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"�Ov= xOW l}miD \a" hQL =@ |R=Uy@ R= Oa@ w \b"hQL =@

jta C}=U s=v qc(b) qc(a)
m(b) m(a)

E(b) E(a)
�(b) �(a)

Vs(b) Vs(a) Dr(b) Dr(a)

(m) `HQt w (Mpa) (Mpa) (Mpa) (Mpa) (m/s) (m/s) � �
0�5 x=owQ}v 4�6 8�10 160�170 240�260 15�25 50�60 37�40 40�42 135�140 150�165 30�35 45�50
5�10 xv=NOwQ 4�5 5 10�21 160�180 270�450 17�20 60�100 36�38 40�43 5 150�170 180�230 35�40 60�95
10�15 [11]u=HCvU 5�8 14�22 180�210 350�470 20�30 80�110 36�38 40�43 180�200 230�250 45�55 75�95
5�10 |@ Qe OU 2 5�4 10�13 130�150 320�350 10�15 65�80 33�35 39 5�40 170�175 205�215 30�35 60�70
10�15 [12]T}rwB wv}B 2�2 5 9�13 130�140 300�360 8�10 60�80 31 5�33 38 5�40 5 165�175 210�220 25�30 60�73
5�10 OU 2�3 4�5 120�125 200�225 4�6 15�20 33 5�34 5 35�36 5 155�165 175�185 25�30 35�45
10�15 [13]l} Qm 3�6 5�8 125�160 220�270 5�12 20�35 34�36 5 35 5�38 160�190 180�210 30�45 40�60
0�5 T=U= Q} R 4�10 6�12 110�150 220�280 15�30 25�40 40�42 40�43 125�145 140�165 30�45 35�55
5�10 |}=} QO 4�14 10�20 150�225 300�450 20�50 40�65 39�41 40�43 160�200 190�230 40�70 60�85
10�15 [14]QU}=m 2�5 4�10 100�150 220�350 5�15 15�35 30 5�33 32�38 155�170 185�220 25�40 35�65
0�5 x=owQ}v 3�5 9�10 120�130 240�250 10�15 35�40 37�39 40�41 135�145 165�180 30�35 50�55
5�10

[11] =O} Qwri 4�5 5 12�22 125�145 280�400 12�17 45�80 37�38 40�42 150�170 190�240 30�40 60�90
10�15 5�8 12�22 150�170 350�425 15�25 50�80 36�38 39�42 180�200 240�260 45�52 80�95
0�5

[17]=@HOU
4�6 10�12 140�150 200�220 12�18 30�35 38�39 41�42 5 130�150 160�180 20�30 35�45

5�10 5�9 10�11 5 150�180 220�250 15�25 30�35 37 5�39 40�41 160�190 190�220 30�40 40�50
10�15 8�11 12 5�15 180�205 250�290 25�33 35�48 38 5�39 5 39 5�40 5 200�225 225�250 40�50 55�65
15�20 9�15 19�25 190�260 300�390 25�50 50�75 38�41 40�42 225�250 260�285 50�65 70�90
0�5 xQ} RH 4�8 7�9 150�200 200�250 15�23 25�38 38�41 40�43 120�140 140�160 35�50 45�60
5�10 [18]QwW} QD 2 5�4 3�5 140�160 160�190 8�12 13�20 35�36 5 36�38 135�150 150�160 25�35 30�40
0�5 x=oOwQi 6�10 12�17 150�200 260�330 15�30 50�70 38�41 43�45 120�145 145�185 30�45 50�65
5�10 [19]|ov=J 5�8 5 15�20 175�200 350�400 18�25 60�80 37 5�40 5 41�44 160�180 200�220 40�50 70�85
0�5 l =Qt QOv@ 4�6 16�18 5 150�180 250�320 10�20 60�75 38�39 5 43�44 5 130�150 170�200 30�40 60�75
5�10 [19]|RvwOv= 4�6 5 15�21 150�200 300�380 10�20 60�85 35 5�37 5 41�43 160�185 200�235 30�45 70�95
5�10 p=v}tQD 2�3 8�12 130�140 220�260 8�9 30�50 32 5�34 38 5�40 5 150�160 190�220 19�21 45�60
10�15

