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!ovvd
x
vv~|vvAvv#GyvvwvvAvv9H<vvJvv+vvE*vv(pvvQ@vvtvvO|vv9

k
|vv"vvavvtvv+vv9

k
h@vvavv(QG

k
pvv,Gyvv}vvgvvQpvv?,|vv#

Gyv}v=v9O G}hyv)Eyv)Gyv}vqv9$v+v~G}vvDvQ@vtvO|v9
k

,yv}v9*vAvgvzvu<vAvtv"v+v?@vWv+v+vOGyv}v"vRd.
*vvAvv(Fvv&|vvJvvAvv(iGyvvwvvAvv9HEyvv)Gyvvavv;HGyvvQGivv=vv+vv#pvv,pvv%vv~Fvv($vvQGyvv}vv(\vv(Y|vv#
OhfGyvvJvv9Fvv?yvv}vvQGFvvgvv?GyvvgvvO*vvO|vv#GyvvwvvAvv>Gyvv}vvAvvgvvOOIhGyvvjvv9yvv+vv?.hfvvzvv)Lvv;a

GyvvvvwvvvvAvvvv>Gyvvvv}vvvvQFvvvvgvvvv+vvvv?GyvvvvAvvvv,@ovvvvTvvvvAvvvvMvvvvOeyvvvvzvvvv"vvvvqvvvv9PEyvvvv)<vvvv"vvvv(OLvvvv9Yvvvv?|vvvv"vvvvAvvvvtvvvv9I|vvvv#
Gyvv}vvgvvzvv(|vv9J,C

o
fvvO
v$vvPGGyvvwvvAvv9Hyvv+ovvtvvQC<vv(Yvvqvv&hSvv+vvzvv?yvvzvvAvvgvvz

w
vv~Gyvv}vvTvvAvv}vvQ.pvvqvv,

Ivv+vv#*vv}vvwvv#yvvzvvavv9yvv>Gyvv"vvqvv9PEyvv)|vv"vv9_vvu|vvJvvOOIyvvzvv}vvQFvvgvv+vv?,pvv{fCvvv=vvQpvv9FvvOI
@vwv(f<vtvQGAIGyvwvAv9H|v#Gyv=vOG*v?,hGyvAvtvOeLv;dGyvqvZv(dGyv}vMvAvzvqv?yvzv(Yv(d

(*)$PGGywA9H$(G@RAG}hd|#SzTz?@t"+?GyAW++Op,GC}zw?GCAJOI.
(1)p,GC}zw?GCAJOI(GCAQF~).
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Ey)p%~V9|{yzT}9JGy}MAzq?|#@W++OGy}"Rd.

Sp}9JGyAgz
w
~GCqA9I+?

%Oofvv}vvBfvv}vvzvv+vv?GyvvAvvgvvz
w
vv~<vvTvv}vv9J|vvqvvAvv9Ivv+vv?|vvAvvgvvOOI,|vv}vv9Fvvgvv{$vvPGGyvvwvvAvv9H

|vvvMvvvAvvvzvvvqvvv9
k

fvvv#GyvvvwvvvAvvv>Gyvvv}vvv"vvv9pvvvTvvv?.hsvvvOh\vvvgvvvB$vvvPgGyvvvTvvv}vvv9Jpvvv,|vvv(Gsvvvh
GSAQG@+G+?yAgRRf}z+?GyAgz

w
~.

%OQGSvv9JIvv9:J@vvAvv]vv}vv#Yvv(QG
k

h@vvgvvzvv+vvtvv9Jfvvzvv)|vv"vv9M
m

|vvMvvAvvzvvqvv?|vv#@vvtvv"vv+vv?
@vWv+v+vOGyv}v"vRd,h<v9yvAv9yv,*v}vwv#yvzvav9yv>|vgv9*v"v?GyvAvqv9Yv+v{hGyv}vwv(!v9Jpv,
GyJ9:JGy(Gsg+?.

%FvvQi@vv]vv}vv+vv#|vvzvvMvvZvv9J|vvgvv=xvvQI@vvgvvwvvUGyvv}vv(\vv(YyvvAvvJvvEGyvvtvv9Q fvvzvv)
GyAqw+Qp,F($QGy}(\(Y,hyAT9fOp,@Of+~Gy}gQp?Gy}wAT=?.

%@vvvTvvv9fvvvO@vvv}vvv9Q*vvv#Gyvvv}vvvQGFvvvgvvv?pvvv,GyvvvTvvv}vvv9Myvvvzvvvtvvv9Q <vvvzf*vvvzLvvvPpvvv,G:fvvvAvvv=vvv9Q
Gy}"9I,Gy}MAzq?yz}(\(Yp,!t9W|qA9I+?p,GywA9H.

%@vvvvTvvvv}vvvvKOQGSvvvv9JGyvvvv}vvvvtvvvv9Q!vvvv?yvvvvzvvvvtvvvv9Q <vvvvzf*vvvvtvvvv9Qfh*vvvvqvvvv9\vvvv{<vvvvTvvvvQfvvvv?<vvvv+vvvv#
LvvZvv9Fvv[GyvvAvvqvvZvv+vv;JGyvv}vvMvvAvvzvvqvv?Ch<vv+vv#GyvvJvvzvv(dGyvvAvvZvv}vv+vv}vv?,hsvvO!vvd

x
vv}vvB

<Z+j?|oGOhy?hS%z?Gyq%~.

%@

o
vJvO

x
O!vtv9W

o
Gyv}vgvzv(|v9JG}Iv9O*v?GyvZv+vjv?pv,vv{pvZv{|vQGFvhCh|vZv9OQ

Gyvv}vvgvvzvv(|vv9JGyvv}vvqvvAvv9Ivv+vv?yvvOfvv~GIvvAvv+vv9Fvv9JGyvvtvv9Q Gyvv}vvJvvAvv}vvzvv?yvv}vvgvvzvv(|vv9J
E\9p+?f#|(\(Y|JOO.

%E\v9pv?yvPyvx,@
o
vTvAvMvOe|v;Ivdv9JGyv%v(G|vXyvzvAv(Swvhpv,@vqvZv+v;J|vgv+v"v?

!v(svWvBpv,|vAv#Gyv"v[|v#OhfGyvAvTv=v><vJnvQraG!vAv=v9gGyvtv9Q fv#sv]v+v?
Gy}(\(YGy}J(Qj.

|(shGy(*>
*v}vwv#E*vGv9O|v(svhGyv(*v>GyvOqGfv~yvzvwvAv9HhGyv}vZv}v~yvAvgvR*vRfv}vzv+v?GyvAvgvz

w
v~

fz)Gyg"(GfGyA9y,:

http://www.palgrave.com/science/engineering/riley1
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h$(|oqZv{Ey):!a9bGy}oJ9\pQ*#,h!a9bGya;H.

%*vJvAv(j!vav9bGyv}ovJv9\pvQ*v#fvzv)SvzvTvzv?|v#"G:SvAv(O*v($v9J"*vTvAvMvO|v%v9
Gyvvv}ovvvJvvv9\pvvvQ|vvvhGyvvvavvv;HyvvvOfvvv~fvvv}vvvzvvv+vvv?GyvvvAvvvgvvvz

w
vvv~.Y

ovvv}
x
vvv}vvvBG:SvvvAvvv(O*vvv($vvv9J

yvvvAovvvQGvvvv~pvvv(bGyvvv}vvvgvvvzvvv(|vvv9JGyvvv}vvvJvvvAvvv(GIpvvv,GyvvvwvvvAvvv9HyvvvAvvv(GpvvvQSvvvzvvvTvvvzvvv?|vvv}vvvAvvvgvvv?
h|ovvvvvJvvvvvq

x
vvvvvRIyvvvvvJvvvvv9:J@vvvvvgvvvvvz

w
vvvvv~@vvvvvTvvvvvAvvvvv"vvvvvOEyvvvvv)OQGSvvvvv?GyvvvvvJvvvvv9yvvvvv?.yvvvvvtvvvvvO!ovvvvvdvvvvv}vvvvvB

G:SvvvAvvv(O*vvv($vvv9JIvvv(d|vvv9OIOQGSvvv?Ivvv9yvvv?,h$vvv,@ovvvWvvvGxvvvhGyvvvavvv;Hfvvvzvvv)
Gyvv(yvv(LEyvv)Gyvv}vvgvvzvv(|vv9JhGSvvAvvMvv;Yvv%vv9|vv#|vvZvv9OQ|vvAvv"vv(fvv?|vvDvv{Gyvv}vvgvv9*vv+vvQ
Gyvvv=vvvQ*vvvavvv9!vvv+vvv?,h|vvvzvvvMvvvZvvv9J|vvv|SvvvTvvv?<vvvJvvv(KGyvvv=vvv"vvv9A(BRE)pvvv,Gyvvv}vvv}vvvzvvvwvvv?
Gyvv}vvAvvJvvOI,hivv+vvQ$vv9|vv#Gyvv}vv(GOGyvv}vv"vvWvv(QI.!ovvd

x
vv~vvv{

l
|vv#G:SvvAvv(O*vv($vv9J

yvvMvvzvvuSvv+vv"vv9Q*vv(*ovvavvzvv>\pvv}vv"vv&|vv#Gyvvavv;HOQGSvv?_vv+vvrm|vv#Lvv+vv9QGJIvv{

|vvWvvwvv;J@vvZvv}vv+vv~
m

h@vvWvv+vv+vvO@vvTvvAvv"vvOoEyvv)Gyvv}vvgvvQpvv?GyvvAvv,_
o
vv(xQJ<vv9SvvAvvMvvOGe

GywA9H,v}9*oaz>|"%~C*]9
k

EFQGA<JEmhGSh
m

|(vF&.

*vvv}vvvwvvv#GSvvvAvvvMvvvOGeG:SvvvAvvv(O*vvv($vvv9J,EPGhF
x
vvv%vvvB<vvvWvvvwvvv{|vvv;Fvvv~,<vvv(Yvvvqvvv%vvv9

hSvvvv9Fvvvvb@vvvvgvvvvz
w
vvvv~,h|vvvv%vvvv9e@vvvvOQ*vvvv=vvvv+vvvv?,hfvvvvQhV@vvvvtvvvvO*vvvvQ*vvvv?.*vvvvAvvvv]vvvv}vvvvv#!vvvvavvvv9b

Gyv}vJv9\vQ*v#,<v9 \v9pv?Eyv)|v%v9eG:SvAv(O*v(,hYvqv9
k

@vqvZv+vzv+v9
k

*vAvgvz
v
vu<v}v(GO

GyvvJvv9yvv?Gyvv}vvOQhSvv?,hYvv(QG
k

E\vv9pvv+vv?h|vv(GO|vvQFvv+vv?@vv"vv9Svv>G:SvvAvvMvvOGepvv,
|J9\QGJhOQhSQS}+?yAA}9V)|h<"+?hY+j?GywA9H.

%*vvJvvAvv(j!vvavv9bGyvvavv;Hfvvzvv)CFvv(<vv?|vv(FvvRIyvvAvv}vv9Q*vv#Gyvv}vvQGFvvgvv?,hfvvzvv)
Y(QE\9p+?|#GyJ9:JGy}OQhS?p,GywA9H,|h@gz+t9J|QGpt?.

|9*xQG*z,
Cy+T(fv(@jQ*r
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G9BeA

1:b/qE9v)FTTbG9QRed





G9MGqGDhd
h3XFnG9Q?X;w

G}$OGa:

<gOOQGS?$PGGyqZ{SAw(fs9OQG
k

fz):
p

n
%r~Gy(c9FrGyq+R*9F+?GyQF+T+?yz}=9!,.
%@(Y+rGyg(G|{Gy(GF>CLP$9p,G:fA=9Qf"O@w(*#<+8?I+9@+?|t=(y?.
%|"9sW?GyQhG<b<+#$PgGyg(G|{h<+#@Z}+~Gy}T9v#GyJO*D?.
%GyvvAvvgvvQqafvvzvv)|vvZvv9OQh_vv=vv+vvgvv?G}Ivv}vv9dGyvv}vvavv=vvvtvv?fvvzvv)fvv"vv9YvvQGyvv}vv=vv"vv)hGyvva

w
vvQb

GyA,@|CQ<%9p,@zxGyg"9YQ.
%EOQGc|Oi@zC+QGLA+9QGy}(GOhG!At9ALZ9F[GyAZ}+~p,COGAGy}=").

*J(j$PGGyqZ{fz)Gy}t9_hGyA9y+?:
1.1Gy(c9FrGyq+R*9F+?hGy=+8+?yz}=9!,.
1.2Gyt(iGy}a=vt?fz)Gy}=9!,hGy"9@G?|"%9.
1.3G}OGAGy="+(jyzg"9YQ.

!ta?|gz(|9J:

%Gy(C+t?AGy}gA}OI|#s(G!+#Gy="9A;Gy="+?.
%BS 684:FOhdChRGf|(GOGy="9A.
%BS 5250:s9!(fGy}}9QS?yzAJw~<9yAw9Crp,Gy}=9!,.
%BS ISO 6243:|vvgvvavv+vv9J|vv"vv9Lvv+vv?yvvAvvZvv}vv+vv~Gyvv}vv=vv"vv).!vvdvv9e@vvQ|vv+vvR|ovvtvvAvvQM(Lvv9U<vv9yvvAvvZvv}vv+vv~
Gy="+(jyz}=9!,).
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%BS 6399GyvvvvGvvvvRA1:G}Ivvvv}vvvv9dpvvvv,Gyvvvv}vvvv=vvvv9!vvvv,,svvvv9!vvvv(fGyvvvv}vvvv}vvvv9QSvvvv?yvvvv~Ivvvv}vvvv9dGyvvvvTvvvv9vvvvv"vvvv?
hGy}qQh\?.

%BS EN ISO 7730:Gyvvvv=vvvv+vvvv8vvvv9JGyvvvvJvvvvQGQ*vvvv?Gyvvvv}vvvvgvvvvAvvvvOyvvvv?.@vvvvJvvvvO*vvvvOGyvvvv}vvvv|VvvvvQGJPMVhPPD

h|(GYq9JGydQhaGyJQGQ*?Gy}Q*J?(1).

1.1Gy(c9FrGyq+R*9F+?hGy=+8+?yz}=9P

|tO|?

%<vgvOOQGSv?$vPGGyv}vtvavhSvAvwv(fsvO@vgvQvpvBfvzv)_v=v+vgv?Gyv}v=v9!v,<v(Yvqv%v9
I

n+xRG
k

<+8+9
k

|jzt9

k
.

%hSvvAovvOQc_vv=vv+vvgvv?GyvvJvv9Fvv?yvvOi|vvTvvAvvMvvOeGyvv}vv=vv"vv)yvvAvvzvvavv+vvrGyvv=vv+vv8vv?,hSvvAvvqvv%nvv~
v+r@na(vQJY+j?Gy="9AyAT}K<AJt+uPyx.

%hSvvvAvvvgvvvQaGyvvvgvvv;svvv?<vvv+vvv#GyvvvJvvv9Fvvv9JGyvvv=vvv+vvv8vvv+vvv?h<vvv+vvv#Yvvv+vvvjvvv?!vvvTvvv+vvvHGyvvv}vvv=vvv"vvv)(2)

(Building Fabric).

%hSvAvwv(fsv9OQG
k

fvzv)@v}v+v+vRGyvMvZv9Fv[Gyv}vqvAv9Iv+v?yvZv+vjv?Gyv=v"v9AGyv}v|CvQIpv,
Gy=+8?GyOGLz+?.

%hSvvAvvqvv%vv~_vv=vv+vvgvv?Gyvvtvv(iGyvv}vv9O*vvv?Gyvv}vvavv=vvvtvv?fvvzvv)Gyvv}vv=vv9!vv,hGyvv"vv9@vvGvv?|vv"vv%vv9,
hSAA5yr|hGy}ZazJ9JGy}Agzt?<%PGGyG9!>|#COGAGy}=").

%hSvv+vvZvv=vvKyvvO*vvxEyvv}vv9e<vvAvvOGfvv+vv9JGyvvJvv9Fvv?yvvAvvzvv=vv+vv?$vvPgGyvv}vvAvvavvzvv=vv9Jfvv"vvO
@Z}+~Gy}=").

%h<vv9SvvAvvgvvQGVSvv+vv"vv9Q*vv($vv9J|vvAvv"vv(fvv?,Svv+vv}vvwvv"vvxGyvvAvvgvvQafvvzvv)GyvvMvvZvv9Fvv[

Gyv}vqvAv9Iv+v?yv=ov"v+v?Gyv}v=v"v)h!vTv+vGv&Gyv=v"v+v(j,hSvAvwv(fsv9OQG
k

fvzv)Q<vav%v9|vh
COGF&Gy}9OjhGy=+8,.

@A]}#$PgGyqtQIGy}t9_hGyA9y+?:

(1)GC|VvQPMV*vgv=qvQfv#|vTvAv(iGyvQGIv?GAvQGQ*v?GCAv(svhGyvPj*vWvgvQ<v&Gyvtv9_v"v(fOGLv{GC=v"v),
hGC|VvvvQPPD*vvvgvvv=qvvvQfvvv#Gyvvv"vvvTvvv=vvv?GC8vvv(*vvv?yvvvzvvvtvvv9_vvv"vvv_ivvv+vvvQGyvvvQG\vvv_fvvv#|vvvTvvvAvvv(iGyvvvQGIvvv?GAvvvQGQ*vvv?GC

o
gvvvavvv)

(GCAQF~).
(2)Gy"T+HGy="+(jyz}(GOGyA,@OL{p,@Qv+=?GC=")(GCAQF~).
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vvvvGy}=")<(Yq&i;p9
k

<+8+9
k
.

vvvv|Aaz=9JCOGAGy"T+HGy="+(jyz}=").

Gy}=")<(Yq&i;p9
k

<+8+9
k

!dQIf9|?

|vvvh@vvvavvv(qQ|vvvAvvvavvvzvvv=vvv9JGyvvvtvvv9_vvv"vvv+vvv#,CYvvv=vvvJvvvB_vvvQbGyvvvAvvvJvvvw
q
vvv~pvvv,Gyvvv=vvv+vvv8vvv9J

GyvvOGLvvzvv+vv?yvvzvv}vv=vv9!vv,|vvAvvavv(xQIFvvOG
k
.EfGyvvOQFvv?GyvvAvv,*vv}vvwvv"vv"vv9Cf!ovvgvvO

x
dpvv+vv%vv9Ivv9:J

Gyv=v+v8v?GyvOGLvzv+v?<v9SvAvMvOGeIv+xvRGyv}v=v"v)Gyv}vjvzvuhLvO|v9JGyv}v=v"v)vv=v+vQI.fvzv)Cj
Ivvv9d,|vvv#GyvvvTvvv%vvv{Cf!ovvvTvvvz

x
vvv~<vvv=vvvgvvv̂LvvvZvvv9Fvvv[Gyvvv}vvv=vvv9!vvv,GyvvvAvvv,@vvv|CvvvQpvvv,Gyvvv=vvv+vvv8vvv?

GyvvOGLvvzvv+vv?,hCf!vvAvvjvv9\vv)fvv#CSvv9S@vvavv(qQ$vvPgGyvvMvvZvv9Fvv[.@
o
vvZvv}vvv~Gyvv}vvTvv9vvv#

fvv}vv(|vv9
k

yvvAvvwvv(f|ovv}vvAvvgvv?Fvv}vv9yvv+vv9
k
.@vvgvv(OCYvv(dvvvDvv+vvQ|vv#GyvvAvvqvv9Yvv+vv{Gyvv}vvQ@vv=vvavv?<vvavvQGR

Gyvv}vv=vv"vv)hFvv}vv9yvv+vvAvv&Eyvv)GyvvJvv9Fvv?yvvAvvzvv=vv+vv?GyvvJvv9Fvv9JGyvv(cvv+vvqvv+vv?.h|vvh@vvavv(qQGyvv}vv=vv9!vv,,
CYv=vKOhQLvO|v9JGyv}v=v"v)pv,GyvAvJvw

q
v~pv,GyvJvQGQIhpv,G \v9AIhpv,GyvAv%v(*v?

CvvDvQC$v}v+v?.|v#GyvTv%v{Cf!v"vTv)Cf$vPgGyvMvO|v9J@vgvAv}vOhFv(Oiv;ap|v=v"v)k

|v"v9Sv>yv=vzv(ZGyv}vTvAv(iGyv}vavzv(H|v#G}OGA.*vgv(OCYv{Gyv}vTvwv#GyvPj!vgvQpv&
G6fEyvvv)C<vvvTvvvbVvvvwvvv{yvvvzvvv}vvv=vvv"vvv)C!vvvWvvvzgGyvvv"vvv9SyvvvJvvv}vvv9*vvvAvvv%vvv~|vvv#GyvvvdvvvQhaGyvvv=vvv+vvv8vvv+vvv?
Gyvvvtvvv9Svvv+vvv?.EfGyvvvgvvv(G|vvv{GyvvvAvvv,svvv9OJGyvvv"vvv9SyvvvAvvvjvvvzvvv+vvvrIvvv+xvvvRGyvvv}vvv=vvv9!vvv,pvvv,G}R|vvv"vvv?
GyvvAvv9Q*vvMvv+vv?|vv9RGyvvBsvv9Fvv}vv?Eyvv)*vv(|vv"vv9$vvPG.hhcvv+vvqvv?Gyvv}vvTvv9vvv#,|vvhC!vv%vv9CYvv=vvJvvB
G6fCvvvvvDvvvvQ@vvvvavvvv(QG

k
,|vvvv9RGyvvvvBFvvvv($vvvvQ*vvvv9

k
PG@vvvv%vvvv9vvvvv}vvvv9vvvvv9!vvvvBhsvvvvAvvvv8vvvvP.EfEIvvvvOi

Gy(c9FrGyQF+T+?yz"T+HGy="+(jyz}=")$,Lzui;a<+8,.

Gy}=9!,hGyAJw~p,Gy=+8?GyOGLz+?

Svgv)Gyv"v9Sfvzv)|nvQxGyvgvZv(QyvAvgvO*v{Gyv=v+v8v?GyvAv,*vgv+vWv(fpv+v%v9hyvzvAvJvwv~
pvv+vv%vv9.pvv,CR|vv"vv?|vv9svv=vv{GyvvAvv9Q*vvN,GSvvAovvMvvOp|vvBGyvvwvv%vv(ahG}Vvvwvv9dG}LvvQi|vv#
Gyv}v5hjGyv}v(Fv(OIpv,Gyvav=v+vgv?<v(Yvqv%v9|vTv9vv#<vOGFv+v?yvAvz|v+v#GyvJv}v9*v?|v#Gyv=v+v8v?
GyvvvMvvv9QFvvv+vvv?.h|vvvh@vvvavvv(QGyvvvJvvv]vvv9QI,CYvvv=vvvJvvvB_vvv=vvv+vvvgvvv?Gyvvv}vvvzhiGyvvvPj*vvvTvvvAvvvMvvvO|vvv&
Gyv"v9SCvvDvQ@vWvP*v=v9

k
h@vgvtv+vOG

k
,|vAvav(QIk|v#Gyvwv%v(ahG}Vvwv9dGyvav=v+vgv+v?yvzv}v5hj

Eyvv)CIvv+vv9RYvv"vvgvv+vv?<vvTvv+vvavv?,vvvAvvzvvxGyvvAvv,GSvvAvvMvvO|vvAvv%vv9Gyvvtvv=vv9Fvv{GyvvQIqvv9yvv?pvv,Gyvvgvv9yvv~
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fvzv)|vQxGyvAv9Q*vN.GfvAv}vOJGyvavQb,GyvAv,@vav(QJ|v#Lv;yv%v9Gyv=v"v)GyvAv,C!vWvz$v9
Gyv"v9S,_v=v+vgv?

n
Gyv}v"v9Npv,Gyv}v(GsvhGyv}vJvOOI,hfvzv)Vvwv{|v(GOGyv=v"v9AGyv}vAv(GpvQI

|vvJvvzvv+vv9
k
.!vvAvvH|vv#$vvPG@vvavv(qQCVvvwvv9d|vv"vv9_vvtvv+vv?|vv#Gyvv}vv=vv9!vv,(@vv=vvgvv9

k
yvvzvv}vv"vvavvtvv?)@vvgvvAvv}vvO

GSvvAvvMvvOGen|vv(GO|vvJvvzvv+vv?|ovvAvv9Ivv?.h!vvAvv+vvGvv?yvvPyvvx@vvavv(QJpvv,Gyvv}vv"vv9_vvuGyvv}vvMvvAvvzvvqvv?
C!vvv}vvv9WC<vvv"vvv+vvv?|ovvv}vvv+vvvvRI,vvvv{

l
*ovvvwvvv+xvvvrYvvv+vvvjvvv?Gyvvv=vvv"vvv9AyvvvAovvvzvvv=vvv,Gyvvv}vvvAvvvavvvzvvv=vvv9JGyvvv(cvvv+vvvqvvv+vvv?

<vv9SvvAvvMvvOGeGyvv}vv(GOhGyvvAvvtvv"vv+vv9JGyvv}ovvAvv9Ivv?.@vvavv(QJIvvO*vvDvv9
k

E|vvwvv9!vv+vv?!vvtvv{|vv(GOGyvv=vv"vv9A
fv=vQ|vTv9pv9Jvv=v+vQI!vTv=v+v9

k
.pvqv,<vQ*vav9!v+v9fvzv)Sv=v+v{Gyv}vDv9dvv9!vB$vPgG |vwv9!v+v?

|vvJvvOhOIsvv=vv{GyvvDvv(QIGyvvZvv"vv9fvv+vv?<vvTvv=vv>spvvz
v
vv?Vvv=vvwvv9JGyvv"vvtvv{Gyvvqvv9fvvzvv?,hsvvOSvv}vvK

G!vAvWv9QGyvtv"v(GJhLvav(WGyvTvwvxGyvJvO*vO*v?<v"vtv{Gyv}v(GOyv}vTv9pv9Jvv=v+vQI!vTv=v+v9
k
.

h<vv9yvvAvv9yvv,@vvQGFnvvhGyvv=vv"vv+vv9fGyvv}vv"vv9_vvtvv,,<vvgvvOCfCYvv=vvK|vv}vvwvv"vv9
k

GSvvAvvMvvOGe|vv(GO|vv#
|vv"vv9_vvuhGSvvgvv?pvv,G}<vv"vv+vv?GyvvJvvO*vvDvv?yvvAvvzvv=vv,Gyvv}vvAvvavvzvv=vv9JGyvv(cvv+vvqvv+vv?<vvzpvv]vv{_vvQ*vvtvv?
p9fz?hsz+z?GyAw9y+r.

@Aj+QOQF9JIQGQIGy%(GAL;dS9f9JGy+(e@=g9
k

yJ9:JGy}"9N
@

o
gQ

va@j+QGJOQF9JGyJQGQIL;d*(ehGIOfz)C!%9GyJ+xRGy+(|,

Cvv}vv?C|vvDvvzvv?fvvzvv)Gyvv=vv"vv+vv9fGyvv}vv"vv9_vvtvv,|vv(Fvv(OIpvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOIhpvv,
Fvv}vv+vvhC!vvJvv9AGyvvgvv9yvv~.pvvqvv,C|vv9vvv#|vvDvv{Gyvv}vv"vv9_vvuGyvvZvvJvvQGh*vv?GyvvWvvQbChSvvavv+vv?,
Ivv+vvE@vvAvvjvv+vvQOQFvv9JGyvvJvvQGQILvv;dGyvv+vv(evvvDvv+vvQG

k
,hyvvwvv(fGyvvavvtvvUSvv9Lvv"vv9

k
FvvOG

k

Lvv;dGyvv"vv%vv9Qh<vv9QOG
k

yvv+vv;
k

,@
n
vvWvv+vvhoG}<vv"vv+vv?PGJGyvv=vv"vv+vv9fGyvv}ovvZvv}vvB.@ovvgvvQa$vvPg

G}<vv"vv+vv?<vvz!vv%vv9<vv"vv+vv?PGJfvvavv9yvv?IvvQGQ*vv?vvv=vv+vvQI.@vv"vvgvvwvvUIvvQGQIGyvv"vv%vv9QGyvvWvvO*vvOI
<vvWvvwvv{FvvRFvv,<vv9SvvAvvMvvOGeE!vv%vv9AGJSvvavv(M<vv+vv]vv9A,<vv+vv"vv}vv9*vv}vvAvv[

qGyvv"vvTvv+vvHGyvv=vv"vv+vv(j
yvzv}v=v"v)GyvGvRAGyvPjyv~*v"vgvwvU<vO:

k
|v#!vtvzv&Eyv)Gyvqv]v9AGyv}vTvwv(f,h*vGvQj

E_vvv;b$vvvPgGyvvvJvvvQGQIGyvvv}vvvMvvvAvvvR!vvv?pvvv,G}hsvvv9J|vvv#Gyvvv+vvv(efvvv"vvvO|vvv9@vvvwvvv(fGyvvvJvvvQGQI
GyvvMvv9QFvv+vv?|vv"vvMvvqvv]vv?FvvOG

k
,hPyvvx!vvAvv+vvGvv?yvv;SvvAvvGvv9<vv?GyvvJvvQGQ*vv?Gyvv=vvavv+vv8vv?yvvzvv}vv=vv"vv)

GyvPj*vgv}v{<v(Yvqv?SvM
q
v9f@vMvR*v#(3).*vGvQjLvqv̂|vqv9fv+v{GyvAvTvMv+v#GyvWv}vTv,

(3)$vvv(Fvvv%vvv9Rvvvv%vvvQ<vvv9Fvvv,*vvvTvvvAvvvMvvvOepvvv,@vvvOpvvv8vvv?GyvvvjvvvQa,Ivvv+vvvE*vvvTvvvMvvv#|vvv+vvv9$vvv9
k

ChBFvvvQG
k
<vvv9SvvvAvvvMvvvOGe

Gyw%Q<9AL9QLChs9JGyPQhI(p,Gyz+{i9y=9
k
),y+Wgv%9<gOPyxCC"9AGy"%9Qf"OGA9F?(GCAQF~).
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Gy}=9VQ<9SAMOGefOO|JOhO|#pAJ9J!(GpPYj+QI.

pvv,Gyvv}vv"vv9_vvuGyvvAvv,*vvwvv(fpvv+vv%vv9GyvvavvtvvUIvv9QG
k

hQ_vv=vv9
k

Oh|vv9
k

,vvv}vv9$vv,GyvvJvv9d
pvvv,Fvvv"vvv(HVvvvQbBSvvv+vvv9,!vvvJvvvAvvv9LEyvvv)G@vvv=vvv9Y_vvvQGFvvvu|vvvMvvvAvvvzvvvqvvv?FvvvOG

k
pvvv,@vvvZvvv}vvv+vvv~

Gyvv}vv=vv9!vv,,pvvqvv,|vvDvv{$vvPgGyvvJvv9:J@vvwvv(f$vv=qvv9JGyvv"vvTvv+vv~Gyvv=vvTvv+vvavv?$vv,Gyvv(Svv+vvzvv?
Gyvv(Ivv+vvOIGyvvAvv,*vv}vvwvv"vv%vv9ERGyvv?h_vvzIGyvvJvvQGQIhGyvvQ_vv(<vv?yvvzvvGvv(GyvvOGLvvzvv,,h<vv}vv9Cf

cv9$vQIGyvAv=vQ*vOhERGyv?GyvQ_v(<v?$vPg@vGvQj\v}v#pvAvQIsvZv+vQI,pvgvzv)Gyv}v=v"v)Cf
*vAvZvQa<vTvQfv?yv;SvAvqv9OIGyvgvdv}v)|v#C*v?pvQYv?|vJvAv}vzv?,h<v9yvAv9yv,pv{fhFv(O
<v"v+v?PGJfvav9yv?IvQGQ*v?Yvjv+vQI\vQhQjyv"vtv{GyvAvjv+vQGJGyvMv9QFv+v?Eyv)GyvOGLv{
<vvzO!vv)@vvzLvv+vvQ.Ef_vv=vv+vvgvv?Gyvv}vv=vv9!vv,pvv,@vvzvvxGyvv}vv"vv9_vvu@vvgvvwvvU$vvPgGyvv}vvAvvavvzvv=vv9J,
<v(Fv(O<v"v+v?E!vWv9Fv+v?Lvqv+vqv?,hvvDv+vQ|v#GyvqvAvJv9JGyvwv=v+vQI@vTv}vKyv"vTv}v9JGyvAv=vQ*vO
<9y}QhQf=QGy}=")(GyWw{1.1).

Cvv}vv?pvv9Qbvvv=vv+vvQ<vv+vv#LvvZvv9Fvv[Gyvv}vv=vv9!vv,PGJGyvvgvvavv9yvv?GyvvJvvQGQ*vv?Gyvvwvv=vv+vvQI
hGyvv}vv=vv9!vv,PGJGyvvgvvavv9yvv?GyvvJvvQGQ*vv?GyvvZvvjvv+vvQI,pvvjvv9yvv=vv9

k
|vv9*vvwvv(fGyvv"vvTvv+vvHGyvv=vv"vv+vv(j

yvvzvv}vv=vv"vv)PjGyvvgvvavv9yvv?GyvvJvvQGQ*vv?GyvvZvvjvv+vvQILvvqvv+vvqvv9
k

pvv,Gyvv(Rf,hPGSvvgvv?G|vvAvvZvv9U

h@vvMvvR*vv#IvvQGQIYvvjvv+vvQ@vv+vv#.<vv9yvvAvv9yvv,@vvTvvAvvGvv+vv>$vvPgGyvv}vv=vv9!vv,<vvTvvQfvv?yvvAvvjvv+vvQGJ

OQFvvv9JGyvvvJvvvQGQIGyvvvMvvv9QFvvv+vvv?,hfvvvzvvv)!vvvtvvv+vvv̂Pyvvvxpvvv{fGyvvv}vvv=vvv9!vvv,PGJGyvvvgvvvavvv9yvvv?

GyvvJvvQGQ*vv?Gyvvwvv=vv+vvQIivv9yvv=vv9
k

|vv9@vvwvv(fPGJvvvAvvzvv?\vvMvv}vv?,<vvGvvOQGfvvvDvv+vvqvv?@vv}vvAvv[

GyvJvQGQI|v=v9VvQI.@vgvRd$vPgGyv=v"v+v?GyvOGLv{
n

fv#GyvAvjv+vQGJGyvMv9QFv+v?!vAv+vGv?yv}ovOO
G:SvvAvvGvv9<vv?Gyvv=vvavv+vv8vv?.h<vv9yvvAvv9yvv,pvv{fVvvwvv{Gyvv=vv"vv+vv?Gyvv}vv"vvAvvtvv9I*vvGvv>Cf*vv"vvTvvGvv~|vvh
Gyvv}vv"vv9N,h|vvh|vvAvvavvzvv=vv9JGyvv}vvTvvAvvMvvOe,h|vvhLvvO|vv9JGyvv}vv=vv"vv)Gyvv}vvAvv(GpvvQIyvvAvvzvvavv+vvr
GyG(GyOGLz,<aQ*t?p9fz?.

EfGSvvAvvMvvOGe<ovv"vv)hGsvv+vv?yvv+vvUGyvvTvv=vv+vv{Gyvv(Ivv+vvOyvvAvvzvvavv+vvrGyvvGvv(.pvv}vv"vvPCf
GvvAovWvqvBGyv"v9Q}hd|vQIhGSvAvMvO|v%v9Gyv"v9SGyv=vOGFv+v(fyvAv(pv+vQGyv]v(AhGyvJvQGQI,

ivvvOGGSvvvAvvvMvvvOGeGyvvvavvv9svvv?yvvvzvvv}vvvTvvv9fvvvOIpvvv,@vvvzvvvavvv+vvvrGyvvvGvvv(C|vvvQG
k

CSvvv9Svvv+vvv9
k
.h|vvvhCf

GSvvAvvMvvOGeGyvv}vv=vv9!vv,*vv}vvwvv"vv&Cf*vvzvva
x
vvrGyvvGvv(GyvvOGLvvzvv,h*vvtvvzvv{|vv#|vvqvvgvv(dsvvTvv9hI

Gyvv}vv"vv9NGyvvMvv9QFvv,,E:
q

Cf
q

GyvvAvvJvvwvv~Gyvvqvv9fvv{h@vvzvvavv+vvrGyvvGvv(GyvvOGLvvzvv,*vvJvvAvv9LEyvv)
|vvTvv9$vv}vv?Gyvvavv9svv?.EfGSvvAvvMvvOGeGyvv}vv=vv9!vv, Svvwvv9fGyvv"vv9ShGyvvAvvGvv%vv+vvRGJhG}!vv(GY
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 1.1      

Gyvv}vvMvvAvvzvvqvv?|vv#Gyvv}vvgvv9yvvGvv9J,|vvh|vvAvvavvzvv=vv9@vv%vv9Gyvv}vvMvvAvvzvvqvv?|vv#GyvvGvv(GyvvOGLvvzvv,,COqi

Eyvv)@vvavv(*vvQ|vv=vv9fmhLvvO|vv9J|ovvQGppvvtvv?msvv9OQIfvvzvv)GyvvAvvJvvwvv~pvv,GyvvJvv9:JGyvvOGLvvzvv+vv?
\}#|(Sa9J|Qi(<?h<Os?v=+QI.

@vav(QJC*v]v9
k

_v=v+vgv?EOQGcGyv"v9SyvzvQGIv?\v}v#Gyv}v=v9!v,.hyv~*vgvO@vGv"v>
Gyv}vavQhGyv(sv9*v?|v#Gyv=vQOGyvWvO*vOChGyvJvQGQIvv9pv+nv+v#yvAvzv=v+v?G:IvAv+v9Fv9JGyv=vWvQ*v?.
*gA}O@(p+QF(OGLz,|t=(dfOOG

k
|#Gyg(G|{,hGyA,@A]}#:

%GyvvgvvRdGyvvJvvQGQjhGyvvAvvJvvwvv~pvv,OQFvv9JGyvvJvvQGQI::<vvOyvvzvv"vvTvv+vvHGyvv=vv"vv+vv(j
yvvzvv}vvTvv9vvv#GyvvJvvO*vvDvv?|vv#Cf*vv]vv}vv#<vvtvv9A|vvTvvAvv(*vv9J!vvtvv{GyvvJvvQGQI<vv+vv#GyvvGvv(
GyvOGLvzv,hGyvMv9QFv,\v}v#IvOhO|vtv=v(yv?.*v%vOa$vPGpv,<vgv̂GyvJv9:J

Eyvvv)@vvvtvvvzvvv+vvv{LvvvTvvv9QIGyvvvJvvvQGQILvvv;dpvvvAvvvQGJGyvvv=vvvQO;h*vvv%vvvOapvvv,Ivvv9:J
CLvvQiEyvv)@vvtvvzvv+vv{vvvTrvv>GyvvJvvQGQI.hpvv,vvvzvvAvv9GyvvJvv9yvvAvv+vv#,*vvGvv>Cf*vvwvv(f
yz"T+HGy="+(j|TA(*9JfRdF+OIy+o"GpRGy}Aaz=9JGy(c+q+?.

%GyvgvRdGyvZv(@v,:!vvQivv>pvv,|vvgvvdvv~GyvvJvv9:Jpvv,Ivv}vv9*vv?Gyvv=vv+vv8vv?GyvvOGLvvzvv+vv?
\v}v#Gyv}vTvwv#|v#\vGv+vHGyv}vJv+vbGyvMv9QFv,.<v9 \v9pv?Eyv)CfGyvJv9Fv?
yvvzvv}vvJvv9pvvdvv?fvvzvv)|vvTvvAvv(*vv9J|vv#GyvvMvvZvv(Yvv+vv?*vvTvvAvvOfvv,Cf*vvwvv(fGyvvjvv;a
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GyM9QF,yz}=")s9OQG
k

fz)@M}+OGy]G+HEy)S(*?|gt(y?.

%@vv(pvv+vvQGyvv]vv(A::<vvO|vv#@vv(pvv+vvQ|vvTvvAvv(*vv9Jvvv9pvv+vv?|vv#Gyvv]vv(AGyvvavv=vv+vvgvv,Ch
GyvvZvv"vvgvv,OGLvv{Gyvv}vvTvvwvv#,yvvAvv}vvwvv+vv#Gyvv}vvTvvAvvMvvO|vv+vv#|vv#Gyvvtvv+vv9e<vv"vvWvv9_vv9@vv%vv~
Gyvv+vv(|vv+vv?|vv#Ohffvv9Fvvu.E\vv9pvv?Eyvv)CfGyvvJvvqvv9Xfvvzvv)|vvTvvAvv(*vv9JG \vv9AI
*v|CvQpv,G IvTv9S<v9yvGv(GyvOGLvzv,Gyv}vQ*vK.:*v}vwv#GfvAv=v9QGyv}vTv9Iv9J
GyA,:@oRhvO<{\9AI_=+g+?|"9S=?

k
yzTw#Gy=WQj.

%GyvAvJvw
q
v~pv,GyvQ_v(<v?hpv,GyvAv%v(*v?:pvv,Cj|vv=vv"vv),Cvv}vv?|vvGvv9d|vvtvv=vv(d|vv#

GyvvQ_vv(<vv?Gyvv"vvTvv=vv+vv?*vvWvvgvvQ\vv}vv"vv&|vvgvvdvv~Gyvv"vv9S<vv9yvvQGIvv?.EPGvvv9!vvB|vvTvvAvv(*vv9J
GyvQ_v(<v?pv,GyvGv(Cfvzv)ChCO!v)|v#$vPGGyv}vGv9dSv+vWvgvQGyvtv9_v"v(f<vgvOe
GyvvQGIvv?;h<vv9yvvAvv9yvv,:<vvO|vv#\vv=vvb|vvTvvAvv(*vv9JGyvvQ_vv(<vv?.*ovvJvvtvvvu$vvPGG}|vvQ
pv,Gyv}vTv9vv#fv9OIk<vAv(pv+vQ|vTvAv(*v9J@v%v(*v?|v"v9Sv=v?.@ov"vApvHGyv"vWv9_v9JGyv+v(|v+v?
GyvvvAvvv,@vvvGvvvQjpvvv,Gyvvv}vvvTvvv9vvvv#vvvv}vvv+vvv9Jvvvv=vvv+vvvQI|vvv#<vvvMvvv9QGyvvv}vvv9A|vvv#Gyvvvavvv=vvvN
hGyvvjvvTvv{h|vv9Eyvv)Pyvvx.@vvgvvAvv=vvQ@vv%vv(*vv?OGLvv{Gyvv}vvTvvwvv#yvvzvvTvv}vv9M<vvMvvQhL
Gyvvvv=vvvvMvvvv9QEyvvvv)GyvvvvMvvvv9QL_vvvvQ*vvvvtvvvv?pvvvv9fvvvvzvvvv?yvvvvzvvvvAvvvvJvvvvwvvvv~pvvvv,GyvvvvQ_vvvv(<vvvv?.EfhFvvvv(O
|vvvTvvv9Ivvv9JPGJ!vvv(GpvvvP|vvvqvvvAvvv(Ivvv?*ovvvTvvv%xvvv{GyvvvAvvv%vvv(*vvv?hIvvvQvvvv?Gyvvv%vvv(GA\vvv}vvv#
Gy}Tw#,h*(pQ|ZOQ$(GA|Aj+QyzOGL{.

