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Section Ms METHODS FOR IMPROVING THE PHYSICAL PROPERTIES OF SOILS FOR ENGINEERING PURPOSES, 265 
INCLUDING RECENT DEVELOPMENTS IN CONSTRUCTING AND COMPACTING EARTH FILLS

No. M-l A NEW METHOD OF IHPERMEABILIZING AND IMPROVING THE PHYSICAL PROPERTIES
OF PERVIOUS SUBSOILS BY INJECTING BITUMINOUS EMULSIONS 

Dr. i r .  J . Ph. P fe if fe r ,  Amsterdam Laboratory of the N. V. De Bataafsohe Petroleum Maatschappij
(Royal Dutch Shell Group)

Summary. By the in jeotion  of sp e c ia lly  propared emulsions of asphaltic bitumen .fine waterbearing sandy 
s o ils  can be made permanently impermeable.

The in jeotion  may be aohieved in a rather simple way through tubes by low or moderate pressures.
The c r i t ic a l  gradient of the sand is  inoreased considerably by the treatment, but the angle of internal 
fr ic t io n  is  not affeoted .

Two examples of praotioal applications are given.
Apart from the impermeabilization a consolidation o f loose so ils  can be obtained by the use of 

bituminous emulsion when the s o ils  are above water le v e l .
Under water le v e l mixtures of bituminous emulsion and cement are preferred for th is  purpose. Suoh 

mixes are also eminently suitab le  for the sealing of cracks in waterbearing rocky s o ils ,  even when the 
v e lo c ity  of the water is  rather high.

A new method fo r impermeabilizing haB la t e ly  been developed. By th is  process a very fine, bitumen 
emulsion is  pumped under moderate pressure into the permeable s o il ,  the emulsion being so prepared that 
i t  conglomerates and breaks when a su ffic ie n t quantity has been in jected .

Description of the Prooess. By an emulsion o f asphaltic bitumen is  meant asphaltio bitumen divided in 
extremely fin e  p a rtic le s  in an aqueous f lu id . Since the globular p a rtic le s  o f bitumen are 1 to  2 mi-
orons: (____ 1 -  1 o f an inch) in s iz e . 1 cub.mm of emulsion oontains manv m illions of such
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p a rtic le s . In the d ilu tion  in which such an asphalt emulsion i6 used fo r th is  impermeabilization pro­
cess, i t  is  p ra c t ic a lly  as thin  as water.

As the sp ecifio  g rav ity  of the asphaltic bitumen d iffe r s  l i t t l e  from that of water, the asphalt 
emulsion can be made to flow , without sedimentation, through permeable s o il  containing fin e  pores, in 
the same way as water percolates and according to  the same laws of hydraulics as the flow of water.
Under the same conditions, the emulsion moves, only a l i t t l e  slower than water, through the s o i l .  For 
th is  reason the asphalt emulsion oan be pumped through in jeotion  tubes into the 6 o il under treatment 
under comparatively low pressure. The groundwater in the pores of the s o il  is  then replaoed by the 
emulsion without mixing of the emulsion with the groundwater.

In th is  state  the asphaltic bitumen does not as yet have any p articu lar e ffe o t upon the s o i l .  For 
that i t  is  neoessary that the globules of bitumen should agglomerate to  oomplexes whioh clog the pores 
of the sand. This is  achieved by adding substances to the asphalt emulsion solution sp e c ia lly  selected 
to ensure that the bitumen globules sh all conglomerate at the expiration of a previously determined 
period (which may vary from a few minutes to several days). The phenomenon is  designated as "flo ccu la - 
tion" for the formation of conglomerates, while the transformation of these conglomerates to small 
so lid  lumps of asphalt is  oalled "coagulation". The substances added to the emulsion to produce the 
desired e ffe c t  are oalled "Coagulants".

The ch ief purpose of the procedure, as was explained above, is  to render the s o il w atertigh t. Its 
ch aracteristic  properties may be summarized as follow s;

a. As a resu lt o f the faot that the coagulated p artio les of asphaltio bitumen wholly or fo r the 
most part clog the pores of the s o i l ,  the perm eability deoreases to a very small peroentage of what i t  
was before the treatment. The movement of the water in highly water-bearing strata  can thereby be 
greatly  and permanently diminished and in many instances even completely prevented. This depends on 
the quantity of bitumen injected per volume un it of the ground.

