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s=ovy 'KrUt l =N |=yQ=w}O `=iDQ= O=ODt= QO ?=DW Q}}eD ẁkw u=mt= x@ xHwD =@
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Q=mt
yw

CU
wOu

=OR}
O}H

t/"
""|

wQQ
@|

y=o
W}=t

R;w
|r}

rLD
|xa

r=]t

"hrDNt |=ypOt QO Q=w}O `=iDQ= O=ODt= QO ?=DW |}=tvnQR@ ?} Q[ `} RwD "9 pmW
"(4n� 1) uw}UqwtQi Q@ sm =L CqwyHt w CqO=at "2 pwOH

CqwyHt O=OaD CqO=at O=OaD
(Ni) xa]k Qy x@ OQ=w s�=k |wQ}v n �xa]kQy |=Q@� PFy = 0 n

(Si) xa]k Qy x@ OQ=w |WQ@ |wQ}v n �xa]kQy |=Q@� Si = 1
FS (Ni tan') n

(Hi) C=a]k u}@ |ki= |wQ}v n� 1 �xa]kQy |=Q@� Hi = �fi(y)Vs n� 1
(Ti) K}rUD u=tr= |wQ}v n �xa]kQy |=Q@� PFx = 0 n

ẁtHt 4n� 1 ẁtHt 4n� 1

%R= Ov=CQ=@a xa]k Qy Q@ sm =L CqO=at pL QO |rY= C=}[Qi
&CU= l =N |=yx}q Q=@ QU =@ Q@=Q@ (Vi) |Owta VQ@ u=}t |wQ}v "1

&CU= Q@=Q@ C=a]k |xty |=Q@ (FS) |vt}= ?} Q[ "2
u=wvax@ |}=yv l =m]Y= |x} w=R w CU= |oOv@UJ uwO@ xOW xO=iDU= l =N "3

&OwW|t xO=iDU= l =N |rN=O l =m]Y= |x} w=R
u}}aDCyH|J}B Q=t sD} Q=or K]Ul} R= =yv; QO xm 'u}W}B C=ar=]t s=tD hqNQ@
CUmW C=LiY R= 'Q[=L |xar=]t QO &CU= xOW xO=iDU= |oDN}Uo Kw]U
|=Q@ "CU= xOW xO=iDU= |ki= C=a]k VwQ QO xRQrR}t V}=tR; QO xOW xOy=Wt
|xUOvy T=U=Q@ w xv=o =OHQw]x@ pOt Qy |=Q@ CUmW Kw]U |xrO=at 'Qw_vt u}=

"�10 pmW� CU= xOW xO=iDU= CUmW Kw]U

(4n� 1) T=U=Q@ kh |x]@=Q |xaUwD "2"6
'KrUt l =N Q=w}O l} R= xa]k Qy QO pO=at |m}D=DU=x@W ?} Q[ u}}aD Qw_vtx@
(4n�1) uw}UqwtQiT=U=Q@ =ypwyHt Q}=U w kh u}@ x]@=Ql} =DCU= xOWVqD
|Owta pO=aD |xrO=at <=[Q= =@ =OD@= 'QwmPt |x]@=Q |xaUwD |=Q@ "OwW O=H}=
Si w Ni G=QNDU= x@ '�3 |xrO=at� ?trm � Qywt |oDN}Uo Q=}at w �2 |xrO=at�

