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D is c u s s io n  le a d e r ’s  re p o r t 

R a p p o rt d e  I’a n im a te u r

M A R C U S  P A C H E C O , U n iv e rs i ty  o f th e  S ta te  o f R io  d e  J a n e iro , U E R J , B ra z il

1-  I NTRODUCTI ON

Fol l owi ng t he i nt r oduct i on by  t he Chai r man,  

Pr of .  F. E.  Bar at a*  and t he pr esent at i on of  t he 

Gener al  Repor t er s ,  Pr of .  Nunez  and Pr of .  

Mi cucci ,  t he r emai ni ng of  t he Sess i on was 

schedul ed f or  di scuss i ons.  Bef or e goi ng I nt o t he 

t opi cs  sel ec t ed f or  di scuss i on*  we woul d 1 i ke t o 

make a f ew comment s  about  t hi s  Di scuss i on Ses-  

s i o n .

Thi s i s t he f i r s t  I SSMFE Conf er ence wher e t he 

subj ec t  of  f oundat i ons  of  t r ansmi ss i on t ower s  i s 

i ncl uded as a spec i f i c  Di scuss i on Sessi on.  Thi s 

may  expl ai n i n par t  t he f act  t hat  t he at t endance 

t o t hi s  Di scuss i on Sess i on was per haps  smal l er  

t han expect ed.  Anot her  poss i bl e r eason was t he 

undes i r abl e conf l i c t  wi t h DS- 12 ( Anchor s and I n­
j ec t ed Pi l es) ,  whi ch t ook pl ace s i mul t aneous l y ,  

cons i der i ng t hat  bot h t opi cs  have i mpor t ant  com­

mon i nt er f aces.  Never t hel ess,  t he aut hor  be ­

l i eves t hat  t he Ri o de Janei r o Conf er ence seems 

t o conf i r m t hat  t he number  of  geot echni cal  engi ­

neer s ef f ec t i vel y  par t i c i pat i ng i n r esear ch,  de ­

s i gn and cons t r uc t i on of  f oundat i ons  of  t r ans ­

mi ss i on t ower s  t hr oughout  t he wor l d i s pr obabl y  

ver y 1 i mi t ed.  I n pr ac t i ce,  wi t h some except i ons,  

t he f oundat i on des i gn i s qui t e of t en l ef t  under  

r espons i bi l i t y  of  st r uct ur al  or  even el ect r i cal  

eng i neer s!

Dur i ng t hi s  Di scuss i on Sess i on we r egi s t er ed t he 

pr esence of  43 par t i c i pant s  di s t r i but ed as f ol ­

l ows:  Br azi l  ( 22) ,  Ar gent i na ( 7) ,  U. S. A.  ( 3) ,  

Fr ance ( 2) ,  pl us one par t i c i pant  f r om each of  

t he f ol l owi ng count r i es :  Bul gar i a,  Chi l e,  Col om­

bi a,  I sr ael ,  Japan,  Mexi co,  Net her l ands,  

Par aguay  and Scot l and.  The par t i c i pat i on of  

Br az i l i ans  r epr esent ed 51. 16% of  t he Sessi on.  I n 

addi t i on t o t he f act  t hat  Br azi l  was t he host  

count r y  f or  t hi s  event *  t he at t endance of  a c om­

par abl y  l ar ger  number  of  Br az i l i an par t i c i pant s  

i n t hi s  sess i on compar ed t o ot her  sess i ons may 

be expl ai ned per haps  by t he many  pecul i ar  t r ans ­

mi ss i on syst ems t hat  had t o be i mpl ement ed i n 

Br azi l  i n t he l ast  t wo decades,  as par t  of  some 

of  t he l ar gest  hydr oel ec t r i c  pr oj ec t s  i n t he 

wor l d,  such as I t ai pu ( i n t he Sout hwes t er n par t  

of  t he Nat i on)  or  Tucur uf  ( i n t he Amazon ar ea) ,  

among ot her s.  To i l l ust r at e t hi s  poi nt  of  v i ew 

and r ef er r i ng onl y  t o t he I t ai pu Pr oj ect ,  a 

gr eat  deal  of  r esear ch ef f or t  was needed ai mi ng 

at  t he r at i onal  and economi c  f oundat i on des i gn 

of  t hi s  t r ansmi ss i on syst em,  whi ch r equi r ed t he 

cons t r uc t i on of  f i ve par al l el  t r ansmi ss i on l i nes 
connec t i ng I t ai pu t o Sao Paul o,  c r oss i ng en ­

t i r el y  di f f er ent  geot echni cal  condi t i ons  and ge­

ol ogi cal  f or net i ons.  Al t oget her ,  t hr ee 600- KV 

l i nes i n C. C.  and t wo 750- KV l i nes i n A. C.  wer e 

const r uc t ed,  each one about  1, 000 km l ong,  t o ­

t al l i ng about  45, 000 f oundat i ons  ( i nc l udi ng 

guyed and sel f - suppor t ed t ower s) .

2-  TOPI CS FOR DI SCUSSI ON

Accor di ng t o t he aut hor ' s  exper i ence i n r e­

sear ch,  des i gn and cons t r uc t i on of  f oundat i ons  

of  l ar ge and heavy  t r ansmi ss i on t ower s  i n di f ­

f er ent  t ypes of  soi l s  t hr oughout  a cont i nent al  

count r y  I i ke Br azi  I , t he di scuss i ons  wi  I 1 be 

l i mi t ed t o some sel ec t ed t opi cs,  as f ol l ows:

a-  Need of  a r at i onal  pr ocedur e f or  f oundat i on 

des i qn

Undoubt edl y ,  we have avai l abl e t oday  a gr eat  va­

r i et y  of  t heor et i cal  and exper i ment al  r esear ch 

di r ec t ed t o t he subj ec t  of  f oundat i ons  of  t r ans ­

mi ss i on t ower s.  However ,  due t o t he appar ent l y  

r educed par t i c i pat i on of  geot echni cal  engi neer s  

i n t hi s  f i el d*  i t  appear s  t hat  t he r esear ch 

avai l abl e i s st i l l  not  di r ec t ed t o pr ac t i ce t he 

way i t  shoul d,  ai mi ng at  t he r at i onal  and eco­

nomi c desi gn.  Si nce most  of  t he r ecent  r esear ch 

devel opment  was concent r at ed I n t he t heor et i ­

cal / academi c  ar ea,  t her e i s t oday  a bi g gap t o 

be br i dged bet ween t heor y  and pr act i ce.  Ther e 

ar e many  cases of  f oundat i ons  of  t r ansmi ss i on 

l i nes wor l dwi de st i l l  bei ng des i gned under  ol d 

empi r i cal  and over conser vat i ve pr ocedur es  l i ke 

t he " i nver t ed cone"  or  t he " f r i c t i on cy l i nder " ,  

whi ch al most  al ways  l ead t o unnecessar i I y  hi gh 

cost s  of  const r uc t  i o n . I f  we cons i der  t hat  a 

s i gni f i cant  per cent age of  t he cost  of  a hydr o ­

el ec t r i c  pr oj ec t  i s spent  wi t h i t s t r ansmi ss i on 

syst em,  i t  I s qui t e c l ear  t hat  a deeper  i nt ei — 

change bet ween r esear cher s  and pr of ess  I onaI s 

ai mi ng at  t he r at i onal  and economi c  des i gn i s 

hi ghl y  needed.  Roughl y,  t he cost  of  t he f ounda­

t i ons  of  a smal l ,  say,  138- KV s i ngl e- c i r cui t  

t r ansmi ss i on l i ne c r oss i ng a r egi on wi t h no ma ­

j or  geot echni cal  di f f i cul t i es  f s of  t he or der  of

4- 87.  of  t he t ot al  cost  of  t he TL . For  heav i er  

500/ B00- KV TL ' s , al so under  " nor mal "  geot ec hni ­

cal  condi t i ons,  t he cost  of  t he f oundat i ons  i s 

1 i kel y t o f  a 1 1 i n t he r ange of  10- 207,  of  t he 

gl obal  cost .  Thi s  f i gur e can r each 507,  of  t he 
t ot al  cost  or  even hi gher ,  i n t he par t i cul ar  

cases of  heavy  doubl e- c i r cui t  t r ansmi ss i on l i nes 

c r oss i ng densel y  popul at ed and/ or  I ndust r i al  ar ­

eas under  unf avor abl e soi l  condi t i ons.

