11 .  9 1 1 .  9 

it it (kg) / .ijl f3J (kg) 

96. 3 12 . 0 

94. 0 11 .  8 

98. 8 12. 4 

94. 4 1 1 . 8 

383. 5 12. 0 
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�.�f*vi�iit Hcffl \, ,fs: i OJ �fiffl L, 3zJlfrcfl�� 2. 4 m  c Lt: . �Mvi�t� l c /RJ� 

vc , /�  * ; t,,  � Fig. 5 O)�Q < �:5t L,  ::z / :;7 1) - f' T A  f' l:::
0 

- A �  3 ./)t�fvc:5tvt�:5t:mmm 

c Lt: .  T A  f' l:::° - 7- vi�t.� I c /RJ t: t OJ�ftffl. rftLl5EviM@OJrftLl5Evc .$ r:, 7,. .,.� y r=p� 

(Fig. 20 O)ff},,r#J OJ1l� � f 1 -t IV 7 - � (1/100) vc J: I) tQU5E L f'2 . 

2 3 1  2 .3 2 j 3  z 
I t 1 1 1 I 1 

1 1 !  1 1 1 I 1 1 
l z  3 2 ,  3 ·  z. 

Fig. 20. Load distribution. 

5) �.� 3 

1 

3 

1 

'2. 

Photo. 5. State of experiment. 

�.�f* viwt.� 1, 2 --em\,  , t'2 t OJ �1tffl L, wt:�75t*vi 1 c FnJ r: c L t'2. ��viwt.� 1 v:. 
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:r'Q 1;  , -c  rB v , t.:.. ::i :,; 1 � - r -r 7, r t::.' - 7, -�m) -c 383. 5 kg c ,  *v=-�--tm:m:O) .:;- 7, r t::.' - 7,. 

� ���K-� L, �� i �-� Lk.  

1 1. 9 12 .  0 12 .  2 12 .  0 11 .  9 11 .  9 

12. 2 1 1. 9 12. 2 12. 2 12. 6 12. 4 

1 1. 5 1 2. 1 12. 6 7. 9 7. 9 1. 6 

1. 1 1 . 6 1. 6 1 .  5 1 .  5 1. 6 

1. 6 1. 5 1 .  6 1. 7 1. 6 1 . 5 

�wm: 383. 5 + 211 .  o = 654. s kg crvHJfnfrnJ 

*2 {SL It (mm) 
------- - � - -- �- -------' ---- -

1f - :81) !/ - :> (2) 
1 
2 
3 
4 
3 
2 
1 
0 

* O '  

183 
267 
400 
533 
400 
266 
133 

0 
0 

2. 01 2. 43 
4.07 5. 03 

6. 07 7. 28 

8. 27 9. 78 
7. 87 9. 08 
6. 15 7. 08 
4.07 4. 58 

1 . 67 1. 73 
1 .  17 1 .  23 

11 .  8 

1 1 .  5 

1. 4 
1. 1 
1 .  1 

12. 0 

11 .  1 

1. 6 
1. 5 

{5(;!' 271. 0 kg 

2. 22 
4 .  56 
6. 68 
9. 08 
8. 48 
6. 67 
4. 33 
1. 70 
1. 20 

- -- -----�--- ---�----__:_ ________ _ 

it1� 2 v:=. l 0 ;At{ft:1i:�*v=-�--t. 

w fil � � B111:fnfm: (kg/m2) � 2-:. {V: :I: (mm) SjZ :f:';J ¥£ {SL 11: (mm) 

1 133 1 7. 63 18. 20 17. 92 

2 200 25. 73 26. 25 25. 99 
3 267 33. 93 34. 40 34. 17 

2 200 26. 27 26. 72 26. 50 

1 1 33 18. 57 18. 92 18. 80 

0 0 0. 57 0. 47 0. 52 

fiJ\/&� 3 --C' vHJiz��l[ c L -c 654 . kg (910 kg/m2) ��t.:.. . 

i t.:..l'iBUlZHi� l*Jr111Rffi--C' ct) 1J 5 l�ffi!J1Urott C ::1 7 0) gdJ.v:=. l I) R "? t.:.. . 
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7) �.�m* Cl)�frt 
�.iH=- J: 6 m11t!i� � Fig . 21 t> J: cf' 22 v=.ffi--t.  �!t§t 1 v=.:tovt 6 t<:1Arvi�lrtffefm:Cl) 1. 78 

fg-Cl) 533 kg/m2 t -e c L t::. tJ�, �ft?�tJ�t'9 l .  8 mm ct> -?  t::. . �5t�lJiJEC') 300 kg/m2 c' vi, 
�&:livif:lsJ 4. 9 mm c' 'S .,:d::. . �.� 2v=. :tovt 6 t<:frfHi 267 kg/m2 i c' c  Lt::.tJ\ k Cl)� 
Cl)�&:livit'9 34 mm, �ft?��vit'9 0. 5 mm c''S iJ ,  �%vBWttilirrfffll*H=- 2r> � c: c iJ�hiJ� 
� -

*K�M l :to J: U 2 K:tovt � �&t 6 �tt� K J:  !J ��t::. . 

D : au rf /llulH'i 
u :  � WrllluU'f:1 
J : *mi# 
C :  ::z 7ft 

E : aE rf5, tif*� 
G : � Wf5,•['11'*� 
A = (1-.1-2) 

m : .f- 7 -;; 'J -:/ tt 
b : $1 
w : kg/ cm (w.m) 

DJ= �£ tL . t1 Ct1 +tc) 2 = 60;:: }� X 0. 12(0 . 12+2. 76) 2 = 18. 8 X  106 

D w = 2X �w ·frtw3 =2X 7 X _104 X �} X 2. 763 6 .  l x lOs 

D = DJ+ D w = (18. 8+0. 6) x 106 = 19. 4 X  106 (kg • cm2) 

U c = bc • Ge • tc = 60 X 254 X 2. 76 = 4. 2X l04 

G mE w 2X 7 X 10� _ 4 
w = 2 (m+ l) 2x (2+ 1) - 2. 33 x 10 

U w = 2X bw • Gw · tw = 2X 2. 5 X  2. 33 X 104 X 2. 76 = 3. 22X 105 

U = Uc+ Uw = (0. 42X 3 .  22) X 105 = 3 .  64 X 105 (kg) 
�� 

5 x w x l4 wl 2 
6

= 384 X D + s x  U 
l = 125 cm c --t 6 c 

( 5 X  1254 1252 ) 6=  384 x 19. 4 x  1Q6 + B x 3 .  64 x 10s X w = (0. 164+0 .  005) x w=  0. 169 w (cm) 

l = 240 cm c --t 6 c 

6- ( 5 X 2404 2402 

) - 384 x 19. 4 x 1Q6 + 8 x 3 .  64 x 10s X w=  (2. 22+0 .  02) w=  2. 24 w(cm) 

ft'-rJlv=. J: 0 m� � Fig . 21 Jo J: u- 22 .v=-/�--t. 
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400 

A 
/ I 

/ / ! 
/ I / 

I I I I 
I ' II I / 

I I 
: I / / I 

36f �
- fl// / ;-

-- 'ho,,:n loa4 (}00;1.l 

,,, / / I I /I I I :::--::::::::.:·::. 

