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» Ï.   Iff I*. '¥>. 

«*4fe%-i -*   **    **   * 

*tt  Mt» *•§* #*-fi*^ . *•• •*  ««I ••*!** * •** ****** n**m*i+*Bê 

v«*» ««• **»•»! tief  -*   «fe,**-^**  *' r^ *w* ^*^* t*,*ir 

tei M»*»»«» #f **. «Htm *ä* *• •»•••ti«» •* 

»? iriit^n  *«*•»*I-» *.%* *    •*• r-^iiH»» »f ifa» 

mm «•**»-   i   *•/•  •^.•iMot  !..      - «*• fei  ••äUI«»  ***• 

»fi  w*tr ?#*     .%**** fri"t  *****   * •***•-•- •-  ^.=:4i;uf^i   --i**fit 

l--«|     int #-*% ««*•% *i  ••*.-*; i  ***•*• <** 4 ém fe# ei»rl*i 

«   tfe.fc«*.    *»*l4l»«   !•••      **&   »*   l    ^»i«*!   1**î*"|   %**      ftö^* 

#«,§, • f  ;• **af*./t   .-*r*    -   •   * HJ*%«u* > V l« Ici« 



' ,• * í 

k*"'»f*   **# 

v*-. 

„ *• 

•s   I^^L."^^   ^ Hap ^-^ ^nff ^jgp ^f   '    / ^ä        ¡g-^, 

t - * * •     J 

•    ? *   -vci¿ :.o»»f! co*i  1-..*   i:   I***» «*M«i:-vt c**; 

VOfciftlófi     ».     tív   .vín,   i    'äüA^,   -¡WS   or«:   ì"nì%    -—Mì\ mcttirvC i 

IMI lt# ft f!-îî ;a.i* 'wu ri  rov^J^fö^  :•„ .;,|i*ter aro a'.opfc-.-ù 

«t-leJi - *f MU .'J  -•?%*.    -Vi.*^»i  ''.v  vtl St-  • i A ."urani rod condì- 

%*4»'l«t   i*«. ».*«    * t 1* "*<JIG í^. ••h.     { ."    ì.ì'i.<   v,í ..  ''deificai   t'itt inn n 

mé  ^ík'.ñiiÍP    .-,   :*al*u   l**uuf   ;tfj\  pJH>bf.'>Î.V   «'lily   fchf!. bociv   -evi: 

iif trjil |  i.%.' *» *: «, %; r» »3 y • 

Ho.,cv.-,   ;. .-.iclctfl v.iî,h cuucî.i..-   involve  tau;»  prob"1 e: 

We A if. j %. "I**.1   *   .ît j*;.r;*.êfu "*;il  prov..a caancic* defii^nad 

ftp trac*, i:  ,:* ..  . j   J Kür o¿.*ai¿¿á in cevics   vifcn eloeiKt  support 

tt.'nclura« n4* tiuf  î»u.i-,;Et  In uraor to  clarify  U*ia r^Uor, 

il» ooeoinöd  behaviour oí" ti;o ciancia  um   ¿no  budy h an to 

b*  tmeutis-.:'--,*i  Hü O rosalt»   of  s;ítcr:¡L.l  loau.  Without   tbe 

mmlyel^ et* w-iü,   in v.y opinion,   dovolopirr; countria3 cannot 

Ê%m%  eatití *•;,. *-.oj»ìly v.itìi body  buiXJii , on foro ir;« chassis« 

.)c 

Tn  OIVíí:.* to oüuain   ime  i.nv 

i'-ictiiroH 

•" ;iv o uà.- :ib lu v;o ig ht 

*Olaticij;f   vi.a  hcK.y  ; na  fino  cuacsi ;  hu".fe   tu bo   produced witih 

HnlfOfB ot.bj'iLv   ,"ju.  .spread   by   tiiU  üi:;tóbubion 03?  tho  tap.» 

tft^ial  In t.'"M  uaüjj? •.i.'.vc.-'dc*     * 

0;'.   '/ta  lv;o conCx^ionc,  ti./  cuiji',   fimí:";ioníJ.  diix-n- 

«lona fti"  tho    "i-);oi-t or t\\ì  U-.U  of tao  .;';ructv'.r.*?.l o ledente 

Of t.OñJ.iriXr,    v. il   '...'lii^iro^ü   pr .vont   "J¿¿Q  achlov jr:.oiit  oí.   a cha¡.-« 



.Mia»*í    of   us . j.í.'tj  r*t¿vnf"lh •:<•* 

.„.-.«;  :,t rue'. u.ro"»   tíii 

.vitti» iíw c-.:iuíialcr o,   ti«¿  m*t cu   . »   V.í.M;, tout     mb';My 

tontly chtaiiiilvt., -.vr.ll ".iiicknt -v.;• c .- .K' uaoo» 

Apart   fi-or-. tiio out r '..i:   -í.-íJLI : ti,   «ha loya of %tm 

ft-billty  uf   the  structure a.1.::.) hirers  iüs  «¿ pro :; tí i r¡&  . 

Kxtrcaoly  fchin st -ucturai ol'.-íent«, ev^üe ^e^e*' compressive 

íüid  oiwariRû   lorsd loo-ily  Oí-   tney   bend outwards en-tiroly. 

Obviously,   :;t,if Tenors,  local   thickening or  the uso ef  aand- 

wich ntx'uc tures can ox tend or increase  the  limits of sta- 

bility. 

However,  a spreading structure has another limit* 

apart from the problem of stability; without  stiffening,   it 

is only   suitable  for the  untele  or distributed load.  It 

cracks  locally  as  a re au It  of concent rat; od forces or  it breaks 

locally on the   uffcet of a tinaile   load* 

With the   spread ci   the   structure  end cercen surate 

thinning,   oui"-  support  scarcely re scabies  the  support  node! 

used in theoretical pírese analysis.  The cross-sectional di- 

mensions  of the support  are  almost   identic al in magnitudo  to 

the  longitudinal disensión:;.   The  auweia! has  to  be   tested 

carefully;   apart  from stresses,  the ao^nitude of  defoliation.'] 

have  to  be   investigated.  In fact,   in certain cases  the analysis 

of tlie  deformation supplies  moro   i.r£ or ration about   the sup- 

port  than  the  rated tuna ilo  value   v'rvxd frequenti:/  only 

approaches  tho  real   tension. 

'~v.e  theory of  de  Saint-Venant  is  not  valid,  or 

only to  a very  limited e::tcnt  for   J.:.-'.t  structures;   accord- 

ing to -..iiich not  too far from the   !';rce effect,   the  concrete 

fcrce  system   .;oa be "replaced viuh. ^1-   re au?.tant     "rivr-r  loe-1- 
,Ä^« -fVom tha  concent rat od forces affect  a considerable 



P*rt •!" il »M •IIMOI«*«*.    ••**»«"»« ubi«* invtttv» %lw <»»I«PW4it« *f f»r*"**- 

*pp«ftT  b«OMIM   î»f   Ihr   If   Ä||M<f   of   Ih»     y^f-     t/   -»«,   -»- *r,„. '<«ft*lt» 

•ft p«t vn.1 J../C.Ì,; :„. t ¿or tcr^i^K «ftd ttoapr**fti<m» Mit It««** f»? V*»n»Hrr 

ilio tbm>r«t^oi*l «ir««« ¿iatrtkutltm for mm ©fwpl«* loai U a«*  «*v# 

•*M  for priBi ..••{..,• lî.^rii  rd  fo.« wpport» witueut   trifttia-*«/ «•   • 

hindered twisiir^r or obstructed bonding/. 

