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Sym bols -
9 . dead load
= live load

-9 = total load
W= sec:'lmn modu{us (s)

J = moment of inertia (I)

F - area of the ser_i-on f _
G- unit (,oe:gh‘l of the sec{IOn
i = radius  of gyration. (r)
&y = buckling lengiklﬁ ) |

A = S = (,é),raiiof
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INTRODUC TION

Sports, the most natural activity ’of any human
being . /'ston'?e‘ié/'ng Zhal we ‘per-f'ornf‘r all through our
lives. B‘uz‘, pow  bime has come 2o tame ZA7s /n:ﬁ//vc//'vef
adiviz‘g‘- of ours . Spoorts s considerad a health x‘r'nprow‘ngf
ac‘z[/'w‘fy when it /s performecl atl the right time,in the &
right manner and in the right place. So the PLACE for
spOrES is Qn; important  factor. Therefore design of a ‘

!

STADIUM /s also verg /mpcrz’ani

i
!

Since many gears z‘/7ere was L‘/m problem of
/_70u.{ to provide for arm Cadeguale ploce , far the specita .
\bors as well as  the alhletes. There was also the preb-

vilem af de.wgn/ng z_‘he Ffreld , since ‘the actividies are he/d

- during both ;qmmer and winter seasons , or both urder

i sSun or v/nz‘ense’ rer.

,}Qli/voug/n it was possible fo have a roof over

EH:e place w/;ere the specz‘az’ors/ were sitling and kova%
a well - C/ra/ned grassy f/e/d séill it was not Zoo _czc/e_i
quaie ¢ was difficult  For z‘/ze czz%/eées to play wunder .
fméen.re raiin. ' |
' For that reasbn many architects and engineers%
;fc/ecz‘ded' o have  indoor stadiwums that were odeguate
%boz% for lhe spectators and the althlefes under o/l C/z’ma-zi

;“/‘c condrtions. In %pk@y the firsizi indoor sz‘ad/'um. was u




was /o.u/'lf in Ankara in 1956.

" Since the subject of my thetsis is the
in»,ve.vsfi‘gaf/‘on of the cawuses of failure and the re.
planning bf.’v%e Ankara /Indoor Stadium , £ fee!
it necessary to begin with ‘he history of thal
HSfCLc//um. a | |

In my kf/;e‘s;is I am reguired. fto investigale

i/ze_ causes ©OF failure of #the  Flnkara Indoor Stadium »

and/ '/gro/'obSE a rew superstructure . The cdesign
of’i the superstructure is not askec ia detail ; giving
a genera/ appearance Oof the Su,oersfrucz’ure is suffi-
cient. The imporftant 2oing s thal the supersiruc .
ture must be (ghl enough to be carried bg,i‘ée pore.
vious Subsirucﬁure . So, I rwust check Ffor the sub-

|structure and Sz‘rengi{/;en il if necessary.




PART I

HISTORY OF THE ANKARA INDOOR STADIUM

i
l
5
1

|
l ’ i
, . The idea of bu//d/ng an indoor stadium in ,
‘Hn/(ara first came in 194% anc/ & compelidion among
iz’/ze architects was done in which the archibectu _

|ra[ plans c/e:/gned by M. Evren and /\/ Hasekioglu ‘
| came ;[/rszl. In those plans the Sz‘ad/um was‘zf/)ought
.éz‘o cover an area of 6&0x80 m2. T7he roof of the bu//
Ed/ng was p/an/)ec/ fo be a ‘Fhree- hinged steel
frame with the {ribunes and the olther paris maa/e

{

of ,concrefe. T4e sleel Sframes coere /J/ocec/ el

,3 o0 m. a.hcl 64om | ..S‘uCCeSS/'I/e/g L The fra/ha Y 4 aﬂ

‘o/Den/ng o/ 5 X0 m. - arnd o 5619/2/ of 2% 0 . ‘ O
i Later 63/ Frof /Asan /ﬂar) . a récw :z‘a-f
c//am ewas Jagge_s/ea’ PrOPOSINnGg & s770re swilable | ‘
fcb'nsfracz"/‘on erea . 7313 S/ao’/am was smmaller /Aané ‘
{Ae yolg<] w'o'us‘ oné”,- v Ccu/a/ fa ke 35010‘ peole U/?-.% |
der - rormal cqno’/'[/‘ons and aboul 5500 Joeople |

‘when box- races were being held.

’ Being 2.50 _— below ¢he road level was
| igl'w'ng. o characleristic fo the constructron area.
} In that way the speclalors  couled 96’2’ snlo - Ahe
‘ 9&//&/‘9' a’zré’c!{y from  Yhe road lfevel and Fhen
90 down fo the tribunes Lo find their places

The con.sz‘rucz’/on was planned Fo bave



sfeél‘ fFrames oé/'{/; Light concrete ‘/»alczz‘es cover.

éer, the S/ee'/ ans/ruc/("ob cwas c/;anged o

o concrele ore.

In thal! way the construction ces

%oga,,g‘é,d Zo a SAG//, constrwuctrorn w/wc/v was

| the firs? ore ‘o [De built i . 74{/\/\'6’_{/_

ing the distances belween the frames. Bul la_|




\contained the part thal was fangenl! to #he Sprigs

lwere s/'f{/'ng on columns 60« 80 cm?® thal /{’epz‘ the

CHARACTERISTICS OF THE STADIUM

The Fnkara /Indoor Stadium cwas the first bz‘g :
shell construction in  Turkey. /'f was o cylindrical shell :
covér/'ng ar afeaA ,ofv &5, 38 m. x £0.00 7. arnd /vaw'ng I
a circular cross  seclion  with a radius of 20.67 . :
and a cenlral angle of to° as seen im Frg. L.
| The thickness of the skell was /5. alf
the points where the shell el  Fhe Springs  and
that thickness decreased Eo SO com. o a distance .
of one ﬁ/zeierﬂ | \

The side beams having an area of 804110 em®

of the shell and the (longiludinal plate thal cas
fixed {o that bheam and  that formed  the c‘e/‘//'ng af

the ‘éop 9al[erg. /nweverg . 85 rm. l%osg sicle '.bé’amsr

!

circular shape of the shell. Those . columns were

60x BO cm?® Jn cross seclsonm below the Zm"c’:gne:. ‘

The construction of that stedivmm weas c‘omp_é
letec  in 1956 and the forms were removed in
Tuly 1956. S AR

|

Then i~ /958 , fen aspirclors, each having

a weigh?! of sso#9. and a freguency of 24 cycles/io.

-

- Later H#he freQuenc'_l/ was recdluced fo 12 c‘:/c/es/sé‘c.

were _,,o/acec/ on /Ae srde 5852/}’)5 Gs - :Aoc@)n e F.‘g:[c
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l

and a bad ps_yc/;é'/oy/ca'/ effec? on the eocple.

| SeC/ was a Cy/}‘n‘c/r/'cav/ shell of r0cmm. thickness co._

\beams al tfhe - springs.

THE COLLAPSE OF THE STADIUM
. On the npigh? of 2.6- 1958, after a ma,/c/z'i
the Ankara /hdeser Sr’c:}?’c//‘avm bas  collapsed suddenly }

| UJ/.!,AOU{ Ctﬂy warn/‘ng. ﬁ/f/)oug/z /Aere @efé some i

cracking noises heard before the collapse , the Crac}:é
were hicdden by ‘the aluminurms éover on the shell. |

Foriunalely there cwas ro death . since z%az
co//a,osév had Loken p/a?e affer the /(éa/c/v.' Bea? z’é&z"%
collapse of the stadiwm cac}seo’ 9)—eaz‘ loss of moné’y%«;

i

The part of the struclure that has col(a,:t%

vering an area of 3% 00 « 5‘}9.007 m2 having a cz‘rcu-'g
lar cross section : a)//é a radius of 20.67 m. and |
central angle of ro° logether with e side

4




CAUSES OF FAILURE

| ’/9) ﬁcé‘ohd/'n9 /o prof //)Sar) /;van | ‘
! /OCCOPd/'ny /O /arOf.A /%J‘a/; -//.70/;‘1 Z/At_a C/@S/‘y/;gfl

o/ the stadium, Zhe collapse is the resull of /‘é’Sonancel{
f “éus/'nce” the aspiralors weren't consiclered in  the desrgr
| ganc/ were pul loler. The reésomance fré’?uenCy of e
;bu/_/d/b9 was 8- 93 cycles frec. [ so  re o’c)cing Ahe fr"é;
' guency of the aspiralors  from 24 lo /2 cycles froc. made
}I‘z‘ even ‘w'orfe_ , Since fthal fréQue(}cy was closer fo |
the ‘reso}nance Ffreouency. | -
- He says #dha? the collopse /s no? oue o é

;/’n.s/a bilrty ~and wrong clesign calculalrons. /e Seeo

ports  Ais o’e/en’ce' by saying ‘that the struclure
;wou/e[ fé/’/ | /'rhméc//'a/e/f/ | afler the forms cwere re.
gmoved f it c&ere urnsfahble. ' | ‘
| - In removing the fornés,_/‘r‘;c}c/er ro? Zo

zcause any differential selfle ment ,0// ‘he /‘or»&g ;

were decided fo bhe rsendovec/ c_z‘z{_.';/ée ‘same /'n‘rfa,,;/f
;Flor‘ that rea son @ man  with o wooden wedge //7
hand  was  ploced af ve»ver_z/ sup port . Pl the men
were fold Fto Al He wedsge in  wunder #He '.rz/ppoa‘g
when they hear rthe gun fired. /o lhat way all the
51 ’.fup/aarzls of the /ormcu'om{" .woa/é’ be remmoved az"r%le‘é

I Same time, | | ‘ |
. _v | |




¥

Thris was done so, /.JaZ zhey saw Zhal! the
forms had stuck fto the shell, and /7 ook Fhesm
some {dime fo have @ Fhe forrs Coha,o/e/e{y removed,

This is a furlher swppor! fto  FProf Jhsar
/ﬂlan s defernce tha? e stlruclure was stable, he

J{ﬂu({;r‘e could @Vé(? C‘arryw Z‘%é’ we/g/;z’v of #he )6/"/7?5

as well as s ocwnrn weigh! withoul! any failure.

B) TECA/;:‘CCZ/ Reports or the /nVéSz’/:pa/)bn: of “he

Collapse of the Indoor Ankare Stadiwm.

The collapse  has been studied ontirely by
| Zwo ‘d/f/EFéﬂf Commissions and FAE resclls of “hose
;nvesz‘-@az’;éns );(2‘\‘/6 been given by fwo dechmical re_
porls which are et o5 secreds. |
‘ One of thbose -re,oor/;s' Aabeo 4. 8. /958

lcarries the | :/ylvna/ar@s' of Prof. :4"742/‘:,:‘ //;an, Mee 40 A0
JTokoz | L ~7erzipa;aoyh/¢,/Var€//xh" Lyin, RAli Tersm |
and Fehmarn okluogle.
I 7The 5855/17'(:/ one dalted 2.12. /9.6;8' /'s ‘3‘/;9/1@&“
by  Frof. Feridun Arisan, Vaktas Aykur? | Nesial 4.
vandur and Hilmm: Baymcir

Since ‘those reporz’# were koot Sécré?f-,ahf'or-
tunalely £ cowldn't hbave He O/O/OO/‘Z(an/'Z(g-O/[ Jé@-//}g

L%o.se /-epo/-z’s. /5/0\//'/;_9_ any infler Vi€ s cu/'ffy pro/ésxors'




-

tbofk in Ankerc and ."A/S/aﬂéuv/ , ZAe fole wing /r for. |

imalions were taken aboul the sladiur:
o -
o
!

| A/‘”/ar’e)—/a/s t | | | |
T /n  the dC"S/:gnﬂ calcwulalrions the Jis? of con_|

%0’/'{/‘0/)5 //70?-/ /)a ve éeeﬂ ‘ COMé e oSS aQre ‘ /Aaz/ .
1) The concrele will be B /50. ' ,
‘ 2) The ‘for‘rns will . be kepl damp for three weeks:

iana’ il will be welted every dlay and will be co.
vered by mals. | e - R |
' 3) The forms will be taker a:.a_n'arg affer s day;g%
. 4) The /'0/'4/5 Cwill be Ac/ane by eteclric we/d)‘ng :
5) Allowable stress for steel s taken as 1«00 £g/.,>
| But  the /‘/;;'ves‘/igaz‘ofs bave rot come across
any repéri' showing thal all of these are done. |

ffter the collapse

leb experiments on lhe ‘
concrete have shown thal the corcrele is B 0 which

s

/s also the one wused in the  calculalsors. ‘

Butl examinalrions on the samples of ,CO”C"‘?Z/‘?;;

ﬁ)a_?ve.: shown tha? the concrete /s very porous ad
there are air veids which show tha?  #e corncrete 4
g/;a_s beer ’pourea’ O/ry“ and hbas pof /aeen' :944@82:_%
ed enough by vibralors. | o | | |
Also /2 ’s  found . that lhe stress in the S/coé/i
Surpasses 1400 Ayl . which s the allowable. |




Calculaliorns:

The shell has beern a/es);gﬂc.Od accor @iag
to the  membrare theory and herefore  FHE voment
::..-b_e{ween' the shel —and the siofle  bearr éa.sv Y4 ,éé‘ed
‘ taken into cornsidderaetsorns. | o .

