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yvvzvv}vv=vv9!vv,.h@

o
vvWvvAvvu$vvPgGyvvZvv+vvkGyvvgvv9|vv?|vv#fvvOO|vv#C!vv(GYGyvvJvvzvv(dGyvvgvv9|vv?GyvvAvv,@ovvJvv(vdEyvv)

Ivvzvv(d|vvJvvO
v

OI.h*vv}vvD
x
vv{GyvvJvv{Gyvvgvv9ehGyvvZvv+vvjvv?Gyvv}vvWvvAvvtvv?_vvQ*vvtvvAvv+vv#|vvAvv}vv9*vvR@vv+vv#yvvAvvJvvO*vvOfvv}vvzvv+vv?

EVvv9OIGyvv}vv=vv"vv)GyvvAvv,*vvGvvQjGfvvAvv}vv9O$vv9.h*vvAvv}vv+vvRGyvvJvv{Gyvv}vvqvv%vv(|vv,Gyvvgvv9e<vvAvv"vvdvv+vv}vv&GyvvWvv9|vv{
yvvzvv}vvwvv(!vv9JhG}fvv}vv9d,yvvAvvJvvtvv+vvuG}OGAGyvv}vvavvzvv(H,pvv,Ivv+vv#CfGyvvZvv+vvjvv?Gyvv}vvWvvAvvtvv?@vv(Yxvvr
Gyvv}vv(GOhIvvGvv(ehCVvvwvv9dGyvv}vvwvv(x!vv9Jh@vvqvv9Yvv+vv{hYvvzvv%vv9h@vvDvv=vv+vvAvv%vv9.h*ovvZvv=vvKIvv{GyvvAvvWvv+vv+vvO
Gyv}vMvAv9QIv+v"v8vP|vMvZvvZv9

k
yv}v=v"v)<vgv+v"v&,h*v}vwv#@vwvQGQGSvAvgv}v9yv&fvOOG

k
vv=v+vQG

k
|v#Gyv}vQGJ,

h*}w#@q9Y+z&Cf@w(fY9yJ?p,vD+Q|#Gy}=9!,.

GyZ+kGyg9|?hGyZ+kGCWAt?

pvv,Cj|vvGvvAvv}vvh,hpvv,CjhsvvB,@vv(FvvO|vvAvvavvzvv=vv9J@vvgvvR
x

R|vvGvv}vv(fvv?|vvAvv}vv+vvRI|vv#
Yvv+vvkGyvv=vv"vv9AGyvvgvv9|vv?.hpvv,|vvtvv9<vv{vvv{Yvv+vvjvv?|vv#Yvv+vvkGyvv=vv"vv9A@vvzvvx,Cvv}vv?|vvGvv}vv(fvv?|vv#
Ivvzvv(dGyvv=vv"vv9APGJGyvvZvvzvv?pvv,|vv9<vv+vv"vv%vv9hGyvvAvv,*vv;Fvv~vvv{|vv"vv%vv9IvvGvv}vv9

k
|vvgvv+vv"vv9

k
yvvzvv}vv=vv"vv)

hyvvzvv}vv(GQOGyvvAvv,*vv}vvwvv#@vv(pvv+vvQ$vv9yvv&.h@
o
vvWvvAvvuIvvzvv(dGyvv=vv"vv9A|vv#fvvOO|vvJvvOhO|vv#GyvvJvvzvv(d

Gyvgv9|v?.h*v=vOCG:LvAv+v9QGyvAvtv9!v,iv9yv=v9
k

<v9!vAvtv9AYv+vjv?fv9|v?|v;Fv}v?,*vGvQj@vav(*vQ$v9<vgvOFvP
yAZ=KI;

k
@qZ+z+9

k
y}=")|g+#.

h@
o
vvgvvAvv=vvQGyvv}vvtvvOQIfvvzvv)hYvvr|vv=vv"vv)<vv%vv9@vv+vv#GyvvZvv+vvjvvAvv+vv#pvv,Gyvv}vvQIvvzvv?G}hyvv)|vv#

|vvqvv%vv(e@vvZvv}vv+vv~Gyvv}vv=vv"vv),CjGyvvZvv+vvjvv?Gyvvgvv9|vv?hGyvvZvv+vvjvv?Gyvv}vvWvvAvvtvv?,fvvzvv)OQFvv?fvv9yvv+vv?|vv#
G}$vv}vv+vv?.pvv%vv,@vv}vvD

x
vv{GyvvqvvwvvQIGyvvwvv=vvQiGyvvAvv,@ovvavv(vQ@vv=vvgvv9

k
yvv%vv9GyvvAvvqvv9Yvv+vv{G pvvQGO*vv?<vvJvv+vvE

@g}{|g9

k
yAJt+uCOGAGy}=")<wz+A&.
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G!=D9bY+kGC=9PGyg9|?
*vvv=vvvOhCfGyvvv}vvvJvvvO

x
OGyvvvQFvvv+vvvTvvv, Vvvv9OI|vvv=vvv"vvv)fvvvzvvv)Yvvvzvvv?<vvv9yvvv}vvvwvvv9f.pvvv}vvvAvvvavvvzvvv=vvv9J

Gyvv}vvTvvAvvMvvO|vv+vv#Svv(a@ovvAnvvQFvv~,|vv#Ivv+vvEGyvvGvv($vvQ,Eyvv)C|vvwvv"vv?,hIvvGvv(e@vvzvvxG}|vvwvv"vv?
hGyvgv;sv?pv,|v9<v+v"v%v9@vJvO

x
O|vtv9ShVvwv{Gyv}v=v"v)<vzSvQg.hpv,Iv9yv?Gyv}v=v9!v,Gyv}v"vRyv+v?,

*vvAvvwvv(vfGyvv}vv=vv"vv)|vv#<vv]vvgvv?ivvQa,pvv,Ivv+vv#CfGyvv}vv=vv9!vv,GyvvAvvGvv9Q*vv?hGyvvgvv9|vv?@vvAvvwvv(vf|vv#
C|v9vv#hGSvgv?|vh<vgv̂G}|v9vv#GyvZvjv+vQI|vDv{OhQGJGyv}v+v9g,[@vAvGv}vhvvzv%v9]yvAvWvwv{
hIOIf}{hGIOI.

hIvvzvv(d@vvWvv+vv+vvOGyvv}vv=vv"vv)fvvzvv)Yvvzvv?|vv=vv9VvvQI<vvAvvzvvxGyvv}vvAvvavvzvv=vv9JGyvv}vvwvv9!vv+vv?.pvvAvvzvvx
Gyvv}vvAvvavvzvv=vv9J@vv|C

x
vvQ@vvzCvv+vvQG

k
vvv=vv+vvQG

k
pvv,Gyvv=vv"vv+vv?Gyvv}vvMvvAvv9QI,hyvvAvvzvvxGyvv=vv"vv+vv?|vvqvv9fvv+vv{Cvvv+vvOIpvv,

GyJz(dGy}A9I? V9OICFRGAGy}=")GyOGLz+?hf"9YQgG}LQi.

*vv(FvvOIvv9yvv+vv9
k

|vvGvv9dhGSvvh|vv#Gyvv}vvAvvavvzvv=vv9JGyvv}vvwvv9!vv+vv?G}pvvtvv+vv?hGyvvgvv}vv(O*vv?GyvvAvv,@vvtvv(O
Eyvvv)GSvvvAvvvgvvv}vvv9dfvvvOO|vvv#GyvvvZvvv+vvvkG !vvvWvvv9Fvvv+vvv?Gyvvv}vvvAvvv(GpvvvQIhGyvvvAvvv,*vvv}vvvwvvv#@vvvZvvv"vvv+vvvqvvv%vvv9pvvv,
Gy}G}(f9JGyD;KGyA9y+?:

!FOQGfI9|z?(loadbearing walls)

!$+9v{E!W9F+?(skeletal frames)

!CStrhGSg?Gy}G9R(long-span roofs)

h*vgvav,vv{|v#$vPgGyvZv+vk_v+vqv9
k

|v#Yv+vkGyv}v=v9!v,GyvAv,*v=v+xv#GyvWvwv{3.1C|vDvzv?
yv%v9.h@vAvzyvrvv{Yv+vjv?<v"v9A|v#|vGv}v(fv9J|v#Gyvgv"v9YvQG !vWv9Fv+v?.h|v#C|vDvzv?Gyvgv"v9YvQ
G !vvvWvvv9Fvvv+vvv?Gyvvvgvvv9|vvv?Gyvvvgvvv9Q\vvv?(beam).@vvvdvvv%vvvQGyvvvgvvv9Q\vvv?,|vvvh|vvvqvvvgvvv(yvvv%vvv9G !vvvWvvv9Fvvv,pvvv,
GyvvAvvtvv(wS,hpvv,G !vvWvv9AGJGyvvMvvzvv(*vv?fvvzvv)Vvvwvv{fvv(GQVCvv9!vv(*vv?(joist)yvv~Q\vv+vv9JCh
fvvvAvvv=vvv9Jpvvv(svvv+vvv?(lintel)yvvvzvvvqvvvAvvvJvvv9J|vvvDvvv{G}<vvv(GHhGyvvv"vvv(GpvvvP.h@vvvdvvv%vvvQC*vvv]vvv9

k
pvvv,Gyvvv%vvv+vvv9vvvv{

G !vvWvv9Fvv+vv?<vv(Yvvqvv%vv9fvv"vvZvvQG
k

E!vvWvv9Fvv+vv9
k

QFvv+vvTvv+vv9
k

,hpvv,G}SvvtvvrGyvv(GSvvgvv?Gyvv}vvGvv9Rpvv,G}_vvQ
Gyvv=vv9<vv+vv?(portal frame).hsvvOGfvvA

o
vv}vvOJYvv+vvjvv?Gyvvgvv"vvZvvQGyvvgvv9|vv?$vvPgpvv,Ivvzvv(d|vvgvv+vv"vv?

<v9SvAvgv}v9d|v(GO|vMvAvzvqv?yvAvJvtv+vuGyvMv(GUGyv}vavzv(<v?:|vAv9!v?vv=v+vQI,hG!vJvQGpv9JYvjv+vQI,
h|vTv9Iv?|vtvavhfvQ\v9!v,Yvjv+vQ,hhRf|v"vMvqv̂,h|vdv%vQIvTv#,h@vwvzvqv?|v"vMvqv]v?,
h!vZv>SvQ*vh.pvzvwv{|v#$vPgGyvMv(GUC$v}v+v?vv=v+vQIChYvjv+vQIpv,Gyv}v=v9!v,Gyv}vMvAvzvqv?.
hpvv,Gyvv}vv"vv9Rd,@vvwvv(fGyvvgvv9Q\vv?GyvvDvv9!vv(*vv?LvvWvv=vv+vv?fvvzvv)G}ivvzvv>,hpvv,Gyvv%vv+vv9vvv{@vvAvvwvv(vf
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Gyvvgvv9Q\vv?|vv#Gyvvqvv(:PChGyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?.C|vv9G _vv9QGyvv=vv9<vv,pvv+ovvZvv"vvhfvvzvv)G}ivvzvv>
|vv#Gyvvqvv(:P,hsvvO*ovvZvv"vvh|vv#GyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?,ChIvvAvv)|vv#Cyvv(GMLvvWvv=vv+vv?,pvv,
Gy}=9!,PGJG:SAg}9:JhGy}t9S9JGyA,*;F}%9Pyx.

hpv,Iv+v#CfE|vwv9!v+v?G Iv9_v?<v}vTv9Iv?|v9$v,Gyv}vJvO
x

OGyvQFv+vTv,yvzvZv+vjv?Gyvgv9|v?,
pvv{fGyvvAvvZvv}vv+vv~hcvvQhaGyvv}vv(GQO@vvqvvQVGyvvJvv{G:svvAvvZvv9OjGyvv}vvqvvZvv{.h$vvPG*vv|OjEyvv)
_vvQ*vvtvvAvv+vv#yvvzvvAvvqvvwvv+vvQ<vv9yvv}vv=vv"vv)yvvwvv{|vv"vv%vv}vv9|vvqvvQOG@vv%vv9hfvv=vv9QG@vv%vv9GyvvMvv9Yvv?<vv%vv9yvv(YvvrGyvvJvv{.
*ov]v9aEyv)PyvxCf|v#Gyv}vqv+vOGyvAvqvwv+vQ<vgv"v9YvQGyv}v=v"v)\v}v#Gyv}v(GYvqv9JGyvgv9|v?pv,
hsvB|v=vwvQ|v#fv}vzv+v?GLvAv+v9Qg.h<vgvOFvP*v}vwv#@vav(*vQPyvxGyv(YvrGyvgv9eEyv)hYvr
|vvvqvvvZvvv{yvvvzvvvZvvv+vvvjvvv?G !vvvWvvv9Fvvv+vvv?<vvvJvvv+vvvE*vvvAvvv]vvv}vvv#|vvv(GYvvvqvvv9JGyvvv}vvv(GOh@vvvqvvv9Yvvv+vvv{Gyvvv(Yvvv;J
hGy}D=A9J(joints and fixings).

GyZ+j?Gyg9|?yzg"9YQ-GyGOQGfGy}"Ry+?GyJ9|z?

Gyvvv}vvv"vvvRd$vvv(hGIvvvO|vvv#G}|vvvwvvv"vvv?GyvvvAvvv,*vvvWvvv+vvvhpvvv+vvv%vvv9GSvvvAvvvgvvv}vvv9dGyvvvGvvvOQGfGyvvvJvvv9|vvvzvvv?.
h*vvvAvvv]vvv}vvv#<vvv"vvv9AGyvvv}vvv"vvv9Rdpvvv,<vvvQ*vvvavvv9!vvv+vvv9,<vvvZvvv+vvvjvvvAvvv%vvv9G}Svvv9Svvv+vvv?pvvv,<vvvOG*vvv?GyvvvtvvvQfGyvvvJvvv9Oj
hGyvvvvgvvvvWvvvvQ*vvvv#,GSvvvvAvvvvgvvvv}vvvv9dE!vvvvWvvvv9AGJVvvvv=vvvv&!vvvvqvvvv(PI(PGJpvvvvGvvvv(GJ)pvvvv,Fvvvv}vvvv+vvvvhGyvvvvGvvvvOQGf
GyvvvMvvv9QFvvv+vvv?yvvvAvvv(p

x
vvvQ(|vvvhGyvvvGvvvOQGfGyvvvOGLvvvzvvv+vvv?)IvvvGvvvQGJFvvv9pvvv?h|vvvTvvvAvvvtvvvQI.h@

o
vvvTvvvtvvvr@vvvzvvvx

GyvvJvvGvvQGJ<vvjvvavv9AsvvQ|vv+vvOj*vvQ@vvwvvRfvvzvv)<vv"vv+vv?|vv#fvv(GQVLvvWvv=vv+vv?|vv9Fvvzvv?@vv"vvtvv{GyvvJvv}vv{
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عوارض

|vv=vv9VvvQIEyvv)GyvvGvvOQGfGyvvMvv9QFvv+vv?.$vvPG*vvgvv"vv,Cfyvv+vvUCvv}vv?Ivv9Fvv?Eyvv)R*vv9OIGQ@vvqvv9YCj
FvOGQOGLvzv,Iv9|v{IvAv)|vTvAv(iGyvTvtvr.C|v9G}Q\v+v9JGyv}vgvzvtv?pvAvQ@vwvRfvzv)Fv(GFvR
Cv9!v(*v?,h@vTvAvqv+vOiv9yv=v9

k
|v#GyvGvOQGfGyvOGLvzv+v?yvzvJvO|v#|vGv9RG@v%v9,hPyvx<vGvgv{<vgv̂

FvvOQGfGyvvAvvtvvTvv+vv}vv9JGyvvOGLvvzvv+vv?pvv,Gyvvavv9<vvuG}Q\vv,FvvOQG!vv9
k

Ivv9|vvzvv?.h*vv}vvwvv#CQ\vv+vv9J
Gyvvavv(G<vvuG}Q\vv+vv?Cf@vvQ@vvwvvRfvvzvv)G}QV|vv=vv9VvvQI,ChCf@vvwvv(f|vvgvvzvvtvv?@vv=vvgvv9

k
yvvzvv}vv(svvh

h_vvv=vvv+vvvgvvv?G}QV.C|vvv9G}SvvvUpvvv%vvv,ivvv9yvvv=vvv9
k

|vvv9@vvvwvvv(fVvvvQ*vvvavvv+vvv?(strip footing)E:EPG

v9!BG}QVi+QYz=?.h*=+#GyWw{3.2$PgGyZ+j?.

yvv~*ovvWnvvOvvvDvv+vvQ|vv#Gyvv}vv"vv9RdGyvvAvv,<ovv"vv+vvBpvv,Gyvv"vvZvvrG}hd|vv#GyvvtvvQfGyvvgvvWvvQ*vv#,
hGyvvAvv,|vv9RGyvvBpvv,svv+vvOG:SvvAvvgvv}vv9d,<vv%vvPgGyvvavvQ*vvtvv?.pvvwvvDvv+vvQ|vv"vv%vv9@vvzyvvr|vv#FvvOQGf
Yvvv}vvv9A!vvvqvvv(PI,hCSvvvtvvvr|vvvZvvv"vvv(fvvv?|vvv#|vvvwvvv(!vvv9JE!vvvWvvv9Fvvv+vvv?|vvvTvvvAvvvtvvvzvvv?(fvvv(GQV|vvv9Fvvvzvvv?

(rafter),fvvv(GQVCpvvvtvvv+vvv?(purlin),Ofvvv9|vvv9J(strut),Ivvv}vvv9:J(hanger))GQ@vvvwvvvRJ

fvvzvv)GyvvGvvOQGfGyvvOGLvvzvv+vv?.hpvv,|vv9<vvgvvO,pvv,GyvvtvvQfGyvvgvvWvvQ*vv#,s
o
vvz
x
vv[fvvQVhGFvv%vv9J

Gyvv}vv"vv9RdGyvv}vvAvvZvvzvv?(terrace)Gyvv}vvAvvGvv9hQI,hCYvv=vvK<vv"vv9AGyvvGvvOQGfGyvvOGLvvzvv+vv?ivv+vvQGyvvJvv9|vvzvv?

46



Lvv+vv9QG
k

|vv}vvwvv"vv9
k

,hCYvv=vvJvvBGyvvGvvOQGfpvv,|vv9<vv+vv#Gyvv}vv"vv9Rd$vv,GyvvGvvOQGfGyvvJvv9|vvzvv?pvvtvvb.
hG!vgvOe!vAv+vGv?yvPyvx|vqvgv(dG:SvAvtvQGQGyvPj*v(p

x
vQgGyv%v+vwv{GyvZv"vOhsv,,yvwv#@v(GpvQJ

|G}(f?|#GyGOQGfGyM9QF+?G}|9|+?hGyMzq+?GyQL+Z?!T=+9
k
.

hIv+v"v}v9_
o
v(xQIv{GyvGvOGQGyvJv9|v{:SvAvgv}v9yv&pv,@vWv+v+vOGyvWvtvuGyvTvwv"v+v?Gyv}vAvgvOOI

Gyvvavv(G<vvu,CYvv=vvK|vv#Gyvv]vvQhQjGSvvAvvgvv}vv9dYvv+vvkCSvv9Svv+vv?CLvvQi.hCYvv=vvJvvBG}Q\vv+vv9J
PGJ|vAvavzv=v9JG}OGAGyvgv9yv+v?,|v#Iv+vE|vtv9h|v?G!vAvWv9QGyvZv(JhGyv"v9Q,CvvDvQGsvAvZv9O*v?
fvv"vvO|vv9@vvwvv(v!vvB|vv#<vv;_vv9J<vv;fvv(GQV,|vvhfvvOe@vvjvv+wvvQGyvv}vvGvv9RGJvvvDvv+vvQG

k
.hC|vvwvv#

G:SvvAvvqvv9OI|vv#Gyvvavv=vv+vvgvv?GyvvAvvwvvQGQ*vv?yvvzvvavv(G<vvupvv,GSvvAvvgvv}vv9dGyvvGvvOQGfGyvvJvv9|vvzvv?Gyvv}vvZvv"vvgvv?
|T=t9

k
C*]9

k
.

hIvv+vv"vv}vv9_
o
vv(xQJ$vvPgGyvv}vv"vvdvv(|vv?Eyvv)|vv=vv9fm|vvAvvgvvOOIGyvvavv(G<vvu,CYvv=vvJvvBGyvvZvv+vvjvv?

G !vWv9Fv+v?Gyv}vwv(v!v?|v#$v+v9vv{E!vWv9Fv+v?<vO*v;
k

GsvAvZv9O*v9
k

Fv+vOG
k

,<vQiv~hFv(OFvOQGfIv9|vzv?
OGLvzv+v?@vtvTv~Gyv}v=v"v)Eyv)CIv+v9RYvjv+vQIPGJ|vGv9RGJCpvtv+v?|vJvOhOIFvgvzvB|v#@vzvx
GyGOQGfL+9QG

k
f}z+9

k
.

GyZ+j?Gy}WAt?-GyGOQGfGyJ9|z?p,Gy}"Rd
:@vvvvtvvvv(dCjwYvvvv+vvvvjvvvv?fvvvv9|vvvv?Vvvvv+vvvv8vvvv9

k
fvvvv#|vvvv(GOhCVvvvvwvvvv9dh|vvvvtvvvv9Svvvv9JGyvvvv}vvvvwvvvv(x!vvvv9J

hGyvvv(Yvvv;JhGyvvv}vvvDvvv=vvvAvvv9JGyvvvAvvv,*vvvGvvv>GSvvvAvvvgvvv}vvv9yvvv%vvv9.<vvv{@vvvgvvvavvv,Gyvvvgvvv"vvv9YvvvQCSvvv}vvv9Afvvv9|vvv?,
h@vvZvvqvv%vv9<vvO:yvv?Yvv+vvjvvAvv%vv9Gyvvgvv9|vv?Ch<vvavvQ*vvtvv?fvv}vvzvv%vv9.C|vv9pvv,GyvvZvv+vvjvv?Gyvv}vvWvvAvvtvv?,pvv+vvGvv>
@vvJvvO*vvOGyvvAvvqvv9Yvv+vv{yvv]vv}vv9fGyvv}vvtvv9Svv9JG:svvAvvZvv9O*vv?h@vv(GpvvQ@vvtvv"vv+vv9JGyvvAvvZvv"vv+vvh.h|vv#@vvzvvx
GyvvAvvqvv9Yvv+vv{@vv"vv=vvDvvuGyvvZvv+vvjvv?Gyvv}vvWvvAvvtvv?Gyvv}vv9O*vv?Gyvv}vv}vv+vvvRI.*vv(\vvKGyvvWvvwvv{3.3GyvvZvv+vvkGyvv}vvWvvAvvtvv?
Gyvv}vvtvv9<vvzvv?yvvZvv+vvkGyvvgvv"vv9YvvQGyvvgvv9|vv?Gyvv}vv=vv+vv"vv?pvv,GyvvWvvwvv{3.2,hpvv+vv&@vvdvv%vvQ<vv;_vv9JSvvavvK
LvvQSvv9!vv+vv?|vvAvvQGvvv=vv?|vv#Fvv9!vv>hGIvvO,|vvAvvOGLvvzvv?|vvhSvvavvKsvvQ|vv+vvOj,h|vvJvv}vv(yvv?fvvzvv)
fvv(GQVLvvWvv=vv+vv?pvv(byvv=vv9OI|vvDvv=vvAvv?fvvzvv)fvv(GQVLvvWvv=vv+vv?|vv9Fvvzvv?|vvOfvv}vv?h|vvAvv}vvqvvZvvzvv?,|vvh
Yvvvqvvv9FvvvKCcvvvqvvv9Qpvvv(:P*vvv?|vvvjvvvzvvvqvvv"vvv?.hGyvvvGvvvOQGfGyvvvMvvv9QFvvv+vvv?|vvv=vvv"vvv+vvv?|vvv#yvvv=vvv"vvv9JBFvvvQ*vvv?Ch
LvvQSvv9!vv+vv?,|vvhCfGyvv}vv|_vvQGJGyvvMvvWvv=vv+vv?@ovvgvvAvv=vvQIvv;

k
fvv}vvzvv+vv9

k
.h*vv}vvwvv#<vv"vv9AGyvvGvvOGQfvvzvv)

Vvvwvv{svvWvvQILvv9QFvv+vv?BFvvQ*vv?|vvh_vv=vvtvv?OGLvvzvv+vv?|vv#Gyvv}vv|_vvQGJGyvvMvvWvv=vv+vv?.yvvwvv#|vv#ivv+vvQ
Gyv}vJvAv}v{yv%vPGGyvAvQvv+v>Cf*vJvtvu|vAvavzv=v9JGyvJvO|v#@vTvQHGyvJvQGQI.C|v9CvvDvQ_vQGFvu
GyvvJvvO|vv#pvvtvvOGfGyvvJvvQGQIvvvqvv9AI|vv#Ivv+vvEGyvvAvvwvvzvvqvv?pvv,cvvQhaGyvvWvvAvv9A(pvvtvvOGfIvvQGQI

Gyvvv%vvv(GAGyvvvOGLvvvzvvv,GyvvvOGpvvvr)pvvv%vvv,GyvvvgvvvRdGyvvv}vvv=vvv"vvv,\vvv}vvv#GyvvvGvvvOGQ.C|vvv9pvvv,GyvvvZvvv+vvvr,pvvv{f
Gyv}vAvavzv>GyvAvZv}v+v}v,$v(|v"vhOLv(dGyvJvQGQI|v#GyvMv9QL.h!vdvQG

k
Eyv)Cf@vzvxGyvJvQGQI
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@vvz@vv,|vv#CVvvgvv?GyvvWvv}vvUGyvv}vv=vv9VvvQIpvv,Gyvv}vvtvv9eG}hd,pvv{fGyvvAvvdvvzvv+vv{ChGSvvAvvgvv}vv9d|vv(GO
PGJG|vvAvvZvv9U\vv8vv+vv{yvvzvvJvvQGQI(ivv+vvQ|vv=vv+qvv"vv+vv#pvv,GyvvWvvwvv{3.3)svvO*vvwvv(!vv9fCpvv]vv{|vv#
GygRd.

C|v9G}Q\v+v9Jpv%v,fv(GQVLvWv=v+v?|vQ@vwvRI|v=v9VvQIfvzv)_v=vtv?GyvGvOGQGyvOGLvzv+v?
Chfvvzvv)Ivv}vv9:J|vv#Fvv(GFvvR|vv#Gyvvqvv(:PGyvv}vvjvvzvvqvv#h|nvv"rvv%vv+vv?<vvzQ\vv+vv?|vv#Cyvv(GMGyvvMvvWvv>
Gyvv}vv]vvjvv(W.h!vvdvvQG

k
Eyvv)CfFvvOQGfGyvvAvvtvvTvv+vv}vv9JGyvvOGLvvzvv+vv?pvv,Gyvvavv9<vvuG}Q\vv,@vvJvv}vv{

Gyvgv(GQV,pv{!v%v9@ovZv"vh|v#yv=v"v9JLvQSv9!v+v?.h!vdvQG
k

Eyv)CfGyvgv(GQVGyvMvWv=v+v?Gyv}v9Fvzv?
@vv"vvtvv{GyvvJvv}vv{Eyvv)GyvvGvvOQGfGyvvMvv9QFvv+vv?pvvtvvb,pvv{fFvvOQGfGyvvAvvtvvTvv+vv}vv9JGyvvOGLvvzvv+vv?pvv,
Gyvav9<vuG}hd:@vJvAv9LE:Eyv)Cf@vwv(f|v#GyvMvWv>Gyv}vjvav)<vzyv(GM|v#Gyv=v;SvAvQ,
fvvzvv)Cf@vv(p

x
vvQ|vvTvvAvv(*vv9J|vv;Fvv}vv?|vv#GyvvgvvRdGyvvZvv(@vv,.yvvtvvOGSvvAovvgvv}vvzvvBCyvv(GMGyvv=vv;SvvAvvQ

yv~SvtvrhyvAvjvav+v?|vwv(!v9JGyvOQL,h$v(*v}vwv#Cf*ovTvAvgv}v{fvzv)CjFvOGQ|v=v"v,|v#
yvvv=vvv"vvv9JLvvvQSvvv9!vvv+vvv?pvvv,Gyvvv}vvv"vvvRd.hsvvvO*vvvwvvv(f|vvv#Gyvvv]vvvQhQj@vvvgvvvO*vvv{GyvvvGvvvOQGfGyvvvMvvv9QFvvv+vvv?
Gy}(F(OI@JBG}QVyAw(fCST9

k
VQ*a+?|#GyMQS9!?i+QGy}TzJ?.
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h*vvvGvvv>@vvvJvvvO*vvvO|vvvtvvv9Svvvv{|vvv#$vvvPgGyvvv}vvvwvvv(x!vvv9J.hsvvvOFvvvQi@vvvavvv(*vvvQ|vvvwvvv(x!vvv9J
fv9|v?,|v"v%v9yv=v"v9JBFvQCh!v(GpvP<v}vtv9Sv9J|vJvOvOI|v;Fv}v?yv;SvAvgv}v9dGyv}v"vRyv,h@vJvt

x
vu

|vvAvvavvzvv=vv9@vv&.C|vv9|vvtvv9Svv9J<vvgvv̂Gyvv}vvwvv(x!vv9J,|vvDvv{Gyvvgvv(GQV,pvv+vvGvv>Cf@ovvZvv}vvv~@vv=vvgvv9
k

y}t9S9JGy}=")hGSAg}9:@&.

h<v9yvavQ*vtv?fv+v"v%v9GyvAv,GLvAvzvqvB<v%v9Gyv}v"v9Rdpv,Gyv}v9\v,fv#GyvZv+vjvAv+v#Gyv}v=v+v"vAv+v#
pvv,GyvvWvvwvvzvv+vv#3.2h3.3,pvv{fyvv+vvUCvv}vv?|vv#Svv=vv>yvv;fvvAvvtvv9O<vvzfGyvvZvv+vvkGyvvgvv9|vv?Ch
GyvvJvvzvv(dGyvv}vv9O*vv?GyvvJvv9yvv+vv?Svv(a@vv=vvtvv)svv9Fvv}vv?pvv,Gyvv}vvTvvAvvtvv=vv{.<vv{svvO@vvAvvavv(QGSvvAvvGvv9<vv?
yzdQhahGy}(GQOhGy}Aaz=9JGyAZ}+}+?GyGO*OI.

Y+kf9|?CLQihGy}}9QS9JGyQG$"?
@

o
vv=vvOjGyvv}vv=vv9!vv,GyvvAvv,@ovvTvvAvvgvv}vv{pvv+vv%vv9$vv+vv9vvv{E!vvWvv9Fvv+vv?hCSvvtvvrhGSvvgvv?Gyvv}vvGvv9R@vv"vv(wfvv9

k

vvv=vv+vvQG
k

|vv#Ivv+vvEGyvvZvv+vvkGyvvgvv9|vv?hGyvvJvvzvv(dGyvvAvv"vvqvv+vvP*vv?Gyvvgvv}vvzvv+vv?.h|vv#ivv+vvQGyvv}vv;Fvv~|vvJvv9hyvv?
SvvvQO$vvv9Fvvv}vvv+vvvgvvv9

k
$vvv"vvv9,E:C!vvv&*vvv}vvvwvvv#<vvv]vvvgvvv?C|vvvDvvvzvvv?Cf@vvv(\

x
vvvK@vvvzvvvxGyvvvZvvv+vvvk<vvv(Yvvvqvvv%vvv9

v+"(!9Jf9|?h|9O*?.

@vvAvv]vv}vv#<vv"vv+vv?Gyvv%vv+vvwvv{G !vvWvv9Fvv,fvv(GQVhCfvv}vvOIh<vv;_vv9Jh<vvgvv̂Gyvv}vvwvv(x!vv9J
GyvAv,@v]v}v#G:SvAvtvQGQGyvgv9e.h*v}vwv#@vwvQGQ$vPgGyvZv+vjv?G}Sv9Sv+v?yvAvwv(*v#|v=v9fvv=v+vQI
Cpvvtvv+vv9

k
hfvv}vv(O*vv9

k
.E:Cf@vvzvvxGyvv=vv"vv)@vvJvvAvv9LEyvv)Cfvv}vvOIhFvvOQGfOGLvvzvv+vv?,h$vvPg@vv]vvh

svvv+vvv(OG
k

fvvvzvvv)GyvvvJvvv+vvvRGyvvvOGLvvvzvvv,GyvvvJvvvQGyvvv}vvvAvvv9M.C|vvv9YvvvqvvvAvvv%vvv9GyvvvAvvv,:*vvv]vvv9$vvv+vvv%vvv9Vvvv,Apvvv%vvv,
|vtvOQ@v%v9fvzv)@vJvtv+vuGQ@vqv9fv9Jvv=v+vQI|vhC|v9vv#OGLvzv+v?|vqvAv(Iv?!vTv=v+v9

k
.@
o
vZv"vhGyvZv+vjv?

Gyv}vWvAvtv?Gyv}v9O*v?E|v9|v#Gyvqv(:PChGyvMvQSv9!v?Gyv}vTvzvJv?.h*v}vwv#GyvMvQSv9!v?Gyv}vTvzvJv?Cf
@vvwvv(f|vvTvv=vvtvv?GyvvZvv"vvh,Ch*vv}vvwvv#Cf@ovvZvv>pvv,|vv(svvhGyvv=vv"vv9A|vvJvvzvv+vv9

k
,h*vv}vvwvv#GSvvAvvgvv}vv9d

|vvvR*vvvH|vvv#@vvvzvvvxGyvvvgvvv"vvv9YvvvQ.h@vvvAvvv]vvv}vvv#|vvvgvvvdvvv~GyvvvJvvvzvvv(dGyvvvtvvv9Fvvv}vvv?fvvvzvvv)Gyvvvqvvv(:Pfvvv(GQV

hCfv}vOI|vhCQ\v+v9JLvQSv9!v+v?,h*ovJvtvvupv+v%v9G:SvAvtvQGQ@vGv9gGyvQ*vK<v(GSvav?GyvMvQSv9!v?
Gyvv}vvTvvzvvJvv?ChGyvvqvv(:P.h@vvtvv(e<vv"vv)GyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?fvv9OIfvvzvv)fvv"vv9YvvQ|vv#GyvvMvvQSvv9!vv?
Gyv}vTvzvJv?Gyv}v(Rfv?fv=vQ$v9,hsvOCOi@vav(*vQGyv=v;_v9JGyv}vTva

v
vJv?(flat slab)Eyv)Eyvjv9A

GyJ9F?Ey)Gyg(GQV.

h@
o
vvvvTvvvvAvvvvgvvvv}vvvv{<vvvv"vvvv)G}SvvvvtvvvvrGyvvvv(GSvvvvgvvvv?Gyvvvv}vvvvGvvvv9Rpvvvv,|vvvv"vvvvWvvvv5JGyvvvvZvvvv"vvvv9fvvvv?hGyvvvvAvvvvGvvvv9QI

hGyvv}vvTvvAvv(Ofvv9JhGyvv}vvgvv9QVhGyvvQ*vv9\vv?hivv+vvQ$vv9|vv}vv9*vvJvvAvv9LEyvv)|vvTvv9Ivv?|vvqvvAvv(Ivv?vvv=vv+vvQI
@vvJvvBSvvtvvrhGIvvO.hivv9yvv=vv9

k
|vv9@vvwvv(f$vvPgGyvv}vv"vvWvv5JhIvv+vvOIGyvvavv9<vvu,E:CfCSvvtvvqvv%vv9
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@vvwvv(fPGJGQ@vvqvv9fvv9JOGLvvzvv+vv?vvv=vv+vvQI.hpvv,<vvgvv̂GyvvJvv9:JsvvO:@vvAvvavvzvv>G}ivvQGV

Gyv}vPvv(QIB!vqv9
k

|v"vWv5Jvv=v+vQI,yvPG,h!vdvQG
k

Eyv)E|vwv9!v9J<v"v)G}SvtvrGyv(GSvgv?Gyv}vGv9R
|#G}!(GYGyg9|?,p{!%9*}w#Cf@oTAg}{yz}=9!,Gy}A(Sa?GyJG(e.

h@vvAvvZvvrG}SvvtvvrGyvv(GSvvgvv?Gyvv}vvGvv9R<vvzvvv=vvQ@vv"vv(wYpvv,Yvv+vvjvv%vv9Gyvvgvv9|vv?G}Svv9Svv+vv?GyvvAvv,
@

o
vvavv(vQyvvAvvZvv=vvKYvv+vvjvv9

k
|vvWvvAvvtvv?.hsvvOFvvQi@vvavv(*vvQ<vv"vv)|vvTvvAvv(*vv?hCvv;Cvv+vv?G}<vvgvv9O<vvZvv+vvk

|TaJ?h|"J"+?<9SAg}9dGyq(:PhGyMQS9!?Gy}TzJ?,hIA)GyMW>hG}y}"+(e.

h*vvGvv>@vvjvvzvv+vvrvvv{|vv#Gyvv=vv"vv+vvAvv+vv#Gyvv%vv+vvwvvzvv+vv?hGyvv(GSvvgvv?Gyvv}vvGvv9R<vvGvvOQGfLvv9QFvv+vv?.
h@
o
vvvOf

v
vvv~@vvvzvvvxGyvvvGvvvOQGfh@vvvtvvv+vvvvO<vvv9yvvv=vvv"vvv+vvv?G !vvvWvvv9Fvvv+vvv?,hCvvv}vvv?_vvv+vvvrhGSvvvh|vvv#GyvvvMvvv+vvv9QGJ

Gyvv}vvAvv(GpvvQIyvv%vv9.h@vv(FvvOC*vv]vv9
k

Yvv+vvkfvv9|vv? vvvTvv9AGyvvGvvOQGfGyvvMvv9QFvv+vv?,h|vv"vv%vv9_vv=vvtvv9J
GyvvvAvvvjvvvavvv+vvv?(cladding)ChGyvvvAvvvzvvv=vvv+vvvU(facing)GyvvvAvvv,@ovvvZvvv"vvvh|vvv#Gyvvv}vvvgvvv9OfChGyvvvMvvvQSvvv9!vvv?Ch
GyvvRFvv9LChyvv=vv"vv9JG6FvvQ,@vv=vvgvv9

k
yvv"vv(YGyvv}vv=vv"vv).E:CfCvv}vv?!vvRfvv?Eyvv)GSvvAvvgvv}vv9dC!vv(GY

|vMvAvzvqv?|v#GyvGvOQGfpv,GyvZv+vkGyv}vWvAvtv?Gyv}vMvAvzvqv?.hpv,<vgv̂Gyv=v"v)Gyv(GSvgv?Gyv}vGv9R,
*vvAvvavvzvv>Gyvv}vv=vv"vv)fvv9OIfvvOOG

k
Yvvjvv+vvQG

k
|vv#GyvvqvvAvvJvv9Jpvv,GyvvGvvOQGfGyvvMvv9QFvv+vv?.C|vv9@vvtvvzvv+vv[

hRf<vv"vv+vv?GyvvGvvOQGfpvv+vv}vvw
x
vv#@vvJvvtvv+vvu@vvMvvqvv+vv̂pvv,@vvwvvzvvqvvAvv%vv9.h$vvPGvvvzvv&*vvtvv(OEyvv)@vvjvvavv+vv?

GyvvGvvOQGfGyvvMvv9QFvv+vv?<vv9yvvZvvqvv9FvvKGyvv}vvgvvO!vv+vv?pvv,G}fvvzvv),|vvhGSvvAvvgvv}vv9dGyvvZvv+vvkGyvvAvv,$vv,
CCvvtvv{,h|vv#C|vvDvvzvvAvv%vv9yvv=vv"vv9JG6FvvQ,Ivv(dGyvv}vv=vv"vv)fvv"vvOGyvv}vvTvvAvv(iG}Q\vv,pvvtvvb,Ivv+vvE
*vv}vvwvv#Cf@vvQ@vvwvvRfvvzvv)G}QV|vv=vv9VvvQI.C|vv9pvv,GyvvZvv+vvjvv?Gyvv%vv+vvwvvzvv+vv?Gyvv}vvAvvgvvOOIGyvvavv(G<vvu,
pvv{fGyvvAvvzCvv+vvQGyvv}vvAvv=vv9Od<vv+vv#GyvvGvvOQGfhGyvv=vv"vv+vv?,E\vv9pvv?Eyvv)GyvvJvv9Fvv?Eyvv)@vvJvvtvv+vvu|vvTvvAvv(i
G}OGAGy}az(H,*|Oji9y=9

k
Ey)f}z+?E!W9F+?CvDQ@gt+OG

k
.

LO|9JGy}=")

<vjv+v?@v(\v+vKpvwvQIGyvZv+vjv?Gyvgv9|v?yvzv}v=v"v)hGyvJv{GyvAv"vqv+vPj,svOv|v"v9hYvqv9
k

yvAvWv+v+vO
Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?hGyvvGvvOQGfGyvv}vvJvv+vvavv?<vv%vv9.yvvwvv#Gyvv}vv=vv9!vv,@vvAvv]vv}vv#C*vv]vv9

k
|vvGvv}vv(fvv?|vv#

GyvvAvvtvv"vv+vv9J@vvTvv}vv)|vvGvvAvv}vvgvv?<vvMvvO|vv9JGyvv}vv=vv"vv).yvv+vvTvvBCvv}vv?!vv+vv?pvv,$vvPGGyvvqvvZvv{yvvAvvtvvO*vv~
GyvZv+vkGyvgv9|v?yvzvMvO|v9JhyvJvzv(yv%v9Gyv}v}vwv"v?,<vQiv~C$v}v+vAv%v9pv,Ofv~GSvAvgv}v9dGyv}v=v"v)
Gyvv+vv(|vv,hSvv;|vv?Vvv9ivvzvv+vv&hQGIvvAvv%vv~.yvvwvv#vvv{|vv=vv"vv)*vvGvv>Cf*vvAvv]vv}vv#|vvR*vvGvv9

k
|vv#Gyvv=vv"vv)

hGyvvGvvOQGfGyvvMvv9QFvv+vv?h|vv"vvdvv(|vv9JGyvvMvvO|vv?<vvjvv+vv?@vvJvvtvv+vvu|vvTvvAvv(*vv9JG}OGAGyvv}vvavvzvv(<vv?|vv"vv&.
hB|vv{Cf@vvwvv(f|vvTvvzyvv?GyvvZvv+vvkGyvvgvv9|vv?hGyvvAvv"vvqvv+vvP*vv?yvvzvv=vv"vv+vv?hyvvGvvOQG!vv%vv9svvOG@vv]vvJvvB|vv#
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Lv;dC|vDvzv?$vPGGyvqvZv{.C|v9GyvZv+vkGyvgv9|v?yvzvMvO|v9JhIvzv(yv%v9Gyv}v}vwv"v?pvTv(a@ovavQM
p,pZ(d:It?|#$PGGywA9H.

G:Q@+9HhGCM9_Q
fvv"vvO|vv9*vvwvv(fGyvvAvvjvv+wvvQ<vvavv+vv8vv9

k
,Cvv}vv?pvvQYvv?:fvvAvv}vv9OIvvzvv(d@vvqvvZvv+vvzvv+vv?|vvAvv(GpvvQIyvv}vv=vv9fm

|vWv9<v%v?,|vhEOLv9d<vgv̂GyvAvgvO*v;JGyvavqv+vqv?pv+v%v9yvzvJvZv(dfvzv)Iv{yv}v=v"v)FvO*vO.
yvwv#Cv}v?OGFv}v9

k
|vMv9_vQIpv,Gyv(sv(Ypv,VvQcGpvAvQGV@v}v9Cv{Gyv}v=v"v+nv+rv#.h|vhPyvx,EPG

vvv9!vvBGyvvZvv+vvjvv?Gyvvgvv9|vv?GyvvAvv,GVvvAovvu|vv"vv%vv9GyvvJvv{GyvvAvvqvvZvv+vvzvv,Fvv+vvOI<vvtvvOQvvv9a,h:*vvGvvQj
GSvvAvvgvv}vv9yvv%vv9fvv"vvOIvv9pvv?G Lvvqvv9b,pvv{!vv&*vv}vvwvv#GfvvAvv}vv9OPyvvxGyvvJvv{GyvvAvvqvvZvv+vvzvv,|vv#Ohf
GyJ9F?Ey)vD+Q|#GyAJz+{,h<tz+{|#Gy}G9Rp?.

yvvwvv#|vvhGRO*vv9Oh@vv+vvQIGyvvAvvjvv+wvvQ,*vv}vvwvv#GyvvMvv+vv9QG}hyvv,Cf*vv=vvAvvgvvOfvv#GyvvZvv+vvkGyvvgvv9|vv?
GyvvAvvqvvZvv+vvzvv+vv?Gyvv"vv9\vvGvv?,h*ovvZvv=vvKGyvv}vvtvvAvvQMG}hyvv,svv9Fvv}vv9

k
fvvzvv)pvv%vv~yvvZvv+vvkfvv9|vv?@vvJvvAvv9L

fv"vOFvPEyv)|vQGFvgv?@vqvZv+vzv+v?.hsvO*vTvAvOfv,Pyvxpv,Gyv=vOG*v?EFvQGA<vgv̂GyvAvjv+v+vQGJpv,
Gyvv}vv(GOCh_vvQGFvvuGyvv(Yvv{hGyvvAvvDvv=vv+vvB,yvvwvv#fvv"vvO|vv9*ovvZvv=vvKGyvv}vvavvzvv(HCvvvDvvQ<vvgvvOG

k
|vv}vv9$vv(

V9Fh,p{fY+j9
k

f9|?CS9S+?<O*z?sO@w(fCvDQ|;A|?\}#@Ww+z?FO*OI.

h|vv#Gyvv]vvQhQjIvv+vv#Gyvvtvv+vv9e<vvzjLvv+vv9Q@vvtvv9!vv,G:!vvAvv=vv9gEyvv)Gyvv}vvMvv9_vvQGyvvAvv,*vv"vvavv(j
fvvzvv+vv%vv9GfvvAvv}vv9OIvv{|vvgvv+vv#._vv=vvgvv9

k
,@vvAvvgvvzvvuGyvv}vvMvv9_vvQGyvvAvvtvv"vv+vv?<vv9 Lvvqvv9bpvv,G}OGA.hfvvzvv)

ivvQGQCj|vvGvv9Rpvv?,@vvGvv>|vvtvv9Q!vv?Gyvv}vvz|vv(d|vv"vv%vv9<vv9yvvgvv(Gsvv>GyvvAvv,@vv|OjEyvv+vv%vv9.pvv9yvvgvv(Gsvv>
GyvvAvv,@vv|OjEyvv)Gyvv}vv(J@vvAvvavvzvv>OGFvv}vv9

k
IvvPQG

k
VvvO*vvOG

k
.C|vv9fvv"vvO|vv9@vv"vvavv(jGyvvgvv(Gsvv>fvvzvv)

@(srf}{Gy}=")|D;
k

,pAt+v~G}\QGQGy"9F}?hpt9
k

y}tOGQGy}G9Rp?Gy}T}(M<&.

h|vv%vv}vv9vvv9!vvBh@vv+vvQIGyvvAvvjvv+wvvQ,pvv{fGLvvAvv+vv9QGyvv}vv=vv"vv)*vvgvvAvv}vvOfvvzvv)pvv%vv~|vvgvv"vv)GyvvZvv+vvjvv?
Gyvvgvv9|vv?hG}OGAGyvvPj*vv"vv[fvvzvv+vv&GyvvAvvZvv}vv+vv~GyvvAvvqvvZvv+vvzvv,,hfvvzvv)@vv(GpvvQGyvv}vv(GQOGyvv;R|vv?
yA"q+PGyJ{Gy}MA9Q.

GyM;Y?

1.@vvvAvvvZvvvrGyvvvgvvv"vvv9YvvvQhGyvvv}vvvwvvv(x!vvv9J<vvvz!vvv%vvv9|vvvJvvvOhOIGyvvvavvv+vvvr|vvv#Ivvv+vvvEYvvv+vvvjvvv%vvv9
Gy}q9$+}+?Gyg9|?,hPyx|#|"azuOhQ$9p,@Jt+uG}OGAGy}az(H.

2.*vvGvv>GLvvAvv+vv9QGyvvJvvzvv(dGyvvAvv"vvqvv+vvP*vv?GyvvAvvqvvZvv+vvzvv+vv?<vvJvv+vvE@vv;Fvv~GyvvAvvZvv}vv+vv~hcvvQha
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Gyvv}vv(GQOGyvv}vvAvv(GpvvQI,hyvvPGSvvAvvwvv(fGyvvJvvzvv(d|vvMvvZvvvZvv?yvv}vv=vv"vv)|vvgvv+vv#,|vvhC!vv&*vv}vvwvv#
@vwvQGQ@vWv+v+vOGyvAvZv}v+v~!vqvTv%v9,hC!v&*v}vwv#@vqvZv+v;

k
|vgv+v"v9

k
pv+v&Cf*vgv}v{pv,CvvDvQ|v#

|=").
3.@vvdvv%vvQpvv,Gyvv}vvGvvAvv}vvgvv9JGyvv}vvMvvAvvzvvqvv?C!vv(GY|vvAvvgvvOOI|vv#Yvv+vvkGyvv=vv"vv9AGyvvgvv9|vv?hIvvzvv(d
Gy="9AG:sAZ9O*?GyA,@w(xff9OICS9SGLA+9QGyJz(dGyA"q+P*?Gy;It?.
4.Iv+v#hFv(OGLvAv;apv,Gyv}v(GYvqv9JGyv}vavzv(<v?|v#Gyv}v=v"v),*vGv>Cf@vAv]v}v#
fvv}vvzvv+vv?G:LvvAvv+vv9Q@vvJvvzvv+vv;

k
*vv=vv+xvv#G:Q@vv+vv9<vv9JhGyvv}vvMvv9_vvQGyvv}vvtvvAvvQ!vv?<vvwvv{Yvv+vvjvv?|vv#Yvv+vvk

Gyv=v"v9AGyvAv,*v}vwv#Cf*vJvZv{G:LvAv+v9Q|v"v%v9,|v#Iv+vEG Lvqv9bpv,@vJvtv+vuG}OGA
Gy}az(H,h|#I+E@JO*OhGshGy}(GQOGy}A(GpQI.
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e|vvvqvvv%vvv(eG:!vvvJvvvQGpvvv9Jpvvv,@vvvtvvvO*vvvQE|vvvwvvv9f@vvv(Gpvvvu
|vwv(x!v9JGyv=v"v9Apv,|v9<v+v"v%v9hfv}vzv%v9|vgv9
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.h*vMvz

o
v[GyvqvZv{Eyv)fvQVFv(G!v>|vgv+v"v?|v#

fvv}vvzvv+vv?Gyvv(Yvv{hGyvvAvvDvv=vv+vvB,h$vv,Gyvvgvv}vvzvv+vv?GyvvAvv,@vvGvvgvv{CFvvRGAGyvv}vv=vv"vv)Gyvv}vvMvvAvvzvvqvv?@ovvTvv%vv~pvv,
Sz(v&GyW9|{.

|Aj+xQGJGy="9A-!A+G?G:LA+9Q
|vv#Gyvv]vvQhQjCf!vvOQcpvv,Gyvv=vvOG*vv?Fvv(G!vv>GyvvAvvWvv+vv+vvOGyvv}vv9O*vv?GyvvAvv,*vv}vvwvv#@vvjvv+vv+vvQ$vv9

<vvjvv+vv?@vvJvvtvv+vvuG}OGAGyvv}vvavvzvv(H|vv#Gyvv}vv=vv"vv).pvvAvvJvvO*vvO|vv9*vv}vvwvv#@vvjvv+vv+vvQg*vvJvvO
x

OC*vv]vv9
k

|vv9

*G>GLA+9Qg<j+?Gy(Y(dEy)I{:y=Up+&.

h*vvvGvvv>G@vvvMvvv9PsvvvQGQGJ<vvvWvvvzfGyvvv}vvv(GOGyvvvAvvv,Svvv(a@vvvAvvvzyvvvr|vvv"vvv%vvv9Gyvvv}vvvwvvv(x!vvv9JPGJ

G}Vvvwvv9dhGyvvJvvGvv(eGyvv}vvgvvQvpvv?.Cvv~*vvGvv>@vvJvvO*vvOGyvvgvv;svv9JGyvv}vvwvv9!vv+vv?pvv,|vv9<vv+vv#@vvzvvx
Gyvv}vvwvv(x!vv9J,h<vv+vv"vv%vv9h<vv+vv#Gyvv(Yvv;JhGyvv}vvDvv=vvAvv9JGyvv]vvQhQ*vv?yvvgvv}vvzvv%vv9|vvgvv9

k
<vv(Yvvqvv%vv9|vv=vv"vv)

|Aw9|;

k
.h*=+x#GyWw{4.1$PGGyAgQ*rGy=T+byz}Aj+xQGJ.
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*vAv]v}v#@vgvQ*vrGyvAvQvv+v>Gyv}v9OjGyv"v%v9Fv,yvzv}v=v"v)@v(Yv+vqv9
k

yvwv{|v#|vwv(x!v9@v&,h|v#
\vv}vv"vv%vv9Gyvv(Yvv;JhGyvv}vvDvv=vvAvv9J,Gyvv}vvOQFvv?<vv9yvvAvvqvvZvv+vv{pvv,@vvgvvQ*vvrGyvv(IvvOGJGyvvAvvGvv}vv+vvgvv+vv?
GyA,*Aw(vf|"%9Gy}=")Gy"%9F,.h*G>Cf*A]}#PyxGyA(Y+r|9*z,:

!Gy}(GOGyA,S(a@oZ"h|"%9Gy}w(!9JhOQF?F(O@%9.
!GyWw{GyPjS(a@AvMPgGy}(GO<gO@Ww+z%9.
!|t9S9JGy}w(x!9J|A]}"?G}<g9OGyw9p+?yAJO*OGyWw{.
!G IvOGCv+v9JGyv}vwv9!v+v?yvwv{FvRA|v"vTv(<v?Eyv)EIvOGCv+v9JE_v9Q|vQFvgv,|vavzvu,

ChEy)EIOGC+9JFRABLQ|#Gy}=")ChGy=+8?Gy}J+a?.

h@vJvO
x

OGyv}v(GYvqv?G}|v9vv#GyvAv,Sv(a@ovWvjvzv%v9Gyv}vwv(x!v9JhhYv;@v%v9.hsvO*vwv(f
Cvvv}vvv?@vvv]vvv9QH<vvv+vvv#Ivvv9Fvvv?Gyvvv}vvvwvvv(x!vvv9JGyvvv}vvvMvvvAvvvzvvvqvvv?Eyvvv)Ivvv+vvvR<vvvgvvv+vvv"vvv&,ChEyvvv)Ivvv+vvvRsvvv9<vvv{
yvv;SvvAvvgvv}vv9d|vv#Gyvv}vv=vv"vv)!vvqvvTvv&.yvvPG:*vv}vvwvv#@vvzvvv+vvOLvv+vv9QGJG !vvWvv9AEyvv)Cf@ovvJnvv{$vvPg
Gy"ta?h*AtQvQCfC}?I+RG

k
L9Y9

k
hGIOG

k
yw{FRA|#CFRGAGy}=").

vvvv}vvv9*vvvGvvv>C*vvv]vvv9
k

@vvvJvvvO*vvvOGyvvv(Yvvv;JhGyvvv}vvvDvvv=vvvAvvv9J|vvv#Ivvv+vvvE|vvvwvvv(!vvv9@vvv%vvv9h|vvv(GO$vvv9
hCVvwv9yv%v9h|vtv9Sv9@v%v9hfv;sv9@v%v9Gyv}vwv9!v+v?,}!v%v9<vgv+v"v%v9FvRA|v#Gyv(IvOIGyv}vGv}vvgv?.Cv~
*vvGvv>@vvJvvO*vvO_vvQGFvvuhYvv{Gyvv(IvvOGJGyvv}vvGvv}vvvgvv?|vvgvv9

k
yvvAvvwvv(*vv#Gyvv}vv=vv"vv)<vvQ|vvAvv&.h*vvGvv>

@vvvJvvvO*vvvOvvvv{Gyvvv}vvvwvvv(x!vvv9JPGJGyvvvgvvv;svvv?<vvv9yvvv(Yvvv;JC*vvv]vvv9
k

(hGyvvvAvvv,@vvvgvvvQapvvv,vvvvDvvv+vvvQ|vvv#
G}I+9fv(Y;J).
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h@vAvQv
v
vRfv}vzv+v?G:LvAv+v9Q$v,pv,@vgvQ*vrGyv}vwv(x!v9Jh|v(GO$v9hCVvwv9yv%v9h|vtv9Sv9@v%v9

hfvv;svv9@vv%vv9Gyvv}vvwvv9!vv+vv?,<vv}vv9pvv,PyvvxGyvv(Yvv;JhGyvv}vvDvv=vvAvv9JGyvv]vvQhQ*vv?:vvvAvv}vv9dGyvv}vv=vv"vv).
hGyvvjvv9*vv?|vv#Gyvv}vvgvvQpvv?GyvvAvvtvv9!vv+vv?$vv,G@vvMvv9PsvvQGQGJ<vvWvvzf@vvzvvxGyvv}vvAvvjvv+xvvQGJyvvAvvwvv(*vv#|vv=vv"vv)
B|vv#svv9<vv{yvv;SvvAvvgvv}vv9d.h$vvPGGLvvAvv+vv9Q@vvtvv"vv,*vvGvv>Gyvvtvv+vv9e<vv&<vvgvvOh\vvh|vvqvv%vv(eGyvvAvvZvv}vv+vv~
hsv=v{@vJvO*vOEOGQIfv}vzv+v?G !vAv9L.h*vGv>Gyvtv+v9e<v&<vgvO@vJvZv+v{OQG*v?vv9|vzv?<v}vAvavzv=v9J
GyAZ}+~h<}(GQOG !A9LGy}A(GpQI.

GLA+9QGC(GO
GLvAv+v9QGyv}v(GO$v(fv}vzv+v?|ovav9<nvtv?Lv(GUGyv}v(GO|vh|vAvavzv=v9JG}OGA.E:CfPyvx

yvvv+vvvU|vvvTvvvAvvvtvvv;
k

fvvv#|vvvtvvv9Svvv9JGyvvv}vvvwvvv(x!vvv9JhCVvvvwvvv9yvvv%vvv9,}fFvvv}vvv+vvvhGyvvv}vvv(GO|vvvAvvvWvvv9<vvv%vvv?
<vvv9yvvvMvvv(GU<vvv}vvvtvvvOGQCh<vvv5LvvvQ.h!vvvJvvv#!vvvMvvvAvvv9QLvvv(GU|vvvgvvv+vvv"vvv?fvvv"vvvO|vvv9@vvv|OjEyvvv)COGA
<vv9yvv}vvTvvAvv(iGyvv}vvavvzvv(H|vv#Ivv+vvEGyvvwvv}vv+vv9JG:svvAvvZvv9O*vv?hGyvv}vvtvv9Svv9JhG}Vvvwvv9dGyvvAvv,
*}w#E!A9F%9h!tz%9h@Qv+=%9\}#GyJ+RGy}az(H.

hyvvgvv{Gyvv}vv=vv9!vv,$vv,Cvvv=vvQGyvv}vv"vvWvv5JGyvv}vvZvv"vvvgvv?hGyvv}vvTvvAvvgvv}vvzvv?pvv,vvv{Gyvv}vvGvvAvv}vvgvv9J.
h$vv,@vvAvvavvzvv>vvv}vv+vv9Jvvv=vv+vvQI!vvTvv=vv+vv9

k
|vv#Gyvv}vv(GO<vvAvvwvvzvvqvv?|vvgvvtvv(yvv?,hyvvPGpvv{!vv&:fvvGvv>pvv,

CfGyv}v(GOGyvAv,GSvAovgv}vzvBpv,Cfv}v9dGyv=v"v9Afv=vQGyvAv9Q*vN$v,Gyv}v(GOGyvGnvTpv+v}v?Gyv}vAv(GpvQI
|vvvJvvvzvvv+vvv9

k
<vvvAvvvwvvv9yvvv+vvvr|vvvgvvv9yvvvGvvv?|vvvJvvvOhOI.E:Cf@vvvRG*vvvOGyvvvDvvvQhIG:svvvAvvvZvvv9O*vvv?h|vvv9QGpvvvtvvv&|vvv#

|vTvAv(*v9JQpv+vgv?|v#Gyv=v"v+v?GyvAvJvAv+v?Sv}vK<v9SvAvgv}v9d|v(GO@vJvAv9LEyv)vvDv+vQ|v#Gyv}vgv9yvGv?
<vvvgvvv+vvvOG

k
|vvv#|vvv(svvvhGyvvv=vvv"vvv9A,hsvvvz

v
vvv{|vvv#GyvvvJvvv9Fvvv?Eyvvv)Gyvvv}vvv(GOGyvvv}vvvJvvvzvvv+vvv?.h|vvvh$vvvPGGyvvvAvvvavvv(wQ

G:svvAvvZvv9OjC@vvBE|vvwvv9!vv+vv?!vvtvv{C!vvWvvavv?G !vvAvv9LEyvv)|vvZvv9!vvh<vvgvv+vvOI|vv#Gyvv}vv(svvh,h$vvPG|vv9
hp
v
Q|#!9I+A&pQY9

k
:SAg}9d_+r|#Gy}(GOChSh|}9*}w#@(p+Qg|Jz+9

k
.

C|v9|v(GOGyv=v"v9AGyvAv,vv9!vBVv9Fvgv?pv,Gyv}v9\v,pv%v,GyvMvWv>hGyvJvGvQhGyvGv+vQ|vh
|vvtvv9O*vvQ|vvJvvOhOI|vv#GyvvJvvO*vvOyvvzvvAvvDvv=vv+vvB,hGyvvQYvv9UhGyvvRFvv9L.hGSvvA

o
vvgvv}vv{GyvvZvvzvvZvv9d

Gyvv}vvWvv(jyvv7FvvQhGyvvtvvQ|vv+vvO|vvOIpvv,<vvQ*vvavv9!vv+vv9,yvvwvv#IvvAvv)svv=vv{<vvOAGyvvtvvQfGyvvAvv9SvvhfvvWvvQ,
vv9fGSvAvgv}v9d@vzvxGyv}v(GO|vJvzv+v9

k
pvtvb,Lv9Yv?pv,Gyv}v"v9_vuGyvJv]nvQ*v?,Iv+vEhoFvOJ

CSvv(Gbvvv=vv+vvQI<vv9yvvtvvQH|vv#CpvvQGfGyvvWvvv,.hpvv,Gyvv}vv"vv9_vvuGyvvQ*vvqvv+vv?,|vvDvv{Opvv(f(Devon),

GSA}QGSAg}9dGyAQGHy="9AG}v(GNGyQ*q+?IA)!%9*?GytQfGyA9ShfWQ.

C|vv9Gyvv}vv9O@vv9fGyvvzvvAvv9fvvv9f OLvv9yvv%vv}vv9GyvvAvvzCvv+vvQG}vvv=vvQpvv,|vvtvv9Svv9JhIvvGvv(eGyvv}vv=vv9!vv,
Gyv}vTvAvgv}vzv?pv,GyvJv+v9IGyv+v(|v+v?vv9!vAv9Gyvqv(:PhGyvMvQSv9!v?.pvMv(GUGyv}vAv9!v?Gyv}v}vAv9RIpv+v%v}v9
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Svv}vvJvvB<vv(\vvhCIvv}vv9dCvvv=vvQfvvzvv)|vvtvv9_vvhCYvvjvvQ,hhpvvQJE|vvwvv9fGSvvAvvgvv}vv9dfvv"vv9YvvQ
|vGv9RGJCYvjvQhCfvzv)vvqv9AI,|v"v%v9Gyvgv(GQV.hpvAvKPyvxGyv=v9HC|v9e|vGv}v(fv?vv=v+vQI
|vv#|vvTvvAvvMvvO|vv,Gyvv}vv=vv9!vv, svv9|vv?|vv=vv9fvvv=vv+vvQIPGJIvvGvv(e\vvMvv}vv?!vvTvv=vv+vv9

k
.hpvv,Gyvv"vvZvvr

GyvvDvv9!vv,|vv#GyvvtvvQfGyvvgvvWvvQ*vv#,OLvv{fvvOO|vvAvvRG*vvO|vv#Gyvv}vv(GOpvv,Cfvv}vv9dGyvv=vv"vv9A.h*ovvTvvAvvgvv}vv{
Gyvv+vv(e|vvR*vvO|vv#Gyvv}vvgvv9Of,h|vv"vv%vv9Gyvv"vvJvv9ShG}yvv}vv"vv+vv(e,Lvv9Yvv?pvv,GyvvMvvO|vv9J.hvvv9f

yvvzvv=vv;SvvAvv+vvx|vvqvvgvv(dvvv=vv+vvQpvv,Gyvv}vv9\vv,,yvvwvv#pvvtvvbIvv+vvE*vv}vvwvv#@vv=vvQ*vvQ@vvwvvzvvqvvAvv&Gyvvgvv9yvv+vv?
!vvTvv=vv+vv9

k
pvv,Gyvv}vvwvv(!vv9JPGJGyvv}vvtvv9_vvhGyvvQsvv+vvtvv?.hhpvvQJGyvvAvvavv(QGJpvv,|vvgvv9yvvGvv?h@vvZvv"vv+vvh

<g^Gy}(GOGytO*}?pQY9
k

FO*OIp,@t"+9J,|D{GyMW>GyZq9FJ,.

hE\vv9pvv?Eyvv)GRO*vv9O_vv+vvrGyvv}vv(GO,COJGyvvAvvavv(QGJEyvv)@vv(pvv+vvQ|vvR*vvO|vv#OQFvv9J
GyvvGvv(OI|vvh|vvQGsvv=vv?Fvv(OICVvvOyvvzvv}vv(GOGyvvAvv,vvv9!vvBVvv9Fvvgvv?,h$vvPG|vv9|vvw

v
vv#|vv#Lvv+vv9QGJ

CObpvv,Gyvv}vvtvv9*vv]vv?<vv+vv#G}OGAhGyvvAvvwvvzvvqvv?.hGsvvAvv]vv)Pyvvxvvvzvv&|vvR*vvOG
k

|vv#Gyvv}vvgvvQpvv?.pvvAvvtvv+vv+vv~
Gyv}v(GOGyvAv,_v(xQJIvO*vDv9

k
CvvDvQYvgv(<v?,}fvvDv+vQG

k
|v"v%v9yv~*vMv]vhIvAv)G6f:LvAv=v9Q

GyvvZvv}vv(O|vvhGyvvR|vv#.h*vv(y
x
vvOGyvv}vvR*vvO|vv#Gyvv}vv(GO|vvR*vvOG

k
|vv#E|vvwvv9!vv9JfvvOeGyvvAvv(Gpvvu,IvvAvv)

EfGyv}v(GOGyv}vMvAv=vQIhGyv}vGvQ<v?Fv+vOG
k

*v}vwv#Cf@vMvqvupv,@vQGvv+v>Gyv}vwv(x!v9JGyvGvO*vOI.
h*v}vwv#GyvAvqv9fv;JGyv%vOG|v?pv,|v9<v+v#Gyv}v(GO!vqvTv%v9,h<v+v"v%v9h<v+v#Gyv=v+v8v?Gyv}vJv+vav?,Cf
@%O

x
OGSA}QGQ*?@zxGy}(GO<aQGFu*G>p%}%9s={Gy=OA<9yAJz+{.

hfvv"vvO@vvZvv(QG Lvvqvv9svv9J,*vv}vvwvv#G:Ofvv9A<vvzfFvv}vv+vvhG Lvvqvv9svv9J$vv,ELvvqvv9svv9J
|vv(GO.h*vv}vvwvv#G:Ofvv9AC*vv]vv9

k
<vvzfELvvqvv9bGyvv}vv(GO$vv(OGFvv}vv9

k
!vvAvv+vvGvv?yvvTvvzvvTvvzvv?Svv9<vvtvv?|vv#

G}IvvOGK,:!vvAvv+vvGvv?|vv=vv9VvvQIyvvgvv+vv>pvv,Gyvv}vv9OI.h@vvwvv}vv#pvv9FvvOI$vvP*vv#G:Ofvv9Fvv+vv#pvv,
GpvAvQGVCfvv;

k
|v"v%v}v9$v(GpvAvQGVYvJv+vK.yvPG,hIv+v#Gyv"vdvQpv,Svzv(cGyv}v9OI,|v#

Gyvv]vvQhQj@vvJvvO*vvOG}IvvOGKGyvv%vv9|vv?pvv,Ivv+vv9IGyvv}vvwvv(xfGyvvAvv,@vvAvv+vvKyvvAvvZvv9OaGyvvdvvQhaCf

*|OjEy)ELq9b.

h@vvJvvO
x

OG}IvvOGKGyvvAvv,@vv|OjEyvv)ELvvqvv9bmLvv(GUvGyvv}vv9OIGyvvAvv,*vv}vvwvv#Cf@vvwvv(f
IvQFv?.h*v}vwv#G}IvOGKGyv%v9|v?Cf@vJvZv{pv,CCv"v9AGyvAvZv"v+vhhGyvAvGv}v+vh,Chpv,CCv"v9A
GSvAvgv}v9dGyv}v=v"v).yvPGpv{fpv%v~fv}vzv+v?G !vAv9L,E\v9pv?Eyv)pv%v~Svzv(cGyv}v=v"v)pv,CCv"v9A
GSvvvAvvvgvvv}vvv9yvvv&,C|vvvQFvvv($vvvQj,}fCvvvvDvvvQG}IvvvOGK@vvvavvvzvvv=vvv9

k
pvvv,Ivvv+vvv9IGyvvv}vvvwvvv(f*vvv}vvvwvvv#Cf

@vvJvvZvv{pvv,CCvv"vv9ALvvR!vv&h@vvOGhyvv&,Chpvv,CCvv"vv9A@vvWvv+vv+vvOGyvv}vv=vv"vv).h|vv#C|vvDvvzvv?PyvvxQvvv+vvRI
LvQSv9!v?|vTvzvJv?|vTv=vtv?GyvZv"vhsvO*vAvTv=v>!vtvzv%v9EFv%v9OGJ(stress)OGLvzv+v?pv,|v(GO$v9
@MAzrvz+9

k
f#@zxGyA,@JZ{p,CC"9Av(!%9CS9S9

k
@JBGyJ}{.
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Gy}(GOvvvvGyZJ?hG}|9fhGy=+8?

|vvhCfLvv(GUGyvv}vv9OI$vv,GyvvAvv,@vvJvvO
x

OE|vvwvv9fGSvvAvvgvv}vv9yvv%vv9pvv,Gyvv=vv"vv9A,pvv{fCvv}vv?
|vv=vvQQGJ:IvvAvv}vv9dfvvOe@vvqvv]vv+vvzvv%vv9ChIvvAvv)GSvvAvv=vvgvv9O$vv9|vv#GyvvMvv+vv9QGyvv"vv%vv9Fvv,.hsvvOPvvvQ!vv9
Svv9<vvtvv9

k
|vvTvvzyvvAvv,@vvwvvzvvqvv?Gyvv}vv(GOh@vv(GpvvQ@vvtvv"vv+vv9J@vvZvv"vv+vvgvv%vv9|vvJvvzvv+vv9

k
.hE\vv9pvv?Eyvv)Pyvvx*vvGvv>

Gy"dQC*]9
k

p,|q9f+z%9p,GyZJ?hG}|9fhGy=+8?.