[20]wOv=w 1 5�2 5 13 5�15 130�140 275�305 8�9 55�60 31 5�32 39 5�40 5 160�170 220�240 20�22 60�70
15�20 1 5�2 5 12 5�14 130�140 300�310 8�9 50�55 30 5�31 5 39�40 175�185 245�260 20�22 65�70
0�5 x=oOwQi 3�5 9�11 5 160�240 370�450 11�20 52�70 35 5�40 41 5�43 115�140 130�175 25�35 38�50
5�10 [10]nvmnvy 3�7 9�11 5 160�190 300�360 13�28 53�70 35 5�38 39 5�41 5 140�175 180�205 28�45 50�60
0�5 [16]GvUwC}=U 1�4 4�10 80�100 160�220 3�10 20�45 31�34 35�40 100�115 125�150 15�25 25�40

15�20 [15]wDvt=Qm =UC}=U 5�6 9�11 140�170 240�280 13�18 35�42 35�37 37�39 180�210 215�240 40�50 60�65
5�10 |W}=tR; C}=U 5�6 8�11 160�180 250�300 13�19 35�45 36 5�38 38 5�40 170�180 190�220 38�45 55�70
10�15 [18]Qwwmvw 5�7 9�12 180�205 275�325 15�22 35�45 36�37 5 38 5�40 185�200 210�230 40�50 60�72
0�5 [21]uwr=i x=oDU}= 6�11 13�19 150�200 300�400 20�30 60�80 39�40 5 44�45 5 120�150 140�170 30�50 50�75
0�5 QOv@ 6�10 18�23 200�300 350�450 15�35 50�85 34�38 43�46 125�145 160�190 35�45 60�90
5�10 [22]CwB=DAt 4�8 10�22 150�220 250�350 10�30 30�70 32 5�34 38�44 160�180 200�220 35�50 65�95
0�5 x=oDU}= 2 5�5 12�14 5 130�160 225�285 10�17 40�55 33 5�35 5 41�42 5 120�145 150�180 25�35 45�65
5�10 [23]|Ut nvUp=eR 4�5 50 8�14 160�180 250�300 12�18 30�55 34�35 38�41 150�165 185�200 32�40 50�70

0�5 sw}vtwr; `tDHt 2�4 8�17 140�150 225�325 8�11 25�55 32�34 5 38 5�44 120�155 140�180 20�32 45�75
[24]|Oytr=

sm} w x=HvB |xQ=tW �h} QW 55



"""xO
W|

R=U
y@l

=N|
m}vm

Dw�S
|=y

|oS
}w|

tmp
QDvmR= p@k '|m}vmDw�S |=yQDt=Q=B� �xv=OR} Q l =N� hrDNt |=yC}=U QO |tm CQwYx@ xrY=L l}vmDw�S |=yQDt=Q=B w CPTu G}=Dv |xOwOLtR= |}xvwtv "2 pwOH

"�Ov= xOW l}miD \a" hQL =@ |R=Uy@ R= Oa@ w \b"hQL =@ |R=Uy@
C}=U s=v jta qc(b) qc(a) fs(b) fs(a)

m(b) m(a)
E(b) E(a) u(b) u(a)

`HQt w (m) (Mpa) (Mpa) (kpa) (kpa) (Mpa) (Mpa) (kpa) (kpa)

x=owQ}v 0�5 2 5�4 5 5�7 5 170�260 250�360 30�45 60�80 8�13 40�60 ��10����3� ��25����5�

|=D} Q=Dv=U jta
Ko(b) Ko(a) OCR(b) OCR(a)

Fr(b) Fr(a) Vs(b) Vs(a) su(b) su(a)

[19]u}B}r}i �m� ��� ��� (m/s) (m/s) (kpa) (kpa)

0�5 2�3 3�4 5 10�20 15�35 6�7 5 3 5�6 130�170 190�230 75�130 175�250

Q=wr@
jta qc(b) qc(a) fs(b) fs(a)

m(b) m(a)
E(b) E(a) u(b) u(a)

|=}=H=QDwB

�m� (Mpa) (Mpa) (kpa) (kpa) (Mpa) (Mpa) (kpa) (kpa)

