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These equations together with the previous equations fo r  the defleotione permit us to  solve fo r  the re­
actions in  terms of the loads, and from these the d efleotion e. We thus have a l l  the information neces­
sary fo r  the design of such a foundation.

While th is  procedure is  of n ecessity  cumbersome when applied to ordinary stru ctu res, or even to the 
simple layout herein considered when the subgrade modulus is  a ltered  a t  one oolumn point only (as might 
be assumed to study the influenoe of so ft  areas on the stresses w ithin the stru ctu re), the designer may 
by cut and t r y  methods arrive  a t a f a i r ly  s a tis fa c to ry  r e s u lt . I t  should be kept in  mind that the f in a l  
d eflections w i l l  l i e  part way between those resu ltin g  from considering the reactions equal to the applied 
loads, and those resu ltin g  from a set of reaotions which w i l l  produoe equal settlem ents.
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No. N-3 SOME FEATURES IN CONNECTION WITH THE FOUNDATION OF SVIR 3 HYDRO-ELECTRIC POWER DEVELOPMENT 
Professor H. G raftio , Leningrad, in  co llaboration  with Vatteribyggnadsbyran, VBB, Stockholm

S vir 3 is  situated in  the Svir r iv e r  between the Lakes Onega and Ladoga, about 50 miles from the 
la t t e r .  The to ta l  f a l l  of the r iv e r  between the two lakes is  about 9° f t . ,  of which about 36 f t .  are 
u t iliz e d  in  Svir 3 and the rest w i l l  be u t iliz e d  in another power plant now in  course of construction.
A plan of Svir 3 is  shown in  F ig . 1 . A concrete dam, 630 f t .  long, is  joined to the power house which 
is  i£5 f t .  in  length and situ ated  near the l e f t  bank of the r iv e r . On both banks there are earth em­
bankments with a to ta l length of 5*000 f t .  Between the power house and the l e f t  bank there is  a look.

In the power house four u n its , each 37*500 HP, are in s ta lle d . To prevent d r ift in g  ioe in  the 
autumn and spring from accumulating in  fron t of the intakes to  the power s ta tio n , a p rotective  oonorete 
structure has been b u ilt  in  fron t of the intakes.

Counting from the power station  the gate openings in  the dam are as follow s!
(a) A sector gate 15*5 i t .  high and 105 f t .  wide.
(b) 3 gates, eaoh 11+.8 f t .  high and 1+3 i t .  wide. When opened, these gates are lowered on the 

downstream side of concrete stop lo g s.
(0) i). gates, each 8.2 f t .  high and 67 f t .  wide. When opened, these gates are ra ised .
The gates mentioned under (b) and (o) are operated by a movable crane. The maximum discharge of 

the dam is  about 80,000 cuseos.
The power station  has been planned and carried out under the supervision of Professor Henry 

G raftio , a ssisted  by his Russian engineering s t a f f ,  S v irs tro i, Leningrad, and by Vattenbyggnadsbyran 
(VBB), Consulting Engineers, Stockholm. For questions re la tin g  to certain  foundation problems the
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asBistanoe of Professor Karl Ton Terzaghi of the Teohnisohe Hoohsohule in Vienna was aeoured.

Ground conditions. In a very large region the ground oonsist6, to  a considerable depth, of Devonian de­
p osits oovered w ith quartemary formations of sand and c lay  the thickness of which does not exceed 10

This in  conjunction with the 
greater bearing capacity 
of the Devonian d eposits, 
and the d e s ir a b ility  to 
found the concrete stru c­
tures d ir e c tly  on these 
deposits, caused the lo­
cation of the power plant 
at i t s  present site»

The Devonian ground 
consists of p ra c tic a lly  
horizontal layers of a l­
ternating sand, d a y  and 
mixtures of both. The 
d a y e y  layers are pre­
dominant, th e ir  aggregate 
thickness averaging 75?» 
of the to ta l  depth of 
excavation. The various 
la y ers , which are from a 
few m illim etres up to 
about one metre th ick , 
are quite d iffe re n t in 
regard to  consolidation 

and hardness. Generally 
the th ick  sand layers

are hard, some of them transformed into sandstone. Also certain  layers of d a y  containing much f e r r ic  
oxide are consolidated to  a great extent and nearly as hard as sh ale . Most of the layers are much less 
consolidated, some of them are compaot and p la s t ic ,  a few of them are s o ft .  Some oh aracteristio  data 
on grading, ra tio  of void s, lower p la stio  lim it , and flow  lim it , —  according to  Atterberg — , are 
given below in  Table 1 and Table 2.