The openly an;  tr,r.r.ii,:r-:,  Mi the strutturo completely <A.m*-v «'• r 

picture rf force di.7tnhii.ionn in their vJclnUy,  mié oonvidcrabU l«v.*u>n 

peaks eri«e. 

In raany easr-s,  the Va^nry of superposition iß n t  valid viithir tht 

limits of elasticity.    ?iio picture of thr tension column  can  «,« co!*pi*.t<*Vv 

re-arraiifrcd vd th the -ITM^RO of the load of the structure.    As wi .-\rnpUf 

we mention the oksnic V^nor ¿rapport Ai-.i/.    It   iß ìcnov.u thai o.; ìcaé 

a clean shrarin- apror¿\, An   tV.s plato of the 'ia^ner support,   in ite 

horizontal   DCKH  tcnojon <-•  P,resB occur,   and the vortical   ettiiTcnrru are 

îroo of load.    With an  iacree.se of the load,   the load of soma of *ho 

structural  elenente dosa not  charge proportionally,  but  the load hechos 

completely re-arrj-. cd.    Tho plate receives a tension load.    The belt rods 

bend apart  from tin.,  tension  or stress,   and the vertical  stiffeners initially 

free of load becor/.c pros.-?ed,   and may buckle. 

The calculation characteristic listed,   lh.> lar^e number of stiffeners 

in the structure  aV  the openings  cervuli 1 y compii oat;: the stress calculation". 

Light  structure? are ^•-ncially uncertain pu^-orta:     their inner 

stresses can only bo determined vrith complex ou-iat ions of many unknowns. 

After having deteminod the   inner 



** •' 

Pi* i%jf -.      t*w»   'i^r*** «F*    -"*   ** %t§     -*»    ***** 

%*• 

writ»*? f^..-i>  -f .W*«   '*~* '-*-•   *,|fc'* •*-*'*****• 

*•*   »îàl« ?•   '»'**'*** ft« :*r*#-*i** *= t** tiïM«mi to 

r»--wat ir *».   ;***.** «M   *-  »U*i«  ***   %   rmmmtolm ¿%è»*» 

ftM   !**•»   #****.** *   -i*1*   ***•  **«**•   !•**• **   frali*» 

u^a, ar» «*t4«*^aiAft'*r*tf »-•»H»*« ©*#%«§* laa* Ira»» r#aj»IPi 

u ri ««reni & ~. w torni taaatr-***!***«  'Vt»*M» »ya**»»**** «# 

..l*'f©*wi,t  ÎO*-«» ì^^-44" **•   -»IMT*^*  ift* *t 4»;*% !»**••   ^*   »ria*i#I» 

«•   um.if-poftltli.i -AH '* *•"« -«a ***W ****  •* » w'rf u^%m4 

u, t-r.l for ti* -• U**^ lií vi i•».-*• 

Miiafi/,   li*;»*   ¿tr-«v..4f *«*#  a«*-:r«%4    4M» 

ftacui».v  • tei*!«I»u. a i9   IHíMí   v«.*;*  «y-****».¿t»#Í*§ 

cuapiox  ttíií.il«  i-naljf *i»u 

Invol intarli^  t.*-« ttu»eii«ft« ufe* 

v. aleni at leu.- \„v*. lo t« enrrioâ out, tWitef ta** *#• **rl^ 

#ill«    ano  t .*.-fi resalto let  o»;i% •« **•   5 6*^l©«4l4*t« 

Ali  thrao  quuotkm»  h«¥r  to i**  fcA»*-»ra*  4A tna 

affi »attivo* 

'rLo j^t  ai-,  fur truly íüJM  - tritar»-*»  w 44 *»aly 

ba achlavoà   v.ibu %h& ìm¿jrov«««nt o:  tu« tonailt mmiyti« 

modol, urta,  u-.irorSuimtoiy, \.it;» ti.«    : il./twy <:*• "lwxitj 

oi tiio    e; Illusione.  It   ì«ay bo :%^i.. JÓ ttoat !»/*4»ur«WfcK» 

alio ulti be   i,:;.ou  ins tu uà Ox   the  ji>nj>?.c:  e aloni A» io i. ut  Kanu a» 
mont ally ,     . .    n      .      ,   . 

• •i.,.i is incorrect;« ÏÏ-nui.1:--'Wie f^uuur «^ntt: rjr? 



d***   . -    *.#   -   «Miti**»•!# **** i**  w-*r "fere*4 catèti« 

Î4teg  **• *•»  «rmrt  -«•  ••*» t '*it-'   ¿%m  **il ^-«#t#t*i   -It** «to 

##*%i^#   1*4?    t»'#f   'At   4*jMfc* .7      II   It*      •   -*i%k* * *•* 

t<»*t9  V«ti #* ti-«   r«i* «t   «i«««.     t   %9m t«i*    •% ri*    ti? •? 

**• fe»«f  It* «f*i%|«t >.«.<* **•%«• «nf *#*   ¿i«tr4fc»ti«n« 

fet«t «•*»*•* r«iMMM* **«*•% m t»ft m% #f 4«a«iJt»*ftiii»A 

m mmmamim^ß 

•»***•?*• *i?4>tifttwi-i*a* gr« mmmmf lu tr4»r te 

il» ii»M «* *r**t i*«*, i *ift.fiui«^i*^r ¿r »is ta«*% i« 

k#   %mmA   ¿f**«***,   ÎI»çï   J#*  Ift*   »**1¿^k  l'.iaji  flfi«i   U*   Itft^» * 

1%  »tr«##» 

mm%-êm^mê pi n *e*$*i *i%l*tà «*«ijMt*t¿ tum •» I* â**««*«* 

tartftâ »>»r«t»N4 ** «»--f**«**»* M»--*«**,   -* 4« •** -'•*! *'v 

tft«  MtaSvir   r      :@.4I%   i#   U+|«   «ft«'    t   «*r*l*   »II«*  <»«f»v «**!•*..*' 

•»*»4U^* *#*. *t**|»t|%" üMI it»> tn% < **4^*ii»f *? pm%mmt-i^ 

*liâ«fc »r4¿!-  *•>  "?•* •«*«r«£tttrt<w.  ¿«r* *r*el#* #*»r »tw» •»• *. 

tMtetl* ©at,!*;  i|*:*-* «¿MI m^%g^Timt       4kî-h  _m~m i-tHêlî'*4 . 

.*% a* %it,*   IMPS«   ôl^î-lttt    -   i t--i   *-i#f* ««iti»*   , \h<¡ 

•••1*1 •*  h#      *i**i«cii«r--»  v«^9i • • t>vh»¿«~.*r>»¿  |A 4* ^  î^  -. 

