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S Y N O P S IS :  T h e  b e a r in g  c a p a c it ie s  o f  fo o t in g s  a n d  s t r ip  fo u n d a t io n s  o b t a in e d  fr o m  1 g  m o d e l te s ts  a n d  f r o m  c a lc u la t io n s  a c c o r d in g  t o  th e  t r a d it io n a l s o lu t io n s  

w h ic h  a r e  b a s ic  to  n a t io n a l s t a n d a r d s  a n d  w ill  b e  b a s ic  t o  E u r o c o d e  7  s h o w  s o m e  s c a t te r , t h o s e  d e r iv e d  fr o m  m o d e l a n d  f ie ld  te s ts  b e in g  g r e a te r  t h a n  th o s e  

p r e d ic t e d  b y  t h e o r e t ic a l m e t h o d s .  T h is  is  c a u s e d  b y  th e  fa c t  t h a t  n o n e  o f  th e  t r a d it io n a l c a lc u la t io n  m e t h o d s  is  k in e m a t ic a lly  p o s s ib le .  S o il d o e s  n o t  k n o w  th a t  

it  is  e x p e c te d  t o  b e h a v e  a c c o r d in g  to  a  lo g a r it h m ic  s p ir a l s im p ly  b e c a u s e  it  is  e a s ie r  t o  f in d  a  s o lu t io n  fo r  s u c h  a  m o d e l.  It  h a s  b e e n  k n o w n  fo r  lo n g  t im e  t h a t  

B a l ia ’s  (1 9 6 2 )  th e o r y  is  c lo s e r  t o  th e  r e a l b e h a v io u r  o f  s o il a n d  th u s  c lo s e r  t o  th e  m o d e l te s t  r e s u lt s , a lt h o u g h  it  is  n o t  u s e d  in  a n y  fo u n d a t io n  e n g in e e r in g  

s t a n d a r d . In  th is  s it u a t io n  it  is  a p p r o p r ia t e  t o  lo o k  a t  a  n e w  c a lc u la t io n  m e t h o d  w h ic h  c a n  a c c o m m o d a t e  a  h ig h  n o n - lin e a r ity  o f  s t r e s s - s t r a in  r e la t io n s  (e .g . F E M ) .  

M o d e l te s ts  a r e  n e c e s s a r y  to  c o n f ir m  th e  q u a lit a t iv e  a n d  q u a n t it a t iv e  c o r r e c t n e s s  o f  t h is  m e t h o d .

T h e  b a s ic  p a r t  o f  t h is  p a p e r  is  d e v o t e d  to  th e  a u t h o r s '  o w n  1 g  m o d e l te s ts  c a r r ie d  o u t  a t  t h e  G e o t e c h n ic a l L a b o r a t o r ie s  o f  T a m p e r e  a n d  G d a n s k  T e c h n ic a l 

U n iv e r s it ie s  a n d  t o  th e  a n a ly s is  o f  d if fe r e n t  t r a d it io n a l c a lc u la t io n  m e t h o d s . M o d e l te s ts  w e r e  c a r r ie d  o u t  u n d e r  th r e e  d im e n s io n a l a n d  p la n e  s t r a in  c o n d it io n s  

u s in g  r ig id  c ir c u la r  a n d  r e c t a n g u la r  fo o t in g s  o r  s t r ip  fo u n d a t io n s  r e s t in g  o n  h o m o g e n e n o u s  s u b s o ils  o f  t h e  fo llo w in g  k in d s :  t i ll ,  g r a v e l a n d  d r y  o r  fu lly  s a t u r a t e d  

s a n d . S in g le  o r  r e p e a te d  s t a t ic  lo a d s  w e r e  a p p lie d .