Alo , a l.r/ee/ tbesior, bar is wsed al

e pollom which is not shownrn in Phe calculalions.

C) Causes IO/-"‘ Fa/lure FHAs a (orrcli Srosm:

t The collapse has taken place on 2-6-/958,
B that /s , Caboutl 4 ,Iyeaif_c bhave passed by, “/Aeré’fore
all  Fhe rurins have hescn clearcd o// end I dor’lt
have any e‘i/’/'a’é/vce- but . dhe désv'gfn calcwlations.
for thal _rea:o}; ’,‘ il is ol possible o find owl
the  reason of //46. collaose by rnvestigeliorns orn
the frold. 74@/@/0/-@_ 7 rnus? _é/e,oena/ o dhe ore.
vious /hVéS'l//'ya//‘an.r on e »}0’4/0/» clone by aiffe. |

rent CcormiSsss0S.

Génera/ CCD/—)_S/'C‘/é’ra//bﬂ.S" abowu? ‘he (‘o//a,o:e.:-;
Shell 0/93/;9/7 Fhbeorres have ééé/y'devé/o/aéaf |

over many years by various analysies. The firs? ana.

[/'{)‘ca/ | approach Lo the design of shells was preses;.

ted 'by G Lamne and £. C_/C?-/O\E’y/‘,of? /in 1828 who




e e R ) - N -, . U O UGPSR .“_?_ ;_j

~proo’uced the "mémbrane an;/o9_</" /i cohrich a shell
‘was considered capable of resiséring exlernal Joads|
/.)y oirect fz’ré;ses Unaccompanied by ary Hending.
The nrext importan? conlribulion s Fhis freld was
fm&de. /i 1832 by A L. Love who sreleclod /Tn> for's
;Z/iéary radial .rééar/ng forces and romenls ’, and
}z//»us provxcfeg/ Ahe bas:s for Swubhseguent bheored .
cal developments. | | | |
| Chief credit for the first apolication of
;Mr.’ Love ‘s Z‘Aé’Ory S due Ffo Carl! Zeiss cwho in

7924 u.réc/ - these /brma/&s Y c/e.rr‘y/)/‘ny @ sl
lconcrele  shell roof in Jena, Germany. Since £4en
i)74{/)')49/1:(,35 :wr/'Zefs , mostly Geérman, have cornfrrbi.
ted Fo  shell theo rg . QlrPing |, 1o the main; at simpli-
| fying ancd 'Sy.S'/E_’mQZ‘/z/ng Zhe proceo/ares of shell
- analysis. | | 7 |
‘ Ja 1930 | Mr.  Finslerwalder presented o

'i/;e_w approxrma/e aggrékem‘en/ wrth efz_/.oek,—/menfa._/

fé.SU/fS- /7 /feu_; years laler Mr. D/‘Sc/u'/iyer SO rov.

ed Mr. Frastercoalder's solution , and ofber 'w//'z‘e,-sii

t

wamong them  Fas Ja ko bsen , have expanded rhe Fheo |

ry to include shel other ‘thar cylindrical.
| During #he 1940 s, shell desigrn was :z’uc//é’d
exfens:ve/y a!L‘Aoug/; /ew results were publrsheo.
As w_e see z’/:éory 07’ shélls /s rnoZ a very o/a’,_'j




'Il/zeorg ,7Zé ca/ca/&{/'On_; cornlarn [(lofs 'o/ a/a/;rokx'.

lma//ons ard abssamp//'on: and those asSwn, 0bl0o5

|
,

'fﬁare sup,oor/éc/ b_q exper/encec/ ongzneers by Zony
i .
|

{Ca/cu/a{/Of)S and special lab experi ments Y maofo/ré
| Farilure of one of fthose assumpirions may |
fcause siresses tha! are much grealer than fhose
;s/;own orn calculalions and ‘hat ~may cause r’Ac_a J/rt/(-%

;z’ure o collase.

|
| . _
?;no/ faten a C/é//h/'/e /orm, as W@ Ahave in ror.

| , :
mal consiruclions and he  formulas are emmoirscal

%Ev\/ery_ au{/JOr Aci.r A/‘_g oor? a.s“:u/'rz,a//bn‘_q) approx/'ma-

As _/'/ Nz lole/ abeve, S’Ae// Zonf/ruc//'on bos

,fll'o‘n‘s ancl fO.rma/a;‘ a/aoq/ thrs ;yjzégm 7 herefore z’o
|choose  the right formulas and assumplions related
te our can(///,ons anc/ ma/ér/&/s need gré’a/ care.

1So, shel/ Cc:n_sz’ruc//on /s pod a very sefe con:c‘ruc//‘m%
I 1 s pot 'V‘/OOJS/.é/Vé' lo find owul Fhe ,mrcin /ac_
‘éz‘c’arf causing failure Since we 0’0/7/ have ang defs. |

nite or compolete c.a_/aa/d,z/,‘ons 7 owr Aa,m/_;

- é;‘)‘_;?/'béé’ks O/o//)y /'n'\/c’—"s://"gaz’/on; orn Fhe r//-ac-%
Hure after the collapse , have pot ofone Fhe calcula.
i{)‘ons because ¥ fa ke s va ot of zlxme end reeds
{/aé womé aJA/cA (os/: e /o7,

|
i | 7Zér¢9/ore Fhose /nVGS//ya/Or: were oé/ryéd /o




i

be salisfred with e préevious -calculalrons arnd

were able fo chéck only few of the calculadions.
So,v /Aéy couldn ' f give o clefvmte J‘agyéj//Oﬂ

about the g’orrec/nesx Of ‘he calcelad 05 [
_ oy (a/(a/a//oﬂ_y Aha/ AaVe
been done are. e ones that are absolutely nece.s
sary but are rof Suffrvcren?  for feul/ a/;c/ér.r/a/;ofwy
The drawings are nol suwufircient  for ful/ ana/er.s‘/axzw_‘
;c/my e///;er‘./, aspecially for such a recw ZZy/oé of '

//7 my o/or'n/‘on

Ve

i
1

constructron i whirch e bovrors Aave ~o Qx_ |
’per/en‘:e' af al. |
ol - Also, there are many a/O,oraxzma// ons |
| a/m/ a.s' Sam,o//on.s a)é/c/.v we  can 'l QuUEess u)ééz%er
they are correct or nol. The moménz/ betive e

:/Aé’ .S/;é‘// anda /Aé Src/e /,/790:”7 v‘,.g /a,ééﬂ as zero 1

?accorc//‘ng Yo . FAe membrane eory . But coe can’

!

—

. \consicler /7 as r/"ghl, Simce . X = fO0_ . a =z A
. R Lo F  Pog. ¥ 50 |

Male r/'a/s :

i /9/{/’0613/’ St was /Ounc/ out Shat She Concréi@_’

/s BEO as was wused in Ihe calcwletlrons | st/ we

!
|
|

cannot say thet  the structure was safe or 44 ma,

L‘er /a/s sde . Because o concrefe of B0 /s 0¥ a ’.
‘;z‘ro ng én ouy/; concrele Lo .é@, u.ré’d /2 swch a é/:g @/
i

/mpor/anz’ burlcling » So a puestrorn rrses jrm our smiads!
{




L oS fo- whether E‘:Onc'rez.’e,_ B O s Jf/‘ongv enouyh foh

| shell  construction  or o0l ’

Also sleel stress s Jo wund fo surpass

;fz%e allowable  reo00 A£G /crm?

Lo bo/-/'nq :

Since }we o’on’/ have any experienced ‘_Za/.l]or'_:‘

“lor,s, the control éngl'né’er‘ should always check the

EaJorA. But unfortunately one sees tha! // wasn/ so.
| The steel nedwork bas been found in the I
5662’/0/?5 of the shkell , thal is,in the zome }of
stee] work was ‘

/0(,0«9/‘
compré’ss/on which showws  thal  fthe

ncz’ a’or;e so ,Carefa//y. |
‘ //? S/>é// Consz‘raclf‘o)i, z%e assumea réé/pei '
. ’o/" the cons/(acz‘/'an ] in Zhe o’esz‘gn” musd - Fr? exac//gg
‘ - fnel SAQ‘/Jék tha? has been constracted . That
s after lhe forms have beern taken oway the
és!ruc{ure will selile o &tlle | uda’ek /Zs own. we{g_/,[%
ganc/‘ will toke a new shape ‘and  this shaepe must
é,f/[ the one that s assumed /1 the design. 7Zerei

i;)“c:vm.e‘ one must  be very cczre/u/ with  fhe /(O"mwo"é

/QS' /OII‘Q {OI‘S ¢ g ‘ (
/n  1he concrele des ign, asprra lors were ot |

taken info  consideration, bul in the epplication




the collapse, one can see tha! the steel is abso_|

belween the steel! and ‘he concrefe.
h [efy of the C‘O/‘).S't//‘u(_‘21/'0/7‘J we can'? say o/ef/’n//e_/y

qgh it rs main/g due lo aspirators, séil we

;
i
1

/s practically impossible  for a shed struclure fo

.

.

i
, |
i

| caused the structure Zo - vibrale and olesz‘rOg

g columns  which were ccm,a/et/e/y d@mo/(':,é@d,!}

land _ye/ the roof remainecd stending. lr some i

SO

v ‘ ‘ £
as/JI'/’“CZZlOf‘S Wwere /.)a{ on 21/78 srde be arnls.

Those 1O aspiralors on ‘z%e side beams
l‘/78 sz’aé/‘//'{y,

Other Factlors:.

On the concrele samples Zaken afler

/Qz’e/f/ clean ; there is o concrele sticking Zo
the steel, wéia/p shows thal tfhere is o bond

Having so many faclors ~reduc/‘n9 the sa_
which is the main factor causing failure . Altho.

can'l  say ‘tha? it /s only aspiralors thal cau.
sed feilure. Because shells ore /he eggs and +f

collapse. Oar/‘ng' World Wear I. many shell sZruc. |

tures in the war - Zorns /anc/:__were ballered

ancl/ even kit ol vifal ,oaf/s, such as al :a,o/aorl'_/

i

poriant plants the damaged parts were rémroved

end (-eéa/'/{ re,oeaéea//y " s,o/'/e of sfuccessive in_




cidents while the shells zbr/'a/g‘ec/., ke 9ap of the cla.|
magecl part. | - “
So, if the structure were carefa//g buril?

we wouldn't  have a complete failure of rhe shell,
but part of (. |




EFFECT OF FAILURE ON SUBSTRUCTURE
ANL FOUNDA TION

/nvestigations on the f/.‘e/c/ after the collop)|
se have shown tha! ‘the shell bas failed complede.
ly ftogelher with 7he side bearns. :

RNl Hhe columns have fa/led ol  the ’)b/'ﬂ/s
of ‘the steel and of ;%e level of /Ae zlo,'oriya//é’r"\(/
et o /7:9/9/)2’ of + 5. «0m. : -

As a resull of /Ae éréa/émg of *the Co/amns
the sorings, the Aorizonlal sicle beams and the ceiling |
of the gallery carried éy those Co/umn:,ﬁave Q/.S‘c
failed. |

Bul po failure or any. crack have been inves)
//9a{ed on the parts bélow the /eve/ of the z‘o,a ga//ery

We can be sure that the feilure  has begun
from the central parts becawse the cover p/az’e& el
//;e siddes have fallen on tp of e plates of the
central part. | |

/L/avmg no cracz{'.s or 0/79 a/fsc‘onﬂé‘c_{/ons o~ the
parts below the #Zp gallery shows that #he collapse
hos noz%/ng o do w/{/; the lower /Jarz’s So, as a result
lwe can say thet fée. foolings and the /cia)_‘_va/a//on

have nol been so much &‘S'/aréea/b s '/ovéé faken ria?ol .

wconsicle rat ron.




PART_ I

PROTECTED NEW SUPERSTRUCTURE

Choosing the Type of Supersiructure:

| The re Quirement? for the rew :u,oer:/rur:-;
ture ‘o be burlt /s thal il will be swupported by
columns on fwo  sides which are 38.00 »». apar?
and al arn inlerval of N85 . | |

lvestigations made on the calculatiorns have

shown ‘//-;Va! the loading on He super struclure Shall
rnotl exceea 2«0 'ég/m'i and /Aaz’ e bwer\co./amns
were desigrned for an Hs 48.67 and V= 8ro0d.

/?e/'ﬂ/orcemenz/ for z%e CO/amn /S :/70(,0/7 777 fl‘g.bbé/ow:

af /- B8y, inferval

4p26
: t+3.50
¢

 4d2
2928

- 0,601 0. §0
al .85y jnkerval

(4 «6362¢

SCa/C ‘/50




I .c/;bos/'ng lhe now sa,oer:/rucc’are both ecornomi.
ca/ and pSychologrcal e//ec/s are considered: |

First of all, it is no? adviseable to fave arother
shell construction becawuse of the bacol psycéo/09/Cal
effecls of the shell on the pecple affer Lhe éo//a,,oye.
So /Aé most c/evef‘%/‘ny /} Yo burld o Jape/ffnac{qre
that /s far from shells  in a/o/aea/‘Oncé.‘ o ‘

Aok 541//0’/‘/)5} a corncrele ’.rcz,oer'sz//-acfare‘
seems lo be >more e'concm/'ca/ al /’/rsz’ :/:9/7 ‘/"/ /s
/m/_?o) sible Zo bu/lo ary /y/ge oF .ru,ae/s'////c?’are b
\the shet agam since  lhe swpbstruclure wild o/ ée
able fo carry @ heavier loading.

