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JNTRODUC TJON 

Sports, the most naiUf"oL ac.t i vlt'j of any human 

I b~ing; /s someiht'ng thai we perfDrm all through OUY' 
I 
! Lives. But I /?ow time has COrne .tD t'an?e Lh/.s i/7sC./hcl/ve ' 

activit':! of ours. SpOr"ts is cons/dered a health //n/-JrQv/ng i 

aclivit-y wher7 ;1. is pt9r formed' at the. r/ght· time" ;,-) .~ Ihe . 

right /Ylanner a"d in fhe right tDlace. So the. PL/7C /3. fot" 

spor-ts is an irnj':)orlani factor'. 7herefore dt9s i{1n of Q. 

STrJDI UM /:l a/so very;rnportard. 

Since /YJQn!l gears there wa.s lhe probLem of i 

! 
,how to 1:11"0 vide for- an a..de9(_a:~te place" foY' the s/Jecta - : 
i 

'tors as we.11 as the a.thLetes. There was also t-he /.:Jrob-

Lem of design/ng the fielcl." since. che ac..tt'vities are he/cli, 

during ooth surnrYJBr and winter sea..s0I15.1 or both under 

sun Or intense. rain. 

f} l though it wa;5 possible to ha ve a roof over 

Ihe place where the spec.. tators were sittin9 Dna have. 

a welf- drained grassy field'~ stiLL /1 was /7ot too (ld&.

quaie . II was eft'ff/cult for the alhll? ie.s to pla.y under 

irdense ra/n. 

For thai rBason many arch/ ieet s and eng j nfEers; 

'dec../dt9d 10 have indoor s!ad"u;-ns thai we.re adB9uate 

ibotJ., (or Lhe specfafors and the czlhleLes' (/nder aiL C{it?1Ci_ i 

I t/c cond/tions.)n Turkey the First-indoor stadium was 
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I 
tva 5 b u/ U: in fil'7 kara ·in J 9 56. 

Since the subject of my thefsis IS the 
i ! iinvesfigotion of the causes of failure and the re_ 

I 
1f'lan/"7in g of. Ihe. ,c)nkClrQ: Indoor Sf Cld/urn J I {eel i 

I it . ne ce 5 sary to begin wit.h . -Ihe his tory 0 f th O-t I 

I sEa-diun?- i 
I Jf) In!! t.hesis. I an') rer;t//red· to '-n ves li9al£i 
\ I I t.he causes of {a/lure of I-he f1l7iara /"door stadt'unI I· 
I QJJ~ propose a new supe,..siruc. cure The design i 
1 0 f the super 5 true t Ure is no i asked I~ detail ; giving I 
! Q general a;apearance of the super structure. is sU({;'- I 

i 
c/ent. The irYJjODrlant thing is tAal -Lhe superstruc. _ I 
ture mus' be //ght el1o{J.gh to be ca.rried by the pre-i 

I 
vious subsiruc.ture. 50, I .must· check for t-he sub- I 

! 
stru c t u.re. Q.r)d streng !hen it if nGl-c..es sa rlJ . I 

t 

j 
I 
1 ' 

iii I 
i 

-------_ ... _---'---- .. _-,-------_ .. _----------------------------_._---------, _. 
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HISTORV OF Tf/E- ANKARI1 IN/:JOOR STADIUM 

The idea of bUilding On indoor stadiu./YJ t'n 

RnA arCJ. r/r.sf carne in /9 ~ 7 and a CO/Y1p etiL-ion among 

the ar-chi/: eels tva. s done in wh/chthe orcht'tecitl_ 

raL /:Jlans designed h!/ M. Evren and N. f/asek/og/u 
I 

came f/rst. In those plans the stadium was thought: 
... . ~ \ 

to cover an area. 0/ 60;r. 80 n?2.. The roof of fhe /:)['(11_' 

ding was pIQ/7/?e.d Ie be a Ihree - hinged .It-ee. L 

frame will? Ihe Irt'bunes and, Ihe other paris /node.! 

of concrete. ?he sleef trCZ/?1es UJere placed at! 

I 3. Dc>;n. CL~d 6. foo /)'7. successi vely. The (raffle had an 

1

1

, h hi ,o/::>eningo! 5 7!O /n. and a- t:?t'g of;: ~_O ,-n. 

I ! Later .. by Prof ihsan /~an ~ a /'leU) sla_ 

d/urn was suggt:1.JltEd ;OropoSi/7fj Q; n7are. suitahle 

.construct/o;""} area. 7h/s slad/urn (.,(.)Q.s sn7alls..r t'-han' 

: the pre V/'OU.5 ot?e; /1 could Ia.ke 

: d~r . nor,;naf cot?dift'ons and Clbout 

when 6DX- races were . bt5!/ng held. 

3500 /::Jeo/~/e 

~ 500 /:.J& o/-:;/e 

Being 2:50 n7. btfE/ouJ the road·. Ie. vel was 

. gi ving a cha.. rQ C leris ;/c la fhe cons I rue I/c;n a rea_ 

In that (;Vay Ihe s'p&c(a!or,5 cculcl ge7 /nlo -7'he 

9allsry dt'r'C'clly jrDrr; 7'he road /~ vel G/}a Then 

90 down 10 Ihe. fribunes /0 ft'rJd Ih~':r;o/~ce.s. 

The construct/on WQ,r /JIa.l"7ned 10 ha ve , 
I, 
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I 
I 

I 
slee L f rarne 5 wilh)ight -Con c re Ie 1-:) / a le.s co v@r_ i 
Ing the disia.n-c..esoetwe.en the frames. But La-i 

. I 
ter

J 
Ihe slee./ cOrJs!ruc!/on ~a.s changed 10 ' 

CL cor>crele one. 

: chczrJged 

the It'rsl 

/rJ Ihal (..Vay 

to a shell 

one 10 he 

/ he CD rJ sir u C //0/7 aJ Ci. S 

conslrtl c!/on ("c.}hich <..Vas 

buill /n 7urlcey. 

- I 

---,--------------------



C /-I flii ~ C T E Ii 1ST I C S '0 F T 1-/ E Sr,LJDJUM 

The Rnkara Indoor Stad/un7 was the (irst 6/9 
shell construe/ion 1"r7 Turk8!/.· Ii WQS 0: cy//ndrlca/ ShBI/ 

coverir;g a.n area of *"5: 38h1. ;'C oO.OOrn. and hav//7'j 

10 circular crosS sect/on with Q. radius of 20.67/77, 

D.nd Q centra! 0;~91e 0 f I/o 0 as .seen Ft'9. I , 

I:JC/n. ai iJ,;c,kness of the. shell 

fhS ihe she!1 /net 

decrea.sed to /0 ern. 

("va s 

s~rl'n9.s and 

a.. d/s la/7e e 

The side heams having (2n. CXrBCt of 6d.f //0 onC 

/coniQ.//1C?c/ the. pa.ri thai OJQS tan9ent to 1),8 Spri'/7gs 
I lor fhe shell ond fj,e /o/")9ituc/;'/7al plate 'that UJQs' 

fixed to that beam onel - fha! {orrnsd the cet'//r]9 of 

the top S'o.LLery. In every II. 8s- rn. those s/de hsa.rns 

were siltlng 

eire u lars hafJe 

011 

of 

CCJlumns . 2 
60.< 60 ern 

Ihe shell. Those 

The Construct !'on 01 thol stDdlum 

Ie ted 1/1 195"6 

Tu/~ 195'6. 

was CO;?7p~ 

The.n in /958.1 len a.splro.lor.s J tEach ha \//"g 
a. weight of ss-o -J:.g.and a.. (rc:9tI<2;?C5' of c~ cycll!''!/stEc. 

/were pia ced . on IAe stele 6t?a/Yls as sh<' wn /"., J:".g: Ii 

Laler .,LAB. {rer;uency was reduced to 12 cy,-Ies/sec. 

I 

i 
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Tf-IE COL L RP SE OF THE STRDI LIM 

~ 
'\1 On the nighl· of 2 _ 6- 1958, a {Ier Q. rnaleh 

i Ilhe Rnkara Indo6r S!od/tun Aos collapsed sudde/J/y 

Iii wilhou { any warning. RI ihough Ihere uJere some. 

flltl c ,-ac /cll'i 9 /?O/SB.s heard before the coil D."L>se J !-he craci.r; 
I, 

\1 £,JJere h/c/d&1'7 by Ihe a/un7inurn cover On Ik sheIL. 

ii·, I For lunale/y there uJQS no dealh, since the , 

\1: jcol1apsehad laken p/~ce af/~r Ihe /nalch. Bu/ zlhut: 

Iii IcollafJse of Ihe. slad/urn caused great loss of n?Or)(!yl 
I: 1 

I: 
I I 
~ ; . 

o.l'1d a bac/ psycholo,9/ca/ elfocl on Ij,e people. : 

111·lsecl 
III I . II jVBrt"g 

I 

TAe /:Jarl 01 Ihe slruclufe fhal has ccLL~:J~i 
i 

was a cy lind,-/cal' shell 0/ /CJc.,-n. Ij,ick,ness Co_ i 
i 

QrJ arC?a. 01 3~. 00 '" S-8. co rn 2 h a v/,-,o' Q eire u_! 
~ ..J " 

t 

cross section wi/It a radius 0/ co.67n? and Q ! 
!I 111\ '/o.r 

centrClI 
\11 b 

o/?gle . 0/ 
al ;),e 

//0 0 , with Ihe side 

I" eams 

I 



-.--.--- -- - .. ------ --- -'-'- - .--.... ------- -'-c- - -- .. ----- .... -.--. ----------------.-.. -.---------.---- -- .. - .--'-- .'- -... --.--- .. --.---.---.----.-- ----1' '-

; tj 

l 

CAUSES -OF FAI ~ I.JR E 

. , 
/1) .4ccord/1'79 10 Prof. IhsDn Ina.n 

f}ccordi/7!J 10 Prof. 

0/ Ihe slad/urYJ j the co 11a.t<Jse /.s 

ihsan . Inan j Ih& d&Slg/7er 

/he result CJ( resonance 
J 

,sir1ce IJu? Q..J?ira!c>rs were'n' I 
!", * i'~ 

i! 
i. 

o.ne! were put 

: but'ld/t79 u.;ClS 

r;uency 0/ Ihe 

• if ellen l.-UorS'e 

the re SD nQnce. 

laler. 7he r~.so/?anct!? jre9uencf/ 0/ zi'h(2 

B - 9 c&,c/~s ~ec. j'SO re. duc/'ng z'he pe:.. 

D.splrQ lars from 2 ~ /0 /2 cyck.s /sec. n?ode; 

since Ihal jr&9uenc!I (.,(,/Q.s closer 1-0 

frS 9",ency. 

lIe ~a.!l.s Ihal I-he collQ;Ose IS /707 du(!? 10 

lins!ao,-//!y . and UJro"9' ds.sign . calculal/ons. I-/e su~_ 

:/'Je>rts ht's d~r~n ce. f:J!I sQy/ngl-Aal Ihe structure 

; would fail /rY7rY1ed/ult!/C; Cl.j'/@r /he forms u.;€,rS- re_ 

imolled If it. (,.t.J([2re uns/ahle. 

/n removing tht!E. forrY1S~ /norde.r nol to 

· CQuse an!! d/ffert!nl;al .rei/Ie rntEnl J'all ~h~ j'or/YJS 

were dec'-cled 1-0 be ~rY1D v~d at'· t'hC! SCL,,-ne //;J"ca,.,t. 