Ther e ar e i mpor t ant  concept ual  1 I mi t at i ons t o be 

under s t ood bef or e appl y i ng t he t heor i es  and pr o ­

cedur es obt ai ned by  means  of  t heor et i cal  and ex ­

per i ment al  r esear ch ( usual l y  per f or med on r e-  

duced- scal e model s)  t o pr edi c t  t he behav i or  of  

f ul l - scal e f oundat i ons.  Ther e ar e al so maj or  

di f f er ences  bet ween t he r esponse of  a f ul l - scal e 

t est  and t he per f or mance of  t he pr ot ot ype i n t he
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f i el d,  s i nce t he condi t i ons  I deal i zed i n t he 

t es t i ng env i r onment  may  be qui t e di f f er ent  f r om 

t hose pr evai l i ng i n t he f i el d.  Ther ef or e*  t he 

pr edi c t i on of  act ual  per f or mance based sol el y  on 

t he r esul t s  of  t heor et i cal  and/ or  exper i ment al  

r esear ch devel oped under  ent i r el y  di f f er ent  con­

di t i ons  wi l l  most  l i kel y l ead t o poor  desi gn.  I t  

seems c l ear  t hat  t he des i r ed i mpr ovement  i n t he 

s t at e- of - t he- ar t  of  f oundat i ons  of  t r ansmi ss i on 

t ower s  wi l l  be achi eved onl y  wi t h a deeper  par ­

t i c i pat i on of  geot echni cal  pr of ess i onal s  i n t hi s  

ar ea.  Thi s i s bei ng done success f ul l y  i n Fr ance 
under  t he sponsor shi p of  CI GRE and El ec t r i c i t y  

de Fr ance.  However ,  t hi s  i mpor t ant  ef f or t  i s ap ­

par ent l y  not  bei ng f ul l y  ass i mi l at ed by  t he 

geot echni cal  communi t y  wor l dwi de.

b-  Geot echni cal  engi neer s  ar e i n gener al  not  

f ul l y  acquai nt ed wi t h t he t ower  st r uc-  

t ur aI / I oad i ng behav  i or

I n t he br oad sense,  t he concept  behi nd t he f oun ­

dat i on des i gn f or  t r ansmi ss i on t ower s  i s i n many  

aspec t s  ent i r el y  di f f er ent  f r om t he convent i onal  

pr ocedur e wher e t he s t r uc t ur e t r ansmi t s  per ma­

nent  s t at i c  l oadi ng t o i t s f oundat i on.  Ther e ­

f or e,  even t he r enowned geot echni cal  exper t  wi t h 

an excel l ent  command on t he most  updat ed t heo ­

r i es and pr ocedur es  f or  des i gn of  f oundat i ons  

under  upl i f t ,  compr ess i ve and l at er al  l oadi ng i s 

unl i kel y  t o of f er  t he best  des i gn i f  a pr oper  

under s t andi ng of  t he t ower  st r uct ur al  and l oad­

i ng behav i or  i s mi ss i ng.  Pr of .  Nunez and Pr of .  

Mf cucci  pr esent ed I n t he Gener al  Repor t  a sum­

mar y  t he mai n t ypes of  l oadi ng gover ni ng t he 

t ower  and t he f oundat i on per f or mance,  whi ch i n 

bot h cases I s cont r ol l ed by  a combi nat i on of  
s t at i c  l oadi ng ( t ower  and conduc t or s  sel f  

wei ght ,  angl e,  i ce and t emper at ur e l oadi ng)  and,  

t o a l ar ger  ext ent ,  shor t  t er m t r ans i ent  l oadi ng 

( conduct or  f ai l ur e,  wi nd,  and ear t hquake l oad­

i ng) .  The des i gn l oadi ng i s es t abl i shed ac c or d ­

i ng t o di f f er ent  combi nat i ons  of  l oadi ng hy pot h ­

esi s,  f or mul at ed by  t he st r uct ur al  des i gner ,  

t ak i ng al so i nt o account  t he pur pose of  t he 

t ower  ( suspensi on,  angl e or  dead- end t ower )  or  

t he s t r uct ur al  concept  of  t he t ower  i t sel f  

( pol es,  s e1f - suppor t ed or  guyed t ower s) .  Ther e ­

f or e,  a r at i onal  f oundat i on des i gn must  nec es ­

sar i l y  t ake i nt o account  t he nat ur e of  each 

l oadi ng c onf i gur at i on, i n accor dance t o t he 

t ower  s t r uct ur al  concept .  The i mpor t ance of  

pr oper  under s t andi ng of  t he st r uct ur al  and l oad­

i ng behav i or  by t he geot echni cal  engi neer  i s 

s i mi l ar ,  i n t hi s  case,  t o ot her  exampl es  of  

f oundat i on under  t r ans i ent  l oadi ng,  l i ke i n of f ­

shor e and ear t hquake engi neer i ng.

c:-  Long/ shor t  t er m l oadi ng ver sus l ong/ shor t  

t er m r es i st ance

Even t hough t he l oadi ng ac t i ng on a t ower  f oun­

dat i on r epr esent s  a compl ex  combi nat i on of  up ­

l i f t ,  compr ess i on and l at er al  f or ces,  upl i f t  i s 

of t en a domi nant  l oadi ng f or  des i gn pur poses.  I n 

t hi s r egar d.  I t  appear s  t hat  t her e i s a common 
mi sconcept i on among pr of ess i onal s  deal i ng wi t h 

t ower  f oundat i on des i gn ( not  necessar i l y  

geot echni cal  engi neer s ,  as al r eady  ment i oned)  

wher e t he f oundat i on shor t  t er m upl i f t  r es i s ­

t ance i s bel i eved t o be al ways  l ar ger  t han t he 

cor r espondi ng l ong t er m r es i s t ance.  Thi s  i s not  

necessar i l y  t he case,  as t he f oundat i on r e ­

s i s t ance wi l l  depend on t he soi l  shear  s t r engt h 

( accor di ng t o i t s di l at i ng or  cont r ac t i ve behav ­

i or ) ,  degr ee of  sat ur at i on,  per meabi l i t y ,  ef f ect  

of  suct i on,  among ot her  poss i bl e f act or s.  Genei — 

al l y  speaki ng,  i t  may  be di f f i cul t  t o pr edi c t  i f

a gi ven f oundat i on under  pul l i ng l oadi ng on a 

gi ven t ype of  soi l  wi l l  of f er  a hi gher  or  

smal l er  r es i s t ance under  shor t  or  l ong t er m ba ­

si s.  Thi s  subj ec t  needs f ur t her  r esear ch.

I t  i s wel  1 under s t ood t hat  t he des i gn i s of t en 

cont r ol l ed by  shor t  t er m dynami c  l oadi ng.  How­

ever ,  t hi s ef f ec t  i s usual l y  not  t aken i nt o ac ­

count  i n pr act i ce,  as t he shor t  t er m ac t i on i s 

of t en r epl aced by  a cor r espondi ng quas i - s t at i c  

l oadi ng f or  des i gn pur poses,  whi ch obv i ous l y  

does not  i nc l ude any  dynami c  ef f ect .  Ther e ar e 

many  ev i dences  t hat  t he cur r ent  s t at e- of - t he- ar t  

l eads t o over conser vat I ve f oundat i ons  and t hi s 

i s wel l  i l l us t r at ed i n pr ac t i ce by  t he r educed 

cases of  f oundat i on f ai l ur es  compar ed t o t he 

number  of  t ower  f ai l ur es.  The occur r ence of  wi nd 

r esonance,  f or  exampl e,  i s a f r equent  cause of  

t ower  f ai l ur es,  wi t h sudden and compl et e de ­

s t r uc t i on of  sever al  s t r uc t ur es  i n a r ow ( 5 t o 8 

or  even mor e) ,  but  wi t h no ev i dence what soever  

t hat  t he f oundat i on was over l oaded.  Usual l y ,  

onl y  t he obv i ous  cases of  poor l y  des i gned and/ or  

cons t r uc t ed f oundat i ons  wi l l  endanger  t he t ower  

st abi l i t y .  However ,  t he cons t r uc t i on of  f ounda­

t i ons i n col l aps i bl e soi l s  i s al ways  a mat t er  

f or  concer n,  as pr oper l y  addr essed by t he Gen­

er a 1 Repor t er s .

d-  Load- di s p 1acement  r e 1 at i ons hi p s  

Most  of  t he r esear ch so f ar  was di r ec t ed t o 

l i mi t  equi l i br i um i nvest i gat i on of  f oundat i ons  

under  upl i f t  l oadi ng.  As a r esul t ,  our  knowl edge 

about  t he cor r espondi ng I oad- di spl acement  behav ­

i or  i s st i l l  l i mi t ed.  Some codes es t abl i sh t he 

f oundat i on wor k i ng l oads accor di ng t o di s pl ac e ­

ment  cr i t er i a,  whi ch ar e appl i cabl e t o t he cases 

wher e l oadi ng t es t s  ar e car r i ed out  t o suppor t  

t he f oundat i on desi gn.  Thus,  a deeper  under ­

s t andi ng of  t hi s  mechani sm wi l l  undoubt edl y  en ­

l ar ge t he s t at e- of - t he- ar t . Never t hel ess ,  i t  
shoul d be ment i oned t hat  t her e i s no wel l  es t ab ­

l i shed agr eement  concer ni ng t he l i mi t  di s pl ac e ­

ment  f or  des i gn pur poses,  as i t  i s s t r ongl y  de ­

pendent  on many  aspec t s  such as  l oadi ng hy pot he ­

s i s ( i nc l udi ng dur at i on of  l oadi ng) ,  t ype of  

f oundat i on,  t ower  s t i f f ness,  qual i t y  of  bac k ­

f i l l ,  di f f er ence i n s t r engt h bet ween t he bac k ­

f i l l  and t he sur r oundi ng soi l ,  et c.  Addr ess i ng 

t hi s  pr obl em s t r i c t l y  f r om t he pr act i cal  poi nt  

of  v i ew and bas i ng t he r easoni ng upon t he r e­

sul t s  of  many  upl i f t  t es t s  publ i shed i n t he

1 i t er at ur e,  i n t he vast  maj or i t y  of  t he cases 

wher e t he f oundat i on was l oaded t o t he ul t i mat e 

r es i s t ance,  f ai l ur e was r eached wi t h di s pl ac e ­

ment s  of  t he or der  of  1 t o 4 i nches.  Cons i der i ng 

t he l i mi t ed cases of  sel f - suppor t ed t ower s  i n­

ves t i gat ed by t he aut hor  wher e t he s t r uc t ur e was 

subj ec t ed t o l at er al  and ver t i cal  di spl acement s  

even hi gher  t han 4 i nches wi t h no damage or  

onl y  l i ght  damage ( due t o t he i nf l uence of  

near by  excavat i ons  or  s l ope i nst abi l i t y ) ,  i t  ap ­

pear s  t hat  a st eel  t ower  i s not  much sens i t i ve 

t o di f f er ent i al  f oundat i on di spl acement s .  Ther e ­

f or e,  an adequat e des i gn can be achi eved by  

l i mi t  equi l i br i um consi der at i ons, '  I f  a r el i abl e 
met hod of  cal cul at i on i s sel ect ed,  t oget her  wi t h 

a pr oper  choi ce of  saf et y  f ac t or  ( of  t he or der  

of  1. 5,  f or  t r ans i ent  l oadi ng,  or  2. 0,  f or  

s t at i c  l oadi ng) .  Thi s  c r i t er i on i s expec t ed t o 

y i el d upl i f t  di spl acement s  smal l er  t han 1 t o 2 

i nches i n most  soi l s,  pr ov i ded t hat  adequat e 

cons t r uc t i on pr ocedur es  ar e used.  For  exampl e,  

excess i ve di spl acement s  of  per manent l y  t ens i oned 

f oundat i ons  ( as i n guyed t ower s)  shoul d be ex ­

pec t ed i f  t he backf i l l  i s not  compac t ed pr op ­
er l y.
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e-  What  ar e t he most  adequat e t ypes of  s i t e i n-  

v es t l qat l on f or  f oundat i on des i gn?

