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Use of structural geogrids for earth dam heightening 

Surélévation de barrage en terre avec structurel geogrilles
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A B S T R A C T :  T h e 4 0  m  h i gh  T i c l ac ay an  t ai l i n gs con t ain m en t  d am , l o cat ed  in  t h e C en t r al  Z o n e i n  Per u , w a s d esi gn ed  t o  r a i se  i t s 

h ei gh t  si n ce an o t h er  ap p r o p r i at e l o cat i o n  t o  d ep o si t  t a i l i n g s co u l d  n o t  b e fou n d . I n  v i ew  o f  t h e l o cat i o n  o f  a  m aj o r  r o ad w ay  c l o se  t o 

t h e t o e o f  t h e d am , i t  w as n ecessar y  t o  i n cr ease t h e d am  h ei gh t  u si n g  st r u ct u r al  geo g r i d s i n  o r d er  t o  sa f e l y  d esi gn  t h e st eep  sl o p es. T h i s 

Pap er  su m m ar i zes t h e geo t ech n i cal  p ar am et er s, g eo g r i d  l ayo u t  an d  t h e fac t o r s o f  sa f e t y  ach i ev ed  fo r  t h e f i n al  d am  h ei gh t  o f  6 3  m .

R É SU M É  : L e  b ar r age d e st ér i l es m i n ier s T i c l ac ay an , 4 0  m . H au t , l o cal i sé d an s l a  Z o n e C en t r al e au  Pér o u , a  ét é co n çu  p o u r  él ev er  

sa h au t eu r  d ep u i s q u 'u n  au t r e em p l acem en t  ap p r o p r i é d ép o ser  l es st ér i l es m i n ier s n e p o u r r ai t  p as êt r e t r o u v é. V u  l 'em p l acem en t  

d 'u n e ch au ssée m ajeu r e p r ès d e l 'o r t e i l  d u  b ar r ag e, c  é t a i t  n écessai r e  d 'au gm en t er  l a h au t eu r  d e b ar r age q u i  u t i l i se l e  geo g r i l l es 

st r u ct u r el  p ou r  co n cev o i r  l es i n c l i n ai so n s esc ar p ées san s r i sq u e. C e  Pap i er  r ésu m e l es p ar am èt r es d u  geo t ech n i q u e, d i sp o si t i o n  d u  

g eo g r i l l es et  l es f act eu r s d e sécu r i t é acco m p l i s p o u r  l a  h au t eu r  d e b ar r age d éf i n i t i v e d e 6 3 m .

1. I N T R O D U C T I O N

T h e T i c l ac ay an  em b an k m en t  d am  i s l o cat ed  in  t h e C en t r al  Z o n e o f  

Per u , an d  st o r es p o l ym et al l i c  t ai l i n gs p r od u ced  b y  t h e C o m p an i a 

M i n er a A t aco ch a S.A .A .  T h e  o r i g i n al  dam w as d esi gn ed  fo r  a 

m ax i m u m  cr est  h ei gh t  o f  5 0  m . H o w ev er  t h e i n c r eased  m i l l  o u t p u t  

r eq u i r ed  ad d i t i o n al  st o r age v o l u m e w h ich  w o u l d  i n cr ease t h e 

h ei gh t  o f  t h e d am  t o  6 3 m .

T h e i n cr eased  cr est  el ev at i o n  at  t h e st eep l y  t er r ai n ed  si t e  w as 

l im i t ed  b y  t h e p r esen ce o f  a  m ajo r  r o ad w ay  at  t h e t oe o f  t h e d am . 

T h i s r o ad w ay  co u l d  n ot  b e m o v ed  d u e t o  geo g r ap h i cal  con st r ain t s. 

T h e sp ac e l im i t at i o n  b et w een  t h e p r esen t  t oe o f  t h e d am  an d  t he 

r o ad w ay  sev er e l y  r est r i c t ed  t h e d esi g n  o f  sa f e  co n v en t i o n al  

d o w n st r eam  sl o p e. R eco u r se w as t h er efo r e m ad e t o  so m e 

co m p l em en t ar y  st r u ct u r es t o  safe l y  d esi g n  t h e sl o p es t o  co m p l y  

w i t h  t h e d am  sa f e t y  r egu l at i o n s in  Per u .

T h i s Pap er  d ocu m en t s t h e d esi gn  cr i t er i a an d  t h e t ech n i q u e 

ad o p t ed  fo r  t h e safe  d esi g n  o f  t h e d am .

2. C H A R A C T E R I ST I C S O F  T I C L A C A Y A N  D A M

T h e d am  i s co n st r u ct ed  as a  zon ed  em b an k m en t  d am . I t  co m p r i ses 

o f  a cen t r al  i m p er v i o u s co r e co n st r u ct ed  w i t h  c l ay ey  g r av el  ( G C ) ; 

an  u p st r eam  sh o u l d er  o f  c o ar se  n o n - ac i d  gen er at i n g  t ai l i n gs ( SP)  

o b t ai n ed  f r om  an  o l d er  d r y  t ai l i n gs st ack ; an d  d o w n st r eam  

sh o u l d er s w i t h  co ar se t a i l i n g s an d  m i n e w ast e r o ck f i l l , SP  an d  

G M , r esp ec t i v e l y . F i l t er s co m p r i sed  o f  san d y  gr av el  ( G P )  an d  

w r ap p ed  in  a g eo f ab r i c  ar e p l aced  b o t h  u p st r eam  an d  d o w n st r eam  

o f  t h e c l ay  co r e. A l l  m at er i a l s ar e m ech an i cal l y  co m p act ed  w i t h  a 

v i b r at o r y  r o l ler .

