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SUMMARY

This paper presents some results o f indirect measurements of 

compression of tunnel spoil measured by crossarms at the 

Venem o Dam , and also the results o f an oedometer test on the 

same material. The measurements on the crossarms were carried 

out during the construction of the fill which took place during 

two summers and one winter season from 1962 to 1963. A t the 

time o f writing (June, 1964) the reservoir has not yet been filled.

SOMMAIRE

L’article présente quelques résultats mesurés par la méthode 

des bras croisés et des essais œdométriques dans le remblai. Le 

matériel était obtenu à l ’occasion du perçage d’un tunnel. On a 

effectué ces essais pendant la construction dès l ’été 1962 jusqu’à 

l’été 1963. À  ce jour (juin, 1964) le réservoir n’est pas encore 

plein.

v e n e m o  d a m  is a part o f  the T okk e H yd ro-electric  Project 

located  in the w estern part o f  southern N orw ay . T he dam  is 

ow n ed  by the N o rw eg ia n  W atercourse and E lectric ity  Board  

w h o also did the m ajor design and construction  w ork. T he  

N o rw eg ian  G eotech n ica l Institute acted as the consu ltan t to 

the ow n er on  special m atters. V en em o  is a 3 5 7 ,0 0 0  cu .m . 
rockfill dam  w ith  an im pervious m em brane o f  asphaltic  

concrete  on  the upstream  slope. T he m ain contractor for the  

asphaltic w ork w as S. H esselb erg , O slo. T h e  m axim um  

height o f  the dam  is 64  m. and the length  a long  the crest 

is 2 3 8  m ., the axis being  co n v ex  upstream , w ith  a radius 

o f  100 0  m . (F ig . 1 ) .  T he upstream  and dow nstream  slopes  

have inclinations o f  1 :1 .7  and 1 :1 .4 , respectively .

c o n s t r u c t i o n

T h e supporting fill is constructed  o f  tunnel spoil from  tw o  

27 sq .m . tunnels passing through rock o f  granitic gneiss 

w ith  zones o f  am phibolite . T he grain size d istribution o f  the  

tunnel spoil is g iven  on F ig. 2. T he com pressive  strengths o f  

four rock sam ples w ere 4 2 2 , 9 5 2 , 1470 and 2 1 7 5  k g /sq .c m .
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f i g . 2. Grainsize distribution of tunnel spoil.
(1 ) from top of compacted layer, (2 )  from Totak 

tunnel, 27 sq.m., (3 )  placed in oedometer, (4 )  after 

com pletion of oedometer test.

T he sam ples (app rox im ate ly  5 by 5 by 14 cm ) w ere tested  

after saturation in a w aterbath. T he m ost lik ely  exp lanation  

o f  the rather low  strength o f  tw o  o f  the sam ples is thought 

to be due to the sticks go ing  through the sam ples a long  

w hich  a failure p lane developed .
T he dow nstream  fill w as partly bu ilt up by dum ping the  

rock in lifts o f  a few  m etres to app roxim ately  20  m etres in 

height, the rock being  slu iced during dum ping. T h e  ratio  

o f  w ater to rock (b y  v o lu m e) is thought to be higher than  

four. In the upstream  part o f  the dam  the rock w as p laced  

in layers and com pacted  by an e igh t-ton  vibrating roller. 
D u ring  the sum m er tim e the layers w ere 1.5 m  thick , the  

rock w as slu iced  and 10 passes by the roller w ere m ade. 
D u ring  the w inter the rock  cou ld  not be slu iced  because o f  

frost, and the layer th ickness w as reduced to  1.0 m , w h ile  

the num ber o f  passes w as increased to 15. A ll sn ow  and 

ice w as rem oved  from  the fill before  p lac in g  a new  layer. 
A fter  the w inter season  the fill w as flushed by w ater from  

open  tubes p laced  o n  top o f the fill. T yp ica l stages o f  c o n ­
struction are sh ow n in F ig . 3.

T h e  porosity  o f  rock p laced  during sum m er w as m easured  

in an excavation  to a depth o f  1.0 m. T h e  fo llo w in g  resultsfig. 1 . L a y o u t  o f  V e n e m o  D a m .
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fig. 3 .  S t a g e s  o f  c o n s t r u c t i o n .

w ere obtained; at the surface the porosity  w as 23 per cent. 
F o r  m aterial dow n to  a depth o f  0 .4  m the average porosity  

w as 25  per cen t, and betw een  0 .4  m  and 1.0 m  35 per cent. 
Specific gravity o f  the rock w as 2 .7 0  to n s /c u .m .

T he grain size d istribution o f  the sam ple taken from  top  

o f  the layer is show n o n  F ig . 2. A s  seen, the m aterial 
deviates slightly  from  that taken directly  from  the tunnel. 
T he reason for  this is perhaps a natural deviation ; it is 

also thought to be due to  crush ing o f  m aterial during co m ­
p action , but m ain ly  to segregation  o f  m aterial even  w hen  

placed  in  layers.
D u rin g  the construction  o f  the fill, crossarm s o f the type  

in troduced  by the U .S . B ureau o f  R eclam ation  w ere in ­
stalled  at the tw o loca tion s sh ow n o n  F ig . 1.

