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Large Scale Preconstruction Tests of Embankment Materials 

for an Earth-Rockfill Dam

Essais à grande échelle des matériaux précédant la construction d’un barrage en terre-enro- 
chement

by G eorge F . So w e r s , Professor o f Civil Engineering, G eorgia Institu te  o f Technology, A tlan ta , G eorgia and C onsu lt­

ing Engineer, Law Engineering Testing C o., A tlan ta , G eorgia, U .S.A. 

and

C lay ton  E. G o r e , Engineering Geologist, A labam a Pow er C o., B irm ingham , A labam a, U .S.A.

Summary

Preconstruction field tests were made on two proposed embank­
ment materials consisting of a weathered sandstone-sandy clay 
m ixture to be used in the core and broken sandstone to be used 
in the shell. The purpose was to select the best methods for com­
paction and to determine the physical properties of these materials 
as they would appear in the completed dam. Two test areas were 
constructed using materials from the proposed borrow pits. The 
area for the core materials included sixteen sections, each with a 
different mixture of materials or method of compaction. The area 
for the broken sandstone fill included six sections, each with a 
different combination of compaction procedures. An in place 
permeability test was devised for the compacted core materials. 
A 6  ft. by 6  ft. by 3 ft. deep direct shear box was employed to test 
the strength of the compacted broken sandstone. The test results 
made it possible to check the design with greater assurance and to 
plan the construction more fully. The data from the preconstruc­
tion test compare favorably with results obtained from tests 
made during construction of the dam.

Introduction

T he design o f  em bankm ent dam s is com m only  based on 

lab o ra to ry  tests o f  the m aterials correlated  w ith experience 

on  sim ilar m aterials on  past projects. This procedure is 

adequate for soils. It is n o t satisfactory  for m aterials like 

w eathered o r  broken  sandstones fo r which experience is 

lim ited and  th a t are so coarse grained tha t they canno t be 

tested in the o rd ina ry  lab o ra to ry  appara tus.

F ull scale test areas were em ployed to  determ ine the 

com paction  characteristics o f the m aterials and  estab lish  a 

correlation , w here possible, w ith the o rd ina ry  labo ra to ry  

com paction  tests. Large scale field tests were devised to 

test the com pacted  m aterials in place to  determ ine their 

characteristics to be used in design.

Construction M aterials

The p ro ject for which the test program  was em ployed 

is the Lewis Sm ith D am  o f  the A labam a Pow er C om pany. 

It is located in a U -shaped canyon  o f  the Sipsey F o rk  o f the 

W arrio r R iver ab o u t 35 miles northw est o f  B irm ingham , 

A labam a. It is a 300 ft. high com bined ea rth  and  rockfill 

s tructu re w ith over 5,000,000 cu. yd. o f  em bankm ent.

The site is underlain  by sandstones and  shales o f C arbon ­

iferous (P ennsylvanian) Age. T he upper rock  is sandstone,

Som m aire

Des essais ont été faits sur chantier avec deux matériaux pro­
posés pour le barrage : un mélange de grés décomposé et d'argile 
sableuse, à utiliser pour le noyau, aussi bien qu 'un grès broyé, 
à utiliser pour la partie extérieure du barrage. Le but de ces essais 
était de choisir les meilleures méthodes de compactage et de déter­
miner les propriétés physiques de ces matériaux tels qu'ils appa­
raîtront dans le barrage achevé. Deux zones d'essai ont été 
construites avec des matériaux provenant des fouilles d'emprunt 
proposées. La zone contenant des matériaux pour le noyau a 
com porté seize sections, chacune avec un différent mélange ou 
méthode de compactage. La zone de grès broyé a comporté six sec­
tions, chacune avec une combinaison différente des procédés de 
compactage. Un essai in situ de perméabilité a été effectué pour le 
matériau compacté du noyau. Une boîte de cisaillement direct, 
ayant comme dimensions 6  ft. x 6  ft. et 3 ft. de profondeur, a été 
utilisée pour Cessai de résistance au cisaillement du grès broyé 
compacté. Les résultats de ces essais ont permis de vérifier le pro­
jet avec beaucoup plus de sûreté et de faire un plan plus complet 
de la construction de l’ouvrage. Les données de ces essais sont en 
plein accord avec les résultats des essais faits pendant la construc­
tion du barrage.

in  level s tra ta  o f varying thickness. T he top  o f  the sandstone 

has w eathered form ing a residual soil m antle  5 to  10 ft. 

th ick  and a partia lly  w eathered transition  zone 1 0  to 2 0  ft. 

th ick. A side channel spillway cuts th rough the sandstone 

and  furnishes all the m aterials for the em bankm ent.