%@QI+{Gy}z(xC9J:

EfEIvvvOiGyvvv(cvvv9FvvvrGyvvvAvvv,*vvv"vvvGvvvR$vvv9@vvv(pvvv+vvvQ|vvvTvvvAvvv(*vvv9J@vvv%vvv(*vvv?|vvv"vvv9Svvv=vvv?$vvv,
G RGyvv?Gyvvqvv9fvvzvv?ChGyvvAvvQIvv+vv{Gyvvqvv9fvv{yvvzvv}vvzvv(Cvv9J.Ef@vv(pvv+vvQ|vvTvvAvv(*vv9J|vv"vv9Svv=vv?|vv#
IvQvv?Gyv%v(GA,hC$v~|v#Pyvx@vGvOOGyv%v(GASv+v|OjEyv)ERGyv?GyvOLv9fhGyvQhGFvK

hGy}z(C9JG}LQiGy}(F(OIp,Gy%(GA.

Ef|vOiGyvOhQGyvPj*v}vwv#Cf*v|O*v&vv{
t

|v#$vPgGyvgv(G|v{pv,LvzvuFv(
|vvtvv=vv(d*vvMvvAvvzvvr|vv#Ivv9yvv?Eyvv)CLvvQi.h|vvhSvvgvv,Yvv"vv9fvv?Gyvv=vv"vv9AyvvAvvavv(*vvQCSvvzvv(H

CvvvDvvQ@vvJvv}wvv;
k
yvv"vvWvv9_vv9@vv%vv9,Cvv}vv?@vv(Fvv&:fvvAvv}vv9OByvv+vv9J_vv=vv+vvgvv+vv?CvvvDvvQyvvzvvAvvJvvwvv~pvv,

Gyv=v+v8v?.FvQi@vZv}v+v~vvDv+vQ|v#Gyv}v=v9!v,GyvJvO*vDv?yvR*v9OIGyv]v(AGyvav=v+vgv,hGyvAv%v(*v?
Eyv)CsvZv)IvO,<v%vOaLvqv̂vvzvqv?Gyvav9sv?.h<vavQ*vtv?|v}v9Cvzv?,@v}vwv#G:SvAvqv9OI
GyvtvZv(i|v#G Vvgv9YGyvWv}vTv,pv,Gyv}vTv9vv#<vAvjv+v+vQsv+v9SGyv"v(GpvPpv,Gyvav(G<vu

25



Gyv}vMvAvzvqv?GfvAv}v9OG
k

fvzv)G:@vGv9g.@vR*vOGyv"v(GpvPGyvwv=v+vQIpv,Gyvav(G<vuGyv}vAvGv%v?!vJv(
GyvvvGvvv"vvv(HGyvvvwvvvTvvv>nGyvvvJvvvQGQj,<vvv+vvv"vvv}vvv9@vvvMvvvqvvv̂Gyvvv"vvv(GpvvvPGyvvvZvvvjvvv+vvvQIpvvv,Gyvvvavvv(G<vvvu
Gyvvv}vvvAvvvGvvv%vvv?!vvvJvvv(GyvvvWvvv}vvv9dGyvvv]vvv+vvv9YGyvvvJvvvQGQj.@vvvWvvvQbGyvvvWvvv}vvvUpvvv,!vvvZvvvrGyvvvwvvvQI
GyvvvWvvv}vvv9yvvv,|vvv#GyvvvGvvv"vvv(H,h<vvv9yvvvAvvv9yvvv,pvvv}vvvgvvvdvvv~G Vvvvgvvv9YGyvvvWvvv}vvvTvvv,|vvv(Fvvv(Ofvvvzvvv)
G}|vv9vvv#GyvvAvv,@vv(GFvv&GyvvGvv"vv(H.*vv|CvvQ$vvPGpvv,@vvZvv}vv+vv~Gyvv}vv=vv9!vv,<vvJvv+vvE@vv(\vvh
!vvv(GpvvvPvvvv=vvv+vvvQIyvvvAvvvR*vvvO|vvv#GyvvvwvvvTvvv>GyvvvJvvvQGQj,<vvv+vvv"vvv}vvv9@vvv(\vvvh!vvv(GpvvvPYvvvjvvv+vvvQIpvvv,
GyvvGvvOQGfGyvv}vv(GFvv%vv?yvvzvvWvv}vv9dyvvMvvqvv̂Gyvv]vv+vv9YGyvvJvvQGQj.SvvAvv|OjGyvvgvv(G|vv{GyvvAvv,
|vv#$vvPGGyvvtvv=vv+vv{OhQG

k
|vvAvvRG*vvOG

k
pvv,@vvZvv}vv+vv~Gyvv}vv=vv9!vv,|vvh@vv(Fvv%vv"vv9!vvJvv(!vv%vvH<vv+vv8vv?

|="+?CvDQGSAOG|?.

*v(\vKGyvWvwv{Qsv~1.2$vPgGyv}vAvavzv=v9JhGyvavQbGyvAv,@vJvtvtv%v9pv,C!v}v9W
Gy="9AGyJO*D?.

vvv9f@vvWvv+vv+vvOGyvv}vv=vv9!vv,<vv9SvvAvvMvvOGe|vv(GOmvvv9!vvB|vvAvv(GpvvQI|vvJvvzvv+vv9
k

,Vvv9Fvvgvv9
k

pvv,
<vvQ*vvavv9!vv+vv9pvv,|vvQIvvzvv?|vv9svv=vv{GyvvDvv(QIGyvvZvv"vv9fvv+vv?.<vvgvvOPyvvx,COvJE|vvwvv9!vv+vv?!vvtvv{
Gyvvv}vvv(GOfvvv=vvvQGyvvvtvvv"vvv(GJhGyvvvTvvvwvvvxGyvvvJvvvO*vvvO*vvv?Eyvvv)R*vvv9OIG!vvvAvvvWvvv9QGSvvvAvvvMvvvOGe<vvvgvvv̂
Gyvv}vv(GO.h*vv}vvD

x
vv{GfvvAvv}vv9OG}QOhGR(4)(Slate)pvv,@vvjvvavv+vv?G}SvvavvK|vvDvv9:

k
Fvv+vvOG

k
fvvzvv)

Pyvvx.*vv"vvJvvZvvQ@vv(GFvvOG}QOhGRpvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOIpvv,|vv"vv9_vvu|vvgvv+vv"vv?|vvDvv{
Vvv}vv9dh*vvzvvRh|vv"vvavvtvv?Gyvv=vvJvv+vvQGJ,h|vvhPyvvxG!vvAvvWvvQGSvvAvvMvvOG|vv&<vvavvQ*vvtvv?hGSvvgvv?
<(Yq&|9OIkyzATt+r.

(4)!(Y|#GyZM(QS%{GyAta+hE]Cy(GM,GSAMOesO*}9
k

p,St(aGC"9Rd(GCAQF~).
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|v9RGdGSvAvMvOGeGyv}v(GOhGyvAvtv"v+v9JGyv}vJvzv+v?|vzyv(pv9
k

pv,<vgv̂Gyv=vzvOGfvv}v9

@vvgvvwvvTvv&G}!vv}vv9WGyvv}vvAvv"vv(fvv?|vv#Gyvv}vv=vv9!vv,Gyvv}vv"vv9_vvtvv+vv?.hvvv}vv9:Ivvdvv"vv9Svv9<vvtvv9
k

,*vvAvvzCvvQ
Vvvvwvvv{$vvvPgGyvvv}vvv=vvv9!vvv,<vvvavvv=vvv+vvvgvvv?Gyvvv}vvv"vvv9NGyvvv}vvvJvvvzvvv,hGyvvvJvvv9Fvvv?Eyvvv)@vvvzvvvavvv+vvvrGyvvvGvvv(
GyOGLz,.*=+#GyWw{1.3|D9:

k
y}=")|"9_t,Esz+},.

*ovTvAvMvOne|vZvavzvK"Gyv}v=v9!v,Gyv}v"v9_vtv+v?"yvzvO:yv?fvzv)Gyv}v=v9!v,GyvAv,Vov+xvOJ
<9SAMOGe|(GO|Jz+?h@q9Y+{L9Y?<9 sz+~GyPj<"+Bp+&.

@}Q*#
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svvvvvv~<vvvvvv{FvvvvvvQGA<vvvvvvJvvvvvvEpvvvvvv,G !vvvvvvAvvvvvvQ!vvvvvvB|vvvvvvTvvvvvvAvvvvvvMvvvvvvO|vvvvvv9
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GyvvJvv9Fvv?yvvAvv(pvv+vvQFvv(uOGLvvzvv,|vvtvv=vv(dyvv+vvTvvBE:EIvvOi|vvAvvavvzvv=vv9JG}OGA
yvzv}v=v9!v,GyvJvO*vDv?.*vgvAv}vO|vTvAv(iCOGAGyv}v=v9!v,fvOInfv(G|v{,h*vMvAvzvr@vzvv+vOCIvO
|vvvvvAvvvvvavvvvvzvvvvv=vvvvv9JG}OGA<vvvvvgvvvvv+vvvvv"vvvvv&|vvvvv#Ivvvvv9yvvvvv?Eyvvvvv)CLvvvvvQi.yvvvvvtvvvvvOh\nvvvvvgnvvvvvBrGyvvvvvtvvvvv(G!vvvvv+vvvvv#
hG QVvvv9OGJ,|vvvDvvv{Gyvvvtvvv(GfvvvOGyvvvAvvv"vvvdvvv+vvv}vvv+vvv?yvvvzvvv=vvv"vvv9A,Gyvvv}vvvgvvv9*vvv+vvvQGyvvvO!vvv+vvv9,h:<vvvO|vvv#
G *vqv9A<v%vPgGyv}vgv9*v+vQ<vZvQaGyv"vdvQfv#EOQGcCOGAGyv"vTv+vHGyv=v"v+v(jyvzv}v=v"v).Ef
GyvOhQGyv}vAv"v9|v,yvzv}v=v"v)<v(Yvqv&CvQhIfvtv9Q*v?svOCC
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<vv}vv(Fvv=vv%vv9@vvZvv}vv+vv~Gyvv}vv=vv9!vv,yvvGvvgvv{Gyvvtvv+vv}vv?fvvzvv)Gyvv}vvOiGyvv=vvgvv+vvOCfvvdvv}vv+vv?,hyvvGvvgvv{

@vvwvv9yvv+vvrYvv+vv9!vv?Gyvv=vv"vv+vv?hGyvv"vvTvv+vvHGyvv=vv"vv+vv(jyvvzvv}vv=vv"vv)CYvvjvvQ*vv?.*vvQ@vv=vvb@vvWvv+vv+vvOGyvv}vv"vvRd
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%GygRdGyZ(@,.

%Gy}Qh!?.
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k
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Gyv}vavzv(<v?.pv,<vgv̂GyvJv9:J,svO@vwv(fIv+v9IGyv}v=v"v)Gyv(cv+vqv+v?Gyv}vQ@vtv=v?svZv+vQI,
hpvv,|vvDvv{@vvzvvxGyvvJvv9:J*vvzLvvP|vvTvvAvv(iOhGeGyvv}vvAvv9!vv?Gyvv}vvavvzvv(<vv?C$vv}vv+vv?Csvv{|vv#
GyvvJvv9yvv?GyvvAvv,@vvwvv(fpvv+vv%vv9Ivv+vv9IGyvv}vv=vv"vv)Gyvv}vvQ@vvtvv=vv?C_vv(d.fvvzvv)GyvvQivv~|vv#$vvPGpvv{f
G}$vv}vv+vv?Gyvv"vvTvv=vv+vv?yvvzvv}vvAvvavvzvv=vv9JGyvv}vvMvvAvvzvvqvv?|vvAvvTvv9h*vv?fvv}vv(|vv9
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,h*vvGvv>GyvvAvvgvv9|vv{|vvhvvv{

|#Gy}Aaz=9JEy)IO|9.h<9yA9y,p}#G}$}+?<}w9fCf!OQS%9F}+g%9.

G:SAtQGQGy="+(j

yvv+vvAvv}vvwvv#Gyvv}vv=vv"vv)|vv#@vvzvv=vv+vv?Gyvv(cvv9FvvrGyvv}vvavvzvv(<vv?|vv"vv&<vvZvv(QI|vvQ\vv+vv?:<vvOCf
*vwv(fsv9OQG
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fvzv)@vJv}v{G}Iv}v9dGyv}vqvQh\v?fvzv+v&OhfCf*vAvWv(gCh*v"v%v9Q.h$vPG

*ovvvJvvvA
x
vvv~E|vvv9Gyvvv}vvvtvvv9h|vvv?Gyvvvqvvv9fvvvzvvv?yvvv~Ivvv}vvv9dCh!vvvtvvvzvvv%vvv9fvvv=vvvQGyvvv=vvv"vvv+vvv?Eyvvv)G}QV.pvvv,

Gyvv}vvTvv9vvv#PGJGyvv=vv"vv+vv?GyvvAvvtvvzvv+vvO*vv?,@vvMvvAvvzvvrByvv+vv9JGyvvAvvgvv9|vv{|vvh$vvPgG}Ivv}vv9dfvv#
G6yv+v9JGyv}vAv=vgv?pv,Gyv}v=v9!v,PGJG}_vQGyvMvWv=v+v?ChGyv}v=v9!v,|vTv=vtv?GyvZv"vh.Sv+vAv~
GyvvAvvgvv9|vv{|vvh|vv=vv9O $vvPgG6yvv+vv9Jpvv,|vvQGIvv{|vvAvvtvvO|vv?|vv#GyvvwvvAvv9H,hyvv#@ovvWvvQM
<vv9yvvAvvqvvZvv+vv{$vv"vv9.yvvwvv#|vv#Gyvv}vv%vv~Cf!vv;IvveC!vv&|vv%vv}vv9vvv9!vvBYvv+vvjvv?<vv"vv+vv?Gyvv}vv=vv"vv),
@vvGvv>|vvgvv9yvvGvv?G}Ivv}vv9d<vvavvQ*vvtvv?pvv9fvvzvv?.*ovv"vvGvvR$vvPGG}|vvQfvv9OIE|vv9<vv"vvtvv{G}Ivv}vv9d
Eyv)<vgv̂fv"v9YvQGyvOfv~Gyv(Sv+vav?,ChEyv)Gyvav=vtv9JGyvOGfv}v?(5)(Strata).:<vO

yvvgvv"vv9YvvQGyvv=vv"vv+vv?Chyvv}vvwvv(!vv9@vv&Cf@vv}vvAvvzvvxsvv(Ivvv9pvv+vv?yvvzvvAvvgvv9|vv{|vvhGyvvtvv(iGyvvAvv,@vv"vvWvvz
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OGLz%9<qg{G}I}9dGy}MAzq?Gy}(F(OIp,Gy}=").
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*vvtvvAvv]vv,COGA<vv"vv+vv?Gyvv}vv=vv"vv)hGyvv"vvTvv+vvHGyvv=vv"vv+vv(jyvv&,fvvzvv)Gyvv}vvOiGyvv=vvgvv+vvO,Cf
@vvvwvvv(fG}FvvvRGAGyvvv}vvvwvvv(!vvv?yvvvzvvv}vvv=vvv"vvv)svvv9OQIkfvvvzvvv)@vvvJvvv}wvvv{@vvvtvvvzvvv=vvv9JhfvvvOGFvvv+vvv?Gyvvv=vvv+vvv8vvv?
Gyv}v(\v(fv?\v}v"v%v9|v#OhfCf@vAvWv(g.@ovgvAv=vQsvOQICFvRGAGyv}v=v"v)pv,Gyv}vJv9pvdv?
fvzv)Sv;|vAv%v9,hfvzv)svOQ@v%v9Gyv(cv+vqv+v?yvzvqvAvQIGyvR|v"v+v?Gyv}vavzv(<v?,CSv9Sv+v?yv+v|Oj
Gyv=v"v9Ahcv+vqvAv&pv,Gyv}vOiGyv=vgv+vO.*vAvzCvQ$vPGGyvgv9|v{Lv9Yv?<vJvOhKGyvJvQGFvupv,
Gyv}v=v9!v,,h*v|CvQ|v(\v(YOhGeGyv}vAv9!v?pv,@vZv}v+v~Gyv"vTv+vHGyv=v"v+v(jyvzv}v=v"v)hpv,
GLvvvvvAvvvvv+vvvvv9Q|vvvvv(GOGyvvvvv=vvvvv"vvvvv9Ahfvvvvv"vvvvv9YvvvvvQg.:<vvvvvO|vvvvv#G:$vvvvvAvvvvv}vvvvv9e<vvvvv}vvvvv(GYvvvvvqvvvvv9JGyvvvvv}vvvvv(GO
hGyvv}vvwvv(!vv9J,hvvvPyvvxpvv,GyvvAvvZvv}vv+vv~GyvvAvvqvvZvv+vvzvv,yvvzvv}vv=vv"vv)C*vv]vv9
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yvvAvvGvv"vv>G Lvvqvv9b

GyvTv9<vu}hG!v&.*ovgvAv=vQOhGeGyv}vAv9!v?fv}v(|v9
k

|v|VvQG
k

|vAvjv+vQG
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}OGAGyv}v=v"v),|v#Iv+vE
C!&*Q@=b<9yg}QGyAZ}+},Gy}ogO
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yz="9A<O:

k
|#v(!&|g+9QG

k
|azt9

k
y~OGA.

GygRdGyJQGQj

@vtvAv]v,\vQhQGJGyv}vJv9pvdv?fvzv)G}Fv(GAGyvOGLvzv+v?\v}v#|v(Svav9JCv9<vAv?
h\vQhQGJIvqveGyvav9sv?,Cf*v(pvQGyv"vTv+vHGyv=v"v+v(jGyvMv9QFv,yv}v=v"v)|v9|vTvAv(ik

|vvtvv=vv(:
k

|vv#|vvtvv9h|vv?|vvQhQGyvvJvvQGQI.*vvgvvAvv}vvO|vvTvvAvv(iGyvvgvvRdGyvvJvvQGQjGyvv}vvQivv(H

pvv,!vv}vv(PL|vvgvv+vv#fvvzvv)_vv=vv+vvgvv?GSvvAvvMvvOGeGyvv}vv=vv"vv),hfvvzvv)|vv(svvgvv&,hfvvzvv)CVvv+vv9A
CLvvvQi.GROGOJC$vvv}vvv+vvv?svvv]vvv+vvv?GSvvvAvvv%vvv;cGyvvvavvv9svvv?|vvvhGRO*vvv9Ovvvvzvvvqvvv?Gyvvvavvv9svvv?h|vvvh
G!vvAvvWvv9QGyvv(fvv,<vvtvv]vv9*vv9Gyvv=vv+vv8vv?.h\

n
vvgvvBsvv(G!vv+vv#@vv"vvdvv+vv~Gyvv=vv"vv9AGyvv}vvAvvavvzvv=vv9JGyvvO!vv+vv9

yvv~OGAGyvvJvvQGQj\vv}vv#Ivv+qvvRGyvv}vv=vv"vv),h|vv#Gyvv}vv|vvvOGRO*vv9O$vvPgGyvv}vvAvvavvzvv=vv9Jpvv,
Gy}TAt={,hS+Aa(Q@=g9
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*vvvGvvv>fvvvzvvv)ivvv;aGyvvv}vvv=vvv"vvv)Cf*vvvtvvv9he|vvvQhQGyvvvQ_vvv(<vvv?Eyvvv)OGLvvv{Gyvvv}vvv=vvv"vvv)
Svvv(GAvvvv9f|vvv"vvvWvvvz
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$vvv9|vvv+vvv9$vvv9
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CQ\vvv+vvv?YvvvgvvvOJ<vvvqvvvgvvv{GyvvvMvvv9Yvvv?GyvvvW
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vvvgvvvQ*vvv?,Ch|vvv#

Gyvv}vvavvQ,ChC*qvv9
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|vv#|vvZvv9OQGyvvQ_vv(<vv?Gyvv}vv}vvwvv"vv?G}LvvQi.*vv|OjOLvv(dGyvvQ_vv(<vv?
Eyvvv)OGLvvv{Gyvvv}vvv=vvv"vvv)Eyvvv)|vvvqvvv9fvvv+vvv{ivvv+vvvQ|vvvQivvv(<vvv?|vvvMvvvAvvvzvvvqvvv?,|vvvDvvv{@vvv5vvvv{Gyvvvgvvv"vvv9YvvvQ
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GyvOGLv{Chpv,|v9<v+v#Gyvqv]v9AGJGyvOGLvzv+v?.EfGyv}vTvAv(iGyv}vtv=v(dyv"vtv{GyvZv(J
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k
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|A(GRjC\;Y.

EfGyvvgvv;svv?<vv+vv#G Fvv%vv9OhG:!vvqvvgvv9dGyvvavv(yvv,(\vv}vv#IvvOhOGyvvAvvJvv}vv+vv{)$vv,
fvv;svv?@vv"vv9Svv=vv+vv?|vv=vv9VvvQIh@vvgvvAvv=vvQ|vvtvv+vv9Svv9

k
yvvtvvTvv9hIGyvv}vv9OI.@

o
vvgvvQnaGyvv"vvTvv=vv?EFvv%vv9O/

G!qg9d_(y,<}g9|{Gy}Qh!?.

GygRhe

*vvv}vvvwvvv#Cf*vvvTvvv=vvv>@vvvavvv=vvv+vvvusvvv(Ipvvv,<vvvgvvv̂G}Ivvv+vvv9fOhQGfGyvvvgvvv"vvvZvvvQ.Ef
Gyvv}vvZvvavvzvvKGyvvPj*vvavvzvvufvvzvv)$vvPgGyvvJvv9yvv?$vv(GyvvgvvRe.*vvgvvAvv}vvO|vvtvvOGQ$vvPGGyvvgvvRe
|vtvOGQnGyvtv(IGyv}vav=vtv?,hfvzv)Gyv}vTv9pv?Gyvgv}v(O*v?<v+v#!vtvav?GyvOhQGfh!vtvav?@vav=v+vu
GyvAvJv}v+v{.h!vAv+vGv?yv}vqv9fv+v{GyvgvAvzv?pv{fCIv}v9:

k
Yvjv+vQI!vTv=v+v9

k
|vav=vtv?fvzv)|vTv9pv?

<vvgvv+vvOI|vv#!vvtvvavv?GyvvAvvzCvv+vvQ*vv}vvwvv#Cf@vvTvv=vv>svv(iOhQG!vv+vv?.*vvGvv>Cf@vvwvv(fGyvvgvvRhe
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Cjyvv+vvJvvqvvQpvv,G}QV!vvRh:

k
.*vvgvvAvv}vvO|vvtvvOGQCj|vv#$vvPgGyvvJvvQvvv9Jfvvzvv)svvOQI

Gyvv}vv=vv"vv)pvv,!vvWvvQCIvv}vv9yvv&fvvzvv)|vvTvv9Ivv?vvv9pvv+vv?yvv+ovv(p
x
vvQG:SvvAvvtvvQGQfvvzvv)CQVPGJ

Svvgvv?@vvJvv}wvv{|ovvgvvavv9I.@vvMvvAvvzvvrSvvgvv9JGyvvAvvJvv}wvv{yvv~!vv(GYGyvv}vvMvvAvvzvvqvv?|vv#GyvvAvvQ<vv?Eyvv)
IvvO<vvgvv+vvO;Efhcvv+vvqvv?CSvv9Svv9JGyvv}vv=vv"vv)$vv,GyvvAvvzvvvO|vv#Cf:*vvAvvGvv9hRGyvvAvvJvv}vv+vv{
Gyvv"vv9@vvH|vv#Gyvv=vv"vv+vv?|vvtvvOQIGyvvAvvJvv}wvv{Ch\vvjvvbGyvvAvvJvv}wvv{G6|vv#yvv~QV.pvv,|vvgvvdvv~
GyvvJvv9:J@vvwvv(fsvOQI@vJv}wv{G}QV,GyvvAvv,*vvgvv=vvQfvv"vv%vv9<vvvvvvm

2/KN,Csvv{<vvwvvDvv+vvQ
|vv#Gyvv]vvjvv(WGyvvAvv,@vvqvvQ\vv%vv9<vv"vv+vv?Gyvv}vv=vv"vv)fvvzvv)G}QVpvv,|vv9yvv(h\vvh|vv=vv9VvvQI
pvv(svv%vv9.*ovvMvvq

v
vv̂Gyvv]vvjvvb<vv9SvvAvvMvvOGeCSvv9Svv9JyvvR*vv9OIGyvv}vvTvv9Ivv?Gyvv=vv+vv"vv+vv?<vv+vv#Gyvv}vv=vv"vv)

hG}QV,h<9yA9y,@Mq+^Gy]jbGy}a=ufz)G}QV(GyWw{1.11).

C*q9
k

v9fVw{h_=+g?G}QVp,|(sh|oga),p{fyO*%9GytOQIfz)@J}q{
CI}9dEy)IO|g+#.hsO@w(f$PgGytOQI|"Mq]?FOG

k
Ch|Q@qg?FOG

k
.

*vvTvv}vv)GyvvJvv}vv{,|vvtvv9Svv9
k

<vv(IvvOI(vvv+vvzvv(!vv+vv(@vv#)KN,GyvvPj*vv}vvwvv#@vvJvv}wvvzvv&
<}T9I?1m2|#G}QV,Sg?

n
GyAJ}w{Ch\jbGyAJ}{G6|#(SBP).

:@vvtvvAvvZvvQGyvvJvv9Fvv?yvv}vvtvv9h|vv?G}Ivv}vv9dGyvvgvv}vv(O*vv?fvvzvv)Gyvvgvv"vv9YvvQGyvvO!vv+vv9|vv#
<vv"vv+vv?Gyvv}vv=vv"vv),fvvzvv)GyvvQivv~|vv#Cf$vvPgG}Ivv}vv9d@vvwvv(fCvvv=vvQsvv+vv}vv?pvv,Gyvv}vvtvv9_vvh
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 = 10 kN 
   

 = 10 kN 

     = 0.215 m2 
P = L/A = 10/0.215 
             =  46.5 kN/m2 

 

     = 0.45 m2 
P = L/A = 10/0.450 
             =  22.2 kN/m2 

P    = 

)      L)  (A.( 
           

 11.1        

 

GyvvvO!vvv+vvv9<vvvTvvv=vvv>@vvvzCvvv+vvvQG}Ivvv}vvv9dGyvvv}vvvAvvvQGvvvv}vvv?|vvv#Gyvvv=vvv"vvv+vvv?:<vvvOqCf@vvv}vvvAvvvzvvvxFvvv}vvv+vvvh
Gyvvgvv"vv9YvvQGyvv=vv"vv+vv(*vv?IvvGvv}vv9

k
hsvv(Ivvv9pvv+vv+vv#yvvJvv}vv{G}Ivv}vv9dGyvv}vvavv=vvtvv?fvvzvv+vv%vv9|vv#Ohf

Cf@vvvqvvvWvvv{Ch@vvvAvvvWvvv(g.@vvvJvvv}vvv{G}fvvv}vvvOIhGyvvvGvvvOQGfivvv9yvvv=vvv9
k

CIvvv}vvv9d
n

G}Q\vvv+vvv9J
hG}Svvtvvrh|vv9Eyvv)Pyvvx,hfvvzvv+vv%vv9Cf@vvtvv9heGyvvAvvJvv"wvv>hGyvvAvv%vvWwvv~GyvvAvv,*vv}vvwvv#Cf
@vvTvv=vv=vv%vv}vv9Gyvvtvv(iGyvv}vvavv=vvtvv?.@vvgvvAvv}vvOGyvvavvQ*vvtvv?GyvvAvv,@vvAvvZvvQa<vv%vv9GyvvGvvOQGfhG}fvv}vvOI
@vvJvvB@vvzCvv+vvQG}Ivv}vv9dGyvvgvv}vv(O*vv?pvv,"!vTv=v?Gyv"vJv9pv?"yvvzvvgvv"vv9YvvQ(GyvvWvvwvv{1.12).

<vwvzv}v9J<vTv+vav?,@vAvJvOvHGyvtvavhGyvav(*vzv?hGyv"vJv+vzv?<vTv%v(yv?,<v+v"v}v9@vtv9heGyvtvavh
GyvvtvvZvv+vvQIhGyvvTvv}vv+vvwvv?(GyvvDvvMvv+vv"vv?)Pyvvx.*vv}vvwvv#@vvMvvqvv+vv̂LvvavvQGyvvAvvJvv"wvv><vvWvvwvv{
|vvvzvvvJvvv(X<vvv{\vvv9pvvv?Ofvvv9|vvv9Jyvvv}vvv"vvvhGyvvvJvvvQvvvv?GyvvvGvvv9!vvv=vvv+vvv?;*vvvTvvv}vvv)Pyvvvx"GyvvvAvvvQ<vvv+vvvb
GyG9!=,".

*Agzu|ZazK"!T=?Gy"J9p?"<9}<g9OGy"T=+?<+#GQ@q9YhS}9v?Gyg"9YQ
Gy="+(*?.

42



 12.1       
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*v}vwv#yvzv}vtv9_vhGyvtvZv+vQIhGyvgvQ*v]v?Cf@vAvzvrEPGIov}xvzvBCvvDvQ|v#_v9svAv%v9
<vvwvvDvv+vvQ.pvv,|vvDvv{$vvPgGyvvJvv9:J*vvwvv(fG Lvvqvv9bfvvzvv)Vvvwvv{@vv%vvWwvv~yvvzvv}vvtvvavvh,
fz}9

k
Cf
q

Pyx!9OQGyJOhK.
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 13.1      

*vvvGvvv>fvvvzvvv)Gyvvv}vvvwvvv(!vvv9JG}pvvvtvvv+vvv?,|vvvDvvv{G}Q\vvv+vvv9JhGyvvvgvvv(GQVCf@vvvwvvv(f
svv9OQI

k
fvvzvv)G}OGA<vvqvv9fvvzvv+vv?pvv,|vvtvv9h|vvAvv%vv9yvv~Ivv}vv9dGyvvgvv}vv(O*vv?Gyvv}vvavv=vvtvv?(GyvvWvvwvv{

1.13).h*vAvJvtvuPyvx<v9SvAvMvOGe|v(GOPGJsv(Ivv9pv+v?,|vZv}v}v?<vavQ*vtv?|v"v9Sv=v?
h<Of~v9amyz}J9pd?fz)G:SAtQGQ.
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*v}vwv#Cf*v|Oj@vav=v+vuG}Iv}v9dGyvDvtv+vzv?fvzv)$vwvPG|vwv(!v9Jfv"v9YvQEyv)
@vvWvvw

w
vv{E!vvJvv9A,!vv9@vvH|vv#!vvWvv(AfvvRhe,ChEyvv)Cvvtvv>fvv"vvZvvQ!vv9@vvH|vv#Gyvvtvv[

Gyvvvv}vvvvqvvvvQWpvvvv,!vvvvtvvvvavvvv?|vvvvJvvvvOOI.fvvvv"vvvvOGyvvvvAvvvvgvvvvQVyvvvv;!vvvvJvvvvQGa,@
o
vvvv]vvvvjvvvvbGyvvvvgvvvv(GQV

hG}Q\vv+vv9Jpvv,Gyvv}vv"vv9_vvuGyvvgvvzvv+vv9h@ovvWvvOpvv,Gyvv}vv"vv9_vvuGyvvTvvqvvzvv).h$vvPG*vvJvvOw|vv#
FvvvOhiGSvvvAvvvgvvv}vvv9d<vvvgvvv̂Gyvvv}vvv(GOpvvv,GyvvvAvvvZvvv}vvv+vvv~,|vvvDvvv{GyvvvMvvvQSvvv9!vvv?,fvvvzvvv)Svvv=vvv+vvv{
Gyvv}vvDvv9d,Ivv+vvE*vvwvv(fCOGD$vv9Fvv+vvOG

k
pvv,Ivv9yvv?Gyvv]vvjvvbhSvv+vv8vv9

k
pvv,Ivv9yvv?GyvvWvvO.

h<vv9yvvAvv9yvv,pvv{fGSvvAvvMvvOGeGyvvtvvavvhGyvv}vvQvvv=vv?(hGyvv}vvtvv9_vvhGyvv}vvQvvv=vv?)C|vvQlVvv9Fvvh,|vvDvv9d

PyxGSAMOGeGyMQS9!?Gy}TzJ?<9yq(:Pp,|"9_uGyWO.

@gQa<g^Gyg"9YQGy="+(*?<z!%9|t9_h|oQv
v
=?,p%,|Z"(f?|#|9O@+#Ch

CvDQyAg}{fz)@JT+#COGAGy}Qv
v

>Ey)CsZ)OQF?hPyx<G}hCp]{
LZ9F[Gy}(GOGy}"qZz?.

hvvv}vv9$vv(|vv=vv+vv#pvv,GyvvWvvwvv{1.5GyvvPj*ovvdvv%vvQ@vvzCvv+vvQCIvv}vv9dGyvvQ*vv9M,pvvtvvO
@vvwvv(fGyvvtvv(iGyvvgvv}vv(O*vv?Gyvv}vvavv=vvtvv?fvvzvv)Gyvv}vv=vv9!vv,pvv,G:@vvGvv9gGyvvZvv9fvvO.@ovvtvv9hne$vvPg
Gyvvvtvvv(ifvvv9OI<vvv9:SvvvAvvvDvvv}vvv9QG}|vvvDvvv{yvvvwvvvAvvvzvvv?Gyvvv}vvv=vvv"vvv).*vvv}vvvwvvv#Cf@vvvAvvv(yvvvOG}Ivvv}vvv9d
GyvZv9fvOIC*v]v9|v#G}QV,vv}v9pv,Gyv}v"v9_vuPGJG:!vwv}v9TGyvav+v"v,,Chpv,
@vzvxGyv}vgvQv\v?yvzvZvtv+vhfvzv)Sv=v+v{Gyv}vDv9d.@vTv}v)Gyvtv(iGyvZv9fvOIGyv}vav=vtv?|v#
G}QVp,|D{$PgGyJ9:J"s(iQph".

Gyt(iG}pt+?

@vvz@vv,Gyvvtvv(iG}pvvtvv+vv?Gyvv}vv|CvvQIpvv,Gyvv}vv=vv9!vv,|vv#fvvOI|vvZvv9OQ,h|vv#GyvvZvvgvv>
GyvvAvvgvv}vv+vv~<vvWvvzfCYvv(yvv%vv9h|vvqvv9fvv+vvzvv%vv9.hfvv9OI|vv9@vv"vvAvvH$vvPgGyvvtvv(i|vv#\vvjvvbGyvvAvvQ<vv?

GyvvAvvJvvAvv9!vv+vv?vvv}vv9pvv,FvvOQGfGyvvavv9<vvuGyvvTvvqvvzvv,,Ch|vv#GyvvQ*vv9MChGyvvAvvJvv}vv+vv{Gyvv}vv9Oj
fz)Gy}=").@AGz

v
)|q9f+{$PgGyt(i<{IOi_Q*tA+#:

%sz>Ch@Oh*QGy}=")Chf"9YQg.

%GyJQv?G}pt+?yz="+?ChG!R:s%9.

$vvPgG}!vv}vv9W|vv#GyvvJvvQvvv?ivv+vvQ|vvQivv(<vv?<vv9yvv}vvavvzvvu,h:<vvO|vv#@vvGvv"vv=vv%vv9|vv#
Lvv;dGyvvAvvZvv}vv+vv~GyvvOsvv+vvuyvvzvv}vv=vv"vv).@ovvgvvAvv=vvQ_vv=vv+vvgvv?G}Svv9Svv9J,h|vvTvvAvv(iGyvvAvvQ<vv+vvb
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 14.1      

GyvGv9!v=v,ChGyvAvOfv+v~Gyv}v]v}vv"v?pv,@vZv}v+v~Gyv}v=v"v)CSv9Sv+v?
k

yvAvGv"wv>Iv9:JpvWv{
|vv#$vvPGGyvvtvv=vv+vv{.E\vv9pvv?yvvPyvvx,hLvv9Yvv?pvv,Gyvv%vv+vv9vvv{G _vv9Q*vv?pvv{fGSvvAvvMvvOGe
CQ<vvavv?@vvtvv(*vv?yvvAvvGvv"vv>GyvvAvvWvv(qgGyvv}vvAvv"vv9|vv,ChGyvvqvvWvv{-C|vvQlCSvv9Svv,;*vv(Yvvr$vvPG
Gyqg{<z!&|t9h|?"yd9$QIGyOh|+"("(GyWw{1.14).

Gyt(iGy}9Fz?

pvv,<vvgvv̂CFvvRGAGyvv"vvTvv+vvHGyvv=vv"vv+vv(jyvvzvv}vv=vv9!vv,*nvvWvv+vvho@vvavv=vv+vvusvv(iPGJIvv9|vv{

*vv}vv+vv{<vvRGh*vv?fvvzvv)G}pvvu(GyvvWvvwvv{1.15).h$vv,GyvvJvv9yvv?fvv"vvO|vv9@ovvDvv=xvvBG}Svvtvvr
Gyv}v9Fvzv?fvzv)GyvGvOQGf.@ov"vAvH|vqv9fv+v{

o
$vPgGyvtv(i|vGv}v(fv?

k
|v#G}Iv}v9dGyv}vav=vtv?

Gyvgv}v(O*v?hG}pvtv+v?pv,!vtvav?GyvAvDv=v+vB.@ovtv9hne$vPgGyv}vqv9fv+v{<vAv]v}v+v#Ofv9|v9Jh/
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 15.1     

Ch@vvqvvZvv+vv;J(6)@vvQ<vv+vvbFvv9!vv=vv,.@ovv%vv}vv{CIvv+vv9!vv9
k

GyvvAvvzCvv+vvQGJG}pvvtvv+vv?yvv%vvPgG}Ivv}vv9d,
|}9*|OjEy)!A9FHv9QC+?.

@}Q*#
GVQMs+}?G}S9S9Jp,@WA+BGyt(iGy"9F}?f#GyGOGQ.
GPvQC|Dz?yt(ikCpt+?hf}(O*?h|9Fz?p,|=9fm|zy(p?yO*x.

@zC+QGyWw{-|w(!9JGy}=")

FvvvQi@vvv]vvv}vvv+vvv#$vvvPGGyvvv}vvvtvvvavvvhyvvv+vvvWvvvQM<vvv{*vvvGvvv9RGyvvv}vvv9OIGyvvv}vvvOQhSvvv?B!vvvqvvv9
k

,

hGyvv}vvAvvgvvzvvtvv?<vv9yvvtvv(iGyvvAvv,@vvAvvgvvQVyvv%vv9fvv"vv9YvvQGyvv}vv=vv"vv).Ef|vvgvvdvv~Gyvvtvv(iGyvvAvv,
*vvAvvgvvQVyvv%vv9Gyvv}vv"vvRd$vv,svv(i\vvjvvbhVvvO.*vvAvvQFvv~Pyvvx|vv=vv9VvvQIEyvv)GSvvAvvMvvOGe
|vvv(GO|vvvgvvv+vvv"vvv?@vvv"vvv9Svvv>$vvvPgGyvvvtvvv(i.!vvvJvvv#!vvvgvvvzvvv~CfGyvvvMvvvQSvvv9!vvv?|vvvDvvv;

k
|vvv}vvvAvvv9RIpvvv,

|vvtvv9h|vv?Gyvv]vvjvvb,hCfGyvvqvv(:P,!vvdvvQG
k

yvv}vvQh!vvAvv&,*vvTvvAvvMvvOepvv,@vvTvvzvv+vvKGyvvMvvQSvv9!vv?

(6)GyAqZ+z?:FRAC9!(j|#|=")v9 pQ*RCh@+G9fG}f}OI(GCAQF~).
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 16.1        

 

   
    

        

 

 

yvv}vvgvv9vvvTvv?svv(iGyvvWvvO.|vv#Gyvv}vvqvv+vvOpvv,$vvPgGyvv}vvQIvvzvv?Cf@ovvqvvw
x
vvQyvv}vv9PG:@vvwvv(f

Gyvvgvv"vv9YvvQGyvv}vvTvvAvvMvvO|vv?pvv,G Svvwvv9f|vv#|vv(GO|vvgvv+vv"vv?pvvtvvb,hyvvwvv#PGJVvvwvv{

|g+#C*]9
k
.

*vv}vvwvv"vv"vv9GSvvAvvgvv}vv9d|vvDvv9dGyvv}vvTvvavvQIyvvWvvQMC$vv}vv+vv?h\vvhGyvv}vv9OIpvv,|vv(GFvv%vv?
|vvv=vvv9VvvvQI|vvvhGyvvvtvvv(iGyvvvAvvv,@vvvAvvvgvvvQVyvvv%vvv9.EPGh\vvvgvvvBGyvvv}vvvTvvvavvvQICpvvvtvvv+vvv9

k
hFvvvQi

@J}+z%9p,Gy}"AZrpTA"J",<T%(y?!T=+?(GyWw{1.16).

*vv}vvwvv"vv"vv9C*vv]vv9
k

|vv;Ivvdvv?C!vv&EPGOhvQ!vv9Gyvv}vvTvvavvQI<vvRGh*vv?90OQFvv?hIvv}vvzvv"vv9$vv9
Cv9!v+v?,pv{f|vtv9h|v?G !vJv9ASvAvAvJvTv#vvDv+vQG

k
,fvzv)GyvQiv~|v#Cf|v9OIGyv}vTvavQI

yvvv~@vvvAvvvjvvv+vvvQ.*vvvgvvv(OSvvv=vvv>@vvvJvvvTvvv#Gyvvv}vvvtvvv9h|vvv?Eyvvv)CfFvvvTvvv~Gyvvv}vvv9OIh\vvvh|vvv=vvv9VvvvQI

<}(GF%?G}I}9dGyA,S+J}z%9.

