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Session 8/16

The Stability of Slopes of Dams Composed of Heterogeneous 

Materials

Stabilité des talus dans les barrages hétérogènes

by E r w i n  N o n v e i l l e r , C.E., Chief Engineer , Soil Mechanics Division P. I. B., Gregorjanceva 28, Zagreb, Yugoslavia

Su mma r y

The st abi l i t y anal ysi s of  sl opes i s gener al l y based on cyl i ndr i cal  

sl i di ng sur f aces.  I f  a d a m consi st s of  t wo mat er i al s of  di f f erent  

pr oper t i es t he f ai l ure wi l l  occur  al ong t he l i ne of  mi n i mum r esi st ance 

whi ch i s s hown as a shar p br eak at  t he bor der  bet ween t hese ma ­

t eri al s.  Thi s resul t  has been obt ai ned i n i nvest i gat i ons car r i ed out  

by t he aut hor  on model s consi st i ng of  a cohesi ve cor e suppor t ed by 

a bank of  non- cohesi ve mat er i al .

Based on t he resul t s of  t est s t he aut hor  suggest s a new met hod 

of  anal ysi s f or  t he st abi l i t y of  ear t h dams  i n het er ogeneous mat er i al s.

Sommai r e

L ’ét ude sur  l a st abi l i t é des t al us est  basée en génér al  sur  l a 

supposi t i on de sur f aces de gl i ssement  cyl i ndr i ques.  Si  un bar r age 

en t er re se compose de deux mat ér i aux de car act ér i st i ques di f f ér en­

t es,  l a r upt ur e se pr odui r a l e l ong de l a l i gne de r ési st ance mi ni ­

mu m qui  pr ésent e un poi nt  de di scont i nui t é à l a l i mi t e de deux 

mat ér i aux.  Ce résul t at  a ét é obt enu par  des essai s que l ’aut eur  a 

exécut és sur  des modèl es compor t ant  un noyau en mat ér i au cohési f ,  

sout enu par  un t al us en mat ér i au non cohési f .

Se basant  sur  l es résul t at s obt enus dans ses essai s l ’aut eur  pr opose 

une nouvel l e mét hode d ’anal yse de l a st abi l i t é des di gues en t er re à 

coupe hét ér ogène.

Generalit y

Th e  f ai l ur e of  a sl ope gener al l y occur s al ong a cont i nuous 

cur ved sl i di ng sur f ace.  Th e  anal yt i cal  comput at i on of  t he 

posi t i on of  t he sl i di ng sur f ace and of  t he st abi l i t y i s possi bl e 

onl y wi t h cer t ai n assumpt i ons mak i ng t hi s comput at i on 

si mpl e and easy.

Th e  pr obl em can be sol ved,  i n a mu c h  si mpl er  wa y  by  t he 

Swedish met hod,  and by  adopt i ng f ur t her  si mpl i f i cat i ons t o 

c omput e  t he equi l i br i um of  f or ces on t he sl i di ng body  as a 

whol e.  Th e  mat er i al  i s as s umed t o be homogeneous ,  t he sl i di ng 

sur f ace ci r cul ar ,  and t he sl i di ng body  r i gi d.

These appr ox i mat e supposi t i ons and si mpl i f i ed c ompu t a ­

t i ons gi ve r esul t s accur at e enough f or  t he pr act i cal  wor k  but  

ar e j ust i f i ed onl y wher e t her e i s a homogeneous  mat er i al  i n 

whi ch mor e  or  l ess ci r cul ar  sl i di ng sur f aces occur  and wher e 

l ar ge mov ement s  ar e possi bl e wi t hout  causi ng def or mat i ons 

of  t he sl i di ng body.  As  such i t  can al so be appl i ed t o non-  

homogeneous  sect i ons,  i f  t he di f f er ences of  st r engt h and 

el ast i ci t y bet ween t he l ayer s ar e not  gr eat ,  so t hat  t he sl i di ng 

sur f ace i s appr oxi mat el y ci r cul ar  or  spi ral .