[19]|Rr=t

0�5 2 5�4 4�5 5 150�210 250�350 35�45 45�60 20�30 30�42 ��10����5� ��25����10�
5�10 3�4 6�7 200�250 350�400 35�50 65�75 20�30 45�55 ��15����10� ��25����10�
jta

Ko(b) Ko(a) OCR(b) OCR(a)
Fr(b) Fr(a) Vs(b) Vs(a) su(b) su(a)

�m� ��� ��� (m/s) (m/s) (kpa) (kpa)

0�5 2 5�3 5 2 5�3 5 15�25 15�30 5�6 5 5�6 5 130�160 160�195 90�130 125�170
5�10 1 8�2 3 2�2 5 10�15 12�15 5 5�6 5 5�6 5 150�180 210�230 100�150 200�230

C}=U
jta qc(b) qc(a) fs(b) fs(a)

m(b) m(a)
E(b) E(a) u(b) u(a)

|ov=J

�m� (Mpa) (Mpa) (kpa) (kpa) (Mpa) (Mpa) (kpa) (kpa)

[26]|kQW

0�5 2 5�3 5 4�6 100�160 170�240 25�40 45�65 15�25 35�55 ��3����5� ��18����7�
5�10 3�4 4 5�6 5 200�230 250�350 35�45 45�65 20�30 40�65 ��3����3� ��20����5�
jta

Ko(b) Ko(a) OCR(b) OCR(a)
Fr(b) Fr(a) Vs(b) Vs(a) su(b) su(a)

�m� ��� ��� (m/s) (m/s) (kpa) (kpa)

0�5 2�4 5 2 5�4 5 10�30 15�30 4�6 5 4�5 130�150 160�200 75�110 125�175
5�10 1 7�2 1 1 7�2 5 5�10 5�15 5�6 5 4�6 145�160 170�210 100�125 150�180

|xO=H
jta qc(b) qc(a) fs(b) fs(a)

m(b) m(a)
E(b) E(a) u(b) u(a)

|=}D=vo}=
�m� (Mpa) (Mpa) (kpa) (kpa) (Mpa) (Mpa) (kpa) (kpa)

[25]O}OH

0�5 1�3 4�6 5 100�200 250�320 15�30 50�75 1�10 35�55 ��2����2� ��14����6�
jta

Ko(b) Ko(a) OCR(b) OCR(a)
Fr(b) Fr(a) Vs(b) Vs(a) su(b) su(a)

�m� ��� ��� (m/s) (m/s) (kpa) (kpa)

0�5 90�130 170�215 50�100 150�220 2�2 5 2 8�3 8 10�15 15�25 6�10 3�6

C}=U
jta qc(b) qc(a) fs(b) fs(a)

m(b) m(a)
E(b) E(a) u(b) u(a)

|W}=tR;

�m� (Mpa) (Mpa) (kpa) (kpa) (Mpa) (Mpa) (kpa) (kpa)

[27]Qwwmvw

0�5 0 5�2 3�5 5 110�160 180�230 8�20 40�65 5�15 30�50 ��1����4� ��6����10�
5�10 0 5�1 5 5�6 5 200�240 270�360 5�15 50�70 5�10 45�60 3�5 ��10����5�
jta

Ko(b) Ko(a) OCR(b) OCR(a)
Fr(b) Fr(a) Vs(b) Vs(a) su(b) su(a)

�m� ��� ��� (m/s) (m/s) (kpa) (kpa)

0�5 1�2 2�3 2�10 10�20 4 5�6 5 4�5 5 50�110 150�200 25�60 125�175
5�10 1�1 5 2�2 5 1�5 10�15 5�6 5 4 5�6 60�90 190�220 20�50 160�220

CQwYx@ |}=yv G}=Dv 'xv}tR u}= QO u}kkLt Q}=U G}=Dv =@ xU}=kt w xHwD u}vJty
x�=Q= �4 pwOH� xv=OR} Q |=yl =N w �3 pwOH� |}xv=O |=yl =N |=Q@ |rw=OH