T A B L E  I

Average grading of clayey layers 

S ize of p a rtic le s  in  mm

> 1 1 . 0-
-0.5

0.5-
- 0.25

0. 25-
- 0.05

0. 05-
- 0.01

0. 01-
- 0.005

0. 005-
- 0.001

¿.0.001

Compaot, shaly d a y - - - 8.18# 27. 35# 43. 70# 4 . 91# 15. 86#

Compaot, p la stio  d a y - - - - - - - 27. 6#

Soft olay 0. 037S 0. 07# 0. 09# 6. 00# H4..30# 38.ii0# 12. 00# 29. 11#

The colour of the d iffe re n t layers varies in  a l l  shades of red, brown, green and blue. With few 
exceptions the d a y e y  layers are red or brown, w h ilst the sandy layers are bluish or greenish. The 
la t te r  shades are caused by small quantities ( less  than 5%) of ch lo rite  w h ilst the red and brown odours 
are due to small p a r t id e s  of fe r r ie  oxide being present in  varying qu an tities. C hlorite e x is ts  in 
p ra o tica lly  a l l  la y e rs . Due to  the great va ria tio n  in colour the cuts g ive , at a distance, the impres­
sion of continuous brownish deposits, mingled with greenish horizontal la y ers, a l l  of which are of 
varying th ickness. On c lo ser examination, however, i t  w i l l  be found that most of the layers are d is­
continuous, that many of them disappear in the form of horizontal wedges, to  reappear again a t the same 
elevatio n . Although i t  has not been possible to  ascerta in  exaotly the same succession of layers in  d i f ­
feren t cuts and p it s ,  the re la tio n  between the d iffe re n t layers deposited a t the same time is  so d o se  
that i t  has not met w ith any p articu la r d i f f ic u lt y  to c la s s ify  the layers in  d iffe re n t groups.

Original sedimentary stru ctu re, such as drying oracks, ripp le marks and miscellaneous irre g u la r i­
t ie s ,  which characterize deposits made by running w ater, are conmon throughout the deposits. In places 
certain  ir re g u la r itie s  appear to  have been produoed by deformation, but are in  most cases distinguishable 
from suoh secondary struoture by th e ir  laok of planes of thrusting and fa u lt in g , features which w i l l  be 
desoribed below in  connection with the deformation of the d eposits.

These fe a tu re s, and suoh extreme variatio n  in  oolour and structure as must have been caused by vary-

fe e t  in  the r iv e r  bed a t Svir 3» tu t inoreases rapidly further downstream.

Fig» 1 

General Plan
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Average ra tio  of vo id s, average lower p la s tic  lim it, 
and flow  lim it of the olayey la y e rs , acoording to Atterberg

Ratio Lower p la stio  Flow
of voids lim it lim it

Compact p lastio  olay 15*5 15*5 25.0

Soft olay 21.0 19.0 33.0

T A B L E  II

F ig . 2
Cross section  of power house

F ig . 3
Cross section  of r igh t hand part of dam

ing chemical composition of 
the deposits and varying 
v e lo o ity  of the water by 
which the deposits were 
brought, have made the geo­
lo g is ts  b elieve that the 
region in question is  part 
of an old d e lta . In th e ir  
opinion the extensive, com­
p ara tive ly  th ick  and r e s is ­
tan t layers of sand and sand­
stone were deposited during 
periods of exceptionally  
great flo o d s, when the river 
rose over i t s  banks, and 
spread coarse m aterial of 
f a i r l y  equal grading over 
large parts of the d e lta .