Lar ge ear t h d a ms  ar e of t en c ompos ed of  di f f er ent  mat er i al s,  

t he cor e bei ng of  cohesi ve mat er i al ,  and t he r est  of  gr avel  or  

st one.  Wh e n  t he di f f er ences i n st r engt h ar e smal l ,  t he sl i di ng 

sur f ace i s mo r e  or  l ess cont i nuous,  and t he anal ysi s can be 

car r i ed out  accor di ng t o t he Swedish met hod.  But  wh e n  t he

di f f er ences bet ween t he mat er i al s ar e gr eat ,  t he sl i di ng sur f ace 

wi l l  be f or med al ong t he l i ne of  mi n i mu m r esi st ance,  of t en 

wi t h a shar p br eak at  t he bor der  bet ween t he t wo di f f er ent  

mat er i al s.  I n t hi s case sl i di ng i s possi bl e onl y wi t h t he def or ma ­

t i on of  t he sl i di ng body,  whi ch i nf l uences t he pl ay of  f or ces 

compet ent  f or  t he st abi l i t y anal ysi s.

Ther e ar e var i ous pr oposal s f or  t he appl i cat i on of  t he 

Swedish met hod  t o such cases,  but  t hey ar e al l  based on 

empi r i cal  assumpt i ons whi ch do not  t ake i nt o account  t he 

def or mat i on of  t he sl i di ng body.  Accor di ng t o t hi s,  Clarke 
( 1946)  gi ves a si mpl i f i ed s c heme f or  t he st abi l i t y anal ysi s of  

non- homogeneous  sect i ons wi t h ci r cul ar  sl i di ng sur f aces.  

Daehn and Hilf ( 1951)  gi ve al so ci r cul ar  sl i di ng sur f aces f or  

t he anal ysi s of  t he st abi l i t y of  l ar ge non- homogeneous  ear t h 

d a ms  i n t he U. S. A.  I t  can be st at ed t hat  f or  t he st abi l i t y 

anal ysi s of  non- homogeneous  d a ms  t he cont i nuous ci r cul ar  

sl i di ng sur f ace i s used.

I t  i s s hown  i n Fi g.  1 t hat  t he sl i di ng sur f ace at  t he bor der  

bet ween t he cl ay cor e and t he gr avel l y or  st ony r et ai ni ng body  

mus t  change i t s di r ect i on,  because t he r esi st ance t o mo v e me n t  

al ong t he dot t ed ci r cl e B-C i n t he non  cohesi ve mat er i al  woul d 

be gr eat er  t hen al ong t he st r ai ght  sur f ace B-C. Ehrenberg 
( 1931)  t akes t hese f act s i nt o consi der at i on and pr oposes t he 

anal ysi s s hown  i n Fi g.  2.  The  sl i di ng body  i s di vi ded i nt o t wo

268



separ at e par t s by  t he ver t i cal  pl anes A-B. The  wei ght  and ot her  

f or ces act i ng o n  t he par t  ABC ar e t he di spl aci ng f or ces,  t he 

passi ve pr essur e of  t he par t  ABD and t he shear  st r engt h al ong 

t he sl i di ng sur f ace AC ar e t he st abi l i si ng f or ces.  Th e  sl ope 

i s saf e i f  t her e i s an equi l i br i um bet ween t he di spl aci ng and 

st abi l i si ng f or ces ( t he r esul t ant  R i s wi t hi n t he ci r cl e r si n g + a).

Fig. 1 Sliding Surfaces in N on -H om ogen eou s Section

1 Bank o f  R ock

2 C lay Core

A -B -C  P ossible Sliding Surface

Surface de glissem ent en section non hom ogène

1 m assif en roches

2 noyau en argile

A -B -C  surface de glissem ent possible

Ther e i s no  t heor et i cal  expl anat i on f or  such a par t i t i on of  t he 

sl i di ng body.  Th e  def or mat i ons t hat  occur  i n t he sl i di ng body  

whi l e sl i di ng al ong t he sur f ace D-A-C wi l l  be compet ent  f or  

t he det er mi nat i on of  t he r el at i onshi p of  f or ces i n t he mo me n t  

of  t he di st ur bance of  t he equi l i br i um.