%CU= xOW xDN=OQB 5 w 4 |=yx]@=Q j@=]t xa]k Qy |=Q@
nX
i=1

Fy = 0) Vi � V(i+1) �Wi + Sisin�i +Nicos�i = 0 (2)

|m}D=DU=x@W R}r=v; "6
C=[wQit w s}y=it "1"6

\UwD Q=@ u}rw= xm CU= |OL pO=aD VwQ l} '(HSM) |ki= C=a]k VwQ
"OW xO=iDU= KrUt l =N |=yQ=w}O p}rLD |=Q@ [23]'�2001� u=Q=mty w |rky=W
pt=m |Q}tN Q=DiQ =@ |ki= C=a]k |O=OaD x@ |oDN}Uo |xwo 'HSM VwQ QO
HSM VwQ R= xO=iDU= s=ovy "OwW|t <=[Q= =RHt Qw]x@ xmD Qy pO=aD w s}UkD
`]k =Q =yu=tr= xm OvwW|t ?=NDv= |=xvwo x@ =yVQ@ 'xOW KrUt |xOwD l} QO
C=a]k u}@ |=ywQ}v QO |t}kDUt Q}F-=D I}y =yu=tr= xm CU=vat u=O@ u}= "Ovvmv
p=ta= =@ u=wD|t =Q |ki= C=a]k VwQ '|m}D=DU= R}r=v; Q@xwqa "CW=O Ovy=wNv
T=U=Q@ "OQm xO=iDU= R}v |=xRQr p}rLD |=Q@ xa]k Qy pkF RmQt x@ |UQv}= |wQ}v
|irDNt `=wv= 'OwHwt CqwyHt w sm =L CqO=at u}vJty w xa]k Qy Q@ OQ=w |=ywQ}v
'(2n+ 1) |=yuw}UqwtQi "CU= xOW O=yvW}B HSM VwQ |=Q@ uw}UqwtQi R=
QO xOW xO=iDU= |=ypwtQi u} QDG}=Q (4n) w '(4n � 1) '(5n � 1) '(3n)

u=}t R= [25w24]"CU= C=a]k O=OaD n '=yv; QO xm 'OvDUy KrUt l =N |=yxR=U
Qy |=Q@ pkDUt kh l} CU= QO=k (4n� 1) uw}UqwtQi \ki 'Q}N= |=ypwtQi
`=iDQ= O=ODt= QO |ki= l}D=DU=x@W ?} Q[ `} RwD u}}aD u=mt= w Ovm h} QaD xa]k
|=ywQ}v w (4n� 1) uw}UqwtQi CqwyHt w CqO=at CU}r "OR=U sy=Qi =Q Q=w}O
QO ?}DQD x@ pOt Qy s)=i |ki= |xa]k |=Q@ l}D=tW Qw]x@ u; QO xOW xDiQoQ_v QO

"Ov=xOW x�=Q= 10 pmW w 2 pwOH
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2|
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt ?} Q[ Q=Okt 'K}rUD |=yu=tr= QO xOW G}U@ |=ywQ}v T=U=Q@ X=N |m}v=mt

"OR=U|t umtt |oDN}Uo K]U |xUOvy w u=v}t]=
nX
i=1

Fx = 0)

) Tj + Sicos�i �Nisin�i � (kh)iWi +Hi+1 �Hi = 0 (6)

Hi = �fi(y)Vi (7)

(kh)i =
Tj +

Vi+1�Vi+Wi
tan'
FS sin �i+cos �i

tan'

FS cos �i
Wi

�
Vi+1�Vi+Wi

tan'
FS sin �i+cos �i

sin �i +Hi+1 �Hi
Wi

(8)

?} Q[ l} � C=a]k u}@ |ki= |wQ}v u}}aD |=Q@ T}=QB w uQDUvoQwt |xrO=at QO
[27]'�1995� 14wS w wr "CU= jta R= |a@=D fi(y) w C=a]k |xty |=Q@ C@=F
|aU R= xO=iDU= =@ w Q=Okt w OwW xDiQo Q_v QO OL=w fi(y) Q=Okt xm OvOQm x}YwD
Qo}O |i=[= |xrO=at l} '1 w 0 u}@ Q=Okt l} X}YND =@ "OwW u}}aD =]N w
%O};|t CUOx@ 9 |x]@=Q j@=]t s)=n |xa]k |=Q@ |ki= |=ywQ}v pO=aD T=U=Q@X
Fx = 0

