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ẁQW V}=tR; w OQ}o|t Q=Qk Ca=U 2 COt x@ 'V}=UQi V}=tR; CLD |m =N

"OwW|t
QDt|r}t 400 w 200 '100 |=yOy QOV}=tR; x=oDUO QO xOW x}yD |=yxvwtv
T}r}Uwv=v O=wt =@ xOW ?}mQD l =N |Q}PBV}=UQi TBU w OvwW|t xO=O Q=Qk
Oy Ovv=t |}=yxO=O =@ V}=tR; s=tD= R= TB w OwW|t |UQQ@ Cw=iDt |=yOy QO
'xQiL |xQ]k u=R}t w xk}kO Qy QO '|HwQN |@O u=R}t 'CUOu}}=B w CUOq=@
R= (I) V}=UQi MQv XN=W Q}O=kt "OQw; CUOx@ =Q xvwtv Qy V}=UQi MQv u=wD|t
u}= w OQ=O l =N QD`} QU |Q}PBV}=UQi Q@ CrqO (I) lJwm Q=Okt 'CU= 6 =D 0
OYQO '|}=Qo =w '|Q}tN Cr=L 'TQ C=QP |xR=Ov= w =yl =NR} Q C=QP x@ XN=W
xO=iDU= =@ w OQ=O |oDU@ =yxOvvmC}@FD '`=@W= |xHQO '|r=oJ 'sm =QD C@ w]Q
Q=Qk xOW QmP |=yxwQo R= |m} QO =Q l =N |Q}PBV}=UQi u=wD|t 5 pwOH R=

"O=O

"V}=UQi V}=tR; ?r=k QO M=QwU O=H}= Q}wYD "6 pmW

"V}=UQi V}=tR; x=oDUO "7 pmW

Q=}U@ xDiW; =} w |}x}q u=} QH \}=QW x@ xHwD HET V}=tR; C=@U=Lt QO
8 pwtQi R= xO=iDU= =@ u=} QH ROrwv} Q OOa =OD@= O}=@ Qw_vt u}= |=Q@ "CU= syt

%OwW u}}aD
Re = �WV �

�
(8)

'OW=@ 5000 R= QDlJwm Re OOa Qo = 'CU= p=}U |xD} RwmU} w � 'u; QO xm
"CU= xDiW; u=} QH 'OW=@ 5000 R= QDnQR@ Qo = w |}x}q u=} QH

Q]k "OvwW|t |Q}oxR=Ov= u}at |v=tR pY=wi QO Q w S '�HET� V}=tR; QO
fLt l =m]Y= ?}=Q[ wO Qy "CU= (t = 0) QDt|r}t 6 V}=tR; ẁQW QO � xrwr
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&(kg=s=m2) t u=tR QO �xQiL� M=QwUK]U OL=w <=R= x@V}=UQi MQv _"t 'u; QO xm
=} xQiL pw] QO |m}rwQO}y |WQ@ VvD �t &(S=m) l =N V}=UQi ?} Q[ Ce
R= ?re= "OvDUy (N=m2) |v=QL@ |WQ@ VvD �c w (N=m2) t u=tR QO M=QwU
|O=OQ=Qk Qw] x@ xm OwW|t xO=iDU= G}=Dv s}UQD w |oDU@ty |=Q@ (� log Ce)

%OQ=O s=v (I) V}=UQi MQv XN=W
I = � log(Ce) (10)

|Q}PBV}=UQi Q@ CrqO 'I lJwm Q=Okt "CU= Q}eDt 6 =D 0 u}@ I Q=Okt u}vJty
"�2004 'pi w uw� OQ=O l =N QD`} QU

xvwtv CN=U VwQ "4
OYQO w xv}W}@ XwYNt uRw T=U=Q@ =yV}=tR; QO xO=iDU= OQwt |=yxvwtv
|=yOYQO '�xRwQ 14 =D 1� hrDNt |=yxvwtv |=Q@ "OvwW|t xO=t; xv}y@ C@ w]Q
OYQO T=U=Q@ w Ovvm|t xi=[= 5 pmW Ovv=ty l =N x@ =Q T}r}Uwv=v hrDNt
OQ=Ov=DU= VmJ |xr}Uw x@ 'OQ=Ov=DU= sm =QD V}=tR; QO xOWu}}aD |xv}y@ C@ w]Q
'CU= xQiL V}=UQi V}=tR; ?r=k u=ty xm OQ=Ov=DU= sm =QD ?r=k uwQO '�2 5kg�

"OwW|t sm =QDt 'ASTM D698 OQ=Ov=DU= j@=]t x}q 3 QO

"=Qo =w l =N =@ T}r}Uwv=v ?}mQD "5 pmW
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"�2004 'pi w uw� V}=UQi MQv XN=W |=Q@ |i}m C=Q=@a "5 pwOH
h}YwD V}=UQi MQv XN=W xwQo |xQ=tW
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`} QU COWx@ < 2 1
`} QU Q=}U@ 2�3 2
`} QU =@} QkD 3�4 3
xDUy; =@} QkD 4�5 4
xDUy; Q=}U@ 5�6 5
xDUy; COWx@ > 6 6

"hrDNt |=yOy w u=tR Q}F-=D CLD =Qo =w l =N |Q}PBV}=UQi "6 pwOH
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QO 5 pwOH j@=]t =Qo =w |=yl =N CQwY Qy QO w OvQ=Ov OwN |Q}PBV}=UQi OvwQ

"OvQ}o|t Q=Qk `} QU COWx@ |Q}PBV}=UQi xwQo
xOW C}@FD |=Qo =w |=yl =N V}=UQi MQv |xOvyOu=Wv '10 =D 8 |=ypmW
CLD xRwQ 14 w 7 '1 |Qw;pta |=yu=tR QO 'T}r}Uwv=v OYQO 3 w 2 '1 =@

"CU= QDt|r}t 400 w 200 '100 |=yOy
xOW x�=Q= 400 w 200 '100 |=yOy CLD V}=UQi MQv XN=W x@ xHwD =@
l} |v=tR |xQwO QO wv=v =@ xOW C}@FD =Qo =w l =N xm CU= XNWt 8 pmW QO
j@=]t u}vJty "OQ}o|t Q=Qk `} QU COWx@ |Q}PBV}=UQi xwQo QO l =N 'xRwQ
xwQo QO Cw=iDt |=yOy CLD xRwQ 7 |v=tR |xQwO QO xOW C}@FD l =N '9 pmW
V}=UQi MQv XN=W '10 pmW "CU= xDUy; ,=@} QkD w `} QU ,=@} QkD |Q}PBV}=UQi
QO QDW}@ l =N xm OyO|t u=Wv =Q xRwQ 14 |v=tR |xQwO QO xOW C}@FD l =N
|v=tR |xQwO x@ C@Uv V}=UQi MQv V}=Ri= u=R}t =t= "OQ=O Q=Qk xDUy; ,=@} QkD xwQo
?U=vt w |wk Ovw}B u=wD|t =Q V}=UQi MQv Vy=m u}= pt=a xm CU= QDW}@ xRwQ 7
|=yl =N |Q}PBV}=UQi 'u}= Q@xwqa "CUv=O =Qo =w l =N =@ T}r}Uwv=v C=QP u}@
wQ V}=UQi MQv w xOQm =O}B Vy=m 'QDq=@ |=yu=}O=Qo QO T}r}Uwv=v =@ xOW?}mQD

"CU= xOw@ V}=Ri= x@
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1. hole erosion test
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