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|xLiY GQ=N pmWQ}}eD uOQmOwOLt |=Q@ |i=m |xLiY GQ=N |UQv}=u=tt "2

"jQw
"CU= xOW |UQQ@ =yu=tr= u}= |xLiY pN=O |UQv}=u=tt 'pw= |xrLQt QO
|UQv}=u=tt |xv}tm |=Q@ xm Ovm C}a@D |} wor= u=ty R= O}=@ Q=Okt u}= ,=DOa=k
R= V}@ x]@=Q u}= R= pY=L `]=kt =t= 'CU= xOW xO=O O=yvW}B AISC QO ?=k
R= "O}UQ x=wNrO G}=Dv x@ u=wD|t R}v QDlJwm Q}O=kt =@ w OvDUy xv=Q=mx_i=Lt OL
|=Q@ |D=}[Qi Qw_vt u}= |=Q@ "CU= xOt; CUOx@ xOWQmP |x]@=Q =OD@= wQ u}=
x@ jQw Oqwi |=Q@ pt=m |Q}tN Q=DiQ %xrtH R= 'CU= xOW xDiQo Q_v QO =ypOt
Q}D s�=k pmWQ}}eD R= |Q}owrH '|RQt |=yu=tr= x@ OQ=w VvD uOWCN=wvm} Qw_vt
R= |Q}owrH |=Q@ =yuwDU uOQmZQi |a=HDQ= 'VtN C=QF= R= uOQmQ_vhQY |=Q@

"G}=Dv QO u; uOWs}rUD |xwLv w 'uwDU pmW |Q=PoQF=
=yuwDU |=Q@ sRq |UQv}= u=tt |xv}tm QO jQw Ct=N[ Q}}eD QF= '7 pmW QO

"OwW|t xOy=Wt jQw pt=m s}rUD Qw_vt x@
OwHw QDt=Q=B wO u}= u}@ |]N \=@DQ= AISC |x]@=Q x@=Wt '7 pmW j@=]t

"OQ=O
pv=B `=iDQ= QO Q}}eD =@ =yuwDU |=Q@ sRq |UQv}= u=tt |xv}tm Oa@ s=o QO
hrDNt |=y|UQv}=u=tt 'pv=B `=iDQ= Qy |=Q@ xm |vat u}= x@ 'CU= xOW |UQQ@
pt=m s}rUD Ea=@ xm |UQv}= u=tt |xv}tm w xOW xDiQo Q_v QO |RQt u=tr= |=Q@
"�8 pmW� CU= xOW pY=L Q=Owtv |wQ Q@ x]kv l} w ?=NDv= 'OwW|t jQw QO

R= |W=v hrDNt O=a@= C@Uv =@ |=yjQw Ctw=kt w |DNU Vy=m OYQO "5 pmW
"Cw=iDt |=y|oOwWo

\w@ Qt Q}O=kt =@ hrDNt O=a@= C@Uv =@ |=yQ=w}O Ctw=kt Vy=m |xU}=kt "6 pmW
"1 15 d/D|x]@=Q x@

|rw &OW=@ |@ wN ?} QkD Ov=wD|t 'CU= xOW QmP p@k QO xm '1 15d/B C@Uv
xm Qw]u=ty "Ow@ Oy=wN xv=Q=mx_i=Lt OL R= V}@ C@Uv u}= 'Ctw=kt Vy=m |=Q@
=@ Vy=m |va} 1 15d/D C@Uv |=Q@ 'OwW|t xOy=Wt 6 pmW |=yQ=Owtv QO
G}=Dv |rw 'OvDUy Cw=iDt \w]N ?}W OvJ Qy 'pv=B Q]k x@ |oOwWo Q]k C@Uv

"O};|t CUOx@ |QDj}kO
=@ u=wD|t =Q |oOwWo =@ |=yjQw Ctw=kt w |DNU CiQo xH}Dv u=wD|t TB