RESULT OF CROSSARM MEASUREMENTS

T he results o f  the crossarm  m easurem ents up to the tim e 

o f  w riting are sh ow n for installations I and II on  F igs. 4  

and 5, respectively . A  section  through the dam , on w hich  

dum ped and rolled  fill is ind icated , sh ow s the loca tion  o f the 

crossarm s. T he com pression  o f  the fill betw een crossarm s is 

plotted  against both tim e and overburden. T he com pression

is g iven  in cen tim etres and as a p ercentage o f  in itial d is­
tance betw een  the crossarm s; the percentage is on ly  approxi­
m ate, as the initial d istance betw een the crossarm s deviated  

a fe w  centim etres from  the average o f  5 .3  m . In F igs. 4b  

and 5b the progress o f  fill at the loca tion  o f  the crossarm  is 

sh ow n by the e levation  o f  fill curve. O n the sam e diagram s 

it is a lso  ind icated  w h en  fill w as p laced  during w intertim e  

and w h en  it w as flushed afterw ards. A s a m atter o f  course, 
the diagram  sh ow s that the fill at the b ottom  o f  the dam  

is m ore com pressed  than at the top , and that the co m ­
pression  at the bottom  o f  the dam  is as h igh as 5 per cent, 
or, in o ther w ords that the d istance betw een  the low er  

crossarm s w h ich  w as orig ina lly  app roxom ately  5 .3  m  is 

reduced by m ore than 25 cm .
F igs. 4 c  and 5c  g ive  the com pression  versus  the pressure  

due to the overly ing  fill, assum ing an average density o f  

fill o f  2 .0  to n s /c u .m . T he com pression  curves inclu de a 

correction  approxim ating the com pression  o f  the layers 

w hich  occurred  before  the installation  o f  the crossarm s. 
From  these d iagram s it is clear that excep t for  a m arked  

bum p in all curves the c o m p ress io n /lo a d  graph is fairly  

linear. T he d istinctive bum p in all curves co in cid es w ith the
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f i g . 4. Compression o f layers at Installation I. (a ) section through dam, (b ) com ­
pression o f layers between crossarms against time, (c ) compression of layers 

between crossarms against pressure o f overlying fill.

m e t r e s  f i l l  a b o v e  c o m p r e s s e d  l a y e r
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f i g . 5. Compression of layers at Installation II. (a ) section through dam, (b ) com ­
pression of layers between crossarms against time, (c ) compression of layers 

between crossarms against pressure o f overlying fill.
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flush ing o f  the fill in the spring o f  1963 . T h e  com pression  

o f  the fill as a result o f  flush ing is greater for  the fill under  

high  load  than for a low er load. T h e  slope o f  the co m ­
pression  curve after com pression  due to flush ing does not 

seem  to have decreased, as m ay be expected . It is to  be 

noted  how ever, that the com pression  o f  the fill increased  

at a rate o f  a few  m illim eters up to  app roxim ately  15 m m  a 

w eek  w h en  filling w as restarted after flushing, com pared  w ith  

a rate o f  com pression  o f  up to 10 m m  over a period  o f  

app roxim ately  5 m onths, w hen n o  fill w as p laced  during  

asphalt w ork. T he slopes o f  the curves correspond to a 

tangent m odu lu s o f  E  — 2 0 0 —4 0 0  k g /sq .c m .
F rom  F igs. 4  and 5 it is not easy  to determ ine if  fill p laced  

during w inter is com pressed  m ore than fill p laced  during  

sum m er. C orrelation  o f  the com pression  o f  fill p laced  in 

w inter and sum m er is therefore given in F ig . 6 , w here the
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f i g . 6. Compression o f layers between crossarms as fill is flushed
with water against overburden.

com p ression  o f  fill due to  flushing is p lotted  against the  

load  that the fill w as exp osed  to, at the tim e o f  flushing. T he  

effect o f  flush ing c learly  depends on  the loads. U n der  a 

load  o f  app roxim ately  50  to n s /sq .m . the com pression  is 

approxim ately  1 per cent. P lotted  poin ts o f  com pression  

representing w inter and sum m er fill ind icate no rem arkable  

difference in com pressib ility  for  different m eth ods o f  placing. 
I f  anyth ing, the w inter-p laced  fill is slightly  m ore co m ­
pressib le than sum m er fill.

