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Longterm Behaviour of a Dam in a Period of 108 Years

Comportement d'une Digue durant une Periode de 108 Ans
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A . W A C K E R N A G E L  G runer SA, B ase l/S w itzerland

SYNOPSI S A dam c ons t r uc t ed 108 y ear s  ago f or  t he wat er  s uppl y  of  t he c i t y  of  Bas l e and
hav i ng ev er  s er v ed i t s pur pos e i s i nv es t i gat ed wi t h r es pec t  t o saf et y .  The c ons t r uc t i on mat er i al s  
ar e l ake depos i t s .  At  t he t i me of  c ons t r uc t i on t he s af et y  of  t he dam i s bel i ev ed t o hav e been 
c l os e t o uni t y .  As  c r eep has  oc c ur r ed dur i ng t he l i f e t i me t he pr es ent  s af et y  f ac t or  i s es t i mat ed 
t o be near  1. 14.  I t  may  be c onc l uded t hat  i n t he c our s e of  t i me t he s af et y  wi l l  i nc r ease.  Regul ar  
c hec k i ng of  t he def or mat i on by  meas ur ement s  i s,  however ,  adv i sabl e.

CONSTRUCTI ON OF THE DAM AND OPERATI ON

The publ i c  wat er  s uppl y  f or  t he c i t y  of  Bas l e,  
Swi t z er l and,  was  s t ar t ed i n t he y ear  1866 and 
c ons i s t ed of  a number  of  s pr i ngs  i n t he hi l l s  
of  t he J ur a r ange,  whi c h wer e c onduc t ed t o t he 
c i t y  by  a pi pe l i ne.  To s af eguar d an even wat er  
s uppl y  of  t he spr i ngs ,  a r es er v oi r  of  some 
l OO' OOO nw was  c ons t r uc t ed i n t he y ear  1871.  
Fr om t her e t he s pr i ngs  ar e f ed by  i nf i l t r at i on.

The r es er v oi r  i s f or med by  an ear t h dam hav i ng 
a hei ght  of  9. 0 m.  The ups t r eam s l ope has  an 
i nc l i nat i on of  1: 3 and t he downs t r eam s l ope an 
i nc l i nat i on near  1: 2. 4.  The l engt h of  t he c r es t  
i s 75 m.  On t he l ef t  abut ment  an open c hannel  
s pi l l way  hav i ng a c apac i t y  of  8. 0 m̂ / s ec  i s 

pr ov i ded.  The i nt ak e i s f or med by  t wo s t eel  
pi pes  0 500 mm t hr ough t he bas e of  t he dam 
( Fi g.  1) .

FIG.1 CROSS SECTION OF DAM 

1978

About  t he c ons t r uc t i on of  t he dam no det ai l ed 

r ec or ds  ar e avai l abl e.  The dr awi ngs  woul d i n 
di c at e an i mper v i ous  c or e and per v i ous  out er  

sec t i ons .  Thi s  coul d,  however ,  not  be ver i f i ed.  
The c r os s  s ec t i on i s mor e or  l ess  homogeneous .  
The bac k f i l l  was  s t ar t ed ear l y  i n t he y ear  1871 
by  a c ont r ac t or .  I t  was  pl anned t o be c ompl et ed 

by  t he end of  J une 1871.  However ,  i n J une 1871,  
f ol l owi ng heav y  r ai ns ,  a f l ood oc c ur r ed and

br eac hed t he near l y  c ompl et ed dam.  Af t er  t hi s  
i nc i dent ,  c ons t r uc t i on was  r es umed and t he dam 
was  c ompl et ed i n Nov ember  1871.  The f i l l i ng of  
t he r es er v oi r  was  ac c ompl i s hed i n s t eps  i n 
Mar c h 1872 and was  c hec k ed week l y  by  exper t s .
When t he r es er v oi r  was  f ul l  i t  was  f ound t o be 
" c ompl et el y  i mper v i ous " .

The dam has  been s er v i ng i t s  pur pos e ev er  s i nce 
c ompl et i on.  Today  i t  i s,  however ,  onl y  of  mi nor  
i mpor t anc e f or  t he c i t y  wat er  suppl y .  The dam i s 
sai d t o hav e been ov er t opped r epeat edl y  by  r a i n 
s t or ms.  The l as t  t i me i t  was  ov er t opped i n s um
mer  1975 by  some 0. 20 m wi t hout  heav y  damage,  
t he t ot al  di s c har ge of  t he f l ood bei ng some

15. 0 mVs e c .

