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1. IN TRO D U CTIO N

T he p o st-w ar period  b ro u g h t b ro ad  possib ilities 
of co n tem p o ra ry  h an d lin g  of p re sen t p roblem s and  
th a t  p a r tic u la r ly  in  th e  dom ain  of engineering  
sciences. In  th is  re sp ec t w e  a re  a lso  conscious th a t  
w e m u st in tro d u ce  co n tem p o rary  designing m a n 
n e rs  w ith  to d a y ’s calcu la tion  m ethods ad ap ted  to  
th e  ap p lica tio n  of d ig ita l com puters.

T ill now , it  is  know n  th a t  in  th e  dom ain  of 
s tru c tu ra l  m echan ics w e have  used  very  success
fu lly  v a r io u s  classical m ethods fo r  hand ling  s ta ti
ca lly  in d e te rm in a te  s truc tu res. If th e re  a re  no t 
av a ilab le  e lectron ic  com puters, som e of these  
m e th o d s a re  s till v e ry  fav o u rab le  e. g. th e  m ethod  
of forces, th e  defo rm ation  m ethod, C ross’s, K an i’s 
and  R osm an’s p rocedures. N evertheless, th e  genera l 
p rogress of eng ineering  a lread y  req u ires  m ore 
ra tio n a l h an d lin g  of th eo re tica l and  app lica tive  
problem s. Thus, w e m u st p rep a re  m ore  o r less 
know n  calcu la ting  m ethods fo r  th e  use w ith  com 
puters.. M oreover w e m u st b e  acquain ted  w ith  su f
fic ien t know ledge of th e  m a tr ix  calculus w h ich  
fac ilita te s  rep re sen ta tio n  o f com plicated  m a th e 
m atica l opera tions b y  a g roup  of algebraic  or 
n u m erica l q u an titie s  th e  sim ple fo rm  of w hich 
sa tisfies th e  designation  of th e  w hole group. T he
reb y  w e shou ld  n o t fo rget th a t  th e  choice of th e  
num erica l a lg o rith m  fo r  th e  solu tion  of a given 
prob lem  is v e ry  im p o rtan t.

Today, eng ineering-design ing  problem s should 
be  th e  m ain  dom ain  fo r th e  use  of d ig ita l com 
p u te rs  an d  th is  e ith e r  w ith  ro u tin e  designing w ork  
or w ith  sc ien tific  re sea rch  w ork. I t  is know n th a t  
th e  ap p lica tion  of co m p u te rs  in  science has g iven 
incred ib le  re su lts  fo r  th e  exp lo ra tion  of th e  u n i
verse. A nyhow , w ith  o u r  m odest possibilities, a t 
least in  th e  in itia l developm ent phase  it  w ould  be 
v e ry  ad v an tageous s till to  rem ain  a t te rre s tr ia l 
m echanics an d  to  ta k e  in  h an d  as successful as 
possible tre a tm e n ts  of v a rio u s  problem s of s tru c 
tu ra l m echanics. R ecen tly  also  in o u r coun try  th e
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n u m b er of d ig ita l com puters has grow n rapidly. 
S im ultaneously  w ith  th e  developm ent and  in sta lla 
tio n  of com puters i t  is  necessary  to  im prove also 
calcu lating  m ethods and  th e ir  program m ing.

T he en tire  procedure  of trea tin g  scientific- 
technical problem s com prises th e ir  form ulations 
and  all phases up  to  th e  in te rp re ta tio n  of resu lts  
w hich m akes u p  an  enough dynam ic system . T he
reby  th e  fu n d am en ta l w ork  and  th e  m u tu a l in te r
connection of th e  calculating  ac tiv ity  is p u t in to  
th e  hands of m a n  — th e  searcher  and1 program m er, 
w hile  th e  ca lcu lating  and m em ory process is  tak en  
over by  th e  com pu ter itself. T he division of duties 
betw een  m an  and  com puter res ts  p rincipally  on 
th e  crite rion  th a t  b o th  pa rtic ip an ts  be best engaged 
and  also  best utilized. F o r clearness of th e  en tire  
calcu lating  procedure, w e p rep are  a flow  diagram  
w hich show s th e  p a rticu la r  calculation phases and 
th e ir  sequence. P rogram m ing  is th e  p rocedure of 
tra n s la tin g  th e  m athem atica l problem , fo rm ula ted  
in  m athem atica l language  in to  th e  language of the  
digita l com puter.