, . , t ' I 

Fig. 21. Test 1 :  Uniform load­
deflection curve. 

F,·,'J. 22. T est 2 :  Uniform load­
deflection curve. 

EjrJ F=-*rffitj· C ::1 7 tt <l)tii:tHt�v=. -·tTG1tJf <l)�'fG� ts:_ 11&1 J=ifriJ\ er> 0 t:. t:. cl� , 3� Em*�- <1) ro!Jt1 ts:_ G v< 

r:::. ::i 7 <1) � � lf/il!Jtl:iJ � {[T L -C 1. , f:_ J�ti c }JJh;h 0 .  �;U0t 3 --e rt£:1�fjfl1: 654. 5 kg (910kg/m2) 

v::::. -C , fJU�1* vi :J'J � V=:. J:: 9 �nf!tj· c ::i 7 ;t;j· c iJqdJ �t LfJNQl:Pbli� L t:. . ;:. 2::. -C , ;:. o) it�-\ I�H=-1c 

1 1 

t = t c + 2 tf= 30 mm 
b = 75 mm 

j]_ 0 -c 1itc£ 0 t:.�TI'fitt c ::i 7 tt <l) �iHr1J <1) mi vf�;t.�fit*B* � § ! Jfj --t 

Tmax = 
3 :;�S = 3. 95 (kg/cm2) 

Q = -65!· 5 = 327. 3 (kg) 

;:. <1) 2 /) <1) ��re: 1J <1) z:_'l':: fi ,  r, =-- tJ .b. j_i JR] ( L, W) <1) � 1. , , 2js: fJ.i\/.M r:::. � rl'" 0 1� � t'ffi <1)-t'ffi 

�% � � ,  � J:: tf'*!J.JHhrJL� <1) :1%{�f iJ ,  G * 0 ii <1) c }J!,h:h 0 . ,,.._ =-- tJ 1-, <l)jjfi'iJ v::::. J:: iJ ,  Ye <1) 
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8) � � 

�.� 1 J: iJ 7-. ,,� :/ 1 . 25 m c L t:..�fril)�fft{lijlt (300 kg/m2) v::.xJ-t 6 l=/:t:;R:O)�fftlh:t 

i"l 4. 9 mm --c, 7-. ,,� :/ 1. 25 m v::.xt L --c i"l 1/250 c t� 6 . c. O){jvi�.�1*0) 1=/:t:;R:#;Ji ( 7-. 

,,� / 1. 25 m --eiist1�fil:Ji:/J , G r--p :;R:$v::./J ,/J ,  0 fftii:) --eft��Jc�t�$5t/J�� 0 t:.. t:.. ch,  ti· 

.f@ J: IJ * � < /:H --c 1.i , 6 . 

�.� 2 v::. J: 0 m� vitt#fl c �fx L --c 1.i ,  6 n� . c. nvi� IWTnn��.�1*'0) l=/:t:R: v::. --c o c t� iJ � 

fdJ�t1il5:5tn��!Wrm�vui 2: A.., t:'�1¥�1J.x.. --c 1.i ,  t� 1.i ,  t 0) c }ffilJ-:)tL 0 .  i t:.. , �.�vi ,  ,,.., =- jJ 

A ::i 7 0)W:1J[qJ (Fig. 11 �mo O) � v::.":) 1.i , --c frt� 0 t:.. n�. �� 0) 5t1"fvi L:1J[qj c· � 0 . -t 

c. c· 7-. ,, � / 1. 2 m, L :1Jrf-iJ c L --C {lijJi 300 kg/m2 /J�/J ,/J ,  0 � it O) m �  �tt• --e :s:jtch 6 c 

DJ = 18. 8 X l06 

D w = 
7 X 1Q4 

��X 2. 763 
= 3. 68 X 10s 

D 1 =  (18. 8+ 0. 4) X 106 = 19. 2 x  1G6 

U c = 60 X 495 X 2. 76 = 8. 2 X  1(4 

U w = 3 X  2. 33 X 104 X 2. 76= 19. 3 X 1G4 

U = (8. 2+ 19. 3) X l04 = 27. 5 x lC4 

( 5 X 1204 1202 

) iJ = 384x 19. 2X l06 + 8 X 27. 5 X l04 X l . 8  

= (0. 141 + 0. 007) X 1. 8 = 0. 148 X 1. 8 = 0. 256 (cm) 

tJJ:O)tt•c· 2. 56mm c t� /J ,  ?ttfft:ff-Ui 7, ,, � :/ i.J� 5 cm ,J\ � < t� 0 t:.. t:.. ch, 1J\ � < tH t:../J\ 

D :to J: U U vi ::i 7 - l*J O) *�,m·rJl� O)!WrrffiiJ�,J\ � < t� 0 t:.. t:.. ch, 1J\ � < /:l:\ --C l.i ,  6 . i t:..�;ti· 

{lijm: 300 kg/m2 O)� O)'i§-ft JJ ��t�:c·;}tch 6 c ,  

wl2 300 X 1. 22 X 0. 6 M = - 8
� X b = --- -�-

8 
--� = 32. 2(kg • m) = 3220 (kg · cm) 

iJ - M 
= 3220 - 163 kg/cm2 

J - t1 · le · b o. 12 x 2:-16 x60 -

Q = �,/- X b= 300_ 1-�� X 0. 6= 108 kg 

- Q - 108 - 2 
Tc - fc X b - 2. 76 X 60 - O. 65 kg/cm 
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G JL 6 .  

;iA.!�{f10):lzX c L -ni, j,' tJ: 1, , iJ�*miH c :::z 7 c. O)J1::-ridi!S v=-*�1Hfe 1j �)'J� tJ: tthifi;.i:-I.J'6t 2 O)*Jf 
J,,JJ: l 1) J!Rtl!mh�'-!'_�[ v:. l 0 -C � �t-?" 6 2::. c /J � -C' � 6 c }Jl b h 6 . JIJ)_ film ii'!· J;i: v:. l 6 2::. 0) 1J;t /� * /V 0) 
f.lUE 300 kg/m2 v=-x�--?" 6 r=f=11(i� {i1:1hl lii , fJ 2. 6 mm c tJ: VJ ,  �{:s'.r. _G_i_ l ix:5}��-e cl0  6 .  