The on ly  m aterials available for the core are the residual 

soil and  the m ore w eathered sandstone. T he upper three feet 

o f soil is a sandy  clay but it becom es m ore sandy, and  the 

relative am ount o f partia lly  w eathered sandstone increases 

w ith increasing depth. The unw eathered sandstone and the 

harder parts  o f  the w eathered sandstone are the on ly  m aterials 

availab le  for the shell, since the shale slakes and  splits up 

on exposure to  air. T he sandstone its s trong  w ith average 

unconfined  com pressive strengths o f 7 800 lb. per sq. in. 

unw eathered , and  2  0 0 0  lb. per sq. in. partia lly  w eathered. 

H ow ever, it is seam y and friable and tends to  break  into 

a  w ide range o f sizes with large am ounts o f  fines. Therefore, 

while pa rt o f the rock  is su itab le for a dum ped rock fill, 

m uch is too fine (under 1 2  in.) and  should  be com pacted.

Test A rea Construction

Tw o test areas w ere constructed  : one o f  the proposed 

core m aterials and  one o f  the b roken  rock  finer than  1 2  in.
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A  q u arry was estab lished  in  the area o f  the sp illw ay cu t . 

Th e core m aterials in clu d in g  the san d y c lay  and  weathered  

ro ck  to  a dep th  o f  abou t 2 0  f t . w ere ex cavated  w ith  a pow er 

shovel. Th e sh ell m ater ial o f  unw eathered  and  slig h t ly w eathe­

red sandstone w as b roken  b y b last ing  and  ex cavated  b y a 

p ow er sh ovel.

Th e co re test area inclu d ed  six teen  sect ions ap p rox im ately 

20 f t . square, Fig . la . Fo u r  d if feren t  var iat io n s o f  the core 

m aterials (m o istu re, th ickness, and  relat ive am ounts o f  

p a r t ia lly  weathered  ro ck ) were p laced  in  u n ifo rm  strips 

across the area. Fo u r  d if feren t  com p act io n  p rocedures were 

em p loyed  in  eq u al lanes the length  o f  the area so each  a ll  

the d if feren t  co re m aterials. Th e com p act io n  m ethods w ere (1 ), 

d isc h arro w  fo llo w ed  b y a 50 ton  ru b b er t ired  ro ller  (2 ) 50 ton  

rubber t ired  ro ller  alo n e (3 ) 700 psi sheeps- foot fo llow ed  b y 

a 50 ton  ru b b er t ired  ro ller , and  (4 ) a 700 psi sheepsfoot ro ller  

alone.

SH EEPSFO O T

RO L L ER

50 TON RU BBER 

T IRED  RO L L ER

SH EEPSFO O T  .  

R U BBER  T IRE

D ISC PLO W . 

R U BBER  T IRE

CO RE M A T ERIA L  -  SAND Y C LA Y ♦ W EA T H ERED  SAN D STO NE

8
PA SSES

4
PA SSES

Th e com pacted  sh ell test area, Fig . lb  inclu d ed  six  sect ions. 

Th e sam e b roken  sandstone was use th rou g h ou t. Th ree 

d if feren t  am ounts o f  m o istu re were em p loyed  in  st r ip s across 

the area : ( 1)  f ield  m o istu re; (2 ) 1 / 2  vo lum e o f  w ater to

1 vo lum e o f  r o ck ; and  (3 ) 2 volum es o f  w ater to  1 vo lum e 

o f  rock . A  50 ton , 4 wheel rub b er t ired  ro ller  w ith  a 100 psi 

t ire pressure was used fo r  com p act io n  : 4 passes in  one st r ip  

and  8  passes in  the o th er, the length  o f  the area.

