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"CU= xOWv QU}t p=mU=B=ot 5 =D V}=Ri= u=mt= |m}DUq <=We uO}mQD p}rO x@
'CU= xDW=Ov OQ=Ov=DU= |vLvt =@ |@ wN Ck@=]t =yv; R}v =yuwtR; |vLvt R= |NQ@
R}v OOHt Q=QmD =@ |DL uwtR; u}= |=QH= |xwLv QO O=} R QF-wt pt=wa x@ xHwD =@ xm
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xv=OCWQO CiQ@; VvQm � VvD Q=DiQ |wQ Q@ uw}U=Dv=t}U QF= QO |at=H |xU}=kt

%CU= xOy=Wt p@=k x@vH OvJ R= QF= u}= |UQQ@ "O=O s=Hv=
&=HQ@ |ki= VvD ��

&|]Nx@W |xOwOLt ��

jta |=Q@ |QDtw}UQB |=yV}=tR; QO VvQm � VvD |vLvt |xU}=kt "14 pmW
"|QDt 7 5

[1]"Cu w PL u}@ \=@DQ= "2 pwOH
PL � �h0 (kPa) Cu (kPa)

< 300 (PL � �h0 )=5 5
> 300 ((PL � �h0 )=10) + 25

C@Uv u=wvax@ `H=Qt R= |NQ@ QO w CU= l =N R= xYNWt l} Em=PL C@Uv
"OwW|t u}}aD �OCR� |t}mLDV}@

|QDtw}UQB |=yV}=tR; G}=Dv "6
"Ov=xOW s=Hv= |y=oW}=tR; w =HQ@ \}=QW QO |QDtw}UQB |=yuwtR; 'Q=DWwv u}= QO
|=y|vLvt '13 w 12 |=ypmW "CU= xOW x�=Q= =yuwtR; u}= G}=Dv VN@ u}=QO
xOy=Wt T=U= u}= Q@ "OvyO|t u=Wv =Q |y=oW}=tR; w =HQ@ \}=QW QO |QDtw}UQB
Ck@=]t Q=Owtv u}= OQ=Ov=DU= pmW =@ |QDtw}UQB |=y|vLvt pmW xm OwW|t
"OQ=O |rw@k p@=k u=v}t]= '=yQ=Owtv u}= Q}UiD R= pY=L G}=Dv w xDW=O |@U=vt
s=Hv= |xwLv R= |O=} R Q=}U@ C=}�RH Qou=}@ Ov=wD|t |QDtw}UQB |vLvt pmW =Q} R
?U=vt |Q=PoQ=@ |=yxrB 'CUQO |Q=Po}=H 'xQiL uOw@?U=vt R= sa= V}=tR;
pmW 'OwW|t xOy=Wt 13 pmW QO xm xvwou=ty "OW=@ """w 'V}=tR; OQwt l =N
|v=wNsy OQ=Ov=DU= |QDtw}UQB pwtat|vLvt =@|y=oW}=tR; |QDtw}UQB |=y|vLvt

"=HQ@ |=yV}=tR; QO VvQm � VvD |vLvt VwB "12 pmW

"x=oW}=tR; |=yV}=tR; QO VvQm � VvD |vLvt VwB "13 pmW
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Ci
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Q=DiQ

|=y
QDt=Q

=Bu
}}aD"V}=}v � QOY pvwD |xSwQB QO xOWs=Hv= |QDtw}UQB |=yV}=tR; G}=Dv R= |O=OaD "3 pwOH

Cu Ks G
Em=PL

PL Es Em
�

ẁv jta xv=to
(kg/cm2) (kg/cm3) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) l =N (m)

0 23 8 7 60 0 2 9 55 3 452 162 0 25 GM 6 5� 5
NB-10 28 15 4 105 6 4 8 59 5 797 285 0 25 GM 21 5� 20

0 38 15 3 105 2 4 8 59 3 794 284 0 25 GC 28 5� 27
0 31 5 3 36 4 8 0 12 3 274 98 0 25 GM 8 5� 7

NB-20 36 14 0 96 0 4 7 55 6 723 259 0 25 GC 13 5� 12
0 48 11 4 78 5 2 0 106 0 436 212 0 25 SC 23 5� 22
0 29 14 8 101 5 4 9 56 5 563 274 0 25 SM 30� 28 5

