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Panel discussion: Limit State design -  A South African perspective 

Débat de spécialistes: Le dimensionnement aux états-lim ites- L’optique sud-africaine

Peter Day -Jonesand Wagener, SouthAfrica

A B S T R A C T : T h is  d isc u ssio n  c o n trib u tio n  d e sc rib e s the p ro g ress m ad e to w ard s im p lem en tatio n  o f  lim it state  d esig n  tech n iq u es in  the 

f ie ld  o f  g e o te c h n ic a l en g in eerin g  in  So u th  A f ric a . It id en tif ies so m e o f  the im p ed im en ts to  the ac c e p tan c e  o f  the Eu ro c o d es and  ho w  

So u th  A f ric a n  e n g in eers are  ad d ressing  these  issu es.

R E S U M E : C e tte  c o n trib u tio n  à la d isc u ssio n  d é c rit les p ro g rès faits v ers l ’ é x è c u tio n  d es téc h n iq u es d e c o n c e p tio n  d ’ états lim ites d ans 

le d o m ain e  d u  g én ie  g éo te c h n iq u e  e n  A friq u e  d u Su d . E lle  id en tif ie  c e rtain s d es o b stac le s à l ’ ac c e p tatio n  d es Eu ro c o d es e t la faç o n  

d o nt le s in g én ieu rs su d -afric ain s so n t en  train  d ’ ab o rd er c e s  p ro b lèm es.

1 IN T R O D U C T IO N

Be in g  situ ated  as it is at the  so u thern  tip  o f  th e  "d ark  c o n tin e n t" , 

ch an g e  is so m etim es slo w  in  c o m in g  to  So u th  A f ric a . T h is  has 

ce rtain ly  b e e n  the c ase  w ith  the in tro d u c tio n  o f  lim it state  d esig n  

in  g e o te c h n ic al en g in eerin g .

In  1 9 9 5 , a d e c is io n  w as tak en  b y  the G e o te c h n ic al D iv isio n  o f  

the So u th  A fric an  In stitu tio n  o f  C iv il En g in e e rs to  ad o p t 

Eu ro c o d e  7 as a stand ard  fo r lim it state  d esig n  in  g eo tec h n ic al 

d esig n . T h e  in ten tio n  w as that e n g in eers sho u ld  u se  th is c o d e  in 

p aralle l w ith  e x istin g  d esig n  m eth o d s f o r  a trial p erio d  o f  three 

o r fo u r y ears m u ch  the  sam e as is hap p en in g  in  Eu ro p e  at 

p resen t. H o w e v e r, tw o  y ears d o w n  the lin e , the p ro fe ssio n  is 

still d eb atin g  th e  m erits o f  the  Eu ro c o d es and  v ery  few  d esig n ers 

are im p lem en tin g  Eu ro c o d e  7  in  p rac tic e .

T h is  p ap er e x p lo re s so m e o f  the reaso n s f o r th is situ atio n .

2  E U R O C O D E  1: T H E  L O A D  FA C T O R  D E B A T E

In  the early  1 9 8 0 ’ s , the  Stru c tu ral D iv is io n  o f  the  So u th  A fric an  

In stitu tio n  o f  C iv il En g in e e rs se t up  a w o rk in g  g ro u p  to  m ake 

rec o m m en d atio n s o n  lim it state  fo rm u latio n s in  So u th  A fric an  

stru c tu ral c o d es. T h e  o b je c tiv e s  o f  th is w o rk in g  g ro u p  w ere  to  

se le c t a lim it states m o d e l, to  id en tify  the p rin c ip le s and  

assu m p tio ns o n  w h ic h  fu tu re  m aterials c o d es sho u ld  b e  b ased , to  

d e fin e  p artial lo ad  fac to rs  and  lo ad  c o m b in atio n s w h ic h  w o u ld  b e  

c o m m o n  to  all m aterials c o d es and  to  id en tify  the c rite ria  fo r 

c a lib ratio n  o f  the m aterials c o d es (K e m p , 19 8 6 ) .

D u rin g  th e ir d e lib e ratio n s, th is w o rk in g  g ro u p  stud ied  the 

lim it states p ro p o sals b e in g  d ev elo p ed  in  Eu ro p e , the U nited  

State s, C an ad a and  A u stralia at the tim e . P artic u lar atten tio n  

w as p aid  to  the se le c tio n  o f  p artial lo ad  fac to rs w h ic h  w o u ld  

y ie ld  lo ad  e f fe c ts  w ith  a u n ifo rm  "p ro b ab ility  o f  b e in g  ex c e e d e d "  

o v er the fu ll ran g e  o f  lo ad  c o m b in atio n s. O n  the b asis o f  th is 

w o rk , the lo ad  fac to rs g iv en  in  T ab le  1 w ere  ad o p ted  and  

in co rp o rated  in to  the 198 9  v ersio n  SA B S 0 1 6 0  (M ilfo rd , 1986a ) .