.Pe}/;a/as we cowld burld o corncrete ycz‘lslea
frame and rircrease e .rz/ren_?z’/p of Ao .raé.r/rac
fure |, 5542’ sl Y wow/drn f bLe ecornormical. /‘/owny
an opening of 38.00 m., e concrele gabled frame
wouled be very hrck s cross s@cliorn ane cooule!
/o‘a’/c_ ag/g. - | . . :

| So, the best solutiop is fo have o lght?
'S'Z‘ée/ construction. | |

Z //r.rz’ lrioof a::’ee/ L‘f«ss }roa/ O
concrete columns | buld my Subslrupctire coas
nof :z‘rané é/?oug/) Lo c&rry Z. fo,a?"%e encf L
o/égf'a/éd 75 Aal/e o .:z/eé/ /ra.me\ .r/'z"z//'n_g én 74 ©

colimns 'éé/oc,q /Aé ribhernes .




’Sf}'a¢zz¢;re /s far‘ )//\'.‘O/J’)‘ the appearance of a shell.

[ wanted A Aave $o e Windows SOMmEWhHOre O

’_/_Ae St(/.?é/‘.:‘//‘uc;(u/‘e 5 and az‘ last [ decideac’ 7‘ov Aoz/e%

i THE PROPOSED SUPERSTRUCTURE FROM THE

| ARCHI TEC 7wRAL POINT OF NIEW

I have chosen a three-hinged frame be.
cause I was nol .furg of Fhe foundalior cond il
ons. A smal :e/!/emenz’ in he foundalion may ca
use large  momenZs | in  Fhe /n/c/c//@ o N - ,

I deciding on e arcéfzfécz’ara/ plans of |
my ruper.r./r&cz’are', I Firs? dec/deod Fo Aave a :gm_z,_
mebrical Hhiree -finged Frussed frame cwith an oo~
ening of 38.00 m. The :Aa,ag’_ and dimensions of
the frame ’s glven in Frg: X | .

B ﬁ.s-: - seen 1 Zhe )f/yc;re 3 ZArs o S8 r - |

The frames oare spaces/ af o oistance of |
/. 85 m. and are _r/'/z//}qy» o7 '/Ae Co/amn: fAOW/?
on poge /2, as is re commena’éa’

oy /A/nzé/ny of arr Co/;c////onxﬂy a/)o//;%/

i

i
I

a broker oo wa vy Vroo/'. /n /A&/'waf/ OO S ’

! cowld be ,;/‘o vided 0?/ /146 srdes as Se@rn 17 pgﬂ
1 Hea ving such o roof i< mM/ng /Ae Owts rele
| |

@ppearance of e roof completely oSS erent from
if/zaf’ of o shell and yxv_e.s e strucltere o S‘péc/a/

i
i
!
i

I

|




‘éharacz’erisz‘/‘c. without 7"0r%/‘x79 eny/'heers ‘o c/o.
complricalec/ ca/(_ju/az’/ong_

Also in hat way , we decrease #4e Jrside
volume 62/70‘/. bhence 2he /;eaz//‘ng‘of the stadrium rs
easrier.

| Broken roof alko helps in e accusdics,
a///zoug/; it isntt :cz very imporan? ,,b'rob/@m I
| s{akc//'yam.s. | | |




PART.- IL
DESIGN |

As seen in fisures X onel I | Zhe néu) super
structure is a ‘{Aree-ﬁinged Yruss frame with Fruss gir_
cders running between the jrames. Since #he iupers/r&ct'are
is rather weak  in ordler fo have a Light :ap‘é“r.&/rac Zure , pioes
are usecl in /Ae '9/‘rd€r:._ S/nce_ p,‘pes' are 've}y Z/‘yAz’» anc
very gqood as comoression members , il is advaniageous to|
usé .pfpés.

I 'orc/é’.r lo be consistent K'and Sr'm/o//fy conséruc -
tior work, members of the same dimension are wusecd
wherever possible . For exémp/e , the same pipes are used
‘a  the bollom and Zo,o chords of He girder i order

/ac;/rt‘a/e labor and to bave o belter aopearance.
| The pipes bhal are wsed in te girders are
‘9vasv /5r"pes available in Turkey , the cimensions of which
lare ftaken from o z‘e<;kn(cd/ handbook wrilten in |
/953 by Resal Knkaslan. | |

| In the main fr‘ame double angles are used
the dimensrons of which are z‘aéen )prom “Belon
Kalencler 1958 ° |
Al //zrougéoul‘ the 0’@5/9/7 the clloweable
stress for sleel s ,~/a~€é'n as r400 K3/co’




As
shown |

as

I

Loadrng of ‘i-/qe Roof

 the

roof cover ,weée

n the {19 ufe below :

9afvamzec/ sheet mela/ él; f_bf?fufn[no_us mai'Z

bave

A

| @) Galvanized

L~ 5x10 Zimber
purlin

/ | [ZCm wender cover
/)EI‘CZ,(’//

e 50 cm.

Load Oh Hhe roof:

sheet metal

Q.75 mm.

e

the raterials

. 6‘?/3’/'/0’" =

66 £§’/ml
’b)‘ ISOZd{:‘on ancl bonc/mg materral (b: ;’umen+l:era£1.!) =34 .
C) Wooden COver anal {fmoer pur/:ns =75.0 .
| - oL g 3-2'5.0{;7/’",_
L.L. Spow load | o =750 .
Total load 9= 100.0 dy)




wler wet
s et o]

I. PURLINS AND WOODEN COVER

Purlin dimension . 5x70 cm?
Distance belween ,au.nlins 0.50 m.

o) fof‘ f:mber = 80 kg/CmZ

0) &2 em. thick wooden cover :

‘ The wors? condrtion /s assumed "al‘o be a
Concenfna,iecl}. 100 9. load in the middle of a IZ?Ocm.
weoden plank. 7he wooden | plants are asswumed fo be
neither fixed or hinged. Therefore in ca/c(;lla\z(/ng the

maximurm momen? a value in betwee, s chosen.

M =o02.25 ‘j:gz + 100 25 = 3T_b‘i?.m.
‘. C./;ecé- L Séc/{oA modulus W = %a = 2__%{_2_32 ‘=  /3.3 ;,ng
mrax = Mzmar = BEO - 4 ks, <80 kel o,
}b) | Purlins:

"D.fS?l:ance beéw_een g:‘rclers =275 m.

- . ———ﬁ__l .
Mpa, = 700 x O.5 9'87’ = %8 dom.

W.:f_s:-_%_o.z = 873 C_’ma'

o, 8 3 3
Moment of inertia J= % = 5’ialo = 4s5cm?
. Muar = #B00 <= 58 A3/im: < 8049l 0.k

-
it W ’ & 3

Reaction at é/:e.e/zd of the purlins = 0.5 /00%{5 = ¥o ;ég/_

LNy AN_FQ\

ORI ONVERSITESHKIFUER



Grreler .

1 .
1o

M. GIRDERS

Loadings at the Joints -
2 x reaction = 2 x %o ky. = 140 +4g.
. Wt. of girder 4o xo.5 = 2o“-£§,;
. g = 7160 ky.

- Wind load = t50 sina ,4;/”,2

slope of the roof | tana = 0.2 46
[~ /3° 4‘81

wind lead = 750 Sr’n{ad = 53.149'/,102

IR

/7¢ f/)é /O/‘ﬂl‘ wine /oac{ = 5,3/:0.'5'x Z’.‘?j‘ = 3 /égl.

Total load at » Uae‘/’oml- = /60 + ?3 = 2‘33}4'9!,‘

@)

"GIRDER NO. 8§

Load al the Jjoint s ',Inalf of £33 4g  = _/;16-5_13_
' - {. 8 __ 233.« x/fx . 85
Mypee [1338_ 233)/ 5 | /2- « L83
= ?940~ 3?88 = )42 éy.m,
Rt He chords -+ 4;";2 SN 8. 3 Zon.
~ Diagonals = (/398~§Z§)Jé s +/-3 fon,
Verticals = —~ (7398 23 ) = - /. 34 Zon.

“tabulated table on the ‘next page.

9T

[l

Y«V‘W'




Unid e,

g [P O W] ] W] [ 2
Pise D d G| Fo | Jo | Fa | Ju | F | T | i
Yo" | 2rws | rers | vee| 372 | 17| 4% lea 2 | 0.3 |06y
Y% | 2675 1975 | 2.0t| 5.6 | 25| 3.1/ |67 . 25 | r8 0.85
7" 33.50 29.50 | 2.91| 8.8 | 5.2 | 5./ 2.¢ | 3.7 4"/' /05
1% | 4225 | 3425 | 397 1.2 0| 92 | 68| 50| 9.2 | 435
14" | «8.25 33.75 | #47 | /8.2 | 26.0 2.4 | rn2| 60| 738 257
P | 60.00 | sr00 |6.76|283|63.6| 204|322 | 8.0 |30.4 | /.94
,?’4" 75.00 $65.75 YIS LS /55.0| 3406 9é.o /o./' 63.0 | 2.50
3" | 8650 | 7650 |9.76 | 59.0 |amo| #6.0 |78.0| 2.0 | 070 2.88
§
Sk |50 60| 70| 80| 90| 100 | 25| 150 | 175 | 200 225 250| ‘é§
| "N\ | 75|90 | 104 108|734 | 159 | 197|224 2é1| |
,/23 ‘w |48 171|798 238[3.03 375 | 59| 8er| q
*P 189|764 (.4l | 117 |6.92]075 |04 |0.33 v
AN (59|71 |82\ 34 | 106|118 | 147 | 136 | 205 N
% w |t2g|r42|t5B /'.'75 202|235 :3.‘55 445|210 ‘O‘;
| P \272\247|222) 297 | 173 | 149 0.94) 675 |0. 43
N |47 |57 |67 | #6 |86 |95 [179 |03 187 | 790 o
/ W | 418[ 187 |1.37| 149 (/.64 |1.80|209| 3.45| 4 21| 6.70 : |
P | 437|4.00|378|3.48|3./7| 288| a48| 50| 10| 08S
- A |37 |44 |52 |58 |67 | 24 |92 |01 [130] 148 167 /65
/ /4" W |12 |16 123|129 |37 |1.48 |1.74 |2 14 |285) 2,70 4 31| 5:78 §
’ P |425| 6.0 |5.70| 50|50 |430 (4.0 (3772 ¢5| 188|142| 1.2/ o
* P: _‘JZ_UE = ca/gaé('fy of fAe,‘/J,‘,oe |
R - PR * w found from tobles in “Geton Kalerdes”

?




{i‘i) .

——

| | .§
Sk |50 | 60| 70|60 | 90 100 125 | /50! |75 |200)| 225 250| £X5 ;:§
A |83 (%0 46 |53 |40 46 |83 |99 /% |13 149 146
{/2' W M0 \U% 1/81231/30\136 | .53 | 168|227 294 375|465 N
P | 763173 7/0 | 6Boi4.45 | £.20| 5.30 %45 370|285 224 168 ®
A |86 137 186 4 (46152 64 |R7| 90 |103|1/6|129\ 142
P\t |1.06103] 01 |1.0% |1.18|)-23(1.34| /50| 17/ | 196|227/ 28! 3.41| w1
P /05| /02| /00 98 95/9./ 83574 66 |52 43| 40|33 S
| A (20242832 36| 40| 60
'2}2” (O | 10| 105| o3| 108 Lil | 114|120 | | ;
1P 11961251733 130 /28] 124| I1.¥
\ |17.5| 2/ | 2¢5] 280| %0| 350| 475| |
3/1' LD 11.02] LO# 1.05| /07| /03] 111 /./6‘ ;
P [7.3| 175| /73| /70| /.2 4| /5%
Girder No. 8 . | _ ,
ujoj,aevr‘ chord - Pm;; = ~8.3 i |
Few. = _%__3’7 = 5. 94 cm? | | , | |
Ue 2"pipe  — F=Bemt >5.94  G=6./6 kg/m.
| For Sk - 9. 4cm. Ca’pac;-/s P=Il01. > 8-3¢. |
Lower chord :  For 'Qni{ormiig the lower c_/tord s
chosen o be the same ac H'xe' upper '¢_Aorc1 - é*ei)ae.‘ |
Verticals . Pmex =~ "4‘¥- | | A
lFre.;, = .IL.‘."& :‘-f.'O cm? Use zi "k:’pe’ - F=22ch? > /._0; G- ﬁ#é‘;;
For Sy =60cm. . P=1-891. >/ &7.-
D/'quona/s: me = +1.9 . f;e?' = 4_‘1 :‘/'330-}."

USO 2..‘. “ﬂ,.ﬂa - ;: ECM" >l'36_CmL' G;/'¢f¢é9/m




b) GIRDER NoO. %
0033 85
0.2¢ 2 Jo
¢ . |
0.241:0‘233’;%8‘ 012
Q, o038 { o2y o2 o4 0 o2k 024 0.24 o2¥
:? 0, (o] Oz Oy OS L, Og y O L Og Og L Qe \L Oy 1
b N o 02 sq J3 L 09 g ?" g‘\/_z_\s‘ OA i‘ 8§, 3\§ J'_o g O'\F\\
£85 — 4 u, . Uz~ Uz U - 127 Cox wg - g Uso J
2.8 X 70 P 50.8cm *
2-2:;-_ = —/2/———'8—85 ; x = 85 em .85 - 2&0-85 = S50.8 cn
i * 2o
Reac'él’o!/f - 1-398+2 = 2.8 Zdon.
o2 ’
tan a: gﬁ: /.029 4« o = £5° 48’
55
lanB: 375 o 44l  (3=23° #§°
- 85 , .