"OvOW
|tm ^=Lr R= l =N ẁv |Ov@xk@] OQwtQO G}=Dv |QU l} |x�=Q= |=DU=Q QO
'xv}tR u}= QO ?U=vt |xOwOLt O=yvW}B w l}vmDw�S |=yQDt=Q=B Q}O=kt |UQQ@ w

l =N|v=UWm pwOt "3 &�m� w@v=HpwOt OOa "2 &p=mU=B=ot?ULQ@ �qc� \wQNt
&p=mU=B wr}m?ULQ@ �Su� xOWv|WmxR|WQ@Ctw=kt "4 &p=mU=B=ot?ULQ@ �E�
"7 & �FR� |m =m]Y= C@Uv "6 &x}v=FQ@ QDt ?ULQ@ �Vs� |WQ@ Gwt CaQU "5
"�ko� uwmU p=L QO l =N |@v=HQ=Wi ?} Q[ "8 &�OCR� |t}mLDV}B C@Uv
w 'jwi Q}O=kt *uO=O Q=Qk sy Q=vm |DQ=@ax@ =} 'p}rLD w x} RHD R= TB

sm} w x=HvB |xQ=tW �h} QW 56
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ir=w@

= "�|}xv=O l =N� |}=yv G}=Dv w |r}rLD "3 pwOH

�QDt� jta sm =QD qc
m

E
�

Vs Dr Fr

(Mpa) (Mpa) (m/s) � �

0�5

pW |r}N < 2 80�110 < 6 < 31 < 100 < 15 > 1 5
pW 2�4 110�130 6�12 31�34 100�140 15�25 1 1�1 5

\UwDt sm =QD 4�6 130�180 12�20 34�38 140�160 25�45 0 9�1 1
sm =QDt 6�12 180�250 20�40 38�40 160�190 45�65 0 6�0 9

sm =QDt |r}N > 12 250�350 40�80 > 40 > 190 > 65 < 0 6

5�10

pW |r}N < 2 5 100�125 < 8 < 32 < 130 < 20 > 1 4
pW 2 5�5 125�150 8�15 32�35 130�170 20�35 1 2�1 4

\UwDt sm =QD 5�10 150�200 15�25 35�38 170�190 35�55 0 8�1 2
sm =QDt 10�16 200�325 25�50 38�41 190�220 55�70 0 5�0 8

sm =QDt|r}N > 16 325�400 50�85 > 41 > 220 > 70 < 0 5

10�15

pW |r}N < 3 110�130 < 8 < 32 < 150 < 25 > 1 4
pW 3�5 130�150 8�20 32�36 150�180 25�40 1 2�1 4

\UwDt sm =QD 5�12 150�220 20�35 36�40 180�220 40�60 0 7�1 2
sm =QDt 12�20 220�400 35�65 40�42 220�250 60�80 0 45�0 7

sm =QDt|r}N > 20 > 400 > 65 > 42 > 250 > 80 < 0 45

15�20

pW |r}N < 5 130�150 < 10 < 32 < 170 < 25 > 1 2
pW 5�8 150�180 10�30 32�38 170�220 25�45 1 0�1 2

\UwDt sm =QD 8�15 180�250 30�55 38�41 220�240 45�65 0 6�1 0
sm =QDt 15�22 250�425 55�75 41�44 240�275 65�85 0 3�0 6

sm =QDt|r}N > 22 > 425 > 75 > 44 > 275 > 85 < 0 3
"�xv=OR} Q l =N� |}=yv G}=Dv w p}rLD "4 pwOH

qc
m

E Vs su Fr
OCR Ko

(Mpa) (Mpa) (m/s) (kpa) �
sQv < 1 5 5�15 < 10 < 100 < 60 6�8 < 5 < 1

CiU =D \UwDt 1 5�4 15�40 10�40 100�190 60�130 4�6 5�12 1�2
CiU |r}N =D CiU > 4 > 40 > 40 > 190 > 130 < 4 > 12 > 2

[29]"|}xv=O |=yl =N sm =QD hrDNt \}=QW QO '|m}vmDw�S C=YNWt |NQ@ x�=Q "5 pwOH
l =N C}a[w pW |r}N pW \UwDt sm =QD sm =QDt sm =QDt |r}Nl}vmDw�S |=yQDt=Q=B