�Nfif!X 0) l 5 v=- 1rit L 1, ,�flf Tv=- };  1, , -c I i ,  151£Jn-t 6 Mf1r v=- t ,  -t nv=-*11,t -e � 6 1 5 tdin 
:\:fl:ftb,'J\�;jt � h 6 .  2::. 0)3£ffl'.fJR O)filt�'-r v=- � L -C t ,  fill ,ez 0) fgBt/J,  G �f,�- L ,  }JIF::.&;,�tJ: t 

J) 1=. v:) 1, , -c I i  �!Mt� fl /;c 0 --c, {FliJnHf\ �iJ�5"Ji L t: .  tJ Tf:i-TH5 O)*Jt:4-�J;f!· c -t 0)5':_Jl v=-v:) '-' ,  

2. /� * 1v tHmH 
/� ;z- ;v�zo'fit�' O) '\j:ll� C L --C (i ,  1ll1fi\:, iW Y<. ,  mtHt , [rrjf)ftfti:/J ;�:K � h 6 .  2::. JL G O)�{tj: 

�rrMI�-t 6 HfA c L --C ,  T*Hl 7 Jv � =- r; 1, /] � �  ;:z_ G fL, mttft 7 /V � =- r; 1, fr�tlz 1 trli (52 
s )  0) 1/2 �'W:tlz�{�J-l l L ts: . }Er: 0)=£',Hi'r1 'ii lWt!:,  1�1Iri f� 1t0) § �Y9t<fifiU1!1z v:::. l 6 �Jhfi.)'.!1:ffilWB� 

�1/ill: L ts.: .  l�ifAli)'.!1J:f&B�vi JIS H 8601 �=- 1Jl5£ � h 6 B �StJ J·. c L ,  &B!J� O)l,\�I� viHt55i-C'*'9 
20 µ -C'ct) 6 .  

7 Jv � =.. r; A ,f,lz O) W � vi)�jf{, i\t f;r( / � * ;v jt>'i-#l51WHi l . 2 m/m, J�im, �/� ;t:, ;v O) fAjtf� 
fl!IH i 0 .  8 m/m, J;R/ �  * h 0) rJJ {flS fWHi 7 1 -{:' :,,- �-C-Jy/J,Jt 6 c c. kif 9t. --C 2_ 0 m/m c. L f_: . 

3. / � ;t:, Jv :::z 7 *�-
/ � ;t:, ;v :::z 7 Hr:::. t Ufl°u: -C'cl0 6  C c. , ¥�<\� {� x_ v:::. < 1, , 2::_  c. ,  \i[, mttJ: / � :'f !VCviHlUD=- , - BR 

/� :f- Jv -C vi l m2 
� i) 400 kg O)ftffj}jy:. �itx. 6 C c �; O)t\: �� /J;M�'t( � ;ht_: t_: Y_) 7 I / - ;!,, �  

)]fi '-a:' �i5l: L L� - /-,; - /"  =- -}J A � Ji] 1, ' ,  / "  =- -}J 1, 0) --iz 1v 173 v=. r,�\ilirl*fr;H�xJJI L --C 1:tHl L ts: . 
/J: }c;, / � ;t:, 1v O) t!HJ r::. 1t ,t�J,1H�� ?i'7J<�{f 8-SJti� tifzJj,: L --C 1YIH1 L t_: . 
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�,JffisitJrM c L --c vilt1iJJ7�,1\ 0 < ,  ���f:fr�$n�,J\ 0 "' , t oy -c 2D o c. c vi "' ,  '.5 i -c:- t t.t "' , n� .  
c. O)�mtJtff:::_ � "' ,  --c vi ,  �tt&r1:'inif ;JzEf'9 v::. -t o t.: 00 v:=. 1lfflPJt!�lllllJ1t 0) t.t o � < ri"' , t 0), i 

I-:_ ,  /', :::.. n i,_ 0) -t: Jv P3 v:=. JE� L --c {�JfJ-t 6 c. c i):, G, -t: JV 173 v:=. JEiJLPJtm f.t t 0) c 1,, , '.5 9i'd'ti7� 

�::ft 0 ht-.: . c. O)�{t/= v:=.Jmi-t 6 t 0) c L --c , 7 :i: / - 1vtMJJl3 0)�1E!I{* (rfflifli i'S  : -"' 1 5 /' !! 

� �  ::r ;vI* K K�) '1:'jgJi, {}E)=FJ L t-.:.  f.t �, /'  1 5 /' !! 0) JtmJi 0. C5, f�f:fr�$vi 
0. 025+0. 0001 1 tJ Kcal/mh °C, {}Effl"i:JT��fml.l!'f'.vi 150°C -C:' 2D 6 .  

5. f'f,g M tr1J 
1) 7 1v � tlz c � - /� - n :::..  n 1.., 0) -tJ- '/ r 17 1 -:1 =f- ,, � -t- 1HiA, i -c:- v=-���=-m 1,, ,  G htdflJ 

n�!J,," t.t < ,  --z:- O) fi�tr1J v=-� L --c t , �fl'1:'!ff-t 0 / - n - vidrt.t "' ' ·  A,@O) ,,� -t, 1v O)�ff:v==. 
� -?  --c vt , ft�Jcf1J / - n - 5 t± 1 0 8 fmO) fi:fftr1J '3:'�lv-c:- , 2 @v=-nt-.: -? --c Jt��.�'1:'frt.t 

1,, , , Ye 0) tr-t�U: 0 {Et'. HHt if rr1J '1:' t:1( Ji L ts.: . 8 fl 0) '.5 � 6 fl vi .:c ;f =r- './ *,  � 0 2 ti vi it ux: ::r'' 

A *fi�trrJ--c-2D 0 .  {gf/lll.v=- �vt o •f1:�vt .:c ;f =r- './ *O):J5nqilh --c "' ,  o c � x. G h  on� . {t* 
•f1: v::. fl:h --c "' ,  0 ,�n ,  G ii-ux: -:::t i,_ *ftl�tr1J t §i\/MH=-JJi:i x. ts.: . gi\,�zv=-{� L td'tHftr1J :tD J: rf--c 0) / 
- n - vtTuc O);m 0 --c 2D 0 .  