§ifM»*ri»i»i   :*4j*»r : *• *%B  in il»«  "Aie«*:, ; J*****  fi#r%f%i*- ,   %;* 

•Asi**«**!*!,   ^r*!*?« I.«*  it lut   *|-~ >iUI*Hl **>  *   -*•#«   -     -w^é 



1 i • 

«v*t   I»i   »<k*  •*!•   I**  »o****l»*r   -"*-•••       v*»***r*.   tfr.-*| »f   I«» 

- ? 
t 

of*«*,;» ooUU'*~   W ##I'^ ifc«  *%%vt*- «•»*•&   ** • %?#* rtftioo 

I^í   Iha  »U   '•• ".rHBr«   **  í*r   -*  i#«iMtt   «i««« *4t-tÍ   llív» 

, «ftalMl   - **   .all-»»!*   tö  «#ft*   *  r>   o«* -t 1-'i*»*  *tv**l**-   'lie 

ü«t**a'*lt*.*í »».* Ww **i - -mi  *-ï -A*»«   ni4ifc »f ?•*-*•-% i»**    ir*.*«^**«! 

ti»   uro port ion c*   u» ;I«I»íí4I  i»»« .*****  r«* r-ir.p«ifti« % *o 

to  tochnoïf».,lc*l §©t*#*i©e%   *..«*•* te»   ^-4«**-*«• **i   --  *• «# 

accurni»  bul  t***'»  oa«iil*  ü^f*-       *Mo     <N|#1   ;^p  ••   i^^tiun» 

itOB   ttXpcdiSAlf   »4»««    "»   CftlOtftOliOA   *%1   lo   *0f<t    ftOV ¿ •»<• 

thtJi  tíi«  Ir* i  i al ¿Aforo*! loti «,;*§ tí •«!*€   tfc» ***0wl.-4tio*a» 

9htrc s.,c*tU «• 4r*o tili lisi* fcot*oor.  tè» «--41 

vio^s? Îh3  *>rov finita l irli  $*$**'* ** oafljr *»»t»ri.i <**o|o*aol*9 

with ft sr>ov.-iwt :# ci  .*oft «c tar^i? • «%«?--«! m*"••*«*   4-«  o 

provaci -<-icultlion av«?**tO<lt   a  «&:%   -o-urei*   ofi-fOl   .#>• -*l*   »•• 

aoloctucl  UTÌ-.4 ti,-?  oor^o« *iw«s •<*•»  c0 4«eotl*o n;   u*»  &#•*! 

donatontJy  a*-\« à ¿1*%   :aaav;««f  f tv» lu»   »i «»l»,   t« if--- mw9 

cor{>lici*¿odt   uiw folio 1* In«   ^#**,?»t    ovola^vafi* *•%   *% i#«ü<n» 

tua knowiodso«    Boaro* ¿r,  I.»  <;t«»»tie*-  **#   &fl-*o --^»%Mir 

tlioro li no rula of abo«lu«e  taltv«?   i©#  tita *-Í*#tftO» 

of the «K.ei. ?Ou*%f§  Il t«» »* nov^.l -  *i»t«*  i*,*i  u« Hn#l 

qualitativ ~1./ • ril rofî ¿«¿tu t*-.» t»»h»**i»«*- a*  ito  5***01 

0tracturo* 

If  th» »tfallo 5040t  §í  líi   Vollöl« H** **•*  40lori* 

ed nccoiMir:M  ;^ il;*  *b<*e b.«|o *>r'    -. *!#«, U  ***#»   a #ftsn?,# 

uci taut  In i!-..  .vi* e?»-   .* #t^»i«i o*  -    tf.i  4*4    t  **-.  tt^JÌ 

HiiUabU tor •  - irv«títl;-^ion ef #ü  «o«« kl*;*» *ro oo«ola 
utio'd for v-   i.,:j »e   « :¥f»^   _j   . r    ^ _|t       rt>%      _ 



*   ••     1,1.1*    i 

i í*t «i» MI 

*•  •"   fc'l»-.      '%   -w ..Jf      4 ah   hl.,     .      . •   .. «l^Utiy   UUïMS* 

tfct tel '•:•*«   »i   t ^ r« i   iiv-^it»-».  •}.,  r:t/%te  oodel   lu 

«•H«*«**.       roll«?   - y. ;#fc   -^otK'.sàv  i aiT.j^aitw^t  cùo /jLvon 

0*4*   **iW.*r«.   I,    tu-   v..ir*tr  U.    „,.UiU«n of  tuo 

i¿  r **#«!•» 4 iß *,ic.« rt  «îàt   îi.imû "CíIHIH'.TC" thaï!   it do ..-a 

•voi.  r-   «aM«  Uo ; H-.»   -^.ii   ,uvt-l.    at^t  o/ tl;e rüQj> 

•iMtofsu   .1»  v-"i^:iii»   o;   îho  ~c-«c.» eu: bo  ro.-iàily 

i«|#á# fer #ia^î*i,jt -%a « t,^ »*â*.i «h«r--le. 

If to t¿*  s:.,.- »-.u    U ravir j o.  ih- bua tìm coup- 

Is •<•• o«t*<ri9   ti«  r^rr«  f actor .i ¿¡iloh Inaloale  tue i\-ei¿:lit¡a 

«f Hi» fH»«M«i,-rc,   i. laorwi ohvlowa  t:^*, th», eitóire,  conplo: 

•fot tal m ,*rt  vytf«*« /n ,  .v €e   ^  m.jolicd ¥.1(ito ft sitm]tlr 

»tt.«4 ft-rt   «trtutM b   -* /^«ütl)   • tth * beau of chwi-- 

ri£Ì*U?y/t »MUí -ç oo^-ca for Ito wj-ijn forces» 

»i  lo«4» ^  »ir«»« UotU cn Ilio cr-rrie/;.» body,  our soàol 

U  4*Uro«tor*.   !*.*%  %    i ^ u« bjn*,¿?.u   »-r-ator,   thm, 

oot«t*l IUJMN! I» Otilia «e retala &«r*->ur-J oloci-nta cor 

a* iM^r bo a*i«rw.4fdf e, , «lrottiy • i».s the h®ip oí 

tè» ffior**¿M: fi*,  ih« ••*•<>»».action» ri- o^rlain boaij», üur 

n*íf -«iMNirosatil» ei   VìA ma-it-v' body clearly 01,0*1;. • 

li» •--^^»OOOIIOM wf ti» bo*>   -Ha r.ot  «von rooala flat; 

torito oo*oi'.„,  timi loo %vo«loa t*orl%.u fro« the andini; 

ooi *-•»***# llaoorly  «4«n<¿ tàn li-i-ut ©i tlio fupporl 

»i  t« foot It Pttta>  cboa-or. „i„n§ coverai tlmoo 

/Ito« ¿eO/t 

A toro IM»ronfiti ?w*i}U¿*t4pn Oí %im oooouroœnt 

iiooBlto lo« »ft itm rooo*mu*oft ti*%  UJI iml|  mitaed 0f m 

«4t;   l*     _tttA_   ë    •   >4Í    ^    te    c^U'^fc] - t#r#» rrí*: li'X  ru •.*>•«*' 
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cyjG:;;.K   a uo-callee  hln^ .d cornee sieri .iu^.'ort   lattice   /.',,i;:»   ; * / 

which consists of  separate  longitudinal  ano cross  supporta. 

These support elements raore or less well  -lollov:  the  thooretic- 

¿ìdequate v/ith the exceptioi] ci' une cur:.vd passages according 

to the Javier equation, i»o. if coco oi' the support elemente 

are grids, then tibe measured rod forces satisfactorily aeree 

with the calculated values. 