) Tm + Sncos�n �Nnsin�n � (kh)nWn +Hi+1 = " (9)

u=wD|t =Q (4n� 1) |xOv=t}k=@ |=yxrO=at 'swrat Q=Okt l} u=wvax@ � u}}aD =@
� |[Qi Q=Okt |UQQ@ |=Q@ 9 |xrO=at R= xO=iDU= =@ u=wD|t =Q " 'u}=Q@=v@ "OQm pL
ZQi Q=Okt 'OW=@ 0 x@ l}ORv |i=m |xR=Ov=x@ 9 |xrO=at QO " Qo = "OQm x@U=Lt
xt=O= |v=tR =D O}=@ VwQ u}= 'CQwYu}= Q}e QO 'Ow@ Oy=wN pw@k p@=k w |=Q@ xOW

"OwW 0 l}ORv x@ " xm O@=}

HSM w xRQrR}t V}=tR; G}=Dv T=U= Q@ kh u}}aD "3"6
\w@ Qt |ki= l}D=DU=x@W ?} Q[ 'OwW|t xOy=Wt 9 |xrO=at QO xm Qw]u=ty
|xwo |xUOvy uOQw; CUOx@ R= TB u=wD|t =Q KrUt l =N Q=w}O R= x}q Qy x@
|xUOvy h} QaD =@ 'wQ u}= R= "OR u}tND x}q u; QO K}rUD u=tr= |wQ}v w |oDN}Uo
u}vJty w 9 |xrO=at QO xRQrR}t |=yV}=tR; R= xOW xOy=Wt |oDN}Uo |=yxwo
CUmW |xrLQt QO xRQrR}t |=yV}=tR; R= xOt; CUOx@ Tmax Q}O=kt |v} Ro}=H
`} RwD '(FPrototype = N 3:FModel) |ak=w |xvwtv T=}kt x@ u; p}O@D R= TB�
|xrLQt G}=Dv R= xm |}=Hv; R= "OW u}}aD Q=w}O pOt Qy |=Q@ Q=w}O `=iDQ= O=ODt= QO kh
|xrO=at QO u=v}t] ?} Q[ Q=Okt 'CU= xOW xO=iDU= |r}rLD R}r=v; |=Q@ |oDN}Uo
CUOx@ |m}D=DU=x@W ?}=Q[ xm CU= sRq QmPD u}= "OW xDiQo Q_v QO 1 =@ Q@=Q@ 9
|=yQDt=Q=B R= =yv; |x@U=Lt |=Q@ =Q} R 'OvDUy q=@ u=Qm Q}O=kt 'Q}N= VwQ R= xOt;

"CU= xOW xO=iDU= |oDN}Uo |xrLQt x@ \w@ Qt
sRq xm OyO|t u=Wv �hr= � 11� pmW QO Q=w}O `=iDQ= O=ODt= QO kh `} RwD
QO xJQ=Bm} |=yQ=w}O |v=kwi |=yx}q |=Q@ QDtm |m}D=DU=x@W ?} Q[ l} CU=
|xwo O=a@= V}=Ri= w K}rUD |=yu=tr= |wQ}v Vy=m x@ Ov=wD|t =Q} R &OwW xDiQo Q_v
`} RwD Ea=@ xm 'OwW \w@ Qt xJQ=Bm} Q=w}O |=ypOt |v=kwi |=yx}q QO |oDN}Uo
u}=Q@=v@ "OW Oy=wN Q=w}O `=iDQ= O=ODt= QO |Wy=m OvwQ l} =@ kh CN=wvm} Q}e
l =N |=yQ=w}O |L=Q] |=Q@ kh C@=F Q=Okt l} X}YND xm CiQo xH}Dv u=wD|t
R= xO=iDU= xm OW xOy=Wt u}vJty "OwW|t R}r=v; uOW |ak=wQ}e x@ QHvt KrUt