Geologioal disturbances of 
the Devonian ground. At 
f i r s t  sigh t the system of 
layers disclosed in  cut6 and 
p its  exhibits so few irregu­
la r i t ie s  that not only the 
layman would be tempted to 
consider the Devonian s o il  
as p ra ctio a lly  undisturbed. 
However, th is  impression is  
erroneous. A thorough in­
v e stig a tio n  disclosed the 
fa c t  that in  many places 
rad ical disturbances have 

completely a ltered  the o ri­
gin al structure of the la y ers. 
These disturbances may be 
divided into the follow ing 
three groups:

(a) Faulting of the 
layers a t an angle of less  
than Li50 to  the v e r t ic a l ,  
caused by pressure from 
above.

(b) P r a c tic a lly  hori­
zontal th in  s lid in g  zones 
between adjaoent r e la t iv e ly  
hard la y ers.

(o) Broken and thorough­
ly  kneaded layers of a 
thiokness of up to  1 fo o t.

In the layers re la tin g  
to  group o there is  a c le a r ly  
defined thrusting and fa u lt ­
ing, always in  the main
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direotion north-west to south-east. Oooasionally small parts that formerly belonged to adjacent hard 

layers are kneaded into the broken up layers» This in conjunction with the faulting mentioned under 

(a) testifies that the Devonian ground has been subjeoted to simultaneous vertical and horizontal foroes 
of a considerable magnitude» That the disturbances were oaused by the ioe-cap is very likely, beoause 

during the Pleistocene period the ioe moved in praotically the same direction as can be traced in the 

broken up layers. It may be assumed that certain Devonian layers brought along with the ioe-oover 

■tarted to slide on substrata the shearing strength of whioh was particularly small, anrl that parts of 

the harder layers bounding on these strata were broken off and kneaded into the layers where the rupture 
ooourred. As the movement was very slow, these latter layers gradually beoame more consolidated than 

other layers of a small shearing strength, whioh in their turn were subjeoted to demolition. Finally 

a system of more or less parallel sliding zones extending continuously over large areas was created.
At present the Devonian ground comprises a series of fairly hard and praotioally undisturbed, 

nearly horizontal layers of comparatively great thickness, intermingled with thin broken and kneaded 

zones. The thickness of the unbroken layers varies between 2.5 ft. and 15 ft.

It follows that the moving ice-cap has subjeoted the Devonian ground to a gigantio test of its 

shearing strength, and indicated the layers that offered the least resistance to shearing.

The resistan ce of the ground w ith reference to  v e r t ic a l load and s lid in g . A close examination confirmed 
the f i r s t  impression that the capacity of the layers to sustain  v e r t io a l loads was great enough to 
make i t  unnecessary to extend the base surfaoe of the structures over greater areas than required fo r  
other reasons. I t  is  true that the sm allest bearing oapacity ascertained by loading an area of 1.5  sq. 
f t .  amounted to  7«H lb s ./ sq . inoh only, w h ilst the greatest v e r t io a l load on the ground under the 
power-house amounts to  61* lb s ./ sq . inoh. However, considering that each individual weak layer is  as a 
ru le  h orizon tal, very th in , and embedded in  hard thiok la y ers, from between whioh i t  cannot be pressed 
out, i t  was not deemed necessary to base the computation on the weak layers to whioh the aforesaid  low 
te s t-fig u re  ap p lies.

On the other hand the existence of the weak layers was very disquieting in regard to the ability of 

the ground to resist horizontal foroes. Tests comprising the sliding zones ju3t below the base of the 

structures were carried out, partly in cuts, partly in laboratories, in every oase on specimens having a 

surfaoe of 200 x 300 mm and a height of 150 mm.