Test  Area Com paction

Bo th  areas were constru cted  in  th ree lif t s. Tests o f  the 

d en sity o f  the m aterials were m ade in  the top  tw o  lif t s af ter 

com p act io n  w as com p lete and  in  som e cases at  in tervals d u rin g  

the w o rk . Stan d ard  lab o rato ry com p act io n  tests w ere p erf ­

o rm ed on  the f ract io n  o f  the p laced  but uncom pacted  core 

m aterial f in er  than  3/ 4 in . fo r  com p arison .

- - - - - - - - - - - - - - - - - 130’ - - - - - - - - - - - - - - - - - - -

SH EL L  M A T ERIA L  -  BRO KEN  SA ND STON E

Fig . 1 Arrangem ent o f  test areas.

Disposition  des zones d’essai.

D r y  densities o f  from  109 lb . per cu . f t . to  116 1b. per cu . f t . 

were p roduced  in  the co re test area. A cco rd in g  to  the M o d if ied  

Pro cto r  Test  (A ST M  D - l557- 58 T  M eth od  C ) the m ax im um  

d en sity was 1 2 1  lb . per cu . f t. and the op tim um  m oisture 

13 per cen t. Th e degree o f  com p act ion  was therefore 90 per 

cen t to  96 p er cen t  o f  the m ax im um .

Tests o f  an  18 in . th ick  l i f t  com pared  to  a 12 in . l i f t  (af ter  

com p act ion ) ind icated  ab ou t  2  per cen t less com p act ion  fo r 

the th ick er l i f t  and  less u n ifo rm ity o f  com p act ion . Com p arison  

o f  the test areas com pacted  at  op tim um  m o istu re w ith  those 

at  tw o per cen t o ver  showed ab ou t one per cen t m ore d en sity 

fo r the op tim um .

Th e sheepsfoot  ro ller  alon e, and the sheepsfoot  ro ller  

team ed w ith  a d isc p lo w  to  b reak  up the w eathered  rock , 

p roduced  the least  com p act io n . Th e h ighest com pact ion  

was w ith  the 50 ton  rubber t ired  ro ller . In  a fu ll face m ix tu re 

o f  the san d y c lay  and  w eathered  rock  it  p roduced that  best 

com p act io n  by itself . Wh en  the p rop o rt ion  o f  weathered  

rock  was increased , the com b in at ion  o f  sheepsfoot  and  rubber 

tired  ro llers was best. Th e sheepsfoot helped p u lverize the 

irreg u lar weathered ro ck  lum ps and  produced  com p act ion  

at  the bottom  o f  the l if t , w h ile the rub b er t ire com pressed 

the en t ire layer . Sin ce the com b in ation  was o n ly slig h t ly 

less effect ive when  the p rop o rt ion  o f  weathered ro ck  was 

less, th is p rocedure was specified  fo r  a ll  the core com pact ion .

D en sity, tests in  the com pacted  shell test area were com p l­

icated  b y the ro ck  up  to 12 inches. Pit s 3 f t . b y 3 f t . were 

ex cavated  and a ll the m aterials (n ear ly  3 000 lb .) weighed . 

Th e p it  vo lum e was found b y lin in g  the hole w ith  th in  sheet 

p last ic and f illin g  i t  w ith  w ater. Th e m oistu re con ten t o f  the 

ro ck  was found  b y d ryin g  several 100 lb . sam ples. D r y  

densities o f  f rom  128 to  135 lb . per cu. were ob tained . Th is 

is 83 to  8 8  per cen t o f  the weigh t o f  the so lid  ro ck . A s was 

ex pected  8  passes o f  the ro ller  p roduced  g reater densities 

than 4 ; the averag e d if ference was 3 lb . per cu . f t . L i t t le  

increase was p roduced  b y ro llin g  m ore than 8  passes, how ever. 

Th e greatest d en sity w as ob tained  b y w ash ing  the su rface o f  

the area w ith  1 / 2  vo lum e o f  w ater fo r  each  vo lum e o f  rock . 