%OQw; CUOx@ |oOwWo uwO@ jQw Ctw=kt w |DNU |wQ R= 3 \@=wQ R= xO=iDU=

Fo = F (1� 1 15 d
D

); Ko = K(1� 1 15 d
B

) (3)
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QO |oOwWo h=Q]= |RQt |=yu=tr= |xLiY GQ=N |UQv}= u=tt QF= "10 pmW
"jQw Ctw=kt

sRq |xLiY GQ=N |UQv}= u=tt |xv}tm QO jQw Ct=N[ C=Q}}eD QF= "11 pmW
"|oOwWo h=Q]= |RQt |=yu=tr= |=Q@

xOW |UQQ@ jQw |xLiY GQ=N pmWQ}}eD uOQmOwOLt Qw_vt x@ |oOwWo h=Q]=
OwOLt |Q=Okt xJ x@ O}=@ pmWQ}}eD u}= xm CU= u}= KQ]t VUQB =Hv}= QO "CU=
GQ=N |UQv}= u=tt V}=Ri= =@ 'OwW|t xOy=Wt 10 pmW QO xm Qw]u=ty #OwW
C@=F u; R= TB w xDi=} V}=Ri= R}v jQw Ctw=kt =OD@= '|RQt |=yu=tr= |xLiY

"CU= xOW
u}rw= =@ pO=at Q=Okt x@ jQw |xLiY GQ=N pmWQ}}eD CU= sRq u}=Q@=v@

"OwW OwOLt 'Ov=t|t C@=F Ctw=kt TB u; R= xm |}x]kv
CiQo Q_v QO C@=F =Q QF-wt |=yQDt=Q=B s=tD CU= sRq xm =Hv; R= CW=O xHwD O}=@
|RQt |=yu=tr= wO Qy R= xrLQt u}= QO u=wD|tv 'OwW xO=O Q}}eD =yu; R= |m} \ki w
|=Q@ 'CU= C@=F |m} |=Q@ xm |QDt=Q=B xm =QJ 'OQm xO=iDU= =ypOt QO s�=k w |ki=
|xLiY pN=O |UQv}= u=tt 'QwmPt |=yu=tr= u}vJty "Ow@ Oy=wN Q}eDt |Qo}O
OwW|t OQ=w |RQt u=tr= x@ xm |WvD =D 'Ov=xDW=O jQw pt=m s}rUD |=Q@ |i=m
sRq |xLiY GQ=N |UQv}= u=tt |xv}tm C=Q}}eD '11 pmW QO "OW=@ CN=wvm}

"OwW|t xOy=Wt jQw Ct=N[ QO C=Q}}eD =@ |RQt |=yu=tr= |=Q@
QO "OQ=O \=@DQ= jQw Ct=N[ swO u=wD =@ sRq |UQv}= u=tt Cio u=wD|t
|UQQ@ sRq |xLiY GQ=N |UQv}= u=tt QO |oOwWo Oa)@ QO Q}}eD Q}F-=D 'Oa@ |xrLQt

"CU= xOW pY=L 12 pmW xm 'CU= xOW
"OQ=O OwHw jQw Ct=N[ w QDt=Q=B u}= u}@ |]N \=@DQ= xm OwW|t xOy=Wt

"|RQt |=yu=tr= sRq |UQv}=u=tt |xv}tm QO jQw Ct=N[ C=Q}}eD QF= "7 pmW

"|RQt |=yu=tr= sRq |UQv}= u=tt |xv}tm QO pv=B Oa)@ C=Q}}eD QF= "8 pmW

"sRq |UQv}= u=tt |xv}tm Q@ |RQt u=tr= QO Owta Oa)@ C=Q}}eD QF= "9 pmW

u=tr= pw] swU u=wD =@ sRq |UQv}=u=tt |xv}tm 'OwW|t xOy=Wt xm Qw]u=ty
|]=@DQ= 'CU= xOt; AISC |O=yvW}B |x]@=Q QO xJv; hqNQ@ "OQ=O \=@DQ= |RQt