$vv"vv9cCSvv=vv9HvvvDvv+vvQI:IvvAvv}vv9dvvv(fGyvv}vv9OILvvavvQIfvvzvv)GyvvZvvJvv?,Lvv9Yvv?pvv,CCvv"vv9A
fv}vzv+vAv,GyvAvZv"v+vhhGyvAvGv}v+vh,hSv(a!v"v9svXPyvx<v9yvAvqvZv+v{pv,GyvqvZv{13pv,Gyv}vtvavh
GyvvMvv9U<vv9yvvZvvJvv?hG}|vv9f.E:C!vv&*vvGvv>@vvtvv+vv+vv~Gyvv}vv(GOC*vv]vv9

k
|vv#Ivv+vvE|vvqvvgvv(yvv%vv9pvv,

Gy=+8?h|#I+EES%9|%9p,GyA"}+?Gy}TAOG|?.

EfGyvv}vvGvvAvv}vvh*ovvgvv+vvOGyvv"vvdvvQpvv,fvv;svvAvv&<vv9yvv=vv+vv8vv?Gyvvavv=vv+vvgvv+vv?<vv9SvvAvv}vvQGQ,hpvv,|vvAvvavvzvv=vv9@vv&
|v"v%v9,hpv,Gyv]vjv(WGyvAv,*v]vgv%v9fvzv+v%v9.h|vgvdv~Gyvtvzvu<v%vPGGyvWvzf*vtvAvQf<vAvav(wQ!v9|v#
Gyvv"vv9Ivv+vv?GyvvAvvtvv9!vv+vv?.h$vvPGGyvvAvvqvvwvv+vvQGyvvGvvO*vvO<vv9yvv=vv+vv8vv?Svv(a*vv|OjOhQG

k
QFvv+vvTvv+vv9

k
pvv,GyvvavvQ*vvtvv?

GyvAv,!v=v"v,<v%v9Gyv}v=v9!v,pv,Gyv}vTvAvtv=v{.C|v9|vZv9OQGyvtvzvu,|vDv{GSvAv%v;cGyvav9sv?hGyvAv"v(wY
GyJ+(jhGyq];JhGyAz(wK,p+}w#Cf@AzCQ|=9VQI<9LA+9Q!9y}(GOGy="9A.

hIvv+vv#@vvtvv+vv+vv~|vv9OI|vv#Ivv+vvE|vvqvvgvv(yvv%vv9Gyvv=vv+vv8vv,,|vv#Gyvv]vvQhQjGyvv"vvdvvQpvv,@vv9Q*vvMvv%vv9
<vvQ|vvAvv&,h$vvPG|vv9*ovvgvvQaivv9yvv=vv9

k
<vvAvvJvvzvv+vv{Gyvv}vv%vvOEyvv)GyvvzvvJvvO(cradle to grave analysis).

E!v"v9:!vTvAvav+vhGSvAvgv}v9dE:Gyv}v(GOGyvAv,@v(pvQ$v9Gyvav=v+vgv?.hvv{|v9OI@v"vAv%v,Eyv)|v=v"v),
<v(Yvqv%v9|v(QOG

k
!vJvAv9LEyv+v&yvAvWvwv+v{Gyv}vwv(xfGyvPj!vQiv>pv+v&,@v}vD

x
v{FvRAG

k
|v#|v"vdv(|v?

<v+v8v+v?_v=v+vgv+v?Sv(a@vAvjv+vQ<v{RGyv?@vzvxGyv}v9OI|v"v%v9.hpv,vvDv+vQ|v#GyvJv9:J,*v=vtv)Pyvx
Gyvvv}vvvqvvvgvvv(d|vvvJvvvzvvv+vvv9

k
hB!vvv+vvv9

k
,}fGyvvvavvv=vvv+vvvgvvv?@vvv}vvvAvvvzvvvxGyvvv}vvvtvvvOQIfvvvzvvv)Efvvv9OIGyvvvAvvv(GRfpvvv,|vvvOI

svvZvv+vvQI.E:C!vv&|vvhGRO*vv9OIvvGvv~GyvvAvvavv(wQh@vv(GpvvQGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?:SvvAvvjvv;dGyvv}vv(GQOfvvzvv)
!vav9bhGSvh,pv{f|vtvOQIGyvav=v+vgv?fvzv)GSvAvgv9OIGyvAv(GRf*v}vwv#Cf@vAvO!vv)vvDv+vQG

k
.h*vZv=vK

Gyvv}vvqvvgvv(dCvvvDvvQ|vv#|vvJvvzvv,Eyvv)IvvOCfGSvvAvvjvv;d|vv(GQOG}QVSvv(a*vv=vvOC<vv{cvv%vv9Q!ovvP
o

Q

hL+}?fz)E_9Qv(v>G}QVp,Gy}TAt={.

$vvPg$vv,Gyvv}vvMvv9haGyvvTvv9FvvOIpvv,|vvavvzvvhGyvvtvvQfGyvvJvv9OjhGyvvgvvWvvQ*vv#.pvv9yvvtvvzvvuGyvv"vv9Fvv~
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k
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k
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!|t9SGyJ+xRGyPjS(a*oQv
v

>Gy}w(xf\}"&
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Gyvv=vv"vv9A,pvv{fFvv}vv+vvh@vvzvvxG}Vvv+vv9A,CjGyvvJvv+xvvRhGyvv}vvwvv(xfhGyvv}vv(\vvhhGyvvqvvGvv(I,Svv(a
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Gyvv}vv"vvdvv(|vv?hESvv%vv9|vv%vv9(|vv#!vv9Ivv+vv?Gyvv(cvv+vvqvv?hG}OGA)pvv,@vvwvv(*vv#Gyvv=vv+vv8vv?Gyvv}vvavvzvv(<vv?hGyvvJvvqvv9X
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vv#|vvJvvAvv(ipvv,C!vv9<vv+vv>@vv]vvMvv&|vv]vvMvv?
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Gyv"v(GpvP|vDv;

k
.h*vGv>@vJvO*vO|v(\vhGyv}pvQFv{GyvPj*v(p

x
vQGyvJvQGQI|vhLvRGfh@v(Yv+v;J

Gyv(sv(O,|vhG}LvPpv,GyvJvTv=v9fyvzv}vdv%vQhGyv]vGv+vHGyv"v9Fv~fv#$vPgGyv}v"vdv(|v?.h*v}vwv#
@vvTvv+vv+vvQG}!vv9<vv+vv>pvv,|vv9<vv+vv#Gyvvavv(G<vvu\vv}vv#GyvvGvvOQGfChfvvzvv+vv%vv9,Chfvv=vvQ|vvGvv9Qm|vvZvv}vv}vv?
yv%vPGGyvjvQV.Iv+v"v8vP*vGv>Cf@vAv]v}v#@vzvxGyv}vGv9Qj!vtvav?OLv(dyvzvAv}vwv+v#|v#Yv+v9!v?

117



Gyv}v"vdv(|v?hEYv;Iv%v9.hpv,|vDv9dBLvQ,*v}vwv#|v"vdv(|v?@v%v(*v?_v=v+vgv+v?Cf@nvTvAvgv}v{pvAvJv9J
Gyvv}vv=vv"vv)|vv"vvdvv(|vv?

n
@vv(R*vvhGfvvAvv}vv9OG

k
fvvzvv)svv(IGyvvQ*vvKGyvvavv=vv+vvgvv+vv?hGyvvAvvOQwFvv9JGyvvJvvQGQ*vv?yvvAvvJvvQ*vvx

Gyvvv%vvv(GA|vvv#OGLvvv{Gyvvv}vvv=vvv"vvv)Eyvvv)|vvvwvvv9f@vvvZvvvQ*vvvrGyvvv%vvv(GAGyvvvqvvv9SvvvOGyvvv}vvv(Fvvv(Opvvv,G}fvvvzvvv),
hEOL9d$(GA!t,|#|TA(iCO!)(|za

v
rQ<}9<9yAOp8?).

h*ovv=vv+xvv#GyvvWvvwvv{10.3C*vv]vv9
k

Cf$vvPgGyvvMvvO|vv9JGyvv"vvWvvavv?@vvJvvAvv9LEyvv)@vvJvvw
w
vv~Vvvz!vv%vv9

VvvzfGyvv=vv"vv+vv?Gyvv"vvWvvavv?.pvvgvv"vvO|vv9@vvAvvjvv+vvvQGyvvdvvQhaGyvvOGLvvzvv+vv?,*vvGvv>@vvWvvjvv+vv{Byvv+vv?@vvJvvw
w
vv~|vv9.

h*v}vwv#$vPgG6yv+v?Cf@vwv(f*vOh*v?,<v}vgv"v)Cffvzv)Gyv}vTvAvgv}v{@vJvO*vOGyvdvQhaiv+vQ
Gyvv}ovvQ\vv+vv?hG@vvMvv9PEFvvQGAGJ:SvvAvvgvv9OIGyvvdvvQhaGyvv}vvavvzvv(<vv?.fvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,*vvqvvAvvK
Gyvvtvv9_vv"vv(fGyvv"vv(GpvvP|vv9OGeCvv}vv?$vv(GA!vvtvv,h<vv9QO!vvTvv=vv+vv9

k
pvv,GyvvMvv9QLyvvAvv=vvO*vv{h@vv=vvQ*vvO$vv(GA

ivvQpvv?pvv9SvvOh|vvQ@vvqvvhGyvvJvvQGQI,Ch*vvtvv(|vv(f<vv{Vvvgvv9dG \vv9AIfvv"vvOIvvzvv(dGyvvdvv;e.C|vv9
Gyvv=vvO*vv{pvv%vv,_vvQGFvvuGyvvAvvJvvw

w
vv~G6yvv,,h|vv"vv%vv9GSvvAvvgvv}vv9d|vvJvvTvv9S*vvgvv}vv{Ivv+vv"vv}vv9@vvAvvGvv9hR

GyvdvQhaGyvJvOhOGyvAvZv}v+v}v+v?h*ovQSpv{EVv9QIEyv)FvRA|v#Gyv}v"vdv(|v?*v=vAvO SvzvTvzv?|v#
G}IvOGK fv9OIGyv=v+v8v?Eyv)GyvdvQhaGyv}vqvAvQ\v?pv,GyvAvZv}v+v~.pv,|vDv9d|v"vdv(|v?GyvAvOpv8v?
G6!vvrGyvvPvvvQ,*vv}vvwvv#Gyvv}ovvJpvvU

qCf*vvwvv(f|ovvJpvvT
qvv9
k

IvvQGQ*vv9
k

*ovvWvvj
x
vv{|vvQFvv{@vvTvvMvv+vv#Gyvv}vv9A

fv"vO|v9@v"vMvqv̂OQFv?IvQGQIGyvjvQpv?(ChOQFv?IvQGQIGyv}ovJpvU
q

<v9yvAvJvO*vO)Eyv)|v9Ohf
s+}?|g+"?.

ES"9Ohc9FrGyAJw
w

~p,Gy=+8?GyOGLz+?

*vv=vv+xvv#GyvvGvvOhd10.1C!vv(GYGyvv=vv+vv8vv?GyvvOGLvvzvv+vv?GyvvAvv,*vvGvv>@vvwvv(*vv"vv%vv9hGyvvJvvqvv9Xfvvzvv+vv%vv9.
h*vtvAvQfvv{|v#@vzvxG}!v(GY<v9yvGv(G!v>GyvQFv+vTv+v?yvzv=v+v8v?GyvMv9QFv+v?GyvAv,@v|C

x
vQpv,@vJvtv+vu

GyvvdvvQhaGyvvOGLvvzvv+vv?Gyvv}vvgvvOvyvv?.h*vvWvv+vvQGyvvgvv}vv(OGfG}Lvv+vvQGf[pvv,GyvvWvvwvv{]Eyvv)Gyvv(cvv9Fvvr
GyvvWvv9Fvvgvv?GyvvAvv,*vv}vvwvv#@vvMvvZvv+vvZvv%vv9}FvvRGA|vv#Gyvv}vv=vv"vv)yvvAvvJvvtvv+vvuGyvvAvvjvv+vv+vvQGJGyvv}vvavvzvv(<vv?pvv,
Gyv=v+v8v?GyvOGLvzv+v?.hpv,|v9*vMv[|vgvdv~@vzvxGyvAvjv+v+vQGJ,*v}vwv#GSvAvgv}v9dvv{|v#Gyv=v"v+v?
GyvvMvv9|vvzvv?hGyvvMvvO|vv9JGyvv"vvWvvavv?<vv(cvv9Fvvr|vvMvvAvvzvvqvv?.pvvgvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,yvvAvvwvv(*vv#cvvQha

Fvv9pvv?,|vv#Gyvv]vvQhQjpvv%vv~C!vv}vv9WGyvv}vvAvvTvv9svvavv9JhcvvQhaGyvv}vv+vv9gGyvvGvv(pvv+vv?hhFvv(O<vvMvv9Q
Gyv}v9Apv,GyvGv(.h|v#Pyvx*v}vwv#ESv"v9Ohcv+vqv?GyvgvRdGyv}v9Fv,yvzv=v"v+v?,hESv"v9O@vZvQ*vr
Gy}9AyMO|9JGy}=").

h|vv#Gyvv"vv9OQCf*vvgvv}vv{FvvRAhGIvvO|vv#Gyvv}vv=vv"vv)<vv}vvqvvQOgpvv,@vvJvvtvv+vvuhcvv+vvqvv?<vv+vv8vv+vv?,
h!vv9OQG

k
|vv9*ovvTvv%vv~pvv,hGIvvOI|vv"vv%vv9pvvtvvb.pvvgvv"vv9YvvQGyvv}vv=vv"vv),|vvDvv{GyvvGvvOQGfhG}Svvtvvr,
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*vv}vvwvv#Cf@ovvTvv%vv~pvv,vvvDvv+vvQ|vv#Gyvv(cvv9Fvvr.hGyvvgvv"vv9YvvQ$vv,hIvvOGJ|vvGvv}vvvgvv?|vv#fvv"vv9YvvQ
FvvRFvv+vv?,h|vv#C|vvDvvzvvAvv%vv9GyvvtvvWvvQIGyvvMvv9QFvv+vv?yvvzvvGvvOGQPjGyvvqvvGvv(ICh<vv;_vv?GyvvTvvavvK,Ivv+vvE
@vvwvv(fGyvv(cvv+vvqvv?GyvvQFvv+vvTvv+vv?|vvgvvQvpvv?fvvzvv)G}QFvvK.h@

o
vvMvvAvv9QGyvvgvv"vv9YvvQGyvvGvvRFvv+vv?}!vv%vv9@ovvgvvQva

fvv9OI<vv}vvwvv(xfQFvv+vvTvv,Ch|vv9OIQFvv+vvTvv+vv?,h}fhcvv9Fvvqvv%vv9ivv9yvv=vv9
k

|vv9@vvwvv(fhG\vvJvv?@vv}vv9|vv9
k
.

|vvDvv;
k

,*vv|OjGyvvGvvOGQGyvvMvv9QFvv,OhQG
k

pvv,Fvv}vv+vvhGyvv(cvv9FvvrGyvv=vv+vv8vv+vv?.IvvAvv)EfGyvvgvv"vv9YvvQ
GyvGvRFv+v?GyvQFv+vTv+v?,|vDv{Gyv"v(GpvP,yv%v9_v+vr|v#Gyv(cv9Fvr.pv{yv)Fv9!v>hcv+vqvAv%v9GyvQFv+vTv+v?
Gyv}vAv}vDvzv?<v9 \v9AIhG _v;yv?fvzv)GyvMv9QL,*v}vwv#GSvAvgv}v9yv%v9yvzvAv%v(*v?.yvwv"v%v9|vhPyvx
@vvvvTvvvv=vvvv>|vvvvWvvvvwvvvv;JPGJYvvvvzvvvv?<vvvvJvvvvQGQIGyvvvvWvvvv}vvvvUGyvvvvRGFvvvvOIh<vvvv9}|vvvv#.hfvvvv"vvvvOGyvvvv"vvvvdvvvvQpvvvv,
@vvvtvvvTvvv+vvv}vvv9JCObyvvvzvvvgvvv"vvv9YvvvQGyvvvGvvvRFvvv+vvv?!vvvRh:

k
IvvvAvvv)|vvvwvvv(xfhGIvvvO,@vvvZvvv=vvvKGyvvv(cvvv+vvvqvvv?ivvv9yvvv=vvv9

k

hG\vvvJvvv?@vvv}vvv9|vvv9
k
.pvvv]vvv}vvv#GyvvvGvvvOGQ,hcvvv+vvvqvvv?GyvvvJvvvZvvv+vvvQIGyvvvJvvv9FvvvRIGyvvvQ_vvv(<vvv?(damp proof

course DPC)|vvgvvQvpvv?@vv}vv9|vv9
k

h$vv,GyvvTvv+vvavvQIfvvzvv)GyvvQ_vv(<vv?.Effvvzvv)GyvvAvvJvvzvv+vv{pvv,$vvPG
Gyv}vTvAv(iCf*v"vdvQpv,hcv+vqv?Gyv}v=v"v)GyvWv9|vzv?fv"vO|v9*vgvQxahcv9FvrGyv}vwv(x!v9JhGyv}v(GO
GyvvAvv,Svv(a@ovvZvv"vvh|vv#Gyvvgvv"vv9YvvQGyvvGvvRFvv+vv?.h$vvPgGyvvAvvGvvRFvv?h$vvPGGyvvAvv"vvtvv+vvKyvvzvv(cvv+vvqvv?Gyvv=vv+vv8vv+vv?
yzTtr|(\J9fp,GyWw{10.4.
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GyGOhd10.1COhGQGy="+?hGyMO|9J

GyvvdvvQhaGyvvOGLvvz+?GyvvAvv,

K>;t+t%9

Fvv(G!vv>Gyvv=vv+vv8vv?GBvv9QFvv+vv?

GC|C
x
vvvvvvQIpvvvvvv,GyvvvvvvdvvvvvvQha

GyOGLz+?

hcvvvvv9Fvvvvvr<vvvvv"vvvvv+vvvvv?GC=vvvvv"vvvvv)

GC}w"?

hcvvvvvvvv9FvvvvvvvvrGBvvvvvvvvO|vvvvvvvv9J

GC}w"?

G@q9aGCAvvvvvvTvvvvvv9svvvvvvavvvvvv9J(|vvvvvvavvvvvvQ,

CvvvvzvvvvH),GC+vvvv9gG@vvvv(pvvvv+vvvv?,

<M9QGC9Ap,G@(

fvvvvvRd|vvvvv9Fvvvvv,,IvvvvvO|vvvvv#

Gy=M9Q

@ZQ*rGC9A

GyOaAOQFvvvvvvvv?IvvvvvvvvQGQIGyvvvvvvvv%vvvvvvvv(GA

CVvvgvv?GyvvWvv}vvU,GyvvQ*vvK,

GyQ_(<?

|vvvvvtvvvvv9h|vvvvv?|vvvvvQhQGAvvvvvQGQI

vAz?IQGQ*?,7(*?

@Op8?,@=Q*O

G \9AI|vvvv"vvvv9pvvvvPCVvvvvgvvvv?GyvvvvWvvvv}vvvvU

Gyj+(e

!t{,G!gw9SivvvvQa,|vvvv%vvvv9e,|vvvvRGL,

f"9YQE!W9F+?

GygRdGyZ(OYvv(J_vv=vv+vvgvv,,@vvzvv(wK

Y(O

!t{,G|AZ9U

Gy"d9p?svvvvvvvvvvvvvv9PhQGJ,fvvvvvvvvvvvvvv(G|vvvvvvvvvvvvvv{

FovvvvvvvvvvvvQp\vvvvvvvvvvvv?,!vvvvvvvvvvvv=vvvvvvvvvvvv9@vvvvvvvvvvvv9J

hpvvvvvvavvvvvvQ*vvvvvv9JIvvvvvv+vvvvvv(G!vvvvvv9J

hIWQGJ,@z(wKGy%(GA

pvvZvv{,@vvQVvv+vvK,svv9<vvz+?

GyA"d+r

ERGyvvvvvvvvvvvvv?,@vvvvvvvvvvvvvQVvvvvvvvvvvvvv+vvvvvvvvvvvvvK,

@ZQ*r

GyT;|?hG}|#|vvvvvv%vvvvvvO
x

OGJGFvvvvvvAvvvvvv}vvvvvv9fvvvvvv+vvvvvv?

s]9AhsOQ,IQ*u

|vvvvvvvvvvvvtvvvvvvvvvvvv9h|vvvvvvvvvvvv?,pvvvvvvvvvvvvZvvvvvvvvvvvv{

(I(GFR)

QYO,E!PGQ

GBZ(Y+?CfvvvvvvvvvvvvvvQGaCvvvvvvvvvvvvvvtvvvvvvvvvvvvvv9pvvvvvvvvvvvvvv+vvvvvvvvvvvvvv?

hGFA}9f+?

fRd(Y(Oh|QF,)

ES"9O|TA(*9JGyAgO*;JGy=+8+?
EfESvvv"vvv9OGyvvv(cvvv9FvvvrEyvvv)fvvv"vvvZvvvQ|vvv9*vvvJvvvOOG}FvvvRGA[|vvv#Gyvvv(cvvv+vvvqvvv?]GyvvvPjSvvv(a

*vv|O*vv&Gyvvgvv"vvZvvQChGyvvgvv"vvZvvQGyvvGvvRFvv,ChGyvv}vvwvv(xfChGyvv}vv9OIpvv,@vvwvv(*vv#Gyvv=vv+vv8vv?Gyvv}vvavvzvv(<vv?
hGyvvJvvqvv9Xfvvzvv+vv%vv9hESvv"vv9OCOGA*vvAvv]vv}vv#@vvJvvO*vvO|vvTvvAvv(iG !vvGvv9R.hpvv,Ivv+vv#Cf|vv#ivv+vvQ
Gyv}vzyv(ayvAvZv}v+v~|v=v"v)Cf*vwv(f|vgvtvOG

k
Eyv)IvO*vGvgv{hcv9Fvqv&|v=v%v}v?,pv{f|vAvavzv=v9J
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GyvvR<vv9Fvv#GyvvGvvO*vvOIhGyvvAvvWvvQ*vvgvv9Jivv9yvv=vv9
k

|vv9@vv|OjEyvv)@vvgvvO*vv{pvv,|vvTvvAvv(*vv9JG}OGA.hsvvO

FQip,|9S=u@tO*~F}+hGyG(G!>Gy;R|?yAJO*O|TA(*9JG}OGA,h|"%9:

!|vvGvv9d|vv9*vv}vvwvv#Cf*vvgvvAvv=vvQcvvQhpvv9
k

Lvv9QFvv+vv?_vv=vv+vvgvv+vv?,ChIvv9:J|vvAvvavvQxpvv?Ch
cQhp9

k
f

n
Q

n
\+?@TAJuCLP$9p,GyJT=9fp,GyAZ}+~

!GyvvdvvQhaGyvvOGLvvzvv+vv?Gyvv}vvDvv9yvv+vv?,hGyvvJvvOhOGyvvAvv,@ovvgvvAvv=vvQ|ovvQr\vv+vv?hByvv+vv9JGyvvAvvJvvw
w
vv~

Gy}"r(j@]}+"%9p,GyAZ}+~
!Gyvvv"vvvTvvv=vvv?GyvvvAvvv,Svvv(a@ovvvTvvv"nvvvOEyvvv)PyvvvxGyvvvGvvvRA|vvv#Gyvvv}vvv=vvv"vvv)|vvv#|vvv%vvv}vvv?@vvvwvvv(*vvv#

hY+9!?Gy=+8?.

GSAtZ9AGydQha

Svv(a!vv"vvdvvQpvv,|vv9@vv=vvtvv)|vv#$vvPGGyvvqvvZvv{pvv,@vvJvvzvv+vv{Fvv(G!vv>Gyvv=vv+vv8vv?GyvvOGLvvzvv+vv?,
Gyvv(GIvvO@vvzvv(G6LvvQ.hSvv(a!vvQv

x
vvRG:$vvAvv}vv9epvv,@vvJvvzvv+vv{OhQ<vv"vv+vv?Gyvv}vv=vv"vv)pvv+vv%vv9,h!vvtvvO

x
e

E\vvv9pvvv?Eyvvv)PyvvvxLvvv+vvv9QGJ|vvv"vvvdvvv(|vvv9JGyvvvMvvvO|vvv9JGyvvvAvvv,@vvvJvvvt
x
vvvtvvv%vvv9.h<vvv9@vvv=vvv9YGyvvv"vvv%vvvHGyvvvgvvv9e

yvvvAvvvJvvvQxjGyvvvTvvvzvvv(cGyvvv}vvv9OjGyvvvPjhQOpvvv,GyvvvqvvvZvvv{9,Svvv(a!vvv%vvvAvvv~pvvv,vvvv{|vvvtvvvavvvh|vvv#
Gy}t9_hGyA9y+?<vvvv:

!|"Wzh_=+g?GydQhaGy=+8+?
!S=>G Lq9bp,@Jt+uGydQhaGy=+8+?GyOGLz+?
!C!(GYGyJz(dGy}}w"?yOQAG Lq9b
!@Jz+{G:SAG9<?Gy;R|?yAJt+uG}OGAGy}az(H.

*vGv>Gyvtv+v9e<v(Yvr@vjv+wvQGJGyvdvQhaGyv=v+v8v+v?GyvAv,*vGv>@vgvO*vzv%v9,hG6yv+v9JGyvAv,
@vJvO

x
OGSvAvGv9<v?Gyv}v=v"v)yvzv=v+v8v9JGyv}vAv(svgv?GyvAv,*vGv>Cf@vgv}v{\v}v"v&.h*vGv>Cf*vtv(e

Pyxfz)OQGS?yzGQ*9!9JhG:!At9:JGyA,@JZ{p,Gy}=").

Gy=+8?G@9p?
@vv(FvvOGyvv}vv(GOpvv,Gyvvavv=vv+vvgvv?pvv,hGIvvOI|vv#Cvv;KIvv9:J:Yvvzvv=vv?hSvv9Fvvzvv?hivv9R*vv?.

hLvv;pvv9
k

yvvGvv}vv+vvhGyvv}vv(GO@vvtvvQ*vv=vv9
k

,*vv}vvwvv#Gyvv}vv9ACf*vv(FvvOpvv,Fvv}vv+vvh$vvPgGyvvJvv9:J\vv}vv#
Gyvv}vvGvv9:JGyvv}vv"vv9Lvv+vv?Gyvvgvv9O*vv?yvvOQFvv9JGyvvJvvQGQIhGyvv]vvjvv(WGyvvGvv(*vv?.h$vvPG*vv|OjEyvv)
|vWvwv;Jyvzv}v=v9!v,GyvAv,*vGv>Cf@vJv9pvefvzv)<v+v8v?OGLvzv+v?Fv9pv?.pv9yvR*v9OIGyv}vqvQ_v?pv,
Gyvv}vv9AGyvvTvv9Fvv{ivv+vvQ|vvQivv(Hpvv+vv%vv9,yvvwvv#hFvv(O|vvtvvOGQ|vvJvvOhO|vv#Gyvv}vv9AGyvvjvv9Rj(Cj
<vvMvv9QGyvv}vv9A)pvv,Gyvv%vv(GA|vvQ*vvK}!vv&*vv(p

x
vvQ<vvgvv̂GyvvQ_vv(<vv?.hIvv+vv#@vvZvv(QSvvzvv(cGyvv}vv=vv"vv),
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*vvGvv>Gyvv"vvdvvQpvv,E|vvwvv9f@vvjvv+wvvQ$vvPgGyvvJvv9yvv?.hyvvgvv{C$vv~C|vvDvvzvv?Pyvvx$vv(GyvvAvvjvv+wvvQ|vv#Ivv9yvv?
Gy=M9QEy)I9y?GyT9F{p,f}z+?GyAw9Cr.

hE\vv9pvv?Eyvv)|vvqvv9fvv+vv{Gyvv}vv9AGyvvTvv+vv8vv?pvv,GyvvZvvJvv?hGyvvQGIvv?,pvv{!vv&*ovvgvvAvv=vvQ|vvTvv=vv=vv9
k

QFvv+vvTvv+vv9
k

yvvAvvO!
x
vv,Lvv(GU|vv(GOGyvv=vv"vv9A(G!vvdvvQGyvvqvvZvv{12).h|vvgvvdvv~fvv"vv9YvvQGyvvgvvRdGyvv}vv9Fvv,*vvtvv(e
<vv(cvv+vvqvv?|vvROhFvv?@vvAvvGvvzvv)pvv,Ivv}vv9*vv?Gyvv=vv+vv8vv?h<vv"vv+vv?Gyvv}vv=vv"vv).hpvv,$vvPgGyvvJvv9yvv?,|vv#GyvvWvv9Fvvh
OQGSv?GyvAvzCv+vQGyv}vAv=v9Od<v+v#Gyv}v9AhGyv}v=v"v)<vjvQV@vJvzv+v{GyvAvJvw

w
v~pv,Gyv=v+v8v?hO*v}v(|vAv%v9.

E:C!vvv&*vvvGvvv>@vvvJvvvzvvv+vvv{vvvv{|vvv"vvv%vvv}vvv9fvvvzvvv)IvvvOI}fGLvvvAvvv;pvvv9J|vvvqvvv9fvvv+vvv{Gyvvv}vvv9A@vvvZvvv=vvvK
|vzvJv(cv?Iv+v"v8vP,h|v#C|vDvzv?PyvxCf@vjv+wvQGyv}v9A|v#GyvJv9yv?GyvTv9Fvzv?Eyv)GyvJv9yv?GyvZvzv=v?
h@vvwvv(wfGyvvGvvzvv+vvO*vvTvv,AEyvv)<vv"vv+vv?Gyvv}vv=vv"vv),E:C!vv&fvvO*vv~G}$vv}vv+vv?<vv9yvv"vvTvv=vv?Eyvv)GyvvdvvQha

Gy=+8+?.
hEPGvvv9fGyvv}vvavvzvv(H<vv+vv8vv?OGLvvzvv+vv?Fvv9pvv?,pvv{fG Lvvqvv9b*vvAvv}vv+vvvR<vvz!vv&@vvTvvQHyvvzvv}vv9A

GyvvPj*vvOLvv{Gyvv}vv=vv"vv)fvv=vvQ<vv"vv+vvAvv&GyvvMvv9QFvv+vv?hpvvAvvJvv9@vv&,Chfvv=vvQCfvvavv9dLvvO|vv9JGyvv}vv9A.Ef
vvvDvv+vvQ|vv#fvv"vv9YvvQGyvvgvvRdGyvv}vv9Fvv,yvvzvv}vv=vv"vv):*vv%vvAvv~<vv9yvvOLvv(dGyvvJvvQyvvzvv}vv9AGyvvPj|vv#svv=vv+vv{
GyvAvTvQHpvtvb,<v{<vOLv(dGyvQ_v(<v?Gyv}vqvQ_v?Eyv)<v"v+vAv&C*v]v9

k
.h$vPGGyvMvbGyvqv9Yv{<v+v#

C!vv}vv9WGyvvQ_vv(<vv?Gyvv}vvMvvAvvzvvqvv?,Svv(GA|vv#Ivv+vvE|vvqvv9fvv+vvzvv%vv9Gyvv}vvQFvv+vv?,Ch|vv#Ivv+vvEfvv"vv9YvvQ
GygRdGy}9F,GyM9Y?<%9,i+QhG\Ki9y=9

k
,hyPG*o"dQp+%9|g9

k
f9OI.

h*vAvavzv>GyvJvqv9Xfvzv)<v+v8v?OGLvzv+v?Fv9pv?(Lv9yv+v?|v#Q_v(<v?Gyv=v"v+v?,:|v#Q_v(<v?
GyvvGvv()GyvvAvvJvvw

w
vv~npvv+vv%vv9pvv,GyvvJvv9yvvAvv+vv#,GyvvTvv9Fvvzvv?hGyvv=vvMvv9Q*vv?.hpvv,GyvvJvv9yvv?GyvvTvv9Fvvzvv?,*vvwvv(f

|vvZvvOQGyvv}vv9ALvv9QFvv+vv9
k

fvv9OI,hyvvPG*vvwvv(fyvvzvv=vv"vv+vv?GyvvMvv9QFvv+vv?OhQhcvv+vvqvv,QFvv+vvTvv,pvv,|vv"vvh
GyvQ_v(<v?.hpv,Iv9yv?Gyv=vMv9Q,pv{f|vgvdv}v&*vz@v,|v#|vZv9OQOGLvzv+v?,hyvPG*ovTvAvgv}v{vv{
|#@Z}+~Gy="+?GyM9QF+?hGyg}z+?Gyg9|?yzA%(*?yOQAIZ(dGyAw9Cr.

hIvv+vv#Gyvv"vvdvvQpvv,@vvJvvzvv+vv{<vv"vv+vv?Gyvv}vv=vv"vv)hGLvvAvv+vv9Q$vv9yvv]vv}vv9f<vv+vv8vv?OGLvvzvv+vv?Fvv9pvv?,|vv#
Gy}gA9OG}LPp,GyJT=9fyD;C?|%O

x
OGJ:

!GyQ_(<?Gy}Ajzjz?(penetrating dampness)

!GyQ_(<?GyZ9fOI(raising dampness)

!GyAw9Cr(condensation)

h|v#G}Vv+v9AG}LvQi,GyvDvzvHGyvMvqv+vrGyv}vAvav9*vQGyvPj*vOLv{fv=vQpvAvJv9JGyvAv%v(*v?
h*vvPhHFvv9fvv;

k
Gyvv}vv9AGyvv"vv9@vvH*vvAvvTvvQHEyvv)GyvvOGLvv{fvv=vvQ@vvWvvtvvtvv9@vv%vv9[pvv,Gyvv=vvzvvOGfGyvvAvv,

@vvAvvTvv9svvbGyvvDvvzvv(Lpvv+vv%vv9]Chfvv=vvQGyvvMvvO|vv9JGyvvAvv,@vv"vvtvv{Gyvv}vv+vv9g.h*vvTvv+vv{<vvgvvOFvvPfvvzvv)C!vv9<vv+vv>
Gy}+9g.
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h*vvAvvavvzvv>@vvJvvzvv+vv{Svvzvv(cGyvv}vv=vv"vv)h|vvtvvOQ@vv&fvvzvv)@vvJvvtvv+vvuhcvv+vvqvv?GyvvJvvO|vv#GyvvQ_vv(<vv?
|vvgvvQpvv?<vv}vv"vvWvv8vv%vv9h<vv9yvvtvv(iGyvv}vv|C

x
vvQIpvv+vv%vv9Ivv+vv#|vv;|vvTvvAvv%vv9yvvzvv}vv=vv"vv)hOLvv(yvv%vv9Gyvv}vvTvv9QGJ

Gy}A(GpQIy%9yz(Y(dEy)GyTa(MGyOGLz+?.
hCv}v?_vQGFvu@v"v=wv8v+v?yv"v}vPFv?C!v}v9WGyv=vMv9QhOQFv9JGyvJvQGQI<vjvQV@vtvO*vQ|vMv9_vQ

GyvvAvvwvv9Cvvr.yvvwvv#|vvWvvwvvzvv?GyvvQ_vv(<vv?Gyvv}vvAvvjvvzvvjvvzvv?hGyvvZvv9fvvOI|vv9RGyvvBEyvv)IvvO<vvgvv+vvO@vvgvv9y
n
vvH

<vv9yvv(Svv9Fvv{Gyvv}vvgvv%vv(OI,|vvDvv{h\vvhfvv(GFvvuyvv}vv"vvh@vvtvvOw|vv%vv9pvv,Gyvv}vv=vv"vv)<vv9SvvAvvgvv}vv9d_vvQGFvvu
|vvGvvQ<vv?h|vvMvvAvv=vvQI.h|vv#Gyvv}vv}vvwvv#GLvvAvv=vv9Q!vv}vv9PLChyvv+vv?yvv}vvtvv9h|vv?!vvqvv9PGyvvQ*vvKhGyvv}vvavvQ,
h|v"v%v9!v}v9PLGyv"v(GpvPhYvqv9FvKG vvTv9AGyvMv9QFv,.h$vPGG:LvAv=v9QG}hyv,yvzv"v}v9PL$v9e
fvzv)hFv&GyvMvZv(UIv+v#@vav=v+vu|v=v9O FvO*vOI|vDv{h\vhSv(G@vQyvOQA@vTvQHGyv}vavQ
}fGyA"=w|<Tz(cGy}9A|9RGd|Tzy?@GQ*>h|QGs=?.

Svvv(a!vvv"vvvdvvvQpvvv,|vvv9*vvvzvvv,pvvv,Gyvvv}vvv%vvvO
x

OGJGyvvvMvvv9Yvvv?<vvv9yvvvQ_vvv(<vvv?fvvvzvvv)GyvvvAvvvAvvv9yvvv,,|vvvh
hYvrh@vgvQ*vryvTvzv(c|vTv9yvxGyvQ_v(<v?hyvAvtv"v+v9JGyvgvRdGyv}v9Fv,GyvQFv+vTv+v?GyvAv,*v}vwv#
GSAg}9y%9.

GyQ_(<?Gy}Ajzjz?
*ovvvgvvvOwGyvvv}vvvavvvQ|vvvZvvvOQG

k
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k
<vv9yvvMvv9Yvv+vv?GyvvWvvgvvQ*vv?pvv,

Gyv}v(GOGyv"vqv(PI.h*v}vwv#yv%vPGG:Q@vqv9Y\v}v#|v"vdv(|v?|vTv9|v9JGyv}v(GOCf*vZv{Eyv)|v9
p(b|TA(i|ZOQGyQ_(<?GyA,p,G}QV.

|vvhCf|vv#ivv+vvQG:svvAvvZvv9Ojfvv9OIGSvvAvvgvv}vv9d|vv(GOivv+vvQ!vvqvv(PIyvvZvv"vvhGyvv}vvwvv(x!vv9J
GyvvQFvv+vvTvv+vv?@vvJvvBG}QV,pvv{fIvv{GyvvgvvRdGyvv}vv9Fvv,Gyvv}vvgvvAvv9O$vv(GSvvAvvgvv}vv9dfvv9Fvvuivv+vvQ!vvqvv(P
*vvTvv}vv)GyvvJvvZvv+vvQIGyvvJvv9FvvRIyvvzvvQ_vv(<vv?pvv,GyvvGvvOQGf,hGyvvjvvWvv9AGyvvJvv9FvvRyvvzvvQ_vv(<vv?(damp

proof membrane DPM)pv,G}Q\v+v?.*ovQjGyvWvwv{10.7|vTv9QGJGyvQ_v(<v?hfv"v9YvQ
GygRdGy}9F,f"OhYz?Gya9<uG}Q\,hGyGOGQGyM9QF,yz}=").

EfGyvvgvvRdGyvv}vv9Fvv,hGyvvgvv"vv9*vv?<vvAvvJvvtvv+vvuG:SvvAvv}vvQGQ*vv?pvv,|vv9<vv+vv#Ivv(GFvvRGyvvQ_vv(<vv?@vvzvvx
fvzv)OQFv?fv9yv+v?|v#G}$v}v+v?.h!vdvQG

k
Eyv)CfGyv}vWvwvzv?GyvQFv+vTv+v?$v,GyvMv9Yv+v?GyvWvgvQ*v?

GyvvAvv,<vvavv=vv+vvgvvAvv%vv9@vvTvvAvvjvv{CObGyvv}vvTvv9QGJ,pvv{fPyvvx*vvOdfvvzvv)CfCj!vvtvv[pvv,Gyvvgvv"vv9*vv?
<vvvgvvvRdGyvvvQ_vvv(<vvv?*vvv}vvvwvvv#Cf@vvvwvvv(fyvvv&|vvvqvvv9fvvv+vvv{\vvv9QI.hfvvv"vvvO|vvv9:*vvvwvvv(ffvvvRdGyvvvQ_vvv(<vvv?
YvvJvv+vvJvv9

k
,@vv}vvAvv[Gyvv}vv(GOGyvv}vv(Fvv(OIpvv,GyvvGvv9!vv>GyvvGvv9a@vvzvvxGyvvQ_vv(<vv?h@vv"vvtvvzvv%vv9Eyvv)

GyTa(MGyOGLz+?.
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GyAw9Cr

vvv9!vvBGyvvAvv(Yvv+vvqvv9JIvvAvv)G6f@vvOhQIvv(dGyvv}vvTvv9yvvxGyvv}vv}vvwvv"vv?fvv=vvQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?
GyvvAvv,@vv%vvO

x
OGyvvOGLvv{GyvvGvv9a<vvOLvv(dGyvvQ_vv(<vv?|vv#GyvvMvv9QL.E:Cf$vvPGyvv+vvUGyvv}vvZvvOQ

Gyvv(Ivv+vvOyvvzvvQ_vv(<vv?GyvvOGLvvzvv+vv?.pvv}vv#<vv+vv#Gyvv}vvZvv9OQGyvvQFvv+vvTvv+vv?G}LvvQi$vv"vv9cGyvvAvvwvv9CvvrC*vv]vv9
k
.

hGyvQ_v(<v?GyvAv,@vAvwv9Cvr:@vOLv{Gyv}v=v"v)vv}v9A,<v{<vMv9QG
k

,h|vgvdv~PyvxGyv=vMv9Q*vAv(y
v
vO

\vv}vv#Gyvv}vv=vv"vv)|vv#Lvv;dG}!vvWvvavv?Gyvv+vv(|vv+vv?.pvv%vv(*vvz@vv,|vv#Gyvvavv=vvNhG:SvvAvvJvv}vv9e,h|vv#
GyvvvAvvv"vvvqvvvUh|vvv#Fvvv}vvv+vvvhG}!vvvWvvvavvv?G}LvvvQiGyvvv}vvvWvvv9<vvv%vvv?C*vvv]vvv9

k
.h<vvv(Yvvvqvvv&ivvv9RG

k
,*ovvvJvvv}nvvv{|vvvh

Gy%(GA<(GSa?f}z+9JGyA%(*?GyA,@JZ{p,Gy}=").

:*vv%vvO
x

OGyvv=vvMvv9QFvvqvv9aGyvv=vv+vv8vv?(<vvQivv~CfGyvv=vvMvv9QGyvv}vvqvvQWGyvvwvvDvv9pvv?GyvvPj*vvTvv=vv>
Q_vv(<vv?fvv9yvv+vv?svvO*vvwvv(fivv+vvQ|vvQ*vvK).pvvavv(Gd<vvtvv9AGyvv=vvMvv9Q|vvJvv}vv(:

k
pvv,Gyvv%vv(GA,pvv{!vv&:

*vvTvv=vv>|vvWvvwvv;JQ_vv(<vv?.E:CfCvv}vv?IvvOG
k

yvv}vvtvvOGQGyvv=vvMvv9QGyvvPj*vv}vvwvv#Cf*vvwvv(fpvv,
Gyvv%vv(GA,hPyvvx@vv=vvgvv9

k
yvvgvv(G|vv{fvvO*vvOIC$vv}vv%vv9OQFvv?GyvvJvvQGQI.pvv{PGGROGOJvvv}vv+vv?Gyvv=vvMvv9Q

pvvv,Gyvvv%vvv(GAfvvv"vvvOOQFvvv?IvvvQGQICvvv9<vvvAvvv?,ChG!vvvMvvvqvvv]vvvBOQFvvv?GyvvvJvvvQGQIfvvv"vvvOvvvvDvvv9pvvv?<vvvMvvv9Q
Cvv9<vvAvv?,C|vvwvv#yvvzvv"vvAvv+vvGvv?Cf@vvwvv(f@vvwvv9Cvvqvv9

k
Chcvv%vv(QG

k
yvv}vv9ASvv9Fvv{.h$vvPG|vv9*ovvWvv9$vvOfvv9OI

fvvvzvvv)GyvvvTvvvavvv(MGyvvvOGLvvvzvvv+vvv?yvvvRFvvv9LGyvvv"vvv(GpvvvPGyvvvAvvv,$vvv,,fvvvzvvv)G}QFvvvK,GyvvvTvvvavvv(MPGJ

OQFvvv9JIvvvQGQICO!vvv)|vvv#OQFvvv?IvvvQGQIGyvvvjvvvQpvvv?.hGyvvv}vvv"vvv9_vvvuGyvvvJvvvTvvv9Svvv?G}LvvvQi[pvvv,
Gyvvv}vvv=vvv"vvv)]$vvv,GyvvvRhG*vvv9GyvvvOGLvvvzvvv+vvv?<vvv+vvv#GyvvvGvvvOQGfhGyvvvTvvvtvvvrhLvvvzvvvrG}Cvvv9KIvvv+vvvE@vvvwvvv(f
GyvvvAvvv%vvv(*vvv?Svvv+vvv8vvv?FvvvOG

k
.*vvv}vvvwvvv#OQFvvv?IvvvQGQIGyvvvTvvvavvvK$vvv"vvv9Cf@vvvwvvv(fCfvvvzvvv),hyvvvPG*vvvAvvvQvvvvR

Gyvvv=vvvMvvv9Qpvvv+vvv%vvv9.h!vvvdvvvQG
k

Eyvvv)Cf$vvvPgGyvvvTvvvavvv(M!vvvqvvv(PI,Lvvv;pvvv9
k

yvvvzvvvRFvvv9L,pvvv{!vvv%vvv9@vvv}vvvAvvv[

GyQ_(<?Gy}Aw9Cq?,hChd||VQEy)c%(Q$PgGy}Wwz?$(!}(Gygq#.

h@vvvMvvvAvvvzvvvrOQFvvv?GyvvvJvvvQGQIGyvvvAvvv,*vvvJvvvZvvv{fvvv"vvvO$vvv9GyvvvAvvvwvvv9Cvvvr@vvv=vvvgvvv9
k

yvvv}vvvtvvvOGQGyvvv=vvvMvvv9Q

Gyvv}vv(Fvv(Opvv,Gyvv%vv(GA.pvvwvvzvv}vv9vvv9fGyvv=vvMvv9Qpvv,Gyvv%vv(GACsvv{,vvv9!vvBOQFvv?GyvvJvvQGQIGyvvAvv,
*vv=vvOCGyvvAvvwvv9Cvvrfvv"vvO$vv9CLvvqvv̂.h@vvTvv}vv)OQFvv?GyvvJvvQGQIGyvvAvv,*vv=vvOCfvv"vvO$vv9GyvvAvvwvv9Cvvrfvv"vvO
!vvTvv=vv?|vvR*vvH|vvgvv+vv"vv?yvvzvv%vv(GAhGyvv=vvMvv9QOQFvv?IvvQGQIGyvv"vvOi(dew point temperature),

hfvvvv"vvvvOFvvvvP*vvvvtvvvv9dCfGyvvvv%vvvv(GA|vvvvWvvvv=vvvvh100%,ChCfQ_vvvv(<vvvv?Gyvvvv%vvvv(GA@vvvvTvvvv9hj100%.hEPG

GSvvAvv}vvQJOQFvv?GyvvJvvQGQI<vv9:!vvMvvqvv9V(ChOLvv{|vvR*vvO|vv#Gyvv=vvMvv9QEyvv)Gyvv%vv(GA),IvvZvv{
|R*O|#GyAw9Cr}fQ_(<?Gy%(GA:*}w#Cf@w(fCv=Q|#100%.

hpvv]vv;
k

fvv#IvvZvv(dGyvvAvvwvv9Cvvrfvvzvv)GyvvTvvavv(M,pvv{fGyvv=vvMvv9Q*vv}vvD
x
vv{|vvWvvwvvzvv?\vv}vv#

Gyvv}vv(GOPG@vv%vv9.pvv}vvgvvdvv~|vv(GOGyvv=vv"vv9A!vvqvv(PIyvvzvv}vv9A,hyvvzvvjvv9R(hyvvPGyvvzvv=vvMvv9Q)C*vv]vv9
k
.yvvwvv#
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!vvqvv(P*vv?Gyvv}vv9OIyvvzvvjvv9R$vv,Lvv9Yvv+vv?|vvMvvAvvzvvqvv?fvv#!vvqvv(P*vvAvv%vv9yvvzvv}vv9A.pvvgvv"vvO|vv9*vvwvv(fGyvv%vv(GA
OGLvv{Gyvv}vv=vv"vv)OGpvv8vv9

k
,Q<vv}vv9GIvvAvv(ifvvzvv)<vvMvv9QCvvvDvvQ|vv}vv9*vvJvvAvv(jfvvzvv+vv&Gyvv%vv(GAGyvv=vv9QOpvv,

GyvvvMvvv9QL.h$vvvPGGyvvvqvvvQbvvvv9ayvvvGvvvgvvv{Gyvvv=vvvMvvv9QGyvvvOGLvvvzvvv,*vvv"vvvAvvvtvvv{Eyvvv)GyvvvMvvv9QLfvvv=vvvQGyvvv=vvv"vvv+vvv?
G !vvWvv9Fvv+vv?.h!vvdvvQG

k
Eyvv)vvv(!vv&OGpvv8vv9

k
pvv,GyvvOGLvv{h<vv9QOG

k
pvv,GyvvMvv9QL,Svv(a*vvwvv(fCvv}vv?

G!vAvtv9dyvzvJvQGQIEyv)GyvMv9QLfv=vQGyv=v"v+v?G !vWv9Fv+v?C*v]v9
k

,h@vZv=vKOQFv9JIvQGQI_v=vtv9J

Gyvv}vv9OIC<vvQO<vv9yvvAvvOQwL!vvJvv(GyvvMvv9QL.h*ovvZvv=vvK$vvPGGyvv%vv=vv(Wpvv,OQFvv?GyvvJvvQGQIvvv=vv+vvQG
k

fvvzvv)
!vvJvv(|vvzvvJvv(Xfvv=vvQCjfvv9Rd.pvv}vv9OIGyvvgvv9Rd:@

o
vv}vvTvvxfvv9OIGyvv=vvMvv9QGyvv}vv"vvAvvtvv{,h$vvPG

*vMvzvucvQhpv9
k

yvJvZv(dGyvAvwv9Cvr\v}v#Gyv=v"v+v?G !vWv9Fv+v?.h!vdvQG
k

Eyv)IvZv(dPyvx\v}v#
Gy}(GO,*T})<9yAw9Cr\}#GyWt(b(interstitial condensation).

pv,$vPgGyvJv9yv?,*vwv(fGyv}v9A|v(Fv(OG
k

\v}v#Gyv=v"v+v?G !vWv9Fv+v?.hEPGGSvAv}vQGyv=vMv9Q

<vv9yvvAvvOpvvu|vvh<vvtvv9AOQFvv?GyvvJvvQGQI|vv"vvMvvqvv]vv?,GROGOJvvv}vv+vv?Gyvv}vv9AGyvv}vvAvvwvv9Cvvr.h*vv}vvwvv#
Ivv+vv"vv8vvPyvv(Fvv(OGyvv}vv9A\vv}vv#Gyvv}vv(GOCf*vv%vvO

x
OGSvvAvvtvvQGQ$vv9h*vvjvv+xvvQ<vvgvv̂Lvv(GYvv%vv9GyvvAvv,

@vvgvvAvv}vvOfvvzvv+vv%vv9hcvv+vvqvvAvv%vv9,hLvv9Yvv?Lvv(GUGyvvgvvRdhGyvv"vvqvv(P*vv?yvvzvv%vv(GA.h@vv=vvgvv9
k

yvvzvvgvvRdGyvv}vv9Fvv,
hyv}vwv9fIvZv(dGyvAvwv9Cvr,*v}vwv#Cf*vJvZv{GyvAvwv9Cvrfvzv)GyvGvOQGfGyvOGLvzv+v?C*v]v9

k
.

h*vgvAv}vO$vPGfvzv)hFv(O|vTv9yvxyvzv}v9AGyv}vAvwv9Cvryvzvgv(OIEyv)Gyv(Fv&GyvOGLvzv,yvzvGvOGQ.
h@vv"vvWvvz$vvPgGyvv}vvTvv9yvvxfvv#svv(ihByvv+vv9J|vvWvv9<vv%vv?yvvAvvzvvxGyvvAvv,!vv(svvWvvBpvv,Ivv9yvv?GyvvQ_vv(<vv?
Gyvv}vvAvvjvvzvvjvvzvv?,Ivv+vvE*vv"vvAvvtvv{Gyvv}vv9Afvv=vvQGyvvWvvtvv(b,h@vv|C

x
vvQGyvvDvvtvv9yvv?pvv,Gyvv}vv9A(yvvwvv#yvv+vvUpvv,

Gy=M9Q)|TAGQIE*9gf=QGy="+?G !W9F+?I+E*}w#Cf*GO|Tzw9
k

*GQjp+&.
hEPGyv~*vgvDvQGyv}v9Afvzv)|vTvzvxEyv)OGLv{Gyv}v=v"v),pv{!v&Sv(a*vGvr|v#Gyv(Fv&

GyvMv9QFv,fvzv)ivQGQGyv}vavQ<vAvzCv+vQGyvQ*vKhGyvJvQGQIGyv}vQ@vqvgv?hCVvgv?GyvWv}vU.yvwv#$vPg
Gyvvgvv}vvzvv+vv?*vv}vvwvv#Cf@vvwvv(f<vvavv+vv8vv?,h*vv}vvwvv#Gyvv}vv9AGyvv}vvAvvwvvDvvrCf*vv=vvtvv)\vv}vv#Gyvv=vv"vv+vv?|vvOI
_(*z?.

h*vv}vvwvv#G !vv%vv9AGJ,h|vv#\vv}vv"vv%vv9|vv(\vvhGyvvavv=vvtvv?Gyvvgvv9Ryvv?,E\vv9pvv?Eyvv)GyvvAvv%vv(*vv?
h_vv=vvtvv9JGyvvJvvO

x
|vv#|vvTvvAvv(i<vvMvv9QGyvv}vv9A,Cf@vvJvvO|vv#LvvavvQGyvvAvvwvv9Cvvr,hSvv(a!vv"vv9svvX

Pyxp,Gy}tahGyA9y,GyM9U<9y=+8?GyOGp8?.

Gy=+8?GyOGp8?
|vv#Gyvvavv=vv+vvgvv,pvv,Gyvv=vv+vv8vv9JGyvv}vvgvvAvvOyvv?ChGyvv=vv9QOIGyvv"vvdvvQEyvv)Gyvv}vv=vv"vv)fvvzvv)C!vv&*vvwvv(xf

<vv+vv8vv?OGpvv8vv?h*vvJvv9pvvefvvzvv+vv%vv9.C|vv9pvv,Gyvv}vv"vv9Lvv9JGyvvOGpvv8vv?ChGyvvJvv9QI,pvv+vv}vvwvv#GfvvAvv=vv9Qhcvv+vvqvv?
Gyv}v=v"v)fvzv)C!v%v9@v(p

x
vQ<v+v8v?C<vQO,h$vPG*vtv(OEyv)_vQGFvu|vgv9yvGv?|vMvAvzvqv?FvOG

k
,h*vGv>
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@vvJvvzvv+vvzvv&<vvavvQ*vvtvv?|vvMvvAvvzvvqvv?fvv#GyvvavvQ*vvtvv?Gyvv}vv(Yvv(pvv?$vv"vv9.pvvqvv,Gyvv}vv"vv9Lvv9JGyvvJvv9QI,*vv}vvwvv#
GSvvAvvgvv}vv9dGyvvwvvAvv{GyvvJvvQGQ*vv?hGyvvavv;AGJGyvvMvv9QFvv+vv?Gyvv=vv+vv]vv9A<vvO:

k
|vv#GyvvgvvRdGyvvWvv9Fvvhpvv,

Gyv}v"v9Lv9JGyv}vgvAvOyv?.yvwv#rpv,$vPGGyv}vtvavh,Sv(a!vQv
x
vRG:$vAv}v9epv,GyvAvOpv8v?pv,VvAv9A

Gy}"9NGy}gAOd,hS(a!"dQp,cQhaGyZ+rC*]9
k
.

yv+vU|v"vWvzGyvWvgv(Q<v9yvOaAhGyv=vQhOI|vtvAvZvQG
k

fvzv)OQFv?IvQGQIGyv%v(GApvtvb.pv%v(
*vvvgvvvAvvv}vvvOfvvvzvvv)|vvvqvvv9fvvv+vvv{G Vvvvgvvv9YhIvvvQvvvv?Gyvvv%vvv(GAGyvvv}vvv=vvvQxOC*vvv]vvv9

k
(Gyvvv"vvvTvvv+vvv~hGyvvvGvvvQ*vvv9!vvv9J

GyvvMvvqvv+vvqvv?).hpvv,|vv9*vvMvv[G Vvvgvv9Y,pvv%vv(fvv}vvzvv+vv?pvvtrvvO(ChvvvTvv>)IvvQGQj<vv9yvvAvv=vv9Od
G Vvvgvv9fvv,.h$vvPG|vvTvvAvvtvv{fvv#OQFvv?IvvQGQIGyvv%vv(GAh:*vvAvvavvzvv>Svv(iSvvavvK<vv9QO(Ch
Svvv9Lvvv#)*vvvtvvvhfvvvzvvv)Lvvvb!vvvdvvvQ|vvvhGyvvvWvvvMvvv[(ChCjFvvvTvvv~BLvvvQ)yvvvJvvvZvvv(dGyvvv}vvv=vvv9Oyvvv?
GyJQGQ*?.

h*vvv}vvvwvvv#G}|vvvwvvv"vvv?GyvvvAvvv,@vvvJvvvAvvv(jfvvvzvvv)!vvv(GpvvvPRFvvv9Fvvv+vvv?Cf@vvvtvvvAvvvQf<vvv%vvvPgGyvvv}vvvqvvv9fvvv+vvv{
G Vvgv9fv+v?C*v]v9

k
.h*vAv"v9Sv>|vgvOdGyv}v=v9Oyv?G Vvgv9fv+v?|vhpvQbOQFv?GyvJvQGQI,h*vZv=vK

$vPGGyvqvQbvv=v+vQG
k

EPGvv9!vBGyv"v9pvPI|vgvQv\v?|v=v9VvQIEyv)CVvgv?GyvWv}vU(vvTv>IvQGQj)
ChEyvv)Svv}vv9Ayvv+vvzvv?Yvv9pvv+vv?pvv,GyvvWvvAvv9A(pvvtvvOIvvQGQj).hfvvzvv)G}QFvvK,yvv#*vvwvv(fPyvvx
|vvvQ*vvvJvvv9

k
yvvv~pvvvQGOGyvvv}vvv(Fvvv(O*vvv#<vvv9yvvvtvvvQH|vvv#Gyvvv"vvv(GpvvvP.pvvv,$vvvPgGyvvvdvvvQha,svvvO*vvvwvvv(f|vvv#

Gyvv]vvQhQjGSvvAvvgvv}vv9d!vv(Y|vv#GyvvAvvdvvzvv+vv{GyvvMvv9QFvv,yvvzvvJvvqvv9Xfvvzvv)OQFvv?IvvQGQIGyvvTvvavvK
|vTv9h*v?@vtvQ*v=v9

k
yvOQFv?IvQGQIGyv%v(GA,hGSvAvgv}v9dSvAv9FvQOGLvzv+v?yv}v"vhCjEVvgv9Y|v=v9VvQ

<v+v#GyvTvavKhG}pvQGO.h*vTv9fvOh\vh|vWvgv9JGyvAvOpv8v?@vJvBGyv"v(GpvPC*v]v9
k

fvzv)@vzvav+vr
Gyvv}vv=vv9Oyvv?G Vvvgvv9fvv+vv?GyvvAvv,*vvAvvgvvQvVEyvv+vv%vv9G}pvvQGOEPGvvv9!vvBOQFvv?IvvQGQIGyvvRFvv9LGyvv=vv9QO
yvv+vvTvvB|vv"vvMvvqvv]vv?FvvOG

k
.yvvwvv#Gyvvgvv}vv{svvQ*vv=vv9

k
FvvOG

k
|vv#Gyvv}vvWvvhsvvO:*vvwvv(f|vvQ*vvJvv9

k
<vvTvv=vv>

Gy}=9Oy?G Vg9f+?.
h*vvAvvJvvQcGyvv%vv(GA<vvTvv=vv>GyvvAvv%vv(*vv?,pvv{PGvvv9f|vvgvvOdFvvQ*vv9fGyvv%vv(GAfvv9yvv+vv9

k
,vvv9fCvv}vv?

Vvvvgvvv(Q<vvv9yvvv=vvvQhOI<vvvTvvv=vvv>Gyvvv=vvvMvvvQGyvvvPj*vvvJvvvZvvv{|vvv#Gyvvv=vvvWvvvQI,hSvvv(a!vvv"vvv9svvvXPyvvvxpvvv,
Gyvv}vvtvvavvhGyvvMvv9U<vv9yvvAvv%vv(*vv?:Ivvtvv9

k
.yvvwvv#Q_vv(<vv?GyvvGvv(Gyvvgvv9yvv+vv?@vvtvvz

x
vv[vvvqvv9AIfvv}vvzvv+vv?Gyvv=vvMvvQ

Gyvv}vv=vvQxOIyvvzvv=vvWvvQI,h@vvGvvgvvzvv"vv9!vvWvvgvvQ<vv9:!vvRfvv9Lfvv"vvOOQFvv9JGyvvJvvQGQIGyvvgvv9yvv+vv?IvvAvv)yvv(vvv9f
|gOdFQ*9fGy%(GAv=+QG

k
.

h*ovvgvvAvv=vvQOhQ<vv"vv+vv?Gyvv}vv=vv"vv)G !vvWvv9Fvv+vv?GyvvMvv9|vvzvv?pvv,GyvvJvvqvv9Xfvvzvv)<vv+vv8vv?OGpvv8vv?\vv}vv"vv&
|vwv}

x
v;

k
yvOhQ|v"vdv(|v9JGyvMvO|v9JGyv=v+v8v+v?Gyv"vWvav?.hyvPG|v#Gyv]vQhQjGyv"vdvQpv,|vwv9|vzv?

GyvAvZv9|v+v~GyvJvQGQ*v?<vJv+vE@vGv}vh<v+v#<v"v+v?Gyv}v=v"v)G !vWv9Fv+v?hEFvQGAGJ@vOpv8vAv&h@v%v(*vAv&.
h*vGv>Cf*vtv(e$vPGGyvtvQGQGyv%v9efvzv)|vTv9Fv{GSvAv%v;cGyvav9sv?h!vdv9pv?Gyv%v(GAh@vwv9yv+vr
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GyvvZvv+vv9!vv?hGyvvAvvwvv9yvv+vvrGyvvGvv9Q*vv?.yvvwvv#pvv,Fvv}vv+vvhGyvvJvv9:J,*vv=vvtvv)OhQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?
!qT&,h:*Aj+vQS(i|TA(iCOGF%9.

pvv,Gyvv}vv"vv9NGyvv}vvgvvAvvOd,*vvAvvQv
v
vvRG:$vvAvv}vv9eGyvvQFvv+vvTvv,pvv,GyvvqvvtvvOGyvvJvvQGQjfvv=vvQGyvv=vv"vv+vv?

G !vvWvv9Fvv+vv?yvvzvv}vv=vv"vv)pvv,cvvQhaGyvvAvvOpvv8vv?pvv,GyvvWvvAvv9A.pvvwvvzvv}vv9vvv9f|vvtvvOGQGyvvqvvtvvOGyvvJvvQGQj
<vv9yvv"vvtvv{fvv=vvQGyvv=vv"vv+vv?hGyvvAvv%vv(*vv?Cvvv=vvQ,vvv9f|vvtvvOGQGyvvJvvQGQIGyvvPj*vvGvv>@vv(pvv+vvQg<vv(GSvvavv?
|vv"vvdvv(|vv?GyvvAvvOpvv8vv?Cvvv=vvQ,hvvv9!vvB@vvwvv9yvv+vvrGSvvAvv%vv;cGyvvavv9svv?Cfvvzvv).hCvv}vv?|vvWvvwvv;JC*vv]vv9

k

pvv,Gyvv}vv=vv9!vv,GyvvAvvGvv9Q*vv?Gyvvwvv=vv+vvQI@vvAvvgvvzvvu<vvAvv=vvQ*vvO$vv9pvv,GyvvZvv+vvr|vv#Ivv+vvE@vvtvvzvv+vv[GyvvwvvTvv>

GyvvvJvvvQGQjGyvvvOGLvvvzvvv,hGyvvvWvvv}vvvTvvv,yvvvGvvvgvvv{GyvvvAvvv=vvvQ*vvvOGyvvv}vvvavvvzvvv(HCsvvv{.h*vvvMvvvAvvvzvvvrOhQGyvvv=vvv"vvv+vvv?
G !vvWvv9Fvv+vv?pvv,$vvPgGyvvdvvQhafvv#G:IvvAvvqvv9X<vv9yvvJvvQGQIpvv,GyvvWvvAvv9A.pvv%vv(*vvAvvavvzvv>,|vvDvv;

k
,

|vvgvvO:Jfvv9yvv+vv?|vv#GyvvAvv%vv(*vv?|vvhGSvvAvvgvv}vv9d|vvdvv;Jfvvzvv)GyvvGvv(G!vv>GyvvMvv9QFvv+vv?hGSvvAvvjvv;d
GyTg?GyJQGQ*?<O:

k
|#GytWQIGyg9Ry?yGOQGfGy}=")Gy]QhQ*?p,cQhaGyWA9A.

hpvv,|vv9*vvMvv[Gyvvjvv;aGyvvMvv9QFvv,yvvzvv}vv=vv"vv),|vv#Gyvv]vvQhQjpvv%vv~vvv+vvqvv+vv?GSvvAvvGvv9<vv?
Gyv=v"v+v?G !vWv9Fv+v?yvqvQhbOQFv?GyvJvQGQI<v+v#Fv9!v=v,GyvGvOGQ,Ch<v+v#GyvTvavKhGyvTvtvr.EP
@vvAvvzyvvrGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?_vv=vvgvv9

k
|vv#_vv=vvtvv9J|vvMvvAvvzvvqvv?@vv|Ojhcvv9Fvvr|vvAvv"vv(fvv?,hGIvvOI|vv"vv%vv9

pvvvtvvvb|vvvZvvv}vvv}vvv?LvvvZvvv+vvvZvvv9
k

yvvvAvvvJvvvTvvv+vvv#GyvvvTvvvzvvv(cGyvvvJvvvQGQj.h|vvvhPyvvvx,pvvv{fSvvvzvvv(cGyvvv=vvv"vvv+vvv?
G !W9F+?<Q|A%9*G>Cf*w(f|(\hG$A}9e.

h|vv#Gyvv}vv}vvwvv#Gyvv"vvdvvQEyvv)Gyvv}vv(GOh_vv=vvtvv9JGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?|vv#hFvv%vv?!vvdvvQSvv%vv(yvv?
!vvtvvzvv%vv9yvvzvvJvvQGQI,Ch|vvtvv9h|vvAvv%vv9:!vvAvvtvv9yvv%vv9.hpvv,Gyvv(YvvrGyvvAvv9yvv,Svv(a!vv"vvdvvQfvv}vv(|vv9

k
pvv,

Gya=t9JGy}t9h|?:!At9dGyJQGQIGyA,@Azyrf9OI|#|(GOf9Ry?.

