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Ctw=kt |xv}W}@ u=R}t w ẁv l =N x}q O=OaD x}q ZQa ?Yv pLt |x}q ẁv xrwr uiO ?} Q[ xrwr Q]k |xQ=tW|y=oW}=tR; |OOa l =N C@w]Q (kN=m3) N b (mm) x}q xOvvmKrUt (h=D) D (mm) pOt
PUR�N� PUR�N�

325 338 lWN |xU=t 14 2 � � � KrUtQ}e 3 50 M1
450 440 lWN |xU=t 14 2 1 5D xrwr |q=@ O} Qow�S 3 50 M2
727 679 lWN |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 3 50 M3
176 182 lWN |xU=t 14 2 � � � KrUtQ}e 2 50 M4
264 250 lWN |xU=t 14 2 1 5D xrwr |q=@ O} Qow�S 2 50 M5
551 527 lWN |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 2 50 M6
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x�=Q= KrUtQ}e l =N Cr=L QO uwiOt |xrwr VvmQ@ Ctw=kt u=R}t OQw;Q@ CyH
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x@ |H} QOD CQwYx@ w OQ=w xrwr |q=@ w \Uw QO |}x]kv |wQ}v 'wQ}v Qy Q_=vDt
R}v xrwr |wQ l =N XwYNt uRw "OwW xDN}Uo l =N xm |}=H =D OW xOwRi= u;
=@ xOWxDN=U |=ypOt "OW |UQQ@ ?amtQDt Q@ uDw}vwr}m 18 w 14 2 Q=Okt wO =@
Qy �PUR� VvmQ@ Ctw=kt |xv}W}@ x=Qty x@ 'Q}N= |xOWK} QWD hrDNt \}=QW

"CU= xOW xYqN 3 w 2 |=ypwOH QO pOt

G}=Dv |HvUCLY "4
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PUR�N� PUR�N�
� 450 lWN |xU=t 18 � � � KrUtQ}e 3 50 M18
� 520 lWN |xU=t 18 1 5D xrwr |q=@ O} Qow�S 3 50 M19
� 807 lWN |xU=t 18 1 5D xrwr |q=@ xm@W � Q=yt 3 50 M20

708 721 lWN |xU=t 14 2 � � � KrUtQ}e 2 100 M21
912 901 lWN |xU=t 14 2 1 5D xrwr |q=@ O} Qow�S 2 100 M22
1360 1170 lWN |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 2 100 M23
3187 3218 lWN |xU=t 14 2 � � � KrUtQ}e 2 200 M24
3513 3476 lWN |xU=t 14 2 1 5D xrwr |q=@ O} Qow�S 2 200 M25
5226 4628 lWN |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 2 200 M26
272 260 lWN |xU=t 14 2 1 5D xrwr Q} R O} Qow�S 2 50 M27
696 676 lWN |xU=t 14 2 1 5D xrwr Q} R xm@W � Q=yt 2 50 M28
� 826 lWN |xU=t 14 2 1 8D xrwr Q} R xm@W � Q=yt 2 50 M29
� 440 lWN |xU=t 14 2 1 3D xrwr Q} R xm@W � Q=yt 2 50 M30

158 165 `=@W= |xU=t 14 2 � � � KrUtQ}e 3 50 M31
240 201 `=@W= |xU=t 14 2 1 5D xrwr |q=@ O} Qow�S 3 50 M32
463 390 `=@W= |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 3 50 M33

581 � =@ |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 2 50 M34�15 C@ w]Q

600 � =@ |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 2 50 M35�20 C@ w]Q
360 � `=@W= |xU=t 14 2 1 5D xrwr |q=@ xm@W � Q=yt 2 50 M36
659 � lWN |Dr}U |xU=t 13 5 � � � KrUtQ}e 2 100 M37
856 � lWN |Dr}U |xU=t 13 5 1 5D xrwr |q=@ O} Qow�S 2 100 M38
1320 � lWN |Dr}U |xU=t 13 5 1 5D xrwr |q=@ xm@W � Q=yt 2 100 M39
921 � lWN uW 20 � � � KrUtQ}e 2 100 M40
1085 � lWN uW 20 1 5D xrwr |q=@ O} Qow�S 2 100 M41
1680 � lWN uW 20 1 5D xrwr |q=@ xm@W � Q=yt 2 100 M42

xm@W � Q=yt sDU}U |Q=PoQ}F-=D u=R}t |@=} RQ= "5
|xrwr VvmQ@ C}iQ_ Ow@y@ QO xm@W � Q=yt sDU}U |}=Q=m u=R}t |@=} RQ= CyH
O} Qow�S =@ xOWKrUt |xU=t 'KrUtQ}e |xU=t QO uwiOt |=yxrwr Q=DiQ 'uwiOt
"OW |UQQ@ u=Um} \}=QW QO xm@W � Q=yt sDU}U =@ xOWKrUt |xU=t w |rwtat
Q} R QO xOvvmKrUt sDU}U xm |t=ovy =Q QwmPt Cr=L xU u}@ |xU}=kt '5 pmW
QO xm@W � Q=yt sDU}U |Q=PoQF= u=R}t xm &OyO|t u=Wv 'OW=@ xOW ?Yv xrwr
|y=oW}=tR; C=ar=]t "CU= OwyWt uwiOt |xrwr \w]N VvmQ@ Ctw=kt V}=Ri=