"Crt nv}mQ=B |xSwQB QO xOWs=Hv= |QDtw}UQB |=yV}=tR; G}=Dv R= |O=OaD "4 pwOH
Cu Ks G

Em=PL
PL Es E0s Em

�
ẁv jta xv=to

(kg/cm2) (kg/cm3) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) l =N (m)

0 82 19 1 122 5 5 59 5 939 1304 326 0 25 GW-GC 5 0� 3 5
P-40 83 23 2 280 12 3 61 3 2339 3004 751 0 25 GC 21 0� 19 5

0 78 15 4 95 4 3 58 3 725 1008 252 0 25 GC-GM 5 0� 3 5

P-6
0 79 32 3 268 12 4 58 3 1660 2126 723 0 34 SC-SM 9 0� 7 5
0 89 30 9 315 14 7 57 8 2066 2491 847 0 34 SC 13 0� 11 5
0 86 28 3 328 15 1 58 5 2940 3540 885 0 25 GC 17 0� 15 5
0 95 31 3 326 14 9 59 0 2154 2597 883 0 34 SC 21 0� 19 5

"VQ; QPoQ} R |xSwQB QO xOWs=Hv= |QDtw}UQB |=yV}=tR; G}=Dv R= |O=OaD "5 pwOH
Cu Ks G

Em=PL
PL Es E0s Em

�
ẁv jta xv=to

(kg/cm2) (kg/cm3) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) l =N (m)

0 23 23 6 165 8 4 53 6 1495 1800 450 0 25 GP-GC 11 5� 10 0
BH-A10 73 32 3 205 5 4 98 1090 1623 552 0 34 SC 16 0� 14 5

0 61 27 0 170 12 4 37 0 1525 1840 460 0 25 GC 4 5� 3 0
BH-A20 18 31 8 200 9 9 54 3 1780 2145 536 0 25 GW-GC 10 0� 8 5

0 77 36 0 230 11 1 55 3 1215 1811 616 0 34 SC 30 5� 29 0
"x=oW}=tR; \}Lt QO xOWs=Hv= |QDtw}UQB |=yV}=tR; G}=Dv "6 pwOH

Ks Cu G
Em=PL

PL Es E0s Em
�

ẁv jta xv=to
(kg/cm2) (kg/cm3) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) (kg/cm2) l =N (m)

9 5 0 19 61 2 9 55 6 470 652 163 0 25 GC 4 0� 3 0
G

9 0 0 18 58 2 4 65 8 446 620 155 0 25 GC 8 0� 7 0
11 4 0 26 73 3 6 54 5 562 780 195 0 25 GC 12 0� 11 0
13 2 0 28 85 4 1 55 5 654 908 227 0 25 GC 17 0� 16 0
12 0 0 49 75 4 5 45 5 374 603 205 0 34 SC 4 0� 3 0

S
16 6 0 42 105 5 2 54 7 515 832 283 0 34 SC 8 0� 7 0
11 4 0 56 72 3 6 53 7 355 573 195 0 34 SC 12 0� 11 0
12 3 0 55 78 3 9 54 0 383 618 210 0 34 SC 17 0� 16 0
8 6 0 17 55 2 7 54 2 405 592 148 0 25 GC 4 0� 3 0

G
12 5 0 28 80 3 2 66 9 579 852 213 0 25 GC 8 0� 7 0
11 0 0 23 70 2 9 64 8 511 752 188 0 25 GC 12 0� 11 0
18 5 0 37 117 5 5 57 8 857 1260 315 0 25 GC 17 0� 16 0
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|QDtw}UQB |=y|vLvt |UQQ@ "1"7
xv=OCWQOCiQ@; Q=DiQ 'OwW|t xOy=Wt xOWx�=Q=|=ypmW|=yQ=Owtv R= xm Qw]u=ty
?}W u}vJty "OvDUy xOW|R=UR=@ |=yl =N R= QD?wr]t w QDsw=kt uw}U=Dv=t}U =@
uDUmW R= TB =HQ@ |=yuwtR; QO |rw 'CU= C@=F ,=D@Uv xOW|R=UR=@ |=yQ=Owtv
=HQ@ |ki= |=yVvD G}=Dv |xU}=kt =@ "CU= xOW C@=F ?}W uw}U=Dv=t}U QF=
Qt= u}= xm 'CU= QDW}@ =HQ@ |=yuwtR; |ki= |=yVvD u=R}t xm OwW|t xOy=Wt
7 5 jta V}=tR; QO \ki "CU= x}rw= |DiU =} uw}U=Dv=t}U QF= OwHw p}rO x@
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VvD ?U=vt p=ta= |xOvyOu=Wv xm 'OvDUy Qo}Om} l}ORv =yVvD u}= =yV}=tR;
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?} Q[ u}= p=ta= xm OvDUy OkDat Qt= u}= x@ w Ov=xOQm OQ=w p=mW= � ?} Q[
QO OwYkt u}= x@ p}v |=Q@ "OwW|t |v=UWm pwOt Q}O=kt uOW|ak=wQ}e ?@U
Q}O=kt w � ?} Q[ p=ta= uwO@ |QDtw}UQB pwOt Q}O=kt '19 |r= 16 |=ypmW
xvwou=ty "Ov=xOW x�=Q= uwtR; ẁv wO Qy |=Q@ � ?} Q[ p=ta= =@ |v=UWm pwOt
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"=HQ@ \}=QW QO �G� |vW w �S� |}xU=t |=yCiQ@; |=Q@