Mostly,   however,  the  total  of  the  bending stress meas- 

ured oh the  longitudinal  supports and  side  .vails  in >-lo  % 

less than the total   bonding compression measured en the  sarao 

cross-section.  This  quantitative deviation -  always in  the 

same direction -  shows that  whilst' the node! fjives an  accur- 

ate nayiitadinal picture of the play of force,   it neglects 

some effect - support e le tant.  This reelect  12e ans not  having 

talcen into  cons iàer .et ion the vindow area end the roof   structure; 

nor lirvc v;e considered    tint   the  tv;o   louait udir.al  supports  and 

the eentro  line  of  the  two walls  aro  noi;  in a  plane,   but   the 

centre line  of  the side walls  is considerably  higher,   by 

approx.  4oo-5oo  .-.ai,   tnan the  centre lines of the  longitudinal 

and cross  supports.   As a result  of  the complete déformation 

of th«  support  ¡jrid,   a further secondary  load occurs  on the 

support  structure which the   primary  calculation /neglecting 

the load change   as a result of the  ucfonaation/ cannot   take 

into considérât ion.  Of tho two omissions,   the   influence  of 

the window -ine  roof structure  is rcore  important o  The   priaary 

calculation, can  talee  into considerai'1er: /Fig,  4-/ the   import- 

ance  of  the rincov/ and roof structure,  hut  the nancer  of 

the statically  r.on-uetcrained amount s considerably  increase, 

and tho  equation systeo for their do*ordination beceno con- 
siderably  rev-/ complice jed,   and to   -jclvr-  it   is  ext-en-Iy  e if- 



-cu.lu   : v;i' . .   -;u \ j... v u j. ;. : LI    -;;U .•    0.. u'l.Lro vn 

lac ¿or::.   ..:•_•-•) .í"'U"j   it   li.   n:-:p. e/: ont   in    ::—.:e   \w?.h   the   invu.;t:0- 

at ion of  ii:o     bonding lead to   tho  or:.c;i:;;.»l  ,.u¿d  simpler sup- 

port;  cria i'o^új ,   .coa to eersioer  the efJVot  of   tho  v/inclov; 

aroa ano  ùìTJ  .i-ooi'  ¿"¿ructure  e;:-   a s.w.cr,^..-  correction.  The  oi¿'.e 

• v/alls  Gear.: to  be  Liore rigic"  v^ujti f'ierr.c.u  froin the  ; :0 o metric al 

dasa because  oí'  th_-   presence   cf   the  wincow  and roo:C  structure« 

In consideration ci  tao  usuri   noasuroiaónt relations,  we 

carried oui;   sr:all-sa;n?lc  tor ci;  ¡;o assess  the of foci;  of the 

increase of rigidity«, 

In the cane of la«tice  structures /which  is cost 

frequent  in the  side walls of busos/,  tao roof structure 

results in an  appro::.  lo-li> ;5 increase  of rigidity  /Fis.  5/. 

Thus,   the  support  lattico  calculations shculü bo carried  out 

in the  equation v;ith a lo-?.5  % increase fcr the  side walls, 

instead of  the  ratea rigidity.   As  a result   of the  calculation, 

Obviously  tho  side wall  oi  tho  bus receives a .jreater partial 

load than deduced from the original rir/ioity. 7'ich  tho  lead 

Obtained in this way,   irrespective of the  support  lattico, 

the importance  of  the wiraow   -area ond the  roof structure 

should be  investigated.  The separa-:«  investigation of tho 

window area can be carried cut in sovord ways,   depending 

on whether wo consider tho upper e?vi oi   the window column 

suitably coppressed and rigid  on the  roof according to reality 

or whether wo visualize it  as  a hi::pac connection.   The  two 

types of ¡novels exclusively  influence  tho  load of the window 

columns,  the  entire  xratno support   1:, insensitive  to  this 

model variation.  The two,   tests,   indeponcent from  each other. 

lead to  simple  and readily solved o•-;.•• a'.-ion sysfor.s;   true,   t;,-t 

because of  the   inaepeadent  soluuicas the compatibility con- 

ditions do not  materialise with du- ri:;our.  However,   ti j 



theoretically   rigourous   solution ::i;,c   IIJ..:U-cts   t;J10   coeonuary 

phenomena,   -*vM. the  unsatisfactory  mat -ri.-.. 3. i ¡¿ai. ion  ox 

coupât ibi l i- .y   la secondary  in practice,   trac  identical with the 

calculation or-ors which  tckc  into  consideration the contrit), 

ut ion to ci-vi'or.'.» as i on a 

We  have not  mentioned the contributory   effects of 

the door s  located on one sido  of the bus which thoroughly 

distort   thus  hitherto .satisfactory  piotare of the  model. 

Luckily,  however,   tl.xj  participation of   tin doors  can bo 

followed  well   mathematically,   and,   similar to' the  window 

area,  with separate  calculations,  bat  duo  theoretical rigour, 

• their influence on the force   play of the- structure can be 

determined«' 

The door opening located CD one  side  upsets the 

symmetrical  relation /Fig.  6/ of the-  structure.  The structure 

remains  symmetrical  along  moot   of  its lenita,  -ith the ex- 

ception of  the  door.  The  calcul ationn  of  the ce  slightly 

asyametrie al  /ipiasisymmotrical/ supports  can be   traced back 

to  the  invest ir;-"ï ion of a symmetrical  and a G eparai e  inter- 

ference  support» 

The hinged connection,  simple  support  lattice model 

designed for  bonding,  evades the  twisting load  because of 

the hinged  connection,   i.e.   the  model  is -instable 

The real bus body,   however,   ih  able  to   take  up 

the t'.vis tir 3 loca.   In fact,   accorr" ir g to  rue a sur emani; s /fig.  ?/$ 

its twist in¡j rigidity can reach a considerably high value, 

JtG = 4-8.lo9 líof/cs*. 

\\iì have ascertained fren tao measurements that 

the epplinatir.ns of  linerr acciiani'jo a^o not  valid for the 

twisting  loa'"  of bucos,   i.e.   the deformations  arising are 

not  proportional with the-load.;   a moi-e  detailed  anal-sis of 



í-llü    fU¡,3    !iCu     .) ;;,,' T.;; 

*Av~. ar¿' ,    ft  -*-vHMAfcp9  n^^r 

it   in düüirr.bl..;   to  coMaic-.:r   Um  bc^y  i;:   H   Ui ¿f>-ral 1 «4   %ubul   : 

• • •': -»'r  ' "'•   ' ' " ' ' 

internai furerà 4;;¡a«  can  s-  crleul .* *  ï ; .>%* '-.«dreM,?-.; • .„. 

at ion*.   »ÍÜ-..-CVC-.»,   t..,i t^L.-v.-rJlod tj. ..1 *   . t^iclur* ttv »nly 

bo token ai; * ruu^:ii a4>. roi.ch,   ror :: îW.-al  r   ,.H>a*i 

I*  The t.iciirr,  ].i\" do.-,  r,r.t  . r       t  tí¥   „^ .,     t 

the  tubular ¿¡-ructiirö,   bu»,  nt    .«v-«Ml   im -«.-,. 

eroos-uoctioìc»  ilo penai t^ -î:  ti,-   Wrr,ismni   -, 

•     • auaperaien of  Uio   -hool.  Ir.  ,-,...;   rtl  ^mmff:i% vn 

.   section data»   nn impeded t*i#t   :*c*mlt-  üirt* 

of a clean f/itt,  ami so í« t*w  ~«Ma-Mc-avr 

. • •_ ce mora of  th.   bua whisi* c:*  N   ^r^wotùà  -.©i .. 