W ith  the1 developm ent of com puters, th e re  
ap p ear vario u s program m ing  languages w hich in  
genera l a re  v e ry  sim ilar. P robab ly  ALGOL 60 is 
m ost im p o rta n t fo r  engineering and it  is officially 
described by  tw o “R eports on the  A lgorithm ic  
Language A L G O L  60” by  Backus (1960) and  by 
N au r (1963). T he nex t, m ost w idespread  in  A m erica 
and  recen tly  also in  E urope is  th e  FORTRAN 
(FO R -m ula TR A N -slator) language, m ostly  used 
by  th e  IBM. F o r special problem s of s tru c tu ra l 
m echanics, th e  M assachusetts In s titu te  of Techno
logy has e labora ted  a p rob lem -orien tation  language 
STRESS (ST R -uctural E -ngineering S-ystem s 
S-olver).

These languages m entioned  ren d er possible the  
descrip tion  of engineering problem s by  principles 
of num erica l m athem atics w hile th e  transla tion  
in to  a  p rog ram m e understan d ab le  fo r th e  m achine 
is m ade by  th e  com piler of th e  com puter. The user 
o r  c lien t fo r  th e  solution of a given problem  have 
usually  scarcely an  idea w h a t i t  w as necessary to  
do in  o rd er to  m ake possible a successful use of 
th e  d ig ita l com puter. F rom  fu r th e r  deductions we 
shall ascerta in  th a t  th e  au tom atic  calculation of



dig ita l com puters w a rran ts  besides a g rea t speed 
also th e  accuracy of m athem atica l operations from  
th e  p rep ara tio n  up  to  th e  fina l results. S im ul
taneously, s ta tic  calculations m ade till now  prove 
th a t th e  use of com puters re su lts  in  g rea t tim e  and  
cost sav ings w ith  reg a rd  to  classical m ethods.

2. GENERAL CALCULATING METHODS

F rom  th e  defin ition  of a  sta tica lly  in d e te r
m in a te  s tru c tu re  i t  resu lts  th a t fo r th e  tre a tm e n t of 
ind e te rm in a te  system s w e m ust use besides equ ili
b riu m  conditions still add itionnal conditions re 
su lting  from  elastic ity  of struc tu res. T hereby  it  is 
ou r ta sk  to  obtain  th e  resu lts  requ ired  b y  the  
sho rtest possible w ay. T hen w e determ ine adequa te  
dim ensions of s tru c tu re s  w hich satisfy  th e ir  c a rry 
ing capacity. S ta tic  problem s of inde te rm in a te  
s tru c tu res  can be generally  tre a te d  w ith  dig ital 
com puters by  th e  follow ing calculation m ethods:

— reduction  m ethod,
—- com bined def o rm ation  an d  reduction  m ethod,
— m ethod  of stiffness m atrices,
-— m ethod  of forces,
— ite ra tio n  m ethods.

F o r space lim itations, th is  a rtic le  w ill deal only 
w ith  th e  reduction  m ethod  w hich is tre a te d  in  
theore tica l fo rm  to g e th e r w ith  an  e laborated  p ro 
g ram m e of calculation of continuous beam s (ar
b itra rily  supported , stiffly  or elastically). A fu r th e r  
artic le  w ill explain  th e  elabora tion  of program m es 
fo r th e  calculation of fram ed  orthogonal p lane  
fram es and  p lane  grids (e. g. a n  autom obile chassis). 
M oreover som e calculated  characteristical exam 
ples are  annexed  having  th e  aim  to  d raw  a tten tio n  
upon th e  possib ility  of use of p repared  program m es 
fo r calculation on th e  d ig ita l com puter Z-23 o r on 
o ther com puters in  th e  fram e  of th e  com puter 
cen tre  a t th e  U niversity , L jub ljana.

T heir qu an tities  a re  calcu lated  fro m  boundary  
conditions a t th e  o th e r  end  (d. e. e. g. on th e  r ig h t-  
h an d  side) an d  from  in term edia te  conditions  (i. e. 
som ew here betw een  th e  le ft and  r ig h t sides) of 
th e  g iven s tru c tu re  (Fig. 1).