!dQI|=Tva?Ey)GyqtOGyJQGQjp,Gy="+?G !W9F+?

pvvv,C<vvvTvvvb_vvvQGFvvvuOQGSvvv?GyvvvqvvvtvvvOGyvvvJvvvQGQjpvvv,Gyvvv=vvv"vvv+vvv?G !vvvWvvv9Fvvv+vvv?,@ovvvgvvvAvvv=vvvQ|vvv"vvvdvvv(|vvv?
Gyvv}vvqvv9svv+vvOhGyvv}ovvOLvv;JGyvvJvvQGQ*vv?|vv#hEyvv)Gyvv}vv=vv"vv)pvv,Ivv9yvv?@vv(GRf.h*ovvqvvAvvQVCfOQFvv?

GyvJvQGQIfvzv)vv{|v#Fv9!v=v,Gyv=v"v+v?Cv9<vAv?,hCf|vgvOdGyv"vtv{GyvJvQGQjfv=vQ$v9svOhYv{
Eyvv)Ivv9yvv?|vvTvvAvvtvvQI.h*ovvqvvAvvQVC*vv]vv9

k
Cfvvv{GyvvJvvQGQI@vv"vvAvvtvv{|vv=vv9VvvQIfvv=vvQGyvv=vv"vv+vv?|vv#CIvvO

GyvvGvv9!vv=vv+vv#Eyvv)G6LvvQ.hpvv,$vvPgGyvvdvvQha,*vvgvvAvv}vvOG!vvAvvtvv9dGyvvJvvQGQIfvv=vvQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?
fvvzvv)|vvtvv9h|vv?Gyvv"vvtvv{GyvvJvvQGQjGyvvAvv,@vv(p

x
vvQ$vv9_vv=vvtvv9JGyvv}vv(GOGyvvgvv9Ryvv?Gyvv}vvMvvAvv9QI,h|vvgvv%vv9

GyqG(GJh_=t9JGy%(GAGyT9v#Gy}(F(OIfz)SaKGy="+?.
h@
o
vvgvvAvv=vvQGyvvJvv9yvv?Gyvv}vvTvvAvvtvvQIC<vvTvvbIvv9:JGyvvAvvOpvvuGyvvJvvQGQjfvv=vvQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?,

h$vv,@vv=vv+xvv#Gyvv}vvqvvgvv(dGyvvGvv($vvQjyvvAvvzvvxGyvv=vv"vv+vv?.h<vv9pvvAvvQGVhFvv(OpvvQbpvv,OQFvv?GyvvJvvQGQI
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<v+v#Fv9!v=v,Gyv=v"v+v?,@vAvOpvuGyvJvQGQI|v#GyvTvavKPjOQFv?GyvJvQGQIGyvgv9yv+v?Eyv)PGcPj
OQFvv?GyvvJvvQGQIGyvv}vv"vvMvvqvv]vv?.h@vvgvvAvv}vvOvvv}vv+vv?GyvvJvvQGQIGyvvAvv,@vvgvv=vvQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?pvv,|vvOI
|vvvgvvv+vvv"vvv?,Cj|vvvgvvvOdGyvvvAvvvOpvvvuGyvvvJvvvQGQj,fvvvzvvv)|vvvtvvv9h|vvv?Gyvvvavvv=vvvtvvv9J,h|vvv"vvv%vvv9_vvv=vvvtvvv?Gyvvv%vvv(GA
GyvTvavJv,hGyvqvGv(GJGyv%v(GFv+v?\v}v#Gyv=v"v+v?.hvvzv}v9vv9!vBGyv}vtv9h|v?Cfvzv),vv9!vBvv}v+v?
GyvvJvvQGQIGyvvAvv,@vv"vvAvvtvv{pvv,hIvvOIGyvvR|vv#Csvv{.hyvv+vvU|vv#Gyvv}vv}vvwvv#yvvzvvAvvOpvvuIvvQGQjpvv,
_=t?Cf*w(fCv=Q|"&p,_=t?CLQi|#Gy="+?p,GyJ9y?Gy}TAtQI.

hGyvv}vvqvvgvv(dGyvvDvv9!vv,yvv(Fvv(O_vv=vvtvv9JPGJ|vvtvv9h|vv9J|vvMvvAvvzvvqvv?$vv(_vvQ*vvtvv?@vvjvv+wvvQOQFvv?
GyvJvQGQIfv=vQGyv=v"v+v?G !vWv9Fv+v?|v#GyvGv9!v>GyvOGpvrEyv)GyvGv9!v>Gyv=v9QO.h*vgvAv}vO$vPGfvzv)
Gyv}vtv9h|v?Gyv"vTv=v+v?pv,vv{_v=vtv?,hpvtv9

k
yvzv}v=v+v#pv,GyvWvwv{10.8.pv9yvav=vtv9JGyvAv,@ovTv%v~

<vv"vvTvv=vv?vvv=vv+vvQIpvv,|vvtvv9h|vv?GyvvAvvOpvvuGyvvJvvQGQj(Gyvvavv=vvtvv9JGyvvgvv9Ryvv?)Svv(a@vvWvv%vvOCvvv=vvQ$vv=vv(W
IQGQjfz)F9!=+%9\}#Gy="+?G !W9F+?.

yvvwvv#GyvvJvv9yvv?Gyvv}vvTvvAvvtvvQIyvv+vvTvvBC<vvTvvb_vvQGFvvuGyvv"vvdvvQpvv,GyvvAvvOpvvuGyvvJvvQGQjpvvJvvTvv>,
<vv{fvv"vvO|vv9@vvAvvJvvOvO|vvtvv9h|vv?vvv{_vv=vvtvv?,pvv{!vv%vv9@vv}vvD

x
vv{C<vvTvvbcvvQa*vv}vvwvv#EFvvQGAIvvTvv9<vv9J

yvv&.h*ovvgvv=vvvQfvv#|vvgvvOdGyvvqvvtvvOGyvvJvvQGQj<vv(Yvvqvv&@vv9<vvgvv9
k

yvvzvv=vv"vv+vv?<vvQ|vvAvv%vv9,hyvvPG*vv]vv~|vvqvv9fvv+vv{
vvv{Gyvvavv=vvtvv9Jpvv,fvvOOhGIvvO*vv}vvD

x
vv{Gyvv"vvqvv9P*vv?GyvvJvvQGQ*vv?(transmittance)yvvwvv9|vv{Gyvv=vv"vv+vv?.

h$Pgs+}?hI+OI@ogQa<9yt+}?U.

E:CfGyvqvtvOGyvJvQGQjGyv}vJvTv(H<v%vPgGyvavQ*vtv?*vtv(efvzv)hYvryvzvTvzv(c!v9OQG
k
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|vv9*ovvWvv9$vvOfvv}vvzvv+vv9
k
.pvvqvv,Ivv+vv#CfOQFvv?GyvvJvvQGQIGyvvOGLvvzvv+vv?*vv}vvwvv#Cf@vvwvv(fCvv9<vvAvv?!vvTvv=vv+vv9

k
,

pvv{fOQFvv?GyvvJvvQGQIGyvvMvv9QFvv+vv?fvvzvv)|vvOi|vv(Svv~GyvvAvvOpvv8vv?@vvWvv%vvO@vvjvv+wvvQGJvvv=vv+vvQI.hGLvvAvv+vv9Q
Gyvtv+v}v?GyvAvZv}v+v}v+v?yvOQFv?GyvJvQGQIGyvMv9QFv+v?*vZv=vK$v9|v9

k
yvzvAvtvO*vQGJGyvAv,@v"vAvHfv#@vzvx

GyvJvTv9<v9J.pv{PGGLvAv+vQJ|v"vMvqv]v?FvOG
k

,GsvAv]v)GyvAvZv}v+v~|v"vdv(|v?@vOpv8v?|vqvQ_v?fvzv)
|vvOi|vvgvvdvv~|vv(Svv~GyvvAvvOpvv8vv?,hEPGGLvvAvv+vvQJfvv9yvv+vv?pvv{!vv&:*vv}vvwvv#@vvJvvtvv+vvucvvQhaGyvvQGIvv?

pv,!vTv=v?vv=v+vQI|v#G}*v9eGyvAv,@vwv(fpv+v%v9Cv}v?Iv9Fv?Eyv)GyvAvOpv8v?.pv,<vQ*vav9!v+v9,@vgvAv}vO
GyAZ9|+~I9y+9

k
s+}?GyZqQGy}8(*?<(Yq%9s+}?@Z}+}+?yOQF?GyJQGQIGyM9QF+?.

h@vvAvvZvvrOsvv?GyvvAvvtvvO*vvQGJGyvv}vvJvvTvv(<vv?<vv%vvPgGyvvavvQ*vvtvv?<vv9yvvJvvTvv9Svv+vv?yvvdvvQhaGyvvAvvZvv}vv+vv~
Gyv}vqvAvQ\v?,hyvAvqv9Yv+v{G !v%v9AGJC*v]v9

k
.yvtvOGpvAvQ\v"v9Cfvv{GyvJvQGQI@v"vAvtv{|v=v9VvQIfv=vQ

Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?|vv#Fvv9!vv>Eyvv)BLvvQ.$vvPGEPG<vvtvv+vvBGyvvavv=vvtvv9JGyvvgvv9Ryvv?|vvTvvAvv}vvQIOhf
G!vvtvvavv9Y,C|vv9EPGvvv9fCvv}vv?G!vvtvvavv9YE!vvWvv9Fvv,ChpvvAvvJvv9Jpvv,Gyvv=vv"vv+vv?,pvv{f@vvzvvxGyvvqvvQ\vv+vv?
@Z=K|(\hVx.

GyGTQGy=9QO

*vv=vv+xvv#GyvvWvvwvv{10.9Gyvv}vvqvvgvv(dGyvvJvv9Yvv{pvv,GyvvAvvOpvvuGyvvJvvQGQjfvv=vvQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?
hGyvvv"vvv9Fvvv~fvvv#fvvvOevvvv(fGyvvvMvvv(G<vvv+vvvQGyvvv}vvvjvvvQhSvvv?pvvv,yvvv(Ivvv?FvvvOGQLvvvWvvv=vvv,|vvv|_

v
vvvQI_vvv=vvvtvvv?

hIvv+vvOI.*ovvtvv9dCfGyvvMvv(G<vv+vvQ@vvZvv=vvKFvvTvv(QG
k

<vv9QOI(FvvTvv(QG
k

IvvQGQ*vv?)<vvAvvJvv(*vvzvv%vv9yvv}vvTvv9Q
G!vvAvvtvv9dGyvvJvvQGQI<vvJvv+vvE:@vv}vvQ|vv=vv9VvvQI|vv#Fvv9!vv>Eyvv)BLvvQ.h*vvJvvZvv{$vvPGC*vv]vv9

k
fvv"vvO

hYvv;JG}Q\vv+vv9JhIvv(dpvvAvvJvv9JGyvv"vv(GpvvP.EfGyvvJvvQGQI@vvAvvOp
v
vvu@vvOpvvtvv9

k
_vv=vv+vvgvv+vv9

k
<vv9@vvGvv9g

OQFvv?GyvvJvvQGQIGyvv}vv"vvMvvqvv]vv?,|vv|O*vv?Eyvv)@vvWvv(*vv&yvv%vv+vv8vv?GyvvAvvOQwLGyvvJvvQGQj.h*vv|Oj$vvPG
GyvvGvvTvvQGyvvJvvQGQjEyvv)pvvtvvOIvvQGQjCvvv=vvQ|vv#GyvvqvvtvvOGyvvPj@vvgvvavv+vv&GyvvJvvTvv9<vv9JGyvv=vvTvv+vvavv?.
yvPG,hIv+vDv}v9GIvAv(iGyv}v=v"v)fvzv)svzv+v{|v#Gyv=v"v+v?G !vWv9Fv+v?Gyv}vTvAv}vQIGyvgv9yv+v?Gyv}vtv9h|v?
|vhpvAvJv9JhpvGv(GJ|vAvwvQQI,hFv>Gyv"vdvQpv,G !v%v9AGJGyvAv,@vtvz

x
v[$vPGGyv}vqvgv(d.

*vv=vv+vv#GyvvWvvwvv{10.10GyvvGpvvTvvQGyvvJvvQGQjfvv"vvOCfvvzvv)Gyvv"vv9pvvPIhG !vv%vv9AGJGyvv;R|vv?yvvAvvtvvzvv+vv[

|qg(y&p,GyqtOGyJQGQj.
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Gy}=9Oy?hGyTg?hGyAjzjz+?GyJQGQ*?p,GyJ9y?i+QGy}TAtQI
pvvv,CCvvv"vvv9A@vvvOpvvv8vvv?Gyvvv}vvv=vvv"vvv),@vvvwvvv(fOQFvvv?GyvvvJvvvQGQIGyvvvOGLvvvzvvv+vvv?Cvvv9<vvvAvvv?!vvvTvvv=vvv+vvv9

k
.h@vvvwvvv(f

@vjv+vQGJOQFv?GyvJvQGQIGyvMv9QFv+v?Cvv=vQvvDv+vQG
k

,IvAv)fvzv)CSv9S*v(|v,.h:*v"vav=vu$vPG
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fvvvzvvv)OQFvvv?IvvvQGQIGyvvv%vvv(GApvvvtvvvb,<vvv{@vvvAvvvzC
v
vvvQOQFvvv9JIvvvQGQIGyvvvTvvvavvv(M|vvv=vvv9VvvvQIC*vvv]vvv9

k

<v9yvAv=v9OdG Vvgv9fv,|v#Lv;dGyvAvgvQwVGyv}v=v9VvQ}Vvgv?GyvWv}vU(vvTv>)hyvTv}v9AGyvzv+v{
GyvvZvv9pvv+vv?(pvvtvvO).h@vv}vvAvv[GyvvTvvavv(M,hLvv9Yvv?PGJG}yvv(GfGyvvjvv9|vvtvv?,GyvvJvvQGQIEPGvvv9!vvB
|vvgvvQv\vv?|vv=vv9VvvQI}Vvvgvv?GyvvWvv}vvU,h@vvqvvtvvOIvvQGQIEPGvvv9!vvB|vvgvvQv\vv?|vv=vv9VvvQIEyvv)Svv}vv9A
yv+v{GyvWvAv9AGyvZv9pv+v?.h*v}vwv#OQFv9JIvQGQIGyvTvav(MCf@v=vzvk<v%vPgG6yv+v?sv+v}v9

k
@vMvAvzvr

GLA;p9
k

|zJ(c9
k

f#OQF9JIQGQIGy%(GAI(y%9.

hsvvO:@
o
vvOp
v
vvzGyvv}vv=vv9!vv,<vv9SvvAvv}vvQGQ,hyvvPGsvvO@vvwvv(fCvv}vv?Ivv9Fvv?Eyvv)@vvOpvv8vv?|vvAvvtvvavvgvv?

@vv(GpvvuC!vv}vv9WEVvvjvv9dGyvv}vv=vv"vv).hpvv,$vvPgGyvvdvvQha,@vvAvvjvv+vvQOQFvv9JGyvvJvvQGQIGyvvOGLvvzvv+vv?
hGyvvvMvvv9QFvvv+vvv?ivvv9yvvv=vvv9

k
fvvvzvvv)!vvvJvvv(|vvvAvvvgvvv9vvvvU,h@vvvROGOOQFvvv9JGyvvvJvvvQGQIGyvvvOGLvvvzvvv+vvv?fvvv"vvvO|vvv9

@"Mq^OQF9JGyJQGQIGyM9QF+?.

h<vjvQVpv%v~$vPGGyvTvzv(cGyvJvQGQjGyv}vAvjv+xvQ,|v#Gyv]vQhQjGyvAvqvwv+vQ<vTvQfv?@vjv+wvQ
@vOQwLOQFv?GyvJvQGQIpv,Gyv=v"v+v?G !vWv9Fv+v?GSvAvGv9<v?yvAvjv+wvQGJOQFv?GyvJvQGQIfv"vOGyvTvavK.
yvvwvv#Lvv(GUGyvv}vv(GOGyvvJvvQGQ*vv?hSvv}vv9vvv?vvv{_vv=vvtvv?$vv}vv9GyvvzvvAvv9f@vvJvvO

x
OGfSvvQfvv?GSvvAvvGvv9<vv?

Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?GyvvJvvQGQ*vv?.h$vvPG:*vvAvvavvzvv>svv+vv9Svv9
k

yvvtvv+vv}vv?|vvtvv9h|vv?Gyvvavv=vvtvv9JGyvvJvvQGQ*vv?Ch
fvvRyvv%vv9pvvJvvTvv>,<vv{*vvAvvavvzvv>C*vv]vv9

k
svv+vv9SSvvgvvAvv%vv9GyvvJvvQGQ*vv?C*vv]vv9

k
.@vvgvv=

x
vvQGyvvTvvgvv?GyvvJvvQGQ*vv?

(thermal capacity)fvv#|vvtvvOGQGyvvJvvQGQIGyvv;ReyvvAvvJvvtvv+vvuGQ@vvqvv9Y|vvgvv+vv#pvv,OQFvv?IvvQGQI
Gyvv}vv9OI(ChyvvzvvqvvtvvOGyvvJvvQGQjGyvv;ReyvvAvvJvvtvv+vvuG!vvMvvqvv9V|vvgvv+vv#pvv,OQFvv?GyvvJvvQGI).h*vvwvv(f
|vgvO

v
d@vjv+wvQOQFv?GyvJvQGQI\v}v#Gyvav=vtv9Jfv9yv+v9

k
fv"vO|v9@vwv(f|vtv9h|v?GyvAvOpvuGyvJvQGQj

hGyvvTvvgvv?GyvvJvvQGQ*vv?Yvvjvv+vvQ@vv+vv#.h<vvR*vv9OI|vvtvv9h|vv?Gyvvavv=vvtvv9JChSvvgvv9@vv%vv9,@vvZvv=vvK@vvjvv+wvvQGJ

OQFv9JGyvJvQGQI\v}v#Gyv}v9OIC<vavz.h$vPGGyv}vgv+v9QyvTvQfv?@vjv+wvQOQFv?GyvJvQGQIGyvOGLvzv+v?
@vv9<vvhyvvwvv{|vv#Gyvv}vvtvv9h|vv?hGyvvTvvgvv?,h*ovvgvvQa<vv9yvvAvvjvvzvvjvvzvv+vv?GyvvJvvQGQ*vv?(thermal diffusivity).

hfvvzvv)hFvv&Gyvvgvv}vv(e,@vvwvv(fGyvv}vv(GOPGJGyvv}vvtvv9h|vv?Gyvvgvv9yvv+vv?|vv"vvMvvqvv]vv?GyvvwvvDvv9pvv?<vvTvv=vv>
hFv(OpvGv(GJ$v(GFv+v?vv=v+vQI|vJvAvGvRI\v}v#Gyv}v9OI,pv,Iv+v#CfGyv}v(GOPGJGyvTvgv9J

GyJQGQ*?Gyw=+QI@AZr<wD9p?f9y+?,h|#C
n
~

v
<}t9h|?|"Mq]?yzAOpuGyJQGQj.

h*vvZvv=vvK@vvJvvzvv+vv{GyvvAvvjvvzvvjvvzvv+vv?hGyvvTvvgvv?Cfvvzvv)C$vv}vv+vv?|vv#@vvJvvzvv+vv{GyvvgvvRdpvv,Gyvv}vv"vv9Lvv9J
GyvvAvv,@vvJvvZvv{pvv+vv%vv9@vvjvv+vvQGJvvv=vv+vvQIpvv,OQFvv9JGyvvJvvQGQI<vv+vv#Gyvvzvv+vv{hGyvv"vv%vv9Q,h$vvPG$vv(
VvzfGyv}v"v9_vuGyvZvJvQGh*v?,Lv;pv9

k
yvJv9yv?Gyv}v"v9Lv9JGyv}vgvAvOyv?.hyvPG@

o
vTvAvgv}v{pv+v%v9|v(GO

Cvvvtvvv+vvvzvvv?PGJSvvvgvvv9JIvvvQGQ*vvv?vvvv=vvv+vvvQI.h$vvvPG|vvvWvvv9<vvv&yvvvAvvvZvvv9|vvv+vvv~GyvvvAvvv=vvvQ*vvvOpvvv,GyvvvZvvv+vvvrpvvv,
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Gyvv}vv"vv9Lvv9JGyvv}vvgvvAvvOyvv?Ivv+vvE@ovvTvvAvvgvv}vv{Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?yvvMvvRfGyvvJvvQGQIGyvv}vvAvv(y
x
vvOIpvv,CCvv"vv9A

Gy"%9Q,h|#C
n
~

v
yAZQ*q%9p,Gyz+{.

h@vvJvvzvv+vv{GyvvAvvjvvzvvjvvzvv+vv?$vv9eC*vv]vv9
k

fvv"vvO|vv9*vvwvv(f|vv#Gyvv]vvQhQj@vvOpvv8vv?Gyvv}vv=vv"vv)|ovvOOG
k

svvZvv+vvQI,hfvv"vvOFvvP@vvwvv(fGyvv}vv=vv9!vv,PGJGyvvwvvAvvzvv?GyvvJvvQGQ*vv?GyvvMvvqvv+vvqvv?$vv,Gyvv}vv"vv9Svv=vv?.h|vv#
_vvQGFvvu$vvPgGyvvAvvOpvv8vv?GSvvAvvgvv}vv9d|vv"vvdvv(|vv?PGJ|vvWvvgvv9JIvvQGQ*vv?@vvOp

x
vvrG}pvvQGO|vv=vv9VvvQI|vv#

Ohf@vvOpvv8vv?Gyvv%vv(GA,hIvv+vv"vv8vvP*vvwvv(fyvvzvv=vv"vv+vv?G !vvWvv9Fvv+vv?OhQYvvjvv+vvQpvv,@vvJvvtvv+vvuGyvvWvvgvv(Q
<9yOaA<9SAD"9A@tz+z%9yGQ*9fGy%(GA.

|(shGyg9RdGyJQGQj

fv"vO|v9*vtvAvZvQG:$vAv}v9e<v9yvqvtvOGyvJvQGQjfvzv)GyvJv9yv?Gyv=vTv+vav?Gyv}vTvAvtvQI,:@vwv(f
Cvv}vv?C$vv}vv+vv?yvv}vvwvv9fGyvvavv=vvtvv?Gyvvgvv9Ryvv?Gyvvgvv9yvv+vv?Gyvv}vvtvv9h|vv?.yvvwvv#rfvv"vvO|vv9*vvGvvQj@vvJvvzvv+vv{Svvzvv(c
Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?}jivvQV@vvwvv(fpvv+vv&@vvjvv+vvQGJOQFvv?GyvvJvvQGQICh@vvjvv+wvvQ$vv9|vvhGyvv(svvB
$9|?,p{f|(shGy}t9h|?Gy"T=+?GyA,@(p

x
Q$9v{_=t?*Z=KPGC$}+?.

EPGvvvv9!vvvBGyvvvavvv=vvvtvvv9JGyvvvgvvv9Ryvvv?CsvvvQHEyvvv)GyvvvOGLvvv{(CjEyvvv)GyvvvGvvv9!vvv>GyvvvOGpvvvr),
Vv%vOJOQFv?IvQGQIGyvav=vtv9JGyvMv9QFv+v?R*v9OI_vqv+vqv?<vjvQV@vJvtv+vuGyvJv9yv?Gyv}vTvAvtvQI.
hpvv,$vvPgGyvvdvvQha,:*vvJvvZvv{Gyvv(Yvv(dEyvv)GyvvJvv9yvv?Gyvv}vvTvvAvvtvvQI<vvTvvQfvv?vvv=vv+vvQI!vvTvv=vv+vv9

k

pvJvTv>,<v{*vwv(fCv}v?svzv+v{|v#GyvJvQGQIGyv}vMvRh!v?C*v]v9
k

pv,Gyv=v"v+v?G !vWv9Fv+v?IvAv)yv(
vv9!vB|v=v"v+v?|v#|v(GOPGJSvgv?IvQGQ*v?vv=v+vQI!vTv=v+v9

k
.h|v9$v(CvvDvQC$v}v+v?|v#Pyvx$v(

Cf@vvwvv(fGyvvavv=vvtvv?Gyvvgvv9Ryvv?pvv,GyvvGvv9!vv>GyvvOGpvvr,h@vvzvvxIvv9yvv?*vv(FvvOpvv+vv%vv9GIvvAvv}vv9dvvv=vv+vvQ
yJZ(d@w9Crf"OOQF9JIQGQI|"Mq]?p,GyG9!>Gy=9QO|#Gy="+?G !W9F+?.

*ov=v+xv#GyvWvwv{10.11$v+v8v?@vjv+wvQOQFv?GyvJvQGQIpv,FvOQGf@vtvhpv+v%v9Gyvav=vtv?Gyvgv9Ryv?
pvvv,|vvv(G\vvvh|vvvMvvvAvvvzvvvqvvv?.h|vvv"vvv&*vvvAvvv]vvvKCfGyvvvgvvvRdpvvv,GyvvvGvvv9!vvv>Gyvvv=vvv9QO*vvvtvvvz

x
vvv[|vvvWvvvwvvvzvvv?

GyvAvwv9Cvr,Lv;pv9
k

yvzvJv9yv?GyvTv9<vtv?,yvwv#r*v}vwv#Cf*vR*vO|v#pvAvQGJGyvAvOpv8v?fv"vO|v9@vwv(f
C}?I9F?Ey)@Op8?|Atag?.

hEPGvv9fGIvAv}v9dGyvAvwv9Cvrfv9yv+v9
k

,vv9!vBCv}v?Iv9Fv?E:E!v%v9AGJE\v9pv+v?.h*vAvMvP
Pyvxfv9OIE|v9Yv+vjv?_v=vtv?@vJvO|v#Gyv=vMv9Q,Ch@vGvQj@v%v(*v?GyvqvGv(GJ RGyv?Gyv=vMv9Q
GyvvPj*vvOLvv{fvv=vvQGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?.h*vv}vvwvv#GyvvAvv%vv(*vv?Cf@vvwvv(fpvvgvv9yvv?pvv,G}Svvtvvrfvvzvv)
hF&GyMZ(U.

137



GyA%(*?

:*vvAvvzCvvQGyvvJvvqvv9Xfvvzvv)<vv+vv8vv?OGpvv8vv?<vv}vv(GYvvqvv9JhLvv(GUGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?Gyvv}vvMvvAvv9QI
pvvtvvb,<vv{<vv}vvtvvOGQGyvvAvv%vv(*vv?C*vv]vv9

k
.h*ovv}vvD

x
vv{GyvvqvvtvvOGyvv}vv=vv9VvvQyvvzvv%vv(GAGyvvOGpvvr|vv#GyvvjvvQpvv?pvv,

GyvdvQhaGyvWvAv(*v?GyvTv=v>GyvQFv+vTv,yvqvtvO!vTv=v?vv=v+vQI|v#IvQGQ@v%v9.@vAv]v}v#GyvAv%v(*v?|v=v9Oyv?
yvvzvv%vv(GA,h*vv"vvGvv~fvv"vv%vv9FvvQ*vv9fyvv&.hEPGCYvv=vvJvvBSvvQfvv?$vvPGGyvvGvvQ*vv9fvvv=vv+vvQI,Sovv}xvv,
<vvv9yvvvAvvv+vvv9QGyvvv%vvv(GFvvv,,h$vvvPGGyvvvAvvv+vvv9Q*vvv|OjEyvvv)R*vvv9OIGyvvvqvvvtvvvOGyvvvJvvvQGQj|vvv#<vvvWvvvQIGyvvvGvvvTvvv~
<v9yv=vMvQ,hIv+v"v8vP!vAv(svrfv#GfvAv=v9QGyv=v+v8v?OGpv8v?IvAv)yv(yv~@vAvjv+vvQOQFv?IvQGQIGyv%v(GA.
hpvv,GyvvZvv+vvr,*vvTvv}vv)GyvvAvv+vv9QGyvv%vv(GFvv,!vvTvv+vv}vv9

k
,h$vv(|vvQivv(Hpvv+vv&}!vv&*vvJvvt

x
vvuVvvgvv(QG

k

IvQGQ*v9
k

|vQ*vJv9
k
.hpv,Gyv}v"v9Lv9JGyv}vgvAvOyv?,@ovgvAv=vQGyvAv%v(*v?Gyv(Sv+vzv?GyvQFv+vTv+v?yvAvJvtv+vu<v+v8v?

IvvQGQ*vv?|vvQ*vvJvv?pvv,|vv(Svv~GyvvZvv+vvr.pvv"vvdvvQG
k

Eyvv)GQ@vvqvv9Y@vvwvv9yvv+vvr|vvwvv+xvvqvv9JGyvv%vv(GA|vv#
Iv+vEGyvTvgvQhGyvAvwvzvqv?GyvGv9Q*v?,pv{fGSvAvgv}v9yv%v9|vtvZv(Qfvzv)_v+vr|vJvOhO|v#Gyv}v=v9!v,
p,@zxGy}"9_uGy}"9L+?.

yvvwvv#GyvvAvv%vv(*vv?yvv+vvTvvByvv}vvGvvQO@vvwvv(*vv#<vv+vv8vv?IvvQGQ*vv?|vvQ*vvJvv?.pvv%vv,@vv|Ojhcvv+vvqvvAvv+vv#
C
o

LvvvQ*vvv+vvv#C*vvv]vvv9
k
.Gyvvv(cvvv+vvvqvvv?G}hyvvv)$vvv,E<vvvgvvv9O<vvvMvvv9QGyvvv}vvv9A,h$vvvPG|vvv9*vvvtvvvz

x
vvv{|vvv#E|vvvwvvv9f

IvvZvv(dGyvvAvvwvv9Cvvrh@vvwvv(wfGyvvQ_vv(<vv?pvv,Gyvv}vv=vv"vv).hGyvvDvv9!vv+vv?$vv,@vvZvvQ*vvrGyvv%vv(GAGyvvqvv9SvvO
hGyvvJvvqvv9Xfvvzvv)Fvv(!vvdvv+vvr<vvMvvqvv̂|vvTvvAvv(iGyvv}vvzvv(xCvv9JhGyvvQhGFvvKGyvv}vvJvv}vv(yvv?pvv,Gyvv%vv(GA
Eyv)|vTvAv(iB|v#h|vQ*vK.Sv(a!v"v9svXPyvxpv,|vtvavhGyv=v+v8v?Gyv"vdv+vqv?:Ivtv9

k
,pv}v9|v#

Vvxpv,Cf@vjv+v+vQGyv%v(GA\vQhQjOGLv{Gyv}v=v"v),hyvPG*vGv>Gyv"vdvQpv,<vgv̂hSv9Fv{

@Jt+u|TA(iF+O|#GyA%(*?.

138



vvv,@vvJvvZvv{GyvvAvv%vv(*vv?:<vvO|vv#@vv(GpvvQVvvQ_vv+vv#,$vv}vv9:*vvGvv>Cf*vvwvv(fCvv}vv?pvvQb
\vjvbyvAvJvQ*vxGyv%v(GA,hCf@vwv(fCv}v?pvAvJv9JyvOLv(dGyv%v(GAhLvQhFv&.h$vPG*vqvAvQV

@vv(GpvvQ$vv(GA!vvtvv,yvv+vvJvv{|vvJvv{$vv(GAGyvv}vv=vv"vv)Gyvvqvv9SvvO.hEPGyvv~*vvwvv#Gyvv%vv(GAGyvv"vvtvv,|vvAvv(GpvvQG
k

,

hF>@"d+rGy%(GA<9y}QVJ9JhERGy?Q_(<A&.yw""9y#!"dQp,Pyx$"9.
EfhFvv(OpvvQbpvv,Gyvv]vvjvvb|vvhpvvAvvJvv9Jpvv,Gyvv}vv=vv"vv)\vvQhQjpvv,vvv{|vv#Ivv9yvvAvv,

GyvvAvv%vv(*vv?Gyvvavv=vv+vvgvv+vv?hGyvvZvv"vvgvv+vv?.E:Cf_vvQ*vvtvvAvv,@vvJvvtvv+vvtvv%vv}vv9hhSvv9Fvv{GyvvAvvJvvw
w
vv~pvv+vv%vv}vv9VvvO*vvO@vv9

G:LvvvAvvv;a.hsvvvO@vvvwvvv(fyvvvPyvvvx|vvv"vvv9$vvvH$vvvGvvv+vvv"vvv?,hC<vvvTvvvbYvvv+vvvjvvv?yvvv%vvv}vvv9$vvv,G LvvvQGL
GyvvZvv"vvgvv,yvvzvv%vv(GA|vv#Gyvv}vv=vv"vv)yvvR*vv9OIpvvQbGyvv]vvjvvb(Chfvvzvv)G}svv{GyvvAvvJvvw

w
vv~pvv+vv&),|vvh

pvvQV[|vv(svvh]pvvAvvJvv?GyvvMvvQhLh@vvQcGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?@vvAvvwvvq
v
vv{<vvAvv(pvv+vvQpvvAvvJvv9JGyvvOLvv(d.

IvAv)<v(Fv(O|v"vdv(|v?Yv"v9fv+v?vv9|vzv?,*vGv>@vqvZv+v{Gyv=v"v+v?G !vWv9Fv+v?h<v"v9D$v9<vJv+vE:
@w(fvD+QIGyATQ*>,}fPyx*}w#Cf*|C

x
Qp,COGA|"d(|?GyA%(*?.

h*vAv}vDvv{OhQGyv=v"v+v?G !vWv9Fv+v?pv,GyvAv%v(*v?<vAv(pv+vQGyvqvAvJv9J.h:@vtvAvZvQ$vPgGyvqvAvJv9J
fvvzvv)@vvzvvxGyvv}vvMvvZvvZvv?yvv%vvPGGyvvjvvQV,|vvDvv{Gyvv}vvOGLvv#hGyvvqvvAvvJvv9JG6FvvQ*vv?,<vv{@vvAvv]vv}vv#
C*v]v9

k
GyvAvWvt

w
vtv9JGyv}v(Fv(OIIv(dGyv"v(GpvPhG}<v(GH.hSvO$vPgGyvAvWvtwvtv9J<v(GSvav?IvWv(I

|vv9yvv8vv?*ovvgvvAvv=vvQivv9yvv=vv9
k

_vvQ*vvtvv?GsvvAvvZvv9O*vv?yvvzvvJvvqvv9Xfvvzvv)GyvvJvvQGQI.hsvvO*vvwvv(f$vvPGYvvJvv+vvJvv9
k

,E:

C!vv&*ovvjvvzvvuC*vv]vv9
k

|vv"vvqvvPG
k

|vv#|vv"vv9pvvPGyvvAvv%vv(*vv?\vvQhQ*vv9
k
yvvzvvJvvqvv9Xfvvzvv)<vv+vv8vv?Fvv9pvv?hYvvJvv+vv?.yvvPG

*vGv>Cf*vAvQGpvuEIvwv9eSvOGyv"v(GpvP<vgv}vzv+v?@v%v(*v?CLvQi,|vDv{pvAvJv9J@v"vqvUOsv+vtv?pv,
Gy"(GpP,p,I9y?fOevq9*?|gOdGyA%(*?GyZ"9f+?p,Gy}=").

hCv}v?pvQhb\vjvb@v"vWvz_v=v+vgv+v9
k

|v#GyvQ*vKGyvAv,@v%v>Iv(dGyv}v=v"v).*ovQjGyvWvwv{
10.12@vv(Rwfvv9

k
Vvv9Fvvgvv9

k
yvvzvv]vvjvv(WIvv(d|vv=vv"vv).*vvOLvv{Gyvv%vv(GA|vv#CjpvvAvvJvv?pvv,Fvv(G!vv>

Gyvv}vv=vv"vv)*vvwvv(fpvvQbGyvv]vvjvvbfvv"vvO$vv9|vv(Fvv=vv9
k

,h*vvMvvQL|vv#GyvvGvv9!vv>GyvvPj*vvwvv(fpvvQb
Gy]jbf"OgS9y=9

k
.

139



hGyvavQ*vtv?GyvDv9!v+v?GyvAv,*v}vwv#GyvzvGv(AEyv+v%v9yvAvJvtv+vu@v%v(*v?_v=v+vgv+v?@vtv(efvzv)|vqvgv(d
Gyv}vOLv"v?(stack effect).:*vTvAvJvE$vPGGyv}vqvgv(dFvQ*v9!v9

k
fvQ\v9!v+v9

k
yvzv%v(GA,<v{*vMvzvu

IvQvv?fv}v(O*v?.h$v(*vgvAv}vOfvzv)pvQbOQFv?IvQGQI$v(GAOGpvrpv,G}Svqv{fv#OQFv?
IvQGQI$v(GAC<vQOpv,G}fvzv),h@

o
vTv9fvOgGyvQ*vKEPGvv9fGyv]vjvbGyvMv9QFv,fv"vOGyvqvAvJv?

Gygz+9Cs{|"&f"OGyqAJ?GyTqz)|#Gy}=").

h!vvdvvQG
k

Eyvv)CfGyvvtvv(IGyvvQFvv+vvTvv+vv?Gyvv}vvTvv=qvv=vv?yvvzvvAvv%vv(*vv?Gyvvavv=vv+vvgvv+vv?$vv,GyvvQ*vvK,pvv{f|vv#
Gyvvv(G\vvvKC!vvv&*vvvGvvv>GyvvvAvvvJvvvw

w
vvv~<vvv9yvvvqvvvAvvvJvvv9JyvvvAvvvJvvvtvvv+vvvucvvvQha|vvvJvvvzvvv+vvv?|vvvAvvv"vvv(fvvv?pvvv,Gyvvv}vvv=vvv"vvv)

hIvv(yvv&.h*vv}vvwvv#@vvGvv9hQnGyvv}vv=vv9!vv,Cf*vvjvv+xvvQGyvvdvvQhaGyvv}vvJvvzvv+vv?fvvzvv)!vvJvv(vvv=vv+vvQ,pvv}vvqvvgvv(yvv&
F($Qjp,|TA(*9JGyA%(*?GyA,*}w#@Jt+t%9f}z+9

k
.

h*vvAvvavvzvv>pvv%vv~$vvPgGyvvgvv}vvzvv+vv9J@vvJvvzvv+vv;
k
yvvqvvQhb\vvjvvbGyvvQ*vvKhOQFvv9JGyvvJvvQGQI,

E\v9pv?Eyv)C!v}v9WGyvqvAvJv9JGyv}vAv(GpvQIpv,Gyv=v"v+v?G !vWv9Fv+v?.h*v}vwv#Gyv}vgvzv(|v9JGyv}vAv(GpvQI
fvv#PyvvxCf@vvwvv(fVvvO*vvOIGyvvAvvgvvtvv+vvOCh|vvMvvZvvZvv?yvv}vv=vv9f|vvgvv+vv"vv?.yvvPG@ovvTvvAvvgvv}vv{Gyvv"vv}vvPFvv?
GyvvQ*vv9\vv+vv9@vv+vv?hG}!vvqvv9bGyvv%vv(GFvv+vv?hGyvvAvv=vvzvv+vv{<vv9yvv}vv9AGyvv}vv9yvvKyvvOQGSvv?Gyvv}vv=vv9!vv,GyvvAvv,@vvTvvAvvgvv}vv{
GyvvAvv%vv(*vv?Gyvvavv=vv+vvgvv+vv?.h$vvPgLvvavv(IQFvv+vvTvv+vv?pvv,$vvPGGyvv}vvGvv9dGyvv%vv9e|vv#OQGSvv?COGAGyvv}vv=vv"vv)
}!%9@tz

x
[Ey)IO<g+OGSA%;cGya9s?p+&.

h*vvGvv>Gyvv"vvdvvQpvv,@vvZvv}vv+vv~Gyvv}vv=vv"vv)<vvwvvzvv+vvAvv&<vvjvvQVGSvvAvvjvv;dGyvvtvv(iGyvvavv=vv+vvgvv+vv?pvv,
GyvvvAvvv%vvv(*vvv?.h@vvvwvvv}vvv#EIvvvOi_vvvQGFvvvu@vvvJvvvtvvv+vvvuPyvvvxpvvv,GSvvvAvvvgvvv}vvv9dVvvv9QYChO$vvvzvvv+vvvROGLvvvzvvv,
(QO$vvv?fvvvzvvv)_vvv(dGyvvv}vvv=vvv"vvv)).*ovvvQjGyvvvWvvvwvvv{10.13@vvvZvvv}vvv+vvv}vvv9

k
yvvvO$vvvzvvv+vvvR|vvvhsvvv(iGyvvvAvvv%vvv(*vvv?

Gyvvavv=vv+vvgvv+vv?pvv+vv&.h*vv(p
x
vvQ$vvPGGyvvAvvZvv}vv+vv~E\vv9AI_vv=vv+vvgvv+vv?C*vv]vv9

k
,hyvvPG*vvtvvz

x
vv[GSvvAvv%vv;cGyvvavv9svv?

p,G \9AI_(Gd|OII+9IGy}=").

Gy=+8?Gy](F+?
vvv,*vvJvvt

x
vvuGyvv}vv=vv"vv)ivv9yvv=vv+vv?hcvv9Fvvqvv&,*vvGvv>Cf@ovvTvvAvvgvv}vv{pvv,E!vv%vv9AG@vv&GyvvOGLvvzvv+vv?|vv(GO

:@vv"vvtvv{\vv(AG
k

IvvAvv}vv9
k
.h$vvPG*vvgvv"vv,C!vv&EPGCQGOGyvv}vvTvvAvvgvv}vv{GSvvAvvgvv}vv9d\vv(A_vv=vv+vvgvv,,

140



hFv>G@vMv9PEFvQGAGJ|vgv+v"v? OLv9dGyv]v(AEyv)Gyv}v=v"v).h!vdvQG
k

Eyv)Cf|vgvdv~Gyv}v=v9!v,
@vvwvv(f|vvWvvjvv(yvv?pvv,Gyvv"vv%vv9QhGyvvzvv+vv{,*vvGvv>G@vvMvv9PEFvvQGAGJyvvAvv(pvv+vvQE\vv9AIYvv"vvgvv+vv?E\vv9pvv?
Eyvv)G \vv9AIGyvvavv=vv+vvgvv+vv?.h$vv9@vv9fG \vv9A@vv9f*vv}vvwvv#Cf@vvwvv(!vv9|vv"vvqvvZvvzvvAvv+vv#,}fGyvv}vv=vv"vv)
*ovZv}vv~vv,*vgv}v{pv,Gyv"v%v9Q|v#OhfGSvAvgv}v9dE\v9AIYv"vgv+v?.Ch*v}vwv#Cf*vwv(fCv}v?
fvv"vvZvvQE\vv9AIYvv"vvgvv+vv?E\vv9pvv+vv?OGFvv}vv?|vv#CFvv{G}!vvWvvavv?GyvvAvv,@vvJvvZvv{pvv,Gyvv"vv%vv9Q.E:C!vv&
*vvAvvQ@vv>fvvzvv)Pyvvx@vvwvv9yvv+vvrFvv9Q*vv?fvv9yvv+vv?,E\vv9pvv?Eyvv)fvv(Gsvv>@vvMvv[@vvz|vv+vv#Gyvvavv9svv?
hGfvAv=v9QGJ@vAvZv{<vAv(Gpvu|vTvAv(*v9JGSvAv}vQGQ*v?hFv(OIG \v9AI.hEIvOiGyv}vTv9Fv{PGJ

GyvvZvvzvv?<vv9 \vv9AIC*vv]vv9
k

$vv,C!vv&E\vv9pvv?Eyvv)G \vv9AIGyvvgvv9|vv?,svvO@vvwvv(fCvv}vv?Ivv9Fvv?Eyvv)
E\vv9AI|vvMvvZvvZvv?}fvv}vv9d|vvgvv+vv"vv?ChE\vv9AIQh|vv9!vvTvv+vv?Ch|vvRGFvv+vv?,h*vv}vvwvv#@vv(pvv+vvQPyvvx
C*]9

k
Y"g+9

k
Ch_=+g+9

k
@=g9

k
yzdQha.

G \9AIGya=+g+?

EfC<vvvTvvvb_vvvQ*vvvtvvv?yvvvGvvvgvvv{Gyvvv]vvv(A*vvvOLvvv{Gyvvv}vvv=vvv"vvv)$vvv,@vvvQcpvvvAvvvJvvv9Jpvvv,FvvvOQG!vvv&
GyvvMvv9QFvv+vv?,E:Cf$vvPGyvv+vvU|ovvQ\vv+vv9

k
fvvzvv)G}QFvvK<vv(Fvv(Ohcvv9FvvrCLvvQiyvvzvvGvvOQGf

hGyvTvtvr.pv9yv}v(GOGyv}vAv(GpvQIyvzvGvOQGfGyvAv,@v"vtv{Gyv]v(A|vJvOhOIh@vtvAvZvQfvzv)GyvRFv9L
hGyvvv=vvv;SvvvAvvv+vvvxpvvv,Gyvvv}vvvtvvv9eGyvvvQFvvv+vvvTvvv,.h*ovvv]vvv9aEyvvv)PyvvvxCfR*vvv9OISvvv}vvv9vvvv?$vvvPgGyvvv}vvv(GO
GyvvRFvv9Fvv+vv?*vvtvvz

x
vv[|vvtvvOGQGyvv]vv(AGyvv}vv9Qfvv=vvQ$vv9,h$vvPG|vv9*vvtvvZvvQGSvvAvvgvv}vv9yvv%vv9fvvzvv)G}yvv(GM

GyQs+t?!T=+9
k
.

h|vvAvv9!vv?$vvPgGyvv}vv(GO|vvJvvOhOIC*vv]vv9
k

,hyvvPG:@vvTvvAvvavv+vvhIvv}vv{<vv"vv)E!vvWvv9Fvv+vv?<vv9SvvAvvDvv"vv9A
G}Ivv}vv9dGyvv"vv9Fvv}vv?fvv#GyvvQ*vvK.yvvwvv#r*vvGvvQj@vvz_vv+vvQ$vv9ivv9yvv=vv9

k
yvvAvvJvvtvv+vvuGyvv}vvAvv9!vv?Gyvv}vvavvzvv(<vv?.

h!vvdvvQG
k

Eyvv)vvv(!vv%vv9|vv|yvvqvv?|vv#Cyvv(GM|vv"vvqvvQOI,pvv{!vv%vv9@vv"vvtvv{GyvvJvvQGQI<vvTvv%vv(yvv?h@vv|OjEyvv)
pvvtvvOIvvQGQjvvv=vv+vvQpvv,GyvvWvvAvv9AhEyvv)vvvTvv>IvvQGQjvvv=vv+vvQpvv,GyvvZvv+vvr,E\vv9pvv?Eyvv)Cf
fvvRyvv%vv9GyvvZvv(@vv,*vvwvv(f|vvJvvOhOG

k
.h*vvGvv>Cf@vv=vvtvv)fvv9Ryvv?yvvzvv}vv9AC*vv]vv9

k
,h$vv,@ovvTvvAvvgvv}vv{

ivv9yvv=vv9
k

yvvzvvAvvJvvw
w
vv~<vv9yvvAvv%vv(*vv?<vvAvvqvvZvv+vvzvv%vv9fvvzvv)Vvvwvv{!vv(GpvvPPGJC_vvQsvv9<vvzvv?yvvzvvqvvAvvKhG ivv;b.

C|9|tOQ@%9fz)@Jt+uG}|#hGyMZ(Y+?p%,\g+q?FOG
k
.

@

o
vvvgvvvO

w
Gyvvv}vvvwvvv(x!vvv9J,|vvvDvvv{!vvv(GpvvvPGyvvvGvvvOQGfhG}Svvvtvvvr,fvvv"vvv9YvvvQFvvvRFvvv+vvv?|vvv#@vvvzvvvx

GyvvGvvOQGfhG}SvvtvvrGyvvAvv,@vv}vvD
x
vv{CFvvRGAQFvv+vvTvv+vv?|vv#Gyvv}vv=vv"vv).hyvvPGpvv{!vv%vv9@ovvTvv%vv~pvv,COGA

@vzvxGyvgv"v9YvQ,<vQiv~C!v%v9@vAvZvr<v}vTvAv(*v9JCOGA|vMvAvzvqv?Cf@vtv=v{.h*v}vwv#Yv"vh@vzvx
Gyvv}vvwvv(x!vv9J|vv#|vv(GO@vvMvvAvvzvvrvvvDvv+vvQG

k
fvv#|vv(GOGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?GyvvAvv,@vvJvv+vvb<vv%vv9.hyvvPG

141



*vvGvv>GyvvAvvqvvwvv+vvQ|vvzvv+vv9
k

<vvAvvqvv9Yvv+vv{hYrvv;@vv%vv9h|vvDvv=vvAvv9@vv%vv9|vvh|vv(GOGyvv=vv"vv+vv?GyvvQFvv+vvTvv+vv?,hfvvzvv)!vvJvv(
|TAt{f#Gyg"9YQh|Aw9|{|g%9.

hE\v9pv?Eyv)Fv}v+vh$vPgG:fvAv=v9QGJ,$v"v9c@vzCv+vQvv=v+vQ}Vvwv9dGyv"v(GpvPh|vtv9Sv9@v%v9
pv,|vdv%vQGyv}v=v"v).pv%v,@v}vD

x
v{FvRAG

k
:*vAvGvRvC|v#|vgvdv~Gyva

o
vQoRGyvgv}vQG!v+v?,h@v|Ojiv9yv=v9

k

OhQG
k

QF+T+9
k

p,G \q9Afz)GyaQGRS}9@&Gy}}+RI.

*vAv]vK|v#$vPGGyv(YvrCfIv{@v(pv+vQG \v9AIGyvav=v+vgv+v?iv9yv=v9
k

|v9*vwv(f!v(fv9
k

|v#
Gyv}vtv9*v]v?<v+v"v&h<v+v#hcv9FvrGyv}v=v"v)G}LvQi.h@vMvAvzvrC$v}v+vAv&|v#Gyv"v9Iv+vAv+v#Gyv(cv+vqv+v?
hGyvvAvvZvv}vv+vv}vv+vv?vvvDvv+vvQG

k
@vv=vvgvv9

k
:SvvAvvgvv}vv9dGyvv}vv=vv"vv)hyvvAvvqvvTvv+vvQGyvv}vvZvv}xvv~}$vv}vv+vvAvv&yvvzvvAvvZvv}vv+vv~.hsvvO

CYvvv=vvvKG6fGSvvvAvvvgvvv}vvv9d_vvv=vvvtvvv9J|vvvAvvvgvvvOOI|vvv#GyvvvRFvvv9LChGyvvv=vvv;SvvvAvvv+vvvxVvvv9Fvvvgvvv9
k

,hCOJ

GyvvAvvavv(QGJG}Lvv+vvQIpvv,fvvzvv~Gyvv}vv(GOEyvv)@vvJvvTvv+vv#@vvzvvxGyvv}vvwvv(!vv9JGyvvWvvqvv9pvv?Gyvv}vvAvvgvvOOI
Gyvvavv=vvtvv9J|vv#Ivv+vvEGyvvgvvRdGyvvJvvQGQjhGyvvZvv(@vv,,hIvvAvv)|vv#Ivv+vvEGyvv}vvAvv9!vv?h|vvtvv9h|vv?
GyJQ*u<j+?@Jt+uhc9FrG}|9fhGyT;|?.

h|vv#Gyvv(G\vvKCfGSvvAvv%vv;cGyvvavv9svv?Gyvvwvv%vvQ<vv9Fvv+vv?pvv,G \vv9AIGyvvZvv"vvgvv+vv?vvv=vv+vvQ,hyvvPG

*|Oj@(p+QE\9AI_=+g+?f9y+?GyG(OIOhQG
k

$9|9
k

p,@Jt+uGyA"}+?Gy}TAOG|?.

|ZOQG \9AIGya=+g+?

!vdvQG
k

Eyv)GfvAv}v9OG \v9AIGyvav=v+vgv+v?fvzv)GyvWv}vU,pv{fFv(O@v%v9hVvO@v%v9hChsv9J
@vv(p

w
vvQ$vv9|vvAvvjvv+xvvQIFvvOG

k
.h$vv,@vvAvvjvv+vvQ@vv=vvgvv9

k
yvvMvvbGyvvgvvQVfvvzvv)GyvvwvvQIG}Q\vv+vv?hyvvAvv(Fvv+vv&

Gyv}v=v"v).pvqv,!vZvrGyvwvQIG}Q\v+v?GyvWv}v9yv,,*vwv(fGyv]v(AGyv(GQO|v#GyvGv"v(HCSvavh

|v#PGcGyv(GQO|v#GyvWv}v9dfv}v(|v9
k
.h|vhPyvxpv{fVvO@v&@vAvjv+vQ,|v|O*v?iv9yv=v9

k
Eyv)E<v%v9Q

|vvgvva
x
vv{yvvzvvQD*vv?Chivv+vvQ|vvQ*vvK,Lvv;pvv9

k
yvvJvv9yvv?G \vv9AIGyvv}vvAvvGvv9!vvTvv?.C|vv9Gyvv]vv(AGyvv(GQO|vv#

GyvvWvv}vv9d,pvv%vv(CvvvDvvQ@vvGvv9!vvTvv9
k

hCsvv{E<vv%vv9QG
k

hERfvv9Fvv9
k

,yvvwvv"vv&CvvvDvvQ<vvQhOI.h$vvPG|vv9*vvGvvgvvzvv&
|vv;Fvv}vv9

k
yvvzvv}vvZvv9!vvhhGyvv}vvTvvAvv(Ofvv9JGyvvAvv,@vv(Fvvv&pvv+vv%vv9!vv(GpvvPG}SvvtvvrGyvvAvv,yvv%vv9Vvvwvv{Svv#

Gyvv}vv"vvWvv9Q!vvJvv(GyvvWvv}vv9dfvv9OI.C|vv9pvv,|vv9*vvMvv[G}ivvQGVG}LvvQi,pvv{f@vvjvv+wvvQGyvvTvvavv(Y
hGyvvvAvvvOpvvv8vvv?hFvvv(O@vvv%vvv}vvv9svvvO*vvvwvvv(!vvv9fCvvvvDvvvQ|vvv;Fvvv}vvv?,yvvvPGh<vvv9SvvvAvvvgvvv}vvv9d<vvvgvvv̂GyvvvAvvvJvvvw

w
vvv~pvvv,

G <%9Q,sO*w(f\(AGyG"(H$(Gy}q]v{.
h@vvAvvjvv+vvvQG \vv9AIGyvvavv=vv+vvgvv+vv?|vvh@vvjvv+wvvQChsvv9JGyvvTvv"vv?hcvvQhaGyvvavvtvvU.h@vvAvvjvv+vvQ|vvOI

G \v9AIGyv+v(|v+v?|vhGyvqvZv(d,h@vAvjv+vQ|vgv%v9|vTvAv(*v9JVvOIGyv]v(AhGyvRhG*v9GyvAv,*v}vwv#
QD*vv?GyvvWvv}vvU|vv"vv%vv9|vv=vv9VvvQI.h$vvPG*ovv]vvqvv,fvvzvv)G \vv9AIYvvqvv?GyvvAvvjvv+wvvQ|vvhGyvvqvvZvv(d,

142



h*vvvgvvv"vvv,C*vvv]vvv9
k

CfGyvvvAvvvdvvvzvvv+vvv{*vvvGvvv>Cf*vvvwvvv(f|vvvAvvvjvvv+vvvQG
k

yvvv+vvvAvvv(Gpvvvu|vvvhRGh*vvv?CVvvvgvvv?GyvvvWvvv}vvvU
hG@vGv9$v%v9.h@v|C

x
vQGyvjv+v(epv,Fv(OIG \v9AIC*v]v9

k
.h*vAvJvtvvuCfvzv)|vTvAv(i|v#G \v9AI

fvv"vvO|vv9:@vvJvvGvv>Gyvvjvv+vv(eGyvvWvv}vvU,pvv,Ivv+vv#CfGyvvjvv+vv(eGyvvwvvDvv+vvqvv?*vv}vvwvv#Cf@vvJvvGvv>
Gy](Avz+9

k
@tQ*=9

k
||O*?Ey)cQhap,Gy"%9QsQ*=?|#GydQhaGyz+z+?.

yvvPG,h<vv(Fvv(Ovvv{$vvPgGyvv}vvAvvjvv+vvQGJ,|vv#ivv+vvQGyvv}vv}vvwvv#\vv}vv9f|vvTvvAvv(*vv9JG}OGA
!vqvTv%v9pv,vv{Chsv9JGyvTv"v?.pv9yvWv}vUGyvTv9_vgv?@vAvavzv>GyvAvdvzv+v{,pv,Iv+v#CfGyvjv+v(e
Gyvv}vvAvvzvv=vvOI*vv}vvwvv#Cf@vvqvvQVGSvvAvvgvv}vv9dG \vv9AIGyvvZvv"vvgvv+vv?IvvAvv)CCvv"vv9AGyvv"vv%vv9Q.h@vvwvv(f$vvPg
GyvvAvvjvv+wvvQGJCvvv=vvQpvv,Gyvv}vv"vv9_vvuGyvv}vvgvvAvvOyvv?|vv"vv%vv9pvv,Gyvv}vv"vv9_vvuGyvvJvv9QIIvv+vvE@vvwvv(fGyvvWvv}vvU
CvvvDvvQSvvavv(fvv9

k
hCfvvzvv)@vv}vv(\vvgvv9

k
pvv,GyvvTvv}vv9A.pvv,@vvzvvxGyvv}vv"vv9_vvu,@vvwvv(fGyvv"vv(GpvvPYvvjvv+vvQI

hOGFvvv}vvv?GyvvvAvvvdvvvzvvv+vvv{fvvv9OI,<vvv}vvvZvvv9Q*vvvhChCSvvvtvvvrLvvv9QFvvv+vvv?pvvv,!vvv9Ivvv+vvv?Gyvvv}vvvTvvv9QGyvvvQFvvv+vvvTvvv,
yzW}U.

yv+vU@vjv+wvQG \v9AIGyvav=v+vgv+v?iv+vQ|vQiv(Hpv+v&<v9yv]vQhQI.pvAvjv+wvQ|vTvAv(*v9JGyvTvav(Y
hG}yvv(Gf*vvgvvavv,|vvgvvzvv(|vv9Jfvv#GyvvdvvQhaGyvvMvv9QFvv+vv?,h@vvGvvgvv{Gyvvtvv9_vv"vv+vv#fvvzvv)@vv}vv9S|vvh

GyvvdvvQhaGyvvavv=vv+vvgvv+vv?GyvvAvv,@vvOdfvvzvv)|vvQhQGyvvOhQGJGyvvavv=vv+vvgvv+vv?yvv~*vv9ehGyvvqvvZvv(d.*ovv]vv9a
Eyvv)PyvvxCfGyvv]vv(AGyvv}vvTvvAvvtvv=nvv{*vvJvv}vv{|vvgvv&|vvWvv%vvOGyvvMvv9QL.pvv9yvv"vv(GpvvP,h|vv"vv%vv9!vv(GpvvP
GyvvTvvtvvryvvwvv#r<vvOQFvv?Csvv{,@vvAvv+vvKyvvzvvtvv9_vv"vv+vv#Gyvv"vvdvvQEyvv)GyvvMvv9QLyvvQD*vv?|vv9*vvJvvZvv{.hpvv,
vvvDvv+vvQ|vv#GyvvJvv9:J,*vv}vvwvv#@vvZvv}vv+vv~Gyvv}vvWvv%vvOGyvvavv=vv+vvgvv,(Ch|vvWvv%vvOGyvv}vvO*vv"vv?)[|vv#Lvv;d
Gyvv"vv(GpvvP]yvvAvv(pvv+vvQG|vvAvvOGO<vvZvvQjyvvzvvJvv+xvvRGyvvOGLvvzvv,.h$vvPG*vv(y

x
vvOBpvv9svv9

k
h|vv"vv9cvvQ@vvJvvTxvv#|vv#

G}!vvWvvavv?GyvvAvv,*ovvZvv}vvv~Gyvv}vv=vv"vv)|vv#CFvvzvv%vv9.EfGQ@vvqvv9YCSvvgvv9QGyvv}vvwvv9@vv>Gyvv}vv(Fvv(OIpvv,
Gyvav(G<vuGyvgvzv+v9|v#!v9_vJv9JGyvTvJv9HhGyv}v;IvuGyv}v=v"v+v?fvzv)CSvavKGyv}v=v9!v,*vgv(Opv,
<g^CS=9<&Ey)Gy}nW9$OGyA,@(p

x
Q$9@zxGy}w9@>.

h<vQiv~GyvZvgv(<v9JGyvAvtv"v+v?pv,@vJvtv+vuhcv9FvrGyvqv"v9AGyvOGLvzv,yvzv}v=v"v)Iv+vE*vGv>
h\vvhpvvAvvJvv9JG \vv9AI,E\vv9pvv?Eyvv)QCSGyvv}vv9dG \vv9pvv,hGyvvAvvwvv9yvv+vvrGyvvGvv9Q*vv?GyvvAvv,
*ovJvAv}v{Cf@vAvQ@v>fvzv+v%v9,@ovgvAv=vQ!v(GpvPGyvGvOQGfh!v(GpvPG}SvtvrPGJsv+v}v?vv=v+vQI(Ef

r

yv~@vwv#Fv($vQ*v?)pv,@v(pv+vQGyv}nvWv9$vOGyvMv9QFv+v?hG \v9AIhGyv}vqvgv(dGyvPj@vJvOpCv&pv,
|d%QGy}=").h$PG|9*Gg{@JO

x
*9@%9GyAt"+?<9yj?GyOs?.

!q9PGy](AGya=+g,Ey)G}|9v#GyOGLz+?

<vv9pvvAvvQGVcvvQhaG \vv9AIGyvvMvv9QFvv+vv?GyvvTvv9FvvOI,pvv{fFvv(OIhvvv}vv+vv?Gyvv]vv(AGyvvPj
*vvZvv{Eyvv)G}|vvwvv"vv?GyvvOGLvvzvv+vv?@vvAvvJvvOvOGf<vv}vvtvv9Svv9JhCVvvwvv9dGyvvqvvAvvJvv9J,h<vvWvvqvv9pvv+vv?Gyvv}vv9OI

143



GyvvRFvv9Fvv+vv?h!vv(YGyvvAvvdvvzvv+vv{hByvv+vv9JGyvvAvvJvvw
w
vv~G}LvvQiGyvv}vvTvvAvvgvv}vvzvv?.Ivv+vv"vv8vvP@vvgvvAvv}vvO!vvTvv=vv?

Gyvv]vv(AGyvv(GYvv{Eyvv)G}|vvwvv"vv?GyvvOGLvvzvv+vv?fvvzvv)|vvTvv9Ivv?hVvvwvv{GyvvjvvQpvv?|vv#Ivv+vvEfvvQ\vv%vv9
hfvvv}vvvtvvv%vvv9.h*vvv"vvvMvvvqvvv̂|vvvTvvvAvvv(iG \vvv9AI|vvvhGRO*vvv9OGyvvv=vvvgvvvO|vvv#Gyvvv"vvv(GpvvvP,E:C!vvv&*vvv}vvvwvvv#
@vJvTv+v#OLv(dGyv]v(A<v9:LvAv+v9QGyv}vAvz!v,}Vvwv9dh|v(G\vhGyvqvAvJv9J,hLv9Yv?GQ@vqv9Y

GyJ9p?Gygz+9|#Gy"9pPI.
h@vvAvvzCvvQ|vvTvvAvv(*vv9JG \vv9AIGyvvavv=vv+vvgvv+vv?C*vv]vv9

k
<vv9:!vvgvvwvv9Svv9Jfvv#G}Vvv+vv9AhGyvvTvvavv(M

Gyv}vJv+vav?<v9yv}vwv9f,hLv9Yv?<v9@vGv9g|v|LvQIGyvjvQpv?.pv9yvTvav(MGyv;|vgv?ChGyvqv9@vJv?Gyvzv(f
@vvgvvwvvUvvv}vv+vv?vvv=vv+vvQI|vv#Gyvv]vv(A,h@vvQpvvh|vvTvvAvv(iGyvv]vv(Afvv"vvOSvvavv(MGyvvgvv}vv{,pvv+vvZvv=vvK
ivv+vvQ|vvQ*vvK.hfvvzvv)ivvQGQE|vvwvv9f@vv(pvv+vvQ@vvdvvzvv+vv{yvvAvvMvvqvv+vvrG <vv%vv9QGyvv}vv=vv9VvvQyvvzvvWvv}vvUfvv"vvO
Gyvv"vv9pvvPI,pvv{!vv&|vv#Gyvv}vv}vvwvv#GSvvAvvgvv}vv9dfvv(GvvvUyvvAvvJvvTvv+vv#|vvTvvAvv(*vv9JGyvv]vv(AGyvv(GQOEyvv)
C|w"?Gyg}{p,GyjQp?.

yvvtvvOCYvv=vvKG6fGyvvAvv"vv=wvv|<vv}vvTvvAvv(*vv9JG \vv9AI<vv9yvv]vv(AGyvvavv=vv+vvgvv,!vv9FvvJvv9
k

FvvOG
k
.hCvv}vv?

<vv+vv9!vv9Jfvv#GyvvdvvQhaGyvvMvv9QFvv+vv?hIvvTvv9<vv9J@vvzLvvPpvv,GyvvJvvTvv=vv9fVvvwvv{Gyvv"vv9pvvPIhfvv}vvu

GyvjvQpv?hG:!vgvwv9Sv9Jfv#GyvTvav(M*v}vwv#GSvAvgv}v9yv%v9yvzvAv"v=wv|<v}vTvAv(iG \v9AIGyvav=v+vgv+v?
\}#GyjQp?h<(C(s+A%9.

G \9AIGyZ"g+?

|vv#Gyvv(G\vvKCfCvv}vv?Ivv9Fvv?Eyvv)E\vv9AIGyvv}vv=vv"vv)Yvv"vvgvv+vv9
k

pvv,Gyvvdvv;e._vv=vvgvv9
k

,|vv#
Gyvv}vvqvvAvvQVCfyvv+vvUCvv}vv?|vv#\vv(A*vvz@vv,|vv#GyvvMvv9QL,hCfGyvv"vv(GpvvPivv+vvQGyvv}vvjvvavv9ISvv(a
@vvOYGyvv]vv(AGyvvOGLvvzvv,*vv}vvQEyvv)GyvvMvv9QL,h*ovvZvv=vvKGyvvOGLvv{|vvQFvv+vv9

k
yvv}vv#$vv($vv"vv9c,h$vvPG

|vv9*vv|C
x
vvQpvv,G}|vv#hGyvvMvvZvv(Yvv+vv?.h*vvROGOGyvvqvvtvvOGyvvJvvQGQjC*vv]vv9

k
!vvdvvQG

k
:!vvMvvqvv9VOQFvv?