C Sine=0. 7168

Cosa = 0.6372

sinf3= 0. 4035

Cosd = O. 315

cos[3‘

O, cosB+ D cosaw =0 = -0,
. | ' s a
G sin/3 + Dsinx=2.6
& = Q_S//l/% -0, ws A taaoe
= D,: +6'3 Zlon

O, - 4.8 {:on

;;- ~ 4. 5 ton




O;I e - _D,, -:70-33‘

2 .o
2 .
— %R 0.9035)2 = 3.2 fon.
va ' ’ ‘
3 U2
Q cosB + Dy "{;é S Oy = ~6¥ fon.
Daozo? =Va = 3.2 < 0.R07 = -~ 2.3 Zon. €/c..’,"'
i | /:c_'rces, in te. 7722 mbers a to .
0, - 48 '_ D, s 63 Vi = -5 U, =% %
0 =67 D= +32 Vo = =23 U, =+6-7
03‘ - 8 75 "‘”Ds = +3.0 Vs = ~2.07 O Ua = +8.25
04 =~ ./o.eb : D ,:+2-6 Vg =-1-8¢ o Uy, .?{-(0’-64
Os = -122 Df = 2.3 ‘*vs"“:—v—/'él‘ Us =+12.2
O  =_’/3.6 D¢ = e2.0 Ve =-/,-73>8 Ug =136
O; a = [§T7 D; = 4165 k'AV7 =/ 15 Uz :+.I‘f-?
Og --756 - Dg = +/.3_,2‘ ' Vg =-0.92 Ug = +45. 6
Oy =~ sé3  Dg =c09% Vo =- 068 Uy = #0603
O;o-.=#-/6-8 Do =+b.6§ Vo == O %6 Uy =+76-8

V“ :-0.2{4




Upper Chord :

First ,second and_third panel  Pra. < - 8.757.

F = —-____8'75 = 625 cm?®
. use— ) 2/' !Ol:loe
Fz8cm? >4 as s C sy ,
For S.= 85 = 983cm,. P-9.3¢ > .77,
s | | 2
ror S, = 50.8 con. P =104 >Q.x5¢.
For the rest , P, s —imo 4.

F = —!_7“_‘": r2. 1 cm?®

Use 37 pipe
Fz13.0cmt > (2.1 con® G=4.14 lg/m_

fFor S = so.g P= 179 >0 Z.

Lower Chord : ¢he same as uppe} chorcl

\Vert lEa Is -

Firsl veriical , /?Mag= ~ %5 2

f, = #5 =.3.22cm2 | - Use 14 pipe
- T % - .

F= Semt = 3.22 G=3 7>kt

For S = 50cm.  P=6.25 > %540

Next 2 verticals; e = = €37

F,.e?. = 2;__3: /oéé“cmz" ' 'Use %,'/ba‘ﬂe_
Fefscm: >0é4 G= 2.0l befn.
For S :50cm.  Pz8.324 w234
For _the rest ; g, = -18%L |
Fog = LB% =r8icns e t'pipe
Fe lomn®> (3] G =1 4%y, |
For S« 50em P= 1897 >1.84 1

1c

§oas d




r23 .

Dfagg_nals -

First _diagonal; R,. - +63 ¢

...... may

_‘6.3 - 2 ) ‘ . 1 e .
. T 52 : 4.5 com® Use ‘'z prpe

By
n

50 sz > 4. 5.:'le3 G = 3.7?%9/,”

P

YO0 lon > 6.3 ton
Next two cdiagonals ; Prnai = +3.2 {
5 ,

. - . 2 - a 3% .
Freg*= v 2.23 em tse 2 °pe.
F=25cm

P> E’-EQCMZA | G2 o0l iég/m
P=3.5¢4 > 3.2¢ " |

For the rest | Prorce = 2. € 4
. 2

reéee,

N
oy
o
0
3
n
L
A
n
1N}

= 2.8¢ >2¢ 7/

¢) GIRDER NO.6

_ 0133 =0.233 564
& "o

0.243 . 0.233x0-%7
| o2z = BEg
N
b ,E
s I e 47 O0cm—— —-—
tan(d = ‘;'57;; =0. 44373 B=23° 5% riaf=0.4051
tane = 1125 - 2.21673 a» 65 42 Sin@=0. 9%
O.56¢ : .
. '4
{aﬂ o(’ - (;'0 - /e ?5—6 M’ = 600 /8 Sl.r)t)(l = G 8686
- 564 , »
Honw, - O9RS o 43298 @ «,= 53° Fine, = 0.7986

o
g, :
+

c_us{S: 0.3¢43
S Cose = 0. 4015

osal = 0. 4955

.QSdL= o. 60[8




334/

Y,=4.07

Ua23.84

EV:O;‘A 2.8;0{'33 - D' SinNo +O"Sl.f)/3‘: 0

Forces in the membersin {gns:

il
L

EH?O,- O,casﬂ = D, cos « ‘/- Q =0 £os (3
: : oS o
2. 667 - lanw cosfA 0, +0,5/n8 =0

O = 2667 - 165 Fon.
! 33 '
0

= 3.66 Zen.

!
EVz0,  0.67.3344+0.266-0,5/m3 +0, sne=0
N . {
ZH=o0; 1514 0, wosat, - 0, osR = O

)DE:Oz COS(gi - /5£

Cog o, Cn)S&"

Op = .76 don Dp~ %687,

EV:0 and EHzo  ef.,.

&

eFa ~15.95 ~16-6  -(7aq2 -/;»'.z.’sl

. ‘ . )‘o e ,.0 u !
A : [ N . e N L N
By &S VP; " Ng |» g, ¥ P
N h © o ; 1
t ' ' ) T
; t
3757 +393¢ +4.08 + 9. 75 YT 27 +i¥. 0 IS0 +1Y-95 . Tr6¢ L)

I R T S A




/

First 5 panels; lo;hqxz_lg.24 z

o 4L " ,
’Fm?_ = l_!;i‘f = B.05cm® - Use 24 pipe
F = 10l em* >8.05cm? G= 7.6l ‘9/&‘
FOI"‘S‘K? _51_4‘ 2 61.8 ¢m P= 13.5¢ > §-8t
COS(Q ' : )
For S;‘ 2 ¥ cm f_"’:» 13.61 >~Il-2§¢i“

For the fesz' Poge = ~1723¢.

{';.e?. = /7:5:3 = /E‘.S’;ma ‘ | Usems '/J,'/)e
Fa 13.0 com? >12.3 cm®  G=9.76ky., |
For § = 4Zcm P=r»9¢ > rn2a37.
lower chord + same as ugoer chord

l/e'_;_ii;a.ls .

First 3 wverticals;  FPapn, = - s.55 4.
Fop s 552+ 39em®  de 7 pire
FeScm' > 3.3cm®  G=3.77&s/n
For Se = 50cm  P:62857 >5.584.

. FZDuf{A ,CL/IC'/ ][‘L/{A L/éf/t'ca./{ 5 fm&g: - 22

- : _ . . . 3"/, . '
E.e?_ = 72.32 = /- %3 m, Use 4 Lre
F=2cm* >/-43 G =20l Ay
For Sp=50 = P2 rrt >2
For fthe rest Poce = - 1-56%2.
= . 156 4. a | ' oy S
freg = G =02 e bhe 2 pipe

F= emt >1.12 cm?*. G = /-,4‘9‘\’4.7/»1 ‘

."For‘ Sk = 50 cm P=/1-89 2 >/-Q~K7’




| Diagonals :

First 3 d:‘agcndls j | Frae = %0 2

‘ . .
Fm?‘ = %% < ¢. 3 le - | use /_4_‘__— _Lol;—e—
F = 50cm? > 4.3 cm? G=3.77ky/m
P= Zzo¢ v '

Ford_.__{%,e_;_ resz \Pmax= 2.482. ‘ .
. . 2 ‘ - ) , 7 VT o
h’é‘r,_ = ,_4;8 = 1 FZent Use Yo Joipe

F=28cm? >1Z%cn* G=1 44 ty)n

P = 2.8¢4 >2.428 2.

d) GIRDER.  NO. §

233, 63:5 45
QL5 50

3 ©.30
o @ 030
V 5 30 .
é; > B o2 0.233248-% 50.233
b o~ 7 .267 50 .
kY < Ny E ) ) 3 o L
R o N < T \ N
N % e ‘ v
& 0 Q N\
DY \ |
F‘ 4@ 63.5¢m. - o 7 & _5‘8-4:2;\. S
2at : : o
tan(3 = [:885-030.0.44 (B:33° ¢8°  sinB3:0.40  cosB- 0.92
‘ %x0.635% ' v ' : o I o ‘
lanoce = 625 < 2 559 @(:58‘36' Siriar = 3.93 . Cosac=2 0. 365
0.63s , . ’ )
fany = /625 06353 > 5375 $iays 0.905 cos Y= o. 425
‘ 0.3 o : '
dan U 5 L6285~ 2.A85% o LG U:58° 5 56 U=086 2 wsu=0.5/
O. 6§33 . . .
tan £ - 781 - 1:8 & o E= 5/ 40! senf= 078 ws & 0.63
° . .5 S : ‘ _




ZFH=0; O cos@d = D’ Cos e
o, = D, cosa
Cog(Q
Sv=o, (2.8-0.15)+ O, sing = D, simec
- 2.65 4+ D, eosoc £aa8 = 0,:/'})«
Q:ggb-i O‘: 728 ¥
EV:=0,; Vaz 3.3 s5s/n a 3. /52
SHzo, Ua = 3.35 cosex = £ 77 ¢ > U,
| o | | 0 -
ZH=0, 748 + 0%+ Dp= 0.92 O IR
EvV=0;,  3.15-0.3 +0.403 = 0.5/ +0.91 (
D, = 3.9¢6 ¢ Os = 3.(3 4

ZV=0: V.
. —/ 3 - | 0323'95
SH=0; Uz =744 1F=2.31 4

Uy =t-12

318 cs(® + 0.5 Dy = O3 cos@

O3 = 3.18 + 0.55 O3

3.60-0.3o+o-403 = I‘E’?+o.8{03
D‘a = S/6¢ O3 6.027

Ve = % %42

Y, = 2-9/ +FE’-63 = 5.5 ¢




Y

[

6.08 os@ +0.63 Dy = Oy coep
O4 = 6.02 +0.68 D,
% 44-0.3 +0.90, = 2.41 +0.78 Oy

Dy= B12¢ Ou=1.54 £

.12 x0.78 = 6.331

!

V5 s
u.‘J

]

5.85% +» §5.12 = r0-6¢

Os = r0.62+ 0.70% Ds

» | | o 0267
.33 - 0.267 = %.63 r0.707Ds X//"P\ |
| 2 L _
; Ox
s = %6 L Po¥l Os = 7208 ¢ . e
Ds = g#& - 2ore O |
As we can see ,‘forces N Hue dr'_cthnals Vsd6-33 Oa‘

| get  smaller as we proceed after fove | o
therefore diagonals after Pox¢ are designéd as ro7t
which is the maximum, kTAe same thing is frue with
the verticals. But the chords get bigger , lherefore
we mus'f. éd/c:;la.és the maximum force in 1he cAQchs

Whichk is ol the mid span of +the girder.

Moo, - f.8-0.15) ’;_83: _0.23340.484 4 ?Exe. - 0.3(;’,(0.4‘3‘«,\3 +
4 324 x63.5 )
: 2 '
= 8350 4y rm.

At e chords  Pop. = T 7—';3:_-0 = t /6. 720 Z.




w
x_ C :
3,

A RN

~ .