FDr thai ,C'CZ sCJn a rna/'} u..;/Ih Oc. ("uCJoden UJsd 9 e /r7 

::1 1 
• hand wa s ,/.J/~ct!!d of eve ry sup port. /911 th~ /Y1en : 

I 

were told 10 h;( t'hS u..>edge //] under zfhe' Sle'/l/lOrt! 

UJhen they ht?ar Ihe. gun f>red. /" Ihal wa.!l all Ih~ 

support s 0/ the jorrnwork would htE rerYJO ved at - the. 

· Sa.me lia?fd. 

_____ ___ - P - ___ i 



forms 

some 

I 

/~an 's 
'" 

This was done So ~ 

had sluck 10 I'he 

tiaJe 10 ha ve /he 

This IS a /urlhBr 

de/ence /haT ,1h& 

,. 

hut the!! saw £hal the. \ 
. I 

shell Qnd /1 /Qc,t /he/71 I , I 
7orrn.s Corn~ lelely rel?7ov&.! 

sup/-::Jorl 10 Prot· Jhsan 

slruClurt!3 was sra6 I e,..: /he 

i slr,uclur~ Co ul d tP vt:!.n ca rr!l. _ 

w~i9hl 

Ihe (.Veigh! 01' t'h6' forn7S I 
{,Vi/houl any ,a/lure. I 

i 

j 

as well Q:s ils own 

8) Technical RepDrts 

Co'IQ~se of Ihe 

The col/apse 

. I 
on the In vt8s~/.9a~/ons 0/ Ihe I 

l 

Indoor 

and 

SIa-d;un?t I 
! 

re5ulls 0/ t'hoSe I two ·dtl'fer@/"ll 

i/l vestlja 11-0/75 

por Is UJh le}, 

Aave .6l?en glve/7 ,6.!1 lUJO ~ec),nt'c a! re _ I 

are as st8crl?/s. 

I 
One 0/ Iho.se rtE./::Jor!s da.t!sc! q- 8- /9:5"8 

.. carries Ihe s/j /7alungs c:;f' Prof. ;t1t2~'1 /~a-'7", #ah';zf~/7 
I 
Tokoz I J9/iTe.rzipa.,sa. o,ilu I IVurel,!/"" ,e-v/n I. /-lll Ter//77 

dl7d Feh/'YJD.n Tokluoy"'/u.. 

Thf: secone! One claltE'd 2 _ 1.fJ - 19 S8 /s s/9/7ed 

by Feridun Va,.fkas /9 y,.furi , /Ve j Lee z' /1,.(._ 

and H/lrn/ Bay//} cltr. 
\ 

\ I VQ/1dur 
I 
I 

S inc e those repor t s 

£" CeJulci/J 'I ha ve ·rhe 

were ker:;t secrt9t I u/I/or_ \ 

c>;o~or i u/?;Cy . 6/ see.//7g \. 
I 

tuna/ely 

thase report~ . /-Iav/ng Int'sr VI's c.v.s tV/I h ;Oro j"e s sorsl! 
. I 

I 
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\ . 

hoth In /-}nkarcf.. andlslanbul the tDI/o UJI/]9 

rnatiOrJS V-Jere - taken Clb_out the slad/u/YJ: 

MateriaLs: .., 

t 

/n ..£'01""_ i r' i 
. I 
i 
! 

I 

In Ihe deSign ca/cu/a//"o,(7s" 117& //slo/ con-i 

dt'llons fhat ha ve b&e/7 carne ac rOss a.re /Aa/: 

I) The COr1c.r&te will he 1.3 /60 . 

c) The fDrms 

Dnd il LVIII be 

w/II. he ktEr;t dcz/'np 

welled _ e very clay 

i 

(or Ihr&e UJ<'!?e~s~ i 
I 

~nd UJ/II be. co _ I 

vered by rnClls. 

3) The forms tvlll he taken aUJay ol'/er ~s- days. 

I 
! 
i 

I 
I 

.'r) ""(he fliDi/7/S will he done by elt?clr/c wsld,."ng . 

5) /-Jllcnva 61e slrt9ss fo·r sl-sC?/ IS ·Ia.ken Qs /~oO ~g/6?;~ 

/3ut Ihe' in vesi-ig alo rs have not CO/Y1e across 

any report showing tha.t a./I of these are done. 

fJ{ie.r 

concre.te have 

the eollD-j:Jse J lab exper/rnents 

shown that the concrete /s 

/5 also the one used /rz tfhe. ca!cu(al/orls. 

haye 

/3" -I eKQminQ:!lons e>n 

shown Ihal thiE CDne rtEle 

the samples 

on the -! 

13 /60 whic.h. 

0/ concrele ! 

, there are air voids show 

very 

that 

porouS O/7d 

Ihe concrete 
i 

!ha.s p o {,;I. red O/ld has not 

led enough n!l v/bra.(or'S. 

I I Sur;OQS seS. 

fJLso ,-/ . 
found . that Ihe slress (he l.s 1/7 

/~()O kJ>1c(Y1 ~ which 
, 

the a/Ie; wa6/B. IS 

----1 



,. 

to the 

Cal culations: 

The shell 

.\ 7fl .. 
i ! I 

I 

I 
has 6een designed CZCCDr d,;"g I· 

Iheory a/7d t'herC' j'ore /hC' /?'7D/77c?/d i 

Iheiwt?t?/J 

ta.ke/7 

the 
i 

and IhC' s/cYe DCJG/7? has nD-/ bee/} I shell 

CO/7S/c! e rat> 'an s. I 
I 

I 

slC?el 1(9/7.5/0/7 bar IS ~..sed az I 
/s nDf ShQu..;/l /n the calcu/al/ons.\ 

/J/so" a 

the,/:Jollorn 

c) Causes OF Failure /9.s. a. Conc/u Slon: 

thai /s" 

all Ihe 

-rAe collapse ho s 

about 4- yea.rs 

rtll/?s ha ve hetE'/? 

lak@n place 

have passed 

c/~ared of'/' 

hflve any ev/dence but the 

= 

on 2-6.1958) 

by J /here rore 

a/lc7 .T dO/7 / L 

For IhClt reaSO/7 I ;1 /S /"Jor pass/hIe /o~nd out 

the r~aso,-7 0/ ;/he cC)//a.",os e 

Ihe I'/eld. Th&re/Dre. ./" ma.st c/e~e/ld 0/7 /hC?prt2_ 

VIOUS 1/7 vestlja.!lons 0/1 £he //'e/d clone 6f/ ct"7fo

rent cornrniss/ons. 

General co/?s/dt!?ra//o/?s a.bovl r"~e Colla~se: 

Shel! d@siyl7 !heorieshave iu?e/7 devt9Jo/-JtPd 

over rna./7!/ years by va.r/ous Q/Ja/y stes. The I>rsl C</7Q_ 

1/ tlca! Q;oprCJCLch to Ihe d&~/9/7 0/ shells tA..JOS /::Jrest5'/l_ 

led by G. La/Yle Q.rJd E. CIa./oeyrol'7 I/? 1828 who 



". 
produced O-no. /69 Y I, /n cv)u'ch a she IL 

was cOl'7st"dt:?rt?cl cQ;-OCt.I:J/e ()( r~s/.sl/ng 8,x!tEr/7CfI loads 

: hy dt't'&cl str&sses ttnaccorn/-Jan/~d b,!/ any he/7d/ng. 
I 

.rnade 1'r7 18'12 by /J.E. Love 

: theory ra d/a/ sh&ar/ng /orces a/1d /?'?CJ/YlC'/lr S ".Q/7d 

Ihus prov/decl Ihe l:Jas/.s !,or fu6S&9uC'nt /heorel/_ 

leal del/elop/YJ~nls. 

Chief crc>dil I'o~ rAe /'tr-s-l a~/:;JI/'ca z0'o/? of 
: 

,)1r; Love 's -Iht?OY!I l,s dus 10 C:a.r/ z~;ss UJho /r) 

: 19;: 'r lIsed Ih~se .forrnu/as 1/7 c/esr9~//} :J a s/}?a.t'l 

concrete shel/ roo/ 1/7 JenQ.." CerrnCl17f/. S'//?ee E'her] 
i 

inUfl1erovS • wr/I-~rs / moslly Gerrna/1 / have Conr>,,/./;u_ 

f&d 10 shell t'h&ory I a/rn//?g I //7 -Ihe m·a:://'J;~Q.l . .r./n?/.Jtl

fy i179 Qncl syslerna:t/z","rJg z'he prcJ(:::edures of sAelL 

; a17a/!ls~·s. 

//1 /9 80 ~ Mr. 

jnec.v CifJprOXI/YlCLle aggreern.e/}/ t-Vith (f?K~er':/Y7&/lca.L 

Ir~sults. ;:; f'eu:; yea.rs la.t<9r J Mr. O/schi/1fjer /rn,AJroV_ I 

I .' I 
led Mr. j:/nsle.rG<Jalde'r \s S(!)/ufion. anc/ tplher GQ/'/tersi 
j .. I 

. iamorJ!} then?' !las :Fa. ;0 hst!!?/1. havB' ~Ktoa/1dtPd ,th6' fht?O_l 

I ry 10 include fhel! Olh&r Iha/? cyl//7dr/ca.l. 

Dur,i?g -rAe 19¥o 's. shelll d&sign was studi6'd 

exlenSively allhoufJA few rejults W<!E.rs. t<Juh/islu?d. 

fls we see ~ Ihr90ry of ~he//s /s not a VB,.)' 

I 
I ! 

! I 

i , 

, 
--------------- - ---_." .----.- ... ~------.-- --------------- -----~~------ - -~------------------



----------------- - ------- ------- -- - -.----------------- -----------.. --.----. -----.- - --.---.-.... -----.--.-.-.---... ·_·c.~~] 

i rna !t"Or7S a.nd Ctssu/??/-,I/CJ/7S a/1a z'ho.re as'su/Y7~lf/'o/7S 
are SUjOloorlt9c/ h:; e.x;o<!!?.rl@nced eng/neer.s by Ion j 

\ca!cu!at/o/7s a.nd .sp~c/al lab Sx,.o6J.rin?CU7ls on /YJodtfJls.: 

i Fa livre of one of those assu/??;oi/ons may 

cauSe sire sse s 

shown 0" calculal/ons and -/,1,0/ /YJoy cause rhC' .slruc_: 

; tu re fo colla/J s~ . 

f) s il /s IDld (:1.bove" Sh&1/ con..!1 rucl/on has 

,nol laJe/J a C/&/,i?ire /orn7 

cons/rue/I'ons o.no -Ihl? 

o..s have 
I 

:mal forl'YJulas are e /?'7 "r.:J /r / c a I 
I . , 

1£ VBry 
! 

Ctuthc;r has Jus OUJn Ds.su~.tOI/o/}s) opprDX/rnQ - ! 

If' lions 

I c...hoo se 

anel !,Orrnu1as ahoul this' sf/s ~ern. rhe.re/ore to 

the r/ghl /,orma/as and aSJu/n/J!/ans re/at't!?ct' 

cDnc///t"ons onel rnal£r/~/s ne@d great car8. ! to O~r 

So, sh&11 cO/Js!ruc!t'O/7 IS pot' a V((2ry sare. co"struc!/(Y}: 

'det . 
It • r 

/.) 

causi/J!l failure 

Dr cornr:;l&ie 

Since 

IO~/7d ou I /he /Yla/n fac~ 

U-Je do/? '/ ha veany dej't'_ , 

calcula~'onS in -Our hands. 

cn,9/nt?ers dOI/-}!/ 

lure afler -1,461 colla(Jse I 

II'0ns hecause. /1 la..f&s 

lab tuork wlJl'ch Co sis a 

Th&rt~ lorB ~ 1.40 J e 

1/7 \/C'sl/ga -,!/ons on ~ht? Sy'rvc_ 

havB /10-1 done lAC' colcula_ 

a 10 I or I/n-?e O/7d /7t!?eds 

167. 