�kg/cm2�CPT R= pY=L qc < 50 50�100 100�150 150�200 > 200
Dr ��� |@Uv xD}Uv=O < 15 15�35 35�65 65�85 85�100
|rN=O l =m]Y= x} w=R < 30 30�32 32�35 35�38 > 38

|Q}oxH}Dv "5
'|]=U@v= |=yl =N 'pW w sQv |=yl =N Q}_v� Q=Oxr�Ut |=yl =N xm =Hv; R=
R= 'OvDU}v ?U=vt ,qt=m |}xR=U |=yQ=@ ptLD |=Q@ �=yR} Qm =N w xOv@tQ |=yl =N
u}= QO "OwW|t xO=iDU= u; |R=Uy@ w l =N C}a[w Ow@y@ |=Q@ |}xS} w |=yVwQ
xm CU= C}ty=QB Q=}U@ l =N QO |i=m Ctw=kt V}=Ri= pwYL R= u=v}t]= '=yxSwQB

QO C=k}kLD u}= R= |}xvwtv &Ov=xO=O s=Hv= |}xOQDUo C=ar=]t |Q=}U@ u}kkLt
Q}=U |xOWx�=Q= G}=Dv j}kO |UQQ@ T=U= Q@ "CU= xOW xO=O u=Wv 6 w 5 pw=OH
u=wD|t '|O=yvW}B |tm pw=OH |UQQ@ u}vJty w Q}O=kt u}= x@ |rm x=ov w u}kkLt
|rta OQ=wt |=y|UQQ@ R= pY=L |O=yvW}B Q}O=kt xm Ci=} CUO xH}Dv u}= x@
QO w OQ=Ov |v=OvJ hqDN= u}kkLt Q}=U \UwD xOWx�=Q= G}=Dv =@ j}kLD u}= QO

"OQ=O Q=Qk |k]vt w ?U=vt |xOwOLt

sm} w x=HvB |xQ=tW �h} QW 57
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tmp
QDvm|r}N Cr=L QO &CU= xOW Q@=Q@ 2 ,=OwOL u; \UwDt sm =QD Cr=L QO w |R=Uy@

=@ xrY=L G}=Dv "OwW|t p=mU=B=ot 15 R= QDnQR@ ,=OwOL qc Q=Okt R}v sm =QDt
[29]"OQ=O Ck@=]t 1956 p=U QO xOW x�=Q= Q}O=kt

R= QDlJwm qc Q}O=kt sQv l =N Cr=L QO w |R=Uy@ R= p@k 'xv=OR} Q l =NQO �
u}= CiU =D \UwDt l =N Cr=L QO w |R=Uy@ R= Oa@ w xOw@ p=mU=B=ot 1 5
|r}N =D CiU l =N Cr=L QO &CU= xDi=} V}=Ri= p=mU=B=ot 4 OwOL=D Q=Okt
xOW x�=Q= G}=Dv =@ Q}O=kt u}= "CU= xOW p=mU=B=ot 4 R= QDnQR@ Q=Okt u}= CiU

[30]"CU= Q=oR=U 1975 p=U QO
,=OwOL 'pW l =N Cr=LQO w |R=Uy@ R= p@k '|}xv=O l =N QO |@Uv sm =QD Q=Okt �
w xOQm Q}}eD hrDNt |kta pY=wi QO Q=Okt u}= "CU= xOw@ OYQO 20 R= QDsm
Cr=L QO &CU= xOW Q@=Q@ 3 ,=OwOLDr \UwDt sm =QD Cr=L QO w |R=Uy@ R= Oa@
CUOx@ Q}O=kt "OwW|t OYQO 75 R= QDnQR@ ,=OwOL Q=Okt u}= sm =QDt |r}N

[29]"OQ=O |@U=vt j@=]D 1956 p=U QO xOW x�=Q= G}=Dv =@ xOt;
Cr=LQO w |R=Uy@ R= p@k 'xv=OR} Q l =N QO xOWv|WmxR |WQ@ Ctw=kt Q=Okt �
l =N Cr=L QO w |R=Uy@ R= Oa@ "CU= p=mU=B wr}m 60 R= QDsm ,=OwOL 'sQv l =N
|r}N =D CiU l =N Cr=L QO w xOW Q@=Q@ 2 =D 1 5 Q=Okt u}= CiU =D \UwDt
xrY=L Q}O=kt "CU= xOW p=mU=B=ot 130 R= QDnQR@ ,=OwOL su Q=Okt CiU