GyvvJvvQGQIyvv+vv;
k
.pvv,$vvPgGyvvdvvQha,@vvZvv=vvKGyvvTvvAvv9FvvQ,hivv+vvQ$vv9|vv#GyvvTvv(G@vvQ,FvvRAG

k
|vv#

@Z}+~Gy"(GpP.
hfv"vOIvzv(dGyvdv;e,@vMvAvqv,G \v9AIGyvav=v+vgv+v?|v#OGLv{Gyv}v=v"v)h|v#Lv9QFv&,

h@vAvQ@
v
v>!vAv+vGv?yvPyvxfv(Gsv>fvzv)|vdv%vQghC|v"v&.yvwv#Gyv}vdv%vQhG}|v#*vAvavzv=v9f!v(fv+v#
|vvMvvAvvzvvqvv+vv#h|vvTvvAvv(*vv9J|vvMvvAvvzvvqvv?|vv#G \vv9AI.h|vv%vv}vv9@vvwvv#_vvQ*vvtvv?|vvgvv9yvvGvvAvv%vv}vv9,pvv{fCvv}vv?
I9F?i9y=9

k
Ey)|"9<hyAWj+{G \9AIGyZ"g+?OGL{Gy}=")hL9QF&.

hEPGGfvvA
o
vv=vvQJ|vvTvvAvv(*vv9JG \vv9AIGyvvavv=vv+vvgvv+vv?ivv+vvQvvv9pvv+vv?pvv,Gyvv"vv%vv9Q,vvv9!vvBG \vv9AI

GyvvZvv"vvgvv+vv?$vv,GyvvJvv{yvvzvvAvvgvv(*vv̂fvv#Gyvv"vvtvv[.h*vv}vvD
x
vv{Pyvvx|vvWvvwvvzvv?pvv,Gyvv}vv=vv9!vv,Gyvvgvv}vv+vvtvv?

fvvzvv)hFvv&GyvvMvvZvv(U,Ivv+vvE*vvwvv(fhSvvbGyvv}vvwvv9f<vvgvv+vvOG
k

Eyvv)IvvO|vv9fvv#GyvvGvvOQGf

144



GyvvMvv9QFvv+vv?.C|vv9pvv,Gyvv}vv=vv9!vv,Gyvv(Ivv+vvOIGyvvavv9<vvu(ChGyvvavv9<vvuGyvvgvvzvv(jpvv,Gyvv}vv=vv9!vv,Gyvv}vvAvvgvvOOI
Gyvav(G<vu),pv+v}vwv#Iv{@vzvxGyv}vWvwvzv?<v"v(GpvPGyvTvtvr.hpv,Gyv}v=v9!v,Gyv}vAvgvOOIGyvav(G<vu
Gyvvgvv}vv+vvtvv?FvvOG

k
,*vv}vvwvv#Gyvv}vv"vv9<vvhGyvv]vv(Fvv+vv?ChGyvvQO$vv9Jivv+vvQGyvv}vvTvvtvv(pvv?Cf@vvGvvgvv{Gyvv]vv(A

|vvAvv9Ivv9
k

}|vvwvv"vv?<vvgvv+vvOIEyvv)IvvO|vv9|vv#GyvvGvvOQGfGyvvMvv9QFvv+vv?.hpvv,cvvQhaCLvvQi,*vvGvv>
GSvvAvvgvv}vv9dG \vv9AIGyvvZvv"vvgvv+vv?,<vvQivv~C!vv&@vvAvvQ@vvv>fvvzvv)Pyvvxfvv(Gsvv>|vv#Ivv+vvEGSvvAvv%vv;c
Gya9s?hGyAwzq?GyG9Q*?_(Gd|OII+9IGy}=").

hpvvv,vvvvDvvv+vvvQ|vvv#GyvvvJvvv9:J*vvvtvvvAvvvZvvvQGSvvvAvvvgvvv}vvv9dG \vvv9AIGyvvvZvvv"vvvgvvv+vvv?pvvv,Gyvvv"vvv%vvv9Qfvvvzvvv)
GyvvdvvQhaGyvvGvv(*vv?ivv+vvQGyvvGvv+vvOI.hpvv,@vvzvvxGyvvJvv9:J*vv}vvwvv#GSvvAvvgvv}vv9dG \vv9AIGyvv}vvZvv}vv}vv?
}hsvvv9JGyvvvzvvv+vvv{.h|vvv#!vvv9Ivvv+vvv?CLvvvQi,IvvvAvvv)yvvv(vvvv9!vvvB|vvvTvvvAvvv(*vvv9JG \vvv9AIGyvvvavvv=vvv+vvvgvvv+vvv?
|

o
Q\p+?,p{f<g^G}f}9d*TAOf,@(p+Q|Z9OQE\9AIY"g+?.

|"9<hG \9AIGyZ"g+?hGyAJw
w

~p+%9

|vZvOQGyv]v(AGyvav=v+vgv,$v(GyvWv}vUGyvAv,*v}vwv#Gyvjv+v(eCf@vJvGv=v%v9.yvPGpv{fvv}v+v?
\vv(AGyvvWvv}vvU(|vvTvvAvv(iGyvvTvvavv(Y)hFvv(O@vv&(yvv(!vv&hOpvv8vv&)*vvAvvjvv+vvvQGf@vv=vvgvv9

k
}hsvv9JGyvv"vv%vv9Q

hGyvvqvvZvv(d.C|vv9pvv,Ivv9yvv?|vvZvv9OQG \vv9AIGyvvZvv"vvgvv+vv?,pvv+vv}vvwvv#@vvJvvO*vvOfvv(G|vv{Gyvvwvv}vv+vv?
hGyvvvGvvv(OI.h!vvvdvvvQG

k
Eyvvv)\vvvQhQICLvvvPGSvvvAvvv%vvv;cGyvvvavvv9svvv?pvvv,Ivvv9yvvv?G \vvv9AIGyvvvZvvv"vvvgvvv+vvv?pvvv,

GyvvJvvTvv=vv9f,|vv#Gyvv]vvQhQjCf*vvwvv(f|vv#Gyvv}vv}vvwvv#@vvJvvO*vvOGSvvAvv%vv;cGyvvavv9svv?pvv,|vv"vv9<vvh
Gy](AGy}MAzq?,}fPyxG:SA%;c*MAzrvD+QG

k
C*]9

k
<9LA;aGy}"9<h.

h@vAvqv9hJGIvAv+v9Fv9JG \v9AIGyvOGLvzv+v?hGyvMv9QFv+v?vvDv+vQG
k

,yvPGFvQi@vav(*vQ_v+vr
hGSvh|v#Gyv}v"v9<vh.pv+v}v9|v]v),vv9fGyv"vqvbhGyvjv9R$v}v9|vZvOQGG \v9AIGyvZv"vgv+v?,C|v9
Gyvv+vv(epvvtvvOIvvzvvBGyvvwvv%vvQ<vv9A|vvJvvzvv%vv}vv9vvvzvv+vv9

k
@vvtvvQ*vv=vv9

k
.hLvv(GUGyvv]vv(AGyvv}vvAvv(y

x
vvOG}Svv9Svv+vv?

|vvJvvwvv(|vv?<vv9yvvavvQ*vvtvv?GyvvAvv,*vvJvvZvv{<vv%vv9@vvJvv(*vv{Gyvvavv9svv?Gyvvwvv%vvQ<vv9Fvv+vv?Eyvv)\vv(A.hSvv(GACvvv9f
@vv(yvv+vvOGyvv]vv(A*vvJvvZvv{<vvAvv($wvvH|vv9OIYvvzvv=vv?,|vvDvv{GyvvAvv"vvjvvTvvAvv+vv#hGyvv%vv9yvv(Fvv+vv#,pvv,Gyvv}vvZvv9<vv+vvK
GyvJvQGQ*v?,Ch<v9SvAvDv9QIiv9Rfvzv)ivQGQ|v9*vGvQjpv,|vZv9<v+vKGyvqvzv(QSv"vB,pv{ffv}vzv+v?
GyvvAvvJvv(*vv{$vvPg$vv,GyvvAvv,@vvJvvO

x
OGyvvzvv(fG}Svv9Svv,yvvzvv]vv(AGyvv"vv9@vvHh|vvtvvOGQGSvvAvv%vv;cGyvvavv9svv?

p,|"=hGy](A.
<vvvgvvvOFvvvP@

o
vvv}vvvwpvvv#G:SvvvAvvvqvvv9OI|vvv#$vvvPGGyvvv]vvv(Afvvvzvvv)Cpvvv]vvv{hFvvv&|vvv#Lvvv;d@vvvJvvvO*vvvO

C|vvwvv"vv?h_vvQGFvvu@vvDvv=vv+vvBGyvv}vv"vv9<vvhGyvv]vv(Fvv+vv?.pvv,|vv9*vvMvv[G}!vv(GQGyvv}vv(Fvvv%vv?,pvv%vv,@vvTvvAvv}vvO
_vv9svvAvv%vv9hyvv(!vv%vv9|vv#|vv"vv=vvhGyvv]vv(A,E:Cf@vv(Fvv+vv%vv+vvAvv%vv9@vvz@vv,|vv#_vvQ*vvtvv?@vvgvvzvv+vv=vv%vv9h@vv=vv8vv+vvQ$vv9
<vv(GSvvavv?fvvOSvv9JyvvAvvtvvzvv+vv{@vv=vvgvvDvvQ$vv9,vvv}vv9pvv,C!vv(GQE\vv9AIGyvv}vvTvv9QM.h*vv}vvwvv#@vvzvv(*vv#

145



Gyvv]vv(AG}<vv+vv̂C*vv]vv9
k

<vv9SvvAvvgvv}vv9dGyvv}vvQVvvJvv9J.C|vv9pvv,Ivv9yvv?G \vv9AIGyvvgvv9|vv?,pvv+vv}vvwvv#
|vvZvv9<vv+vvKGyvvqvvzvv(QSvv"vvBGyvv}vvQv

v
vv=vv?\vv}vv#fvvzvv>fvv9vvvTvv?,ChGyvv}vvRhvOIpvv,hGFvv%vv9@vv%vv9<vvzyvv(GM

|v=vgvDvQIyvzv]v(AyvGvgvzv&|vAvGv9!vTv9
k

h|vJvOhOG <v%v9QhGyvAv,@vDv=vvBpv,GyvTvtvrfvzv)|vTv9pv9J
|vv"vvAvvdvv}vv?,Cf@vv(p

x
vvQ|vvTvvAvv(ifvv9|vv9

k
|vv#G \vv9AI|vvh<vvgvv̂GyvvAvvJvvw

w
vv~pvv,Gyvvzvv(f|vv#Lvv;d

GLA+9QGy}Z=9M.

h*vvv}vvvwvvv#@vvvJvvvtvvv+vvvu|vvvR*vvvO|vvv#GyvvvAvvvJvvvw
w
vvv~pvvv,E\vvv9AIGyvvvjvvvQaChG}Fvvv"vvvJvvv?Gyvvv}vvvMvvvAvvvzvvvqvvv?

<v{Vvgv9dChE_vqv9AC!v(GQ$v9Ch@vMvqv+vqv%v9<vjvQV@vMvqv+v̂|vTvAv(iGyv]v(AGyv}vWvh.h*v}vwv#
yvvv%vvvPGGyvvvAvvvJvvvw

w
vvv~pvvv,vvvvDvvv+vvvQ|vvv#GyvvvJvvv9:JCf*vvvwvvv(f*vvvOh*vvv9

k
<vvv9SvvvAvvvgvvv}vvv9dsvvv(G_vvvh*ovvvWvvvj

x
vvvzvvv%vvv9

Gyvvtvv9_vv"vv(f.C|vv9EPGvvv9fGyvv%vvOa$vv(G:svvAvvZvv9Opvv,GSvvAvv%vv;cGyvvavv9svv?,pvv+vvGvv>Gyvv"vvdvvQpvv,
GSvAvgv}v9d!v(Y|v#G}@v}vAv?.pv=v9SvAvgv}v9d|ovJpvT

vv9JIvQvv?yvAvJvO*vOC|v9vv#Gyvtv9_v"v+v#,*v}vwv#
E_vqv9AG}!v(GQfv"vO|v9@vwv(fGyvjvQaVv9ivQI,hEVvgv9yv%v9Cv9!v+v?Iv+v#fv(OIG}VvMv9UEyv)
GyvvjvvQpvv?.hsvvO*vvwvv(f|vv#Gyvv]vvQhQjpvv,$vvPgGyvvJvv9yvv?G <vvtvv9Afvvzvv)|vvTvvAvv(i|vv"vvMvvqvv̂|vv#
G \vvv9AIEPGvvvv9fCvvv}vvv?@vvv%vvvO*vvvOyvvv~|vvv#.h*vvv}vvvwvvv#GSvvvAvvvgvvv}vvv9d|ovvvJpvvvT

vvvv9Jyvvv}vvvTvvvAvvv(iG \vvv9AI
 Vvvgvv9dG}!vv(GQIvv+vv"vv}vv9*vv"vvMvvqvv̂|vvTvvAvv(iG \vv9AIGyvvavv=vv+vvgvv+vv?.h|vv#Gyvv}vvqvv+vvOC*vv]vv9

k
h\vvh

Yvvqvv+vvqvv?|vv#G}!vv(GQ|vvtvv9<vv{Gyvv"vv(GpvvPpvv,|vv|LvvQIGyvvjvvQpvv?yvvAvvgvvR*vvRG \vv9AIGyvvavv=vv+vvgvv+vv?pvv+vv%vv9|vv#
OhfGSAg}9dC!(GQ<9ytQH|#Gy"(GpPI+E@w(fG \9AIGya=+g+?|oQ\p+?.

hfvvzvv)ivvQGQGyvv]vv(AGyvvavv=vv+vvgvv,,pvv{fGyvv]vv(AGyvvZvv"vvgvv,GyvvPj*ovvTvvAvvtvv=nvv{pvv,!vvtvvavv?|vv#
GyvvjvvQpvv?:*vvz@vv,|vv#Gyvv}vv"vv=vvhpvvtvvb,<vv{|vv#G!vvgvvwvv9Svv9Jfvv#Svvavv(Mpvv+vv%vv9C*vv]vv9

k
.h@vvgvvAvv}vvO

VvvOI$vvPgG:!vvgvvwvv9Svv9Jfvvzvv)svvQHGyvvTvvavv(M|vv#Gyvv}vv"vv=vvh,hfvvzvv)!vvgvv(|vv?@vvzvvxGyvvTvvavv(M
hCyvv(G!vv%vv9C*vv]vv9

k
.h*vv}vvwvv#GSvvAvvgvv}vv9dPyvvxE|vv9yvvR*vv9OI|vvTvvAvv(iG \vv9AI(Gyvvwvv}vv+vv?)ChyvvAvv(yvv+vvO

@zC+QGJ|g+"?(GyG(OI)<9yAW9Qc|hGy}"=hh|h@gz+=&h|(\h@Qv+=&.

hsvvOFvvQi@vvavv(*vvQ<vv+vv9!vv9Jh_vvQGFvvu@vv"vv=wvv8vv+vv?Fvv+vvOI@vvMvv[Gyvv}vv"vv9<vvhGyvvZvv"vvgvv+vv?h@vv%vvAvv~
<vv}vvTvvAvv(*vv9JGyvvTvvavv(YGyvvgvv9|vv?.hCvv}vv?C*vv]vv9

k
!vv}vv9PL@vv"vv=wvv|h<vv+vv9!vv9Jfvv#GyvvTvvavv(MGyvvgvv9vvvTvv?

h|vvgvvzvv(|vv9J|vv#|vvZvv"xvvgvv,Gyvv}vv"vv9<vvhhGyvv}vvWvvgvv9JGyvv]vv(Fvv+vv?|vv(Cvv(svv?h|vvAvv9Ivv?|vvGvv9!vv9
k
.IvvAvv)Ef

GyvvvAvvv"vvv=wvvv|<vvv9!vvvMvvvqvvv9VGyvvvwvvvqvvv9AI|vvvhGyvvvR|vvv#hGSvvvAvvv%vvv;cGyvvvavvv9svvv?hGyvvvJvvvQGQIGyvvv}vvvAvvv(y
x
vvvOI|vvv}vvvwvvv#

<v9SvAvgv}v9dGyv=v+v9!v9JGyv}vAv(GpvQI.C|v9E\v9AIhGFv%v9JGyv}v=v9!v,GyvAvR*v+v"v+v?hG \v9AIGyv}vRGFv+v?
hGyvvAvvzCvv+vvQ*vv?pvv%vv,Csvv{svv9<vvzvv+vv?yvvzvvJvvTvv9Hh@vvJvvAvv9LEyvv)Vvv,A|vv#GyvvMvv+vv9d,|vvhCf<vvgvv̂
GyvJvTv9<v9JhGyv"v}vPFv?GyvJv9Sv(<v+v?*v}vwv#Cf@vgvav,pvwvQIfv#GyvAvzCv+vQGJGyv"vTv=v+v?,Lv9Yv?
|#I+Es(IG}\(GAhGyd;dh@QF}A%9yAw(*#|q9f+{|D+QI.

146



Gy=+8?GyZ(@+?
*v}vwv#GfvAv=v9QGyvZv(J\vGv+vGv9

k
|vQiv(<v9

k
pv+v&Chiv+vQ|vQiv(Hpv+v&.h*v}vwv#GyvZv(J

Gyvv}vvQivv(Hpvv+vv&Cf*vvAvvJvvTvvv#Ch*vvAvvO$vv(Q<vvTvv=vv><vv"vv+vv?Gyvv}vv=vv"vv)G !vvWvv9Fvv+vv?,Lvv9Yvv?<vvTvv=vv>
E!v%v9AGJhVvwv{GyvjvQpv?GyvAv,*v(FvOGyv}vTvAv}vhpv+v%v9.C|v9CvvDvQG}Yv(GJQiv=v?pv+v%v9\v}v#
Gyvvv}vvvwvvv9fGyvvvPj*vvvWvvvjvvvzvvv&Gyvvv}vvvTvvvAvvv}vvvhpvvv%vvv,CYvvv(GJGyvvvwvvv;ehGyvvv}vvv(Svvv+vvvtvvv).h*vvvz@vvv,<vvvgvvv̂
G}Yvv(GJGyvv}vvQivv(Hpvv+vv%vv9|vv#Lvv9QLGyvvjvvQpvv?C*vv]vv9

k
.hivv9yvv=vv9

k
yvv+vvU|vv#Gyvv]vvQhQjEyvvjvv9A

G}Yvvv(GJGyvvvtvvv9O|vvv?|vvv#Gyvvv=vvv+vvv8vvv?Gyvvvavvv=vvv+vvvgvvv+vvv?vvvvzvvv+vvv9
k

}!vvv%vvv9@vvv(y
x
vvvOEIvvvTvvv9Svvv9

k
<vvv9yvvvgvvv9yvvv~GyvvvMvvv9QFvvv,

Gyvvv(GSvvvh,hIvvvAvvv)<vvv9yvvv=vvv%vvvGvvv?.hfvvvzvvv)ivvvQGQ|vvvWvvv%vvvOGyvvv]vvv(AGyvvvavvv=vvv+vvvgvvv,Gyvvv(GQO|vvv#Gyvvv"vvv9pvvvPI
hFvvv(O@vvv&Gyvvv}vvvAvvvjvvv+vvvQI,pvvv{fG}Yvvv(GJ@vvvzvvvjvvv,G IvvvTvvv9S<vvv9yvvvgvvvRyvvv?ivvv+vvvQGyvvv}vvvtvvv=vvv(yvvv?!vvvqvvvTvvv+vvv9

k
.

h*vwv+xvrGyv]vGv+vHGyv}vJv+vav,GyvMv9QFv,Gyv]vgv+vrG}Pf<vJv+vE@vzvAvtvbGyv]vGv+vHGyv]vgv+vr
GyvPj*vZv=vK|vzvJv(cv9

k
[EPGpv9bGyv]vGv+vHGyvgv9Oj].hG!vgvOGeG}Yv(GJGyvMv9QFv+v?*v}vwv#

Cf*vwv(f|vtvzvtv9
k

C*v]v9
k

,}fG}Yv(GJ@v}vD
x
v{E!vPGQJ|v#hFv(O|v%vO

x
OGJ.h*ovgvRvRG6f

vvWvrGyv}v%vO
x

OGJGyvav=v+vgv+v?pv,Gyv}v=v9!v,GyvJvO*vDv?<vgvOO|v#|v"vdv(|v9JG !vPGQGyvAv,@v(\vh
\vv}vv#Gyvv}vv=vv"vv),h|vv#Gyvv]vvQhQjCf*vvAvv}vvw

v
vv#Fvv}vv+vvhGyvvtvv9_vv"vv+vv#|vv#Svv}vv9fvv%vv9.EfE!vvPGQGJ

GyvvJvvQ*vvuhGyvvAvvJvvP*vvQ|vv#GyvvAvvTvvzvv{Vvv9Fvvgvv?,h*vvGvv>Cf@vvwvv(f|vvTvv}vv(fvv?pvv,Fvv}vv+vvhCFvvRGA
Gy}=")hsBnf}z%9.

E:CfCvv}vv?fvvOOG
k

|vvAvvRG*vvOG
k

|vv#G}Yvv(GJivv+vvQGyvv}vvQivv(Hpvv+vv%vv9C*vv]vv9
k
.h$vv,@ovvZvv"vvvr

fvvzvv)C!vv%vv9|vvzvv(xCvv9J,yvvPGCvv}vv?G$vvAvv}vv9e<vvAvvMvvqvv+vv]vv%vv9fvv"vvO|vv"vv9<vvgvv%vv9,h|vvhPyvvx*vvAvv=vvtvv)<vvgvv̂
Gyvvv]vvvGvvv+vvvHGyvvvWvvvO*vvvOGyvvvPj*vvvGvvv>Eyvvvjvvv9Dg|vvv#Lvvv;dG:LvvvAvvv+vvv9QGyvvv}vvvAvvvz!vvv,yvvv}vvv(GOhE!vvv%vvv9AGJ

Gy}=").

LZ9F[GyZ(J

*vvAvvZvvrGyvvZvv(J<vvMvv9Yvv+vvAvv+vv#@vv}vv+xvvR$vv}vv9G}Pf$vv}vv9GyvvAvvQOO(Gyvv"vvjvv}vv?)hGyvvWvvOI.*vvJvvO
x

O

GyvvAvvQOO|vvOiGQ@vvqvv9Y!vvjvv}vv?GyvvZvv(JGyvvAvv,!vvAvvJvvTvvvTvv%vv9hG!vvMvvqvv9\vv%vv9.hEPGvvv9!vvBfvv9yvv+vv?Ch
|vv"vvMvvqvv]vv?FvvOG

k
,vvv9!vvBivv+vvQ|vvTvv}vv(fvv?|vv#svv=vv{Gyvv=vvWvvQ,|vvhCf<vvgvv̂GyvvJvv+vv(G!vv9J*vv}vvwvv#

Cf@vvTvv}vvhGyvvAvvQOOGJGyvvgvv9yvv+vv?,h*vv}vvwvv#<vvgvv̂G}Yvv(GJGyvv}vv"vvMvvqvv]vv?GyvvAvvQOOCf@vv|C
x
vvQpvv,

Cfvv]vv9ACLvvQiivv+vvQG}Pf|vv#Cfvv]vv9AFvvTvv~G !vvTvv9f|vvTvv=vv=vv?ERfvv9Fvv9
k

yvv&,E:Cf$vvPg
G}Yvv(GJ!vv9OQIFvvOG

k
.h*vv}vvwvv#@vvWvvwvv+vv;J|vv#G}Yvv(GJCf@vvwvv(f@vv(Gpvvtvv+vv?fvvzvv)ivvQGQ

Gyvv}vv(Svv+vvtvv9,ChCf@vvJvv}vv{|vvgvvzvv(|vv9Jfvvzvv)ivvQGQGyvvwvv;e.h@vvTvv}vv)|vvGvv}vv(fvv9JGyvvAvvQOOGJ

147



GyvAv,yv+vTvB@v(Gpvtv+v?Ch:@vJv}v{|vgvzv(|v9J\vGv+vGv9
k

,hpv,Iv+v#C!v%v9*v}vwv#Cf@vwv(f
|q+OI<(Yq%9EV9QGJE!PGQ,p{!%9i+Q|Qi(Hp+%9f}(|9

k
.

C|vv9VvvOIGyvvZvv(JpvvAvvgvv=
x
vvQfvv#svv(@vv&.h!vvdvvQG

k
Eyvv)CfGyvvZvv(J*vvJvv}vv{_vv9svv?,pvv{!vv&

*v}vAvzvxGyv}vtvOQIfvzv)EIvOGKCyv~EPGIvQvVIvQvv?|vqvQ_v?pv,Byv+v?GyvTv}vhpv,G}Pf.
h|vv#!vv9Ivv+vv?CLvvQi,*vv}vvwvv#Gyvv]vvGvv+vvHGyvvMvv9pvvBCf*vvwvv(f|vvRfvvGvv9

k
,}f|vv#Gyvv}vvJvv=vvbCf

@vvdvv#C!vv&*vvJvv}vv{|vvgvvzvv(|vv9Jpvv,Ivv+vv#C!vvx:@vvTvvAvvavv+vvhpvv%vv}vv%vv9,ChCf*vvwvv(f|vvTvvAvv}vvQG
k

h*=OC<9yATQHEy)hf+x.

h@vvvZvvv{Fvvv}vvv+vvvhG}Yvvv(GJ,Gyvvv}vvvQivvv(Hhivvv+vvvQGyvvv}vvvQivvv(Hpvvv+vvv%vvv9,Eyvvv)G}Pffvvv=vvvQ
G$vvAvvRGRGJ@vvJvvZvv{pvv,Gyvv%vv(GA.h*vv}vvwvv#G:$vvAvvRGRGJGyvvZvv(@vv+vv?pvv,Gyvv%vv(GACf@vv"vvAvvtvv{fvv=vvQ
Gyv=v"v)G !vWv9Fv+v?,yvPGpv{fh\vhfv(GFvu*v}vwv#Cf*vMvq

x
vr|v#Gyv]vGv+vHOhfCf*vzvjv+v&.

*ovv]vv9aEyvv)PyvvxCfCYvv(GJGyvvZvvO|vv9JGyvvAvv,@vvAvv(y
v
vvO|vv#GyvvavvQbfvvzvv)Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?

!vqvTv%v9,h|v#C|vDvzvAv%v9!vtvQGJGyv}vWv,fvzv)G}Q\v+v9J,@v(y
x
vOCYv(G@v9

k
yv+vU\v}v#GyvjvQpv?

pvtvb,<v{E!v%v9@v"vAvtv{Eyv)C|vwv"v?CLvQi|v#Lv;dG:@vZv9dGyv}v=v9VvQyvzv=v"v)G !vWv9Fv+v?pv,
Gyvv}vv=vv"vv).h*vvJvvZvv{GyvvAvvqvv9aGyvvZvv(JIvv(dGyvvGvvOQGfhG}Q\vv+vv9J<vv+vv#Gyvv}vv"vv=vvhhGyvv}vvTvvAvv}vvh
<vvv(GSvvvavvv?Gyvvv}vvvTvvv9QGJGyvvvGvvv9!vvv=vvv+vvv?.*ovvvQjGyvvvWvvvwvvv{10.14|vvv"vvv9<vvvhGyvvv]vvvGvvv+vvvH@vvvzvvvxh|vvvTvvv9QGJ

G!vvAvvtvv9yvv&.*ovv]vv9aEyvv)PyvvxCf|nvvQGpvvuGyvvMvvO|vv9JhGyvvZvv+vv9!vv?Gyvv}vv+vvwvv9!vv+vvwvv+vv?*vv}vvwvv#Cf@vv(y
x
vvO

\vGv+vGv9
k

,h*v}vwv#$vPGGyv]vGv+vHnCf*vOLv{Gyv}v=v"v)fv=vQ|vGv9QjGyvMvO|v9Jh|v"vdv(|v9J
G}!9<+>Gy}MAzq?.

148



G}Y(GJGy}A(y
x
OI\}#Gy}=")

*vv"vvavvzvvuGyvvZvv(J|vv#Gyvv}vv"vv=vvhh*vvAvvgvvQVpvv,CCvv"vv9AG!vvAvvWvv9QgEyvv)@vvMvv9|vvO_vv=vv+vvgvv,pvv,
_vv9svvAvv&|vvhG<vvAvvgvv9Og|vv#Gyvv}vv"vv=vvh.hEPGvvv9fCvv}vv?Lvvb|vvTvvAvvtvv+vv~<vv+vv#Gyvv}vv"vv=vvhhGyvv}vvTvvAvv}vvh,
GSvvAvvtvv=vv{Gyvv}vvTvvAvv}vvhGyvvZvv(J|vv=vv9VvvQI.h*vvAvv9<vvhGyvvZvv(JG!vvAvvWvv9Qgpvv,Gyvv%vv(GA\vv}vv#GyvvjvvQpvv?
|vvZvvavvO|vv9

k
<vvzFvvTvv9e|vvMvvAvvzvvqvv?,h|vv"vv%vv9G}Q\vv+vv?hGyvvGvvOQGfhGyvvTvvtvvrGyvvAvv,@vvAvvwvv(vf|vv"vv%vv9

GyvvvjvvvQpvvv?.h*vvvgvvv=vvvQGyvvvZvvv(JGyvvvPj*vvvZvvv{Eyvvv)G}Q\vvv+vvv?hGyvvvGvvvOQGfhGyvvvTvvvtvvvrGyvvvqvvvAvvvJvvv9J

Gyv}v(Fv(OIpv+v%v9.h*ov}vAv[GyvZv(JGyvPj*vZvavOe<v9}Vv+v9AGyv}v(Fv(OIpv,GyvjvQpv?FvRFv+v9
k

,

h*v"vgvwvUFvRFv+v9
k

C*v]v9
k

,@v=vgv9
k

yvav=v+vgv?@vzvxG}Vv+v9A.h*vgv(O|vwv(fGyvZv(JGyv}v"vgvwvUEyv)
Fvv(GyvvjvvQpvv?Ivv+vvE*vv}vvwvv#Cf*ovvTvvAvvtvv=vv{<vvavv9svv?Csvv{,h*vvwvv(f|vvAvvzLvvQG

k
!vvTvv=vv+vv9

k
fvv#GyvvZvv(J

GyvvZvv9OQfvv#Gyvv}vv"vv=vvh|vv=vv9VvvQI.h*vvTvvAvv}vvQGyvv}vvTvvAvv}vvh<vvTvv}vv9YG:!vvgvvwvv9Svv9JEyvv)Cf@vvZvv=vvK
\vvvgvvv+vvvqvvv?FvvvOG

k
.yvvvPGpvvv{fFvvv(OIGyvvvZvvv(J@vvvgvvvAvvv}vvvOvvvvDvvv+vvvQG

k
fvvvzvvv)GyvvvMvvv(GUGyvvvZvvv(@vvv+vvv?(|vvvDvvv{

G:|vAvZv9UhG:!vgvwv9S)yv~Vv+v9AGyv}v(Fv(OIpv,GyvjvQpv?hfvzv)_v=v+vgvAv%v9.h!vdvQG
k

Eyv)Cf
GyvvZvv(J*vvqvvtvvO_vv9svvAvv&|vvhGRO*vv9OGyvv}vvTvv9pvv?GyvvAvv,*vvtvvavvgvv%vv9,hEyvv)C!vv&*vvTvvAvvjvvQbhsvvAvv9

k
pvv,

fvv(O@vv&<vvgvvOG!vvgvvwvv9Svv&,pvv{fVvvwvv{GyvvjvvQpvv?hIvvGvv}vv%vv9fvvzvv)OQFvv?|vv#G}$vv}vv+vv?yvv~YvvOGA
C*v]v9

k
.@
o
vgvQnaGyv}vOIGyvAv,@v"vtv]v,IvAv)@vAvMv9|vOG}YvOGAGyvZv(@v+v?Gyv}vMvAvzvqv?h@vZv=vKiv+vQ

|vvTvv}vv(fvv?<vv}vvOIQFvv(YGyvvZvvOi.hpvv,GyvvjvvQaGyvvwvv=vv+vvQIPGJGyvvTvvavv(MGyvvgvv9vvvTvv?yvvzvvZvv(J

@ROGO|OIQF(YGyZOi.

hpvv,|vv9*vvMvv[Gyvvwvv;ehGyvv}vv(Svv+vvtvv),|vv#Gyvv}vv%vv~FvvOG
k

Cf*vvwvv(fGyvvGvv(Gyvv}vvJvv+vvb
$vvv9OFvvv9

k
,|vvvhsvvvzvvv+vvv{|vvv#Gyvvv]vvvGvvv+vvvH,Ch:Vvvv,A|vvv"vvv&,|vvv#GyvvvMvvv9QLChGyvvvOGLvvv{.hpvvv,

GyvvJvv9yvvAvv+vv#|vv#Gyvv]vvQhQjhFvv(O|vvTvv9QGJFvv+vvOI|vv=vv9VvvQI<vv+vv#Gyvv}vv"vv=vvhhGyvv}vvTvvAvv}vvh.yvvwvv#
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h|vv#Gyvv(G\vvKCfGyvv}vvqvvgvv(dGyvvQFvv+vvTvv,yvvzvv}vv=vv"vv)pvv,Fvv(OILvvZvv9Fvv[GyvvjvvQpvv?GyvvZvv(@vv+vv?
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$vvQ@vvUfvv9OI.EfGyvvAvvMvv}vv+vvO<vv}vvtvvOGQ40db(40O*vvTvv+vv=vv{(decibel (db)))*vvGvvgvv{Gyvvwvv;e
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@vvvZvvv{Eyvvv)Gyvvv=vvv"vvv+vvv?G !vvvWvvv9Fvvv+vvv?yvvvzvvv}vvv=vvv"vvv).h$vvv"vvv9@vvvwvvv(fGyvvv}vvvTvvv9QGJG:yvvvAvvvqvvv9pvvv+vvv?Gyvvv"vvv9Fvvv}vvv?fvvv#
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153



hG}@vvQ<vv?.h@vvAvvZvvr$vvPgGyvvGvvTvv+vv}vv9J<vv}vvtvv9Svv9Jh@vvQGvvv+vv>|vvMvvAvvzvvqvv?,h*vv}vvwvv#Cf@vvwvv(f
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k

yzt9_"+#hy~!Wa?GyA,@JZ{p+&.
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*vv=vvtvv+vv%vv9|vvTvvAvvtvvQIpvv,|vv(GFvv%vv?Gyvvtvv(iG}pvvtvv+vv?|vvDvv{svv(iGyvvQ*vv9M,fvvzvv)hFvv&GyvvMvvZvv(U.

h<vv}vvgvvQpvv?Gyvvgvv;svv?<vv+vv#EFvv%vv9OGyvv}vv9OIh@vvWvv(w$vv%vv9,@vvgvvavv,C!vv}vv9WGyvvtvv(iGyvvOGLvvzvv+vv?@vvzvvxpvvwvvQI
f#CvDQCVw9dGyg"9YQG !W9F+?vq9AIhf#|t9S9@%9G:sAZ9O*?.

Gyt(iGyOGLz+?hGB9QF+?
fvvv"vvvO|vvv9*ovvvWvvv9OFvvvRA|vvv#Gyvvv}vvv=vvv"vvv)*vvvZvvv=vvvKfvvvQ\vvv?yvvvtvvv(i|vvvavvv=vvvvtvvv?fvvvzvvv+vvv&,h|vvv"vvv%vvv9hRf

[|vv(GOg]!vvqvvTvv&fvvzvv)G}svv{,hyvvPG*vvGvv>Cf*vvAvvZvvr<vv=vvgvv̂Gyvvtvv(IhGyvv}vvAvv9!vv?hGyvvAvvDvv=vv+vvB
Gyvv}vv;Fvv~.hCvv}vv?fvv"vv9YvvQ|vv#Gyvv}vv=vv"vv)@ovvgvvAvv=vvQhcvv+vvqvvAvv%vv9FvvRAG

k
|vv#<vv"vv+vvAvv%vv9PG@vv%vv9.h$vv,@vvJvv9pvve

fvvzvv)Vvvwvv{Gyvv}vv=vv"vv)h@vv"vvtvv{G}Ivv}vv9d|vv#FvvRAEyvv)BLvvQhYvv(:
k

Eyvv)CSvv9S|vvTvvAvvtvvQ$vv(
G}QVGyvvAvv,*vvGvv>Cf@vvAvvJvv}vvv{G}Ivv}vv9dGyvv}vvAvvQGvvv}vv?,hyvvPG@vvZvv=vvKFvvRAG

k
|vv#Gyvv}vv"vvdvv(|vv?

G !W9F+?.

@vvvv"vvvvWvvvvzGyvvvvtvvvv(iGyvvvvMvvvv9QFvvvv+vvvv?,ChG}Ivvvv}vvvv9d,<vvvvWvvvvwvvvv{QFvvvv+vvvvTvvvv,,|vvvv#ChRGfGyvvvv}vvvv=vvvv"vvvv)
hfv"v9YvQg,hChRGfGyv"v9SGyvP*v#*vtvav"v(!v&hG}Vv+v9AGyvAv,@v(\vhpv+v&,pv,Gyv}vtv9eG}hd.
hCvv}vv?CIvv}vv9d<vv+vv8vv+vv?C*vv]vv9

k
,|vvDvv{svv(IGyvvQ*vvKhhRfGyvvDvvzvvH,@vvavv=xvvusvv(ifvvzvv)CFvvRGA|vv#
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Gy}=")Gy}D=A?fz)Gyg"9YQGyA,fz+%9!tz%9<"G9MEy)G}QV.

h@vv(y
x
vvO@vvzvvxG}Ivv}vv9dGyvvMvv9QFvv+vv?svv(iOGLvvzvv+vv?\vv}vv#Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?.h_vv=vv+vvgvv?

@vzvxGyvtv(i,hG6yv+v9JGyvAv,*v}vwv#|vgv9vvTvAv%v9<v%v9$v,|v(\v(Y@vJvzv+v{GyvTvzv(cGyv}v9Oj
@vvJvvBGyvvJvv}vv{.pvvgvvzvv)fvv"vv9YvvQGyvv=vv"vv+vv?@vvzvvxCf@vv]vv}vv#<vvtvv9AGyvv}vv=vv"vv)|vvTvvAvvtvvQG

k
\vv}vv#IvvOhO

YvvvjvvvQi|vvv#GyvvvAvvvWvvv(*vvv&|vvv#OhfCf*vvv"vvv%vvv9Q.hfvvvOeG:SvvvAvvvtvvvQGQhGyvvvAvvvWvvv(wghG:!vvv%vvv+vvv9Q$vvv,
G Lvqv9sv9JGyv}v}vwv"v?GyvAv,*vGv>@vgvQ*vqv%v9,h*vGv>@vJvO*vO|vTvAv(*v9JG}OGAGyv"v9FvKpv,
|(GF%A%9.

C|v9|v%v}v?GyvAvZv}v+v~G}hyv)pv%v,@vJvO*vO|v"vdv(|v?|v#Gyvgv"v9YvQhGyvOfv9Fv~G !vWv9Fv+v?
GyvAv,@v(p

x
vQIv+v#hYvzv%v9|vgv9

k
<v"v+v?|vTvAvtvQIpv,|v(GFv%v?G}Iv}v9dGyvAv,Sv(a@vav=vvufvzv+v%v9.

h*vvGvv>!vvtvv{GyvvJvv}vv{Gyvv}vvavv=vvvufvvzvv)fvv"vvZvvQ|vv#Gyvv}vv"vvdvv(|vv?Eyvv)Ofvv9|vv?fvv=vvQ!vv(Y|vv9|vv#
GyvvQG<vvb.Ivv+vv"vv8vvP,*vv]vvhGyvvJvv}vv{Gyvv}vv"vvtvv(dfvv=vvQGyvvQG<vvbfvv}vvzvv+vv9

k
Ivv}vv;

k
fvvzvv)GyvvOfvv9|vv?GyvvAvv,

@vZv=vKGyvgv"vZvQGyvDv9!v,pv,Gyv}v"vdv(|v?...EyvN.yvPG*vGv>@vgvtwv>|vTv9QGyvAvJv}v+v{fv=vQGyv=v"v+v?
G !vvvWvvv9Fvvv+vvv?yvvvzvvv}vvv=vvv"vvv)IvvvAvvv)Gyvvv(Yvvv(dEyvvv)G}QV.hvvvv{fvvv"vvvZvvvQhQG<vvvb*vvvGvvv>Cf*vvvwvvv(!vvv9
s9OQ*#fz)|t9h|?G}I}9dGy}AQGv}?GyA,@"At{f=QGy}"d(|?G !W9F+?Ey+%}9.

h|vv#Gyvv]vvQhQjpvv,Gyvv}vvQIvvzvv?G}hyvv+vv?|vv#GyvvAvvJvvzvv+vv{\vv}vv9fCfGyvv}vv"vvdvv(|vv?G !vvWvv9Fvv+vv?
@vvvJvvvAvvv(jfvvvzvvv)vvvv{Gyvvvgvvv"vvv9YvvvQGyvvv;R|vvv?:SvvvAvvvtvvvQGQ$vvv9GyvvvWvvv9|vvv{.*vvvAvvv}vvvDvvvv{Gyvvv}vvvqvvvgvvv(dG}hyvvv,
yvvv~Ivvv}vvv9d<vvv{RGIvvv?Ch@vvvOh*vvvQGyvvvgvvv"vvv9YvvvQGyvvvAvvv,@vvvJvvv}vvvzvvv%vvv9,h@vvvJvvvZvvv{|vvvtvvv9h|vvv?Pyvvvxfvvv"vvvO
Gyv(Yv;J<v+v#Gyvgv"v9YvQG !vWv9Fv+v?,yvwv#iv9yv=v9

k
|v9:@vwv(fCv}v?|vtv9h|v?|v#$vPGGyvtv=v+v{.

yPG:@

o
tQ

wGy}"d(|?G !W9F+?GyW9|z?E:<gO@JO*Of"9YQG:SAtQGQG \9p+?.

h<vvgvvO@vvJvvO*vvOfvv"vv9YvvQGyvv=vv"vv+vv?hhYvv;@vv%vv9GyvvAvv,@vvJvvt
x
vvuG:SvvAvvtvvQGQGyvvWvv9|vv{,@vvGvv>

OQGSvv?vvv+vvqvv+vv?@vvWvv(*vv&G}Ivv}vv9dyvv%vv9.*vvJvvZvv{GyvvAvvWvv(wg}fG}Ivv}vv9dGyvvMvv9QFvv+vv?@vv(y
x
vvOsvv(i

\vv}vv#Gyvvgvv"vv9YvvQhGyvv(Yvv;J@ovvGvv%vvOGyvv}vv(GOGyvvAvv,@ovvZvv"vvh|vv"vv%vv9.hfvv"vvO|vv9@ovvGvv%nvvOGyvv}vv(GO,
@vJvZv{@vjv+wvQGJpv,C<vgv9O$v9@vTv}v)G!vqvgv9:J(strain),h$v,@vgv=v+vQfv#@vWv(wgGyvgv"vZvQ.
h|hGRO*9OG F%9OGJp,Gy}9OI@Z{Ey)!ta?@"%9Qf"O$9.

@vv%vvOaOQGSvv?GyvvTvvzvv(cG !vvWvv9Fvv,pvv,CCvv"vv9A@vvZvv}vv+vv~<vv"vv+vv?Gyvv}vv=vv"vv)Eyvv)@vvJvvtvv+vvu<vv"vv)
|vvTvvAvvtvvQI@vvGvv9gGyvvtvv(iGyvvMvv9QFvv+vv?Gyvv}vvAvv(y

x
vvOIfvv#G}Ivv}vv9d,hEyvv)@vvJvvzvv+vv{Gyvvtvv(iGyvvOGLvvzvv+vv?

hG Fvv%vv9OGJGyvvAvv,@vvTvv=vv=vv%vv9@vvzvvxG}Ivv}vv9d,E\vv9pvv?Eyvv)G:!vvqvvgvv9:JGyvvAvv,@vvdvv%vvQh@vv|Oj
Ey)@W(*%%9.
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h@vvMvv]vvh@vvzvvxGyvvOQGSvv?<vvMvvavv(_vv%vv9GyvvgvvQ*vv]vv?yvvzvv"vv%vvHGyvvgvv9eyvvAvvJvvzvv+vv{GyvvTvvzvv(cGyvv}vv9Oj
GyPjhQOp,GyqZ{9:

1.@JO
x

OG}I}9dGydQhaGyA,S(a@g}{Gy=")G !W9F+?\}"%9.
2.*JZ{G Lq9bCh@O!

x
,G}OGAEPGCOJG}I}9dEy):

!G\aQGHGy="+?hFgz%9i+Q|TAtQI.
!@vvWvv(wgGyvv=vv"vv+vv?Eyvv)IvvO@vvwvvTwvvQGyvv(Yvv;JhG!vvAvvtvv9dG}Ivv}vv9dEyvv)fvv"vv9YvvQivv+vvQ

|MZZ?yJ}{G}I}9dpA=OhCh@Z=Ki+QB|"?.
!@O|+QFRA|#Gy="+?<AwT+Qf"9YQ$9hGy(Y;Jp,|9<+"%9.
3.@vvtvvO*vv~@vv(Yvv+vv?Ch|vvtvvAvvQMyvvAvvWvvwvv+vvzvv?|vv#Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?|vvh:FvvJvv?<vv9yvv}vv(GO

Gy}MA9QIhGy}t9S9JGyAtQ*=+?Gy;R|?yOf~G}I}9d.
4.*ovvGvvQi@vvtvv+vv+vv~GSvvAvvGvv9<vv?Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?yvv~Ivv}vv9dGyvvAvv,Svv(a@ovvavv=vvvufvvzvv+vv%vv9,

hPyvvx<vvAvvJvvzvv+vv{GyvvAvvWvv(w$vv9Jh@vv(Rwfvv9Jh|vvtvv9O*vvQGyvvtvv(i\vv}vv"vv%vv9yvvQD*vv?Ef
r

vvv9!vvBSvv(a
@AJ}

v
{G}I}9d|#OhfCf@"%9Q.
hp,|9*z,!dQI|qZvz?Ey)@zxGy}QGI{.

G}I}9dhC!}9WGyAJ}+{
@vv"vvGvv~G}Ivv}vv9dpvv,Gyvv}vv=vv9!vv,fvv#ChRGfGyvv"vv9ShG}Vvv+vv9AGyvv}vv(Fvv(OIpvv+vv%vv9,hChRGf

|vwv(x!v9JGyv}v=v"v)!vqvTv&,hG}Iv}v9dGyv"v9Fv}v?fv#GyvdvQhaGyv=v+v8v+v?GyvAv,Sv(a*vMv]vhyv%v9
Gyvvv}vvv=vvv"vvv).hGyvvvWvvv,AGyvvv}vvvWvvvAvvvQnc<vvv+vvv#G}Ivvv}vvv9dFvvv}vvv+vvvgvvv9

k
$vvv(C!vvv%vvv9@vvvavvv=xvvvusvvv(ifvvvzvvv)Gyvvv=vvv"vvv+vvv?

G !W9F+?@G>|t9h|A%9v,*=t)Gy}=")|TAtQG
k

|#OhfCf*AW(vgvD+QG
k

Ch*"%9Q.
EfCvDQCY"9aG}I}9dV+(f9

k
$,GyA9y+?:

!CI}9dS9v"?(dead load)(|+A?),h$,ChRGff"9YQGy}=")!qT&.
!CIvv}vv9d|vvqvvQh\vv?(imposed load)(ChE\vv9pvv+vv?),h@vv"vvGvv~fvv#G}!vvWvvavv?GyvvAvv,

@GQjp,Gy}=")hf#@QGv~GyDzH.
!CI}9dGyQ*K(wind load)h$,CI}9d<+8+?@"AHf#GyQ*K.
svvv=vvv{GSvvvAvvv+vvvgvvv9HLvvvZvvv9Fvvv[$vvvPgG}!vvv(GY|vvv#G}Ivvv}vvv9d|vvv#Gyvvv]vvvQhQj@vvvJvvvO*vvvO|vvv9

GyvvPj@vvGvv>|vvgvvQpvvAvv&fvv#GyvvJvv}vv{<vvjvv+vv?@vvtvv+vv+vv}vv&<vv(Yvvqvv&svv(I|vvavv=vvtvv?fvvzvv)Gyvv}vv=vv"vv).*ovvgvvQva

GyJ}{<O:y?|9*z,:
!|tOGQgChIG}&
!@(Rwf&
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!G@G9$&

C|v9|vtvOGQGyvJv}v{pv%v(hR!v&Gyvwvzv,GyvPjfvzv)Gyv=v"v+v?@vJv}wvzv&.hC|v9@v(Rwfv&pv+ovJvO
x

O

CFvRGAgGyv}vav=vtv?fvzv)Gyvgv"v9YvQGyv}vMvAvzvqv?.h*ov"vdvQEyv)GyvAv(RwYfv9OIfvzv)C!v&!vtv9WEpvQGO*v?
|vv(Rvfvv?<vvAvvGvv9!vvU,Chfvvzvv)C!vv&CIvv}vv9dYvvOe(impact load)|vvAvvJvvQvvv?.hpvv,|vv9*vvMvv[

G@vvGvv9$vv&,pvv{fGyvvwvvzvv}vv?@vvgvv=xvvQfvv"vv&,h$vv(*vvAvv}vv~GyvvAvv(Yvv+vvr.pvv}vvDvv;
k

,@vvgvv}vv{|vvgvvdvv~G}Ivv}vv9d
pvv,Gyvv}vv=vv9!vv,fvv}vv(O*vv9

k
!vvJvv(G}Svvqvv{<vvAvvzCvv+vvQGyvvDvvtvv9yvv?.h@vvgvv}vv{CIvv}vv9dCLvvQi<vvRhG*vv9CLvvQi

(OpvvhGyvvGvvOQGfGyvvJvv9|vvzvv?yvvtvv(S),ChCpvvtvv+vv9
k

pvv,Ivv9:JGyvvQ*vvK,ChIvvAvv)fvv}vv(O*vv9
k

!vvJvv(
G}fz)p,<g^I9:JGyQ*K.

yvtvOCYv=vK|v#Gyv}v}vwv#G6fpv%v~CSv9S$vPGGyvAvZv"v+vr.pv9}Iv}v9dGyvTv9vv"v?$v,
CIvv}vv9dOGFvv}vv?*vv}vvwvv#@vvJvvO*vvO|vvtvv9O*vvQ$vv9h@vv(Rwfvv9@vv%vv9hG@vvGvv9$vv9@vv%vv9<vvWvv,A|vv#Gyvv+vvtvv+vv#.C|vv9
G}Ivv}vv9dGyvv}vvqvvQh\vv?pvv%vv,CIvv}vv9d|vvAvvjvv+vvQI,hyvvPG*vvGvvQj@vvJvvO*vvO$vv9<vv+vvtvv+vv#Csvv{.h|vvhC!vv&
*vv}vvwvv#@vvJvvO*vvO|vvtvv9O*vvQ$vv9\vv}vv#|vvGvv9:J|vvgvv+vv"vv?,E:C!vv&*vvGvv>@vvJvvO*vvOC!vv}vv9WGyvvAvvJvv}vv+vv{
<vvjvvQV@vvgvvQ*vvrcvvQhaGyvvAvvJvv}vv+vv{pvv,GyvvAvvZvv}vv+vv~.hsvvO@vvwvv(fCvv}vv?<vvgvv̂G}Vvv+vv9Apvv,
Gyv}v=v"v),|vDv{G6:JChGyv}vTvAv(Ofv9J,GyvAv,$v,Cvv=vQvvDv+vQG

k
hCvvDvQO*v}v(|v?|v#Fv}v+vh

G}Ivv}vv9dGyvv}vvqvvQh\vv?G}LvvQi,hyvvPG@vvGvv>|vvgvv9yvvGvvAvv%vv9fvvzvv)!vvJvv(|vvTvvAvvtvv{,|vvh|vvgvv9|vvzvv?
|vv(\vvgvv%vv9|vvgvv9|vvzvv?|vv(\vvhGyvvJvv}vv{GyvvTvv9vvv#.h|vvhPyvvx,*vv}vvwvv#GfvvAvv=vv9Q|vvgvvdvv~G}Ivv}vv9d
Gyvv}vvqvvQh\vv?fvvzvv)C!vv%vv9Ivv}vv{Svv9vvv#|vvAvvGvv9!vvUGyvvAvv(RwY|vvgvvQva<vv9:SvvAvvgvv}vv9dGyvv}vvtvvQvQyvvzvv}vv=vv"vv)
(|"9RdCh|w9@>,|D;

k
).

hCIv}v9dGyvQ*v9M|vAvjv+vQIC*v]v9
k

,h_v=v+vgvAv%v9Gyv}vAvjv+xvQIGyv}vAvzYvzv?Gyv}vAvGvzv+v?<vAvjv+wvQVvO@v%v9
hG@vGv9$v%v9@vGvgv{|v#@vgvQ*vr|vtvOGQsv(@v%v9h@v(Rwfv%v9hG@vGv9$v%v9|vTvzyv?EVvwv9yv+v?.EPfv"vO|v9
@vROGOSvQfv?GyvQ*vKpv,CCv"v9A@vOpvtv%v9pv(bGyv}v=v"v)hIv(yv&@vwv(xf|v"v9_vu\vjvb|v"vMvqv̂,

h$vvvPg<vvvOhQ$vvv9@vvv(y
x
vvvOsvvv(IQGpvvvgvvv?!vvvJvvv(G}fvvvzvvv),<vvvMvvv9Yvvv?fvvv"vvvOG}SvvvavvvK.hEPG@vvvwvvv(v!vvvB

OhG|vv9Jfvv"vvOGyvvJvv(Ga,C|vvwvv#Cf@vvAvv(y
v
vvOsvv(iQGpvvgvv?CVvvO.yvvPG,h<vvjvv+vv?@vvtvvO*vv~@vvgvvQ*vvr

yvJv}v{GyvQ*vK(h|v#C
n
v~vyvzvtv(iGyvAv,@vav=xvtv%v9fvzv)Gyv}v=v"v))*v}vwv#GSvAvgv}v9yv&pv,GyvAvJvzv+v{

G !vvWvv9Fvv,,*vvGvv>EFvvQGA@vv=vvTvv+vvavv9J|vvgvv+vv"vv?yvvzvvJvvZvv(dfvvzvv)Ivv}vv{Svv9vvv#|vvwvv9pvvr.E:Cf
@vzvxGyvAv=vTv+vav9J*vGv>Cf@v]v}v#CfGyv}vqvgv(dGyv}vAv"v=vvz<v&:*vtv{fv#Gyv}vqvgv(dGyvJvtv+vtv,
GyvPj@vAvgvQvVyv&Gyv=v"v+v?GyvJvtv+vtv+v?pv,GyvdvQhaGyvav=v+vgv+v?Gyv(Gsvgv+v?.Cv}v?EFvQGAGJQGSvMv?

yAJt+uPyx|"W(QII9y+9
k

fz)Vw{@(Y+9Jh|g9*+Qh||VQGJ.

h|vvv#GyvvvdvvvQhaG}LvvvQiGyvvvAvvv,*vvvGvvv>CLvvvP$vvv9pvvv,GyvvvJvvvTvvv=vvv9f,GyvvvAvvvJvvv}vvv+vvv{GyvvvgnvvvQn\vvv,
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Gyvv}vvqvv9FvvrGyvvPj*vv}vvwvv#Cf*vvTvv=vv>ELvvqvv9svv9
k

E!vvWvv9Fvv+vv9
k

|vvJvvzvv+vv9
k

*vv|OjEyvv)ELvvqvv9bCVvv}vv{yvvGvvRA
QFvv+vvTvv,|vv#Gyvv}vv=vv"vv).h*vv}vvwvv#yvv%vvPGCf*vvtvv(OEyvv)G!vv%vv+vv9Qivv+vvQ|vvAvvGvv9!vvUpvv,GyvvGvvRAG}Lvv+vvQ
|#Gy}=")|hGya=+g?Gy}Jz+?y5Lq9bG}Yz,.

hpvv,<vvgvv̂Gyvv}vv=vv9!vv,,*vvGvv>G:$vvAvv}vv9e<vv9yvvAvvJvv}vv+vv{GyvvgnvvQn\vv,GyvvPj*vv}vvwvv#Cf*vv"vvGvv~
fvv#GYvvavvOGe_vv9FvvQI<vv9yvv}vv=vv"vv)|vvDvv;

k
,Chfvv#G!vvqvvGvv9Qpvv,|vv=vv"vv)C|vv"vv,,Chfvv#$vvGvv}vv9J

EQ$v9<v+v?.h*v}vwv#GyvdvQhaGyvav=v+vgv+v?Cf@v(y
x
vOCIv}v9:

k
|v#Gyv}v+v9gGyvGv(pv+v?ChGyvR:Rd.yvPG

*vGv>G:$vAv}v9e<v}v(GYvqv9JG}OGA|v#Iv+vE@vJvO*vOGyvdvQhaGyvAv,*vGv>GyvAvZv}v+v~|v#
CFvzv%v9,Sv(GACvv9!vBIvOhOG

k
svZv(iyv~OGApv,cvQha@

o
vgvAv=vQ_v=v+vgv+v?ChcvQhpv9

k
|vAvavQxpv?

|vJvAv}vzv?*v}vwv#Cf@vwv(fvv9QCv+v?.E:Cfiv9yv=v+v?Gyv}v=v9!v,:@ovZv}vv~E:yvAvAvJv}vv{G}Iv}v9d
GyvvvTvvv9vvvv"vvv?hGyvvv}vvvqvvvQh\vvv?hCIvvv}vvv9dGyvvvQ*vvvK<vvvJvvv+vvvE:*vvvJvvvZvvv{pvvv+vvv%vvv9G!vvv%vvv+vvv9Qivvv+vvvQ|vvvAvvvGvvv9!vvvU.
pvv9yvv"vvdvvQIGyvvWvv9Fvvgvv?Eyvv)GyvvAvvZvv}vv+vv~|vv#CFvv{GyvvAvvJvv}vv+vv{Gyvv}vvAvvavvQxayvv}vvgvvdvv~Gyvv}vv=vv9!vv,$vv,C!vv&
fvO*v~Gyvqv9FvOI|v#Iv+vEGyvAvwv9yv+vrG \v9pv+v?GyvAv,@vAvQ@v>fvzv+v&EPGvv9fGIvAv}v9dGyvAvJv}v+v{
Gy}AaQxa|"Mq]9

k
FOG

k
.

Gyg"9YQG !W9F+?G}S9S+?
*vvAvvZvvrfvvOOC!vv(GYGyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?Gyvv}vvTvvAvvgvv}vvzvv?pvv,Gyvv=vv"vv9A<vvz!vv&|vvJvvOhO.h$vv,

@

o
vvTvvAvvgvv}vv{E|vv9Fvv(GFvvR$vv"vv9h$vv"vv9c,ChQvvv9FvvRyvvJvv}vv{GyvvGvv(GFvvRh@vvwvv(*vv#IvvGvvQGJOGLvv{

Gyvv}vv=vv"vv).h|vvhCfG}Svv}vv9AGyvvWvv9Fvvgvv?yvv%vvPgGyvvgvv"vv9YvvQ,CjGyvvGvvOQGfhG}fvv}vvOIhGyvvGvv(GFvvR
hGyv=v;_v9J,@vgvav,pvwvQIfv#|v(Gsvgv%v9fv}v(|v9

k
\v}v#Gyv}v=v"v)hfv#CVvwv9yv%v9G}Sv9Sv+v?,

E:Cfp%~Sz(v%9G !W9F,*Aaz
v

>!dQI|#vD>:

!C*#@oa=vuG}I}9dfz+%9?

!|9$(!(YG:Q@w9RGy}A(GpQy%9(yAJt+uGSAtQGQ$9hOQAG\aQG<%9)?

!v+r*AW(vgGyg"ZQGy}TAtQ@JBGyJ}{?

h|vv#Lvv;d@vvZvv(QGyvvWvvwvv{Gyvv}vvWvv(vgyvvzvvgvv"vvZvvQ,|vv#Gyvv}vv}vvwvv#@vvJvvO*vvO@vv(RwYGyvvtvv(i
GyOGLz+?GyA,@Ggz&*"%9Q.

*vvv=vvv+xvvv#GyvvvWvvvwvvv{11.1C<vvvTvvvbGyvvvgvvv"vvv9YvvvQG !vvvWvvv9Fvvv+vvv?:Gyvvvgvvv}vvv(O(strut)hGyvvvW
q
vvvOGO(tie).

h*vvv(\vvvhGyvvvgvvv}vvv(O<vvvJvvv+vvvE*vvvAvvvJvvv}vvvv{Gyvvv]vvvjvvvbGyvvvPj*vvvAvvvGvvvzvvv)<pvvvtpvvvZvvvQ*vvvJvvvZvvv{pvvv+vvv&!vvvAvvv+vvvGvvv?
yzAJ}+{.hp,Gy}t9<{,*AJ}v{GyW

x
OGOGyWOGyPj*AGz)<9SAa9yA&.
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h*vvv=vvv+xvvv#GyvvvWvvvwvvv{11.2Gyvvvgvvv9Q\vvv?,h$vvv,fvvv"vvvZvvvQ@vvvGvvvTvvv+vvvQ@vvv|OjC!vvv}vvv9WGyvvvAvvvJvvv}vvv+vvv{
hG:Q@vwv9REyv)G!vJv"v9Fv%v9.Cv}v?fv9Q\vAv9f|vWv(v$vAv9fpv,GyvWvwv{@ovdv%vQGfCf|v9OIGyvgv9Q\v?
@vvZvv=vvKsvvZvv+vvQIfvv"vvO|vv9@vvAvvgvvQVyvvzvv]vvjvvbh@vv}vvAvvbIvv+vvDvv}vv9@vvAvvgvvQVyvvzvvWvvO.h*vvJvvZvv{GyvvtpvvZ

nvvQ

G}fvvdvv}vv,pvv,Cfvvzvv)Gyvvgvv9Q\vv?,h@vvJvvZvv{G:SvvAvvavv9yvv?Gyvvgvvdvv}vv)pvv,CSvvqvvzvv%vv9,h:*vvJvvZvv{
@vvvWvvv(wgfvvvzvvv)_vvv(dGyvvv}vvvJvvv(QGyvvv}vvvJvvv9*vvvO.h@vvv(FvvvOsvvv(iGyvvvWvvvOhGyvvv]vvvjvvvb@vvvzvvvxpvvv,Fvvv}vvv+vvvh
Gyvvvgvvv"vvv9YvvvQGyvvvAvvv,@vvvAvvvtvvv(vS.hCvvv}vvv?C*vvv]vvv9

k
pvvv,@vvvzvvvxGyvvvgvvv"vvv9YvvvQRhLBLvvvQ|vvv#svvv(iGyvvvWvvvO

hGyvv]vvjvvb*ovvTvv}vv)<vvtvv(iGyvvtvv[.yvvwvv#$vvPgGyvvtvv(i@vvwvv(fCVvvO|vv9*vv}vvwvv#fvv"vvOGyvv}vvJvv(Q
GyJ+9Ojyzg9Q\?I+E@g}{saQ*9

k
f=Q|9OIGyg"ZQ.
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h@vvdvv%vvQpvv,Gyvvgvv}vv(OhGyvvW
v
vvOGOhGyvvgvv9Q\vv?svv(i\vvjvvbhVvvOh@vvtvv(wS|vv=vv9VvvQI,fvvzvv)

GyvAvAv9yv,.C|v9Gyvgv"vZvQGfG !vWv9Fv+v9fGyvQFv+vTv+v9fG6LvQGf,CjGyvGvOGQhGyv=v;_v?,pv+v}vwv#Cf
@vv(FvvOpvv+vv%vv9C!vv}vv9W@vvJvv}vv+vv{h@vvOfvv+vv~|vvMvvAvvzvvqvv?@vv|OjEyvv)|vvGvv}vv(fvv9J|vvMvvAvvzvvqvv?|vv#Gyvvtvv(i
GyvvOGLvvzvv+vv?.h*ovv=vv+xvv#GyvvWvvwvv{11.3GyvvGvvOGQpvv,Ivv9yvv?\vvjvvb!vv9Fvv~fvv#CIvv}vv9d|vvavv=vvvtvv?fvvzvv+vv&
fvv=vvQGyvv}vv=vv"vv),hpvv,Ivv9yvv?@vvtvv(wS!vv9Fvv~fvv#svv(iCpvvtvv+vv?|vvDvv{\vvjvvbGyvvQ*vvK,Ch\vvjvvb

G}QVGyvvGvv9!vv=vv,pvv,G}svv=vv+vv?.h@vv"vvGvv~C!vv}vv9WGyvvtvv[pvv,GyvvGvvOGQIvv+vv#GSvvAvvgvv}vv9yvv&yvvAvvMvv}vv+vvO
|vqvgv(dGyvAvMvz

w
vh(wracking or racking)Gyv"v9Fv~fv#sv(IGyvQ*vKhpvtv9

k
yv}v9Sv(a!v"v9svWv&

p,|9<gOp,$PGGyqZ{.

hfvvzvv)!vvJvv(|vvWvv9<vv&*vv}vvwvv#Gyvv=vv;_vv9JCf@vvAvvgvvQVEyvv)svv(iOGLvvzvv+vv?|vvMvvAvvzvvqvv?@vv=vvgvv9
k

yvvAvvWvvwvv+vvzvv?GyvvJvv}vv{hGyvvOfvv9|vv?.*vv=vv+xvv#GyvvWvvwvv{11.4GyvvqvvQb<vv+vv#Gyvv=vv;_vv?Gyvv}vvgvvzvvtvv?hGyvv=vv;_vv?
Gyv}vQ@vwvRIfvzv)G}QV.pv9yv=v;_v?Gyv}vgvzvtv?@vAvtv(vS.h*ovQjGyvWvwv{Ofv9|v9Jfv"vOGyvJv(Ga

pvvvtvvvb,h$vvvPG*vvvgvvvavvv,|vvvGvvv9RG
k

hIvvv+vvvOG:@vvvGvvv9g(one way span),E:C!vvv&*vvv}vvvwvvv#Ivvv}vvv{
Gyv=v;_v?fv"vOGyvJv(GaG}Q<vh,h$vPG|v9*vgvav,|vGv9RG

k
Cv"v9Fv,G:@vGv9g(two way span),

yvAvtvzv+v[Gyv}vtv9_vhCh@vJvtv+vu|vGv9RGJCvv=vQ.C|v9Gyv=v;_v9JGyv}vDv=vAv?fvzv)G}QV,hGyvAv,
@vvJvv}vv{CIvv}vv9:

k
|vvAvvGvv9!vvTvv?GyvvAvv(RwY,pvvAvvAvvgvvQVyvvzvv]vvjvvb|vv#@vvzvvxG}Ivv}vv9d.hIvv+vv#h\vvh

Gyvv=vv;_vv9J@vvJvvBG}fvv}vvOIhGyvvGvvOQGf<vv(Yvvqvv%vv9CSvvTvv9
k

,pvv{fGyvvtvv(iGyvvAvv,@vvAvvgvvQVyvv%vv9
@vgvAv}vOfvzv)!vTv=v?fv}vuG}Sv9SEyv)fvQ\v&.pv{PGvv9fG}Sv9SfvQ*v]v9

k
!vTv=v+v9

k
,fv}vzvB
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pv,!v}vbGyvAvtv(wS}fGyvJv}v{Gyv}vav=vu|v#Gyvgv}v(OChGyvGvOGQ*v"vAvtv{fvzv)!vJv(|vAvGv9!vU
Eyvvv)G}QV.hfvvv"vvvO|vvv9@vvvZvvv=vvvKGyvvv=vvv;_vvv?\vvv+vvvtvvv?,pvvv{fGyvvvtvvv(IGyvvvQFvvv+vvvTvvv+vvv?GyvvvAvvv,@ovvvavvv=vvvufvvvzvvv)
G}S9S$,s(Is[C9s>.

GyAW(w$9JGygQ\9!+?

*vvdvv%vvQGyvvWvvwvv;f11.1h11.2spvvZ
nvvQGyvvgvv}vv(OhGSvvAvvavv9yvv?GyvvW

v
vvOGOhG!vvJvvQGaGyvvgvv9Q\vv?

<vv(Yvvqvv%vv9Fvv}vv+vvgvv9
k

@vvWvv(w$vv9J@vv"vvGvv~|vv=vv9VvvQIfvv#@vvavv=vv+vvuIvv}vv{hyvv%vv9!vvqvvUG@vvGvv9$vv&.yvvwvv"vv%vv9
yvv+vvTvvBGyvvAvvWvv(w$vv9JGyvv(Ivv+vvOIGyvvAvv,@vvJvvZvv{.pvvDvv}vv?@vvWvv(w$vv9JfvvQ\vv9!vv+vv?*vv}vvwvv#Cf@vvJvvZvv{
pvv,Gyvvgvv"vv9YvvQGyvv"vvJvv+vvqvv?fvv"vvO|vv9@vvAvvgvvQVEyvv)svv(i\vv9ivvavv?.h@vv(Yvvr<vv9yvvgvvQ\vv9!vv+vv?}f
Gyvvgvv"vvZvvQ*vvAvvtvv(vS<vv9@vvGvv9g*vvZvv"vvhRGh*vv?svv9Fvv}vv?|vvhG@vvGvv9gGyvvJvv}vv{.hGyvv"vvJvv9pvv?$vv,@vv9<vvhyvv"vvTvv=vv?
G:Q@vvqvv9Y(Gyvvavv(d)Eyvv)GyvvgvvQV,h$vv,@vvgvvAvv}vvOC*vv]vv9

k
fvvzvv)_vvQ*vvtvv?Q<vvbGyvvgvv"vvZvvQ|vvh<vv"vv+vv?

