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�1 cm�

17 95 4 41 14 7 =]N `@ Qt u}ov=}t
�1 cm�

R= xOWxDN=U pNrNDt |=y\}Lt |=Q@ s}taD C}r@=k w CU= \}Lt pNrND w
OQm |krD xaUwD |=Q@ p}Uv=DB =@ |WwQ =Qu; u=wD|t x=ou; 'OQ=O =Q |a}@] Kr=Yt
=Q |UOvyt |=y|Q@ Q=m QO xO=iDU= C}r@=k 'C=LqY= |NQ@ p=ta*= CQwY QO =D
|ak=w |=yxO=O |wQ Q@ =Q VR=Q@ u} QDy@ '=]N u} QDtm =@ u}@=U VwQ "Ovm =O}B
uOw@vQ=}DN=QO p}rOx@ VwQ u}= um}r "OyO|t u=Wv =yxv=OnvU |xS} w K]U R=
'=yxv=OnvUhrDNt Q]k xU u=U; w `} QU |Q}oxR=Ov= |=Q@ sRq|m}vmDw�S |=yVwQ
Q=DWwv u}= u=oOvQ=ov "CU= u=Qta |UOvyt QO |m}rwQO}y |Q@ Q=m p}Uv=DB Ok=i
j} Q] R= Kw]U |}xv=}=Q |Q}oxR=Ov= |=yVwQ x@ <=mD= =@ xm OvDUy Qw=@ u}= Q@
QO =yxv=OnvU |UOvy pt=wa |NQ@ uO=OCr=NO w 'QQmt |=y|Q=OQ@ Q} wYD
x}YwD |UOvyt j}kO |=y|Q@ Q=m |=Q@ w OQm KqY= =Qu; u=wD@ 21 |xrO=at

"OQm

QmWD w Q}OkD
|r=t sQDLt Cvw=at |m}DUHr |=y|v=@}DWB w |tra |=yC}=tL R= xr}Uwu}O@
p=tm 'OvOwtQi Q}PBu=mt= =Q VywSB u}= s=Hv= xm u=Qta |UOvyt |xOmWv=O |Q=O=

"OQ=O =Q |Q=RoU=BU

[6]"|UQQ@ OQwt |=yxv=OnvU R= xOWVQ=Ro |UOvy |=y|oS}w "1 pwOH
a �cm� b �cm� c �cm� V �cm3� SA �cm2�
4 46 3 26 1 96 15 2 48
7 4 4 79 3 4 45 4 106
3 2 2 46 9 5 5 29 3
3 87 2 43 1 47 7 3 32 6
6 22 3 27 2 23 12 9 82 3
2 53 1 76 0 45 2 2 18
3 12 1 99 1 21 3 9 18 8

5 2 83 1 93 7 2 46 5
2 33 1 43 0 5 1 4 9 8
3 82 2 56 1 55 8 8 33 1
7 4 4 79 3 4 45 4 106
2 33 1 43 0 45 1 4 9 8
16 7 13 9 1 794 9 485 8
22 17 5 12 5 1239 685 4

13 5 9 6 402 324 9

x@ <=mD= =@ =yxv=OnvU xS} w K]U u}tND VwQ xU CkO OwOL R= |W}=tv "6 pmW
"|ak=w |=y|Q}oxR=Ov=

R= TB 6 |x]@=Q CkO "OyO|t CUOx@ =yxv=O |B wmUwQm =t |=yQDt=Q=B R= xO=iDU=
"CU= 21 |x]@=Q R= QDW}@ jwi |=yx]@=Q |xawtHt

|Q}oxH}Dv
VOwN |=yxO=O |=Q@ |DL =oQo |x]@=Q xm CU= u; R= |m =L VywSB u}= |=yxDi=}
?U=vt=v |UOvyt |=y|Q@ Q=m |=Q@ =Qu; u=wD|t u}=Q@=v@ "OQ=Ov |@ wr]t CkO R}v
VwQ u} QDCkOsm u=oQR=@ VwQ |Q=t; p}rLD u}= QO xJQo = Qo}O |wU R= "CUv=O
|=yxv=OnvU |xS} w K]U u}}aD |=Q@ VwQ u}= xm OwW xHwD Qo = |rw 'OwW|t xO}O
=yxv=OnvU R= |RQ=@ |=yxR=Ov= x@ |mDt \ki pNrNDt \}Lt |xOvyOp}mWD