QO xOWs=Hv= |QDtw}UQB |=yV}=tR; QO jta =@ |v=UWm pwOt C=Q}}eD "19 pmW
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QO u}= w CU= |vW |=yxvwtv R= QDW}@ |}xU=t |=yxvwtv G}=Dv '20 pmW Ovv=t xm
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u}= R= |QDnQR@ Q}O=kt 'QDW}@ |xv=OR} Q OYQO =@ |=yxvwtv xm CU= xOW XNWt
QO|QDtw}UQB uwtR;C}kiwt|xOvyOu=Wv xOt;CUOx@G}=Dvu}=Q@=v@ "OvQ=O =Q?} Q[
Q}O=kt |xU}=kt =@ "CU=|DiQ@; |=yl =N |xOWv|WmyR|oOv@UJ?} Q[ u}}aD

52



"""w
|@Q

F}u
}Or=?

=yW
O}U

'|t
=t=O

tLt

QO jta =@ (OCR = Em=PL) |WvD |xJN} Q=D C@Uv C=Q}}eD "26 pmW
QO �G� |vW w �S� |}xU=t |=yCiQ@; |=Q@ ?}DQD x@ |QDtw}UQB |=yV}=tR;

"=HQ@ \}=QW

|y=oW}=tR; w =HQ@ \}Lt QO |QDtw}UQB |=yuwtR; R= pY=L |oOv@UJ ?} Q[
Vy=m ?@U xOW|R=UR=@ |=yl =N QO uw}U=Dv=t}U QF= Ow@v xm OwW|t xOy=Wt
Q}O=kt �50 =D j=ta= |[a@ QO Vy=m u}= "CU= xOW |oOv@UJ ?} Q[ Q}O=kt

"CU= xOw@ =HQ@
|UQQ@ =D CU= xOw@ u=QoWywSB xHwD OQwt xQ=wty l =N VvD |xJN} Q=D
Q}O=kt T=U= u}= Q@ "OvW=@ xDW=O =yl =N VvQm � VvD Q=DiQ x@ C@Uv |QDj}kO
|=yV}=tR; G}=Dv |wQ R= (OCR = Em=PL) |WvD |xJN} Q=D ?} Q[
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u} QDjiwt '|QDtw}UQB uwtR; xm CU= xOW xOy=Wt VywSB u}= QO C}=yv QO

"CU= xv=OCWQO CiQ@; Q=DiQ QO Q=PoQ}F-=D |=yQDt=Q=B u}}aD QO V}=tR;
QO |QDtw}UQB |=yuwtR; R= pY=L |oOv@UJ ?} Q[ Q}O=kt |xU}=kt =@
|=yl =N QO uw}U=Dv=t}U QF= Ow@v xm OwW|t xOy=Wt '|y=oW}=tR; w =HQ@ \}Lt
QO Vy=m u}= "CU= xOW |oOv@UJ ?} Q[ Q}O=kt Vy=m ?@U xOW|R=UR=@