COvJ$vvvPgGyvvvdvvv9$vvvQIEyvvv)@vvvavvv(*vvvQC!vvv}vvv9W|vvvgvvv+vvv"vvv?|vvv#Gyvvv}vvv(GO|vvvDvvv{Gyvvvgvvv(GQV

Gyvvqvv(:P*vv?.fvv"vvO|vv9*ovvPvvvQGyvvqvv(:P,pvv{fChd|vv9*vvAvv=vv9OQEyvv)CP$vv9!vv"vv9$vv(Gyvv}vvtvvavvh-

I.EPG@vvqvvJvvZvv"vv9Gyvvtvv(iGyvvAvv,@vvAvvgvvQVyvv%vv9fvv9Q\vv?@nvvGvvTpvvQpvvGvv(I
k

,@vv=vv+vv#yvv"vv9Cf
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 17.1     - I 

@vvzCvv+vvQ$vv9*vvAvvGvvzvv)fvvzvv)$vv+vv8vv?E!vvJvv9A!vvJvv(G}Svvqvv{.!vv9svvWvv"vv9Svv9<vvtvv9
k

pvv,$vvPGGyvvqvvZvv{
vvv+vvr*vv|Oj$vvPGG !vvJvv9AEyvv)\vvjvvbCfvvdvv}vv,pvv,Cfvvzvv)Gyvvgvv9Q\vv?hVvvOCfvvdvv}vv,
p,CSqz%9(GyWw{1.13).

EPG!vvdvvQ!vv9G6fEyvv)GyvvWvvwvv{IGyvvPjGSvvAovv"vv=vvbyvvzvvgvv(GQVGyvvqvv(:P*vv?,!vvQi,
vvvv}vvv9pvvv,GyvvvWvvvwvvv{1.17,vvvv+vvvrFvvvQi@vvvQ@vvv+vvv>|vvv9OIGyvvvgvvv9Q\vvv?yvvvAvvv(\vvvhIvvv+vvvE
!vvJvvAvv9Fvv%vv9pvvgvvzvv+vv9

k
.hn@

n
vvQIGyvvgvv9Q\vv?fvv}vv(O*vv?(vvv}vv9pvv,|vvDvv9dGyvv}vvTvvavvQI),h<vv9yvvAvv9yvv,

@vgv9vvUFv%v?G !vJv9A|v(pvQIpv9fvzv+v?pv,|vtv9h|v?G}Iv}v9d.hfv"vOE!vJv9AGyvgv9Q\v?
@vAvQvvRsv(iGyv]vjvbhGyvWvOpv,Cfv;$v9hpv,CSvqvzv%v9,vv}v9<v+qv"v9Sv9<vtv9

k
.$v"v9C*v]v9

k

yvvO*vv"vv9V
n
vvqvvAvv9Gyvvgvv9Q\vv?,hsvvOh\vvgvvBGyvv}vv9OI@vv}vv9|vv9

k
pvv,Gyvv}vvwvv9fGyvv}vvtvv9heyvvzvvtvv(i.

h$PG*Gg{Gy}tah-Ip9f;
k

FOG
k

:SAMOG|&vg9Q\?.

@vvvTvvvgvvv)Gyvvv}vvv(GOGyvvv}ovvv}vvv(vFvvv?GyvvvWvvvwvvv{Cf@vvv]vvvhGyvvv}vvv9OIsvvvQ*vvv=vvv?|vvv#Gyvvv}vvvTvvvAvvv(i
Gyvgv}v(OjyvAvgv9vvUG !vJv9A.*v}vwv#@v(\v+vK$vPGGyvqvgv{<v}vJv9hyv?Yv"vhFvTvQ|v#
Gyv(QbGyv}vTvavK<v+v#CYv9<vgvx:SvAvGvOCfGyvGvTvQSv+vQ@vMv,<vTv%v(yv?hCfGyv(Qsv?
SA"a(j.

hyvvwvv#EPGCOLvvzvv"vv9fvvzvv)Gyvv(Qsvv?SvvzvvTvvzvv?|vv#GyvvDvv"vv+vv9J,vvv}vv9$vv(|vv=vv+vv#pvv,
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 18.1    َ    

GyvvvWvvvwvvv{1.18,pvvv{fEfvvv9OI@vvvQ@vvv+vvv>Gyvvv}vvv9OIhIvvvQvvvvAvvv%vvv9<vvv9@vvvGvvv9gGyvvv(\vvvhGyvvvgvvv}vvv(Oj
S+T9fOGy(Qs?p,FnTQGyqG(I<"G9M.

!vvvGvvvO$vvvPGGyvvvgvvv"vvvZvvvQGyvvv}ovvv}vvv+vvvvRpvvv,Yvvvqvvv9FvvvKG}SvvvtvvvrGyvvv}vvv}vvv(Fvvv?hpvvv,|vvv(GO
@vvZvvqvv+vvKGyvvGvvOQGfGyvvAvv,@vvTvvAvvMvvOe<vvwvvDvvQIpvv,GyvvZvv"vv9fvv9JGyvvMvvqvv+vvqvv?hpvv,Gyvv}vv"vvWvv5J
GyZ"9f+?.

@}Q*#
yvvtvvOCh\vvJvv"vv9Svv=vv>QhGLGyvvWvvwvv{Gyvv}vvtvvavvgvv,yvvgvv(GQVGyvvqvv(:P.@vvz|vvv{G6fCVvvwvv9dfvv"vv9YvvQ
Gyvv}vv=vv"vv)G}LvvQi,h@vvOGQSvvv+vvr@vv|CvvQG}Ivv}vv9dGyvvAvv,SvvAvvAvvgvvQVyvv%vv9$vvPgGyvvgvv"vv9YvvQpvv,
Vwz%9.
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G9MGqG9AX:
G9@ST^Z9P?RXA

G}$OGa:
<gOOQGS?$PGGyqZ{SAw(fs9OQG
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Svv~xLvv}vvU!vvAvv9FvvH!vv}vv(PFvv+vv?@vvAvv(svvgvv%vv9|vv#fvv}vvzvv+vv?@vvJvvQjGyvv}vv(svvh,hQ@vv=vv%vv9IvvTvv>G}$vv}vv+vv?,
|=QQG

k
$PGGyAQ@+>.

IvvOO|vv(svvgvv+vv#|vvJvvAvv}vvzvv+vv#yvv=vv"vv9Afvvtvv9Q|vv|yvvr|vv#30|vv"vvR:
k
<vv9yvvtvvQH|vv#<vv+vvAvvx:CIvvO$vv}vv9pvv,

|vv(svvhFvvO*vvOChIvvtvv{CLvv]vvQ,hGyvvDvv9!vv,pvv(bIvvtvv{CSvv}vvQ|vvTvvAvvMvvOeSvv9<vvtvv9
k
.C!vvWvvr:FvvJvv?

<vv9:LvvAvv;pvv9JGyvv}vvqvvAvv9Ivv+vv?<vv+vv#Gyvv}vv(svvgvv+vv#,|vvgvv=vvQG
k

fvv"vv%vv9<vvZvvgvv(<vv9JGyvvAvvWvv+vv+vvO.vvv+vvr*vv}vvwvv#
@t++}%9|#_Q*u@JQjGy}(sh.

2.3!dQIf9|?f^Gy](G<bGyt9!(!+?yz="9A

|tO|?

%<vvgvvOOQGSvv?$vvPGGyvv}vvtvvavvhSvvAvvwvv(fsvv9OQG
k

fvvzvv)pvv%vv~GyvvAvvavv(QGyvv}vvAvv"vv9|vv,pvv,
\(G<bGy="9A|#L;d@WQ*g9JGyZJ?Gyg9|?hGyt]9*9Gy}Q@=a?<%9.

%Sv+v}vwv"vx@vJvO*vOG FvQGAG}Sv9Sv,yvzvJvZv(dfvzv)|v(Gpvtv?QSv}v+v?yvgv}vzv+v?
Gy="9A,hSAq%~v+rG|AOJGy](G<bEy)f}z+?Gy="9A.

!dQIf9|?
*ovvvgvvvOw@vvvavvv=vvv+vvvuGyvvv]vvv(G<vvvbfvvvzvvv)fvvv}vvvzvvv+vvv?Gyvvv=vvv"vvv9A|vvvqvvv%vvv(|vvv9

k
FvvvO*vvvOG

k
pvvv,Gyvvv}vvv}vvvzvvvwvvv?
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Gyvv}vvAvvJvvOI.pvvtvv=vv{YvvOhQChd|vvGvv}vv(fvv?|vv#svv(G!vv+vv#@vv"vvdvv+vv~Gyvv=vv"vv9AGyvv(_vv"vv+vv?pvv,fvv9e
1965,vvv9!vvBGyvv]vv(G<vvbfvvzvv)fvv}vvzvv+vv?Gyvv=vv"vv9A|vvJvvOhOI.Fvv9AChdEOQGcIvvtvv+vvtvv,

<vv9yvvJvv9Fvv?Eyvv)Gyvv]vv(G<vvb<vvgvvOIvvQ*vvuyvv"vvOfGyvvwvv=vv+vvQfvv9e1666.vvv9f|vvgvvOdG!vvAvvWvv9Q
GyvvvJvvvQ*vvvufvvv9|vvv;

k
QFvvv+vvvTvvv+vvv9

k
pvvv,Gyvvvwvvv9QCvvv?h$vvvPG<vvvOhQgvvvv9f!vvvAvvv+vvvGvvv?yvvvzvvvwvvvDvvv9pvvv?Gyvvvgvvv9yvvv+vvv?

yvzv}v=v9!v,,hyvzv}vTv9Iv9JGyv}vqvAv(Iv?Gyvtvzv+vzv?,E\v9pv?Eyv)_v=v+vgv?|v(GOGyv=v"v9AGyvtv9<vzv?
y;VAg9dp,PyxGy(sB.

<gOGyJQ*u,C
o

YOQJ|G}(f?|#Gy](G<bFQi@a=+t%9p,y"Of.

*ovvvgvvvOwYvvvOhQsvvv(G!vvv+vvv#GyvvvZvvvJvvv?Gyvvvgvvv9|vvv?(PHA) (Public Health Acts)C<vvvQR

|vgv9yv~@vav(Q\v(G<vbGyv=v"v9Apv,fv}v(e<vQ*vav9!v+v9,hC$v~$vPgGyvtv(G!v+v#vv9fGyvtv9!v(f
PHA 1875.Qv

v
vvvvR$vvvvPGGyvvvvtvvvv9!vvvv(ffvvvvzvvvv)Cvvvv;Cvvvv?|vvvvJvvvv9hQ:G:SvvvvAvvvvtvvvvQGQGyvvvv=vvvv"vvvv+vvvv(j,

hGyvvQ_vv(<vv?,hGyvv}vvJvv9pvvdvv?fvvzvv)GyvvZvvJvv?Gyvvgvv9|vv?.@nvv=vvh$vvPGGyvvtvv9!vv(fEYvvOGQ|vvGvv}vv(fvv?
|vv#Gyvvtvv(G!vv+vv#GyvvOGLvvzvv+vv?pvv,fvv9e1877<vv(Yvvqvv%vv9EQVvv9OGJyvvzvvTvvzvvavv9JGyvv}vvJvvzvv+vv?,
GyvvAvv,p

o
vv(x\vvB|vvTvv|hyvv+vv?h\vvhh@vv"vvqvv+vvP|vvgvv9*vv+vvQGyvvAvvWvv+vv+vvO<vvJvvO$vv9G}O!vv).G!vvZvv>v

G$vAv}v9eGyvtv(G!v+v#GyvOGLvzv+v?fvzv)GyvZvJv?hGyvTv;|v?,hsvOFv9AJ$vPgGyv}vGv}v(fv?
|#Gy](G<bG QV9O*?<gOf9|+#|#YOhQs(G!+#GyZJ?Gyg9|?.

h|vhGyvAvav(QGyv}vJvOhOGyvPjVv%vOgGyvtvQfGyvAv9SvhfvWvQ,vv9!vBGyvAvWvQ*vgv9J
Gyvv}vvAvvgvvzvvtvv?<vv9yvvAvvWvv+vv+vvO|vvJvvOhOIC*vv]vv9

k
hfvvzvv)hFvv&GyvvMvvZvv(Upvv,|vvGvv9dGyvvZvvJvv?

Gyvvvvgvvvv9|vvvv?,|vvvvDvvvv9dPyvvvvxsvvvv9!vvvv(fGyvvvvZvvvvJvvvv?Gyvvvvgvvvv9|vvvv?1936.<vvvvJvvvvzvvvv(d|vvvv"vvvvAvvvvZvvvvrGyvvvvtvvvvQf
GyvvgvvWvvQ*vv#,<vvOCGyvvgvvO*vvO|vv#GyvvTvvzvvavv9JGyvv}vvJvvzvv+vv?EYvvOGQsvv(G!vv+vv#OGLvvzvv+vv?Lvv9Yvv?
<vv}vvJvvzvv+qvv9@vv%vv9,|vv}vv9Yvvgvvv>G}|vvQfvvzvv)|vv%vv"vv?GyvvAvvWvv+vv+vvO,EP@vvMvvAvvzvvrGyvvtvv(G!vv+vv#|vv#
|vv"vvavvtvv?}LvvQi.h<vvTvv=vv>GyvvJvv9Fvv?Eyvv)GyvvAvv(Gpvvu<vv+vv#|vvMvvAvvzvvrGyvv}vv"vv9_vvu,YvvOQJ

pvv,fvv9e1952svv(G!vv+vv#OGLvvzvv+vv?h_vv"vv+vv?.@vv=vvhPyvvxYvvOhQ|vvGvv}vv(fvv?|vv#Gyvvtvv(G!vv+vv#
Gyvv%vv9|vv?@vvAvv]vv}vv#svv9!vv(fGyvvZvvJvv?Gyvvgvv9|vv?fvv9e1961,hChd|vvGvv}vv(fvv?h_vv"vv+vv?|vv#
s(G!+#@"d+~f}z+?Gy="9Af9e1965.

@vv%vvOasvv(G!vv+vv#Gyvv=vv"vv9AEyvv)h\vvhGyvvJvvOG}O!vv)|vv#Gyvv}vvgvv9*vv+vvQGyvv}vvtvv=vv(yvv?pvv,
fvv}vvzvv+vv?GyvvAvvWvv+vv+vvO.hfvvzvv)GyvvQivv~|vv#GyvvAvvtvvOeGyvv}vvzvvJvv(Xpvv,|vvgvv9*vv+vvQGyvvAvvWvv+vv+vvOGyvv(_vv"vv+vv?
vvv"vvAvv+vvGvv?yvv%vvPgGyvvtvv(G!vv+vv#,pvvtvvO<vvQRJYvvgvv(<vv9Jvvv=vv+vvQIpvv,@vv"vvqvv+vvP$vv9.!vvAvv+vvGvv?yvvPyvvx
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h\vvgvvBGyvvJvvwvv(|vv?pvv,fvv9e1972svv9!vv(fG OGQIGyvv}vvJvvzvv+vv?GyvvPjh\vvh|vvTvv|hyvv+vv?
@v"vqv+vPsv(G!v+v#Gyv=v"v9Afvzv)GyvTvzvav9JGyv}vJvzv+v?,h$vPG<vOhQg*ovGv=vQGyvTvzvav9Jfvzv)
@(c+rCVM9Uy%PgGyj9*?.

h|vvv"vvvPPyvvvxGyvvvJvvv+vvv#,FvvvQi\vvv=vvvbfvvv}vvvzvvv+vvv?GyvvvAvvv"vvvqvvv+vvvP<vvvgvvv"vvv9*vvv?,h|vvv9RGd$vvvPG
|vvvTvvvAvvv}vvvQG

k
Eyvvv)G6f.<vvvgvvvOYvvvOhQChd|vvvGvvv}vvv(fvvv?|vvv#svvv(G!vvv+vvv#Gyvvv=vvv"vvv9A,YvvvOQJ

@vvJvvTvv+vv"vv9J|vvAvvAvv9yvv+vv?fvvzvv)Vvvwvv{@vvgvvO*vv;Jyvvzvvtvv(G!vv+vv#|vv9yvv=vvDvvBCfC
o
O|vvGvvBpvv+vv%vv9

<ZOhQGyt(G!+#p,G}f(Ge1972,h1976,h1985,h1991.

pvvv,fvvv9e1985@vvvjvvv+vvvQ@vvvZvvv}vvv+vvv~!vvv}vvv(PLGyvvvtvvv(G!vvv+vvv#Eyvvv)|vvvtvvv9SGyvvv(QbA4

h|v9RGd*vgv}v{<v&Eyv)G6f.hvv}v9pv,GyvTv9<vu,@nvtvTv~Gyvtv(G!v+v#oGyv}v=v"v)Eyv)fvOO
|v#Gyv}vtv9_vhGyv}v"vavtv+v?:Gyv=v"v+v?,IvQ*vu,@v%v(*v?,OQL...EyvN.h|v"vPfv9e1985,

FvQi@vgvR*vRvv{|v#$vPgGyv}vtv9_vh<v9SvAvMvOGehCv+vtv?|vgvAv}vOI.@vWvQM$vPgGyv(Cv9Fvu
vv+vqv+v?@vav=v+vuGyvtv(G!v+v#<v9yvAvqvZv+v{,h@vJvAv(jfvzv)Gyv}vtv9*vUGyv=vQ*vav9!v+v?GyvAv,@v"vav=vu.
*v(\vKGyv}vtvavh3|v#sv(G!v+v#Gyv=v"v9AG FvQGAGJGyv(GFv>G@v=v9fv%v9yvzvJvZv(dfvzv)
Gyvv}vv(Gpvvtvv?GyvvQSvv}vv+vv?yvvzvv=vv"vv9A,vvv}vv9@vvJvvAvv(j|vvtvv9_vvh|vvDvv{"|vv;Ivvdvv9J,hLvvavvb,

h\=bCf}9dGy="9A,h@=T+bGy}Aaz=9J".

@v"vtvTv~sv(G!v+v#Gyv=v"v9A(pv,E!vGvzvAvQGhh*vzvR)Eyv)SvzvTvzv?|v#Gyv(Cv9FvuGyv}vgvAv}vOI
GyvvAvv,@vvgvvwvvU|vvAvvavvzvv=vv9JG}OGAyvvzvv}vv=vv9!vv,vvv}vv9FvvQihYvvqvv&Svv9<vvtvv9

k
.h$vvPgGyvv(Cvv9Fvvu

$,:

%GyvGvRAA:Gyvv=vv"vv+vv?-*vv]vvh|vvAvvavvzvv=vv9JGyvvAvvzvvvO|vv#svvOQIGyvv}vv=vv"vv)fvvzvv)@vvJvv}vv{
G}I}9dGy}A(sg?<Z(QIB|"?.

%GyvvGvvRAB:C|vv#GyvvJvvQ*vvu-h*vv%vvOaEyvv)\vv=vvbGyvv}vv(GOGyvv}vvTvvAvvMvvO|vv?hpvvtvv9
k

yvvOQFvv?Lvvavv(Q@vv%vv9,hGyvvAvvzvvvO|vv#E|vvwvv9!vv+vv?ELvv;AGyvv}vv=vv9!vv,OhfLvvTvv9QIpvv,
G}QhGM(_QbGy"G9I)p,I9dIOhKIQ*u.

%GyvGvRAC:@vvJvv]vv+vvQGyvv}vv(svvhh|vvtvv9h|vv?GyvvAvvzvv(KhGyvvQ_vv(<vv?-\vv=vvbGyvvAvvZvv}vv+vv~
hGyAW++Oy}(GF%?@TQHGy}+9gEy)Gy}=9!,hc9$QIGyAw9Crp+&.

%GyGRAD:Gy}(GOGyT9|?.
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%GyvvvGvvvRAE:|vvvvtvvvv9h|vvvv?|vvvvQhQGyvvvvZvvvv(J-*vvvv=vvvvJvvvvEpvvvv,|vvvvQhQGyvvvvZvvvv(Jfvvvv=vvvvQ

GyGOQGfhG}Q\+9J<+#Gy}T9v#.

%GyvvvGvvvRAF:GyvvvvAvvvv%vvvv(*vvvv?-*vvvv]vvvvh|vvvvAvvvvavvvvzvvvv=vvvv9JGyvvvvAvvvv%vvvv(*vvvv?yvvvvzvvvvjvvvvQaGyvvvv}vvvvz$vvvv(yvvvv?
hGy}T9I9Ji+QGy}Op

v
zI.

%GyGRAG:Gy"d9p?-*]h|Aaz=9JG}OhGJGyZJ+?hGy}G9Qj.

%GyvGvRAH:Gyvv}vvGvv9Qjh@vvZvvQ*vvrGyvvqvv]vv;J-h*vv%vvOa<vvWvvwvv{QFvv+vvTvv,Eyvv)
@Jt+u|g9*+QGyZJ?hGy=+8?.

%GyvvGvvRAJ:!vvdvv~hCFvv%vvRIGyvvAvvOpvv8vv?-*vvAvvgvvzvvuC$vv~fvv"vvZvvQpvv,$vvPGGyvv}vvtvvavvh
<9yAZQ*rG6|#yj9RGJGy}OGL#.

%GyvvvGvvvRAK:GyvvvJvvv}vvv9*vvv?|vvv#GyvvvTvvvtvvv(WhGyvvvAvvvZvvv9OehGyvvvZvvvOe-h*vvv=vvvJvvvEpvvv,
|Aaz=9J@Z}+~G}OQGLhG:yA(GAGJGyZ9fOIhf(GFuGyT+9QGJ.

%GyvvvGvvvRAL:GyvvvJvvvqvvv9Xfvvvzvvv)Gyvvv(svvv(OhGyvvvavvv9svvv?-h*vvv%vvvOaEyvvv)GyvvvAvvvzvvvvOCf
Gy}=")|gRhd<aQ*t?|"9S=?hC!&<o",yAtz+{GyAj+QGJGy=+8+?.

%GyvvGvvRAM:OLvv(dGyvv}vv=vv"vv)hGSvvAvvMvvOG|vv&-*vv%vvOaEyvv)GyvvAvvzvvvO|vv#hFvv(O
|"9pP|"9S=?yz}=9!,h@T%+;JyPhjG:IA+9F9JGyM9Y?.

%GyvvGvvRAN:GyvvvAvvvRFvvv+vvvH-*vvv%vvvOaEyvvv)\vvv=vvvbG:SvvvAvvvMvvvOGehGyvvvAvvvQvvvv+vvv>G6|vvv#
yzRF9Lp,Gy"(GpPhG}<(GHh|9V9<&.

%GyvvvGvvvRAP:G}|vvvv#Gyvvvvwvvvv%vvvvQ<vvvv9Fvvvv,-*vvvv=vvvvJvvvvEpvvvv,GyvvvvAvvvvQvvvvv+vvvv>G6|vvvv#yvvvvzvvvv"vvvvdvvvv~
Gyw%Q<9F+?.

|v#iv+vQGyv}v"v9Sv>Cf!vqvZxv{$vPgGyv}v(G\v+vhpv,vvAv9H@vtvO*v}v,|vDv{$vPG,
hyvvwvv#Svv"vvAvvavvQbEyvv)Gyvv}vv=vv9O Gyvv}vv(Fvv(OIpvv,Gyvvtvv(G!vv+vv#\vv}vv#Gyvv}vvtvv9_vvhGyvv}vvMvvAvvzvvqvv?
|#GywA9H<JT>Gy}(\(Y.

fvv"vvO|vv9*vvQivv>Gyvv}vvQA<vv9yvvJvvZvv(dfvvzvv)|vv(Gpvvtvv?QSvv}vv+vv?yvvzvv=vv"vv9A,pvvDvv}vv?|vvGvv9:f
*vvvGvvv>CLvvvP$vvv}vvv9<vvvgvvv+vvv#G:fvvvAvvv=vvv9Q:G:yvvvAvvvRGe<vvvtvvv(G!vvv+vvv#Gyvvv=vvv"vvv9A|vvv#Ivvv+vvvEGyvvvAvvvZvvv}vvv+vvv~
hGyvv}vv(GO,h|vv"vv9Svv=vv?Gyvv}vv=vv"vv)yvvzvv}vv(svvhhyvvtvvavvgvv?G}QVGyvvAvv,Svv+vvtvv9efvvzvv+vv%vv9.*vvgvv9yvvH
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Gyv}vGv9d
n

GyvDv9!v,sv(G!v+v#o@vMvav+vbGyv}vOfhGyvQ*vrGyvAv,@nvJvwv~GSvAvMvOGeGyv+v9<vTv?pv,
Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI.@

o
vvZvv"vvvrG}QG\vv,<vvJvvTvv>G:SvvAvvMvvOGe(fvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,

yvvzvvTvvwvv#,ChyvvzvvRQGfvv?),h@
o
vvtvv+xvvO$vvPgG}FvvRGA|vv#GyvvAvvWvvQ*vvgvv9Jfvv}vvzvv+vv?

n
Gyvv=vv"vv9AyvvAvvAvv=vvh

Y+j9
k

LZZByA"9S>|(sh|g+#.

*G>GyJZ(dfz)|(Gpt?fz)GyAMa+bEPGCQOJ:

%@(S+hGyWt?L9QF+9
k

%E!W9A|w9fEs9|?|TAt{p,FRA|#|"Rds9F~

%GsAa9YFRA|#Gy}"Rd}iQGV@G9Q*?

%EV9OI|9*}"hQD*?|TAMO|,GyaQ*u(|D{FOGQChI9FR)

%Gy="9A<aQ*t?y~@w#|A]}q"?p,@ZQ*KGyAMa+bG}Yz,yz}"Rd

%R*9OIfQV|}QCh|"qPyzaQ*u.

*vv}vvwvv#EFvvQGA@vvgvvO*vv;J_vvqvv+vvqvv?yvvzvv}vv"vv9RdOhfGyvvJvv9Fvv?Eyvv)@vvZvvQ*vvK,h$vvPG
*v"vOQL@vJvB<v"vOIvtv(bGyvAvJvTv+v"v9JGyv}vTv}v(Iv?;fvzv)Sv=v+v{Gyv}vDv9d,fv"vO|v9:
*vvAvvGvv9hRIvvGvv~GyvvAvv(Svv+vvhGyvv}vvtvvAvvQM15%|vv#IvvGvv~Gyvv}vv"vvRdG}Yvvzvv,(|vvJvvTvv(<vv9

k

<vv9}<vvgvv9OGyvvMvv9QFvv+vv?)Ch70e3,<vvjvv̂Gyvv"vvdvvQfvv#C*vv%vv}vv9Cvvv=vvQ.h*vv}vvwvv#yvvzvv}vvTvvzyvv?
Cf@vwv(f|vgvtvvOIpv,fvOO|v#GyvJv9:J|vDv{hFv(OGyv}v"vRdpv,|v"vavtv?|vJv}v+v?,
ChEPGFQi@(S+hGy}"RdIO*D9

k
.

!vvJvvAvv9LEyvv)@vvZvvQ*vvK@vvMvvavv+vvbC*vv]vv9
k

 svv9|vv?Ivv(GFvvRChFvvOQGfCh<vv(G<vv9J,
ChyAWw+{OQhHCh<9I9J|QY(p?.

Cvv}vv?svv]vv9*vv9CLvvQi@vvAvvgvvzvvu<vv9}fvv}vv9dGyvv}vv"vv(j@vv"vvqvv+vvP$vv9@vvJvvAvv9LEyvv)|vv(Gpvvtvv9J
L9Y?:

%|(Gpt?Gy}=9!,Gy}oOQF?(2)

(2)GC=vv9PGCOQFvv?(pvv,GC}vvzvvwvv?GCAvvJvvOI):|vv=vv9fm|vvOQFvv?pvv,:FvvJvv?QSvv}vv+vv?yvvzvv}vv=vv9PPGJG}Gvv+vv?
GyA9QM+?ChGCg}9Q*?(GCAQF~).

68



%|(Gpt?|"9_uGy}nJ}+q9J

%G}|w"?GyA,@"a=ufz+%9s(G!+#Gy}J9pd?fz)G}VG9Q

%*v}vwv#}jfv}v{*v|CvQpv,Gyv}v=v9!v,Gyv}vGv9hQI,<v}v9*vTv=v>@vzCvQGyv=v"v+v?,Cf
*vvMvv]vvhyvvtvv9!vv(fGyvvGvvOGQGyvv}vvWvvAvvQcyvvgvv9e1996.*vvTvv}vvK$vvPGGyvvtvv9!vv(f<vv{FvvQGA
Cfvv}vv9d|vvJvvOhOI<vv9yvvtvvQH|vv#Gyvv}vvzvvwvv+vv9JGyvv}vvAvv9Lvv}vv?<vvWvvQW@vv(pvv+vvQGyvvJvv}vv9*vv?
yvvzvv}vv=vv9!vv,Gyvv}vv}vvwvv#@vvzC

w
vvQ$vv9,h$vvPG*vv"vvavv=vvu<vv(Fvv&GyvvMvvZvv(Ufvvzvv)Cfvv}vv9d

GyAJO*EhGyAgO*{.

*vvv%vvvAvvv~svvv9!vvv(fGyvvvZvvvJvvv?hGyvvvTvvv;|vvv?Gyvvv}vvv%vvv"vvv+vvv?yvvvgvvv9e1974<vvvTvvv;|vvv?G}VvvvMvvv9U

Gyvv}vvQ@vv=vvavv+vv#<vvgvv}vvzvv+vv?Gyvv=vv"vv9A,h$vv(*vv"vvavv=vvufvvzvv)Cfvv}vv9d@vvJvvQjGyvv}vv(svvhvvv}vv9*vv"vvavv=vvu
fvzv)|vQGIv{GyvAvWv+v+vOpv,Gyv}vWvQhY.h|v"vPEYvOGQsv(G!v+v#Gyv=v"v9Afv9e1985FvQi

@vvjvv+wvvQvvv=vv+vvQpvv,GyvvAvvWvvQ*vvgvv9JGyvvMvv9Yvv?<vv9yvvZvvJvv?hGyvvTvv;|vv?,h<vvtvv]vv9*vv9Gyvv=vv+vv8vv?C*vv]vv9
k
.

pvtv(G!v+v#GyvZvJv?hGyvTv;|v?yvgv9e1992,hGyvAv,@v"vav=vufvzv)GyvWvQvv9JGyvAv,@v]v~
Lvv}vvTvv?|vv(cvvqvv+vv#ChGvvvDvvQ,@ovvGvv=vvQGyvvWvvQvvv9J@vv=vv"qvv,!vvdvv9eQSvv}vv,yvvzvvTvv;|vv?.h$vvPG
*vvAvvavvzvv>fvv}vv(|vv9

k
Esvv9|vv?!vvdvv9eEOGQISvv;|vv?,*vvAvv]vv}vv#|vvQGfvv9I_vvQb@vvtvv+vv+vv~h@vvJvvzvv+vv{

G}La9Q,hOp9@QGyWQhW,hG:SAW9QGJ,h|QGs=?G}OGA.

hn\vvgvvBsvv(G!vv+vv#@vv"vvdvv+vv~fvv}vvzvv+vv?GyvvAvvWvv+vv+vvO(GyvvAvvZvv}vv+vv~hG OGQI)yvvgvv9e2007

(CDM)|vvvv%vvvv9|vvvv9
k

svvvv9!vvvv(!vvvv+vvvv?fvvvvzvvvv)vvvvv{VvvvvMvvvv[|

ovvvv"vvvvMvvvvQWpvvvv,GyvvvvAvvvvWvvvv+vvvv+vvvvO.$vvvv|:A
G}VM9U,hpt9

k
y%PGGyt9!(f,$~:

GyR<9F#(Gy}TAD}Qhf):h$~GyP*#*az=(fGyt+9e<zf}9dGyAW++O.

Gy}"Tt(f:*vvGvvQj@vvgvv+vv"vv%vv~yvvAvvtvvO*vv~Gyvv"vvZvvKyvvzvv}vvTvvAvvDvv}vvQ*vv#fvv#svv]vv9*vv9
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GyvvMvvbGyvvQFvv+vvTvv,yvv5|vvOGO@vvJvvBIvvOhOGyvv}vv"vvRd,pvv,Gyvv}vv}vvQChpvv,GyvvavvQ*vvu.pvv,
GyvvAvvGvv}wvvgvv9JGyvv}vv"vvRyvv+vv?@ovvTvvAvvMvvOnefvv9OIfvvzvv=vv?fvvOGOGyvvjvv9R|vv#PGJGyvvavvQGRvvv}vv9pvv,
E|vvOGOGyvvwvv%vvQ<vv9A.*vv=vv+vv#GyvvWvvwvv{2.9_vvQ*vvtvv?Vvv9Fvvgvv? OLvv9dE|vvOGOGyvvjvv9REyvv)OGLvv{
Gyvgvtv9Q,h@vTvAvMvOeGyv}vGv9Qj:LvAvQGbGyvGvOGQ<v%vOaIv}v9*v?C!v=v(HE|vOGOGyvjv9R

GyPj*o}QvQ\}"%9|#GyAgQVy~Pi.

*vv}vvwvv#yvv(Fvv(OfvvOO|vv#GyvvMvvO|vv9JGyvv}vvAvv"vv(fvv?|vvAvvtvv9Q<vv?Lvv;d|vvQhQ$vv9Eyvv)
GyvvAvvGvv}wvvh,Cf*vvwvv(f|vv+vvRIk,yvvwvv"vv&|vv#Fvv%vv?Cvv9!vv+vv?svvO*vvTvv=vv><vvgvv̂Gyvv}vvWvv9vvv{,EP

(4)*vvtvv9SGyvv]vvjvvb<vv(IvvOGJGyvv=vv9Q(Bar)h$vv(*vvwvv9pvvrpvv,Gyvv(IvvOGJGyvvOhy+?SI:105<vv9Svvwvv9d;

(kPa 1Bar = 100 ).pvv,GyvvWvvwvv{2.8GSvvAvvMvvO|vvBGyvv(IvvOGJGyvvOhy+?pvv,hYvvrGyvv]vvjvv(WGCMvvAvvzvvqvv?pvv,
|T9QE|OGOGyj9RkPa, MPa(GCAQF~).
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 9.2    

  
 

   
 

  ً   
    

   

EfIOhKfa{p,EIOiGyMO|9JCC"9AGy"q9PEy)LO|?CLQiC|QlV9Fh.

@(Y+;JGyZQaGyZJ,

*ovvvRhvOGyvvvgvvvtvvv9Q<vvvtvvv"vvv9I@vvvZvvvQ*vvvryvvvAvvvQIvvv+vvv{|vv+vv9gGyvvZvvQaGyvvZvvJvv,hGyvv}vv+vv9g
GyvvTvvavvJvv+vv?|vv#Gyvv}vv=vv"vv)h|vv#Fvv(GQgGyvv}vv=vv9VvvQ,h@vvAvv(\vvvh!vvtvv9W@vvGvv}vv+vvh$vvPg
Gyvvv}vvv+vvv9gfvvv9OIfvvvzvvv)Gyvvv}vvvJvvv+vvvbGyvvvMvvv9QFvvv,yvvvzvvv}vvv"vvvRd.*vvv=vvvOC|vvvgvvvdvvv~Svvv+vvv;f$vvvPg
Gyvvv}vvvZvvv9QaGyvvvZvvvJvvv+vvv?pvvv,<vvv9yvvv(fvvv?-fvvvzvvv)Svvv=vvv+vvv{Gyvvv}vvvDvvv9d|vvvwvvv9fLvvvQhL|vvv9A

Gyvvv}vvvavvvQ|vvv#G}!vvv9<vvv+vvv>Gyvvv"vvv9Ryvvv?Eyvvv)Gyvvv}vvvZvvvQaChIvvv+vvvE@vvvAvvvQcC!vvv9<vvv+vvv>|vvv+vvv9g
GyvvvZvvvQaGyvvvZvvvJvvv,Gyvvv}vvv=vvv"vvv)|vvvJvvvAvvv(*vvv?fvvvzvvv)@vvvqvvvQ*vvvkG}OhGJGyvvvZvvvJvvv+vvv?,|vvvDvvv{
CIvvv(GVGyvvv}vvvavvv9<vvvNhGyvvvJvvv}vvvv9|vvv9JhGyvvv}vvvjvvv9Svvv{.*vvv=vvv+qvvv#GyvvvWvvvwvvv{2.10|vvvMvvvavvvavvv9

k

!v}v(PFv+v9
k

yvtv"v9I@vZvQ*vrfv9|v?.!vJvAv9Lpv,<vgv̂G}Iv+v9fEyv)@vZvQ*vr@vqvQ*vk
|vvvvQIvvvv9VOGLvvvvzvvvv,(WC)pvvvv,Gyvvvvavvvv9<vvvvuG}Q\vvvv,OGLvvvv{GyvvvvGvvvvOQGfGyvvvvMvvvv9QFvvvv+vvvv?
yvvvzvvv}vvv"vvvWvvvzI,h$vvvPG*vvvAvvvavvvzvvv>@vvv}vvvO*vvvOC!vvv9<vvv+vvv>GyvvvZvvvQaGyvvvZvvvJvvv,\vvv}vvv#Gyvvvavvv9<vvvu
G}Q\,s={h\hGy}QI9Vp,|w9!&<R|#.
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|+9gGyZQaGyZJ,$,Gy}ZazKGyPj*azufz)|+9g|QvJ\}#Gy}=")
:SAMOG|%9p,GyjT+{hp,G}OhGJGyZJ+?,h|9V9<&.

Gy}+9gGyTaJ+?$,|+9gG}|a9Q,h@
o

G}hp,|Z9Qah<9y(f9J RGyA%9|#
Gy}J+bGy}=9VQyz}=").

@v(Yv{Gyv}vZv9QaGyvZvJv+v?fv9OIEyv)|vGvQhQ*vJv}v{GyvAvqvQ*vjv9JEyv)|vJvav?
Gy}g9yG?.

@vtvTv~@vZvQ*vqv9JGyv}v+v9g|v#Gyv}v"v9RdEyv)!v(fv+v#:@vZvQ*vqv9J|v+v9gSvavJv+v?,
h@vZvQ*vqv9JsvPQI.Gyv}v+v9gGyvTvavJv+v?$v,|v+v9gC|vav9QFov}vgvB|v#SvavKGyv}ovzvwv+v?,
h$v,<vTv=v>_v=v+vgvAv%v9:@vJvAv9LEyv)|vgv9yvGv?.h<v9yv}vtv9<v{@

n
v"vAvHGyvAvZvQ*vqv9JGyvtvPQI

|vvvvv#G}OhGJGyvvvvvZvvvvvJvvvvv+vvvvv?(Ivvvvv}vvvvv9eCh|vvvvvjvvvvvTvvvvvzvvvvv?ChIvvvvv(V|vvvvvavvvvv=vvvvvNChOhTCh

|vvQIvv9V),h|vv#Gyvv(G\vvKC!vv%vv9@vvJvvAvv9LEyvv)|vvgvv9yvvGvv?pvv,|vvJvvavv?Gyvv}vvgvv9yvvGvv?.h|vvh

|v;Ivdv?Gyvqv9FvOIGyv"v9Fv}v?fv#pvZv{|v+v9gG}|vav9Qfv#Gyv}v+v9gGyvtvPQIpv,|v9*vAvgvzvu
<vJvGv~Gyv}v9OIGyv}vavzv(H|vgv9yvGvAv%v9,*ovTvAvJvTv#GSvAvMvOGe!vdv9e@vZvQ*vr|v"vqvZv{.
@vvvP$vvv>|vvv+vvv9gG}|vvvavvv9QGyvvv}vvvGvvv}vvvvgvvv?pvvv,|vvvGvvv}vvv(fvvv?|vvv#C!vvv9<vvv+vvv>GyvvvZvvvQaGyvvvZvvvJvvv,,
h@P$>v9p?Gy}+9gGytPQI

pvv,|vvGvv}vv(fvv?CLvvQi|vv#C!vv9<vv+vv>GyvvZvvQaGyvvZvvJvv,.@ovvqvvQvZ|vvJvvAvv(*vv9Jvvv{
|vvGvv}vv(fvv?|vv#$vv9@vv+vv#Gyvv}vvGvv}vv(fvvAvv+vv#pvv,|vvGvvQhQ|vv"vvqvvZvv{,hGIvvOyvv}vv+vv9gG}|vvavv9Q
hhGIOyz}+9gGytPQI.

@vvQ@vv=vvb<vvgvv̂GyvvAvvGvv}vvgvv9JGyvvJvvO*vvDvv?|vvhGyvv}vvGvv9QjGyvvtvv9Fvv}vv?.pvv,$vvPgGyvvJvv9yvv?,
hfvvvv"vvvvO@vvvv(GpvvvvQ|vvvvGvvvvQhQhGIvvvvO,@

o
vvvvqvvvvQvZ|vvvv+vvvv9gG}|vvvvavvvv9QhGyvvvv}vvvv+vvvv9gGyvvvvtvvvvPQIpvvvv,$vvvvPG

Gyvv}vvGvvQhQ.@
n
vv}vvRLGyvv}vvZvv9QaGyvv}vvJvv+vvavv?<vv9yvv}vv=vv"vv)|vv+vv9gG}|vvavv9QhGyvv}vv+vv9gGyvvtvvPQI|vvh

<g]%9Gy=g^h@T})f"OFPGy"d9eGy}(IOv}9$(|=+q#p,GyWw{2.10.

pvvv,GyvvvWvvvwvvv{10,2*vvvgvvv"vvv,Gyvvv}vvvZvvvavvvzvvvK(IL)"|vvvTvvvAvvv(iGyvvvJvvv]vvv+vvv̂".h$vvv(
CLvvqvv̂!vvtvvavv?pvv,GyvvGvv(aGyvvOGLvvzvv,yvv~!vv=vv(H|ovvtvv9Svv9

k
pvv,Cj|vv(svvh|vv#!vvdvv9e

GyvvAvvZvvQ*vvrGyvvZvvJvv,.@vvOdGyvvtvv+vv~G}YvvjvvQyvv}vvTvvAvv(iGyvvJvv]vv+vv̂fvvzvv)CfG}!vv=vv(H
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 10.2   

 

MH -  
 
 RWP-  

  
 

I L-  
 

  
IL 99.250 

 

MH4 675 x 675 mm 
IL 98.460 

MH3  675 x 675 mm 
IL 98.750 

MH5 1000 x 675 mm 
IL 97.000

MH2 675 x 675 mm 
IL 99.000 

RWP  IL 98.600

RWP  IL 99.600

RWP  IL 99.600

   
IL 99.550

  ( )100.000

 100.150

WC 
RWP  IL 99.600

 
IL 99.400

MH1 675 x 675 mm  IL 99.250

|v(Fv(Opv,|vTvAv(*v9JCfv}vu\v}v#GyvAvQ<v?Iv+vE@vtvAvQHG:Q@vqv9fv9J|v#|vTvAv(i
Gyvvtvv9fvvOI0,00e,hGyvvPj*vvgvvAvv=vvQGyvv}vvTvvAvv(iGyvv}vvQFvvgvv,GyvvPj@ovvtvv9S<vvOAG

k
|vv"vv&vvv9pvv?