;.;•••   '     •      0r le3y «s a r&alellograi., MdUloíii nanna 

'    * ' forco;;   irise, 

,   2. The tubular structure ia  U-kS;^  In a* •*«*«»» 

and doorc,  consequently,  in t,.—« immisi 

insto ad of  tao   cheering pi-ose-jxi »nisi* e*n |« 

calculated theoretically,   it   U   »«e-m^ry  tr  i *rt 

.      y up the tv;iatin;.;  loads cri   .'nawiim fr«« i*  m*   , 

torcos throut;/! tho befi.;ir.¿ c*í tie «i*îi*« ¡a» 

/the door fracy,  This  ii*t TIäI  ¡wtn   .Uti-Hu' . 

ia r-02-'ly at ut ic ally inict«r«ln*ta» 

I*  ?hG croijí] wíillíi,   íneln-;;.r»;:   «;&*.   of* »sili»  <H   \f 

. (      bue «uffor do-roraatlon lo a ctm:*4tf>fti4e ©«tut,« 

as a result  of tne twining lo:*t   h**».* it* 

tóapo holding /croti-ti-ct ion tuie ini;/ «»r «h» 

structure  le  insnU3f(.j«^«y»  Win* ct-aplet« 

doforirat ion  ^•-î'.;i;urùftei.,.:\   in   -•.    H ion  •. .   %<& 

filowins of  .îu:      -,     u..     .,  ,        ...... 



f %m    'i.   -  — *.*• i**., ..:, iti,   :OrV«Hi» 

èli   ta»**   *»vi*ti»"c    .<*<»   •,.     ,Ju 'UfL-nt ion  of  tLo 

til» m** *f |«# trait  t ;u*tit>;.* 

Tfca tuaular -*tr»»ît» r.- .a©c*l# apart frta i«§ Oui 

lata wail  arrara «p*i  -svalaito« <*aaa not completely eon£oj?fc 

t« raat I»«« tuvinr^i t>*»ca-'.-a UM lor^ltuclnal anu crono- 

• *^l* arta  -%-    oc^lala  la» : » n racha .vi.  ro ...Ov-t«-ly neßlecto&g 

vaara** Ululi* **** taiauiaj rlgl-ity  U v-*ry cutiüidnr.iblo. 

/Il« • l~5*iV *«f/a^/. 

€»«ci4«rfttla% af :.h» I wis tiny ri\idifcy of the bottom 

fra** «né  tit« tobaja rack* e tic«  tu*«  ríat'.o  calculations v~.vy 

¿tffiault* TI» rifara» iha Ci\l'Jul*tion ¡¿houla hv carried oat 

la ta* ti-*;•«»,  »i- il«r to  tí at of ihe -vinciov; arca.  It can 

fea asaua**  ia t».v calculation that tho  tubalar r.ot-.el of the 

aa*y   «*. *&,- a« ita* rtruct^m distribute  tha complete tv.ist 

la««;  ut -'rvpariioa I» t'-alr twisting rigidities. This  suopo- 

«íllott •uaally «ìo#a i»o*.  aatiufy thb conuiïion^ of competi- 

âtttt)   far tft« .-naia m*  ta».,  «tructurc,  buû  tau cslcul:.\ted play 

af farea aen.orba »î*54ar;|yi,y  «¿vh *;hi.  ;.ie o :; uromante. 

fer t ,a analyeli Oí   Um ¿'Oif-lüíid of the bottom 

st fi» tut» i t;i« auppart lattica Rut,>o»uà tv bo hin£od at beiiò- 

l*| l*ajda ì   * ta ba r§§>i§fl#<l by G rl, idly co;\ziactcd support 

Ut tice. 

Taa aaapjpttalta rigid ©or.« et io» rsíloets the play 

af tv?** «a. # n#etMrat*#i.y tu Landingf too,  but tho difference 

tt, IìKU  bai"««!, tha twt Bo«.ol;i on i\;nùincf  rhoroas tho dii'- 

twr*mê la fiUMo&antel ©a t-.íij-.ir^,   i.o*   1«  transforms  to 

t  t'UUy   i-v. fi liUl     ntrue:;^«;.   ;.4,  ,;l-..uic  crdcul^ioa in 
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suoport    .rio..   • 

•í 

•loe   ..o..'   ja;»  co:; jro:-;Lic.>-...•!-id  correction 

/over,   for  ^ae calculación of rigidity  con- 

ditions  of  l\x-  bottom s i .-uct;lire ahieh occur  in buses,  rc.dily 

of inter-no?  fc_'C?s and  tra tiaßnituua  of  impeded twisting  IZQZ^ 

important   for tu   tendile condition,  car.  ;.o easily  deteruiiiea. 

It  should be  ;;crt iorcd that  covered details ci tiio 

play  oc  force  aro  ur.clarified in the  investigation of  the 

twisting load. 

The neglect of'this  topic has,   of courne,  other 

objective re aeons,   apart  frora its co:nplo::ity.  The   twisting  load 

.in the   operation of  ths  bur:  is less- important  than the bund- 

ing lead.  It  i 3 only  in por tant   for buses v;hich run on bad 

re ads o     The  ¿ce onde o? y  ir.-? porteo e of  t/i~   tv i c ting, load io 

shown by  the fact   that   the  tv/istir^ load rdich belongs  to 

the  5-point  support  only  occurs en extraordinarily  bad roads, 

through the  simultaneous  dia¿;onal  lift  of  the  two axle a, 

taking   into consideration the sprints  ana  the body rigidity 

of  c-hc bus.  A may.»  25-^o % cf tbe ma::,  twisting load can 

occur on the roads under consideration. 

The determination of the inner forces derived from 

the inaccurate matching of the chassis end the carriage body 

oan lead to  «-,ry  interesting static  models« 

For a known magnitude of manufacturing inaccuracy 

or for  a consMous assumption,  the  use  of  a hin¿?ed-conneetici?, 

supporter id node! /FI3.  9/ is  expedient  for bending. By 

knowing thy oscurate dimension deviations of certain connec- 

tion points,   separate compatibility e-uaticn systems can be 

v/rittcn  up for every one.  Thus,   the   intornai forces  can be 

determined v;ith  the   superposition of a large but  finite 

number of cation systens.  SOQP of t>a equation ryfc-eaa 
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differ only   as   te   te:ir  load  i actors$   T'-'.u:;,   they  require  oui.;   a. 

single matriz   inversione 

This  direct form o i' the  task needs no  further 

analysis»  A rr.uch nor o êifficulL  nue a. ti en,   MG  f.-r ursolvnbl^ 

in practice  aita tìie evistin^ .voue is  i>  she taoK of indirect; 

variation.   Let   no compose this  indirect  task: 

What   manufacturing  accuracy  and what   tolerance   "fio la 

has to be prescribed for tho  ¿csiariini" of crias aia and carriage 

bodies so  that   no greater internal  Toree  arases in the body 

on incorporation than that, radulated by uta« 

The  difficulty is  that  we  are  looking for a universal 

prescription for raanulocturin^ accuracy which determines an 

identical  to?.arance field for every  fi;: Lug  point  because  the 

technological  properties do not  permit   a difference  betv;cen 

certain poinds;  Moreover,   the result G  should be valid not 

only   for one  type of bus,  but, in ¿renerai  for  all buses with 

largo chassie*   As a final difficult?  v;o mention that  the 

components during manufacture are not  produced for the centre, 

lower or upper limits of the  tolerance  field,  but  they  may 

t ali e  up any v al ue wit h in. t he  1 m i t s e- i t h e t o lo rane e r cn ¿e, 

end  so the  entire  indirect task can only  be approached with 

the methods of probability calculations. 