T h e  s c o p e , m a in  r e s u lt s  a n d  a n a ly s e s  o f  t h e s e  m o d e l t e s ts  a r e  p r e s e n te d , s p e c ia l a t t e n t io n  b e in g  p a id  to  th e  e ffe c t s  o f  s h a p e , d e p t h ,  in it ia l v o id  r a t io  a n d  

fo u n d a t io n  b a s e  r o u g h n e s s  o n  b e a r in g  c a p a c it y .  C o m p a r is o n s  a r e  m a d e  to  f in d  o u t  t h e  in t e r n a l s a fe ty  o f  t h e  t r a d it io n a l c a lc u la t io n  m e t h o d s ,  w h ic h  s t ill s e e m  to  

fo r m  t h e  b a s is  fo r  t h e  p r o p o s e d  E u r o c o d e  7 .
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IN T R O D U C T IO N

In  m o s t  n a t io n a l f o u n d a t io n  e n g in e e r in g  s t a n d a r d s  th e  b e a r in g  c a p a c it y  q„ o f  

s h a llo w  s t r ip  f o u n d a t io n s  is  r e p r e s e n te d  b y  f o llo w in g  e x p r e s s io n :

q u =  c  • N c +  y’ ■ D  • N d  +  0 ,5  • f  • B  • N „

w h e r e

c  =  c o h e s io n

Y’ =  e ffe c t iv e  u n it  w e ig h t

D  =  d e p t h  o f  fo u n d a t io n

B  =  w id t h  o f  f o u n d a t io n

N c, N d , N b  =  b e a r in g  c a p a c it y  fa c to r s ,  g e n e r a lly  fu n c t io n s  o f  t he  

f r ic t io n  a n g le  (p

In  m o s t  s t a n d a r d s  N c a n d  N D a r e  g iv e n  a c c o r d in g  to  P r a n d t l’s  a n d  R e is s n e r ’s  

s o lu t io n ,  in  w h ic h  th e  b e a r in g  c a p a c it y  fa c to r s  a r e :

N c =  ( N D - 1 ) c o t  (p

N d =  e * ' “ " ’  ■ t a n 2 ( 4 5  +  <p/2)

T h e s e  fo r m u la e  a r e  b a s e d  o n  P r a n d t ' s  (1 9 2 0 )  p la s t if ic a t io n  z o n e s  ( F ig .  1), 

w h ic h  le a v e  a  g r e a t  d e a l o f  in t e r n a l s a fe ty  in  th e  d im e n s io n in g  m e t h o d

F ir s t ly ;  W h e n  a  lo g a r it h m ic  s p ir a l is  n o t  k in e m a t ic a lly  p o s s ib le  

in t e r n a l f r ic t io n  o c c u r s  in s id e  P r a n d t l’s  r a d ia l z o n e .

S e c o n d ly ;  W h e n  th e  s y s t e m  o f  z o n e s  is  n o t  k in e m a t ic a lly  p o s s ib le  

f r ic t io n  o c c u r s  a ls o  b e t w e e n  P r a n d t l’s  r a d ia l z o n e  a n d  R a k in e ' s  a c t iv e  

a n d  p a s s iv e  zo n e s .

T h ir d ly ;  T h e  r o u g h n e s s  o f  t h e  f o u n d a t io n  b a s e  is  n o t  t a k e n  in t o  

c o n s id e r a t io n .

F o u r t h ly ;  T h e  s h e a r  s t r e n g th  o f  t h e  s o il a b o v e  th e  f o u n d a t io n  le v e l is  

n o t  t a k e n  in t o  c o n s id e r a t io n .

T h e r e  a r e  s o m e  d iffe r e n c e s  c o n c e r n in g  fa c t o r  N b

B r in c h  H a n s e n ’s  fo r m u la  N b =  1 ,5  ( N D -  1 ) t a n  <p is  u s e d  in  th e  

N o r d ic  c o u n t r ie s ,  P o la n d  a n d  C a n a d a .

C a q u o t  a n d  K e r is e l’s  fo r m u la  N „  =  2  ( N D +  1) t a n  <p is  u s e d  in  th e  

U n it e d  S ta t e s .