"CU= xOw@ =HQ@ Q}O=kt �50 =D j=ta= |[a@
QO |QDtw}UQB |=yuwtR; R= pY=L |WvD |xJN} Q=D C@Uv Q}O=kt |xU}=kt =@
|=yl =N QO uw}U=Dv=t}U QF= Ow@v xm OwW|t xOy=Wt |y=oW}=tR; w =HQ@ \}Lt
Q=Wi p=ta= u}vJty w |R=UR=@ \}=QW u}t-=D QO OwHwt |=y=]N w xOW|R=UR=@
QO Vy=m u}= "CU= xOW |WvD |xJN} Q=D C@Uv Q}O=kt Vy=m ?@U x@v=Hxty
Q}O=kt Vy=m xm CU= QmP u=}=W xD@r= "CU= xOw@ =HQ@ Q}O=kt �50 =D j=ta= |[a@

"OwW|t Q}O=kt u}= Vy=m ?@U OwN |OwN x@ |QDtw}UQB pwOt

QmWD w Q}OkD
u=Qta VywSB CmQW sQDLt uqw�Ut R= Ovv=O|t sRq OwN Q@ Q=DWwv u=oOvU} wv
w Q}OkD p=tm 'Ov=xDW=O R=}v OQwt |=yxO=O x}yD QO |@ wN Q=}U@ COa=Ut xm 'Q=wy=Q

"OvQ=O =Q QmWD

QO jta =@ (OCR = Em=PL) |WvD |xJN} Q=D C@Uv C=Q}}eD "27 pmW
"x=oW}=tR; QO xOWs=Hv= |QDtw}UQB |=yV}=tR;

\}=QW QO |QDtw}UQB |=yuwtR; s=Hv= CyH |y=oW}=tR; Q@tJ x=oDUO CN=U
pY=L |QDtw}UQB |=y|vLvt |UQQ@ "CU= xDiQo Q=Qk Q=m QwDUO QO xOW|R=UR=@
T=U=Q@ "OvDUy O=tDa= p@=k xOWs=Hv= |=yuwtR; G}=Dv xm CU= xO=O u=Wv
� VvD Q=DiQ |wQ Q@ uw}U=Dv=t}U QF= QO |at=H |xU}=kt u=wD|t G}=Dv u}=
xOy=Wt p@=k x@vH OvJ R= QF= u}= |UQQ@ "O=O s=Hv= xv=OCWQO CiQ@; VvQm

%CU=
&=HQ@ |ki= VvD ��

&|]Nx@W |xOwOLt ��
&VvQm � VvD Q=Owtv ?}W ��

&|v=UWm pwOt w |QDtw}UQB pwOt ��
&|OL Q=Wi ��
&|oOv@UJ ��

&|WvD |xJN} Q=D C@Uv ��
"QDU@ Vvm =w pwOt ��

|=yl =N R= QD?wr]t w QDsw=kt uw}U=Dv=t}U =@ xv=OCWQO CiQ@; Q=DiQ
'CU= C@=F ,=D@Uv xOW|R=UR=@ |=yQ=Owtv ?}W u}vJty "OvDUy xOW|R=UR=@
"CU= xOW C@=F ?}W uw}U=Dv=t}U QF= uDUmW R= TB =HQ@ |=yuwtR; QO |rw
|ki= |=yVvD u=R}t xm OwW|t xOy=Wt =HQ@ |ki= |=yVvD G}=Dv |xU}=kt =@
x}rw= |DiU =} uw}U=Dv=t}U QF= OwHw p}rO x@ Qt= u}= xm 'CU= QDW}@ =HQ@ |=yuwtR;

"CU=
xDN=OQB xv=OCWQO CiQ@; Q=DiQ QO Q=PoQ}F-=D |=yQDt=Q=B |UQQ@ x@ TBU
pwOt Ovv=t |rmWQ}}eD |=yQDt=Q=B pt=W QwmPt |m}vmDw�S |=yQDt=Q=B "CU= xOW
xrtH R= |WQ@ Ctw=kt |=yQDt=Q=B '�Ks� QDU@ Vvm =w pwOt w �E� pmWQ}}eD
|Y=N |=yQDt=Q=B w (') |rN=O l =m]Y= |x} w=R w �C� |oOv@UJ ?} Q[
Q=DiQ QO xm 'OvDUy �OCR� |t}mLDV}@ C@Uv w �PL� |OL Q=Wi p}@k R=
G}=Dv Q}UiD CyH |D=L}[wD Q=DWwv u}= QO "OvDUy Q=PoQ}F-=D xv=OCWQO CiQ@;
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1. thick hollow cylinder
2. probe
3. slotted tube
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