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"CU= �|Pivt Q=Wi xi=[= |q=@ Q}O=kt R= |W=v� p0 O}OW Vy=m
&Ovm|t Q}}eD xOvvmW x@ Q}PBpmW R= =yxvwtv Q=DiQ 'u=t}U OYQO V}=Ri= =@
|}xmW@ ẁv R= u=t}U �1 5 =@ w xDv=t}UQ}e |=yxvwtv QOCUmWCr=L xm |Qw]x@
CUmW |xLiY p}mWD ẁv R= QDq=@ u=t}U OYQO =@ |=yxvwtv QO w �bulging�
x_Lqt 6 pmW QO CUmW |x_Lr QO =yxvwtv R= |NQ@ Q} w=YD xm CU= xOw@
|oDN}Uo u=tR QO u=t}U �5 |xvwtv C}a[w x@ \w@ Qt xm G6 pmW QO "OwW|t
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"p=mU=Bwr}m 100 |xOvvmQwYLt Q=Wi CLD ext. |QwLtxU |=yV}=tR; x@ \w@ Qt G}=Dv "4 pmW

|xOvwWTwmat CyH |=Q=O |@ w=vD |=y|Q=PoQ=@ QO u; |R=Uy@ Qw_vt x@ l =N
R=}v w CU= C}ty= R�=L 'OvDUy �stress reversal� Q=Wi w VWm QO |Q=PoQ=@

"OQ=O QDW}@ C=k}kLD x@
|xU}=kt Qw_vtx@ xm &CU=yxvwtv|DNUV}=Ri= 'u=t}UuOwRi= Q=F; R= Qo}O|m}
�0 5 |=R= x@ �|QwLt |DNU u}@t� |Dv=mU |a=HDQ= pwOt 8 pmW QO 'G}=Dv
V}=tv ext. w comp. |=yV}=tR; x@ \w@ Qt |=yVvD Q}Ut |=Q@ |QwLt VvQm
wO Qy QO u=t}U OYQO V}=Ri= =@ |a=HDQ= pwOt V}=Ri= u}@t xm CU= xOW xO=O
ext. |Q=PoQ=@ QO |DNU V}=Ri= OYQO p=L u}a QO w CU= |Q=PoQ=@ Q}Ut ẁv
Ctw=kt |=yQDt=Q=B C=Q}}eD 10 w 9 |=ypmW QO "CU= xOw@ comp. R= QDW}@
xOW x�=Q= u=t}U OYQO V}=Ri= =@ 'xv}W}@ Ctw=kt QO =yxvwtv xOW|WmyR |WQ@

"CU=
V}=Ri= =yxvwtv |oOv@UJ 'u=t}U OYQO V}=Ri= =@ xm OyO|t u=Wv 9 pmW
XwYNQO Q_v j=iD=u}@t R}v xDWPo QO u=QoWywSB Q}=U |xOWx�=Q=G}=Dv "CU= xDi=}
|wQ Q@ xar=]t R= 1981 p=U QO ,qFt 'CU= u=t}U uOwRi= QF= Q@ |oOv@UJ V}=Ri=
x@ 'OwW|t l =N |oOv@UJ V}=Ri= Ea=@ uw}U=DvtU xm OW xDiQo xH}Dv =yxU=t
Q=Okt Q@=Q@ xU OwOL |oOv@UJ u=R}t 'u=t}U �4 =@ |}xU=t |=yl =N QO xm |Qw]

[3]"CU= u=t}U �2 =@ l =N QO |oOv@UJ
'|oOv@UJ hqNQ@ xmCU= u; R= |m =L xDWPo |=yVywSB G}=Dv Q@ |QwQt =t=

|=y|Q=PoQ=@ Q}Ut QO VvQm� VvD |vLvt Gw= |x]kv =@ Q_=vDt VvQm "3 pwOH
"xDv=t}U |=yxvwtv |=Q@ Cw=iDt