In  th e  reduction  m ethod  w e h av e  d ep arted  
from  theo re tica l legalities and  fro m  m a tr ix  records 
of d iffe ren tia l equations in  a  gen era l fo rm  w hich  
fac ilita te  th e  solu tion  of an y  p lan e  con tinuous 
beam s, fram e  stru c tu res  and  p lan e  grids.

3.1. Vector of state of static quantities

In  a p o in t i  of th e  beam  (Fig. 1), th e  s ta te  of 
sta tic  q u an titie s  is know n w hen all six  q u an titie s  
a re  know n:
u, w  — d isp lacem en t in  d irection  of x  or y  axes, 
(p —  to rsion  ob beam  axis w ith  behalf to  x  axis,
M — bending  m om ent,
Q — tran sv erse  force,
N —  axia l force.

T hese q u an tities  of s ta te  a re  expressed  by th e  
vector of s ta te  гц in  form  of a m a tr ix  w ith  in 
scrip tion  (1).

u  j
W i

<Pi
Mi
Qi
Ni
1

( 1)

T he seven th  elem ent of th e  m a tr ix  (1) w hich 
alw ays eq u a ls  one, tak es  accoun t of loadings  of 
th e  beam  and  of ru les of m u ltip lica tion  of m atrices. 
T he g iven choice of d irections of s ta tic  q u an titie s  
(Fig. 2) is advantageous fo r  com pu ter calculation . 
F o r d raw ing  d iagram s of ax ia l fo rces N  an d  b en d 
ing m om ents M  it  is necessary  to  consider th e  clas
sically in troduced  signs.

3. REDUCTION METHOD

The essence of th e  reduction  m ethod  consists 
in  th a t  th e  s ta tic  s ta te  of th e  supporting  elem ent a t 
th e  beginning  of th e  field  (k 4- 1) is expressed by 
sta tic  quan tities a t th e  end  of th e  field  (k). T he 
tra n sfe r  or reduction  of sta tic  q u an tities is realized  
only w hen th e  sta tic  s ta te  of one end (i. e. e. g. a t 
th e  le ft side of th e  supporting  structu re) is know n.

U N f_  A

Fig. 2

Fig. 1
p o l j e  — field, p o d p o r a  = support

3.2. Starting equations of reduction m ethod

Q uantities of s ta te  a re  calculated  by  d iffe ren 
tia l  equations

d 2M
—  ±  q (x)

cLr2
(2)

dN
—~ = — p( x)
OX

(3)



C onsidering  th e  e lastic ity  ran g e  in  b eh av io u r of 
th e  m a te r ia l w e can w rite  know n expressions fo r 
th e  m om en t M  and  th e  ax ia l fo rce  N

N  =  a . A

M oreover w e  shall tre a t  problem s of supporting  
s tru c tu re s  hav ing  u n v ariab le  cross-sections along 
th e  axes of single beam s. T h e  sizes and  shapes of 
cross-section  can in  a system  of beam s d iffe r b e t
w een  them . From  th e  quo ted  i t  fo llow s th a t  th e  
s ta rtin g  equations (2) and  (3) can  ta k e  th e  fo llow 
in g  form :

„  d 2us
=  E J ----- (4)

d x 2
du

=  E s  A  =  E A  — (5)
dx

3.2.2. Calculation o f loading e lem ents

In  th e  equations (8) and  (9) th e  loading 
elem ents a re  calcu lated  fo r single m odes of loading 
of th e  fie ld  of th e  beam . In  p ractice  w e find  m ost 
o ften  th e  loadings show n in  Fig. 3. F rom  loading

a) b) d)

% .
ib

h)

fa -f
L - : ,

d 2 ,' d 2i e \
=  ±  q (x)E J ----- (6)

d x 2 '/  d x 2 J

d /  d u  \
IE  A  — =  —  P (x) (7)

d x \  d x /

Fig. 3

w here: q (x )—  v ertica l load ing  of b eam  in  kp /m  
p  (X) — h o rizon ta l load ing  of b eam  in  kp /m  
J  —  m om ent of in e r tia  of cross-section 

in  cm 4
A  —  cross-section  of beam  in  cm 2.