P ro b ab ly  the m o st strik in g  featu re  o f  the SA B S 0 1 6 0  ap p ro ach  

is the re lativ e ly  lo w  fac to r ap p lied  to  d ead  lo ad  nam ely  1 ,2 . T h e  

reaso n  fo r th is se le c tio n  is illu strated  in Fig u re s la  and  lb  w h ich  

ch art the v ariatio n  in  "lo ad  in d ex " ac ro ss the ran g e  o f  lo ad  

c o m b in atio n s f o r the  lo ad  fac to rs g iv en  in  SA B S 0 1 6 0  and  fo r 

tho se  g iv en  in the th en -c u rre n t British  c o n c re te  c o d e , C P  110. 

(T h e  lo ad  ind ex  is the n eg ativ e  lo g arith m  to  b ase  10 o f  the 

p ro b ab ility  o f  e x c e e d in g  a g iv en  lo ad . A  lo ad  ind ex  o f  2 ,0  

c o rresp o n d s to  a 1 % p ro b ab ility .)

T ab le  1. SA B S 0 1 6 0  p artial lo ad  fac to rs and  c o m p arab le  

v alu es fro m  EC  1.

T y p e  o f  Lo ad SA B S 0 1 6 0 Eu ro c o d e  1

M ax im u m  s e lf  w eig h t 

ac tin g  in  iso latio n

1 ,5

M ax im u m  s e lf  w eig h t 

ac tin g  in  c o m b in atio n

1 , 2 1 ,3 5  (C ase  B)

M in im u m  s e l f  w eig h t 0 ,9 0 ,9 0  (C ase  B)

W ind  - g en eral 1 ,3

- freestan d in g 1 ,5 1 ,5 0  (C ase  A ) 

1 ,3 5  (C ase  B)

Flo o r lo ad s and  o th er 

im p o sed  lo ad ing

1 , 6 1 ,3 0  (C ase  C )

Fro m  these f ig u res, it c an  b e  seen  that the lo ad  fac to rs  g iv en  in 

SA B S 0 1 6 0  resu lt in  a lo ad  ind ex  o f  ap p ro x im ate ly  2 ,0  o v er the 

fu ll ran g e  o f  lo ad  c o m b in atio n s w ith  the e x c e p tio n  o f  h ig h  d ead  

lo ad s c o m b in ed  w ith  lo w  w ind  lo ad s. A p art fro m  th is e x c e p tio n , 

the v ariatio n  in  lo ad  ind ex  is lo w er than  that exh ib ited  by  the 

lo ad  fac to rs g iv en  in C P  1 1 0 . In  the So u th  A fric an  c o d e , the 

lo ad  fac to rs fo r u ltim ate  and  se rv ic e ab ility  lim it states w ere 

c h o sen  to  ac h ie v e  5 0  y e ar p ro b ab ilitie s o f  e x c e e d e n c e  o f  1 %  and  

10%  (lo ad  ind ices o f  2 ,0  and  1 ,0 )  re sp ec tiv e ly . A lth o u g h  these 

p ro b ab ilitie s w ere d eriv ed  u sing  statistic al d istrib u tio n s fo r 

lo ad ing  p ertain in g  m ain ly  to  b u ild in g s, they  w ere  co n sid ered  to  

b e su f f ic ie n tly  rep resen tativ e  fo r u se in  the d esig n  o f  o th er ty p es 

o f  stru c tu res.

T h e  So u th  A fric an  w o rk in g  g ro u p  w ent o n  to  sho w  that the 

u n ifo rm ity  o f  the  safe ty  ind ex  had  ad v antag es fo r the c alib ratio n  

o f  the m aterials c o d e s. A  targ et re liab ility  ind ex  o f  3 ,0  (as is 

ap p ro p riate  fo r m o st d u c tile  stru c tu res)  c an  b e  ac h iev ed  by  

ad o p ting  p artial m aterial fac to rs  w h ic h  y ie ld  d esig n  v alu es w ith  

a 1%  p ro b ab ility  o f  a w o rse  v alu e  o c c u rrin g . T h is  c o n c lu sio n  

w as sh o w n  to  b e  v alid  fo r m aterial p ro p erties w ith  c o e f f ic ie n ts  

o f  v ariatio n  ran g in g  fro m  10%  - 3 0 %  (M ilfo rd , 19 8 6 b  &  198 8 ) .