Ex per i ment s

These def i ci enci es ar e t he r eason f or  t he uncer t ai nt y i n t he 

st abi l i t y anal ysi s of  l ar ge dams.  For  t he desi gn of  a r ock  d a m 

wi t h a cl ay cor e,  50 m  hei ght ,  i t  was  deci ded t o i nvest i gat e by 

model s  t he ki nemat i cs of  t he f ai l ur e of  t he c ombi ned sect i on 

and,  on  t he basi s of  t he r esul t s,  t o det er mi ne t he met hod  of  

comput at i on.  Th e  model s  wer e ma d e  i n a gl ass box  16 c m 

wi de.

Th e  f i rst  ser i es of  model  t est s wer e car r i ed out  t o det er mi ne 

t he behavi our  of  t he r et ai ni ng body  of  r ock  under  di f f er ent  

def or mat i ons.

R ock— Clay— D um ped R ock Fill

Schém a de l’étude de stabilité d ’après Ehrenberg

R oche -  argile -  m assif en roches

Th e  r et ai ni ng body  i n t he model  was  ma d e  of  quar t z sand.  

By  mov i ng  i n di f f er ent  di r ect i ons t he i ncl i ned suppor t ,  whi ch 

r epr esent ed t he cor e,  t he posi t i on and t he shape of  t he sl i di ng 

sur f aces f or med wer e det er mi ned.  Cont r ol l i ng anal yt i cal l y t he 

r esul t s obt ai ned usi ng onl y t he ear t h pr essur e t heor y i t  was  

f ound t hat  t he sl i di ng sur f aces act  i n accor dance wi t h t he ear t h 

pr essur e t heor y,  and t hus t he pr essur e of  t he r et ai ni ng body  

act i ng on t he suppor t  ( cor e)  can be c omput ed usi ng t he s ame 

t heor y.

Th e  second ser i es of  i nvest i gat i ons on model s  was  car r i ed 

out  on  a “ mechani cal ”  d a m model  wi t h a non- homogeneous  

sect i on consi st i ng of  a cor e wi t h a r et ai ni ng body.  Th e  sl i di ng 

sur f ace i n t he cor e was  pr edet er mi ned by  a sol i d gr eased 

cyl i ndr i cal  sur f ace.  Th e  model s  wer e ma d e  of  uni f or m sand 

of  gr ai n si ze 0. 2- 0. 5 mm,  and t he boundar y  bet ween t he cor e 

and t he suppor t i ng body  was  f i xed by  a t hi n l ayer  of  gr ease 

whi ch was  di f f er ent l y pl aced i n t he di f f er ent  model s.  A  

model  of  homogeneous  sand was  al so exami ned.  I t  i s seen i n 

Fi g.  3 t hat  t he di scont i nui t i es of  t he def or mat i ons occur  at  t he 

boundar y  bet ween t he cor e and t he r et ai ni ng body,  whi l e t hese 

ar e cont i nuous i n a homogeneous  sect i on.  Accor di ng t o t hi s,  

t he di scont i nui t y of  def or mat i ons r ecor ded on  t he model s  of  

non- homogeneous  sect i on does not  occur  because of  t he br eak 

i n t he sl i di ng sur f ace,  but  because of  t he non- homogenei t y  of  

t he sect i on.  Th e  di scont i nui t y occur s at  t he boundar y  bet ween

Fig. 3 D eform ations o f  “ M echan ical” M odels o f  N on -H om ogen eou s  

Sections

a - b  Greased Layer

b - c  Greased Sliding Surface

P  Load

D éform ations de m odèles «m écaniqu es»  à sections non  h o m o ­

gènes

a - b  couche graissée

b - c  couche graissée de glissem ent

P  charge

t he di f f er ent  mat er i al s.  Consequent l y  i t  coul d be conc l uded 

t hat  t he non- homogeneous  sect i on i s di vi ded i nt o t wo par t s 

al ong t he boundar y  bet ween t he di f f er ent  mat er i al s.  Th e  act i ve 

f or ces i n t he cor e pr oduce t he pr i mar y  def or mat i ons whi ch 

act i vat e t he passi ve pr essur e of  t he whol e r et ai ni ng body.