3.2.1. In teg ra tio n  o f equations (6) and (7)

a) Foir th e  in te g ra tio n  of eq u a tio n  (6) th e  
load ing  q (x) m u s t a lw ay s be  know n. In  considering  
th e  u n v a ria b le  cross-section  a lo n g  th e  ax is  of a 
g iven  beam  w e becom e by  consecutive in teg ra tio n  
an d  w ith  n ecessary  re a rra n g e m e n t th e  fo llow ing  
system  of equations:

w (x) =  1 . w  (0) —  X . cp (0)
2 E J

-M ( 0)
x ö

6 E J
Q (0) +  Wo (x)

<P ( x )  = 1 . w ( 0 ) ----------M  (0)
E J 2 E J

1 . M (0) +  X . Q (0)

1 • Q (0)

Q (0) +  o (x)

M (x) =

Q (x) =  
q (x) =

A t th e  a n d  of th e  fie ld  of th e  g iven beam , 
w e can ca lcu late  th e  sta tic  q u an titie s  w ith  
equations (8) by  su b s titu tin g  s fo r x.

T he elem ents of s ta tic  q u an titie s  w 0 (x), 
(po (x), M 0 (x) and  Qo (x) w ritte n  by  equa tions (8) 
a re  called load ing  elem ents. T h e ir q u an titie s  can 
be calcu lated  w ith  respect to  th e  m ode of loading.

b) F o r  a know n  loading  p  (x), by  consecutive 
in teg ra tio n  of equa tion  (7) in  an y  p o in t (x) of th e  
beam  w e becom e sta tic  q u an titie s  by  equations:

exam ples rep resen ted  (Fig. 3) it  is ev ident th a t  in  
p rinc ip le  w e should  calculate fo r each m ode of 
load ing  th e  corresponding loading elem ents. In  th is 
fo rm  th e  calculation  is  given also in  th e  availab le 
lite ra tu re . N evertheless, in  o rd er to  obtain  a  sm aller 
n u m b er of d iffe ren t fo rm ulae  fo r loading elem ents, 
w e sha ll select th e  w ay  of sim plification, or com
b ination  of single loadings. This is very  convenient 
fo r th e  d ig ita l com puter in  w hich, during  cal
culation, w e m ust sto re  m any  th ings. M oreover th e  
descrip tion  of th e  problem  is m ore  sim ple fo r 
typ ing  th e  data . T he calculating  accuracy th ereb y  
practica lly  is no t affected.

W ith  reg a rd  to  th e  sta tem en t m entioned  w e 
shall determ ine  th e  loading elem ents o r th e ir  ge
n e ra l expressions fo r th e  follow ing m odes of 
lo ad in g :

— concentrated  loads (Fig. 3a),
— couple of forces (Fig. 3 b),
— trapezo idal loading (there

by Fig. 3 c, d, e, f , g are 
com prised),

— tem p era tu re  loading 
(Fig. 3h).

D ue to  d iffering  u n its  used fo r 
single elem ents w ritten  in  in  th e  
m atrices and  to th e ir  m ultip lication  
it  is h igh ly  convenient to  a rran g e  

th e  expressions in  th e  nondim ensional form . This 
can be ob tained by  in troducing  th e  so called com 
para tive  quan tities  fo r  E JC, Fc a n d  sc. Thus, th e  
sta tic  q u an tities  have  th e  folloving expressions:

+  M 0 (x) 

"f" Qo (x) 
1 . q (x)

(8)

u  (x) =  1,. u  (0) ■

N (x ) =  
p (x ) =

X
------ N  (0) +  u 0 (x)
E A

1 . N  (0) +  No (x) 
1 . p  (x)

(9)
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= P o  —  
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3.3. Discontinuities of quantities of state
In  th e  fo rm er chap ter w e have explained how  

to calculate sta tic  q u an tities of s ta te  in  single 
fields fo r given toadings. A t tran sitio n  of th e  beam  
from  one field  to  an o th er field  over a support, a 
hinge, a jo in t o r w ith  an  in term ed ia te  loading 
(concentrated  load, m om ent or location of ex trem e 
values of sta tic  quantities) i. e. in  so-called sin 
gu larity  po in ts  of th e  stru c tu re , th e  in teg ra tion  of 
equations (6) an d  (7) is no t practicable. Such 
supports a re  e. g .:

a) elastically  yield ing support (Q =  — kw ),
b) elastically  ro ta tab le  support (m =  — Kcp),
c) elastically  yield ing and  ro ta tab le  support 

(Q =  — kw , M  =  — Kcp),
d) non  yielding support in  vertica l d irection

(w  =  0), Qs,
e) h inge (M =  0), cps,
f) hinge w ith  zero shearing  (Q =  0), w s,
g) vertica lly  guided bearing  (cp =  0), Ms,
h) non yielding support in  horizontal d irec

tion  (u =  0),
i) y ielding support in  horizontal d irection  

(u  =j= 0) (N =  — k n u).
F or singu larity  points, th e  a scerta inm en t is 

very  im p o rtan t th a t fo r  an y  sin g u la rity  q u an titie s  
of s ta te  we can w rite  so m uch a d d itio n a l conditions 
(respectively equations) how  m uch new  unknow ns 
th e re  ap p ear fo r Qs, cps, w s and  M s.