Gy}=").p,|9<gOS(a!WQM|qg(dGyQ<b.

h@v=v+xv#|vWv9$vOGJGyvtv(iGyvOGLvzv+v?GyvAv,@v"vWvzpv,fv"v9YvQG}Vvwv9d|v#11.1IvAv)
11.4Cf|vv"vv9_vvuGyvv]vvjvvb@vvdvv%vvQpvv,Fvv}vv+vvhC!vv(GYGyvvgvv"vv9YvvQ<vv9SvvAvvDvv"vv9AGyvvWvvvOGO.*ovv]vv9aEyvv)
PyvxCf<vgv̂@vzvxGyvgv"v9YvQ:*vAvtv(vSpv,G@vGv9g|vgv9|vO:@vGv9gGyvJv}v{.h|v#Lv;d
Gyvv}vvWvv9$vvOGJC*vv]vv9

k
,yvvgvv{CvvvDvvQfvv"vvZvvQ\vvjvvb!vvJvv+vvr$vv(Gyvvgvv}vv(O,C|vv9|vv"vv9_vvuGyvv]vvjvvb

Gyvvv"vvv9Fvvv}vvv?fvvv#Gyvvv"vvvJvvv9pvvv?pvvv%vvv,@vvvzvvvxGyvvvAvvv,@vvv"vvvWvvvzpvvv,Gyvvvgvvv9Q\vvv9J.h*ovvvQjGyvvvWvvvwvvv{11.5

180



GyvvvAvvvWvvv(w$vvv9JGyvvvgvvvQ\vvv9!vvv+vvv?,Gyvvv}vvvTvvv}vvv9I@vvvJvvv"wvvv=vvv9
k

(buckling),GyvvvAvvv,*vvv}vvvwvvv#Cf@vvvJvvvZvvv{pvvv,
GyvOfv9|v9J(G}fv}vOICh|vtv9_vhGyvGvOQGf)hGyvgv9Q\v9J.pvqv,G}fv}vOI,*vAvGvzv)GyvAvJv"wv>
fvvzvv)Vvvwvv{@vvtvv(wS}fvvv{Gyvv}vvtvvavvh|vvgvvQVyvvzvv]vvjvvb.C|vv9pvv,Gyvvgvv9Q\vv9J,pvv{f|vv"vvavvtvv?
Gyv]vjvb@vAvtv(vS,pv,Iv+v#Cf|v"vavtv?GyvWvO@v=vtv)|vTvAvtv+v}v?.h$vPG*vTvAvJvE|vqvgv(dpvAv{
*vvTvv}vv)GyvvqvvAvv{GyvvgvvR|vv,(torsion).h*ovvgvvQa|vvqvvgvv(dGyvvAvvWvv(wgGyvvgvvQ\vv9!vv,Gyvvwvvzvv,<vv9yvvAvvJvv"wvv>
GygR|,GygQ\9!,.

yvvwvv#|vv9$vv(Csvv{h\vv(Ivv9
k

$vv(GyvvAvvJvv"wvv>Gyvv}vvtvvAvvQf<vv9yvvtvv[.pvv,Gyvv}vvtvv9_vvhGyvvWvv=vvwvv+vv?
GyvQsv+vtv?\v}v#Gyvgv(GQV,*v}vwv#sv(IGyv]vjvbGyvtv9Yv?GyvQFv+vTv+v?Gyv}v=v+v"v?pv,GyvWvwv{11.2

Cf@vvTvv=vv>@vvJvv"wvv=vv9
k
.hpvv,GyvvGvvOQGfGyvvQsvv+vvtvv?Gyvv}vvgvvQ\vv?yvvzvvtvv[Gyvv}vv=vv+vv"vv?pvv,GyvvWvvwvv{11.3,

*JZ{GyAJ"w>saQ*9
k

||O*9
k

Ey)@t(wS|W9<&yPGcGyPj*JZ{p,@J"w>f}(O.
|v#Gyv]vQhQjG:!vAv=v9gEyv)Cf@vWv(wgGyvAvJv"wv>yv+vUvv9yvAvWv(wgGyv"v9Fv~fv#GyvAvJv}v+v{

Gyvvv}vvv=vvv9VvvvQ,E:C!vvv&Ivvv+vvv"vvv}vvv9*vvvJvvvZvvv{,pvvv{fGyvvvgvvv"vvvZvvvQG !vvvWvvv9Fvvv,*vvvQivvvv;
k

|vvv"vvv%vvv}vvv9,}f
|vvvGvvv}vvv(fvvvAvvv,Gyvvvtvvv(i@vvvAvvvwvvv(v!vvv9f|vvvgvvv9

k
.pvvv}vvvDvvv;

k
,pvvv,Gyvvvgvvv}vvv(OGyvvvPj*vvvgvvv9!vvv,pvvvgvvv;

k
|vvv#svvv(i

\v9ivav?,*ov]v+vrGyvAvJv"wv>@vtv(wSv9
k

,|v|O*v9
k

Eyv)R*v9OIGyv]vjvbfvzv)CIvOGyvGv9!v=v+v#,yvwv"v&
*tz
x

[Gy]jbI+E@"Wzs(iVO|t(xS?<T=>GyAJ"w>.

G}I}9dGy;|QvR*?
GpvvAvvQ\vv"vv9pvv,@vvgvvQ*vvqvv"vv9}Vvvwvv9dGyvvAvvWvv(wghGyvvtvv(iGyvvOGLvvzvv+vv?IvvAvv)G6fCfG}Ivv}vv9d
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hGyvvOfvv9|vv9J@
o
vvavv=vvvufvv"vvOGyvvMvvbGyvv}vvQvvvRj(Gyvv}vvJvv(Qj)yvvzvvgvv"vvZvvQ.@vvTvv}vv)$vvPg<vv9}Ivv}vv9d

Gyvv}vvJvv(Q*vv?,h$vv,@vvgvv}vv{fvvzvv)_vv(d|vvJvv(QGyvvgvv}vv(OhGyvvW
v
vvOGOhGyvvgvv9Q\vv?hGyvvGvvOGQ.h|vvh

Cf|v#Gyv}vQiv(Hpv+v&,|v#Gyv"v9Iv+v?G:svAvZv9O*v?h|v#!v9Iv+v?Gyvwvqv9AI,Cf@vwv(fGyvgv"v9YvQ
G !vWv9Fv+v?|vJv}vvzv?|vJv(Q*v9

k
,E:CfPyvxyv+vU|v}vwv"v9

k
OGFv}v9

k
.@vTv}v)G}Iv}v9dGyvAv,@vgv}v{

<vvgvv+vvOG
k

|vv#Gyvv}vvJvv(Q<vv9}Ivv}vv9dGyvv;|vvQvvvR*vv?,h@
o
vvgvvAvv=vvQGyvv;|vvQvvvR*vv?|vvtvv+vv9Svv9

k
yvv}vvtvvOGQ<ovvgvvO@vvzCvv+vvQ

GyJ}{|#Gy}J(Q.

h*vv}vvwvv#Cf*vv|Oj@vvavv=vv+vvuG}Ivv}vv9dGyvv;|vvQvvvR*vv?Eyvv)G!vvtvv;HGyvvgvv"vvZvvQG !vvWvv9Fvv,EPG
vvv9!vvBC<vvgvv9Ogh|vvDvv=vvAvv9@vv&ivv+vvQvvv9pvv+vv?yvv=vvtvv9Fvv&|vvTvvAvvtvvQG

k
.yvvwvv#<vv9pvvAvvQGVCfGyvvgvv"vvZvvQ:*vv"vvtvvzvv>,

@v(y
x
vOGyv;|vQvvR*v?Vvwv;

k
CvvDvQ@vWv(w$v9

k
,hyvPG@vjv+xvQ@v(RwYGyvtv(iGyvOGLvzv+v?pv+v&,h@v|OjEyv)

GyvvAvvtvv(wSpvv,G}fvv}vvOIhGyvvGvvOQGf.hpvv,Gyvvgvv(GQV,EPGvvv9!vvBGyvv"vv%vv9*vv9J|vvtvv+vvOI,vvv9f
Gy}qg(d@J"w=9

k
|W9<%9

k
yzAJ"w>GygR|,GygQ\9!,.

hfvvvzvvv)ivvvQGQGyvvvAvvvWvvv(w$vvv9JGyvvvgvvvQ\vvv9!vvv+vvv?,pvvv{fGyvvvAvvvWvvv(w$vvv9JG \vvv9pvvv+vvv?Gyvvv"vvv9Fvvv}vvv?fvvv#
Gyvv;|vvQvvvR*vv?:@vvJvv{|vvJvv{|vvqvv9fvv+vv{GyvvAvvJvv}vv+vv{Gyvv}vv=vv9VvvQI,<vv{@vv"vv]vv9aEyvv+vv%vv9.hyvvPG*vvwvv(f
|vvvqvvvgvvv(yvvv%vvv9pvvv,Gyvvvgvvv}vvv(OvvvvPGcGyvvvPjhYvvvqvvv"vvv9gpvvv,Ivvv9yvvv?GyvvvAvvvJvvv"wvvv>.pvvv{\vvv9pvvv?Eyvvv)Gyvvv]vvvjvvvb
Gyv}v(Fv(OCYv;

k
,@vgv}v{sv(iGyvAvtv(wSfvzv)R*v9OIGyv]vjvbfvzv)CIvOGyvGv9!v=v+v#,h@vgv}v{

sv(iGyvWvOGyv"v9Fv}v?fv#GyvAvtv(wSfvzv)EQLv9A<vgv̂sv(iGyv]vjvbfvzv)GyvGv9!v>G6LvQ.
h!vvvdvvvQG

k
Eyvvv)CfGyvvv;|vvvQvvvvR*vvv?@vvvTvvvAvvvJvvvE|vvvqvvvgvvv(dyvvv,u,pvvvTvvv+vvvwvvv(fPyvvvx$vvv(G:@vvvGvvv9gGyvvvPj

*vvJvvZvv{<vv&GyvvAvvJvv"wvv>,<vv9pvvAvvQGVCfGyvvgvv"vvZvvQ*vvAvvZvvr<vvtvv+vv~Gyvv"vvJvv9pvv?!vvqvvTvv%vv9pvv,Fvv}vv+vvh
G:@G9$9J.

I",Gyg"9YQG !W9F+?h_+q%9
@vAvZvrGyvgv"v9YvQGyvAv,!v(svWvBIvAv)G6f<vz!v%v9|vTvAvtv+v}v?Ch|vTvavJv?.C|v9Gyvgv"v9YvQ

Gyvv}vv"vvJvv"vv+vv?,pvvAvv(p
x
vvQ|vvRG*vv9E!vvWvv9Fvv+vv?@vvTvvAvvJvvuG Vvv9QIEyvv+vv%vv9,|vvhCfGyvvJvv"vv,*vv}vvwvv#Cf*vvR*vvO

|vv#@vvwvvzvvqvv?GyvvAvvZvv"vv+vvhhGyvvAvvGvv}vv+vvh.h@vvAvvGvvzvv)|vvR*vv?GyvvJvv"vv,G !vvWvv9Fvv+vv?pvv,fvv"vv9YvvQGyvv}vvGvv9RGJ.

pvvzvvAvvwvv(*vv#|vvtvv9h|vv?vvv9pvv+vv?@vvgvv9vvvU@vvtvv(wSfvv"vvZvvQGyvv}vvGvv9R,*vvGvv>Cf*vv(FvvO<vv+vv#|vv9O@vv,
Gyvv]vvjvvbhGyvvWvvOpvv,Gyvvgvv"vvZvvQ,Gyvv"vv9Fvv}vv+vv#fvv#|vvqvvgvv(dGyvvAvvtvv(wSGyvv}vv=vv9VvvQ(:Gyvvtvv[),

pvv9Yvv{vvv9amyvvAvvwvv(*vv#fvvReGyvv}vvtvv9h|vv?.h$vvPG*vvAvvavvzvv>Cf@vvwvv(fGyvvgvv9Q\vv9JhGyvv=vv;_vv9J

Svv}vv+vvwvv?pvv,Ivv9yvv?Gyvv}vvGvv9RGJGyvvwvv=vv+vvQI.hEPGyvv~*ovvRndFvvRA|vv#Gyvv}vvtvvavvhG}Yvv~yvvzvvgvv"vvZvvQ,
GROGOhR!vv&,hG!vv]vv9pvvBGyvvR*vv9OIEyvv)GyvvJvv}vv{GyvvTvv9vvv#GyvvPjSvv(a@vvJvv}vvzvv&Gyvvgvv9Q\vv?Ch
Gy=;_?.
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*vvvv}vvvvwvvvv#GyvvvvJvvvvZvvvv(dfvvvvzvvvv)|vvvvRG*vvvv9GyvvvvJvvvv"vvvv,pvvvv,vvvvv{|vvvv#G@vvvvGvvvv9gG|vvvvAvvvvOGOGyvvvv}vvvvGvvvv9R,
hG:@vvGvv9$vv9JGyvv}vvgvv9|vvOIyvv&,yvvwvv#}Svv=vv9H|vvMvvAvvzvvqvv?.L

o
vvP|vvDvv;

k
Gyvvgvv"vvZvvQ*vv#Gyvv}vv=vv+vvv"vv+vv#pvv,

GyvvWvvwvv{11.6.@
o
vvgvvQaGyvvgvv"vv9YvvQGyvvAvv,@ovvJvv"vv)fvvzvv)_vv(dGyvv}vvGvv9R<vv9}svv(GS(arch)hvvv=vv9d

GyvvAvvgvvzvv+vvu(suspension cable).h$vv"vv9@vvGvv>|vv;Ivvdvv?!vvtvvavvAvv+vv#$vv9|vvAvv+vv#.G}hyvv)$vv,Cf
vv;Gyv"v(fv+v#*vAvavzv>Ofv9|vAv+v#,Cpvtv+v?hfv}v(O*v?,hGyvDv9!v+v?$v,CfGyvtv(iGyvOGLvzv+v?pv+v%v}v9
@vvZvv=vvK\vvjvvavv9

k
hVvvOG

k
|vvTvvAvvJvvDvv+vv#fvvzvv)GyvvAvv(Gyvv,,}!vv%vv}vv9pvv,Gyvv}vvJvvZvvzvv?fvv9Q\vv?hVvvOGO

|vJv"v+v+v#.h$vPG*v}vw
x
v#|v#GSvAvgv}v9dGyv}v(GOhGyv}vwv(x!v9JGyvtv(*v?<vav=v+vgvAv%v9@vGv9gGyv]vjvbCh

GyvvWvvO,yvvwvv#yvv+vvUvvvzvv+vv%vv}vv9,pvv,Cfvv}vv9dGyvv=vv"vv9A.Ivv+vv"vv8vvP@vvtvv{vvv}vv+vv9JGyvv}vv(GOGyvv}vvavvzvv(<vv?
h@vvvROGOGyvvvMvvv+vvv9QGJGyvvv}vvvAvvv(GpvvvQI.h@vvvTvvv}vvv)Gyvvv=vvv;_vvv9Jfvvv"vvvOIvvv"vvv+vvv%vvv9vvvv9}svvv(GSChGyvvvtvvv"vvv9_vvvQ
<9yt(Gsh(shell),hI+D}9So}Ky%9<9yAgz+uSo}+BV=w9JCh<")!T+G+?(Lp+

n
~).

h*ovvgvvavv,GyvvJvv"vv,hGyvva
v
vv,<vvRGh*vv?svv9Fvv}vv?|vvhG|vvAvvOGOGyvv}vvGvv9R|vvR*vv?|vvMvvAvvzvvqvv?.pvv%vv(*vvgvvavv,

Gyvvgvv}vvuGyvv;Reyvvzvvgvv}vv{pvv,Ivv9yvv?GyvvAvvtvv(wSpvv,Gyvv}vvtvv9_vvhGyvvQsvv+vvtvv?.hCvvvDvvQGSvvAvvgvv}vv9:J$vvPg
GyvvAvvtvv"vv+vv?Vvv+vv(fvv9

k
$vv,Yvvqvv9FvvKG}SvvtvvrGyvv}vv=vv+vvv"vv?pvv,GyvvWvvwvv{11.7.*vv}vvwvv#GyvvZvvqvv9FvvKGyvvQsvv+vvtvv?

Gyvv}vvDvv"vv+vv?Cf@vv}vvAvvO|vvTvv9pvv?vvv=vv+vvQIFvvOG
k

|vvtvv9Q!vv?<vvJvv9yvv?GyvvZvvqvv9FvvKGyvv}vvTvva
v
vvJvv?.yvvPG@vvwvv(fvvv}vv+vv?

Gyv}v9OIGyv}vTvAvgv}vzv?Csv{,yvwv#@vwv9yv+vrGyvAvZv"v+vhyvAvWvwv+v{Gyvav,hGyvJv"v,hGyvAvJvw
w
v~pv+v%v}v9

Cvvv=vvQ.h*vvwvv(fG:!vvJvv"vv9Apvv,$vvPGG:@vvGvv9g@vvtvv(Svv9
k

C*vv]vv9
k

,yvv%vvPG_vv=vvgvv9
k

Cvv}vv?Ivv9Fvv?yvv;Q@vvwvv9R

$}9p,G:@G9gGy}g9|Oyz}G9Rptb.
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Gy(Y;JG !W9F+?
pvv,@vvJvvzvv+vvzvv"vv9yvvzvvgvv"vv9YvvQG !vvWvv9Fvv+vv?G}Svv9Svv+vv?GyvvMvv}vvTvv?Gyvv}vv=vv+vv"vv?pvv,G}Vvvwvv9d|vv#11.1

IvvAvv)11.4,Cvv}vv?GpvvAvvQGV\vv}vv"vv,fvv#_vvQ*vvtvv?hYvv{Gyvvgvv"vvZvvQ<vv9yvvOfvv9|vv?.pvvwvv{G}Vvvwvv9d
Gyvv}vvWvv(v$vv?@vv"vvavv(jfvvzvv)CfGyvvgvv"vvZvvQ*vv}vvwvv#Cf*vvOhQEPGIvvZvv{pvv+vv&@vvtvv(wS,hCf_vv(yvv&
*v}vwv#Cf*vROGOCh*v"vtv[<vJvQ*v?GSvAvGv9<v?yv}vqvgv(dGyvAvJv}v+v{GyvAvWv(*v%v,.E:CfIvZv(d
Pyxf}z+9

k
*gA}Ofz)_Q*t?@"q+PGy(Y;J.

Cv}v?|vRG*v9yvAvtv+v+vOGyvJvQvv9Jfv"vOGyv(Yv;J,<vMv9Yv?GyvJvQvv9JGyvOhQG!v+v?,hPyvx

:SvvvAvvvJvvvDvvv9KCVvvvwvvv9d|vvvWvvv(v$vvv?|vvvMvvvAvvvzvvvqvvv?@vvvgvvv+vvvO@vvv(R*vvvhGyvvvtvvv(iGyvvvOGLvvvzvvv+vvv?h@vvvtvvvz
x
vvv[|vvvtvvv9S

Gyvgv"vZvQ.h$vPG|v9*vR*vOCIv+v9!v9
k

|v#@vwvzvqv?GyvAvZv"v+vhhGyvAvGv}v+vh,yvwv#R*v9OI@vzvxGyvAvwvzvqv?
@"gwUC*]9

k
@tz+Z9

k
y}t9SGy}tah,[h|#C

n
~

v
yw}+?|9OIGyg"ZQ].

<vvvjvvv+vvv?pvvv%vvv~|vvvqvvvgvvv(d@vvvtvvv+vvv+vvvOGyvvvJvvvQvvvv?fvvv"vvvOGyvvv(Yvvvzvvv?pvvv,GSvvvAvvvtvvvQGQGyvvvgvvv"vvvZvvvQhVvvvwvvvzvvv&
Gyvv}vvWvv(vg,yvv"vv"vvdvvQpvv,Gyvv}vvqvv9fvv+vv{GyvvZvv9pvv+vv?GyvvDvv;Cvv?Gyvv}vv=vv+vvv"vv?pvv,GyvvWvvwvv{11.8GyvvAvv,QoSvv}vvB
@vvMvvavv+vvavv+vv9

k
<vv9fvvAvv=vv9Q$vv9hYvv;JE!vvWvv9Fvv+vv?|vvDvv9yvv+vv?._vv=vvgvv9

k
,ivv9yvv=vv9

k
|vv9*vvwvv(fGyvvAvv"vvqvv+vvPGyvvgvv}vvzvv,

yvvzvv(Yvv;JGyvv}vvDvv9yvv+vv?Yvvgvv=vv9
k

hfvv9yvv,GyvvAvvwvvzvvqvv?.@vvTvv}vvKhYvvzvv?GyvvOIvvQFvv?(roller joint)<vvwvv{

|v#GyvOhQGfh<vJvQ*v?GyvJvQvv?pv,|v(GFv%v?@vtvz
w
v[Gyv}vtv9SChGSvAvav9yvAv&.h@vTv}vKGyv(Yvzv?

Gyvv}vvqvvZvvzvv+vv?(pin joint)(ChGyvv}vvqvvZvv{)<vv9yvvOhQGf,h:@vvTvv}vvKGyvv(Yvvzvv?GyvvGvv9Svv8vv?(rigid

joint)(ChGyD9<A?)<zj|"%}9.

h*ovv=vv+xvv#GyvvWvvwvv{11.9|vvqvvgvv(dGyvv(Yvvzvv?GyvvGvv9Svv8vv?pvv,Ivv9yvvAvv+vv#FvvQiGyvv"vvdvvQpvv+vv%vv}vv9
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الحمل

وعمود

Svv9<vvtvv9
k
.G}hyvv)$vv,vvv(fGyvv(Yvvzvv?Fvv9Svv8vv?fvv"vvO!vv%vv9*vv?Gyvvgvv9Q\vv?.Ivv+vv"vv8vvPfvvzvv)GyvvOfvv9|vv?Cf

@vvgvv9vvvUpvvgvv{GyvvOhQGf(ChGyvvgvvRe).EPGvvv9!vvBGyvvOfvv9|vv?fvv}vv(OG
k

|vv#Ohfsvv(Im|vv(GR!pvv?mpvv,
GyvvvavvvQaG6LvvvQ,CjEPGyvvv~*vvvwvvv#Cvvv}vvv?fvvv9Q\vvv?CLvvvQipvvv,GyvvvavvvQaG6LvvvQfvvvzvvv)G|vvvAvvvOGO
Gyvvgvv9Q\vv?G}hyvv)PGJ@vvJvv}vv+vv{h@vvDvv=vv+vvB|vvWvv9<vv%vv+vv#,IvvZvv{@vvtvv(wSpvv,Gyvvgvv}vv(O.pvv,$vvPg
GyvvJvv9yvv?,*ovvgvv9O@vv(RwYGyvvtvv(iGyvvOGLvvzvv+vv?pvv,Gyvvgvv9Q\vv?h@vvtvv{svv+vv}vv?Gyvvtvv(IGyvvgvvdvv}vv)pvv+vv%vv9,
h@vdv%vQsv(i@vtv(wSpv,GyvOfv9|v?:@vdv%vQpv,Iv9yv?Gyv(Yvzv?Gyv}vqvZvzv+v?.h@vdv%vQsv(IVvO
pvv,Cfvvzvv)Gyvvgvv9Q\vv?fvv"vvOGyvvOfvv9|vv?,h@vvdvv%vvQsvv(I\vv9ivvavv?|vv(GRp!vv?pvv,G}Svvqvv{.EfEfvv9OI
@vv(R*vvhGyvvAvvtvv(wS$vvPgfvvzvv)_vv(dGyvvgvv9Q\vv?,GyvvAvv,*vvAvvtvvz

v
vv[|vvtvv9Svv%vv9,$vv,CSvv9SG _vv9Q

Gyvvv=vvv9<vvv,GyvvvPj*vvv}vvvwvvv#Cf*vvvJvvvt
x
vvvu|vvvGvvv9RGJ_vvv(*vvvzvvv?fvvvzvvv)!vvvJvvv(GsvvvAvvvZvvv9Oj,pvvv,Ivvv+vvv#Cf

Gyg9Q\?PGJG:Q@w9RGy=T+b:@TAa+hPyx.
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*v=v+xv#Gyv}vDv9dGyvDv9!v,pv,GyvWvwv{11.9|vqvgv(d@vJv"wv>Gyvgv}v(O<vTv=v>vv(fGyv(YvzvAv+v#
Fv9Sv8vAv+v#.pv"vdvQG

k
Eyv)Cf|vgv9vvTv?GyvgvRe@vJvZv{fv"vO!v%v9*vAv,Gyvgv}v(O,pv{f_v(dGyvgv}v(O

Gyvqvgv9d*vAvtvz
v
v[,hyvPG@vtv{sv+v}v?!vJv9pvAv&.h*vAvJv}vv{$vPGGyvgv}v(OCIv}v9:

k
vv=v+vQIsv=v{<vOFv&

<9yAJ"w>.

pvvv,fvvv9yvvv~Gyvvv(Gsvvvh,@ovvvZvvv}vvvv~|vvvgvvvdvvv~Gyvvv(Yvvv;J<vvvJvvv+vvvE@vvvwvvv(fSvvv%vvvzvvv?GyvvvAvvvZvvv"vvv+vvvh
hGyvvAvvGvv}vv+vvh<vvO:

k
|vv#Cf@vvJvvt

x
vvuCpvv]vv{Svvzvv(cE!vvWvv9Fvv,yvv%vv9.pvv%vv,@vvJvvt

x
vvuIvvQ*vv9JGyvvJvvQvvv?

@vzvxsvzv+v;
k

ChvvDv+vQG
k

,yvPGpv{ffvOeG:SvAvtvQGQhGyvAvWv(w$v9JGyvJvtv+vtv+v?svO:@vwv(f@vzvx
Gyvv}vvqvvAvvQn\vv?@vv}vv9|vv9

k
,<vv{*vv}vvwvv#Cf@vv"vvWvvzsvv(iOGLvvzvv+vv?|vvMvvAvvzvvqvv?.E:Cf|vvgvvdvv~Gyvv(Yvv;J

Gyvv=vvTvv+vvavv?@vvTvvzvvxSvvzvv(vvv9
k

svvQ*vv=vv9
k

|vv#Svvzvv(cGyvv(Yvvzvv?Gyvv}vvDvv9yvv+vv?(Gyvv}vvqvvZvvzvv+vv?fvv9OI)|vv#Ivv+vvE
GpvvvAvvvQGVCfGSvvvAvvvgvvv}vvv9yvvv%vvv9B|vvv#fvvv}vvvzvvv+vvv9

k
.hEPGvvvv9fCvvv}vvv?Vvvvxpvvv,OQFvvv?GyvvvDvvv=vvv9J(@ovvvgvvvQa

Gyvv(Yvv;JIvv+vv"vv8vvP<vv9yvv(Yvv;JVvv=vv&GyvvGvv9Svv8vv?),hFvv>h\vvh@vvtvvO*vvQyvv}vvqvvgvv(yvv%vv9<vvJvv+vvE
*vv}vvwvv#IvvTvv9H@vv(RwYGyvvtvv(iGyvvOGLvvzvv+vv?\vv}vv#fvv"vv9YvvQCvvvDvvQhGsvvgvv+vv?.hEPGvvv9!vvBGyvvqvv9FvvOI
G !vvWvv9Fvv+vv?yvvGvvgvv{GyvvTvvzvv(c|vvDvv9yvv+vv9

k
*vvgvv(xVfvv#@vvwvv9yvv+vvrGyvvAvvZvv"vv+vvhhGyvvAvvGvv}vv+vvhG \vv9pvv+vv?,

hF>GsAQGM|9*]}#@Jt+uGyTz(cGy}D9y,.

Gyg"9YQGyW=w+?hG}_QPGJGy(Y;JGCqZz+?
vvvv9!vvvBFvvv}vvv+vvvhGyvvvgvvv"vvv9YvvvQG !vvvWvvv9Fvvv+vvv?GyvvvAvvv,!vvvdvvvQ!vvv9pvvv+vvv%vvv9IvvvAvvv)G6fYvvvzvvv=vvv?,Cvvvv9!vvvB

|vTvavJv?Ce|vJv"v+v?.hvv9fG:$vAv}v9e<v9yvDv"v,fvzv)!vJv(|vAvgv9|vO|vhGyv}vGv9R}!v&*v(y
x
vOpv,

Gyvvgvv"vv9YvvQGyvv}vvAvvtvv(xSvv?svv(iYvv9pvv+vv?(\vvjvvbChVvvO)h*vvtvvz
x
vv[GyvvJvv}vv{GyvvTvv9vvv#Gyvv}vvAvv}vvD

x
vv{

<vvzhRGfGyvvgvv9Q\vv9JhGyvv=vv;_vv9JGyvvAvv,@ovvZvv}vvv~yvvAvvJvvtvv+vvu|vvGvv9RGJCvvv=vvQ.C|vv9G}_vvQGyvv%vv+vvwvvzvv+vv?
PGJGyvv(Yvv;JGyvv}vvqvvZvvzvv+vv?pvv%vv,_vvQ*vvtvv?CLvvQiyvvAvvJvvtvv+vvuGyvv"vv%vv9*vv9J!vvqvvTvv%vv9.h$vvPgpvvwvvQI
LvvZvv=vv?FvvOG

k
,pvvDvv}vv?CVvvwvv9dvvvDvv+vvQI|vv#$vvPGGyvv"vv(Y|vv#G}_vvQsvv+vvOG:SvvAvvgvv}vv9d,Svv(GA

Gyvv}vvTvvAvv(*vv?(PGJGyvvTvv}vv9vvv?GyvvZvvjvv+vvQIvvv9yvvgvv9Q\vv9J)ChGyvvDvv;Cvv+vv?G}<vvgvv9O,|vvDvv{Gyvv=vv;_vv9J
Gy}TaJ?(V=w9JC"9F+?Gya=t9J)hGy}"J"+?(V=w9JhI+OIGya=t?v9yt=>).

hGyvvvGvvv}vvvzvvv(f(truss),Gyvvv}vvv=vvv+vvvv#pvvv,GyvvvWvvvwvvv{11.10,$vvv(hGIvvvO|vvv#C<vvvTvvvbCVvvvwvvv9d
G}_vvQGyvv%vv+vvwvvzvv+vv?PGJGyvv(Yvv;JGyvv}vvqvvZvvzvv+vv?,hSvv(a!vvTvvAvvgvv}vvzvv& *vv]vv9MGyvv}vv=vvOC.*ovvgvvAvv=vvQ
GyvGv}vzv(ffv"vZvQ|vGv9R*ovqvAvQVCfFv}v+vhhYv;@v&|vqvZvzv+v?,hCfCIv}v9yv&hOfv9|v9@v&$v,
vvvvAvvvzvvvxGyvvv}vvv=vvv+vvv"vvv?pvvv,GyvvvWvvvwvvv{.h<vvv9yvvv"vvvdvvvQEyvvv)fvvv"vvv9YvvvQGyvvvGvvv}vvvzvvv(fhGIvvvOG

k
@vvvzvvv(G6LvvvQ,|vvv#

Gyvv}vv}vvwvv#@vvJvvO*vvOIpvv}vv{vvv{hGIvvO|vv"vv%vv9hGQ@vvwvv9Rg:SvvAvv"vvAvv9L@vvWvv(wgVvvwvvzvv&.*vv"vvAvvtvv{GyvvJvv}vv{
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Gyvv}vvavv=vvufvvzvv)GyvvgvvtvvOIa|vv=vv9VvvQIEyvv)Gyvvgvv"vvZvvQ1GyvvPj*vvQ@vvwvvRfvvzvv)GyvvgvvtvvOIb.h$vvPG
*vvtvvZxvvQGyvvgvv"vvZvvQ1}!vv&pvv,Ivv9yvv?\vvjvvb.yvvPG*vvGvv>@vvZvv}vv+vv}vv&fvvzvv)C!vv&fvv}vv(O(:IvveCf
GyvvJvv}vv{Svv(a*vvwvv(f|vvJvv(Q*vv9

k
,hCfGyvvgvv"vvZvvQ*vv}vvwvv#Cf*vvAvvJvv"vvv>).h@vv"vvAvvtvv{Gyvvtvv(i|vv#

GyvvgvvtvvOIbEyvv)Gyvvgvv"vvZvvQ2.yvv"vv"vvdvvQG6fpvv,|vvqvvgvv(dPyvvxpvv,$vvPGGyvvgvv"vvZvvQ.@vv"vvWvvzsvv(I
<vv9@vvGvv9gG}Svvqvv{@vvGvvO|vvQ@vvw

n
vvRyvv%vv9pvv,GyvvgvvtvvOIc.pvv+vv}vvAvvbGyvvgvv"vvZvvQ2}!vv&pvv,Ivv9yvv?VvvO,

hyvvvPG*vvvgvvv}vvv{<vvv(Yvvvqvvv&VvvvOGOG
k

(:IvvveC!vvv&:*vvvAvvvJvvv"vvvv>).h@vvv]vvvjvvvbGyvvvtvvv(ifvvv"vvvOGyvvvgvvvtvvvOIc

Gyvvgvv"vvZvvQ*vv#3h5|vvgvv9
k

Eyvv)G}Svvqvv{,fvvzvv)ivvQGQ|vv9*vvJvvZvv{pvv,Gyvvtvv(S@vvtvvQ*vv=vv9
k
.h*vv(y

x
vvO

Pyvvxsvv(i\vvjvvbpvv,$vvP*vv#Gyvvgvv"vvZvvQ*vv#@vv"vvAvvtvv{fvv=vvQGyvvgvv"vvZvvQ*vv#4h6Eyvv)GyvvgvvtvvO@vv+vv#e

hg,fvvvzvvv)GyvvvAvvvAvvv9yvvv,.h$vvvPG*vvv(y
x
vvvOIvvv9Fvvv?Eyvvv)hFvvv(Osvvv(ICpvvvtvvv+vvv?fvvv"vvvOGyvvvgvvvtvvvO@vvv+vvv#ehg,

h@vv(p
x
vvQGyvvgvv"vv9YvvQ7h8h9@vvzvvxGyvvtvv(Iyvv%vv9@vv+vv#GyvvgvvtvvO@vv+vv#.h@vvZvv=vvKFvv}vv+vvh$vvPgGyvvgvv"vv9YvvQ
VpvOGOGJ.h<v9yv}v"vavu!vqvTv&,*vZv=vKGyvgv"vZvQ10fv}v(OG

k
hGyvgv"vZvQ11VvOGOG

k
.h@

o
vQOwFv}v+vh

Gyvvvtvvv(i\vvv}vvv#G _vvv9QE|vvv9Eyvvv)svvv(i\vvv9ivvvavvv?(fvvv}vvv(O)Chsvvv(iVvvvO(VvvvOGO).h@vvvQj

GyvOfv9|vAv9fG6fIv}vzv+v#fv}v(O*v+v#pvtvb<v9pvAvQGVCfGyv(Yvzv?<v+v#GyvGv}vzv(fhGyvOfv9|vAv+v#
$,hYz?|qZz+?.

*vvtvv(e$vvPGGyvvAvvJvvzvv+vv{fvvzvv)GpvvAvvQGVCfGyvvGvv}vvzvv(f*vvgvv}vv{<vv(Yvvqvv&$vv+vvwvv;
k

PGhYvv;J

|vvqvvZvvzvv+vv?.E:CfCvv}vv?Ivv9Fvv?Eyvv)hYvv;J@vvAvvZvvr<vvz!vv%vv9fvv}vvzvv+vv?pvv,Gyvv(svvB!vvqvvTvv&GyvvPj
@

o
vvgvvAvv=vvQpvv+vv&|vv#!vv9Ivv+vv?GyvvTvvzvv(cG !vvWvv9Fvv,|vvqvvZvvzvv+vv?.*vv=vv+vv#GyvvWvvwvv{11.11@vv"vvqvv+vvP*vv#Vvv9Fvvgvv+vv#
yvv(Yvvzvv?pvv(:PhhYvvzvv?LvvWvv>fvv"vvOGyvvgvvtvvOIa.h*ovvQjGyvvWvvwvv{CfGyvvgvv"vvZvvQ*vv#3h4$vv}vv9
pvv,Gyvv(Gsvvhsvvavvgvv?hGIvvOI.EfGyvvZvv;<vv?Gyvv}vv"vvMvvqvv]vv?!vvTvv=vv+vv9

k
yvvgvv"vvZvvQjGyvv(Yvvzvv?pvv,$vvPg

GyJ9y?@g",CfpQ\+?CfGy(Yz?|qZz+?$,pQ\+?YJ+J?.
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فردية

Gy=")G !W9F+?vvvvG:SAtQGQp,|(GF%?GyQ*K
pvvv,GSvvvAvvvgvvvQG\vvv"vvv9yvvvzvvvgvvv"vvv9YvvvQG !vvvWvvv9Fvvv+vvv?IvvvAvvv)G6f,vvvv9!vvvBFvvv}vvv+vvvhGyvvvtvvv(ifvvv}vvv(O*vvv?

h!vv9Fvv}vv?fvv#CIvv}vv9dSvv9vvv"vv?Ch|vvqvvQh\vv?|vv#Ivv+vvEGyvv}vv=vvOC.hfvvQvpvv"vv9|vvqvv9fvv+vv{Gyvvtvv(iivv+vvQ
Gyvvgvv}vv(O*vv?,h@vvzvvxGyvv}vvqvv9fvv+vv{:@vvdvv%vvQE:fvv"vvO|vv9@vv"vvtvv{Gyvvgvv"vv9YvvQCIvv}vv9yvv%vv9Eyvv)fvv"vv9YvvQ
CLvvQiIvvAvv)@vvZvv{Eyvv)G}QV.yvvwvv#Ivv+vv#Gyvv"vvdvvQEyvv)<vv"vv+vv?|vv=vv"vv)<vvzSvvQgsvv9OQIfvvzvv)
Iv}v{@vzvxG}Iv}v9dGyvgv}v(O*v?,pv{!v%v9svO:@vwv(f|vTvAvtvQIpv,|v(GFv%v?CIv}v9dGyvQ*vK.
hpvv,Gyvv(Gsvvh:*vv}vvwvv#Gyvv"vvdvvQpvv,|vvqvv9fvv+vv{CIvv}vv9dGyvvQ*vvKE:<vvgvvO@vvJvvO*vvO<vv"vv+vv?Gyvv}vv=vv"vv)
<Q|A&.

*v}vwv#CIv}v9d
n

GyvQ*vKCf@vgv}v{fv}v(O*v9
k
.hCIvOFv(G!v>GyvQ*vKGyv%vOG|v?yv=v"v+v?Gyv}v=v"v)

G !vvWvv9Fvv+vv?$vv,svv(iGyvvQpvvhGyvvTvv9yvv=vv?fvvzvv)G}SvvavvK,Ivv+vv"vv}vv9@vvROGOSvvQfvv?GyvvQ*vvKpvv,CCvv"vv9A
FvvQ*vv9!vv%vv9Ivv(dGyvv}vv=vv"vv)hpvv(svv&.hfvv"vvO|vv9@vvjvvavv,G}SvvavvKCIvv+vv9RG

k
|vvqvvAvv(Ivv?hGSvvgvv?,*vv}vvwvv#

GyvvQ*vvKOLvv(dGyvv}vv=vv"vv)hCf@vv(y
x
vvO\vvjvvavv9

k
|vv(Fvv=vv9

k
@vvJvvBGyvvTvvtvvr,pvv+vvROGO|vvqvvgvv(dsvv(i

GyvvQpvvh.E:Cf|vvZvvOQGyvvtvvzvvuGyvvQFvv+vvTvv,fvvzvv)C|vv9fGyvv=vv"vv+vv?GyvvWvv9|vvzvv?$vv(Gyvvtvv(iG}pvvtvv+vv?GyvvAvv,
@vv]vvjvvbfvvzvv)Fvv(G!vv>Gyvv}vv=vv"vv).h*vv}vvwvv#@vvzvvxGyvvtvv(iCf@vvwvv(f|vv(Fvv=vv?ChSvv9yvv=vv?,hivv9yvv=vv9

k

|vv9@vvwvv(f|vv(Fvv=vv?fvv"vvOCIvvOGyvvavvQpvv+vv#hSvv9yvv=vv?fvv"vvOG6LvvQ,|vvwvv(x!vv?|vvqvvgvv(:
k
@vv]vv9pvvQ*vv9

k
pvv,

Gyvv]vvjvvbfvvzvv)Gyvv}vv=vv"vv).hCIvvOGyvvGvv(G!vv>G}LvvQiyvvzvvQ*vvK$vv,C!vv%vv9*vv}vvwvv#Cf@vv%vv>|vv#
G@vvGvv9$vv9JCLvvQiCIvv+vv9!vv9

k
<vvQivv~CfCvv}vv?G@vvGvv9$vv9

k
QFvv+vvTvv+vv9

k
yvv%vv9,hyvvPG*vvGvv>@vvZvv}vv+vv~Gyvv}vv=vv"vv)

<J+E*AJ}{GyQ*K|#F}+hG:@G9$9J.
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h*ovgvAv=vQG:SvAvtvQGQGyvWv9|v{yvzv}v=v"v)ERGAGyvQ*vK|vgv+v9Q@vZv}v+v~QFv+vTv,.svO@vwv(fCv}v?
Iv9Fv?Eyv)fv"v9YvQE\v9pv+v?yv}v"vhGyvQ*vK|v#Fvgv{<v"v+v?Gyv}v=v"v)@v]vavQH,h@vzvxGyvgv"v9YvQ
|hhY;@%9@(R

x
YGyt(if=Q<"+?Gy}=")G !W9F+?h@"tz%9<z|9fEy)G}QV.

h|vvgvvdvv~Gyvv}vv"vvdvv(|vv9JG !vvWvv9Fvv+vv?Gyvv}vvTvvAvvgvv}vvzvv?pvv,Gyvv=vv"vv9A$vv,FvvOQGfIvv9|vvzvv?h<vv"vv)
|v|_

v
vQI@vWvAv}v{,pv,|v9@vWvAv}v{fvzv+v&,fvzv)|vgvdv~G}SvtvrGyv(GSvgv?Gyv}vGv9R.C|v9ChFv&
fvvvOeG:SvvvAvvvtvvvQGQGyvvvTvvv9FvvvOIhG FvvvQGAGJGyvvv}vvvA

v
vvvMvvvPIyvvvzvvvtvvv]vvv9Afvvvzvvv+vvv%vvv9pvvvAvvvMvvvAvvvzvvvr<vvv+vvv#$vvv9@vvv+vvv#

Gyvvv}vvv"vvvdvvv(|vvvAvvv+vvv#G !vvvWvvv9Fvvv+vvvAvvv+vvv#.yvvvwvvv#rCvvv}vvv?fvvvOO|vvvJvvvOhO|vvv#_vvvQGFvvvu@vvvGvvv9hRC!vvv}vvv9WfvvvOe
G:SAtQGQGyW9|{@zx*}w#GSAg}9y%9|"qQOICh|Qv

v
=?,|"%9:

!R*9OIG}<g9O(y}(GF%?G:!t;H)

!@j++Q!(YGy(Yz?(|#|qZz+?Ey)C9<A?)

!@(p+Qf"9YQGQ@w9RE\9p+?(f"9YQGSA"9O,Cs(GS...EyN)

!@j++QGyWw{(I",,_,...)
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h*vv=vv+xvv#GyvvWvvwvv{11.12Gyvv=vvOGFvv{Gyvv}vvTvvAvvgvv}vvzvv?pvv,Ivv9yvv?GyvvGvvOQGfhG}_vvQ.EfC$vv~
Vvwv{yvgvOeGSvAvtvQGQGyvGvOQGf$v(G:!vtv;H.yvPGpv{fR*v9OIfvQVGyvGvOGQh@vDv=v+vAv&$v}v9
CvvvDvvQGyvvMvv+vv9QGJGSvvAvvgvv}vv9:

k
yvvzvvJvvqvv9Xfvvzvv)|vvtvv9h|vvAvv&yvvzvvtvv(iG}pvvtvv+vv?Gyvv"vv9Fvv}vv?fvv#\vvjvvb

G}QV(pvv,Ivv9yvv?G}svv=vv+vv?|vvDvv;
k
),:fvv#GyvvQ*vvK.hyvv%vv}vv9@vvavv=vv+vvtvv9J|vvJvvOhOIC*vv]vv9

k
pvv,

Gyvvv=vvv"vvv)Gyvvvwvvv=vvv+vvvQIpvvv,|vvv(GFvvv%vvv?GyvvvQ*vvvK.h|vvv#Gyvvv}vvvQFvvvvKCf@vvvwvvv(fGyvvvGvvvOQGfpvvv(bG}QV

!vvJvv+vvqvv?,hyvvPG@vvgvvAvv}vvOfvvzvv)|vvTvv9!vvOFvvOGQ*vv?(return wall)hOfvv9|vv9JE\vv9pvv?Eyvv)|vvqvvgvv(d
GyGT9AIp,G}Q\+9J.

C|v9pv,Gyv%v+v9vv{,pv{ffvOeG:SvAvtvQGQ*vdv%vQfvzv)Vvwv{@vMvz
w
vh.yvPG*v}vwv#yv5_v9Q

Cf*vvgvvAvv}vvOfvvzvv)Gyvv(Yvv;JGyvvGvv9Svv8vv?(hYvv;JGyvvgvvRe)<vv+vv#Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?,E:Cf
$vvPGGyvvMvv+vv9Qivv9yvv=vv9

k
|vv9*vvwvv(fivv9yvv+vv9

k
.hpvv,Ivv9yvv?G}_vvQPGJGyvv(Yvv;JGyvv}vvqvvZvvzvv+vv?,*vv}vvwvv#

GSvvvAvvvgvvv}vvv9dGyvvvAvvvQ<vvv+vvvb(bracing),h|vvv#Gyvvv}vvv}vvvwvvv#GSvvvAvvvgvvv}vvv9dfvvv"vvv9YvvvQE!vvvWvvv9Fvvv+vvv?CLvvvQi|vvvDvvv{
GyvvGvvOQGfGyvvOGLvvzvv+vv?ChFvvOQGf<vv+vv(JGyvv}vvZvv9fvvO,hGyvvGvvOQGfGyvv}vvtvv9h|vv?yvvzvvtvv[(shear

wall)(|vv}vvQGJGyvvAvv(R*vvhGyvv}vvQvvvR*vv?),ChGyvvjvvavv9AGyvvMvv9QFvv,Gyvv}vvQ<vvvbChGyvv}vvtvv9heyvvzvvgvvRhe
<vv(GSvvavv?fvv#Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?ChhGFvv%vv?.hyvv+vvU|vv#Gyvv]vvQhQj@vvJvvtvv+vvuGSvvAvvtvvQGQvvv{
E_vv9Q,hEPG@vvJvvt

v
vvuGSvvAvvtvvQGQvvv9ampvv,|vvtvvavvhfvv}vv(Ojyvv~_vvQ,pvv{fvvv9|vv{Gyvv=vv"vv9ASvv(a

*vvwvv(f|vvTvvAvvtvvQG
k
.EfCfvvOGOh|vv(G\vvh$vvPgGyvv}vvtvv9_vvhGyvv}vvTvvAvvtvvQIivv+vvQCvv9<vvAvv?,yvvwvv#Gyvv=vv"vv+vv?

G !vvWvv9Fvv+vv?*vvGvv>Cf@vvJvvAvv(jfvvzvv)|vvtvvavvhhGIvvOfvvzvv)G}svv{pvv,vvv{G@vvGvv9gvvv,@vvwvv(f
|vvTvvAvvtvvQI,h|vvtvvavvhhGIvvOBLvvQfvvzvv)G}svv{yvv}vvtvv9h|vv?G:!vv%vv+vv9QGyvvOhQG!vv,yvvwvv9|vv{Gyvv}vv=vv"vv).
hCIvvvOC|vvvDvvvzvvv?Pyvvvx|vvv=vvv+vvvv#pvvv,GyvvvWvvvwvvv{11.15,hSvvv(a!ovvv"vvv9svvvXGyvvv}vvv(\vvv(Y<vvv}vvvR*vvvO|vvv#
GyAqZ+{p,GyqZ{25.

h|vv%vv}vv9vvv9!vvBC!vv(GYGyvvgvv"vv9YvvQGyvvOGfvv}vv?G \vv9pvv+vv?Gyvv}vvTvvAvvgvv}vvzvv?,@vv=vvtvv)fvv"vv9YvvQyvv%vv9
hYvv;@vv%vv9h@vvWvv(w$vv9@vv%vv9hsvv(G$vv9GyvvOGLvvzvv+vv?GyvvMvv9Yvv?<vv%vv9.L

o
vvP|vvDvv;

k
GyvvAvvQ<vv+vvbGyvvtvvavvQjGyvv}vvqvvQO

Gyv}v=v+v#pv,GyvWvwv{11.12.pvAv=vgv9
k

:@vGv9gGyvQ*vK,*v}vwv#fv"vZvQGyvAvQ<v+vbCf*vgv}v{<v(Yvqv&
fv}v(OG

k
(*vgv}v{<v9yv]vjvb)ChVvOGOG

k
(*vgv}v{<v9yvWvO).yvPG*vGv>@vZv}v+v}v&<v(Yvqv&fv}v(OG

k
,

yvvwvv#!vvdvvQG
k

Eyvv)C!vv&!vvJvv+vvr,pvv{!vv&Svv(a*vvwvv(ffvvQ\vv?yvvzvvAvvJvv"wvv>.C|vv9pvv,@vvQ<vv+vvbGyvvWvvO
Gyvv}vvAvvZvv9yvv>,hpvvtvv9

k
yvv}vv9*vv"vvavv(jfvvzvv+vv&GSvv}vv&,pvv+vvGvv>@vvZvv}vv+vv~fvv"vvZvvQGyvvAvvQ<vv+vvbfvvzvv)Vvvwvv{

VOGO*#<J+E*w(fVOGOhGIOpg9:
k

p,CjhsB@=g9
k

:@G9gGyQ*K.
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G F%9OhG:!qg9dhGLA+9QGC(GO
@

o
v}vwpv#OQGSv?|vGv}v(fv?Gyvtv(iGyvOGLvzv+v?pv,Gyvgv"v9YvQG !vWv9Fv+v?|v#OhfCjEVv9QI

Eyvvv)|vvvtvvv9Svvv9@vvv%vvv9hCVvvvwvvv9yvvv%vvv9h|vvv(GO$vvv9.E:Cfpvvv%vvv~CVvvvwvvv9dGyvvvgvvv"vvv9YvvvQGyvvv}vvvWvvv(v$vvv?h|vvvtvvv9O*vvvQ
@vWv(w$v%v9,hsv+v~Gyvtv(iGyvOGLvzv+v?pv+v%v9hpv,hYv;@v%v9$v,GyvAv,@vgvav,pvwvQIfv#@vZv9|v+v~
G}Vvvvvwvvvv9dhGyvvvv}vvvv(GOGyvvvvAvvvv,*vvvv}vvvvwvvvv#Cf@vvvvwvvvv(f\vvvv}vvvv#Gyvvvv}vvvvtvvvv9Svvvv9Jhfvvvv}vvvvzvvvv+vvvv9JGyvvvvAvvvvZvvvv"vvvv+vvvvh
G:sAZ9O*?.

h<vvvjvvv+vvv?Gyvvv}vvv]vvv,pvvv,GyvvvAvvvJvvvzvvv+vvv{,|vvv#Gyvvv]vvvQhQjGsvvvAvvvQGMVvvvwvvv{h|vvvtvvv9Syvvvzvvvgvvv"vvvZvvvQ
G !vvvWvvv9Fvvv,.Ivvv+vvv"vvv8vvvP*vvv}vvvwvvv#Gyvvvtvvv(iGyvvvOGLvvvzvvv+vvv?Cf@vvvwvvv(f@vvv9<vvvgvvv?yvvv}vvvTvvv9Ivvv?|vvvtvvvavvvhGyvvvgvvv"vvvZvvvQ
GyvvvgvvvQ\vvv9!vvv,GyvvvPj@vvvgvvv}vvv{|vvv#Lvvv;yvvv&.h|vvv#Pyvvvx*vvv}vvvwvvv#@vvvJvvvO*vvvOG Fvvv%vvv9OGyvvvPjSvvv(a
*vvAvv(y

v
vvOpvv,Gyvv}vv9OI.h*vvAvvJvvOvOG Fvv%vv9O<vv9yvvtvv(iGyvvOGLvvzvv+vv?Gyvv}vv|C

x
vvQIpvv,Gyvv}vvTvv9Ivv?Gyvv}vvPvvv(QI

GyvvAvv,@vvgvvavv)<vv}vvtvv9SGyvv}vvtvvavvhGyvvgvvQ\vv9!vv,yvvzvvgvv"vvZvvQhVvvwvvzvv&.hIvvAvv)G6f,vvv9!vvBGyvv}vvtvv9_vvh
GyvgvQ\v9!v+v?Yv}v9A,hpv,Gyvgv(GQV,vv9!vB|vTvAvav+vzv?GyvWvwv{,E:Cf@v(RwYG Fv%v9OGJ

fvv=vvQGyvv}vvtvvavvh*vv(Ivv,<vvz!vv&*vv}vvwvv#GSvvAvvgvv}vv9d|vvtvvavvhyvv&GyvvWvvwvv{IChVvvwvv{GyvvZvv"vvOhb.Cj
E!v&*ovTvAvjv"v)fv#Gyv}v9OIpv,Gyv}v"v9_vuGyv}vJv+vav?<v9yv}vJv(QGyvJv+v9Oj,h$vPG*vgv"v,GSvAvgv}v9d
|v(GOCsv{h|v#C

n
v~vhRfCsv{,E:CfPyvx*vjv+xvQ@v(RwYG Fv%v9OGJfv=vQGyv}vtvavh.CjE!v&

|vvv%vvv}vvv9vvvv9fVvvvwvvv{Gyvvv}vvvtvvvavvvhGyvvvgvvvQ\vvv9!vvv,pvvv{f@vvv(RwYG Fvvv%vvv9O*vvv=vvvtvvv)|vvvTvvvAvvvtvvv;
k

fvvv#Gyvvv}vvv9OI
Gy}MA9QI,p%(@9<hyWw{Gyg"ZQhC<g9Ogptb.

E:C!v&:*v}vwv#Gyvtv+v9e<v9LvAv+v9QGyv}vtv9ShGyvWvwv{|v#Ohf|vgvQpv?Lv(GUGyv}v(GO
G !vvWvv9Fvv+vv?,hLvv9Yvv?PGJGyvvZvvzvv?<vvgvv;svv?G Fvv%vv9O<vv9:!vvqvvgvv9d,yvvwvv#yvv+vvUIvvZvvQ*vv9

k
.hsvvO

CYvv=vvK|vv#Gyvv}vv}vvwvv#G6f_vvQMCSvv8vvzvv?fvv#G Lvvqvv9svv+vv#G}Svv9Svv+vv+vv#Gyvv}vvtvvAvvQ!vv+vv#<vv9}OGA
G !W9F,:

!$vvv{Svvv+vvvJvvvZvvv{G!vvv%vvv+vvv9Q?*ovvvgvvvQna$vvvPG<vvv}vvvgvvv+vvv9QG:!vvv%vvv+vvv9Q,h$vvv(*vvvAvvvgvvvzvvvu|vvv=vvv9VvvvQI
<vvMvv(GU|vvAvv9!vv?Gyvv}vv9OI.hyvvAvvJvvtvv+vvuIvv{B|vv#,*vvGvv>Cf*vvwvv(fG Fvv%vv9OGyvvPj@vvAvvJvv}vvvzvv&
Gy}9OICv=Q|#G F%9OGyPj@(y

x
OgGyt(iGyOGLz+?p,|"at?Gy}9OIGy}tAQI?.

!|v9|vtvOGQGyvAvWv(wgGyvPj*v}vwv#Cf*vJvZv{?h*ovgvQa$vPG<v}vgv+v9Qsv9<vzv+v?G}OGA,
h$vv(*vvAvvgvvzvvu<vvMvv(GUG:!vvqvvgvv9dpvv,Gyvv}vv9OI.h*vvGvv>Cf*vvwvv(fGyvvAvvWvv(wg|vvJvvOhOG

k
<vv%vvOa

GyvvJvvqvv9Xfvvzvv)G:SvvAvvtvv9|vv?Gyvv}vvQFvv+vv?h\vv}vv9fE!vv%vv9AGJ:@vvAvvWvvtvvuCh@vvAvvTvv9svvb.h*vvGvv>C:
q

@"qg{Gy="+?G !W9F+?h@%ARI+#@gQw\%9Ey)I}{|qQhV.
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hpvv,Gyvv(Gsvvhyvv+vvUGyvvTvv|GdGyvv=vvTvv+vvbfvv#E|vvwvv9fIvvZvv(dG:!vv%vv+vv9Qvvv9pvv+vv9
k

yvvzvvAvvgvv=vv+vvQfvv#
@vvvJvvvtvvv+vvvu|vvvgvvv+vvv9QG:!vvv%vvv+vvv9Q.pvvv}vvv#CFvvv{GyvvvJvvvO|vvv#|vvvMvvv9_vvvQG:!vvv%vvv+vvv9QIvvv+vvv#@vvvZvvv}vvv+vvv~<vvv"vvv+vvv?
GsvvvAvvvZvvv9O*vvv?,svvvO*vvvwvvv(f|vvv#G}Ob_vvvQMGyvvvTvvv|Gd:|vvv9GIvvvAvvv}vvv9dG:!vvv%vvv+vvv9Q\vvv}vvv#cvvvQha

GyvAvWvjv+v{Gyv(Gsvgv+v??yvPG*vGv>Cf*vJvAv(jGyvAvZv}v+v~fvzv)fv9|v{C|v9f,h*vGv>Cf*vwv(f
$vPGGyvgv9|v{Cvv=vQvvzv}v9vv9fGyvAvZv}v+v~CvvDvQIvTv9Sv+v?yvAvjv+wvQGJGyvAvJv}v+v{hLv(GUGyv}v(GO.
C|vv9vvv+vvqvv+vv?CLvvPPyvvxpvv,GyvvJvvTvv=vv9fpvvAvvgvvAvv}vvOfvvzvv)!vv%vvHGyvvAvvZvv}vv+vv~Gyvv}vvAvvv=vvh,h$vvPGLvv9QL
!a9bG$A}9e$PGGywA9H.

hpvv,|vv9*vvMvv[Gyvv}vv(GOEpvvQGO*vv9
k

,Cvv}vv?fvv;svv?<vv+vv#G Fvv%vv9OGyvvJvv9Yvv{pvv+vv%vv9h|vvtvvOGQ
G:!vvqvvgvv9dGyvvPj*vv|OjEyvv+vv&,h@vv=vvtvv)@vvzvvxGyvvgvv;svv?Lvvavv+vv?IvvAvv)!vvtvvavv?@ovvgvvQna<vv9yvvtvv+vv}vv?e.

h@vvvzvvvxGyvvvgvvv;svvv?|vvv=vvv+vvvv"vvv?<vvv}vvv"vvvJvvv"vvv+nvvv,rG Fvvv%vvv9OhG:!vvvqvvvgvvv9dpvvv,GyvvvWvvvwvvv{11.13GyvvvMvvv9Yvvv+vvv#
<vvv9yvvvMvvvQSvvv9!vvv?hGyvvvqvvv(:P.@vvvJvvvO

x
Ofvvv;svvv?G Fvvv%vvv9OhG:!vvvqvvvgvvv9dFvvvTvvv9AIGyvvv}vvv9OI,Cj|vvvtvvvOGQ

G!vvqvvgvv9yvv%vv9|vvhR*vv9OIG Fvv%vv9O,h$vv,@vvgvv=xvvQfvv#|vvtvvOQI<vvgvv̂Gyvv}vv(GOfvvzvv)@vvJvvtvv+vvuGyvv}vvRG*vv9
G !vvWvv9Fvv+vv?Gyvvwvv9|vvzvv?.pvvtvvO*vvwvv(f|vv#ivv+vvQGyvv}vv}vvwvv#ELvv]vv9Y<vvgvv̂Gyvv}vv(GOpvv,CCvv"vv9AGyvvgvv}vv{
Eyvv)vvv9|vv{svv+vv}vv?EFvv%vv9O$vv9G:Svv}vv+vv?|vv#OhfCf*vv|OjG:!vvqvvgvv9dGyvv"vv9Fvv~fvv#PyvvxEyvv)
@vvWvv(w$vv9JVvvO*vvOI.hfvv}vv(|vv9,@ovvZvv"vvh<vv"vv)Gyvv}vv=vv9!vv,|vv#|vv(GOFvv9Svv8vv?!vvTvv=vv+vv9

k
|vvDvv{GyvvJvvGvvQ

hGyMW>hGyMQS9!?hGyq(:P.

hCvvvv}vvvv?Svvvv|Gd$vvvv9eBLvvvvQ*vvvvMvvvv[|vvvvgvvvv+vvvv9QG:!vvvv%vvvv+vvvv9Q.yvvvv+vvvvU"|vvvvAvvvv)Svvvv(a*vvvvJvvvvZvvvv{
G:!vvvv%vvvv+vvvv9Q?"<vvvv{"vvvvv+vvvvrSvvvv(a*vvvvJvvvvZvvvv{?".h$vvvvPgLvvvv9Yvvvv+vvvv?CLvvvvQiyvvvvgvvvv;svvvv?G Fvvvv%vvvv9O
hG:!vvqvvgvv9dpvv,Gyvv}vv9OI*vv}vvwvv#GSvvAvv"vvAvv9Fvv%vv9|vv#GyvvWvvwvv{11.13.E!vv%vv9@vvAvv}vvDvvv{<vv9yvvAvv}vv+vv+vvR<vv+vv#
G:!v%v+v9Q<v9yv%vWv(Vv?hG:!v%v+v9QGyvzvOf.h*ovQj|v"vJv"v,GyvMvQSv9!v?CfG:!v%v+v9QpvGv9Fv,:@v"v%v9Q
GyvvMvvQSvv9!vv?|vv#OhfCjE!vvPGQ|vvQFvv,,}!vv%vv9|vv9OI$vvWvv?.h*ovvQj|vv"vvJvv"vv,Gyvvqvv(:PC!vv&<vvgvvO
sv+v}v?|vgv+v"v?yv5Fv%v9O,@ovgvQna<v"vtvav?GyvMv]v(Y(yield point),*vZv=vK|vgvOvdGyvAvWv(wgCvv=vQ
vvvDvv+vvQG

k
|vvhR*vv9OIG Fvv%vv9O,h*vvdvv%vvQ|vv|VvvQ|vvQFvv,*vvOdfvvzvv)G:!vv%vv+vv9QGyvvPj*vv(Yvvr<vvz!vv&

@vWv(wgyvOf(plastic deformation).hGyvMv9Yv+v?GyvDv9!v+v?$v,CfQpvhGyvJv}v{<vgvOGyv}vQhQ
fvv=vvQ!vvtvvavv?GyvvMvv]vv(Yyvv#*vvgvv+vvOGyvv}vv9OIEyvv)Vvvwvvzvv%vv9G}Yvvzvv,.hpvv,|vvtvv9<vv{GyvvAvvWvv(wgGyvvzvvOf,
Cvv}vv?|vv9*ovvgvvQa<vv9yvvAvvWvv(wgGyvv}vvQf(elastic deformation),hpvv+vv&@vvgvv(OGyvv}vv9OIEyvv)Vvvwvvzvv%vv9
G}Yz,<gOQphGyJ}{f"%9.
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h<vvgvvO|vvgvvQpvv?Gyvvgvv;svv?<vv+vv#G Fvv%vv9OhG:!vvqvvgvv9dpvv,Gyvv}vv9OI,*vv}vvwvv#@vvtvv+vv+vv~GyvvWvvwvv{
hGyvv}vvtvv9ShLvv(GUGyvv}vv(GOGyvv}vvtvvAvvQIvv?yvvwvv{fvv"vvZvvQyvv]vv}vv9fCfG Fvv%vv9OGJGyvvAvv,@vv(y

x
vvO$vv9

Gyvtv(iGyv}vav=vtv?fvzv)Gyvgv"v9YvQ:@vR*vOfvzv)|v9@vTvAvav+vh@vJv}wvzv&hCfG:!vqvgv9:JGyv"v9Fv}v?
f#G F%9OGJ:@|OjEy)@W(w$9Ji+Q|t=(y?.

@

o
vvvgvvvAvvv=vvvQfvvv}vvvzvvv+vvv?GyvvvAvvvOsvvv+vvvu$vvvPgpvvv,Vvvvwvvv{h|vvvtvvv9SGyvvvgvvv"vvvZvvvQGyvvv}vvvtvvvAvvvQIvvv+vvv#|vvv#!vvv9Ivvv+vvv?

G F%9OGJhL(GUGy}(GOCS9S9
k

yzAJz+{hGyAZ}+~G !W9F++#.

GyAJz+{hGyAZ}+~G !W9F+9f
<vvvgvvvOGSvvvAvvvgvvvQGVC!vvv}vvv9WGyvvvAvvvJvvv}vvv+vvv{hGsvvvAvvvQGM|vvv"vvvdvvv(|vvv?|vvv#Gyvvvgvvv"vvv9YvvvQhGyvvv(Yvvv;J

G !vvWvv9Fvv+vv?Gyvv}vvTvvAvvtvvQI<vvavv=vv+vvgvvAvv%vv9,|vv#Gyvv}vv}vvwvv#@vvJvvO*vvOGyvvTvvzvv(cG !vvWvv9Fvv,yvvwvv{fvv"vvZvvQ
hhYvvzvv?|vvhC!vv}vv9WGyvvtvv(iGyvvAvv,@vv"vvWvvzpvv,vvv{|vv"vv%vv9.h<vv}vvgvvQpvv?GyvvTvvzvv(cGyvv}vvAvv(s

v
vvhyvvzvv=vv"vv+vv?

G !vvWvv9Fvv+vv?hGyvv}vv(GO<vv(Fvv(OG Fvv%vv9O,|vv#Gyvv}vv}vvwvv#GsvvAvvQGMCVvvwvv9dh|vvtvv9Svv9JGyvv}vvtvv9_vvh

GygQ\9!+?hGy}(GOGy};F}?yAzxGy="+?h@q9Y+{@"q+P$9.

h|vv#Gyvv]vvQhQj@vvtvv+vv+vv~COGA@vvzvvxGyvv}vvtvvAvvQIvv9Jyvv}vvgvvQpvv?Yvv;Ivv+vvAvv%vv9yvvAvv(pvv+vvQGyvv}vvAvv9!vv?
Gyvvwvv9pvv+vv?\vv}vv#GyvvJvvOhOGyvv}vvTvv}vv(M<vv%vv9|vv#GyvvAvvWvv(wg|vv#OhfCf@vv"vv%vv9Q.h*vv}vvwvv#h\vvh
Gyv}vtvAvQIv9JG}hyv+v?fv9OI<v"v9Afvzv)Lv=vQISv9<vtv?pv,|vGv9dGyvAvWv+v+vO,hfvzv)pv%v~

m
yv"vdvQ*v?

G !vvWvv9AGJh_vvQGFvvuGyvvAvvZvv}vv+vv~.h@vvgvvR
x

R!vvdvvQ*vv9JGyvv}vv+vvwvv9!vv+vvxh|vvtvv9h|vv?Gyvv}vv(GOGyvv}vvgvvQpvv?
Gyv%v"vOSv+v?.h@

o
vTvAvgv}v{@vzvxGyv"vdvQ*v9Jyv(\vhfv;sv9JQ*v9\v+v?@vAv"v=vvz<v9yvtv(ihG Fv%v9OGJ
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hSvvzvv(cGyvv}vv(GO<vvOsvv?vvv9pvv+vv?yvvzvv(Cvv(b<vv%vv9pvv,fvv}vvzvv+vv?GyvvAvvZvv}vv+vv~.E:C!vv%vv9*vvGvv>Cf@vvTvvAvv"vvO
Eyvv)|vvtvvOQIChyvv+vv?fvvzvv)@vvZvv(wQSvvzvv(cGyvv=vv"vv+vv?hGyvv}vv(GOPGJGyvvZvvzvv?<vv%vv9.EPGyvv~*vvAvvMvv+vvv{
Gyvv}vv%vv"vvOSGyvvTvvzvv(ch*vvWvvx<vvzfPyvvxGyvvTvvzvv(csvvO*vv|OjEyvv)G Lvvqvv9b,pvv{fGyvvJvvTvv9<vv9J
Gyv;R|v?yvzvAvOsv+vupv,GyvAvZv}v+v~svO:@ovGvQi.hvvDv+vQ|v#G Lvqv9sv9JG !vWv9Fv+v?@ovgvRiEyv)
$PGGyMazp,EYOGQG}Iw9e.

h<vvgvvO|vv9*ovvZvv=vvKSvvzvv(cGyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?GyvvDvv9<vvAvv?|vvqvv%vv(|vv9
k

h*vvGvvQj@vvJvvO*vvOC!vv}vv9W
ELvvqvv9svv%vv9Gyvv}vv}vvwvv"vv?,@vv=vvOCfvv}vvzvv+vv?GyvvAvvJvvzvv+vv{G !vvWvv9Fvv,Gyvv}vvAvv}vvDvvzvv?<vvJvvTvv9H|vvtvv9O*vvQh@vv(Rwfvv9J
Gyvvtvv(iGyvvOGLvvzvv+vv?Gyvv}vvTvvAvvJvvDvv?pvv,Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?.h*vvJvvZvv{GLvvAvv+vv9Qh@vvtvv+vv+vv~CVvvwvv9d
h|vtv9Sv9Jh|v(GOGyvgv"v9YvQ,GyvAv,@vgv9vvU@vzvxGyvtv(i<v"vGv9MyvzvJvO|v#GyvAvWv(wghG!vgvOGe
G:SvAvtvQGQGyv}vJvzv,hGyv}vtvOQIfvzv)GyvAvJv}v+v{,pv,|v9*vTv}v)<vgv}vzv+v?GyvAvZv}v+v~G !vWv9Fv,.
h*vvAvv]vv}vv#GyvvAvvZvv}vv+vv~C*vv]vv9

k
@vvqvv9Yvv+vv{@vv"vvqvv+vvPGyvvgvv"vv9YvvQhGyvv(Yvv;Jyvv]vv}vv9f@vvJvvtvv+vvuGyvvTvvzvv(c

Gy}qAQVp,GyAJz+{.