A f te r lay in g  o f  su ch  a so lid  fo u n d atio n  fo r the c alib ratio n  o f  

m aterials c o d e s, So u th  A fric an  en g in eers are u n d erstand ab ly
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W  /  ( D + L + W) =  0,2

W  /  ( D +  L +  W) = 0.4

0.25 0 .50  0.75 1.00 

D / ( D  +  L )

W  /  ( D + L + W) =  0.6

0 .25  0 .50  0.75 

D /  ( D + L )

(2) 1 ,2  D + 1 ,6  L

0 .25 0.50 0 .75 1.00 

D / (D  + L )

(3) 1 ,2  D + 0 ,5  L +  1,3 W

Fig u re  la  Lo ad  ind ex  fo r v ario u s lo ad  c o m b in atio n s g iv en  in  

SA B S 0 1 6 0 .

C ase  C

(Fa ilu re  in  g ro u n d ) 1,0 G k +  1,3 0k

Ev e n  w ith o u t the b e n e f it o f  statistic al an aly sis , it is ev id en t that 

the lo ad  in d ic es attach ed  to  th ese  lo ad  c o m b in atio n s w ill d if fe r 

sig n if ic an tly . A s a re su lt, d if fe re n t p artial m aterial fac to rs  hav e 

to  b e ap p lied  to  the so il p ro p erties in  e ac h  c ase s to  ac h iev e  a 

u n ifo rm  targ e t re liab ility . T h is  situ atio n  is re f le c te d  in  T ab le  2 .1  

o f  Eu ro c o d e  7 .

A p art fro m  the v ariatio n  in  the lo ad  in d ex , the c o n sid eratio n  

o f  these three  lo ad  c ase s  g iv es rise  to  p ro b lem s w ith  the analy sis 

o f  c e rta in  stru c tu res, earth  retain in g  stru c tu res in  p artic u lar. Fo r 

e x am p le , the d ep th  o f  em b ed m en t o f  a c an tile v e r retain in g  w all 

is lik e ly  to  b e  g o v ern ed  b y  C ase  C . T h e  stru c tu ral stren g th  o f  

the w all sh o u ld , ac c o rd in g  to  EC  1, b e  an aly sed  u sing  C ase  B. 

H o w ev er, the ap p lic atio n  o f  lo ad  C ase  B  to  the d ep th  o f  w all 

d eriv ed  fro m  C ase  C  resu lts in  a w all w h ic h  is no  lo n g e r in  static  

eq u ilib riu m  u n d er the ac tio n  o f  ac tiv e  and  p assiv e  p ressu res.

A  fu rth er p o in t, p o ssib ly  o n  the p ed an tic  sid e , is that 

stru c tu ral in teg rity  is no t alw ay s g o v ern ed  b y  C ase  B . Fo r 

e x am p le , c o n sid e r the c ase  o f  th e  2 5 0 m  h ig h  c h im n e y  sh o w n  in 

Fig u re  2 . T h e  c ritic a l d esig n  c o n d itio n  f o r th is c h im n e y  w as that 

o f  c ro ss-w in d  o sc illatio n  d u ring  c o n stru c tio n  w ith  the  w ind shield  

at a h e ig h t o f  2 2 5 m . T h e  tab le  o n  the rig h t hand  sid e o f  this 

f ig u re  g iv es the m ax im u m  and  m in im u m  p ile  lo ad s, b end ing  

m o m en ts and  the req u ired  area o f  re in fo rc e m e n t f o r C ases A  and  

B . In  th is in stan c e , lo ad  C ase  A  is sh o w n  to  g o v ern  the 

stru c tu ral d esig n  o f  the p ile s. U n d er the  lo ad s ex erted  b y  the 

c o m p leted  c h im n e y , C ase  B  w as m o re  c ritic a l ( th is tim e  w ith  the 

p iles in  c o m p re ssio n )  b u t the re in fo rc e m e n t req u irem en ts w ere 

still g o v ern ed  b y  C ase  A  d u ring  c o n stru c tio n .

