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R= |OOa pOt 'u}= OwHw =@ &CU= |OOa |R=UpOt w '|v=O}t V}=tR; '|Ov@x}q
=Q |OOa pOt pw@k p@=k CkO ẁ[wt u}= "CU= xOQm pta QDy@ Qo}O |=yVwQ
`tW w xOW s=Hv= u=UWm Q=DiQ |xOwOLt QO |HvUCLY OvJ Qy 'OyO|t u=Wv

"CU= xO}UQv |Q}tN Cr=L x@
Qw;O=} |rw 'Ov=xO=O u=Wv |v=O}t V}=tR; =@ |@ wN j=@]v= R}v p� y |=yVwQ
QwmPt |=yVwQ |va} 'Ov=xOW sUQ uOQmxQ@}r=m R= TB =yQ=Owtv u}= xm OwW|t
OwOLt u=tr= pOt =t= 'OvwW xQ@}r=m Q@Dat |=ypOt =@ O}=@ w OvQ=O |QDW}@ |=]N
pmWQ}}eD 'xvwtv u=wvax@ R}v 3 pmW "OQ=O |tm Q=}U@ |=]N 'uOQmxQ@}r=m uwO@

"OyO|t u=Wv =Q |OOa |=ypOt R= |m} |ki=
1 m Q]k w 19 m pw] x@ |}xrwr `]kt =@ xQ] uwDU l} '|Qo}O p}rLD QO

[14]"pLt |m}vmDw�S C=YNWt "1 pwOH
xD=v@ Qm nvUxU=t |xU=t w uW |xU=t x}q h}YwDxD=v@ Qm xD=v@ Qm

30� 21 21� 8 8� 0 (m) x}q jta
- GP SP |Ov@xk@]

h}a[ =D h}a[ |r}N sm =QDt sm =QDt sm =QD u=R}t
1 8 1 95 1 7 
d (t/m3)

2 1 2 1 2 
t (t/m3)

- > 50 > 50 Nspt

- 40 38 �0(0)

- NPI NPI PI ���
0 3 0 25 0 37 �

150 120 60 Es (MPa)

[14]"=yuwDU � `tW Oqwi C=YNWt "2 pwOH



�
E |}=yv Ctw=kt s}rUD VvD Oqwi

(kN/m3) (MPa) (MPa) (MPa)

78 5 0 3 2 1e5 520 360 St52
78 5 0 3 2 1e5 600 420 St60
78 5 0 3 2 1e5 700 490 St70

pw] w 31 m O=R; pw] =@ 15 |xrmU= R= 4 `tW w 14 m uwiOt pw] w 20
xDiQo Q=Qk |ki= |Q=PoQ=@ CLD O=R; QU CtUk QO |ki= CQwYx@ 17 m uwiOt
sRq QmPD u}= [15]"CU= xOW x�=Q= u=QoWywSB \UwD V}=tR; s=Hv= \}=QW "CU=
h}YwD =@ j@=]t xm 'OvDUy u; pw] QO Q}eDt `]kt =@ 'Q_vOQwt |=y`tW xm CU=

"CU= xOW xDiQo Q_v QO QwmPt u=QoWywSB \UwD u;
w |OOa pOt G}=Dv T=U=Q@ uwDU � `tW Q=DiQ CQwYx@ |HvUCLY G}=Dv
xOW xO=O u=Wv 2 pmW QO |v=O}t |=yV}=tR; G}=Dv Q=vm QO p� y |=y|vLvt
QO 90 ton Q=@ CLD 1 `tW xm OyO|t u=Wv hr=2 pmW 'xvwtv u=wvax@ "CU=
u}vJty "CU= xOW =Hx@=H 33 cm |OOa pOt QO w 32 cm |v=O}t uwtR;
58 cm |v=O}t uwtR; QO 62 8 ton Q=@ CLD '4 `tW xm OyO|t u=Wv ?2 pmW
hqDN= |tm 'swO Q=Owtv |=yDv= QO "CU= xOW =Hx@=H 50 cm |OOa pOt QO w
'|m}vmDw�S C=YNWt u}}aD QO |}=y=]N R= |W=v hqDN= u}= ,=trUt "CU= O=} R

[15]"|HvUCLY CyH xOWxO=iDU= |=yuwDU � `tW |UOvy C=YNWt "3 pwOH
�15 |xrmU=� Q=yJ `tW �5 |xrmU=� l} `tW

Ct=N[ |vwQ}@ Q]k ẁv `]kt Ct=N[ |vwQ}@ Q]k ẁv `]kt
(mm) (m) Oqwi (mm) (m) Oqwi
25 4 1 905 St52 1 25 4 1 778 St52 1
25 4 1 905 St60 2 25 4 1 778 St60 2
28 58 1 905 St70 3 28 58 1 778 St70 3
31 75 1 905 St70 4 31 75 1 778 St70 4
34 93 1 905 St70 5 34 93 1 778 St70 5
44 45 1 905 St70 6 - - - -

41 28 1 905 St70 7 - - - -
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�

� C E 
 l =N ẁv�xHQO� (kPa) (MPa) (KN/m3)
0 3 25 10 15 17 CUU |xU=t
0 3 32 10 32 19 sm =QDtxt}v |xU=t
0 3 40 10 50 21 sm =QDt |xU=t

"xOWp}rLD |=yuwDU � `tW R= |rm |=tW "5 pmW

?U=vt |=yQ=Owtv CQwYx@ G}=Dv "Ov=xOW xDN=U |QDt 2 w 0 5 |=yQ]k =@ (D)
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Q@=Q@ w C@=F =yuwDU � `tW Ct=N[ 'xOWxDN=U |=ypOt |t=tD QO "OQw; CUOx@
|=yp}rLD QO xO=iDU= OQwt l =N C=}YwYN '4 pwOH "CU= xOW ^=Lr 2 cm