/~ ves!i,9alors t.»e!.r<9 66/19 ~d 1'0 

I 
I 
I 
1 i 



, , 

I 
i 
I 

! 
i 
I 
'; 

i , -

------------------------- ------ --------. 
J.' ; 
" ~.od. ~ 

i 
be sa{is!>sd ("vii).; -Ih(? pre v/ous . ca/cu(a~'o/?s o/Jcf i 

u..JlfU-e ah/e 10 c...hec,toniy j'eco 0/ Ihe calcula~/o/?s . 

So I !h&y could;' 'I give> 0: clt?/'/,-,/!e. sug:J l2s 1"/on 

about the Cor rec-l ness of IhCJ cafcu/a--//o/?s. 

, 

In n?!/ ojO//7/o/J I /h& cafcu/a-//ons /hO;/ Aave: 

been dO/1e are, >,..4& o/?&S Iha Y ar~ ailsolul61/y /7sces. 

sary bul are /)01 sti//I'cit9n-/ for /,u/lundt5'r.s-/Q/Jc/I/l,9.: 

Th& c/rawl'ngs are nol .iu/ ~'c /l!21?1 /Dr ru/f undtE.r S/Q/l-t -

d/ng ~/I),er.; <8.SP&C ;a/I!! for such a nt::U-) t';{/O& oj' 

cons-lrucl/on 1/"7 W)1I'Ch r'he' /aholf>or..s havs no (?k_: 

per/ence at all. 

Ii/so 
" 

a.s S uffJ/o!/ons 

are corrt?c I 
sh61// 

· oc c.. 0 rei/I"? !I 

~on5/der it a.s right Slace 

Materials: 

fJtthought'f- wa.s 

13160 Q.s .UJa...s {,i.S ed 1/7 

ter ia/s sIde 

/?,?a"'fI a;o~ro x/'m a/". 0/7.s 

u..JB ca." 1/ 9U~S.s tU~t5'rher 

t 
R 

/.5 r a "'" G' /) Ct.$' Z c!!!..r 0 

Ihe'~rf:l' 8uJ u..,Jt:!E CCl../? 

- I - -
206., 

found out Ihal 7'he CCJ/?cr~1e 

1/'8 ca/cu/al/ons 51//1 (...(}e 
~ 

strOr7!J enou9h concrele 

imjOorla/7( OUlldl/7g, So 

10 .6e v sed 

Q 9ut!? s t ion 

1/2 ...rue,. Cl- /;/'.9 and 

r/s6?s //7 Our /Tl/nds 
I 

j'l 

--- .-. - -+- --- ----~-

_ __________ _________ _ _ _____________________ ~ _________________________________________________________ 1 ----.. -.--.---"~------ .. _- .. 



as to whether Conc.rete /3 160 i.s siron,) enough for 

shell cons true I/o/) or /Jot? 

/lIs 0 slt?el stress is found to surpQSS 
I 

! . 
i 

: the 0.110 (.LlQble //r-CJCJ ~9/cl"Y1 a • 

La boring 

Since we dOr1 ' / have CYn,:/ exp e.ri enced La hol"_ : 

,Drs J the. control engineer should a/UJQys check i),e 

:worlc, But unfortunalc:l'J one se.es thai /1 aJaSFl'/ so, 
I 

TAe slee'· net work has bee/)· fO("fno I/-; /he: 
I 
i 

lowt9r sect/ons of the shel!, Ihal is" in /he ;zone of: 
" 

:cCJrnpress/on J wh,-cf., shoUJS t-hai the sleel UJor-A t-UClS 

il10t done so care/u/ly. 

I /n sh~/I construe [/'on" the ClSSUff1e.d sha/Je 
i 
lof the consl"uction i/'1 the d~sign rnusl· fit e-<oclly 

tJ,e{tna{ shQ.pe Ihaf has been GOnslruc-t~d, That 

. is, after the forms have oeen /aken OCUQy Ihe 

,structuf"e. wi'! selt./e a !/tile under its own Ult:2/ght' 

ancl w/!! IO-lea /lew shape and Ihi.!> .5hape /7Just 

f~·t fht9. one Ihal is as.J/.,.uned /n the des/9/1,TJ.,er~_1 

,fore.· one must be very care. lui c.u/lh fhe. fo rrn work. 

f) 5 pira lors : 

taken l ' 

In 

into 

the con ere I.e de ~ ig n J as /::J/rQ lor.s . eve."'e /lot 

cons/de.ra lion) hut In the appJ'-ca i/o/? 
II 

i 

._ .. __ ............ _. _._ .. _. ____ .... _ .. __ .... _ .. ___ ._ .. _ ... ______ '_ .. _ ... __ J I 



. be arns. 

side beal'YJ S 

as /.)i,a. i or s were pu. t on the s /de 

Thos.e 10 aspirator's 0/1 the 

caused the structure 10 vt"brale a/?d des/roy 

the 

othe". Fac tors " 
al'l(gr 

i 

I 
I 
i 

I 
I 
! 

I 
I 
I 
! 

On the COncrete sampLes 

the co/lapse ~ On€ can see thaI the 

lute/!:! c/ea.rJ; there is /70 concrele 

the sle.el l wJ,,'ch shou.JS l)u:~1 /here 

helween I),e sleelQ/7d /hS concr@le. 

laken 

sleel IS abso_l· 

.s-I/ck //Jg z'o 

is no bond 
\ 

I 

I 
Having so tnany fae/ors reduc/ng the sa_I 

fe l!l of the conslruct/on, we ca.n· t say dtEf/"r1del(7 1 

Ihe. /J?a.i/1 facior cat/sing fOilure. rJ/~ho..;. i which IS 

/nc.;nl'f due 10 Ospirc.!ors, sl/II UJ€ i 
Ihoi il IS on1r czspirczlors thai cau_ j 

ugh il IS 

CCll'1't SO!! 

<;.ed (o/Iure. Because sheiLs Ore It'le. eggs and /1 I 
I 

is jJracticalll;! il71j>Dssl.6le for a shell st'raclure 1'0 I 
colfCt(3se. DUrl·n~1 World Wor 1£. man,! shell rlrvc _ I 
lure.s In the war - IOrl? lan~:I.! UJere hClller&d I 

one/ 
I 

t:Jven hil at vila/ /'Jarls I such CIS 01 s-up/Jor'-) 

! /1"} 9 CO/UfflI?S which were, cOI'Y7/J/eltE/':I den?o!/s),C'd, \ 
i 

iand yel the roof r&/YJQined sland//?9. 

jpar 'a>, t jolanls the c/Qn1(:J:9.tEd /:)Qrts 

land r(! bu ,-!I /'e;O~al-tEd 1(7 '" sp,-Ie 0/ 

i 
In I'o /YJ t5!. .1m - i 

I 

UJ~re r(8rno vedj 
rucc.essive In_ 



elden Is 
rYlage ct 

"I' I ! ./. 1 

wh/le 
. I 

the shells- bridged Ihe ga.jJ 0/ the da-I 
i 
I 

petri. 
I 

Struct~re were carefulL,::! OLJ.iLt I 
! 

50, if the 
would,.., 't ho. vs Q. corn;:; 1& Ie f'a ilure of zhe she/(i 

I 
I 

bui of if. 



t=FFECT OF FfJILUR£ oN SUBSTRUCTURE 

/1 NO FOUNO/9 TION 

Invest,yalt'o/?s On Ihe (/eld afler 

ha ve shown tha I the she II hQ s fa lied 

to gel her (.A..)/'th Ihe side heams. 

I 
I 

the co / La/JJ 

co.mp lete J 
I 

I 
flll Ihe columns havt:2 {ailad 01 fhe -joi/7ls 

of 

laf 
the steel and at Ihe Ie vel or /he z'op jail ery 1 

I a hSi9ht of T s. ~o n? . I 
I 

(Its a r<9sull of /,h(E .6r~ak//79 of fhe co/un7ns ... j 

the .>/:Jrl/195, the J}(~rizo/1lal s/de bl!EClrYlS and r.he ctE'ill"r7g I· 
[ 

D( the gal/&ry ca.rried bf! IhQSI!E· columns ha V~ also I 
I 

13ul /10 fo.;/ure Or Q/]!I- crac.k _hoI/<=! b&en I/' 1I~.rjl 
ligafed on (he porls b~/ou.J the Ie vel D( Ihe. 1°1:) gQI!e.r!l~ 

. , 

{a;(f!]d. 

We ca." he sul'"C! I-ha:t the la/lure - has bt1?9u.n I 

from the 

the sld~s 

ce.r7tral ;Jar-Is 

hQ ve fa IltEn 

ce/7f ral ;Oar I . 

becau.fs ~he ." CD ver plalt!?s at 

O/J rCl/'? -DT /h~ /-Jlal&s 0/ //Ze 

i 
f/av'l1gl1o crocks or any disCon/1~cf':ons CJ/? (he I 

part.s hel6W th~ lop gallBff;/ shows that the colla.pse. 

has /1011,;/)9 to de with fhe IOuJt21" paris. So~ os a. resul('i 

W8. ca.r-> soy thot Ihe /,001//79S ane! Ihe /o~" da//on I I 

jhacle not· been 

I Con side rat ('on. 

so /nuch d/slurDt5!d Os "10 6€ lakt!?.r7 /:"'10 1": 

I 
, I 

I 

I 

( 

----_._._----------

I 
I· 
I 
I 
i 

I 



I 

FA RT 
PROJECTED NEW su P£R. STRUC rUA'£ 

C h 0 0 s i /J 9 t j, e. TY/:Je. CJ f Su IDe r S t r tI c I: t..I re ~ 

The re 'I u/ ren?ent for the /Jew sU/:Jers(rvc

ture. to be but'tl. Is tha { il will be sappor ted by 

co IUl"YJns On iwo s/des" w/',-cJ., a.re 3g.QO /)? a..;oo.rt 
and a t an in ItEr val of /1·8 S rn. 

hve s l /9(2 f ions 'hade. on Ihe CeL/ culat'/ons have. 

shown Iha.1 fhe loading 

Inot c>xceed 21,cO Kg/,.,," and 

, were. designed Tor an 

On .,the .ru,ttJer slruc lure Shall 

Ihaf 'he lower c.olumns 

II:: /r 6 . 6 -L and V ~ f3 ;r.c; i . 

Rei/? forcen?eni for t-he column IS sho{.4}n /"r? /';9. be/ow: 

o. to t 0.60 

a./ II. 9s;17. }~/erw,L 

I ' 

+3'5'0 

a{ II·GS/n. ;",krVal 

SCCl/~ %-0 



'"I 
I 

I/} choos/l1g Ihe /Jew su,nerslructure ~ boih economi_! 

cal and jJsyc.holo9 ical @flecls are CC/lS ldered: I 
F/rsl of all I /1 is /Jot advisahl/E to have another I 

shell CDl'7sl-ruct/6r7 .6ecauseot /he bad PS.!IcJ,%gicaL 

effect s 0/ the sh~/I 6,., /,I;~ ,PeD/:J/e a/,/er che ccl!CJ,;O.re. 
'I d . I 

So Int? mosl c/e veEr rn//} 9 / S /0 Ou// d a Ju",oE!..r.r7!' rvc(u..re I 
thai ;s tar /rorn she/Is. //} C2p/Je aran ce. . . . ! 