W  /  ( D +  L + W) =  0,4 W  /  ( D +  L +  W) =  0.6
4.U

3.0

TJ

X)
(0

2.0 SA BS 0 1 6 0  —

1.0

0 0
0.25 0 .50  0 .75 1.00 

D /  ( D +  L)

0.25 0 .50  0.75 

D / (D  +  L )

Fig u re  lb  C o m p ariso n  o f  lo ad  in d ic es -  SA B S 0 1 6 0  and  

C P  110.

re lu c tan t to  ab an d o n  th e ir lo ad in g  c o d e . T h e  lo w  d ead  lo ad  

fac to r d o es, h o w ev er, p ro h ib it the  u se o f  the lo ad  fac to rs  g iv en  

in  SA B S 0 1 6 0  in  c o n ju n c tio n  w ith  m aterials c o d es fro m  ab ro ad  

su ch  as EC  2  (D e sig n  o f  C o n c re te  Stru c tu res)  p artic u larly  w here  

b rittle  m o d es o f  fa ilu re  are  c o n c ern ed .

3 L O A D  C O M BIN A T IO N S A , B  A N D  C

20m I

20 no. 
1350 f  
pi les

L o ad  C ase C ase  A C ase  B

D u rin e  C o n stru c tio n

M ax . P ile  L o ad 1 9 .1 M N 2 2 .3 M N

M in . P ile  L o ad - 6 ,4 3 M N - 3 ,2 5 M N

P ile  M o m en t 1 ,6 0 M N 1 ,6 0 M N

R e in fo rc e m e n t m m

1 ,5 % 1 , 1 %

C o m p le ted  C h im n ev

M a x . P ile  L o ad 2 0 ,1 M N 2 5 ,2 M N

M in . P ile  L o ad 0 ,3 1 M N 2 ,7 6 M N

P ile  M o m en t 1 ,1 7 M N 1 ,1 7 M N

R e in fo rc e m e n t m m

0 ,3 % 0 ,7 %

Fig u re  2 . P ile  lo ad s and  re in fo rc e m e n t req u irem en t fo r 

2 5 0 m  h ig h  c h im n e y .

O ne o f  the g reatest im p ed im en ts to  the  in tro d u c tio n  o f  lim it state 

d esig n  in g e o te c h n ic al en g in eerin g  is that the s e l f  w e ig h t o f  the 

so il g o v ern s no t o n ly  the lo ad in g  o n  a "g e o te c h n ic al stru c tu re" 

b u t also  its d esig n  re sistan c e . T h is  is in  c o n trast to  m any  o th er 

fo rm s o f  stru c tu re  w here  the resistan c e  (as d e fin ed  in the 

m aterials c o d e s)  is ind ep end ent o f  the lo ad in g  (d eterm in ed  b y  the 

lo ad in g  c o d e ) .

In  o rd er to  ad d ress th is p ro b le m , Eu ro c o d e  1 has in tro d u ced  

a th ird  lo ad  c ase . T h e  f irst tw o  lo ad  c ase s d eal w ith  lo ss static  

eq u ilib riu m  and  failu re  o f  the stru c tu re  re sp e c tiv e ly . T h e  third  

lo ad  c ase  d eals w ith  failu re  in  the  g ro u nd . Fo r  a stru c tu re  

su b je c ted  to  a d ead  lo ad  (p erm an en t ac tio n , G k) and  a sin g le  liv e  

lo ad  (v ariab le  ac tio n , Q k) , th e  th ree  lo ad  c ase s are  as fo llo w s:

C ase  A

(L o ss  o f  static  eq u ilib riu m ) 

C ase  B

(Fa ilu re  o f  stru c tu re )

0 ,9  G k +  1 ,5  Q ,

1 ,3 5  G k +  1 ,5  Q k

U p o n  re f le c tio n , it is lo g ic al that C ase  A  sho u ld  b e  c ritic a l 

p artic u larly  d u ring  c o n stru c tio n  as th is is a situ atio n  o f  p o ten tial 

lo ss o f  static  eq u ilib riu m  ( i .e . o v ertu rn in g ) . T h e  o n ly  "u n u su al" 

asp ec t o f  th is situ atio n  is that the resistan c e  to  o v ertu rn in g  is 

p ro v id ed  by  stru c tu ral e le m e n ts, i .e . the p ile s, rath er than  b y  the 

g ro u nd . In  the lig h t o f  th is e x am p le , the im p ressio n  sho u ld  no t 

b e  created  in EC  1 that the stren g th  o f  the stru c tu ral e lem e n ts is 

in sig n if ic an t fo r C ase  A  (Se e  T a b le  9 .2 )  o r b y  E C  7  that C ase  A  

ap p lies o n ly  to  p ro b lem s o f  b u o y an c y  (Se e  C lau se  2 .4 .2 ( 1 5 ] ) .