Thi s  i s one of  t he most  r el evant  ques t i ons  r e­

gar di ng t he r at i onal  des i gn of  f oundat i ons  of  

t r ansmi ss i on t ower s,  and wi del y  open t o di s c us ­

si on.  One of  t he maj or  di f f i cul t i es  I n t hi s  case 

i s r el at ed t o t he f act  t hat  i t  i s not  f easi bl e,  

i n gener al ,  t o des i gn one spec i f i c  f oundat i on t o 

each s t r uc t ur e al ong a t r ansmi ss i on l i ne.  Si mi ­

l ar l y,  i t  i s not  pr act i cal  t o per f or m s i t e i n­

ves t i gat i on at  ever y  t ower  l ocat i on.  Thus,  t he 

pr obl em becomes t hat  of  a qual i t at i ve sel ec t i on 

of  r epr esent at i ve par amet er s  whi ch ar e appl i c a ­

bl e t o a gi ven r egi on al ong t he l i ne.  Thi s  wi l l  

al l ow t he des i gner  t o choose 2 or  3 s t andar d 

t ypes of  f oundat i ons  f or  each t ype of  s t r uc t ur e 

t o be used i n t he l i ne.  The l ocat i ons t o be 

i nves t i gat ed shoul d be uni f or ml y  di s t r i but ed 

t hr oughout  t he l i ne,  wi t h ai d of  ai r phot os ,  geo ­

l ogi cal  and geogr aphi c  maps,  i n addi t i on t o a 

det ai l ed t opogr aphi c  sur vey  and pos t er i or  f i el d 

i nspect i on by  an exper i enced geot echni cal  engi ­

neer  and an engi neer i ng geol ogi s t .  A r easonabl e 

qual i t at i ve i nt er pr et at i on of  t he soi l  par ame­

t er s  can be achi eved by i nves t i gat i ng 5 t o 1 OH 

of  t hr ;  t ot al  t ower  l ocat i ons.  Thi s pr ocedur e 

shoul d not  i ncl ude t he s t r uc t ur es  l ocat ed i n 

di f f i cul t  geot echni cal  condi t i ons,  whi ch wi l l  

r equi r e spec i f i c  t ypes of  f oundat i ons,  whi ch i n 

t ur n wi l l  al so r equi r e spec i f i c  s i t e i nves t i ga­

t i on at  ever y  pr obl emat i c  l ocat i on.  Common t ypes 

of  s i t e i nvest i gat i on ar e l i s t ed i n t he Gener al  

Repor t .

I t  i s c l ear  t hat  t he f oundat i on des i gner ,  un ­

avoi dabl y ,  wi l l  deal  wi t h many  uncer t a I nt  i es t o 

es t i mat e t he soi l  pr oper t i es .  I n addi t i on t o 

i nher ent  uncer t ai nt i es  i n det er mi ni ng t he des i gn 

l oads.  Thi s  seems t o I ndi cat e t hat  t he pr oba ­

bi l i s t i c  appr oach i s a ver y  pr omi s i ng t ool  t o ­

war ds  t he r at i onal  desi gn.  Us i ng concept s  of  

r i sk anal ys i s ,  t he des i gn can be concei ved t o 

accept  a pr obabi l i t y  of  f ai l ur e ( pf ) ,  whi ch can 
be es t i mat ed by a capac I t y - demand model ,  wher e 

p„  i s-  expr essed by  t he pr obabi l i t y  t hat  t he 

f oundat i on s t r engt h ( capaci t y)  wi l l  be exceeded 

by t he ac t i ng l oadi ng ( demand) ,  t ak i ng i nt o ac ­

count  t he uncer t ai nt y  i n es t i mat i ng capac i t y  and 

demand.

3-  I NVI TED DI SCUSSERS

Ver y  i nt er es t i ng and pr oduc t i ve di scuss i ons  wer e 

pr esent ed by  t he i nvi t ed panel i s t s ,  cover i ng 

most  of  t he t opi cs  sel ec t ed pr ev i ous l y  f or  di s ­

cussi on,  as f ol l ows:

a-  Pr o f . P . Habi b ( Fr ance)  pr esent ed t he r esul t s  
of  r ecent  r esear ch co- aut hor ed by Dr .  M. P.  Luong 

( Fr ance) ,  showi ng t he advant ages  of  a new t ype 

of  f oundat i on f or  t r ansmi ss i on t ower  t hat  I s be­

i ng used success f ul l y  by  El ec t r i c i t y  de Fr ance.  

The f oundat i on cons i s t s  of  a r ei nf or ced concr et e 

pl at e pr es t r essed t hr ough I t s cent er  by  means  of  

a deep ver t i cal  anchor .  Cont r ar y  t o most  sol u ­

t i ons,  t hi s  f oundat i on r est s di r ec t l y  on t he 

gr ound sur f ace.  The f oundat i on was t es t ed s i mul ­

t aneous l y  wi t h a t ower  under  dynami c  exc i t at i on,  

wher e bot h t he t ower  and t he f oundat i on per f or ­

mance wer e I nvest i gat ed.  At  t he end of  t he Ses ­

si on,  Pr of .  Habi b showed an i nt er es t i ng mov i e 

i l l us t r at i ng t he dynami c  t est .  A br i ef  wr i t t en 

di scuss i on of  t hi s  r esear ch was pr esent ed by  

Pr of .  Habi b and Dr .  Luong.

b-  Pr of .  W.  Tang ( U. S. A. )  pr esent ed r esul t s  of

hi s r esear ch sponsor ed by t he Amer i can Pet r ol eum 

I nst i t ut e ( API )  and di r ec t ed t o of f shor e f ounda­

t i ons,  us i ng pr obabi l i s t i c  concept s.  I t  was 

shown t hat  t he r esul t s  can be ex t ended t o t he 

case of  f oundat i ons  of  t r ansmi ss i on t ower s.

c-  Pr of .  B.  Das ( U. S. A. )  pr esent ed r esul t s  of  

hi s r esear ch on 1oad- di spl acement  r el at i onshi ps  

f or  hor i zont al  pl at es  i n sand,  based on l abor a­

t or y  model  t est s.  A s i mpl e expr ess i on t o es t i ­

mat e upl i f t  di spl acement s  of  pl at es  I n sand was 

pr oposed.  A wr i t t en di scuss i on of  t he r esul t s  

was pr esent ed by Pr of .  Das.

d-  Pr of .  H.  Sut her l and ( Scot l and)  pr esent ed a 

summar y  of  hi s Rank I ne Lect ur e,  wher e l ar ge di ­

amet er  pi er s  dr i ven nor mal l y  t hr ough t he wal l s  

of  a t unnel  wer e des i gned t o f ai l  under  t ens i on 

l oadi ng.  The mai n poi nt  concer ni ng t hi s  di s c us ­

s i on was t o demons t r at e t hat  t he per f or mance 

pr edi c t ed by  ex i s t i ng model s  may  be compl et el y  

di f f er ent  f r om t he act ual  per f or mance I n t he 
f i el d.

4 -  FLOOR DI SCUSSERS

Accor di ng t o t he t opi cs  sel ec t ed f or  di scuss i on,  

we had t he f ol l owi ng cont r i but i ons:

a-  Pr of .  F.  Danz l oer  ( Br azi l )  showed hi s par t i c ­

i pat i on I n t he des i gn of  t he f oundat i ons of  a 

t r ansmi ss i on l i ne c r oss i ng t he Tocant i ns  r i ver  

over  a di s t ance of  5 km,  i n t he Amazon Jungl e.  

Det ai l s  of  t he s i mul t aneous l y  anchor ed and pi l ed 
bases used I n t hi s  c r oss i ng wer e pr esent ed.

b-  Eng.  C.  Per ei r a Pi nt o ( Br azi l )  pr esent ed some 

conc l us i ons  of  hi s M. Sc.  t hes i s  ( r el at ed t o t he 

I t ai pu Pr oj ect )  showi ng how t he r esponse of  I n ­

c l i ned st eel  gr i l l ages  was cont r ol l ed by  a mor e 

r es i s t ant  compac t ed backf i l l  compar ed t o a 

weaker  sur r oundi ng soi l .  The ef f ect  of  soi l  

punchi ng by  t he gr i l l age was al so r epor t ed.

c-  Pr of .  E.  Nunez ( Ar gent i na)  pr esent ed ex pr es ­

s i ons of  hi s aut hor shi p t o es t i mat e t he upl i f t  

capac I t y  of  f oundat i ons.  A concept ual  I nt er pr e­

t at i on of  shal l ow ver sus deep modes  of  f ai l ur e 
was pr esent ed.

d-  Pr of .  C.  Mahl er  ( Br azi l )  pr esent ed sat i s f ac ­

t or y  pr edi c t i ons  of  t he behav i or  of  pi er s  under  

pul l i ng l oads I n r esi dual  soi l  by f i ni t e el ement  

ana 1y s 1s .