11!!/'oufJJ, Ou/ld/ag CL C'c.J?crele .ru~ero;/ rac.Lure -I 

seems 10 be /'Y}or~ tEc...cu?o/n/cal a/ p·r.sr .5"/9/7 /, // /.s . I 
//Y1/JoJ~sible io 6u/ld any /!//:Je 0/ su,.,off2.rSY/L/C7ure bu/! 

the shell Cl9 Q //} ~ j"//?ce zhe' sub s/ruc7'ure u.;/// /70r b€ I 
a,61e 10 carry a. A~a t//~r /oad//]9. I 

Perha/:Js UJe could bu/ld 0 concrez'e 9 dhLeaj 
I 

and /hCS s/r6'/?9/h or /A~ sub rt"ruc_1 
. I 

turB , 6uf s///I'';/ UJouldn 1/ 6~ e.conorn/c.al. /-/av//?91 
I 

an otoenin9 

wottle! be 
01 . 38.00 "" - __ "he co,.,cret'e 9<ibLe oi franre I 

v~r!l t'h/ck //] CorOJS S"~C~/O/7 and aJcu1d\ 

Ipok 

is To have 

rco/, 

I 
I 
I 

COl'7crsle CC)/u/Y}ns 

/?O! szlroni .£/7CJugh 

di9c./d&d zlo havB a: 

columns . .6e/ot...c-:> ;lht!E 

huL 

/0 carr!! /l!. 

sitE' e I /,"ran?t5!. 
\ 

~r/" u;'}<!?;s . 

Jo, ot ~e e/)c/ /" 

.r/z'z!//79 CJ~ ;/he 

I 
: 



12.1~ 
~_._I 

,HE PRO/:>OS£D St./P£RSTRlICrU.I?E FRCJM THE 

19R CHI TEe Tt./~/lL PO/IV r 01=" VIE W 

I ha ve chosen Q Three -h//1gsd frQ/'Yle he_ 

cause £ was /Jot sure of' /he YOUr7 da-r/Q/7 cC/1d/t!/_ 
I 

1

'0/15. R sn7al/ seilie/nent //1 (he /,ou,.,da~'o/7 moy ca:1 

fA se (01"9 e /ncuntE/1 lSI/? rAt::' nucl d /~ . 

I" I 'In decid//79 00 ;lh& a/"ch/ lee /ural /;:;!a/Js 01' 

I 
I h7!/ s-uperslruc lure" f />rsl d@c/ded z'-o have a Sf/n1~. 

I h1Blr/caJ thr~e -Air79<!'d rrosst!Ed /'rah1s' u.;/E'A ar; 0,,0-: 
I 
I e~i/}g of '3 B. tJ () /n. TA~ sha"oe Ct/ld dt·/YJe/l.r/o/Js 01' 

II hB /rCXn7e. is.9': vt:? n in F/fl :.17. 

I . /Is' S~Br1 //7 the f/~u.re, 7h/s /?ee..v .fu.4er_ 

lsfruclure IS fo.r /ron') rAe a;O~€2a.,-a/'1Ce 07 a she/I, 

i The {rCt../Y1&s are s/:Jczc~d al 0 c/,sfance o/, 
i I 

I ! 1/. 9 S /Yl.a,..,dar~ s.:/ ~/"7fl 0/7 :7..4~ coIU/Yl/7S 

I i Dn jJCt.oe /9" as I S re C On? ff}s/?d~d. 

Show.",! 
I , 

I, I . i7 I 7h(9n t'h//7k//?9 6r air cond/~o.n/ng o/1d ~.9h~ 

I IL-' wa/l7tPd 70 ~at/e ro/??e u.;lndQws sO/71t2wh~;f"e 0/7 
III 

IhB SU/Jsr sl,uc ,lure "Ci/1d or IC4SI L- dC'c/d~d' ,La hove 
I I Q orOktEn and wa I/.!I rCJa/,. /"" t!/,~/ u.;0lj u.Ji/7dQW S 

\ could 6e 1:7/,,0 V/dc9d aT ~h~ .r/dt9 S os ftEl2n ,,;n F,g . .llZ.. 

Hav//7g suc.A a: '00/ i~ /na..k//19 z'hS ()urs/cit:!. 

CljJ;O~ Clra/1ce 0/ Ih~ roo/ cO/J'1/-J/~r(e/y d//,~I" tE/'lt [,,-om 

thClf 0/ 0 ("h e. II and 9lv~s fh(5l st'ruc.lure a spec ,"af; 



charczcierist;c· wit.hoZtI {orcing engineers /0 do 

cornpl/caled calcu/atio/7s. 

~ .~ \ 

;c;.£:. 
~~ ........ -~~-

/1/S0 

VO/lim e Clnd 

" 

//7 

hence 

t'ha f way, we 

the hea.I//"] 9 
decreos-e fhS inside 

of Ihe stadium /s 

eCLsier. 

atlho£,lgh 

s-l adi urns. 

Broken roof a/so 
''f -

il isn'l a very 

h~/p..s //7 

import Q/7 t 
/he Qccus lies 

prob/@rn in 
" 



PART- m 
DES\GN 

i 
I' 
I 

fJ S seen /F) [;Jures .If orod 1II , the new sUfJer _ I 
s-lruclur-e IS a three-hi/7ged truss frame u..Jilh Iruss g!r_ ! 

clers rUr1nu19 between the frames. Since the superslruciure i 

l
is ,.,a Ihe>r a..;ea.k ~ //7 order 10 ha.ve a. LIght su/-5iE.f s I rue ture ,j;)lj:Jes! 

. I 
lare u.seel //7 /,4e 9;rder~._ ~//2ce pip@-s arC? ve.r~u Lt'gJ, -I Q/')d ! 
I J I" 
very good Q S Compressien /YJembers it ioS adVQF]tC2geous to: 

In order 10 be consisle/')i and srmto!if':l construe_ 

lio/? {,AJork, membErs of Ihe sQrnt!E.. d/rnension are used 

wh~f'e v(5!r possible. For eAO rnp Ie. " Ij,e "same pipes are used 

at fhe bol/om and lop chords of fh@ 9;".der //7 ord@r 

I 

to (ac ilila/~ labor o.""d 10 ha lie a bslle/' app~QrQrJce. I 

The pIpes thol are used //7 /he 9 1'rde r s are I 
I 

Igas pip<es avaiLable in Tt.crkcPtj" I-he dirnensio/7S of whichl 
I 

are taken {rom a tsch/1/ca.l h~nd book (L)l'iiien i/7 \ 

119 59 b'::J ReFCLc Kin, k. asian. 

I In thB· main frame dOUble o.nglt!?s areu£l2d 

Ithe dim&l1s/ons. of which ar~ tak~n from "8<2101"1 

II(aIBnd~r 1958 ~ 
I 

1-)/1 Ihroughout the design tfte a/Iowa-hie 

, stress 

I 
{or steel· ;oSlai:en os I~OO k9/C/n~ 

J 



1 -':~. 
1"-'; # 

"-_.-... -

As the roof cove.r / we have fk /?2aiert'o.Js 

os shown ill -the fi9ure beloto: 

.. 
~ .... ... .. .. ......... .. .. .... .. .:... .. ~ 

50 cm.--------"!">1-' 

~xlO t./mber 
pur/'" 

Load 

Q) Galvaniz.ed 

oJ }sola.llon 

shsei 

roof ~ 

m&fal (j.1FO'Y1m. 6J~In, .. r /./O,yz. -: 6·6 trlmi. 

an.d bond ,'119 rnQ fer lo..L (bi7v.mtElf'" he;-o.k.I,·!-) :;::. '3. {t. I, 

c) WaodBn cover and Itrnher' 'purlt1'1s ~t5.0 ,. 

t. L, Snow Loa c1. 

O. L, ,1' :: 25.0 it/mt. 
p = ?'s.o ,; 

Total loaci 



11, PUR L INS t9ND woo DEN COvE. Po 

Purli n di (YIens ion 

Dista.nce betwee.n pu.r-lins o. 'SO ,ri. 

0) wooden co ve.t' 

The worst condit/on is ass urYJed to be. Q 

CDf")C en t;-o. ted 100 Ie? load In the m ,.ddle of a. cC; C/7l . 

woodl2n plan k. The 

neithBr f>xed or 

maxiJ'Y) urn /nCJrnent 

M -= 0,2", 25 maJ(. 

Check.· '. 

b) PurLins: 

weeden 

hinge.d. 

Q vQ/ue 

0.52. 

/0 

planks are a s.sU#"Y1e.d to be 

TheE refDtcE tr> ca.fcul a.ting the 
. betUJeen 

. chost2rl. 1/7 IS: 

= 8. ~- ~. /'?'7. 

:: 

Or.sl:a.nce. betweef\ CJirders ~ ;:,7.0' /n. 

:: IDO)C O. 5' 
-- ~ 
2.~~- . 

8 
:: 

W :: 5""x 10 2. 
6- = 6 '3 c.rn 2 

MomBnt 0 f 
a.i', 

. BO. .-

I 

l 
I 
1 

I 
I 
1 

1 

1 
1 

.1 , 



1lI_ GIRDERS 

G,.rcler Lo Q din 95 a t the ./0 In f. s ~ 

2)( reaction. :: 2 x ';2'0 ktt. -::.. 1'1-0 -k~. 

~ wi. of 9irder ~o~~ ",-0·5 ::- 20.f::? 

?' = 160 Ie? 

Wind Load:;" Iso sir/ac i f /,.",2 

s lope of the rco f -' ta..n"'- -= O. 2 ~6 

0(' .,-::: /3 Q 4L 8 f 

w in d I" Ct. d ':: ISO S; /l o<!! 

Pc ~e /o/l1t (,LJ/nd 10 aa = 5, 3..t: O. S" x 2.;2'5 = ;C 3 kfl. 

Tota.l Load a..i. the Joil'll: ~ /60 +?''3 -= C33.l::? " 

a.) . G 1 R I) £ R N C>. 8 

Load at the JOi(lt is half of 83'31'1 =- 1/6.s1S . 

Reae-tiol'1 == 116'5)(12. -= 1398 i'1' ~ 1·Lj. i.' 

-= (I 3 g 8 - ~~ 1 ) /I. 85 _ C 3 3 A/P.Ie I (A II. 8 5 
."1- E a c~-

-::: ;r 9 'ro - 3 'jZ 3 8 =. * / $' 2 !:'f 1'>1 • 

the chord~ -+ 

Dlagol1als 

Vet" tic D.l c 

0.5 

=(139B-.c3}).!2 
, 4-

:: - (1398_ 233) 
~ 

-+ 8· 3 iDI1. 

~ 7- /. 3 to/) . 

-= - /. 3~ 1011. 

TJ,e. s'jzes~ of. the member.s are (;.hbsen from -/-).. e 

/iabulett:ed i:dJ..bLe.., 'c'n the, ;It)extpogG!. 