4  C H A R A C T E R IST IC  M A T E R IA L  P R O P E R T IE S

T h e re  has b e en  c o n sid e rab le  d eb ate  o v er the y ears ab o u t the 

se le c tio n  o f  c h arac te ristic  v alu es fo r m aterial p ro p erties. T h e  

c o n sen su s ap p ears to  b e  that the c h arac te ristic  v alu e f o r a 

m aterial p ro p erty  sho u ld  b e  a cau tio u s e stim ate  o f  the v alu e  

lik e ly  to  g o v e rn  the o c c u rre n c e  o f  a lim it state . T h e  se le c tio n  o f  

th is v alu e  sho u ld  tak e  into  ac c o u n t no t o n ly  the v ariatio n  in

W  /  ( D +  L +  W) =  0,0

4.0
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Fig u re  3. and

m aterial p ro p erties b u t also  the v o lu m e o f  so il thro u g h  w h ic h  the 

failu re  su rfac e  p asses and  the av erag in g  e f fe c t w h ich  th is w ill 

hav e o n  the m aterial p ro p erties (Sim p so n  19 8 4 ) .

In  the c ase  o f  re lativ e ly  u n ifo rm  so il p ro f ile s w here an 

ad eq u ate site  in v estig atio n  has b e en  u n d ertaken , the se le c tio n  o f  

c h arac te ristic  v alu es sho u ld  no t p o se  an  u nd u e p ro b lem . 

H o w e v e r, u n d er ty p ic al So u th  A fric an  c o n d itio n s, th is is seld o m  

the c ase . Fre q u e n tly , g e o te c h n ic a l en g in eers hav e  to  co ntend  

w ith  a g ro ssly  inad eq u ate nu m b er o f  test resu lts ( o r no  tests at 

a ll) , p o o r testin g  p ro ced u res and  the ad d ed  v ariab ility  intro d u ced  

by  p artial satu ratio n  and  re lic t stru c tu re  o f  m any  ty p ic al So u th  

A fric an  so ils .

T h e  issu es o f  inad eq u ate  testin g  and  p o o r test p ro ced u res are 

no th ing  new  and  are  no t u n iq u e to  the lim it state d esig n  

ap p ro ach . Sim ila r p ro b lem s w o u ld  b e  fac ed  w ith  any  o th er 

d esig n  m eth o d . T h e  p ro b lem s w ith  p artially  satu rated  m aterials 

and  m aterials w ith  re lic t stru c tu res are  slig h tly  m o re  

fu n d am ental.

T h e  ex ten t to  w h ic h  So u th  A fric an  G e o te c h n ic a l En g in eers 

re ly  o n  a p artial satu ratio n  is c le arly  illu strated  by  th e ir ap p ro ach  

to  e x c av atio n  stab ility . Fo r  e x am p le , nu m ero u s tem p o rary  

ex c av atio n s, so m e as d eep  as 9 m , hav e b e en  e x c av ated  in to  the 

p artially  satu rated  resid u al g ran ites o f  the n o rth ern  su b u rb s o f  

Jo h an n esb u rg  at in c lin atio n s o f  7 0 °  to  the h o riz o n tal. W h e n  

tested  in  a satu rated  c o n d itio n , the resid u al g ran ite  has a fric tio n  

an g le  o f  3 6 °  and  a c o h e sio n  o f  z e ro . It is thu s ev id en t that the 

stab ility  o f  th ese  e x c av atio n s d ep end s larg e ly  o n  the stren g th  

d eriv ed  fro m  a p artial satu ratio n .

T h is  p o ses a p ro b lem  f o r the se le c tio n  o f  c h arac te ristic  v alu es 

to  b e  u sed  in  the d esig n  p ro c ess . Fig u re  3 d ep ic ts the "sh ear 

stren g th " o f  the resid u al g ran ite  u n d er d ry  and  satu rated  

co n d itio n s. I f  the  d esig n er c h o o se s to  u se  the stren g th  o f  the 

p artially  satu rated  m ate rial, he co u ld  no t d o u b t sho w  that the 

e x c av atio n  is stab le . H o w e v e r, h e  ru ns the risk  that the m aterial 

m ay  b e c o m e  satu rated  d u ring  the d esig n  lif e  o f  the  e x c av atio n . 

T h e  sh ear stren g th  w o u ld  th en  d ro p  to  the satu rated  stren g th  

p ro b ab ly  resu ltin g  in  the failu re  o f  the e x c av atio n .