"|ki= C=a]k VwQ \UwD |m} R}i |=ypOt |R=Ux}@W "10 pmW

�r = �f
FS
) Si = 1

FS
(Ni tan') (3)

Ni = Vi+1 � Vi +Wi
tan'
FS sin �i + cos �i

(4)

Si =

Vi+1�Vi+Wi
tan'
FS sin �i+cos �i

tan'

FS
(5)

Q}O=kt |Q=Po}=H w �6 |xrO=at� xa]k Qy |=Q@ |ki= pO=aD |xrO=at <=[Q= R= TB
[26]'�1965� 13T}=QB w uQDUvoQwt |O=yvW}B |x]@=Q R= xO=iDU= w u; QO Si wNi
Qy |=Q@ |ki= |m}D=DU=x@W ?} Q[ '�7 |xrO=at� C=a]k u}@ |ki= |wQ}v |=Q@
sQi x@ K}rUD |=yu=tr= |wQ}v w u=v}t]= ?} Q[ R= |a@=D u=wvax@ u=wD|t =Q xa]k
|m}D=DU=x@W ?} Q[ `} RwD u}}aD '8 |xrO=at R= xO=iDU= "OQw; CUOx@ 8 |xrO=at
w |UOvy X=wN =@ KrUt l =N |=yxR=U |=Q@ =Q Q=w}O `=iDQ= O=ODt= QO |ki=
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wQQ
@|

y=o
W}=t

R;w
|r}

rLD
|xa

r=]t

"xrB ZQa p@=kt QO u}ov=}t |m}D=DU=x@W ?} Q[ C=Q}}eD OvwQ �? &Q=w}O O=ODt= QO |m}D=DU=x@W ?} Q[ `} RwD �hr= "11 pmW

|OwQw ?=DW p@=kt p@=kt QOu}ov=}tl}D=DU=x@W?} Q[ C=Q}}eD OvwQ "12 pmW
"Q=w}O |xvO@ QO ?=DW u}ov=}t w Q=w}O |xJvB pLt QO

|=yQ=w}O |=Q@ xv=o =OH Qw]x@ Q=w}O |xvO@ QO ?=DW u}ov=}t w Q=w}O |xJvB pLt QO
\UwDt Q=Okt 'Q=w}O |xvO@ QO ?=DW u}ov=}t "CU= xOW x�=Q= |=xrB w xJQ=Bm}
|}=tvnQR@ ?} Q[ Q}O=kt R= xO=iDU= =@ xm 'CU= Q=w}O `=iDQ= O=ODt= QO ?=DW MU=B
xOy=Wt xm Qw]u=ty "CU= xOW u}}aD �9 pmW� pOt |xvO@ |xOt; CUOx@ ?=DW
|oDU@ty ?} Q[ =@ |]N |x]@=Q l} u=wD|t MHA w (kh)ave: u}@ 'OwW|t

%OQm h} QaD 10 |x]@=Q CQwYx@ q=@
(kh)ave: = kMHA

g
(10)