G:Q@q9f9J.

Gy}"9pPGy}WAQv?hGyaQs9Jh|}QGJGy}W9I

@vvWvv}vv{fvv"vv9YvvQGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?GyvvAvvTvv%vv+vv;JGyvv}vvWvvAvvQvvv?|vvDvv{@vvzvvxGyvv}vvAvvgvvzvvtvv?
<vv9yvv"vvqvv9P.pvv,Gyvvgvv}vv(e@ovvWvvw

v
vv{_vvQsvv9JGyvvAvvGvv}vvgvv9JGyvvTvvwvv"vv+vv?FvvRFvv+vv9

k
Lvv;dfvv}vvzvv+vv9J

GyvvAvvWvv+vv+vvO,h@vv"vvAvv%vv,fvv"vvO!vv%vv9*vv?Gyvv}vvWvvQhYpvvtvvb.@vvAvv(\vvvhGyvv}vvGvv9Qj@vvJvvB_vv=vvtvv9J
Gyvv}vv(GOGyvv}vvMvvAvvzvvqvv?Gyvv}vvTvvAvvMvvO|vv?pvv,FvvTvv~GyvvavvQ*vvu.hfvv"vvO|vv9*vvwvv(fpvv,GyvvAvvGvv}vvh
!vv(fvv9f|vv#Gyvv}vvGvv9Qj-Gyvv}vv+vv9gGyvvTvvavvJvv+vv?hGyvv}vv+vv9gGyvvtvvPQI-@

o
vvqvvQvZ|vv+vv9gG}|vvavv9Q

Gyvv}vvGvv}vvvgvv?pvv,|vvZvvQaGyvvavvQ*vvu\vv}vv#|vvGvvQhQGyvv}vv+vv9gGyvvTvvavvJvv+vv?.EfG:SvvAvvDvv"vv9A
Gyvv(Ivv+vvOyvv%vvPG,*vvwvv(fpvv,Gyvv"vvdvv9eGyvv}vv"vvqvvZvv{FvvRFvv+vv9

k
,Ivv+vvE*vvGvvQj@vvGvv}vv+vvh|vv+vv9g

G}|vav9Q|v#GyvavQ*vu,pv,|vGvQhQGyv}v+v9gGyvtvPQI,<v+v"v}v9@ovGv}vh|v+v9gG}|vav9Q|v#
CStrGy}"9Rdp,|GQhQGy}+9gGyTaJ+?.

@

o
vv"vv9Svv>IvvqvvQ*vv9JGyvvavvQ*vvu|vvTvvAvv(*vv9JG}QVGyvvTvv9FvvOIhG!vvJvvOGQ$vv9,h@vvwvv(f

|vvgvvdvv~_vvQsvv9JGyvv"vvqvv9P|vvJvvOv<vv?h|vv"vvJvvOQI|vv#hSvvbGyvvavvQ*vvu<vv9@vvGvv9gGyvvJvv(Gafvvzvv)
GyvGv9!v=v+v#.h<vgv]v%v9*v"vJvOQ<v9@vGv9ghGIvOpvtvbyvAvTv%v+v{G!vTv+v9H|v+v9gG}|vav9Qfv#
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11.2        

   
125x125 mm    PCC

 
  20/20

  150 mm 

  َ   

  40 mm 

   25 mm 

  60 mm 
  150 mm

 250 mm 

PCC:  

  

   

 12.2    

   :

      

    

    300 . 
   20 mm 

 45 mm 
   100 mm   

  20/20C 

    2.000 m 

  PCC   50 x 150 mm 

PCC :  

SvavKGyvavQ*vu,h$vPG*vgv"v,h\vh<v;yv+vhGyvavQ*vufvzv)Fv9!v>hGIvO|v"v&.@v(\vh
IvOhOIv(GFvRG}QYvqv?GyvMvQSv9!v+v?fvzv)_vQpv,GyvavQ*vuLv;dpvQT|v(GOFvTv~
GyaQ*u.h@A(GpuCVw9d$PgGyJ(GFR|hGy}(GYq?Gy=Q*a9!+?BS 7263.
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 13.2   

 )    
  ،ً   (

52 mm     
.   

)    ُ  40-50 mm ،
50-75 mm  ،75-100 mm  ،100-125 mm (

 (     )  
   100 mm

 .       

       
52 mm .     

   ( )    
 .       

     6 mm. 

  75 

    63 mm 

     50 mm 

     

*ovgvOwG SvqvzvBoGyvTvavKnGyv}vgv+v9Q}QYvqv?GyvavQsv9J.*v(\vKGyvWvwv{2.11Cf

$vPgGyv}v9OI@ov(\vvhfvzv)$v+v8v?_v=vtv9J,<vJv+vE@vwv(f_v=vtv?G}Sv9S@vJvB_v=vtv?

GyvQYvrGyvTvavJv+v?.vv}v9*v}vwv#pvQT|v}vQGJGyv}vWv9I<v{SvqvzvBpv(b_v=vtv?YvzvOI

(IGQ),C!dQGyWw{2.12.

*=+#GyWw{2.13L+9QGJ|A"(f?}Vw9d|}QGJGy}W9I.

@}Q*#
|9$,G}y(GfGy}TAMO|?yA}++RC!9<+>Gyj9RhC!9<+>Gy}9AGy=9QO?
vvv+vvr*vvqvv]vv,!vv(YGyvv}vv9OIGyvvAvv,@vvJvv}vvzvv%vv9C!vv9<vv+vv>GyvvZvvQa@vvJvvBG}QVEyvv)!vvdvv9e@vvZvv"vv+vvrm
y~!9<+>?
|vvv9$vvv,Gyvvvjvvv9*vvv?hQGAGyvvvAvvvJvvv(qd|vvv#C!vvvdvvv}vvv?GyvvvZvvvQaGyvvvZvvvJvvv,Gyvvv}vvv(IvvvvOEyvvv)C!vvvdvvv}vvv?GyvvvZvvvQa
Gy}"qZ{?
@vvqvvJvvv[Gyvvgvv"vv9YvvQGyvv}vvQFvv+vv?yvv"vvdvv9eGyvvZvvQaGyvvZvvJvv,pvv,|vv"vvRyvvx(Gyvv=vv;yvv+vvh,pvvAvvJvv9JGyvv"vvqvv9P,
iQaGy}QGs=?...EyN),hI9hdCf@gQa|9EPGv9f!d9eYQam|(IOCe|"qZ{?
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2.57+8?GC(shy;SAMOGe

|tO|?

%<vvgvvOOQGSvv?$vvPGGyvv}vvtvvavvhSvvAvvOQcGyvv}vvQGIvv{Gyvv"vv}vv(PFvv+vv?GyvvAvv,@vvGvvQjCCvv"vv9A
GyJqQ*9J.

%hSAq%~|JA(ihC$}+?GyGRAC|#|G}(f?s(G!+#@"d+~Gy="9A.

%hSvvAvvAvvgvvQafvvzvv)<vvgvv̂G}fvv}vv9dGyvvAvv,@ovvTvvAvvMvvOeyvvAvvJvvTvv+vv#Gyvv}vv(svvh|vv|svvAvv9
k

Ch

<Z(QIOGF}?.

!dQIf9|?

pvv,Gyvv}vv(GsvvhGyvvAvv,:*vvwvv(fGyvvAvvzvv(Kpvv+vv%vv9|vv(\vv(fvv9
k

PGC$vv}vv+vv?,Cvv}vv?Cfvv}vv9d
@vvJvv]vv+vvQ*vv?*vvGvv>@vv"vvqvv+vvP$vv9svv=vv{<vvOAfvv}vvzvv+vv?Gyvv=vv"vv9A,h$vvPgG}fvv}vv9d|vvzvvJvv(cvv?pvv,
GyvvGvvRAC|vv#svv(G!vv+vv#Gyvv=vv"vv9A.@vv=vv+vv#GyvvqvvtvvQIC1\vvQhQIERGyvv?Gyvv"vv=vv9@vv9J|vv#G}QV

GyvvAvv,Svv+vvjvvavv+vv%vv9Gyvv}vv=vv"vv),h$vvPG*vvgvv"vv,@vvGvvQ*vvOGyvv}vv(svvh|vv#Gyvv}vvRQhfvv9J,yvvwvv"vv&
*Aaz>C*]9

k
ERGy?GyAQ<?GyTaJ+?.

@vvJvvAvv(j|vvgvvdvv~Gyvv}vv(Gsvvhpvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI<vvWvvwvv{_vv=vv+vvgvv,fvvzvv)_vv=vvtvv?
|vv#GyvvAvvQ<vv?GyvvTvvavvJvv+vv?PGJSvv}vv9vvv9J|vvMvvAvvzvvqvv?|vv(v\vvgvv?pvv(b_vv=vvtvv?G}QV.h$vv,
@vvQ<vv?i

o
vv]vv9Q*vv?(|vv|yvvqvv?|vv#Q|vv{h_vv+vv#)Fvv+vvOIGyvvAvv%vv(*vv?h|vvDvv9yvv+vv?yvvRQGfvv?Gyvv"vv=vv9@vv9J

hGyvvgvvWvv>.EfGyvvTvv=vv>Gyvv}vv%vv~ RGyvv?GyvvAvvQ<vv?GyvvTvvavvJvv+vv?$vv(Cfyvv+vvUyvv%vvPgGyvvAvvQ<vv?
|vvvtvvv9h|vvv?@

n
vvvJvvv}wvvv{@ovvvPvvvvQ.pvvv{PGh\vvvhGyvvv}vvv=vvv"vvv)|vvv=vvv9VvvvQIpvvv(bGyvvvAvvvQ<vvv?GyvvvTvvvavvvJvvv+vvv?pvvv{!vvv&

Svv+vvjvv(Upvv+vv%vv9.EfCIvvO!vvAvv9FvvHfvv}vvzvv+vv?@vvJvvQjGyvv}vv(svvh$vv(@vvJvvO*vvOSvv}vv9vvv?_vv=vvtvv?
GyvvAvvQ<vv?GyvvTvvavvJvv+vv?,h$vv,fvv9OI\vv}vv#Gyvv}vvGvv9d150-300|vv~.<vvgvvOERGyvv?GyvvAvvQ<vv?

GyvvvTvvvavvvJvvv+vvv?,pvvv{fG FvvvQGAGyvvvavvv=vvv+vvvgvvv,$vvv(@vvvMvvvR*vvv"vvv%vvv9pvvv,Cvvvv(Ge\vvv}vvv#Gyvvv}vvv(svvvh
:SAMOG|%9:It9

k
p,|"9_uGyAWG+QhGy}"9_uGygW=+?.

fvvv"vvvOGyvvv=vvvOA<vvvJvvvqvvvQGyvvvAvvvQ<vvv?GyvvvTvvvavvvJvvv+vvv?,!vvv=vvvOC|vvv#|vvvTvvvAvvv(iG}QVG}Yvvvzvvv,
(OGL),h!vvv"vvvAvvv%vvv,fvvv"vvvO|vvvTvvvAvvv(iGyvvvAvvvgvvvQ*vvv?SL.Cvvv}vvv?|vvvZvvvavvvzvvvJvvv9JhGLvvvAvvvZvvv9QGJ

@

o
vvTvvAvvMvvOepvv,Cfvv}vv9dG}QVGyvvAvv,@vvGvvQjCCvv"vv9Afvv}vvzvv+vv?@vvWvv+vv+vvOGyvv}vv"vvRdyvvzvvAvvgvvQa
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14.2    

  

AOD  

  
  

:   OGL   =       FFL    =  

SL      =  AOD        = 
FL    =  

 
  

fvvzvv)Gyvv}vvTvvAvv(*vv9JGyvv}vvMvvAvvzvvqvv?GyvvAvv,hoYvv{Eyvv+vv%vv9,h$vv,\vvQhQ*vv?fvv"vvOGyvvAvvgvv9|vv{|vvh
GyvvJvvqvvQ*vv9JGyvv;R|vv?yvv~Q\vv+vv9J.yvvwvv"vv"vv9Svv"vv(\

x
vvJvv%vv9pvv,$vvPgGyvv}vvQIvvzvv?<vv(Yvvqvv%vv9

|tO|?yz}tahGyPj*AaQby~Q\+9J.

*vvv(YxvvvrGyvvv}vvvZvvv}vvv}vvv(ffvvv9OIGyvvv}vvvTvvvAvvv(iGyvvv"vvv%vvv9Fvvv,GyvvvPj@vvvJvvvAvvv9Fvvv&G}Q\vvv+vvv?
GyvvvOGLvvvzvvv+vvv?yvvvzvvv}vvv=vvv"vvv),h*vvvwvvv(fhpvvvu!vvvdvvv9eGyvvv}vvvTvvvAvvv(*vvv9JGyvvv(_vvv"vvv,Gyvvv}vvvTvvvAvvvMvvvOepvvv,
Gyvvv}vvv}vvvzvvvwvvv?Gyvvv}vvvAvvvJvvvOI.*nvvvTvvvAvvvMvvvOe$vvvPGGyvvv"vvvdvvv9eGyvvv}vvvTvvvAvvv(iGyvvvtvvv9fvvvOj00.0e,Cj

|vvvTvvvAvvv(iSvvvavvvKGyvvv=vvvJvvvQpvvv,|vvv"vvvavvvtvvv?!vvv+vvv(yvvv+vvv#(Newlyn)pvvv,|vvvtvvv9_vvvgvvv?vvvv(Q!vvv(*vvv{
(Cornwall)pv,Gyv}v}vzvwv?Gyv}vAvJvOI.*vgvQa$vPGGyv"vdv9e<v9Sv~Gyv}vQFvhGyv}vTv9Iv,

(Ordnance Datum).@
o
vv"vvTvv>Fvv}vv+vvh|vvTvvAvv(*vv9JG}QVhGyvv}vv=vv9!vv,pvv,Gyvv}vv}vvzvvwvv?

Gyvv}vvAvvJvvOIEyvv)$vvPGGyvv}vvTvvAvv(i,h@vvgvvavv)G:Q@vvqvv9fvv9J<vv9}|vvAvv9Q(Svv9<vvtvv9
k

<vv9}svvOGe)
pv(b$vPGGyv}vTvAv(i.pv,GyvWvwv{2.14*ovJvOvO|vTvAv(iG}Q\v+v?GyvOGLvzv+v?Gyv"v%v9Fv,

(FFL)<v9yvgv(OIEyv)Gyv}vTvAv(*v9JGyvgv9|v?pv,Gyv}v(svhsv+vOGyvAvav(*vQ,hEyv)\vQhQI

Cf@vvwvv(fG}Q\vv+vv?GyvvOGLvvzvv+vv?yvvzvv}vv=vv"vv)pvv(b|vvTvvAvv(iG}QVpvv,GyvvMvv9QLyvv}vv"vvh
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 15.2   

  
  

  

   
    

َ    

  

   

  

  

 

OLv(dGyvQ_v(<v?Eyv)Gyv}v=v"v).$vPgGyv}vTvzyv?$v,|v(\v(YGyvqvtvQIC4|v#GyvGvRAC

|v#sv(G!v+v#Gyv=v"v9A,hGyvAv,@vWvAvQW|vtv9h|v?G}Q\v+v9JhGyvGvOQGfhGyvTvavKOLv(d
n

GyQ_(<?.

@vv=vv+vv#GyvvqvvtvvQIC3|vv#GyvvGvvRAC|vv#svv(G!vv+vv#Gyvv=vv"vv9AGIvvAvv}vv9dGSvvAvvMvvOGe|vvGvvQhQ
@vJvBGyvAvQ<v?yvAvMvqv+v̂|vTvAv(*v9JGyvQ_v(<v?G}Q\v+v?yvzv}vTv9fvOIpv,Iv}v9*v?Gyv"vTv+vH
Gyvv=vv"vv+vv(jyvvzvv}vv=vv"vv)pvv,G}QV,hyvvAvvtvvzvv+vv{GIvvAvv}vv9dOLvv(dGyvvQ_vv(<vv?Eyvv)Gyvv}vv=vv"vv).
@vvMvvAvvzvvrGyvv}vvZvv9QaGyvvZvvJvv+vv?G}Q\vv+vv?ChGyvv}vvZvv9QaGyvvZvvJvv+vv?@vvJvvBGyvvAvvQ<vv?fvv#
C!vv9<vv+vv>GyvvZvvQaGyvvZvvJvv,Gyvv}vvTvvAvvMvvO|vv?yvvJvv}vv{@vvZvvQ*vvqvv9JG}OhGJGyvvZvvJvv+vv?pvv,
Gyvv}vv"vvRd,hfvvzvv)G}Lvv[pvv,Ivvtvv+vvtvv?vvv(!vv%vv9!nvvqvv(PICh|ovvDvvtvvv=vv?.|vv#Gyvv(G\vvKCf
G}!vv9<vv+vv>Gyvv}vvTvvAvvMvvO|vv?pvv,Ivv}vv{@vvZvvQ*vvqvv9JG}OhGJGyvvZvvJvv+vv?*vvGvv>Cf@vvwvv(f
vA+}?<%OaGIA(GAGy}(GOyj9*?E*Z9y%9Ey)!ta?GyAqQ*k.

@

o
vv}vv~Lvv"vv9ObGyvv}vvGvvQhQG}Q\vv,(GyvvWvvwvv{2.15)<vv}vv9OIIvv=vv+vv=vv+vv?<vvO:

k
|vv#

GyvvAvvQGHyvvAvvTvvQ*vvh|vvQhQGyvv}vv9AEyvv)C!vv=vv(HGyvvAvvGvv}vv+vvh.h*vv=vv+vv#GyvvWvvwvv{2.16@vv(\vv+vvJvv9
k

yvvvAvvvavvv=vvv+vvvu$vvvPGGyvvv"vvv(Y|vvv#Gyvvv}vvvGvvv9Qj.*vvv(\vvvhGyvvv}vvv"vvvRd$vvv"vvv9<vvvJvvvPGACQV|vvv9Fvvvzvvv?,

hGyv%vOa|v#!vdv9eGyv}vGvQhQGfvAvQGVGyv}v9AGyv}ov"vTv9H|v#SvavKG}QVGyv}v9Fvzv?

CC"9ACh<gO$a(dGy}aQ.
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*vvAvv"vv(vY|vvMvvavvb@vv(\wvvhC!vv=vv(H!vvdvv9eGyvv}vvGvvQhQG}Q\vv,|vv9<vv+vv#PyvvxGyvvPj
*vvAvv=vvhGyvv(O*vv9fh|vv"vv9Svv+vv>G}QVGyvvavv=vv+vvgvv+vv?(_vv=vv+vvgvv,)h@vvzvvxGyvv}vvMvvZvvZvv?yvvGvv}vvh

Gyv}v+v9g<vqv9fvzv+v?@v=vgv9
k

yvWvwv{Gyv}v(svhGyv}v(\v(fv?pv+v&.*v=v+v#GyvWvwv{2.17<vgv]v9
k

|v#
@zxGyM+9QGJ.
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h<v}v9CfGyv}vZvQaGyvZvJv,G}Q\v,|vMvZv[yvGv}vh|v+v9gG}|vav9Q(Gyv}v+v9g
GyvvTvvavvJvv+vv?),pvvzvv+vvUCvv}vv?Ivv9Fvv?yvvGnvv}vvgvv&}Fvv{yvv}vvgvv9yvvGvv?.h*vv%vvOaFvv}vvgovv&Eyvv)
Gyvv}vvJvv9pvvdvv?fvvzvv)GSvvAvvtvvQGQG}QVpvvtvvb,vvv}vv9@vvAvv(pvvQfvvOILvv+vv9QGJyvvzvvAvvMvvzvv[|vv#
Gy}9AGy}oG}vh.*(\KGyWw{2.18<g^$PgGyM+9QGJ.

@

o
v"vq
v
vP_vQ*vtv?<v8vQGyvAvGv}v+vh,pv,Gyv(Gsvh,<v{IvOGKvvTvQpv,G}!v=v(H*vTv}vK

<vGv}vhGyvQhGSv>sv=v{hYv(dGyv}v9AEyv)!vdv9eGyvZvQaGyvqvgvzv,pv,Gyv}v"vRd.h|v#
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Ohf<vv8vvQGyvvAvvGvv}vv+vvhCvv}vv?LvvavvQvvv=vv+vvQ|vv#hYvv(dGyvvQhGSvv>GyvvAvv,@vvJvv}vvzvv%vv9Gyvv}vv+vv9g
G}Q\vv+vv?Eyvv)C!vv9<vv+vv>Gyvv}vvGvvQhQpvv,Gyvv}vv"vvRdh|vvzvv8vv%vv9h|vv#Cvv~Efvv9svv?G!vvTvv+vv9HGyvv}vv9A
OGLz%9.

@

o
vvvgvvvO

w$vvvPgGyvvvJvvvzvvv(d_vvvQGFvvvuOGFvvv}vvv?yvvv]vvv=vvvbGyvvv}vvv9A,hyvvvwvvv#svvvO!vvvJvvvAvvv9LEyvvv)
@vvMvvqvv+vv̂|vvTvvAvv(iGyvv}vv+vv9gG}Q\vv+vv?Ch\vv=vvavv%vv9<vvavvQbCLvvQifvvzvv)!vvJvv(|vv|svvB.
*v}vwv#@vMvqv+v̂|vTvAv(*v9JGyv}v+v9gpv,G}QVpvgvzv+v9

k
fvzv)!vJv(|v|svB<v9SvAvMvOGe

@vvtvv"vv+vv?!nvvRrMGyvv}vv9A.pvv,$vvPgGyvvavvQ*vvtvv?@ovvJvv9W|vv"vvavvtvv?GyvvJvvqvvQ*vv9J<vv"vvtvv9WGSvvAvvMvv;U

Gyv}v9Ah@vAvzyvr|v#C!v9<v+v>pv(:P*v?|vDvtvv=v?|v(Yv(yv?<vMvQG_v+v~|vQ!v?Eyv)C!v=v(HCvv=vQ

*J+b<}(shGyJqQ.*(Y{$PGG}!=(HGyJzt,GyWw{Ey)|]M?.
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hyvvAvvjvvavv+vvUC!vv9<vv+vv>GyvvAvvZvvQ*vvrGyvvZvvJvv,(*vvWvv9QEyvv+vv%vv9fvv}vv(|vv9
k

<vv"vvtvv9WGyvv=vv8vvQ)
!vvOpvvhGyvv}vv9AIvv(dG}!vv=vv(HGyvvJvvzvvtvv,G}pvvtvv,hEyvv)CSvvqvv{!vvtvvavv?Gyvv=vv8vvQ.*vv|Oj$vvPG
Eyv)@vWvw

w
v{@vGv(*vr<vqvgv{Gyv}v9AGyv}v]vjv(W,|v}v9*vTv}vKyv~!v=v(H<v9yvjv(UEyv)

Gyv}vTvAv(iGyv}vavzv(H.@vJv9W
o

!vtvav?Gyv=v8vQ<vgvOPyvx<v}v9OIIov=v+v=v+vv?,@vgv}v{vv}vQVvK
fvv"vvOfvvwvvUGyvv}vv]vvMvv?hGSvvAvvMvv;UGyvv}vv9A|vv#G}QV.*vv=vv+vv#GyvvWvvwvv{2.19vvv+vvr
*AzCQ|TA(iGy}9Ap,G}QV<%PgGyAt"+?.
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EPGQivv=vv"vv9<vvJvv}vv9*vv?|vv(svvhGyvvJvvqvvQ*vv9J|vv#Gyvv}vv9Apvvtvvb,|vv#Ohf@vvMvvqvv+vv̂
|vvTvvAvv(iGyvv}vv9A,*vv}vvwvv"vv"vv9GSvvAvvMvvOGeQvvv9FvvR|vvZvv"vv(fvv?|vv#Yvvqvv9FvvKpvv(:P*vv?<vv(Yvvqvv%vv9
Ivv9FvvRG

k
|vvgvvAvvQ\vv9

k
yvvzvv}vv9A.*vvTvv}vv)$vvPGGyvvJvv9FvvRfvv"vvOEIvv9_vvAvv&vvv9|vv{|vv"vvavvtvv?Gyvv}vv(svvh

"SO
q

G !]9H"(GyWw{2.20).

@}Q*#
Cjs(G!+#Gy="9A*oa=vup,G}f}9dGyAJ]+Q*?y}(sh<"9AFO*O?
fvvvQqaGyvvv}vvvZvvvavvvzvvvJvvv9JSLhFL,hCj|vvv"vvv%vvv9|vvvQ@vvv=vvvb<vvvzfvvv}vvv9dGyvvvJvvvqvvvQGyvvv}vvvavvvzvvv(<vvv?yvvvAvvvWvvvwvvv+vvv{
Gya9<uG}Q\,.
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G9MGqG9AX9\

4QPTZG9?RXA

G}$OGa:
<gOOQGS?$PGGyqZ{SAw(fs9OQG

k
fz):

%p

n
%r~_=+g?Gy}t9Q<9JGy}MAzq?p,f}z+?Gy="9A.
%p%~CS=9Hc%(Q$PgGy}t9Q<9JGy}A"(f?.
%@t++~|RG*9hf+(H$PgGy}t9Q<9JGy}MAzq?fz)Gy}=").
%EOQGc@TzT{Gyg}z+9JGy}A]}v"?p,@W++OGy}T9v#.
%p%~|=9O _QGFuGyAW++OGyJO*D?.
%GyAgQafz)Gyg"9YQGy}qA9I+?y5!q9bfz)Gy}=9!,.
%@D}+#Gyg;s?<+#@W++OGy}"RdhG:SAOG|?.

*J(j$PGGyqZ{fz)Gy}t9_hGyA9y+?:
3.1_QGFuGy="9A
3.3GyaQGFuGyJO*D?yzAW++O
3.3@TzT{f}z+?Gy="9A
3.4G !q9bfz)Gy="9A
3.5@W++OGy}"RdGy}oTAnOGe
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!ta?|gz(|9J

%s9!(fGy=+(JGy}TAOG|?(2008) -h\h|g9*+QG:SAOG|?yz=+(JGyGO*OI.
%s9!(fGy}GA}g9JGy}TAOG|?(2007).

%hQsvvv?|vvvgvvvzvvv(|vvv9J$vvv+vvv8vvv?<vvvJvvv(KGyvvv=vvv"vvv9A(BRE)Qsvvv~07/3:_vvvQGFvvvuGyvvvAvvvWvvv+vvv+vvvOGyvvvJvvvO*vvvDvvv?pvvv,
G Sw9f.
%EIZ9F+9JG Sw9f(2007),EOGQIGy}GA}g9JhGyJw(|?Gy}Jz+?(DCLG).

3.1_QGFuGy="9A

|tO|?

%<vvvgvvvOOQGSvvv?$vvvPgGyvvvqvvvtvvvQISvvvAvvvwvvv(fsvvvO@vvvqvvv%vvvv}vvvBGyvvvavvvQbGyvvvAvvv,@vvvavvv(QJ|vvv#
L;y%9f}z+?Gy="9A.

%hSvv+vvZvv=vvKyvvO*vvxEyvv}vv9e<vv9yvv}vvtvv9Q<vv9JGyvv}vvMvvAvvzvvqvv?Gyvv}vvAvvv=vvgvv?pvv,fvv}vvzvv+vv?Gyvv=vv"vv9A|vv#
GyAtz+O*?Ey)GyAZ"+g+?.

%hSAw(fs9OQG
k

fz)@}++RGyT}9JGy}qA9I+?yw{|t9Q<?.

!dQIf9|?

@

o
vvWvvw

v
vv{Gyvv}vv=vv9!vv,|vv#fvvOOvvv=vv+vvQ|vv#Gyvvgvv"vv9YvvQhGyvv}vvwvv(!vv9JGyvv}vv"vvqvvZvvzvv?,PGJ

GyvvvJvvvGvvv~hGyvvvAvvvgvvvtvvv+vvvOGyvvv}ovvvAvvvjvvv+vvvQn*vvv#.fvvv=vvvQGyvvvAvvv9Q*vvvNvvvv9f*vvvGvvvQj@vvvGvvv}vvv+vvvhhE!vvvAvvv9L$vvvPg
Gyvv}vvwvv(!vv9Jpvv,Gyvv}vv(svvh.hvvv}vv9<vv+vvv"vv9pvv,GyvvqvvZvv{G}hd,@nvvavv(vQGyvvgvv}vvQGfGyvv}vv"vv9_vvtvv,
!vvAvv+vvGvv? |vvwvv9!vv+vv?@vvZvv"vv+vvhGyvv}vvwvv(!vv9J|vv#|vv(GOGyvv=vv"vv9AGyvv}vvAvv(GpvvQI|vvJvvzvv+vv9

k
.EPpvvQ\vvB

Gyvv}vvJvvOhO*vv?
o

pvv,E|vvwvv9!vv+vv?!vvtvv{Gyvv}vv(GOhGyvv}vvwvv(!vv9JGyvv}ovvZvv"vvvgvv?|vv#|vvwvv9f6LvvQ$vvPG
Gyv"v}vb|v#Gyvgv}vQGf.h|vh@vav(qQVv=vwv9JGyv"vtv{hGyvAvtv"v+v9J,<vWvwv{|vzvJv(XE<qv9f
GyvvDvv(QIGyvvZvv"vv9fvv+vv?,ivvOG|vv}vvwvv"vv9

k
!vvtvv{Gyvv}vv(GOhGyvv}vvwvv(!vv9Jfvv=vvQ|vvTvv9pvv9JVvv9Svvgvv?.

h!vvAvvH|vv#$vvPGE|vvwvv9!vv+vv?GSvvAvvMvvOGe|vv(GOivv+vvQ|vvJvvz
q
vv+vv?,fvv;hIkfvvzvv)E|vvwvv9!vv+vv?E!vvAvv9L

|vvwvv(!vv9Jvvv=vv+vvQIGyvvJvvGvv~<vvgvv+vvOG
k

fvv#|vv(svvhGyvv=vv"vv9A,Svv=vvv=vvBE|vvwvv9!vv+vv?@vvZvv"vv+vvhvvv}vv+vv9J
\vvMvv}vv?|vv#Gyvv}vvwvv(!vv9Jpvv,Gyvv}vvgvv9|vv{@vvjvv+wvvQG

k
pvv,|vv"vv%vvGvv+vv?fvv}vvzvv+vv?Gyvv=vv"vv9A<vvQ|vvvAvv%vv9|vvh

<OG*?Gy="9AGyAZ"+g,.
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Gy="9AGyAtz+Oj

vvv}vv9ChQO!vv9Svv9<vvtvv9
k

,@vvjvv+vvvQJYvv+vvjvv?Gyvv}vv=vv"vv),fvvzvv)|vvQxGyvvAvv9Q*vvN,@vv=vvgvv9
k

yvvAvv(GpvvQ
|vv(GOGyvv=vv"vv9Ahyvvzvv}vv"vv9NGyvv}vvJvvzvv,hyvv~Svv9yvv+vv>Gyvv}vvgvv+vvWvv+vv?yvvzvvTvvwvv9f.EfIvv9Fvv?Gyvv=vvOh
GyvvQIvvv{ fvv9OI|nvv(\nvvgvv?|vvTvv9vvv"vv%vv~fvvzvv)!vvJvv(|vvAvvwvvQQpvvQ\vvBsvv+vv(OG

k
fvvzvv)Yvv+vvjvv?

Gyvv}vv=vv"vv)@vvMvvAvvzvvrvvvDvv+vvQG
k

fvv#@vvzvvxGyvv}vvqvvQh\vv?fvvzvv)GyvvTvvwvv9fPhj!vv}vvbGyvv}vvgvv+vvWvv?
G}vvDvQGSvAvtvQGQG

k
.@vgvAv=vQ$vPgGyvZv+vk|v#Gyv}vgv}v9QGyv}v"v9_vtv,Gyv"vAv9FvHGyvqvgvzv+v? !vAv9L

Gyv=v"v9AGyvAvtvzv+vOj.!vAvGvB_v=v+vgv?Gyv}v=v"v)GyvAvtvzv+vOj,vv}v9$v,pv,Gyv(svBGyvJv9\vQ,
|#$PGGy"}b|#GyAW++Oh|#Gy}=9O Gy}oA]}v"?p+&.

EfGSvvvAvvvMvvvOGe|vvv%vvv9QGJGyvvv=vvv"vvv9AGyvvvAvvvtvvvzvvv+vvvO*vvv?,GyvvvAvvv,@vvvJvvvAvvv9LEyvvv)Fvvv%vvv(Ofvvv}vvv9yvvv?
|vvwvvDvvqvv?,pvv,E!vvAvv9LGyvv}vv=vv9!vv,,*vvtvvAvvZvvQfvvzvv)<vv"vv9AGyvv}vv=vv9!vv,GyvvqvvQ*vvOIGyvv}vvZvv}vv}vv?fvvzvv)
!vvJvv(EpvvQGOj,Chfvvzvv)|vvGvv9d@vvGvvO*vvOGyvv}vv=vv9!vv,Gyvv}vvAvvMvvZvvZvv?.Ef@vv=vvgvv9J@vvwvvzvvqvv?
$vvvPgGyvvvavvvQ*vvvtvvv?pvvv,Gyvvv=vvv"vvv9A\vvvMvvv}vvv?FvvvOG

k
,yvvv(Fvvv(Ofvvv}vvv9yvvv?IvvvQpvvv+vvv?fvvv9yvvv+vvv?GyvvvAvvvOQ*vvv>

@

o
vvvZvvv"xvvvhGyvvv}vvvwvvv(!vvv9Jpvvv,Gyvvv}vvv(svvvh,|vvvhCffvvvOOG

k
|vvv#Gyvvv}vvvwvvv(!vvv9J|vvvTvvv=vvvtvvv?GyvvvZwvvv"rvvvh

@vTvAvMvOepv,Fv}v+vhGyvJv9:JfvOG<vgv̂GyvJv9:JGyv}ovAvMvZvZv?FvOG
k
.Ef_v=v+vgv?

$vvPgGyvvavvQ*vvtvv?,GyvvAvv,@ovvWvvw
v
vv{pvv+vv%vv9|vvgvvdvv~CFvvRGAGyvv}vv=vv9!vv,|vv#fvvOO|vv#G}FvvRGA

GyvvZvvjvv+vvQIGyvv}ovvZvv"vvvgvv?pvv,Gyvv}vv(svvh,<vvavv+vv8vv?pvv,Fvv($vvQ$vv9,h<vv9yvvAvv9yvv,pvv{fGSvvAvvMvvOG|vv%vv9
yvvvzvvv}vvv=vvv9!vvv,Gyvvvwvvv=vvv+vvvQIChyvvvgvvvOOvvvv=vvv+vvvQ|vvv#Gyvvv}vvv=vvv9!vvv,$vvv(C|vvvQivvv+vvvQfvvv}vvvzvvv,pvvv,Gyvvv}vvv"vvv9N
G:sAZ9OjGyJ9y,I+EGywzq?hGy(sB|%}q9fFOG

k
.

fvvzvv)CjIvv9d,@vv(FvvOfvvOI|vvRG*vv9pvv,GfvvAvv}vv9O$vvPgGyvvavvQ*vvtvv?,pvv%vv,@vvTvv}vvK
<v}vQh!v?fv9yv+v?,|vhE|vwv9!v+v?@vwv+v+vrvv9pv?Gyvtvavhyv]v}v9f|v;A|vAv%v9pv,GyvAvQvv+v>,
EPEfvv9pv?$vPgGyvtvavh|vZv"v(fv?hpvuGyvavzv>.h$vPG*vgvav,|vQh!v?Lv;d|vQIvzv?
GyvvAvvWvv+vv+vvOh_vv(GdIvv+vv9IGyvv}vv=vv"vv).|vv9RGyvvBfvv"vv9YvvQo|vv#$vvPGG}Svvzvv(H|vv#GyvvAvvWvv+vv+vvO
|vvv(Fvvv(OIpvvv,<vvvgvvv̂Gyvvv}vvv=vvv9!vvv,GyvvvJvvvO*vvvDvvv?vvvv}vvv9pvvv,<vvv"vvv9AGyvvv}vvv"vvv9RdGyvvvPj*vvvTvvvAvvvMvvvOe
G}SvvvtvvvrGyvvvAvvvtvvvzvvv+vvvO*vvv?PGJGyvvvgvvv(GQVGyvvv}vvv9Fvvvzvvv?(Rafter)hG}pvvvtvvv+vvv?(Purlin).pvvv,
$vvvPgGyvvvJvvv9yvvv?,*ovvvZvvv"xvvvhGyvvv"vvvGvvv9Qhf$vvv+vvvwvvv{GyvvvTvvvtvvvr,pvvv,Gyvvv}vvv(svvvh,|vvv#fvvv(GQV

LvWv=v+v?|vTvAvtv+v}v?.CYv=vK$vPGGyv"v}vb|v#Gyv=v"v9AGyvAvtvzv+vOj!v9OQGyv(Fv(O|vhGRO*v9O
|TA(*9JGyAZ"+hL9QLGy}(sh.

93



EfCIvvOGyvvgvv+vv(HGyvvQFvv+vvTvv+vv?yvvzvv=vv"vv9AGyvvAvvtvvzvv+vvOjGyvvPj*nvvTvvAvvMvvOeGyvvAvvZvv"vv+vvhpvv,
Gyvv}vv(svvhh@vvWvvwvv+vv{Gyvv}vvwvv(!vv9Jpvv,|vv(\vvgvv%vv9$vv(Yvvgvv(<vv?@vvZvv"vv+vvhGyvv}vvwvv(!vv9Jpvv,
Gyvv}vv(GsvvhPGJGyvvdvvQhaGyvvtvv9Svv+vv?.EP@vvJvvOwGyvvdvvQhaGyvv}vv"vv9Lvv+vv?Gyvvtvv9Svv+vv?hGyvvJvv9:J
GyvTv9FvOI|v#E|vwv9!v+v?Gyvgv}v{\v}v#@vTv9|vJv9JOsv+vtv?,h|v#@vZv"v+vhfv"v9YvQ|vAvvTvtv?
<vv9SvvAvv}vvQGQ.h|vvhCfGyvv=vv"vv9A,pvv,Fvv($vvQg,fvv}vvzvv+vv?@vvZvv"vv+vvgvv+vv?,pvv{fGyvv}vv"vv9Lvv9JGyvvAvv,
*ovv"vvq
v
vvPpvv+vv%vv9<vvgvv+vvOIlFvvOG

k
fvv#<vv+vv8vv?Gyvv}vvgvv}vv{Gyvv}vvQ*vvJvv?.Ef@vv=vvgvv9JGyvvwvvzvvqvv?hGyvv(svvB

hfvOe@v}v9Cv{|vgv9*v+vQGyvGv(OI,E\v9pv?Eyv)Yvgv(<v?@v(pv+vQ*vOfv9|vzv?Lv=v+vQI,COJ

Ey)@="q,|9CY=K*ogQa<9y="9A"G:fA+9Oj"ChGy="9A|9<gOGyAtz+Oj.

Gy="9A|9<gOGyAtz+Oj

EfGyvvvavvv=vvv+vvvgvvv?GyvvvAvvvavvv(Q*qvvv?yvvvgvvv}vvvzvvv+vvv?Gyvvv=vvv"vvv9A,E\vvv9pvvv?Eyvvv)@vvvAvvv9yvvv,cvvv%vvv(QGyvvv}vvv(GO
GyvvvGvvvO*vvvOIhGyvvvAvvvtvvv"vvv+vvv9JGyvvvGvvvO*vvvOI,Svvv9$vvv}vvvBpvvv,@vvvavvv(Qh@vvvtvvvO

w
eGyvvv}vvv=vvv9!vvv,GyvvvAvvvtvvvzvvv+vvvO*vvv?

<vvWvvwvv{|vvzvvJvv(X|vvhGyvvR|vv#.*ovvgvvOwGSvvAvvgvv}vv9dG Svv}vv"vvBGyvv=vv(Q@vvzvv"vvOjGyvvgvv9OjCIvvO
G}|vvDvvzvv?fvvzvv)$vvPGGyvvAvvavv(qQ,EPSvv}vvK<vv{!vvAvv9L|vvtvv9_vvhvvv=vv+vvQIh|vvgvvt

v
vvOI|vv#_vvQ*vvu

Yv>
x

GyvMvQSv9!v?,vv}v9Sv}vK@vav(Q@vtv"v+v9JGyvAvTvzv+vK|vAv}vDv;
k
<v9SvAvMvOGeGyvqv(:P,

<v{!vAv9L|vtv9_vhsv(*v?FvOG
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CS=9H,|#\}"%9:

%Cvvv}vvv?<vvvgvvv̂|vvv#fvvvOeGyvvvOsvvv?pvvv,GyvvvAvvvZvvv"vvv+vvvh:*vvv}vvvwvvv#@vvvqvvv9O*vvv&<vvvTvvv=vvv>@vvvtvvv"vvv+vvv?
GyvvAvvZvv"vv+vvhPG@vv%vv9.pvv+vvMvv]vvhE!vvAvv9LGyvv}vvwvv(!vv9JGyvvMvvQSvv9!vv+vv?,|vvDvv;

k
,Eyvv)@vvjvv+vvQGJ

pvvvv,GyvvvvJvvvvGvvvv~!vvvv9@vvvvGvvvv?|vvvv#GyvvvvAvvvvtvvvvzvvvv[GyvvvvPj*vvvvJvvvvZvvvv{fvvvv"vvvvOFvvvvqvvvv9aGyvvvv}vvvv9OI
Gy}Z=(<?,<9 \9p?Ey)Yg(<?Cv=Qp,@Z"+hs(Gy>Os+t?FOG

k
.

%Gyvvwvvzvvqvv?Gyvvgvv9yvv+vv?,hivv+vvQGyvv]vvQhQ*vv?pvv,<vvgvv̂GyvvJvv9:J, !vvAvv9L|vvwvv(!vv9J
PGJOs?f9y+?,|}9*=QQs=(d@j+QGJ_q+q?p,G}<g9O.