GAQv?hGyTz(cG !W9F,
GpvAvQ\v"v9pv,GyvAvJvzv+v{IvAv)G6fCfGyvJvQvv9JChGyvAvjv+wvQGJGyv(Iv+vOIpv,G}Vvwv9d

hG}<vvgvv9OG}Yvvzvv+vv?$vv,GyvvAvvWvv(w$vv9JGyvvAvv,@vvJvvZvv{pvv,Gyvvgvv"vv9YvvQGyvv}vvJvv}vvvzvv?.hGpvvAvvQ\vv"vv9C*vv]vv9
k

CfPyvvx*vv}vvwvv#Cf*vvJvvZvv{<vvJvvQ*vv?|vv#OhfCjEfvv9svv?|vv#CFvvRGACLvvQi|vv#Gyvv}vv=vv"vv),
ivv+vvQGyvv(Yvv;Jpvv,|vv9<vv+vv"vv%vv9.C|vv9pvv,Gyvv(Gsvvh,pvvTvv(a@vvwvv(fCvv}vv?IvvQvvv9JCLvvQi@vv"vvGvv~
fvv#@vvjvv+wvvQGJpvv,GyvvdvvQhaGyvvavv=vv+vvgvv+vv?@vvAvvGvvzvv)pvv,@vvjvv+wvvQGJOQFvv?IvvQGQIGyvv}vv(GOh|vvJvvAvv(G$vv9
|vv#GyvvQ_vv(<vv?.:@vvjvv+xvvQ@vvzvvxGyvvJvvQvvv9JC<vvgvv9OGyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?!vvqvvTvv%vv9pvvJvvTvv>,<vv{
*vv}vvwvv#Cf@vv|C

x
vvQpvv,Fvv}vv+vvhG}FvvRGAG}LvvQi|vv#Gyvv}vv=vv"vv)@vv=vvgvv9

k
yvvAvvqvv9Yvv+vv{@vv"vvqvv+vvPGyvv(Yvv;J

hGy}D=A9J.

hIv+v"v}v9@vJvZv{GyvJvQvv9J,pv{!v%v9*v}vwv#Cf@v|C
x
vQpv,Gyv}v"vdv(|v?G !vWv9Fv+v?<v(GIvOI

ChCvDQ|#GyaQGFuGyA9y+?:

!@v|OjEfv9sv?@nvjv+wvQG}<vgv9OEyv)@vjv+v+vQ|vtv9O*vQh@v(Rwfv9JGyvtv(iGyvOGLvzv+v?\v}v#
Gyg"ZQ!qT&.

!EPGvvvv9ffvvvzvvv)Gyvvvgvvv"vvvZvvvQ!vvvqvvvTvvv&|vvv"vvvh@vvvzCvvv+vvvQ@vvvjvvv+wvvvQGJC<vvvgvvv9Og@vvvzvvvxpvvv,G}FvvvRGA
G}LvvQi|vv#Gyvv}vv=vv"vv),pvv{!vv%vv9Svv(a@vvgvv}vv{<vv(Yvvqvv%vv9CIvv}vv9:

k
E\vv9pvv+vv?|vvavv=vvvtvv?fvvzvv+vv&,hyvvPG

@j+xQ|t9O*Qh@(Rwf9JGyt(iGyOGLz+?p+&.
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!EPGCOJGyvvvJvvvQvvvv9Jpvvv,C|vvvwvvv"vvv?CLvvvQi|vvv#Gyvvv=vvv"vvv9A(GyvvvJvvvQvvvv9JG}Q\vvv+vvv?fvvvzvvv)
G}QFvvK)Eyvv)@vvjvv+wvvQpvv,|vv(G\vvh<vvgvv̂GyvvOfvv9|vv9Jpvv,Gyvv}vv"vvdvv(|vv?,C|vvwvv#Cf@vvJvvZvv{
Ef9OI@(R*hv=+QIyzt(iGyOGLz+?(@AJOOi9y=9

k
<Tz(cGy(Y;J,:Gyg"9YQ).

*vvvGvvv><vvvPdvvvv{Gyvvv}vvvTvvv9fvvv,yvvvzvvvAvvv"vvv=wvvv|<vvv%vvvPgGyvvvJvvvQvvvv9Jhh\vvvh@vvvqvvv9Yvvv+vvv{Gyvvv(Yvvv;J
hGyvvvQhG<vvvb<vvvJvvv+vvvE@vvvTvvv}vvvK<vvv9yvvvJvvvQvvvv?GyvvvJvvvQI.hEPGyvvv~*vvvwvvv#Pyvvvx|vvv}vvvwvvv"vvv9

k
hFvvv>GfvvvAvvv=vvv9Q

|q9f+{@zxGyt(iCI}9:
k

hEF%9OGJE\9p+?.

h|v#GyvAvgvtv+vOGJG}LvQiCf<vgv̂Gyv}v(GO,h|v"v%v9GyvMvQSv9!v?,@vTvAv}vQ<v9yvAvWv(wg|vh
GyvvR|vv#<vvQivv~<vvtvv9AGyvvJvv}vv{Cvv9<vvAvv9

k
.h@vvgvv"vv,$vvPgGyvvdvv9$vvQI,Gyvv}vvgvvQhpvv?<vv9yvvRIvvr(creep),Cf

|vqv9fv+v{@vjv+wvQGJG}<vgv9O@vzvx*v}vwv#Cf@vJvZv{pv,hsvB|v9|v#Gyv}vTvAvtv=v{|v|O*v?Eyv)
G!vv%vv+vv9QGyvv}vv=vv"vv)pvv,hsvvB|vv9<vvgvvOEVvvjvv9yvv&.h$vv"vv9c@vvJvvzvv+vv{CVvv}vv{yvv%vvPgGyvvJvvQvvv9Jpvv,
GyqZ{12.

h|vv#C!vv(GYGyvvJvvQvvv?Gyvv%vv9|vv?GyvvAvv,*vvGvv>Cf@ovv|LvvPpvv,GyvvJvvTvv=vv9fpvv,@vvZvv}vv+vv~<vv"vv+vv?
Gyv}v=v"v)Gyv%v=v(WGyvAvqv9\vzv,(differential settlement)pv,CSvTv&hsv9<vzv+v?<v"v+vAv&yvzvJvQvv?|vh
PyvxGyv%v=v(W|v#OhfIvOhK|vqv9fv+v{Lvav+vQI.Efvv{@vZv}v+v~Vv9|v{yv=v"v+v?vv=vQi(|vh
Gyvgv"v9YvQhGyv}v(GOhGyv(Yv;J)*vGv>Cf*vAvZvr<v}vQh!v?@vJvO

x
O|vtvOGQGyv%v=v(WGyvAvqv9\vzv,

GyvPj*v}vwv#GSvAv+vgv9<v&<v+v#Ofv9|v9JG}SvUGyv}vAvGv9hQI|v#OhfIvZv(dELvqv9b,h$vPG
|g+9QCOGA|qA9I,yAZ}+~G}SU.

G F%9OGJp,G}QV

GsvAvZvQGyvAvJvzv+v{GyvPjC
o

FvQjIvAv)G6ffvzv)@vJvtv+vu@vWvwv+vzv?|vTvAvtvQI|v#Gyvgv"v9YvQ
G !vvWvv9Fvv+vv?,hPyvvx|vv#Lvv;dGsvvAvvQGMVvvwvv{hC<vvgvv9Oh|vv(GOGyvvgvv"vv9YvvQ,Cvv~GyvvAvvOsvv+vvupvv,Cf
|vvtvv9h|vvAvv%vv9GyvvOGLvvzvv+vv?vvv9pvv+vv?yvvJvv}vv{G}Ivv}vv9d<vvz|vv9f|vv#Ohf@vvWvv(wgChG!vv%vv+vv9QCjFvvRA|vv#
Gyvv}vv"vvdvv(|vv?G !vvWvv9Fvv+vv?.hG}QVGyvvAvv,*ovvtvv9efvvzvv+vv%vv9Gyvv}vv=vv"vv)$vv,FvvRAC*vv]vv9

k
|vv#Gyvv}vv"vvdvv(|vv?

G !vvvWvvv9Fvvv+vvv?,yvvvwvvv#:*vvv}vvvwvvv#Gyvvv"vvvdvvvQEyvvv+vvv%vvv9<vvv%vvvPgGyvvvavvvQ*vvvtvvv?,|vvvhC!vvv&*vvvGvvv>GyvvvAvvvOsvvv+vvvupvvv,
GSvvAvvtvvQGQ$vv9(fvvOe$vv=vv(_vv%vv9)h@vvWvv(w$vv%vv9hG!vv%vv+vv9Q$vv9.hLvv;pvv9

k
}j|vv#Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?

GyA,!9sW"9$9S9<t9
k

,:*}w#@JO*O|(GYq9JG}QV,<{*G>@JQx*%9.

hGyvjvQV|v#GyvAvJvQxj$v(E*vGv9OGyv}vgvzv(|v9JGyv;R|v?yvqvJv[|vtvOQIG}QVfvzv)
@vJv}wv{G}Cvtv9d|v#OhfIvOhK$v=v(W|vqvQWChG!v%v+v9Qpv+v%v9.E:C!v&|v#iv+vQGyv}v}vwv#
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@vvJvvO*vvOE_vv9QGyvvAvvJvvQxjCh!vv(YGyvv}vvgvvzvv(|vv9JGyvv}vvavvzvv(<vv?|vv#Ohf@vvwvv(*vv#pvvwvvQIfvv#C!vv}vv9W
Gyvtv(iGyvAv,@vGv>|vgv9vvTvAv%v9EPGCQO!v9OQAELvqv9bGyvAvQ<v?.h|v#$vPgGyv"v9Iv+v?,$vPg$v,
!vqvUGyvgv}vzv+v?Gyv}vAv=vvgv?|vhvv{Gyvgv"v9YvQG !vWv9Fv+v?,E:Cf@vJvO*vOGyvTvzv(c*vTvAv(Fv>$v"v9
@vvJvvO*vvOVvvwvv{Gyvv}vv"vvavvtvv?Gyvv}vv]vvjvv(_vv?.h$vvPG|vvMvvAvvzvvrvvvzvv+vv9

k
fvv#Ivv9yvv?Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?

GyvvvAvvv,!vvvdvvvQ!vvv9pvvv+vvv%vvv9IvvvAvvv)G6f,}!vvv&:@vvv(FvvvOG6fIvvvOhOChIvvv(GahG\vvvJvvv?yvvvzvvvAvvvQ<vvv?

vAzxGy}(F(OIp,Gyg"9YQG !W9F+?.

*ovvTvv9fvvOGyvv}vvMvvavvavv9fGyvv}vv=vv+vv"vv9fpvv,GyvvWvvwvv{11.14fvvzvv)@vv(\vv+vvK_vvQ*vvtvv?G!vv]vvjvv9W
GyvvAvvQ<vv?hVvvQMvvv{|vv#@vvWvv(w$vv%vv9($vv=vv(_vv%vv9)hSvvzvv(vvv%vv9G:!vv%vv+vv9Qj@vvJvvBh_vvzIG}SvvU
GyvvJvv9|vvzvv?.hyvvAvv(\vv+vvKGyvv%vv=vv(W,*vvgvvavv,Gyvv}vvMvvavvbGyvvPj*ovvQjvvvQGJ[G!vvAvvqvv9Lvv9J]Gyvv]vvjvvb
(GyvvWvvwvv{11.14vvvvC)pvvwvvQIfvv#@vvwvv(wfG Fvv%vv9OGJpvv,GyvvAvvQ<vv?.h$vvPG*ovvQj|vvtvvOGQGyvvAvvQ<vv?
GyPjS(a*JZ{p+&G!qg9d,h|"&*}w#GyA"=w|<9y%=(W.

Cv}v?@vZv"v+vr<vTv+vbyvzvAvQ<v?:|vAv}v9Svwv?(YvzvZv9:Jfv}v(|v9
k
)hiv+vQ|vAv}v9Svwv?(Q|v9d

hIvvZvv)fvv}vv(|vv9
k
).h$vvPGGyvvAvvZvv"vv+vvr|vvqvv+vvOIvv+vv#GyvvAvvqvvwvv+vvQ<vvTvvzvv(cG}QV.hCIvvOGyvvqvvQhb

GyvvTvvzvv(vvv+vv?<vv+vv#GyvvZvv"vvqvv+vv#Gyvv}vvOIGyvvAvv,@vv"vvtvv]vv,IvvAvv)IvvOhKGyvv%vv=vv(_vv9JGyvv"vv%vv9Fvv+vv?pvv+vv%vv9.pvv,
GyvvAvvQ<vv?ivv+vvQGyvv}vvAvv}vv9Svvwvv?,*vvJvvZvv{Gyvv%vv=vv(Wpvv(Q@vvavv=vv+vvuGyvvJvv}vv{.C|vv9GyvvAvvQ<vv?Gyvv}vvAvv}vv9Svvwvv?
pvvAvvTvvAvvjvvQbSvv"vv(GJ,hivv9yvv=vv9

k
yvvzvv(Yvv(dEyvv)Gyvv%vv=vv(WGyvv"vv%vv9Fvv,,hyvvPG*vvGvv>GSvvAvvtvvZvv9A$vvPG

GyTz(cGyA9<hyzR|#yAJt+u@Z}+~B|#.

@

o
v(\

x
vKELvqv9sv9JG:!v%v+v9QGyv}vWv9$vOIpv,GyvAvQ<v?vv+vqv+v?@vwv(wfSvavKsv[pv+v%v9*vZv{

Eyvvv)SvvvavvvKG}QVfvvvzvvv)|vvvTvvv9pvvv?|vvv#G}Svvv9S.h*ovvvQjGyvvvWvvvwvvv{11.14vvvvHSvvvavvvJnvvv,r
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G!vvR:b|vvAvv"vv9cvvQ*vv#.yvvwvv#fvv}vvzvv+vv9
k

,*vvwvvqvv,@vvwvv(wfSvvavvKhGIvvOpvvtvvbyvvJvvZvv(dG:!vv%vv+vv9Q,
Iv+vE*vOhQG}Sv9S|vhSvavKG:!vR:bGyv(Iv+vOGyvGv9!v>.h@vWv+vQ|vtv9Q!v?Gyv}vMvavav+v#,
|vvMvvavvbvvvQGJGyvv]vvjvvbh|vvMvvavvbSvvavv(MGyvvtvv[,Eyvv)IvvGvv~GyvvAvvQ<vv?Gyvv}vvgvvQvVyvv;!vv%vv+vv9Q
hC!vv&yvv+vvUvvvJvvGvv~GyvvAvvQ<vv?Gyvv}vvgvvQvVyvvzvv%vv=vv(W.h*vv=vv+xvv#Gyvv}vvMvvavvavv9f|vvgvv9

k
IvvGvv~G:SvvAvvtvvZvv9A

h!vvv(YGyvvv}vvvgvvvzvvv(|vvv9JGyvvv;R|vvv+vvv#yvvvzvvvAvvv"vvv=wvvv|<vvvTvvvzvvv(cGyvvvAvvvQ<vvv?.Ef@vvvJvvvO*vvvOGyvvvgvvv;svvv?<vvv+vvv#G Fvvv%vvv9O
hG:!vqvgv9d(Cj<v+v#GyvJv}v{hGyv%v=v(W)\vQhQjyvzvAv"v=wv|<v9yv%v=v(W,h@vGv>|vgvQpv?|vtv9h|v?

GyvAvQ<v?yvzvtv[yvzvAv"v=wv|<v9:!v%v+v9Q.h*v}vwv#@vJvO*vO@vzvxG}Vv+v9A<v9yvqvJv(UGyv}vMv=vQ*v?yvgv+v"v9J
@

o
vv|LvvP|vv#GyvvAvvQ<vv?pvv,CCvv"vv9AGSvvAvvtvvZvv9Fvv%vv9Ch<vvqvvJvv(Upvv,Gyvv}vv(svvh!vvqvvTvv%vv9yvvgvv+vv"vv9J|vv#
G}QVGyM9es={Gyt+9e<zjCf}9dp+%9.

yvwv#@vzvxGyvJvOhOGyv}v=v9VvQIyv}vOihG@vTv9YGSvAvtvZv9AGyv%v=v(WhG:!v%v+v9QsvO@vjvqv{
fvvvv#!vvvv}vvvvbG Lvvvvqvvvv9bGyvvvvDvvvv9yvvvvE,CjG:\vvvvavvvvQGHChG!vvvvgvvvvOGeG:SvvvvAvvvvtvvvvQGQGyvvvvgvvvv9e<vvvvTvvvv=vvvv>
G:!vvvMvvvTvvv9a(subsidence).*vvv}vvvwvvv#yvvv;!vvvMvvvTvvv9aCf*vvv|OjEyvvv)IvvvQvvvv?vvvvAvvvzvvv?|vvv#GyvvvAvvvQ<vvv?
@

o
vvR*vv{GyvvOfvv9|vv?GyvvAvv,@vv(p

x
vvQ$vv9G}QVGyvv}vv]vvjvv(_vv?<vvzIvv}vv9dG}SvvU.h*vv}vvwvv#yvv&Cf*vvwvv(f

|vvv#|vvv"vvvWvvvzFvvv+vvv(yvvv(Fvvv,,hCf*vvvAvvvQGpvvvu|vvvhG!vvvR:bCQ\vvv,ChpvvvGvvv(GJSvvvavvvJvvv+vvv?,ChCf
*vwv(fYv"vgv+v9

k
|v#|vMvzvqv9J|v"v9Fv~ChE!vWv9AGJ|vO!v+v?.*vGv>GSvAvtvZv9APyvxC*v]v9

k
,E:

CfG _vv9QGyvv(GSvvhyvv}vv"vvavvtvv?G:SvvAvvtvvZvv9Ah!vv(YGyvv}vvgvvzvv(|vv9JGyvv;R|vv?svvO*vvtvvAvv]vv+vv9fEFvvQGA
OQGSvvv?|vvvwvvvAvvv=vvv+vvv?@vvv9Q*vvvMvvv+vvv?hFvvvjvvvQGpvvv+vvv?Ch|vvvTvvvK_vvv(<vvv(ivvvQGpvvv,yvvvzvvv}vvv"vvvavvvtvvv?.hsvvvO*ovvv=vvvQpRPyvvvx
GyJ9F?Ey)@JQu|9OjChShyz}"at?.

h|vvvv#G:\vvvvavvvvQG<vvvv9JG}LvvvvQiGyvvvvAvvvv,@vvvvJvvvvZvvvv{pvvvv,G}SvvvvU,hGyvvvvAvvvv,:Yvvvvzvvvv?yvvvv%vvvv9
<v9 Fv%v9OGyv}v=v9VvQpv,GyvAvQ<v?,$v(@vjv+wvQIvGv}v%v9Gyv"v9Fv~fv#@vjv+wvQGJ<v+v8v+v?pv,G}QV.

pvvAvvjvv+wvvQ|vvJvvAvv(iGyvvZvvzvvZvv9d|vv#GyvvQ_vv(<vv?*vv}vvwvv#Cf*vvjvv+xvvQvvvDvv+vvQG
k

|vv#IvvGvv~GyvvAvvQ<vv?.pvv,$vvPg
GyvvvZvvvzvvvZvvv9:JGyvvvtvvv9<vvvzvvv?yvvv;!vvvwvvv}vvv9T,*vvvGvvv>Cf@vvv(\vvvhG}SvvvU@vvvJvvvBGyvvv}vvv"vvvTvvv(HGyvvvPj

*vv"vvavv(jfvvzvv)CjLvvavv(QI|vv#@vvjvv+wvvQGyvvQ_vv(<vv?,hE:
q

C|vvwvv#G}SvvUCf@vv%vv=vvb(Ch@vvQ@vvqvvh)
|vvTvvAvvtvvzvv?fvv#G Fvv%vv9Opvv,GyvvAvvQ<vv?Gyvv"vv9Fvv~fvv#CIvv}vv9dGyvv}vv=vv"vv).h@vv]vvM

w
vv~GyvvGvvzvv+vvO$vv(@vvjvv+wvvQ

<vv+vv8vv,BLvvQ*vv|OjEyvv)@vvjvv+wvvQpvv,IvvGvv~GyvvAvvQ<vv?.h|vv#C!vv(GYGyvvAvvQ<vv?Gyvv}vvgvvQv\vv?Eyvv)GyvvJvvQvvv?
pvv,$vvPgGyvvdvvQha,Gyvvavv}vv,hIvvGvvQGyvvGvv+vvQGyvvavvQj(Gyvvavv=vv9Vvv+vvQChvvvQ<vv(!vv9JGyvvwvv9yvvTvv+vv(e)
hGyvvQ|vv{Gyvvavv}vv+vv,GyvvOsvv+vvuh<vvgvv̂GyvvZvvzvvZvv9:JGyvvtvvzvv+vvzvv?GyvvzvvOG!vv?.Cvv}vv?|vv"vv9svvWvv?CvvvDvvQ@vvqvvZvv+vv;

k

yJQv?G}QVp,GyqZ{12.

h@vv(y
x
vvOIvvQvvv9JG}QVG}LvvQi,|vvDvv{GyvvR:Rd,EFvv%vv9OGJpvv,GyvvAvvQ<vv?h@vvjvv+xvvQ|vv#
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Lvv(GYvv%vv9,|vv|O*vv?Eyvv)cvv%vv(Qsvv(iFvvO*vvOI@vvavv=vvvufvvzvv)Gyvv}vv=vv"vv),yvvwvv#Pyvvx<vvgvv+vvO|vv#
|t9YO$PGGywA9H.

GyZ+kG !W9F+?GyQF+T+?

|v#Gyv}v}vwv#Gyvgv(OIG6fEyv)GyvZv+vkG !vWv9Fv+v?GyvQFv+vTv+v?GyvDv;KGyvAv,svO|v"v9$v9pv,
GyvqvZv{3,hQD*v?C!v(GYGyvgv"v9YvQhGyv}v(GOGyvAv,*v}vwv#GSvAvgv}v9yv%v9GsvAvZv9O*v9

k
yvAvWv+v+vO|v=v9fm

PGJCVw9dh|t9S9J|A"(f?}iQGV|MAzq?.

GyGOQGfGyJ9|z?

|vv#Gyvv(G\vvKCfGyvv=vv"vv)Gyvvtvv9Fvv}vv?fvvzvv)GyvvGvvOQGfGyvvJvv9|vvzvv?@vvTvvAvvgvv}vv{@vvzvvxGyvvGvvOQGf
Ofvv9|vv9Jyvv%vv9.hpvv,Gyvv}vv9\vv,,vvv9!vvB$vvPg$vv,GyvvZvv+vvjvv?G !vvWvv9Fvv+vv?GyvvQFvv+vvTvv+vv?Gyvv}vvTvvAvvgvv}vvzvv?
yvAvWv+v+vOGyv}v"v9RdhGyv}v=v9!v,Gyv]vMv}v?PGJG}Iv}v9dGyvwv=v+vQIhGyv}vGv9RGJGyv(GSvgv?!vTv=v+v9

k
,

yvvwvv#Pyvvx@vvavvz
v
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IvAv)fvzv)Gyv}vGv9RGJGyvav(*vzv?.C|v9GyvGv}vzv(fGyv}vDvz

v
vDv,GyvWvwv{Gyv}vTvAvgv}v{yv=v"v9AG}Svtvr

Gyv}v9Fvzv?(pitched roof)pv;*ovTvAvgv}v{fv9OIE:yvzv}vGv9RGJGyvtvZv+vQI,pv,Iv+v#C!v&*v}vwv#
GSvvAvvgvv}vv9dvvv{|vv#GyvvGvvTvv(QhG}svv(GSGyvv=vv9<vv+vv?yvv}vvGvv9RGJ_vv(*vvzvv?@vvZvv{IvvAvv)100|vvAvvQ

I+#GyJ9F?,|hCfGy}G9RGJGyA,$,CsZQCs{@wzq?.

h@vgvAv}vOGyv}vTv9pv9JGyvqv9Yvzv?<v+v#G}_vQfvzv)Gyv}vtvOQIfvzv)@v(pv+vQfv(GQVhSpvw
n
vx

@vvDvv=vv+vvBCyvv(GMGyvvTvvtvvr(G!vvdvvQGyvvWvvwvv{11.7).h@vvZvv=vvKG}_vvQGyvv}vv"vvqvvQOICfvvzvv)@vvwvvzvvqvv?fvvzvv)
Gyvv}vvGvv9RGJGyvvavv(*vvzvv?,hyvvPGpvv{f@vv(\vv+vvgvv%vv9fvvzvv)|vvTvv9pvv9JCvvv=vvQpvv,|vv9<vv+vv"vv%vv9*vv}vvwvv#Cf
*vvtvvz
x
vv[@vvwvvzvvqvvAvv%vv9,E:CfGyvvgvv(GQVhSvvwvvxGyvvAvvDvv=vv+vvB@vvZvv=vvKCfvvzvv)@vvwvvzvvqvv?.hpvv,Ivv9yvv?
Gyvv}vvGvv9RGJGyvvtvvZvv+vvQI,hIvvAvv)Gyvv}vvAvv(Svvavv?,*vv}vvwvv#GSvvAvvgvv}vv9dpvv(GYvv{<vv+vv#G}_vvQ|vv#4
IvvAvv)8C|vvAvv9Q|vvhfvv(GQVCpvvtvv+vv?PGJ|vvtvvavvhZ|vvOQpvvzvv?fvvzvv)Gyvv=vv9QOhSvvwvvx@vvDvv=vv+vvB.
hpvv,Ivv9yvv?Gyvv}vvGvv9RGJGyvvavv(*vvzvv?,*vv}vvwvv#|vvTvv9pvv9Jpvv9Yvvzvv?<vv+vv#G}_vvQ@vvTvv9hj|vv#8IvvAvv)
12|AQG

k
,|hf(GQVhSwx@D=+BLq+q?,Cf@w(fCs{@wzq?.

C|vv9@vv(pvv+vvQG:SvvAvvtvvQGQpvv,|vv(GFvv%vv?GyvvQ*vvKpvv%vv(CvvvDvvQ@vvgvvtvv+vvOG
k

$vv"vv9|vv#Ivv9yvv?G}_vvQ
G !vvWvv9Fvv+vv?.EfG}_vvQGyvv=vv9<vv+vv?ChGyvvGvv9Svv8vv?|vvTvvAvvtvvQI@vvGvv9gGyvvQ*vvKGyvvGvv9!vv=vv+vv?(pvv,|vvTvvAvv(j
G _vv9Q)GyvvAvv,@vvavv=xvvusvv(i@vvtvv(wSE\vv9pvv+vv?fvvzvv)G _vv9Q*vvGvv>@vvJvvzvv+vvzvv%vv9.h!vvdvvQG

k
Eyvv)C!vv%vv9
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C_vvQ|vvTvvAvv(*vv?hyvv+vvTvvB|vvQ<vv(_vv?|vvgvv9
k

Svv(i<vvgvv(GQVCpvvtvv+vv?hSvvwvvx@vvDvv=vv+vvB,pvv{!vv%vv9@vvwvv(f
iv+vQ|vTvAvtvQIpv,|v(GFv%v?CIv}v9dGyvQ*vKGyv}vgv9|vOIyv%v9,hyvPGCv}v?Iv9Fv?Eyv)@vQ<v+vb<v%vPG
G:@vvGvv9g.h*vvgvvavv,Gyvv}vvGvv9RGyvvavv(*vv{|vvTvv9Ivv9JCSvvtvvrhGSvvgvv?,h@vvGvvgvv{Cyvv(GMGyvvTvvtvvr
GyvvvMvvvqvvv+vvvqvvv?@vvvzvvvxG}_vvvQfvvvQ\vvv?Eyvvv)GyvvvQpvvvh<vvv9yvvvQ*vvvKEyvvv)G}fvvvzvvv).h<vvv9pvvvAvvvQGVCfYvvvqvvv9FvvvK

GyvTvtvr@v=vtv)|vDv=vAv?|vhGyv=v"v+v?,*v}vwv#Cf*vMv]vhG _v9QyvAvtv(wSfvwvTv,.pv+vJvZv{VvO
pv,GyvGv9!v>Gyvgvzv(j|v#GyvGv9FvRh\vjvbpv,GyvGv9!v>GyvTvqvzv,.hCIvOChFv&G Lvqv9bpv,
$vvPgGyvvJvv9yvv?$vv(IvvZvv(d@vvJvv"wvv>Eyvv)G}fvvzvv)}fCSvvqvv{Gyvvgvv9Q\vv?ivv+vvQ|vvDvv=vvB.yvvPG,pvv,
Ivv9yvv?G}_vvQGyvv=vv9<vv+vv?Gyvvqvv(:P*vv?,fvvzvv)Svv=vv+vv{Gyvv}vvDvv9d,*vvGvv>@vvDvv=vv+vvBG}fvv}vvOI|vvhGyvvWvvqvv?
GyTqz)|#Gyg9Q\?I.

C|v9GyvGv}vzv(!v9JhGyvGvTv(QPGJGyv(Yvzv?Gyv}vqvZvzv+v?Gyv}vAv(\vgv?pv,Cfvzv)Gyvgv}v(O,
pvvv%vvv,fvvvQ\vvv?yvvvtvvv(iGyvvvQ*vvvKpvvv,G:@vvvGvvv9$vvv+vvv#:GyvvvgvvvQ\vvv9!vvv,hGyvvvavvv(:!vvv,.h*vvv}vvvwvvv#GyvvvQ*vvvK
Gyvvvavvv(:!vvv+vvv?Cf@vvvtvvvzvvv>G _vvv9Qfvvv"vvvOhYvvvzvvv?pCSvvvqvvv{Gyvvvgvvv}vvv(O|vvvhG}Svvv9S,hfvvv"vvvOhYvvvzvvv?
GyvvGvv}vvzvv(f|vvhCfvvzvv)Gyvvgvv}vv(O.yvvPG|vv#Gyvv]vvQhQj@vvQ<vv+vvbCFvvRGAGyvvTvvtvvrGyvv=vv9QRIEyvv)|vv9
hQGAGyGOQGf.

hvvvzvv}vv9vvv9fGQ@vvqvv9YG}FvvRGAGyvv=vv9QRI|vv#@vvzvvxG}_vvQCvvv=vvQhGROGOJGyvv}vvTvv9pvv9J

<vv+vv"vv%vv9,GROGO_vv(dfvv"vvZvvQGyvvAvvQ<vv+vvb.hEPGGSvvA
o
vvgvv}vv{@vvQ<vv+vvb|vvqvvQO,pvv{f!vvJvv9pvv?fvv"vvZvvQ

GyvvvAvvvQ<vvv+vvvbGyvvv}vvvqvvvQ_vvv?@vvvGvvvgvvv{@vvvJvvv"wvvv=vvv&Cfvvvzvvv)GIvvvAvvv}vvv9:
k

pvvv,!vvv}vvvbGyvvv]vvvjvvvb,hyvvvPG*vvvGvvv>
GSvvAvvgvv}vv9dfvv"vv9YvvQ@vvQ<vv+vvbPGJ|vvtvv9_vvhfvvQ\vv9!vv+vv?vvv=vv+vvQI.C|vv9EPGGSvvAovvgvv}vv{@vvQ<vv+vvbVvvO

|vvvAvvvZvvv9yvvv>,pvvv{fR*vvv9OIGyvvvavvv(d:@vvvR*vvvO|vvv#GIvvvAvvv}vvv9dG Lvvvqvvv9b,h$vvvPG|vvv9*vvvGvvvgvvv{
GyAQ<+bGy}ROhLCs{@wzq?.

hGyvv"vv(YGyvvDvv9!vv,Gyvv(GSvvhG:!vvAvvWvv9Q|vv#GyvvTvvtvvrGyvvavv(*vv{Gyvv}vvGvv9R$vv(Gyvv"vv(YGyvvDvv;Cvv,
G}<vvgvv9O.h$vv(*vvgvvAvv}vvOE|vv9fvvzvv)C_vvQGyvv(Yvvzvv?Gyvv}vvqvvZvvzvv+vv?GyvvDvv"vv9Fvv+vv?G}<vvgvv9OyvvAvvwvv(*vv#Vvv=vvwvv9J
|vTvAv(*v?Cv"v9Fv+v?Gyvav=vtv?,|vDv{G}_vQGyvqvQGiv+v?(space frame),Chfvzv)E|vwv9fGyvJv"v,(Ch
Gyvav,)Gyv}vqv+vOyvzv}vGv9RGJ.h*v}vwv#@vJvtv+vuGyvJv"v,E|v9fvzv)Vvwv{Vv=vwv?hIv+vOIGyvav=vtv?
vvAvzvxGyv}vTvAvgv}vzv?pv,Gyvtv=v>GyvGv+v(O*vR*v?(geodesic dome),Chfvzv)Vvwv{<v"v)Yv}v9A

Vv=v+v%v?<v9yv=v;_v?|v#sv=v+v{Gyvtv(GsvhChGyvZvqv9FvKGyv}vav(*v?.h$vPgGyvZv+vkFv9Sv8v?!vTv=v+v9
k

,E:

CfGyvvJvv"vv,*vv}vvwvv#Cf*ovvTvvAvvgvv}vv{C*vv]vv9
k

pvv,<vv"vv)GyvvWvvOGyvvAvv,$vv,CvvvDvvQ|vvQh!vv?hGyvvtvv9Fvv}vv?fvvzvv)
v=9dGyWOChGy=")GyW=w+?.
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h*v}vwv#GSvAvgv}v9d$vPgGyvZv+vkGyvDv;Cv+v?G}<vgv9Oyvzv}vGv9RGJGyv}vAv(Svav?hGyvwv=v+vQI|vh
Lvv+vv9QGJ@vvWvv+vv+vvOh|vv(GO|vvAvv"vv(xfvv?yvvAvvJvvtvv+vvu_vv+vvrhGSvvh|vv#GyvvZvv+vvkGyvvgvv}vvQG!vv+vv?,h$vvPG|vv9
*vGvgv{@vJvzv+vzv%v9|vgvtvOG

k
h*vAvavz

v
v>Lv=vQIvv=v+vQI.yvPGyv+vU|v#Gyv}vgvtv(d@vtvO*v~@v(Yv+v9Jfv#

Yvv+vvkh_vvQGFvvu@vv(\vv+vvh@vvzvvxGyvv=vv"vv)GyvvDvv;Cvv+vv?G}<vvgvv9Ofvvzvv)ivvQGQIvvzvv(dGyvv%vv+vv9vvv{hG}_vvQ
Gy}TA(*?PGJG}StrGy(GSg?Gy}G9R.

hC}?|"9sW?CvDQ@qZ+;
k
yG}+hY+kG}Str@zxp,GyqZ{26.

GyM;Y?

1.*vvtvvAvv]vv,GSvvAvvtvvZvv9AGyvvTvvzvv(cG !vvWvv9Fvv,Ch:
k

pvv%vv~cvvQhaGyvvAvvJvv}vv+vv{GyvvMvv9QFvv+vv?,
hfvzv)hFv&GyvMvZv(UG}Iv}v9dGyvTv9vv"v?hGyv}vqvQh\v?hCIv}v9dGyvQ*vK,pv]v;

k
fv#

CIvv}vv9dGyvvZvvOehG}Ivv}vv9dGyvv}vvAvvJvvQvvv?.h@vv|Oj@vvzvvxG}Ivv}vv9dEyvv)@vvJvvQ*vvxGyvv=vv"vv+vv?Ch
Fvvgvvzvv%vv9@vv]vvavvQH|vv9yvv~*ovvgvv}nvv{fvvzvv)@vvJvvtvv+vvuGSvvAvvtvvQGQ$vv9,h|vv#OhfPyvvx*vv}vvwvv#Cf
@W(xgCh@wTQf"9YQGy}=").

2.EfFvv}vv+vvhCFvvRGAGyvv}vv=vv"vv)fvvQ\vv?yvv=vvgvv̂$vvPgG}Ivv}vv9dfvvzvv)G}svv{,yvvPG*vvGvv>
CLvP@vJv}wvzv%v9pv,GyvJvTv=v9fyvOQACPG$v9,hGSvAvgv}v9d_vQGFvu|v;Fv}v?yvzvAvDv=v+vB.*ov]v9a
Eyvv)PyvvxC!vv&@vv(FvvOpvv,Fvv}vv+vvhGyvv}vv=vv9!vv,|vv"vvdvv(|vv?E!vvWvv9Fvv+vv?hG\vvJvv?svv9OQIfvvzvv)!vvtvv{
@vvvzvvvxG}Ivvv}vvv9dEyvvv)G}SvvvU.h@vvvAvvvzyvvvr@vvvzvvvxGyvvv}vvv"vvvdvvv(|vvv?|vvv#SvvvzvvvTvvvzvvv?|vvv#Gyvvvgvvv"vvv9YvvvQ
G !vvWvv9Fvv+vv?hGyvvOfvv9|vv9JGyvv}vvQ<vv(_vv?|vvgvv9

k
hGyvvAvv,@vv(p

x
vvQ|vvTvv9QGJ:!vvAvvtvv9dG}Ivv}vv9dEyvv)

G}SUf=QGy}=").

3.Cvv}vv?Lvv}vvTvv?fvv"vv9YvvQE!vvWvv9Fvv+vv?*vv}vvwvv#GSvvAvvgvv}vv9yvv%vv9:Gyvvgvv}vv(OhGyvvW
q
vvOGOhGyvvgvv9Q\vv?

hGyvvGvvOGQhGyvv=vv;_vv?.h*vv}vvwvv#GSvvAvvgvv}vv9dvvv{|vv"vv%vv9|vvh_vv+vvr|vv#cvvQhaGyvvAvvJvv}vv+vv{
h@vWvwv+v;JGyvAvOfv+v~GyvAv,@vJvO

x
O@vWv(w$v9JCVvwv9yv%v9h@vgvav,pvwvQIfv#@v(RwYGyvtv(i

GyvvvOGLvvvzvvv+vvv?GyvvvAvvv,@vvv"vvvWvvvzpvvv+vvv%vvv9.h@vvvzvvvxGyvvvtvvv(i$vvv,svvv(i\vvvjvvvbhVvvvOh@vvvtvvv(wShsvvv[

hyv,u.h*v=v+xv#GyvAvJvzv+v{GyvOsv+vuyvAvzvxGyvtv(iC!v%v9@v|hdFv}v+vgv9
k

Eyv)sv(i\vjvbhVvO

ptb.

4.E\vvv9pvvv?Eyvvv)@vvvWvvv(wgGyvvvWvvvwvvv{GyvvvPj*vvvdvvv%vvvQpvvv,G@vvvGvvv9gGyvvvJvvv}vvv{,@vvvdvvv%vvvQ@vvvWvvv(w$vvv9J
fvvQ\vv9!vv+vv?pvv,Gyvvgvv"vv9YvvQGyvv"vvJvv+vvqvv?<vvRGh*vv?svv9Fvv}vv?|vvhG@vvGvv9gGyvvJvv}vv{pvv,Ivv9yvv?Gyvv]vvjvvb.
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h@vvv|OjG}Ivvv}vvv9dGyvvv;|vvvQvvvvR*vvv?C*vvv]vvv9
k

Eyvvv)@vvvWvvv(w$vvv9JE\vvv9pvvv+vvv?@vvvgvvvavvv,svvv(iOGLvvvzvvv+vvv?
FO*OI.

5.@
o
vv}vvwpvv#G:SvvAvvqvv9OI|vv#Ivv"vv,fvv"vv9YvvQGyvv}vvGvv9RGJ.hGyvvJvv"vv,<vv9@vvGvv9gGyvv}vvGvv9R*vv}vvwvv#

Cf*vvzvvjvv,svv(iGyvvAvvtvv(wS@vv9Qvvv9
k

Gyvvgvv"vvZvvQpvv,Ivv9yvv?\vvjvvb(@vvtvv(wS)ChVvvO(@vvOy
x
vv,),

E:C!vv&*vvAvvQcsvv(iCpvvtvv+vv?pvv,GyvvOfvv9|vv9J.hGyvvJvv"vv,<vvRGh*vv?svv9Fvv}vv?|vvhGyvv}vvGvv9R*vvR*vvO
f}uG:!J"9AGyPj*ga,|tahI",Cp]{|h|9OICs{.

6.h@vvvv|C
x
vvvvQ_vvvvQ*vvvvtvvvv?hYvvvv{Gyvvvvgvvvv"vvvv9YvvvvQpvvvv,@vvvv(RwYGyvvvvtvvvv(iGyvvvvOGLvvvvzvvvv+vvvv?.hGyvvvv(Yvvvv;J

Gyvv}vvqvvZvvzvv+vv?,GyvvAvv,@vvTvv}vvK<vv9yvvOhQGf,:@vv"vvtvv{GyvvAvvtvv(wS,pvv,Ivv+vv#CfGyvv(Yvv;J
GyG9S8?:@j+xQ@(RwYEF%9OGJGyAt(wSp,GyOf9|9J.

7.h*vv}vvwvv#GSvvAvvgvv}vv9dGyvv(Yvvzvv?Gyvv}vvqvvZvvzvv+vv?yvvZvv"vvh<vv"vv)Vvv=vvwvv+vv?|vv#fvv"vv9YvvQ|vvGvv9RGJ,

h|vvv#C|vvvDvvvzvvv?@vvvzvvvxGyvvv=vvv"vvv)GyvvvGvvv}vvvzvvv(!vvv9JhGyvvvGvvvTvvv(QGyvvvAvvv,@ovvvTvvvAvvvgvvv}vvv{<vvv(Yvvvqvvv%vvv9Cfvvv}vvvOI
hVpOGOGJyZ"h$+9v{|G9RGJhGSg?hLq+q?!T=+9

k
.

8.h<vvjvv+vv?@vvQvvv+vv>Gyvvgvv"vv9YvvQ\vv}vv#<vv"vv+vv?Gyvv}vv=vv"vv),|vv#Gyvv]vvQhQjG:$vvAvv}vv9e<vv9yvvavvQ*vvtvv?
GyvvAvv,@ovvavv=vvvu<vv%vv9svv(iGyvvQ*vvKfvvzvv+vv%vv9.EfGyvv=vv"vv)Gyvv}vvZvv}vv}vv?yvv~Ivv}vv9dGyvvgvv}vv(O*vv?GyvvTvv9vvv"vv?
hGyvv}vvqvvQh\vv?Svv(a@vvwvv(ffvvzvv)G}QFvvKivv+vvQ|vvTvvAvvtvvQIC|vv9eCIvv}vv9dGyvvQ*vvK,hyvvPG

@vGv>E\v9pv?fv"v9YvQE!vWv9Fv+v?CLvQiEyv)GyvAvZv}v+v~yv}v(GFv%v?$vPgG}Iv}v9d.h*vGv>
@vvvJvvvzvvv+vvv{Gyvvvtvvv(ipvvv,$vvvPgGyvvvgvvv"vvv9YvvvQGyvvvGvvvO*vvvOIhEfvvv9OIGyvvv"vvvdvvvQpvvv,@vvvJvvv}vvv+vvv{Gyvvvgvvv"vvv9YvvvQ
G}Yz+?.

9.<vgvO@vJvtv+vuGSvAvtvQGQGyv}v=v"v)<vQ|vAv&h@vJvO*vOC!v}v9WGyvtv(iGyvOGLvzv+v?hGyvMv9QFv+v?
pvv,<vv"vv+vvAvv&,*vv}vvwvv#@vvJvvO*vvOCVvvwvv9dh|vvtvv9Svv9Jh|vv(GOGyvvgvv"vv9YvvQGyvv}vvMvvAvvzvvqvv?.h*ovvJvvO

x
O

Vvwv{h|vtv9SGyv}vtvavhGyvgvQ\v9!v,yvzvgv"vZvQGyv}v"v9_vuGyvAv,@v|C
x
vQpv+v%v9Gyvtv(iGyvOGLvzv+v?.

h|vvv"vvv%vvv9*vvv"vvvAvvvHG Fvvv%vvv9OGyvvvPj*vvvJvvvZvvv{\vvv}vvv#Gyvvv}vvv9OI.h*vvv}vvvwvvv#GSvvvAvvvgvvv}vvv9dLvvv(GU

G Fvvv%vvv9OhG:!vvvqvvvgvvv9dpvvv,Gyvvv}vvv9OIyvvvzvvvAvvvOsvvv+vvvupvvv,GyvvvWvvvwvvv{hGyvvv}vvvtvvv9SGyvvv}vvvtvvvAvvvQIvvv+vvv#<vvvjvvv+vvv?
@Jt+u|t9h|?v9p+?@o=t,$9|XG Lq9b\}#IOhOf(G|{G}|9f.

10.GpvvAvvQ\vv"vv9pvv,vvv{@vvzvvxGyvvAvvJvvzvv+vv;JCfGyvvJvvQvvv9Jpvv,Gyvv}vv=vv"vv):@vvTvv=vv>G!vvAvvtvv9:
k

yzJ}{|#ChEy)G}FRGAG !W9F+?Chi+QG !W9F+?|#Gy}=").

11.@
o
vgvAv=vQG}QVFvRAG

k
|v#Gyv}v"vdv(|v?G !vWv9Fv+v?yvzv}v=v"v),E:C!v&:*v}vwv#Gyv"vdvQ

Eyvv+vv%vv9<vv9yvvavvQ*vvtvv?fvv+vv"vv%vv9GyvvAvv,*ovv"vvdvvQ<vv%vv9Eyvv)Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?G}LvvQi.<vv{*vvGvv>
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@vvJvvQx*vv%vv9,hE_vv9Q@vvJvvQx*vv%vv9*vvAvvJvvOvO<vv9yvvavvQ*vvtvv?GyvvAvv,@vvdvv%vvQ<vv%vv9G Fvv%vv9OGJpvv,GyvvAvvQ<vv?
h@|OjEy)Gy%=(WhG:!%+9Q.

12.|vv#Gyvv}vv}vvwvv#G6fGyvvgvv(OIEyvv)GyvvZvv+vvkG !vvWvv9Fvv+vv?GyvvQFvv+vvTvv+vv?GyvvDvv;K:GyvvGvvOQGf
GyvvvJvvv9|vvvzvvv?,hG}_vvvQG !vvvWvvv9Fvvv+vvv?,h<vvv"vvv)G}SvvvtvvvrGyvvvavvv(*vvvzvvv?Gyvvv}vvvGvvv9R,<vvv%vvvOa@vvvJvvvO*vvvO
GyvvAvvWvvwvv+vvzvv?G:svvAvvZvv9O*vv?|vv#Ivv+vvEGyvv}vv(GOhGyvv}vvtvv9Svv9JGyvvAvv,*vv}vvwvv#GLvvAvv+vv9Q$vv9yvvAvvWvv+vv+vvO
Gy}=").
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G9MGqG9AX:4Fd

G9EPucG9QXOj:l:dhQG9u7[

!ovvgvv9yvvHpvv,$vvPGGyvvqvvZvv{GyvvGvv9!vv>GyvvQFvv+vvTvv,GyvvDvv9yvvE|vv#GyvvTvvzvv(cGyvv}vv9Ojyvvzvv}vv=vv"vv):@vvJvvzvv+vv{
GyvAvzvrhGyvJvQvv?hG:$vAvQGA.@vJvZv{$vPgGyvgv}vzv+v9Jpv,CCv"v9AIv+v9IGyv}v=v"v),h*v}vwv#yv%v9Cf
@vvMvvq

x
vv̂hCvv(svv+vv?<vv"vv+vvAvv&|vv#Ivv+vvE|vvtvvOQ@vv%vv9fvvzvv)G:SvvAvv}vvQGQpvv,G Svv%vv9epvv,COGFvv&GyvvTvvzvv+vv~.
h$vPGGyvAvJvzv+v{GyvPj*v%vAv~<v9yvAvjv+wvQGJGyvAv,*v}vwv#Cf@vJvZv{|vh|vQhQGyv(svBpv,Svzv(c
@vvzvvxGyvv=vv"vv+vv?,*vv"vvdvvQpvv,G Lvvqvv9svv9JGyvv}vv}vvwvv#IvvOhCvv%vv9hpvv,|vvAvvavvzvv=vv9JOQFvv%vv9|vv#!vv9Ivv+vv?
GyZ+9!?hG Y;Mp,CC"9AI+9IGy}=").

Gy(C(s+?:GyAGO*OhGyZ+9!?hG Y;MhGyAMz
w

[|#GCMzq9J
*vvAvv}vvDvvv{@vvJvvzvv+vv{GyvvTvvzvv(c|vvhGyvvR|vv#<vvOQGSvv?GyvvAvvjvv+wvvQGJGyvv}vv}vvwvv#IvvZvv(yvv%vv9pvv,Gyvv}vv(GO

hGyv}vwv(v!v9JhGyv(Yv;JhGyv}vDv=vAv9JGyvAv,*v}vwv#Cf@v|C
x
vQpv,|vtvOQIGyv}v=v"v)fvzv)@vJvtv+vu

hcvv+vvqvvAvv&.h*vv}vvwvv#GyvvAvvjvv+wvvQGJCf@vvtvvz
x
vv[|vv#|vvTvvAvv(iCOGAGyvv}vv=vv"vv)pvv,Gyvv}vvQIGyvvAvv9yvv+vv?GyvvAvv,
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<vvgvvOFvvPEyvv)GyvvAvv}vvw

w
vv#|vv#@vvZvv(wQGyvv%vv+vv8vv?GyvvAvv,Svv(a*vv=vvOhfvvzvv+vv%vv9Gyvv}vv=vv"vv)pvv,vvv{|vvQIvvzvv?|vv#
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hG!vvvAvvv%vvv9A<vvv9}fvvv}vvv9dGyvvvAvvvtvvv"vvv+vvv?hG OGQ*vvv?.h*vvvGvvv>@vvvgvvvQ*vvvrvvvv{fvvv}vvvzvvv+vvv?|vvvhGLvvvAvvv+vvv9Q_vvvQ*vvvtvvv?
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GyvvAvv,Svv(a@ovvGvvQipvv+vv%vv9hG@vvMvv9PGyvvtvvQGQ<vvWvvzf_vvQGFvvu@vv"vvqvv+vvP$vv9|vv#CFvv{GyvvAvv}vvw
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k
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Eyvv)Gyvv}vv(svvhfvvzvv)Vvvwvv{hIvvOGJ!vvZvvr|vvGvv}vvvgvv?Ch|vvTvv=vvtvv?GyvvZvv"vvh<vv9yvv}vvtvv9Svv9JGyvv}vvtvvQvI
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229



Cv~@vGv}
x
vh@vzvxGyvtvavhyvAvwv(*v#Gyv}v=v"v).h*v}vwv#Gyv"vdvQEyv)G !vAv9Lfvzv)C!v&SvzvTvzv?|v#
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<vvgvv}vvzvv+vv?G !vvAvv9L.IvvAvv)pvv,|vvQIvvzvv?GyvvAvvZvv}vv+vv~,svvO*vvwvv(f|vv#Gyvv]vvQhQjGyvvAvvqvvwvv+vvQ<vv=vvgvv̂
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@vWv+v+vOgChCf*vgv9!v,|v#ELvqv9sv9J|v=vwvQIpv,CCv"v9A@vWv+v+vOgChpv,CCv"v9AGyvTv"v(GJG}hyv)
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\vv+vvqvvB$vv(G|vvX|vvgvvtvv(yvv?Eyvv)GyvvAvvwvvzvvqvv?,*vv=vvtvv)Cvv}vv?Svv|Gdfvv}vvv9*vv}vvwvv#GyvvTvv(bCf
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Gyv}v=v"v)pv,!v%v9*v?Iv+v9@v&,hGyvAv,*v}vwv#Cf@vMv]vhEyv)|vR*vO|v#GyvAv"vtv+vK|v#Lv;d
Gy"dQp,@w9y+rG:SAD}9QhGy}RG*9Gy}9y+?[Gy]Q*=+?].
3.Ivv+vv#@vvtvvO*vvQGyvvAvvwvv9yvv+vvrGyvvAvv,Svv(a@vvAvvQ@vvv>pvv,Gyvv}vvTvvAvvtvv=vv{GyvvtvvQ*vv>,svvO@vvwvv(f
<vv+vv9!vv9JG}Svvgvv9Q|vvAvv(GpvvQI.yvvwvv#GyvvAvvtvvO*vvQGJ<vv9 !vvqvv9bpvv,Gyvv}vvTvvAvvtvv=vv{@vvAvvavvz
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yvAvzvxGyvDvtv9pv9Jpv,GyvJvTv=v9fIv+v#GLvAv+v9QGyvJv{GyvAvtv"v,.Effvzv+v"v9OGFv}v9

k
<vPdvv{GyvGv%vO

yA(p+QGyAt9!?Gy};F}?.

pv,!v%v9*v?GyvtvQfGyvgvWvQ*v#,!vWvzG:$vAv}v9eG:FvAv}v9fv,GyvGvO*vO<v}vqv9fv+vzv"v9pv,Gyv=v+v8v?
Gyvav=v+vgv+v?,h$v(*v"vav(jGyv+v(efvzv)@vzCv+vQfv}v+vupv,|v=v9!v+v"v9hGyvavQ*vtv?GyvAv,!v=v"v,<v%v9.hsvO

Fvvgvvz
n
vv"vv9!vvAvvTvv9Adfvv#GyvvAvvtvv9!vv?Gyvv}vv;Fvv}vv?yvvzvvtvvQfGyvvJvv9OjhGyvvgvvWvvQ*vv#,h$vvPG*vvAvvavvz

v
vv>@vvjvv+wvvQGJ

<vgv+vOIfv#|vgv9Qpv"v9GyvJv9yv+v?.hsvOFvQiGyvAvgv=v+vQfv#PyvxG:$vAv}v9e<v9yv=v+v8v?<v}vtvOQ@v"v9fvzv)
@v(pv+vQGyv}v(GQOyv}vTvAvtv=vzv"v9|v#OhfGyvAv]vJv+v?<vGv(OIGyvJv+v9IGyvAv,!vAv}vAvh<v%v9Gyv+v(eChGyvJvOq

|#B|9dCF+9dGy}Tt={.hsOY+k$PGG:$A}9eGya}(M\}#|q%(eG:SAOG|?.

G:SAOG|?

fvv}vvzvvBFvv}vv+vvhG}Fvv+vv9dfvvzvv)@vvJvvTvv+vv#Fvv(OIGyvvJvv+vv9I}<vv"vv9Fvv%vv9.hsvvOGfvvAvv}vvOJpvv,
Pyvvx,pvv,CCvv"vv9A@vvavv(QGyvv}vvGvvAvv}vvgvv9J,fvvzvv)fvv}vvzvv+vv?G:svvAvvZvv9Oh@vv(yvv+vvOGyvvDvvQhI,hfvvzvv)
@vv(R*vvgvv%vv9fvvzvv)!vvJvv(*vv]vv}vv#GyvvgvvOGyvv?G:FvvAvv}vv9fvv+vv?,|vvh@vv(pvv+vvQIvv(GpvvRyvv~pvvQGO|vv#CFvv{
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GyvvvAvvvavvv(*vvvQG:svvvAvvvZvvv9Oj.hIvvvO
v

OJGyvvvgvvv;svvv?<vvv9yvvv}vvvgvvvAvvvtvvvOGJGyvvvTvvv+vvv9Svvv+vvv?,Gyvvv}vvvtvvvAvvvQ!vvv?<vvv9yvvvtvvv+vvv~
hG}Lv;bhCpv]v{_vQGFvu@vJvqv+vRGyv"v}v(G:svAvZv9OjhGyvgvOGyv?G:FvAv}v9fv+v?,GyvJv9Fv?Eyv)
Gyvv}vv=vv9!vv,,hhpvvQJGyvv(Svv9Fvv{yvv=vv"vv9Fvv%vv9.hsvvOIvvt

v
vvtvv"vv9pvv,GyvvTvv"vv(GJG}Lvv+vvQI@vvtvvOw|vv9

k
GsvvAvvZvv9O*vv9

k

hGFA}9f+9
k

G!gwUGy+(ep,h@+QIi+Q|T=(s?yzAa(wQ.

hFvv}nvvhPyvvxGyvvtvv(@vv+vv#Gyvvgovvd
r
vv}vv+vv+vv#,Gyvv=vv+vv8vv?Gyvvavv=vv+vvgvv+vv?hGyvv}vvGvvAvv}vvh,|vvgvv9

k
.pvv9yvvAvvavv(wQGyvv+vv(e

*vvjvv+xvvQGyvv=vv+vv8vv?Eyvv)IvvOCffvvzvv+vv"vv9|vv(GFvv%vv?E|vvwvv9fC!vv&yvv#@vvwvv(fyvvO*vv"vv9|vv(GQOyvvzvvJvvqvv9Xfvvzvv)
|vgvOd@vav(wQ!v9GyvJv9yv,,ChIvAv)CSv(C|v#Pyvx,*v}vwv#Cf!vGvgv{Gyv=v+v8v?sv9Sv+v?<vJv+vE
yv#!vTvAvav+vh@v(pv+vQGyvJvzv(dGyvAvtv"v+v?yvzvJvqv9Xfvzv)Fv(OIGyvJv+v9Ih@vJvTv+v"v%v9.h*ovgvAvtvOG6f
fvzv)!vJv(hGSvhCfGyvMv+v9QGJGyv}vAv9Iv?,hFv(OIGyvJv+v9IyvzvGv+v{Gyvtv9OeSv(a@vAvzPiEPG
y~!]9pQGyG%(OyzJq9Xfz+%9hfz)GSAtQGQGydQhaG:sAZ9O*?hG:FA}9f+?.

*ovvgvvQa$vvPGGyvvAvv(Fwvv& OLvv9dsvvzvvtvv"vv9fvvzvv)Gyvv=vv+vv8vv?Gyvvavv=vv+vvgvv+vv?\vv}vv#@vvJvvzvv+vvzvv"vv9,hFvvgvvzvv&
FvvvRAG

k
|vvv#fvvv}vvvzvvv+vvv?GLvvvAvvv+vvv9Q!vvv9,<vvv9yvvvAvvv"vvv}vvv+vvv?Gyvvv}vvvTvvvAvvvOG|vvv?(sustainable development),Ch

G:SvvvAvvvOG|vvv?.Ef$vvvPGGyvvvAvvv(Fwvvv&*vvvQiCfG:$vvvAvvv}vvv9e<vvv9yvvv=vvv+vvv8vvv?$vvv9evvvvz$vvv}vvv+vvv?EOGQIG:svvvAvvvZvvv9O
h\}9fGygOGy?<+#F}+hCpQGOGy}GA}h.

:@vMv[GyvAv"v}v+v?Gyv}vTvAvOG|v?Gyv=v"v9Apvtvb,E:Cfyvzv}v=v9!v,|vqvgv(:
k

vv=v+vQG
k

pv,Gyv=v+v8v?,
hpvv,G:svvAvvZvv9OhGyvv}vvGvvAvv}vvhC*vv]vv9

k
,hyvvPG*vvGvv>Cf@ovv|LvvPpvv,GyvvJvvTvv=vv9f|vvZvv9OQGyvvtvvzvvu

GyvvvGvvvO*vvvOIGyvvv"vvv9Fvvv}vvv?fvvv#|vvvqvvv9fvvv+vvvzvvv%vvv9.pvvvgvvvzvvv)ivvvQGQGLvvvAvvv+vvv9QGyvvv}vvv=vvv"vvv)GyvvvPj*vvvAvvvzC
v
vvvQ<vvv9yvvvdvvvQha

G:sAZ9O*?hG:FA}9f+?,*G>G}LPp,GyJT=9fy}qg(y&p,Gy=+8?.

GC|C
x
QGJp,Gy=+8?hChF&GytzuG@O*OI
yvvvtvvvO@vvvQSqvvvNvvvvDvvv+vvvQ|vvv#Gyvvv}vvv|C

x
vvvQGJG:svvvAvvvZvvv9O*vvv?hG:FvvvAvvv}vvv9fvvv+vvv?GyvvvAvvv,@ovvvgvvvAvvv=vvvQ|vvv%vvv}vvv?

yvv;SvvAvvOG|vv?,hGyvvAvv,CC
v
vvQJpvv,@vvZvv9|vv+vv}vv"vv9hpvv,Ivvzvv(dGyvv=vv"vv9AGyvvAvv,GLvvAvvQ!vv9$vv9_vv(GdSvv"vv+vv#

vvvDvv+vvQI.h|vv#@vvzvvxGyvv}vv|C
x
vvQGJ|vvAvvavvzvv=vv9JG}OGAGyvvAvv,h\vvgvv%vv9GyvvR<vv9Fvv#h|vvTvvAvv(*vv9JGyvv=vv"vv+vv?

GyvvAvvJvvAvv+vv?GyvvAvv,_vv(vQ$vv9Gyvv}vvGvvAvv}vvhyvv~!vvWvvavv?GyvvZvv"vv9fvv+vv?.h@vvMvv]vvh@vvzvvxGyvv}vv|C
x
vvQGJyvvzvvAvvjvv+wvvQ

hGyvAvav(wQ.C|v9svzvtv"v9fvzv)Gyv=v+v8v?pv%v(FvO*vO.hsvO@vGvz
v
v)PyvxGyvtvzvupv,G}!vWvav?GyvqvwvQ*v?

hGyvvvTvvv+vvv9Svvv+vvv?hG:FvvvAvvv}vvv9fvvv+vvv?GyvvvAvvv,*vvvGvvv>GLvvvAvvv=vvv9Q$vvv9<vvvjvvv+vvv?@vvvJvvv(*vvvzvvv%vvv9Eyvvv)hGsvvvhfvvv}vvvzvvv,pvvv,
GyJz(dGyAt9!+?.

hsvO!vGv}vBfv#PyvxIv9Fv?Eyv)@vJvO*vOGyv}vTv9Fv{Gyv%v9|v?yv;SvAvOG|v?hGyv=vJvEfv#
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Gyvv}vvgvv9QaGyvvwvv9pvv+vv?:svvAvvQGMIvvzvv(d<vv"vv9A"B|vv"vv?"<vv+vv8vv+vv9
k
.svvO:*vvTvvAvvavv+vvhGyvv}vvZvv}xvv}vv(f@vvJvvzvv+vv{

Svzv(cGyv}v=v"v)Gyv}vtvAvQM,hsvO*ovMvqvu|vAvgv%xvOhGyv=v"v9Apv,EOGQIFv(G!v>GyvGv(OIGyv%v9|v?,Ch
svvO@vvwvv(fLvv=vvQIGyvvgvv}vv9dsvvzvv+vvzvv?pvv,$vvPGGyvv}vvGvv9d,ChsvvO*vvTvv+vv8vv(fGSvvAvvgvv}vv9dGyvvMvv=vvQGJGyvvAvv,
*vv}vvAvvzvvwvv(!vv%vv9.yvvwvv#Cvv}vv?|vvgvv9Qa@vvwvv"vv(yvv(Fvv+vv?yvvOiFvv}vv+vvhChyvv8vvxGyvv}vvWvv9Qvvv+vv#pvv,C!vvWvvavv?
Yvv"vv9fvv?Gyvv=vv"vv9A.hsvvOC

o
fpvvO
v$vvPGGyvvqvvZvv{yvvAvvJvvzvv+vv{GyvvMvv+vv9QGJh@vvtvv+vv+vv}vv%vv9,hpvv+vv&!vvtvvAvvQMCfGyvv=vv"vv9A

Gyvv"vv9FvvK*vvAvvavvz
v
vv>@vvwvv9|vv{|vvgvv9QahLvv=vvQGJChyvv8vvxFvv}vv+vvgvv9

k
.yvvtvvOCYvv=vvK\vv}vv9f@vvwvv9|vv{@vvzvvx

GyvMv=vQGJsv=v{Gyvtv+v9e<v9LvAv+v9QGyvJv{FvRAG
k

|v#GyvAvJvzv+v{,hPyvxyvAvJvtv+vuG}OGAGyv}vavzv(H.

h$vvPG*vvTvvz
x
vvbGyvv]vv(Afvvzvv)GyvvJvv9Fvv?Eyvv)Cf*vvwvv(fGyvvAvvz$vv+vv{hGyvvAvvOQ*vv>hGyvv=vvJvvEhGyvvAvvavv(*vvQ

FRAG
k

|#Ct9p?Gy}GA}hhGyZ"9f?hGy}%#GyA,@oW9Qcp,f}z+9JGy="9A.

E!vv&yvv}vv#GyvvZvvgvv>ivv9yvv=vv9
k

GyvvAvvqvvQ*vvu<vv+vv#Gyvv}vvTvv9Fvv{GyvvAvv,Iovvz
v
vvBh@vvzvvxGyvvGvvO*vvOIIvvtvv9

k
.

pvvgvvzvv)Svv=vv+vv{Gyvv}vvDvv9d*vv}vvwvv#Gyvvtvv(dCfGyvvAvvjvv+wvvQGJG}Lvv+vvQIpvv,|vvAvvavvzvv=vv9JG}|vv9fhGyvvTvv;|vv?

<vJv+vE@vWvAv}v{fvzv)GyvAvZv}v+v~hG !vAv9L:@v}vD
x
v{@vjv+wvQG

k
Fv($vQ*v9

k
pv,QD*vAv"v9yvtv+v}v?GyvJv+v9I,

<v{@vgv=
x
vQfv#@vJvTwv#|vgv9*v+vQ!v9G:svAvZv9O*v?GyvAv,*vGv>Cf*ovZvQaFvRA|v"v%v9fvzv)G}sv{

fvvzvv)|vvgvv9*vv+vvQCfvvzvv)yvv~|vv9fhGyvvTvv;|vv?.yvvtvvOIvvZvv{GyvvAvvjvv+wvvQGyvvGvv($vvQjpvv,Gyvvtvv+vv~GyvvMvv9Yvv?
<vv9}|vv9fhGyvvTvv;|vv?hGyvvZvvJvv?|vvhG Yvv;MGyvvZvvJvv,Gyvvgvv9eGyvvPjvvv9fyvv&|vvqvvgvv(dfvv}vv+vvu
C*vv]vv9

k
pvv,Ivvzvv(dGyvv=vv"vv9A,Ivv+vvEyvv~*vvjvv+xvvQ@vvqvv9Yvv+vv{Gyvv}vv=vv9!vv,pvvJvvTvv>,<vv{ivv+vvvQ@vvQ@vv+vv=vv9J

Gyv}v(svhGyvgv}vzv+v9@v+v?|v#Lv;dEFvQGAGJGyvAvqvAv+vXhsv}vhGyv}vMv9yvqv9J.hsvOvv9fPyvxFvRAG
k

|vv#GyvvJvvQvvv?Gyvvgvv9|vv?<vv9@vvGvv9gGyvvgvvOGyvv?G:FvvAvv}vv9fvv+vv?yvvAvvJvvTvv+vv#GyvvdvvQhaG:FvvAvv}vv9fvv+vv?h\vv}vv9f
GyvvAvv(R*vvhG}hSvvhyvvzvvDvvQhIG:svvAvvZvv9O*vv?GyvvGvvO*vvOIGyvv}vvAvv(y

x
vvOI|vv#GyvvDvv(QIGyvvZvv"vv9fvv+vv?.EfG}|vv9f

hGyvTv;|v?hsv]v9*v9GyvZvJv?$v,Gyv+v(eFvRA|v#Cj@vJvzv+v{yvtv9<vzv+v?<v"v9AGyv}v=v"v)h@vWvjv+vzv&.
hsvvOGSvvAvv(fpvv=vvBh!

o
vvq
x
vvPJGyvv}vvAvvavvzvv=vv9JGyvvGvvO*vvOI\vv}vv#svv9fvvOIGyvv}vvgvvQpvv?hGyvvMvv=vvQIGyvv(GSvvgvv?

Gy}A(GpQIyz}Z}~h|Ag%xOGy="9Ah|Wj
x

{Gy}=").

h|vvv#C|vvvDvvvzvvv?GyvvvtvvvzvvvuG:FvvvAvvv}vvv9fvvv,G}LvvvQiGyvvv}vvv|C
x
vvvQIpvvv,Gyvvv=vvv"vvv9AGSvvvAvvv+vvvgvvv9HGyvvv}vvvgvvv9svvv+vvv#

h\vvQhQIG}LvvPpvv,GyvvJvvTvv=vv9f:IvvAvv+vv9Fvv9@vv%vv~pvv,@vvavv(*vvQ!vv9yvvzvv=vv+vv8vv?Gyvvgvv}vvQG!vv+vv?.h$vvPG|vv#
Iv+vEGyvGv($vQ|vGvQO@v(Sv+vhyvqv%v}v"v9yvzvAvZv}v+v~|v#CFv{Gyv"v9S,h|v#iv+vQGyv}vJvAv}v{Cf
*vwv(fyv&|vqvgv(dfv}v+vupv,Gyv}v=v"v)vv}vqvgv(dG:SvAvOG|v?,E:C!v&*v|C

x
vQpv,GyvavQ*vtv?GyvAv,

!vvv=vvv"vvv,<vvv%vvv9.hpvvv,Ivvv+vvv#C!vvv&yvvv+vvvU|vvv#GyvvvTvvv%vvv{OGFvvv}vvv9
k

@vvvgvvvO*vvv{|vvv=vvv9fmsvvv9Fvvv}vvv?,pvvv{fFvvv}vvv+vvvh
Gyvv}vv|V

x
vvQGJ@vvtvv(dEffvvzvv+vv"vv9GSvvAvv+vvgvv9Hvvv{Gyvv"vv9Spvv,Gyvv}vv=vv9!vv,GyvvGvvO*vvOI,hPyvvx<vvAvvgvvO*vv{

GyvJvzv(dGyvAv,!vTvAvgv}vzv%v9.hyvgv{C<vTvb|vDv9dfvzv)Pyvx@v(pv+vQ|vwv9fOLv(dfv"vOG}<v(GH
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GyvvMvv9QFvv+vv?yvvzvv}vvtvvgvvO*vv#GyvvP*vv#*vvTvvAvvgvv}vvzvv(fvvvQGSvv,|vvAvvJvvQvvv?.pvv(Fvv(OpvvQb<vv+vv#|vvTvvAvv(*vv,
G}Q\vv+vvAvv+vv#GyvvOGLvvzvv+vv?hGyvvMvv9QFvv+vv?*vvJvvAvv9LEyvv)Efvv9OIGyvv"vvdvvQpvv+vv&|vv#Ivv+vvEE|vv9GSvvAvvgvv}vv9d
fvAv=v?|v"vJvOQIChFvgv{Gyv}vTvAv(*v+v#|vAv}v9Cvzv+v#.hpv,GyvJv9yv?G}Lv+vQI,svO*v|OjPyvxEyv)
OLvv(dGyvv}vv9AEyvv)Gyvv}vv=vv"vv)pvv,GyvvdvvQhaGyvvgvv9Yvvqvv?,Lvv9Yvv?pvv,|vv"vv9_vvuGyvvqvv+vv]vv9!vv9J.h$vvPG
*vvvAvvvavvvzvvv>@vvvQ@vvv+vvv=vvv9JFvvvO*vvvOIIvvv(dGyvvvgvvvAvvv=vvv9J@vvvWvvvAvvv}vvv{fvvvzvvv)|vvvGvvv9Qj@vvvZvvvQ*vvvr|vvv9A|vvvjvvvavvv9I
<vJv9FvRVv=vwv,hEFvQGAGJIv}v9*v?|v#Gyvqv+v]v9f@ovZv}vv~<v(Yvqv%v9CFvRGA|v#Gyv}v=v"v)!vqvTv&.
hCvv}vv?fvv(Gsvv>@vvMvv[|vvTvvAvv(*vv9JGyvvJvvZvv9FvvQGyvv}vv9!vvgvv?yvvzvvQ_vv(<vv?h@vvQ@vv+vv=vv9J@vv%vv(*vv?Gyvvavv(G<vvu
G}Q\+?,E:Cf@zxy+TB|Aaz=9JFO*OI,<{@gO*;Jy}=9fm|q%(|?F+OG

k
.