T h e  fo r m u la  N B =  2  ( N B - 1) t a n  9  is  u s e d  in  th e  D IN  s t a n d a r d s . T h is  

s a m e  fo r m u la  is  a ls o  p r o p o s e d  fo r  E u r o c o d e  7 .

It  h a s  b e e n  k n o w n  fo r  a  lo n g  t im e  t h a t  t h is  d im e n s io n in g  m e t h o d  c o n t a in s  a  

g r e a t  d e a l o f  in t e r n a l s a fe ty  ( H a r t ik a in e n  1 9 6 9 ),  b u t  it  is  n o t  k n o w n  h o w  

m u c h .  F o r  t h a t  p u r p o s e  w e  a n a ly z e d  th e  r e s u lt s  o f  t w o  s e r ie s  o f  te s ts  

p e r fo r m e d  a t  t h e  T e c h n ic a l U n iv e r s it ie s  o f  T a m p e r e  a n d  G d a n s k .
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F ig u r e  1. P r a n d t l’s  ( 1 9 2 0 )  p la s t if ic a t io n  z o n e s .

F ig u r e  2 . B a l ia ' s  ( 1 9 6 2 )  p la s t if ic a t io n  zo n e s .

It  h a s  a ls o  b e e n  k n o w n  fo r  a  lo n g  t im e  a g o  t h a t  B a l ia ’s  (1 9 6 2 )  th e o r y  g iv e s  

g o o d  r e s u lt s  b y  c o m p a r is o n  w it h  m o d e l t e s t  r e s u lt s  ( H a r t ik a in e n  1969, In g r a  

&  B a e c h e r  1 9 8 3 ),  b e c a u s e  B a l ia  h a s  c o r r e c t e d  s o m e  e r r o r s  in  e a r lie r  t h e o r ie s :

F ir s t ly ;  B a l ia ’s  p la s t if ic a t io n  z o n e  ( F ig .  2 )  is  c ir c u la r  a n d  t h u s  

k in e m a t ic a lly  p o s s ib le .

S e c o n d ly ;  T h e  r o u g tu ie s s  o f  t h e  fo u n d a t io n  b a s e  is  t a k e n  in to  

c o n s id e r a t io n .
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T h ir d ly ;  T h e  s h e a r  s t r e n g th  o f  t h e  s o il is  t a k e n  in t o

c o n s id e r a t io n  a s  fa r  a s  th e  g r o u n d  s u r fa c e

B a l ia ’s  t h e o r y  is  s t ill o n  th e  s a fe  s id e , h o w e v e r ,  a s  t h e  ju n c t io n  b e t w e e n  h is  

p la s t if ic a t io n  z o n e  a n d  R a k in e ’s  p a s s iv e  z o n e  is  n o t  k in e m a t ic ,  w h ic h  m e a n s  

t h a t  t h e r e  w il l  b e  f r ic t io n  b e t w e e n  th e  z o n e s .  It  is  n e v e r th e le s s  w o r t h w h ile  to  

c o m p a r e  t h e  m o d e l t e s t  r e s u lt s  w it h  B a l ia ' s  t h e o r y .

M O D E L  T E S T S  A T  T A M P E R E  U N IV E R S IT Y  O F  T E C H N O L O G Y

T h e  te s t  s e r ie s  c o n s is t e d  o f  5 4  t e s t  lo a d in g s ,  18 o n  t i ll ,  18  o n  s a n d  a n d  18  o n  

g r a v e l (F ig .  3 ) . T h e  te s t  fo u n d a t io n s  w e r e  1 5 0  x  1 5 0 0  m m  a n d  3 0 0  x  1 5 0 0  

m m  r e c t a n g u la r  fo o t in g s  a n d  a  0  3 0 0  m m  c ir c u la r  fo o t in g ,  o f  d e p t h s  D  =  0  

a n d  1 5 0  m m .  T h e  te s t  lo a d in g s  w e r e  p e r fo r m e d  o n  th r e e  d e n s it ie s  o f  s o il 

D ,  =  8 5  %, 9 0  %  a n d  9 5  % .  T h e  m a t e r ia l p a r a m e te r s  f o r  t h e  d e n s it ie s  a s  

d e t e r m in e d  w it h  t r ia x ia l e q u ip m e n t  a r e  g iv e n  in  T a b le  1 ( R a n t a n ie m i 1 9 9 2 ).