%Cvvv}vvv?@vvvzCvvv+vvvQGJE\vvv9pvvv+vvv?!vvv9@vvvGvvv?|vvv#Osvvv?@vvv}vvv(\vvvhGyvvv}vvvwvvv(!vvv9JGyvvvPj@vvvTvvv=vvv=vvv&
@j+QGJGyAQv+>Gy}AQGv}?.

|vv#$vv"vv9:@ovvZvv}vvv~|vvwvv(!vv9JGyvv=vv"vv9AyvvAvv"vvavv=vvu@vv}vv9|vv9
k

\vv}vv#Ivv+vvRCh|vv(svvhPj
C<vvgvv9O|vvqvvQh\vv?.h<vvO:

k
|vv#Pyvvx,@ovvJvvOO@vvTvv}vv9Ivv9JyvvQ<vvbhhYvv{Gyvv}vvwvv(!vv9J,

BLvvPI<vv9yvvJvvTvv=vv9fGyvvAvvjvv+vvQGJGyvv}vvJvvAvv}vvzvv?.h}Fvv{$vvPgG}Svv=vv9Hhivv+vvQ$vv9,<vv}vv9pvv+vv%vv9
GyvJv9Fv?yvzvTv}v9M<vAvjv+vQGJG}<vgv9OGyv"v9Fv}v?fv#GyvJvQGQIhGyvQ_v(<v?<vgvOGyvAvWv+v+vO,
*ovgvAv=vQhFv(OOQFv?|v#GyvAvjv+vQGJGyv}vtv=v(yv?Ch"GyvAvTv9|vK"pv,IvGv~Gyv}vwv(!v9J
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EIvvOiGyvvMvvZvv9Fvv[GyvvQFvv+vvTvv+vv?yvvzvv=vv"vv9AGyvvJvvO*vvE.Ef:SvvAvvMvvOGeGyvvAvvZvv}vv+vv~Gyvv"vvTvv9Fvvtvv,
hyvtv=v(dGyvAvTv9|vJv9J,|vhGyv}vJv9pvdv?fvzv)Osv?|vtv=v(yv?,C$v}v+v?Lv9Yv?pv,@vZv}v+v~
h@vvWvv+vv+vvOGyvv=vv"vv)GyvvAvv,@vvgvvAvv}vvO@vv(Fvv&<vv"vv9AGyvv"vvdvv~.EfyvvTvv%vv(yvv?,h<vv9yvvAvv9yvv,yvvTvvQfvv?,
GyvvAvvGvv}vv+vvhpvv,Gyvv}vv(svvhpvv,$vvPgGyvv}vv=vv9!vv,C$vv}vv+vv?

k
fvvdvv}vv).pvv,|vvDvv{$vvPgGyvvJvv9:J

@gA}OS%(y?@G}+hCFRGAGy}=")fz)fOO|#Gyg(G|{,@A]}#:

%OQF?GyOs?GyA,Y"gBGy}w(!9J<}(F=%9

%OQF?GyOs?p,GyAG}+hGy}gA}OIp,Gy}(sh

%_=+g?_QGFuGyAW++OhGyAG}+hp,Gy}(sh

%_vvv=vvv+vvvgvvv?fvvv"vvv9YvvvQhYvvv{Gyvvv}vvvwvvv(!vvv9JhOQFvvv?GyvvvAvvvTvvv9|vvvKGyvvv}vvvtvvv=vvv(yvvv?pvvv,Ivvv9yvvv?
|JOOI.

*vvGvv>@vvPv
w
vvQCfE!vvAvv9L|vvwvv(!vv9J<vvOQFvv9Jfvv9yvv+vv?|vv#GyvvOsvv?yvv&@vv=vvgvv9J|vv9yvv+vv?

|vv=vv9VvvQI,svvO:@vvwvv(f|ovv=vvQvQIpvv,<vvgvv̂GyvvJvv9:J.yvv%vvPGGyvvTvv=vv>,hyvv~Svv=vv9H
GyvAv,P

o
vvQJB!vqv9

k
,|v#GyvOGQLGyvJvO*vEfv#C<vgv9O|vwv(!v9J\v}v#IvOhO|vtv=v(yv?

<vvO:
k

|vv#C<vvgvv9OOsvv+vvtvv?,*vvgvv=vvQfvv#$vvPG<vvZvv+vvjvv?Gyvv=ovvgvvOG:Svv}vv,|vv]vv9pvv9
k

Eyvv+vv&OQFvv?
GyvvAvvjvv+wvvQGyvv}vvtvv=vv(yvv?,fvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,Gyvv=vvgvvOG:Svv}vv,1200+10|vv~.@vvgvvAvv}vvO

OQFvv?GyvvOsvv?Gyvv}vvavvzvv(<vv?fvvzvv)GyvvJvv9yvv?Gyvvqvvgvvzvv+vv?yvvzvv}vvwvv(!vv9J,yvvwvv"vv%vv9svvO@vvwvv(fPGJ

C$vv}vv+vv?Lvv9Yvv?fvv"vvO|vv9@vvAvvQG<vvbGyvv=vv"vv+vv?|vvhGyvvMvvO|vv9J,EPfvv9OI|vv9@vvwvv(vfGyvvMvvO|vv9J
PGJOQF9JS}9MCOb|#@zxGy}gA}OIp,Gy"T+HGy="+(jyz}=").

@}Q*#
vvvv|9PG@q%~|#Gy}ZazK"!d~Gy="9A"?
vvvv|+xR<+#G}!d}?Gy}qA(I?hG}!d}?Gy}jzt?.
vvvvpv,Gyv}v"vavtv?GyvAv,@vgv+vXpv+v%v9,@vgvQvafvzv)Gyv}v"v9RdGyv}vWv+vvOIpv,pvAvQGJR|v"v+v?|vMvAvzvqv?,
fvvzvv)Svv=vv+vv{Gyvv}vvDvv9dGyvvGvv(QFvv+vv?,Gyvvqvv+vvwvvAvv(Q*vv?,pvvAvvQIGyvvDvv;Cvv+vv"vv9J1930,pvvAvvQIGyvvTvv=vvgvv+vv"vv9J

1970,h$vvwvvPG.$vv{*vv}vvwvv"vvx|vv;Ivvdvv?C*vv?LvvZvv9Fvv[@vv(\
x
vvK@vv(Fvv%vv9JGyvvAvvWvv+vv+vvOGyvv}vvMvvAvvzvvqvv?

f=QGyR|9f?
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3.2_QGFuGyAW++OGAO*D?

|tO|?

%<vvgvvOOQGSvv?$vvPGGyvv}vvtvvavvhSvvAvvAvvgvvQafvvzvv)Gyvv}vvqvv9$vv+vv~Gyvv}ovvAvv]vv}vvv"vv?pvv,_vvQGFvvu
GyAW++OGyJO*D?(MMC) (Modern Methods of Construction).

%hSAq%~CS=9H@=",_QGFuGyAW++OGyJO*D?p,<"9AGy}"9Rd.

%hSvvAvvtvv+xvv~Gyvvgvv;svv?<vv+vv#GyvvAvvtvv"vv+vv?Gyvv}vvQ@vv=vvavv?<vvavvQGFvvuGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?h<vvQ|vvGvv?
h@JZ+{Cf}9dGyAW++O.

%hSvvAvvAvvgvvQafvvzvv)GyvvAvv(Fvv%vv9JGyvvgvv9|vv?yvvavvQGFvvuGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?pvv,@vvWvv+vv+vvO
Gy}"9Rd.

!dQIf9|?
yv~*vJvZv{Gyv}vZvavzvK"_vQGFvuGyvAvWv+v+vOGyvJvO*vDv?"(MMC)fvzv)@vgvQ*vr,

|vvtvv=vv(dfvv9yvv}vv+vv9
k

,pvv,Yvv"vv9fvv?GyvvAvvWvv+vv+vvO.yvvwvv"vv&|vvtvv=vv(dfvv}vv(|vv9
k

<vv(Yvvqvv&|vvZvvavvzvvJvv9
k

*vvTvvAvvMvvOeyvvzvvAvvgvv=vv+vvQfvv#_vv+vvr|vv#_vvQGFvvuGyvvAvvWvv+vv+vvO@vvTvvgvv)yvvAvvtvvO*vv~|vvRG*vv9*vvgvv=vvQfvv"vv%vv9
<vqv9fvzv+v?G !vAv9L,h<v9yvGv(OI,h<v9:SvAvOG|v?.@vMvAvzvrGyvavQGFvuGyv}ovgvAv}vOIIv9yv+v9

k
pv,

Yv"v9fv?<v"v9AGyv}v"v9Rdpv,Gyv}v}vzvwv?Gyv}vAvJvOIhiv+vQ$v9,fv#Gyv}vtv9Q<v9J"GyvAvtvzv+vO*v?"
GLvvvAvvv;pvvv9

k
vvvv=vvv+vvvQG

k
.@vvvAvvv]vvv}vvv#|vvvgvvvdvvv~Gyvvv}vvvtvvv9Q<vvv9JGyvvvAvvv,@ovvvgvvvAvvv=nvvvQ_vvvQGFvvvu@vvvWvvv+vvv+vvvOIvvvO*vvvDvvv?

|vvwvv(!vv9J|vvTvv=vvtvv?GyvvZvv"vvh,h@vvZvv"vv+vvgvv9
k

<vvgvv+vvOG
k

fvv#Gyvv}vv(svvh.Cvv}vv?FvvOdsvv9Fvv~|vvAvvgvvzvvu
<v9yvavQbGyvAv,|v#Lv;yv%v9*v}vwv#,<v{h*vGv>,@vZv"v+vr_vQGFvuGyvAvWv+v+vOGyvJvO*vDv?.
hCvv}vv?IvvGvvHsvv(*vv?yvvAvv=vv"vv,!vvdvv9e@vvZvv"vv+vvr*vvgvvAvv}vvOfvvzvv)Svv}vv9JCOGAGyvv}vv=vv"vv)hfvv}vvzvv+vv?
Gyv=v"v9A,|vDv{GyvGv(OIhpv9fvzv+v?G !vAv9L.yvwv#!vdv9eGyvAvZv"v+vrG}vvDvQGSvAvMvOG|v9

k
C@v)

|v#GyvAvZv"v+vrGyvPj_v(vQ@v&VvQvv?G Svwv9fpv,Gyv}v}vzvwv?Gyv}vAvJvOI(UK House

Corporation).*vvZvv"xvvr$vvPGGyvv"vvdvv9eG}<vv"vv+vv?Gyvv}vvWvv+qvvOI<vv9yvvavvQGFvvuGyvvJvvO*vvDvv?hpvvu
Y+j?GyAW++O,h*}w#EF}9y%9v}9*z,:

%|

o
Z"vhL9QLGy}(sh-IG},

%|

o
Z"vhL9QLGy}(sh-y

n
(I,q
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%|

o
Z"vhL9QLGy}(sh-$G+#[|MAzb]

%|

o
Z"vhL9QLGy}(sh-@G}+hFRF,h|w(!9J

%_QGFu@W++OIO*D?:@gA}OGyAZ"+hL9QLGy}(sh

SvAvTvAvMvOe$vPgGyvAvZv"v+vqv9Jyv;SvAvgv}v9dpv,$vPGGyvwvAv9H,fvzv)CfGyvgvO*vO
|vv#Gyvv}vvZvvavvzvvJvv9JG}LvvQiGyvvAvv,@vvgvv=vvQfvv#GyvvavvQGFvvuGyvvJvvO*vvDvv?yvvzvvAvvWvv+vv+vvO$vv,svv+vvO
G:SAMOGeC*]9

k
.@A]}#Gy}ZazJ9JGyW9Fg?|9*z,:

%Gy="9AGy"Tt,

%Gy="9AGyAZ"+g,

%!d9eGy="9A

%GyZ"hGy}T=u

hyvvqvv%vv~pvv(GFvvO_vvQGFvvuGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?,|vv#Gyvv}vv%vv~Cf!vvOQcGyvv}vvJvvAvv(i
GyvPj@vav(QJ\v}v"v&$vPgGyvavQGFvu,hCf!vAvgvQafvzv)GyvOhGpvhGyvAv,@vtvrLvzvr
@vvtvvO|vv%vv9.@vv=vv+vv#Gyvv}vvtvv9_vvhGyvvAvv9yvv+vv?CSvv=vv9H@vvavv(QGyvvAvv(Fvv%vv9JGyvv}vvAvv"vv(fvv?,|vvh@vvtvvO*vv~
!dQIV9|z?f#GyA(F%9JGy}MAzq?.

!dQIf9|?f#@a(Q_QGFuGyAW++OGyJO*D?
fvv"vvOOQGSvv?CSvv=vv9H@vvavv(Q_vvQGFvvuGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?pvv,|vvAvv#$vvPGGyvvqvvZvv{,

|vv#Gyvv}vv%vv~|vv;Ivvdvv?CfOQGSvv?Gyvv}vv(\vv(YsvvOFvvQJ\vv}vv#|vvqvv%vv(e<vv"vv9AGyvv}vv"vv9Rd.
@vvAvvWvv9QcCSvv=vv9Ho@vvavv(Q_vvQGFvvuGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?GyvvgvvO*vvOn|vv#GyvvOhGpvvh|vvhsvvavv9fvv9J
CLvvvQi|vvv#Yvvv"vvv9fvvv?GyvvvAvvvWvvv+vvv+vvvO.yvvvwvvv#<vvvgvvv̂GyvvvTvvv}vvv9JLvvv9Yvvv?FvvvOG

k
<vvvtvvvavvv9Y<vvv"vvv9A

Gy}"9Rd.

GygQVhGyaz>p,sa9YGyTw#

E<vv9fvvvAvv9<vv?$vvPGGyvvwvvAvv9Hvvv9fSvv(bG Svvwvv9fpvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI*vvgvv9!vv,
!vtvZv9

k
vv=v+vQG

k
pv,Gyv=v+v(J|nv+vTv(QIGyvAvwvzvqv?pv,<vgv̂Gyv}v"v9_vu|v#Gyv=v;O.hp

v
vQ@v=v"v,

Yvv+vvkGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?Byvv+vv?C|vvwvv#|vv#Lvv;yvv%vv9@vvTvvQ*vvh|vvgvvOvd@vvWvv+vv+vvOGyvv=vv+vv(J
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GyvvGvvO*vvOIhGyvvJvvqvv9Xfvvzvv+vv&,pvv,Gyvvtvvavv9YGyvvgvv9efvvzvv)hFvv&GyvvMvvZvv(U.h<vv}vv9Cf

GyvvwvvDvv+vvQ|vv#Gyvv}vv"vv9RdGyvvAvv,SvvAvv=vv"vv)pvv,Gyvvtvvavv9YGyvvgvv9e*vvAvvavvzvv>@vv=vv"vv,@vvtvv"vv+vv9J|ovv=vvAvvwvvQI
pvv,GyvvAvvWvv+vv+vvO,ivvOGGSvvAvvMvvOGe_vvQGFvvuGyvvAvvWvv+vv+vvOGyvvJvvO*vvDvv?CvvvDvvQG!vvAvvWvv9QG

k
.h|vvhCf$vvPG

*vvAvvJvvOK<vvWvvwvv{Lvv9Ufvv#Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI,pvv{fGyvv}vv=vv9O Svv%vvzvv?G:!vvAvvtvv9d
<vv}vvqvv%vv(eCfGyvvJvv9Fvv?Gyvv}ovvzvvJvvv?,GyvvAvv,@vvAvvavvzvv>@vvavv(QG

k
h@vvWvv+vv+vvOG

k
SvvQ*vvgvv+vv#,@ovv}vvwpvv#

@vzv=v+vAv%v9<vAv=v"v,_vQGFvuGyvAvWv+v+vOGyvJvO*vDv?.@v]v}v#$vPgGyv}vtv9Q<v?fvQ\v9
k

pv9fv;
k

h*ovTvQG
k

p,GyAwzq?.

!t[Gy}%9QGJ

@vvjvv+vvvQJpvv,GyvvTvv"vv(GJG}Lvv+vvQI_vv=vv+vvgvv?Yvv"vv9fvv?GyvvAvvWvv+vv+vvOvvv}vv9@vvjvv+vvvQGyvvP*vv#
*vOLvzv(!v%v9C*v]v9

k
.pvtvOfv9!vBGyvZv"v9fv?|vWv9vv{

n
Gyv}vTv9$v}v?pv,GyvAvOQ*v>,vv}v9Cf

GyvvvZvvv(QI[Gyvvv}vvvWvvv(v$vvv?](SvvvQfvvv?Gyvvv"vvvGvvv9MhGyvvvqvvvWvvv{)yvvvzvvvAvvvWvvv+vvv+vvvOyvvv~@vvvWvvvGvvvhOLvvv(d
Gyvv=vvgvv̂.h|vvhCfGyvvZvv"vv9fvv?<vvPyvvBFvv%vv(OG

k
vvv=vv+vvQIyvvR*vv9OIGyvv}vvTvv9$vv}vv?pvv,GyvvAvvOQ*vv>

h_vv(QJfvvOI|vv=vv9OQGJ,E:CfGyvvP*vv#GSvvAvvqvv9OhG|vv#$vvPGvvv9!vv(GGyvv}vvTvvAvvMvvO|vv+vv#
GyvvOGFvv}vv+vv#yvvOiGyvv}vv|SvvTvv9J.<vv9 \vv9pvv?Eyvv)CfG:SvvAvvMvvOGeGyvv}vvAvvRG*vvOyvvzvvgvv}vv9yvv?
GyvvAvvgvv9svvO*vv?*vvgvv"vv,CfGyvvwvvDvv+vvQ|vv#Gyvvgvv}vv9d:*vvTvvAvvqvv+vvO|vv#$vvPgGyvv=vvQG|vvHGyvvAvvOQ*vv=vv+vv?.
GSvvvAvvvqvvvJvvvzvvvBGyvvv}vvvWvvvwvvvzvvv?|vvvhR*vvv9OI|vvvTvvvAvvv(*vvv9JGyvvv"vvvWvvv9Wpvvv,GyvvvZvvv"vvv9fvvv?fvvvzvvv)vvvv9pvvv?
Gyvvv}vvvTvvvAvvv(*vvv9J.|vvv#$vvv"vvv9CYvvv=vvvK!vvvtvvv[Gyvvv}vvv%vvv9QGJsvvv]vvv+vvv?QFvvv+vvvTvvv+vvv?pvvv,|vvv9*vvvMvvv[

G VvvQGahGyvvAvv"vvqvv+vvPpvv,fvv}vvzvv+vv9JGyvvAvvWvv+vv+vvO.h|vv#Gyvv(G\vvKCfyvv%vvPG@vv=vvgvv9Jfvvzvv)
F(OIhfz)|gOvd@tOeGy="9A.

Cv}v?@v(Fv&Iv9yv+v9
k

!vJv(GyvAvWv9Qvv+v?h!vJv(Yv+vkCLvQi|v#Gyv}ovzvwv+v?@ovWvGxvh
Gyvvgvv}vv9yvv?Gyvv}vvTvvAvvtvvQIhGyvv}ovvTvv9$nvv}vv?pvv,GyvvAvvOQ*vv>.yvvwvv#$vvPG:*vvwvvqvv,yvv(IvvOgpvv,
|vvvgvvv9yvvvGvvv?|vvvWvvvwvvvzvvv?!vvvtvvv[Gyvvv}vvv%vvv9QGJ.EfGSvvvAvvvMvvvOGe@vvvtvvv"vvv+vvv9J_vvvQGFvvvuGyvvvAvvvWvvv+vvv+vvvO
GyvvJvvO*vvDvv?,Ivv+vvE@vvGvvQj|vvgvvdvv~Gyvvgvv}vvzvv+vv9JGyvvAvv,@vvtvv(OEyvv)@vvWvv+vv+vvOGyvv}vv=vv"vv,pvv,
<vv+vv8vv?E!vvAvv9L|vvgvv}vvzvv+vv?,*vv|OjEyvv)Lvvqvv̂GyvvJvv9Fvv?yvvzvv}vv%vv9QGJpvv,Gyvv}vv(svvh.pvvtvvO
Sv9fvOGyvAvZv"v+vhGyv}vAvwvQQyv}vwv(!v9Jh|vtv9_vhGyv=v"v9Apv,<v+v8v?Gyv}vgv}v{Gyv}vAvJvw

v
v~

pv+v%v9pv,\v}v9fGyvGv(OIhpv,@vtvzv+v{"Gyv}vMv9_vQ"Gyv}vQ@v=vav?<v]v=vbGyvGv(OIpv,
Gyvvv}vvv(svvvh.|vvv9RGd\vvv=vvvbGyvvvGvvv(OI|vvv%vvv}vvv9

k
FvvvOG

k
pvvv,|vvv(svvvhGyvvvAvvvWvvv+vvv+vvvO,h|vvvhPyvvvx
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*vvv}vvvwvvv#\vvv=vvvavvv%vvv9<vvvTvvv%vvv(yvvv?CvvvvDvvvQEPGFvvvQiLvvvqvvv̂G}fvvv}vvv9dGyvvv}vvvgvvvAvvv}vvvOIfvvvzvvv)
Gy}(shh@=T+a%9.

@gR*RGyG(OI

@vvavvQvbGyvv}vvtvvavvhGyvvTvv9<vvuGyvv}vvAvvgvvzvvu<vv"vvtvv[Gyvv}vv%vv9QGJEyvv)|vv(\vv(Y\vv}vv9f

GyvvGvv(OI.EfSvv}vvgvv?Yvv"vv9fvv?GyvvAvvWvv+vv+vvOpvv,|vv9*vvAvvgvvzvvu<vvtvvOQ@vv%vv9pvv,GyvvJvvqvv9Xfvvzvv)
GyvGv(OI|vAv=v9*v"v?.hsvOv

o
vAv>GyvwvDv+vQfv#@vQGFvhGyvGv(OI,Qiv~CfGyvJv9yv?GyvJvtv+vtv+v?

yvv%vv9Yvvgvv=vv?Gyvvtvv+vv9Spvvgvvzvv+vv9
k
.|vv#OhfVvvx|vvQvJpvvAvvQGJvvv9!vvBGyvvZvv"vv9fvv?@vvgvv9!vv,

Lvv;yvv%vv9|vv#|vvWvv9vvv{\vv}vv9fFvv(OIhG\vvJvv?;@
o
vvgvvAvv=vvQfvv(Gsvv>!vvdvv9e<vvQ!vv9|vvH!vvdvv9e

Gyvv=vv"vv9AGyvvPjGfvvAovv}pvvOpvv,Lvv}vvTvv+vv"vv9JhSvvAvv+vv"vv9JGyvvtvvQfGyvv}vv9\vv,Cpvv]vv{|vvDvv9dfvvzvv)
Pyvx.Ef|v(\v(YGyvGv(OI,GyvPj*vgvOwIv9yv+v9

k
IvGvQGyvRGh*v?pv,GyvZv"v9fv?,*vAvgvz

v
vu

p,Gy(Gsh<AgR*RGyG(OI<O:
k

|#\}9!%9.

SvvgvvBGyvvZvv"vv9fvv?yvvAvvJvvTvv+vv#GyvvGvv(OI|vv#Lvv;d@vvtvvO
w

eGyvvAvvtvv"vv+vv9JhGyvvAvvOQ*vv>,
hpvv,PGJGyvv(svvBivv+vvvQJLvvavv?

o
GyvvJvvwvv(|vv?yvvAvvJvvTvv+vv#G !vvAvv9Fvv+vv?,hG:SvvAvvOG|vv?,

h|vv=vvOC"YvvJvv+vvK|vv#Chd|vvQI",<vv+vv8vv?svvavv9YGyvvAvvWvv+vv+vvO.C\vvrEyvv)PyvvxCf

R*v9OI@v(svgv9JGyv}vTvAv%vzvxpv,svav9YG Svwv9ffvzv)hFv&GyvMvZv(U,OnpvgvB

yvv}vv(GYvvzvv?<vvQ!vv9|vvH@vvgvvR*vvRGyvvGvv(OI.COvJ@vvtvvzvv=vv9J<vv+vv8vv?|vv(svvhGyvvAvvWvv+vv+vvOh|vvQh!vv?
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OhfLvv=vvQI*vvWvv9Qvvv(fpvv,fvv}vvzvv+vv?GyvvAvvWvv+vv+vvO.yvvwvv{|vv#$vvPgGyvvgvv"vv9YvvQvvvzvvqvv?|vv=vv9VvvQI
*}w#IT9<%9}j<"O|#<"(OGy}WQhY.

<vvAvvavv=vv+vvu$vvPgGyvvAvvwvv9yvv+vvrfvvzvv)vvv{pvvgvv9yvv+vv?\vv}vv#@vvTvvzvvTvv{GyvvAvvWvv+vv+vvO*vv}vvwvv"vv"vv9h\vvh
E_vv9QE!vvqvv9bfvv9e*vv(\

x
vvKvvvzvvqvv?Gyvv}vvWvvQhYpvv,Cj|vvQIvvzvv?.fvv"vvOGyvvAvvgvv=vv+vvQfvv"vv%vv9<vv9yvvwvvzvvqvv?

GyvvAvvQGvvv}vv+vv?,CjGyvvwvvzvvqvv?G Fvv}vv9yvv+vv?yvvwvv9pvv?Gyvvgvv"vv9YvvQyvvjvv9*vv?Gyvv"vvtvvavv?Gyvv}vvgvvavv9I,!vvJvvZvv{
fz)|"J#

m
GYazKfz)@T}+A&"Gy}"J",SGy}oA=9_r"(GyWw{3.6).
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*vv"vv%vv̂Gyvv}vv"vvJvv"vv,pvv,GyvvGvvRAG}hd|vv"vv&!vvAvv+vvGvv?@vvTvv9QYG !vvqvv9bpvv,Gyvv=vvOG*vv?,
Cv~*v"vAvdv~<v9@vTv9bpv,Gyv(Svb,Cv~*vAv=v9_vzpv,!v%v9*v?Gyv}vWvQhY.Cv}v?pvAvQIpv,<vOG*v?
Gyv}vWvQhY*ovGv%vvRGyv}v(svhLv;yv%v9h@v=vOCpv+v%v9G}fv}v9dGyvAvJv]v+vQ*v?.$vPG*v|OjEyv)
E!vqv9b|vgvAvOdpv,Gyv=vOG*v?,sv=v{<vOAG !vqv9bfvzv)Gyv}v(GOhGyvAvGv}v+vh.fv"vOGvvAv}v9d
GyqAQIGyAJ]+Q*?,*=t)G !q9bfz)

Gyv}vgvO
q
GJ,hfvzv)Gyv+vOGyvgv9|vzv?,hfvzv)Gyv}v(GO,Cv9<vAv9

k
!v(fv9

k
|v9IvAv)|vQGIv{

|vvvAvvvzLvvvQI.@ovvv=vvv9VvvvQpvvv,$vvvPgGyvvv"vvvtvvvavvv?Cfvvv}vvv9dG !vvv%vvv9AGJhGyvvvAvvvQ@vvv+vvv>.h$vvvPg@vvvJvvvAvvv9L
yvvR|vv#,yvvwvv"vv%vv9ivv+vvQ|ovvwvvzvvqvv?|vv#Ivv+vvEGyvv}vv(GOh|vv9Vvv9<vv&.h|vvhCfvvv{|vvWvvQhY

|vvvTvvvAvvvtvvv{<vvvPG@vvv&,E:C!vvv&FvvvQi@vvvavvv(*vvvQ!vvv}vvv9PLfvvv9|vvv?yvvv5!vvvqvvv9b.*vvvgvvvAvvv=vvvQGyvvv"vvv}vvv(PL
"Q<vvh:CvvzvvE"CIvvOCvvvDvvQGyvv"vv}vv9PLVvv+vv(fvv9

k
.h*ovvtvvOvQG !vvqvv9b<vv}vv(Fvv=vv&fvvzvv)CSvv9S

Cf*ovvvgvvvRGQ<vvvhG !vvvqvvv9bEyvvv)GyvvvDvvvzvvvEG}hd|vvv#pvvvAvvvQIGyvvv}vvvWvvvQhY,hQ<vvvhlBLvvvQEyvvv)
GyDzEG}L+Q,h*(RYGy=9s,<9!Ad9efz)GyqAQI<+"%}9.

@}(*{f}z+?Gy="9A

EfCIvvOGyvvgvv(G|vv{Gyvv}vv|CvvQIpvv,Q<vvJvv+vv?Cj|vvWvvQhY<vv"vv9A$vv(vvvzvvqvv?@vv}vv(*vv{
Gyvvgvv}vvzvv+vv?.pvv,|vvgvvdvv~GyvvJvv9:J*vvJvvAvv9L<vv9!vv,Gyvv}vv"vvRdEyvv)GsvvAvvQGVGyvv}vv9dyvv+ovv}vv(xd
Gyv}vWvQhYsv=v{GSvAv;eOpvgv9JGyv}vTv9vv#.*v}vwv#yvwvzvqv?GsvAvQGVvv}v+v?vv=v+vQI!vTv=v+v9

k

|v#G}|v(GdCf@vwv(f\vMv}v?,h*vGv>Cf*vzLvP$v9Gyv=v9!v,pv,GyvJvTv=v9f<v(Yvqv%v9
FvvRAG

k
|vv#|vvgvv9Oyvv?Gyvv}vvAvvgvv%vvO.|vv#Gyvvavv=vv+vvgvv,Cf@vvwvv(fpvvAvvQIGyvvtvvQhVsvvZvv+vvQIsvvOQ

Gyvv}vvTvvAvvavv9YyvvAvvMvvqvv+vv̂Opvvgvv9JGyvvqvv(GFvvOGyvv}vvAvvQ@vv=vv?.h$vvPGCIvvOG}Svv=vv9HhQGASvvgvv,
|vvWvv9Q*vvhGyvv=vv"vv9A !vv%vv9A|vvQIvvzvv,yvvzvv}vvTvv9vvv#.pvv{fvvv9fCvv}vv?|vvTvv9vvv#Fvv9$vvRIyvvzvv=vv+vvh
Gyv}ov=vw

x
vQ,*v}vwv#GSvAvgv}v9dGyvQ<vKGyv}vGv"v,yvAvMvqv+v̂GyvtvQhVChyvAv}v(*v{Gyv}vQGIv{

Gyvv}vvAvvzLvvQI|vv#GyvvAvvGvv}vvh|vv=vv9VvvQI.h|vv#GyvvWvv9Fvvh|vvWvv9$vvOI@vvGvv}vvgvv9JSvvwvv"vv+vv?vvv=vv+vvQI
@

o
vv"vv%vv)|vvQGIvvzvv%vv9<vv9yvvAvvAvv9yvv,,<vvJvv+vvE@vvwvv(fGyvv}vv"vv9Rdpvv,EIvvOiGyvv}vvQGIvv{pvv,_vv(Q
G}S9S9J,<+"}9p,|QIz?CLQisO<+gBhSow"B.

yvv+vvU$vvOa$vvPGGyvvwvvAvv9HOQGSvv?@vv}vv(*vv{hEOGQIfvv}vvzvv+vv?GyvvAvvWvv+vv+vvO<vv9yvvAvvqvvZvv+vv{.
h|vvh$vvPG*vvGvv>E<vvtvv9A$vvPgGyvvgvv(G|vv{pvv,GyvvPGvvvQI,}fGyvvAvvWvv+vv+vvO|vvZvvzvvJvv?,h|vvDvv{

Gy}Z9yKG}LQi,*t(O$9GyQ<K.
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@}Q*#
|9PG!TAMOef9OIyA}D+{|Z9Q*rG !q9bfz)|=")L;d@a(Qgp,Gy}(sh?
fz)|9PG@OdGyAj+QGJp,$PGGy}"J",?
y}9PG@gA=QGyT+(y?Gy}9y+?|%}?yz}Ag%O*#p,EOGQI|WQhY!9FK.

3.5@W++OGC"RdGC
o

TA

n
OGe

|tO|?

%<vvvgvvvOOQGSvvv?$vvvPGGyvvv}vvvtvvvavvvhSvvvAvvvgvvv,Gyvvv}vvvqvvv9$vvv+vvv~Gyvvv}vvvJvvv+vvvavvv?<vvv9yvvv}vvvGvvvAvvv}vvvgvvv9J
Gy}TAOG|?.

%hSAq%~G}S=9HhQGA@a(*QGyAW++OGy}TAOGe.

%hSAOQcGyt]9*9Gy}qA9I+?Gy}J+a?<AW++OGy}"9RdhG:SAOG|?.

%hSvvvAvvvgvvv,Gyvvvtvvv]vvv9*vvv9GyvvvAvvvtvvv"vvv+vvv?Gyvvv}vvvqvvvAvvv9Ivvv+vvv?Gyvvv}vvv|CvvvQIpvvv,G:SvvvAvvvOG|vvv?pvvv,@vvvWvvv+vvv+vvvO
Gy}"9Rd.

%hSAAgQafz)|q9$+~@W++OGy}"RdGy}J9*O[p,GSA%;c]GywQ<(f.

!dQIf9|?

sv=v{OQGSv?GyvAvtv"v+v9JGyv}vQ@v=vav?<vAvZv}v+v~h@vWv+v+vOhEVvjv9dGyvTvwv#Gyv}ovTvAvOGe,
|vvv#Gyvvv}vvv%vvv~Cf!vvvOQcGyvvv}vvvqvvv%vvv(eGyvvvgvvv9eyvvvzvvvAvvvGvvv}vvvgvvv9JGyvvv}ovvvTvvvAvvvOG|vvv?hGyvvv}vvvGvvvAvvv}vvvgvvv9J
Gyv}vTvAvOG|v?.*vWv}v{|v=vOCGyv}vGvAv}vgv9JGyv}vTvAvOG|v?vv9pv?GyvTv}v9JGyvAv,@vOfv~E!vWv9A
<vv+vv(Jh<vv+vv8vv9JGFvvAvv}vv9fvv+vv?|vvTvv|hyvv?<vv+vv8vv+vv9

k
,h*vvQivv>Gyvv"vv9S<vv9yvvgvv+vvXpvv+vv%vv9,h@vvWvv}vv{

vvv9|vv{Gyvv=vv"vv+vv?G:FvvAvv}vv9fvv+vv?,h@
o
vvWvvGvvhfvvzvv)GyvvAvvqvv9fvv{G *vvGvv9<vv,<vv+vv#vvv9pvv?CYvvJvv9H

Gy}Z9yK.

*ovvvgvvvAvvv=nvvvQGyvvvAvvvZvvv}vvv+vvv~hGyvvvAvvvavvv(*vvvQGyvvvJvvvO*vvvEyvvvzvvvTvvvwvvv#GyvvvPj*vvvOfvvv~$vvvPgGyvvv}vvv=vvv9O 
"|ovvTvvAvvOG|vv9

k
",@vvtvv"vv+vv9

k
h<vv9yvv}vvqvv%vv(eG:FvvAvv}vv9fvv,.*vv%vvOa$vvPGGyvvwvvAvv9HEyvv)@vv"vv}vv+vv?pvv%vv~

m
yvzvAvtv"v+v?Gyv}vQ@v=vav?<vAvWv+v+vOGyv}v"v9RdGyv}ovTvAvOG|v?,|vhCfpv%v~nGyv}v(G\v+vhG:FvAv}v9fv+v?
hGyvv=vv+vv8vv+vv?hG}*vvO*vv(yvv(Fvv+vv?G}fvv~C|vvQl\vvQhQjlpvv,EOQGcCSvv=vv9HGSvvAvvMvvOGe|vvDvv{
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@vvzvvxGyvvAvvtvv"vv+vv9J.pvv,Gyvvgvv}vv(e,Svv"ovvgvvQxaGyvvAvvZvv}vv+vv~Gyvv}ovvTvvAvvOGe<vvwvv(!vv&|vvQ@vv=vvb<vv{OLvv9d
Ivvzvv(d@vvZvv}vv+vv}vv+vv?|vvQ!vv?@ovvJvvZxvv#Gyvv}vv=vv9!vv,yvv;IvvAvv}vv9:JGyvv}vvTvvAvvtvv=vvzvv+vv?,h@vvtvv"vv+vv9J
hIvvzvv(d@vvZvv}vv+vv}vv+vv?@vvTvvgvv)yvvMvvqvv̂GSvvAvv%vv;cGyvvavv9svv?,|vvDvv{GSvvAvvMvvOGe\vv(AGyvv"vv%vv9Q
hGyA%(*?Gya=+g++#.

pvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI,h\vvgvvBGyvvJvvwvv(|vv?$vvOpvv9
k

yvvMvvqvv̂G!vv=vvgvv9KCvv9!vv,
CvvvTvv+vvOGyvvwvvQ<vv(f<vv"vvTvv=vv?60%<vvJvvzvv(dGyvvgvv9e2050,h<vv}vv9CfvvvAvvzvv?GyvvTvvwvv#pvv,
Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI|vvTvv|hyvv?fvv#|vv9*vvtvv9QH30%|vv#vvv9|vv{vvv}vv+vv?Cvv9!vv,CvvvTvv+vvO
GyvvwvvQ<vv(fGyvv}vv"vv=vvgvvDvv?,pvvDvv}vv?@vvQvvv+vvR_vv=vv+vvgvv,fvvzvv)@vvJvvTvv+vv#G}OGAGyvv=vv+vv8vv,pvv,$vvPG
Gyvv}vv+vvOGf.h<vv9yvvAvv9yvv,pvv{fGyvv%vvOaCf@vvZvv=vvKvvv9pvv?Gyvv}vv"vv9RdGyvvJvvO*vvDvv?pvv,<vvQ*vvavv9!vv+vv9
"|vvJvv9*vvOI"[pvv,GSvvAvv%vv;c]GyvvwvvQ<vv(f<vvJvvzvv(dGyvvgvv9e2016.hyvvAvvJvvtvv+vvuPyvvx:<vvO
|#GfA}9O|t9Q<?,|oTAOG|?<+8+9

k
,yAZ}+~h@W++OhEVj9dGy}"9Rd.

*vvv%vvvOa
o

@vvvtvvvO*vvv~h@vvv"vvvqvvv+vvvP_vvv+vvvr|vvv#GyvvvAvvvgvvvzvvv+vvv}vvv9JhGyvvvJvvv(GpvvvREyvvv)Ofvvv~@vvvjvvv+vvv+vvvQ
FvPQjpv,GyvavQ*vtv?GyvAv,@ovZv}vv~h@ovWv+vvO<v%v9<v+v(JFvO*vOI.EfGyv}vqv%v(eGyv]v}v"v,
pvv,Gyvv}vvtvv9Q<vv?GyvvJvvO*vvDvv?yvvAvvWvv+vv+vvOGyvv}vv"vvRd*vvAvv}vvDvv{pvv,GyvvAvvRGesvv(jyvvJvv}vv9*vv?h@vvgvvR*vvR
Gy=+8?,|h@Qv+RL9Ufz)Lq^G!=g9C9JGywQ<(f.

G:SAOG|?h<"9AGy}"Rd

Cvv}vv?Ivvtvv9Fvvufvvzvv}vv+vv?vvvDvv+vvQI@vv=vv+vv#Cf@vvjvv+wvvQGyvv}vv"vv9Nsvv]vv+vv?LvvavvQIhfvv9Fvvzvv?.

h*vvtvvOvQCf25%|vv#Cvv9!vv,CvvvTvv+vvOGyvvwvvQ<vv(fGyvv}ovv"vv=vvgpvvEpvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI!vv9@vvH
|v#Gyvav9sv?Gyv}vTvAvMvO|v?yvAvOpv8v?,hE\v9AI,h@vWvjv+v{Gyv=v+v(J.yvtvOCYv=vK\vQhQ*v9

k

Cf@
o
vvv=vvv"vvv)Gyvvv}vvv"vvv9Rd<vvvavvvQ*vvvtvvv?@vvvMvvvq

x
vvv̂|vvv#GSvvvAvvvMvvvOGeGyvvvavvv9svvv?h|vvv#G:!vvv=vvvgvvv9Cvvv9J.

h<v9 \v9pv?Eyv)GSvAv%v;cGyvav9sv?Gyv}v=v9VvQ,pv{fyvzv}v=v"v)h Vvjv9dGyv}v"v9Rd@v=vgv9J
<vv+vv8vv+vv?CLvvQi!vv9Fvv}vv?fvv#GSvvAvvMvvOGeGyvv}vv9A,h@vv(yvv+vvOGyvv"vvqvv9*vv9J,hGSvvAvvMvvOGe|vv(GO
|vvzvv(xCvv?.*vv}vvwvv#@vvMvvqvv+vv̂$vvPgGyvvAvv=vvgvv9J<vv{O|vv9L|vv=vv9O G:SvvAvvOG|vv?pvv,fvv}vvzvv+vv9J
@Z}+~h@W++OGy}"9Rd.

p(GFO@W++OGy}"RdGy}TAOGe

Efsvav9Y<v"v9AGyv}v"v9Rdpv,Yv"v9fv?GyvAvWv+v+vO|vzvAvRel<vAvJvTv+v#GSvAvOG|v?|v"vAvGv9@v&.
|vv#Gyvv}vv%vv~EOQGcpvv(GFvvO$vvPGGyvvAvvjvv+vvQpvv,|vvtvv9Q<vv?GyvvAvvZvv}vv+vv~hGyvvAvvWvv+vv+vvOhG Vvvjvv9d
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yvvvwvvv9pvvv?CYvvvJvvv9HGyvvv}vvvZvvv9yvvvKGyvvv}vvvMvvvAvvvzvvvqvvv?PhjGyvvvgvvv;svvv?.*vvv}vvvwvvv#@vvvZvvv"vvv+vvvrGyvvvqvvv(GFvvvO
Gyv}vGv"v+v?\v}v#Cv;K|vGv}v(fv9JQFv+vTv+v?;pv(GFvO<v+v8v+v?fv9|v?,hpv(GFvOyvzv}vAvgv%vO*v#
hGy}W+xO*#,hp(GFOyzt9_"+#hGy}TAMO|+#Gy"%9F++#.

*}w#@JO*OGyq(GFOGy=+8+?Gyg9|?v}9*z,:

%Lvvqvv̂G!vv=vvgvv9Kivv9RGJGyvvOpvv+vv8vv?(G:IvvAvv=vv9SGyvvJvvQGQj):Svvv+vvv|OjLvvvqvvv̂
G!=g9Ki9RGJGyOp+8?Ey)Lq^|M9_Q@j+wQGy}"9N

%@vvwvv+vvrCpvv]vv{|vvh@vvjvv+vvQGyvv}vv"vv9N:|vvvhhFvvv(O|vvvtvvv9Q<vvv9J|vvvAvvvavvv(QIyvvvJvvvqvvve
Gyvav9sv?,@vAvgv9|v{|vh@vzCv+vQGJvvTv>Gyvav9sv?GyvWv}vTv+v?Yv+vqv9

k
,h|vhGyv}vgv9*v+vQ

Gyvv}vvAvvRG*vvOIyvvwvvqvv9*vv?Gyvv}vv9A,<vv}vv9pvv+vv%vv9EOGQICpvv]vv{yvvGvvQ*vv9fGyvv}vv+vv9gGyvvTvvavvJvv+vv?,
pvv{fGyvvwvvAvvzvv?GyvvTvvwvv"vv+vv?Gyvv}vvTvvAvvtvv=vvzvv+vv?SvvAvvwvv(fCvvvDvvQ@vvwvv+vvqvv9

k
yvvzvvAvvgvv9|vv{|vvh@vv=vvgvv9J

@j+wQGy}"9NGy}JA(e.