��� u=t}U Gw= |x]kv =@ Q_=vDt VvQm
5 3 1 5 ��� VvQm� VvD |vLvt

1 2 4 2 7 9 �3 = 100 kPa
AE (ext.)1 0 2 9 6 3 �3 = 300 kPa

3 6 5 5 13 3 �3 = 100 kPa
AC (comp.)3 5 8 7 9 3 �3 = 300 kPa

u=t}U OYQO p@=kt QO xOWpY=L Ctw=kt |xv}W}@ Q=Owtv xm 7 pmW QO
'u=t}U OYQO V}=Ri= =@ |rmQw]x@ xm OwW|t x_Lqt 'CU= xOW xO=O V}=tv
OvwQ OQ=wt ?re= QO �3 OwOL R= xm |}xvwo x@ 'O@=}|t Vy=m Ctw=kt V}=Ri= MQv
Qy QO u=t}U uOwRi= QF= Q@ Ctw=kt V}=Ri= OYQO u}vJty "OwW|t xO}O |Wy=m
QO "CU= QDW}@ u}}=B |x@v=Hxty |=yQ=Wi QO ext. w comp. |Q=PoQ=@ Cr=L wO
�1 5 |=R= x@ Ctw=kt V}=Ri= OYQO |xv}tm 'xOWs=Hv= |=yV}=tR; |xOwOLt
OYQO 'OQ=wt ?re= QO 'OW xQ=W= xm Qw]u=ty =t= "CU= xOw@ �250 R= V}@ u=t}U
|Q=Wi |Q=PoQ=@ R= QDW}@ |WWm |Q=PoQ=@ QO 'x}=B l =N x@ C@Uv Ctw=kt V}=Ri=
x@ u=t}U uOwRi= VwQ R= xm |ak=wt w |rta |=yQ=m QO xDmv u}= x@ xHwD "CU=
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"p=mU=Bwr}m 300 |xOvvmQwYLt Q=Wi CLD ext. |QwLtxU |=yV}=tR; x@ \w@ Qt G}=Dv "5 pmW

"|Q=Wi |QwLtxU |=yV}=tR;QO =yxvwtv |@=QN OL C}a[w x@ \w@ Qt Q}w=YD "6 pmW

Vy=m?@U uw}U=DvtU xm Ot;CUOx@ xH}Dv u}= 1989 p=U QO u}vJty [3]"CU=
XwYNt uRw =@ R}v Vy=m u}= Q}O=kt w OwW|t l =N |rN=O l =m]Y= |x} w=R

[14]"CU= \@DQt l =N
|rN=O l =m]Y= |x} w=R Cio u=wD|t 10 pmW x@ xHwD =@ Q[=L Q=DWwv QO
uOwRi= =t= 'CU= xDi=} V}=Ri= xDv=t}UQ}e |xvwtv x@ C@Uv u=t}U |=Q=O |xvwtv
"OwW|t|rN=O l =m]Y= |x} w=R lOv= w|H} QODVy=m?@U u=t}U Q=Okt QDW}@

QO p=Ft |=Q@ "OQ=Ov OwHw |rN=O l =m]Y= |x} w=R OQwt QO |YNWt Q_vj=iD=
OWxO=O u=Wv OvrDQB u=t}U =@ xOWxDv=t}U |xU=t |wQ Q@ xar=]t |] 1989 p=U
� QO |mOv= V}=Ri= ?@U sm |@v=H |=yQ=Wi QO |rN=O l =m]Y= |x} w=R xm
xm OW xDiQo xH}Dv =yxU=t |wQ Q@ C=k}kLD R= 1981 p=U QO R}v w [13]"OwW|t
xO}OB u}= w OQ=Ov l =N |rN=O l =m]Y= |x} w=R QO |UwULt Q}F-=D uw}U=DvtU
|oOv@UJ sy u; p}rO xm 'OwW|t q=@ CtU x@ Qywt VwB |}=H@=H ?@U \ki
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"xv}W}@ Ctw=kt "7 pmW

"|QwLt VvQm �0 5 QO |a=HDQ= pwOt "8 pmW

QO u=t}U OYQO =@ xOW|WmyR |rN=O l =m]Y= |x}w=R C=Q}}eD "10 pmW
"|Q=Wi |QwLtxU V}=tR;

|QwLt xU V}=tR; QO u=t}U OYQO =@ xOW|WmyR |oOv@UJ C=Q}}eD "9 pmW
"|Q=Wi
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"""QO
xU=t

|Dt
w=kt

|v=U
ty=v

Q@u
=t}U

uOw
Ri=Q

F="OwW|t |oOv@UJ QDt=Q=B QO xHwD p@=k V}=Ri= ?Hwt u=t}U OYQO uOwRi= �
wO Qy QO u=t}U OYQO V}=Ri= =@ |a=HDQ= pwOt V}=Ri= u}@t 'pY=L G}=Dv �
|Q=PoQ=@ QO |DNU V}=Ri= OYQO p=L u}a QO w CU= |Q=PoQ=@ Q}Ut ẁv

"CU= comp. |Q=PoQ=@ R= QDW}@ ext.

QO |a=HDQ= pwOt w Ctw=kt V}=Ri= OYQO Q@ l =N x@ u=t}U uOwRi= Q}F-=D �
xO=iDU= |=Q@ |QDW}@ C=k}kLD =Pr &CU= Cw=iDt ext. w comp. |=y|Q=PoQ=@
R= |Q}owrH |=Q@ XwYNx@ |R=Uy@ |=yQ=m QO u=t}U� l =N \qDN= R=
xOvwWTwmat CyH |=Q=O xm |@ w=vD |=y|Q=PoQ=@ R= |W=v Ctw=kt Vy=m
Q=@ QU |=Q=O w K]Ut |=yu}tR s=tD QO xJv; Q}_v� OvDUy (stress reversal)

QO =} xrRrR |Q=PoQ=@ CLD """w =yx=Q |R=UwQ 'x=Dwm |=yu=tDN=U %Ovv=t 'sm s�=k
"CU= R=}v OQwt �CU= ptDLt Cq;u}W=t |B Q} R