5-  SESSI ON CLOSURE

Dur i ng t he c l os i ng par t  of  t he Sessi on,  t he au ­

t hor  r epor t ed hi s par t i c i pat i on I n hi gh capac i t y  

upl i f t  t es t s  I n pi er s  and f oot i ngs i n r esi dual  

soi l  f or  a heavy  TL I n Br azi l  wi t h net  upl i f t  

l oads r angi ng f r om 50 t o 200 t ons.  Accur at e pr e ­

di c t i ons  us i ng Mar t i n' s  model  ( Uni ver s i t y  of  

Gr enobl e)  wer e pr esent ed,  wi t h a f ew modi f i c a ­

t i ons  I n t he t heor y  t o account  f or  t he r eal  mode 

of  f ai l ur e obser ved i n f ul l - scal e t est s.  I n t he 

case of  pi er s,  t he angl e of  f ai l ur e al ong t he 

shaf t  ( A)  was set  t o zer o ( i nst ead of  0/ 8,  as 

i ni t i al l y  concei ved I n t he t heor y) .  I n t he case 

of  f oot i ngs,  i n spi t e of  t he excel l ent  qual i t y  
of  t he compac t ed backf i l l ,  t he compar abl y  hi gher  

s t r engt h of  t he sur r oundi ng r esi dual  soi l  

c l ear l y  i nduced f ai l ur e t o occur  at  t he cont act ,  

a I so wI t h 0.

Cl os i ng t he di scuss i ons,  t he aut hor  made an
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eval uat i on of  t he r esear ch t r ends  ai mi ng at  t he 

r at i onal  des i gn of  f oundat i ons  of  t r ansmi ss i on 

t ower s.  St ar t i ng wi t h t he pi oneer  wor k  of  Pr of .  

Bal i a i n 1961,  t wo mai n t ypes of  cont r i but i on 

can be i dent i f i ed:

a)  Theor et i cal  r esear ch devel oped i n t he 60' s 

and 70' s,  wi t h a maj or  cont r i but i on of  Eur ope,  

wher e t he Uni ver s i t y  of  Gr enobl e ( Fr ance)  has 

c r eat ed per haps  t he most  compr ehens i ve t heor et i ­

cal  f r amewor k  i n t hi s  f i el d,  under  t he sponsor ­

shi p of  CI GRE and El ec t r i c i t y  de Fr ance.

b)  Semi - t heor et i c a1 r esear ch devel oped i n t he 

70 ' s and 80' s,  wi t h an ac t i ve par t  i c i pat  i on of  

uni ver s i t i es  and r esear ch i nst i t ut i ons i n t he 

Uni t ed St at es and Canada.

Unf or t unat e I y , t he i nt er change bet ween t hese t wo 

r esear ch phi l osophi es  i s l i mi t ed.  I t  appear s  

t hat  t he most  r ecent  s t udi es  ar e mor e di r ec t ed 

t owar ds  t he semi - t heor et i caI  t ype of  appr oach,  

per haps  over l ook i ng some of  t he r emar kabl e t heo ­

r et  i ca I wor k devel oped pr ev i ous l y  by  ot her  i n­

vest i gat or s .  The wor k  done at  t he Uni ver s i t y  of  

Gr enobl e,  f or  i nst ance,  has been gi ven ver y  l i t ­

t l e emphas i s  by t he f ol l ower s  of  t he mor e r ecent  

t ype of  r esear ch,  wi t h a ver y  l i mi t ed number  of  

paper s  ( publ i shed by  0.  Mar t i n and J.  Bi ar r ez,  

most  of t en)  r ef er enced onl y  di sc r et el y  i n t he 

l i t er at ur e.  Thi s  i s pr obabl y  due t o t he f act  

t hat  most  of  t he wor k  devel oped i n Fr ance under  

t he sponsor shi p of  CI GRE and El ect r i ci t e'  de 

Fr ance i s document ed i n el ect r i cal  engi neer i ng 

pr ocedur es,  per haps  wi t h mor e l i mi t ed access  t o 

geot echni cal  pr of es s i ona1s . Ther ef or e,  t hose i n­

vol ved pr of ess i onal l y  and academi cal l y  i n t hi s 

f i el d ar e hi ghl y  encour aged t o become mor e f a­

mi l i ar  wi t h t hi s  i mpor t ant  wor k,  t o wi den i t s 

appl i cabi l i t y  and t o i dent i f y  poss i bl e l i mi t a­

t i ons.  The t heor et i cal  wor k  done at  Gr enobl e was 

essent i al l y  based upon smal l - scal e l abor at or y 

t es t i ng model s .  Thus,  t he t heor y  may  not  pr ov i de 

i ni t i al l y  t he des i r ed agr eement  wi t h t he r esul t s  

of  f ul l  scal e f i el d t est s  i f  a concept ual  ev al u ­

at i on of  t he t heor et i cal  f r amewor k  i s not  car e ­

f ul  l y i nt er pr et ed.  I n spi t e of  t he avai l abi l i t y  

of  many  val uabl e t ypes of  r ecent  exper i ment al  

r esear ch,  t he oppor t uni t y  t o eval uat e t he per ­

f or mance of  a new t ype of  t ens i oned f oundat i on 

( i nst al l ed i n any  t ype of  soi l ,  at  any  dept h and 

any  i ncl i nat i on,  i nc l udi ng ei t her  shaf t  and/ or  

base r es i s t ance)  i n l i ght  of  an uni que mul t i ­

pur pose t heor y  ( wi t h t he soi l  shear i ng s t r engt h 

par amet er s  r epr esent i ng t he onl y  r el evant  I nput  

dat a)  I s pr obabl y  bei ng over l ooked.  I n most  

cases,  t he exper i ment al  r esul t s  ar e used t o 

bac k - c a1c u 1 at e par amet er s  whose appl i cabi l i t y  i s 
r es t r i c t ed t o s emI - empi r i c a1 r ul es whi ch ar e 

l i mi t ed essent i al l y  t o t hose t es t i ng and soi l  

condi t i ons.  Ex t ens i ve exper i ment al  r esear ch de ­

vel oped i n Br azi l  i n t he l ast  decade on f ul l -  

scal e t es t s  i n di f f er ent  t ypes of  t ens i oned 

f oundat i ons,  soi l s,  dept hs,  and i nc l i nat i ons 

have demons t r at ed t he br oad appl i c abi 1i t y of  t he 

t heor et i cal  wor k  done at  t he Uni ver s i t y  of  

Gr enobl e,  pr ov i ded a car ef ul  i nt er pr et at i on of  

i t s f undament al s  i s made.
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D iscu ss io n : F o n d a t io n s  a n c re e s  p re c o n tra in te s  p o u r 

p y lo n e s  e le c tr iq u e s  

D isc u s s io n : P re s tre s s e d  a n c h o re d  fo u n d a tio n s  o f 

tra n s m is s io n  to w e rs  

P. H A B IB , L M S , E N S M P , E N P C , C N R S , E c o le  P o ly te c h n iq u e ,  

P a la is e a u , F ra n c e  

M . P. L U O N G , L M S , E N S M P , E N P C , C N R S , E c o le  P o ly te c h n iq u e ,  

P a la is e a u ,  F ra n c e

L' ef fort  de precont rai nte (qui  engendre le bascul ement  de la pl aque) 
est donne par un veri n qui  s' appui e sur une pl aque en beton ar me posee 
di rect ement  sur le sol  (Tig. 2). La tete d' ancrage est i solee par un cache- 
tage ; I ' ensembl e est protege cont re la corrosi on par les met hodes clas- 
si ques. La dal l e support e des efforts de compressi on et I ' ancrage les 
efforts de tracti on. La precont rai nte instal lee depasse l argement  les 
efforts de tract i on de servi ce de f a;on que Ton pui sse di sposer d' un 
grand coef f i ci ent  de securi te : chaque ancrage est done eprouve avant  la 
mi se en servi ce et il n' y a pas besoi n de fai re i nterveni r une approche 
stochast i que pour  def i ni r la charge admi ssi bl e des ouvrages par des 
not i ons statistiques.

Les forces hori zontal es, par exempl e dues au vent,  qui  s' exercent  
sur des pyl dnes el ectri ques ou sur des structures de grand el ancement  
engendrent  au ni veau du sol  des efforts de tracti on du cdte au vent  et 
des efforts de compressi on du cdte sous le vent.  Les sol ut i ons cl assi ques 
en f ondat i ons consi stent  4 ancrer les coi ns des pyl Ones dans le sol  par 
des masses en beton,  par des pl aques de bet on enterrees ou par des 
pi eux,  toutes f ondat i ons qui  peuvent  travai l l er aussi  bi en a I ' enf oncement  
qu' a I ' arrachement .