= %

]
o +/ 17

Upper Chords

 First 5 panels . Pmax = -12.08 7
R . / s .
F,.39. = ,,IQIZC;B = 9.15 em? - . Use 2/ oipe
F oz 207 emt >3.05cm*  G= %67 49/
For S - %8-% cm P 13.7 ¢ > 12087
Fbr’ the r‘esfr Pmax = 18- 7Y
Freg. = 5547 = 119 cm? | , Use 3" oipe
_F: /3.0 (ml > 1. QCMl | 'G: 9.7¢8 éj/m
For S, = %8-4% cm. _’/gz;l?f.‘s{ > 187 L

Bélz_‘om CAOfdg;v he same as .u/é/a'er (.’/:o,rc/;

Verticals : |
o First 4 verir‘-calsﬂ,-' Porcw = —6-3312 ; |
F:-e?, = 623 = ?-53-6'_”’2 o | | Use 17 u,:fr‘pé.
Fz850cmt > %55cam> G= 3774,
For S¢: S0cm  Pe£351 >6-334
’F(-)r S;vél.?it.?c,,,;A | Pa 3-9*[ >3.5¢

for he _rest  Poae =~/ %57

"

o S | ! .
Fre?. - ./_/_%_ = /‘-Oz.v(_mz B U.fé. /2 /01/08




F= 2emt > 1.OCem? | ‘G sl 44 ]cg/m
For §k=5'0c_m Pz7.89¢ > 1.457
Diagonals :
First 4 diagonals ;  Pmg, = 8127
F. - Bd2 _ S.g.m? | Use 7/ pipe
féy' l- &4 . v
F = 80cm* >58cm? G: .67 4y/n,
Pe@ 4t >p9.12¢
For the rest Frrpe = 2.0 r s '
v ‘ %
e 207 . 1 %8 cm?  Use Yo  pipe
reg. - 1.4 B —
Felemt > 1.%8 emt G ) 4% k9/m

P=2.8*7% >207¢

e) "GIkRDER NO. 4

0.23 8«6
0.2 2 _,22._-3)( 5,———0

F—o. o395
! S 8¢:6. 0.391
\ ) "
§ g 4 Eo\ 0399
° . N o, 0.%15 0233 J 0.233" ©.233
3 8 . \r O0s \ o oz l___.._.—
Sy A\ : . : ]
S \ . | P
. . ve)
v, & 7 S N
(772N SR 7 5 T N
N i ML / & A
% 4& 846D cm. —4 (e oesm. T
2.8 ! '

.Cuzf ot 7I.L and take moments at @ ;

0.5 Op = 0.233,0.5 + 0. 315 x7.0 +0.395 (7 846+ 2.692+ 3 538)

— P e 4.38%

Oy = 75.56 2. : B o - .-

T T T T T U T I T R - -




=V, =0 ?@ D = 2.6 ~ 320.2395 — o
D¢ = 1.225 2
U, = - 9 - ;_206 - 146861
Oy = -U, = - 14.688¢
Vg = —.,‘g_i Dy ~0:233 ==/ 1 bem
G Dy = 1t dem Ds = 1-55 bem

bud—: I#.5_88—I-I"'-' 13.583 Ilvn

3/75 - 0.233 O. 867 %«

0, = ~Uy = -13.5988 {
N
O“ = ’4‘.85 Z . .
: - - _ g2y
Ve = - /-1 _—0-3/3 - 13.588 Swe 7. 4«35 7.
D“ = R.4#35 /2201 - /0. gs-'z/.
Srs |
U, = 13.588 — = «35 B4C . g4 4
: | T
-9 es .
FR 6 & = — Z. 0 Z.
O3 | Y ;
'V, = 7435 -0.395-2.84-602 = - 465 2L
D. = %. 65 Jsos = 5.6 7
3 250 _
' S¢c -
U3 : -4 - .65 7250 = 3285 Ll
O, = - 3.255 325 -3.56 ¢
: : 8 «é ;
V. = ~ 465 -0.385 - 3255375 +2.84 ~ 3.645¢
3 T fue
D, = + 3.6¢s 183° NI efe ..

- Jé2 sy

. :
ESoaN
|




Forces in the members .
-l& $ ) -
g6 5-856
, . . i4.688 -15-56 .
‘;) G. ‘{ ‘0’3 . t /.o /.@
) ’3~l -
5 5 XN E B[ N\®
3.255 8- 4 " 13.5gaN] /¥ 688

o -85 &, )’3*4‘"[0-8'4; %) 4 8.08 3]. |
Moae = 2.6 522 ~ 0395 | 3 % (0-846%) <+ F o8k

- 0.%5 « S.05 _ o.zsz_é‘.z:-i‘*o.s'
2

Mm.ax, = 8?45A3m

Rt the chords Proray =+ 8:7%5  = /7. 49 2
C . 5
We' don't need to calculate #e resd of Fhe veril.
| cals ane the diagonals since +he forces decrecse,

N

Ukﬁér Chords :v

First 3 panels Porae = ~70 ¢
Froq - 70 « Sem® | - Use 2pipe
F=z8cm?2 > 5cm? & =676 éﬁ/m |
f:of- S, = 84“6 2 9O con. P 852 >po07
" o wi S |
For the rest P, = -17.43¢
[ang = (7.483 . 12.5 cmr 7 Use 3",01‘,08
reg v i /

F=z=13.0cm? >/2.5cm™ G» 9-16kg,

For.s‘,‘: SOcm. P=17.9 ¢ > />,;‘3 C.

ZouJer.' CAorc/S‘_ S Sl a f U/O/oe/- Cﬁor‘o/.r,

DI T T U o T U T LT TRt R S ST SUN TN A




Verticals:

+

First 3 verlicals ; Py = -4.4s s

Freg. 'i/‘f‘? T 3dem? ‘ Use /}gkﬁ"f;e
- F = 5.0 em?* >3 &cem? G = 3.2 bofon 4
- For S = 8725 ¢cm RPe 5154 > 4.6572.

Fourth veriical : fafna,: 2~ 743 f o
F,.e?- = 723 = 5.3 em® ' Use i'/g’”‘lg,'/,e
Fz 6.0 cm? > 5.3cm?2 G %51 L) |
For S¢= S0cm Pz 263 ¢ > % 43¢

For the rest Pm‘;‘ -t ? #
o, = 7)'217 : 0.79 em? Use /5 “ oipe

F=2cm? >'O;7.9 cemn?®

Du'ago nals :
First 3 di‘agoznals ; Pmc“: +5,6i | o
B F'_’,.eq' = 56 . 4cm? | ‘ | Use /l/,‘ ;'/o,‘;oe_
T , -
F = 5cm?z > %ca’ G=3.7% ég/fv(
Povot > 56 4
Fourth a/r'aqona/ ; Prnae = 160.35 £
s 22 reemt e 2o
Fz8cmze > & em? G=6-16

P=1-2 ¢t >0.35¢ .
For fhe rest Prce = T/ 55

155 2 2 4 o ! .
| F;.e?.I = ...;.:._;- = /I Ccm é/se 4 Lo

F=8cm®* S1.01 cm®

%




0260 #)._GIRDER No. 3

0.993- 0.2332J05.8
i 50

RN
[ ;

0.493
) ' ,
. . . 54
A 3 agrg  0.2637 O3 —séaef,us
o : 0.26 3
D ]
o o
N 6 ;
LN 0 N
A2}
'i'; 4@ 105-8 cm. NE 3O SE U
2.8 o ‘
2375-50 A ‘ '
{an@ - wnios g TO%ti B sinf o cos B 0.32
fom oc :1 -\__337'5.. = 23-4‘5. . o= 86 ° Simacr 6.9} cosats 0. %1
. -/_OD--g ) ‘ ’ .
ton ¥y 19¢ = 7. 805, 7= 8)° Stal: 0.87 s ¥=-0.#8
. /05-8 - ’

lan o = 1%¢ = 1361 ; U= 53%0" sinuU-0.82 cos U 0.59

105-9

ton £ » 97 = 0.926; E= ¢2°3f0' :b‘:é’: 0.68 cosd= 0.73

. r058
£CLAQ = . 50 =
‘56 ¥

SH=o0: O, cos@ = D, cos o<

| 0.41

ol =-D: i

, 'o.92

SV=0; (2.2-0.246) +0,sin®= D;sina
2554 + 0 24! 0.4 =0 0.8/
- ‘o9z o
E% = 3.5 ¢
O, = /-56 1
‘ 2\/:0/ Vzl: OI‘.S‘;na‘c = 3./8 %2

EH:0;  Up= Dcosw =/ 43¢

0.88%; O %35 $/n0.0.66 cosO:0FS

0.246

;%
-7 -




0; sin¥W Dz =(3.18-0.483)+(02-/56)sinf

- =V=s
Dp= 2.98 +(0,- 1-56)0. 46 S
zH.-oj Dycos Y = (0, - .56 )ews 3
= (O~ /-56) 032 g2
Y 4‘8
D,=-3-34¢ O=3.62¢
2Y= o V3 = 3-34'51'/),7' = 3. 447 : © Diz3gy
‘ : V.

ZH=0; Ug = 394 cosP+7.43 = 3.321 » *
. ) . _ : UI.:‘_/'LF; 47"3

= V0, (3-49-0-9‘33).+(03‘3'v52)5’.”f3"33”""

ZEH=0; Dicosvu » (03 -3.62)cas , 0z:3.42 “lo.49%3
Dy = 2:847 . 5.267 '
: 0.-563 - .
. , o
. ' 0:§
Oz = 3.2 + 5.26 3 = 6§-98 ¢
, T o8z
'é\/':()»‘ V¢—326$IﬂU'- 4‘33£ . 0323’-26
' - Yy
SH=0; U, = 332+526(0.59)= ¢ ¢3z | |
| '  Upz3%2 — /%
, X33-0:493 . '/d.éé ¢ »
# - o.es...o.oé,(o.:s) | - G5=6.95 \""",93
. ‘ | ¢ |
Os. = 6 38 + @73 ,0.66 = 15 44l A : 9
c.q2 | «
. _ . Vpe 4.33 D"
= V.:O} VJ— = ,o',é és:nf =7 25‘;! | 0y 0066
SH=0; Us=z=6.434+1066ws§:/%.214%4 Us
| U643 - Us

R
7




EV=0; D, ZET-0378)-/S4bsing
. ’ 'SJ")@ :

= 072 . 454

0.6¢ ’

Z H=0; 15 44 cos(B +I'ISCOS‘9 = Og

O5= f'.‘)’._éé ¢

f\/:O,‘ \/‘ = D;SI’,‘)@ = 0.7 £

SH=0; Ug=Us+ Dswsd=75.06¢

o; Dg - 0-7-0263 _0.65 2

V=0,
' S'ne .
ZH=0;, Og=15.06+065.0.75 = 15.5¢

Vyz0.65 0.6 = 0. 43 z

Vg =:0.25 (0-66) = 0.165 %

Error 2 0.166 — Q863 = 34'49 E (acceptahle)

-]

the members

et

1506 -155 —15.F
- M < LN
6 Tn ¥
| p
14.21 /5.06 /5

~. /85




Upper chords:

ot 85 e memt e 2tpe
Fz= 8cm? 75(./»1? 6234/6 ,45/,,., | |

For Sk 4 {.?i_g > /S = 8655>653{
‘ 0.92 .

for the rest B, = -/5.7¢

- /5‘? -— 2 . . )’ . -
g_eq’ = L2 =172 com Use 37 o/pe
F = /3.0 em? > /1. 2cm2 ,G= 9./64 ég/ﬁ;

For S = 56 %cm Pe /77 & > /57«

- Lower chords : same as woper chords.

Zer‘ﬁx'é a/s :

First 3 \/er{/'ca/s; , &4’:—#;733f
L 2 - . Use ‘7/;) "p,;oe

£ - %33 - 3.7 cm
7. rogs ,

,C'= 5.0ct > 3./ com?
Pz 454 >332

For Si= 3Fem

For S, = i4%cm P=3.725¢ = 3.44¢

/—.of S, = /3lem /)‘-' 3.45 £ >’3.‘/8l‘

fonax = — Z.25¢

Fourth vertical .
lse 754 " 0108

- 725 2
Pre:;, = AT = 5. Pc

P 7 83€& >rzo5X

(= 4‘.6/44_7/»1 .

FOI’ S/( i_fac'm

e

S
[N




be z‘Aé /‘eS£ Fma’g = ~0.7 £~ . U_fe_ ?zb"/)/,?e

0/'(290/7&/5 :
ax = 5._25 £

Firsd 3 J/'avqana/sl-v | ~
526 _ 17 osk
freg = —7om = 3.78em* 1 Use 7747 pipe
Fz 50cemt > 3.78cm7% |

Pz 7ot T 5.267¢

Fowurth J/'Q_QOna//. /7/,7“ = F0.668 ¢
Use 27 /.n%e»

Fz 70.66 . 2.4 e ?
7 e : ‘
Fz8.0cm? > P%cm?
P=/2 £ >r0857

‘ For Zhe rest wuse Uo7 orpe

g) GIRDER NO. 2

' 0.23341.01=0-48
. o

235,

| . ek
0 - A : %— 8 0.362:° 22T
. Q.42 -y
Q . [} \ \ < )
. N 3
~ 3
Ui | Uz Us
F T Jaaem ZE 703
2.8
1488 o _X x= S I5m.

79¢ 2 - Ex2 VS




- igh(3=0-‘f‘f sinR é"O.g‘a : ws (3= 0.92
lana = %:2.68 a:69°32" Sinac: 0.94 wsoc z0.35
lan) - igo :2.23 P65 5, Sin ¥ -0.91 Cos = 0. 41
tan U : 185 /.8 = 0:60°57 sin O:0.87 cos U = 0.48
203 » : ‘ s ' ,
lan & . L22 = /36 £:53° 41"  sin 0.8 IS € +0.59
. 013 '
fan © = '35‘% 2092 O=4%2°3" $in@-0.68 cos O =074
fan = 22 0645 §:32°50" sin¥:0.54% cos¥ = 0.84
r7o3 . :
D, = 2.8-024% - - 2-56 = 3J.25 7.
| Sina - cosxfang 0.834 - 0.35(0. 44) ' '
O, = Dwse . 325235 _ ,a5 ;
COSﬁ 0.92
A\/z":= 3.25 s;ho = B.OGE
U, = 3.25 cosec = 7 r3 72
D, - 3.06- 0.48 . 258 = 3.54 ¢
Sin Y - cosYdan3 | ©.91 - 0’4’[0"“40..

