
COMPRESSIBILITY OF SANDY SOILS 

By 

MONA MOHAMED EID 
Demonstrator in Faculty of Engineering 

A in- Shams University - Structural Department 

A Thesis Presented to 

A in- Shams University 

on application for the Degree of 

MASTER OF SCIENCE 

i n 

CIVIL ENGINEERING 

1 9 7 2 



( i ) 

ACIG!O'elLEDGEMENT 

This 'dOrk has been carried out under the supervisio!1 o:f 

"]r.-Ing. J>bdelmonem Ahmed Moussa, Lssistant Professor of Soil 

Mschanic s end Foundations, Faculty of Engineering, Ain-Shc'ms 

'hri'lersi ty, and Dr. -Ing. Ferouk Ibrahim El-Kadi, lee turer in 

Soil Mechanics and Foundations, Faculty of Engineerinc.:;·, J\in-

Shams University, to whom I am deeply indebted. Without t:cc;i' 

this 1vork c,•ould not have been executed in its 'J~'cO:" J"', 

To Dr.-Ing. MOUSSA, I also feel grOJteful in multi tude CJO 

,,rays, for planning the '·JOrk 1 for continuious help :ond invo:lu 

''dvice in the experiment2l part ftld revising the manuscript. 

Grateful thEJnks are EJlso due to Dr.-Ing. EL-ILJ)I :'or h1c; 

help c'nd -,aluable guidance and advice. 

Thanks clre also due to the technicians of the labor~'tory 

o:f Soil Mechanics, Faculty of EnGineering, J\in- Shams Uni versi ~y 

foT their cooperation and friendly help. 





( U) 

CONTENTS 

Acknowledgement 

Contents 

Nok.tions 

Introduction 

Part I : Historioal review and Previous work 

1· Types of deform:.1tion 

l l Elastic deformation 

1.2 Plustic deformation 

l 2 ·, Sliding "hetween po.rticles 

l 2.2 Particle crushing 

2. Brief liistoric::::.l review and previous work on 
compressibility of Scilld 

2.1 Theoretical ::::.pproach 

2. 2 Experimental :J.pproc.ch 

3. Effect of fine me. tericcl on the me ch::mi co.l 
properties of sand 

3.1 Effect of fine mo.terio.ls on the 
compressiblity of sand 

3.2 Effect of fine materials on be:J.ring 
c~:ro.ci ty and sheo.r properties 

4. Discussion to previous work 

Page 

i 

ii 

xi 

l 

2 

2 

2 

2 

2 

3 

3 

4 

16 

29 

29 

31 

31 



(iii) 

P·J.rt II : F.xperimente,l results =d discussion 

1. Tested soil 

1.1 Properties of tested S<.u:td 

1.2 Properties of tested silt 

2. Coi:!pression apparatus 

2.1 Compression cell 

2. 2 Loc:ding fraue 

3. Prep,::.:.r<J.tion of Sf'Jllples 

4. P.:cking of soil specimen in compression cell 

5 . Perfor;;;w'lce of compression test 

~. Test progr~=.le 

7. Test results 

7.1 Rel.tionship between stress and strain 

7 .1.1 Effect of density and percentage of 

fines F % on parameter "u" 

7.1. 2 Effect of density and percentage of 

fines F 1 on pC'.rameter nkn 

7.1.3 Effect of density cc.nd percentage of 

fines F ~ on pc.tr~J:tleter "c" 

7 2 RelCJ.tionship between initial void ratio ei 

::md parameters "a" o.nd "k" 

7.3 ReL~tionship between percente,ges af fines F% 
end por=eters "~11 , "n1 ", "r;_ 0• BJ;ld "n10" 

P~cge 

36 

36 

36 

37 

40 

·W 

45 

45 

48 

50 

52 

53 

53 

61 

63 

63 

66 

70 

s. Effect of the percentage of fines on the compress- 81 

ibility of sandy soil 

~f;ect of art of mixing aond with fines on its 

compressibility 
85 



10. Effect of redding wetter, during the compression 90 

test, on the compressibility of the tested soil 

10.1 The effect of initiu.l density 9i-

10.2 The effect of the npplied <J.Xio.l stress, 94 

o.nd percento.ge of fines 

11. Summz~y r~d conclusion 

12. Refe:·c.1ces 

13. Appendix 

100 

102 

107 



J?igu.re 

l 

2 

( ,. ) 

LIST Ol' FIGURES 

Gr::;.phicc:l estim~.tion for D .r:.;.meter tJ of " c 
T0rz:.:ghi 1 s equc.tion O:luhs,l957,P. 946) 

Stress-strc.in curve for purti.:::.lly s:.:turc.ted 

soil (Mousse., 1961, P. 29 ) 

Effect of fine netteric.l on the compressibility 

of sc.nd at = l kg/cn2 (Mouss:.,l961, P. 120) 