Le nouveau pri nci pe de f ondat i on que nous avons e tu d ie  et real i se 
pour  des l i gnes el ectri ques d' Electri ci te de France consi ste A precont rai n- 
dre le sol  de f ondat i on ent re une pl aque en beton posee en surface et un 
ancrage prof ond mi s en pl ace par battage. L' i nteret de la precont rai nte 
est doubl e.  D' une part  on augment e la pressi on moyenne ce qui  aug- 
ment e le modul e d' elasti ci te et d' aut re part  le premi er chargement  -do a 
la precont rai nte- provoque un ecroui ssage du sol  qui  augment e le 
modul e de def ormat i on ; les depl acement s des fondat i ons soumi ses aux 
sol l i ci tations de servi ce sont  done di mi nues.

Des essai s ont  ete ef fectues pour  comparer  ces di f ferents syst emes 
de fondat i ons et on a etudi e des f ondat i ons purement  pesantes,  des pi eux 
et des ancrages precont ract s;  des essais sur des maquet t es en l aboratoi re, 
en gravi te normal e,  des essais en cent ri fugeuse sous 30 g et des essais 
i n-si tu ont  permi s de val i der l ' interet de ce nouveau pri nci pe de f onda- 
ti on en mont rant  d' une part  que les fondat i ons precontrai ntes etai ent 
moi ns def ormabl es et d' aut re part  part i cul i erement  resistantes. On ne 
fera pas etat ici des essais sur maquet t es en l aboratoi re j usqu' a rupture 
qui  ont  essent i el l ement  permi s de def i ni r le di sposi t i f  de fondat i on,  car 
ri en ne rempl ace la val i dat i on par des essais sur des structures reel les. 
Mai s,  en vrai e grandeur,  il est di ffi ci l e de fai re de nombr eux essais des- 
tructi fs 4 cause du coOt  des structures et nous avons ete amenes a  met t re 
en oeuvre un procede non-dest ruct i f .

Mi se en oeuvre de la f ondat i on
Les ancrages sont  const i tues par des pl aques metal l i ques profi l ees de 

f a; on a  l i mi ter les efforts de bat tage au moment  de la mi se en place. 
Une l i gne d' ancrage est bat tue avec la pl aque.  Un vol et mobi l e,  & 

l ' arriere de l ' ancre, s' ef face pendant  la penet rat i on dans le sol  ; il ent re 
en act i on l orsqu' on cherche a arracher I ' ancrage en exerfant  un effort 
verti cal  de tract i on sur la l i gne d' ancrage.  Le vol et  mobi l e provoque le 
bascul ement  de la pl aque d' ancrage dans le sol  qui  peut  ainsi  se pl acer 
normal ement  a la l i gne d' ancrage (fig. 1).

La mi se en pl ace de 
ces di sposi ti fs en f on- 
dat i on ne necessi te 
qu' un chant i er extrfi - 
mement  l eger et par ­
t i cul i erement  mobi l e,  ce 
qui  est un avant age 
essenti el  pour  l ' instal- 
l ati on d' une l i gne 
nouvel l e (fig. 3). II 
suffi t d' un vehi cul e pour 
t ransporter les el ement s 
de f ondat i on (ancrage,  
l i gne d' ancrage,  dal l e de 
fondat i on,  te te  d' ancra­
ge) d' un di sposi t i f  l eger 
de battage, d' un veri n 
de precont rai nte ainsi  
que du materi el  pour  la 
real i sation du cachetage. Fi gure 3 - Test  de vi brat i ons sur le pyl fi ne

Fi gure I - Syst eme d' ancrage

Essai s non destructi fs des pyl f l nes et de l eur fondat i on
Pour  eprouver les pyl f l nes et l eur fondat i on on a choi si  d' uti l i ser 

une met hode non destructri ce par enregi st rement  des vi brat i ons propres 
de la st ructure soumi se 4 un test de lacher. El l e a ete mi se en oeuvre sur 
le terrai n avec la Soci ete Technol ogi es Speci al es Ingeni eri e (T.S.I.).

Pour  cel a un cabl e est f i xe en haut  du pyl dne.  II est accroche 4 un 
ancrage au sol , l oin de la base du pyl dne.  Un t i re-fort  et un 
dynanomet re permet t ent  d' exercer et de mesurer l ' effort, dans le cabl e, 
que I' on choi si t ordi nai rement  ent re O et 30 kN.  Une mani l l e expl osi ve 
permet  de l i berer le cabl e tendu.  Le pyl dne entre al ors en vi brat i on. Des 
accel eromet res f i xes en di f ferents poi nts de la st ructure enregi strent les 
mouvement s.  Les donnees ainsi  acqui ses sont  i mmedi at ement  trai tees 
el ect roni quement  par une t ransformat i on de Fouri er rapi de de f afon & 

obteni r,  sur pl ace, le spect re des ampl i t udes en fonct i on de la f requence.  
On peut  met t re alors en evi dence les pri nci paux modes de vi brat i on 
(f l exi on, torsi on, pi l onnement  du pyl One) et Ton voi t que l eur ampl i t ude 
est evi demment  fonct i on du poi nt  d' accrochage du cabl e sur la st ructure 
et de 1' intensi te de la force. Pour  un meme poi nt  d' accrochage,  
I ' ampl i tude des vi brat i ons est proport i onnel l e a l ' effort dans le cabl e. 
L' appari t i on d' une di ssi pati on d' energi e en fondat i on (ou ai l l eurs dans le

Fi gure 2 - Di sposi t i f  de precontrai nte
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pyl One,  par exempl e des boul ons mal  serres), se tradui t i mm£di at ement  
par un changement  d' al l ure du spect re de Fouri er et par la perte de la 
proport i onal i ty ent re l ' ampl i tude d' un mode et la force. Le fai t que les 
ampl i t udes restent dans le domai ne l i neai re ne veut  pas di re que la 
f ondat i on ne c&dera pas si el le est soumi se & des contrai ntes excessi ves 
mai s si mpl ement  que le syst eme evol ue actuel l emnt  dans le domai ne 
i l ast i que ; cel a permet  de comparer  ent re eux les pyl dnes ainsi  que leurs 
di f ferentes f ondat i ons et cel a permet  aussi  de sui vre revol ut i on d' un 
meme pyl f l ne en fonct i on du temps.  Une ci nquantai ne de tests ont  ainsi  
et6 fai ts sur di f ferents pyl dnes.  On a pu constater,  sauf  peut -gt re pour 
les pot eaux d' angl e,  que le spectre de vi brat i on conserve prat i quement  
ses caracteri st i ques mal gre la presence des fils i l ectri ques sur le pyl dne ; 
ce qui  est part i cul i erement  i nteressant pour  le mal t re de I ' ouvrage 
pui squ' on n' a pas besoi n de desarmer le pyl f i ne pour  I' essayer. Di x 
pyl Ones ont  et6 construi ts avec le nouveau di sposi t i f  de f ondat i on deeri I 
ici. I Is ont  donne toute sati sfacti on vi s-4-vi s de 1'essai non destruct i f  qui  
vi ent  d' ttre ddcri t.
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P a n e lis t c o n tr ib u tio n  

C o n tr ib u tio n  d e  p a n e lis t

W.H.TANG, University of Illinois, Urbana-Champaign, III., USA

The f oundat i on of  t r ansmi ssi on t ower s i s i n many ways 
si mi l ar  t o t he f oundat i on of  of f shor e st r uct ur es.  The 
di scussi on her e descr i bes br i ef l y a r esear ch pr oj ect  t hat  
i s sponsor ed by t he Amer i can Pet r ol eum I nst i t ut e on t he 
r el i abi l i t y eval uat i on of  of f shor e pi l e capaci t i es.  The 
r at i onal e f or  appl yi ng pr obabi l i st i c appr oaches t o 
f oundat i on desi gn i s si mi l ar  f or  t he t wo cases.  Mor eover ,  
t he met hodol ogy devel oped f or  t he r el i abi l i t y eval uat i on 
of  of f shor e pi l es can be easi l y ext ended t o t he f oundat i on 
of  t r ansmi ssi on t ower s.

Ther e ar e many sour ces of  uncer t ai nt i es af f ect i ng t he 
per f or mance of  of f shor e pi l es.  The most  obvi ous sour ce i s 
t hat  associ at ed wi t h a gi ven pr edi ct i on model ,  exhi bi t ed 
by a l ar ge scat t er  vhen t he r at i o of  measur ed ver sus 
pr edi ct ed pi l e capaci t i es i s pl ot t ed.  The bi as and er r or  
cor r espondi ng t o a gi ven pr edi ct i on model  may be eval uat ed 
i f  suf f i ci ent  f i el d t est  dat a ar e avai l abl e.  The spat i al  
var i at i on of  soi l  pr oper t i es and pr of i l e acr oss a si t e 
coul d al so r ender  accur at e capaci t y pr edi ct i on i mpossi bl e.  
Thi s pr obl em i s compounded by t he f act  t hat  onl y l i mi t ed 
number  ( and qual i t y)  of  soi l  sampl es and t est s ar e 
gener al l y per f or med.  Some of  t he l ess obvi ous uncer t ai nt i es 
I ncl ude t he bi ases ( of t en conser vat i ve)  t hat  may be 
i nt r oduced by t he engi neer  i n sel ect i ng nomi nal  desi gn 
val ues f or  t he soi l  pr oper t i es,  and t he use of  
sampl i ng/ t est  pr ocedur es whi ch ar e di f f er ent  f r om t hat  used 
i n cal i br at i ng t he model  bi as.  Fi nal l y t he avai l abl e pi l e 
t est  dat a ar e most l y f or  shor t  pi l es ( r el at i ve t o of f shor e 
pi l es)  and t he l oadi ng r at e i s much sl ower  t han t hat  
act ual l y exper i enced by an of f shor e pi l e dur i ng a st or m.  
These ar e Just  some of  t he ot her  f act or s addi ng f ur t her  
uncer t ai nt y on t he val ue of  model  bi as cal i br at ed f r om 
obser ved pi l e capaci t i es.