These viewpoints lucessitan ad the development of 

airapler and. :.;ore regular uiodels than  those used hitherto» 

The model can be ainiplified in two stries,  First,  v;e consiac-r 

the support  lattice  used so feo? as rotular,   i,e. ve  assume 

.that  the  longitudinal supports  and rigidity of the  sice walls 

are constant  along  their lengths,   ve   assume  a balanced cress- 

support distribution,   end consider th-.; rigidity of  the 

cross  supports  to  be eoual.   This  sort  of  simplification of 

the  model  r:aber the  use  of  matherr&U -.-i t   i.G,   djff-r-n'-î-1 



ecIM 1;i.on::,   po:;--ibl-a   to uotorniiLj   tho   internal l'orco:],   vii;: 

âiiforcnti:-.!   -ouation for  the  re. al  etraet-uro  ir  a para- 

metric,  fou/tiir-order,  depone oas  linear equation;     mero 

accurately,   -1  ciri,i! eare^i courtier, ^-'e^o ; \"':P;-^  r\-: "H'q 

can by  c o »J pounded  by  solving   thu   separate equations. 

ior the established values of the rigidity relation 

of the eross-eupportc and longitudinal support elements, tills 

differencial equation can  be reduced to  a second, order one, 

As    riarde the   puro differencial  equations,   they 

forra ally a^ree with the flexible  support  in the  foiu-th-ordor 

case,   or v.-ith tiio fixed  support continuous equation of the 

second order, Katurally,   the  ri-idity  of thin  artificial   Lup- 

port    «itj-ses v/ith tho reciprocal sura of tho rigidity of the 

longitudinal support;3 /Fir;,   lo./. 

If we  consider  that   the  solution of the differential 

equation for more  thon 3 eupports,   scarcely diffère  in practice 

from that  for an infinite number of  supports -  a considerable 

simplification -   the .abstraction of the  model is   even r^oro 

conspicuous. Ilev/bv'jr,  this abstraction in necessary,   if we 

wish to consider the static  distribution of certain -.anufac- 

turinG tolerances. 
v 

*•  Problema of 3tat;ic  calculâtiona 

In vehicular structures,  v;e  usually deterrd.no tho 

play of force by  force methods as tno -.incortainty degree  of 

the fltructïïrn? is  smaller than the  ri-..iff of  the multiple 

function.  However,   in the force method,   the setting up one 

solution of the  compatibility  equation system involves a 

¿peat deal of tine,   end this  ;;roatly depends on tho experience 

of  tli3  perso;, who  naJ:es the calculation compared with the 

mobile  system' 

In mechanized calculotior,   the reduction of ' tira ie 



needed   ror  the  calculation p:.'o<jr;u.-.::.._   i ;: a  a„r  'e*biua  or 

possibly  e r.ioâific !'üion o; tla;  ealeaU'tiün vaiich L'::¿wa  the 

use oí" an Cristina, nro<eraiu:ue  possible. 

There  three  eroblens  /so'; t irr*  w^ 'ci-.''  epuattor  r*y*^^:u 

its  solution and  tac  use  ci'  an ex:.:.;.;Lre$  prorratas»/ aak9 

equally necessary  che   i .iv en ti': at inn of the fundamental 

question of  the force metaod and the  selection of thn body 

support. 

The body  support   is usually  talcen  in practico by 

a suitable number of assuraod crosscut:* of the  original sup« 

•port,   no tiiat   the  new support  obtained should be     statically 

defined.     Compared with this custom,   in our opinion,   it is 

a necessary  and  sufficient -condition for  the  force method 

that,   for  the formation of  tas  correct  body  support vaitk the 

assumed cross cuts  at   a pi von o/te?? a al load  arm  during  the 

activity of  the  superficial connection forces,   tac   body  suo^» 

port  should not be  laMloo  The  definition permits  the   lab;Lle 

statically defined  end  statically   undefined use  of the  body 
> 

support,  only it may not  behave  labile!?/  at   the .fiven  2o-^g 

A detailed  di sc us s .Lori of  the  uncu it ebili ü;/ of the 

body support  v:uich  is labile   at   a ^ivon external or  sup-ji— 

fluous connection force  is uareccssapy,   since  as  a result  of 

the  load  a support  of this kind déferas  to  an e;:tent  v/hlcii 

results either in the  collapse of the  structure or in    funda- 

mentally    a different   shape from the origina], ~eo¡aetrical 

designo 

We  prove  the correctness of a labile body support 

which remains  stable  at  a given    external load and  superfluous 

connection forcos,   v.isli the  e::aapl'.   /Fia>  11/ of  an 

arbitrarily   selected  labile   body  support»  In the  first  tv/o 

examples,  the  labile" body  support  ce:." not represent   a  *:poc5a.!î. 
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•rtjik,     "i K't^trl io* 

**Ví *i**J jlii»r«l«iy ruo¿«& i«l-ll# UM*  »-itppprt cmf» 

aiuplii'y   vi.s    . ta-*io  v.iivul   «¿oar.  A;; »..*»<   i.,„ *. JIT«*,« 

.Ù: t;u.r     .-.'i.nH J on •..-    v   vo   .;• „M- .:«.„! y  .\^l a.,-' ' M*ì 

tbo  oonví%lonü  for  un«  eotrc^-t  OíJOIC -   c/  t.*    ..udy   ,--ui ;>«*'•» 

but   t-io   '.'clftction or a favourii^l« body  tup'»ort  fur cluila« 

tion teci^ìi^uer nes-dti further instruction::»  ?uu:,»  o. >   Ili  ig 

important,   tant   thj   pl^y o; foro© o** tini  body  uu^-ort  uv.iug So 

tho external  lo¿d  should  "r^uuHo"  tho  reni  ••J-.y  oi   for?« 

cu the eoupatihillty aquation oyotoLi for  aucn .1 body  ¿upport 

is»  gen e.? ally,   IOüH  sensitive  to  the  Jiursoric-jl  accuracy oï 

tho   'calculation.  In vehicular structuras thir, "Liuilarity11 

can be underutood  core  accurately»  The body  uu.^pon, oí* the 

vehicular is true turo possesses the "fundaiutai  • ropJiM.icí;*1 

of the  structure.    The fundamental properties uX vchie1oaf 

*   accoròiìir- to cur invest is-it ione  ares 

1» Single or several axled structural .^yr-j,«try 

2* Toe periodic /rhythmic/ repetition oí tho  jtrue- 

t uro,   and 

5» The combination of the independent support 

systorna of the   structure.. 