Due to the long time required for the consolidation of the specimens while subjected to vertioal 

load, and also to the lack of a typical limit at whioh sliding ocourred when the horizontal stress was 

slowly increased, no reliable result oould be obtained unless each te3t was extended over at least 10 

days. As a matter of fact elastic deformation and sliding intermingled.
The tests displayed that the resistance inoreases very nearly in proportion to the vertioal load, 

and that the coefficient of friction in the weak layers slightly exceeds 0.2, whioh figure has served as 

a basis for the oomputation of the stability of the structures.

The properties of the ground in respeot of swelling and oontraotion. Great difficulties were due to the 

d a y  being apt to absorb water and swell when relieved of load, respectively to disoharge water and 

contract when reloaded. Already in the first stages of design it was evident that considerable settle­

ments of the structures must be expeoted, and therefore extensive series of tests were made in order to 

determine the elastio properties of the ground. By these tests the methods developed by Professor 

Terzaghi were applied, first using the ring apparatus, and later on the Oedometer. A comprehensive de­

scription of this part of the work is published in another report submitted to the Conference. (See 

Paper No. D-3)

The results of the tests may be surmarized as follows.

When, due to varying loads, d a y  or olayey layers absorb or discharge water, a change in the volume

of voids is effeoted. The corresponding 

upheaval or settlement of the ground is 

nearly fully elastio and characterized 

by a great hysteresis. The aptitude of 

the soil to oontraot and swell varies 

and is depending upon the consolidation 

of the layers and upon their sand con­

tent. A diagram typioal for most of the 

olayey layers is shown in Fig. 1+. To 

give an idea of the compressibility of 

the ground it may be mentioned that 

settlements measured so far have reaohed« 

Under the power house 10 in., under the 

dam 9 in., under the look 11 in.

V e rt ic a l  com p re ss ion

Fig. 1+. Typioal compression curve obtained 

with Devonian clay in Bdometer apparatus

Subterranean water. The groundwater at 

Svir 3 derives its souroes from vast 

table-lands in the region between the 

lakes Onega and Ladoga. Due to the 

existenoe of alternately permeable and 

almost impermeable horizontal layers.



288 N-3

the la t te r  of whioh separate, more or less completely the permeable layers from eaoh other, the artesian  
pressure a t the s ite  of the power house and dam varies with varying depth, as a ru le  increasing w ith the 
depth. The main flow of the subterranean water is  directed towards the r iv e r  bed, and as the surfaoe of 
the Devonian ground rapid ly  re trea ts  downstream of the ohosen s i t e ,  i t  is  but natural that the ground­
water in the upper layers at th is  s ite  emerges into the r iv e r  a t a comparatively small d istance. These 

main features have been ascertained through extensive borings and measurements.
As a ru le  the flow  of subterranean water is  confined w ithin the innumerable h air oraoks in  the 

sandy la y ers. But as there is  also a v e r t ic a l flow , i t  must be oonoluded that even olayey layers le t  
water through. A fter  various observations, experiments and computations i t  was assumed that the 
perm eability is  about I4.OO times greater in  the horizontal than in  the v e r t ic a l d irectio n . For the

El. m. El. m.

Fig. 5

Groundwater regimen at dam site in 

natural state acaording to measurements

F ig . 6
Groundwater regimen a t  dam s ite  a fte r  
excavation aocording to  computations

ground, taken as a whole, the perm eability in  the 
horizontal direotion  corresponds with Daroy* s 
oo effio ien t U . 10“ 6 m per seo.

In F ig . 5* representing a cross section  of 
the ground a t the dam, the artesian  pressure is  
shown by equipotential l in e s , the v e r t ic a l scale  
being 20 times greater than the h orizon tal.

Measures taken during the construction period in 
order to  safeguard the works against subterranean 
water pressure. The great subterranean water 
pressure involved risk s  of u p li f t  and loosening 
of the ground at the bottom of the p it s ,  not only 
when water was pumped out from, w ithin  the ooffer 
dame, but a lso  in  the course of excavation. In 
the f i r s t  instanoe the p roh ib itive  measures to  be 
taken would have to  reduoe th is  pressure. But i t  
was deemed advisable to make them serve a lso  to 
reduce the settlem ents in  the ground and inorease 
the rate  of settlem ent of the structures during 
the construction period and thus reduce the 
settlem ents a fte r  the completion of the work.