Th is was ap p lied  b y a 1 1/ 4 in . nozz le at  a pressure o f  50 lb , 

per sq. in . o r  m ore. H a l f  o f  the w ater was ap p lied  before 

com p act io n  b y w o rk ing  the jet  back  and  fo rth  across the 

f il l to  w et the ro ck  and wash the fines in to  the vo id s. Th e 

rem ainder was ap p lied  af ter  h alf  the ro llin g  was com p lete. 

W it h  no w ater, the fines tended to ho ld  the coarser pieces 

ap ar t  and  p reven t  com p act io n  w h ile w ith  tw o  vo lum es o f  

w ater the su rface w ou ld  f lood  in  areas o f  abundant fines.

Th e t yp ical g rain  size d istr ib u t io n  fo r  both  the core and 

the shell m aterials are shown in  Fig . 2. These show the irreg u lar 

g rad at ion  caused b y the b reakdown o f  the sandstone in to  

its o r ig in al g rains o f  f in e sand. It  is m uch  m ore evid en t  in 

the weathered sandstone —  san d y c lay  m ix tu re w here the 

in terg ran u lar bonds h ave been weak ened , than  in the unw ea­

thered  sandstone.

Field  Perm eab ility Test

Lab o rato ry  tests o f  the p erm eab ility o f  com pacted  so ils 

can  be m islead in g  because the irreg u larit ies in  field  com pact ion  

and  the large ro ck  fragm ents in  the em bankm ent canno t be 

rep roduced  in  the sm all test sam ples. Th erefo re, a new  p roc­

ed ure was developed  to  secure a realist ic m easure o f  the 

p erm eab ility o f  the m ater ials as they w ill  be found  in  the 

dam  core.

Th e test arrangem ent is shown in  Fig . 3. A  sheet o f  p o lye­

th ylen e 8  f t . b y 1 0  f t . was p laced  on the top  o f  the p revio us 

layer . Th is fo rm ed  an im p erviou s su rface that  p reven ted  

d ow nw ard  seepage ou t  o f  the layer  being tested . Th e test 

layer  was then com pacted  b y the ro llers o ver  the p last ic 

base. Th ree p arallel trenches 6  feet long  and  12 inches w ide
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GRA IN  D IA M ET ER IN  'M IL L IM ET ERS

Fig . 2 Grad ation  o f  com pacted weathered sandstone- sandy 
clay core m aterial and broken sandstone shell m aterials.

Granu lom étrie du grès décom posé- argile sableuse pour 
le noyau et du grès broyé pour la part ie ex térieure du 

barrage.

were dug as show n in  Fig . 3. Th e cen ter trench  was sh allo w  

w h ile the side trenches penetrated  the fu ll dep th  o f  the f il l , 

Th e cen ter trench  w as kep t  fu ll o f  w ater and  the w ater  in  

the side trenches m ain tain ed  so that the d ifference in  w ater  

levels was alw ays 9 inches. Th e rate at  w h ich  w ater  w as added 

to  the cen ter trench  w as m easured at  in tervals u n t il stead y 

f lo w  w as reached  (o n e d ay fo r  these m ater ials). Th e perm ea­

b i l i t y  o f  the so il was then com puted  from  the eq u ilib r iu m  

rate using  a tw o d im ensional f lo w  net w ith  co r rect io n  fo r  

seepage around  the ends. I f  Q is the seepage rate the per­

m eab ilit y can  be com puted  ap p rox im ately b y

K  =  0 ’04 Q (K  in f t . p er m in ., Q in  U .S. g al. per m in .).

K =  0- 005 Q (K  in  cm . p er sec., Q in  liters p er m in .).

Th e tests is n o t  p recise since the vo lum e o f  w ater seep ing 

through  the ends o f  the trench  can n o t  be evalu ated  and  since 

som e w ater  w ill  be lost  b y evap o rat io n . It  was foun d , how ever, 

t h at  the test resu lts w ere con sisten t  from  d ay to  d ay and  from  

test area to  test area, so the erro rs d id  n o t  ap pear serious.

PLA N

U PPER  SEEPA G E 

r -  L IN E WA TER 

y -  WA T ER WA T ER /  y —  WA TER

SH EET  PO L Y ET H Y L EN E 

CROSS SECTION

Fig .*3J  Field  perm eab ility test.

Essai de perm éab ilité sur chantier.