The  use of these three  basic  pro pert io 0 li at od 

above,  dcî.-.ar.cs the  ^cnoraliuation of the do fin it ion  iuo- 

tcd of tiis  body  support   an,   c»£.   the  structural  3yr„::»jtry  ad 

the structural  rhythm often results only  in lability,  or it 

can be enuurod -;i«h the uae  of a ethically undotor.ainod 

body  structure /Fi£>  12/» 

'"0 i-avo racle  the work of  uko designer considerably 

eanier '.vit ï: the  definition of the bo-?y cuoport   and  tho 

introduction od  fen» deaianda for "üimilaritv".  Tor cov.nï.iccuu'. 
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Oí]   V^ilìCU   i. v   .  r    L,..-   C-. "-U-  •       ",••      '. • *-•. é^f 

rtut  01" equal   **..ik'   * n  w(",j>\u   * .i«»i'    -à*"   •   î*   ' l«prf''« 

W# a**«     lo kîfi.,  for % lirw.r'i >*í *i*   »«ai1 it IM*  wit 

favour^»!«  '--i; /    .* pi-; i.  t.---'-   . **    »• 1 t|        **     *%-#*<•-•..**%?%!*, 

Loi.  i.r  * m .  U¿J   ,'••'' .* ¿-. .- ee-*;.. çtlon rt*n#i   *àt«i 

m of a b't;i:tlcftliy ffr-tl-;,«;;  k,i * 'ir.it.v    vru«lar« **lt--**l/ 
ss 

oGlecteà for a lo<iy  »m«.-ort.   'i*-- tr»-.  íVU<>** tf   "GT Iti«  «ite 

of brevity  ve n:.:.ll «-„ciurivoly rw.^.i^iff  ;;.»••  r-rwltabt  .»#• 

fonctions duo to by nein,; aïrea»»^, ^at t»w ó-i^ututk  ara 

valici  If ths  ohe"«*irtj ddfu*ä- ¿ioni «l# is for¿»it| *>**mml 

forces,   twisting c:onn.«3cloiì*t §«©«  «mmol H« aa::!*?!««»*/ 

Obviously t 

f «   Fì£| /á/§ t| /•/,  ... i| /P/t  • *• m /ft| 

if wc t&csrk wità g ti»   ¿¿»..«ava* eac*-¿inala M t*#a mp^mm 

structure* 

l^t.M|   K|.....,»4.,,,.,t4    -Mût ti» a.*ar l.*.f .••» 

ín the hitherto vinurj^med .-rosacut Um Vittimai fare# u«*iv»d 

from the  actiii^ ur.it corr.:acti^n lo d -vi :• o« I ranella» of 

£• We murk tue uce cerivi  f".x>a th«;   r-serrai  io.4 oí tuo 

identical  bo ay  support  au  scalar V    /n/m 

fhu unknown oonritctioi* J\-;*«.*ïJI 

ar© glvon wiu vectors. If In to« ¿¡, cdurdinak« point af fte 

support th-j i-iii: ity ia ¿J, ti» co.    .: ¿bility aquation ay s 5 i. a 

can te v/rifcuor. :if: foilov.xi 

Is r jf   x. •Jl«.   3|-   -   9 
/s/ /r,/ 
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/!/# tfté cm it« i«i«rtioe4 •• *s «matt«« •?•(«• bvioagl*« 

a mmr body  «apçort,  fte  «»M of a« «Mir« | of ite 

fart  •tr«i»u^l  «« ciiiwlf •te«,  c«i  b«t   ofcvUuely, *9 

••4 »ta tèi UM of «ittet •matiiia ni or /i/1 

Ite ••!  am  r#l«*¿uA«fai»« o«k« tu,  tr«fcffor«« 

plMtll* f*#* »  «lulle  üwijF  »apport  to • »or» favoart»I« 

Ot» ateh cw: ,# cöü^itw^ « ly*** tr«»*f®f**§i©s of  UM 

•YfflMl  b©4f  »utiorl; ft»  At*»* • ilß»^ %r<UMfo*«»loa bitte»«« 

tei *—* • leUalvslj  tttftwttood »« ih«  tr^ûjiformation of  Ite 

firn ftìifftiHM» of ti» tw« iinterOMMllj^  1* tàat 

taatete of ib« o©«rlio**#d tette«*» itti ooftiiter«!!^ of | 

•i*f>l#  oit|, .ri<OIfc 



It  unii  tjo  s ho v/n  \iiiiJi   it   is  possible   tu   proaiice 

an n-timo a  statically  indo to PLU. ne a  ta^i; from  a selectee. 

body  support,   but  ¿.coordina  to   the  de .finit io na o i a body 

support v;itb  linear transformât ion*   provided v:e  select tho 
f| transforman ilcn-piatrix frota  vhv   OIIìIìì.-O  laaaa  ol'  tno & x n 

type  quadratic   inv ort able matrices. 

We have  mentioned earlier that the   use  of statically 

Indeterminate  body support  is  expedient   in many  casos« The 

correct uso of  the   indo terra in at e  body  support  can be proved 

uatheiaatically«  The  proof revéala  that  the  use of the  static- 

ally   indeterminate  body  support  can be considered  a charact- 

eristic  instance of body support   transformation.  Here, we 

determine the £ transformation matrix from the  original D 

©©efficient of the compatibility equation. 

If 

I 

1 

ill        Sl2l 

a21 î»PP 

I      2 
ZmtiX. sil   s I 

and g1¡L    and g^ are quadrat io 

where | li ibi unit «atri*     A/ 

Aa can bo    easily seen the | D T* matriz, are diagonal 

*ic#M whose inversion la carried out   in blocks, 

îhe asoutapfeion of tJbe  liuerr transformation of the 

statically indefinite body support can bo used for the In- 

Vesication of  th# statically   indefinite aupport  aydtoia coxw 

aeetlon« A ol anele ei, case of  this  in the incorporât ion of fchu 

•rustle ehesule end the body work ol the bus« 

I/'t  ylA    and |22    be  aeparatü statically indetarain- 

ase aupport«. /e«&n ehuusle and e rriu^u oody/ as tbo coeffi- 

cient of thi- co «patitoli It y e*uiitlob# and lut   ua oonneo« the 

two   likie|en-i.*d  supporte wiu*  »uwlnir .'.tutioaily   inasinito 
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/V 
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'«U-. Tno  ,«a¿rij. which ti,,n,3forma caution /5/ luto  A 

,   diagonal hyocx-üal--;.: OK ühu b*:ds of ccnuecuion A/ ûimuaen 

Mio followijij ;:ÍL..p;.tí  foi«?: 
r 

0 | 

0 

B 

OÍ 

O 

..»1 

Ott (M"-reyI,ì- out the ti'-^.'-ioi^iytlua v/ith. t;atrix i,, 

m* coefficient t:-Jrù block oí' the cU^o^ai h-pareri* ob. 

ttlmà COUíCVú:» pruci^iy to Ule c-^UciiUy iiiuctfir.lfcc body 

•up por ti • 

ihis ci« ..hod cari be ejcwcudyci  to Shg d o ü or minai, i on 

of intrida].  l'eroe '..hich origins  fvou ììLQ  connoC»;:LOï; e;' 

ftoi-f than  i,,o,,   bn.í.   i.-iopöiifion',   i-a. " r;  -.y.-.-^-n co.,nomici, ., 