I NVESTI GATI ON OF CONSTRUCTI ON MATERI ALS

I n t he y ear  1977 t he f eder al  aut hor i t i es  as k ed 
f or  a c hec k  whet her  t he dam di d s at i s f y  t he r eg 
u l at i ons  wi t h r es pec t  t o f r eeboar d,  c r es t  wi dt h 
and s pi l l way  c apac i t y .  The f r eeboar d was  t o be 
1. 50 m abov e max i mum s t or age l evel ,  t he c r es t  
wi dt h at  l eas t  3. 0 m,  t he s pi l l way  c apac i t y  t o 
be i nc r eas ed t o 30. 0 m3/ sec .

To get  i nf or mat i on r egar di ng t he s af et y  of  t he 
dam i t sel f ,  an i nv es t i gat i on was  c ar r i ed out  i n 
t he y ear  1979.  Two dr i l l  hol es  wer e ex ec ut ed on 
t he downs t r eam s l ope.  Agai ns t  ex pec t at i on of  
c oar s e- gr ai ned mat er i al s  i n t he out er  r ! am s ec 
t i ons  t he dr i l l  hol es  d i s c l os ed t hat  t he dam 
c ons i s t ed of  a mat er i al  whi c h c oul d be i dent i f i ed 
as a l ake depos i t  pr obabl y  bor r owed f r om a dr ai ned 
l ake downs t r am of  t he dam s i t e.  I t  can be c l as 

s i f i ed as a s i l t y  c l ay  wi t h l ow t o hi gh p l as t i c 
i t y  ( CH, CL) .  Smal l  l enses  of  peat ,  r emnant s  of  
pl ant s ,  wood and s hel l s  ar e i nt er s per s ed.  The 
mat er i al  i s s at ur at ed and of  sof t  t o v er y  sof t  
c ons i s t enc y .  The dam i s r es t i ng on a l ay er  of  
t al us  mat er i al  c ont ai ni ng debr i s  of  l i mes t one 

wi t h some c l ay  bi nder  hav i ng a t hi c k nes s  of
1. 3 m t o 1. 6 m.  Thi s  l ayer  can be c l as s i f i ed as 
a s i l t y  t o c l ay ey  gr av el  ( GM, GC) . Bel ow t he bed-
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r ock  i s met  whi c h i s a dens e l i me s t one i n 
near l y  hor i z ont al  l ayer s  wi t h s t eep f i s s ur es  
f i l l ed wi t h c l ay.

I t  may  be assumed,  as s hown on t he des i gn dr aw
i ngs,  t hat  an i mper v i ous  c ut of f  t r enc h r eaches  
t hr ough t he t al us  t o t he s ur f ac e of  t he bedr ock .  
Whi l e dr i l l i ng a wat er l ev el  was  met  at  a dept h 
of  2. 75 m t o 3. 80 m.  Thi s  wat er  l evel  s ubs i ded 
t o a s t abl e l evel  f ur t her  down when t he dr i l l  
hol es  ent er ed t he t al us  mat er i al s .

The c har ac t er i s t i c s  of  6 s ampl es  t ak en 
bac k f i l l  mat er i al  ar e t he f ol l owi ng:

f r om t he

Wat er  c ont ent  w:  

27. 5% -  50. 0%,

Li qui d l i mi t  w^ : 

40. 8% -  57. 2%,

Pl as t i c  l i mi t  Wp:  

23. 0% -  31. 6%,

mean 3 5. 7%

mean 49. 8%

mean 25. 4%

Cons i s t enc y  I ndex  I c :

0. 28 -  0. 64,  mean 0. 52

Dr y  dens i t y  ^ d :

1. 11 -  1. 51t / m3,  mean 1. 32t / m3

Col l oi dal  f r ac t i on <  0. 002 mm:

10. 4 -  34. 5%,  mean 22. 8%

The gr ai n s i ze di s t r i but i on of  t he bac k f i l l  
mat er i a l s  and t he t al us  mat er i al s  ar e s hown i n 
Fi g.  2.

G R A IN  S IZE  m m

FIG. 2 GRAIN SIZE DISTRIBUTION OF MATERIALS

The s hear  s t r engt h c har ac t er i s t i c s  of  f our  

s ampl es  wer e det er mi ned by  d i r ec t  s hear  t es t  
and ar e t he f ol l owi ng.

Peak  ef f ec t i v e s hear  s t r engt h

c'  = 0. 0 -  2. 0t / m2, £j 7'  = 21. 3°  -  28. 0° ,  
mean c'  = 0.  95t / m2 , *jp ' = 25. 5°

Res i dual  ef f ec t i v e s hear  s t r engt h

= 0 . 0 - 1  . 4t / m2,  = 15. 1” 

i n c£ = 0 . 70t / m2 , = 20. 2"
23. 7 ‘

SETTLEMENT OBSERVATI ONS AND SETTLEMENT 

CHARACTERI STI CS

Dur i ng t he l i f e of  t he dam c ons i der abl e s et t l e 
ment s  occur r ed.  The magni t ude of  t he s et t l e 
ment s  c an be deduc ed f r om av ai l abl e r ecor ds .  
Or i gi nal l y ,  t he dam was  c ons t r uc t ed hav i ng a 
f r eeboar d of  1. 0 m.  By  t he y ear  1918 t he c r es t  
had s et t l ed 600 mm at  t he max i mum s ec t i on and 
was  t hen hei ght ened t o t he or i gi nal  l evel .  By 
t he y ear  1978 t he c r es t  had s et t l ed by  anot her  
450 mm,  t hus t he av er age s et t l ement  wi t h i n r e 
c ent  t i mes  bei ng 7. 5mm/ y ear .  I t  i s,  however ,  
a r et ar ded mov ement .