! ~,-~ 
I <:-.?,"" 
Ioo--_-~-

~ 

~ 

Name Outside O,am. Ins/de dt'om. Un,'-/, wi. {T02 17Dft Jrdt. I lTd'" Fo-~ Todd ifF of (mm.) (mm·) k9/m T(JHl. 67i",," ~ .. 6i;:~ ~ UH <J>w'" 

Pipe 0 d G Fo Jo Fd Td p- I r-t 

I 
Ya l

' 21· 75' f¥-· 7S" t· ~'t I 3-1 I· (- I.? (j.2 2 c.g 0.67' 
, 

34" 26·7S 19·75 I 2.01 ~.6 
I 

c.5 3./. 6-?" . c.5 1.8 0·85 
, I k :3 3.5"0 2:):.50 I 2.91 \ g.BI6.2 ~-. I c.1 3.7 ¥-. I /.OS 

1 '41t ~2.25 3$4.25 I I 9.2 3.77· I¥. 21 /6.0 I 9. 2 6·8 5"-0 /.3~ 

I~ II *8·25 3S.75 ¥.61 I 12·~ 1/2.2 t·o \ 13·8 /8·2 2~.o /'51' 
I e /, 60.00 5f. 60 6.t6 28·3 63.6 co. Sc I 33.2 ~.o I 3D,lJC /.9¢-

2~/t ?tT.OO 65.75 ?: 61 .t,t ~. I /55:0 3~o 92.0 10. I 63.0 2."-0 
'3 II f!6.~-6 . t'b.50 9./6 ~-g.o ~?~-.o 4'6.0 168·0 \ 1:1.0 /67.. 0 ?88 

c 
·e 

I 

~ 
22:f'/ 'CSO s}<. So 60 70 80 90 ItJo 12S 15'0 17S 'foo ~~ 

"-

{~ 75 gD IDII 109 13'1 IIf.B 197 e2l; Z61 

YZ!'I 2(.0 /.1f8 /. ':71 1.89 £>·35 3.03 '3.':7s 5:91 8·'1-1 ~ -

'#p ~ 
1·89 /.64 /'1-1 /·/7 (5·9c 0-1S 0·1(.1 0·33 I -- -

~ Sg 7( B~ '1~ /06 118 1'1-7 1;r6 ~oS 

~ ~/I ·W 1·2.9 /. If.? /.58 /.78 ~.oe 8.35' 3.6S ~bS' 70/0 
.~ .~ 

P 2.72 c,'t7 2.82 /.97 1.'i"3 I. {l.9 0·06 6·7S CJ.¥J 
. 

-
/\ ~'j2' 57 67 76 136 95 119 11.f.3 /6? '190 {) 

j" oJ I./g /87 /·37 /·~9 /·6'1 f.60 C'.O!/ 3.{ts ¥: )'1 6.10 ~ 

~ 
P If.:l7 ~.Io 3.78 3.<t8 3./';r .26'8 C'. {&B /-So /·10 a.as 

A 37 'r~ ~2 59 67 ?{t 913 1/1 /30 1¥8 16? /9S 

1'4" UJ /Jc /16 /.23 1.~9 /.3" /.1r8 I. "". ell{ 2.8S 3.10 {I.. ?'I S:~ 
0 

~ 
P . 6.'2:'- 6.0 5.70 5.¥o 5:10 «~ 'f. 0 3.77 c. 'IS' /.88 /. '17 I·~I 

*' P :' Q:E = CQPCLc;l:y of flte . p/pe . w 
( 

A= SJ:. 
-'9 1: ro.:J,·o a fou(\ci -fru.-n +o.late.: j,., "llel-on Ko.lt!Ada.r" - W 

i r 



! 
I A 33 ~o II ~6 ~3 Ito 66 83 g~ il16 13cll~9 1~6 

I X" rW_t_/'_'.I°---j-I.._'l ~-t-j' 1._'/ 8_t-jl 1._'C_1+-jl /._. 3t_0 -i--1._3_b t-I.-=., ~=-y +=-1 I.......:, BB-----+-! 2_. 2.:..--1+-18._9_41j..::.! 3....:.-1'S"=-t-:-¥....:.-6S-l. 

2 P 17.637.3611-101 i t.8DI!t.L!Sic.co, 5.30 {t.ll-S 3.lo c.85'i?·2~i '·82 
I. " : I .1 

I A 126 i 31 36 14<1 14<6 521'~ In 190 [103 [ 1/6 1/29 I'l-c , 
2 'f I W '/. tJ6 /. DS /' J / II I./If 11-/8 /.Z31 I. 3HI.511 /. 7/ [I-S6 J <'-(Ill E 81 13.¥1 

1 P 'O.~ lo.zl /0. 0
1 

9.8 ! 9 . .5J 9.'1 835 7-4 6·l, 5";~ I (!.3 ~.o 3.3 

I A 20 ·12~ ! 28 I 32 " 36' I ~ ! 00 I I 
I II I I I I j I . 2/ W /.o~ /.0$ I.D1' /,OJ, /./1 i /.flr 1.21 
~ . I I 

P /J.6 13.5 /3.'3 IS. 01/2.8 j 18'1 II.~ 

~ /;·5 21 2~5 .28-0 1 S'l.a '35.0 ~.J.5 

W 1.02, /.V¥ I.OS /.O~j /'OJ /./1 /.16 

P 17·1 17,5 11:3 17.0 /6.1 16'¥ 1S,'l 

Girder No.8: 

J 
I 
I 

PmCt.c ':: - 8· "3 t.. 

rel'¥9. = 

Use 

= ~-. 94 cm~ 

Ca(3ca:..;i'j P = JO t. "> e~ 3 t.. 

Lower Chord: For unifcrmii'j t-he lou.YY chord is 

c.hose " fo be !-he so..ty1e aJ; 1-hS ujJper c..hord -'1>. B"p ;,oe. 

Verticals ~ Pmc;,../t::' - ,. '7-1. . 
- _ ,. 'I _ ~ 1'(. - ~ 3 
rn~ - - - ·t.OcrYI Use~. (,'pc: ... f- = (;.'c...-» >/·0 "y, ,. t.,f 

For 5k, = 5"0 c.n? P ::. I· 89 i. :> /. 'r t .. 

P n1.4.# • = + I • g t. ~ - /. C3 I 3/ /.. , rei"'. - - - • 0 C;r7 ,. ¥ 
- ':) 2-
~ = C;-c.n, > ( . 36 C "'" l. G .::. /. ~ ¥ K.~ / '" 



b) GIRDER NO. '7 

0.3g 

o.233.d ·O.B 
0.21,1= cO 

I 

o.ZI{ 

JI. e 5;. 2Jt 0·8S = ~-CJ. f:! Cn-\. 

20 

Reac..:lio~ :: 1·39Sx2 :-' 2.8 tor.. 

tan (It: g.;r·5 = I.D2'3 ~ tX = ~!l-O ¥8' 
8'5 

t 4,-, (3 ~ ,3 j:>'. S' = o. ~ ~I (3 = 2 3 0 ¥ 8 ' 
95" 

11 sinat=O. "7163 

I~ 
k----8_5"Ch1_. '_____ \ 1 

Cos (3 -: C. C3 1:5' 

zv-::o . 
.I 

0, Gc.) S (3 -t- 0, WJ "C :: CJ 

q Sir.{3.,. D,s"n~= 2. (; 

a. 6 = qSI" (b - 0, ws (3 CCv1 ~ 

W5: ~ D, = - 0, ~ 
~s~ 

0 , ::: - -¥. 8 i.or. 0 I = + 6. 3 ton. 

t
. -::. ," I 

/' . .-1 
-~ 



~fc .. 

Forces in Me /J?e /11 he I" S l'l fon~. 

0, ::- - ~.e 0, ::: -r6· 3 Vt -. - If. ~- U. =.,.y.~ 

Oz -:-6'''; Oz- . - + 3.~ Vl. :: - 2. 3 U'Z. = + ~ . ., 

0 3 ,,- 8· 75 03 =- +- 3.0 V3 -= _,?o;r U3 ::+8.7" 

Oi' =- /0. G D~ .:: +2. & Vy :: .;.,. 8 ~ Uc, :. +10· 6 

Ds -= - Ic. 2 D5' :: +2· 3 V5' =-/·61 Us- =- +12.2 

0, ::: -13· G D6 -= -t-2. C V6 :r - ,. 3 ~ U6 : 7/'3. 6 

0 7 • - 1 tr·?' D? :: +1.6::,- V~ :-I.IS' UjT :: ;- l't. ;:r 

Os ::. - IS·6· £)8 ,-= -t-1·32 Va -:: -0. 9 2 Ug :> + I $'. b 

0 9 = - /6·3 D9 ;: 'f'0. 9 ~ Vg :: _ 0.6'3 'U = +16· 3 9 

0 /0 : -/6·8 D,o :: +0. 66 ~o ~ _ o.~' U'O = ~ 16· 8 

0,. :: _ rfr.o 0" ::0·33 V'c :: - o. a ¥ 



~eper Chord: 

FI',., t I~econd c;tt1ct __ fA ,-rel _ pane l Pm {l,,:; - 8· j2'.5 i. 

g·"75 = 6.25 erne 
/. 'r 

6 = t, /(, "9/".. 

For 51( -:: 8S- =- 93c.,-)1, 
CtlS~ 

rO r S;L. = ::,- o. ~ c,..,.... 

P='3.3i:> 6·;;-i. 

P::./O.'-/.i >s.;rst. 

P :: -/;;:0 i.. 
/nQK 

r -_ J"? t~.J i! r r:: c .. ;. I C. I"YI 
f"B9, T7i. 

P ': 1 ";7.9 >- I? () t, ~or ~I<. = so. 8 

Lo wBr Cho r cl -liz B S a. lYle a.s up per c ho r cf 

\Ier t iCCi Is " 

First vtJrt icaL ) ------
I 'I 

Use.. (~ e 'ee -1- J.I. 

c; ~ 3, ?;; kfJl .... F: :;-C-n"I 2. > '3,;: 8 

For 5'" = So C-fYJ , P:; 6· 2 S "> 9. 5 t. . 

IVext ;: vertic cds i 

:> I. 6 'r. 

For ~k.. = 5"0 c.,.,.. , 

For fAe. res i. ; 

Pm CL~ :; - C' 3 t. 

t:; :: e. 0 I "9/,.,. 

f>::: E.. 'jz 2 t. '> 2' .. 3 t.. 

p....... ::: - /' 9 ¥ t .. ,,,QK 

fJ -=: J, 8 9 i '> I. 8 ~ i 



Oia~~na.'s t 

First __ ._c!ja-9_on o. L; 

F;.eq. = 
F :: 

6·3 = $t.5'crn 2 

-1-4-

:Y. 0 cI"7'I 2 >~. 5~rn'i 

p :: '7.0 ton :> 6· 3 to/? 

_N_e_x_t __ tu..J c> elf a 9 ono Is ; 

F,.C?'f .... --= 3· 2 :: C. 2 J un 2 

/·4 
F -:: 2·:,- CrYl 2 > 2.29 c.""," 

For 

c) GIRDER. 
_ 0.133 :: a·W.&' 5'6-1,. 

c So 

~'266 

/ 

( 
Use 

I Ie 

I~ P '-pe 

?mox = + 3.2 i 

Use 

NO.6 

~-----'!I:...--- - - - - __ 

if..1c-----'3 e 56·4 C/n. ---~----- 9 tE ¥7. 0 crn.-- -- - -

ian (3 -:::. 0.70- = o. lfl.f 3 '3 
/.692-

(3=~3° 5~' ),',-,(3::. o. lfo'5 f . 

tQ..rl ~ "'- /·25' ~ C. 2. I ~ '3 4""'" 6~U ¥2 ' s/n c:y" o. 9 /I It-
0·-:'-64 

tan el, :: /. 0 :: /. )1':)6 
0·5"6&f 

I 

~, = 60 0 lEi Sf'1lJ( :: 0.8686 , 

tar; ~~ '" 
o. 'il:~- :: 1.32gB 
~ 

0( : 53° f(""~z.:: 0. iY9 116 z. 

Ct.J s.(S:. O.S I v:3 

C,.tjs C\:: '" O. 'f/I :r 

W Sa; :: CJ. ~ ~!iS 

CdS«z.:: 0.60/8 



0.132 

0, 

0, 

0, 

:E V:: 0 i,

ZH -= el j 

zH=o· ; 

2· 8 ~ 0. 133 - D, sin Ot' -I- 0. S,'n (3 = 0 

0, ca s ~ -= D, CO S ~ ; 

/. {. 5 fon. 