I n t hi s r esear ch,  maj or  sour ces of  uncer t ai nt i es 
af f ect i ng axi al  and l at er al  per f or mances of  dr i ven of f shor e 
pi l es i n cl ay or  sand ar e i dent i f i ed.  The l evel  of  
uncer t ai nt i es i s t hen assessed usi ng avai l abl e f i el d t est  
dat a as wel l  as l abor at or y t est  dat a.  A si mpl e pr obabi l i t y 
model  i s pr oposed t o I nt egr at e t hese i ndi vi dual  sour ces of  
uncer t ai nt i es.  The over al l  bi as,  er r or  and r el i abi l i t y 
l evel  associ at ed wi t h i nsi t u pi l e capaci t i es and 
per f or mances,  desi gned on t he basi s of  API  Recommended 
( bot h 16 and 17t h edi t i ons)  ar e est i mat ed.

A pr obabi l i st i c appr oach i s adopt ed f or  sever al  r easons.  
Fi r st ,  pr obabi l i t y t heor y has been r ecogni zed as t he onl y 
t ool  f or  a syst emat i c quant i t at i ve t r eat ment  of  
uncer t ai nt i es such as t hose ci t ed above.  I t  can be used t o 
model ,  est i mat e,  anal yse and updat e t he uncer t ai nt i es 
consi st ent  wi t h t he i nf or mat i on avai l abl e at  a speci f i c 
si t e.  Secondl y,  t hese uncer t ai nt i es can be t hen r el at ed t o 
t he pr obabi l i t y of  sat i sf act or y pi l e per f or mance t hr ough 
a r el i abi l i t y anal ysi s.  Thus we can compar e t he r el at i ve 
r el i abi l i t i es bet ween i ndi vi dual  f oundat i on f ai l ur e modes,  
bet ween al t er nat i ve pi l e syst em conf i gur at i ons,  and 
f ur t her mor e,  bet ween st r uct ur al  and geot echni cal  
per f or mances.  Si nce t he l evel  of  uncer t ai nt i es depend on 
t he amount  of  expl or at i on ef f or t  at  a si t e,  t he benef i t s 
bet ween al t er nat i ve si t e expl or at i on schemes,  t est i ng and

f i el d i nst r ument at i on pl ans coul d al so be assessed.
The r esear ch pr oj ect  consi st s of  t hr ee phases.  Phase 1 

devot es t o si ngl e axi al  pi l e;  r esul t s have been publ i shed 
i n Tang( 1988)  and Tang( 1989) .  Maj or  f i ndi ngs i ncl ude:

1.  Rel i abi l i t y of  pi l e per f or mance shoul d consi der  
not  onl y t he model  er r or  as I nf er r ed f r om measur ed 
capaci t i es i n pi l e l oad t est s,  but  al so:  ( i )  di scr epanci es 
bet ween i n si t u pi l e capaci t y dur i ng a cr i t i cal  st or m and 
t hat  measur ed i n a l oad t est ;  and ( i i )  uncer t ai nt i es 
associ at ed wi t h soi l  par amet er s det er mi nat i on.

2.  The API - 17 pr ocedur es r educes uncer t ai nt i es 
associ at ed wi t h pi l e capaci t y pr edi ct i on i n cl ay,  t hus 
i ncr easi ng i t s per f or mance r el i abi l i t y r el at i ve t o t he 
ear l i er  API - 16 pr ocedur es.

3.  Hi gher  l evel  of  uncer t ai nt i es i s associ at ed wi t h 
pi l es i n sand.  Maj or  sour ce i s due t o t he si mpl i f i ed pi l e 
capaci t y pr edi ct i on model  used;  si t es wi t h hi gh SPT val ues 
and pi l es wi t h l ar ger  capaci t y cont r i but i on f r om t i p 
bear i ng ver sus si de shear  ar e al so subj ect  t o l ar ger  er r or .

Phase 2 i nvol ves si ngl e l at er al  pi l e.  The wor k has been 
compl et ed and r esear ch r esul t s wi l l  be r epor t ed i n Tang & 
Gi l ber t ( 1990)  and Tang & Woodf or d( 1990) .  The f i nal  phase 
i s devot ed t o t he r el i abi l i t y eval uat i on of  t he per f or mance 
of  t he ent i r e pi l e syst em subj ect  t o combi ned axi al  and 
l at er al  l oadi ngs.

Thi s r esear ch i dent i f i es t he maj or  sour ces of  uncer t ai nt y 
af f ect i ng pi l e per f or mances desi gned on t he basi s of  r ecent  
API - RP2A cr i t er i a,  t owar ds whi ch f ut ur e r esear ch ef f or t s 
may be di r ect ed i n r educi ng such cont r i but i on.  Addi t i onal l y 
t he r esear ch assi st s t he desi gner s t o bet t er  assess 
di f f er ences i n API  gui del i nes whi ch have been r ecent l y 
adopt ed.  I n t he l ong t er m,  i t  wi l l  f aci l i t at e t he 
devel opment  of  desi gn pr ocedur es t o mai nt ai n consi st ent  
l evel  of  saf et y among di f f er ent  si t e condi t i ons and bet ween 
st r uct ur al  and f oundat i on subsyst ems.
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Fi g.  1 Va r i a t i o n  of  u p l i f t  c o e f f i c i e n t  

( af t er  Meyer hof  and Adams,  1968)

ABSTRACT

Labor a t o r y  model  t es t  r es ul t s  f or  t he upl i f t  
capac i t y  of  shal l ow hor i zont al  r ec t angul ar  pl at e 
anc hor s  embedded i n sand have been pr esent ed.  
Bas ed on t hes e t es t  r es ul t s  a nond i mens i ona l  
1 o a d - d i s p 1 a c e me n t  r e l a t i o n s h i p  has  been 
pr opos ed.

I NTRODUCTI ON

Hor i zont al  pl at e anchor s  ar e i n many  i ns t anc es  
us ed  i n t he c o n s t r u c t i o n  of  f oundat i ons  of  
t r ansmi ss i on t ower s  t o r es i s t  upl i f t i ng l oad.  
These anchor s may be squar e,  c i r cul ar  or  r ec t an­
gul ar  i n shape.  The des i gn of  hor i zont al  pl at e 
anc hor s  s ubj ec t ed t o upl i f t i ng l oad i s usual l y  
bas ed on t wo c r i t er i a:  ( 1 ) a l l owabl e up l i f t  
c a p a c i t y  and ( 2 ) t he a l l owabl e di s pl ac ement  
( upl i f t )  under  t he des i gn l oad.  A r ev i ew of  t he 
av ai l abl e l i t er at ur e shows  t hat  t he r el at i on­
s h i p s  b e t we e n  u p l i f t i n g  l o a d  a n d  t h e  
c or r es pond i ng  d i s pl ac ement  ar e not  pr es ent l y  
wel l  document ed.  A s er i es  of  model  t es t s  wer e 
t her ef or e per f or med on r ect angul ar  pl at e anchor s 
i n sand.  The ul t i mat e upl i f t  capac i t y  of  model  
anc hor s  obt ai ned f r om exper i ment s  has been com­
par ed  wi t h  t he  e x i s t i n g  t h e o r i e s ,  and  a 
nond i mens i ona l  r e l at i ons hi p f or  t he v er t i c al  
upl i f t  l oad and upl i f t  d i s pl ac ement  has  been 
dev el oped.

REVI EW OF LI TERATURE

The upl i f t  capac i t y  of  hor i zont al  c i r cul ar  pl at e 
anc hor s  has  been  s t u d i e d  by  v a r i o u s  i n v e s ­
t i g a t o r s  ( Bal i a,  1961;  Ma r i upo l ' s k i i , 1965;  
Vees aer t  and Cl emenc e ,  1977;  Ves i c ,  1971) .  
Mey er hof  and Adams ( 1968)  suggest ed t he f ol l ow­
i ng r el at i onshi p f or  t he est i mat i on of  t he gr oss 
ul t i mat e upl i f t  c apac i t y  Qu of  r ect angul ar  an­

chor s embedded i n sand.

Qu = 7 D2 ( 2SB + L -  B) Kut an^ + W + Wa ( 1)

wher e y  =  uni t  wei ght  of  soi l ;  D = dept h of  em­
bedment ;  B = wi d t h  of  anchor ;  L = l engt h of  
anchor ;  Ku = upl i f t  coef f i c i ent ;  S = s hape f ac ­

t or ;  W = e f f e c t i v e  wei ght  of  anc hor  l ocat ed 
i mmedi at el y  abov e t he anchor ;  Wg = e f f ec t i v e

we i g h t  of  t he anc hor ;  and tf = soi l  f r i c t i on 
angl e.

The val ue of  Ku depends on t he angl e of  i nt er ­

nal  f r i c t i on tf, t he var i at i on of  whi c h i s shown 
i n Fi gur e 1.  The shape f act or  S i ncr eases wi t h 
t he embedment  r at i o D/ B and may be expr essed as

0. 5  1- - - - - - - - - 1- - - - - - - -
✓✓

0. 4 - -

.

I f

0. 2  -  

K f '

0. 1 ------------------1------------------1------------------
30 35 40 45

Soi l  f r i c t i on angl e,  tf ( deg)

Fi g.  2 Val ues of  m ver sus tf ( af t er  Meyer hof  and 
Adams,  1968)

S = 1 + m( D/ B) ( 2)

wher e m = shape f act or  coef f i c i ent .  The v ar i a ­
t i on of  m as a f unc t i on of  angl e tf i s shown i n 
Fi gur e 2.