Si nce t he anal ysi s of  t he st abi l i t y can be based on  such a 

r el at i on of  f or ces,  an at t empt  was  ma d e  t o ver i f y t he r esul t s 

on  “ physi cal ”  model s  of  a non- homogeneous  sect i on,  c o m­

posed of  t wo di f f er ent  mat er i al s i n whi ch,  under  t he act i on of  

a l oad,  t he sl i di ng sur f ace coul d f r eel y be f or med.  Model s  

wer e bui l t  wi t h ver y di f f er ent  mat er i al  pr oper t i es f or  t he cor e 

and f or  t he r et ai ni ng body.  Th e  cor e was  f or med of  gr ease 

wi t h an angl e of  i nt er nal  f r i ct i on g =  0° , cohesi on c =  6- 12 

g/ c m2. The  r et ai ni ng body  was  bui l t  of  sand ( 0. 2- 0. 5 mm) ,  

wi t h an angl e of  i nt er nal  f r i ct i on g = 40° .  The  t op of  t he 

model  was  l oaded wi t h a uni f or ml y di st r i but ed l oad whi ch 

was  gr adual l y i ncr eased at  a speed of  ' / i o of  t he bear i ng capaci t y 

per  mi nut e,  unt i l  t he bear i ng capaci t y was  exceeded.

Fi gs.  4 and 5 s ho w t he sl i di ng sur f aces whi c h occur r ed i n 

s ome  of  t he model s.  The  sl i di ng sur f ace i s appr oxi mat el y ci r ­

cul ar  i n t he cor e and st r ai ght  i n t he r et ai ni ng body,  wi t h a shar p 

br eak at  t he boundar y  bet ween t he t wo mat er i al s.  The  vect or s
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of  def or mat i on s h o w al so a s udden change of  di r ect i on on t he 

t r ansi t i on f r om t he cor e t o t he r et ai ni ng body,  a pr oof  t hat  

each of  t he mat er i al s def or ms  accor di ng t o i t s o wn  l aws,  and 

not  as an i ndi vi dual  body.  Th e  r et ai ni ng body  of  t he model s  

i s mos t  def or med on  t he t op,  whi l e at  t he l ower  end i t  r emai ns 

i n i t s posi t i on even af t er  f ai l ur e.  I n t he mode l  34,  Fi g.  5,  t he

Fig. 4 D eform ations and Sliding Surfaces o f  “ P h ysica l” M odels o f  

N on -H om ogen eou s Sections 

A  G rease B Sand

--------- Boundaries before Sliding

-------- Boundaries after Sliding

--------Sliding Surfaces

D éform ations et surfaces de glissem ent des m odèles «ph ysiq ues»  

A  graisse B sable

--------  lim ites avant glissem ent

-------- lim ites après glissem ent

-------- surface de glissem ent

Fig. 5 D eform ations o f  M odels N o s. 34 and 35 

P  Load

--------- Boundaries before Sliding

---------B oundaries after Sliding

D éform ations des m odèles N o s  34 et 35 

P  charge

--------  lim ites avant glissem ent

---------lim ites après glissem ent

r et ai ni ng body  l i es on a t hi n l ayer  of  gr ease.  Th e  r et ai ni ng 

body  i s onl y sl i ght l y def or med,  but  r emov ed as a whol e i n t he 

di r ect i on of  t he sl ope i n accor dance wi t h t he smal l er  shear  

st r engt h at  t he bot t om of  t he r et ai ni ng body.  We  ma y  concl ude 

t hat  t he def or mat i ons of  t he cor e,  r esul t i ng f r om t he appl i ed 

l oad,  ar e t r ansmi t t ed t o t he r et ai ni ng body  al ong t he cont act  

pl ane and  t hat  t he r et ai ni ng body  count er act s accor di ng t o i t s 

el ast i c pr oper t i es.

Fi g.  6 s hows  t he set t l ement  meas ur ed i n t he mi ddl e of  t he 

l oaded sect i on f or  a f ew model s  of  di f f er ent  shape.  Th e  de ­

f or mat i ons,  r esul t i ng f r om t he f i rst  l oadi ng,  i ncr ease gr adual l y 

unt i l  t he exceedi ng of  t he bear i ng capaci t y.  Wh e n  unl oadi ng t he 

model ,  t he def or mat i ons di mi ni sh el ast i cl y,  and by  r el oadi ng i t, 

up  t o appr oxi mat el y 70 % of  t he bear i ng capaci t y of  t he model ,  

t he sl ope of  t he l i ne of  def or mat i on i s equal  t o t hat  of  t he u n ­