W h e n  te s t  lo a d in g s  w e r e  p e r fo r m e d  a t  o p t im u m  w a te r  c o n t e n t ,  t h is  m e a n s  

t h a t  t h e r e  w a s  s o m e  c o h e s io n  in  th e  t i l l  a n d  a ls o  a  s m a ll a p p a r e n t  c o h e s io n  

in  th e  s a n d . T h is  c o h e s io n  w a s  n o t  t a k e n  in t o  c o n s id e r a t io n  in  th e  

c o m p a r is o n s .  O n ly  in  th e  g r a v e l w a s  c o h e s io n  c lo s e  to  ze r o .

T a b le  1. M a t e r ia l p a r a m e te r s  o f  t h e  g r o u n d  b e n e a t h  th e  t e s t - lo a d e d  

fo u n d a t io n .

D e g r e e  o f  d e n s it y T ill S a n d G r a v e l

% <P y <P Y <P y

85 3 5 1 9 .4 3 6 17 3 6 1 9 .3

9 0 3 7 2 0 .5 3 9 18 4 0 2 0 .5

9 5 3 9 2 1 .7 4 2 1 9 4 4 2 1 .6

G RAIN S IZ E  [mm]

F ig u r e  3 . T e s t  lo a d e d  g r o u n d  m a te r ia ls ;  

s a n d ,  g r a v e l a n d  t ill .

T E S T  R E S U L T S

T h r e e  p a r t s  o f  t h e  lo a d - s e t t le m e n t  c u r v e  in  w h ic h  th e  s o il b e h a v e s  d if fe r e n t ly  

s h o u ld  a lw a y s  b e  d is t in g u is e d ,  w h e n  a n a ly z in g  t e s t  lo a d in g s  o f  fo u n d a t io n s ,  

n a m e ly  ( F ig .  4 ) :

r e c t ilin e a r  s e c t io n  w it h  lo w  p r o p o r t io n a l s t r a in ,  w h e r e  s o il b e h a v io u r

is  m a in ly  e la s t ic

c u r v e d  s e c t io n , w h e r e  th e  s o il is  s t a r t in g  to  p la s t ify ,  a n d  

a p p r o x im a t e ly  r e c t ilin e a r  s e c t io n  c o r r e s p o n d in g  t o  th e  f in a l p la s t ic  

s ta t e .

D e p e n d in g  o n  th e  d e n s it y ,  t h e  lo a d  s e t t le m e n t  c u r v e s  fo r  g r a v e l w e r e  o f  t h e  

lo o k e d  o u t  a p p e a r a n c e  ( F ig .  5 ) ,  w h ile  o n  t i l l  it  w a s  d if f ic u l t  t o  r e a c h  a  c le a r  

f a ilu r e  s t a t e  (F ig .  6 )  a n d  th e  f a ilu r e  lo a d  w a s  d e t e r m in e d  f r o m  th e  lo a d  

s e t t le m e n t  c u r v e s  u s in g  th e  c le a r  f a ilu r e  lo a d  o r  th e  s e c o n d  c le a r  t u r n in g  

p o in L  T h e  fa ilu r e  lo a d s  d e t e r m in e d  in  t h is  w a y  w e r e  c h e c k e d  t o  g iv e  

s e t t le m e n t  in  th e  r ig h t  o r d e r .

F ig u r e  4 .  B a s ic  ty p e s  f o r  lo a d - s e t t le m e n t  d ia g r a m s  fo r

a )  lo a s e , b )  m e d iu m  d e n s e  a n d  c )  v e r y  d e n s e  g r o u n d .