u}= "Ovm|t Twmat =Q Q=w}O `=iDQ= O=ODt= QO kh `} RwD OvwQ '|=xrB Q=DN=U l}
|v=DLD |xt}v QO |oDN}Uo |xwo O=a@= V}=Ri= R= |W=v kh `} RwD OvwQ QO Q}}eD
?} Q[ l} CU= sRq u}=Q@=v@ "CU= xOw@ |v=kwi |xt}v QO u; Vy=m w Q=w}O
� 11� pmW u}vJty "OwW xDiQo Q_v QO |v=kwi |xrB |=Q@ QDnQR@ |m}D=DU=x@W
|=yxt}v |=Q@ xrB ZQa V}=Ri= =@ |m}D=DU=x@W ?}=Q[ xm OyO|t u=Wv �hr=
Qy QO QwmPt Vy=m w V}=Ri= "Ov=xDi=} Vy=m w V}=Ri= ?}DQD x@ |v=DLD w |v=kwi
|Rri |=yxtUD =@ xOW KrUt |=yQ=w}O QO =t= 'OW xOy=Wt K}rUD u=tr= ẁv wO
ZQa p@=kt QO ((kh)ave::) u}ov=}t |m}D=DU=x@W ?} Q[ C=Q}}eD "Ow@ QDRQ=@
&OwW|t xOy=Wt �? � 11� pmW QO =yQ=w}O |v=DLD w |v=kwi |=yxt}v |=Q@ xrB
|xt}v QO xrB ZQa V}=Ri= =@ |]NQ}e CQwYx@ ((kh)ave::) 'u; j@=]t xm
xm |Wy=m OvwQ u}= 'xrB ZQa V}=Ri= |xt=O= =@ w O@=}|t Vy=m Q=w}O |v=DLD
x@ w xDi=} Vy=m G} QODx@ 'Ow@ QDnvQQB |Rri |xtUD =@ xOW KrUt |=ypOt QO
pY=LD > 0 4H QO xm C@=F Q=Okt u}= "CU= xOQm p}t C@=F Q=Okt l} CtU
u}tND O} Qow�S w |Rri |xtUD =@ xOW KrUt |=yQ=w}O |=Q@ 0 13 OwOL 'OW
ZQa =@ |=xrB KrUt l =N |=yQ=w}O CN=U xm CU= |vat u=O@ u}= "OW xOR
C=Q}}eD "OwW|tv l}D=DU=x@W ?} Q[ QDW}@ Vy=m Ea=@ 0 4H R= QDW}@ |xrB
|v=DLD |xt}v TmaQ@ ,qt=m |v=kwi |xt}v QO xrB ZQa p@=kt QO ((kh)ave:)

V}=Ri= xrB ZQa V}=Ri= =@ |]NQ}e CQwYx@ (kh)ave: xm |Qw]x@ 'CU=
C@=F Q=Okt '|v=DLD |xt}v Ovv=ty "Ovm|t p}t C@=F Q=Okt l} CtU x@ w O@=}|t
|Rri |xtUD =@ xOW KrUt |=yQ=w}O QO 'OW pY=L D > 0 4H QO xm Q}N=
|m}D=DU=x@W ?} Q[ Vy=m "OW OQw;Q@ 0 3 w 0 5 =@ Q@=Q@ ?}DQD x@ O} Qow�S w
Ow@ |Qo}O syt |xDmv |Rri |=yxtUD |=H x@ O} Qow�S R= xO=iDU= QF= QO R=}vOQwt
xOw@ QDxDUHQ@ Q=w}O |v=kwi |xt}v QO Vy=m u}= "OwW|t xOy=Wt 11 pmW QO xm
"CU= xOW R}v QDnvQQB �|v=DLD |xt}v hqNQ@� xrB ZQa |xrY=i V}=Ri= =@ w
|m}D=DU=x@W ?}=Q[ ?=NDv= s=ovy =Q K}rUD u=tr= ẁv uDiQoQ_vQO swRr Qt= u}=

"OR=U|t xDUHQ@
l}D=DU=x@W?} Q[ u}}aDCyH |OwQw ?=DW ?=NDv= u=mt QF= '12 pmW QO
|OwQw ?=DW p@=kt QO ((kh)ave:) Q=Okt 'u; j@=]t xm &OwW|t xOy=Wt |ki=
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2|
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "(kh)ave: |x@U=Lt CyH KqY= ?}=Q[ Q}O=kt "3 pwOH

r k u=tr= ẁv |Ov@ Qm}B
|v=DLD |xt}v |v=kwi |xt}v MHA(ave:) MHA(base) K}rUD Q=w}O

|v=DLD |xt}v |v=kwi |xt}v |v=DLD |xt}v |v=kwi |xt}v
0 387 0 310 0 402 0 335 0 374 0 289 |Rri |xtUD xJQ=Bm}0 279 0 259 0 263 0 231 0 229 0 182 O} Qow�S