0.6 1 - '3. '3 ¥-+ 0.2 G 6- (:) S t'n(3 -r 0 S'//] -0.' = 0 
- ~_ 2 I 

I 

1 

I 
_ O2 ... Y-.68 i. 

I 

I 

a.nd ~H= 0 e Ie • •• 

----J 



:r pa.nels / 
'

0. 
ma.x '" t 

I I, 

Use C l;. e ,'pe. 

F :: /0./ CI'71 L > 8. 05 c.rY1~ G:: 7: 6 I i:~/;h 

For SI( .,. 5"6' 'I = 6/.8,,.,.. P=. /'3·5 t. /8'·8t . 
~s(3 

For ~ ;; It-;:r c. n-> Po::: '3, -6 i >JI.2t,ct. 

Fe, r Ihe res t 

F;.e ::: I'? 2 3 = 12. 3 CJY12 
9'. ,.", 

L1 
I, 

~e_.3 pipe 

F::. n.o c.'7"7' >fE.3 crn 2 G::: g. 16i::!J1".,. 

P::: I'Y'. 9"' >- {;r. 23 i. 

Veriicals 

f:irst 3 v~,.iicalr· ______ .. ___ - __ I P rncu :: - 5·!;J-8 -L. 

Pre ': S-. !>-g - 3 . 9 C.f'Y1 2.. 
9'. ,. ~ 

F.: S- c;"""ol >- 3.!l c"" 't 

For .ric;; so c ...... 

Cdl cI Ii l-=,'1_A_=-:ve=-r_I_t'_c _0.-=":....; 

F,.l"r~.::' 2 = /. "" 3 c.M z. .... ,.t,. 
F = 2 c.,.,., z. . '> /. ~ :3 

Fa r II,. ere..! t. 

F - /·5"6 ':: /'. I' 2 c"." i! 
~Y. - ;.;; 

I~a.x ~ - /·56 i . 

F = ~Cn11.. > /. IE! C,.yl2.· (] = I· 'I ~'.4:JI,... 

() I '"~ . se i' P'toe 

, '.J I i '"./ .• 
i ..... --' 

~""--i 

I 



OJ Q,gonals : 

Firs ~ _3_ dt'o.go.f)Q/s :

F~. = .l:£. :: ~.9 cmJ. 
/. ¥ 

F =- ~o c,.",z ">~.:1 CrYl L 

P:: '? 0 t v 

For tAe rest. 

d) GIRDER NO. ~-

tQ.rJ (3 = 1.625_ 0.50 :: O. ¥¥ 
~ ... o. 6'3:) 

-= ('·625 .;; c.5"59 

(3::83° ~8' 

qk..-:..t58~36' 
O.6'3s 

tGA. ~ =-' /. 6 Z'~- _ 0.6 3:;-1an('3 ~ /. 67 0';- 53" S" 
0.6'3, 

e. 5"/. 10 I 

.s ,~(3:: C. ~ 0, 

r IrJ a.t' :: O. 9 .3 

Cos I.r ~ ". 51 

5c.n E:: O.Fa 

, ! 

I 
1 

I 
1 
1 
I 
I 
i 
I 

1 
. ! 

I 

1 
j , 
I , 
1 
1 
1 , 
I 

l 
~ 



0, cos (:? :: D, c.os ~ 
C).IS" 

0, = D, CDS~ 
CoS~ 

z V= 0; (C. B - O. I ~- ) + 0, S;" (3 = D, s ,'n a.:: 

C. 6:::t f D, t::.o SOt:' t CUI (S = D, sin at: 

D - 3.3:J t 
I - 0, ::' /·28 t 

Q·'3.35 
~ V:.o· Va ::. '3 . 3 S S /;') OJ -= 3. /~- t 

/ 

.:FH:o· , Va = 3·35 Gos« = /./i'"t . lJ,:o 

;£ H = O. 0,::1'('9 
I 

~1I:cJ. 
/ 3.1:J-- O. '3 +(). * Oc :; 0.5'1 f- O.9/. Oe 

Oi'= 3·/8 i 

. V3 = (J2.~i/"l f: 'S.6 t 

U 3 : I· ;r ~ -t J • I ~ ::: R. 9 t i 

3.16 w.s.(? -t 0.51 0 3 -= 03 c.asf3 

0 3 = 3./8 1" C. ~-5 () 3 

v¥= ~·'ty6 
1I", = ~ - 9 I -t- Cl. 6 3 :: S. ~-~ t 

0, 

V2 

~. 



II 

I , 

6.ol! CtH(3 +0.63 D4Io = 0". c...os,(3 

O¥ ':. 6·D2 + 0.6& D~ 

'r. IfLf - O. 3 .,. o. 9 0" =: 2.4-1 + o. jqjl O~ 

o~ = JI· 5{C t. 

\15 = B· J 2 ;t. o· '? 8 ':' 6. 33 i 

U ~ ~ s· ~- tr -t- S· 12 = /0· 6 {, 

Os -: /0· 62 + O.70;r Ds 

6· '33 - 0.267 -- 9-.62 .,. o. ;ro;7 Os 

Ds -= Ds ::: 12.08 i O:r 

/l.s we can ~ee . forces irl the dr'Q.9 o ,.-,a l.s 0t>-

get smaller· as we proc.eed aFter Cl.O?'c
J 

tAer-r2tore dlo.fjoflal.s: after £1.07 t a.re de.r/<afled. as ? 0 7-1: 

wht'Ch is the max/mum. The SQ.ffle thil1Cj IS: true w,-th 

t},eve".-fJca.{s. But. t~e cAords CJet b/ggl2r J therefore 

we mui.t cCLlcuLa.1:e the /noXtrr7uflt force iTl. -(he Chords 

which is at -tlte. mid spa" of the. q,'rdsr. 

MlYlax
, -= (c.f3_0.15) "·8S _ o. 233AO.¥B~"" )?"x8 - 0.3 (;rxo.~B{r.~.3 

a 2 
~ '?u.L()c 63.:r ) 

2 

= B3 5"0 k.~ J'Y\ • • 

-t- 83~o - - - -t /6· 70 i. I/'e· chord.t /Jt 
o·~ 

"-I 
I· 

I 
I 

I 
i 
I 
I 

I 
\ 

\ 
I 
i 

\ 

+ I 

j 

I 
.J 
i , 



.1 

Fa rces the. memb,us: . 
Jf) 

I>') 

I 

\. 

1- -16· I 

~ 
Upper C),ord~ 

Rrsi 5 parlel $; 
(.) 
I mQ.J( :: - 12.08 i 

Fr~. :: 12.05 :: 9. IS crn2. 
-r 1.4-

Us~ 2 '~ I, "'" I'c /?t'pe 

F = It:>. 'I c::..,.,.,.l. > g. IS',,.,.., L 

p = 13·? t > /2. Q go{ 

For the r~ ~ l 

3 
I, . 

Use I-::Jlpe Fye~ . = I, . r = /I. 9 C rY7 i! 
T ,. ~ 

F = 13.0 c.",.,l. :;::> It. 9 ern r. G = 9. /~ k.!//"". 

Boiio rn Chord; the .rami!' 

Vert "cats : 

v~ri lcQ.{~ 
" 

P hlO.t::- - 6· '3 3 t 
'/ It 

Use I /..;t ,-::; "pe. 

G: g.;Z- 7' ~/"" 

For S'I( :: 5"0 Go,.,.., P= 6·3 S i '> 6·331. 

!=Or- ~ r: 13~.~~ p= 3·9 i > 3·5 t 

For y/'e res I f' '"&tit' 
':: -/·{trs t 

Use. ~ 
'r 

Frett. -:. ,. ~:>-
".~ Oc . z ,o;ee = t:..'Y1 

/. ~ 



~ 

'G ::-/.~~kg/", 

Fo ,. ,:>:: /. 9 9 (. > I· ~ s t 

Djo. 9ona./s : 

1=' j rs! 4 c/iCzfjo ncds ; 

F :; 
rl'ft. 

8 ·12 - = 
/ '/2 II 

Use /~ P ,ope 
,. I.f 

F :: 6 . tJ c.,.,.., 1. ""> :f. 8 C",., 2 

the. rest, 

2.0jr -/. 'I 
,t;) :: 2. B t '>?, O~· t 

C.2"~X~ 
2 SC? 

£!.3'35 

\ 

e) GIRDER 

O 233~' = 0.3'3$ 
. 50 . 

NO. if 

L.1_--=u:"':' __ 2-_~----~--.l---

Us/! 

i. It~ 91f.6~ Lm. -------~~--
ri'. 'l!> J 

C /.,It a,t I _ I and fak.e /Ytoryt~nls at Ct2 / 

o.z33 

O. S" o~ = D.2'33ICO.S -I- o· 315 J( 1.0 ..,. o.39s (t. Blf6+ 2.69&1- 3· 538) 



'3 Jr. (!) • 3 9 5 -- CJ· 3 / S _ O. 2 3 3 :. O. ff 61 ~ 

o~ ::: t. 22S t. 

CJ 6 - ~ D6 ::: I Jr.. 6 eei 
? 

U 6 ': - J~.688-t 

·v6 :. ~{! D6 - 0·233 --=-/./ tt:.n1 
:2 

.fi. Ds -:: I· I I!CI't'J Us ': /. '5 S 6 C/n 

U:r = I 4-. 688 - I· I ': I ~ • 588 -Ivn 

O~H = - Us- :: -/3.0<0 9 ~ 

O~ -: '*. B ~ i. 
9 za. S' v - - I· I - o. 3 J 5 . - /'3. S 8 8 - -:.? 4c- 3 st. 

S" - g.1,.t.6· 

Db = ;Z. ~ 3 S- /22" = /0. g s- t. 
T tJ~S-

U'r :: J '3. Sa 8 ;Z-·*3s- 8~' 6· Lr i - -: 

Ji'7S 

0 3 6· "-' ~ cs -= ? 0 t!. :: - - -
'i-~6 

VI; - ;;:{t3S - o. 3 9 5- E. 8 q - 0.02 - - ~. &s t. - -
fJ3 :: ~. 6~- I 5"o~-

:: S.6 t 
(25'0 

U! : ~.* - ~. 6 S' ..!.!:...: ::; 3 ·2§':;,- t 
Iz5'O 

°2 ':; - 3· 2SS 925 - g. ~~ t 0;. 

BI,t~ 

V3 ": - 9.6S - 0.395' - '3 ' 2 S' ~- 3 j1' S' '1- ~. B I,t .. 
(5J~6 

()2 .,.. 3.6~S' 
/g3° *./1 t.· ~ Ie. '. : - :; 

1625' 

. . 

3.6*S-t. 

\ 

I ' 
i 
I 

I 

I 
I 

I 
I 

_____ -J 



rorc.eJ in ihe me"., he.rs : 

_ I ~-·S"6 ---- . .........:~.:.....::.. .... 

J\J{I')1CU: = 2· ~ t~ ~ - o· '395 r '3; If' (0.1;' 1,/6 Zi) ..., ~ 0$""..3 ] 

_ o.'3 I S" .c ~.o:r- o. 2'33 ~ /I. O.:S 
~ Z 

Chord.s = IY'. ¥ 9 

We' don' t n~ed 10 CQlculo {e ,the rss I of .;./'e verii'-

cats a.nt:.! I-he d,'a90I1Q./s S'inc.e +he. forces a't=c...rt?c<.l te . 

Up per c.hords! 
Pt'r s t 3 . pOtnl!!/s -7.0 t 

U 2 "· see, ,,alee 

For SK :: ::: 9 C c,.,.. .. 