l oadi ng def or mat i on l i ne.  Th e  el ast i c behavi our  of  t he model ,  

wh e n  unl oaded or  r el oaded,  r esul t s f r om t he act i on of  t he 

passi ve pr essur e of  t he def or med r et ai ni ng body  act i ng even 

af t er  t he unl oadi ng unt i l  a n e w st at e of  equi l i br i um i s r eached,  

on  account  of  t he di mi ni shed def or mat i on and wi t h a di mi ­

ni shed passi ve pr essur e.  Th e  ver y sl i ght  el ast i c def or mat i on 

of  t he model  21,  consi st i ng of  a gr ease cor e onl y,  pr oves t he 

cor r ect ness of  t hi s obser vat i on.

F r o m t he pi ct ur es of  def or mat i ons and set t l ement  di agr ams 

i t  can be conc l uded t hat  at  t he boundar y  bet ween t he cor e and 

t he r et ai ni ng body,  i n a l oaded dam,  t he ear t h pr essur e at  r est  

bec omes  act i ve t hus causi ng cor r espondi ng st r esses i n t he cor e.  

Wh e n  t he cor e i s l oaded i t  st ar t s t o def or m,  t he ear t h pr essur e 

at  r est  on  t he cont act  sur f ace gr adual l y i ncr eases t o t he f ul l  

val ue of  t he passi ve ear t h pr essur e of  t he r et ai ni ng body,  t he 

def or mat i ons i ncr ease r api dl y,  and  t he bear i ng capaci t y i s ex ­

haust ed.  For  t he st abi l i t y anal ysi s,  whi c h al ways r epr esent s 

a cer t ai n appr oxi mat i on,  i t  i s suf f i ci ent  t o det er mi ne t he f or ce 

t hat  t he r et ai ni ng body  c an t ake over  al ong t he cont act  pl ane 

wi t h t he cor e,  and t hat  i s t he passive pressure.
Th e  magnitude and t he point of application of  t he passi ve 

pr essur e of  t he r et ai ni ng body  depend on  t he def or mat i ons of  

t he cont act  pl ane wi t h t he cor e.  I t  can be seen f r om t he pi ct ur e 

of  def or mat i ons i n t he t est  model s  t hat  t he mi n i mu m def or ma ­

t i on occur s at  t he l ower  end of  t he sl i di ng sur f ace i n t he cor e,  

t hen i ncr eases and can t hus be r epr esent ed by  a st r ai ght  l i ne 

as i n Fi g.  4,  whi c h cor r esponds t o t he Coulomb case of  ear t h 

pr essur e.  Th e  magni t ude of  t he passi ve ear t h pr essur e can be 

det er mi ned accor di ng t o Coulomb, and t he poi nt  of  appl i cat i on 

as s umed i n t he l ower  t hi r d poi nt  of  t he hei ght  whi c h i s f ai r l y 

cor r ect  consi der i ng t he def or mat i ons.

The  direction of  t he act i on of  t he passi ve pr essur e can be

Fig. 6 Settlem ents o f  Loaded M odels 

P  L oad A Settlem ent 

T assem ent des m odèles chargés 

P  charge à  tassem ent
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t aken appr ox i mat el y at  a r i ght - angl e t o t he cont act  pl ane.  Thi s 

supposi t i on i s most l y  pr oved i ncor r ect .  Th e  di r ect i on of  t he 

passi ve pr essur e i s a f unct i on of  t he mut ual  di spl acement  on 

t he cont act  f ace,  whi c h s hows  i n d a ms  t he t endency t o di ver t  

t he r esul t ant  downwar d ;  consequent l y t he secur i t y i s gr eat er  

t han est i mat ed.

Thi s f act  j ust i f i es t he assumpt i on of  t he r i ght - angl e di r ect i on 

of  t he passi ve pr essur e act i on.