Several proposals were made. One comprised 
the sinking of deep sh a fts , a t great distances 
from eaoh other, from which the subterranean water 
would be pumped out. For several reasons th is  
soheme was abandoned: I t  seemed a rather d i f f i ­
cu lt  task , how to restore the ground, when the 
shafts were no longer needed. In the case of a 
breakdown of the pumps or the e le c tr ic  supply, 
d i f f ic u lt ie s  were to  be expected. The shafts 
would hamper the use of Slack Line Tower Exca­
vators fo r  further exoavation work e tc . The 
follow ing solution  was f in a l ly  decided upon, which 
proved sa tis fa c to ry  in  every respect.

Round the p it ,  a t  comparatively small d is­
tances from each other, v e r t ic a l  w ells  of 12 in 
diameter were sunk through the various layers down 
to a depth of about I4.O f t  from the base of the 
structures, and into these w ells perforated pipes 
surrounded with f i l t e r  d o th  and sand were immedi­
a te ly  inserted in  order to prevent the w alls from 
fa l l in g  in , and the fin e  m aterial in  the ground 
from being washed out. Throughout the excavation 
period these "sand w e lls ” constituted a p ra o tio a lly  
fre e  communication between the p it  and a l l  pieroed 
water-bearing la y ers , and reduced autom atically 
the subterranean water pressure in  the same pro­
portion as the excavation proceeded.

A d etailed  account of the calcu lation s re­
la tin g  to th is  matter is  rendered by A. F.
Samsioe in Z e itso h rift  fflr Angewandte Mathematik 
und Meohanik, A p ril, 1931» Band 1 1 , Heft 2: 
"E influss von Rohrbrunnen auf die Bewegung des 
Grundwassers", and in  F ig . 6 is  shown the calcu­
lated pressure in  the ground a t  the end of the 
excavation of the p it .

In these calcu lation s as w e ll as in  la te r  
graphioal determination of the pressure and
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amount of subterranean water the follow ing sim p lifioation  was introduced, whioh may be of in te re s t.
As the perm eability of the ground ie  about i+00 times greater in the horizontal than in  the v e r t i-  

oal d ireotion , a oross section  of the ground may be drawn to a v e r t ic a l soale 20 times greater than 
the horizontal sca le , thereby obtaining the pioture of a ground where the perm eability is  the same in 
a l l  d irectio n s. Consequently the flow  of water oan be treated  grap hically  as i f  i t  took plaoo in  a 
homogeneous m aterial. I t  should be noted, however, that when the quantity of water flow ing to  the w ells 
is  estim ated, the o o effio ien t of perm eability has to  be dealt with as the geometrioal mean of the 
oo effio ien ts of flow  in  the v e r t ic a l  and in  the horizontal d ireotion , resp ective ly .

Henoe k =. . kh

where k^ represents the perm eability in  the v e r t io a l and k  ̂ that in  the horizontal d ireotion .

Method of foundation. When a v e r t io a l out is  made in Devonian ground the m aterial exposed becomes re­
lieved of oertain  s tre sse s . The olay expands in ev ita b ly  in  the horizontal d ireotion  and oauses the 
hair oraoks in adjacent sandy layers to  open considerably. These la t te r  layers reaot in  th e ir  turn upon 
the olayey la y ers, and a general d isin tegration  takes place near to  the exposed surface. The prooess is  
aooelerated by the pressure of the subterranean w ater. A fter a very short time hard lumps of olay be­
come pulpy, la te r  on s o ft  enough to be wholly d isintegrated  by the emerging subterranean w ater, and 
p ortioles of olay s ta r t  to  s lid e  down with the water to  the foo t of the cu t. Heavy rains cause further 
acceleratio n , p a rtio u la rly  i f  preoeeded by long dry periods. This is  explained by the follow ing 
phenomenon.