O, =0,+ D, wsT . 723, 3.5 2% . 2.gi Z.

cos (3 °.32
V3 = Da :f"’ aﬂ = 3-22 {.
Uy = Dy ews _7’ = 2.58 {.
 Sinv - wosu Yaan 0-8F~ 0-48(0.44)
O3: 2.8/ + 4r70 2 %8, 4.32 ¢

0.92




<

%10 spn U = B.56 ¢

c
L
[}

2.59 + 4.10 (0.4Q) = & 50 7.

\

D,

- - = 5.60 t.
$in - cos§ lanfd 0.81- 0.59 (0.44) :
O# = .92 + §5.60 cos £ = 85-2 Z.
cos@ '

V5: 5.60 sin & - %54 .

Us = %50 + =5.60 (0.59) = Prs 7.

D. = %54 -0.%8 . 77.6 4.
o 0.68 -~ o-?-’.«-(@##)
O, = 852 =+ 1.6 27% - rz. 8% 1.
| , 0.32 - |
= 0.6 (0.68) = 734

Ug - 775 +/1-6 (0. 74&) = r6.35 ¢.

'D‘s . 79 _o0.42 _ 17 8%(0.40) =0.63 ¢.
: O.54 ' '

O; = 1787/(0.%92) +0.63(0.84) =/5.9_3:£.'

V, =0.63 (0.54) =034 2.

ELrror: 0.3y - 0-362 = ©0.759 % [a'cceﬂ{ab/e)
| 2




~4.5%

Upper Chords:

First 4 panels: Poce = —852 1
Freg. = 8;.‘3;2 =6-fem® | o Use 2 pipe
F=B8emt >6-1cm® G616 g/,
For Sk = 49232 - n2cen. P =R 65 1{7 8.52 7.
— .32 _ R ' ,
 For the feS'{ ; ‘Pmag -~ _I7BT AL
Freq = I?/’-i? = 72. Zem® o - ‘,,:-Use‘ 3“0/ pe
F = 3.0 cm?t >12. Zem? . Gv‘= 13.0 lég/m.
For Sp = SO P I78¢ > /1787 Z.
lower chords: same as wpoper Cdllcfc/;_
Verticels : |
Firs? s wveriicals ; /omq'x = - ‘73{
Freg, = 78 = 5.65 cm* , A ' Use 2" plpe




F= 80cm?® > 5. E5cmt G =
For Sk = 230 cm. Pz 4.5 ¢
Br S - I8s Pebot
For S;: » o P—‘:k,?.o.(
For & = 395 Ps 9.3¢
For ' = SO P=s0.5¢

For the res+

D/'QQOna/s:
First 4— pPanels :

Freg. = 37 =% o7

F= 5 cm‘-'>‘ 45‘-(.m1'
P:7o ¢t >56t1
| /:/fz‘/) !Dane/_;”,_

A - 2
»F','.e?., :.’Ii_g_ = 8.3 cm

F=70.1 cm® > 8 3cm’
Pz 142 ¢ > 4.6 2.

For the rest gy

."O :
mMex. <=

= 0.83¢

S- /6‘,49/,,,,

> 3.06 1

> 3.22¢
> 3d.56¢
> «. 54/
> 7.9 4

ULSe

Froae = 5.6 ¢

’ .
3 pipe

Use 74" »pe
G =377 £9/m.
). 8 ¢
| Use 2 ’/2 ‘h b/pe
G - 125//9/,,,,
Use

t .
7= rre,

b
4




Lo

O.94 — 0.34(0-44)

GIRDER NoO. 1
0.23 ,
1 o.ub . 98-6x0-233
p  ousr ZES
(=3 07 S
Q. k6
T
\\\ ‘
) B
S . \\ )
&»VI \\ QVL
\
X . . U: » UZ
f 28.6 9€-6
28
Zan 3 = O 4% ﬁ'—'— 23° 45 $inAB = 0.40 cos (3= 0-32
tanee= 322.3.2¢4 o= 22° 5’ S/n 6 = Q.96 s x : 0.29
98.6 ,
fon)y- 275 -2.78  ¥:70° /3’ $inT= 0.94 CosT . 0-3&
© 986 - B ]
fan o . 239 .2.33 U= E6° 47 Sine=z 0.92 oS U=z O. 40
, 98 6
lon £ = /85 .88  £: 62° SinE=0.88 COs € = O. 457
28.€ . .
tan © :‘.fi‘_Q___.:/-5‘2‘ G=54°5s" NG 0.82 COsO = 0.58
96- 6 - , . =R
tan & = 95 :0864 Fs:43°58° sin§ = 0.69 sy 0.72
g8 6 ~
0 :_2£8-023 = 3.06¢.
! 0.96~ 0-29 (0. 44)
0, = 3.06 223 . o.965¢.
: c.g92
"V, = 3.06 . 0.96 = 2.94 ¢,
Uz.= 3.06 . ©-23 =0-89 ¢
Dy » 2:9% — 0-%6 = 3./4 €




0,:=0.965 + 3./4 23% _ 2./34:
0.3z »

Vi = 3.1% (0.94) = 2.3¢ ¢,
Uy = 0.83 + 3.14 (0.34) = 2.06 4.
DB = 26_ o 46 i = 3.86 i

0.92. o.44(o.40)

O3 = 273 + 3.3¢6 2:%0 . 3.59 4.
c.9z

&

3.36 (0.32) = 3.09<.

<
H

2.06 + 3.36(0.4) = 3-4 (.

3.09 - ’ o 46 o
| 0.98 — 0.4k (0.47)

o
f .

- 3.92 4.

‘04 =»3-5’9g+ 3.92 247 . s5.59 ¢.
T - X |

.VS ¥
Ug = 3. “ ¢ 3.92 (0.4x) = s.24 2.
- Dg '= 3“4 - 946 o = 5~ 26 Z.

0.82 <~ 0-44(0.58)

Os < 559 +5.26 2:58. - 8.9/ 4.
o | . ©0.82

V. 5.26 (0.82 )< «.32 4.

Ug = 524 + 5‘.'2(/0. 58) = 8-219 £,

e

Plad




re
~

'Dg= %.32 — 0. 46 = 70.32 {.-
: 0.63 - 0. 44(0.72) o

O¢ = 8-91 + /0.32 2%2 . sz 0, 4.
. 0.2 : '

Vo = 7701 (0.4)2 + 0.4é = r&.7 <.
From hottom . Vi : 2x00.32 (0.6a) = 7%.3 {.

Error = 0.2 ¢ /acce,oéab/e).-

mem/.J e(‘ s :

<S50
o 4
0 NI
" M
' =
. !
3-4
Upper chords :
First & panels; Friae = - 558 ¢.
F,. = 553 .‘: 3.398 ;ma ' - - Use /,/ih s/ e'
RGeS b _ , e pp
Fz 6em* > 3.98 cm® G= «.67 4/,
x-For' Sy = 98.6 :k]O?c.'rn'. P= 5'-.8 t > 5.59/.
g 53z | | -

For {/e_ rest /omag = =/7.0/ 2.

Freq, = £2 =182 em* | » © Use 3" olpe *




F=z13.0cm?* > 12.2 cmn® .G = 9./6 k3/n,
For §, = 3%8:6 _ j07cm. P=17.3¢ > ry.ol <.
_ o.92
Vertrcals:
First 3 vertical; Prax. = — 3.038 Z.
Fre, = 3.083 . 2.2 cm? Use 227 o/pe.
e?. /.4 . )
Fe 8 cm? > 2.2 cm? G = 8.768 kg/,,,.
For Sk = 2%5en P =23.3 4 > 2.9¢4 /7
$e = 230 P=4.75¢ > 2.96¢
S+ /BT P+ 634 > 3.09¢7.

4% and S, VerlfCa/x/-‘

&%.32
/¥ _ .
£z Sert > 3.0Bcm”

= 3.08 cm?*

freg, =

';Of' Se = /4‘0 Z .

Sk » 85 o Pe .80 ¢
Last vér L[/',(_‘q,/ ;o

| ' 'L;e =

147 = 7O o
7. 4

F=/‘3-0Cf'7‘!",>/0 e 2 & =

/:Of' 5}_=5‘0cfn.

O/'a qQ o/za/s i

£z

C Firsd 3 diagonals;
. 3.36

6'59 7 4%
L 2 25 ent >2. %cm®

22 %em?®.

.G H ?,O/'éj/m.

by ond 5. Fagonal Py = 5.36 €

F= 5 en* > 3.76 cm*
s

 rdip= (0-32 .

pask diagonal;

Fz 8em* > 7-%cm”

Pxr>.g i >/4.

Pma‘3 -&.32{.

Use 7% ” o0 e

G T 3.7?é$/m‘

F-3.88 ‘,5_"> 3.4% &

> 432 £.

3 y /9/‘/76

se

9.7 éf/m

7.

- 3.36 7.

e 2, “ 208

P=3.5¢4 >3.367.

_ 3.26 , 3.7 2 -
/L;'Zf" -/-—:-; 3 6(’”

- e AR

(0-32 _ F4rm?*

Z 9.2

A

Uhe 20 pe




~Tﬁe dimensions of the pipes of Zhe girders
are Shownr in Fig: IV, | |

The jorirts of z‘/)e pipes will be dorne by elec.
tric weld)‘r)y , S0 thal the weightl  will be decreased |
anc the struclure will have o better appeararsice
|because of Smoo/Aer surfaces and owtllines. ‘/Vo.gu.sseé
|plate is useol w/uc/: is very advanfageous, because
by not wusing gussel plates | the joirts are [less ri-|
gd  and s/ that way e eliminale  se condary stre
ses. If we use gussetl plates , ther parls of the
: p/'/o‘es that are between z%evyus_gez’ plates will »ot
be painfed well and they will rust by Zirme. So,
by not using gussel plates we elirminale corrasion
'an'c/vf,éduce e cost of C/é’an/'ng.
| | Wwe may be afraid thal the /'o/n;l_sbqi//
|not be wvery strong without qussel jplales, bul we
lhave several ‘constructions burlt in that ?Qa_‘/'w;’"d’
prove thal z‘/»ey are sirong provided that +the weld
|\length is sufficient. One exemple of this type of
consfrucfion, thed is, pipes joined to one another bg
welding only, is the “Devlet Dem:fyollarz Htélyes:"
at Yedikule.




LFRAME _ANALYSIS

Loading al the ,joints.

Weight of roof cover ens purlins = 25 £g. /mz ‘

Weight of girders : < 35 g/
e of fra-me o = /5 ,ég/,,,“ [from ‘z‘oJJ/eS Cor.
’ ‘ : , responding %o
: 9 - 75 'é7/ml F”amé Oﬁegnzng

Snocw | =75 A z and distance
2 5/ - hetween frames,)

lotal load 9= 750 £9/,n?

/755'41/7‘1//79 all loads acting af the Lop _‘/'ofnz’s‘,‘

At a jorint f - 27541185 x0.0%25 = 2. 454 =~ 2.5£.

L}

7
P,’ = 2.75x /-85 «0./50 =4%.90 £ =~ 5.0 ¢,

a /'/at/_)'/lzg' a 600 . candilever roof over Abe 9&.//@r/@s
o b_a //, srdes -4/ “4e }l}éme add s Ona/ we,g/nz O
%Af /'ra.me .C'am/'/)y 7["017’1 cach C—M/’/e(/ér 'A/’s ]

/? = O./fOA /S5 x 5.00 = /O.F £.

Effect? of Normal Loads.

2/‘{9:‘.0;
—10.-7x 3 r Sx2.75 657 +2.5418_ ., 38:z0
V. = 8.0 £,

EV=0:

7’

V2 /0T e TS -8 = 37y,

V. = oV +» 37.7¢ 8457 7

Aran ° Meer.

ﬁlé/;ou b 'r%e canz’//euzar part of e roof is nof a’é’.s’/gné’d /s
e/‘/‘ecz’ on tHe Jframe s C.on.{/.{/é’/‘é’a/

~




SMy:0;
S5x 827 ,2.285 + 25513+ O.7 22 ¢ if, £0.5_ (Y37.7:0| -

z
Hy = 7k 5L

EH:O,’ /{‘ -'7'-'/4‘-5- {..

Hy sH, = HMH,eH. = 29.0 £.

Effect of Wind Loads

B we= /.85 x 0./15 = /78 £,
Lonsiclering thal! e wine
10.5.m load acts as a wuniforr

loac and ol as corncenZra.

"‘-"" ltec! loads of Fhe Jornrs
39 Ve V.= 2.57.
- Z'f‘i. ;
-ZM/3 =0 ; . /“/,4 0.5 = 778 « %_5._ -+ 7?5,2.2‘7_
CHy = S0 L
‘Z//:Q/' /"/ﬁ"/'/c = 7 P8x /O-5 = ’8.7 .

Ao = /8.7~ /4.0

e = A TE




St

Mavimum  Reccl ors:
9 .
T I] o)
Case 7,
'——;—bllv.d . 45 4—“‘1
rsn | o 8 | | - :
° L o oTng . ‘
. |
Case 2.
|
'L.--—'-—> %.s %.5 A——«L
TQ ‘ 7.7
.;-J : N
w | ‘
Case 3. = Lase 4. [regﬁr:‘é of Lase3)
25 - " i

» 6____________/—(,"0": 33-7 {-
Ve, = 377+ 8+ 25 = 482¢

Huar = 1.5 + /4.5 + 7= 33.7¢. ~
’ . - : : Vnw‘= %#8.2¢.