Wi t h  t hese supposi t i ons t he bear i ng capaci t y of  t he model s  

was  cont r ol l ed,  as s h o wn  i n Fi g.  7 f or  t he model  No.  33.  The  

cor e car r i es t he cor r espondi ng par t  of  t he l oad P. Th e

I  M

Fig. 7 C om putation o f  the Bearing Capacity o f  M odel N o . 33

I. Polygon o f  Forces for D eterm ination o f  Passive Pressure E

II. Polygon o f  Forces for Equilibrium  o f  Core

Calcul de la force portante du m odèle N o  33

I. D ynam ique pour la déterm ination de la résistance passive E

II. D ynam ique et funiculaire pour l’équilibre du noyau

super i mposed l oad Px and t he wei ght  of  t he sl i di ng body  Gj 

gi ve t he mo me n t  of  di spl acement  Mx = Ĝ ■ rx +  Px ■ r2. The  

cohesi on K i n t he sl i di ng sur f ace,  and t he passi ve pr essur e of  

t he r et ai ni ng body  al so act  on t he body  and pr oduce t he 

st abi l i si ng mo me n t  M2 = E ■ r3 + K ■ r4.
Wh e n  c omput i ng t he passi ve pr essur e E ( pol ygon of  f or ces I ),  

t he f r i ct i on bet ween t he sand and t he gl ass wal l s was  al so t aken 

i nt o consi der at i on wi t h g =  30° .

Th e  model  i s st abl e i f  Mx = M2. Th e  ul t i mat e val ue of  t he 

f or ce P wi t h whi c h t he model  i s st i l l  st abl e,  was  f ound gr a­

phi cal l y ( t he pol ygon of  f or ces and t he f uni cul ar  pol ygon I I ).  

Th e  f ol l owi ng t abl e s hows  t he r esul t s of  t hese comput at i ons 

f or  a f ew model s.  Th e  bear i ng capaci t y c omput ed wi t h t he 

Ehrenberg supposi t i on i s al so gi ven:  ( Tabl e 1).

F r o m t he t abl e ment i oned above,  i t  can be seen t hat  t he 

r esul t s of  t he c omput ed bear i ng capaci t y based on our supposi­
tion coincide fairly well wi t h t he ul t i mat e l oad of  t he model ,  

wher eas t he bear i ng capaci t y c omput ed accor di ng t o t he pr o ­

posal  of  Ehrenberg i s consi der abl y smaller t hen t he act ual  one.

T a b le  1

Thi s f act  conf i r ms t hat ,  f or  pr act i cal  pur poses,  our  supposi t i on 

ref l ect s f ai r l y wel l  t he pl ay of  f or ces at  t he mo me n t  of  f ai l ur e 

of  t he sl ope.

I t  i s seen f r om t hese i nvest i gat i ons t hat  f or  t he st abi l i t y of  

a sl ope of  a non- homogeneous  d a m t he passi ve pr essur e of  t he 

r et ai ni ng body  i n f r ont  of  t he cor e i s compet ent .  Th e  c o m­

put at i on of  t he st abi l i t y i s t o be conduc t ed i n t he f ol l owi ng 

way :

(a) A  cyl i ndr i cal  sl i di ng sur f ace i n t he cor e,  and a st r ai ght  

sl i di ng sur f ace i n t he r et ai ni ng body,  cor r espondi ng t o t he 

mi n i mu m passi ve pr essur e,  ar e chosen.

(b) Th e  di spl aci ng f or ces act i ng on t he cor e ar e det er mi ned: 

t he wei ght ,  t he seepage f or ces (i f  exi st i ng)  and ot her  l oads.

(c) Th e  st abi l i si ng f or ces act i ng on  t he cor e ar e det er mi ned,

i .e.  t he passi ve pr essur e of  t he r et ai ni ng body  and t he shear i ng 

st r engt h i n t he sl i di ng sur f ace i n t he cor e.

Th e  sect i on r emai ns st abl e as l ong as t he passi ve pr essur e of  

t he r et ai ni ng body  i s not  sur passed,  al t hough t he st r ess i n t he 

sl i di ng sur f ace al r eady r eached t he shear  st r engt h.  Gr eat er  

def or mat i ons,  and t hus f ai l ur e,  ar e not  possi bl e unt i l  t he r e­

t ai ni ng body  i s pushed awa y  regardless of  t he magni t ude of  

t he st r ess i n t he sl i di ng sur f ace of  t he cor e.