$ :/ r ? 7, (;( - M 666 
-t: / (;('' 1 '/ 1500 

7' 1J - i:i '/ :) -AF-HF 1 

7' 1J - ;::i '/ :) -AG-HF 1 

StHi1 $ '/ F 3000 FLX 
SPi'.tt1 $ '/ F X 3000 

$ '/ r ? 7' (;( - G 590 

E C -1368 

2) §i\�)=f-� J: u§i\.�::15t.* 

Y :::.. - 'T � n 1vi*AiRf± 

-t: / ::f 1 Y;/:tAiRt± 
7' 1J - $ Y F1tI1*A�t± 

// 

// 

Y =- - 'T � n 1v1*AiRt± 

{±:l[ 7' 1J - Mtt:t:iRt± 

§i\.ithLvi 7 Jv � tlz c/� .:f Jv�ffiM) c �1'M� (/{ .:f Jv;J9,#) O)�*r�.�ffl (§i\.�}=f- A) 
c , 7 Jv � flz c /' 1 5 ,;, !l JE�� - /� - .,,, =- ;h A ( .... { -t- 1v ::r 7 #) O)ft*r§i\,itffl (§i\.�}=f- B )  
c '1:'1t�*rtr1] v::. "'..J �--ch-f'h 2 00--f"'..J�fp L t-.: .  §i\,�}=j- 0)--tj-t.*'1:' Fig. 23 v:=.�-t. 
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Tes t p i ece A 

-�· 2.oo �----- 1 00-+-- 1 0 �  

Al1.1m 1n ,  .'m sheet D, S'.%, 

Test piece B 

Japanese cy press I 

"------'-1 3 
�00 ------.,j 

I J / j �I J l /llUWJOID � Both l�ce, Alvm,n,vm sheet QS %, 

- *- Core t1 , - lac f , lled paper honey- comb 

Fig. 23. T est pieces. 

(1968) Cffiffi�M 

lFn.� O) ffCfv:_ j: 1) }]'.g�ryiBt O) {J&Tli�� � G h o  O) c· ,  f�t�J:\·· it � G iJ ,  C 6b {JJjfrJTv ::. :oJ::fig[ L 

t:: fi, ��� � fr tJ: 0 t::. � wfyfp]T O)ij::@j/ii\J1� (i -25° C i -c· L iJ ,fNrUftli�Tvf G h tJ: iJ,  0 t:: iJ\ 

:: O)f\1�i j:l3 v:_ F 7 1 7 1  7, (*1'1 30 kg) � A h  0 ::  C v:_ l V) -53° C i c·tffil.llt � {ll:T � -t±- 0 � 

C 1:'.::_ rIX:JJJ L t:: . rA),§6tJ 1- vi -25° C -c· 20 fl=)y l?=ii 1jx 1il Lt:: {f,  � G v;::. -53 ° C C 20 n-t Fi::1i1ikffil: L,  

f,i{ /.wt fi MIL-A-25463 (ASG) : Adhesive , metallic structural sandwich construction 

Fig. 24. Loading point  at bending test .  



Photo. 6. Loading state at bending test. 
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�.!§Hi, �J§t A ,  B O)fi!jfjj'f::."".) \., ,"( rrtJ: ':) ;::_ t �IJRW]c Lt::. il\ �}.ffitA�rrtJ: -? t::.M*, 
oo GiJ;v�mJ:E.t1:�:W:O)ffi G td1:iJ; '? t::. ii 0) v� "".) 1., ,  --c vi�.� B �1=rt1:h t1: tJ;  '? t::. . 

t1: :to, ���vi 7 A 7- =J -�l.f1l�ii5=t���{tffl Lt:. 

3) �.�M*:to ct U'�� 
� l @J�.� 

��A : gjt�Jt 
�t�Jf 

�� B - ��)t . - � ,Jft 

��Jt· :.--: �·',;/' t � 

1 

2 

1 

2 

E C -1368 (if ax: ::t A :*) 

: 1020 kg 

870 kg 

100 kg 

70 kg 

�.t1A : §i:\.�ff 1 : 1050 kg ( 7  )V � :tN1iffi'.ltlr) 
�}.�)t 2 : 1090 kg (7 ) V  � :tNiiffi'.ltlr) 

�J@t B : �!,�)t 1 : 70 kg 

�t�Jt 2 : 50 kg 

§IJ le 2 f:fil 0) -fr ax: -::i" .l, * ft� �IH i , **t �G 0) ft ;i-fi � 1., , n \ ,, , =- jJ A �G 0) f'tti+.rJ�n , . 1iEz: � 
fii�.�)t B O)f'itiffi�ffJl� Lt::. c ;:  6 ,  7 1 v 'Y 1' (Fig. 25 �ff,'.'/) iJ�H c A, Et05x: � ;h, t 
:ta G f, f�if m-e !IJ1$ L --c 1., , t::.. ;: 0) ;i( -1 7° 0) ii 0) vift*r�1J 0) ·1± �J::: t-- :; L --c ii �� n � rt < 
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Surface sheet 

Fil let 

Honey- comb 
c o re 

-s� 
Adhesive 

Fig. 25. Formation of fillet. 

1 : 1070 kg (7 Jv � tifi i:tlr) 

2 : 1080 kg ( 7  Jv � tifJS:l:tlr) 

1 140 kg 

�\!86t}\- 2 240 kg 

l �oo c � _,_, � ,'/ -v::) V - I J "  I ../ 7T, 

**�- rw ,  / '  � 7J 1-, trs t t :}t:J1'!f-vifilff-e 2D  0 .  B�Mt B �150:fit O)f;r\Jfi� J=\" 0J 1!fl t�tlj,t vi, W\,l§JJ�}\· 

1 v:=- rMJ L -( vi 40--50%, wt.�)=\" 2 r=.M L °L vi 90%PJJ::iJ� -" � 7J 1>. O) � - ,.-<; - $·-c�ltfr L °L 

;f:) VJ ,  7 1 v ';/ r O)JE; Bx: t fetP-:r--e 2D 0 . 

1 : 400 kg 

2 : 450 kg 

1 : 220 kg 

2 : 185 kg 

**Hm, /' � 7J 1>. fm t t tt*r7ffet, r- � 7J 1>. {f� vt 7 1 v ';/ r O)JfifiX:vt�!H--C-2D 0 t�i!\ tt: 

*rlm-C 11&:ltlr L °L 1-, , f::__ .  tt�forl] O) fil!  {t-;;f fttil�J! � ht::. . 