EfFvvv($vvvQGyvvvtvvv]vvv9*vvv9Gyvvv}vvvTvvvAvvvGvvvOI,|vvvDvvv{Gyvvvtvvvzvvvufvvvzvvv)Gyvvv=vvv+vvv8vvv?,$vvv(G:pvvvAvvvtvvv9QEyvvv)svvv9fvvvOI
Gyvv}vvgvvQpvv?svv9Fvv}vv?fvvzvv)Gyvv}vv}vv9QSvv?Gyvvgvv}vvzvv+vv?.<vv9yvvAvvzvvv+vvO,yvv+vvUCvv}vv?|vv#pvv%vv~@vvtvv9!vv,|vv=vv9VvvQyvvAvvzvvx
Gyvvtvv]vv9*vv9<vv+vv#Chyvv8vvxGyvv}vv"vvjvv}vvTvv+vv#pvv,@vvZvv}vv+vv~h@vvWvv+vv+vvO$vv9Gyvv}vv=vv9!vv,h@vvWvv+vv+vvO$vv9.h@vvMvvAvvzvvrOQFvv?
G:pvvAvvtvv9QEyvv)PyvvxGyvvqvv%vv~<vv+vv#G}pvvQGOGyvvP*vv#*vv}vvAvvzvvwvv(fGyvv}vvgvvQpvv?Gyvv}vvAvv}vv}vv?hGyvvJvv{GyvvAvvtvv9!vv,
Gyvwv9|v{,|v#Gyv=v9IvDv+v#IvAv)Gyvgv}v9dGyv+vOh*v+v#.h<v9yvqvgv{,|v#GyvZvgv>@vJvO*vO|v#$v(GyvPj
*}AzxGy}gQp?Gy;R|?yzAqw+Q<zhd|J9hy?yzJ{hh\g%9|(\hGyA"q+PGyg}z,.

h|v#C|vDvzv?PyvxOhGpvhGyvJvqv9Xfvzv)Gyvav9sv?<vgvOCR|v?Gyv"vqvbpv,ChGFv{Sv=vgv+v"v+v9J
GyvtvQfGyvgvWvQ*v#.pvtvOvv9!vBCR|v?GsvAvZv9O*v?|v#Iv+vEGyvGv($vQ,yvwv"v%v9G!vav(Jfvzv)Cf
Gyvv}vvGvvAvv}vvh<vvzSvvQgsvvOCOQc,Chfvvzvv)G}svv{yvv~*vvgvvAvvQVfvvzvv)GyvvJvv9Fvv?Eyvv)G@vvMvv9PEFvvQGA
|vvv9pvvv,|vvv(GFvvv%vvvAvvv%vvv9.hfvvv"vvv)Gyvvvtvvv=vvv(dG:FvvvAvvv}vvv9fvvv,yvvvzvvv}vvv=vvvOCCfG FvvvQGAGyvvvTvvv+vvv9Svvv,vvvv9f
|vvv]vvv}vvv(!vvv9

k
,h$vvvPG|vvv9COiEyvvv)\vvvQhQIG:SvvvAvvvGvvv9<vvv?GyvvvAvvvtvvv9!vvv+vvv?GyvvvTvvvQ*vvvgvvv?FvvvOG

k
yvvvzvvv}vvv(\vvv(Y.

h@vv]vv}vv"vvBEIvvOiG:SvvAvvGvv9<vv9JR*vv9OIvvvqvv9AIGyvvgvvRdGyvvJvvQGQj.h|vv#!vv(GM
m

fvvOI,vvv9!vvB
|vvAvvavvzvv=vv9J@vvJvvtvv+vvuPyvvx<vvgvv+vvOI|vv#E|vvwvv9!vv9JGyvvAvvavv(*vvQGyvvAvvtvv9!vv,yvvAvv(pvv+vvQIvvzvv(d@vvJvv9pvvefvvzvv)
Fvvvv}vvvv+vvvvhFvvvv(G!vvvv>G}OGAGyvvvv}vvvv"vvvvAvvvvdvvvvQI.hpvvvv,Ivvvv+vvvv#CfR*vvvv9OI|vvvvtvvvv9h|vvvv?|vvvvQhQGyvvvvJvvvvQGQIsvvvvO
@vJvt

v
vtvB,hyv~@vwv#GyvAvQ@v+v=v9Jhfv}vzv+v9JGyv}v(svh|vqv%v(|v?<vtvOQvv9amyvAv(pv+vQIvzv(dB|v"v?.
pvvvqvvv,vvvvDvvv+vvvQ|vvv#GyvvvJvvv9:J@vvvQGpvvvtvvvBR*vvv9OIGyvvvgvvvRd|vvvhR*vvv9OIpvvv,GyvvvQ_vvv(<vvv?<vvvTvvv=vvv>@vvvTvvvQH
Gyvv}vv+vv9gChIvvZvv(dGyvvAvvwvv9Cvvr,!vvAvv+vvGvv?:SvvAvvgvv}vv9dGyvv}vv(GOhG !vv%vv9AGJGyvvGvvO*vvOI.hIvvZvv{

G!vv%vv+vv9Qpvv,CvvvDvvQGyvv}vvAvvavvzvv=vv9JC$vv}vv+vv?Gyvv}vvAvv}vvDvvzvv?<vv9yvv=vv+vv8vv?GyvvGvv9pvv?.E:Cf@vvzvvxGyvvZvvgvv(<vv9J
G}hyvv)pvv,GyvvgvvRdCYvv=vvJvvBG6f|vvqvv%vv(|vv?@vv}vv9|vv9

k
hCYvv=vvKyvvO*vv"vv9vvvDvv+vvQ|vv#GyvvJvvzvv(dG6|vv"vv?

yvvR*vv9Ovvvqvv9AIGyvvgvvRd,h$vvPG|vv9Svv}vvK<vvAvvtvvzvv+vv[GSvvAvv%vv;cGyvvavv9svv?hGyvvAvvzvv(wK<vvDvv9!vv,CvvvTvv+vvO
GywQ<(f,h|#C

n
~

v
v9f|q+OG

k
p,@Jt+uG:SAOG|?.
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yvvtvvOIvvt
v
vvu|vvqvv%vv(eGyvvAvv"vv}vv+vv?Gyvv}vvTvvAvvOG|vv?,hpvvtvv9

k
yvvAvvgvvQ*vvqvv%vv9pvv,<vvOG*vv?GyvvtvvQfGyvvJvv9Oj

hGyvvgvvWvvQ*vv#,|vvqvvgvv(:
k
<vv+vv8vv+vv9

k
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$vvv(|vvvGvvvQOfvvv9|vvv{E\vvv9pvvv,pvvv,fvvv}vvvzvvv+vvv?G:LvvvAvvv+vvv9Q.pvvvgvvv"vvvOGyvvv"vvvdvvvQpvvv,@vvvwvvv(*vvv#Fvvv(Gyvvv}vvv=vvv"vvv)
GyvvOGLvvzvv,|vv#Ivv+vvEGyvvAvvOpvv8vv?hG \vv9AIhGyvvAvv%vv(*vv?,*vv}vvwvv#GyvvzvvGvv(AEyvv)Ivvzvv(d|vv"vvMvvqvv]vv?
GSvAv%v;cGyvav9sv?.h*v}vwv#C*v]v9

k
@vtvzv+v[Gyv}vqvgv(dGyv=v+v8v,<vAvJvQxjfv}vzv+v9JGSvAv%v;cGyv}v9A

hGyvvZvvQaGyvvZvvJvv,hGyvvAvvMvvz
w
vv[|vv#Gyvv"vvqvv9*vv9J.hIvv+vv#GLvvAvv+vv9QGyvv}vv(GOhGyvv}vvwvv(x!vv9J@vv=vvgvv9

k

yv}v"vWv8v%v9,pv{fG:$vAv}v9e<v}vAvavzv=v9@v%v9|v#Gyvav9sv?hGyvAvMvz
w
v[|v#pv]v;@v%v9*vtvz

x
v[|vqvgv(yv%v9

Gy=+8,p,Gy}=")C*]9
k
.

h|vv#Gyvv}vvqvv+vvOCf*vvwvv(fCvv}vv?E_vv9Qfvv}vv{*vv}vvwvv#Lvv+vv9QGJ@vvZvv}vv+vv~Gyvv}vv=vv"vv)h@vvqvv9Yvv+vvzvv&
Cf@vvAvv(Gpvvu\vv}vv"vv&|vvhGfvvAvv=vv9QGJG:SvvAvvOG|vv?.hsvvOFvvQi@vvavv(*vvQ!vv%vvH|vv#$vvPGGyvvtvv=vv+vv{|vv#
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Lvvv;dGyvvv}vvv=vvv9OQIGyvvv}vvvWvvvAvvvQvvvv?yvvvGvvv}vvvgvvv+vvvAvvv,G svvvzvvv+vvv}vvv+vvv?GyvvvJvvv+vvv(*vvv?(bioregional)hGyvvvZvvv"vvvOhb
Gyvvgvv9yvv}vv,yvvzvvJvv+vv9IGyvv=vvQ*vv?(World Wildlife Fund WWF)GyvvAvv,@vvTvv}vv)":*vv(FvvOSvv(i
vv(vv>hGIvOIv,"(One Planet Living (or OPL)).pvtvOIvO

v
OJGyv}v=v9OQI@vJvO

q*v9J
Vvvv9|vvvzvvv?GVvvvA

o
vvvt
v
vvvB|vvv"vvv%vvv9|vvv=vvv9OD$vvv9,h|vvv#$vvvPgGyvvv}vvv=vvv9O ho\pvvvgvvvBSvvvzvvvTvvvzvvv?|vvv#G}$vvvOGa

hGyvvMvvavvbGyvvAvv,*vv}vvwvv#GfvvAvv}vv9O$vv9|vv#svv=vv{Gyvv}vvGvvAvv}vvgvv9J.h@vvgvvavv,$vvPgGyvv}vv=vv9O |vvGvv}vv(fvv?
|vv#Gyvvgvv"vv9h*vv#GyvvAvv,*vv}vvwvv#GSvvAvvgvv}vv9yvv%vv9yvvAvvJvvO*vvO|vvR*vvO|vv#G}$vvOGaGyvvAvv,*vvGvv>@vvJvvtvv+vvtvv%vv9
hGyvMvavbGyvAv,*v}vwv#GfvAv}v9O$v9pv,@vZv}v+v~Gyv}v=v9!v,hGLvAv+v9Q@vtv9!v9JE!vWv9Fv%v9.hGyv}v=v9O 

GyvvgvvWvvQI@vvzvvx|vvgvvavv9Ipvv,GyvvGvvOhd15.1.h|vv#Gyvv(G\vvKCf<vvgvv̂@vvzvvxG FvvQGAGJCvvvDvvQ

svv9<vvzvv+vv?yvvzvvAvvavv=vv+vvufvvzvv)Gyvv}vv=vv9!vv,hfvvzvv)@vvavv(*vvQ$vv9|vv#ivv+vvQ$vv9,E:Cf|vv#Gyvv}vv}vvwvv#QD*vv?
Yvv;Jyvv}vvgvvdvv}vv%vv9C*vv]vv9

k
<vv9yvv}vv=vv9!vv,,hyvvPG*vvGvv>@vvJvvO*vvOG FvvQGAGJGyvvAvv,*vv}vvwvv#G@vvMvv9P$vv9

ERGA$vv9Lvv;dOhQI@vvZvv}vv+vv~Gyvv}vv=vv"vv)h@vvWvv+vv+vvOg.h$vvPG*ovv|C
x
vvQpvv,C!vvWvvavv?GLvvAvv+vv9QGyvvAvvtvv9!vv9J

h@J]+QGy}(GYq9JhGyAq9Y+{<9yAzv+O.

GyGOhd15.1|=9O |=9OQIv(v>hGIOI,

:vQ<(f
:!q9*9J
!t{|TAOGe
|(GO|Jz+?h|TAOG|?
iPGA|Jz,h|TAOGe
|9A|TAOGe

|5hj_=+g+?yzJ+(G!9JGy=Q*?
Ct9p?h@QGK

fOGy?GFA}9f+?hfOGy?p,GyAG9QI
YJ?hQp9g

@vvvQv
x
vvvR|vvv=vvv9OQIvvvv(vvvv>hGIvvvOIvvv,G:$vvvAvvv}vvv9epvvv,Gyvvv}vvvGvvvAvvv}vvvgvvv9J,hyvvvPG*vvvZvvv=vvvK|vvv#

Gyv]vQhQjGyvAvTv9Ddfv#vv+vqv+v?ESv%v9eGyv}v=v9!v,pv,Gyv}vGvAv}vh.hIv+v"v8vP*vwv(f|v#Gyv}v}vwv#
@vav=v+vu|v=v9O Gyv}v=v9OQI<v9fvAv}v9OLvavb|v;Fv}v?pv,@vZv}v+v~hGLvAv+v9QGyvAvtv9!v9JGyvAv,Sv(a
@

o
TAg}{p,@W++OGy}=9!,h@Wj+z%9,hGyAMz

w
[p,Gy"%9*?|#Qv9|%9.
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h@
o
vvQjGyvv}vv=vv9OQGJ,|vvDvv{|vv=vv9OQIvvv(vvv>hGIvvOIvv,,CfCvv}vv?_vvQGFvvuvvvDvv+vvQI*vv}vvwvv#

Gyv}v=v"v)Cf*ovTv%v~<v%v9pv,@vtvzv+v[|vqvgv(yv&Gyv=v+v8v,h*ovgvR
x

RGyvAv"v}v+v?Gyv}vTvAvOG|v?.pv}vhEYvOGQ
@vvWvvQ*vvgvv9Jh@vvgvv%vvOGJIvvwvv(|vv+vv?<vvAvvJvvtvv+vvuC$vvOGaG:SvvAvvOG|vv?,@vvdvv%vvQGyvvJvv9Fvv?Eyvv)@vvJvvO*vvO
ESv%v9eGyv}v=v"v)pv,G:SvAvOG|v?.h$vPG*vtv(OEyv)@vav(*vQ|v"vdv(|v9J@vZv"v+vrGyv}vqv9fv+v{Gyv=v+v8v+v?

(environmental assessment rating systems),h|v#C|vDvzvAv%v9sv9!v(fGyv}v"v9RdGyv}vTvAvOG|v?
(code for sustainable homes)GyvvvvZvvvv9OQpvvvv,fvvvv9e2007GyvvvvPj*vvvv}vvvv"vvvvKCvvvv"vvvv9AGJ@vvvvMvvvv[

GyvvGvv(G!vv>Gyvv}vvMvvAvvzvvqvv?|vv#@vvZvv9|vv+vv~Gyvv=vv+vv(JGyvvGvvO*vvOIpvv,E!vvwvvzvvAvvQG,hfvv"vvO|vv9@ovvGvv}vvh!vvtvv9W
GyvvDvv"vv9AGJ@vvzvvx@vv=vvgvv9

k
}$vv}vv+vv9@vv%vv9@ovvgvvavv)fvv;|vv?yvv}vvOi@vvJvvtvv+vvuGyvv}vv=vv"vv)yvv}vvAvvavvzvv=vv9JGyvvtvv9!vv(f.

h@
o
vvgvvavv)G}hRGfG}vvv=vvQpvv,@vvzvvxGyvv}vv"vvdvv(|vv9Jyvv;svvAvvZvv9Opvv,GSvvAvv%vv;cGyvvavv9svv?h@vvMvvqvv+vv̂
EYvvvOGQCvvv9!vvv,CvvvvTvvv+vvvOGyvvvwvvvQ<vvv(f,}!vvv%vvv}vvv9*vvv}vvvD

x
vvv;f|vvv(\vvvhG$vvvAvvv}vvv9eGyvvvJvvvwvvv(|vvv?Gyvvv=vvvQ*vvvavvv9!vvv+vvv?

GyvvQFvv+vvTvv,.h_vvQGFvvuGyvvAvvZvv"vv+vvr@vvzvvx$vv,COhGJ@vv"vvqvv+vvPSvv+vv9Svv9JGyvvJvvwvv(|vv?Gyvv=vv+vv8vv+vv?h@vvtvv(e
fvvzvv)@vvtvvO*vvQGyvv}vvqvv9fvv+vv{Gyvv=vv+vv8vv+vv?GyvvAvv,@vvGvv>|vv(GFvv%vvAvv%vv9hpvvtvv9

k
yvv}vvgvv9*vv+vvQsvv(|vv+vv?.yvvwvv#*vv}vvwvv#

Svv+vv9b@vvavv(*vvQ|vvgvv+vv#Cf*vvgvvavv,:IvvAvv+vv9Fvv9J|vvJvvzvv+vv?,|vvDvv{|vv(GFvv%vv?|vvMvv9_vvQGyvvqvv+vv]vv9fCh
Fvv(G!vv>Ivv+vv(*vv?<vv+vv8vv+vv?|vvgvv+vv"vv?CLvvQi|vvDvv;

k
,C$vv}vv+vv?Cvvv=vvQ|vv}vv9@vvgvvavv+vv&!vvtvv9WCvv"vv9AGJ|vv"vvdvv(|vv?

GyAZ"+r.

GC=9P<(Yq%9|"d(|9J
Ef!vvdvvQI$vvPGGyvvwvvAvv9HEyvv)Gyvv}vv=vv"vv)fvvzvv)C!vv&SvvzvvTvvzvv?|vv#GyvvAvvOpvvtvv9JhG:!vvAvvtvv9:J

Fvv($vvQ*vv?yvvqvv%vv~_vv=vv+vvgvv?Svvzvv(vvv&Gyvv}vvAvvjvv+xvvQI.h$vvPG|vvqvv+vvOpvv,@vvtvv+vv+vv~@vvZvv}vv+vv~Gyvv}vv=vv"vv)hpvvtvv9
k

yvvzvv}vvgvv9*vv+vvQGyvv=vv+vv8vv+vv?.pvv=vvGvvgvv{Gyvv}ovvOLvv;JEyvv)Gyvv}vv=vv"vv),GyvvAvv,@vv|C
x
vvQpvv,Gyvv=vv+vv8vv?,CYvvjvvQ*vv?,

h<vv9yvvtvv+vv9e<vvzpvv]vv{GSvvAvvgvv}vv9dyvvzvv}vv(GQOIvv+vv#hFvv(O$vv9\vv}vv#Gyvv}vv=vv"vv),h<vvAvvtvvzvv+vv[|vv9*vvMvvQL
|vv"vv&Eyvv)CO!vv)IvvO|vv}vvwvv#,*vv}vvwvv#@vvJvvtvv+vvuvvvDvv+vvQ|vv#C$vvOGa@vvMvvqvv+vv̂Gyvv}vvqvv9fvv+vv{Gyvv]vv9QI
<v9yv=v+v8v?.h*v}vwv#QD*v?$vPGfvzv)Cpv]v{hFv&,Q<v}v9,pv,|v9<v9J*ovgvQa<v9yvAvZv}v+v~iv+vQ
Gyvv"vvWvvb.EPGC|vvwvv#E<vvtvv9A@vvOpvvtvv9JGyvvJvvQGQIhGyvv]vv(AhGyvv%vv(GAGyvv"vvtvv,Eyvv)Gyvv}vv=vv"vv)|vvAvv(GR!vv?
<vvJvv+vvE@vvJvv9pvvefvvzvv)cvvQhaGyvvGvv(GyvvOGLvvzvv,|vv#Lvv;dGyvv=vv"vv+vv?G !vvWvv9Fvv+vv?Gyvv"vvWvvavv?hivv+vvQ
Gyvv"vvWvvavv?(G!vvdvvQGyvvqvvZvv{10)<vvO:

k
|vv#GSvvAvvgvv}vv9dLvvO|vv9JGyvv}vv=vv"vv)Gyvv"vvWvvavv?pvvtvvb,vvv9f

|vvvqvvvgvvv(dGyvvv}vvv=vvv"vvv)pvvv,Gyvvv=vvv+vvv8vvv?CYvvvjvvvQ.EfGyvvvMvvvO|vvv9JGyvvv"vvvWvvvavvv?@vvvTvvvAvvvgvvv}vvv{_vvv9svvv?,hyvvvPGpvvv{f
GyvvAvvZvv9|vv+vv~GyvvAvv,@vvTvvAvvavv+vvhG:SvvAvvqvv9OI|vv#GyvvAvvOpvvtvv9Jivv+vvQGyvv"vvWvvavv?*vv}vvwvv#Cf@vvTvv%vv~ESvv%vv9|vv9

k

vvvv=vvv+vvvQG
k

pvvv,@vvvMvvvqvvv+vvv̂GSvvvAvvv%vvv;cGyvvvavvv9svvv?hEYvvvOGQCvvv9!vvv,CvvvvTvvv+vvvOGyvvvwvvvQ<vvv(f.EfG:SvvvAvvvgvvv}vvv9d
GyvvQFvv+vvTvv,yvvzvvavv9svv?pvv,Gyvv}vv=vv"vv)*vvJvvZvv{pvv,GyvvAvvOpvv8vv?hGyvvAvv=vvQ*vvOhG \vv9AIhGyvvAvv%vv(*vv?,hyvvPG
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*vvGvv>Cf@vvwvv(f@vvzvvxG}!vvWvvavv?|vv(\vvhG:$vvAvv}vv9eGyvvQFvv+vvTvv,yvvavvQGFvvuGyvvAvvZvv}vv+vv~ivv+vvQGyvv"vvWvvb
(passive design)hyAt9!9J@Mq+^EYOGQC9!,CvT+OGywQ<(f.

*vvWvvAvv}vv{@vvZvv}vv+vv~Gyvv}vv=vv"vv)ivv+vvQGyvv"vvWvvb<vv+vv8vv+vv9
k

,|vv#Ivv+vvEGvvvAvvTvv9HGyvvavv9svv?h\vv+vv9fvv%vv9,
fvvvzvvv)<vvv"vvv+vvvAvvv&G !vvvWvvv9Fvvv+vvv?hfvvvzvvv)GSvvvAvvvgvvv}vvv9:JCIvvv+vvv9Rg OLvvv9dGyvvv]vvv(AGyvvvavvv=vvv+vvvgvvv,hGyvvvAvvvtvvv9W
GyvvJvvQGQIGyvvAvv,*vv}vvwvv#Cf@ovvJvvQvc\vv}vv"vv&<vvtvv(i_vv=vv+vvgvv+vv?.hGyvv%vvOa|vv#Pyvvx$vv(@vvtvvzvv+vv{
G:fvAv}v9Ofvzv)Gyv}v"vdv(|v9JGyv"vWvav?GyvAv,@vTvAv%vzvx_v9sv?.C|v9Gyv}v"vdv(|v9JGyv"vWvav?GyvAv,:
@vvRGdCvv}vv?Ivv9Fvv?Eyvv+vv%vv9,pvv+vv}vvwvv#Cf@vvAvv]vv}vv#|vvwvv(x!vv9Jsvvzvv+vvzvv?:SvvAvv%vv;cGyvvavv9svv?,hCf

*ovAvJvw
v
v~pv+v%v9|v#Lv;d|v"vdv(|v?EOGQIGyv}v=v"v),h*v}vwv#Gyvav9sv?Gyv;R|v?Iv+v"v8vPCf@ovTvAvGvQ
|#|Z9OQ_9s?|AGOOIyR*9OI@tz+[EYOGQC9!,CvT+OGywQ<(f.

Ef$vvPgG}hFvv&GyvvDvv;Cvv?Gyvv}vvAvv}vvD
x
vvzvv?<vv9yvvAvvZvv}vv+vv~ivv+vvQGyvv"vvWvvbhEOGQIGSvvAvvgvv}vv9dGyvvavv9svv?

h@vv(yvv+vvOGyvvavv9svv?Gyvv}vvAvvGvvO
x

OI*vvGvv>Cf@ovv|LvvPFvv}vv+vvgvv9
k

pvv,GyvvJvvTvv=vv9fpvv,|vvQIvvzvv?GyvvAvvZvv}vv+vv~
Gyv}vqv9$v+v}v,.hyv+vU|v#Gyv}vtv=v(dE\v9pvAv%v9:Ivtv9

k
pv,@vZv}v+v~Gyv}v=v"v)GyvGvO*vO.h|vhPyvx

pv{f|vTv9fv,@vJvTv+v#|vQOhOGSvAvgv}v9dGyvav9sv?pv,Gyv}v=v9!v,Gyvtv9Fv}v?*v}vwv#Cf@ovTv%v~vvDv+vQG
k

p,@tz+[EYOGQC9!,CvT+OGywQ<(ffz)Gy}TA(iGy(_",.

GyAZ}+~i+QGy"Wbyz=+8?GyJQGQ*?
@vvAvvavvzvv>GyvvAvvjvv+wvvQGJGyvvqvvZvvzvv+vv?pvv,<vvQ*vvavv9!vv+vv9IvvAvv}vv9

k
@vvOpvv8vv?pvv,GyvvWvvAvv9AhQ<vv}vv9@vv=vvQ*vvOG

k
pvv,

GyvvZvv+vvr.h$vvPG*vvAvvzC
v
vvQ<vv9yvvwvvTvv>GyvvJvvQGQjGyvvOGLvvzvv,GyvvPj*ovvTvv%vv~pvv,GyvvAvvOpvv8vv?pvv,GyvvWvvAvv9A

h*vvR*vvO|vv#GyvvJvv9Fvv?Eyvv)GyvvAvv=vvQ*vvOpvv,GyvvZvv+vvr.hivv9yvv=vv9
k

|vv9*vvgvv"vv,Pyvvxfvv}vvzvv+vv9
k

CfG:$vvAvv}vv9e
GyvQFv+vTv,pv,|v9*vMv[Gyv}v"v9Rdpv,GyvWvAv9A*vGv>Cf*vwv(f<v9yvAvOpv8v?,C|v9pv,|v9*vMv[

Gyvv}vv=vv9!vv,GyvvAvvGvv9Q*vv?hGyvvZvv"vv9fvv+vv?pvvDvv}vv?fvvOOvvv=vv+vvQ|vv#G}*vv9epvv,GyvvTvv"vv?@vvAvvavvzvv>GyvvAvv=vvQ*vvO.hyvvPG

|vv#Gyvv]vvQhQjCf@vvwvv(fCvv}vv?@vvZvv9|vv+vv~ivv+vvQ!vvWvvavv?*vv}vvwvv#Cf@vvgvv}vv{pvv,cvvQhavvv{|vv#
GyvWvAv9AhGyvZv+vr.h<vQiv~CfGyvtvZvO|v#$vPGGyvAvJvzv+v{$v(@v(pv+vQcvQhaIvQGQ*v?|vQ*vJv?
pvv,Gyvv}vv=vv"vv),Svv(a!vvQiC!vv&*vvGvv>G:$vvAvv}vv9e<vv9yvvAvv%vv(*vv?yvvAvvz|vv+vv#Gyvv%vv(GAGyvv"vvtvv,pvv,Gyvv(svvB
!qT&hC!%9*G>Cf@w(fFRAG

k
|#GyAZ}+~.
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*vvv=vvv+vvv#GyvvvWvvvwvvv{15.1GyvvvAvvvOpvvvtvvv9JGyvvvAvvv,*vvvGvvv>G:$vvvAvvv}vvv9e<vvv%vvv9yvvvzvvvJvvvqvvv9Xfvvvzvvv)Gyvvv=vvv+vvv8vvv?
GyvvvJvvvQGQ*vvv?|vvv#Lvvv;d@vvvQvvvv+vvvRGyvvvAvvvJvvvzvvv+vvv{pvvv,GyvvvwvvvTvvv>hGyvvvqvvvtvvvOGyvvvJvvvQGQ*vvv+vvv#\vvv}vvv#GyvvvGvvv(
GyvvOGLvvzvv,yvvzvv}vv=vv"vv).*vvGvv>Cf*vv]vv}vv#GyvvAvvZvv}vv+vv~CfCvv}vv?@vv(GR!vv9

k
pvv,GyvvdvvQhaGyvvOGLvvzvv+vv?

Gyvv}vvQivv(Hpvv+vv%vv9.EP*vvz@vv,GyvvwvvTvv>GyvvJvvQGQj|vv#CVvvgvv?GyvvWvv}vvUh|vv#Gyvv}vvZvv9OQGyvvOGLvvzvv+vv?
h|vv"vv%vv9Gyvvtvv9_vv"vv(fhGyvvAvvGvv%vv+vvRGJhLvvO|vv9JGyvv}vv=vv"vv)|vvDvv{G \vv9AI(|vvhCfGyvvAvvZvv}vv+vv~ivv+vvQ
Gyvvv"vvvWvvvbGyvvv"vvv9FvvvK*vvvGvvvgvvv{GyvvvwvvvTvvv>|vvv#$vvvPgGyvvv}vvvZvvv9OQCYvvvjvvvQ*vvv9

k
).h|vvv#Gyvvv(G\vvvKCf$vvvPG

GyvvwvvTvv>|vvqvv+vvOpvv,GyvvWvvAvv9A,yvvwvv"vv&ivv+vvQ|vvTvv9fvvOpvv,GyvvZvv+vvr.h*vvJvvZvv{GyvvqvvtvvOivv+vvQGyvv"vvWvvb
|v#Lv;dGyv=v"v+v?G !vWv9Fv+v?yvzv}v=v"v)hGyvAv%v(*v?.h*v}vwv#GyvJvOw|v#GyvqvtvOfv=vQGyv=v"v+v?<v9yvgvRd
GyvvJvvQGQj,h$vvPG*ovvTvv%vv~vvvDvv+vvQG

k
pvv,GyvvJvvO|vv#GyvvqvvtvvOpvv,GyvvWvvAvv9A,hyvvPGpvv{fGyvv}vvTvvAvv(*vv9J

Gyg9y+?|#GygRdGyJQGQjy~<"+?CY=JBG6f|t=(y?fz)!a9bhGSh.

Cvvv}vvv?\vvvQhQIyvvv=vvvgvvv̂GyvvvAvvv%vvv(*vvv?pvvv,Gyvvv}vvv=vvv"vvv)yvvvAvvv(pvvv+vvvQ$vvv(GA!vvvtvvv,|vvvz|vvv(fh|vvvTvvvAvvv(*vvv9J
Q_vv(<vv?|vv]vv=vv(_vv?,E:CfPyvvx*vv}vvwvv#Cf*vv|Ojpvv,GyvvWvvAvv9AEyvv)|vvqvv9svv+vvOIvvQGQ*vv?vvvDvv+vvQI,
yvvvPG*vvvGvvv>s

n
vvvZrvvvQGyvvvAvvv%vvv(*vvv?fvvvzvvv)|vvv9$vvv(\vvvQhQjyvvvzvvvgvvv+vvvXGyvvvZvvvJvvv,.C|vvv9pvvv,GyvvvZvvv+vvvr,

pvvA
o
vvTvvAvvgvv}vv{GyvvAvv%vv(*vv?yvvAvvz|vv+vv#Gyvv=vv+vv8vv?GyvvJvvQGQ*vv?GyvvZvvJvv+vvJvv?<vv{OLvv9d$vv(GAC<vvQOhR*vv9OISvvQfvv?
FvQ*v9fGyv%v(GAyvR*v9OIGyv=vMvQ|v#GyvGvzvO,h|v#C

n
v~v@v=vQ*vOg.h*vGv>Cf@vwv(fGyvAv%v(*v?pv,

GyvvZvv+vvrsvv(*vv?yvvR*vv9OIGyvv]vv+vv9fvv9JGyvvJvvQGQ*vv?h|vv#Cvv~vGyvvJvvqvv9Xfvvzvv)GyvvAvv(GRf<vv+vv#GyvvwvvTvv>
hGyvvqvvtvvOGyvvJvvQGQ*vv+vv#.hyvvAvvJvvtvv+vvu|vvAvvavvzvv=vv9JGyvvWvvAvv9AhGyvvZvv+vvr|vv#Gyvv%vv(GAGyvv"vvtvv,Gyvv}vvz|vv(f,
*vvGvv>Cf@vvZvv}vvv~Gyvv}vv=vv9!vv,<vvJvv+vvE@vvwvv(fvvvAvv+vv}vv?yvvzvv%vv(GA,|vvh@vv%vv(*vv?vvv9pvv+vv?|vvAvvJvvw

v
vv~pvv+vv%vv9
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yvAv(pv+vQ$v(GA!vtv,pv,GyvWvAv9Ah@v=vQ*vO|v=v9VvQpv,GyvZv+vr.h*v}vwv#@vJvtv+vu$vPgGyvAv%v(*v?pv,
GyvAvZv9|v+v~iv+vQGyv"vWvav?<v9SvAvgv}v9dGyvtv(iGyvav=v+vgv+v?GyvAv,@vtvO

x
|v%v9GyvQ*vKhGyvqv(GQbGyvJvQGQ*v?

\vv}vv#Gyvv}vv=vv"vv).h@
o
vv}vvwpvv#@vv%vv(*vv?GyvvjvvQa_vv=vv+vvgvv+vv9<vvAvv%vv(*vv?hIvv+vvOIGyvvGvv9!vv>,yvvwvv#EPGvvv9!vvB

GyvvAvvWvvwvv+vvzvv?GyvvOGLvvzvv+vv?hVvvwvv{Gyvv}vv=vv"vv)hC<vvgvv9Og|vv;Fvv}vv?,C|vvwvv#GSvvAvvgvv}vv9dGyvvAvv%vv(*vv?Gyvvgvv9<vvQI
hGyvJvZv(dfvzv)|vqvgv(dGyv}vOLv"v?,hpvtv9

k
yvzv}v=v+vv#pv,GyvWvwv{15.2,h$vPG|v9Sv"vWvQIv&

p,|9*z,.

$vvv"vvv9yvvvx<vvv]vvvgvvv?C*vvv9epvvv,GyvvvTvvv"vvv?@vvvtvvvQ*vvv=vvv9
k

*vvvwvvv(fpvvv+vvv%vvv9Cvvv}vvv?@vvv(GRf<vvv+vvv#Gyvvv}vvvwvvv9Svvv>
hGyv}vqv9sv+vOGyvJvQGQ*v?iv+vQGyv"vWvav?GyvAv,@vgvav,<v+v8v?IvQGQ*v?|vQ*vJv?pv,Fv}v+vhGyvjvQa.pv,
Gyvv}vv9\vv,GyvvtvvQ*vv>,vvv9!vvBGyvvMvvO|vv9JGyvv"vvWvvavv?@ovvZvv}vvv~:SvvAvvgvv9OIGyvvdvvQhaGyvvOGLvvzvv+vv?\vv}vv#
GyvvJvvOhOGyvv}vvQivv(Hpvv+vv%vv9,<vv9SvvAvvgvv}vv9dGyvvAvvOpvv8vv?pvv,GyvvWvvAvv9A,hGyvvAvv=vvQ*vvOpvv,GyvvZvv+vvr,|vvh
<vvgvv̂@vvwvv+vv+vvrGyvv%vv(GACIvv+vv9!vv9

k
.E:CfCvv}vv?Byvv+vvAvv+vv#ivv+vvQ!vvWvvavvAvv+vv#,$vv}vv9GyvvwvvAvvzvv?GyvvJvvQGQ*vv?

hGyvvvAvvvdvvvzvvv+vvv{,*vvv}vvvwvvv#GSvvvAvvvgvvv}vvv9yvvv%vvv}vvv9yvvvzvvvJvvvqvvv9Xfvvvzvvv)GyvvvAvvv(GRf<vvv+vvv#Gyvvv}vvvwvvv9Svvv>hGyvvv}vvvqvvv9svvv+vvvO
GyJQGQ*?.
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@vvvTvvvAvvvjvvv{G6yvvv+vvv?G}hyvvv)GyvvvwvvvAvvvzvvv?GyvvvJvvvQGQ*vvv?yvvvzvvv=vvv"vvv+vvv?G !vvvWvvv9Fvvv+vvv?GyvvvAvvv,@ovvvTvvvAvvvgvvv}vvv{yvvvMvvvRf
GyvJvQGQIpv,CCv"v9AGyvwvTv>Gyvgv9yv,hE_v;sv%v9Iv+v"v}v9*vJvZv{pvtvO.h$vPG|vqv+vOfvzv)|vOGQ
Gyvvvvvv24Svv9fvv?,pvvqvv,CCvv"vv9ASvv9fvv9JGyvv"vv%vv9Q*vvwvv(fGyvvwvvTvv>fvv9yvv+vv9

k
,hpvv,Svv9fvv9JGyvvzvv+vv{

*vv}vvwvv#GyvvqvvtvvOCf*vvgvv+vvOGyvvAvv(GRf.*vvGvv>\vv=vvb$vvPGGyvvqvvQb<vv+vv#|vvwvvAvvTvv=vv9JGyvv"vv%vv9Qh|vvqvv9svv+vvO
Gyvzv+v{hPyvx<vAvJvQ*vxGyvJvQGQI\v}v#Gyv}v=v"v).hCpv]v{Byv+v?iv+vQ!vWvav?yvAvJvQ*vxGyvJvQGQI
$vv,@vvJvvQ*vvx$vv(GAGyvv}vv=vv"vv)<vvavvQ*vvtvv?|vvgvvQhpvv?hsvv9<vvzvv?yvvzvv]vv=vvb.hsvvO*vvwvv(f$vvPG|vvMvvAvvzvvqvv9

k
fvv#

fvv}vvzvv+vv?GyvvAvv%vv(*vv?GyvvMvv9Yvv?<vv9yvv%vv(GAGyvv"vvtvv,hGyvv}vvzvva
v
vvr.h<vv9yvvqvvgvv{,Cvv}vv?Ivv9Fvv?Eyvv)C!vv}vv9W

IQv?yz%(GA|MAzq?<+#GyWA9AhGyZ+r.

@v}vD
x
v{IvQvv?Gyv%v(GApv,yv+v9yv,GyvZv+vr@v%v(*v?@ovZvQxaGyvJvQGQIEyv)GyvMv9QLpv,|v9

*ovvgvvQa<vv9yvvAvvZvvQ*vvrGyvvzvv+vvzvv,.C|vv9pvv,GyvvWvvAvv9A,pvvAvv(R
x

YIvvQvvv?Gyvv%vv(GAGyvvJvvQGQIfvv=vvQGyvv}vv=vv"vv),
h@vvJvvt

x
vvu@vv%vv(*vv?<vvJvvO$vv9G}YvvjvvQjyvvAvv(pvv+vvQGyvv%vv(GAGyvv"vvtvv,.hGyvvtvv(iGyvvAvv,@vvJvvQcGyvv%vv(GApvv,

GyvvZvv+vvr$vv,@vvzvvxGyvvAvv,@ovvTvvAvvgvv}vv{yvvzvvAvv%vv(*vv?Gyvv"vv%vv9Q*vv?,h|vv"vv%vv9GyvvAvv%vv(*vv?Gyvv(Ivv+vvOIGyvvGvv9!vv>Ch
Gyvvvgvvv9<vvvQICh@vvvzvvvxPGJ|vvvqvvvgvvv(dGyvvv}vvvOLvvv"vvv?,E:C!vvv&*vvvGvvv>pvvv,Fvvv}vvv+vvvhGyvvvJvvv9:J@vvv(Fvvv+vvv&
Gyvv%vv(GA!vvJvv(GyvvwvvAvvzvv?GyvvJvvQGQ*vv?Gyvv}vvTvvAvvgvv}vvzvv?yvvMvvRfGyvvJvvQGQI,yvvwvv#r<vvgvv+vvOG

k
|vv#G}VvvMvv9U,

hPyvvxyvvR*vv9OI@vv=vvQ*vvO$vv9.h|vv(\vvhGyvvwvvAvvzvv?GyvvJvvQGQ*vv?$vv9eyvvwvv{|vv#GyvvMvvRfGyvvw
o
vvrAhGyvv"vvtvv{

pvvv,CCvvv"vvv9AGyvvvAvvvZvvvQ*vvvr.hCvvvvDvvvQCFvvvRGAGyvvv=vvv"vvv+vvv?GSvvvAvvvgvvv}vvv9:
k
yvvvPyvvvx$vvv(GyvvvGvvv9!vvv>GyvvvTvvvqvvvzvvv,|vvv#

Gyvvv=vvv;_vvv?hpvvvtvvv9
k

yvvvzvvv}vvv=vvv+vvvv#pvvv,GyvvvWvvvwvvv{15.3,Ivvv+vvvE*vvvQ@vvvqvvvhGyvvv%vvv(GAGyvvvJvvv9Qpvvv,Gyvvv"vvv%vvv9QEyvvv)
G}fvzv),pvAv}vAv[GyvwvAvzv?GyvJvQGQ*v?yvzv=v;_v?GyvJvQGQI.yvwv#Gyv=v;_v?@vAvZvr<vTvgv?IvQGQ*v?
vvv=vv+vvQI,hGyvvTvvgvv?GyvvJvvQGQ*vv?Gyvvwvv=vv+vvQI@vvgvv"vv,CfCSvvqvv{Gyvv=vv;_vv?Svv(a*vvTvvAvvjvvQbhsvvAvv9

k
vvv,

@vvvQ@vvvqvvvhOQFvvv?IvvvQGQ@vvv&.EfOQFvvv?IvvvQGQISvvvavvvKGyvvv=vvv;_vvv?Csvvv{OGFvvv}vvv9
k

|vvv#OQFvvv?IvvvQGQI
Gyvv%vv(GA,hyvvPG*vvWvvgvvQGyvvtvv9_vv"vv(f<vv9yvv=vvQhOIIvv+vv#EVvvgvv9fvv%vv~IvvQGQIEyvv)Gyvv=vv;_vv?.hfvv"vvO|vv9
*vvZvv=vvKGyvv%vv(GApvv,GyvvMvv9QLC<vvQO<vvtvvOQvvv9a|vv#Gyvv%vv(GAGyvvJvv9Q\vv}vv#Gyvv}vv=vv"vv),*vvGvv>Cf
@vvqvvAvvKGyvv"vv(GpvvPByvv+vv9

k
yvv+vv=vvOCGyvvAvvZvvQ*vvrGyvvzvv+vvzvv,<vv}vvQhQ$vv(GAGyvvzvv+vv{Gyvv=vv9QOfvvzvv)SvvavvKGyvv=vv;_vv?

GyvvTvvqvvzvv,,h|vv#C
n
vv~vLvvQhFvv&<vvgvvOCf*vvwvv(fsvvOIvv}vv{<vvgvv̂GyvvJvvQGQI.h@

n
vvTvvAvvgvv}vv{$vvPg

GyvvOhQIGyvvAvv,@vvgvv}vv{_vv(GdGyvv+vv(eGyvvvvvv40|vv~G}hyvv)@vvtvvQ*vv=vv9
k

|vv#Gyvv=vv;_vv?<vv(Yvvqvv%vv9vvvAvvzvv?
IvvQGQ*vv?pvvgvv9yvv?,|vvhCfvvv9|vv{GyvvwvvAvvzvv?GyvvJvvQGQ*vv?@ovvTvvAvvgvv}vv{GSvvAvvgvv}vv9:

k
ivv+vvQ|vv=vv9VvvQ,}fCj

vvAvzv?IvQGQ*v?Sv(a@v}vAv[GyvJv9QIpv,CCv"v9AGyv"v%v9Qh@vgvav+v%v9yvzv%v(GAG}<vQOpv,Gyvzv+v{.Ef
Fvv}vv+vvhGyvvwvvAvv{GyvvJvvQGQ*vv?@vvTvv9fvvOGyvvAvv(GRfpvv,|vv9<vv+vv#Gyvv}vvwvvAvvTvv=vv9JhGyvv}vvqvv9svv+vvO,h$vvPG|vvqvv+vvO
fz)hF&GyMZ(Up,GydQhaGyWA(*?.
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C|vv9pvv,GyvvWvvAvv9Apvv+vvGvv>Cf@vv=vvtvv)IvvQvvv?Gyvv%vv(GApvv,Gyvvzvv+vv{\vv}vv#Gyvv}vv=vv"vv),hyvvPG:

@vTvAvqv+vO|v#Gyv]vjvbGyvMv9QFv,GyvPj*vTv=v>GyvAv%v(*v?Gyvgv9<vQIh|vqvgv(dGyv}vOLv"v?.hGyvtv(i
Gyvv(Ivv+vvOI@vvz@vv,Ivv+vv"vv8vvP|vv#GyvvAvvOQwLGyvvJvvQGQj,hQ<vv}vv9|vv#Gyvv}vvtvvOGQGyvvZvvjvv+vvQ|vv#GyvvAvv%vv(*vv?
 OLvv9dGyvv%vv(GAGyvv"vvtvv,Eyvv)Gyvv}vv=vv"vv).hGyvvqvvQbG6LvvQ<vv+vv#GyvvWvvAvv9AhGyvvZvv+vvr$vv(CfGyvvJvvQGQI
ivv+vvQGyvv}vvQivv(Hpvv+vv%vv9pvv,Gyvv%vv(GA$vv,GyvvAvv,@vvP$vv>Eyvv)GyvvwvvAvvzvv?GyvvJvvQGQ*vv?,pvv,Ivv+vv#Cf
IvvvQGQIG}Vvvvgvvv?GyvvvWvvv}vvvTvvv+vvv?hGyvvv}vvvZvvv9OQGyvvvOGLvvvzvvv+vvv?pvvv,GyvvvWvvvAvvv9A$vvv,GyvvvAvvv,*vvvGvvv>GyvvvAvvvtvvv9_vvv%vvv9.
hfvv"vvOFvvP*vv}vvwvv#GSvvAvvgvv}vv9d@vvzvvxGyvvJvvQGQIyvvzvvJvvO|vv#G!vvMvvqvv9VOQFvv?GyvvJvvQGQIyvv+vv;

k
fvv"vvO|vv9

:@w(fC}?|Z9OQIv9p+?y%9.

*vv}vvwvv#@vvGvv}vv+vvhGyvvJvvQGQIGyvv}vvwvvAvvTvv=vv?pvv,CCvv"vv9AGyvv"vv%vv9Q<vv(GSvvavv?CjvvvAvvzvv?IvvQGQ*vv?,Cvv~
*ovgv9O@v(R*vh@vzvxGyvJvQGQIpv,Gyvzv+v{IvAv)yv(vv9fPyvx\v}v#GyvjvQpv?GyvAv,Fov}xvgvBpv+v%v9.
C|vvv9GyvvvjvvvQaGyvvvAvvv,*vvvTvvvAvvv}vvvQpvvv+vvv%vvv9YvvvOhQGyvvvJvvvQGQIyvvv+vvv;

k
pvvvtvvvO@vvvJvvvAvvv9LEyvvv)<vvvgvvv̂GyvvvAvvv%vvv(*vvv?

yvvAvvJvvQ*vvxGyvv%vv(GA|vv"vv%vv9Eyvv)CFvvRGAGyvv}vv=vv"vv)G}LvvQi.hyvvzvvJvvZvv(dfvvzvv)Cvvv=vvQ|vvQOhO|vv#
G}Vvvgvv?GyvvWvv}vvTvv+vv?pvv,GyvvWvvAvv9A,*vvGvv>Cf@vvwvv(fGyvvwvvAvvzvv?GyvvJvvQGQ*vv?OGLvvzvv+vv?hpvv,|vv(GFvv%vv?
GyvvWvv}vvU|vv=vv9VvvQI.h$vvPG*vvtvvAvv]vv,@vv(Fvv+vv%vv%vv9!vvJvv(GyvvGvv"vv(H|vv#hQGARFvv9L.yvvwvv#Pyvvx
*vv|OjEyvv)Yvvgvv(<vv9JvvvDvv+vvQIpvv,GyvvZvv+vvrpvv,|vvgvvdvv~Gyvv}vv=vv9!vv,GyvvAvvGvv9Q*vv?,pvv,Ivv+vv#C!vv&
*vv}vvwvv#Cf*vvwvv(f|vvqvv+vvOG

k
yvvzvv}vv"vv9Rd.*vv}vvwvv#GSvvAvvgvv}vv9dFvvOQGfhCQ\vv+vv9JSvv}vv+vvwvv?:yvvAvvtvv9W

GyvJvQGQI|v#GyvjvQaGyvRFv9Fv+v?Gyv}v"vRyv+v?hGyv"v(GpvPhG}SvtvrGyvRFv9Fv+v?,hyvzv}vTv9fvOIfvzv)
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E<vtv9AGyv}v"vRdOGpv8v9
k

pv,CCv"v9Ayv+v9yv,GyvWvAv9Afv"vO|v9@vwv(fGyv]v+v9fv9JGyvJvQGQ*v?pv,PQh@v%v9.
h$vPGGyv"v%vH|v=v+vv#pv,GyvWvwv{15.4.yvwv#Pyvx*v|Ojpv,GyvZv+vrEyv)E|vwv9fIvZv(d
R*vv9OIvvv=vv+vvQIpvv,OQFvv?IvvQGQIG}Ivv+vv9R|vvDvv{Gyvv=vv+vv(JGyvvRFvv9Fvv+vv?,hEyvv)fvvOeE|vvwvv9f|vv"vvh
GyJQGQI|#GyOL(dEy)Gy}=")p,CC"9AGy"%9Q.

@vvtvv(O@vvzvvxGyvv}vvqvv9Qsvv?<vv+vv#GyvvwvvTvv>|vv#G}Vvvgvv?GyvvWvv}vvTvv+vv?pvv,GyvvWvvAvv9A,h|vvWvvwvvzvv?

GyvvAvvTvvMvv+vv#Gyvv}vvqvvQWGyvvPj*vv}vvwvv#Cf*vvJvvZvv{pvv,GyvvZvv+vvr,Eyvv)G6yvv+vv?ivv+vvQGyvv"vvWvvavv?
GyvDv9!v+v?:GyvAvdvzv+v{.*vwv(fGyvwvTv>GyvJvQGQjGyvWv}vTv,pv,PQh@v&|v#G@vGv9gGyvGv"v(H,

yvvwvv#IvvAvv)R*vv9OI@vv(Fvv+vv&hGFvv%vv9JGyvv}vv=vv9!vv,!vvJvv(GyvvWvvQbChGyvvjvvQH,Svv(a@vv|Oj
Eyvv)vvvTvv>IvvQGQj|vv=vv9VvvQCCvv"vv9AFvvRA|vv#Gyvv"vv%vv9Q.hCjFvv9!vv>|vv#Gyvv}vv=vv"vv)*vv(GFvv&
GyvvvvGvvvv"vvvv(H*vvvv}vvvvwvvvv#Cf*vvvvR*vvvvO|vvvv#GyvvvvwvvvvTvvvv>GyvvvvJvvvvQGQjGyvvvvWvvvv}vvvvTvvvv,|vvvv#Lvvvv;dGyvvvv"vvvv(GpvvvvO
GyvvRFvv9Fvv+vv?,h@vvGvv>Ivv}vv9*vvAvv&|vv#GyvvAvvTvvMvv+vv#Gyvv}vvqvvQWpvv,GyvvZvv+vvr.hG6yvv+vv?Gyvv}vvTvvAvvgvv}vvzvv?
yvv%vvPGGyvvjvvQV$vv,GyvvAvvdvvzvv+vv{.hpvv,Ivv+vv#Cf|vv#Gyvv}vv}vvwvv#GSvvAvvgvv}vv9d@vvdvvzvv+vv{OGLvvzvv,
<vv(GSvvavv?SvvAvv9FvvQivv+vvQVvvqvv9pvv?,pvv{f|vvqvvgvv(dPyvvx|vvJvvOhO}!vv%vv9Svv(a@vvTvvMvv#<vvzVvvgvv?
GyvvvWvvv}vvvUh@vvv"vvvWvvvQIvvvQGQ@vvv%vvv9pvvv,OGLvvv{Gyvvv}vvv=vvv"vvv)h@vvvAvvvJvvv(dEyvvv)|vvvZvvvOQIvvvQGQj.C|vvv9

GyvvAvvdvvzvv+vv{GyvvMvv9QFvv,,<vv(GSvvavv?Gyvv}vvjvv9yvv+vvuGyvvMvv9QFvv+vv?ChGyvvMvv+vv~Gyvv}vvAvvJvvQvvv?Chvvv9SvvQGJ

GyvvvWvvv}vvvUChG}_vvvQPGJGyvvvWvvvqvvvQGJGyvvv}vvv9Fvvvzvvv?ChIvvvAvvv)G}VvvvGvvv9Q,pvvv%vvv(Cfvvvzvvv)vvvvqvvv9AI.
h*vv}vvwvv#@vvQ@vv+vv>vvv9SvvQGJGyvvWvv}vvU<vvJvv+vvE@vvJvvGvv>GyvvWvv}vvUfvv"vvO|vv9@vvwvv(ffvv9yvv+vv?pvv,
GyvvTvv}vv9Apvv,GyvvZvv+vvrh@vvTvv}vvKyvvWvv}vvUGyvvWvvAvv9AGyvv}vv"vvMvvqvv]vv?<vv9yvvOLvv(dyvvAvvJvvtvv+vvuCvvv=vvQsvvOQ
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|v}vwv#|v#GyvAvOpv8v?.h*v=v+xv#GyvWvwv{15.5$vPgGyvavQ*vtv?,Iv+vE*v}vwv#G}VvGv9QPGJ

G}hQGbGyvv}vv(Svv}vv+vv?Cf@vv(p
x
vvQC*vv]vv9

k
cvv;

k
pvv,GyvvZvv+vvrfvv"vvO|vv9@vvwvv(f|vvwvvTvv(I@vv}vv9|vv9

k

<9}hQGb,yw"%9@OYGyW}U@}Qp,GyWA9A<gOSt(WChQGs%9.

Y+j?Gy}=")hGyAtT+}9JGyOGLz+?

EPGCQO!vvv9GSvvvAvvvjvvv;dGyvvvAvvvOpvvvtvvv9JhGyvvvGvvvQ*vvv9!vvv9JGyvvv}vvvJvvvOvOIpvvv,Cpvvvwvvv9QGyvvvAvvvZvvv}vvv+vvv~ivvv+vvvQ
Gyvv"vvWvvb,pvv{fCvv}vv?@vvzCvv+vvQG

k
vvv=vv+vvQG

k
:SvvAvvgvv}vv9dGyvvAvv%vv(*vv?Gyvvavv=vv+vvgvv+vv?pvv,Yvv+vvjvv?Gyvv}vv=vv"vv)h@vvtvvTvv+vv}vv9@vv&

GyvOGLvzv+v?.pv"vdvQG
k

Eyv)CfGyvAv%v(*v?Gyvav=v+vgv+v?@vTvAvgv}v{sv(i\vgv+vqv?pvtvbyvAvJvQ*vxGyv%v(GA,
*vGv>E*v;AG$vAv}v9eLv9Uyv}vtv9Sv9Jh@vtvTv+v}v9JG}Iv+v9RGyvOGLvzv+v?hGyv"v(GpvOhGyvqvAvJv9J
yvv]vv}vv9f@vvJvvtvv+vvuFvvQ*vv9fvvv9ayvvzvv%vv(GA.hyvvgvv{CvvvDvvQGyvv}vvtvv9Svv9JC$vv}vv+vv?$vv(_vv(dGyvv}vvTvv9pvv?
<vv+vv#pvvAvvJvvAvv,@vv%vv(*vv?Lvv9QFvv+vvAvv+vv#|vvAvvtvv9<vvzvvAvv+vv#.EP*vvAvv(y

v
vvOpvvQb\vvjvvb<vv+vv#GyvvqvvAvvJvvAvv+vv#<vvTvv=vv>

GyvvQ*vvKGyvvAvv,@vvGvvQjIvv(dGyvv}vv=vv"vv)hGyvvAvv,@vv|OjEyvv)\vvjvv(W|vv(Fvv=vv?hSvv9yvv=vv?*vv}vvwvv#Cf
@vOpvhGyv%v(GAfv=vQpvAvJv9JGyvAv%v(*v?Gyv(Iv+vOIGyvGv9!v>ChGyvgv9<vQI.hEPGvv9!vBCv}v?Qiv=v?pv,
GyvvAvv%vv(*vv?Gyvvgvv9<vvQI,hFvv>C:

q
@vvR*vvOGyvv}vvTvv9pvv?Gyvv}vvPvvv(QIfvvzvv)!vvJvv(5.4|vvQI|vv#GQ@vvqvv9Y

GyvvTvvtvvrfvv#G}Q\vv+vv?.C|vv9pvv,Ivv9yvv?GyvvAvv%vv(*vv?Gyvv(Ivv+vvOIGyvvGvv9!vv>,pvv+vvGvv>C:
q

*vvR*vvOfvv}vvu
GyvjvQpv?<v9yv"vTv=v?Eyv)Gyv"v9pvPIfvzv)5.2|vQ@v+v#|v#GQ@vqv9YGyvTvtvrfv#G}Q\v+v?.yvwv#|v#
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iv+vQGyv}vQFvvKCf*vR*vOGQ@vqv9YGyvTvtvrfv#G}Q\v+v?fvzv)3C|vAv9Q,h$vPG*vgv"v,CfGyvJvO
G}svvZvv)yvvgvvQVGyvv}vv=vv"vv)*vvTvv9hj!vvJvv(5.13|vvAvvQG

k
EPGvvv9!vvB@vvtvvTvv+vv}vv9@vv&GyvvOGLvvzvv+vv?svvzvv+vvzvv?

hivvQpvv&vvv=vv+vvQI|vvh@vv%vv(*vv?fvv9<vvQI,ChQ<vv}vv916|vvAvvQG
k

EPGvvv9fCvv}vv?|vv}vvQ|vvQvvvRjpvv,Ivv9yvv?
GyvAv%v(*v?Gyv(Iv+vOIGyvGv9!v>.yvwv#vv;!v(fv,GyvAv%v(*v?*vAvavzv>!v(GpvPPGJ|vTv9Iv9Jvv9pv+v?.
hpvv,Ivv9yvv?GyvvAvv%vv(*vv?Gyvv(Ivv+vvOIGyvvGvv9!vv>,*vv}vvwvv#|vvTvvAvv(iGyvvJvv9pvv?GyvvTvvqvvzvv)Gyvv}vv"vvMvvqvv̂Cf

*vvJvvTxvv#OLvv(dGyvv%vv(GA,h|vvTvvAvv(iGyvvJvv9pvv?Gyvvgvvzvv+vv9Gyvv}vvQ@vvqvvhCf*vvJvvTxvv#LvvQhFvv&,}!vv%vv}vv9
*|O*9fEy)IZ(d|qg(d|OL"?|Jz,.

C|vvv9|vvvqvvvgvvv(dGyvvv}vvvOLvvv"vvv?pvvv%vvv(IvvvQvvvv?fvvv}vvv(O*vvv?yvvvzvvv%vvv(GAfvvv=vvvQGyvvv}vvv=vvv"vvv)|vvv#GyvvvqvvvAvvvJvvv9J
Gyvv}vv(Fvv(OIpvv,_vv(G<vvtvv&Gyvv}vvMvvAvvzvvqvv?Eyvv)GyvvqvvAvvJvv9JGyvv}vv(Fvv(OIpvv,G}fvvzvv),Ivv+vvE*vvAvvJvvQc
Gyvv%vv(GAGyvvOGpvvrfvv=vvQGyvv}vv=vv"vv)h*vvMvvQL|vv#Cfvv;g.h*vvJvvZvv{$vvPGIvvAvv)pvv,Ivv9yvv?G!vvgvvOGe
GyvvvQ*vvvKpvvv,C*vvv9eGyvvvZvvv+vvvrGyvvvTvvv9vvvv"vvv?.yvvvwvvv#pvvv,PQhIGyvvvZvvv+vvvr,EPGfvvv}vvv{GyvvvAvvvZvvv}vvv+vvv~ivvv+vvvQ
Gyvv"vvWvvbFvv+vvOG
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|vTvAv(iG \v9AICv9<vAv9
k

|v#OhfGyvJv9Fv?Eyv)sv+v9eG}VvMv9U<vPyvx.pv}v#iv+vQGyv}vQFvvK
Cf*vtv(eG}VvMv9U<v{_vqv9AG}!v(GQIv+v#GRO*v9OG \v9AIGyvav=v+vgv+v?,|vhC!v%v~*ovWvgvzv(!v%v9
Ivv+vv#G!vvMvvqvv9V|vvTvvAvv(iG \vv9AI.E:Cfyvv+vvU|vv#<vv+vv#|vv"vvdvv(|vv9JGyvvAvvJvvw

w
vv~G6yvv,@vvzvvx

|vv9*ovvzvvjvv,GyvvJvv9Fvv?Eyvv)svv(G_vvhvvv%vvQ<vv9Fvv+vv?*vvOh*vv?*vv}vvwvv#Cf*vvtvv(eGyvvtvv9_vv"vv(f<vv9SvvAvvgvv}vv9yvv%vv9
yAG9hR@zxGy}"d(|9J.

h*vv}vvwvv#|vv"vvdvv(|vv9JEOGQIGyvv}vv=vv9!vv,Cf@vvAvv]vv}vv#|vv"vvdvv(|vv9JyvvwvvWvvrGyvvTvvQsvv?hGyvvJvvQ*vvu
@

o
vvTvvAvvgvv}vv{Gyvv}ovvJvvTvv9Svv9Jpvv+vv%vv9C*vv]vv9

k
.hpvv,$vv9@vv+vv#GyvvJvv9:@vv+vv#@vvWvvj

x
vv{Gyvv}vv"vvdvv(|vv?E!vvPGQG

k
<vvO:

k

|#GyAJw
w

~p,GSA%;cGya9s?.

*vvvGvvv>@vvvZvvv}vvv+vvv~hcvvv+vvvqvvv?Gyvvv}vvvgvvvzvvv(|vvv9Jpvvv,|vvv"vvvdvvv(|vvv?EOGQIGyvvv}vvv=vvv"vvv)<vvvJvvv+vvvE@vvvgvvvavvv,
Gyv}vTvAvgv}v{(|vO*vQGyv}v=v"v)@vJvO*vOG

k
)|vgvzv(|v9Jpv(Q*v?,hvvPyvxyv;@vQGvv}v+v?,fv#GSvAvgv}v9d

Gyvav9sv?pv,vv{|v#@vGv%v+vRGJGyvAvOpv8v?hG6:JG}LvQi.h*vGv>Cf*vtvAvQf$vPG<vAvJvO*vO
C|v9vv#Gyv}v=v"v)PGJG:SvAv%v;cGyvRGFvO<vjv+v?Efv;eGyvtv9_v"v+v#<v]vQhQI@vjv+v+vQSvzv(vv%v~pv,
GSvvAvv%vv;cGyvvavv9svv?.h$vvPG*vvAvvavvzvv>|vv#|vvO*vvQGyvv}vv=vv"vv)Cf*vvDvvt

x
vvrGyvvtvv9_vv"vv+vv#h*vvOQx<vv%vv~fvvzvv)

Cpvv]vv{GyvvTvv=vv{yvvGvvgvv{|vvQOhOGSvvAvv%vv;cGyvvavv9svv?Cfvvdvv}vv+vv9
k
.h|vv#PyvvxEfvv;|vv%vv~<vv]vvQhQI
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E_vvqvv9AGyvvAvvGvv%vv+vvRGJpvv,Gyvvzvv+vv{,hQ<vv}vv9yvvqvvBC!vvdvv9Q$vv~Eyvv)GyvvavvQGFvvuGyvvAvv,*vvTvvAvvgvv}vvzvv(f<vv%vv9
Gyvv}vv=vv"vv),|vvDvv{GSvvAvvgvv}vv9yvv%vv~yvvJvv(GFvvR!vvZvvqvv+vv?hCVvv+vv9ACLvvQi@vv}vv"vvh\vv(AGyvv"vv%vv9Q|vv#OLvv(d
Gyvv}vv=vv"vv).pvv%vv,:@vvgvv+vvuG \vv9AIGyvvavv=vv+vvgvv+vv?pvvtvvb,<vv{@vvMvvq

x
vv̂fvv9vvvTvv+vv?GyvvGvvOQGfGyvvAvv,

IO

v
O$9GyAZ}+~y]}9f|TA(*9J|;F}?|#G \9AIGya=+g+?C*]9

k
.

h*vvvv}vvvvwvvvv#@vvvvQvvvvv+vvvv>G}OhGJGyvvvv}vvvv"vvvvRyvvvv+vvvv?PGJ|vvvvQOhOGyvvvvavvvv9svvvv?Gyvvvvgvvvv9yvvvv,h|vvvv"vvvvdvvvv(|vvvv9J
Gyvv}vvJvvTvvv9JGyvv=vvTvv+vvavv?|vvDvv{Gyvv}vvJvvTvv9Svv9JGyvvJvvQGQ*vv?hGyvv]vv(Fvv+vv?|vv#OhfGSvvAvvgvv}vv9dGyvvAvvJvvw

w
vv~

GyvJv9Sv(<v,,yvwv#Iv+v"v8vPCv}v?Iv9Fv?Eyv)Efv;eGyv}vTvAvgv}vzv+v#<vzpv]v{Sv=v{GSvAvgv}v9d@vzvx
Gyvv}vv"vvdvv(|vv9J,hhSvv+vvzvv?Pyvvx$vv,Oyvv+vv{Gyvv}vvTvvAvvgvv}vv{.*vvAvv]vv}vv#$vvPGGyvvOyvv+vv{vvv+vvqvv+vv?@vvWvvjvv+vv{
Gyv}v"vdv(|v9Jfvzv)Cpv]v{hFv&.h$v(PhC$v}v+v?vv=v+vQIpv,Gyv}v"v9Rdfvzv)hFv&GyvMvZv(U

Ivvv+vvvE|vvv#ivvv+vvvQGyvvv}vvvQFvvvvKCf*vvvwvvv(fCvvv}vvv?|vvvO*vvvQyvvvzvvv}vvv=vvv"vvv)*ovvvgvvvzvvv}vvv%vvv~h*vvvOQx<vvv%vvv~.h*vvvJvvvAvvv9L
Gyvvtvv9_vv"vv(fEyvv)|vvgvvzvv(|vv9JyvvAvvQvvv+vv>G}OhGJpvv,|vv"vv9Ryvv%vv~,hfvvzvv+vv%vv~@vvJvv}wvv{Gyvv}vvTvv|hyvv+vv?
vvv9|vvzvv?fvv#GSvvAvvgvv}vv9dGyvvavv9svv?<vvzfvvzvv)|vvQOhO|vv}vvwvv#.h@vv(p

x
vvQCFvv%vvRIGyvvtvv+vv9SGyvvPvvv+vv?@vvzvvx

Gy}gz(|9J.

|Z9OQGya9s?GCAGO
x

OI

IvvAvv)<vv(Fvv(OGyvv}vv"vvdvv(|vv9Jivv+vvQGyvv"vvWvvavv?h|vvQOhOGSvvAvv%vv;cGyvvavv9svv?Gyvvgvv9yvv,GyvvPj
*vAvJvtvvu|v#Lv;dGLvAv+v9QGyvAvGv%v+vRGJhEOGQ@v%v9,@v=vtv)Cv}v?Iv9Fv?Eyv)GSvAv%v;c_v9sv?pv,
|vvgvvdvv~Gyvv}vv=vv9!vv,.pvvJvv+vv#GyvvTvvgvv,Eyvv)GyvvJvv{GyvvPj*vvtvvAvvQH|vv#G:svvAvvZvv9Opvv,GSvvAvvgvv}vv9d
Gyvvavv9svv?,pvv{fGSvvAvvgvv}vv9dGyvvAvvZvv}vv+vv~ivv+vvQGyvv"vvWvvbhGyvv}vv"vvdvv(|vv9JPGJGyvv}vvQOhOGyvvgvv9yvv,*vvtvvz

x
vvZvv9

|vv#|vvAvvavvzvv=vv9JGyvvavv9svv?,h|vvhPyvvxCvv}vv?E|vvwvv9!vv+vv?yvvR*vv9OI@vvMvvqvv+vv̂EYvvOGQivv9RCvv9!vv,CvvvTvv+vvO
GyvvwvvQ<vv(f|vv#Lvv;dGSvvAvvGvvQGQGyvvavv9svv?|vv#@vvtvv9!vv9J|vv"vvMvvqvv]vv?ChIvvAvv)fvvO*vv}vv?GyvvwvvQ<vv(f.
hpv,Iv+v#C!v&*v}vwv#GyvTvgv,Eyv)|vZv9OQGyvav9sv?Gyv}vAvGvO

x
OIfvzv)Gyv}vTvAv(iGyv(_v"v,,pv{f

|vv#Gyvv}vv}vvwvv#C*vv]vv9
k

Gyvv"vvdvvQpvv,@vvtvv9!vv9J@vvgvv}vv{fvvzvv)|vvTvvAvv(iGyvv}vv=vv9!vv,EpvvQGO*vv9
k

,Chfvvzvv)
|vTvAv(iGyvAvGv}vgv9JGyvTvwv9!v+v?GyvZvjv+vQI.@vTv}v)$vPgGyvAvtv9!v9Jiv9yv=v9

k
@vtv9!v9J@v(yv+vOGyvav9sv?