7 

20 

30 

4. Grc.in size distri'bution curve for tested s::nd 38 

5- Gr~in size distribution curve for tested silt 39 

6. Effe~t of s::wnple thickness on the compress- 42 

ibility of fine sc.nd tested in Oedometer, 

flo . .:.ting ring type, D = 10 c::• (lltuhs ~'1c~ kany, 1945) 

7. Oodoseter compression cell 43 

8 · Compurison botweon results obt<>.ined froL; •H 

oonpression tests in Oedm;;eter with different 

ring rPJ.tios H/D (I~ousso., 1961, P. 97) 

9. Lever systeo of compression appo:..r:,tus 46 

lC. Tine settle;;1ent curves for sc,mples No. IV, VIII 51 

Lnd X 

ll 

12-

13-

Compression curves for :lry clean sccnd 

( s::rrrplcs No. I ) 

Oonpression curves for dry Sc<nd contc,ining 2'1> 

silt ( s.cEples No. II ) 

Compression curves for dry sand contccining 

lO. 7'/. silt ( s::.Jnple No. VII ) 

54 

56 

57 



Figure 

l4 

15· 

16 

17. 

18. 

19 

(vt. ) 
' .... 

Compression curves for dry s .nd contc..ining 

20% silt ( SD.Elple No. X ) 

ReL.tion between p:cruneter "::-," r~nd ini ti~cl 

void r~:tio "'i 

Rel .tion between pc:raneter "c" end ini ti:.l 

voild r~ctio e. 
~ 

Relation between p :.r .. lileter "c" ~:nd percentc:.ge 

of fines Fct. • 

Sketch il1ustrc,ting the reL:tionship bet\·~een 

t~ ) E ;0 :J.nd ei 

Rel :tionship between p:.crcJiJoter "m:l, :..nd 

pcrcent~:gc of fines ~ 

P, .. ge 

58 

62 

64 

65 

68 

72 

20· ReL:.tionship bety;een the log~:rithE of p~lro.LJetcr 73 

"n}., ::md the log:::ri thm of peroenktge of fines F"fo 

21. Rel .tionship betYJeen the log.:ri thm of p .. r:.Leter 74 
"n10" :.nd the log::cri thL1 of percent:::gcJ of fines ~· 

22. 

23 

ReL.tionship bet\7een the log~_.ri thm of p•:.r:~Eeter 

"n10" :~nd percentc,ge of fines f% 

Co1;1p.crison bet~ co en rc sul ts obt:cinc d from comp­

ression tests :md those obt: .. :inod froc the deduced 

:forrlU1ue for s::mp1e No. III 

75 

78 

2·1-· CoJJp .. rison between results obt.:,ined fron comp- 79 
rGssion tests c:nd those obtc:.Lted fron thG deduced 

formu1.,e for s=plB No. V 

25 CompLLrison between resu1 -r_s obt::incd fron comp- 80 

ression tests c:.nd those obt::.ined fron the deduced 

fromuL~e fur s::xtple No. X 



Figuru 

26. 

27 

28 

29 

30 

31 

32 

33 

34 

35 

( "*' ) 

Relationship between peroento.ge of fines F% 
and the strain ~ .::~.t (J" = 1 kg/cm2 for variable 

relative densities 

Rel.::tionship between percent;:,.ge of fines ~ 

c.nd the strain E c.t (J = 10 kg/cm2 for v2.riob1e 

relative ~ensities 

Comp,-::.rison stress-str~:in curves for mix 

containing 4~ silt ( Sample No. III mixed 
/ 

in dry), (sc'lllplos No III. mixed in wet) 

' Compression curves for sllmples No. III 

Stress-strc.in curves for s:.:nples No. I 

subjected to wo.ter during compression test 

1,tress-stro.in curves for s=ples No. II 

subjected to Hc:ter during compression test 

Stress-strc:in curves for sc:.mp1& No. VII 

subjected to wc.ter during compression test 

Rel:.tionship betvJeon percentc.ge increc:se in 

str:.in A £ "f, due to ':dding \K.ter during 

compression test, c~d the initial dry density 

( sc..mple No. II ) 

Rel::,tionship bet111een percentr.ge increr:se in 

strlc.in At~ due to :::.dding r~c:ter during 

compression test, c.nd the initif:1 dry density 

( s(;np lc No. IV ) 

Rel: .. tionship between percentl:ge increl'.Se in 

str::-cin A£% due to ndding vmter during 

co11pression test, c~nd the ini ti::l dry density 

( Slc.mple Nc. VII- ) 

Page 

83 

84 

86 

88 

92 

93 

95 

97 



Figure 

36 

( vi-'!1. ) 

Relationship bet'Jeen percentage of fines 

F% and percentage increase in strain % 
due to adding \.rater at different applied 

stresses during compression test 

Po.ge 

99 



l 

9 

'_() 

ll 

lJ 

( t:l: ) 