Based on  t he f act  t hat  t he sl ope i s st abl e unt i l  t he passi ve 

pr essur e of  t he r et ai ni ng body  i s exceeded,  t he f act or  of  saf et y 

can be expr essed wi t h:

Ep =  passi ve pr essur e of  t he r et ai ni ng body  necessar y f or  t he 

mai nt enance of  equi l i br i um;

Em = ma x i mu m possi bl e val ue of  passi ve pr essur e.

Thi s expr essi on of  t he f act or  of  saf et y i s i n accor dance wi t h 

t he mechani cs  of  f ai l ur e and wi t h t he condi t i ons of  t he def or ma ­

t i ons est abl i shed on t he model s.  Onl y  i f  t he pr essur e at  r est  of  

t he r et ai ni ng body  at  t he bor der  wi t h t he cor e i s suf f i ci ent  f or  

t he mai nt enance of  equi l i br i um,  t he cor e i s not  def or med under  

an i ncr eased l oad f or  t he r est or at i on of  t he equi l i br i um of  

f or ces,  and t he st r ess i n t he sl i di ng sur f ace i n t he cor e does 

not  at t ai n t he l i mi t  shear  st r engt h.  Th e  desi gn of  t he r et ai ni ng 

body  wi t h such a hi gh val ue of  pr essur e at  r est  woul d not  be 

economi cal l y j ust i f i ed,  and f ur t her mor e i t  i s unneccessar y f or  

t he st abi l i t y and secur i t y of  t he dam.  I n or der  t o keep t he 

def or mat i ons wi t hi n r easonabl e boundar i es i t  i s necessar y t hat  

t he f act or  of  secur i t y be s =  2.

Go o d  compac t i on of  t he r et ai ni ng body  i s of  gr eat  i mpor t ance 

f or  t he unchangeabi l i t y and t hus f or  t he st abi l i t y of  such dams.  

Th e  equi l i br i um of  f or ces f or  t he addi t i onal  l oad of  t he cor e 

of  a d a m wi t h l ess c ompac t ed banks,  i s at t ai ned af t er  gr eat er

Model No. 18 19 20 21 22 32 33 34

Di mensi ons,  see Fi g.  7 (a) c m 21 21 21 21 21 29 25 24

(6) c m 30 30 30 30 25 25 30 31

(c) c m 30 30 30 30 35 28 30 33

Cohesi on of  gr ease g/ cm2 6 6 6 6 6 6 8 12

Uni t  wei ght  of  sand g/ cm3 1. 28 1. 28 1. 17 - 1. 30 1. 39 1. 32 1. 40

Load at  t he begi nni ng of  f l ow kg 8 5 8. 6 4 14 15 13 8. 5

Def or mat i on at  t he begi nni ng of  f l ow mm 1. 1 0. 7 0. 9 1. 0 1. 0 0. 7 0. 6 0. 4

Bear i ng capaci t y kg 20 18. 5 17. 5 8 30 26 18 20

Def or mat i on at  f ai l ure mm 6 7 8 4 6 6 4 4

Comput ed bear i ng capaci t y kg 17 17 16 8 27 27 17 22

Bear i ng capaci t y af t er  Ehrenberg kg - - - - - - 12. 7 15. 7
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def or mat i ons t han t hose wi t h wel l  c ompac t ed banks.  The  

ul t i mat e bear i ng capaci t y di f f er s onl y ver y sl i ght l y ( see t he 

di agr am of  def or mat i ons f or  t he l oadi ng and r el oadi ng of  t he 

model s,  Fi g.  6).

Suc h a st abi l i t y comput at i on i s cer t ai nl y st i l l  an appr ox i ma ­

t i on,  but  i t  i s based on r esul t s obt ai ned wi t h model  i nvest i ga­

t i ons.  For  t hat  r eason t he met hod  can be r egar ded as a st ep 

f or war d as c ompar ed wi t h t he Ehrenberg comput at i on or  ot her  

appl i cat i ons of  t he Swedish met hod.

Fur t her  i nvest i gat i ons on model s  f or  t he det er mi nat i on of  

t he di st r i but i on,  t he poi nt  of  appl i cat i on and t he di r ect i on of  

t he act i on of  t he passi ve pr essur e,  ar e i n pr ogr ess.  We  hope

t hat  t hese i nvest i gat i ons wi l l  t hr ow mor e  l i ght  on t hese u n ­

sol ved quest i ons.
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