111



"""p
}rLD

QO=
yxv=

On
vU|

xS}w
K]

Us
wyit

|U
QQ@xv=OnvU |ak=w sHL %V

xv=OnvU |xS} w K]U %SA
sQH OL=w QO xS} w K]U %AMS

xv=OnvU RQ=@ |xR=Ov= %d
pmW K}LYD ?} Q[ %re

b Q]k =@ xtJ=U l} K]U %A0vs
|NB ?} Q[ %ROblate

|Q=wty=v ?} Q[ %Rrough
xv=OnvU Ot=aDt Q]k xU %a; b; c

Ov=t|t |k=@ u; |wQ =yxv=OnvU \wrNt R= s)=i <RH xm |mr= |xR=Ov= %di
|}xLiY |eQtsND |xS} w K]U %S1

|}xrwr |eQtsND xS} w K]U %S2
|wQm |xS} w K]U %S3

16 =D 14 |=yx]@=Q R= xOt; CUOx@ Q}O=kt u}@ |Q}ou}ov=}t |awv %S4; S5; S6
p=}U |m}t=v}O |wQv=Qo %�

pmW Q=}at %�

s�qa CUQyi
1 |x]@=Q C@=F %k

pkF ?=DW %g
pNrND %n

xS} w K]U %S
Vw=QD CaQU %V

pNrNDt \}Lt |=yxv=OnvU \UwDt |m}rwQO}y `=aW %m
\wrNt sHL OL=w QO =yxv=O u}@ GQi w prN K]U %Vvoid

\wrNt sHL OL=w QO =yxv=O u}@ GQi w prN K]U %Svoid
sHL OL=w QO xS} w K]U %Avs

RQ=@ |xv=OnvU l} K]U %Ssolid
RQ=@ |xv=OnvU l} sHL %Vsolid

|mwB C@Uv %e
xv=OnvU |eQtsND sHL %Ve

`@=vt
1. Wilkins, J.K. \The 
ow of water through rock�ll and its

application to the design of dams", Proceedings 2nd Aus-
tralian { New Zealand Conference on Soil Mechanics and
Foundation Engineering, pp. 141-149 (1956).

2. Brooks, C.S. and Purcell, W.R. \Surface area measure-
ment on sedimentary rocks", Trans. A.I.M.E., 195, pp.
280-296 (1952).

3. Kozeny, J. \Uber kapillare leitung des wassers im boden",
Stizngsber. Akad. Wiss. Wien, 136, pp. 271-306 (1927).

4. Carman, P.C. \Fluid 
ow through granular beds",
Trans.Inst. Chem. Eng. London, 15, pp. 150-156 (1937).

5. Richards, K. \Rivers forms and process in alluvial chan-
nels", Methuen Publishers, London (1984).

6. Garga, V.K.; Townsend, R. and Hansen, D. \A method
for determining the surface area of quarried rocks", J.
American Society for Testing and Materials, 14(1), pp.
35-45 (1991).

7. Sabin, G.W. and Hansen, D. \The e�ect of particle shape
and surface roughness on the hydraulic mean radius of a
porous medium consisting of quarried rock", J. American
Society for Testing and Materials, 17(1), pp. 43-49 (1994).

8. McQorquodale, J.A.; Hannoura, A.A. and Naser, M.S.
\Hydraulic conductivity of rock�ll", J. Hydraulic Re-
search, 16, pp. 123-137 (1978).

9. Bazargun, J. \Fundamentals in the theory of 
ow through
granular intakes", Ph.D. Thesis, presented to the Depart-
ment of Civil Engineering, Amirkabir University of Tech-
nology, Tehran, Iran (2002).

112