[30]"OQ=O |@Uv |Q=oR=U 1975 p=U QO xOW x�=Q= G}=Dv =@
|Pivt ?; Q=Wi Q}O=kt |oOvm =QB w CPT�u� |=yxO=O QO C}OwOLt seQ |ra �
CPT�u� V}=tR; s=Hv= =@ xm OQm xQ=W= xDmv u}= x@ u=wD|t '|R=Uy@ R= TB u2
xOW |Q}oxR=Ov= |Pivt ?; Q=Wi Q}O=kt QDW}@ 'l =N |R=Uy@ R= TB xrY=iq@
TB xv=OR} Q l =N |v; \=U@v= u; p}rO xm OwW|t |ivt u2 \wQNt |xv=W QO

"CU= |R=Uy@ R=

|=yl =N sm =QD hrDNt \}=QW QO '|m}vmDw�S C=YNWt |NQ@ "6 pwOH
[30]"xv=OR} Q

l =N C}a[w sQv \UwDt =D CNU
l}vmDw�S |=yQDt=Q=B CiU =D CNU |r}N

�kg/cm2�CPT R= pY=L qc < 10 10�50 > 50
�kg/cm2� QwLt lD R= pY=L su < 0 5 0�1 1�2

'=yxO=O OOaD p}rOx@ \wQNt Pwiv V}=tR; XwYNx@ =HQO |=yV}=tR; s=Hv= =@
"Ci=} CUO syt u}= x@ u=wD|t 'u; uOw@|O=YDk= R}v w =yv; |oDUw}B

u=wD|t |R=Uy@ R= Oa@ w p@k u=tR QO CPT V}=tR; |=yxO=O |xU}=kt =@
23 'jwi hOy x@ |@=}CUO |=Q@ "OQ@ |B |R=Uy@ hrDNt |=ysDU}U C}=im x@
j]=vt u; QO CPTu w CPT V}=tR; R}v w 'Ow@ xDiQo Q=Qk |R=Uy@ OQwt xm C}=U
�OwW|t pt=W =Q CPTu w CPT p}iwQB 75 ,=OwOL xm '|R=Uy@ R= Oa@ w p@k�
jta =D =yxO=O u}= |wQ Q@ =y|UQQ@ w p}rLD "OvDiQo Q=Qk p}rLD w |UQQ@ OQwt
|@=} RQ= |=Q@ |rw=OH u=}=B QO "OW s=Hv= QDt|Dv=U 20 Qy |=R=x@ w |QDt 20
u=wD|t O};|tQ@ jwi j}kLD R= xm |H}=Dv"OvOW O=yvW}B |tm CQwYx@ |R=Uy@

%OQm xYqN u}vJ
Q_v OQwt |=yQDt=Q=B |t=tD |R=Uy@ pta R= Oa@ '|O=yvW}B pw=OH x@ xHwD =@ �
=@ OQwt u}= "�O@=}|t Vy=m xm |m =m]Y= C@Uv <=vFDU=x@� CU= xDi=} V}=Ri=

[28]"OQ=O Ck@=]t �2004 p=U QO� u}kkLt \UwD xOW x�=Q= G}=Dv
R= QDlJwm qc Q}O=kt pW l =N Cr=L QO |R=Uy@ R= p@k '|}xv=O l =N QO �
R= Oa@ w xOQm Q}}eD hrDNt |kta |=yxR=@ QO Q}O=kt u}= "CU= p=mU=B=ot 5

CWwv=B
1. Hong Kong airport
2. ST. John river power plant-U.S.A
3. pinopolis west dam-U.S.A
4. steel creek dam-U.S.A
5. kaiser submarine base-Georgia
6. sacramento river-U.S.A
7. wastach mountain-U.S.A
8. orida power plant-U.S.A
9. jebba dam-Nigeria
10. treasure island-U.S.A
11. canadian liquefaction experiment
12. changi airport- Singapore
13. merak port-Indonesia
14. wando terminal-U.S.A
15. fallon station- U.S.A
16. map ta put port-Thailand
17. massey coal terminal-U.S.A
18. new egnatia road-Greece
19. Changi east site-Singapore
20. santa rita power plant-Philippine

21. putrajaya boulvared-Malaysia
22. vancouver test site-Canada
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