Loading [kP a]

0 200 400 600 800 1000 1200 1400 1600 1800 2000

F ig u r e  5 . L o a d  s e t t le m e n t  c u r v e s  o f  1 5 0  x  1 5 0 0  s t r ip  f o u n d a t io n  w it h  

1 5 0  m m  fo u n d a t io n  d e p t h  o n  lo o s e , m e d iu m  d e n s e  a n d  d e n s e  

g r a v e l.

Loading [kPa]

0 200 400 600 800 1000 1200 1400

F ig u r e  6 . L o a d  s e t t le m e n t  c u r v e s  o f  1 5 0  x  1 5 0 0  s t r ip  f o u n d a t io n  w it h  

.  1 5 0  m m  f o u n d a t io n  d e p t h  o n  lo o s e ,  m e d iu m  d e n s e  a n d  d e n s e  

t i l l .
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T he  results  we re  compar e d w ith  the  F inn is h  code s , w h ic h are a c tua lly  the  

same  as the  Da n is h  and P o lis h  one s , w ith  the  propos e d Eur ocode  7, w hic h  

is  ac tua lly  the  s ame  as D IN  40 17  and w ith  B a lia ’s the ory (compar is ons  in  

Figure s  7  and 8). T he  inte rna l h idde n  s afe ty fac tors  in  the  propos e d  

dim e ns ion ing  me thods  are g ive n  in  T able s  2, 3 and 4. Gr a ve l was  the  o nly  

mate r ia l in  the  tests  w itho ut  cohe s ion. It  c an be  seen that the re  is  n o  e xtra  

inte rnal s afe ty in  Ba lia ’s the ory, whe re as  but  the  inte rna l h idde n  s afe ty in  the  

propos e d Eur ocode  7  is  a round F  =  2  and tha t  o f  the  F inn is h  and P olis h  

code s  e ve n greate r.

T his  is  a ls o in  good agre e me nt w ith  the  P o lis h  tes t lo a d ing  re s ults , w h ic h are  

compar e d w ith  B a lia ’s the ory, w h ic h a ga in s e e ms  to have  n o  inte rna l h idde n  

safe ty, and w ith  the  D IN  s tandard, w h ic h is  a c tua lly  the  s ame  as  the  

propos e d Eur ocode  7 , in  table  5.

T he  P o lis h  tes t loadings  we re  done  pe r for me d unde r  p lane  s tr a in condit ions  

w ith  a  50 0  m m  long  s tr ip founda t io n  be twe e n tw o  th ic k  glas s  pla te s . T he  

founda t io n  w id th  var ie d fr om 100 to 2 0 0  m m . T he  ma te r ia l was  un ifo r m  

m ode l s and w ith  fr ic t ion angle  (p =  32.5 and d r y  de ns ity  y  =  16 k N / m 3. T he  

e ffe ct o f fr ic t ion  aga ins t the  glas s  pla te s  is  e s t imate d to incre as e  the  u lt ima te  

be ar ing capac it ie s  in  the  tes t loa d ing  b y  15 % a t  mos t.

T able  2. F inn is h  tes t lo a d ing  results  in  compa r e d  w ith  the  F inn is h  and 

P o lis h  code s .

Lo a ding T ill Sand Gr a ve l

9 0 A0 5.6 4 .6 3.4

9 5 A0 6.4 6.2 3.4

9 0 A1 5 3.2 3.4 2 .4

9 5 A1 5 4 .2 4 .4 2 .4

9 0 B0 3.2 4 .6 2.3

9 5 B0 3.8 6.4 2.6

90 B15 2.1 3.0 2.1

95 B15 2.7 3.8 2.5

Ave rage  m 3.9 4 .5 2 .6

m = Q„/Qc
Qm =  ultima te  be a r ing capac ity  fr om m o de l tests  

Qc =  u lt ima te  be a r ing capac ity  fr om ca lcula t ions

Num be r ing  o f  the  te s t loadings : T he  firs t n um be r  de note s  the  de gre e  o f  

de ns ity  D, the  le tte r  the  fo unda t io n  type , whe re  A  is  s tr ip fo unda t io n  150 • 

1500 and B  s tr ip founda t io n  300  ■ 1500, a nd  the  fina l n um be r  the  

fo unda t io n  de pth in  ce ntime tre s .