The t ot al  s et t l ement  of  t he dam s i nc e c ons t r uc 

t i on i s amount i ng t o 1050 mm whi c h i s 12% of  
t he hei ght  of  t he dam ( Fi g.  3) .

XXX)

I S E TT LE M E N T

F IG .3 SETTLEMENT OF DAM CREST

The s et t l ement  t o be ex pec t ed f r om r es ul t s  of  
oedomet er  t es t s  ar e not  mor e t han 470 mm.
Fr om t hi s  i t  may  be c onc l uded t hat  t he obs er v ed 
s et t l ement s  of  t he dam c r es t  ar e par t l y  due t o 
cr eep.  Fr om t he r es ul t s  of  oedomet er  t es t s  i t  
appear s  f ur t her  t hat  t he pr es ent  degr ee of  c on 
s ol i dat i on of  t he dam i s bet ween 60% and 80%.  
Ther ef or e,  s et t l ement s  wi l l  cont i nue.

STABI LI TY OF EMBANKMENT

I f  a s af et y  f ac t or  of  F = 1. 0 i s s uppos ed t he 
s t abi l i t y  anal y s i s  of  t he downs t r eam s l ope i n 
d i c at es  f o r y  = 0 a c ohes i on of  c'  = 2. 1t / m2 .

Thi s  caseCj > ' = O woul d c or r es pond t o t he s t at e 
j us t  af t er  c ons t r uc t i on bef or e c ons ol i dat i on 
had s t ar t ed.  The c ohes i on of  c'  = 2. 1t / m2 woul d 
i ndi c at e v er y  sof t  c ons i s t enc y  of  t he c ons t r uc 

t i on mat er i al s  used.

I n or der  t o det er mi ne t he ac t ual  s t abi l i t y  of  
t he dam i t  i s t o be c ons i der ed t hat  i n addi t i on 
t o c ons ol i dat i on t he c r eep i s bei ng obs er ved.  
Ther ef or e as pl as t i c  di s pl ac ement s  hav e oc c ur ed 
t he r es i dual  shear  c har ac t er i s t i c s  ar e t o be 
used.  By  appl y i ng t he mean v al ues  c r  = 0. 7t / m2 
andCj P'  = 20. 2°  and c ons i der i ng t he por e wat er  
pr es s ur es  due t o c ons ol i dat i on and s eepage t he 

pr es ent  f ac t or  of  s af et y  i s es t i mat ed t o be 
equal  t o F = 1. 14.  I f  a l l owanc e i s made f or  
t he f l uc t uat i on of  t he c har ac t er i s t i c s  t he 
s af et y  f ac t or  i s s t i l l  c l os e t o uni t y .
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CONCLUSI ONS

The behav i our  and t he saf et y  of  a dam af t er  
a l i f e- t i me of  108 year s  has  been c hecked by 

c l as s i c al  met hods  of  soi l  mechani cs .

Set t l ement  of  t he c r es t  i s mor e t han t o be 
expec t ed f r om consol i dat i on t heor y .  Ther ef or e,  
p l as t i c  di s pl ac ement  i s t o be supposed.  I t  i s,  
however ,  a r et ar ded movement .  For  j udgi ng t he 
s t abi l i t y  t he r es i dual  shear  s t r engt h i s t o be 
appl i ed.  I t  appear s  t hat  some s l i ght  c ohes i on 

i s ac t i ng bes i des  t he f r i c t i on.  When t he dam 
was  c ons t r uc t ed t he saf et y  f ac t or  war  c l ose 
t o uni t y .  Al t hough c ons ol i dat i on has  oc c ur r ed 
t he pr es ent  s af et y  f ac t or  may  be c ons i der ed t o 

be onl y  s l i ght l y  abov e uni t y .

The dam has  s er v ed i t s  pur pos e ev er  s i nce 
c ons t r uc t i on.  As  t he mov ement s  ar e r et ar ded,  
t he s af et y  of  t he dam wi l l  i nc r eas e as t i me 
goes  on.  The behav i our  wi l l  hav e t o be c hec k ed 

by  r egul ar  sur veys .
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