%GyvAv=vgv9JGyvwvzv+v?Gyv}ovMvq
v
v]v?fvzv)Gyv=v+v8v?:Sv+v]v}v#EOLv9dEFvQGAGJ@vZv}v+v}v+v?

@vvvv|OjEyvvvv)@vvvvtvvvvzvvvv+vvvv{GSvvvvAvvvvMvvvvOGeGyvvvv}vvvv(GOGyvvvv}vvvvzvvvv(xCvvvv?,h@vvvvTvvvv%vvvv+vvvv{Efvvvv9OI@vvvvOh*vvvvQ
Gyvv}vvMvvz

v
vvqvv9JGyvv}vv"vvRyvv+vv?,Cf@vvwvv(fyvvzvvwvvAvvzvv?GyvvTvvwvv"vv+vv?Gyvv}vvTvvAvvtvv=vvzvv+vv?@vv=vvgvv9JmSvvzvv=vv+vv?

k

Cs{
v

fz)Gy=+8?.

%@vtvzv+v{"Gyv=vZv}v?"Gyv=v+v8v+v?(4)*v}vwv#@vtvzv+v{"Gyv=vZv}v?"fvzv)Gyv=v+v8v?|v#_vQ*vu
<"9A<+(J|TAOG|?CvDQ,h@=",EOGQI|T|hy?yJzt?G |OGOhGy}(GO.

@A]}#p(GFOGy}Ag%O*#hGy}W+xO*#:

%@vvvJvvvTvvv+vvv#GyvvvQpvvv9$vvv+vvv?hGyvvvQ\vvv):SvvvvAvvvvgvvvvRRGyvvvv=vvvv+vvvv(JGyvvvv}vvvv=vvvv"vvvv+vvvv?\vvvv}vvvv#|vvvv=vvvv9O 
G:SvvAvvOG|vv?,GyvvQpvv9$vv+vv?

n
hGyvvQ\vv)yvvOiGyvvtvv9_vv"vv+vv#.*vv|Oj$vvPGEyvv)pvv9FvvOIpvv,

@vtvzv+v{Vvwv9hiGyv}vWvAvQ*v#,hpv,GyvTv}v9Myvzv}vAvgv%vO*v#<vAv}v+v+vRC!vqvTv%v~vv(!v%v~
"|T|hy+#<+8+9

k
".

(4)G}CvvvvQGyvvvvPjMvvvvzvvvvqvvvv&Cjvvvvv+vvvv9f(VvvvvQvvvvv?,Ch|vvvv=vvvv"vvvv),ChCpvvvvQGO...EyvvvvN)pvvvv,Gyvvvv=vvvv+vvvv8vvvv?fvvvv"vvvvOsvvvv+vvvv9|vvvv&
<vv"vvWvv9_vv9J,h$vv,<vvWvvwvv{fvv9e@vvQ@vv=vvb<vvtvvOQIG|vvAvvZvv9UGyvv=vv+vv8vv?GCJvv+vvavv?yvvzvv}vvMvvzvvqvv9J|vv#|vv(GOChy+?h|vv(GO
|Z"vg?hG!=g9C9J,hsOQ79f^@(p+QGC(GQOG}hy+?GyA,LA9F%9$PGGyw+9f(GCAQF~).
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%R*vv9OIQYvv+vvOG:SvvAvvOG|vv?:*vvv}vvvwvvv#GSvvvAvvvMvvvOGe@vvv=vvv"xvvv,|vvvRhOjGyvvvTvvvwvvv#|vvv=vvv9O n

G:SvvAvvOG|vv?yvv=vv+vv9fQYvv+vvO$vv~pvv,G:SvvAvvOG|vv?yvvwvv{|vv#Gyvvgvv}vv(e,hGyvv}vvWvvAvvQ*vv#,
hGy}TAD}Q*#,hGyG%9JGy}}(y?.

%@vvJvvTvv+vv#GyvvQ<vvJvv+vv?:@vvv|Oj|vvvTvvvAvvv(*vvv9JGyvvv"vvvqvvv9*vvv9JGyvvv"vvv9@vvvGvvv?|vvv#GyvvvAvvvWvvv+vvv+vvvOpvvv,
Gyvvv(svvvBGyvvvJvvv9yvvv,Eyvvv)LvvvTvvv9FvvvQpvvv,CQ<vvv9MGyvvv}vvvAvvvgvvv%vvvO*vvv#.h|vvv#Gyvvv}vvv|vvvvOCf
*v"vgvwvU@v=v"v,|vtv9Q<v9JCvvDvQGSvAvOG|v?pv,_vzv>hEOGQIGyv}v(GOE*vGv9<v+v9

k
fvzv)

GyQ<J+?.

@A]}#p(GFOGyt9_"+#hGy}TAMO|+#Gy"%9F++#:

%Gyvv}vvTvv9fvvOIpvv,G:LvvAvv+vv9Q:*vvvRhxO@vvvavvv=vvv+vvvuo|vvvgvvvO:JG:SvvvAvvvOG|vvv?Gyvvv}vvvWvvvAvvvQ*vvv#
<vv}vvgvvzvv(|vv9J|vvqvv+vvOI@vvAvvgvvzvvu<vvzOGAG:SvvAvvOG|vv?Gyvv"vvTvv=vv,yvvzvv=vv+vv(JGyvv}vvMvvAvvzvvqvv?,|vv}vv9

*T9fO$~p,G@M9PL+9QGJ|OQhS?.

%@vwv9yv+vrFv9Q*v?Csv{
w

:yvzv=v+v(JGyv}v=v"v+v?<vMvZv9Fv[@vZv}v+v~|vTvAvOGe@vwv9yv+vr
F9Q*?Cs{!9@G?|#Gywq9*?Gyg9y+?:SAMOGeGya9s?hGy}9A.

%Qpvv9$vv+vv?Cpvv]vv{:EfGyvv=vv+vv(JGyvv}vv=vv"vv+qvv?<vv9SvvAvvMvvOGe|vv=vv9O G:SvvAvvOG|vv?Gyvv}vv=vv+vv"vv?
$vv"vv9,@vvRhxOGyvvtvv9_vv"vv+vv#<vv}vvwvv9fYvvJqvv,hCvvvDvvQEQ\vv9Akyvvzvvgvv+vvX.EfGSvvAvvMvvOGe
|vvTvvAvv(*vv9J|vvAvvRG*vvOI|vv#Gyvv]vv(AhGyvvAvv%vv(*vv?Gyvvavv=vv+vvgvv+vv+vv#,fvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,
*}w#Cf*JT#<+8?Gy}TAMOeGy}Jz+?.

E_9Qf}{yAW++O|"Rd|TAOGe

<vvvOCJGyvvvJvvvwvvv(|vvv?pvvv,Gyvvv}vvv}vvvzvvvwvvv?Gyvvv}vvvAvvvJvvvOI<vvv9@vvvMvvv9PSvvvzvvvTvvvzvvv?|vvv#G FvvvQGAGJ

@vv%vvOaEyvv)Ofvv~GyvvAvv(Fvv&!vvJvv(Yvv"vv9fvv?@vvWvv+vv+vvO|vvTvvAvvOGeCYvv+vvzvv?hPyvvxvvvGvvRA|vv#
|vtv9Q<vAv%v9Gyvgv9|v?yvAvav(*vQ<v+v8v?|vTvAvOG|v?.h@vTvgv)GyvJvwv(|v?Eyv)h\vh|vGv}v(fv?|v#
G FvvQGAGJ@vv%vvOaEyvv)@vv(pvv+vvQE_vv9Qfvv}vv{Yvv9Qeyvv]vv}vv9f|vv}vv9QSvv?<vv+vv8vv+vv?Fvv+vvOI
yw{Gy}g"++#p,Y"9f?Gy="9Ap,Gy}}zw?Gy}AJOI.h@A]}#:

s(G!+#Gy="9A

*vvOfvv~@vv]vv}vv+vv#svv(G!vv+vv#Gyvv=vv"vv9Apvv,<vvQ*vvavv9!vv+vv9|vvAvvavvzvv=vv9JIvv9R|vv?yvvJvvqvveGyvv(svv(O
hGyvvavv9svv?<vv%vvOaGyvvAvvJvv(qdEyvv)GyvvAvvWvv+vv+vvOGyvv}vvTvvAvvOGe.*vvqvvQVGyvvGvvRAL|vv#Gyvvtvv(G!vv+vv#
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|vvAvvavvzvv=vv9Jfvvzvv)Gyvv}vvZvv}vv}vv+vv#hGyvv=vv"qvv9Fvv+vv#yvvAvvTvvzvv+vv~|vv=vv9fmPGJ|vvgvvO
v

d\vv+vv9YIvvQGQj
|"Mq^hPGJ|TA(*9J"EIw9e$(GA"|JOOI.

s9!(fGy=+(JGy}TAOG|?

$v(|vgv+v9Qh_v"v,yvAvZv}v+v~h@vWv+v+vO<v+v(JFvO*vOI|vTvAvOG|v?.*v%vOaGyvtv9!v(f
Eyvvv)R*vvv9OIGSvvvAvvvOG|vvv?Gyvvv=vvv+vvv(JGyvvvGvvvO*vvvOIhEyvvv)@vvv(pvvv+vvvQ|vvvgvvvzvvv(|vvv9Jyvvvzvvv}vvvTvvvAvvvDvvv}vvvQ*vvv#.
SvAvZv"vvrGyvAvGv}vgv9JGyvTvwv"v+v?GyvGvO*vOIhpvu!vdv9e@vZv"v+vr!vGv}v,|v#hGIvOEyv)
SvAv?GSvAv"v9OG

k
Eyv)@vtv+v+v~|v"vd

v
v~<v9yv}vtv9<vzv?|vh|v=v9O Gyvtv9!v(f.vv9fG:yvAvRGe<v9yvtv9!v(f

fvvv"vvvOvvvvAvvv9<vvvAvvv&(2006)_vvv(fvvv+vvv9
k

,hCYvvv=vvvK|vvv"vvvPGyvvvgvvv9e(2008)yvvvRG|vvv9
k

@vvvtvvv+vvv+vvv~Gyvvv=vvv+vvv(J

GyGO*OI<9y}t9<z?|hGyt9!(fy=+9f"COGF%9GywQ<(!,".

S+9S?GyAMa+b
SvvvAvvvGvvvQj|vvvQGFvvvgvvv?Svvv+vvv9Svvv?GyvvvAvvvMvvvavvv+vvvbyvvvzvvvAvvvgvvv9|vvv{|vvvhByvvv+vvv9J@vvv(pvvv+vvvQGyvvv=vvv+vvv(J

GyvGvO*vOIhGyv(cv9FvrhGyv=v"v+v?GyvAvJvAv+v?GyvAv,@vJvAv9Fv%v9Gyv}vGvAv}vgv9Jyv}vgv9yvGv?|vWvwvzv?
GyAj+wQGy}"9L,,hy(\hS+9S9JGya9s?Gy}AGOOI.

|=9O GyAZ}+~Gy}TAOGe
*vvJvvAvv9L@vvtvv+vv+vv~|vvOiGSvvAvvOG|vv?@vvZvv}vv+vv~h@vvWvv+vv+vvO|vv"vvRdEyvv)GfvvAvv=vv9QGyvv}vvTvvwvv#

<v(Yvqv&IvR|v?|vAvwv9|vzv?.pv=vO:
k

|v#GfvAv=v9QGyvAvZv}v+v~hGyvAvWv+v+vOhG Vvjv9d|v(G\v+vh
|v"vqvZvzv?,@vTvgv)|vtv9Q<v?"Gyv=v+vB<vzvv}vzv&"Eyv)@vgvQ*vr@v=vgv9JGyv}vTvwv#G Fv}v9yv+v?
fvzv)Gyv=v+v8v?<vavQ*vtv?|vAvwv9|vzv?.hyvAvJvtv+vuPyvx,*ovgvQxa"sv9!v(fGyv=v+v(JGyv}vTvAvOG|v?"
pvv,Gyvv}vv}vvzvvwvv?Gyvv}vvAvvJvvOI_vv+vvqvv9

k
|vv#Gyvvqvv8vv9J*vv}vvwvv#@vvtvv+vv+vv~G:SvvAvvOG|vv?<vv9yvv}vvtvv9<vvzvv?|vvgvv%vv9.

h$,@A]}#:

%Gya9s?hG!=g9C9JC9!,CvT+OGywQ<(f
%GyAz(K

%vq9*?GSAMOGeGy}+9g
%GSAMOGeGy}(GO
%FQ*9fGy}+9gGyTaJ+?
%EOGQIGy"q9*9J
%GyZJ?hGyQp9$+?
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%G OGQI
%Gy}J+bGy=+8,

*v"vgvwvUGyvAv(Fv&!vJv(@vZv}v+v~h@vWv+v+vO|vTvAvOGe,pv,sv(G!v+v#Gyv=v"v9A,GyvAv,@vgvAv=vQ
Gyvv}vvgvv9*vv+vvQGyvvO!vv+vv9GyvvAvv,*vvqvvQ\vv%vv9Gyvvtvv9!vv(f.EfGyvvgvvO*vvO|vv#Gyvv}vvAvvgvv%vvO*vv#Gyvv(Gfvv+vv#<vv+vv8vv+vv9

k

GyvP*v#*vQiv=v(f<vAv}v+v+vRC!vqvTv%v~pv,Sv(b@v"v9pvTv+v?,*vRhOhf<v}vgv9*v+vQCfvzv)|v#@vzvx
GyvvAvv,*vvqvvQ\vv%vv9Gyvvtvv9!vv(f.*ovvgvvAvv=vvQsvv9!vv(fGyvv=vv+vv(JGyvv}vvTvvAvvOG|vv?|vv=vv9OQILvv9Yvv?<vv9yvv}vv}vvzvvwvv?

Gyv}vAvJvOI,h|vh$vPGpv%v(*vtvO
x

eE_v9Qfv}v{|vqv+vO*v}vwv#GSvAvMvOG|v&yvgvQVGyv}v=v9O 

Gyvv}vvqvvAvv9Ivv+vv?yvv=vv"vv9AGyvv}vv"vv9RdGyvv}vvTvvAvvOG|vv?.h*vv}vvwvv#!vvtvv{Gyvv}vv=vv9O <vv+vv#OhdGyvvgvv9yvv~,
hG V9QIEy)s9!(fGy}}zw?Gy}AJOI$"9<}D9<?|D9dyzt]9*9Gyg9|?.

*vvTvvAvvMvvOeGyvvtvv9!vv(f@vvZvv"vv+vvqvv9
k

,*vv}vv"vvKGyvv}vvTvv9vvv#C!vvGvv}vv9
k

yvv=vv+vv9fCOGAG:SvvAvvOG|vv?
G Fvv}vv9yvv,.*vv}vvwvv#GyvvJvvZvv(dfvvzvv)|vvgvvO:JGSvvAvvOG|vv?|vv#hGIvvOEyvv)SvvB!vvGvv(e
GfvvAvv}vv9OG

k
fvvzvv)@vvJvvtvv+vvtvv&Gyvv}vvgvv9*vv+vvQGyvvAvv,*vvAvvwvv(f|vv"vv%vv9Gyvvtvv9!vv(f.@vvgvv=xvvQGyvv"vvGvv}vv?Gyvv(GIvvOI

fvv#|vvTvvAvv(iGyvvtvv=vv(d(E:C!vv&*vv=vvtvv)pvv(bGyvv}vvTvvAvv(iG}O!vv)pvv,svv(G!vv+vv#Gyvv=vv"vv9A)
h@vgv=

x
vQGyv"vGv(eGyvTvBfv#Cfvzv)|vTvAv(i*vJvtvtv&GyvAvGv}vhGyv}vTvAvOGe.@vJvTv>vv9pv?

GyAZ"+q9JGy"G}+?fz)CS9SGy"t9WGy}JZvz?|#Gyq89JGyATh

GyGOhd2,3|Aaz=9JGyt9!(fyAJt+uGy}Qh!?\}#v{p8?|#p89J
G:SAOG|?

Gyq8?GCAaz=9JGy;R|?yAJt+uGyt9!(f(GCQh!?)

Gyvvvavvv9svvv?/G!vvv=vvvgvvv9Cvvv9J

C9PCvT+OGywQ<(f

EyvvvRG|vvv+vvv?.@vvvgvvvAvvv=vvvQPGJCGvvv+vvv?vvvv=vvv+vvvQIh@vvvTvvv}vvvK<vvv}vvvQh!vvv?O!vvv+9pvvv,;vvvtvvv+vvvu

|vvvAvvvavvvzvvv=vvv9JGyvvvtvvv9!vvv(f.IvvvOOJ|vvvTvvvAvvv(*vvv9JO!vvv+9yvvv~OGAyvvvwvvv{@vvvZvvv"vvv+vvvr

!G},

GyAz(K|Q!?.:@(FO|t9*UO!+9

vq9*?GSAMOGeGC9AEyvvvRG|vvv+vvv?.@vvvgvvvAvvv=vvvQPGJCGvvv+vvv?vvvv=vvv+vvvQIh@vvvTvvv}vvvK<vvv}vvvQh!vvv?O!vvv+9pvvv,;vvvtvvv+vvvu

|vvvAvvvavvvzvvv=vvv9JGyvvvtvvv9!vvv(f.IvvvOOJ|vvvTvvvAvvv(*vvv9JO!vvv+9yvvv~OGAyvvvwvvv{@vvvZvvv"vvv+vvvr

!G},
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GSAMOGeGC(GO<vvvvgvvvv̂GCQh!vvvv?.IvvvvOOJ|vvvvTvvvvAvvvv(*vvvv9JO!vvvv+9}OGA@vvvvZvvvv"vvvv+vvvvrGyvvvv"vvvvGvvvv}vvvv?

Gy(GIOI

FvvvvvvvvvvvvvvvvvvQ*vvvvvvvvvvvvvvvvvv9fGC+vvvvvvvvvvvvvvvvvv9g

GyTaJ+?

<vvvvgvvvv̂GCQh!vvvv?.IvvvvOOJ|vvvvTvvvvAvvvv(*vvvv9JO!vvvv+9}OGA@vvvvZvvvv"vvvv+vvvvrGyvvvv"vvvvGvvvv}vvvv?

Gy(GIOI

EOGQIGy"q9*9J<vvvvgvvvv̂GCQh!vvvv?.IvvvvOOJ|vvvvTvvvvAvvvv(*vvvv9JO!vvvv+9}OGA@vvvvZvvvv"vvvv+vvvvrGyvvvv"vvvvGvvvv}vvvv?

Gy(GIOI

GyZJ?hGyQp9$+?|Q!?.:@(FO|t9*UO!+9

G OGQI|Q!?.:@(FO|t9*UO!+9

GCJ+bGy=+8,|Q!?.:@(FO|t9*UO!+9

Gyv}ovJvO
v

OICfv;g.Cv}v?|vQh!v?pv,vv+vqv+v?GyvJvZv(dfvzv)Gyv"vtv9W,yvwv#<vgv̂
Sv}v9JG}OGAEyvRG|v+v?.*ovGv}pv{GyvGvOhd3.2|vAvavzv=v9JGyvtv9!v(f<v}v9*vAvgvzvuGyv}vQh!v?
\}#v{p8?.

|vv#ivv+vvQGyvv}vv"vv9Svv>OQGSvv?Gyvvtvv9!vv(f<vvAvvqvvZvv+vv{vvv=vv+vvQpvv,|vvgvvQVvvvAvv9H|vvDvv{

vvvvAvvv9<vvv"vvv9.h|vvvhPyvvvx,*vvv}vvvwvvv#@vvv}vvv+vvv+vvvRGyvvv}vvv(G\vvv+vvvhGyvvvAvvv,@vvvJvvvAvvv9LCf@vvv|LvvvP<vvvgvvv+vvv#
G:fvvAvv=vv9Q,fvv"vvO@vvMvvZvv+vv[!vvtvv9W\vv}vv#Gyvvqvv8vv9JGyvvAvvTvvh,<vv(Yvvqvv%vv9C|vvDvvzvv?yvvzvvtvv]vv9*vv9
Gyv(GFv>OQGSvAv%v9pv,fv}vzv+v?GyvAvZv}v+v~hGyvAvWv+v+vOGyv}vTvAvOG|nv+v#.@vZvz

o
vK$vPgGyvtv]v9*v9

pvv,Fvv}vv+vvhGyvv}vv"vv9_vvuIvv+vvE@vv(FvvOQivv=vv?yvvzvvAvvtvvOe!vvJvv(@vvWvv+vv+vvOhEVvvjvv9d|vvTvvAvvOG|nvv+vv#
yvvvzvvv}vvvTvvv9vvvv#.h|vvvhCfGyvvv}vvv=vvv9O _

o
vvv(xQJpvvv,Gyvvv}vvv}vvvzvvvwvvv?Gyvvv}vvvAvvvJvvvOI,E:C!vvv&*vvv}vvvwvvv#

@vvavv=vv+vvtvv%vv9fvv9yvv}vv+vv9
k
.*ovvGvv}vv{GyvvGvvOhd3.3Gyvvgvv"vv9YvvQGyvv(GFvv>GfvvAvv=vv9Q$vv9\vv}vv#Gyvvqvv8vv9J

Gy}MAzq?,h@=g9@%9fz)GyAZ}+~hGyAW++OhG Vj9d.
GyGOhd3.3Gyg"9YQGy(GF>GfA=9Q$9\}#

v{p8?|#p89JGyt9!(f,h@=g9@%9

GC(G\+hGCOQhS?GyA=g9Jf^GyAZ}+~hGyAW++OhG Vj9d

Gyvvavv9svv?hG!vv=vvgvv9Cvv9JCvv9P
CvT+OGywQ<(f

\+9YGAQGQIf=Q!T+Hyz}=")

Kv>CLvPsv]v9*v9GyvgvRd
GAvvvvvvvvvvvQGQj,h!vvvvvvvvvvvTvvvvvvvvvvv=vvvvvvvvvvv?

|vTv9Iv?Gyv"v(GpvP|vtv9Q!v?|vh|vTv9Iv?G@vOQGf,h|vTvAv(*v9JEIvwv9eGyv%v(GApv,
i;aGC="),p,GyAZ}+~hGyAW++O
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G \vvvvvvvvvvvvv9AIGyvvvvvvvvvvvvvOGLvvvvvvvvvvvvvz+?
hGB9QF+?

:vv>OQGSvv?GSvvAvvMvvOGe@vvQvvv+vv=vv9J@vv(pvv+vvQGyvvavv9svv?hC!vvdvv}vv?GyvvAvv(svv+vvBhGyvvAvvWvvjvv+vv{
GC|EA?h@]}+"%9[p,GyAZ}+~hGyAW++O]

Ivvvvvvvvv+xvvvvvvvvvRGyvvvvvvvvvAvvvvvvvvvGvvvvvvvvvqvvvvvvvvv+vvvvvvvvvr
[yz};<U]

Ef@vv(pvv+vvQ|vvwvv9fJvvZvv[yvvzvvAvvGvvqvv+vvrMvvq
x
vv̂GAvv9Fvv?E]GfvvAvv}vv9OGyvvAvvGvvqvv+vvr

G6[yz};<Uh|9V9<&,h<9yA9[*tz{GyA=g9JGy=+8+?

Gyvvvv=vvvv]vvvv9FvvvvhGyvvvvwvvvv%vvvvQ<vvvv9Fvvvv+vvvv?
PGJGyzZ9s9JGy=+8+?

EfGSvvAvvMvvOGe<vv]vv9FvvhPGJyvvZvv9svv9J<vv+8vv+vv?(_vv=vv9Lvv9J,h<vvQGOGJ,h|vv9Vvv9<vv&)
*T9fOp,G}OGAGy=+8,yz}Tw#s+OG:SAMOGe

@vvtvv"vv+vv9JGyvvavv9svv?fvvO*vv}vv?
Ch|"Mq]?GywQ<(f

Ef@vv]vv}vv_@vvTvv%vv+vv;J:SvvAvvDvv}vv9Q|vvZvv9OQGyvvavv9svv9JGCAvvGvvOOI|vvDvv{Gyvvzvv(Ivv9J
GyvvWvv}vvTvv+vv?,hGyvvgnvv"nvvqvv9JGyvv%vv(GFvv+vv?,h|vv9Vvv9<vv&,*vvTvv9fvvOpvv,<vvqvv+vv̂|vvAvvavvzvv=vv9J

Gyvvavv9svv?.yvv%vvPgGyvvgvv"vv9YvvQ@vvzCvv+vvQCfvvdvv}vv,fvv"vvOEO|vv9Fvv%vv9pvv,GyvvAvvZvv}vv+vv~G}h[,
<O:

k
|#EsJ9|%9p,GyAZ}+}9JGyAtz+O*?<(Yq%9"E\9p9J"

OhQI<vvvvvvvR*vvvvvvv#GCwvvvvvvvAvvvvvvv>
GC"R[

Ef@v(pv+vQOhQI<vR*v#pv,GyvAvZv}v+v~*vOfv~|v=v9OQGJChSvh<vav+vbGyv"vtv{,@vOfv~
Gyv=vQ!v9|vHGyv(_v"v,yv;SvAvOG|v?|vh@vRG*vOG}VvMv9UGyvP*v#*vTvAvqv+vOhf|v#|vQh!v?
|vvv(\vvvhfvvv}vvvzvvv%vvv~,pvvv{fhFvvv(O@vvvTvvv%vvv+vvv;Jyvvvzvvv}vvvwvvvAvvv>GC"vvvR[*vvv}vvvwvvv#CfM

o
vvvq
x
vvv̂

|TA(*9JGya9s?Gy]QhQ*?yz}=9PGyAG9Q*?,hy(S9FbGy"t{h|9V9<&

GyAz(qK

G:!vvvvvvvJvvvvvvv=vvvvvvv9SGAvvvvvvvQGQj
GCA(shf#|(GOGygRd

Kvvv>GyvvvAvvvzvvvvO|vvv#GSvvvAvvvMvvvOGe|vvv(GOGyvvvgvvvRdGyvvvAvvv,:@ovvv|OjE]E!vvvAvvv9Livvv9RGJ

@O|QG}hRhf[p,_=t9JG@(Gygz+9]

G!=g9KCvT+OGy"AQhR:vv>GAvv+vvavv?pvv,GLvvAvv+vv9Q|vv(GYvvqvv9JC!vvdvv}vv?GyvvAvvOpvv8vv?hivv+vvQ$vv9yvvAvvtvvz+{G!vv=vvgvv9K
CvT+OGy"AQhRE]Gyj;aG@(j

vq9*?GSAMOGeGC9A

GC9AGyvvvvOGLvvvv\GyvvvvZvvvv9yvvvvK
yzWQH

Kvvv>\vvv}vvv9f<vvvqvvv+vvv̂|vvvTvvvAvvv(*vvv9JGSvvvAvvvMvvvOGeGC9AGyvvvOGLvvv\GyvvvZvvv9yvvvKyvvvzvvvWvvvQH
<vvv9SvvvAvvvMvvvOGeCFvvv%vvvRIpvvv9fvvvzvvv?,hGSvvvAvvvMvvvOGeLvvvRqG!vvv9JPGJ@vvvOpvvvu|vvv"vvvMvvvqvvv̂,

hGSvvAvvMvvOGeGC9AGyvvQ|vv9Oj(|vv+vv9gGyvvjvvTvv+vv{hG:SvvAvvJvv}vv9e...EyvvN)[<vvgvvO@vvOh*vvQg]
y=g^G:SAMOG|9J

GC9AGBvvv9QFvvv,GyvvvZvvv9yvvvK
yzWQH

Ef=vvvvvh|vvvvv+vvvvv9gG}|vvvvvavvvvv9Q,<vvvvv9SvvvvvAvvvvvMvvvvvOGe<vvvvvQG|vvvvv+vvvvv{=vvvvvhGC9A|vvvvvDvvvvv;
k

,yvvvvv=vvvvvgvvvvv̂

G:SvvAvvMvvOG|vv9J*vvwvv(fpvv9fvv;
k

pvv,<vvqvv+vv̂|vvTvvAvv(*vv9JGSvvAvvgvv}vv9dGC9AGyvvZvv9yvvK
yzWQHp,GB9QL

GSAMOGeGC(GO

@zC+QGC(GOp,Gy=+8?EfG:LvvAvv+vv9QGyvvOsvv+vvuyvvzvv}vv(GOyvvAvvWvv+vv+vvO|vvgvvdvv~fvv"vv9YvvQGCTvvwvv#C|vvQl|vv%vv~.@vvTvv9fvvO
<vQG|vHGyvzvZv9sv9JGyv=v+v8v+v?fv̂\v}v9fG:LvAv+v9QGC"v9Sv>.EfCIvOGyvtv]v9*v9GCqvAv9Iv+v?
GyA,K>CLP$9<g_G:fA=9Q$,|OiGya9s?GC

o
JA(GIp,|(GOGyAW++O
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GyvvvvvvvvvvvvAvvvvvvvvvvvv(Q*vvvvvvvvvvvvOGCTvvvvvvvvvvvv|hd
yg"9YQGy="9A

Ef@v(Yv+vrGC(GOh_vzv=v%v9|v#|vZv9OQ|vTv|hyv?<v+8v+v9
k

|v%v~lyv]v}v9fCfFv9QSv?
G:SAOG|?|"gwT?f=QSzTz?GyA(Q*O

FQ*9fGC+9gGyTaJ+?

<vvvvqvvvv+vvvv̂FvvvvQ*vvvv9fGC+vvvv9g
GyTaJ+?

Efyvvv]vvv=vvvbFvvvQ*vvv9fGC+vvv9gGyvvvTvvvavvvJvvv+vvv?@vvv=vvvgvvv9Jfvvv̂Gyvvv=vvv+vvv8vvv?GCJvvvz+?hfvvv̂|vvvOi

I9F?GCG9QjhGCZ9QayzAg9|{|hGC9AGyq9F^

LaQGyq+]9fEfGyvAvGvQ<v?GAvO*vDv?yvzvqv+v]v9!v9JGyvwv=v+vQIpv,CFvRGAvvDv+vQI|v#GC}vzvwv?GCAvJvOI
CvvvO

v
Jfvv̂CGvv+vv?G}LvvP<vvgvv_G:fvvAvv=vv9QyvvzvvAvv=vvgvv9JGCJvvAvv}vvzvv?CWvv9Q*vvhG Svvwvv9f

GCJz+?f^GyA(GRfGy=+8,GyOs+u

EOGQIGy"q9*9J

Efvvv9OI@vvvOh*vvvQGyvvv"vvvqvvv9*vvv9J
GC"Ry+?

*vWv}v{$vPGGyv"vav9bGCRG*v9GCAv]v}v"v?pv,GyvAvZv}v+v~,E\v9pv?E]GyvavQ*vtv?GyvAv,
*vvAvvgvv9|vv{pvv+vv%vv9Gyvvtvv9_vv"vv(f|vvhGyvvOpvvh<vv9:vv9gpvvZvv{Gyvv"vvqvv9*vv9JyvvzvvTvv}vv9M<vv{fvv9OI
@Oh*Q$9.

p];JGyAW++OGCOiGyvvPj*vv}vvwvv#<vvzvv(ivv&pvv,<vvqvv+vv̂Jvvzvvqvv9J|vv(GOGyvv=vv"vv9ALvv;dfvv}vvz+?
GyvvvAvvvWvvv+vvv+vvvO<vvv9SvvvAvvvMvvvOGe@vvvtvvv"vvv+vvv9Jpvvv9fvvvzvvv? OGQISvvvzvvvTvvvzvvv?GyvvvAvvv(Q*vvvO,h<vvv9yvvvAvvvJvvvO*vvvO
G}pvv]vv{yvvwvv}vv+vv?GC(GOsvv=vv{_vvzvv=vv%vv9,h<vv9C}vv9QSvv?G@vv+vvOIpvv,GC(svvh,h<vvAvv=vv"vv,
C<vvgvv9Omyvvgvv"vv9YvvQGC=vv"vv)@vvTvv}vvK<vv9SvvAvvMvvOGe|vv(GO|vvgvv+vv9Q*vv?OhfGAvv9Fvv?yvvgvv}vvz+9J
Gyt[i+QGC=QQIp,GC(sh

@vvvvTvvvv%vvvv+vvvv;JGyvvvvAvvvvMvvvv}vvvv+vvvvQ
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GyvvvtvvvQ*vvv=vvv?|vvv#GyvvvTvvvavvvK@vvvwvvv(ffvvv}vvv(|vvv9

k
Csvvv{@vvv}vvv9Svvvwvvv9

k
hCsvvv{svvvOQIfvvvzvvv)@vvvJvvv}xvvv{

G}I}9d.

4.3C!(GYG}S9S9J

|tO|?

@vvgvvAvv}vvO_vv=vv+vvgvv?G}Svv9Svv9JGyvv}vv"vv9Svv=vv?yvvJvv9yvv?|vvJvvOOIfvvzvv)fvvOIfvv(G|vv{.Ef
|vvOiGyvvAvvJvv}vv+vv{hGyvvavvQ*vvtvv?GyvvAvv,*vvavv=vvvupvv+vv%vv9fvvzvv)G}Svv9Svv9J,|vv]vv9pvv9

k
Eyvv+vv&_vv=vv+vvgvv?

Gyvvavv=vvtvv9JGyvvOGfvv}vv?,fvv(G|vv{@vv|CvvQpvv,GyvvAvvZvv}vv+vv~.pvvgvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,@ovvgvv9y
n
vvHo
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G}Ivvv}vvv9dGyvvv}vvvQv
v
vvvRIfvvvzvvv)|vvv(Gsvvvh|vvvTvvvAvvv(*vvv?<vvvavvvQ*vvvtvvv?|vvvMvvvAvvvzvvvqvvv?FvvvOG

k
fvvv#|vvvgvvv9yvvvGvvv?

G}Iv}v9dGyv}v(Rfv?<v9!vAvdv9efvzv)|v(Gsvh|v9Fvzv?.@ovWvw
v
v{|vgvdv~Yv+vkG}Sv9Sv9J|v#

GyvvvMvvvQSvvv9!vvv?,Svvv(GAGyvvv}vvvTvvvz
v
vvvJvvv?Chivvv+vvvQGyvvv}vvvTvvvz

v
vvvJvvv?,|vvvhCfYvvv+vvvjvvv9

k
CLvvvQi|vvvDvvv{

G}S9S9JGyWn=w+q?Gyq(:P*?@oTAMOneCI+9!9
k

p,I9:JL9Y?.

pvv,Gyvvgvv}vv(e,@vv"vvJvvZvvQIvvzvv(dG}Svv9Svv9JGyvv}ovvAvv9Ivv?yvvAvvWvv+vv+vvOGyvv}vvTvv9vvv#pvv,
Yvv+vvk

m
<vvTvv+vvavv?;@vvgvvQvafvv9OI\vv}vv#@vvZvv"vv+vvqvv9JG}Svv9Svv9JGyvv]vvJvvzvv?hG}Svv9Svv9J

Gyg}+t?.

@}Q*#
\vv}vv#|vvgvvQpvvAvvxGyvvJvv9yvv+vv?,hsvv=vv{GyvvWvvQhY<vvtvvQGAI<vvtvv+vv?Gyvv}vvtvvavvh,<vv+xvv#vvv~Yvv+vvjvv?|vv#Yvv+vvk
G}S9S9J*}w"xPvQ$9.

Yp+nkG}S9S9JGy]Jz?

|tO|?

%<vvvgvvvOOQGSvvv?$vvvPGGyvvv}vvvtvvvavvvhSvvvAvvvqvvv%vvv~_vvv=vvv+vvvgvvv?hhcvvv9FvvvrG}Svvv9Svvv9JGyvvv]vvvJvvvzvvv?
yzAW++OGy}"Mq^G:Q@q9Y

%hSAq%~_=+g?hY+j?@W++OG}S9S9JGy]Jz?

%hSvvvv+vvvv}vvvvwvvvv"vvvvxGyvvvvAvvvvgvvvvQafvvvvzvvvv)Gyvvvvgvvvv(G|vvvv{Gyvvvv}vvvv|CvvvvQIpvvvv,GLvvvvAvvvv+vvvv9QG}Svvvv9Svvvv9J
Gy]Jz?,h@t++}%9

!dQIf9|?

@vvgvvAvv}vvO_vv=vv+vvgvv?Ypvv+
nvvk@vvWvv+vv+vvOGyvv}vv"vv9Rdfvvzvv)hGsvvhCfG}Ivv}vv9dGyvv}vvavv=vvtvv?fvvzvv)

G}QV|vvgvvAvvOyvv?!vvTvv=vv+vv9
k

,E\vv9pvv?Eyvv)vvv(!vv%vv9fvv}vv(|vv9
k

|vv(Rfvv?<vv9!vvAvvdvv9efvv=vvQGyvvGvvOQGf
GyvvvJvvv}vvvv9yvvv?GyvvvMvvv9QFvvv+vvv?hC*vvv?FvvvOQGfIvvv}vvvv9yvvv?OGLvvvzvvv+vvv?.hyvvv%vvvPGGyvvvTvvv=vvv>vvvv9fLvvv+vvv9Q
G}Sv9Sv9JG}vvDvQVv+v(fv9

k
fv=vQGyvAv9Q*vN$v,G}Sv9Sv9JGyvWvQ*vav+v?Gyv]vJvzv?.yvwv#

Pyvvvxyvvv+vvvUOh|vvv9
k

$vvv(GyvvvJvvv9d,pvvv}vvvh@vvv"vvv9s
o
vvv[Fvvv(OIG}QVGyvvv}vvvAvvv9Ivvv?yvvvzvvv=vvv"vvv9A,

CYvv=vvJvvBGyvvZvvgvv(<vv9JGyvv}vvQ@vv=vvavv?<vv9}Svv9Svv9JCvvvDvvQFvvO*vvv?.*vvAvv(GpvvQ_vv+vvr
l

|vv#Yvv+vvk
G}Svvv9Svvv9JGyvvv]vvvJvvvzvvv?,h:<vvvO|vvv#OQGSvvv?_vvv=vvv+vvvgvvv?Yvvv+vvvjvvv?GyvvvAvvvWvvv+vvv+vvvOGyvvv}ovvv"vvvAvvvtvvv9I,
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hG}Ivvv}vvv9dGyvvv}vvvAvvv(svvvgvvv?,h|vvvtvvvOQI@vvvJvvv}wvvv{G}QV,:LvvvAvvv+vvv9QYvvv+vvvjvvv?G}Svvv9Svvv9J
Gy}"9S=?.

G}S9S9JGyWQ*a+?

*vvgnvvOwG}Svv9SGyvvWvvQ*vvavv,Gyvv=vvTvv+vvbGyvv}vvwvv(f|vv#GyvMvQSv9!v?GyvZv>CvvvDvvQYvv+vvk
G}Sv9Sv9JGyvWv9Fvgv?GSvAvMvOG|v9

k
fvzv)G _v;b.h$v(*vTvAvMvOefv"vO|v9@ov=v"v)FvOQGf

Ivvv9|vvvzvvv?|vvvAvvvZvvvzvvv?.*vvvAvvvzyvvvrG}Svvv9SGyvvvWvvvQ*vvvavvv,|vvv#VvvvQ*vvvb|vvv#GyvvvMvvvQSvvv9!vvv?GyvvvZvvv>
<vvvgvvvQV|vvv"vvv9Svvv>yvvv"vvvWvvvQG}Ivvv}vvv9dGyvvv}vvvqvvvQh\vvv?fvvvzvvv+vvv&fvvvzvvv)|vvvTvvv9Ivvv?|vvv#G}QV

yv]v}v9ffvOeIvOhK\vjvbRGFvO.*vtvh@v(RwYGyvAvJv}v+v{Gyv]v9ivb\v}v#G}Sv9S

GyvWvQ*vav,GyvMvQSv9!v,\v}v#!vav9bm|

ovgvQvam<vMvav(W@v}vAvO<vRGh*v?45�G!vav;sv9
k

|v#
sv9fvOIGyvGvOGQ.<v9yvAv9yv,,hyvAvqv9OjpvWv{Gyvtv[

x
fvzv)_v(d$vPgGyvMvav(W,*vGv>

Cf*vwv(ffv}vuG}Sv9Sv9Jvv9pv+v9
k

yv+nvtvhGyvgvQVGyvqv9fv{yvtv9fvOIG}Sv9Sv9J\v}v#
$PGGy"a9b(GyWw{4.8).

GyMQS9!?GyZ>q,|oZazK*oazufz)GyMQS9!?GyA,@oZ>wp,GyM"Ob|#
OhfGSAg}9dGyATz+K-<wz}9JCLQivAz?|#GyMQS9!?.

@

o
vvvTvvvAvvvMvvvOeGyvvvtvvv(GfvvvOGyvvvWvvvQ*vvvavvv+vvv?pvvv,GyvvvJvvv9:JGyvvvAvvv,@vvvwvvv(fpvvv+vvv%vvv9G}Ivvv}vvv9d

Gy}oa=vt?|#Gy}=")

|vgvAvOyv?!vTv=v+v9
k

,vv}v9$v(GyvJv9dpv,<v"v9AGyv}v"v9Rd,h|v(Rfv?<v9!vAvdv9e(GyvWvwv{
4.9).
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1  .     َُ  .          

<vvvv}vvvv9CfGyvvvvGvvvvOQGfGyvvvvMvvvv9QFvvvv+vvvv?yvvvvzvvvv}vvvvTvvvv9vvvvv#@vvvv"vvvvtvvvv{G}Ivvvv}vvvv9dGyvvvv=vvvv"vvvv+vvvv(*vvvv?Eyvvvv)
G}Svv9Svv9Jpvv%vv,fvv9OI|vv9@vvwvv(f|vv"vvAvvdvv}vv?pvv,@vv(R*vvhG}Ivv}vv9d.pvv,<vvgvv̂Ypvv+

nvvk

GyvAvWv+v+vO@ov"vtv{G}Iv}v9d<vWvwv{CIv}v9d|v(\vgv+v?ChCIv}v9d!vtvav+v?(GyvWvwv{4.9).
pv,|vDv{$vPgGyvJv9:J@ovgv9yvHG}Iv}v9d<v9fvAv}v9OCSv9Sv9J|vqvZv(yv?|ovAv(\

x
vgv?fv"vO

v{!ta?@J}+{.!9OQG
k

|9@

o
Z9Oa$PgGyaQ*t?p,<"9AGy}"9Rd.