QO R}v R}J=v hqDN= u}= "CU= xOt; CUOx@ uDw}v 480 Q@=Q@ QDt|r}t 300 ZQa
G}=Dv |xU}=kt =@ u}vJty "CU= xOWQmP |xar=]t QO O} Qow�S ZQa uOw@ QDW}@ QF=
QO xYqN Qw]x@ xm 'Q[=L VywSB QO xDiQos=Hv= |OOa |R=UpOt w |y=oW}=tR;
xOy=Wt |@ wNx@ =Q G}=Dv uOw@ l}ORv u=wD|t 'CU= xOW xOv=Hvo 3 w 2 |=ypwOH
R= pY=L G}=Dv =@ |y=oW}=tR; |=yuwtR; R= pY=L G}=Dv |xU}=kt u}=Q@=v@ "OQm
Ck@=]t xm OyO|t u=Wv u}W}B C=ar=]t R= pY=L G}=Dv w |OOa |R=UpOt
CLY '|OOa |R=UpOt w |y=oW}=tR; G}=Dv w OQ=O OwHw G}=Dv u}@ |@ wN Q=}U@

"OvQ=O |i=m
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"xm@W � Q=yt sDU}U
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x@ QwmPt Q} w=YD "CU= xOW xO=O u=Wv 9 |r= 7 |=ypmW QO 'Ov=xOt; CUOx@
Geopiv8 Q=Ri=sQv R= xO=iDU= =@ w �PIV� C=QP |Q} wYD |HvUCaQU VwQltm
|=yu=tr= |}=Hx@=H |=yQ=OQ@ CU=Q CtU |=yQ=Owtv =yu; QO xm Ov=xOW x}yD
|xrwr VvmQ@ QF= QO xOWO=H}= |WQ@ |=yVvQm AJ CtU |=yQ=Owtv w l =N
xm@W � Q=yt sDU}U =@ KrUt w 'O} Qow�S =@ KrUt 'KrUtQ}e |=yC}a[w QO uwiOt
VR} Q 'pmW|vLvt |oDN}Uo |xwo |Q}opmW lQDWt pt=a "OvyO|t u=Wv =Q
V}=Ri= "CU= xrwr Q} R QO xOWp}mWD |r=N |=[i uOQm QB |=Q@ xrwr h=Q]= l =N

xOvvmKrUt sDU}U ẁv =@ uwiOt |xrwr |xv}W}@ VvmQ@ Ctw=kt C=Q}}eD "5 pmW
|y=oW}=tR;C=ar=]t R= pY=L|xrwr Q} R QO xOvvmKrUt|x}q wlWN|xU=t QO

�"b = 5D 'h=D = 2 ' N = 1 'D = 50mm�

|xU=t QO xrwr |Owta |}=Hx@=H Q@=Q@ QO xv}W}@ VvmQ@ Ctw=kt C=Q}}eD "6 pmW
'h=D = 2 'N = 1 'D = 50mm�|y=oW}=tR;C=ar=]t R=pY=LlWN

�"b = 5D
=Q xrwr |xv}W}@ VvmQ@ Ctw=kt Ov=wD|t QwmPt sDU}U R= xO=iDU= xm OvyO|t u=Wv
Cr=L x@ C@Uv Q@=Q@ 2 5 OwOL w KrUtQ}e |xU=t Cr=L x@ C@Uv Q@=Q@ 4 OwOL
?}DQD x@ |OOa |R=UpOt QO V}=Ri= u}= "OyO V}=Ri= |rwtat O} Qow�S R= xO=iDU=

"OyO|t u=Wv =Q |@ wN Ck@=]t xm CU= xOt; CUOx@ 2 6 w 3 7
R= =Q xrwr |Owta |}=Hx@=H Q@=Q@ QO VvmQ@ |wQ}v C=Q}}eD |xwLv '6 pmW
uRw xm M28 wM 27 'M4 |=yxvwtv |=Q@ "OyO|t u=Wv |y=oW}=tR; C=ar=]t
50 Q@=Q@ xrwr Q]k '?amtQDt Q@ uDw}vwr}m 1420 Q@=Q@ lWN |xU=t XwYNt
250 Q@=Q@ xOvvmKrUt |x}q ZQa w QDt|r}t 100 Q@=Q@ xrwr uiO jta 'QDt|r}t
CUOx@ uDw}v 696 w 272 '176 Q@=Q@ xv}W}@ VvmQ@ |wQ}v 'CU= xOw@ QDt|r}t
"OQ@|B xm@W � Q=yt R= xO=iDU= C}ty= x@ u=wD|t |@ wNx@ u}=Q@=v@ "CU= xOt;
�54 u=R}t x@ ,=@} QkD xrwr Q} R QO 'O} Qow�S \ki R= xO=iDU= 'OwW|t xOy=Wt xmv=vJ
V}=Ri= Ea=@ '�395 u=R}t x@ ,=@} QkD xrwr Q} R QO xm@W � Q=yt sDU}U R= xO=iDU= w