Th e p erm eab ility coeff icien t  fo r  the test areas ranged from

2  x  10- 4  cm  per sec. to  2*5 x 10~ 4 cm  per sec fo r  the areas 

com pacted  b y the sheepsfoot —  rub b er t ire com b in at ion  

and  the sheepsfoot ro ller  alo n e. Lab o rato ry  tests o f  large 

und isturbed  sam ples cu t  from  the sam e test  areas g ave from  

2*2 x 10- 4  to  3- 3 x 10- 4  cm  per sec (s lig h t ly  h ig h er than  the 

field  valu es). Th e cause o f  the d if ference appeared  to  be 

sm all crack s in  the lab o rato ry specim ens p roduced  b y the 

sam p lin g  process. By  com p arison  the p erm eab ility o f  sam ples 

com pacted  in  the lab o rato ry to  the sam e d en sity as in  the 

f ield  had  p erm eab ilit ies o f  1 x 1 0 ~ 5 cm  per sec o r  1 / 1 0  the 

f ield  values. Th e reason is the lack  o f  ro ck  fragm ents in  the 

lab o rato ry sam p le and the larg er vo id s w h ich  form  when the 

fragm ents tou ch  one ano th er.

Th e field  test is a sim p le and  inex p ensive m ethod  fo r  

check in g  the in p lace p erm eab ility o f  a com pacted  f i l l . Wh ile  

i t  requ ires t im e and  b locks fu r th er w o rk  in  th at  area it  can  

be installed  rap id ly  and  the m easurem ents m ade on  weekends 

so th at  the w o rk  o b struct io n  w ill be m in im ized .

Large Scale S hear Test

Because it  is im p ossib le to  d eterm in e the strength  o f  com ­

pacted  b roken  ro ck  in  the usual lab o rato ry test  a larg e d irect  

shear test  box  was constructed  to  test the rock  in  p lace in  

the com pacted  sh ell m ater ial test  area.

Th e d evice consisted  o f  tw o  boxes 6  f t . b y 6  f t . square 

and  1’5 f t . deep as shown in  Fig . 4. Th e low er box  w ith  a 

rein fo rced  steel b o ttom  was p laced  on  top  o f  the f ir st  f il l  

l i f t  and  then the second 1*5 f t . l if t  o f  b roken  ro ck  was dum ped 

aro u n t  i t  and  in  i t , in  the sam e w ay the o ther sh ell test  sect ions 

were constructed . Th e ro ck  su rface was then ro lled  and  

slu iced . Th e up per h a lf  o f  the box  w as then  p laced  on  the 

low er h a lf ; the nex t  18 in . l i f t  was p laced  in  and  around  
the box  and  com pacted  as before.

i EL EV A T IO N  O F BO X

SC A LE IN F EET

Fig . 4 D irect  shear box.

Bo ite de cisaillem ent direct.

A f t e r  com p act io n  the buried  box  w as u ncovered  b y d igg ing 

arou nd  i t . Th e top  p late w as p laced  on the box  and  fo u r 

h yd rau lic jack s m ounted on  it . T w o  cross beam s w ere p laced  

across the jack s and  fastened  to  the bottom  o f  the box  b y 

h inged ro ck er arm s. T w o  h o riz o n tal jack s were m ounted  on  a 

b rack et  at  the rear o f  the box  so as to  fo rce the top  h alf  

across the b ottom . Th e com p lete test arrangem en t is show n in  

Fig . 5. A  n o rm al stress w as ap p lied  to  the com pacted  ro ck  

b y the fo u r  ver t ical jack s and  w as m ain tain ed  con stan t  

th roughou t each test. Th e h o riz on tal load  was increased  in  

increm ents and  the d efo rm at io n  m easured b y m icrom eter d ial 

gages in stalled  between the top  and  bottom  boxes.

Th e test resu lts fo r  n o rm al load s o f  2 100 lb . per sq . f t . 

and  4 100 lb . p er sq . f t . are shown on  Fig . 6 . Th e stress strain  

cu rves in d icate n ear ly elast ic b eh avio r  up to  loads o f  1/ 3
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Fig . 5 D irect  shear box  test in  progress.