The net  ul t i mat e pul l out  l oad Qq  f or  an anchor  

can t hen be expr essed as

Qo "  Qu "  Wa <3>

So,  f r om Equat i ons ( 1)  and ( 3)

Qq = 7 D2 ( 2SB + L -  B) Kut an^ + W ( 4)

However

W = DBL7  ( 5)

The net  ul t i mat e l oad Qq  can be ex pr es s ed i n 

t he f or m of  a nondi mensi onal  br eakout  f act or  N̂ ,

Nq = Qc / W ( 6 )

Combi ni ng Equat i ons ( 2) ,  ( 4) ,  ( 5)  and ( 6 )

Nq = gKy t ant f  ( [ 1  + 2m( { j )  ] ® + 1)  + 1 ( 7)

Ng i ncr eases wi t h embedment  r at i o D/ B up t o a

c e r t a i n  max i mum v al ue af t er  whi c h i t  bec omes  
const ant .  The embedment  r at i o at  whi c h Nq a t ­

t ai ns  a max i mum v al ue i s known as t he cr i t i cal  
embedment  r at i o ( D/ B) c r . Anchor s  l ocat ed at  D/ B

< ( ° / B) cr  ar e r ef er r ed t o as s hal l ow anchor s,  

and t hose wi t h D/ B > ( D/ B) cr  ar e cal l ed deep an­

chor s.  Fi gur e 3 shows t he var i at i on of  cr i t i cal  
embedment  r at i o f or  squar e and c i r cul ar  anchor s.
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( D / B ) ,

F i g .  3

Soi l  f r i c t i on angl e,  <t> ( deg)

Var i at i on of  ( D/ B) cr  f or  squar e and c i r ­

cul ar  anchor s ( af t er  Meyer hof  and Adams,  
1968)

MODEL TEST DETAI LS

Labor at or y  model  upl i f t  t es t s  wer e c onduc t ed  
us i ng t hr ee model  a l umi num pl at es ( al l  3. 18 mm 
t hi ck)  meas ur i ng 50. 8 mm x 50. 8 mm,  50. 8 mm x
101. 6 mm and 50. 8 mm x 152. 4 mm,  gi v i ng l engt h-  
t o- wi dt h r at i os  L/ B of  1,  2 and 3.

Tes t s  wer e conduc t ed i n a box measur i ng 0. 6 m 
x 0. 6 m x 0. 6 m by  c ompac t i ng a poor l y  gr aded 
s and t o r el at i v e dens i t i es  of  47. 6% (<f> = 34° ) 
and 72. 9% (tf = 40. 5° ) ,  her eaf t er  r ef er r ed t o as 
Se r i es  1 and 2,  r es pec t i v el y .  The embedment  
r at i o D/ B was  v ar i ed f r om 1 t o 5 wh i c h  c o r ­
r esponds t o shal l ow anchor  condi t i ons.

MODEL TEST RESULTS

Ty pi c al  var i at i ons  of  t he net  l oad Q ver sus t he 
v e r t i c a l  d i s p l a c e me n t  a o b t a i n e d  f r om t he  
p r e s e n t  l a b o r a t o r y  model  t es t s  ar e shown i n 
Fi gur e 4.  The net  ul t i mat e l oad Qq  i s def i ned

as t he l oad at  whi ch sudden pul l out  occur r ed,  or  
wher e t he Q ver sus a pl ot  s howed a pr ac t i c a l l y  
l i nea r  r el at i ons hi p.  The net  u l t i mat e l oads  
det er mi ned i n t hi s  manner  ar e a l s o  s hown  i n 
Fi gur e 4.  Labor at or y  exper i ment al  r esul t s  f or  
t he var i at i on of  t he net  ul t i mat e pul l out  l oads  
Q f or  t he t wo s er i es  of  t es t s  ar e gi v en i n

Fi gur es 5 and 6.

Va r i a t i o n  of  Br eak ou t  Fac t or  wi t h Embedment  
Rat i o

Ser i es 1

_____Ser i es 2

•  Ul t i mat e l oad 

____1_____
0 0. 02 0. 04 0. 06 0. 08

Ver t i cal  (j i  spl  a c c e p t , A 

Wi dt h of  anchor ,  B

Fi g.  4 Typi cal  var i at i ons of  Q ver sus A / B

D/ B

Fi g.  5 Var i at i on of  Qq  ver sus D/ B— Ser i es 1

The var i at i on of  t he br eakout  f act or  wi t h embed­
men t  r a t i o  bas ed  on t he  e x p e r i me n t a l  ne t  
ul t i mat e l oads ar e shown i n Fi gur es 7 and 8.  As 
expect ed,  f or  a gi ven pl at e i n a gi v en ser i es ,  
t he v al ue of  N_ i nc r eas ed wi t h t he embedment  

Q
r at i o.  Al s o s hown i n Fi gur es  7 and 8 ar e t he 
t h e o r e t i c a l  v a r i a t i o n  of  N o b t a i n e d  f r om

q
Equat i on ( 7) .  I n gener al ,  t he ex per i ment al  and 
t heor et i cal  var i at i ons ar e i n good agr eement .

Net  Load- Di spl acement  Rel at i onshi p

Ev al uat i on of  t he ex per i ment a l  net  l oad Q and 
c or r es pondi ng d i s p l a c e me n t  a da t a  o b t a i n e d  
dur i ng t hes e t est s suggest  t hat  t hey can be ap­
p r ox i mat ed by  a n o n d i me n s i o n a l  r e c t a n g u l a r  
hyper bol i c  f or m as

Q =

wher e

a + b A  

Q -  0/ Qo

A  =  A  / A

Q = net  l oad at  anchor  di spl acement  a;  Qq  =

ul t i mat e l oad at  anchor  di spl acement  Au ; and

= const ant s.
Equat i on ( 8)  can be r ear r anged as

a + b A

( 8 )

( 9 )

( 1 0 )

net

a, b

( 1 1 )
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D/ B

Fi g.  6 Var i at i on of  Qq  ver sus D/ B— Ser i es 2

D/ B

Fi g.  7 Var i at i on of  ver sus D/ B— Ser i es 1

The obs er v ed v ar i at i ons  of  A/ Q v er s us  a hav e 
been pl ot t ed i n Fi gur es  9 and 10 f or  Ser i es 1 
and 2 r espect i vel y.  The var i at i on of  A/ Q ver sus 
A f or  eac h s er i es  i s seen t o f al l  i n a f ai r l y 
nar r ow r ange.  The aver age val ues of  a and b ar e
0 . 175 and 0. 875 r es pec t i v el y .  Subs t i t ut i ng 
t hese val ues i nt o Equat i on ( 8)  y i el ds

A/ A,

Qq  "  0. 175 + 0. 825( A/ AU)
( 12 )

CONCLUSI ONS

Based on t he exper i ment al  model  t est  r esul t s  f or  
upl i f t  behav i or  of  pl at e anchor s,  t he f ol l owi ng 
conc l us i ons can be dr awn:

1.  The obser ved ul t i mat e upl i f t  c apac i t y  of  
r ec t angul ar  anchor  pl at es i s i n r easonabl y  good 
agr eement  wi t h t hat  pr edi c t ed by  t he t heor y  of  
Meyer hof  and Adams ( 1968) .

2.  The appr ox i mat e v al ue of  anc hor  up l i f t  
d i s p l a c e me n t  i n s and  may  be es t i mat ed f r om 
Equat i on ( 12) .

D/ B

Fi g.  8 Var i at i on of  ver sus D/ B— Ser i es 2

1. 0

0. 75 -

A/ Q 0. 5

0. 25

7
//

/ /

&

$
t f * '

■V

♦?

♦ V

&
o x /

Aa, /

L / v

/
/

Svmbol I V I . / B
O 1 1
□ ?, 1
O 3 1
A 4 1
V 5 1
+ 1 : -
X 2 2
9 3 ?
18 4 2
• 5 2
■ 1 3
♦ 2 3
▲ 3 3
▼ •; 3

— —

0 0. 25 0. 5 0. 75 1. 0 

A

Fi g.  9 Pl ot  of  a / Q ver sus  A— Ser i es 1
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A

Fi g.  10 Pl ot  of  A/ Q ver sus A— Ser i es 2
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D is c u s s io n

E D U A R D O  N U N E Z , G e n e r a l R e p o r te r ,  U B A - U C A  C o n s .  E n g . ,  

B u e n o s  A ire s ,  A rg e n t in a

1)  A r ec t angu l ar  pl at e ,  wi t h  wi d t h  B and l eng t h  L 

ho r i z on t a l l y  l oc at ed t o dept h  0,  under  an up l i f t  
f or c e T t r ans mi t ed  by  a v er t i c a l  anc hor ,  ex per i  -  
men t s  a v er t i c a l  mov eme n t s  t hat  i s  f ol l owed,  by  a 
mas s  of  s oi l  r e l a t i v e l y  f i x ed t o t he p l at e.  I n a 
f i r s t  app r oac h  t he f o r m of  t h i s  mas s  c an be 
as s umed  as  a par a l l e l ep i ped .  I f  t he s um of  t he 
anc hor  and p l a t e  we i g h t s  i s  Wo,  t he max i mun  v a l ue  
of  ( T- Wo)  i s  r eac hed when  t he s hear  s t r eng t h  on 
t he pa r a l l e l ep i ped  l a t er al  s u r f ac e  i s  t o t a l l y  
mov i l i z ed .  We c an ev a l ua t e  t h i s  f or c e by  means  of  
t he equa t i ons  s -  c + <T t g0  -  c + j " z Kt g0 