0 183 0 456 0 193 0 496 0 183 0 429 |Rri |xtUD |=xrB0 137 0 278 0 145 0 310 0 137 0 277 O} Qow�S

|=ypOt |=Q@ xOt; CUOx@ RFs Q}O=kt |xU}=kt "CU= xOW u}}aD 0 25 w
|=Q@ [3]'�2009� u=Q=mty w |mUv}Wr \UwD xJv; =@ |O} Qow�S |=xrB Q=w}O
0 3 xm OyO|t u=Wv 'CU= xOW x}YwD (RFs = 0 3) |=xrB pUw�S |=yQ=w}O
=@ xOW KrUt |=yQ=w}O |}q=@ |xt}v |=Q@ pw@kp@=k |=xRQr Vy=m ?} Q[ l}
xv=Q=mx_i=Lt �50 =D Q=w}O |v=DLD |xt}v |=Q@ 0 3 Q=Okt =t= 'CU=yl}DDvUw�S

"CU=

|Q}oxH}Dv "7
|=yQ=w}O |wQ Q@ |r}rLD w |y=oW}=tR; C=ar=]t R= |=xawtHt 'Q[=L VywSB QO
?} Q[ u}}aD CyH O} Qow�S w |Rri |xtUD =@ |=xrB w xJQ=Bm} KrUt l =N
|xRQrR}t V}=tR; |QU l} 'Qw_vt u}= |=Q@ "CU= xOW s=Hv= |ki= |m}D=DU=x@W
'|oDN}Uo |xv=DU; ?=DW Q}O=kt u}tND CyH T=}ktlJwm |=ypOt |wQ Q@ 1g
s=Hv= |oDN}Uo Kw]U |xUOvy w K}rUD |=yu=tr= O=ODt= QO |QwLt |wQ}v `} RwD
VwQ R= xO=iDU= =@ |r}rLD CQwYx@ |m} R}i |=ypOt |R=Ux}@W =@ 'TBU "OW
QO wQ}v xm OvwW u}}aD |=xvwox@ |m}D=DU=x@W ?}=Q[ =D OW VqD |ki= C=a]k
G}U@ 'CU= xOt; CUOx@ xRQrR}t |=yV}=tR; R= xJv; =@ Q@=Q@ K}rUD |=yu=tr=
R= |a@=D u=wvax@ |ki= |m}D=DU=x@W ?} Q[ l} 'xOt;CUOx@ G}=Dv T=U=Q@ "OvwW
=yxt=vu}}; |x}YwD =@ TBU w |iQat K}rUD u=tr= ẁv w xrB ZQa '|OwQw ?=DW
u=wD|t =Q Q[=L VywSB |=yxDi=} u} QDsyt "OW xU}=kt u}W}B C=ar=]t G}=Dv w

%OQm u=}@ KQW u}= x@
hqNQ@ '|=xrB |=yQ=w}O QO |oDN}Uo Kw]U xm O=O u=Wv Q} w=YD VR=OQB G}=Dv �
|xrB QO \ki 'CU= xOW |v}@V}B FHWA |=yptar=QwDUO \UwD xJv;
xOy=Wt |v=DLD |xrB QO =yv; |xaUwD R= |=xv=Wv I}y w OwW|t p}mWD |v=kwi

&OwW|tv
Ov=wD|t h=]av= K}rUD |=yu=tr= R= xO=iDU= xJQo = xm OW XNWt u}vJty �
=yv; R= xO=iDU= =t= 'OyO Vy=m =Q =yu=tr= QO xOW G}U@ |wQ}v |yHwDp@=k Qw]x@
K}rUD |=yu=tr= |wQ}v Vy=m QO =Q |=xrB |Ov@ Qm}B Q}F-=D '|=xrB |=yQ=w}O QO