@

o
vTvAvMvOeG}Sv9Sv9JGyvWvQ*vav+v?Gyv]vJvzv?pv,|vgvdv~Iv9:J@vWv+v+vOGyv}v"v9Rd

(G}Vvvwvv9d4.10h4.11).*nvvgvvAvv}vvOfvvQVG}Svv9Sfvvzvv)|vvtvvOQIGyvvAvvJvv}wvv{G6|vv#
yvvvzvvvAvvvQ<vvv?hfvvvzvvv)|vvvTvvvAvvv(iGyvvvJvvv}vvv{Gyvvv}vvvavvv=vvvvu.hvvvv}vvv9!vvv9svvvWvvv"vvv9Svvv9<vvvtvvv9

k
,*ovvvgvvvOqdfvvvQV

G}Svvv9SyvvvAvvv(pvvv+vvvQ|vvvTvvv9Ivvv?G@vvvZvvv9d|vvv=vvv9VvvvQvvvv9pvvv+vvv?yvvvAvvvGvvv"wvvv>Gyvvv]vvvjvvvbGyvvv}ovvvqvvvQWfvvvzvvv)
GyvAvQ<v?.*vAv"v9Sv>fv}vuG}Sv9Sv9J|vhfv}vuGyvav=vtv9JGyvJv}qv9yv?Gyv}v"v9Sv=v?,yvwv"v&pv,
Gyvvvgvvv}vvv(e,*vvvwvvv(f<vvvJvvvOhO1|vvvAvvvQ<vvvJvvv+vvvE*vvvAvvvGvvv"vvvv>LvvvavvvQ@vvv}vvvOwOhG!vvvwvvv}vvv9TGyvvvAvvvQ<vvv?

GyvvtvvQ*vv=vv?|vv#GyvvTvvavvK,Gyvv"vv9@vvH|vv#pvvgvv{GyvvAvvGvv}wvvO.EPGvvv9ffvv}vvuGyvvavv=vvtvv9JGyvvJvv}qvv9yvv?
CvDQ|#$PGGy}TA(i<wD+QptO!JA9LEy)GfA}9OY+j?CS9S9J<O*z?.
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@}Q*#
GVvvQMvvv+vvr*vv}vvwvv#IvvOhKELvvqvv9bGyvvtvv[pvv,G}Svv9SGyvvWvvQ*vvavv,,hvvv+vvr*vv|CvvQPyvvxpvv,
GLA+9QC<g9OGyMQS9!?.
|v#|vgvQpvAvxGyvJv9yv+v?<vAvWv+v+vOGyv}v"v9Rd,<v+xv#CjG}Iv}v9dGyv}ovav=vvtv?|v#Gyv}v=v"v)@vJvAv9Lyv"vtvzv%v9
Ey)G}S9S9J,h<zj_Q*t?@o"t{.

IqQ*9JG}S9S9JGy]Jz?
@vvGvvQjGyvvJvvqvvQ*vv9Jyvv(\vvhG}Svv9Svv9J,<vvgvvOG!vvAvv%vv9Afvv}vvzvv+vv?@vvJvvO*vvO|vv(G\vvh

GyM"9Ob<9SAMOGeCy(GMLW=+?||sA?hL+a9f.

EfChyv)|vQGIv{$vPgGyvgv}vzv+v?$v,ERGyv?Gyvav=vtv?Gyvgvzv(*v?yvzvAvQ<v?|v#Gyv}v(svh.
@vv=vvOC<vvgvvO$vv9fvv}vvzvv+vv?IvvqvvQLvv"vv9ObG}Svv9SEyvv)Gyvvgvv}vvuGyvv}vvavvzvv(H.pvv,Gyvv}vv(Gsvvh
GyvvvvZvvvvjvvvv+vvvvQIFvvvvOG

k
@vvvvGvvvvQj$vvvvPgGyvvvvgvvvv}vvvvzvvvv+vvvv?*vvvvOh*vvvv9

k
,E:CfGSvvvvAvvvvMvvvvOGeGyvvvvJvvvvqvvvv9QGJ
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Gyvv}vv+vvwvv9!vv+vvwvv+vv?GyvvZvvjvv+vvQIpvv,Gyvv}vv(GsvvhGyvv}vvAvv(Svvavv?*vvGvvgvv{GyvvJvvqvvQGyvv}vv+vvwvv9!vv+vvwvv,fvv}vvzvv+vv9
k

hGsAZ9O*9
k
.C|9p,Gy}(GshGyw=+QIp{fGSAMOGeGy}gOGJG6y+?$(Gyt9fOI.

@vvAvv=vvhIvvqvvQ*vv9JLvv"vv9ObG}Svv9Svv9JSvvzvvTvvzvv?|vv#Gyvvgvv}vvzvv+vv9JGyvv}ovv(_
v
vvOI,GyvvAvv,

@v]v}v#@vWvwv+v{GyvMv"v9Obhpvu|vgv+v9Q|v"v9Sv>h<v9yv}vTvAv(*v9JGyv}vavzv(<v?|v#G}|v9f
yg}9dGy="9A.

@}Q*#

Ef@TzT{Gyg}z+9JGy}A]}v"?p,GyJqQy(\hG}S9S9J|%~FOG
k
.

GLAQ|#s9F}?Gy"W9_9JGyA9y+?Gyg}z+9JGy}A]}v"?p,GyJqQ<AQ@+=%9GyZJ+K:
vvvvIqQGyM"9Ob
vvvvh\hGyMQS9!?
vvvvGyAT(*?hv=UsgQGyM"9Ob
vvvv@Ma+bGy}(sh
vvvvIqQ*9JSaKGy}(sh
vvvvh\hCy(GMGyMW>fz)F(G!>GyM"Ob
vvvv@WP*>F(G!>GyM"Ob

EPG|vv9RGOGyvvJvv}vv{Gyvv}vvqvvQhVfvvzvv)G}Svv9Svv9J,Ch!vvtvvZvvB|vvtvvOQI@vvJvv}wvv{
G}QV,pvvv{ffvvvQVG}Svvv9Svvv9JGyvvv}vvvavvvzvvv(HyvvvAvvvGvvv"wvvv>Gyvvv]vvvjvvvbGyvvv}vvvqvvvQWfvvvzvvv)
G}QVSvvv+vvvROGO.hyvvv}vvvtvvv9h|vvv?pvvvWvvv{Gyvvvtvvv[pvvv,G}Svvv9Svvv9JGyvvvgvvvQ*vvv]vvv?:<vvvO|vvv#
Fvvgvvzvv%vv9Svv}vv+vvwvv?FvvOG

k
,yvv~Svv=vv9HGyvv}vvWvvQhIvv?Svv9<vvtvv9

k
;h$vvPGC|vvQivv+vvQGsvvAvvZvv9Oj.

yv%vPG,h !vtv9USv}v9vv?G}Sv9Sv9JGyv}vavzv(<v?|vhGyv}vJv9pvdv?fvzv)|vtv9h|v?pvWv{
Gyvtv[ChG !vJv9A,*vGvQj@vTvzv+vKGyv}v"v9_vuGyv}vgvQv\v?yv5Fv%v9OhGyvtv[.*vZvavzvK
fz)@T}+?$PgGyAQv+=?<vvvv"CS9SVQ*a,fQ*^|Tz

v
K"GyWw{(4.12).

EfEIvOiGyv}vWv9vv{Gyvgv}vzv+v?pv,@vWv+v+vOFvOQGf<vOAG
k

|v#CSv9Sv9JVvQ*vav+v?
fvv"vvOG}fvv}vv9bGyvv}vvavvzvv(<vv?$vv,GyvvJvv9Fvv?yvvAvv"vvqvv+vvPIvvqvvQ*vv9JPGJfvvQV

m
vvv9am*vvTvv}vvK

yvzvgv}v9d<v(\vhG6FvQpv,Gyv}v"vavtv?@vJvB|vTvAv(iG}QV.hyv%vPG@ovJvq
n
vQGyvMv"v9Ob

fvv9OI<vvgvvQV
m

Cvvv=vvQ|vv#Gyvv}vvavvzvv(H,<vv=vvTvv9_vv?yvvAvv(pvv+vvQCSvv9Svv9J<vvgvvQV
m

vvv9am.fvv"vvO
Gyvvgvv}vv{pvv,@vvQ<vv?|vvAvv}vv9Svvwvv?,@vvwvv(fFvv(G!vv>GyvvMvv"vv9Ob|vvAvv}vv9Svvwvv?,h@vvOfvv~!vvqvvTvv%vv9
CCvv"vv9AGyvvJvvqvvQ|vv#OhfGSvvAvvMvvOGeOfvv9Fvv~CQ\vv+vv?Chsvv(Gyvv>CSvv9Svv9J|vv|svvAvv?,h$vvPG
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.    ً    

*g",E|w9!+?GSAMOGeCS9S9JVQ*a+?f}+t?(GyWw{4.13).

@

o
vvgvvAvv=nvvQ$vvPgGyvvavvQ*vvtvv?pvv,@vvWvvwvv+vv{G}Svv9Svvv9pvv+vv?hpvv9fvvzvv?hcvv+vvqvv+vv9

k
h|vv#Ivv+vvE

Gyvv(svvBhGyvvwvvzvvqvv?pvv,Gyvv}vv(svvh.*ovvJvvqvvQGyvvMvv"vvOb<vvgvvQV*vvqvv,<vv}vvAvvavvzvv=vv9J@vvJvv}wvv{
G}Ivv}vv9dh<vvgvv}vvumvvv9amyvvAvvqvv9Oj@vvzC

w
vvQGyvv"vvavv9b<vvAvvjvv+wvvQGJGyvvQ_vv(<vv?hpvvgvv{GyvvZvvtvv+vvh.

@

o
vvvTvvvAvvvMvvvOeGyvvvMvvvQSvvv9!vvv?<vvvgvvvOPyvvvxyvvv}vvv{AGyvvvJvvvqvvvQIEyvvv)|vvvTvvvAvvv(isvvvQ*vvv>|vvv#SvvvavvvK
G}QV,h<vv9yvvAvv9yvv,*vvzvvjvv,GyvvJvv9Fvv?yvv(\vvhGyvvwvvDvv+vvQ|vv#G6FvvQChGyvvMvvQSvv9!vv?@vvJvvB
|TA(iG}QV.

@}Q*#
y}9PG@

o"9S>G}S9S9JGyWQ*a+?Gyg}+t?C!(Gf9
k

|g+"?|#GyAQ<??
|9$(@zC+Qs(IGyAQ<?Gy}"Mq]?p,@Z}+~G}S9S9JGyWQ*a+?
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. ً         

G}S9S9JGy}"qQOI

!vv9OQG
k

|vv9@
o
vvTvvAvvMvvOeG}Svv9Svv9JGyvv}vv"vvqvvQOIpvv,@vvWvv+vv+vvOGyvv}vv"vv9Rd.h*vvz@vv,!vvtvv9Vvv%vv9

$vvvv"vvvv9<vvvv9LvvvvAvvvvZvvvv9Q fvvvvavvvv9A|vvvvqvvvv9$vvvv+vvvv~fvvvv9|vvvv?fvvvv#hFvvvv(O$vvvv9hYvvvv+vvvvjvvvvAvvvv%vvvv9,EP*vvvv}vvvvwvvvv#
GSvvAvvMvvOG|vv%vv9<vv+vv#Gyvvqvv+vv"vv?hG}LvvQiyvvOfvv~fvv"vv9YvvQ|vvDvv{Cfvv}vvOI|vv(GsvvrGyvvTvv+vv9QGJ

Gy}jzt?,hG}Qhs?,h|9V9<&.
pvv,<vvgvv̂GyvvJvv9:J,|vvDvv{Gyvv}vv=vv9!vv,Gyvv}vv|_

v
vvQI,@vvavv=vvvuG}Ivv}vv9d|vv#Gyvv}vv=vv"vv)

fvvzvv)G}Svv9Svv9Jfvvzvv)$vv+vv8vv?CIvv}vv9d!ovvtvvavv+qvv?.pvv,|vvDvv{$vvPgGyvvJvv9:J,@vvTvvAvvMvvOe
fvv9OICSvv9Svv9J|vv"vvqvvQOI.Ef|vv=vvOC@vvZvv}vv+vv~G}Svv9SGyvv}vv"vvqvvQO$vv(PG@vv&Gyvv}vvAvvv=vvhpvv,
@vZv}v+v~G}Sv9Sv9JGyvWvQ*vav+v?,CjCf@vwv(f|vTv9Iv?sv9fvOIG}Sv9SPGJC<vgv9O

vvvv9pvvv+vvv?yvvvAvvv"vvvtvvv{GyvvvAvvvJvvv}vvv+vvv{<vvvz|vvv9f|vvv#Gyvvvgvvv}vvv(OEyvvv)G}QV|vvv#Ohf@vvvGvvv9hRsvvvOQI
@vvJvv}wvvzvv%vv9.@vvwvv(fGyvvtvv9fvvOIfvv9OI|vvQ<vvgvv?GyvvWvvwvv{h*vvavv=vvu@vvJvv}vv+vv{Gyvvgvv}vv(O|vvQvvvR*vv9

k

yvvAvvqvv9OjGyvvOhQGf,h@vvWvvw
v
vv{fvv9OI|vv#GyvvMvvQSvv9!vv?Gyvv}vvTvvz

v
vvJvv?;h|vvhCfGSvvAvvMvvOGen

|v(GO@vWvwv+v{CLvQi,|vDv{Gyvqv(:P|v}vwv#l,E:C!v%v9!v9OQIpv,GyvAvWv+v+vOGyvJvO*vE.
h!vAv+vGv?yvAvQvv+vRG}Iv}v9dGyv}vav=vtv?fvzv)G}Sv9Sv9JGyv}v"vqvQOI,|v#Gyv]vQhQjFvOG

k

Cf@
o
Of

v
~<Ww{v9am\O

v
Gyt[

x
h\O

v
G !J9AC*]9

k
.

@

o
TAMOeG}S9S9JGy}"qQOI<wDQIp,@W++OGy}=9!,GyZ"9f+?hGyAG9Q*?GyA,
@TAMOeC

o
_

o
QG
k

$+wz+?y"t{G}I}9df(\9
k

|#Gy="+?GyJ}q9y?Gy}Q@=a?<wD+Q|#
Gy}"9Rd.*|OjGSAMOGeG _9QGy%+wz,Ey)@a=+uCI}9d!ta+?fz)G}S9S9J.
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%BS 6515:|(GYq9J|OG|+xGy=(y+D+#Gy}9!g?yzQ_(<?Gy}TAMO|?p,Gy="9A
%BS 8110:G:SAMOGeGy="+(jyzMQS9!?
%BS 8215:svv9!vv(fGyvv}vv}vv9QSvv?yvvAvvZvv}vv+vv~h@vvQvvv+vv>|vvOG|vv+vvx|vv"vvhGyvvQ_vv(<vv?Gyvv}vvTvvAvvMvvO|vv?pvv,
@W++OGy}=")
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5.1GCAaz=9JGy(c+q+?yzGOQGfGy(Gsg?;BG}QV

|tO|?

%<vvvgvvvOOQGSvvv?$vvvPGGyvvv}vvvtvvvavvvhSvvvAvvvwvvv(fsvvvO@vvvgvvvQvpvvvBfvvvzvvv)Gyvvv(cvvv9FvvvrGyvvvQFvvv+vvvTvvv+vvv?
yzGOQGf@JBG}QV.

%hSvvAvvwvv(fsvv9OQG
k

fvvzvv)GyvvAvvgvvQafvvzvv)Gyvvtvv]vv9*vv9Gyvv}vvqvvAvv9Ivv+vv?Gyvv}vv|CvvQIpvv,G!vvAvvtvv9A
GyJz(dGyAZ}+}+?Gy}"9S=?.

%hSvAovOQcGyvgv(G|v{Gyv}vAvjv+xvQIGyv}vQ@v=vav?<v9!vAvtv9A|v(GsvhGyv=v"v9AGyvAv,|v#Gyv}v}vwv#
Cf@|C

x
Qp,COGAGyGOQGfGy(Gsg?@JBG}QV.

!dQIf9|?

@vvv(p
x
vvvQ|vvvtvvv9_vvvhoGyvvvGvvvOQGfGyvvv}vvv(Fvvv(OI@vvvJvvvB|vvvTvvvAvvv(iG}QVQG<vvvavvv9

k
|vvv9<vvv+vvv#

Gyv=v"v+v?Gyvgovzv(*v?yvzv}v=v"v)hG}Sv9Sv9J.EP*vGv>!vtv{G}Iv}v9d|v#Gyv}v=v"v)<vz|v9ffv=vQ
$vvvPgGyvvvGvvvOQGf,vvvv}vvv9*vvvGvvv>GyvvvAvvvzv

w
vvvO|vvv#fvvvOeOLvvv(dGyvvvQ_vvv(<vvv?|vvv#G}QVEyvvv)

Gyvv}vv=vv"vv).pvv,PGJGyvv(svvB,@vvAvvgvvQVGyvvGvvOQGfEyvv)CIvv}vv9dFvv9!vv=vv+vv?|vv#G}QV

Gyvv}vvJvv+vvavv?<vv%vv9,svvO@ovvZvv=vvKo-GfvvAvv}vv9OG
k

fvvzvv)Gyvv}vvTvvAvv(*vv9JGyvv"vvTvv=vv+vv?yvv~QVfvvzvv)
Fv9!v=v,GyvGvOQGf-\vjvav9

k
$v+vOQhSvAv9@v+v9

k
*vOpvh<v9yvQ_v(<v?fv=vQGyv=v"v+v?.Sv"vOQSpv,

$vPGGyv}vtvavhGyv(cv9FvrGyv=v"v+v(*v?yvzvGvOQGf@vJvBG}QVh@v=vgv9JG!vAvtv9AGyvMv+v9QGJ

Gy}MAzq?fz)f}z+?GyAW++Ohfz)vzq?Gy}=").

Gy]jbGy%+OQhSA9@,,|ZazK*TAMOey(YrGy]jbfz)GyQ_(<?p,
G}QVhGy}Agzu<9yg}u.pwz}9GROGOGyg}u,*oOphGy}9A<qg{Gy]jbEy)

|"9_u|D{GyqQGi9JhGyqG(GJPGJGy]jbG}Lq^.

EfGyvv}vvAvvavvzvv=vv9JGyvv(cvv+vvqvv+vv?GyvvQFvv+vvTvv+vv?yvv%vvPgGyvvGvvOQGfGyvvAvvJvvBCQ\vv+vv?$vv,
G:SvvvvAvvvvtvvvvQGQGyvvvv=vvvv"vvvv+vvvv(j,h|vvvv"vvvvhGyvvvvQ_vvvv(<vvvv?,hGyvvvvO*vvvv}vvvv(|vvvv?(GyvvvvWvvvvwvvvv{5.1).<vvvv}vvvv9Cf

GyvGvOQGf@vtvh@vJvBG}QVpv%v,iv+vQ|vQFv+v?;h<v9yvAv9yv,yv+vUyv}vdv%vQ$v9C$v}v+v?
@

o
PvQ.
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O*}(|?GyGOQGf@JBG}QV

vvv}vv9:Ivvdvv"vv9Svv9<vvtvv9
k

,*vv}vvwvv#yvvzvv=vv+vv8vv?GyvvAvv,@vvAvv(GFvvOpvv+vv%vv9<vvgvv̂fvv"vv9YvvQGyvv=vv"vv+vv?
@vvJvvBSvvavvKG}QVCf@vvwvv(f<vv+vv8vv?fvvOGFvv+vv?yvv}vv(GOGyvvAvvWvv+vv+vvO.*nvvqvvQVPyvvx<vvgvv̂

Gyvvv]vvv(G<vvvbfvvvzvvv)_vvv=vvv+vvvgvvv?@vvvWvvv+vvv+vvvOGyvvvGvvvOQGf@vvvJvvvBSvvvavvvKG}QV.@vvvAvvvgvvvQV$vvvPg
GyvvGvvOQGfyvvzvvQ_vv(<vv?G}Q\vv+vv?|vvgvvdvv~Gyvv(svvB.h*vvgvvAvv}vvO|vvOiGyvvAvvgvvQwVfvvzvv)_vv=vv+vvgvv?
GyvvvAvvvQ<vvv?hfvvvzvvv)|vvvTvvvAvvv(iGyvvv}vvv+vvv9gGyvvvGvvv(pvvv+vvv?,hyvvvwvvv#pvvv,|vvvgvvvdvvv~GyvvvJvvv9:J@vvvwvvv(f
GyvvGvvOQGf@vvJvvBG}QVpvv,<vv+vv8vv?Q_vv=vv?.hyvvPyvvx@

o
vvqvv]

v
vv{Gyvv}vv(GOPGJGyvv}vvTvv9|vv+vv?

Gyvv}vv"vvMvvqvv]vv?;EPsvvz
v
vv}vv9@vvgvv9!vv,|vv#@vvzvvr

k
!vvAvv+vvGvv?yvvAvvGvv}wvvOGyvv}vv9AGyvvtvvQ*vv>|vv#SvvavvK

G}QVpvvv,pvvvAvvvQGJGyvvvavvvtvvvUGyvvv=vvv9QO.@vvv}vvv+vvv{Gyvvv}vvv(GOGyvvv}vvvTvvv9|vvv+qvvv?[Gyvvv"nvvvqvvv(PI]Eyvvv)
G|vvAvvZvv9UQ_vv(<vv?G}QV,GyvvAvv,@vvAvv}vvOvOfvv"vvOGyvvAvvGvv}wvvO|ovvTvv=xvv=vv?@nvvWvvdvv+vv?h$vvWvv9Vvv?
Gy}9OI.

@vvAvvgvvQVGyvvGvvOQGfpvv,$vvPgGyvv}vv"vv9_vvuEyvv)\vvjvv(Wfvv9yvv+vv?C*vv]vv9
k

|vv#vvv{
u

|vv#
Gyvv}vv=vv"vv)pvv(bG}QVh|vv#G}QVPG@vv%vv9.Efyvvzvvtvv(IGyvvGvv9!vv=vv+vv?GyvvAvv,@ovvTvv=vv=vv%vv9vvvAvvzvv?
G}QVGyvv}vvJvv+vvavv?<vv9yvvGvvOQGfCCvvQG

k
\vvjvvavv+vv9

k
vvv=vv+vvQG

k
,h<vvMvv9Yvv?pvv,Ivv9yvv?GyvvGvvOQGf

PGJGyqG(I(GyWw{5.2).
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hyv}vtv9h|v?@vzCv+vQ$vPGGyvAvJv}v+v{@ov}v~
o

GyvqvGv(I@vJvB|vTvAv(iG}QV<v}vR*vH
\vvvgvvv+vvvr|vvv#GyvvvMvvvQSvvv9!vvv?,Ch@ovvvWvvv+vvvvOoGyvvvGvvvOQGf|vvv#G6FvvvQGyvvvZvvvzvvv>ChGyvvv=vvvzvvv(c
[Gyvvzvv=vv"vv9J]yvvjvv9*vv?SvvavvKG}QV|vv#OhfhFvv(OpvvGvv(I.Gyvv=vvzvv(cGyvv}vvTvvAvvMvvOepvv,
$vPgGyv}v"vavtv?fv9yv,GyvO*v}v(|v?PhvvDv9pv?fv9yv+v?h|vTv9|v+qv?|v"vMvqv]v?.h*vMvAvzvrvvDv+vQG

k

fv#Yv+vjv?Gyv=vzv(cGyv}vTvAvMvO|v?fv9OIpv(bG}QV.*vgvQa$vPGGyv"v(Y|v#Gyv=vzv(c
<vvvv"<z(cGyM"9Ob"h*Z"vh<Ww{L9Uy;SAMOGe@JBSaKG}QV.

Cvvv}vvv?fvvv9|vvv{BLvvvQ*vvvGvvv>CLvvvPg<vvv9:fvvvAvvv=vvv9Q,*vvvAvvv}vvvDvvvv{pvvv,Gyvvvavvv=vvv+vvvgvvv?Gyvvv}vvv|P*vvv?
Gyv}ovJvAv}nvzv?yvzvAvQ<v?GyvAv,@v(\vhpv+v%v9GyvGvOQGf.pvqv,GyvAovQnHGyvZvzvZv9yv+v?Cv}v?GIvAv}v9d
yvvAnvvz
n
vvrGyvvMvvQSvv9!vv?<vvqvvgvv{Gyvvwvv=vvQ*vvAvv9JGyvvPGFvv=vv?.h<vv9yvvAvv9yvv,|vv#Gyvv]vvQhQjEFvvQGA@vvJvvQu

Vv9|v{yvzv}v(svhyvzvAvgvQafvzv)Gyv}v(GOPGJGyvAvzCv+vQGyv}ovJvAv}v{pv,O*v}v(|v?GyvGvOQGf.
@vAvTv=vv>|v%v9Fv}v?Gyvwv=vQ*vByvzvMvQSv9!v?hyvzv}v;WG Sv}v"vAv,Gyv}vTvAvMvOepv,@vO|v+vx
FvvOGQG6FvvQChGyvv=vvzvv(c,pvv,GyvvAvv}vvOwOhGyvv%vvWvv9Vvv?hpvvtvvOGfGyvvtvv(I.h$vvPgGyvv}vvqvv9fvv+vv{
i+Qfw(S?hy%9@=g9Jv=+QIfz)GyO*}(|?.

Gyt(IhG:SAtQGQ
*ovvgvvAvv=vvQ|vvavvzvv>@vv(GpvvQGyvvGvvOQGf@vvJvvBG}QVsvv9fvvOI

k
QGSvvMvv?@

o
vvWvv+vvvOpvv(svv%vv9

Gyvv=vv"vv+vv?Gyvvgovvzvv(*vv?yvvzvv}vvTvvwvv#,C$vv~Gyvvgvv(G|vv{Gyvv}vv|CvvQIpvv,G!vvAvvtvv9AYvv+vvjvv?$vvPgGyvvGvvOQGf.
@vAvavzv>sv(G!v+v#Gyv=v"v9ACf:*vR*vOGyvJv}v{Gyv}v"vtv(dfv=vQsv9fvOIG}Sv9Sv9Jfv#70

kN/m<vvvWvvvwvvv{|vvv"vvvAvvvdvvv~.*ovvvJvvvOO$vvvPGGyvvvtnvvv+vvvO,E\vvv9pvvv?Eyvvv)|vvvtvvvOQIGyvvvAvvvJvvv}wvvv{G6|vvv"vvv?
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yvzvav=vtv9JGyvOGfv}v?,|vTv9Iv?
n

sv9fvOIG}Sv9Sv9JGyv}v"v9Sv=v?GyvAv,*v}vwv#Cf@vAvjv+vQ.@ovJvOvO
|vTv9Iv?|vtvavhGyvGvOQGf@vJvBG}QVfv9OI<vTv}v9vv?FvOQGfGyv=v"v+v?Gyvgovzv(*v?.h<v9yvAv9yv,
pvvDvv}vv?|vvGvv9d|vvJvvOhOyvvAvvjvv+vvQGJVvvQhWGyvvAvvJvv}vv+vv{.Ef|vvTvvAvv(*vv9JGyvv]vvjvvbGyvv}vv}vv9QS

fvvvzvvv)GyvvvGvvvOQGfGyvvv(Gsvvvgvvv?@vvvJvvvBSvvvavvvKG}QVfvvv9yvvv+vvv?!vvvTvvv=vvv+vvv9
k

,Ivvv+vvvE@ovvv(Fvvvv&GyvvvwvvvAvvvzvvv?
Gyv}vAvQGvv}v?yvwv9|v{Gyv}v=v"v)pv(bG}QVfv=vQ$vPgGyvGvOQGf.yvPGhFv>Cf@vwv(fsv(I
G6FvvQChGyvv=vvzvv(cGyvv}ovvTvvAvvMvvOevvv9pvv+vv?yvv]vv}vv9fsvvOQ@vv%vv9fvvzvv)|vvtvv9h|vv?G}Ivv}vv9d|vv#Ohf
LvvavvQGyvvAvvOGfvv,ChGyvvAvv%vvWwvv~.*ovvTvvAvvMvvOefvv9OIBFvvQCh<vvzvv(cPh|vvtvv9h|vv?@vv%vvWwvv~5-7 N/

mm2.@vvgvvAvv=vvQ|vvqvv9fvv+vv{GyvvAvvz
n
vvrGyvv}vvJvvAvv}vvzvv?yvv~Ivv}vv9dGyvvGvv9!vv=vv+vv?,Gyvv"vv9Fvv}vv?fvv#GyvvAvvQ<vv?

Gyvv}vvJvv+vvavv?,G}vvvDvvQGfvvAvv=vv9QG
k
pvv,Gyvv}vv"vv9_vvuGyvvAvv,@vvgvv9!vv,|vv#G!vvwvv}vv9TGyvvAvvQ<vv?GyvvZvvzvvZvv9yvv+vv?.

EP*vv"vvAvvH|vv#GyvvAvv]vvM
w
vv~Gyvv}vv(Svv}vv,yvvzvvZvvzvvZvv9dR*vv9OIpvv,|vvTvvAvv(*vv9JGyvv]vvjvvbGyvvGvv9!vv=vv,

Gyvvv}vvv}vvv9QSfvvvzvvv)GyvvvGvvvOQGf.h:<vvvO|vvv#GfvvvAvvv}vvv9OByvvv+vvv9J@vvv]vvv}vvv#Cf:@ovvvTvvv=xvvv>$vvvPg
Gy}TA(*9JpW{GyGOQGf.

|"hGyQ_(<?
Cvvv}vvv?|vvv}vvvQGJ|vvvAvvvgvvvOOI@vvv}vvvQqLvvv;yvvv%vvv9Gyvvv}vvv+vvv9gGyvvvGvvv(pvvv+vvv?Eyvvv)Gyvvv}vvv=vvv"vvv)(GyvvvWvvvwvvv{

5.3).h|vv#Gyvv]vvQhQj|vv"vvhOLvv(dGyvvQ_vv(<vv?Eyvv)Gyvv}vv=vv"vv)yvv]vv}vv9f<vvtvv9AG}Fvv(GA
GyvvvOGLvvvzvvv+vvv?|vvv"vvv9Svvv=vvv?.@vvvwvvv(f_vvv=vvv+vvvgvvv?GyvvvGvvvOQGf@vvvJvvvBG}QV<vvvJvvv+vvvE:@vvvTvvv}vvvK
yvzvQ_v(<v?<v9yv}vQhQEyv)OGLv{Gyv}v=v"v)IvAv)yv(vv9!vB$vPgGyvGvOQGfQ_v=v?.*vAvJvtvu
Pyvvx<vv9SvvAvvMvvOGe|vv(GOLvv9Yvv?|vvtvv9h|vv?yvvzvvQ_vv(<vv?.*vvZvvavvzvvKfvvzvv)@vvTvv}vv+vvAvv%vv9|vvOG|vv+vvx
|t9h|?GyQ_(<?(DPCs) (Damp Proof Courses).
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@vv(\vvhGyvv}vvOG|vv+vvxGyvv}vvtvv9h|vv?yvvzvvQ_vv(<vv?yvv}vv"vvh@vvQGvvv~GyvvQ_vv(<vv?|vv#|vvMvvAvvzvvr
Gyv}vZv9OQ,h*vAvJvOO|v(\vgv%v9IvTv>GyvJv9Fv?yvzvAvgv9|v{|vhGyvQ_v(<v?Gyv}vAvRG*vOIh|vh

QPGPGyvv}vvavvQ.hsvvOGSvvAvvMvvO|vvBfvvzvv)|vvQGyvvgvvZvv(Q|vv(GO|vvAvvgvvOOI@vvWvv}vv{G}QOhGR
h|(GO<(y+}Q*?IO*D?.

@vv(\vvhGyvv}vvOG|vv+vvxGyvv}vvtvv9h|vv?yvvzvvQ_vv(<vv?pvv,GyvvGvvOQGfGyvvMvv9QFvv+vv?hGyvvOGLvvzvv+vv?,
h:<vvO|vv#Q<vvavv%vv9|vvhCivvWvv+vv?|vv"vvhQ_vv(<vv?vvvAvv+vv}vv?(Damp Proof Membranes)

(DPMs)pv,G}Q\v+v9JyvAvWvwv+v{Iv9FvR|vAvZv{.h@v(\vhfv9OIfvzv)|vTv9pv?150

|vv~vvvJvvOCO!vv)pvv(b|vvTvvAvv(iG}QVGyvvMvv9QFvv+vv?yvvAvvGvv"vv>QPGPGyvv}vvavvQ,vvv}vv9C!vv%vv9
@vvAvv]vv}vv#"Cvvtvv(HQVvvK"pvv,Gyvvavv(HGyvv}vv(Fvv(O@vvJvvAvv%vv9yvvAvvTvv}vvKyvvzvv}vv9ACf*vvQ@vvWvvK
|#pG(IGyGOGQEy)GyM9QL.

|TA(*9JG}QVGy}MAzq?

pvvv,<vvvgvvv̂GyvvvJvvv9:J*vvvwvvv(f@vvvWvvv+vvv+vvvOGyvvv}vvv=vvv9!vvv,fvvvzvvv)|vvv(Gsvvvh|vvv9Fvvvzvvv?\vvvQhQ*vvv9
k

(GyvvvvWvvvvwvvvv{5.4).pvvvv,|vvvvDvvvv{$vvvvPgGyvvvvJvvvv9:J,!vvvvJvvvvAvvvv9LEyvvvv)Esvvvv9|vvvv?FvvvvOQGf@vvvvJvvvvB
|vTvAv(i|vO|v9c|v9!vhGyvQ_v(<v?yvqvZv{GyvqvQGZ@vJvBGyvav9<vuG}Q\v,fv#G}QV

GyvvvMvvv9QFvvv+vvv?,hfvvvzvvv)GyvvvGvvvOGQpvvv,$vvvPgGyvvvJvvv9:J@vvv"vvvqvvv+vvvP|vvv%vvv9eE\vvv9pvvv+vvv?fvvvOGGyvvvAvvv,
!v9svWv"v9$v9Sv9<vtv9

k
.fvzv)GyvGvOQGfGyv}v}vAvOI@vJvBSvavKG}QVEyv)fv}vuvv=v+vQCf

@vtv9heG}Iv}v9dGyvGv9!v=v+v?Gyv}vqvQh\v?|v#GyvAvQ<v?Gyv}vJv+vav?.hpv,$vPGGyvTv+v9b*v}vwv#
GfvvAvv=vv9Q$vv9FvvOQGfESvv"vv9O,<vv9 \vv9pvv?Eyvv)Ofvv~GyvvGvvOQGfhGyvv=vv"vv+vv?Gyvvgvvzvv(*vv?pvv(svv%vv9.
h<vv9yvvAvv9yvv,pvvgvvzvv+vv%vv9Cf@vvwvv(fPGJYvv+vvjvv?Yvvzvv=vv?svv9OQIfvvzvv)|vvtvv9h|vv?_vv+vvrGyvvtvv(i
Gy}a=t?,|h|J9pdA%9fz)O*}(|A%9\}#Gy=+8?@JBG}QV.

E\vv9pvv?
k

Eyvv)|vvAvvavvzvv=vv9JG:SvvAvvtvvQGQGyvv=vv"vv+vv(j,pvv{f|vv"vvh@vvTvvQwHGyvv}vv+vv9gGyvvGvv(pvv+vv?
iv9yv=v9

k
|v9*vwv(f\vQhQ*v9

k
;pv,<vgv̂GyvJv9:J*vwv(f@vjvzvjv{Gyv}v9AEyv)IvO|vgv+v#

|vvtvv=vv(:
k

,fvv"vvOhFvv(O!vvdvv9eYvvQa@vvJvvBG}QVfvvzvv)Svv=vv+vv{Gyvv}vvDvv9d.pvv,|vvDvv{
$vvPgGyvvJvv9:J*ovv]vvNGyvv}vv9ALvv9QFvv9

k
fvv=vvQIvv(V|ovvGvv}

x
vvhyvv}vv"vvh@vvQGvvv}vv&|vvh|vvQhQ

GyvvR|vv#.*vvAvvavvzvv>|vv"vvh@vvTvvQHGyvvQ_vv(<vv?|vv#$vvPgGyvvqvvGvv(GJ@vvJvvBG}QV@vvRh*vvO
vvv9|vv{|vvJvv+vvbGyvv}vv=vv"vv)@vvJvvBG}QV<vvgvv"vv9YvvQ|vv9!vvgvv?yvvzvvQ_vv(<vv?fvv}vv(O*vv9

k
hCpvvtvv+vv9

k
.

@vvTvv}vv)$vvPgGyvvavvQ*vvtvv?yvv}vv"vvhGyvvQ_vv(<vv?"GyvvM
n
vvRrf".@vvTvvAvvMvvOe|vv(GOvvvAvv+vv}vv?yvvAvvWvvwvv+vv{
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4.5 

H      4 T x  
T = t1 +  t2 +     
T = t1 +  t2       

DPC 

)   DPC( 

)   DPM( 

DPM

   

   ُ
  
  

 

GyvvMvvRGf,|vvDvv{G:SvvqvvzvvBGyvv}vvZvvavvwvv9hj,ChGyvv}vv(GOGyvv=vv+vvAvv(!vv+vv?,ChCj_vv+vvr|vv#
Gyv}v"vAvGv9JGyv}vAvMvZvZv?PGJGyvav=v+vgv?Gyv}vav9_v+v?.|v#Gyv]vQhQjCf*vwv(fGyvMvRf
|

ovvAvvvZvv;
k

vvv}vv9pvv,Ivv9yvv?|vvO|vv9c|vv9!vvhGyvvQ_vv(<vv?hivvWvv9A|vv9!vvhGyvvQ_vv(<vv?,h*vvGvv>Cf
*vvJvv9pvvefvvzvv)Svv;|vvAvv&fvvzvv)G|vvAvvOGOGyvv}vv"vvavvtvv?Gyvv}vvavvzvv(H@vv(pvv+vvQvvvAvv9|vvAvv%vv9.h<vv9yvvAvv9yvv,,
*vGv>CLvPGyvJv+vav?GyvWvO*vOIpv,Gyv}v"v9_vuGyvAv,@nvMvAvQb|v"v%v9fv"v9YvQo|v#Gyv}v=v"v),
|vvvvDvvvv{Gyvvvvgvvvv(GQVhG}fvvvv}vvvvOI,G}Q\vvvv+vvvv?

n
ChGyvvvvGvvvvOQGfGyvvvvAvvvv,$vvvv,@vvvvJvvvvBG}QV.

hyvvvv%vvvvPGC$vvvv}vvvv+vvvv?Lvvvv9Yvvvv?EP@vvvv|CvvvvQGyvvvv}vvvv+vvvv9gGyvvvvGvvvv(pvvvv+vvvv?pvvvv,$vvvvPgGyvvvvGvvvvOQGf<vvvv]vvvvjvvvvb
$vv+vvOQhSvvAvv9@vv,|vv(Fvv>.h*vvGvv>Cf@vvwvv(fGyvv}vv(GOGyvv}vv9!vvgvv?yvvzvvQ_vv(<vv?svv9OQIfvvzvv)
@J}{|D{$PGGy]jb.
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@}Q*#

vvvvIOOGyg(G|{GyA,@|CQp,O*}(|?GyGOQGf@JBG}QV

vvvv|9PG@q%~|#Gy}ZazK(GyMRf)?

5.2L+9QGJG@OQGf;BG}QV

|tO|?

%<vvgvvOOQGSvv?$vvPGGyvv}vvtvvavvhSvvAvvAvvgvvQafvvzvv)<vvOGFvv{GyvvAvvWvv+vv+vvOGyvvQFvv+vvTvv+vv?Gyvv}vvAvv9Ivv?
yAWw+{GyGOQGf@JBSaKG}QV.
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GyZ+j?GyA(Y+r

C!vvvvvvvv9<vvvvvvvv+>PGJCsvvvvvvvvavvvvvvvv9Q

v=+QI
C!9<+>GyZQaGyZJ,(yj9*?100|~)

C!vvvvvvvv9<vvvvvvvv+>PGJCsvvvvvvvvavvvvvvvv9Q

Yj+QI
C!9<+>E|OGOGC+9gGyQF+T+?(25|~)C!9<+>E|OGOGyj9RGyQF+T+?(25|~)

v9<;JE|vvOGOGyvvwvv%vvQ<vv9AGyvvQFvv+vvTvv,hYvv;JGyvv%vv9@vvrhYvv;JG:@vvZvv9:JGyvvwvv9<vvz+?
(h@A]}#GyAzq9RhGy%9@rh|9V9<&)

EfGyvvWvvQvvv9JGyvv}vvTvv|hyvv?fvv#@vv(R*vvh$vvPgGyvvMvvO|vv9J|vvTvv|hyvv?C*vv]vv9
k

fvv#@vv(pvv+vvQ
hYvvv{GyvvvMvvvO|vvv9JEyvvv)Gyvvv}vvvTvvv9vvvv#.h$vvvPGyvvv+vvvUhG\vvvJvvv9

k
vvvv}vvv9*vvv}vvvwvvv#Cf*vvv=vvvOh,EPsvvvO

@vvAvv"vv9pvvU|vvJvvzvv+vv9
k

fvvOIVvvQvvv9JyvvAvv(Q*vvOGyvvMvvO|vv?.hpvv,vvv{G}Ivv(GdCvv}vv?Ivv9Fvv?yvvzvvAvv"vvTvv+vvu
<v+v#E|vOGOGJGyvMvO|v9JLv;d|vQIvzv?@vWv+v+vOGyv}v=v"v)yv]v}v9f@v"vqv+vPG}fv}v9dGyvQFv+vTv+v?
<vZv(QIpv9fvzv?|v#OhfGyvAvwvQGQiv+vQGyv]vQhQj.hyvzv}vTv9fvOIpv,fv}vzv+v9JGyvAv"vTv+vu<v+v#
GyvvMvvO|vv9J,@vvtvvOe|vvGvv}vv(fvv?GyvvMvvO|vv9JGyvv}vvAvvJvvOIGyvv(_vv"vv+vv?(1)(NJUG)G:SvvAvvWvv9QGJ

(1)p,GC}zw?GCAJOI(GCAQF~).
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vv}vv(vd$vvPgGyvv}vvGvv}vv(fvv?|vv#svv=vv{|ovvRhxOjGyvvMvvO|vv9JGyvv"vvqvvgvv+vv?h$vv,@vv(p

x
vvQ|vvQvvvRG

k

yvv"vvWvv9_vv9@vv%vv~Gyvv}vvWvvAvvQvvv?hyvv}vvAvvavvzvv=vv9@vv%vv~.@vvtvvOeGyvv}vvGvv}vv(fvv?<vvWvvwvv{Lvv9U!vvZvv9FvvK@vvAvvgvvzvvu
<}OGL{GyMO|9JGyg9|?,h<{s9|?Gy}OGL{,h<A(\hGygOGOGJ.

vvv9f|vv#GyvvWvv9Fvvhpvv,Gyvv}vv9\vv,Cf*vvJvvqvvQvvv{|vvRhxOLvvO|vv?Lvv"vv9Ob|vvTvvAvvtvvzvv?
 |vvOGOLvvO|vvAvv&Eyvv)Gyvv}vvTvvwvv#,|vv}vv9COiEyvv)hFvv(OfvvOO$vv9Fvv{|vv#GyvvMvv"vv9Ob,
hEyv)pvAvQGJEQSv9A|vO*vOI.@v"vZvK|vGv}v(fv?GyvMvO|v9JGyv}vAvJvOICf*ovJvqvQLv"vOb
f9eyAT++QE|OGOGJGyMO|?Ey)Gy}Tw#(GyWw{5.9).