RPifLl � Y F' 3000 FLX (.:L � ct -;,, *) 

r A� A : tt}�J=l· 1 : 780 kg 

fA.�H· 2 : 1080 kg 

fA�J r  2 230 kg 

#ttfm, /'o � n 1>. tr� c t  :}zg*r �ffI-, W\.l.fuUr B O) fJJ1�:[J�i5i:.viJ:rt.�W 1 , 2 c t  *":J 60%iJ: � -

/-'; - fm�ltlr, 7 1 v ·;; r O):f&fiX: t fettH--C- 2D 0 .  
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li:1¥1 v:. {tJ:flxt� c L -C ¥¥-i.J � LY J:: '? k. bvt ··-c 25 Q iJ\ ni!i:I•t-1: <D ITti � � -C dj_ � c ,  7-. !J - 1:2 :,; v 

-AF-HF1 vi AJ{i�lffl;o� 15 :B-Mfi C filh� \, ,J:: , ;fSli:iJ� rm < ,  friliJ=§� IJ vi?GAJfi[§ --e, *00� 
v:::.{tffli"" 0 c c h�m�-e� 0 .  -15, aino;t; :,; r 3000 FLX viAJ{t� FrciJh� 25-30 :B- c .f:t)jix 

1¥1� < ,  tSli: t {g \, ' 0) -c, frilU=§�AJ1f[§ --c25 Q .  LiJ ,  L, �Y#SltiJ� {gi" �' -c ' ;t; 'Y r 7
° 

I/ .A 

vcl\;ht::.�mt:h 0 iC,,rscn�� 0 .  

k C -C , §1]� 2 �0) / - � - -C � Q .7- !} - ;f :,; f �I���tt c ����I����ttK ,  

5i1t:v:::. :to1,  , -c vtM� 2 fiRr::.�j@J L ,  tSltiJ� 2 t_mO) r=pFE1Jvc �  Q }t;WfoflJ O)}JHU �:fre0, � 2 @  § 

0)�.��1-=rtce 1, , , k O)M* c ffi  1 @�t�O)if:r:1¥:*�*i� L -C {tJ:Hi" 0 tt;WffiJ�tk:5Ei" 0 c c  c 
Lt: .  

� 2 @1�.� 0) f_::. e0 vcm1±1 � :hJ::. ttpfflHHH�;t; :,; r X3000 c 7, Y - r:i :,;  v -AG-HF1 --c 

� '? t_::. .  7' v - r:i :,; v -AG-HF 1 vtffi l @�.� vc :to1, , -c �;W?G.B:!: c flJ5E � ht-= t O) c'� -? 
t-= i7�, �;W?Gfi!:O)m{lzsl C L  -C vi -? � IJ Lk C C  villi !::di:: h �  '? kiJ\ / - � - O)fff£0) �Jjxvc 

l 0 t O) c �� G:hk O)-C, � G kc6 -Cffi 2 @]�- K�i" Q C c c Lk.  

� 2 @�t�O)*s*�dj_ 0 c 
a:g � ;ft :,; r x 3000 c .:r. � "f- v *) 

gi\,�A : �.�Jt 1 : 1060 k1  (7 /V � :t.&:1:f&'.ltlr) 

gi\,�}=f· 2 '. 1070 kg ( 7  /v � :flz1:f&'.itlr) 

gi\.� B : gi\.�Jt 1 : 140 kg 

gi\.�Jt 2 : 140 kg 

Photo. 7. Test pieces B after:destruction. 



34 

*Mtffi, ,,, ;=. n A tffi c  t �:1-�H, ,,, ;=. n A tffivt��Jt 1 , 2 c t ""' - ,,� -ffl5--c-��. 7 

1 I/ :I }- O)JBUX: {) �f,!-}--C'c!S 0 f-= . 
7-. !J - i:z ':/ :P -AG-HF 1 (.:r- � =t Y *) 

�.�A : iP\.��h 1 780 kg 

�.�h 2 550 kg 

�.�t B . g5:\�),1--• ;:: 11' 1 1  1 290 kg 

g5\.��h
L. 2 130 kg 

*MtGv:t�Y5i!!tiJ�Ji'i::> o iJ\ ,, , :=. n A tGLH�;;: �H--c�t�Jt 1 , 2 c t ""' - /'� - 0)=£ztm 

-eiYJl�Jr, 7 1 v ·:1 1-- 0)%J1X:v:t�H-c-21S 0 t. 

tJJ:: 2 @I O)rAJ� O) *s*, }i;i-5i!!tvi 7-. !J - i:z Y :.:,  - AG-HF1 iJ��j," {lt t. , iJ\ 7-. !J - P ':/ 

:.:, - AF-HF1 , AB%tr ;-t; Y F 3000 FLX, ABft:T ;-t; Y  F X3000 0) 3 f:1v=-� L --C vi ,  vf c ,Z; ['i¥Hi 

tJ: t. ' c � :Z. G h o .  M!iI'l'1��x_ o c ,  7-. !J - p :,; :.:, -AF-HFdttliYt1;;�1c: ,wn=- rW1 < ,  :::1 -r  
� 1:J tJ5-'HVGr:JJn§ -c-21S 1:J ,  11tt?:I'l':t vtftlB1, , . ABf1:1$ Y r x 3000 � 1 u7, !J - p :,; :.:, - AG-HF 1 

ar�-fr Tu{iHi Jiil\J=§Ift� 1:J r:JJi'J� -c-2lS o iJ\ r:iJ {�rl:!j=f� iJ� 15--20 5t c .ftipRE"JlffiJ ,  t. , t� cb,  4-!!'f 0) l 

5 r=-:*00�0) t 0) �1i�-t o J!bil-v=- vt ,  {btrtf1 i=p v=-tSBtiJ�J:: 0 --c L i  0 --c , L � r:. JiiliJ=§l':tiJ\7f 

Bi'J§ C ts:. 0 --c L i  5 t� co, '!!tJll ft''.1-C' t,n ' ·  AB5f!-1 ,t; / r 3000 FLX vi 4 ffilr:!� 1 JN: t #SltiJ�{g < Jiil\J 

-==e� I) v=.]1:I L --c i. , o iJ\ ,  0-0>'tSN'.iJ�11t-t �' --c ,  7
° v 7, v=-J\ntdtmn o ,C.,filiciJ�ciS o .  

tJ_l:: O) l 5 v::=. 4 mt C t  w G 11 ,0) :7Z,���1-t Q iJ; , �J:li C L --C ts  G O) fs:. t. ' t O),yf-ij. Q C \, \  5 

,�lJ '  G:litt?:I t1J=- JI UP� i� � , {/f*'[�O){k t l t. ,  t 0) c 1, ,  5 C c  C' , amn1 ;-t; Y F 3000 FLX 7c? 