C=YNWt u}= =@ �st52� Oqwi ẁv l} R= xrLQt u}= QO "OyO|t u=Wv =Q |OOa
E = 210 GPa w � = 0 3 '
 = 785 N/m3 'Fy = 360 MN/m3

"CU= xOW xO=iDU=
x=Qty x@ =Q Q=Ri=sQv QO xOWxDN=U uwDU � `tW pOt R= |rm |=tW '5 pmW

"OyO|t u=Wv =Q =yp}rLD QO xO=iDU= OQwt |=yQDt=Q=B

V}=tR; G}=Dv "6
\}=QW wCU= O=R; |=yDv= =@ |=yuwDU � `tW |=Q@\kiVywSB u}= QO pY=L G}=Dv
x@=WD p}rO x@ "OW Oy=wN |Qo}O Q=DiQ x@ QHvt 'Q=OQ}o |=yDv= ,qFt 'Qo}O |RQt
?=NDv= =ypOt R= |O=OaD ' ẁ[wt K} QWD |DL=Q w hrDNt |=ypOt QO |Q=DiQ

"|OOa pOt QO `tW |@v=H pmWQ}}eD "3 pmW

"|r}rLD w |OOa VwQ wO R= pY=L |@v=H |}=Hx@=H � Q=@ Q=DiQ |xU}=kt "4 pmW
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`tW Cr=L QO =Pr 'CU= xOW sUQ Q}PBh=]av= `tW |=Q@ QwmPt pmW xD@r= "CU=
xO=O u=Wv C=ar=]t |rw 'CU= l =N R= QDW}@ uwDU � `tW Q]k QF= 'Q}PBh=]av=

"OQ=O |QDQ@ Q]k QO l =N QF= '?rY uwDU � `tW QO xm CU=
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u}= x@ "OwW ^=Lr Q=OQ}o x=ox}mD l} CQwYx@ u; |=yDv= w xi=[= uwDU pw] x@
Q]k Q@=Q@ 10 =D 6 |xR=Ov= x@ Q=Okt u}= "OwW|t jq]= |Q=OQ}o jta 'Q=Okt xi=[=

[16]"CU= xOW O=yvW}B
xOWQmP pw] xm CU= xOW XNWt VywSB u}= QO xOWs=Hv= |=y|UQQ@ |]
CQ=@a x@ "OQ=O OQ@ Q=m Q}PBh=]av= |=y`tW QO \ki w OQ=O l =N ẁv x@ |oDU@
VwQ u}= u}vJty "OwW|t |Q=}U@ |=]N x@ QHvt ?rY `tW QO VwQ u}= 'Qo}O

"CU= pw@k p@=k uwDU � `tW u=UWm Q=DiQ |x}L=v QO \ki
ZwQit uwDU |}=Hx@=H � Q=@ Q=Owtv j@=]D R= |}=yxvwtv '13 w 12 |=ypmW
x=Qty x@ uwDU � `tW pt=m |xvwtv =@ j@=]D Cr=L u} QDy@ QO =Q Q=OQ}o x=ox}mD =@
w uwDU � `tW `tW uwiOt pw] L 'O=R; pw] H %=yv; QO xm "OvyO|t u=Wv l =N

"CU= Q=OQ}o |=B uwDU |xv}y@ jta Hb

|}=Hx@=H pLt QO ,=@} QkD |Q=OQ}o |xv}y@ jta xm CU= xO=O u=Wv =y|UQQ@
|=B =@ uwDU QF-wt pw] 'Qo}O CQ=@a x@ "OwW|t pY=L `tW pw] QO (y0) QiY
xm `tW R= |rw] |xi=[= x@ uwDU � `tW O=R; pw] =@ CU= Q@=Q@ pO=at Q=OQ}o

%�2 |x]@=Q� CU= (y0) QiY u; |ki= |}=Hx@=H
Hb = H + y0 (2)

Q=OQ}o |=B =@ uwDU QF-wt pw] w QiY |}=Hx@=H Q}_v jta 5 pwOH 'xvwtv |=Q@
O=R; |=ypw] w L = 10 m uwiOt pw] w 1 m Q]k =@ uwDU � `tW |=Q@ =Q
pwOH j@=]t "OyO|t u=Wv sm =QDt w CU )U |xU=t wO QO =Q QDt 15 w 10 '5
|iQ] R= "OwW|t QDtm R}v QiY |}=Hx@=H Q}_v jta 'l =N uOW sm =QDt =@ 'QwmPt
QO |rw 'O@=}|t Vy=m jta u}= O=R; pw] V}=Ri= =@ sm =QDt |}xU=t l =N QO 'Qo}O
x_Lqt xOt;CUOx@ G}=Dv =@ "OwW|tv xOy=Wt |Y=N OvwQ CU )U |}xU=t l =N
l =N QO '|Q=OQ}o jta u=wvax@ Q]k Q@=Q@ 10 |r= 6 jta ZQi xm OwW|t
Oy=wN Q=Okt u}= R= QDtm sm =QDt l =N QO |rw 'OW=@ CUQO ,=@} QkD Ov=wD|t CU )U

"Ow@

"L = 10 muwiOt pw] =@ uwDU � `tW|=Q@ =Q Q=OQ}o|=B uwDU QF-wt pw] "5 pwOH
sm =QDt |xU=t CU )U |xU=t

O=R; pw]
Y0 Hb

O=R; pw]
Y0 Hb

(m) (m)

5 4 5 9 5 6 5 11
10 4 3 14 10 6 16
15 4 19 15 6 2 21
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