•ttfcers ic ..nrif- zxid  tho number« oí"  flu:  hcsic  syntowc e.r« 

li  2|  3  *,.   ,'^j.,;«   i>/-  Tue  parallel  c.x.-.oir.afcion or tho f«cr • 

BSCtion m:'iD:.,,\   ûûcvj  noi;   iìivoivo   ¿¿»xy   nr.v theo^c-trie^l v/ork 

and the   t¡-,o   ;> ».CKUAVí;¿¡ uonnooüud in ,xu-a.J.vl can  . lv;ays  w* 

replaced L-v ^ uiivjlo connection rjc£;.u..;- o£ a higher degroc 

of indotci-i .... :  t.t. ion« 

•?¿ is rueulfc  is used Tor ta* ^calculation of r: tat- 

ioidly  inti.;r- .binate supporta,   if,  vlurtny Eeasiuwiunt;,   i. 

revoaltìd t\  ¿   „hû  aocAurcwinfcs a„-3 unsuitable ovvir^ no  .u;J: • 
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or over dimensioning. By considering the entire support as a 

basio  system,  the supplementary support elements connected in 

parallel  with the unsuitably dimensioned elements /which 

ensure  tne  adäquate erosa  section/ can be  taken for connec- 

tion elements. By varying  the rigidity of  the connection 

members,  ve can find the cost  suitable rigidity stability 

data, without having to recalculate the baalc system in ita 

entirety** 

This method is suitable for the calculations of 

structural  irregularities,       trimming , errors of 

symmetry and rhythow 

Up to now the elementa of the matrices have been 

•athematical functions. When using calculating machines,   it 

is advisable to dispenso with these markings,   c*nd write so 

that  the elements of tho matrices are numbers. 

Let  us replace  the column vector with m /s/ 

la 

la 

lb 

lb 

2a 

2a 
V 

2b 
M I" M, 

ma 

2b ma 

mb 

mb 
"a 

la lb 2a 2b ma 
n    ••••  Ti 

mh 

octangular matrix where Mx
ka    is the' utility originating 

fro« the  inner pair of forces effecting the    i    assumed cross- 

cut  the network of the holding line /s/ at the £ beginning 

of the passage and the M*b ending of the saae passage* IT  changes 

linearly /Fig. 14a/ between the two passage limits;' 

Instead of the MQ    /a/ scalar f VLDßt ion wM<Ä origta>>. 



aÇes J'rocì   u '. ü -..LI i ili    ¿ -,    '« 

of V    /s/   LIT,   tíics  bu^ii »i:uv-  ,u«ii   au .4 *!'!•• i " 

as a vector,   i.e.   let  ua introduce»  t*« u'irkliigt 

er . .i.ij. lb i a -_b 
•  » • i. 

«0 O ü o 

Leí,  us compile  th«  llo:.ible  ¡»roperfcie« of  *tm 

port passages in a diagonal ay per matrix /üpring aatrWi 

R = < El       & R a,. 
-    Rû) 

where matrix    |L is the spring constant o r £ bo Uli* peasant 

ik = 
•k 

6 M 
k 

'k^k 

lk» Jk aöd sk &re  tbe lengths of k holding peerage,   tht 

inertia and flexible modulus of its crOfts-eocsioaf r#f#etiv*>l 
the 

With help of these 

S = M=i ¥     and è s M | § 

'ietti •»flamine; that only the bonding stresses emm 6*j 

on the holder and that the boncinß  at rasa©j s.«n bt 'USOWUKC 

ed along tho holding  line nenvork to paaaa^uc wniob chai** 

linearly between two passée lioita   .-ach, on-«  that the 

rigidity ci   the  support is constant   < u tho gives paaao^e. 

Of course,   thia nethod  *r.--.i  \\t ,-.: ;eadod to cat©« 

when M co-.pro u G ion io not linear  al«.;-   tho paaaagd,   but 

changes paratolically. In second o/v> r parubolaa,  however   : .. 

is not  sufficient  to Civo the valuob of ¡¡he  inner tube o^ 

the  pasacco  liaits,     but  tiu IIe  value  taken at   tue  lalitaU 

of the pasaje has to bo    given,   uoo /fij#  Hb/. 

-ka 
« • • » » ¿ì» . .•He        t.kb 

•*• 1 •••••• 

and at  th-,  ccjß   tice  the ^    eloqui   ut uno  aprila  Biat -U 
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In the donici of bv-.s 1-oû.v tnù ^r¿í cicateo construc- 

tion thü  t;tati.ct;i u:c;c:iisJ.or.ir.; v1-: il--, ácut-^ví;  .u* very 

important*  rt:h~, bu ..Le ']i.c:'.v. -   >-.r tr..i  .i(-'M r.-ethod solution fo..? 

statically  j.i;«ict;tr;H.ir:.;-tí;  :-i^.- .: .e^;i.  j.¿:   i by   :uüretini;, of a cor« 

rect bar;ie   :/>•.-:>-•;!•» iur thin  ;<o, ¡;oíf*,   4>N.- vi/uaJ   «Ic.fj.iìi-jS.on ci 

the basic  f.yr»:.-•:: wu::.;i".  bo  rov ".e :vc',  v:.;-   •* dof.Uà V-íü.T.  ¿nomiti be 

introduced ci ¿h a v/bior iute.« •'vl^i ;o}j  tvm t.co  for/ner 02*0, 

In eoroe  cocent  the u:*e e?  6*.:-.-\.;íd'.;y  1 p'lüie:'mn<.t t;e a:cd 

inrttoble  uar';xc syüten.%  re M..'«"-'..i V^J,* {   '.i.nuM ai:o bo  per¿nittívL, 

Tìlù  ÌUV.IVM  I: V •/,-.•   fcr^ïl'jiV-r^Ql ;.-..•.:  ci' "Mu:   c^iputibliity   'mtîV: 

equation t-.í:.y  bo I*C\î',ï•j.-ítW t   ü)  f.-v.r-.î„T   e-  t»xj   tr^nnic^uiaU on 

of tbe bot io  s.ys&o.vj /tno  ohü>:,-,o o.-' '.> ^ b;-;.;:Ic n^L^t-ak;/. 

The pcno:--.*i7 J:-..*à.io*i on":  f;";*i;.'..*.r..: ¿7  it-J.^: rn-'.^;nuüo basic  eye tew 

Itaelt H   tho  r^lucyb.»,  </í . Lb.«   î;^;Uù<::"î.   ;••.'; evi;;LU:'-, of  CííS-nl?^ 

JointO-'ibfsaiT.   ;,, iit:„jr.':. /r v.>„   bue  Vxry  I/JVJ   'o.^.t-vi'iv^o/  to   rhs 

repeated uu.l .••,.! at ion o»  "«.•;.-v cle.M<".t;,f;.  ¿r. tin» caco ex « 

lirdled rí.i?:,b:^ ^4   orbo": vi '.   i'.-..!:.,   ibi:,, r-ay  Lo x*c.;<;r<tüd  a.4-: cu 

iDtíírfttio.u co;ir::.sn:i<; U" .1   .'i;.;te /iiubt/* ex* .-iteps:  for u 

generalized •w.'ceJ  lu«.A.   i; ve  ic uo  ir. tarati on *equii^'i 

because  luv b-udin;; ¡.-••¿¿ciu;;; .••.';í;UJ oj.rjfr  iro'^ the  vnite of 

redundant-:'e .s uro ^ivci* Ciào  pivn.^r;.• >••»>  .'¿liso be utilizad ¿CL 

VQàimoneìf>*>:..*> r>tavic*;l..Iy i^cio^erirnv^a otructures. 
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