"OwW|t xOvvmKrUt uwO@ |xrwr |xv}W}@ VvmQ@ Ctw=kt

l =N |oDN}Uo |=ysR}v=mt |UQQ@ "6
\w]N xm OvyO|t u=Wv l =N |oDN}Uo |=ysR}v=mt |wQ Q@ u}W}B C=ar=]t
l =N |oDN}Uo |xwo "OvwW|t xDN}Uo pmW|vLvt |WQ@ K]U l} =@ xrwr
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Vy=m Ea=@ C@ w]Q OYQO V}=Ri= '�20 C@ w]Q R= TB =t= "O@=}|t V}=Ri= R}v
|x} w=R C=Q}}eD QO u=wD|t =Q xO}OB u}= Cra "OW Oy=wN xrwr VvmQ@ C}iQ_ O}OW
j@] xm =QJ "OQm u=}@ u; C@ w]Q OYQO u=R}t V}=Ri= =@ l =N |Qy=_ l =m]Y=
=@ l =N |Qy=_ l =m]Y= |x} w=R Q=DiQ [19]'�1968� u=QoWywSB |NQ@ |=yxDi=}
"OQ=O Ck@=]t 11 pmW =@ xm CU= 12 pmW j@=]t C@ w]Q OYQO u=R}t V}=Ri=
xH}Dv QO w OwW|t l =N QF-wt XwYNt uRw Vy=m Ea=@ l =N uOW `=@W=
2001 p=U QO xm 1 |x]@=Q "OwW|t uwiOt |xrwr VvmQ@ Ctw=kt Vy=m x@ QHvt
|xU}=kt u}vJty "OyO|t u=Wv |@ wNx@ =Q C}ak=w u}= R}v [18]'CU= xOW x�=Q=
u=R}t xm OvyO|t u=Wv |OOa |R=UpOt w |y=oW}=tR; C=ar=]t R= pY=L G}=Dv

p}mWD Ea=@ 'xm@W � Q=yt w O} Qow�S R= xO=iDU= Cr=L QO l =N |WWm Ctw=kt
x@ =Q xrwr VvmQ@ R= QF-wt |x}L=v w OwW|t l =N |xOwD QO |WQ@ |ki= Ctw=kt
|xwo uOW QDnQR@ Ea=@ 'C}=yv QO w OvyO|t VQDUo u; Q} R w xrwr u}iQ] CtU
C}iQ_ V}=Ri= CyH |QDW}@ |=ywQ}v uOW G}U@ xH}Dv QO w l =N |oDN}Uo

"OvwW|t xrwr VvmQ@

l} QDt=Q=B C=ar=]t "7
'|irDNt |=yQDt=Q=B x@ xDU@=w KrUt |xU=t QO uwiOt |xrwr \w]NVvmQ@C}iQ_
|=yx}q O=OaD w ZQa 'l =N C@ w]Q u=R}t 'xrwr Q]k 'xOvvmQB Kr=Yt ẁv %Q}_v
|x}q ?Yv pLt w xrwr uiO jta 'l =N XwYNt uRw 'l =N |xOvvmKrUt
|xwLv w u=R}t R}r=v; CyH |irDNt |=ypOt 'Q[=L VywSB QO "CU= xOvvmKrUt
xDN=U uwiOt |xrwr \w]NVvmQ@C}iQ_ QO QwmPt |=yQDt=Q=B R=l} Qy |Q=PoQF=
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l =N ẁv QF= "1"7
u=R}t w u; VvmQ@ Ctw=kt u=R}t QO |}=RU@ Q}F-=D 'xrwr |wQ xOvvmQB Kr=Yt TvH
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Q}}eD |xwLv '10 pmW "OOQo|t Q@ =yQ=ytwQm}t w l =N u}@ l =m]Y= |x} w=R
KrUt 'KrUtQ}e Cr=L 3 |=Q@ =Q Kr=Yt ẁv Q}}eD =@ xrwr VvmQ@ Ctw=kt |xv}W}@
V}=tR; 9 |t=tD QO "OyO|t u=Wv xm@W � Q=yt sDU}U =@ KrUt w O} Qow�S =@
200 uiO jta 'QDt|r}t 100 Q]k x@ xrwr R= =yxvwtv 'xrLQt u}= QO xDiQoCQwY
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xrwr VvmQ@ Ctw=kt 'OvwW ?=NDv= QDxv=O CWQO Kr=Yt xJ Qy 'CU= OwyWt
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1. uplift resistance
2. upheaval buckling
3. peak uplift resistance
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