T h e sp ace b et w een  t h e t oe o f  t h e d am  an d  t h e ad jacen t  w as 

ex t r em el y  l i m i t ed , in  p l ac es as sm al l  as 6m . I t  w as t h er efo r e 

n ecessar y  t o  co n st r u ct  a co u n t er fo r t  r ei n fo r ced  con cr et e r et ai n i n g  

w al l  at  t h e d o w n st r eam  t o e w i t h  a t o t a l  l en gt h  o f  19 5 m , an d  a 

m ax i m u m  h ei gh t  o f  15  m . T h e r et ai n i n g  w a l l  w as d esi gn ed  

agai n st  K „  ear t h  p r essu r e f r o m  t h e d am  in  ad d i t i o n  t o  sei sm i c  

f o r ces.

3. D E SI G N  O F  T H E  E X T E N D E D  H E I G H T

T h e T ab l e  1 su m m ar i zes t h e geo t ech n i cal  p ar am et er s o f  the 

em b an k m en t  m at er i al s.

I n  t h e ab sen ce o f  an y  l i q u ef i ab l e m at er i al s, t h e p seu d o st at i c  

an al y ses w er e ear n ed  ou t  w i t h  a sei sm i c  accel er at i o n  c o ef f i c i en t

a =  0 .15g.

T h e i n i t i al  d esi g n  o f  t h e d am  r ai se w i t h  t h e l i m i t ed  

d o w n st r eam  sp ace av a i l ab l e  r esu l t ed  in  st at i c  an d  p seu d o - st at i c  

f act o r s o f  safe t y  o f  1.2 3  an d  1.0  r esp ect i v el y . T h ese fact o r s w er e  

co n si d er ed  l o w  in  v i e w  o f  t h e h ei gh t  o f  t h e d am  an d  t h e r esu l t i n g  

en v i r o n m en t al  an d  p r o p er t y  d am ag e f r om  a p o t en t i al  f a i l u r e.

In  o r d er  t o  i m p r o v e st ab i l i t y , t h e u se o f  st r u ct u r al  geo gr i d s 

p l aced  h o r i zo n t al l y  b et w een  El  3 3 7 0  an d  3 3 8 3  m  w as em p l oyed .

T h e sel ect ed  g eo g r i d  h as a  l o n g- t er m  ( af t er  a g e  an d  cr eep  

ef f ec t s)  t en si l e  st r en gt h  o f  3 t / m . Bet w een  E l . 3370  an d  3 3 8 1,  t h e 

g eo g r i d s ar e i n st al l ed  ev et v  0.6 m  i n  co m p act ed  f i l l ,  w h i l e  

b et w een  E l . 3 3 8 1 an d  3 3 8 3 ,  t h e v er t i ca l  sp ac i n g  i s r ed u ced  to 0 .3 

m . Each  h o r i zon t al  geo g r i d  l ay er  ex t en d s fo r m  t h e u p st r eam  

sl o p e o f  t h e i m p er v i o u s co r e t o  the d o w n st r eam  sl o p e. T h e 

geo g r i d s ex t en d  t h r o u gh  t he d o w n st r eam  f i l t er .

T h e st at i c an d  p seu d o st at i c  f ac t o r s o f  sa f e t y  fo r  t h e 

d esi gn ed  sect i o n  ar e 1.5  an d  1. 15  r esp ect i v el y , i n d i cat i n g  t h e 

ef f i c i en cy  o f  t he m easu r es em p l o y ed  t o i n cr ease t h e st ab i l i t y  o f  

t h e st r u ct u r e.

A n  ad d i t i o n al  i m p o r t an t  b en ef i t  o f  geo g r i d s, c o n si st s in  t h e 

su p er i o r  sect i o n  o f  em b an k m en t  w i l l  d ev el o p  sm al l  

d i sp l acem en t s d u r i n g a gr eat  se i sm i c  ev en t , as co n secu en ce o f  

t h e m ajo r  st i f f n ess.

T h e f i g u r e  2  sh o w s t h e cr i t i cal  f a i l u r e su r f ace o b t ai n ed  

f r o m  p seu d o st at i c  an al y ses, w i t h  a sei sm i c  accel er at i o n  

co ef f i c i en t  a = 0 .15  g.

T a b l e  1 .  G e o t e c h n i c a l  p a r a m e t e r s  o f  t h e  e m b a n k m e n t  m a t e r i a l s

Materials Yt/m3 c ’ t/m2 <|>’deg.

Impervious core 2.0 2 35

(clayey gravel)

Shoulders 2.1 0 34

(coarse tailings)

Shoulder (mine 2.2 0 35

waste)

Filters (sandy gravel) 2.1 0 35
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F i g u r e  2 .  S h o w s  t h e  c r i t i c a l  f a i l u r e  s u r f a c e

F i g . 1 sh o w s t h e d esi gn ed  sect i o n  at  t h e m ax i m u m  h ei gh t  o f  t h e 
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t h e d o w n st r eam  t oe.

4. CONCLUSIONS

The limited space at the downstream toe required the 

following measures to safety increase the height o f  the 

dam from 40 to 63 m, and to  provide acceptable factors o f  

safety.

a) Construction o f  a reinforced concrete retaining wall,

15 m high, at the downstream toe.

b) Installation o f  horizontal layers of reinforcing 

geogrids, with a vertical spacing o f 0.3 to  0.6 m 

between elevations 3370 and 3383 m. Figure 3 shows 

details o f  the geogrid layout.

GEOGRID LA YOUT 

@0.30ra VERTICAL

@ 0 60m VERTICAL

Figure 3. Details of the geogrid layout
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