I=or f),~ ,-eJt P""ClA:' - - I? ~s I .. 
t=;e, = ('y. If. lj 12.5' c,..",1- Use 3 Ie • :::- /:JI ee 9. I. ~ • 
F = 13. CJ c:.1"\'1t. > 12. SCI"Yl'2. G· 9.I,k.9/_ 

For' s" = S-Oc,..,.. P:.I?,3 -I: > I~. ~'" t. 

Lower Chords' '. o..J c,t, 0 rol,s . 

" ., 

, \ 
I 

,) 

., 

'J 
1 
l 

l 
1 



Veri icoLs ' . . . 
Firsi 3 ve,.iicals 

.I 

F ~ 'r.6S ::- 3. * C.n1 2 
req. ,. ¥-

. F :' S.O c..;Y1~ "> 3. 4c-Cn'71 C;:: $. i? ~ J.!]/h". 

- F 0 t" ric = 8? ~- c,..., P r:: S· l:r t! >/r. 6 S , . 

Fou.rfh veriJco..l p mQ.;c ~ - ;7'. Lf. 3 t 
Fre9'.::. ;:r. ~3 = S."3 C.n1 2 

,. Lf. 
1/ I, 

Use. '1/2 " p/pe. 

F::: 6. 0 C. rYI 2 > ~-. '3 c,.", ~ 

r:or the rest 

F' - I·' = o. 'i?9 C,.n72 
r~9'. - t:J;' 

F = Cc,.""Z >- o. ~9 CI'YI z 

Diago naLs : 

Fir s t: '3 d , 'Q go,., a (s .I 

'Fre6 = 2:..!:... .: 4'-Cn1
2 

.,. {·If 

F = ~-c"y'J z >- ~C/Y1l 

p = 7.0 1:'>- 5·6 i 

Fa ur tl, d,(l.9ona. , ; 

F~r. = /0.35:: ;r.. ~ ern 2 

'·11 . , 2 
F = S CJ')1 z. > ?". ~ <:..,yr 

p ::: 1/. 2 t > 10. g:;- t 

Ur.e 

P""CL.c:: .,. 5.6 t 

G:: 6·16 

FOr {he rest rhtCU::: 'f /. S~- t 



o 
\:. 

~I 

J) - GIR OER 

~W--------" @./OS·gc,.",. 
2.~ 

0.3178 

si,., (], = o. " 

fo..n Y'= 

ian u- :: 

23?·S 

-10;'-'8 

lSI 
IDS'· S 

I If- f;t. 

IOS'S 

9? 
IOS-·S 

::: /.30/' c.r: 53°/<0' 
/ 

lev-, (f;) = . ~ro 
56·¥-

= o. 9 2 6; C = ~2 u !)-o ' 

0.8 B jr. 8:: 9-/ ~ 3!J- I 
/ 

.: 

0, c..as(3 :: D, '-"S 0< 

O D O.~ I ,= ,-
0.92 

C. :S"51,t + D, 0.1,.' O.~ = °1 "():"92 

0, :: 3.5 i 

0, = /. S6 i 

2.v='0j V2 .= q .5',-" ~ = 3·/ B i 

~H=o j U2,= DI C,().s~ z:. ,. ~3 t 

s i,;'J Ll"_- o. 82 

s,'~ E = O.6S 

o. 9 I 

~ -:3.5t 

£1.'0 

CDS (3::- c. 9 2 

~J'tJ<':: O. ~ / 

Cl.:)S 0'= o. '" 8 

Cos t.r-" 0.5'9 

ws E. = o. 7l' 3 

ws e:: C.?'S 

V2 

Uz. 

I 

I 
! 
I 

! 

I 
I I 
Ii 

I 

i 
! 
i 



S i", 0' D2 = ('3 . I g - o. 4 9 3 ) T ( 0 2 - J. S-6 ) S ,. n (.3 

D2 = c.gg -I- (02- /.56)0.1,46 

2H:Oj 02 c..o~ r ::- (02 _ ,·56 )WS(3 

1J;a ': (02 - I· 56) ~ 
o. ~8 

~Y= 0; 

~H=o; 

V3 = 3· 9 4 S //1 r = 3· It -9- i 

U3 :: 3·94 c.c.:>s "'1'-:1-1. ~3 :: 3·32 i 
V,3 

~H=c:>; 

D3 = 

Oac.aSlr a (03"'3.62')CAS(! 

2· 9 ",;;r :: :,- . 26 i 

O.lfg '3 

0·5'63 

oS9 
0 1 = 3· 6;: .,.. ,!l-. 26 - = 6·9 & i 

o.s~ 

~H= 0i 

Os< :: 6·38 + ~ ItJ~ 66 = IS.';.'!i 
0.92 

~ y;V;' V".. = 10.6 {,s;"E=j7· cSt-

~ H = 0; . U,. -= 6. <t-3 -+ 10: 6 {, ws f : I 'r. 21 i 

I '. 
17~if 1 __ _ 



I 

II 
I 
I 
I 

I 

I 
i 
i 
I 

I 
I 
I 

I 
I 
I 
II 

o '$: (? i! S" - o. 3;lg ) - / ~-. ~ ~ S,on t.3 
Sine 

:E H= 0 i 

~v- o· 
- I 

.:?H-Q· - " 

=- O.~/'Z = I./si 
0.6, 

IS.J;.'l-COS(3 -r/·/S cos e OS" 

Os = (~-. 0 {. l 

V, :: Os S,on CI ':: o.? i. 

u6 :: lI5 T Oswse = IS.06t. 

0 6 : O. IT - 0·263 = O. 65 i 
os I'nS} 

0 6 = IS. 06 +O.65ACJ.~5 ::' IS.~-t. 

Vjl' = O.6!f" ... o.~6 = O. "'3 t 

V 8 = 0.;: S (0. 66) = o. J 6 Si 

errOr.: a.16S' 0.263 
2 

Force.s the members 

o (.1,<.3 '3.'32 

0.:3 ;rg 

O.2~3 

( ace e p "Q. b Ie) 

j 

1 

i 

I 
I . 1 

1 

1 
1 
j 

I 
. J 

1 

i 
I 
I 
I 
i 
1 
1 



I 
I 

I! 
il 
:1 
it 

I 
I 

I 
11 
I 

Upper c..hol'"ds:' 

F;rs I 3 parJels i 

1="0"- Sk c lOS. S :- ZI" 5" ~,.., 
D,g2 

For the r-es t 

IS·?, 
I·~ 

F:: 1:3.0 CJY7Z 2 >11. CCn7 

For Sk:: 50. ~ c"., 

V e ". 6 ;' c a!.s ~ 

F"/rs t 3 vertIcaLs; 

::3. I tC./Y1 2 

Use 2 .... p/pe. 

/.. 3 /, 
U se ___ J:../_~-,/f'~e=-

P,."a.J( :;- - ¥-. 33 i 

tlse 

;:;:: /r.5 i "> ¥. 33t 

f'-=- 3.75{ > 3.~¥t' 

;0: '3. ~s 6 >:3 .18 t 

FovrtJ, 
() 

I rnux ::: -7. '2 S t. 

F -= 6·0 C/Y12. > 5. C C/Yl~ 

i 

I 
I 
I 

.! 
I 
I 

I 
I 

I 
I 
1 

I 
I 

I 
I 
I 
I 
! 

L( __ ~------~----~~~----------------~·----~I 
. I 



For the rest 

O/a S' 0 nals : 

F/rst 3 d/Qgona.!s; rrnQX -; 5.26 If 

F = s: 26 ::: 3.78 Un:Z ' Use / ~ /~r'/;,oe 
re~. /. ~ .. ~ 
F = 5: {} t:./""YJ L "":> '3. 78 C /n 2 

? =- ? 0 i "";:> ~-. 26 i 

Fovrih c//a.gon~!; /' /7"1CU:. .::; /0.66 L 

T- = 1'0.66 =?- 4t c/?'?.2 t/se 2 /~ ,r-J //Oe 

F :: 8. 0 c./?'7 ~ "> 7 . .rr. en? 2. 

Fur IAe rC?sl 

~) G If~ DE R 

0, 

NO.2 

0 1 V. 
~i i< 
,I . I 

I 

o.~, 

1 ./ ~ ... -;
i" ;" 
1>--- .. ~ __ .~ 

1 

l 
. j 

! 
I 

Jj 
~----------~~------------~ 



, 
I 
i 

II 

'I 

I 
I 

I 

II 

I 

I 

I 
!I 
I 
!I 
!I 

!I 

I 

I 
I 

1 

I I 

I I 

I 
I 

I 
I 
! 

to.n~ :: O. ~4 s/n(3:: o. S-o cps(~= 0.92 

to..", (¥ = ~=2.68 C\:: :: 6go 3Z I 5il'1«:: 0.9 Ji. 1'°3 

to 1'1 0' =: iJ·3o :~. "23 p= 6S Q ~I' .J"/n 0':: o. 9 I "/'. °3 

fa.", U' :: 1.9 S" .., /·8 ~= 60· :i?' .s ,'" cY:: O. CO ? 
/'°3 

ta", E -: I. "1--0 :: /·36 E-:: Sa.:> 9-1' .f't/' E:: O. S I 
t'.0'3 

ta,.., s ::- ..cl2: = 0·92 e", ~2° 31" 'sin e:: 0.68 1"'03 

leu, ~ = 50 ::: O. 6~S' )= 32 0 50' .1',''''' ~:: 0.5' {<-
1"'0 3 

D ~ 2. B - 0·2 4t 
I = 2. '5 6 = 

0, = Ot CO S "" :: 3.25 o.3S 
': /·23 t 

Cos (.3 0.92 

V2 ' - 3. C 0- s t',., Ot' ::. '3.06{ 

. 
U~ = 3,'25' Co..s 0.:: = ,.. 1'3 t 

3.06 - o.~e = 2. !J- g 

S,.,.., If - UJs "f'.7a,.,t3 0·91 - o~ *" (o.tI,t.~) . 

O cas r 0,.,.. 2 

O2 si'n 0' '= 3. 22 i. 

:: D2 ~ S Y' ~ 2. 58 i. 

C,J:) S ex :: O. 3 S 

ca~7J'= o. -sc- I 

c.os U' :: O. ¥S 

<:.<JS €.:: 0.59 

c..o.s e :: o. '?' *' 
CDs;t". :: O. CO 'I- ~ 

3.25' t. 

=. 3 .. :)4',1 z!. 

-::: 2. 9 I i. 

3· 2 2 - D. 9- 8 
- 1'-. t'tJ I 

Sir1 V - Ws v 10'1/3 

2. 9 J o. ~El 
0·9 z 

,. 4.92 t. 

I 
I 
I 

I 
! 

, I 
i 

I 
I· 

I 



~ -= Jr. /0 s,:" u- -:: "3. 56 t 

U'f = 2.58 .... ~.IO(O.t;.<a) = «.sot.. 

DII 3·5"6 - 0·4<-9 3.0 S t. ::- 5.60 "" ; 

sir'li - CL):> ~ ta,,(3. 0·81- 0.59 (o.~) 

O~ ':" ~. 92 .,. 5".60 Cos e 8.!f"c i. ~ 

Co ~(3 

V'S = 5.60 5 j,., ~ = ~. ,:,-~ 1... 

U~ : 9-. ~ro + S'.60 (0.59) :: 7. "jr s t. 

Ds :: ~. ~- Lf. - o. 4t-B :: II. 6 i. 
0.6 a - o· "jr~ (0. ~~J 

Os £? 5 2 }/·6 D. it * I~. S '7 i. 
== + :. 

O. ~2 

'i :: /I. 6 (D. 6g) -=. 7·9 l . 

u{. ::- ?~!»- + /1· is (0. 17/,t. J :: 16· 35" i. 