M/C+ 1 (0) =  Mic (s) — Kep/c (s) +  M/Cs (11)
Qfc+i (0) =  Qk  (s) —  k w k  (s) +  Q ks 

In  considering th e  in fluence  of ax ia l q u an titie s  N  
and  u  w e becom e:

Uk+i (0) =  Uk (s)
Nk+i (0) =  Nk (s) —  k„ u  

3.5. Continuous beams
W ith these  beam s w e do n o t consider th e  ax ia l 

q u an titie s  N  and  u, because th e y  can be  d e te r
m ined  directly , w hen  in fluencing  th e  beam .

C lassification of continuous beam s:
a) beam s w ith  stiff supports  (w  =  0 o r  w  =  

=  const.),
b) beam s w ith  elastic  supports (ш ф О ),
c) beam s w ith  stiff  and  elastic  supports.
In  th e  calculation  of sta tic  qu an tities  w , cp, 

M, Q w e have  g iven  th e  classification  of g irders 
com prised in  one sole program m e Pk■ T herefore, 
w e shall observe in  a gen era l fo rm  how  such 
g irders a re  solved.

3.5.1. In itia l, boundary and  in term ed ia te  conditions

Each end  of a  b eam  com prises fo u r  s ta tic  
q u an titie s  w , cp, M, Q. F rom  Fig. 5 i t  is  ev ident 
th a t  on th e  beginning, i. e. on th e  le f t-h an d  su p p o rt 
th e re  a re  alw ays tw o know n s ta tic  q u an titie s  and  
tw o  un k n o w n  quan tities. T herefrom  it  follow s

3.4. Static state of support “k”
W hen ax ia l q u an tities N  an d  u  are  n o t con

sidered, th e  sta tic  sta te  of th e  support “Jc” is given 
by fou r quan tities as i t  is show n in  Fig. 4.

Polje
k

(Ml ■ 4----

Podpora 
„k" „

'  ~K<Pk (s) 
Ml

Polje
k + i

(e
Mk(s) Mk(s)Mk,,(0 ) M*., 10)

I-k w k(s)

(Q) rzzzzzzzzzzza ■t \ / / / / / / / / 7 7 7 7 .

Qk(s) Qk(s) 1 Qk*l(0)

(w ) ' / / / / / / / / / / / Л

(<p) ZZZZZZZZZZZZZ2

J \m\ J .
wk(s) I wkJ°> wk.lf°>

I) ( V f  ( EZZZZZZZZZZZZZ2

<pk(s) <pk(s) <pk, j(0) <pk,t(0 )

Fig. 4
p o l j e  =  field, p o d p o r a  = support

E quilib rium  conditions give th e  connection 
am ong th e  beginning of th e  field  k +  1, th e  support 
“Jc” and th e  end of the  fie ld  k in  the  follow ing 
form s:

Wk (0) =  Wk (s) +  Wks

(Pk+1 (0) =  cpk (s) +  cpk

a )  b )  c )  d )  e)

------1 1--------- 1 '----- J P  ? -------- 1 1 ---- -----*
ŵ O) = 0 oII

oH•t w1(0) w1(0) Ŵ(C)
9b/ 0)

oIIorH 94(0) 9’ i (0) ?>l(0)
1̂ (0) - Q K1<C1 Mila) = 0 14(0) = 0 ”,fo)= -K^lo)
Q./0) Q1(o) Q,(0) = 0 Q1(C)=-kw1(C) Qt (c)=--kw1(0)