11un-t o ::::.  t c Lt�.  tJ: �ftiB'tiJ�11:1:--t �' -c 7
° v 7, v::=.J\ nt� �mn o o y--c- it t_c i. , iJ ,  t i. ,  5 ii: 

r:::. N1 L --u1 ,  .!'.2dt1:& 15 5t�»x ·Ji: L --c ,  #S!!tiJ� \, \ < G lJ' (ffl < fJ: Q 0) �1� 0 --c 1) >  G 7° 

l/ 7, ;,=. 7\. 

J.1, 0 ::::. t v::. 1 1:J illlvt G h o ::::. t h\ c 0)�.��0)1:&v::.f!J 0 t� .  tJ: :t� , C O) l  5 1::::. L --c  m 1, , --c 

t ,  filQ 1t L --C L i hfJ: t. , [� 1:J �;i'.Jm!!tO){tfTvi� G f_c t. ' ·  

ntifn ,f Y F 3000 FLX O) f±�viT� O)ji 9 

-=t 1111 : .:r- ;tq=- y ™ni:t 
filQ 1t � : � tt����*-fr� � A  

rR -fr tt : 1 : 1 
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m. � .,. { .:z. 1v cro=��' � .... { .:z. 11., J:i5� c JWJillro:�� c 0)*5i;vc.,.{ .:z. 1vl& JJ·ttvt ffl�4m���' 
JH Lt::... ;:. tut !l -ir e.·��ttm� 2r> GiP  l.:00 .,.{ * 1vvc t.100,i6!v ··c.:to � ,  �""'O)� 1? #vt�vcvi 
fi�O) A !J -:; r �Ji L --c !l -ir 1::·��tf&JO)-Yffij�§ I �  ill L, !l -ir 1::-�ti' b:il!v-C-.... � * 1v��vc 
J�5E-t 0 -JJ�-c-, !l -ir i::·��tfm.:to i U' !l_ -ir ·1::· vi Fig. 26 ·vcii:-t J: ? t£ t O)� ffl 1., ,  0 .  

Roof beam 

Fig. 26. Panel connector. 

;: 0) !7 -ir i::-��!fo/JO)�tr��vc;to1.,,  --C,  �fJ::lb J: IJ 2 lt O)�J��rrtct 1., ', !l -ir t::-��4M:t-o 
J: tf'lf)( I'.) {ivtjj�O)Q:Z� �H 0 t::... �{l:vi !J -lj-- i::-��4m� / �  * ;qcf�JfJ-t 0 �tt-::ttvc t_filob3Z, 

_A_, tS.:::4frJ� J-H I., ' ,  7 .b. A 7 - 7JH��\,��VC J: 0 5 f!}i���:fft£ 0 --C, � iJ #vt ffl t.'' A O)fi: � .:fo 
l U !l -it- i::-��4frJO)�%vc"J1.,  , --c �ii Lt::... m 1 @J� l u-m 2 @JO)EA!��vc� Lt::..��)=t·O)% 
ti:a ·f� O)jj IJ -cb 0. 

Test piece 

for the 1st tes t 

for �he 2nd tes t  

m 1 @J § O)�.�M* ��-t c Tfi3 0) l '5 vc t£ 1? ,  � f.'�O) ;:. c tJ:iJ� G t.'' A fi: � O)&v:. l iJ 5i 
-�'.v=-��� l..:t::... it::.., !J -ir i::·��4m t 1 t�1flz� Lt::..0)--r:-, 1*:*flmFJrO) 7° v - H=- �!&t iJ � 
L, �rt�m L --c m 2 @ § 0)�M�ff� 0 k-

A ( t.'' � :Bt � 25 m/m) 
B ( t.'' A :Bt � 18 m/m) 

390 kg 

200 kg 
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Photo. 8. Test piece fixed under the experimental beam . 

1*} 2 !ill f P:t�'6t 0) tt!lt � -+J- !::: •. 11'. � 40 � tftBrtt L t ::_ t ::_ YA=. � -it l::. � � 40 0) {jf fil� Lt .fl G ht J: 7'J , 0 t ::_ 

n: ,  grtut i t�  i I) o) o,· ti n ,  0 t::_ . = :nr.t l::- 7, 0)5rtUJt'.iJ� � -it l::·9t�400)grtur 1 I) 1E: < ,  !:::-· 7-- 0) 

�rtut fti:i {tiJ ---c· k :ti � ;fl :..s x� -c 2o :..s .  .:tc = ---c- , !:::-- 7, �=- .:i:. ;-G :t './ tdt:t-rr1J � 1JHn L -c J-;_ t::. t.. = ;s , 

i�\ .� f* 
A ( l::- 7, ft � 25 m/m) 

B ( l i=;J __ U 
C ( l11'J J: 1t*1-tf!J f:JHfD 

7. ... � ';/ :t :/ _;�l ;t;j· O)j�;@ 

400 kg 
400 kg 
550 kg 

mJ1UC) l uBt� O) ... � t- 1v 0) F1=1J v=-1tt¥L � h 0 ... � ·/ :t Y �·· 1q· t i , :JJJ.;it;v=- :t-5vt �> f:f:*� tee o � < y 
tr. < --t 0 t.. 1, , 5 J51zt 7'J , G ,  36 G 7'J , t, Yy� ;f:. ;v 0)�11Jcrnv=-1R iJ f-Ht -C fr < s:. t.. t..  L t::_ . Hf4 l  L 
-c v t , 5ili ,11:. � :t=r--t :..s t 0) t.. L -c , =:i' A :t�-lr � � x__ , !ill 40 0) 'i�l: � J:: 5&1 ,11:. 0) >i- , flni f� 'i�L fm;j '%( 'lj: , . 
initr:A 1l'i, /mt B 1G 1ti: , fnlf:tt {tt!: , 1Jn:I.·!1: � i=- tlh t.: t 0) 7'J �� * � :h o 0) c ,  -:. l'l G v=- ":J � , -C ,  
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Photo. 9. Test pieces after 
the second test. (Modifi· 
cation of the wedge of 
test piece C (Ill) is 
remarkable) . 