QmWD w Q}OkD
l}v=mt x=oW}=tR; T=vWQ=m '|t=Qy@ |kD TOvyt |=k; C=tLR R= xr}Uw u}O@
QO xm Q}@mQ}t= |DavY x=oWv=O CU} R \}Lt w u=Qta |UOvyt |xOmWv=O l =N
w |v=OQOk 'Ov=xDW=O |yHwD u=}=W |Q=mty =yV}=tR; s=Hv= w |R=Uxvwtv pL=Qt

"OwW|t QmWD

|Q}oxH}Dv "5
Cw=iDt |=yVvD Q}Ut QO |}xU=t |=yl =N Q=DiQ Q@ u=t}U uOwRi= QF= xU}=kt |=Q@
V}=Ri= VvD Q}Ut wO QO |QwLtxU x=oDUO QO V}=tR; |O=OaD '|QwLt |Q=PoQ=@
C@=F |x_iLt Q=Wi QO |QwLt Q=@ Vy=m w C@=F |x_iLt Q=Wi QO |QwLt Q=@

%OW pY=L G}=Dv u}= w s=Hv=
l =N |xvwtv QO w OyO|t Q}}eD =Q x}=B l =N Q=DiQ Cr=L OvrDQB u=t}U uOwRi= �

"O@=}|t V}=Ri= u=t}U V}=Ri= =@ =yxvwtv |oOvvmW w |OQD 'xDv=t}U
"OQ=O =yxU=t QO |Dtw=kt u=Uty=v Q=DiQ Vy=m x@ p}=tD OvrDQB u=t}U uOwRi= �
|Q=PoQ=@ QO =yxvwtv x@ u=t}U uOwRi= R= |W=v Ctw=kt V}=Ri= OYQO |rmQw]x@ �

"CU= comp. R= QDW}@ ext.

Oa@ x@ �3 OwOL R= xOwRi= u=t}U OYQO =@ =yxU=tCtw=ktV}=Ri= MQv |rmQw]x@ �
uOQmXNWt |=Q@ Cw=iDt |=yOYQO =@ |QDW}@ |=yV}=tR; =t= &O@=}|tVy=m

"CU= R=}v OQwt xU=t ẁv Qy |=Q@ OL u}=
?Hwt =OD@= QO l =N x@ OvrDQB u=t}U uOwRi= 'xOWs=Hv= |xar=]t |xOwOLt QO �
x@ u=t}U Q=Okt QDW}@ V}=Ri= =@ =t= &OwW|t |rN=O l =m]Y= |x} w=R V}=Ri=
OYQO Q}F-=D |rm Qw]x@ "O@=}|t Vy=m |mOv= |rN=O l =m]Y= |x} w=R G} QOD

"CU}v u=OvJ |rN=O l =m]Y= |x} w=R Q@ u=t}U

=yCWwv=B
1. (comp)(compression)
2. (ext)(extension)
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Abstract
Poorly graded clean sand sediments formed on coastal
zones are usually in a loose state, especially at shallow
depths and when saturated, show low strength values
even under static loading. This is because under cyclic
loading, like seismic excitations, excess pore water pres-
sure undergoes a sudden rise and, hence, decreases the
strength to reach a condition near initial liquefaction or
excessive settlement. One of the most important reasons
behind intensifying the cyclic loading e�ect is indeed
stress reversal, or, when after loading in a compressive
manner, a reverse loading equal to twice the compres-
sive amplitude will be applied in such a way that the soil
element experiences an extension. In the latter case, the
major principal stress direction will rotate from vertical
to horizontal direction or the � change of 0 to 90 de-
grees will occur. Furthermore, under many monotonic
loading/unloading conditions, the major principal stress
may also change its direction, with respect to the verti-
cal direction and the stress path on the soil element after
from, for example, compression to extension. Therefore,
it can be simply concluded that knowing the values of
strength in monotonic compression and extension load-
ing and a study of soil behavior in these cases, would be
useful in design applications.
Portland cement can be mixed with sand to improve its
mechanical characteristics. Many studies are reported in

literature on this topic, but the e�ect of principal stress
rotation has not been investigated yet. Considering the
inherent anisotropy of most sands, it is not clear whether
the added cement will contribute to an equal increase in
strength and sti�ness in vertical and horizontal direc-
tions or not.
In this study, the e�ects of adding Portland cement to
clean sand on strength and sti�ness characteristics
are investigated through experimental investigation us-
ing undrained triaxial compression and extension tests.
Di�erent mixtures of Portland cement (1.5, 3 and 5 %)
have been added to Firuzkooh sand and the specimens
have been cast using the wet tamping method.
Test results revealed that while adding Portland cement
will increase strength and elastic modulus (sti�ness) in
both stress paths, in most cases the percent of strength
and sti�ness increases, due to cement addition in exten-
sion loading is higher than compression. In other words,
Portland cement addition tends to decrease strength and
sti�ness anisotropy. This is a noticeable point for atten-
tion in practical applications when compared to other
soil improvement methods.

Key Words: anisotropy, Portland cement, stress path,
triaxial compression and extension test, rotation of principal
stresses.
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