"�9 pmW� OQ=Ov OwHw |RQt u=tr= Q@ Owta pv=B Oa)@ w sRq |UQv}= u=tt u}@
|RQt |=yu=tr= sRq |UQv}= u=tt |xv}tm |=Q@ =Q 5 |x]@=Q u=wD|t wQ u}= R=

%O=O O=yvW}B jQw pt=m s}rUD Qw_vtx@
Iin plane(min) = 0 0012� t� d3 (5)

C=ar=]t OvtR=}v xm 'OW=@ Q=PoQ}F-=D G}=Dv QO R}v jQw s}rUDVvD xm OUQ|t Q_vx@ xD@r=
Oa)@ |@ ?} Q[ l} CQwYx@ O}=@ QDt=Q=B u}= QF= xm CW=O xHwD O}=@ "CU= QDW}@

"OwW OQ=w x]@=Q QO �?=k x@ jQw s}rUD VvD C@Uv p=Ft |=Q@�
|RQt |=yu=tr= |=Q@ sRq |xLiYGQ=N |UQv}=u=tt |xv}tm Oa@ |xrLQt QO
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|UQv}= u=tt |xv}tm QO �Q}eDt pv=B `=iDQ= =@�|oOwWo `=iDQ= C=Q}}eD QF= "14 pmW
"|oOwWo h=Q]= |RQt |=yu=tr= |=Q@ sRq |xLiY GQ=N

u=tt |xv}tm =@ |oOwWo `=iDQ= QO pv=B `=iDQ= ?Q[pY=L |x]@=Q "15 pmW
"|oOwWo h=Q]= |RQt |=yu=tr= |=Q@ sRq |xLiY GQ=N |UQv}=

"|oOwWo =@ Q=w}O C}wkD |=Q@ ?U=vt |wor= "16 pmW

"OwW|t xi=[= =yu; O=OaD x@ \ki u; R= TB w O@=}|t V}=Ri= pv=B Oa)@ V}=Ri= =@
sRq |xLiY GQ=N |UQv}= u=tt |xv}tm |=Q@ =Q 6 |x]@=Q u=wD|t u}=Q@=v@

%OQm O=yvW}B �|r@k |xOWQmP \QW =@� |RQt |=yu=tr= |=Q@
Iout of plane(min) = 0 013� t2 � do � dp (6)

|x]@=Q wO Qy |Q=QkQ@ '|oOwWo h=Q]= |RQt |=yu=tr= |=Q@ xm CU= QmP x@ sRq
|=yxOvvmCNU |=Q@ |rw &CU= sRq xLiY GQ=N w xLiY pN=O |UQv}= u=tt

|xLiY GQ=N |UQv}= u=tt |xv}tm QO |oOwWo `=iDQ= C=Q}}eD QF= "12 pmW
"|oOwWo h=Q]= |RQt |=yu=tr= |=Q@ sRq

sRq |xLiY GQ=N |UQv}= u=tt |xv}tm QO pv=B `=iDQ= C=Q}}eD QF= "13 pmW
"|]N wO |wor= w |oOwWo h=Q]= |RQt |=yu=tr= |=Q@

`=iDQ= QO Q}}eD =@ "CU= pv=B Oa)@ QO Q}}eD 'CU= Q=PoQ}F-=D G}=Dv QO xm |Qo}O QDt=Q=B
xm 's�=k |RQt |=yu=tr= |xLiY GQ=N |UQv}=u=tt |xv}tm uOQw;CUOx@ w pv=B