In  th is e x am p le , it is no t the v ariab ility  o f  the m aterial 

p ro p erty  (m ain ly  th e  sh ear stren g th ) w h ic h  g o v ern s the se le c tio n  

o f  the c h arac te ristic  v alu e . It is the p ro b ab ility  o f  an  o c c u rre n c e  

o f  an  e x te rn al e v en t, nam ely  satu ratio n  o f  the so il, w h ich  

d eterm in es the re liab ility  o f  the stru c tu re . O b v io u sly  su ch  

ex te rn al ev en ts c an n o t b e  taken  in to  ac c o u n t by  the ap p licatio n  

o f  a p artial m aterial fac to r.

m ajo r ad v antag es o f  lim it state  d esig n , n am e ly , tak in g  ac c o u n t 

o f  the u n certain ty  asso c iated  w ith  e ac h  ind iv id u al p aram eter at 

the inp u t stag e o f  the d esig n  p ro c ess rather than  m ere ly  fac to rin g  

the end  resu lt.

T h e re  is g en erally  no  p ro b lem  d esig n in g  p ile  g ro u p s o r sp read  

fo o tin g s u sing  lim it state  d esig n  m eth o d s. T h is  is little  m o re  

than an e x te n sio n  o f  the stru c tu ral d esig n  p ro c e ss to  w h ic h  the 

lim it state  d esig n  m eth o d  is id eally  su ited . H o w ev er, w hen  it 

c o m es to  the d esig n  o f  a g e o te c h n ic al stru c tu re  (e g . slo p es, 

em b an km en ts, e tc .) ,  m any  g eo tec h n ic al en g in eers see  the 

ap p licatio n  o f  lim it state  d esig n  as so m ew h at c o n triv ed . T h ey  

w o u ld  p re fe r to  take  ac c o u n t o f  the v ariab ility  o f  the inp u t 

p aram eters in a m o re  d ire c t m an n er b y , f o r e x am p le , a 

sen sitiv ity  an aly sis , the p o in t estim ate  m etho d  o r a fu lly - f led g ed  

statistic al an aly sis.

T h e  sec o n d  issu e to  b e  reso lv ed  is the se le c tio n  o f  lo ad  fac to rs 

and  the fo rm u latio n  o f  lo ad  c o m b in atio n s. D o  w e fo llo w  the 

Eu ro c o d e  ro u te , stic k  to  SA B S 0 1 6 0  o r lo o k  fo r y e t an o th er 

c o d e?  In  o rd er to  ad d ress this p ro b lem , the So u th  A fric an  

In stitu tio n  o f  C iv il En g in e e rs has arrang ed  a sem in ar o n  lo ad ing  

to  b e held  in O c to b e r 1 9 9 8 . T h is  sem in ar w ill b e  ad d ressed  by  

rep resen tativ es fro m  Eu ro p e , N o rth  A m e ric a  and  A u stralia as 

w e ll as b y  ad v o c ates o f  lo c al p rac tic e .

It is ho p ed  that b y  th e  end  o f  199 8  So u th  A fric an  c iv il 

en g in eers w ill hav e ac h iev ed  co n sen su s b e tw een  d isc ip lin es o n 

the d ire c tio n  to  g o  and  c an  then  c o m m en c e  the ard u o u s task o f  

im p lem en tin g  th is d e c is io n .
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5 W H E R E  T O  N O W ?

Fro m  the d eb ate  w h ic h  has b een  tak in g  p lac e  in So u th  A fric a  

o v er the p ast tw elv e  m o n th s, there  ap p ear to  b e  tw o  issu es w h ich  

need  to  b e  reso lv ed  b e fo re  m ean in g fu l p ro g ress c an  b e  m ad e. 

Firstly , is it n e c essary  to  ap p ly  lim it state  d esig n  m eth o d s to  a]] 

ty p es o f  g e o te c h n ic al p ro b lem s?  G e o te c h n ic a l en g in eers are 

acu te ly  aw are  o f  the v ariab ility  o f  th e  p aram eters u sed  in  the 

d esig n  p ro c e ss - p erhap s m o re  so  than  e n g in eers fro m  o th er 

b ran c h es o f  c iv il e n g in eerin g . T h e y  thu s ap p rec iate  o n e  o f  the

Saturated

Shear strength (S)

Sh e ar stren g th  o f  resid u al g ran ite  in  satu rated  

p artially  satu rated  co n d itio n s.
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