T- Wo- j r BLD+2( B + L) D- i f DKt g0+2( B + L) Dc

T- Wo- r D. [  1 +( B+1 ) Dt g0Kj  + 2 ( B+l ) Dc  

BL L B L B

f r om whi ch,  f or  a r ec t angul ar  pl at e.

p - YD. N'  
r up '  qj

+ cN' wher e

N* -  1 + ( B+1 ) Dt g0K 
qr  L B

and N ’ 2 ( B+1 ) D 
C L B

and f  t he ef f ec t i ve uni t  wei ght  of  soi l ,  K t he 
r at i o bet ween t he ef f ec t i ve pr i nc i pal  s t r esses,

angl e and c t he cohes i on.  
The l at er al  mas s  of  soi l  
at  t he boundar y  of  t he 
vol ume of  soi l  t hat  i s 
l i f t ed r el at i v el y  f i xed 
wi t h t he pl at e,  suppor t s  
a l at er al  compr es s i on 
r eachi ng a pass i ve condi  -  
t i on wi t h angl e . We can 
assume,  wi t hout  a l ar ge 
er r or  -  i n c ons i der at i on 
wi t h t he uncer t ai nt i es  
r espec t  wi t h t he ot her  
v ar i abl es  -  t hat  K ' s’ 1 . 
When L » B,  B/ L- * 0.  Then,  
f or  a c ont i nuous  pl at e of  
i nf i ni t e l engt h

Pr up- ( T- Wo) / B- TD( l +gt g( Zl ) +c . 2£

When L- B,  B/ L- 1 . Then,  f or  squar e or  c i r cul ar  
pl at es,  p - T- Wo- T- Wo- f D ( 1+ 2Dt  g 0 ) c 4D- f  D N' +cN*

r up
B‘

I nf i ni t e Lengt h 

Squar e/ c i r c ul ar

f f B2 / 4
B

N'  , - 1+( D/ B) t g0
qf 1

N'  - 1+2 ( D/ B) t g 0  
qf c

qf c

I T , - 2( D/ B)  

NT - 4( D/ B)

2)  As  a mat t er  of  f act s,  t he boundar y  sur f aces  
ar e not  pl anes,  Then,  wi t h t he shape c hange of  
t he soi l s  vol ume r el at i vel y  f i xed t o t he pl at e,  
change bot h t he wei ght  and t he shear  s t r engt h

dev el oped al ong t he ac t ual  sur f ace.  I f ,  i n a 
f i r st  appr ox i mat i on i t  i s not  t ake i nt o account  
t he wei ght  di f f er ence,  but  onl y  t he shear  s t r engt h 
i nf l uence i s cons i der ed,  we can wr i t e 

T- Wo -  f  BLD + 2 ( B+L ) Ds ( | r DKt g 0  + c)  
wher e  £  i s  a s hape f ac t o r  t hat  i nc l udes  on l y  t he 
f a i l u r e  bounda r y  mod i f i c a t i o n  i n f l uenc e  on t he 
s hear  r es i s t anc e  v al ue.  Ther e f o r e ,  f or  s quar e  or  
c i r c u l a r  p l a t e  we wi l l  hav e

p - f D. N + c . N wher e  N - 1+2 t g0D s ; N - 4D s 
r up qy c qf  “  “  c -  -B B

I f  i t  i s as sumed t hat  t he mass  of  soi l  r el at i vel y  
f i xed t o t he pl at e has  a 
l ogar i t hmi c  spi r al  boundar y  
sur f ace,  t he max i mun val ues
of  N and N wi l l  be 

- qr  c
r eached t o dept h 
D̂ - Bexp( - Ji r +Q[ )  t g0+si nOf / < oasot

The r at i o ( D/ B) i _ i s a 
f unc t i on of  0.  To pur e 
cohes i v e mat er i al ,  shoul d 
be 45* ;  f or  a r eal  soi l  
coul d be c ons i der ed an 
av er age val ue i n bet ween 
of  0  and ( 45+0/ 2)  but  
l ar ger  t han 459.  Then,  we 

can as sumed 0( - - i T(  45+0/ 2)  + 
0] . - | / 4( - $- i r +30) £‘ 459

35
5

"40
7, 5

The shape f ac t or  £

N 1

can be c ons i der ed s i mpl y  as a 
r at i o of  t he av er age wi dt h 
of  t he sol i d soi l  mass  
at t acf ed t o t he pl at e and 
t he wi dt h of  t he pl at e.

-  1 + B/ B

/n]
wi t h t hese appr ox i mat e 
numer i cal  val ues:

( d/ b) l  

Z.  [ ( d. / ( B/ 2)

09

U- 1) Z( D/ B) L

20 30 40
0 , 07 0, 2 0, 20

2, 5 0 40
8, 5 24 93

For a pur e cohes i ve mat er i -
r i al ,  when t he pl at e i s 
l ocat ed t o gr eat  dept h,  t he 
adhes i on wi t h t he soi l  
beneat h pl at e al l ows  t he 
t ot al  dev el opment  of  t he 
r upt ur e f i gur e as i s shovm 
i n t he scheme.  To B/ L -  0 , 
T -  2P" cos45 +/ 2* Dcsi n45 
wher e P B c 7 T  . Hence 
T -  • Then
T/ B- ( 3I T+1) c and N* -  3I T+1

c
On t he ot her  hand,  i f  i t  i s 
cons i der ed a br eak i ng of  

t he cont ac t  bet ween t he 
l ower  pl at e sur f ace and 
t he soi l  f oundat i on,  t he
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suct i on ef f ect  i s el i mi nat ed 

and t he gap i nt er r upt  t he 

r upt ur e f i gur e.  Then,  P"  

val ue f al l s t o t he hal f  and 

become -J-. 3T-► 1 -  5, 7

I f  we consi der  a l ogar i t hmi c 

spi r al  sur f ace wi t h 0- 0,  we 

get  t he same val ue.  When t he 

pl at es ar e squar es or  

c i r cul ar s,  i t  i s necessar y 

t o appl y  a f act or  of  1, 15 or  

1, 2;  hence,  t o a pur e cohesi ^ 

ve mat er i al ,  Nc wi l l  be«J7.

3)  Taki ng i nt o account  t he di f f er ence among t he 

act ual  and t he s i mpl i f i ed r upt ur e f i gur e,  t he 

f or egoi ng anal ys i s  con be made usi ng anot her  

f act or s i n conec t i on wi t h t he changes of  vol ume 

( sv ) :  sur f ace ar ea ( Sa ) ;  sect i on a r e a  ( sA ) and

l engt h ( s^) .  I n t hi s case,  f or  c i r cul or  pl at es 

( t he anal ys i s  i s t he same t o squar e pl at es)  we 

can wr i t e

T- Wo- 1TB, Dr .  s +i r B, Dg’2D t g0. s + 1TB* 40 c s

T  v T  b a T  b a

p - ( T- Wo) / r t r B2/ 4) -  T o  T( 1+2Dt g0.  s / s )1 s +40 
r up L — a v J v —

p  - Y d . n +n . c 
r up '  q| c cc

B

wher e

N ( 1+2Dt g0. s  / s ) . s 
B a v v

N - 4 0  

CC B
qf  c — a v v cc — a

I n t he same way,  t o a pl at e of  i nf i ni t e l engt h

pr up‘ * ° - V» D! t B0{ s l / , A ) , A + 2 l  S1 C
B B

p - 1TD. N 
r up ’  qyi

+ N . . c 
ci

q* i ( 1+Dt  g0 . s / s ) s 

B

wher e

N . -  2D . s 

B 1
Then,  we can i nt r oduce t he f ol l owi ng f act or s:

N

-

/  /

/  /

'  • /

G

A

q»~c 

Jqf i  
2s +3Ot g0  s

. S
’  s +Dt g0  s

B
I „  s
cc -  2 a wher e :

c I

-  L/ Lo -  L/ D 

= A/ Ao

-  V -  A ,TT 2RgA 

Vo Ao 2r B

4
-  a -  L 2 H~R g 1 

a0 D 7T B

2R

4 A RgA 

Ao B

-  2L Rgl  -  ZSj ^gl  

Lo B B

_k 91 i  
4R . 4 

gA

3.  S1

v A gA A

L- B( exp' 8 . t g0- 1 ) / 2cos«( .  s i n0
2

A- B ( exp20 . t g0- 1 ) / t g0+si n2o*  / 16c o s *

appr ox i mat el y , we have

0 20 30 40

s
a

1 , i f> 2, 1 3, 69

SA
1 , 56 1 , 96 3, 64

S1
1 , 29 1 . 27 1 . 23

f
<ur

f
c

1. 9

2

2. 6

3, 3

5, 2

6

N
qf c

4, 5 11 50

N
cc

10 27 105

4)  Aver agi ng t he val ues obt ai ned i n 2)  and 3)  

t he f ol l owi ng f i gs.  wer e pr epar ed;  t he f i r st

one i nc l udi ng t he upl i f t  l oad t er ms N
q Y

and

FI G.  1 -  Ci r cul ar  and Squar e Hor i zont al

Pl at es.  Upl i f t  Load Ter ms N & N
q c

f or  c i r cul ar  and squar e hor i zont al  pl at es,  and 

t he second one t he shape- dept h f act or  t o cal cul a 

t e r ect angul ar  pl at es . -  ~~

10

FI G.  2 -  f
q*

2 0  3 0  4 0

Shape- Dept h Fact or
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