"CU= xOW pY=L 13 pmW 'OwW jQw pt=m s}rUD Ea=@
'XNWt |Q=Okt =D pv=B `=iDQ= V}=Ri= =@ xm CiQo xH}Dv u=wD|t 13 pmW R=
Vy=m |DL w Ov=t|t C@=F u; R= TB w 'O@=}|t V}=Ri= R}v sRq |UQv}= u=tt
w OwW xDiQo C@=F |oOwWo |q=@ pv=B Q} R `=iDQ= xm |DQwY QO |iQ] R= "O@=}|t
sRq |UQv}= u=tt |=Q@ 14 pmW 'OwW xO=O V}=Ri= sy =@ |oOwWo w pv=B `=iDQ=

"OwW|t pY=L
`k=w QO "OQ=O \=@DQ= |oOwWo `=iDQ= swO u=wD =@ QDt=Q=B u}= xm OwW|t xOy=Wt
?Q[ =@ sRq |UQv}= u=tt \=@DQ= 'OwW|t xOy=Wt 15 pmW QO xm Qw]u=ty

"Ow@ Oy=wN |]N ,=@} QkD pv=B `=iDQ= QO |oOwWo `=iDQ=
|vat u}= x@ "CiQo Q_v QO|]NwO CQwYx@ =Q 15 pmW Q=Owtv u=wD|t u}=Q@=v@
|=Q@ w A � B |x]@=Q s�=k |RQt |=yu=tr= |=Q@ 16 pmW T=U=Q@ xm |v=tR =D xm
|UQv}=u=tt u}@ |]N \=@DQ= 'OW=@ Q=QkQ@ C � D |x]@=Q |ki= |RQt |=yu=tr=
x@ "Ow@ Oy=wN Q}F-=D|@ pv=B Oa)@ QO V}=Ri= u; R= TB w OQ=O OwHw pv=B Oa)@ w sRq
p}rO x@ 'OwW|t OQ=w |RQt |=yu=tr= x@ xm |}xLiY R= GQ=N |wQ}v xm p}rO u}=
|}=H =D =y|oOQwNu}J u}= |xR=Ov= w CU= jQw |oOQwNu}J R= |W=v pmWQ}}eD
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|oOwWo =@ w |oOwWo uwO@ |=yQ=w}O |}=Hx@=H � wQ}v |vLvt |xU}=kt "18 pmW
"|}xNQJ |Q=PoQ=@ CLD xOWC}wkD

u=O}t p}mWD u=tR QO� |RQt |=yu=tr= x@ jQw R= xOQ=w |wQ}v |xv}W}@ xm =vat
Ov=wD|t |D@=F ,=@} QkD Q=Okt hrDNt |=y|Q=PoQ=@ QO �jQw s}rUD w pt=m VWm

"OW=@ xDW=O
|Q=PoQ=@ CLD 17 pmW |=yQ=w}O |}=Hx@=H � wQ}v |vLvt '18 pmW QO
ATC-24 |Q=PoQ=@ pmDwQB |=v@t Q@ |Q=PoQ=@ |wor= "CU= xOW |UQQ@ |}xNQJ
p=ta= x@DQt l} =yvD |}=Hx@=H |xvt=O Qy xm K}[wD u}= =@ 'CU= xOW ?=NDv=
=@ VwQ u}= QO |Q=PoQ=@ |xvt=O u}}aD |=Q@ R=}vOQwt s}rUD |}=Hx@=H "OwW|t

"OwW|t u}}aD =wvm} |Q=PoQ=@ R= pY=L |vLvt uOQm|]NwO
Q=w}O wO Q=Owtv u}@ |@Uv j=@]v= 'OwW|t xOy=Wt 18 pmW QO xm Qw]u=ty
|Q=PoQ=@ pm}U OvJ R=TB xOWC} wkD|oOwWo =@ Q=w}O|DNU OvJ Qy w OQ=O OwHw
GQ=N pmWQ}}eD p}rO x@� OyO|t u=Wv Vy=m |oOwWo uwO@ Q=w}O x@ C@Uv |tm
x@ Cr=L u}= QO xOWlryDUt |SQv= '�|oOwWo pLt QO jQw QDW}@ |xLiY
�QDW}@ �20 OwOL X=N |Q=PoQ=@ u}= QO� QDW}@ 'Q=Owtv QDtm nv}Jv}B p}rO