[Rus——

[~X=4>3

20

1

O

WS 3'6/8'

3

wWEeLZ

*




275
lan G = 728. 0 = O.
X ?27s
tan &, = 235 _o.091 .

275

e7s

8735 _0.3/8

Zan 3 = g‘i:;’; = 0.228 ﬁ: .,/3 - sinfB s O.22 Ccos(3 = O.S?Z
fan @ - ;;2:75 - 0.38 O='20°4a d | | g,h6=0-355 ' cos Bz 0.935
L(a(’e/ = _;_05_‘_5 o /.‘3 ?5 | @,::_“é’ s/n8: 0.809 _ cos 8 = b,ssa
Lan &, - »’2550 - 6.0 ‘62.-7'90"33’ | /5;‘,7@2:0?387 Ds6, = O./6%
z’a'/;as ;4;'65 = EF Bz= 607 337 Sin@z= 0.87 COsE,z 0. %3
lban B, = ,/?‘:(é - ,/dg Q,,, = #7° 35’ ‘5;/,@,, = d. Z37 ;ose4 = 0.678 \'
tanbs = ;:4;5 = 0.769 @5=3?"35" $/@5: 067  wso5s 0732
éa}; & = z/:: = 0.535'»4‘-6;.-.‘32‘25”‘ ,r,hég:ov-s'jé @s 6‘:0.34‘9‘
,' /an 67 = ;3?7;5‘ - 0-5 S5 s 26‘"'3;¢ ) K é,, = 0.4'47 o5 é);.: 0.39%
L‘é’n @g = i;i:- : 0;344_ 6)3;‘.?0" Sin Og= 0.3 & oS 6)8_- g.94
L‘anag = i@i = 02?7 A@é :k/ﬁ"(ﬂ.g’_ J‘/fn,éa:o-zz/ Os &= O.SFf

Gy =420’

47 G, 25°,°

87 Q,: 0.4/ cos@,- 0.33

o [}
qz:f YI/ ,

s Qoz 0.Ox6 CU:G/O:O.QB;

Sin B, O %25 wsSQ: 0.905




Calculatlion of Fofcé’$ //1 the Mo bers Ffor Case 7.

7
o , .
U, - ZH=0; O, 0.764% + /4.5 = (/, 0.588
' U, =0.273 0, + 24.6 |
—> 4.5 EV%O; 0, 0997 + U 0. 809 = 3>z
37.7 - . U/ = 4‘56 - /.22 O,
46-6 - 122 0, - 0.2990, + 24.6
o,z /4.7 L oy = 28FE. |
ZV=0; Op = /4.7.0.987 = /4.5 £
ZHz=0; V.= /4.7.0.764 = 2.47 (£
ElH=z0;, 2.8-7(0.588) = U (0. 49t)+ D, 0.676+24(
Uy 29.5 - 7.38 D,
ZV:0; 287 (0.809)+0D,(0.737) = U, 0.87

/

¥ 0.24¢ and 533¢ are He fo/ce.( coming from the canll/ever part.

267 +0. 8460, =

D =7244%,

ZV:O;

10.24 + 1.2% (0.678) = D2 0.9 35

D, =/83 #

Uy =267 »0.846 0,
29.5 - /38 D,

Uy 2778 L.

14.5-5.33 03 - D;(0.355) —
- 7.24(0.737) =0
038 255 - 0. 355 Oz

. 03 = 4‘;;04’ {




U3 = 28~0$

EH=0; 0.340,:D;0.792 +/1.54 (0.887%)

Oy z0.816 D3 + 70.58

ZV-0; %0%.-2.5+0.61 03+0.220, = (I-54(0.462)

Op=17.3~ 2. .28 Dy
Diy:=rav¢  Of=12.7 2
"2/-/:0,- (//-sgfu3)o.335 +1-8% (0. %92) ~+
+27.79 (0.491) =o
(,(3 =28.05 1.
=V=0; Vz+I-87[o-6l)+ég.os_,,.gs)0.355' =
| =27.79(0.95)

Vz = 17.32 4.

£H=0; (05 - 1‘2-”1 )C}’.a;'a +10,0.844 =@
| Os =12.1 <~ 0.866 0Oy
2\/:0; 12.32 + (05 ~12.1)0.22 = D, 0.536
T Os< 24404 - 4{3.3
Dy =169 ¢ Ogs=-2.5 ¢,
SEH-0; (28-05_U4)0.935 :/649’(0.6’#4")

UIf =/5.2 Z.

EV=0 M + l2.85-28.05)0-355< /6.3 (0.536)

VE :I*. 4{.‘"‘75.

H

B




EV:=0; 9.45 -(0s+ 2.5)0.22. 0. 447 0;. )
Ds = 19.92~- 0.493 og |

= H=0; (?-5'Qs)°'425 §O-694 Os

Dy= 119 + 0.4 25 O

O =19-4 ¢4 Ds = 70.39 2.

Then, beqgtirning frOn';l hinge  B;

VB < —‘5-5‘t.

P o . EH:=0;
/%V/Lg_o_’ii?f’:.._@ s

= —>_0,,0.93 + 4.5+ Ug O.905 =0

10-7 + Sx6 +2.5 ~37-> =

O = 1465 +0.914 Ug
. 8T

Og'

S ZV:=0;, —~0,0.14F + Uy 0.425 ~ 5.5=0
ug’ ' ‘ '

0,0 = 301 Ug~ B36-9

Ug =2¢.5¢ O * B7O L.

EH=z0; 37.0x0.99 = Og 0.9 % Oq:=377 2
é\/‘= O; ';-:'J“-t- \/75- 37-74-10-22 -7 0. 0. 14l =0
| | Vey = 1-92 ¢,
Ev:=0; 08-%_-/_'_2_ . 0355 Uy - 0:425, 24y
' . e.o¥6 = O.o¥¢ °-0%g
Dg= —n9.7 « «.67 Uy

o.99w ©.59%F
Dg =22+2% ~ o 338 Uux

;'u?_: 25.374¢ Dsé_(#k-z‘..




ZH=0;
',08 0.972 = 3?‘7[&).972)“47(0.997)
Os = 39.2 ¢.

E Vv- OJ'

Op 022 4+ + 1 47(0.0%6)= 5S¢ 37.7(0.22)
Vg = 4#.59 L. |
s H=0; 0,0.975 +U;0.935 =25-3) (0-935) | >

D Ug = 2531— f04 Dz

sv=0, D, 0.221 +25-31(0.355) = 4.59 +0.355 U
Ug = 0.62 Dy + 25.3) ~ r2. s _ s Og-39-2
D, =781 'uég 1712 £ | ,_9’//":’1
B Vs 0,:7.8

=EH=0, 0,0.372 +7.8(0.975)=39.2 (0.9%2)
| O; =k’31-35£. ’ |
SEv=0; Vs+3.35(0.22)=5+ 39.2 (0.22)+ 7.8(0.221)

V5 = 8-‘/“[‘1

3

2H=o; Us £0.935) + g (o. 84) =712 {6.335) |

Us= 1712 ~ 101 Dé;
_EV=¢; D‘ (0.34) + l?Jé{o, 355)= S.qq—fus_ (6.355) Us
Us=0-955 D¢ - 6.68
D = 12-‘7‘& Z Us-=.<"-8£.’
| | | . ZEH=0; §0-972 +12:1(0.94) =3v:-35 (0.972)
O = 19.65 |
Svso; |

§

"V, ¢ 19.65(0.22) = 5+ 31.35(0.22) +12-1 (0.34)

\/4; /.81 €. R )

Op=19-65¢ # 19:4¢ Lrror = ©. 25/ (acceplable) o . o




i £

Calculation of -forces in the .mem bers -fo‘r',‘ Case 2.

O
| U EH=0; -0, 0164 +14.5 + U, 0.588 =0

Ev=0; 0,0.387 + 8 +u, 0.808 =0

4.5 O,2358U,+r 8841
353U, + 8286 + 8+ 0.81% =0
U,= 21-95¢ ©O,-9.831
£V=0; 0,:9.83(c.887) = 9-% ¢
SH=o0; V, = 983 (0.764) = ;.41 ¢

Z‘H-—"O; 21-35 (0.588) +1-61~-0D,0.676 +Uz 0. 49(=0

2 V=0; 2/-95 (0.803) +0,0.737+U; 0.87 =0
, .fua,:'zo._lflr-ro.éé?os | o

: i2.907—-+l-‘61 '-o.'s?s O, - 0.0 l./. - 0.416 Dl‘-_-o
D, - k10 ¢ U= 23.91 ¢

EH=0;

Dy =410 2676 o g4
: 0. 935 '
Z\/:O; S

-8.% - .10(0. z37)+03 - 2-96(0.355)=0
 Oa=13-77 ¢ .
ZH=0, 0.97 0, =0. 732 Dj q, : 0.82 D,
.svv-.-‘a,- 0.8205 (0.236) +0.61 D3 =13. %7

D3 = 1723 ¢ Op = 1%.13 ¢




L

'usz 30.20 +{.
sv=o0; V2-30.2 (o.,355)-17.-23(o.s:)+2.96[o-355}
+23.91 (0.871) =0

VE:-O-?l £.

EH:0; O5 0.972 + 05 0.844~ 14.13(0.872) =0 _

Os-“ /4-’3 ~ 0.866 D4

£v=z0; (Os- 14.13)0.22 +0.7 = 0.536 D,
Os= 2.440, +10.9

'Dq= .98 ¢ 05-413'-28'1!;

.ZH"@; (30.2 + U )0.935 0.8 (0.844) =0

Uq = —29.32 'i,.

i

2\/.‘:0; -—’\/3
iv3

Bo.2 -29.32)0.355 +0.98/(0.53¢)

~o.g94 t.

u

EHz=0; (0;-13.2810.%972 4+ 0.894 Ds=0

Og=+13-28 ~0.926 Ds

)

Sv=0 ;. O0.B% -0.4%47 D,-;-,ig.zs-[q.gg) + "05"‘0‘- 22 =0

D5 = 1-25¢  Og=y2.2 ¢4
A | Vee
EH=0; 29-32+Uy= 185 (0.894)  ( :-28.,2¢
, : e-935
SEV=z0; Vy + 12 (0.355) +1.25 (0.44¥)=0 U, =29-32 »5

Vy=-0-398 4.




: SH-=-0; (07-. 12.12)0.972 + Dg _°~V94' =0 . ‘ Og =12.18

Oz

)

Oy = 12.12+0.97 D¢

XT
O

FVz0, 0.98-12.12(0.22) - Dg0.34 +12:12 (0.22) = 6.214 () -

Dg= 181 Oy = 10.37 ¢£.

ZEH=0; (28-12+ Ug)0.935_1-8(6.94) = O
Ug =-2631 £ |
évzé; Vs + -8 (0.34) + /.81 (o0.355)=0

V$~ = ~1.26 2.

e ‘ : ,
EH=0; (0g-10.37)0.972 + 0.975 D; =0
Og: 10'37-0;

=V=0; I-26-= D, 0.221 - 0.22 0,:0

D? = 2-86 i. ‘ 08= ?.‘S/ i
5“:&; U?‘:-Z’S-Bli-r 2.852‘_.9.’.12 = ~23.4 4.
i " o 0.93s5 :

=V=0; VY=-2.86 (0.221)‘ - 2.9 (0.355) =-l-667.

SHz0; 0g-751)0.372 + Dg 0.997=0
Og = 2.51 - 1026 Dg |
EV=-0; 1.66-0.0760Dg -1.026(0.22)0g =0
‘Dg-=55¢  Ogci874.
Chock: £H=o0 1-87(0.-972) +5.5(0.997) ~ 23. 41 (0.935 )= H
He ks 1 £ XN |

Error = 8.02 1 (accepla E/e)

Coses 3 anc! 4 are solved by graphical method, the resulfs of

;w/aicl;'. are given in The ftable.