Ex écut ion  d 'un  essai dans la boîte de cisaillem ent direct.

and 2/ 3 the failu re load  resp ect ively. A s m ig h t be ex pected  the 

st rain s were m uch sm aller fo r  the h ig her no rm al stress lo ad ing  

than fo r  the lo w er. Th e M o h r  d iag ram  shows an ang le o f  

in tern al f r ict io n  o f  45 deg. and  an in tercep t  o f  ab ou t  100 lb . 

per sq . f t . on  the ver t ical ax is. Th e ang le o f  in ternal f r ict io n  

is w hat  m igh t be ex pected  fo r  a w ell graded an g u lar m aterial. 

T r iax ia l shear tests w ere m ade in  the lab o rato ry using sam ples 

o f  the sh ell m ater ial f rom  w h ich  a ll p art icles larger than  5 m m . 

were rem oved . Th e ang le o f  in tern al f r ict io n  at  the sam e d en sity 

as in  the f ield  w as found  to  be 42 deg. Th e d ifference is p rob a­

b ly caused  b y the lack  o f  the larg er an g u lar p art icles in  the 

lab o rato ry test  sam ples.

Comparison of T est Results with Construction

Co n stru ct io n  o f  the em bankm ent was com p leted  in  1960. 

Reco rd s o f  the com p act io n  o f  the co re sh ow  an  averag e 

d en sity o f  97 p er cen t  o f  the M o d if ied  Pro cto r  m ax im um  w ith  a 

standard  d eviat io n  o f  2- 4 per cen t  using  the 50 ton  ru b b er 

t ired  ro ller . Wh en  the m aterial con tain ed  an ex cessive am ount 

o f  weathered  ro ck  it  w as pre- ro lled  w ith  the sheepsfoot. A  

lim ited  num ber o f  d en sity tests in  the ro lled  ro ck  sh ell ind icate 

that the com p act io n  is essen t ially the sam e as in  the test  area.

C ost of Field Test Program

Th e shear box  w as b u ilt  b y a st ru ctu ral stee! fab r icato r  

at  a co n t ract  cost o f  $5 000. Th e con stru ct ion  o f  the p ilo t  

q u arry and  the test areas b y a lo cal road  co n t racto r  cost 

ap p rox im ately S I8,000. En g in eer in g  and so il test ing  costs 

were estim ated  to  be S7  000 b ring ing  the to tal fo r  the p ro ­

gram  to  S30,000. Th e con stru ct ion  and  test ing  requ ired  

ap p rox im ately one m onth.

Conclusions

A  num ber o f  con clu sions w ere reached  as a resu lt  o f  the 

in vest ig at io n .

(1 ) Th e weathered  sandstone and  san d y c lay  m ix tu re 
cou ld  be used as a co re fo r  the dam .

(2 ) Th e b roken  sandstone cou ld  be com pacted  and  w ou ld  

p ro vid e a h ig h  st reng th  sh ell.

ST RA IN  

ST RESS ST RA IN  C U RV ES

/

/

/

/

Â
= 4 5 °

NO RM A L ST RESS IN 1000 L B  PER  SQ FT  

MOHR D IAGRAM

Fig . 6  Resu lts o f  d irect shear test on broken sandstone up to
1 2  in . diam eter.

Résu ltats d ’un essai de cisaillem ent d irect sur le grès 
b royé, jusqu ’à 12  in. de diam ètre.

(3 ) Th e 50 ton  ru b b er t ired  ro ller  is ef fect ive in  com pac­

t in g  the san d y co re and the broken  rock .

(4 ) T h e sheepsfoot ro ller  is an ef fect ive p u lver iz in g  d evice 

in  w eathered  ro ck .

(5 ) Lab o rato ry  tests alo n e o f  the p h ysical p rop ert ies o f  the 

w eathered  ro ck  and  o f  the b roken  rock  m aterials w ou ld  be 

m islead ing .

(6 ) Th e f i l l  test ing  program  determ ined the con stru ct ion  

p rocedures that  w ou ld  be necessary in  the st ru ctu re and 

elim inated  u ncertain t ies in  the cho ice o f  com p act io n  eq u ip ­

m ent and  m ethods.
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