"CU=

|Q}oxH}Dv "7
xm OwW|t xOy=Wt |oOwWo =@ |=yQ=w}O u=mtQ}}eD � wQ}v |=y|vLvt QO "1
=@ w V}=Ri= |oOwWo OYQO V}=Ri= =@ (�y) s}rUD |x]kv pO=at u=mtQ}}eD

"Ovm|t =O}B Vy=m jQw Ct=N[ V}=Ri=
u}= MQv w OvQ=O |oOwWo OYQO =@ |]N |x]@=Q Ctw=kt w |DNU Vy=m "2
C@Uv Vy=m u}= OYQO =t= 'CU= u=Um} hrDNt |=yCt=N[ QO Vy=m

"OQ=O jQw Ct=N[ =@ Tma
u}= =@ xv=Q=mx_i=Lt CQwYx@ u=wD|t =Q |oOwWo =@ Q=w}O |DNU w Ctw=kt "3
|oOwWo uwO@ Q=w}O |DNU w Ctw=kt |wQ R= �3 \@=wQ� |O=yvW}B \@=wQ

"OQw; CUOx@
|RQt |=yu=tr= R= xO=iDU= |oOwWo =@ |=yQ=w}O C} wkD |=Q@ VwQ u} QDy@ "4
|=Q@ "CU= QwmPt |=yu=tr= O=ODt= QO |}=yxOvvmCNU w |oOwWo h=Q]= QO
|=Q@ x]@=Q wO '|oOwWo O=H}= R= Oa@ w p@k 'jQw QO VvD `} RwD uOWu=Um}
CUOx@ =yu=tr= u}= sRq |xLiY GQ=N w xLiY pN=O |UQv}= u=tt |xv}tm
'OvDU}v |oOwWo CQw=Ht QO xm |}=yxOvvmCNU |=Q@ xD@r= xm 'CU= xOt;

xOWC}wkD |oOwWo =@ xvwtv Q=w}O w |oOwWo uwO@ Q=w}O Q=DiQ |xU}=kt "17 pmW
"|O=yvW}B \@=wQ =@

OQ=w =yu; x@ hQ] wO R= xm |v=Um} ,=@} QkD |wQ}v p}rO x@ =yu=tr= u}= |=DU=Q QO
"Ow@ Oy=wN |i=mxLiY GQ=N |UQv}=u=tt |x]@=Q |Q=QkQ@ \ki 'OwW|t

xOW C} wkD \@=wQ u}= =@ xm |oOwWo =@ xvwtv Q=w}O l} Q=DiQ '17 pmW QO
"CU= xOW xU}=kt |oOwWo uwO@ Q=w}O =@ 'CU=

O}=@ xD@r= "OQ=O OwHw pt=m j=@]v= Q=w}O wO VwB Q=Owtv u}@ '17 pmW j@=]t
V}=Ri= Ctw=kt w |DNU '|RQt |=yu=tr= |UQv}= u=tt V}=Ri= =@ xm CW=O xHwD
"CU= xO}UQ OwN C}iQ_ |xv}W}@ x@ ,=@} QkD jQw xm =QJ 'CW=O Oy=wNv |v=OvJ
Q=Okt x@ 'Ov};|t CUOx@ sRq |UQv}= u=tt |=Q@ \@=wQ u}= R= xm |Q}O=kt
QO CU= sRq QmPD u}= "Ow@ Oy=wN AISC |O=yvW}B \@=wQ R= QDtm |yHwD p@=k
=@ w CU}v syt u; pLt 'OW=@v |RQt |=yu=tr= x@ xO}@UJ |oOwWo xm |DQwY
|DL CQwYu}= Q}e QO |rw 'O}UQ |oOwWo uwO@ Q=w}O Q=DiQ x@ u=wD|t p@k \@=wQ