b. As one has oontrol not only of the oonoentration of the asphalt emulsion to be in jected , but 
also the time o f flocou lation  and the quantity to be introduced into the s o il ,  the process i6 very 
f le x ib le  and e a s ily  adapted to the p articu lar exigencies o f the job.

o. The asphaltio bitumen which has been deposited in the pores makes free  movement between the 
grains of so il themselves p ra c tic a lly  impossible. Thus a treated  mass of sand w ill  be les6 lia b le  to 
erosion and to being loosened by groundwater movement. Nor, a fte r  a bituminous emulsion treatment, 
w i l l  the fin e p a rtic le s  of s o il  be washed out of the oourser part by flowing groundwater, as the 
c r i t ic a l  gradient of treated send has a value o f above i  = 15, whereas the untreated sand has a c r i ­
t ic a l  gradient o f about i  =  1 .

d. As the asphalt is  p la s t ic , the emulsion treatment, unlike other tightening processes, does not 
make the s o il stony. Experiments have shown that the e la s t ic  properties and the angle o f internal 
fr ic t io n  are not effected  by the treatment.

Practioal applications. 1 .  Sealing the bottom of a leaking building p it .  (J. van H ulst. Dichting 
van den Bodem van een kwellenden Bouwput door in je c tie  met asphaltemulsie volgens het Shellpern procede. 
De Ingenieur (50), 1935» bladz.B 66, en z.). The metres deep building p it  at Gouda, (the Netherlands) 
sketched in FigT 1 & 2, was suddenly f i l l e d  up through the w elling up o f the groundwater, as the thin  
clay  layer was disturbed by the driving of p ile s .

The stratum of sand at the le v e l of the foot of the sheet p ilin g  was made w atertight by the b itu ­
men emulsion process over the entire area of the p it .  The soreen analysis of the sand is  given in 
Table I .
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ASTI.!, screen

Dim. of 
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% by wt.

No. 10
No. 10
" 20

> 2 0 0 0 fJL. 
2000 -  QhOLL 

BhO - 590 "

1.5
3 .8

" 20 " 30 3 .8

" 30 " ho 590 - ¿¿0 " 7.5
" ho " 50 i£ 0 - 297 " 13.1
" 50 " 80 297 - 177 " 4 3 .1
" 80 n 100 177 - 1^9 " 9.1
" 100 " 200 1I4.9 - 7 h  " 17.1
" 200 < 7 h  " 1 .0

'/Then injeotion was completed, the pit W&6 easily pumped empty and kept empty, as only a little 
water got into it from seepage through the sheet piling.

For this job about 60 injection tubes were needed,

2. Application at the Assiut barrage on the Mile (Upper-Egypt). In view of irrigation operations 
now being carried out in the Sudan, it was decided to strengthen the barrage in the Nile at Assiut and 
to enlarge its foundation.

A ooffer dam was to be made by driving sheet piling into the river bed on both sides of the 
barrage.

Yihere the sheet piling that reached U m below the foundation slab converged on the dan, it nat­
urally could not be driven in, owing to the presence of the concrete slab which forms the foundation 
of the barrage, and the piling was therefore driven in up to the edge of this slab, and continued over 
the top of it till the upstream and downstream piling met at the barrage itself.

Owing to the permeable natures of the subsoil, water would have 6eeped into the building pit under 
the foundation, and it was therefore necessary to render the subsoil impermeable at this point to the 
same depth as the sheet piling.
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Fig.3.

The subsoil consisted 
of sand of which the compo­
sition is given in Table II.
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T A B L E  II
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Fig. 1+
Drilling injection pipes for the bitumen emul­
sion treatment through concrete foundation at 
Nile barrage, Assiut, Upper-Egypt.

Fig. 5
The injection of bitumen emulsion under the 
concrete foundation of the Nile barrage at 
Assiut, Upper-Egypt.
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H o le s  were d r i l l e d  th ro u g h  the  co n c re te  fo u n d a t io n  and b itum en  e m u ls io n  was in je c t e d  a t  a  low  p r e s ­

su re  t o  fo rm  an  im perm eable sc re e n  3 0  m etres lo n g ,  5 m etres w ide  and lj. m etres deep u nd erneath  the  

fo u n d a t io n .  See F i g .  3* w h i le  F ig .  i| shows the  a p p a ra tu s  u se d .