T able  3. F inn is h  tes t lo a d ing  re sults  in  compa r e d  w ith  the  DIN  

s tandard and propos e d Eur ocode  7.

Lo a ding T ill Sand Gr a ve l

9 0 A0 4 .0 3.3 2.5

9 5 A0 4.6 4.5 2.5

9 0 A1 5 2.9 3.0 2.1

9 5 A1 5 3.6 3.8 2.1

9 0 B0 2.2 3.2 1.6

9 5 B0 2.6 4 .4 1.8

9 0 B15 1.7 2 .5 1.7

95 B15 2.2 3 .0 2 .0

Ave rage  m 3.0 3.5 2 .0

T able  4 . F innis h  tes t loa d ing  results  in  compar e d w ith  B a lia ’s the ory.

Lo a ding T ill Sand Gr a ve l

9 0 A0 2.0 1.6 1.2

95 A0 2.3 2.3 1.4

90 A15 1.5 1.5 1.0

9 5 A15 1.7 2 .0 1.1

9 0 B0 1.2 1.5 0.8

9 5 B0 1.3 2.2 1.0

9 0 B15 1.0 1.2 0.8

9 5 B15 1.0 1.6 1.0

Ave rage  m 1.5 1.7 1.0

T able  5. Co mpa r is o n  o f  ultima te  be a r ing capac it ie s  in  P olis h tes t 

lo a d ing  results .

Wid th

[ cm]

F innis h

and

P olis h

Code

D IN  and  

Eur ocode  7

B a lia ’s

theory

P olis h

mode l

tests

B = 20 Q[ k N ] 3.5 4 .7 9.1 10.0

m 2.83 2.12 1.10 -

B = 15 Q [ kN] 1.9 2 .6 4 .9 5.5

m 2.86 2 .14 1.11 -

B =  10 Q  [ kN] 0.9 1.2 2.3 2 .2

m 2.53 1.90 0.98 -

m  =  Q n/ Q c

Qm =  ultima te  be a r ing capac ity  fr om m o de l tests  

Qc =  ultima te  be ar ing capac ity  fr om c a lcula t ions

T he  P olis h tes t loadings  a ls o  s howe d tha t  fo r  e cce ntr ic  load ings  the  use  o f an 

e ffe c t ive  s ur face  area w h ic h  is  s ymme tr ica l to the  lo a d ing  re s ultant is  in  

good  agre e me nt w ith  the  tes t results  (T able  6).

T he re  s ee ms  to be  s ome  mor e  inte rnal h idde n  s afe ty in  the  load  inc lina t io n  

factors  a ccor ding to the  P o lis h  tes t loa d ing  re s ults , b u t  the  ave rage s  o f  ma ny  

results  colle c te d b y  Ing r a  and Bae che r  (1989) s e e m to be  in  r e as onably  good  

agre e me nt w ith  the  D IN  s tandard coe ffic ie nts  and the  propos e d Eur ocode  7.

T able  6. Influe nc e  o f  e cce ntr ic ity e /B o n  ultima te  be ar ing capac ity  

re duc tion.

Ecce ntr ic ity  e /B 0 1/12 1/8 1/4

P o lis h  e xpe r ime nts 1.0 0.57 0.39 0.23

Ingr a  and Bae che r 1.0 0.73 0 .50 0.31

Ex is t ing  code s 1.0 0.69 0 .44 0.25

T able  7 . Influe nc e  o f  loa d  inc lina t ion  5  o n  ult ima te  be a r ing  capac ity  

r e duc tion.