-




Table for maximum forces in the "methers:

o -©

, w - o o -
/
! ! , (tons)
U, ~ 287 -2/.95 ~80.65 1/18.2 . - 7.0 -57.65
Ue ~27 79 -23.91 -5/.70 1 +18.3 - 7.9 ~59.¢60
U3 - 28.05 ~306.20 -58.25 t1i8.-5 -9.8 -68.05
Uy ~12.85 -29.32 4217 | t18-7 -9. 4 -5/.57
Us +2.81 -28.12 | -25.31 | +/6-6 ~-g.1 - 34.40
=775 : p _
Ug +17.12 _25.3, +3.9% t+ /6- -5.9 - 26.55
- 70.%6 o ~/8-76
- s -7k
U7 +25.31 23.41 + /3.61 16 ] +-30.21
_ 750 . |
_ ~14.00
Ug +24.50 -20.00 | 14,50 ti ~-6-5 +2+5.90
» + 2.48 , -23.
; - 1%. -/3. 3.2 |
C, 1.7 +9.¢3 ~9.xg 3.4 +
~ , + 2-45
L'j? 1. 5 +4.70 —3-65; -{2.05 'f' 3.1 ""21'?'
_ til. 75 1 /5. 85
o ~#.04 +13.77 - e 2.g -/3.1 - 4.1 0. 2&
0., +12. 1 + /413 +26-23 | ~12.3 LR + 30.63
“ ) ) 2 | 7+./2.03 6.0 4 +/5.33
-2, . -/ & .
Oy 2.5 £13-28 + a1y + 3 ~11-8&
+2.42 o '
s -19. « +12./2 | _,3.34 |-/7.25 +4.0 - 30.59
7 -31.35 f/0.37 24 -/7. Q + 3.4 —44,0;(




-i12.09

Og -39.2 +751 |_ggps | ~I72 *2.6 - 52.65
Oq C-37.7 | +1-87 ,—3_6'»7.7 ,-"/5-9 +1.3 = 52.6%
O -370 | +3.68 |-35./6 | /5] tI3 -50-/6
Vi +2. 41 ~1-61 —-0. &1 +0.7 -0.64 =
+ 2.3
V2 -/,;-'.32 ~0. 371 - 18.03 | -0.7 -0.2 —18.713
\/3v — 4. 45 —0-‘81{ ~15.29 _o.;‘ ~-0.%3 - /5, 53
Va ~1.61 -0.98 | ~12.59 | ~o.07 -0.3 -/2.99
Vs -8‘44 ~1-26 '—-3-?0}; +0.26 -0 4 ~r0. 1
V, -_-4.‘5,9‘ -/;6'6. ~625 | +0.B -0.5 - 6.75
Vy -1 9 ~-ro0 | —2.8 +0. 5 -0.1 - 3.0
0, ”f”'_z‘-‘ + %./0 + 5.34 - 3.0 +1. 4 + 6. %4
a2 -//.igg_ -'12-35 - 14.85 ~-0.2 -7.0 - /5. 85
03 »»1-8?  -17._23 -/9-/0‘ +0. & + 0.2 —’/8'3
Oy +16-9 - +0.98 | +1¥88 | +0.4 +0.3 ,'/“/8'42-.8
Os +10. 4 .25 | *1.65 | +0.1 +0. 4 #12.05
D¢ .112; 5 +1-8 +i17.3 - 0. # +0. 5 -I' % . B
- Ds +7-8  ' +2.'96 +10.66 ‘—l-3~3 | +0.8 1-//.%63
D6 -)74? '-}5-; :;i; -3./6é $0. 5 tf;;




Membg_r_-;s__uq,___,c_md U Prrae = -=59- 6 ¢

T-%
F =230 =60cmt® >42.6 cm™

F"eq : f_?___é = 2. 6cm? Use gL 2xl3.0a:l30x12 :

G=23.6 ky/p, = 3.97.2
Cem = ' ~ 59.¢ _
Sk=285 o A —2‘338.:-.7 =36 — w=/1l Ghax © /~ll~g__a__ = HOQI"Z,,,.d”’“"’
Se * 180 o V= /82 - - los 6 . 1053785 010k <
‘ * T aiagy T B8 T mac HOT — 01o%y . <1400

1
1
I

Members Uy - U, - Us;  FPra.: - 68.05 ¢.

F - 6805 _ 48 g com™ © Use L 2x130x130x12
rep. I % . . -

| F=z 60cm> > 8- 6cm™ S |

G = 23.6 Ly, ix:2c3.9%
“Se=31l0 = 310 . =143 . y.,3 68-05
S, 310 A 22 390 _» w=113 Grpae = 1113 — _lzssé%atdlm
Members U, - Uy - Ug 5 Prrge = ~26.55¢ and +30.21 ¢
Freq = 3?-2‘ 22/ 6 em? lhe AL 2x80+ 8010
F_=’24Irl5'.l =230 2cm* >21-6cm? G=1l-Q kg iy = 2c2- 41
Se = 310 | A= 310 265 - =135 & - 1.35 2635 . 1180dy) <1400
k | 2‘2.4‘ » : nrax 30.2 {m‘-
Members O, - 0, -0; ; Prae = ~ 23917
f,.eq z 2’3‘{_3 = 17 I: cm? - Use ,‘2 2x 80x 80« 8
F=2x12.-3% ":.2#.6<m‘_>kl7-lcm"
G =9.66 3/ ix 2222 & 2 _
S, = /50 ,\=i& =31 —» w= /.09 G, =1.ogf_-§_'§ - 706043 | Ll400.
k . 2&2-#2 ) mQ‘ 24‘. 6 /le




)

Members Oy andl Os Prax = =11 86 ¢ dnd +30.63 ¢

| Py, = 3?..;3 =&l 8em® Use 228058028
F=24.6cm? >208cm® |
G = 9.66 ks i: Pad42 ..

S = 300 \ - 300 _g2 w=1.32 & =328 2551 Ligoo
ok g 2&2-6‘2 h ’ = Max 24‘-6 9/le- 9001

MembEr‘i»/Og—O;—-Og\-09—-0,0I- /Jmax’—fe'é?é‘ ) |

r  _ sa. ;o
F,-e?. = /"f? = 37.6 con?

Fz 60cm?* >37 6 em 2

Use Trex130x130x12

63236 /‘S/m . i_t:= 2x 3.92 -
Sg = 300 A=300 .38 5 w=-I13 € yug 3487
2 = - D =) 2 10004y, <
l 2“3.97 mMmay 60 | .9/(441 (Yoo

Oiagonals

Members D, ~Ds -0 -  Pap, = +18-28 ¢

Freq. = 528 =13t em Use T 2.80x60x6

F: 2x6-9( = /3;.82 C,m"r > 3. ) con ®

G = 542 £8/p O N [42'22 = 1320 &8/epn < 1400 £9/c >

Hembers Dy and Og;  f,.

! 4

= tll-46 ¢

éF;fy_ : L6 = 8200 i Use TFe « $5x 4 5x 5

F
G338 b Gy = B2E 21330 kyfen < 1400 ks




Members .D, and Vi

= 6-F7¢
1 &

F:5%c® > %8cm?

. 2
req, 9‘- 8 cm

F . 1873 = 13-4 C\‘,nz‘

Fz 86 cm* >72cm? G= 3-384/

1625 . 38 —» w=t13
2x0-345 -

,Sk 1825 )=

Members Da and 0; ;

F;e?. = '_19___‘?_: 13.5cm ®
F=2 2¢.6 crm* 7 13.5cm®

G = 9.66 ky/,, fp= 2x2:42

S, =405 A= %65 - 83 _, w =/69

: ex2.42

G;mu = |-69 /8-3 /1300 éé/cmz

4.6

< oo és/fmz,

G =2 210 k5)m /= 2x1-05
' L _ 7.7 '
= /3 A=13% 64 o= 134 G =3¢ = 25043, , Ligoo
Sk “ Zx 1.05 ¥ max T34 Veon
Verticals : o
Members Va <vi- v, Prrax = ~18- 73 1

reg, I 4

F: 246 cm? >13-%cm?

G;: 8‘66 Ag/m “x_.: 2X2.42 |
| ' e , : ‘ 823 .

x 2 A2 275 .57 Ww=1.27 G -12757°, 990kyy 1406
S » 273 iy — | e 2¢.6 o I
Members Vs -V -V, ; Prge = =101 2
Freq = 00 . 2.2 cm® ' | Use Hr2x4Sx4Sr35

v 1-4

-18.9 ¢

Pmax =

Use TMm2x80480x8

L¥

(vae=t 674 & and —1.1 ¢

Use TM2.« 3% 3544

Use —=r 2 x8ox80 x8

i 2x135

(5’”1‘z

YNE /0. |
‘ .

= 132 é </ |
B¢ O «s,.. 400.




—————

Actual Weight Of the Frame

]

2x130x130x12 / 23.6 (2.85+1°9 + 9.3 t’I.S‘-O) 682 kg

]

2xB0xBOAIO ;. 77-9 (9.3) i1 kg

2x80xB0 x8; 966 (15 +1-46+3.125+6.0+3.1+ §.05 + 2. 75+ 2.375+2.0)

‘ - 25‘} ks.
2x60x60x 6; 542 (3.2+3.06+ 2.9) = %9.6 kg

| 2« T 5 3.38 (2.8+2.25¢+ /625 I;25+O-9?3‘) -

) | = 31.4 kg
2.35x35x4; 210 (2.0 + 1-3%) = RO 44
7o tal = 1135.0 kg,

_ 1S5  _ 505 43
/11.8% %19 :

This (s  rarsed to 8 4g/,,. includrag the roof of Hhe

‘3q.ueng‘. " So it is less  than the assumecd value of

15 k) which s ‘saf‘er.

|
|
|
1
b
[
i
|
|
i
H
H
i
|
i

|

|
)

|
|
i
}
I
i
i

;
s




PART- IV

.85 (18+¢)

So, the weight on He frame is less than e recommen
ded value 2¢o6 lg/m-.
I. We IQA{ on Fhe Ffooling :
A~ Dead Load o/‘ ér/'bulnes .
- Volume of concrete : - -j._.[___..__-._, -
| ~ : 1 E ‘ i
0.22x0.4x 3-9% . =0.34B m> 1| derz (R gl f
: &
. N ") ‘>‘ |
0.65x0.35x3.35 .. . . . _ 07262 L —t— ¥
) ol “orse gg,gA ' 35res” - .
0.4x0.6 »2.6 & . - =0.624% T ] . c[ ; :Q
. : al ] o
L o o e
0.35x0.45x 122 R -0.0/9 1 ez é}! d=rs
’ Lo : ) ! I
) o ‘ & '
0.12[28%x 3-95- 0.4 284 _0.2.0.15] = 1.200 i I | N P §
: - 3-3_8 * 2L [
0-6?0 LL &%. 92 :’i

o.15 [1 22, 3.95- 035122 =
= 365‘9,-”3

Total volume of concrefe
L()dig/'{ of Concrele =
B. Live Aoac/v on z’rl'éan35:

7‘0 be
7otal Jive loae/ = 0.4 3-95 « 4.92.

Assume L., C. 4% &/p,2

SUBSTRUCTURE

« CHECK -FOR THE
I. Weight o5 #he Fram‘e‘ .
%82 : 163 ky/,. < 240 k3/2

3-653x2.4= 8% ¢

= 7/ ¢




C. Weight of Column below the tribunes :

“F

g
¢

'ﬂswm,'ng the column Jo be .n/rar‘g/n”zf

"
U
©
+
v
S~

[er:g{/7 of column 5.9 4 21

2 615 .

380

: w9'9;'{0f column = 0.6x0.826-15x 2-4

- ‘ , : = 7.0 ¢.

:JJO

PP | |
| 2t | - | | |
D. Total Weight on the footing:

. D.L. from tribunes =87 ¢
Lo frorf\ tribunes =71 ¢

_UJeighf of Colu;nz below Yo ¢
’ tobunés N

Weight -Ffom Fframe =43.2 ¢
' f | vro0 £

Hrecz‘ 0][‘ fo‘o{/'ng = 2-80 £ 7-90 m?Z
’ . _yrooo -
280x 2.90

Csoil -2.52 44,. or 0.252 k3/epa

m‘- Chec k For‘ Concrele Column
Weight on the column: | |
Werght from - frame = #8:2

D.L. of dribunes = G F

- L.L. of '/rr_‘/.iunes N .l 4 -

total =640 ¢t




, : 4.0¢ ' COS x =

5-8
&-75

—33.74 Sirmmoe = 2./0 - », 34
&:/5

My = 33.745.8 ~64.0 x2./0 - 2.0 < 2.10
, : a .

= 5'3-55' .fm.

In the . direciion of 'Ebe aris of lhe Co/;cmn;

Ng =094 (646.0+70)+0.34 (33.5)

= %g.0 ¢
M 53.65 '
e: . = - - & - -
® * Sao =068 £ =2 = %% : 0.86 >0.407
_ b/‘g eccenff‘/'c'r'zlﬂ
ke d |
>
‘1 .
| M , Nk
‘ : = M3+ Ne
o S = 5365+ 78 (28)
* _ . : ) =
‘ ,_},'_L ~ 1 p - —7'395 éCrn
T q - -
'If A ] ]
’!g ¢ ” N

M - Ne'

g
‘2‘
.;’
R
W
¢]
X
o
"

5365 - 78 (%¥6)

= 1285 tdemn.
4
bhls & cm Se - 14 =20 h'= ¢ 20605
5% 0-7 A 76

6, bh® = 7ox604 7" = 24.2410% Zem. |
Reading from  graph for 4'z0.05h values of w and u’

cdrkesponc/r‘ng o P and P are obtatned.




~ - Me £ X-E1 ' -
= = —I2 -~ =0.3%05 = Il g
P nghe, 9~2¢_2,,03 —_— V//J 3
ptos M - 1FBS | cor4 e = 0527
Gy bh* 24%.2x103 ~ ) -

be . ,0.5 < 20 o
6%

- Fe =/le/7 = 17 5 60« ZE = 50,0’Cﬂ7&
> . 00

|

/o the columrn e Ahave /0@ 26 —» 53.09cm* > 50.0 comt,

Fe'= L'hh = G852 40,76 = 23.8 com® | |
: ’ . oo .

[n  the c:o/u.m,; we  have P24 —u 31-Bemt > 2 3.8 em o
L rein orcement of the column is sufficient to -
?Carrg‘ such a supersz‘)'ucéure, There 7s no peed %o |

i‘add r0re slégl ‘ io‘ the colurrs.




REFERENCES

“Beton Kalender” 1958 |
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Betonorme insaal by F Disehinger
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THE G!RDER_S
SIZES QF THE PIPES
SCALE: Y20
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