A l l  im p e r m e a b il iz a t io n  w ork f o r  the  fo u r  b a r r i e r s  w as c a r r ie d  ou t i n  1935«

No d i f f i c u l t i e s  were e x p e r ie n ce d , in  s p i t e  o f  the  h o t w e a th e r, in  pum ping the  e m u ls io n  c o n s id e ra b le  

d is t a n c e s  th ro u g h  p ip e s  from  b u lk  s to r a g e  on the  r i v e r  bank t o  the  in j e c t io n  tu b e s  a t  th e  b a r r a g e .  F ig .

5 .
The r e s u l t s  o f  the  im p e rm e a b il iz a t io n  w ork w it h  a s p h a l t i c  b itum en  e m u ls io n  a t  A s s i u t  appear t o  be 

v e ry  s a t i s f a c t o r y ,  p r a c t i c a l l y  com plete  im p e rm e a b il it y  h a v in g  been a ch ie v e d .

From the  fo r e g o in g  i t  can  be seen  t h a t  the  scope  o f  t h i s  b itum en  e m u ls io n  p ro c e s s  h as p r im a r i ly  

been th e  tre a tm e n t o f  perm eable  b u t  o th e rw ise  c o m p a ra t iv e ly  f in e  s o i l s ,  w h ich  a re  d i f f i c u l t  o f  a c c e s s .

I n  some c a s e s ,  and e s p e c ia l l y  when th e  s o i l  i s  above w a te r  l e v e l ,  th e  p ro c e s s  may be u sed  t o  im­

prove  th e  c o h e s iv e n e s s  o f  th e  s o i l ,  w h ile  a t  the  some tim e  the  p e r m e a b i l i t y  to  w ate r  and a i r  i s  redu ced .

In  s o i l s  be low  the  g ro u n d -w a te r  l e v e l  a  c o n s o l id a t io n  may be a t t a in e d  b y  u s in g  a  m ix tu re  o f  b itum en  

e m u ls io n  and cement s lu r r y .  The p ro c e s s  o f  i n j e c t in g  b itum en  e m u ls io n  and cement s im u lt a n e o u s ly  b u t  

s e p a r a t e ly  had a lr e a d y  been known f o r  some t im e . Recent deve lopm ents have now made i t  p o s s ib le  t o  p re ­

pare  the  e m u ls io n s  i n  such  a  way t h a t  th e y  oan  be m ixed w ith  cement s lu r r y  b e fo re  pum ping and in j e c t in g .

By t h i s  p rocedure  a  s o l i d i f i c a t i o n  o f  the  s o i l  can  be o b ta in e d  w h ich  r e s u l t s  i n  r e n d e r in g  i t  

r e s i s t a n t  t o  a  p re ssu re  o f  a p p ro x im a te ly  15 0  lb.._par sq  in .

T h is  tre a tm e n t can  o n ly  be e f fe c t e d  in  r a th e r  p o rou s s o i l s  c o n t a in in g  o n ly  v e ry  few  g r a in s  f i n e r  

th a n  l / 3 0  o f  an  in c h .

The s o l i d i f i c a t i o n  and im p e rm e a b il iz a t io n  o f  such  s o i l s  h a s  up to  r e c e n t ly  a lw a y s  been e f fe c t e d  by  

means o f  cement s lu r r y  in j e c t io n s .

M ix tu r e s  o f  b itu m in o u s  e m u ls io n  w it h  cement s lu r r y ,  how ever, have th e  g re a t  ad van tage  over the  use  

o f  cement s l u r r y  a lo n e  t h a t  th e y  produce a  u n ifo r m ly  t r e a te d ,  c o m p le te ly  im perm eable s o i l .  The in ­

je c te d  m a t e r ia l  s o l i d i f i e s  t o  a  m ass w h ich  i s  homogeneous th ro u g h o u t and i s  n o t a t ta c k e d  b y  a g g r e s s iv e  

w a te r ,  w h ile  i t  does n o t  s h r in k  when s e t t in g .

Such m ixes a re  th e re fo re  a l s o  s u i t a b le  f o r  s e a l i n g  c r a c k s  i n  ro c k y ,  w a t e r -b e a r in g  s o i l s .  When the  

v e l o c i t y  o f  the  w a te r  i n  the  c r a c k s  i n  th e  ro c k s  i s  r a th e r  im p o rta n t,  the  b itu m in o u s  em u lsion -oem ent  

m ixes can  be b ro u g h t  t o  s e t  in s t a n ta n e o u s ly  b y  in j e c t in g  a t  th e  same tim e sm a l l  q u a n t i t ie s  o f  a  r a th e r  

c o n c e n tra te d  s o lu t i o n  o f  c e r t a in  c h e m ic a ls .  W ith  t h i s  p ro c e s s  t o o ,  the  s e t t in g  tim e can  be re g u la t e d  

b y  th e  k in d  and the  amount o f  c h e m ica ls  u se d .