RESULT OF OEDOMETER TEST

F o r  the sake o f  interest oedom eter tests have been  carried  

out on  the tunnel spoil from  V en em o. T h e  diam eter and  

height o f  the oed om eter  cy lind er w ere 50  cm  and 25  cm , 
respectively . L oad on  the sam ple w as obta ined  by a jack. 
F rom  previou s testing  the w all fr iction  w as assum ed to be  

2 0  per cen t o f  the jack load  (K jaernsli and Sande, 1 9 6 3 ) .
T he results o f  on e  oedom eter test are sh ow n on  F ig . 7 

w h ere com pression  is given  against load. In general the  

rate o f  load in g  w as a daily  increase o f  2  k g /sq .c m .;  the  

first and last recorded  com pression  is g iven  for  each  load. 
A lo n g  the com pression  curve the tim e in  days passed from  

the beginn ing o f  the test and also  the subm erging o f  sam ple  

is recorded . T h e  results o f  the m easurem ents on  the cross- 

arm s in the dam  are ind icated .
U n der  a load  o f  app roxim ately  5 k g /sq .c m . the sam ple  

w as g iven  tim e to settle  until n o  further com pression  w as 

recorded (e igh teen  d a y s ). A  further e igh teen  days w ere  

required before the sam ple cam e to rest after subm ergence. 
K eep ing  the load constan t and letting  the sam ple settle  for  

36  days, being  subm erged h a lf o f  this tim e, resulted there­
fore in a com pression  o f  app roxim ately  3 per cent. T his  

w as equal to the com pression  w h ich  m ight have been  

obtained  by nearly doubling the load , w ith  the rate o f  

load ing  kept constan t and w ith  no subm ergence o f  the  

sam ple. A t a load  o f  app roxim ately  27  k g /sq .c m . the sam ple  

w as treated in  the sam e w ay as under a load o f  5 k g /sq .c m .,  
the result being  sim ilar. D u rin g  un load ing  a sm all rebound  

w as observed. R eload in g  the sam ple up to the prev iou s load
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s

+

T
•

T
•

INSTAL

INSTAL

LATION I  

LATION II

WINTER SU 
FILL F
7

*1MER
LL

T

•

o  1 0  2 0  3 0  4 0  5 0  6  0  7 0  8 0

PRESSURE KG/CM2

0  10 2 0  3 0  4 0  5 0

o f  27  k g /sq .c m . and further to 50  k g /sq .c m . gave  o n ly  a 

sm all add itional com pression .
T h e  com pression  curve on  F ig . 7 show s, as a m atter o f  

course, that the com pression  is a fu n ction  o f  load . It show s, 
furtherm ore, that the com pression  under a constan t load  

increases w ith  tim e and that subm erging o f  the sam ple is 

fo llo w ed  by com pression . A fter  being  subm erged and kept 

under a constan t load  fo r  som e tim e, the slop e  o f  the  

com pression  curve fo r  the drained sam ple is flatter and  

app roxim ately  parallel to the recom pression  curve.

CONCLUSION
T he m ain  con clu sion  from  the m easurem ents m ight be  

that the rockfill bu ilt up o f  tunnel spoil is rather co m ­
pressib le, although th is is not to say that tunnel spoil as 

such is m ore com pressib le  than quarry-run rock. O n the  

contrary, it is thought that w ell-com p acted  tunnel spoil 

w ou ld  be less com pressib le  than dum ped rock  o f  the sam e  

com pressive  strength.
T h e  m easurem ents have confirm ed that the com pression  

o f  rockfill under a constan t load increases w ith  tim e. A d d ing  

w ater to the fill results in a decrease o f  the com pressive  

strength o f  the rock m aterial w h ich  m eans that under co n ­
stant load  further com pression  results. I f  it w as, therefore, 
necessary  that an increased  load  on  the fill should  result 

in  sm all d eform ation s, it w ou ld  be profitable to add w ater  

to the fill and a llow  it to  have tim e to settle.
It is in teresting to n ote  that in a co ld  c lim ate  tunnel spoil 

m ay be p laced  during w inter  w ithou t slu ic in g  (prohib ited  

due to fr o st) , and so obtain the sam e com pressib ility  as for  

fill s lu iced  and p laced  during sum m er. H o w ever , m ore effort 

in co m p action  by reducing layer th ickness and increasing  

the num ber o f  passes o f  co m p actin g  units is thou ght to  be  

necessary. It should  be noted  that the fill m ust be kept free  

o f  sn ow  and ice.

ACKNOWLEDGMENT

T he authors w ish  to express their gratitude to the N o r ­
w egian  W atercourse and E lectric ity  B oard, w h o se  p ositive  

understanding o f  the w orth  o f  m easurem ents has been an 

absolu te con d ition  for  the w ork described in this paper. 
Sp ecia l thanks are g iven  to  M r. A var  H eg gen h ou gen , c iv il 
engineer, w h o  w as in charge o f  the dam  construction  and the  

insta llation  and read ing o f  the crossarm s, and to  M r. A rne  

E lsrud o f  the N o rw eg ia n  G eotech n ica l Institute, w h o carried  

out the oed om eter test w ith  great care.

REFERENCES
K j a e r n s l i ,  B., and A. S a n d e  (1 9 6 3 ). Compressibility o f some 

coarse-grained materials. European Conference on Soil 
M echanics and Foundation Engineering, (W iesbaden).

494