Table 4. Comparative table of the performance of various rubbers. 

it 1� tt it �
J

� it �  ft it B J't·� it131�·� 1.Jo I ,� it ¥IE tt 

7( ft -:::t A i'iJ - 72°
C & i'iJ & if � i'iJ 

7' 'T v '/ i'iJ - 52°
C if i'iJ fl & � i'iJ 7 ,5 :/ ::r.. '/ -::i A  

= f' lJ Jv -::::t A � i'iJ - 41 °
C if & 11 & 11 

/ 7 Jv -:I A 11 - 80
°
C fl 11 fl & � P]' 

'7 t1 t1 7 v '/ -::i A 11 - 40°
C fl if 11 11 & (.:z<;t 7 V '/ )  

2::. O)* O) ffilPJf-i'�li L, iiW�·t.iK .. tn. , ·nt fig 0) i 0) v:=:.-$'-i'� �d1;, fig O)•t:J:�v:=:. :to1..,  ,-:c 
3¥ �  v·-c f§n -n , 0 t1 ei ei 7° v :,,,  ::t A C -t  :t- 7° v :,,,) '-i'fEeffli'° 0 2::. c c L,  �I!tvt -t ::t 7° v 

/ 0)•[1J*: '-i'�b tci: l 'm:Y�I!tiJ; 40° -c-� 0 O) c' ,  45
° 

± 5
° O)ifti!ffic'{Eeffli'° 0 2::. C C L f..::.  tci: 

::H', /� -t ;v -f}ltlffiv:=:.J.tt 1:J ftvt o �O)}i;i-�IH::. vi, -=i:. � 4- � * c 15'JiX: :::{ A *  c O)JttX�M'-i'rrtci: 

'l ' ,  aB�ft�I��:i:!::�t±� O)-frfiX: =i· A iiUi:i-fflJ, aB� ,-t; :/ r 1530G '-i' {Eeffli'° 0 2::. c c  L 

-t.: .. .  
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}:J- i t tJ: < tJ: 0 --c L t  5 t 0) t � xJ ::> :ht-:oY -c, ��,1� � --r. w1trun=- 1 6 ��tI3l21:f!1!&:� 0);;,_ 

l L t.: .  P3ffi51JlU tiJ 125�3l21:flO)fi, TJ ;;t- -;,  :r/ P'' 7° =J 1 '7 - , 7 }( 1v�Jrn� .::r:. y- � 1v 3 @1�. 
�m : � Y � =J 1 r �fflj21:fi, � l) Y • V -;, f • � 7 1 � - 2 @�. � 1) Y � 1 Y � �� ­

l:tt. 
� - 1v r ffi :  � - 1v J, • Y- ·;; r �O)��ffl1fb li-t«--C filiiH/i�. 

;;izfffi : S D � 1J Y 51-fffiffi 3 @1 ltf 

1. fft 1:C:i 

= 0) 3t§flt,m it ,  /� -t /V Jv· J: t}'!�J-mlF4�ftli �m: m Lt:.. 7° 
I/ 7 I 7'' 1t C L -o:_!·JIBi 2 ft , �JJAmO)tt 

1sitJ»Gri1:i 1t � ht,)ill40'ti°f:mt:t 0):1:QJ:£v::::. :Hvt 6 rJlll fF*v::::. J: 6 = t t Lt:.. . mlJ.ll fri;n: .. "-:)\, , -c 
i i ,  :1zv;:::.�--trri'L�t ��J,r! L,  i��t r::. � 0 -c t -t h  G O)�H�frtJ: 0 t:.. . 

1) $1:ffUt. 
rJill. -c vt�!11�11 �ml:f�-c � f, -t«---c A:i1 i::::. "i: t.:tdtfuitJ: G tJ: ( <. t .  

2) 1JiMift 
*'1lll.-C villi��:qJp r3 ; ::::. ;:..f 2 b 0 �· -c tJ: < ,  * A-c t -t o) fF*i.Jq�f:fbr::.J»G t: h� 6  2::. t .  

-l O) f:.. cb v::::. ,  {11::*!ff}Jft: t < � u'( �#T i:J :ilts .  n� 1v r � friW_) 6 �JJi1.JD.ifF��ti:fJ l:Ji trtt 1t-t 6 ;:  

t .  
3) tt4s ,ft 

= ;,,ut ,  7° v 7 I 7·11t�v::::. :H ( ,---c  rt 1i! v::::.r�rnm::::. ts: o = t -e , tcts  6 iJ\ m[llfr:*W-r v::::.t;:) ( ,-c  
t ]H6H1:, {11::*rr� rMJ 0) 9Jj_ff1� iJ�� � G h ---C ( ,  6 ;: c .  

tJJ: �� v:rr: L ---c ' mlts'C1Ji:t v::::. "-:) ( \ L )IU1Ff 'a:':@. 0 ---c fRf:15·-t 6 .  
t1t 2 ttI1 -c mll t:mt,J- 1\11 i=l 1J 7" r , rft m I;:,� 0) �ffr: ;H J: u- rll :ITH=-"-:) � fJJfie L ,  1FJ'ci; 3 Em -c-t 0) mil 

1L ff* 'ia:' *llll.�5t[lr5.JIJ f::::. 'lif.tl i=- ---c t_tiiJif� m IJ!:J-t 6 .  ti'� 4 f{r) ;::::. ;j;:) ( , ---c Ii ,  Ye 0) ;'G[J_l[ 1} 1! 0) H *m r::. "-:) 
� , -c ,  i t.:.. , �� 5 rm -u Ulilln5k:�$\6 mtm---C' l i  � f'A�- *- Gh ts: vt }Uf ts: G tee \. ' mO,llfp* O), 
Il'li v::::. "-:) I.. ,  ---C �f.tj· � f-i fs: 0 t.:.. . 
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No. l 

Photo. 10. 
Setting of foundation pieces. 
Fitting of base-rings. 

Photo. 11. 
Fitting of floor girders. 
Fitting of basic beams and 

radiate beams. 
Fitting of floor beams of gene­

rator room. 

Photo. 12. 
Fitting of radiate beams. 
Fitting of floor binders. 
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No. 5 

No. 6  

Photo 13 
Setting of floor panels. 

Photo 14. 
Erection of center posts. 
Fitting of roof girder. 

Photo 15 

45-

Erection of circumferential 
posts. 

Fitting of roof radiate beams. 
Fi tti ng of circumferenti al 

roof binders 
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No. 7 

Photo 16. 
Fitting of wall panels 
Fitting of ci rcumferenti al 

beams. 
Erection of ci rcumferential 

posts of generator room. 
Fitt ing of roof beams of 

central part. 

Photo. 17 
Fitting of roof binders. 
Setting of roof panels. 