Fig. 5

th a t th e  vec to r o f th e  in itia l s ta te  гц* (0) com prises 
tw o free  quan tities  (or unknow ns). T hese tw o 
unknow ns can be calcu lated  fro m  tw o boundary  
conditions  a t th e  end  of th e  g ird e r w ith  th e  vecto r 
r)n+iv (0). A ll conditions depend  upon th e  m ode 
how  th e  beam  is supported . Besides in itia l an d  
boun d ary  conditions, w e m ust consider in  con
tinuous beam s also in te rm ed ia te  conditions on 
supports w hich ap p ear in  po in t m atrices 17; as 
d iscontinu ities o f q uan tities o f sta te , i. e. w s, cps, 
M s, Qs. T hese a re  unknow ns. In  ch ap te r  3.3. w e  
h av e  explained  th a t  fo r any  d iscon tinu ity  q u a n tity  
w e can w rite  a condition  (the  co n juga te  q u an tity  
s of th e  d iscon tinu ity  q u a n tity  equals zero) so 
w e ob ta in  such a n u m b e r of ad d itio n a l equations 
as th e re  a re  d iscon tinu ity  q u an titie s  of state.

In  tre a tin g  con tinuous beam s w e have in  ge
n e ra l N  unknow ns

2 +  s =  N  (13)
w hich can b e  solved b y  E  equations needed:

2 +  s =  E(11) (14)



In  equa tions (13) an d  (14) s designates th e  n u m b er 
of d iscon tinu ity  q uan tities.

T he in itia l o r le f t-h an d  supports  of beam s a re  
show n in  Fig. 5.

3.5.2. G eneral fo rm  o f m a tr ix  equation  for beam s 
w ith  s t i f f  and  elastic supports

W ith an y  n u m b e r of fie lds th e  reduction  eq u a
tio n  e. g. fo r  th e  beg inning  of th e  fie ld  n  +  1 has 
th e  fo llow ing form :

Пп+1* (0) =  u *  . F  * . Un—i* . F n—i* . . .
. . .  U i*. F j* . rji* (0) (15)

By neglecting  ax ia l q u a n titie s  N  and  u  w e can 
w rite  th is  equa tion  explic ite ly  in  th e  non- 
d im ensional form .

The explicite  fo rm  of th e  m a tr ix  equa tion  is 
w ritten  fo r  p rac tica l reasons w ith  th e  e lem ents of 
th e  m a tr ix  g iven in  non -d im ensional form . The 
calcu la ting  p ro g ram m e Pk is  so a rran g ed  th a t  th e  
com pu ter m akes th e  m u ltip lica tion  of m atrices in  
th e  non -d im ensional fo rm  and  calcu lates tru e  
values of th e  re su lts  b y  in  advance chosen com 
p a ra tiv e  q u an titie s  n o t b efo re  th e  end a fte r  
hav ing  solved th e  system  of lin e a r  equations by 
G auss’s m ethod. P a r tic u la r  specialities o f supports 
of continuous beam s a re  tak en  in to  account in  th e  
p rog ram m e elaborated .

3.5.3. F low  diagram

(co n tin u a tio n  in  th e  r ig h t co lum n)

3.5.4. In struc tions for use of program m e Pk and  
exam ples calculated

Data

1. EJc Fc Sc Comparative quantities

2.

w (p M Q Initial vector o f state

If am unknown exists (discont. magn.) 
w rite  X

-K -k Spring costants

3.

4.

N ' Number o f fields

Field m atrix "F t"

4a. E Ji S i Stiffness and lenght o f field

4b.

5.

a F x a M 0 x a b q a q b x N x

F

1 C\ Г 11
л—

j 1 U д 1. ...
s , *  1 1. -1

D iscontinucty (transfer) matrix “ U iu

5a. k K W* (Ps M S  QS Discont. quan. If unknown w rite X

6. Boundary conditions

6a. P ' Number o f boundary conditions

6b. / / ' X i
Beginning of field (* '/) ,  stat. quan. (/'»), 

size (x i)

w

1'

<p

2 '
—  - 5 -  Static quantities 
3 ’ 4 '

N ote. I t  is  ev id en t fro m  th is  tab le , th a t  on ly  th o se  d a ta  
sh o u ld  be  w rite n  w h ere  th e  lin e  en d s w ith  th re e  v ertica l 
lines.