Loa d  inc lina t ion  (8) 0° 10°

O©CM

30°

P olis h  e xpe r ime nts 1.0 0 .72 0.63 0.23

Ing r a  and Bae che r 1.0 0.62 0 .30 0.08

F innis h  code 1.0 0 .46 0 .16 0.03

D IN  s tandard 1.0 0.55 0.25 0 .08
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a )  s iz e  1 5 0  x  1 5 0 0  a n d  d e p t h  0 ,  b )  s iz e  1 5 0  x  1 5 0 0  a n d  d e p t h  

1 5 0 , c )  s iz e  3 0 0  x  1 5 0 0  a n d  d e p t h  0 ,  a n d  d )  s iz e  3 0 0  x  1 5 0 0  

a n d  d e p t h  1 5 0 .

85 90 95

DEGREE OF DENSITY [%]

0.0

85 90 95

DEGREE OF DENSITY [% ]

FRICTION ANGLE [°J  

_ J Z _ _ _ _ _ _ _ ï ï _

FRICTION ANGLE [ ° ]  
37_________ 39

Test .loading 

Balia
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DEGREE OF DENSITY [% ] DEGREE OF DENSITY [% ]
F ig u r e  7 .  C o m p a r is o n  o f  t e s t  lo a d in g  r e s u lt s  o f  s t r ip  f o u n d a t io n s  o n  

g r a v e l

a )  s iz e  1 5 0  x  1 5 0 0  a n d  d e p t h  0 ,  b )  s iz e  1 5 0  x  1 5 0 0  a n d  d e p t h  

1 5 0 ,  c )  s iz e  3 0 0  x  1 5 0 0  a n d  d e p t h  0 ,  a n d  d )  s iz e  3 0 0  x  1 5 0 0  

a n d  d e p t h  1 5 0 .

C O N C L U S IO N S

T h e  c a lc u la t io n  m e t h o d s  fo r  u lt im a t e  b e a r in g  c a p a c it y  o f  s t r ip  fo u n d a t io n s  

g iv e n  in  m o s t  c o m m o n  s t a n d a r d s  a r e  b a s e d  o n  t h e  7 0 - y e a r - o ld  t h e o r y  o f  

P r a n d t l ( 1 9 2 0 ) ,  a s  a ls o  is  t h e  p r o p o s e d  c a lc u la t io n  m e t h o d  o f  E u r o c o d e  7 . 

S in c e  th e  s y s t e m  o f  p la s t if ic a t io n  z o n e s  in  t h is  t h e o r y  is  n o t  k in e m a t ic a lly  

p o s s ib le ,  i t  le a v e s  in t e r n a l h id d e n  s a fe ty  in  th e  c a lc u la t io n  m e t h o d .  T h is  is  

a b o u t  m  -  2  in  t h e  p r o p o s e d  E u r o c o d e  7 ,  fo r  e x a m p le .  A lt h o u g h  th e  

k in e m a t ic a lly  m o r e  a c c u r a t e  c a lc u la t io n  m e t h o d  o f  B a l ia  (1 9 6 2 ) ,  w h ic h  g iv e s  

g o o d  r e s u lt s  in  c o m p a r is io n  o f  t e s t  lo a d in g s  w it h o u t  a n y  h id d e n  in t e r n a l 

s a fe t y , h a s  b e e n  a v a ila b le  fo r  m o r e  t h a n  3 0  y e a r s , w e  m a y  s t ill h a v e  to  w a it  

a  fe w  y e a r s  t o  s e e  th is  m e t h o d  in c o r p o r a t e d  in t o  c o m m o n  d im e n s io n in g  

s t a n d a r d s . A  n e w e r  c a lc u la t io n  m e t h o d  w h ic h  g iv e s  g o o d  a g r e e m e n t  w it h  te s t  

r e s u lt s , s u c h  a s  L e w a n d o w s k a ’s  &  D e m b ic k i’s  ( 1 9 9 1 )  v a r ia t io n a l m e t h o d  

m a y  h a v e  t o  w a it  e v e n  lo n g e r  t o  e n t e r  t h e  E u r o c o d e .
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