LIST 0'<' ThBJ,ES 

Values of parameters "v'' and "w" for different 

soils ( Gflde, 1951 ) 

Range; of VCJlucs of parameters "an 
1 

and ''w'' for sand tested by Moussa (1961) 

9 

19 

Svnrnary of proviou:J theoretical 'Jerk discussed 27 

in c'rticlo 2.1 

S,x,rcary of J'rovious experimontc•l Hork discussGd 

i'": rticle 2,2 

v~:'llJGS of parameters nau' rfk!!' 11 Vlf' and H\1n 

gi von_ by different authors 

GrJin properties of tested sand 

Physic c1l properties of tested ::oil t 

Mix numbDr of samples 

Test pTogrc::-Jmmo 

vz~lues of parameters na:' 1 "k 11 ' and 11 c~; 

for tho te:3ted samples 

Values of parameters "m1 ", "~", "m10", c:nd 

"~o" 

Ec:uc:tions for pc1ramoters "a", "k" and "c" 

Values of parameters "a", "!<" -Jnd "c" for dry 

- nd -~::;t mixed samples 

28 

32 

37 

37 

-i-8 

52 

60 

69 

76 

82 

89 



Picture 

1 

2 

( . ) 
LIST OF PI0TURES 

Compression apparatus 

Built-up the specimen in the compression 
cell 

Po.ge 

47 

49 



c 

e 

F (%) 

Gs 

k 

L L. (~) 

~ (%) 

LlO (%) 

nl 

nlO 

rl 

NOTATIONS 

pm-o.mctu:;.' in equc,tion (30 ), p-_:ge 19 

pCi.rc:.net .r in equc.tion (3C), :rnge 19 

relo.tivo density 

effecti vo grnin size "' grl,in size c.t nhich 

10 percent of the D:~teriL1l is SL1Ci.l1er 

is the ~ _ze o!: r·-_ich 30 percont of tho 

materiel is sm~ller 

is the .et~? of ~hich . 60 percent of tha ~.~ 

erial is SDCi.ller 

nodulus of lL1e:-:x deforr::ction 

void rr.tio 

initial void ratio 

m:_:.:x:iL1UD Yoid rc.tio 

niniLlill void rJ.tio 

percent .. ge of fine Dc:ter~ '-~ls cont.::ined 

in sc:nd 

specific gravity 

pc:rc.netcr in equation (30), pc.ge 19 

liquid lir.li t 

par=eter in equo.tion ( 49), pc1ge 67 

paro.meter in equo.tion (50)' pc.ge 67 

po.rcneter in equo.tion ( 49)' page 67 

p:~rrTeter in equc"J.tion (50)' pc_ge 67 

correlntion nur.:cber for the rel ,tionship 

bet1·men strccin c.nd ini ti:-_1 void r:_:ti o :.t 

stress = 1 kg/cn2 



r 
nine o.llowo.ble) 

p L (%) 

P.I.(%) 

)(dry ( t/n3) 

t 
l1 t. (%) 

/ 

t 
1 

( xii) 

corre1rction nunber for the relrJ.tionship 

between struin o.nd ini tio.l void rr.tio ,:t 

stress : 10 kg/cn2 

r:rl.nil'l.Uil rJ.llovmble correlc.tion nur1ber 

plo.stic finit 

plo.sticity index: L.L.- P.L. 

unifornity coefficient by "Allen Ho.zen" 

a6 Ja10 (Terzc.ghi ::md Peck, 1948, P. 20) 

unifornity coefficient by Wo.gner (1957) 

: (d30) 2 / a60 ~O (Bureo.u of Reclwc:tion) 

dry density 

strain 

percento.ge increase in stro.in 

stnc.in of the auxiliary line :•.t stress 

( equ<:.tion ( 43), p:1ge 55 ) 

strain of the auxi1io.ry line o.t stress 

= l kg/cn2 

stz:o.in of the uuxili: .• ry line o.t stress 

= 10 kg/cn2 

stress 



INTRODUCTION 

In nature, sand may be found mixed with fines such as silt 

and clay. Previous studies on sand indicate that proper atten­

tion '1as given mainly to the mechanical properties of olean sand. 

On the other hand, the mechanical properties of sandy soils which 

contain some fine materials are not 1,rell known. 

The purpose of the present work is to study the compressi­

bility of dry sand containing some fines. Jccordingly 1 compress­

ion tests have been carried out in Oedometer on samples of dry 

clean sand mixed '"'ith variable percentages of silt. The stress­

strain relationship for the tested soil is discussed and the 

analysis of the test results are represented in the form of 

semi-emperical relationships. 

Other series of compression tests have been carried out to 

study the compressibility of the tested soil when subjected to 

•,rater. 

The present work consists of t•do main parts, the first 

deals ·.nth a revie'.v to previous •.vork, and the second deals 

Hi th the experimental phase, presentation and discussion of 

test results and ~onclusj 0n 