E X A M P L E S Results of calculation

1st Example

C om p ara tiv e  q u a n titie s : 
EJ — 3 EJ  M pm !
Fc =  4 Mp 
sc = 6 m

D ata for calculation

6 4 3 
X X 0 0
2 ’

2 1

2 l,2x  X  X  X

0 0 0 0 0 X

5 1
x x 5 0 2 2 x ^
0 0 0 0 0 X

6 1
X X 6 0 2 2 X

0 0 0 0 0 X

6 1,5
2  4  x  x  x  x
0 0 0 0 0 X 
6 1,5
x x 6 0 1 3 x x
0 0 0 0 X X 
5 1,5
X  3 2 X  X  X

0 0 0 0 0 X
9’
1’ 3’ 0 
1’ 4’ 0 
2 ’ 1’ 0 
3’ 1’ 0 
4’ 1’ 0 
5’ 1’ 0 
6’ 1’ 0 
7’ 1’ 0 
7’ 2’ 0

Reduced res. True res. Stat.
quan.

.17557 —02 .50565 —00 w

.21933—01 .10528 +01 <p

0 0 M

0 0 Q

.10000 +01 .10000 +01 l

.17462 —09 .50291 —07
—.28066 —01 —.13471 +01

.10000 —00 .23999 +01

.30000—00 .12000 +01

.10000 +01 .10000 +01

.17462 —09 .50291 —07
—.28066 —01 —.13471 +01

.10000 —00 .23999 +01
—.10658 +01 —.42633 +01

.10000 +01 .10000 +01

—.13969 —08 —.40233 —06
—.35881 —01 —.17223 +01

.25347 —00 .60833 +01

.14341 +01 .57366 +01

.10000 +01 .10000 +01

—.13969 —08 —.40233 —06
—.35881 —01 —.17223 +01

.25347 —00 .60833 +01
—.15821 +01 —.63287 +01

.10000 +01 .10000 +01

0 0
.76975 —01 .36948 +01
.17128 —00 .41108 +01
.14178 +01 .56712 +01
.10000 +01 .10000 +01

0 0
.76975 —01 .36948 +01
.17128—00 .41108 +01

—.31997 —00 —.12798 +01
.10000 +01 .10000 +01

.25145 —07 .72419 —05
—.56737 —01 —.27233 +01

.18464 —00 .44315 +01

.68002 —00 .27201 +01

.10000 +01 .10000 +01

Time consumed for writing- 
in and calculation about 

9 minutes.



2nd Example Results of calculation

0

0

.17200 —00 
—.84400 —00 

.10000 +01

.39126—01 
—.70505 —01 
—.23283 —09 

.15599 —00 

.10000 +01

.39126 —01 
—.12299 —01 
—.23283 —09 

.15599 —00 

.10000 +01

.41898—01 
—.25299 —01 

.25998—01 

.15599—00 

.10000 +01

.41898 —01 
—.25299 —01 

.11032—00 
—.59818 —00 

.10000 +01

0

0

.30960 +01 
—.25320 +01 

.10000 +01

.70428—02 
—.21151 —02 
—.41909 —08 

.46797 —00 

.10000 +01

.70428 —02 
—.36899 —03 
—.41909 —08 

.46797 —00 

.10000 +01

.75418—02 
—.75897 —03 

.46797 —00 

.46797 —00 

.10000 +01

.75418 —02 
—.75897 —03 

.19859 +01 
—.17945 +01 

.10000 +01

C o m p ara tiv e  q u a n t i t ie s : 
E J = 6  E J = 3600 M p m 2 
Fc =  3 Mp
s = 6 mc

Data for calculation

—.18160 —07 —.32689 —08 
.10728—00 .32185—02
.17880 —00 .32185 +01
.14018 +01 .42054 +01
.10000 +01 .10000 +01

6 3 3600
0 0 X X

3’

3 600
1,5 3 X X X X
0 0 0 X 0 0
1 600
X  X  X  X

300 2000 0 0 0 0  
6 600
X  X  6  0  0  2  X  X  

0 1000 0 0 0 0

—.18160—07 —.32689—08 
.10728—00 .32185—02

—.37252—08 —.67055—07 
.14018 +01 .42054 +01
.10000 +01 .10000 +01

Tim e consumed for w riting- 
in and calculation about 

6 У2 m inutes.

T ra n s la te d  b y  B ran k o  V ajda

3’
2’ 3’ 0 
4’ 1’ 0 
4’ 3’ 0

A u th o rs  a d d re ss :
F ra n e  C vetaš, m a s te r  o l m ech. eng.. 
F a k u lte ta  za s tro jn ištv o ,
L ju b ljan a , Y ugoslavia