"OQm u=Q@H =Q Ctw=kt Vy=m u=wD|tv R}v QDCNU |RQt |=yu=tr= =@

|}xNQJ |Q=PoQ=@ CLD Q=w}O Q=DiQ "6
|vLvt uOw@u=Um} CQwY QO u=wD|t =}; xm CU= u}= =Hv}= QO KQ]t VUQB
|SQv= xm CiQo xH}Dv xOWC} wkD |oOwWo =@ w |oOwWo uwO@ |=yQ=w}O QO VwB
u}vJ '`k=w QO #Ow@ Oy=wN u=Um} R}v |}xNQJ Q=@ CLD Q=w}O wO |xOWlryDUt
=yQ=w}O u}= |}xNQJ |Q=PoQ=@ QO xJv; xm =QJ 'CU}v umtt |oO=U x@ |Q}oxH}Dv
|SQv= Ov=wD|t xm 'CU=yQ=Owtv |oOWxr =} nv}Jv}B EL@ 'Ovm|t =O}B C}ty=
=Hv}= QO xm |]@=wQ CW=O xHwD O}=@ xD@r= "OyO Q=Qk Q}F-=D CLD COWx@ =Q xOW?PH
p@k jQw QO xOWO=H}= VWm u=O}t xm CU= Q=wDU= xO}= u}= Q@ 'CU= xOt; CUOx@
|=yu=tr= |UOvy C=YNWt |xv}tm u=R}t w OwW u=Um} |oOwWo O=H}= R= Oa@ w
VD}iQ_ |xv}W}@ x@ jQw uO}UQ |=Q@ |i=m x=ox}mD xm OwW u}}aD |}xvwo x@ |RQt
u}O@ 'CW=O Oy=wNv |Q=PoQ=@ ẁv x@ |v=OvJ |oDU@=w xr�Ut u}= xm 'OwW u}t-=D
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}=R=
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qwi
|W

Q@Q=
w}O

C}w
kDOa@ w p@k 'Ovm|t OQ=w ?=k x@ jQw xm |WvD R}v w Q=w}O Q=DiQ xm |}=Hv; R= "5

VwQ x@ |oOwWo xm |]QW x@ Cio u=wD|t 'CU= u=Um} |oOwWo O=H}= R=
Q=w}O w Q_vhQY |oOwWo OwHw R= xR=U p}rLD QO u=wD|t 'OwW C} wkD xOWQmP
xm CW=O xHwD O}=@ xD@r= "OQm |R=UpOt |Q=wv VwQ pFt swUQt |=yVwQ =@ =Q
Q=w}O Q=DiQ w CU= xOW pY=L l}vwDwvwt |Q=PoQ=@ T=U=Q@ xOt;CUOx@ G}=Dv
"CU= QDW}@ |UQQ@ OvtR=}v w OW=@ Cw=iDt Ov=wD|t |}xNQJ |Q=PoQ=@ CLD

xm "�6 w 5 x]@=Q� Ovm|t C}=im xLiY GQ=N |UQv}= u=tt |xv}tm u}t-=D
|=Q@ 16 pmW T=U=Q@ xm Ovm|t =O}B V}=Ri= |v=tR =D dp Q=Okt '=yu; QO
|x]@=Q |ki= |RQt |=yu=tr= |=Q@ w A � B |x]@=Q s�=k |RQt |=yu=tr=
xO=iDU= "OwW|t ZQiC@=F QDnQR@ Q}O=kt |=Q@ dp Q=Okt &OW=@ Q=QkQ@C � D
Oy=wNv O=H}= Ctw=kt w |DNU QO |v=OvJ V}=Ri= 'QDnQR@ |=y|UQv}=u=tt R=

"OQm

=yCWwv=B
1. tension �eld
2. Pinching
3. merge
4. damage
5. implicit
6. Driver
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