When dry specimens of a hard eahdy layer were brought into w ater, o a p illa ry  forces compelled the 
water to  enter into i t s  pores, subjecting thereby the a ir  to  an ever increasing pressure which soon be- 
oame great enough to  break the m aterial, whereby the a ir  escaped, emitting a h issing sound. F in ally  
the te s t  speoimens beoame oompletely devoid of cohesion and turned into heaps of sand.

In the oase of & deep foundation with oonorete structures tran sferrin g  the horizontal pressure to 
v e r tio a l or steep w alls of Devonian ground, i t  would have beoome necessary to safeguard these w alls of 
very great extent against deterioration  of the aforesaid nature.

Even i f  i t  were possible to  f o r e s t a l l  dangerous deterioration  of the ground near to  the surface of 
the side w alls of the out, the r is k  remained that due to  the release  of la te r a l pressure the side w a lls , 
i f  very high, would s lid e  towards the out. During the excavation fo r  the look much trouble wa3 oaused 
by a great body of Devonian ground startin g  to  move on a nearly horizontal s lid in g  plane. I t  is  ap­
parent that in  the downstream side w alls of deep cuts which a fte r  the impounding of the water must 
serve as buttresses against horizontal pressure s lid es  must be avoided, le s t  fo r  the creation  of a suf­
f ic ie n t  passive earth pressure great horizontal movements be needed. In the upstream side w alls s lid es 
would cause loosening of the ground and increase perm eability.

As shown in F ig . 2 and 3 "the foundation problem was solved by giving the power house and the dam 
a base as f l a t  as p ossib le. To ensure thereby the neoeasary resistance in  regard to  e lid in g  these 
etruotures were anchored to  th in  aprons loaded with puddled o lay, Devonian m aterial, layers of sand

and w ater. Apart from the required addition to  the s lid in g  resistan oe, 
th is  design provided a d esirable tightening of the ground upstream 
of the ooncrete structures.

In order to  u t i l iz e  as fa r  as possible the load of the various 
elements of construction a sand f i l t e r  was arranged under almost the 
whole base of the conorete stru ctu res, including part of the aprons.
Via two g a lle r ie s  th is  f i l t e r  is  drained to the r iv e r  downstream of 
the p lan t. The f i l t e r  serves a lso  the purpose of preventing the fin e r  
p a rtic le s  in  the ground from being carried away by the subterranean 
w ater, whioh a fte r  the ra isin g  of the water le v e l upstream of the dam 
flows a t a greater v e lo c ity  than before.

A further increase of the slid in g  resistance has been attained by 
means of two rows of sand w ells  discharging into  the drainage gal­
le r ie s .  As w i l l  be seen in  F ig . 7» the e ffe c t  of these w ells  is  con­
sid erab le, p a rtic u la rly  due to tho greater perm eability of the ground 
in  the horizontal d ireotion .

Means to adapt the design and construction of the plant to the elastic 

properties of the ground. It is obvious that the consecutive erec­

tion of a power plant on an elastic ground in which the settlement in 

some places attains 11 in. may cause anxiety in regard to the possible 

occurrence of cracks in the concrete structures, the opening of joints, 

and so forth. Therefore it was necessary to attempt to find out be­

forehand how the settlement under the various parts of the ooncrete 

etruoture would prooeed during the different stages of the construction 

work, and later on, in the course of impounding the water upstream of 

the plant. The calculations relating hereto were chiefly made in the 

following way.