By  c h a n g in g  th e  r a t i o  o f  th e  d i f f e r e n t  compounds and b y  the  a d d i t io n  o f  c e r t a in  c h e m ic a ls ,  the  

n a tu re  o f  th e  r e s u l t i n g  m a te r ia l  may v a ry  from  a somewhat p l a s t i c  t o  a  f i r m  and s t r o n g  m ass.

The s t r e n g th  o f  t h i s  m ass may be in c re a se d  to  such  an  e x te n t  t h a t  i t  can  w ith s ta n d  sh e a r in g  

s t r e s s e s  up t o  50  lb  pe r sq  in .

The in v e n t io n  o f  u s in g  b itu m e n  e m u ls io n s  f o r  the  im p e rm e a b il iz a t io n  and th e  s o l i d i f i c a t i o n  o f  sub ­

s o i l s  w as made in  th e  Amsterdam L a b o ra to ry  o f  th e  N. V . De B a ta a fs c h e  P e tro le u m  M a a ts c h a p p ij  o f  the  R o y a l  

Du tch  S h e l l  G roup.

F o r  co n ve n ie n ce , i t  i s  u s u a l l y  c a l le d  the  S h e l l  Im p e r m e a b il iz a t io n  P r o c e s s ,  o r ,  more b r i e f l y ,  the  

S h e llp e rm  P r o c e s s .

P a te n t s  have been  g ra n te d  or a p p lie d  f o r  i n  m ost o f  the  c o u n t r ie s  o f  the  w o r ld .  By way o f  r e f e r ­

ences th e  f o l lo w in g  p r in te d  p a te n t  s p e c i f i c a t i o n s  may be c i t e d :  G re a t  B r i t a i n  No. i4.O9 . 7 6 O and J + lO . i^ «  

Germany No. 6 1 2 . Fr ance No. 7^3*782, 797*139  aud- 7 9 8 .9 6 6 , the  N e th e r la n d s  No. 33«038.

No. M-2 EARTH EMBANKMENTS FOR THE PICKWICK LANDING DAM
C. M. Weston, P rincipal Hydraulic Engineer, Tennessee V alley Authority, K noxville, Tennessee

Since i t s  inoeption in 1933* the Tennessee Valley Authority has authorized the construction of f iv e  
major dams, varying in cost from $26,000,000 to  $36,000,000 each. Of these f iv e  dams, the Norris and 
Wheeler dams are p ra c tic a lly  completed. The Pickwick Landing Dam, to  which th is  paper r e la te s , has been 
under construction fo r about a year and w il l  require two and one-half years more to complete. Work on 
the la s t  two, the G untersville and Chicamauga dams, was started early  th is  year.

Of these f iv e ,  the Pickwick Landing Dam requires the largest amount of earthwork, to ta lin g  about
3,300,000 cubic yards. The s ite  of the dam is  located on the Tennessee R iver, 53 miles below Muscle 
Shoals, in the southwestern part of the State of Tennessee. At th is  point the r iv e r  charm«! is  approxi­
mately 1200 fe e t  wide. The flood plain  on the south side of the r iv e r  is  approximately ¿4.5OO fe e t  wi^n 
and on the north side 1500 fe e t  wide. A p ra c tic a lly  le v e l ledge flo o r  extends through under the v a lle y . 
This flo o r  is  about 12 fe e t below the bed of the r iv e r  and from iiO to  50 fe e t  below the surface of the 
flood plains on eith er side,

A concrete spillw ay section with 2h gates, i+0 fe e t  wide by I4.O fe e t  high, is  to be b u ilt  across the 
Tna-in channel of the r iv e r . At the north end of the spillw ay an area is  being excavated for a future 
power house, forebay, and t a i lr a c e , and the m aterial from th is  excavation is  being used fo r  the con­
stru ction  of an earth dam and f i l l  connecting the end of the concrete section of the dam to  the b lu ff  on 
th is  side of the v a lle y .

On the opposite side of the r iv e r , at the south end of the sp illw ay, an area is  being excavated 
into the bank fo r  a lock having a chamber 110 fe e t  wide by 600 fe e t  long. This excavated m aterial, 
amounting to approximately 1 , 500,000 cubic yards, is  being used for the construction of an earth embank-