Photo 18 
Setting of cover plates 
Fitting of smokestacks and 

venti latz on fan 
Setting of inner partitions. 
Completi on 
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Photo. 19. Fitting of base-ring on the foundation piece. 
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Photo 20 Joi nt of base -ring and floor girder 

(1986) Cl¥iffi�'M 

Photo 21 ] oznt of floor girder and floor beam of generator room 
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Photo 22 Setti ng of floor panel. 
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Pkoto 23 Fi tt i ng of cz rcumferentz al roof bi nder 

Photo 24 Fz ttz ng of cz rcumferentz al beam of generator room 

Photo 25 J ot nt of roof gi rder and roof beam of central part 



Pizoto 26 F, x zng of roof pamls 
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Photo 28 Setti ng of wall cover plate 

�tn\:� r�tt-!JJ 7 Jv � �fi O) )J);j]filS�DR/ � * 1v v=. :-f 1v 1' *i� cY_) L ,  11.l'lt-G i i,@:��v:::.�,hll:Y_:i �  
L ,  r& 9 ttvtt� fiL / !;  z- 1v � H r1=ii v=-1-« L.1L1 v--c *mt -c 6 

If�� 6 ttO) *�/'� -* 1v � £H1 1:) L -c *g ll. -ct� f3t, P!r:i:E O) f_s'Lfft;::.t§tti--t 6 

-r:- O)fill . !,e-� :h - -r '/ ,  nl"r� :h - -r '/ ,  n7���1m�mz 1J 1'H--J- 6 -:: h G ( tfhltf O):lj;jrfi i =-

10) -t 0) 1lli 

9 )  1 -c -c ��f:1�5t 0) �ii 1L. -c vt-·J;t:fcT--t 6 n : ,  Je1l tJR l L -c 1�hh 6 t� 60 v:::. it ,  :t: 1 7, 

5. tJillPJT�*Fai 
irJi:st -c ::15 v=. "':::) \, , -c � r.@:--t 6 �, .:c o) *g R -c v =-� --t 6 A� :J:C) 1 t> a=r Frei� n , Fi:IJ � v =- 6 -=- -=- -c 

vi{'f*� O) 5R14iJ\ij!;t1t1¥JfJ:��v=- :fc,VJ" 6 p)T�flc!HliJ � �f;,j L -c ;;,_ 6 . -:_ O)!/J2.4m O)�F-� TiiiJ0 v i  9=1 1= 
921]� ·i· ( i  � Iv -C·1f4JY1ffiv=.$PJ �:;ff--t 6 11\f\J� � L -C 1, '  6 t� V>, -l- O) nJ1 :s'l. f'p* fl f,:jq::_ t xffefH�I: � 
�-t- 6 .  tto:::. , fro* v=-t� -l � h 6 A�vif'r�0)1='i-f;: rm=- t::i 1, , -c t �/". 1Z �:::. J.}1Jht� "J , i t� , .:r­
�n: 11�tJ2t:=-:'*9::i v:::.�!':�iJ\i2� 111x--t 6 l � ,  5 -:: t n ,  G s  A t  t� coL ,  



1 . ± -& t� x.  tt vt 

2. � - 7-.  1J :,,  fl.N IJ tHt 

3. *** � IJ 1i vt 

4. £$*:t-;) J: unxM*� VJ tt H-

5. �ml:�w�I& VJ 1-Ht 

6. »x�1 � � IJ tt H· 

7. ;J, * � IJ 11 vt 

8. J;R/� -* ;v� I) 1i vt 

9. r=p:9<:ato J: OJ�iN*�lR IJ ttvt 

10. 1%l!ffitt, m�*m/'� -*  ;v lJlll.--C 

11 . ffittJl'.�Ji:,J;zJ*J& IJ tl vt 

12. �m:� r=p tHJlll.--C 

13. r=p:9<:� � VJ # vt 

14. ,filtEJ:1J\*)R I) ttvt 

15. �/� -* ;v � VJ H vt 

16. 7-. T - 17 1 --V - JB��tf&JJ& I) fj vf 

17. �/� _z- 1v :,/ ::1 1 :,, r tG :h /� - 7' v - r lvz lJ #v-J'" 

18. ,filt.lz /� .:f Jv lvz I) # vf 

19. ,filtN /� .z- 1v :,/ ::1 1 Y  r frG :h /� - 7
°
v - r � i? H it 

53 

15 

5 

10 

15 

15 

20 

20 

60 

20 

30 

10 

10 

15 

30 

40 

5 

15 

60 

25 

fi-[· 6 �Ff39 

tJJ:!£--cJJO)ti1:mz.O)rJT�r1� rf39 it 6 �: /w r=- tJ.: 0 n ; ,  -=- o) 57 H=-3£�+m c L --c��v:. fthn ::s t::. 

cov=. vt ,  113tGO) /MJttW, 1�5Rm, ifc:'mfil ,  3£��, ����&, ifl ���fmHt\t�O)mx. ttvt t 7tT 

� n --c \, , tJ: vtnit tJ: G tJ: \, , .  i t::. , -:. O)mqmvt \, ,--tfiO) .�rM=- -c t �--c Gn� 6 mJi�H=-tJ: -? 

--C \, , 6 /J\ 7ff�:L-fu i -tO)Jt/J� vi fJ: vi t::. L \, '�vi ,  ±-&tl*1i (rJ'";to J: 0-t O)J}(5¥-�!fil: i c-O)�F� 

n�* � < � ::s . m�v=- c -?  --cwr1tJO)%it�mltvt�#J�1* v:=.�?;;;¥--t 0 Ji�tJ: -:. c --c-cb ::s .  



54 

t?- t:.. if_ 1) t y ts: < ' 1!i1: l111 i=- L -c �.d� [DJ !J: t 0) C ts: 0 t:.. . it:.., K F13 '.:'.Hi39 t r.z;: < ' ?li /J!1 )] 0)313� 
Jtl: ifrtr t 3G :5Fc 0) W j r� ¥tJ 1 -t � -=- c /J � -c � , m t�i tts HU::::. frQ E %: T ff v::::. v t arr-Fr � t-lli 0) *fr L \i ' .x-

t:� 'J I=- -=- 0) ff JU=-&d:.. !J , fJE11}s 1'.J 1JE0�45t � Ufh !J i L t:.. [ti tLl\ '=ti.El) 4bJ ffit]t} :L-ili 1W Js J: D- B :;,f.\!fl!: 
5+f-"¥=:R rEtiiH1*��0, ts: �_) u- i=- s *�tT�"J:�0)4§-�ft �0x±, Jc L -c *�frM'.<1 , t:A=-1JEflm:1J 
�- � � ,  i L t : .. fi/J r!=ri�11!-f}JZ1,10-7i� '1ff1JTO) fHftv=-J1;l. < !r&;;!JJ O)��*-t 0 3J(W -C -t. 

0 9651t:- 3 J=-J 19 El �:L�lD 