In a number of places along certain- cross sections the change of 

the vertical pressure in the ground was computed on the assumption
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that the ground under the conorete structures consisted of an e la s t ic  homogeneous m aterial of unlimited 
extent. The settlem ent of the surfaoe of the ground was oaloulated on the basis of the above-mentioned 
Oedometer t e s ts ,  and according to a method described by A. Frey Samsioe Dr. Eng. in  a speoial report to 
the oongress. (Paper No. l>-3)

There was never a doubt but that the re su lt  of these calcu lation s must be unoertain« In the f i r s t  
instanoe, beoause the ground is  not homogeneous, in  the second because the subterranean water pressure 
during d iffe re n t stages of construction work influenoes the ground in  a manner that cannot be ade­
quately dealt w ith in  mathematic formulas. In order to  ensure every obtainable mean6 of adjusting the 
method of ca lcu latio n  to e x istin g  conditions i t  was deemed neoessary to  observe very o lo se ly  the move­
ments of the ground during the early  stages of the work. At d iffe re n t depths in  the ground gauges were 
arranged and le v e lle d  at d o s e  in te rv a ls , as the excavation and concreting proceeded, and la te r  on 
a u x ilia ry  gauges were applied to various concrete stru ctu res.

Through these continuous investigations i t  was established th at the actual settlem ents did not 
reach the lim its  o r ig in a lly  computed. In the sense of r e la tiv e  values, however, the agreement was very 
d o s e . That the computed settlements proved too great may be due p a rtly  to  the unequal consolidation of 
the d iffe re n t Devonian layerB, p a rtly  to  the fa o t that the ground was loaded w ith ooncrete immediately 
a fte r  the excavation had been completed, and thereby dispossessed of the p o s s ib ility  to  sw ell to  i t s  
ultim ate volume. However, i t  was very useful to  be able to  e sta b lish , a t  an early  stage, that every­
where 35 per cent of the computed settlem ents corresponded very nearly  to  the actual settlem ents.

For instanoe i t  was oalculated that the power house a fte r  the in s ta lla tio n  of .the f i r s t  turbine 
would be subjeot to  uneven settlem ent, resu ltin g  in  an in clin a tio n  of about 0.75 °' oo, the top portion 

of the power house moving upstream. The la s t  observation wa6 made when the water had reached a le v e l 
ij. f t .  below the ultim ate, a t  whioh time the in d in a tio n  amounted to  O.65 % o.

Thus means were provided fo r  planning and organizing the work in  a manner promising the le a s t  pos­
s ib le  deformation of the stru ctu res. In the power house and the dam, the to ta l  length of whioh is  about 
1,055 f t . ,  there is  only one expansion and contraction jo in t .

Generally the concreting was carried  out in  monoliths, the lower parts in  smaller units  separated 
from eaoh other by open jo in ts  which, when su itab le  in  regard to settlem ents, were concreted.

For certain  reasons i t  became necessary to  construct the power house and the conorete dam in  advanoe 
of the aprons to which they were to  be anchored. Therefore, end because the aprons would be subjected 
to an increasing load u n til the water above them reached i t s  ultim ate le v e l ,  very  uneven settlem ents 
were to be expected in  the tra n sitio n  zones between the aprons and the other stru ctu res. Obviously i t  
was of paramount importance to  ensure here a most e la s t ic  w atertight connection.

This was e ffected  by making the ohief constituent of the connection of asphalt ooncrete on top of 
which a layer of pure asphalt was la id . As the oombined load of earth f i l l  and water subjects the as­
phalt to  a considerably higher pressure than the water pressure corresponding to  the d ifferen ce between 
the upstream and downstream water le v e ls  th is  very f le x ib le  connection may be deemed absolutely  water­
tig h t  as long as the asphalt remains, which should be fo r  ever, the asphalt being w e ll protected against 
exterio r agents of in ju ry.

The connection between the aprons and the conorete out o f f  w alls upstream of the aprons are de­
signed on the same p rincip le} a lso  the expansion and contraction jo in ts  between d iffe re n t parts of the 
aprons. I t  m y  be noted that in  every individual case great oare has been taken to  prevent the asphalt 
from flowing sideways i f ,  fo r  one reason or another, the v e r t ic a l load on the asphalt sheet should 
ohange from place to  p lace.

The apron6 and the lower part of the upstream surfaces of the power house and the dam were covered 
by asphalt mats, and on top of these layers of puddled sandy c la y  were arranged. According to  obser­
vations made there is  every reason to  believe that the watertightness in  these parts is  p erfeot.