@vvJvvTvv"vvB_vv=vv+vvgvv?|vvOGLvv{GyvvMvvO|vv9JEyvv)Gyvv}vv=vv9!vv,|vvh@vvavv(QGyvv}vv(GOGyvv}vvQ!vv?
Gyvv}vvTvvAvvMvvO|vv?pvv,Cfvv}vv9dGyvv}vvGvv9QjhG}!vv9<vv+vv>.h$vvPg<vvOhQ$vv9Svv}vvJvvB<vv9SvvAvvMvvOGe
C!v9<v+v>h|vGv9QjLvO|v?<vz_v(Gd|vAvZvzv?|v#G}!v9<v+v>hGyv}vGv9Qj,|vhfvOOCsv{
|vv#Gyvv(Yvv;JGyvv}vvavvzvv(<vv?yvv}vv(GFvv%vv?GyvvAvvjvv+vvQGJGyvvavvqvv+vvqvv?yvvzvv}vvTvv9QGJ.vvv}vv9FvvQi

@T%+{f}z+?E|QGQGyMO|9JI(dGyg(GFuGy}JA}z?.

|vv#Gyvv}vvqvv+vvOOQGSvv?vvv{|vv#Gyvv}vvGvv}vv(fvv9JGyvvQFvv+vvTvv+vv?|vv#GyvvMvvO|vv9J<vvAvvqvvZvv+vv{
CvDQ.
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G}!9<+>PGJG}sa9QGyw=+QI:GyZQaGyZJ,

@vvvMvvvAvvvzvvvrCsvvvavvv9QC!vvv9<vvv+vvv>GyvvvZvvvQaGyvvvZvvvJvvv,Gyvvv}vvvTvvvAvvvMvvvO|vvv?pvvv,GyvvvAvvv}vvvO*vvvOGJ

GyvvvZvvvJvvv+vvv?<vvvOAG
k

|vvv#32|vvv~hyvvvjvvv9*vvv?100|vvv~.yvvv+vvvUGyvvv%vvvOa$vvv"vvv9fvvvQV@vvvQvvvv+vvv>
GyvvMvvO|vv9JGyvvZvvJvv+vv?hyvvwvv#pvvtvvb@vvqvvJvv[@vv=vvgvv9JGyvvJvv9Fvv?yvvAvvTvv+vv+vvQCfvv}vv9dG}!vv9<vv+vv>
Gyvv}vvQGpvvtvv?fvv=vvQ!vvTvv+vvHGyvv}vv=vv"vv).*vv"vvJvvZvvQGSvvAvvMvvOGeC!vv9<vv+vv>GyvvZvvQaPGJG}svvavv9Q
GyvvvZvvvjvvv+vvvQIpvvv(bSvvvavvvKG}QV,h@vvv}vvvQQfvvv=vvvQGyvvvGvvvOQGfGyvvvMvvv9QFvvv+vvv?<vvvJvvvqvvvQCvvvtvvv>
<9yt+9SGy}"9S>.hy+UC}?I9F?yOf~E\9p,p,GyGOGQGy}J+b.

@vWvwv{Gyvtv+v9Sv9JGyvwv=v+vQIyv~!v9<v+v>Gyv}vTvAvMvO|v?@vJvBG}QV@vJvO*v9
k

CvvDvQ

<vv}vv9*vvAvvgvvzvvu<vv9yvvGvvOQGf@vvJvvBG}QV(GyvvWvvwvv{5.10).!vvJvvAvv9L\vv}vv#Ivv+vvRGyvv}vv=vv"vv)
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Eyv)hFv(O|vGvQhQyvzvZvQaGyvZvJv,\v}v#iv;aGyv}v=v"v)@vJvBG}QV*vQ<vb
OhQGJGyvvv}vvv+vvv9gGyvvvAvvv,@ovvvMvvvO

x
eGyvvvavvv9<vvvuG}Q\vvv,,hvvvv"vvvAvvv+vvvGvvv?yvvv;SvvvAvvvMvvvOGeGyvvv}vvvAvvvRG*vvvO

}!v9<v+v>YvQaOGLvzv+v?yvAvMvO*v~GyvAv}vO*vOGJGyvZvJv+v?pv,Gyvav9<vuGyvgvzv(j.fv"vO|v9
@vv}vvQ$vvPgG}!vv9<vv+vv>fvv=vvQGyvvGvvOQGfGyvvMvv9QFvv+vv?@vvJvvBSvvavvKG}QVpvvDvv}vv?GIvvAvv}vv9d

IvvOhKfvvavv>!vv9@vvH|vv#IvvQvvv?@vvqvv9h@vv+vv?.Cvv}vv?Svv=vv=vv9fQFvv+vvTvv+vv9f|vvJvvAvv}vv;fyvv%vvPg
GyvvvJvvvQvvvv?.Ch:

k
GIvvvAvvv}vvv9dIvvvQvvvv?G}QVGyvvv"vvv9Fvvv}vvv?fvvv#G:!vvvAvvvqvvv9NGyvvvPj*vvvTvvvAvvvJvvvDvvv&

GyvvAvvGvv}vvOpvv,GyvvAvvQ<vv?Gyvv}vvJvv+vvavv?<vv9yvv}vv=vv"vv).Cv9!v+v9
k

LvvavvQhFvv(OIvvQvvv?@vvAvvgvvzvvu<vv9yvv%vv=vv(W
G}hyvv,yvvzvv}vv=vv"vv)GyvvGvvO*vvO.@vv%vv=vvbvvv9pvv?Gyvv}vv=vv9!vv,GyvvGvvO*vvOIyvvOQFvv?Yvvjvv+vvQIhPyvvx

<vvTvv=vv>GyvvQUqGyvv=vvTvv+vvbyvv~QVGyvvOGfvv}vv?GyvvPj*vvzvv,@vvWvv+vv+vvOGyvv}vv=vv"vv).h$vvPGfvv}vv(|vv9
k

:*vOfv(Eyv)Gyvtvzvuh:*v|CvQpv,GSvAvtvQGQGyv}v=v"v).hyvwv#EPGvv9f|v#Gyv}vJvAv}v{
Cf@vvvAvvvzCvvvQG}!vvv9<vvv+vvv>Gyvvv}vvv9QIfvvv=vvvQGyvvvGvvvOQGfpvvv;<vvvO|vvv#GIvvvAvvv(GAGyvvvJvvvQvvvv?.hEfyvvv~

*vvJvvZvv{PyvvxpvvDvv}vv?GIvvAvv}vv9dyvvwvvTvvQCh@vvWvv(*vv&C!vv9<vv+vv>GyvvZvvQa.hSvvAvvwvv(ffvv(Gsvv>
PyvvvxpvvvWvvv{G}!vvv9<vvv+vvv>@vvvJvvvBG}QVh@vvvTvvvQH|vvvJvvvAvvv(*vvv9@vvv%vvv9.hyvvvAvvvGvvv"vvv>PyvvvxCvvv}vvv?
|vtv9Q<vAv9f|vMvAvzvqvAv9f QSv9AG}!v9<v+v>,@vgvAv}vOCh:$v}v9fvzv)GSvAvMvOGeGyv(Yv;J
Gyvvv}vvvQ!vvv?GyvvvAvvv,@vvvTvvv}vvvKyvvv~!vvv9<vvv+vvv>Gyvvv}vvv=vvv"vvv+vvv?OGLvvv{GyvvvGvvvOGQCf@vvvAvvvWvvv(g\vvv}vvv#IvvvOhO
|vvtvv=vv(yvv?.h@vvgvvAvv}vvOGyvvDvv9!vv+vv?fvvzvv)GSvvAvvMvvOGefvvAvv=vv9JOGfvv}vv?pvv(bpvvAvvJvv?vvv=vv+vvQI.*vvwvv(f
IvvvGvvv~GyvvvqvvvAvvvJvvv?<vvvJvvv+vvvE*vvv}vvvwvvv#GIvvvAvvv(GAGyvvvJvvvQvvvv9JGyvvvZvvvjvvv+vvvQI|vvv#OhfCf@vvvAvvvzCvvvQ
G}!v9<v+v>.pv,$vPgGyvJv9yv?,@vJv9WG}!v9<v+v><v}v9OIsv9<vzv?yv;!v]vjv9Wh@vRhO<vjvav9A

Yz> Iw9eGyqAJ?hy}"hOL(dGyJWQGJh|9Ey)Pyx.

G}!9<+>PGJG:sa9QGyZj+QI:E|OGOGJGy}9AhGyj9R

@vvAvvwvv(fG}!vv9<vv+vv>GyvvAvv,@vvRhxOGyvv}vvTvv9vvv#<vv9yvv}vv9A|vv#svvTvv}vv+vv#.*vvgvvQaGyvv}vvtvvavvh
Gyv(GYv{|v#Gyv}vZvOQGyvQFv+vTv,Eyv)GyvgvOGOChEyv)Yv}v9eGyvtvavhfv"vOIvOGyv}v=v"v)
<vvvvvv"C!vv=vv(HGyvv"vvtvv{",h@

o
vvQSvv+vv&VvvQvvv?Gyvv}vv+vv9g.h*vvTvv}vv)Gyvv}vvtvvavvhGyvv}vv}vvAvvO|vv#$vvPG

GyvvJvvOEyvv)Gyvv}vvTvvwvv#<vvvvvv"C!vv=vv(HGyvvMvvO|vv?"h*ovvQSvv+vv&|vvAvvgvv%xvvOGyvv=vv"vv9AChCj|vvTvvAvvMvvOe
BLvvvQ.*vvv=vvvzvvvksvvvavvvQC!vvv=vvv(HGyvvvMvvvO|vvv?25|vvv~h*vvvAvvvWvvvw

v
vvv{|vvv#C!vvv9<vvv+vvv>|vvvQ!vvv?|vvv#|vvv9OI

Gyv=v(yv+vDv+vzv+v#|vAv(SvbGyvwvDv9pv?(MDPE).*v}vwv#@v}v+v+vRC!v=v(H@vRh*vOGyv}v9A<vTv%v(yv?
|vv#yvv(!vv&G}RQb.*vv(\vvhG}!vv=vv(Hpvv,Lvv"vvObPhfvv}vvu|vv9<vv+vv#750|vv~h1350

|vvv~hPyvvvxyvvvJvvv}vvv9*vvvAvvv&|vvv#@vvvzCvvv+vvvQGJGyvvvZvvvtvvv+vvvh,hyvvvAvvvtvvvzvvv+vvv{CCvvvQG}Ivvv}vvv9dGyvvv]vvv9ivvvavvv?
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k

Eyvv)Yvv}vv9eGyvvtvvavvh

\vvv}vvv#Gyvvv}vvv=vvv"vvv).*ovvv}vvvQQG}!vvv=vvv(H\vvv}vvv#"v
o
vvv~
u

CSvvvavvv(G!vvv,"PjsvvvavvvQCvvvv=vvvQ,*ovvv=vvv"vvv)
\v}v#GyvJv9Fvb,h*v}vQfv=vQCQ\v+v?Gyv}vTvwv#,hPyvxyvzvTv}v9M<v}vtvOGQ|v#GyvJvQvv?
GyvvAvvqvv9h@vv+vv?.@ovvTvvOw!vv%vv9*vvAvv9G}!vv=vv(H<vv{Ivvwvv9eyvv}vv"vvhOLvv(dGyvvJvvWvvQGJhivv+vvQ$vv9hyvv}vv"vvh
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EQSvv9Ag|ovvzvvR|vv?(GyvvWvvwvv{5.11).*ovvOpvv#C!vv=vv(HGyvvMvvO|vv?fvvzvv)fvv}vvu:*vvtvv{fvv#

375|vv~@vvJvvBG}QV,h*vvMvvQL|vv#G}QVfvv"vvOGyvv(GFvv%vv?GyvvMvv9QFvv+vv?yvvGvvOGQ
Gyvv}vvTvvwvv#.|vv#GyvvWvv9Fvvhpvv,G}<vv"vv+vv?GyvvtvvO*vv}vv?Cf!vvGvvOfvvOGOGyvvjvv9R|vv(\vv(fvv9

k
\vv}vv#

Gyvv}vv=vv"vv).C|vv9pvv,Gyvv}vv=vv9!vv,GyvvJvvO*vvDvv?pvv+vv(\vvhGyvvgvvOGOLvv9QFvv9
k

h*vvJvvqvve\vv}vv#fvvzvv=vv?
fvvOGO|vvJvv}vv+vv?.h$vvPgGyvvgvvzvv=vv?Svv%vvzvv?Gyvv(Yvv(dyvv}ovv(QOGyvvjvv9R}ivvQGVsvvQGAIGyvvgvvOGO

hyvvzvvTvv}vv9M<vvtvvavvhG |vvOGOpvv,Ivv9:JGyvvavv(GQ .*vv}vvQC!vv=vv(HG |vvOGO|vv#fvvzvv=vv?
GyvgvOGOEyv)Gyv}vTvwv#fv=vQGyvGvOGQGyvMv9QFv,pv(bSvavKG}QV,h*vwv(f|vGv%vRG

k

<vvvw
o
vvv~qGSvvvavvv(G!vvv,yvvv}vvv"vvvh@vvvTvvvQHGyvvvjvvv9REyvvv)GyvvvqvvvGvvv(I.hsvvvOFvvvQiGyvvvJvvvO*vvvEfvvv#
@q9Y+{f}z+?G QS9A$Pgp,GyqZ{GyD9!,.

GyMO|?Gyw9<z+?:Gyw%Q<9AhG:@Z9:J

Ef_vv=vv+vvgvv?GyvvMvvO|vv9JGyvvAvv,@vvTvvAvvMvvOeGyvvwvv9<vv;J@vvGvvgvvzvv%vv9CSvv%vv{pvv,GyvvAvvGvv%vv+vvR
|vv#GyvvMvvO|vv9JGyvvAvv,@vvTvvAvvMvvOeG}!vv9<vv+vv>,h@vvgvvwvvU_vvQ*vvtvv?

o
OLvv(yvv%vv9Eyvv)Gyvv}vvTvvwvv#

Pyvvx.pvv,Ivv9yvv?E|vvOGOGyvvwvv%vvQ<vv9A,vvv}vv9$vv,pvv,Ivv9yvv?E|vvOGOGyvvjvv9R,CYvv=vvKVvv9Fvvgvv9
k

G6fGSvvvAvvvMvvvOGefvvvOGOGJLvvv9QFvvv+vvv?(GyvvvWvvvwvvv{5.12).Cvvv}vvv?IvvvQ*vvv?Cvvvv=vvvQvvvvDvvv+vvvQG
k

pvvv,
@vvv}vvv(\vvvhGyvvvwvvv9<vvv;JGyvvvAvvv,@vvv}vvvOwGyvvvwvvv%vvvQ<vvv9AEyvvv)GyvvvgvvvOGOEP*vvv}vvvwvvv#Qpvvvgvvv%vvv9\vvv}vvv#
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pvvvvGvvvv(GJpvvvv,GyvvvvGvvvvOGQEPG@vvvvavvvvzvvvv>G}|vvvvQPyvvvvx.@vvvvAvvvvjvvvv+vvvvQGyvvvvMvvvvO|vvvv9Jpvvvv,|vvvvGvvvv9d
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|
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 4.7 –   

  1965 'U' = 1.7   

    U 
W/m2 K   

  1982 'U' = 0.6  
  1990 'U' = 0.45  

  2002 'U' = 0.35   

  1976 'U' = 1.0   
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Yvvqvv+vvJvv?|vvGvv}vv(fvv?Gyvv}vvTvv9|vv+vvQ$vvv,_vvvQ*vvvtvvv? Ivvvwvvv9eGyvvvgvvv"vvv9YvvvQGyvvvgvvv9|vvv?pvvv,
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h|vv%vv}vv9vvv9fGyvv"vv}vvbGyvv}ovvMvvAvv9Q,*ovvRhvOE!vv%vv9AG}Q\vv+vv?<vv%vv9|vvXfvv9Oj<vvgvvQV

<vvzvv(vvvAvv+vv#pvv,|vvJvv+vvbG}Q\vv+vv?.*vvGvv>@vvQcpvvGvv(I@vv}vvOwO<vv+vv#Gyvv%vv9|vvXhGyvvGvvOQGf
Gyv}vJv+vav?yvzvTv}v9M<vJvQvv?Gyv=vzv(cGyvAv,*vTv=v=v%v9@vjv+wvQ|vJvAv(iGyvQ_v(<v?.|v#GyvTv%v{
@Qc|D{$PgGyqG(Ip,Gy}J+bEP*}w#@ja+A%9<z(MERGQLW=,.
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 13.12     

  
   

 ّ     

Cvvv}vvv?hYvvvzvvv?IvvvRq/yvvvTvvv9f|vvv(Fvvv(OI<vvv+vvv#svvvavvvhGyvvv=vvvzvvv(cGyvvvMvvvWvvv=vvv+vvv?pvvv,$vvvPg
GyvZv+vjv?|v#GyvAvjvav+v?,yvwv#hSv+vzv?EIvwv9eGyv=vzv(cGyvQFv+vTv+v?$v,<v}vO

x
gpv(b:Yvu

vA+~.

*vv}vvwvv#GyvvJvvZvv(dfvvzvv)|vvdvv%vvQ|vvWvv9<vv&yvv}vvdvv%vvQ@vvjvvavv+vv?G}Q\vv+vv?<vv=vvzvv(cLvvWvv=vv,
YvzvO<v9SvAvMvOGe@vtv"v+v?G}Q\v+v?Gyv}ovavgvv}v?.pv=vO:

k
|v#GSvAvMvOGe<vzv(c|v#GyvMvWv>

GyvZvzvO<vTv}v9vv?25|v~,*ovTvAvMvOeLvWv>Csv{Sv}v9vv?,Q<v}v96|v~ChCsv{.pv,
<vgv̂G}Iv+v9f@vGv}vvhGyvtvWv(QGyvMvWv=v+v?Gyv}vQ@v=vav?<v9}Q\v+v?Gyv}vQYvvgv?fvzv)Cyv(GM
yvvAvvTvv}vvK<vv}vvO

q
|vvTvv9Ivv9JCvvv=vvQ<vvTvvQfvv?.:*vv}vvwvv#@vv}vv+vv+vvR$vvPgG}Q\vv+vv9JGyvv}vvQYvvvgvv?

<gO|O

x
$9f#G}Q\+?Gy}oja9I<9y=z(cGyMW=,GyZzO.

@}Q*#
-Ypvvr_vvQ*vvtvv?GyvvAvvDvv=vv+vvB<vv9yvvAvvTvv}vv+vvQGyvv}vvMvvqvv,GyvvAvv,@

o
vvavv=vvvupvv,E!vv%vv9AGJG}Q\vv+vv?Gyvv}vvjvvavv9I

<9}y(GM.
-|9$}9Gy"}a9fG}vDQG!AW9QG

k
y}O

q
CQ\+9JGy=z(cGyMW=,?

-|9PG*o}+xRGyAja+?<9}Q\+?Gy}oQYvg?f#GyAja+?<9y=z(cGyMW=,?
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G9A?[G9@Kd=Mw

CQ\vvvvv+vvvvv?Gyvvvvvgvvvvv(GQVhGyvvvvv=vvvvvzvvvvv(c(Beam and Block Floor):*vvvvvvvTvvvvvvvAvvvvvvvMvvvvvvvOe
Gyvvvv}vvvvZvvvvavvvvzvvvvKCQ\vvvv+vvvv?Gyvvvvgvvvv(GQVhGyvvvv=vvvvzvvvv(cyvvvv+vvvvOd

q
fvvvvzvvvv)_vvvvQ*vvvvtvvvv?|vvvvJvvvvOOIyvvvv(\vvvvh

G}Q\vvv+vvv9J,hLvvv9Yvvv?pvvv,Gyvvvavvv(G<vvvuG}Q\vvv+vvv?.h*vvv}vvvwvvv#h\vvvh$vvvPgG}Q\vvv+vvv9J
<vvTvv%vv(yvv?.h@vvAvvzyvvrG}Q\vv+vv?|vv#fvv(GQVLvvQSvv9!vv+vv?|vvWvvw

v
vvzvv?fvvzvv)$vv+vv8vv?IvvQaT

@v(\vhpv,Gyv}vwv9fh@
o
v}v~GyvqvQGiv9J<v+v"v%v9<v=vzv(cLvQSv9!v,Cv~@ovzvZvu|vh<vgv]v%v9

<9SAMOGe|R*H|#GyQ|{hG S}"B.

CSvvv9SIvvvZvvv+vvvQI(Raft Foundation):<vvvv;_vvvv?|vvvvTvvvvAvvvv}vvvvQI|vvvv#GyvvvvMvvvvQSvvvv9!vvvv?
Gyv}vTvz

v
vJv?@v"vq

v
vPpv(bGyvAvQ<v?vvzSv9Syvzv}v=v"v),h@vwv(f|vTv9h*v?ChCvv=vQ|v#|vTv9Iv?

Gy}=")GyPj@J}z&.

CSvvv9pvvv+vvv#_
n
vvv,q(Folding Wedges):ESvvvvqvvvv+vvvv"vvvv9f|vvvvQvvvvv=vvvv9f<vvvvWvvvvwvvvv{|vvvvAvvvvgvvvv9vvvvvU

 fvvavv9ASvvavvJvv+vv#|vvAvv(GR*vv+vv#*vv}vvwvv#|vvgvv9*vvQI<ovvgvvO$vv}vv9<vv(GSvvavv?Ryvvtvv%vv}vv9h*vvTvvAvvMvvO|vv9f
yqZ{GyTa(Mf#<g]%9.

ESvqv+v#CSvav(G!v,(Cup):sv9fvOIfvzv)Vvwv{svOM@v(\vhpv,Cvtv>\v}v#
GyMW>|D;

k
h*OL{Gy=Qi,p+%9<O:

k
|#GSAMOG|&|=9VQIfz)GyMW>.

EpvQ*vR@vtva
w
vQ(Drip Mould):FvvRA!vv9@vvr|vv#fvvAvv=vv?Ch|vv#vvv(Q!vv+vvX|vvZvv}vv~

yJ}9*?Gy}"at?@JA&|#|9AGy}aQ(f9OIp(bGy"9pPIChGy=9H).

GsvvvAvvvZvvv9O*vvv9JGyvvvJvvvGvvv~(Economies of Scale):R*vvvv9OIvvvvvqvvvv9AIG !vvvvAvvvv9L|vvvvh
GRO*vv9OfvvOOGyvv=vv]vv9FvvhGyvv}ovv"vvAnvvGvv?.!vv}vvavv+vv9

k
,@
o
vvMvvq

x
vv̂GyvvWvvQvvv?GyvvAvv,@vvJvvtvvuGsvvAvvZvv9O*vv9J

GyvvvJvvvGvvv~|vvvgvvvO
v

d
n

Gyvvvwvvvzvvvqvvv?Gyvvv(Svvvavvv,yvvvz
o
vvv}vvv"vvvAnvvvHfvvv=vvvQR*vvv9OIG !vvvAvvv9L,Ivvv+vvvE@vvvAvvvWvvv9Qc

G}fOGOoGy}ARG*OI|#Gy}"AG9JGywzr
n

GyD9<A?.
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<vDvu(Extrude):fvv}vvzvv+vv?@vvWvvwvv+vv{|vvgvvOfCh<vv;SvvAvv+vvx|vv#_vvQ*vvuOpvvgvv&fvv=vvQ
s9y><(GSa?GyaQO.

<vvZvv}vv?Gyvv=vv+vv8vv+vv?(Environment Footprint):G}CvvvQGyvvvPj*vvvMvvvzvvvqvvv&Cjvvvv+vvv9f
(VvvvQvvvv?,Ch|vvv=vvv"vvv),ChCpvvvQGO...EyvvvN)pvvv,Gyvvv=vvv+vvv8vvv?fvvv"vvvOsvvv+vvv9|vvv&<vvv"vvvWvvv9_vvv9J,h$vvv,
<vvWvvwvv{fvv9e@vvQ@vv=vvb<vvtvvOQIG|vvAvvZvv9UGyvv=vv+vv8vv?Gyvv}vvJvv+vvavv?yvvzvv}vvMvvzvvqvv9J|vv#|vv(GOChyvv+vv?
h|vv(GO|vvZvv"vvvgvv?hG!vv=vvgvv9Cvv9J,hsvvOQ@vv%vv9fvvzvv)@vv(pvv+vvQGyvv}vv(GQOG}hyvv+vv?GyvvAvv,*vvJvvAvv9Fvv%vv9
$PGGyw+9f.

<v"vAv(!v9*vB(Bentonite):iv]v9QivQhG!v,_v=v+vgv,*vTvAvMvOepv,fv}vzv+v9JIvqvQ
G6<9Qhv}9OI|9y8?.

<v(yv+vTv(Sv+v9!v+v(Q*vB(Polyisocyanurate):h*vgvQaC*v]v9
k

<v9Sv~<v(yv+vTv(,Ch
PIRChISO,h$v(<v;SvAv+vxIvQGQj*ov"vAvHfvzv)$v+v8v?Qiv(Ih*ovTvAvMvOe<v(Yvqv&
f9RdIQGQjYz>.

@vvQSCh@vvQhS(Sprocket(s)):|vvGvv}vv(fvv?|vv#GyvvMvvWvv=vv9JGyvvtvvZvv+vvQI@vvDvv=vvvB
CSq{Gyg9Q\?Gy}9Fz?yAoWw

x
{Cp9Q*R<9QRI|D{GyAQSPjG}S"9f.

@Q
q*T?(Terrazzo):CQ\+?||y

v
q?|#sahQL9eYj+QIhLQS9!?.

@

n
vvvgvvvWvvv+vvvu(Matchboard):_vvvQ*vvvtvvv?yvvvGvvv}vvvhyvvv(Ivvv+vvv#|vvv#GyvvvMvvvWvvv><vvv(Fvvv(O

yT9f/<QhRp,CIOGyz(I+#hIRq/Cz~p,G6LQ.

@vqvZv+vzv?(Detail):FvvRACvv9!vv(j|vv#|vv=vv"vv)vvv9 pvvQ*vvRh@vv+vvGvv9fG}fvv}vvOI,Ch
|#Y(QIChBy?.

@vzv(*vK(Lathing):@vvjvvavv+vv?GyvvGvvOQGfhG}Svvtvvr<vvWvvQGFvvKCh<vvzyvv(GMLvvWvv=vv+vv?
\+qt?Qs+t?yw,@owT)<gOPyx<9yG[

q.

@vv%vv(*vv?Lvvzvvqvv+vv?(Background Ventilation):@vvv%vvv(*vvv?|vvv#_vvvQ*vvvupvvvAvvvJvvv?Ch
pvAvJv9JYvjv+vQI|v(Fv(OIpv,pvQGZ|v9,hFvRA|v"v%v9|v(\v(Yfvzv)GQ@vqv9Y1,75e

p(b|TA(iG}Q\+?,Gy%Oa|"%9@(p+Q@%(*?PGJ|gO
v

d|"Mq^.

@vv%vv(*vv?fvv9<vvQI(Cross Ventilation):@vvtvv"vv+vv? |vvQGQGyvv%vv(GA|vv#GyvvMvv9QLEyvv)
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GyOGL{Ch|#_QaEy)BLQ|#OhfG:SAg9!?<"d9e@%(*?.

FvOGQGQ@vwv9R(Sleeper Wall):FvvOGQ|vv"vvMvvqvv̂G:Q@vvqvv9Y*vvTvvAvvMvvOeyvvJvv}vv{
fv(GQVG}Q\v+v?yvzvav(G<vuG}Q\v+v?pv,Gyv}vTvwv#,h*vgv}v{fvzv)QpvhGyvgv(GQV

GyMW=+?<g+OG
k

f#Q_(<?G}QV.

FvvOGQsvvRe(Dwarf Wall):CjFvvOGQ<vv9Q@vvqvv9Y|vv"vvMvvqvv̂Csvv{|vv#GQ@vvqvv9Y
_vv9<vvu,fvvzvv)Svv=vv+vv{Gyvv}vvDvv9dFvvOGQSvv+vv9LGyvvJvvO*vvtvv?ChGyvvGvvOQGfGyvvOGfvv}vv?yvvzvvavv(G<vvu
G}Q\+?.

Fvv;
q
*vv?Byvv+vv?(Power Float):fvv=vv9QIfvv#svvQUYvvzvv>OhqGQ*vvtvv(Og|vvJvvQc

*o"gx~h*T(xjh*]jbSaKG}Q\+9JGyMQS9!+?.

Fvv(Gf(Bead):|vvvtvvvavvvh|ovvvJvvvO
v

H,*vvv}vvvwvvv#Cf*vvvwvvv(f|vvv#|vvv9OI|vvvavvv9_vvv+vvv?,
*vv(\vvhpvv,|vvJvv+vvbyvv(MGyvvRFvv9LyvvAvvDvv=vv+vvAvv&pvv,Gyvv}vvwvv9f,vvv}vv9*vv}vvwvv#Cf*vvwvv(f|vv#
|gOfCh|#LW>.

I

nvvRqhyvvTvv9f(Tongue and Groove):_vvQ*vvtvv?yvvGvv}vvhyvv(Ivv+vv#LvvWvv=vv+vv+vv#|vvh
<vvgvv]vv%vv}vv9,}IvvOFvv(G!vv>Gyvvzvv(M<vvQhR*vvTvv}vv)GyvvzvvTvv9f,hyvvGvv9!vv=vv&G6LvvQC

o
LvvOhO/

C

n
z~*T})GyJRq.

Lvv9!vvu(Check Throat):C
n
vvvzvvv~_vvv(yvvv,*ovvvWvvvw

v
vvv{pvvv,CSvvvqvvv{fvvvAvvv=vvv?Gyvvv"vvv9pvvvPICh

Gy=9Hy}"hOL(dsaQGJ|9AGy}aQEy)GyGOGQ.

LvvvQSvvv9!vvv?!vvvdvvv9pvvv?(Lean Concrete):LvvvvQSvvvv9!vvvv?@vvvvJvvvvAvvvv(jfvvvvzvvvv)svvvvzvvvv+vvvv{|vvvv#
G Svv}vv"vvBhsvvzvv+vv{|vv#Gyvv}vv9A@vvTvvAvvMvvOefvv9OI@vvJvvBsvv(GfvvOG}fvv}vvOIyvvAvvqvvZvv{pvv(:P
GyATz+Kf#GyAQ<?.

OQFvv?|vvzvvAvvq
q
vv?(Winder):OQFvvv?pvvv,GyvvvGvvvRAGyvvv}vvvzvvvAvvvr|vvv#GyvvvOQL<vvv{IvvvOi

!%9*A+#ChSh|#G}LQi.

O|qvv9fvv?(Weep Hole):pvvAvvJvv?pvv,CSvvqvv{GyvvGvvOGQhCfvvzvv)|vv#!vv%vv9*vv?GyvvgvvRd
Gy}9F,yAT}K<MQhLGy}9A.Ct>@ZQ*r.

O*vTv+v=v{(Decibel dB):hIvvOIyvv(ivv9Q*vvAvv}vv+vv?yvv"vvTvv=vv?GyvvZvv(J,h@vvTvv9hj10
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C|vvvDvvv9dGyvvvzvvv(ivvv9Q*vvvAvvv~GyvvvgvvvWvvvQjyvvv"vvvTvvv=vvv?GyvvvZvvv(J.@
o
vvvTvvvAvvvgvvv}vvv{$vvvPgGyvvv(IvvvOIpvvv,Ivvv9d

Gyvv"vvTvv>PGJ|vvGvv9dGyvvtvv+vv~Gyvv(GSvvhFvvOG
k

GyvvPj*vv}vvAvvOfvvzvv)fvvOOvvv=vv+vvQ|vv#|vvQG@vv>
Gyvvwpvv=

nvvQ(|vvDvv;
k

Gyvv}vvGvv9d:|vv#3-10IvvAvv)109,*vvtvv9<vvzvv&Gyvv}vvGvv9d|vv#30-O*vvTvv+vv=vv{
IA)90O*T+={).G!dQGy}G9dGyO*"9|+w,.

RFvvv9Lfvvv9Fvvv~(Float Glass):Cyvvvv(GMRFvvvv9L|ovvvvZvvvv"vvvvvgvvvv?<vvvvAvvvvgvvvv(*vvvv~GyvvvvRFvvvv9L
Gyvv}vvZvv%vv(Qpvv(bpvvQVvv?|vv#|vvgvvOf|vvZvv%vv(Q(ivv9yvv=vv9

k
svvZvvO*vvQ).@ovvgvvavv,$vvPgGyvvavvQ*vvtvv?

Svv}vv9vvv?|ovvAvvGvv9!vvTvv?yvvzvv(MGyvvRFvv9LhSvvavvJvv9
k

|vvTvvAvv(*vv9
k

FvvOG
k
.h@

o
vvgvvQa<vv9Svv~(_vvQ*vvtvv?

<+zw+"jA(f)GS~Chd|#Y"vhGyRF9L<%PgGyaQ*t?.

SvtvrOGLvzv,(Ceiling):GyvTvavKGyvOGLvzv,GyvPj*vjvav,Gyv"v%v9*v?Gyvgvzv+v9|v#
GyvjvQpv?,h$v(pv,Gyvjv9yv>yv+vUfv"vZvQG

k
E!vWv9Fv+v9

k
yvwv"v&SvavK*vqvZv{GyvTvtvrpv(sv&

f#GyjQa.

SvvvtvvvrSnvvv"nvvvOj(Mansard Roof):Svvvvtvvvvr|vvvvROhLGyvvvvAvvvvJvvvvO
w

Q;SvvvvtvvvvrPh

|v"vJvOQ*v#pv,vv{Fv%v?|v#Fv%v9@v&.Gyv}v"vJvOQGyvTvqvzv,CVvOwG!vJvOGQG
k

|v#Gyv}v"vJvOQ
G}fz).

Vvv"qvv9hj(Stretcher):_vvQ*vvtvv?yvv=vv"vv9AG6FvvQfvvzvv)Vvvwvv{_vv=vvtvv9J(|vvOG|vvx)
<vvJvv+vvE*ovv}vvOwG}FvvQ_vv(yvv+vv9

k
yvv+vvdvv%vvQ|vv"vv&GyvvGvv9!vv>GyvvQpvv+vvh,h*vvAvvtvv9_vvh|vvhBFvvQGyvvavv=vvtvv?

GyA,@z,ChGyA,@T=up,|"AZrGy}T9p?<+#sahG6FQ.

Yvvv(J_vvvQrsvvv,(Flanking Sound):CjYvvvv(J:*vvvv"vvvvAvvvvtvvvv{|vvvv=vvvv9VvvvvQI|vvvv#
GyvvjvvQpvv?fvv=vvQGyvvgvv"vvZvvQGyvvqvv9Yvv{,<vv{*vv"vvAvvtvv{<vvZvv(QIivv+vvQ|vv=vv9VvvQIfvv=vvQ|vvTvv9QGJ|vvDvv{

Gy"(GpPhGy=;_9JGyMQS9!+?hGy}}QGJhG}_
o
Q.

_vvQ*vvtvv?GyvvOIvvQFvv?(Rolling Process):h@
o
vvvTvvv}vvv)C*vvv]vvv9

k
_vvvQ*vvvtvvv?G}Svvvavvv(G!vvv?

(cylinder)Ivv+vvEvvv9!vvBG}yvv(GMGyvvRFvv9Fvv+vv?@ovvtvv[|vv#svvavvhvvv=vv+vvQI|vvZvv"vvvgvv?fvv#
_vvQ*vvu!vvqvvNGSvvavv(G!vv9Jvvv=vv+vvQI(_vv(yvv%vv92-2,4|vvAvvQ,hsvvavvQ$vv9250-360|vv~)

@

o
t[

q
<gO$9h@T(ih@ta

v
hEy)Cy(GM.

pvv(:P|vvavv9hY(Mild Steel):pvv(:PPh|vvJvvAvv(ivvvQ<vv(!vv,svvzvv+vv{<vv+vv#15%

h25%-h$(CvDQyOh!?|#Gyq(:PPjGy}JA(iGywQ<(!,Gyg9y,.
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sv9yv>|v|svB(Formwork):|vvZvvavvzvvK*vvavvzvvufvvzvv)svv(Gyvv>|vv|svvAvv?ChOGFvv}vv?
:IvvvAvvv(GAGyvvvMvvvQSvvv9!vvv?Lvvv;dGyvvvZvvv>h<vvv]vvvgvvv?C*vvv9e<vvvgvvvO$vvv9yvvvzvvvAvvvZvvvzvvv>.h*vvv}vvvwvvv#Cf
*w(fGyt9y>|#GyMW>Ch|#Gyq(:P.

svvO
q
I(Screed):|vvTvvavvQI|vv#GyvvMvvWvv>ChGyvv}vvgvvOf*vvGvvQj<vv(GSvvavvAvv%vv9E!vv%vv9A

SaKGyMQS9!?Gy}Z=(<?IO*D9
k

,h*azufz)Gyg}z+?GS~_+"?.

s

n
vvvO
r

QGyvvv}vvvOLvvv"vvv?(Chimney Pot):C!vvvv=vvvv(HpvvvvMvvvv9QjCh|vvvvgvvvvO!vvvv,pvvvv,Cfvvvvzvvvv)
Gy}OL"?yGgz%9CsOQfz)@ZQ*rGyOL9f.

vvv=qvv9T(Hollow Weighted Grab):COGI@
o
vvvzvvvJvvvu<vvv5yvvv?GyvvvJvvvqvvvQPGJFvvvRC*vvv#

|

ovvAvv}nvvq
r
vvZvvzvv+vv#CIvvO$vv}vv9PjCSvv"vv9f*vvTvvAvvMvvOeyvvzvvJvvqvvQCCvv"vv9AGyvvJvvQvvv?G}|vv9|vv+vv?.hfvv"vvO

Qpg&*GA}hGyGRAGfC~*AJQv9f|g9
k

 RGy?GyAQ<?.

yvvv(MGyvvvAvvvjvvvavvv+vvv?(Fascia Board):yvvvv(MCpvvvvtvvvv,*vvvvjvvvvavvvv,!vvvv%vvvv9*vvvv9JGyvvvvgvvvv(GQV

Gyvvv}vvv9Fvvvzvvv?hGyvvvgvvv(GQVh*vvvTvvvAvvv"vvvOEyvvv)GyvvvGvvvOGQGyvvvMvvv9QFvvv,,h$vvv(GyvvvGvvvRAGyvvv=vvv9QR|vvv#
GyTtrh*J}{f9OI|RQGHGyTtr.

yv(MYvzvO(Hardboard):Cyvv(GMVvv=vv&LvvWvv=vv+vv?@ovvJvv]vvvQ|vv#Svv+vvtvv9fGyvv"vv=vv9@vv9J
Gyvvvv}ovvvvGvvvv%vvvvvRIGyvvvv}vvvv]vvvvjvvvv(_vvvv?Ch|vvvv#vvvvvTvvvvQGyvvvvMvvvvWvvvv=vvvv9JGyvvvv}vvvv]vvvvjvvvv(WCh|vvvv#Gyvvvv(Qb
Gy}]j(W.

yvvv+vvvrivvv+vvvQfvvv]vvv(j(Mineral Wool):*vvvvTvvvvAvvvvMvvvvOepvvvv,GyvvvvgvvvvRdGyvvvvJvvvvQGQj
hGygRdGyZ(@,hp,|t9h|?GyJQ*u,CV%QC!(Gf&Gyz+rGyRF9F,.

|vvvAvvvgvvvOOvvvvzvvv(QGyvvvqvvv+vvv"vvv+vvv{(PVC - Poly Vinyl Chloride):|vvvv9OI@vvvvQvvvvv+vvvv=vvvv+vvvv?
<vv;SvvAvv+vvwvv+vv?@vvTvvAvvMvvOe<vvwvvDvvQIpvv,Gyvv=vv"vv9A<vv(Yvvqvv%vv9|vv9OI<vv"vv+vv(*vv?}!vv%vv9QLvv+vvZvv?hSvv%vvzvv?
GyvAvQvv+v>.pv,GyvTv"v(GJG}Lv+vQIGSvAv=vOdGyv=v(yv,pv+v"v+v{vvzv(Q*vO|vwv9f|v(GO<v"v+v(*v?
vvvDvv+vvQIpvv,GyvvgvvO*vvO|vv#Gyvv}vv"vv9_vvufvvzvv)GyvvQivv~|vv#hFvv(O|vvMvv9haIvv(d@vvzCvv+vvQgpvv,
Gy=+8?hGyZJ?Gy=WQ*?.

|vAvgvOOvvzv(QGyvqv+v"v+v{iv+vQGyv}ovzvOvf(Unplasticised Poly Vinyl Chloride):

Yvv+vvjvv?|ovvgvvOvyvv?ivv+vvQ|ovvzvvOv!vv?|vv#|vvAvvgvvOOvvvzvv(QGyvvqvv+vv"vv+vv{|vvZvv"vv(fvv?|vv#Gyvv=vv(yvv+vv}vv+vvQvvv9!vvB
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@vvTvv}vv)Svv9<vvtvv9
k

uPVCCvv~fovvO
x

dG:Svv~Eyvv)PVC-upvv,fvv9e1990yvv+vvAvv"vv9Svv>|vvh
GyAT}+?Gyg9y}+?yz}(GOGy=(y+}+Q*?.

|vvGvv}vv(fvv?Gyvv=vv9H(Door Set):|vvGvv}vv(fvv?|vv#Gyvv}vvwvv(!vv9JGyvv}vvZvv"vvvgvv?GyvvAvv,
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|G}(f?ChyG"?L=QGA<gOOQGS?|wDvq?y}9$(|A(GppQ|#_QGFu.

|vvvv|VvvvvQPMV (Predicted Mean Vote):*vvvvvvgvvvvvv=vvvvvvQfvvvvvv#|vvvvvvTvvvvvvAvvvvvv(iGyvvvvvvQGIvvvvvv?
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O|q9f?/Ct>@ZQ*rWeep Hole

PQhI/s}?Apex
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PhvAz?IQGQ*?|"Mq]?Thermally Light
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QS(NSedimentary
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Q|{Sand
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SJ>f^Gy=9QOCold-Rolling

SJ>f^GA9|,Hot-Rolling
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