06 = 7·9 _ o. '1-2 - / 'J'. S ;r (o.l~ 0) == O. ~3 i . 
D·5~ 

0 6 :. J"'. g 'iT (0.92 ) 10 a. G 3 (0.94 ) -: Il,.4:J3 t.. 

V-,: :: 0.6'3 (0.5"*) :.- 0.3'-1 t. 

ErrDr' O. '31.,t _ o· 362 
2 

::: 0.15'3 i (o.cc.ejOia.b/e J 

I I . 
I 
I 

I 
I 
l 
I 
1 

I 
I 

I 

I 
I 
.J 



I 
I 
I 

. I 

I I 

I I 
I : 

I 
I 

rort~es ;/1 

Upper Chords: 

Fi r s t ~ p a t1 e , s 

Fre 0::. 6' s 2· ~ 6. ( c..1"Y1 2 
9. 1.4-

F :- B C n1 1. >6 . ( c:.;rY\ 2. 

Fot'" Sf; -; 103 :: 112crn. 
O·~2 

Fo.r t' he res t ; 
17·91" 

/- '+ 
:= 12..7CJY1~ 

F:: , '3.0 C rY1 :. '/ I 2. ;r c ,-n ~ 

the members ~ 

G ': 6· (6 J9/~ 

P = CO· 65 i 7"' 8'S2 i.. 

Pmcu ::: - I"Y· B '?'l .. 

U 3 '" . se·pl pe , 

G -: /3. D k9 /,.". . 

For Sic. = so p:; , yr. 9 /. >- / 7· 8 '7 t. 

Lower chords 
= 

same as u,a,oer chords. . 

Ver iicaLs ~ 

P hlCL;( :; - 7. 9 i· 



F= 8.oc,..,..,2. > 5· 65"c,.",1. (7-:. 6· I 6 ,1.9 J Y'Yl • 

For Sk :: 230 Crn. P-::.. ""·5 l >- 3.06 i 

For Sic :: ISS' p-6.o{ "> 3.22i 

For St ... J~o to-=. jr·o -t ">- '3. 56 t. 

For S, :t 9::s- P-: 9.3 { '> ~. S ~ I. 

For SA: :: 5"0 P: /o.S{ ">- 7·9 t 

For Ih@ rest use 

D/a. flona/s : 

(:"ir s t. 4- I;) 0.." e. h : 

Fro,-.. '; 5· 6 == *- ern C' 
.., 1'.4-

F ':: 5 ern 1. '> ./r c.,.,.., z. 

PrnC6.,Je. ::: JI·6 of 

F "'(26. ~!.!.:...2.. = B· ~ c..rn l. 
"7 /. 4f. 

F ':: . -I t:J. f Co""" z. '> g: '3 Co,.,.., " 

tlte 

..J. I, 

/'J:pe 2 

Use 

Use 

I 
j 

I 
I 

. I 



\ 
\ 

\a 
~ 

\ 

v \ 
~ V, \ 
I') 

6 . 99·.6 Jlo.1.~J 
0./1. .,~ 

5'" 

OJ. 
!., 
tr.. 
C\J V:. 

G IR DE R NO~ 1 

c·~t. 

",1,<6 , ,<i:. 

ct 
\ () V". O~ \ 
\ 

~ 

h V6 , 
~ 0, ~ V,7 

'-;, 

" (;, th. lk US' V6 "-

98·(' 9g·6 . '='8·6 

La.n (?J :: O. II-Ir (3 ":: 23 0 ~S ' c.os.(3: 0·32 

lOoI"J ()( = ~ =- 3.24 0.:- = iZ,2° :SJ' c.o~ ~ : 0.;:9 
99.6 

la" r= ~ ;: 2.;r 8 0'-:. ;roo 13' 
98·6 

oS;" 1"= 0.91(. 

tOo#'? t.r =: ~ :: 2.33 V-::. 66 • ¥;r , s/,., 0"= 0.92 cv.t u-.: Q. 900 
986 

Io.n £:: 18~- -/.89 E= 62° 
9if:7 -

r,",.,E = 0.a8 

Ian e "::: 1""o = /·1f2 s'-"" e". o. e i! cas eo:: o. S8 
8fi· 6 
-

tOJ'l ;- ;: ~ ::o.g 6 t., 
g8.6 

0, :: 2·8 - o.~ 3 
":: 3.06 t. 

d.9' .. a·~9 (0. ~t;t) 

0, '; 3.06 D.29 -= 0.965 -/.. 
D. 92 

V2 
:: 3.06 .. O. 9b ::- ~.g* t. 

Uc , ;: 3.0{. ... 0·;39 :0·'89 t. 

:: 3, Ilf. -l. 
0·9"" - o. 3¥(O.",,") 

J 



°2 :; 0.96 5 + 3./~ 0.34 2./3 i: 
~ 

V3 ::- '3.14 (O.94t) -::. 2.9& l . 

U3 = o.eg -t" '? . I If (0. ?:, If.) = 2.06 i. 

D3 2.96- O.I,c& 
3.36 i. ::- = a.g 2 _ o. Lr4(O.L,.o) 

0 3 ': 2·/3 1- 3· 36 o. Y.o 
:; 3.59 /... 

a. 9 2 

V4< :: 3.36 (0. 9 2) ': 3.09 i. 

Ult :; 2.06 r '3.36(0.~) ':: 3·~ i. 

D~ 3.09 - o:¥ " 3.92 i. ~ -::. 
o·ge - o.q.q. (o.I(.;r) 

0 . if. = 3·5"9 + 3. 9 2 o.~,? = 5.59 ~. 
0·92 

Vs :: '3·92 (0.89) . - 3. ~.~ {. 

. U s ': 3.11- f- 3·92 (0. ~il') ::: s. 2 Lf. t . 

o~:: 3 .. ",~_ 0·"'6 ... -= 5'.2~i. 
0.82 - o. "'''' (ose) 

o~- :: 5"'.59 '+ 5.26 o·S'S 
':: 

0·92 

V6 :: 5.26 (0.B2 ) 
.. 

.:: <C·3Z i. 

fj·91 

U, :' 5. 21.f. + S·2' (0. S9) = 8·29 
... .. 

i. 

t.. 



; 
I> 
I 

I 

i 

i 

I 
I 

Ii 
II 
II 

It> 

0, :. ~.'32 - o·~6 '=0 ~O. '32 i. . ~ 

0.69 - o.",~(o.;r2) 

06 = g·91 -+ 10·32 O.ir'2 
":- !';it", al i. 

0·92 

V;r : 17.01 (o.~) 2 + o. ~~ z: ,,~.t -t. 

v~: 2k(O. ~2 10.6'3) 

Srror _ a.2 t (0 ccejO tt>. hIe) . > 

Forces 

v -~ \D 
~ 

1\1 
I 

~·Ss 
\ 

2.06 

Uppe t' chords 

Firs I: '+ pane Is j 

F:; 6 c.""J. > 3.9 S c.;:n l. 

~or 'I.e re,s t , 

1'7.01 
I77f 

rnern~ er s : 

6:. 4t. 6'1 As/",. 

P '::. tJ-· 9 t. :> ~-. S9 i . 

.. 

8·2g 

'/ Ir 
Us e 1"2 P 1j.J~ 

' ... :/. 
~-.,,:~ ,!. . , 
· ... I 

I 

I 
i 
I 
! 

i 

I 
·1 

I 
I 

I 
I 
I 

I 
j 

\. 
t! 

--~--------~--------------------~---------------------I 



I 
I 

I 
I 

I 
! 
i 

I 
I 

I 

F-: ('3.0 c""z '> 12.2 c/Y) 2 G-=- g./6 k g /,.." 

Fo~ 

r-r~9. 

{: '" 

For" 

F: 

Fr2ij. 

S"J< : 99.6 :: 1'0 ;re,.,n. ?= r;r·3 l ""> 1;>-.0/ 
0.92 

Vert/cafs: 

F ,or s -/ 3 vert i C4.!Si " '3.0g I /nc;LI(. = -
~ 

3.0j -: 2.2 ~,."., 2 

/. ~ 

S c;"...,z. > 2.2 2 G= 6· /6 k!J/,.". en? 

S'-'=:: 2 '30 p -= ~. irs t '"::> 2.96 L 

,0 .. 6·3' >- '3.091'. 

SIA. Ver/;cuk; 

3 . 0 9 t:!"'" 2. 

/. L,t 

5' C-ry12. "'> 3. o~ 'c:::,,-, z 

= I~ . ./ -

r/rsl 

-: ~ 
1' . .r,.. 

'3 

/-::J;. 3.8 e ,! > 3. ¥.~ ~. 

/7., 9·30 ~ > ~.32~. 

,P ... /"Y. 9 I-

d/cz:l0r1(:~/S ; I'n?a.e ; s- 36 t. 

':. ,2, ~ c;n?"Z. 

-t. 

t. 

Use 2 .. , p;ee. 

t/f~ ~ 
It 

p/pe ~ . 
F: E. S Ch12. > c. ~Gn-1z G -: E.Olk!j'/,.n. 1'= 3.51 >';I,36r. 

4-A;. Q/7d :if/' .. o'/a:Jo/?al; ?/17CLY:: 5.Cb £ 

F -:: S- br11 ">' 3.76 C/r11.. 

La 5 I c!/a:ze>,na/; 

F ~ f3 U7'1 7- "7 ;;:-- 7' CPtl-



The dime.ns ions of Ihe.~ pi/:Jes of -the girde,..s I 
a.re ,shown in f:i'J: lY. 

I, 

The Jo/nts of the pires will he done by elec_ 

tric weld'/19 J so IhOLt the weight will he dec..re.a...sed I 
land fJ,e strue lure will have a. bet I:er ap,pearance I 
because 01 sh1oo/her surfaces and out.hnes. No gussetl 

pLate is "sed' wh/~h is very advantQ.geou.s J becClu.se 

by not U5ing gusset place.s J the ,/cu'r2ts a.re /es s rt'_ 

gid a.nd/~ /hal way we. e///n/nate se. c.CJrJ dary site;. 

lses. '(wease gusset plates J then parts 0/ the I 
p'ioes 'thai Ore between the 9us.set p/ale.s U)//I /Jot I 
be pai/lted w~// and IhtE' y w/II rust by ~/rne" So, 

by /Jot USirJj gusset fJ/aie.s we tEJ/rninale carras/on 

and reduce the cost of cleaning. 

We may be a/reNe! Ihai the jo/nts will 

t10t he. Vi2,.y slronC) without 9ussei /:://a.te.s ~ hut we 
-

have severa.L cons true i,"on.s but',t '~fhatway J whic..h 

prove thai they are strong provided that thewe.ld 

Le.ngtn is sur fi c.ieni . One. examp Ie 0 f this type of 

Cc>n 5 t. ru. c. ti on I thcd. i 5, p"pes jo,'ned to One anCJi her by 
welding onlY)."$ the It De-viet Oerni(',:!oLlo..rl Ato/yes ill 

a.,t Yedikule. 



I 
. I 

of 

,I) 5 5 urnin9 

/-if 

... 
;,(avi/79 a. 

on. bolA 

fhe 

" r" 

of 

fr (X/"Y7 e 

01/ loctds 

6.00 

~/ 

~···I 
I 
! 

, , , 

I 
i 
! 
!. , 
i 
I 
! 

= /5 kg!,.,., 'Z. (rroYYl ta..h/es Cor.! 
j respond;nj to 

f~a""'l2 0Pe.n '''9 I 
I 

P : 75 k'J/rnL arid disfCLnce i 

h a.l-uJe e" i". Q, /Y7 e.s.)i 
SrJOu.,J 

totG/ ICJod 9 ~ {~rO 1=9/n?z 
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