&OR=U|t Q=mW; QDtm
|=Q@ |QDtm |m}D=DU=x@W ?} Q[ xm O=O u=Wv Q=w}O `=iDQ= O=ODt= QO kh `} RwD �
xO=iDU= s=ovy u;Tma =t= 'CU= R=}vOQwt xJQ=Bm} |=yQ=w}O |v=kwi |=yVN@
O=a@= V}=Ri= p}rOx@ xm 'kh `} RwD OvwQ QO Q}}eD u}= "Ow@ jO=Y |=xrB Q=DN=U R=
'Ow@ Q=w}O |v=kwi |xt}v QO u; O=a@= Vy=m w |v=DLD |xt}v QO |oDN}Uo |xwo

?=DW pLt w xOvvmKrUt ẁv 'Q=w}O |Ov@ Qm}B ẁv x@ \w@ Qt ?} Q[ k 'u; QO xm
\ki hrDNt |=yxt=vu}}; QO pt=a u}= "CU= xOW x�=Q= 3 pwOH QO xm 'CU= `HQt
u}ov=}t R= xO=iDU= xJQo = "CU= xOW |iQat `HQt ?=DW u=mt R= |a@=D u=wvax@
QO p}rOx@ =t= &Ovm|t O=H}= |QD|ak=w |m}D=DU=x@W ?}=Q[ 'Q=w}O |xvO@ QO ?=DW
?=DW R= xO=iDU= 'hrDNt |=yQ=w}O |=Q@ ?=DW |}=tvnQR@ ?}=Q[ uOw@v TQDUO
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%OQm Tmavt 11 |x]@=Q CQwYx@ x}=B
(kh)ave: = r

(MHA)Base
g

(11)

xOvvmKrUt ẁv w Q=w}O Q=DN=U ẁv x@ \w@ Qt K}LYD ?} Q[ r 'u; QO xm
CUOx@ \@=wQ u}@ |xU}=kt "CU= xOW x�=Q= 3 pwOH QO u; Q}O=kt w xOw@
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s=ovy O}=@ R}v K}rUD u=tr= ẁv QF= '|OwQw ?=DW R= Q}e x@ xm OW |Q}oxH}Dv
"OwW xDiQo Q_v QO KrUt l =N |=yQ=w}O |=Q@ |m}D=DU=x@W ?}=Q[ ?=NDv=
O=yvW}B AASHTO |xt=vu}}; \UwD xm xJv; w xOt;CUOx@ \@=wQ u}@ |xU}=kt
|=yQ=w}O |=Q@ AASHTO |xt=vu}}; xm OyO|t u=Wv �12 pmW� CU= xOW
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|=xRQr Vy=m ?} Q[ l} '|L=Q] |=yptar=QwDUO QDW}@ QO 'wQ u}= R= "CU=
xOW h} QaD 12 |x]@=Q KQW x@ |m}D=DU=x@W ?}=Q[ ?=NDv= |=Q@ (RFs)

%CU=
RFsvertical = kv

MVA=g

RFshorizontal = kh
MHA=g

(12)

|OwQw |ki= w |Owta ?=DW |xv}W}@ ?}DQD x@ MHA w MVA u; QO xm
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OQw;Q@ 0 35 w 0 28 ?}DQD x@ |v=DLD w |v=kwi |=yxt}v QO RFs Q}O=kt '
|=Q@ RFs Q}O=kt 'O} Qow�S =@ xOW KrUt |=xrB |=yQ=w}O OQwt QO "CU= xOW
u}tND 0 21 =D 0 13 w 0 34 =D 0 24 OwOL |v=DLD w |v=kwi |=yxt}v
0 20 OwOL xJQ=Bm} |=yQ=w}O |=Q@ Q}O=kt u}= xm |r=L QO 'CU= xOW xOR
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