GyZj+QI.

$v"v9cG6ffvOO|v#@vtv9!v9J@v(yv+vOGyvav9sv?GyvZvjv+vQIGyvAv,@vzvAvtvbGyvav9sv?|v=v9VvQI|v#
GyvWv}vUCh|v#IvQvv?GyvQ*v9MChGyv}v+v9g.h|vZv9OQGyvav9sv?$vPgfvO*v}v?GyvwvQ<v(f,E:C!v%v9
@vJvAv9LEyv)_v9sv?yvZv"vgv%v9hYv+v9!vAv%v9.h@vtvh@vGv%v+vRGJ$vPgGyv}vZv9OQpv,pv8vAv+v#:GyvAvtv9W
|vvv=vvv9VvvvQyvvvzvvvJvvvQGQI,h@vvv(yvvv+vvvOvvvv%vvvQ<vvv9A.hpvvv,|vvv9*vvvMvvv[Gyvvv}vvv=vvv9!vvv,EpvvvQGO*vvv9

k
,@
o
vvvzvvvAvvvtvvvbGyvvvJvvvQGQI
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<v(GSvav?yv(Iv9JGyvav9sv?GyvWv}vTv+v?GyvAv,@ovQv
v
v>iv9yv=v9

k
fvzv)GyvTvavKh@v(Fvv&!vJv(GyvGv"v(H,

h*vv}vvwvv#$vvPgGyvvzvv(Ivv9JCf@vv(p
x
vvQ|vvgvvdvv~Gyvv}vv9AGyvvTvv9Lvv#Gyvv;Reyvv;SvvAvvJvv}vv9ehGyvvAvv"vvdvv+vvr

hivTv{Gyv}v;<vU,E:C!v%v9iv+vQvv9pv+v?yvzvAvOpv8v?.C|v9@v(yv+vOGyvwv%vQ<v9Ayvzv}v=v9!v,EpvQGO*v9
k

,pv%v(
|vJvOhOpv,<vQ*vav9!v+v9,E:C!v&*v}vwv#GSvAvgv}v9d|v"vdv(|v9JGyvAv(yv+vOGyvwv%vQ\v(Fv+v?EPGC|vwv#
@vQvv+v>Yvqv+vqv?|v"v%v9vv=v+vQI<vtvOQvv9a.h@vZv=vK$vPgGyv}v"vdv(|v9JCvvDvQhGsvgv+v?EPGC|vwv#
LvvRfGyvvwvv%vvQ<vv9Apvv,<vvavv9Q*vv9JCh\vvMvv%vv9pvv,GyvvWvv=vvwvv?Gyvvgvv9|vv?EPG@vvGvv9hRGyvvAvv(yvv+vvOIvv9Fvv?
Gyvv}vv=vv"vv).C|vv9GSvvAvvgvv}vv9d_vv9svv?GyvvQ*vv9Myvvzvv}vv=vv9!vv,EpvvQGO*vv9
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,Lvv9Yvv?pvv,Gyvv}vv"vv9_vvuGyvvJnvv]nvvQ*vv?,

pvv}vv#ivv+vvQGyvv}vvQFvvvKCf*vvwvv(fpvvgvv9:
k

|vv9yvv~*vvwvv#Gyvv}vv=vv"vv)vvv=vv+vvQG
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<vvtvvOQvvv9ayvvAvvQvvv+vv>fvv"vvqvv?
$v(GFv+v?vv=v+vQIpv,Cfvzv)Yv9Qm_v(*v{.hEPGvv9fGyv}v=v"v)svQ*v=v9
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|v#!v%vQSvQ*vhGyvAvOpvuC|vwv#

@vv(yvv+vvO_vv9svv?vvv%vvQ|vv9Fvv+vv?,E:
q

Cf$vvPG!vv9OQ!vvTvv=vv+vv9
k

pvv,|vv(GsvvhGyvvAvvGvv}wvvgvv9JGyvvTvvwvv"vv+vv?.yvvwvv#
_vv9svvAvv,GyvvQ*vv9MhGyvv}vv9A@

o
vvTvvAvvgvv}vv;fyvvAvv(yvv+vvOGyvvwvv%vvQ<vv9Afvvzvv)Gyvv}vvTvvAvv(iGyvv(_vv"vv,,h*vvGvvQj
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k

vvQ<v(!v+v9
k

|v#Iv+vEEfGyvwvQ<v(fGyvPj
*v"vavzvu*vzvAvtvav&GyvGv+v{GyvAv9yv,|v#!v=v9@v9J@vwv(fsv+vOGyv"v}v(.hvv,@vwv(f@vzvxGyv}v"vdv(|v9J
_v=v+vgv+v?h|vAvGvO

x
OI@v}v9|v9
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<v9:IvAv+v9Fv9J.yvwv#$vPGG |vOGO|vJvOhO}fE!vAv9LGyv(sv(OGyvJv+v(jGyvtv9Fv~fvzv)Gyv"v=v9J
*vvJvvZvv{fvvzvv)IvvTvv9HRQGfvv?GyvvjvvPGAhGyvvJvv+vv9IGyvvJvv+vv(G!vv+vv?Gyvv=vvQ*vv?hGyvvAvv"vv(wYGyvvJvv+vv(j.h@vvQc

G}|vvQyvvzvvTvv(byvvAovvtvv+vv~@vv(GR!vv9
k

fvvzvv)CSvv9SGyvvTvvgvvQsvvO:*vvAvv(Gpvvu|vvhC$vvOGaG:SvvAvvOG|vv?

<MZ(UGyJO
x

|#Gy}q9f+{Gy]9QI<9y=+8+?h<9ygOGy?G:FA}9f+?.

hEyvv)Fvv9!vv>Gyvv}vv"vvdvv(|vv9JGyvvgvvO*vv}vv?GyvvwvvQ<vv(fhGyvv}vv"vvdvv(|vv9JGyvv}vvJvv9*vvOIvvvQ<vv(!vv+vv9
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,Cvv}vv?

Gyvv}vv"vvdvv(|vv9JGyvvwvvqvv+vv?vvvQ<vv(!vv+vv9
k

(carbon efficient)|vvDvv{|vv]vvMvv9JGyvvJvvQGQI(heat pump)

GyvvvAvvv,@ovvvTvvvAvvvgvvv}vvv{yvvvTvvvJvvv>GyvvvJvvvQGQI|vvv#Gyvvv%vvv(GAChG}QVyvvvAvvv(pvvv+vvvQGyvvvAvvvOpvvv8vvv?h<vvvgvvv̂Gyvvv}vvv9A

GyvTv9Lv#yvzv}v=v"v).@vTvAvgv}v{$vPgGyv}v"vdv(|v9J_v9sv?yv]vNGyvJvQGQI,E:CfGyvJvQGQI!vqvTv%v9
@vvz@vv,|vv#GyvvWvv}vvUGyvvAvv,@vvTvvM

x
vv#G}QVhGyvv%vv(GA,hyvvPG@vvwvv(ffvvO*vv}vv?GyvvwvvQ<vv(f.IvvAvv)

Gyvv%vv(GAGyvvPj@vvtvv{OQFvv?IvvQGQ@vv&fvv#GyvvZvvqvvQGyvv}vv8vv(*vv?,*vvJvvAvv(jfvvzvv)IvvQGQI,yvvPGpvv{f
|vv"vvdvv(|vv9JSvvJvv>GyvvJvvQGQI|vv#Gyvv%vv(GA@vvgvv}vv{IvvAvv)pvv,GyvvWvvAvv9AIvv+vvE@vv"vvtvv{|vv]vvMvv9J
IvQGQIGyv%v(GAfv9OIGyvJvQGQI|v#Gyv%v(GAGyvMv9QFv,|v=v9VvQIEyv)Gyv%v(GAGyvOGLvzv,.pv{PGvv9f
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Gyvvv}vvvavvvzvvv(H@vvvOpvvv8vvv?CvvvvDvvvQ|vvv#Ivvv+xvvvROGLvvvzvvv,hGIvvvO,vvvv9!vvvBCvvv}vvv?Ivvv9Fvvv?Eyvvv)hIvvvOI\vvvN
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vvv=vv+vvQIyvvAvvJvvtvv+vvuPyvvx,pvv9yvv}vv"vvdvv(|vv?GyvvTvvavvJvv+vv?GyvvAvv,@vv(\vvhpvv,IvvqvvQIfvv}vvtvv%vv9*vvTvv9hj!vvJvv(
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GSvvAvvgvv}vv9dhIvvOGJIvvQGQIh_vv9svv?|vvGvv}vvvgvv?|vvgvv9
k
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|vAv(GpvQIyvzv}v"v9Rd,E:CfGyv(IvOGJGyvwv=v+vQI|v"v%v9GyvAv,@ovTvAvgv}v{pv,Gyv}v=v9!v,GyvAvGv9Q*v?Ch
GyvvAvvGvv}wvvgvv9JGyvvTvvwvv9!vv+vv?GyvvZvvjvv+vvQIpvvAvvJvvt
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Gy"9@GA+#p,Gy(sB!qT&.

h$vv"vv9cG$vvAvv}vv9e|vvAvvRG*vvO<vv}vvZvv9OQGyvv(svv(OGyvvGvvO*vvOIGyvvAvv,@vvtvvz
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vv[EYvvOGQCvv9!vv,CvvvTvv+vvO

GyvwvQ<v(fh@vJvO
w

|v#|vgvOvd!v]v(HGyv"vqvbhGyvjv9Rh@vTv9fvOfvzv)GyvJvqv9Xfvzv)GSvAv}vQGQ*v?
G |vvOGO<vv%vv}vv9.h*vvGvvQj@vvavv(*vvQGSvvAvvMvvQGLhsvv(OIvv+vv(j|vv#pvv]vv;JGyvvJvv+vv(G!vv9J,|vvDvv{
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Gyvvwvv%vvQ<vv9AGyvvgvv9|vv?,E\vv9pvv?Eyvv)E|vvwvv9fGSvvAvvgvv}vv9yvv&pvv,@vvOpvv8vv?GyvvAvvGvv}vvgvv9JGyvvTvvwvv9!vv+vv?GyvvZvvjvv+vvQI
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<vv9yvvDvvtvv(HhGyvvqvvAvvJvv9J,h|vv#Gyvv]vvQhQj@vvJvvQxjfvv"vv9YvvQGyvv=vv"vv9AG}LvvQiGyvvAvv,*vv}vvwvv#Cf
@vvwvv(fyvv%vv9Yvvzvv?<vv9}Q\vv+vv?.Svv(a!vv"vv9svvXpvv,GyvvqvvZvv{19GyvvJvv9Fvv?Eyvv)@vvtvv+vv+vvOGyvvGvvOQGf
GyvMv9QFv+v?,hEyv)E|vwv9f@vJvtv+vuPyvx<v(GSvav?G}Q\v+v?.h*v}vwv#GyvJv}vv9:JGyv}v=v+vv"v?pv,
GyvvWvvwvv{17.3Cf@vv(p

x
vvQGyvvAvvtvv+vv+vvOpvv,Gyvv"vvtvv9WGyvvAvv,@vv"vvtvv{fvv"vvO$vv9Gyvvgvv(GQVGyvvJvv}vv{Eyvv)

GyvGvOQGf(:IveGyvJv9Fv?Eyv)@vDv=v+vB!v%v9*v?Gyvgv9Q\v?|vhGyvJv}vv9yv?<v9yv}vTv9|v+vQyv]v}v9fCf
Gyvvgvv9Q\vv?@

o
vv}vvTvvx<vv9yvvGvvOGQ).hfvv"vvO|vv9@vvwvv(fGyvvgvv(GQV|vv(GR*vv?yvvzvvGvvOGQ,*vv}vvwvv#GSvvAvvgvv}vv9d

VvvQGFvvb@vvQ<vvbGyvvavv=vvtvv?GyvvOGLvvzvv+vv?yvvzvvGvvOGQ<vvzhdCvv;Kfvv(GQV<vv9yvvtvvQH|vv"vv%vv9,h<vvPyvvx

@

o
vv}vvTvvxG}Q\vv+vv?<vvzSvvQ$vv9<vv9yvvGvvOGQfvvzvv)Cf*vvwvv(f@vvDvv=vv+vvBG}yvv(GM|vvhFvv}vv+vvhGyvvgvv(GQV

G}LvvQiFvv+vvOG
k
.h$vvPgGyvvAvvQvvv+vv=vv?Gyvv}vv=vv+vvv"vv?pvv,GyvvWvvwvv{17.7*vvGvv>Cf@ovv"vvq

v
vvP<vvAvv=vv9fvvOGJ:

@R*Ofz)2000|~.
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hpv,|v9*vMv[GyvGvOQGfGyvOGLvzv+v?pv,Gyvav9<vuG}Svqv{GyvAv,:@vAvzvtvv)CIv}v9:
k

|v#
G}Q\vv+vv?,pvv+vvGvv><vv"vv9D$vv9<vvJvv+vvE@vvZvv{Eyvv)GyvvGvv9!vv>GyvvTvvqvvzvv,|vv#G}Q\vv+vv?.hEPGvvv9!vvB
@vzvxGyvGvOQGf|v=v"v+v?|v#yv=v"v9JLvQSv9!v+v?,vv9!vB|vTvAvtvQI|v#OhfCj|vDv=xvAv9Jpv,Cfvzv)
GyvGvOGQVvQ*vav?C:

q
*vwv(fGyvTvtvrfv9yv+v9

k
FvOG

k
,h$vPGiv+vQ|vJvAv}v{pv,Gyv}v"vRdGyvJvO*vE.

hEPGvvv9!vvBFvvOQGfGyvvAvvtvvTvv+vv}vv9JGyvvOGLvvzvv+vv?FvvOQG!vv9
k

Lvvqvv+vvqvv?svv9<vvzvv?yvvzvvqvvxhGyvvAvvQvvv+vv>,pvv{!vv%vv9
@vvJvvAvv9LEyvv)@vvDvv=vv+vvB|vvhGyvvGvv9!vv>GyvvTvvqvvzvv,|vv#GyvvTvvtvvryvvGvvgvvzvv%vv9|vvTvvAvvtvvQI.hEPGvvv9!vvB@vvzvvx
GyvGvOQGf|vAvgv9|vOI|vhGyvgv(GQV,C|vwv#EFvQGAGyvAvDv=v+vBfv"vOvv{fv9Q\v?.C|v9EPGvv9!vB
|vv(GR*vv?yvv%vv9,h|vv9yvv~@vvwvv#@vvJvvBfvv9Q\vv?|vv=vv9VvvQI,pvvzvv+vvUCvv}vv?|vv#|vvDvv=xvvAvv9J.hpvv,$vvPg
GyvvJvv9yvv?,|vv#Gyvv]vvQhQj@vv(pvv+vvQsvvavvh@vvDvv=vv+vvB<vv+vv#Gyvvgvv(GQV<vvAvv=vv9fvvO<vv+vv#400h600|vv~

<vvjvvQV@vvDvv=vv+vvB@vvzvvxGyvvGvvOQGf.*vvGvv>Cf@vvdvv%vvQsvvavvhGyvvAvvDvv=vv+vvBfvvzvv)|vvMvvavvavv9J@vv"vvqvv+vvP
G}Q\vv+vv?,hVvvz!vv%vv9VvvzfVvvQGFvvb@vvDvv=vv+vvBGyvvGvvOQGfGyvvMvv9QFvv+vv?,*vvGvv>Cf@ovvDvv=vvvB|vv#svv=vv{
Gy"G9Q*#GyP*#*="(fG}Q\+?.

hEPG<ov"v+vBFvOQGfGyvAvtvTv+v~GyvMvqv+vqv?|v#CQ\v+v?Gyvav9<vu!vqvTv&,C|vwv#@vDv=v+vAv%v9fvzv)
Cyvv(GIvv%vv9.Ivv+vv"vv8vvP@vv(R

x
YGyvvGvvOQGfGyvv}vvAvvgvv9|vvOI|vvhGyvvgvv(GQVGyvvJvv}vv{fvv=vvQG}Q\vv+vv?,yvvwvv#

EPGvvvv9fFvvvOGQGyvvvAvvvtvvvTvvv+vvv~Cvvvtvvv+vvv;
k

,hvvvv9f|vvv(GR*vvv9
k

yvvvzvvvgvvv(GQV,vvvv9f|vvv#Gyvvv]vvvQhQj@vvv(pvvv+vvvQ
f9Q\?|]9fr@JBGyGOGQGyq9Y{|=9VQI.

GygRdGyZ(@,
@vvv=vvv+xvvv#@vvvjvvv+wvvvQGJC!vvv}vvv9WG svvv9|vvv?pvvv,Gyvvv}vvv"vvv9RdCfGSvvvAvvvgvvv}vvv9divvvQaGyvvv"vvv(epvvv,Gyvvv"vvv%vvv9Q

*vAvRG*vOfv"vO|v9@vwv(fGyvjvQaGyvTvqvzv)|vWvjv(yv?C*v]v9
k
.h$vPG*vjv+xvQ|v#hcv+vqv?G}Q\v+v?|v#

Ivv+vvE@vvMvvqvv+vv̂|vvTvvAvv(iGyvvZvv(JGyvv}vv"vvAvvWvvQpvv,Gyvv%vv(GA.pvv,Gyvv}vv9\vv,,Q<vv}vv9vvv9!vvB<vv"vv+vv?
G}Q\v+v?GyvAv,!vdvQ!v9pv+v%v9IvAv)G6f|vtv=v(yv?fv"vO|v9vv9!vBivQaGyv"v(e@ovTvAvgv}v{pv,Gyvzv+v{
pvvtvvb,E:C!vv%vv9:@vvJvvt

x
vvu@vvMvv}vv+vvOGyvvZvv(JGyvv}vvavvzvv(HGyvv+vv(e.*vvGvv>Cf@vvTvv9hjsvvQ*vv"vv?

GyvvAvvMvv}vv+vvOGyvvZvv(@vv,Rwpvv,G}Q\vv+vv?Gyvv+vv(e40O*vvTvv+vv=vv{OGLvv{Gyvv}vv"vv9Rd,h|vv#Gyvv}vv}vvwvv#
@vvJvvtvv+vvuPyvvx<vv(\vvh|vv9OI|vv9Yvv?yvvzvvZvv(J<vvTvv}vv9vvv?100|vv~pvv,GyvvqvvGvv(GJGyvvqvv9Yvvzvv?<vv+vv#
Gyvvvgvvv(GQVpvvv(bCyvvv(GMGyvvvTvvvtvvvr.h*ovvvQjGyvvvWvvvwvvv{17.8Pyvvvx|vvvh<vvvgvvv̂Gyvvv}vvv(GYvvvqvvv9J
G}LQi.
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*ovv|C
x
vvQhFvv(OGyvv}vv9OIGyvvgvv9Ryvv?yvvzvvZvv(Jpvv,GyvvJvv+xvvRGyvv}vvAvv9Myvv~!vv9<vv+vv>hG}Svv;cGyvvAvv,@ovv}vvQvQ

\vv}vv#pvvGvv(GJG}Q\vv+vv?.pvvtvvO*vvwvv(fGSvvAvvgvv}vv9dGyvvDvvtvv(Hivv+vvQ|vv}vvwvv#fvvzvv)_vv(dGyvv}vvJvv(Q
Gyvv}vvJvv9*vvOC*vv]vv9

k
,hyvvPG*vvGvv>Cf@vv}vvQ@vv}vvO*vvOGJGyvvMvvO|vv9Jfvv=vvQCCvv;e<vv9yvvtvvQH|vv#!vv%vv9*vv9J

Gyvvgvv(GQVfvv"vvO!vvtvv9WGyvvAvvDvv=vv+vvB.EPG|ovvQxQJGyvvwvv=vv9dGyvvwvv%vvQ<vv9Fvv+vv?@vvJvvBIvvWvv(IGyvvzvv+vvrGyvv}vvgvvO!vv,
(mineral wool),C|vvwvv#yvvMvv(GUfvvRyvv%vv9GyvvJvvQGQ*vv?Cf@vvTvv=vv>R*vv9OIpvv,OQFvv?IvvQGQ@vv%vv9,

hyPG*G>CLP$9p,GyJT=9fI+#@JO*OCsa9QG}S;c(G!dQGyqZ{21).

CQ\+9JGya(G<uG}Q\+?
G!vvZvv>G$vvAvv}vv9|vv"vv9pvv,GLvvAvv+vv9Q!vv9yvv=vv"vv)CQ\vv+vv9JGyvvavv(G<vvuGyvvgvvzvv+vv9pvv,Gyvv}vv"vv9RdGyvvqvvQO*vv?

GyvvAvv,!vv9svvWvv"vv9$vv9B!vvqvv9
k

fvvzvv)@vvJvvtvv+vvu<vv"vv+vv?svv9OQIfvvzvv)Ivv}vv{G}Ivv}vv9dGyvv}vvqvvQh\vv?h@vvJvvtvv+vvu
GSvAvtvQGQGyvGvOQGfGyv}vGv9hQIyv%v9,pv,Gyv}vtv9eG}hd,hfvzv)Cf@vwv(fQvv+vRI !v%v9AGJ

@vv(p
x
vvQSvvavv(Ivv9

k
!vvdvv+vvqvv?|vvTvvAvvtvvQI|vvh|vvTvvAvv(i|vv;Fvv~|vv#GyvvAvvMvv}vv+vvOGyvvZvv(@vv,,h|vv#OhfCf

*vvwvv(fyvv%vv9Cjhcvv+vvqvv?QFvv+vvTvv+vv?CLvvQiPGJYvvzvv?<vvAvvJvvO*vvO|vv(GYvvqvv9@vv%vv9h@vvqvv9Yvv+vvzvv%vv9.h$vvPg
yvvv+vvvTvvvBIvvv9yvvv?CQ\vvv+vvv?Gyvvvavvv9<vvvuG}Q\vvv,.*vvv=vvv+vvv#GyvvvWvvvwvvv{17.9<vvv+vvv9!vvv+vvv9

k
GyvvvdvvvQhaGyvvv}vvvAvvv(svvvh

cvv%vv(Q$vv9@vvJvvBCQ\vv+vv?Gyvvavv9<vvuG}Q\vv,hGyvvdvvQhaGyvvAvv,*vvGvv>Cf@vvAvv(GpvvQpvv(svv%vv9.h|vv#
Gyvv(G\vvKhFvv(Ohcvv9Fvvr|vvMvvAvvzvvqvv?,|vv"vv%vv9|vvtvv9h|vv?@vvTvvQHGyvvQ_vv(<vv?hG!vvAvvtvv9dGyvvJvvQGQI.Ef
GyvdvQhaGyvTv9FvOI@vJvBG}Q\v+v?svO@vwv(fCVvOsvTv(I|v#!v9Iv+v?@vTv=v+v=v%v9yvAvzvrGyv}v(GO,
h|vWv9vvzv%v9Cvv=vQ|v#Iv+vEGIvAv}v9:JGyvJvQvv?.hvv{Pyvx*vGv>Cf*ov|LvPpv,GyvJvTv=v9f
p,Cj|tAQMyAW++OCQ\+9JGya(G<uG}Q\+?.
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@vvv}vvvAvvvOCQ\vvv+vvv?Gyvvvavvv9<vvvuG}fvvvzvvv)pvvv(bivvvQaGyvvvavvv9<vvvuG}O!vvv),h$vvvPGivvv+vvvQ|vvv(Fvvv(O
<vv9yvv"vvTvv=vv?Eyvv)CQ\vv+vv?Gyvvavv9<vvuG}Q\vv,GyvvAvv,svvO@vvQ@vvwvvRfvvzvv)CQVYvvzvv=vv?|vvTvvAvvtvvQI<vvtvvOQ

*vwvqv,yv(\vhG}Q\v+v?fvzv+v%v9|v=v9VvQI.*vGv>Cf*vwv(f|v"vTv(HSvavKG}QVGyv}vTvAvtvQI

svQ*v=v9
k

<vtvOQvv9a|v#|vTvAv(iG}Q\v+v?Gyv}vQiv(Hpv+v%v9.hEPGvv9f@vJvtv+vuCQV|vTvAvtvQI

*Aaz>|R*OG
k

|#GyJqQChGy}{A,sO@w(fG}Q\+?Gy}gzt?I;
k

CvDQGsAZ9O*9
k
.

hEPGGfvA
o
v=vQJG}Q\v+v?Gyv}vgvzvtv?$v,GyvMv+v9QG:svAvZv9Oj,vv9!vB<v"v+vAv%v9|vWv9<v%v?yv=v"v+v?

CQ\v+v?_v9<vufvzv(j,E:Cf|v#Gyv}v}vwv#G6f<v"v9AFvOQGfyvJv}v{G}Q\v+v?pv,|v(\vh
*ovMvAv9Q@vJvAv%v9.hCv}v?Lv+v9QGJChSvhyvzv}vGv9RGJ,h$vPG|v9*v(y

x
vOpvQYv9

k
yv;svAvZv9O.E:Cf

Gyvvv(cvvv9FvvvrG \vvv9pvvv+vvv?hGyvvv=vvv+vvv8vvv?GyvvvAvvv,$vvv,CsvvvTvvv)@vvvqvvvQV|vvvR*vvvOG
k

|vvv#Gyvvv}vvvAvvvavvvzvvv=vvv9JGyvvvMvvv9Yvvv?
<9yAq9Y+{hGLA+9QGy}(GO.

CQ\+?Gya9<uG}Q\,GCgzt?
|vvv#Ivvv+vvvEGyvvvAvvvqvvv9Yvvv+vvv{GyvvvWvvv9Fvvvgvvv?,*vvv}vvvwvvv#G}Q\vvv+vvv?Cf@vvvwvvv(f<vvv"vvv+vvv?PGJfvvv(GQV

LvWv=v+v?h@vqv9Yv+v{|vWv9<v%v?yvAvqv9Yv+v{CQ\v+v9JGyvav(G<vuGyvgvzv+v9.yvwv#pv,Gyvav9<vuG}Q\v,
*vv}vvwvv#@vvJvvtvv+vvu<vvgvv̂G:svvAvvZvv9Opvv,IvvGvv(eGyvvgvv(GQV|vv#Lvv;d@vv(pvv+vvQ@vvOfvv+vv~hSvv+vvb
<vvGvvOQGf|vv#fvv(GQVChLvv;*vv9|vv=vv"vv+vv?fvvzvv)!vvJvv(|vvAvvtvv9_vvh|vvhIvvZvv+vvQI|vv9!vvgvv?yvvzvvQ_vv(<vv?
@vvJvvBYvvqvv+vvJvv?FvvOGQLvvWvv=vv+vv?@vv(\vvhfvvzvv+vv%vv9Gyvvgvv(GQVhpvvtvv9

k
yvvzvv}vv=vv+vvv#pvv,GyvvWvvwvv{17.10.

h@vvvv(\vvvvhpvvvv(bGyvvvvgvvvv(GQVCyvvvv(GMfvvvvzvvvv)ivvvvQGQCQ\vvvv+vvvv9JGyvvvvavvvv(G<vvvvuGyvvvvgvvvvzvvvv(*vvvv?.C|vvvv9@vvvvJvvvvB
G}Q\vv+vv?,pvv9yvvAvv%vv(*vv?hEIvvwvv9evvvAvv9|vv?SvvavvKG}QV@vvJvvBG}yvv(GM\vvQhQ*vv9fpvv,Ivv9yvv?
GSvvAvvgvv}vv9dGyvvMvvWvv>.pvvDvv}vv?E|vvwvv9fyvvAvvQGvvv~Gyvv%vv(GAGyvvQ_vv>@vvJvvBG}Q\vv+vv?,h$vvPG|vv9*vvR*vvO
|vv#!vvTvv=vv?GyvvQ_vv(<vv?pvv,GyvvMvvWvv>h*vvGvvgvvzvv&fvvQ\vv?yvvzvv"vvMvvQ.h*vv}vvwvv#OQAPyvvx<vvAvvOpvvuFvv+vvO
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خشبية

yvzv%v(GAGyv"vtv,@vJvBG}Q\v+v?|vh_v=vtv?@vjvav,G}QV@vJvBG}Q\v+v?.h|vhCfGyvAv%v(*v?
\vvQhQ*vv?yvv]vv}vv9fO*vv}vv(|vv?G}Q\vv+vv?,hyvv+vvUyvvAvv(pvv+vvQ$vv(GA!vvtvv,fvvzvv)!vvJvv(ivv+vvQ|vv=vv9VvvQ
yvvzvvtvv9_vv"vv+vv#pvv,Gyvv}vv"vvRd,pvv{fByvv+vv9JGyvvAvv%vv(*vv?GyvvAvv,!vv(svvWvvBpvv,GyvvqvvZvv{10@

o
vvTvvAvvgvv}vv{pvv,

$vvPgGyvvJvv9yvv?C*vv]vv9
k
.h*vv}vvwvv#G:fvvAvv}vv9Ofvvzvv)GyvvAvv%vv(*vv?Gyvvavv=vv+vvgvv+vv?Gyvvgvv9<vvQIGyvvAvv,@vvTvv=vv=vv%vv9GyvvQ*vvK.

h$vvvPG*vvvtvvvAvvv]vvv,hFvvv(OpvvvAvvvJvvv9Jpvvv,GyvvvGvvvOQGfGyvvvMvvv9QFvvv+vvv?pvvv,GyvvvGvvv(G!vvv>Gyvvv}vvvAvvvtvvv9<vvvzvvv?|vvv#
Gyvv}vv=vv"vv),|vvh|vvTvvzvvx|vvTvvAvv}vvQ|vv#Ohffvv(GFvvu<vv+vv#GyvvGvv9!vv=vv+vv#.*vvAvv(GpvvQ|vvTvvzvvxGyvvAvv%vv(*vv?$vvPG
<vv(GSvvavv?BFvvQGJ@vv%vv(*vv?(yvv=vv"vv9Jpvv+vv%vv9pvvAvvJvv9J)pvv,GyvvGvvOGQGyvvMvv9QFvv,,h|vvGvvQi$vv(GFvv,
fv=vQGyvqvGv(I<v+v#GyvGvOGQ*v#GyvOGLvzv,hGyvMv9QFv,,hCvtv(Hpv,FvOQGfGyvAvOfv+v~GyvJv9|vzv?
yvv~Q\vv+vv?.h*vvGvv>C:

q
*vvtvv{GQ@vvqvv9YGyvvGvv9!vv>GyvvTvvqvvzvv,|vv#Gyvvgvv(GQVfvv#Gyvvavv=vvtvv?Gyvv}vvjvva

x
vv+vv?

yvv~QVfvv#150|vv~,hC:
q

*vvtvv{GQ@vvqvv9YGyvvTvvavvKGyvvTvvqvvzvv,yvvZvvqvv+vvJvv?GyvvGvvOGQfvv#@vvzvvx
Gyvvavv=vvtvv?fvv#75|vv~.h*vvGvv>Cf@vv(p

x
vvQyvv=vv"vv9JGyvvAvv%vv(*vv?G6FvvQ*vv?pvvAvvJvv9J:@vvtvv{|vvTvv9IvvAvv%vv9

fvv#1500|vv~2yvvzvv}vvAvvQGyvvavv(yvv,Gyvv(GIvvO|vv#GyvvGvvOGQ,h*vvGvv>Cf@ovvZvv}vvv~<vvJvv+vvE@vv}vv"vvh
@vvgvvWvv+vvXGyvvtvv(GQV,}fGyvvqvvQGZ@vvJvvBG}Q\vv+vv?FvvPGHFvvOG

k
yvvzvvJvv+vv9IGyvvJvv+vv(G!vv+vv?.*ovvQj

GyWw{17.10@Q@+=9JGyA%(*?@zx.
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hCvv}vv?Ivv{BLvvQFvvQi@vvavv(*vvQg$vv(fvv(GQVLvvQSvv9!vv+vv?|vvhyvv=vv"vv9J@vvAvv(\vvvhfvvzvv+vv%vv9
yvvAvvwvv(*vv#G}Q\vv+vv?.C

o
LpvvPJGyvvZvv+vvjvv?Gyvvgvv9|vv?yvv%vvPGGyvvJvv{Gyvv}vv=vv+

vvv"vv?pvv,GyvvWvvwvv{17.11.|vv#
CQ\vvv+vvv9JGyvvvavvv(G<vvvuGyvvvgvvvzvvv+vvv9GyvvvAvvv,_

o
vvv(xQJyvvvzvvv}vvv=vvv9!vvv,GyvvvAvvvGvvv9Q*vvv?Ivvv+vvvE@vvvwvvv(fGyvvv}vvvGvvv9RGJ

hG}Iv}v9dCvv=vQ.hsvO@v=v+vv#Cf|v"vdv(|v?|vwv(x!v9J|v#$vPgGyvZv+vjv?<v}vtv9Sv9JCYvjvQCvvDvQ
|;F}?}Q\+9J|"9RdhCvDQGsAZ9O*?.

h@vvAvvJvvTvvv#O*vv}vv(|vv?G}Q\vv+vv?Ivv+vv#GSvvAvvgvv}vv9dGyvvMvvQSvv9!vv?<vvO:
k

|vv#GyvvMvvWvv>,hyvvPG:

Ivvv9Fvvv?Eyvvv)_vvv=vvvtvvv?yvvvAvvvjvvvavvv+vvv?G}QV.E:Cf@vvvQ@vvv+vvv=vvv9J@vvv%vvv(*vvv?GyvvvJvvv+vvvRGyvvv}vvv(Fvvv(O@vvvJvvvB
G}Q\vvv+vvv?,Gyvvv}vvvWvvv9<vvv%vvv?yvvvJvvv9yvvv?G}Q\vvv+vvv?GyvvvMvvvWvvv=vvv+vvv?,|vvv9RGyvvvB\vvvQhQ*vvv?.hCvvv}vvv?@vvv(Yvvv+vvv9J
FvO*vOI@vMv[Gyv}v"v9_vuGyvAv,*ovJvAv}v{IvZv(dpv+v]v9!v9Jpv+v%v9@v"v[fvzv)\vQhQIhFv(O
hS9F{yAqtOPyxGyJ+xRh@"d+q&C*]9

k
.

hIvv+vvDvv}vv9vvv9!vvBCvv}vv?@vv}vvO*vvOGJyvvzvvjvv9R@vvJvvBG}Q\vv+vv?,pvv{f|vv#Gyvv]vvQhQjC*vv]vv9
k

@v(pv+vQ|v9!vh:!vAvWv9QGyvjv9Rpv(b<v"v+v?G}Q\v+v?|vJv}v,u<vJvZv+vQILvQSv9!v+v?.h|v#Gyv]vQhQj
C*v]v9

k
pv,@vzvxGyvJv9:JIv}v9*v?pvGv(GJGyvGvOQGf<vJvZv+vQI|v9!vgv?yvzvQ_v(<v?hiv+vQ!vqv(PI

yvzvjv9R.hCv}v?|v"v9svWv?}!v(GY_v=vtv9J|v"vhG!vAvWv9QGyvjv9R@vzvxhiv+vQ$v9|v#hSv9Fv{GyvTv+vavQI
fvzv+v&pv,Gyv}vtvavhGyvMv9U<v9}Q\v+v9JGyv}vJv}v(yv?fvzv)<v;_v9J@vJvBGyvgv"v(Gf"Iv}v9*v?
Gy=+8?hOhQIGyJ+9I"Gy(GQO:It9

k
.

|t9h|?G!At9dGyJQGQI
yvtvO<v+vv#@vJvzv+v{G}Q\v+v9JGyvMvWv=v+v?hGyvMvQSv9!v+v?IvAv)G6fC!v%v9*v}vwv#Cf@vwv(f

<v"v)GsvAvZv9O*v?h|vtv9h|v?yvzvQ_v(<v?,h*v}vwv#h\vh|v(GYvqv9Jyv%v9@v]v}v#O*v}v(|vAv%v9.hEPG
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vvQRhL|vv#Gyvvgvv(GQVGyvv}vv9Fvvzvv?Ofvv}vv9

k
|vvAvv=vv9O:

k
fvv"vvOGyvv}vvAvv#.h<vv(Fvv(OC!vv}vv9W

GyvvAvvJvv}vv+vv{hGyvvAvvOfvv+vv~$vvPg,Cvv}vv?SvvAvv?C!vv}vv9W|vv}vvwvv"vv?yvv5Lvvqvv9bG !vvWvv9Fvv,|vv=vv+vvv"vv?pvv,GyvvWvvwvv{
18.5,$,:

!G!t;HGyg(GQVGy}9Fz?

!OphF9!=,yzGOGQ

!@Oy

x
,Gyg9Q\?Gy}9Fz?

!GyAJ"w>GygQ\9!,yzg9Q\?Gy}9Fz?

!@zrGyg9Q\?<T=>EF%9OGJGyAt(wShGyt[

!G:sA;Y<9yQ*K
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EfGyvgv(GQVGyv}v9Fvzv?fvQ\v?yv;!vtv;H,yvPG,hIvAv)yv(vv9f@v=v9fvO$v9Yvjv+vQG
k

,

pvv{!vv%vv9<vvJvv9Fvv?Eyvv)fvv"vv9YvvQ@vvDvv=vv+vvB|vvAvvgvv9|vvOI|vvgvv%vv9.h|vvhCffvv(GQV@vvDvv=vv+vvBGyvv=vv;_vv9J
@vvAvv(\vvvhpvv,PyvvxG:@vvGvv9g,pvv{fCvv}vv?\vvQhQIyvvAvv(pvv+vvQfvv"vv9YvvQLvvWvv=vv+vv?|vvgvv+vv"vv?yvv%vv+vvwvv{
GyvvTvvtvvr.hC<vvTvvb@vvzvvxGyvvgvv"vv9YvvQ$vv(yvv(MGyvv}vvAvv#GyvvPj*vv(\vvh<vv+vv#!vv%vv9*vv9Jfvv(GQV

GyvvGvv9!vv=vv+vv#Gyvv}vv9Fvvzvv?h*vv}vvAvvOfvvzvv)_vv(dGyvv}vvAvv#IvvAvv)FvvOGQjhGFvv%vvAvv,GyvvGvv}vvzvv(f.@ovvgvvQa
$vvPgGyvvAvvWvvwvv+vvzvv?<vv9yvvTvvtvvrGyvv}vvROhLGyvv}vv+vv{(couple roof),h$vv,|vv=vv+vvv"vv?pvv,GyvvWvvwvv{
18.6.h@

o
vvDvv=vvvB!vv%vv9*vvAvv9Gyvvgvv9Q\vvAvv+vv#G}LvvQ*vv+vv#|vvhYvvqvv+vvJvvAvv,GyvvGvvOGQ*vv#(<vvtvvZvv%vv}vv9fvvzvv)

Vvvwvv{|vv"vvtvv9Qh@vvTvv}vv+vvQ$vv9fvvzvv+vv%vv9).C|vv9Yvvqvv+vvJvv?GyvvGvvOGQpvv%vv,LvvWvv=vv?<ovvgvvOG|vvtvvavvgvv%vv9
GyvvgvvQ\vv9!vv,*vvTvv9h*vv9f100&75|vv~,@

o
vv]vv}vvv#pvv,Gyvvavv+vv"vv?GyvvAvv,@vvgvvzvv(GyvvGvvOGQ.h$vv,

@vvvvJvvvv}vvvv{!vvvv%vvvv9*vvvv9JGyvvvvgvvvv(GQVGyvvvv}vvvv9Fvvvvzvvvv?h@vvvv(p
x
vvvvQIvvvv9|vvvv;

k
Cpvvvvtvvvv+vvvv9

k
yvvvv~pvvvv9Q*vvvvRfvvvv"vvvvO!vvvv%vvvv9*vvvv9J

Gyg(GQV.

<vR*v9OI|vGv9RGyvTvtvrh!vJv9pv?GyvGvOGQ,*vZv=vKGyvOpvhGyvGv9!v=v,yvzvGvOGQ|vZvOQG
k

QFvv+vvTvv+vv9
k

yvvgvvOeG:SvvAvvtvvQGQ,h$vvPG|vv9*vvJvvO|vv#|vvGvv9RGyvvTvvtvvrGyvv}vvROhLGyvv}vv+vv{<vv"vvJvv(
3C|vAv9Q.hpv,Iv+v#Cf|v#Gyv}v}vwv#Iv{|vWvwvzv?G!vtv;HGyvGvOGQ@vZv}v+v}v+v9

k
<vGvOGQ

OGfvv~Lvv9QFvv,,pvv{fG}pvv]vv{|vv#Gyvv"vv9Ivv+vv?G:svvAvvZvv9O*vv?$vv(@vvDvv=vv+vvBGyvv"vv%vv9*vv9JGyvvTvvqvvzvv)
yvvzvvgvv(GQVGyvv}vv9Fvvzvv?pvv,GyvvavvQpvv+vv#fvvzvv)fvv9Q\vv?GyvvTvvtvvrGyvvOGLvvzvv,.h$vvPG*vvgvvavv,<vv"vv+vv?
@vvvTvvv}vvv)GyvvvTvvvtvvvrGyvvv}vvvROhLGyvvv}vvvjvvvzvvvu(close couple roof)h$vvv,|vvv=vvv+vvvv"vvv?pvvv,GyvvvWvvvwvvv{

18.6.C|vv9fvv9Q\vv?GyvvTvvtvvrGyvvOGLvvzvv,pvvAvv(p
x
vvQIvv9|vv;

k
yvvzvvTvvtvvrE\vv9pvv?Eyvv)Ivv+xvvRpvv+vv&

yvvMvvRfG}Vvv+vv9ACh|vv"vvqvvPG
k

}fvv}vv9dGyvvZvv+vv9!vv?,fvv;hIfvvzvv)Q<vvb!vv%vv9*vv9JGyvvgvv(GQV

Gyvvv}vvv9Fvvvzvvv?|vvvgvvv9
k

hpvvvtvvv9
k

yvvv}vvv9P
o
vvvvQB!vvvqvvv9

k
.h*vvv|OjPyvvvxEyvvv)@vvvtvvv(wS,E:CfGyvvvTvvvzvvv(c

G !vvWvv9Fvv,GyvvQFvv+vvTvv,yvvzvvTvvtvvr<vv}vvGvv}vvzvv&$vv(GyvvWvvO,hvvv,*vvAvvJvvtvvvuPyvvx*vvGvv>@vvDvv=vv+vvB
Gyvvvgvvv(GQVGyvvv}vvv9Fvvvzvvv?hfvvv(GQVGyvvvTvvvtvvvrGyvvvOGLvvvzvvv+vvv?<vvv9yvvvAvvvTvvv}vvv+vvvQ.C|vvv9|vvvtvvv9Svvv9Jfvvv9Q\vvv?

GyvvvvTvvvvtvvvvrpvvvvAvvvvAvvvvJvvvvO
v

O<vvvv9yvvvvAvvvvtvvvv(wSGyvvvv}vvvvTvvvv}vvvv(M<vvvv&,h<vvvvPyvvvvx*vvvvwvvvv(f|vvvvWvvvv9<vvvv%vvvv9
k

yvvvvgvvvv(GQV

G}Q\vv+vv9J.h|vv#Gyvv}vv}vvwvv#@vvtvvzvv+vv[|vvtvv9Svv9JGyvvgvv9Q\vv?<vvAvvGvvRFvv?Gyvv}vvGvv9R<vvzQ<vvavv?EPG
C|w#@(p+QOf9|9J|;F}?y%9.

h|vvhGRO*vv9OGyvv}vvGvv9RChGyvv}vv+vv{*vvROGO_vv(dGyvvgvv9Q\vv?Gyvv}vv9Fvvzvv?(h_vv(dfvv9Q\vv?
GyvvTvvtvvr),h@vvROGO|vvgvv%vv9svv(iGyvvAvvtvv(wS.h*vvROGOG:!vvJvvQGa,h*vvROGOC*vv]vv9

k
GyvvAvvJvv"wvv>

GyvvvgvvvR|vvv,GyvvvgvvvQ\vvv9!vvv,,h*vvvROGO|vvvgvvv%vvv}vvv9E|vvvwvvv9fG Lvvvqvvv9bGyvvv"vvv%vvv9Fvvv,<vvv{Fvvv%vvv9OGJGyvvvAvvvtvvv(wS
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hGyvtv[.E:CfELvqv9bGyvtv[<vgv+vOG:IvAv}v9d}fG}Iv}v9dLvqv+vqv?hGyv}vGv9R_v(*v{
!vvTvv=vv+vv9

k
.h$vvPG|vv9*vvGvvgvv{G:!vvJvvQGaivv9yvv=vv9

k
|vvgvv+vv9QG

k
yvvzvvAvvZvv}vv+vv~,}!vv&*vvJvvZvv{svv=vv{Cf

*ovZv=vKGyvAvtv(wS|v}vwv"v9
k
.h<vjv+v?OQAELvqv9bG:!vJvQGaChGyvAvtv(wS,pv{fR*v9OIGQ@vqv9Y

Gyvv}vvtvvavvhGyvvgvvQ\vv9!vv,yvvzvvgvv9Q\vv?Gyvv}vv9Fvvzvv?$vv(Cpvv]vv{_vvQ*vvtvv?yvvR*vv9OI|vvtvv9h|vv?@vvzvvxGyvvtvv(i.
hfvvQV|vvtvvavvhGyvvgvv9Q\vv?|vv%vv~}!vv&*vvJvvOw|vv#fvvOeG:SvvAvvtvvQGQGyvv"vv9Fvv~fvv#GyvvgvvRhe
GyvgvQ\v9!v+v?.yvwv#R*v9OIvv{|v#GyvgvQVhG:Q@vqv9Y@v|OjEyv)R*v9OIGyv(RfhGyvAvwvzvqv?.

|v#!v9Iv+v?CLvQi,@vTv9hjGyvJvOhOG:svAvZv9O*v?}<vgv9O<v"v+v?GyvTvtvrGyv}vROhLGyv}vjvzvu
PjGyg(GQVGy}9Fz?hf(GQVGyTtrGyOGLz+?!J(5vvvv6C|A9Q.

Cvvv}vvv?_vvvQ*vvvtvvvAvvv9fCLvvvQ*vvv9fyvvvAvvv(pvvv+vvvQ<vvv"vvv+vvv?PGJfvvv(GQV|vvv9Fvvvzvvv?C_vvv(d@vvv}vvvw
x
vvv#|vvv#<vvv"vvv9A

CStrGsAZ9O*?@}AOfz)|G9RGJ@R*Ofz)6C|A9Q,$}9:

!GyAOf+~<9yg9Q\?G}pt+?

!GyAOf+~<9yg9Q\?GyW=w+?Gy}9Fz?
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hGyvvgvv9Q\vv?G}pvvtvv+vv?$vv,fvv"vvZvvQ|vvAvvgvv9|vvO|vvhGyvvgvv(GQVGyvv}vv9Fvvzvv?*vv(p
x
vvQGQ@vvwvv9RG

k
E\vv9pvv+vv9

k

hpvvtvv9
k

yvvzvv}vv=vv+vvv#pvv,GyvvWvvwvv{18.7.Ivv+vv"vv8vvP*vvGvv>@vv(pvv+vvQIvv(G|vv{yvvzvvgvv(GQVG}pvvtvv+vv?GyvvAvv,
*vvJvvO

x
O@vvwvvQGQ$vv9_vv(dGyvvgvv9Q\vv?G}pvvtvv+vv?,h<ovvgrvvOG|vvtvvavvgvv%vv9GyvvgvvQ\vv9!vv,.hGyvvgvv9Q\vv?G}pvvtvv+vv?

CvvvDvvQ@vvJvv}vv+vv;
k

|vv#Gyvvgvv(GQVGyvv}vv9Fvvzvv?hyvvPG@vvTvvAvvavv+vvh@vv(pvv+vvQOfvv~fvvzvv)|vvGvv9RGJ|vvJvvOhOI

EPGvvv9!vvBLvvWvv=vv+vv?hPGJ|vvtvvavvhfvvQ\vv9!vv,|vvTvvAvvavv+vv{.hpvv,Ivv+vv#Cf<ovvgrvvOG|vvtvvavvhGyvvgvv9Q\vv?
Gyvv}vv9Fvvzvv?*vvTvv9h*vv9f!vvJvv(50&125|vv~,pvv{f<ovvgvvOGGyvvgvv9Q\vv?G}pvvtvv+vv?*vvZvv;fIvvAvv)75&

200|vv~,h$vv,@vvJvvAvv9LEyvv)Ofvv9Fvv~fvvzvv)|vvTvv9pvv9Jpvv9Yvvzvv?@vvtvvh<vv+vv#1800h2400|vv~.

h$vvPG*vvTvvAvvOfvv,GSvvAvvgvv}vv9dFvvOGQIvv9|vv{OGLvvzvv,yvvAvv(pvv+vvQG:Q@vvwvv9Ryvvgvv]vv9FvvO|vv#Gyvvgvv(GQV

G}pvvtvv+vv?hpvvuGyvv}vv=vv+vvv#pvv,GyvvWvvwvv{18.7,|vvhC!vv&*vv}vvwvv#@vvJvv}vv+vv{!vv%vv9*vvAvv,Gyvvgvv9Q\vv?G}pvvtvv+vv?
fz)FOGQhGF%?GyG}z(f.

h|v#Gyv}v}vwv#GSvAvgv}v9dfv9Q\v?pv(:P*v?Chfv9Q\v?Cpvtv+v?LvWv=v+v?PGJGQ@vqv9Yvv=v+vQ
|vvZvv"vv(fvv?|vv#LvvWvv>@vvQvvv+vv=vv,<vvZvv+vvjvv?|vvtvvavvhYvv"vvOhsvv,Ch|vvtvvavvhIChfvv9Q\vv?Vvv=vvwvv+vv?
yvv(\vvgvv%vv9<vv+vv#FvvOGQjhGFvv%vv?GyvvGvv}vvzvv(fh|vv#Cvv~Eyvvjvv9AGyvvJvv9Fvv?Eyvv)GyvvGvvOGQGyvvOGLvvzvv,
GyvJv9|v{.h$vPgGyvMv+v9QGJ|v=v+vv"v?C*v]v9

k
pv,GyvWvwv{18.7.hpv,Iv+v#CfGyvgv9Q\v?G}pvtv+v?

Gyvv}vvZvv"vv(fvv?|vv#Gyvvqvv(:P@vvwvv(fPGJ|vvtvvavvhYvvjvv+vvQ!vvTvv=vv+vv9
k

,pvv{fIvv{GyvvMvvWvv>GyvvAvvQvvv+vv=vv,
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*vvv}vvvwvvv#Cf*vvvGvvvgvvv{Gyvvvgvvv9Q\vvv?PGJGQ@vvvqvvv9Yvvvv=vvv+vvvQ,h$vvvPG*vvvJvvvO|vvv#GyvvvJvvvQvvvv?\vvv}vvv#pvvvQGZ
GyvvTvvtvvr.hGyvvMvv+vv9QG6LvvQ yvvjvv9AGyvvGvvOGQGyvvOGLvvzvv,GyvvJvv9|vv{$vv(GSvvAvvgvv}vv9dfvv9Q\vv?Vvv=vvwvv+vv?
fvvv"vvvOvvvv{QG<vvvhfvvv9Q\vvv?|vvv9Fvvvzvvv?yvvvJvvv}vvv{Gyvvvgvvv9Q\vvv?G}pvvvtvvv+vvv?GyvvvAvvv,@vvv}vvvD

x
vvv{GyvvvJvvv9|vvv{Gyvvv}vvvWvvvAvvvQc

yvzvgv(GQVGyv}v9Fvzv?.h$vPG*vR*vO|v#GyvAvwvzvqv?h*vJvOw|v#GyvqvQGZGyv}vAv9Mpv,GyvTvtvr.*v}vD
x
v{

GSvvvAvvvgvvv}vvv9dGyvvvgvvv9Q\vvv?GyvvvWvvv=vvvwvvv+vvv?hGyvvvgvvv(GQVGyvvv}vvv9Fvvvzvvv?Ivvv;
k

svvvO*vvv}vvv9
k

GSvvvA
o
vvvgvvv}vvv{pvvv,Ivvvdvvv9FvvvQ

GyvvJvv+vv(G!vv9Jh|vvMvv9RfGyvvJvv=vv(HhGyvvtvv9fvv9J|vv"vvPGyvvgvvZvv(QGyvv(Svvavv),yvvwvv"vv&yvv+vvUGsvvAvvZvv9O*vv9
k

yz}"9Rd.

C|vvv9pvvv,G6h!vvv?G}Lvvv+vvvQI,pvvvtvvvOC
o
fvvv+vvvOEIvvv+vvv9ApvvvwvvvQIGyvvvgvvv9Q\vvv?GyvvvWvvv=vvvwvvv+vvv?|vvv#Lvvv;d

Gyvvvgvvv(GQVGyvvvWvvv=vvvwvvv+vvv?Gyvvv}vvv9Fvvvzvvv?.hsvvvOCYvvv=vvvKPyvvvx|vvv}vvvwvvv"vvv9
k

<vvvgvvvO@vvvavvv(*vvvQYvvvqvvv+vvvJvvv?G}cvvv9pvvvQ
:SvAvgv}v9yv%v9pv,Gyv(Yv;J<v+v#Gyvgv"v9YvQ.h$vPG|v=v+vv#pv,GyvWvwv{18.8.pv%v,@v(p

x
vQ@vDv=v+vAv9

k

fvzv)Vvwv{hYv;J@vtv9<vzv+v?yvzvgv"v9YvQGyvMvWv=v+v?,h@vAvZvr<v9yv}vtvOQIfvzv)@v(pv+vQ|vtv9h|v?
VvOvv9pv+v?pv,Gyv(Yvzv?yv=v"v9A$v+vwv{Lvqv+vrPjhYvzv?|vqvZvzv+v?yvwv{fv9Q\v?|v9Fvzv?(G!vdvQ
GyvvqvvZvv{11).h|vvhCf|vv#Gyvv}vv}vvwvv#@vvDvv=vv+vvBYvvqvv9FvvKG}cvv9pvvQpvv,Gyvv}vv(svvh,pvv{!vv%vv9@vvJvvt

x
vvu

CsvvZvv)|vvRG*vv9$vv9G:svvAvvZvv9O*vv?Ivv+vv#@vvGvv}vv+vvgvv%vv9pvv,Gyvv}vvgvv}vv{IvvAvv)yvv(@vvQ@vvv=vvBfvvzvv)Pyvvx
@w9y+rE\9p+?yA(Q*OGyg(GQVGyW=w+?v9|z?.

h@vtv(OGyvwvqv9AIG !vWv9Fv+v?yv%vPgGyv}v"vdv(|v?Eyv)|vtv9_vh!vJv+vqv?.h$vPG*vtvAv]v,GyvAvgv9|v{
|vvh$vvPgGyvvgvv(GQVGyvvWvv=vvwvv+vv?<vvgvv"vv9*vv?pvv,CCvv"vv9AGyvv"vvtvv{hGyvvAvvGvv}vv+vvh,E\vv9pvv?Eyvv)Efvv9OI@vvtvv+vv+vv~
GSvvAvvtvvQGQ<vv"vv+vv?GyvvTvvtvvr<vv}vvGvv}vvzvv%vv9.yvv+vvU|vv#Gyvv}vv}vvwvv#$vv"vv9GSvvAvvgvv}vv9dyvv(MGyvv}vvAvv#GyvvWvv9Fvvh,
pv}vtv9_vhGyvMvWv>Gyv"vJv+vqv?CvvDvQfvQ\v?yvzvAvWv(*v&GyvgvQ\v9!v,,Lv9Yv?@vzvxGyvAv,@vgv}v{pv,
Ivv9yvv?Gyvv]vvjvvb.hyvvPGCvv}vv?Ivv9Fvv?Eyvv)fvvOO|vv#fvv"vv9YvvQGyvvAvvQ<vv+vvbGyvvavv(:!vv,hGyvvtvvavvQjhpvvtvv9

k

yz}=+v#p,GyWw{18.8.

h<vvvQivvv~GyvvvJvvv9Fvvv?Eyvvv)GyvvvAvvvOGhdGyvvvJvvvPQhEyvvv)GyvvvAvvvQ<vvv+vvvbG \vvv9pvvv,,@vvv=vvvtvvv)Gyvvvgvvv(GQV

GyvWv=vwv+v?Gyv}v9Fvzv?Iv9yv+v9
k

CvvDvQGyvJvzv(dGsvAvZv9O*v?.hsvOCOJVvgv=v+vAv%v9Eyv)_v+vrhGSvh|v#
Gyvv}vvwvv(x!vv9JGyvvAvv,@vv}vvw

x
vv#|vv#<vv"vv9ACSvvtvvrPGJChQGchhO*vv9f,h@vvWvvwvv+vv;JFvv}vvzvv(!vv+vv?

@vvTvv}vvK<vv=vv"vv9AivvQapvv,pvvQGZGyvvTvvtvvr.hsvvOCYvv=vvJvvB@vvZvv9|vv+vv~G}SvvtvvrPGJGyvv}vvGvv9RGJ

GyvvAvv,@vvR*vvOfvvzvv)12|vvAvvQG
k

|vvgvvAvv}nvvOIIvv9yvv+vv9
k

,h*vvgvvQV|vvgvvdvv~Gyvv}vvZvv"xvvgvv+vv#@vvZvv}vv+vv~@vvZvv9|vv+vv~
L9Y?h@Z"+g%9.
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<vgvO@vJvO*vO<v"v+v?GyvTvtvr<vJv+vE@vAvJv}vv{G}Iv}v9dGyvgv}v(O*v?,|v#Gyv]vQhQjGyv"vdvQ
pvv,COGFvv%vv9pvv,|vv(GFvv%vv?G:svvAvv;Y<vv9yvvQ*vvKEyvv)G}fvvzvv).EPGvvv9!vvBsvv(IGyvvQpvvh|vv#GyvvQ*vvK
vvv9pvv+vv?yvvQpvvhG}Ivv}vv9dGyvvTvv9vvv"vv?yvvzvvTvvtvvr,pvv{fCvv}vv?E|vvwvv9fyvvJvvZvv(dC\vvQGQpvv,GyvvTvvtvvr.
hEPGvvv9!vvB|vvDvv=vvAvv9JGyvvjvvavv9Avvv9pvv+vv?yvv}vvtvv9h|vv?G!vvqvvZvv9d|vvwvv(x!vv9@vv&fvv#<vv"vv+vv?GyvvTvvtvvr,pvv{f
|vvqvvgvv(dPyvvx$vv(@vvJvvQ*vvQGyvvJvv}vv{|vv#Ivv+vvEGyvv}vv=vvOC,h|vvhGRO*vv9OSvvQfvv?GyvvQ*vvK,*ovvtvvAvvzvvh
GyvvTvvtvvr<vvQ|vvAvv&.yvvPG*vvGvv>CLvvPPyvvxpvv,GyvvJvvTvv=vv9fpvv,CCvv"vv9AGyvvAvvZvv}vv+vv~<vvJvv+vvE*ovvQ<vvb
GyvTvtvrFv+vOG

k
|vhGyvGvOQGf.h$vPGVv9Fvhpv,G}SvtvrGyv}vTva

v
vJv?,Iv+vE@ovTvAvgv}v{Civav+v?

Lvvqvv+vvqvv?Gyvv(Rf|vvhVvvQGFvvbQ<vvb|vvhGyvvGvvOQGf.C|vv9pvv,Ivv9yvv?GyvvTvvtvvrGyvv}vv9Fvv{,pvv{fhRf

Gyvvjvvavv9A*vvGvvgvv{G:svvAvv;Y<vv9yvvQpvvhCsvv{GIvvAvv}vv9:
k

E:EPGvvv9!vvBGyvvQ*vvKVvvO*vvOIFvvOG
k
.yvvwvv#

Ivv+vvDvv}vv9vvv9fGSvvAvvgvv}vv9dVvvQGFvvbGyvvQ<vvb\vvQhQ*vv9
k

,hFvv>Cf*vvTvv9hj@vv=vv9fvvOGyvvWvvQGFvvb1500

|v~,hC:
q

@vtv{C_v(Gyv%v9fv#1000|v~,hCf*vwv(fGyvAvDv=v+vBfvzv)GyvGvOGQpv,BLvQ150

|vv~|vv#GyvvWvvQ*vvb.h*vvGvv>@vv(\vv+vvh!vv%vv9*vv?Gyvvgvv9Q\vv?Gyvv}vv9Fvvzvv?GyvvTvvqvvzvv)<vvJvv+vvE*vv}vvwvv#@vvDvv=vv+vvAvv%vv9
|vvhYvvqvv+vvJvv?GyvvGvvOGQ<vv9yvvAvvTvv}vv+vvQCh<vv9SvvAvvgvv}vv9dIvv9YvvQGJpvv(:P*vv?|vvjvvzvvqvv"vv?.hEPGGSvvA

o
vvgvv}vv{

GyAT}+Q,hF>G:!A=9gEy)fOeE*PGAYq+J?G}c9pQh@tz+[vq9A@%9G !W9F+?.

hEPGvv9!vBCv}v?hGFv%v?Fv}vzv(fyvzv}v"vRd,vv9fFvOGQGyv(GFv%v?fvQ\v?yvtv(iGyvQ*vK
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C*vv]vv9
k

fvvzvv)_vv(dIvv9pvv?GyvvTvvtvvr,h@vv"vvGvv~fvv"vv%vv9svv(ifvvQ\vv9!vv+vv?*vv}vvwvv#Cf@ovvAvvzvvrCfvvzvv)
GyvvGvvOGQ.yvvwvv#Cfvvzvv)GyvvGvvOGQ*ovvGvv9hQ$vv+vvwvv{GyvvTvvtvvrGyvv}vvTvvAvvtvvQhGyvvAvv9eGyvvAvvQ<vv+vvb,hyvvPG|vv#
Gyvv}vv}vvwvv#Q<vvbCfvvzvv)GyvvGvvOGQ|vvhPyvvxGyvv%vv+vvwvv{yvvGvvgvvzvv&|vvTvvAvvtvvQG

k
pvv,|vv(GFvv%vv?@vvzvvxGyvvtvv(i
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|vv#yvv(M<vv;SvvAvvQ,E\vv9pvv?Eyvv)@vvDvv=vv+vvBGyvvGvvOQGfGyvvMvv9QFvv+vv?fvv"vvOhGFvv%vvAvv,GyvvGvv}vvzvv(f.
yvwv#$vPgGyv=v"v+v?svO@vwv(ffvQ\v?yv;svAv;Y<v9yvQ*vKhyvPG@vJvAv9LEyv)Q<vb<v9yvGvOQGf
f"OG}p9Q*R.
8.*vv}vvwvv#h\vvhGyvvgvv9RdGyvvJvvQGQjfvvzvv)G}QFvvK<vv+vv#fvv(GQVGyvvTvvtvvrGyvvOGLvvzvv,,
I+E@o}pw#@%(*?pQGZGyTtrGy=9QOyAtz+[|W9v{GyAw9Cr.

9.|vv#ivv+vvQGyvv}vvJvvAvv}vv{Cf@vvOheE!vv%vv9AGJGyvvTvvtvvr_vv(Gd|vvOIIvv+vv9IGyvv}vv"vvRd,hyvvPG

Svvv(a*vvvwvvv(f|vvv#Gyvvv]vvvQhQjGSvvvAvvv=vvvOGyvvv%vvv9.h|vvvhPyvvvx*vvvGvvv>Cf@vvv]vvv}vvv#E!vvv%vvv9AGJ

GyvTvtvr|vAvavzv=v9JGyvJvqv9Xfvzv)O*v}v(|vAv&h|v"vh@vgvWv+vXGyvJvWvQGJhGyvJv+v(G!v9Jpv+v&
hOL(dv}+9Jv=+QI|#Gyj=9QhG}@Q<?Ey+&.

10.vv,@vwv(f@vWvwv+v;JG}SvtvrGyv}vAv"v(fv?|v;Fv}v?}Vvwv9dGyv}v=v9!v,Gyv}vMvAvzvqv?,
Cvvv}vvv?Ivvv9Fvvv?Eyvvv)fvvvOO|vvv#Gyvvv(Yvvv;JhE!vvv%vvv9AGJGyvvvJvvv(Ga.*vvvGvvv>h\vvvh@vvvqvvv9Yvvv+vvv{
 !vv%vv9AGJG}pvv9Q*vvR<vvJvv+vvE*ovvZvvQvaGyvv}vv9Apvv,Gyvv}vvRGQ*vv>.C|vv9G}vvvAvv9a,pvv;@vv(FvvO
pvv+vv%vv9|vvZvv9Qayvvzvv}vv9AGyvv}vvAvvGvv}

x
vvh.h*vvGvv>GLvvAvv+vv9QGyvvAvvqvv9Yvv+vv{C*vv]vv9

k
yvvzvv}vvAvv(fhG}hQGc

hGyvv(O*vv9fIvv+vvE@vvAvv;svv)Svvavv(MGyvvTvvtvvr,hyvvzvvAvvMvv(eIvv+vvE@vvAvv;svv)Svvavv(MGyvvTvvtvvr
|hGyGOQGf.

374



G9MGqG9@X0l4Fd

G9BbQGf

!vvTvvAvvtvvZvv,pvv,$vvPGGyvvqvvZvv{GyvvGvvOQGfGyvvMvv9QFvv+vv?PGJGyvvqvvGvv(I,hFvvOQGfGyvvqvvZvv{hFvvOQGf

GyvvAvvtvvTvv+vv}vv9JGyvvOGLvvzvv+vv?.h!vvtvvO
x

e|vvAvvavvzvv=vv9JCOGFvv%vv9|vvh@vvJvvzvv+vv{yvv=vv"vv+vvAvv%vv9,pvv,vvv{|vv#GyvvZvv+vvjvv?
GyvvJvvGvvQ*vv?GyvvMvvQSvv9!vv+vv?hYvv+vvjvv?Gyvv}vv|_

v
vvQGJGyvvMvvWvv=vv+vv?,hYvv(:

k
Eyvv)GyvvAvvqvv9Yvv+vv{hGyvv}vv(GYvvqvv9J

Gy"}(PF+?yw{|"%}9.

C!(GYG@OQGf|#I+Ehc9Fq%9
@vv}vvD

x
vv{GyvvGvvOQGfFvvRAG

k
QFvv+vvTvv+vv9

k
|vv#<vv"vv+vv?Gyvv}vv"vvRdpvv,OQGSvv?GyvvJvv9yvv?$vvPg,pvv%vv,@vvtvv(e

<vvavv+vvrhGSvvh|vv#Gyvv(cvv9FvvrG !vvWvv9Fvv+vv?hGyvv=vv+vv8vv+vv?GyvvAvv,fvvzvv+vv%vv9@vvzO*vvAvv%vv9.h@
o
vvgvvavv)GyvvGvvOQGf

CSvv}vv9A|vvMvvAvvzvvqvv?@vv=vvgvv9
k

yvvAvvxGyvv(cvv9FvvrGyvvAvv,@vv|O*vv%vv9\vv}vv#G _vv9QGyvvgvv9eyvvzvvAvvZvv}vv+vv~,GyvvPj
*Q@wRfz)|G}(f?Gy(c9FrGy}az(<?.

!vvvJvvv#!vvvAvvvwvvvzvvv~fvvv#GyvvvGvvvOQGfGyvvvJvvv9|vvvzvvv?hGyvvvGvvvOQGfivvv+vvvQGyvvvJvvv9|vvvzvvv?fvvv9OIGfvvvAvvv}vvv9OG
k

fvvvzvvv)
|vTv9QGJG!vAvtv9dG}Iv}v9dGyvTv9vv"v?hGyv}vqvQh\v?.yvwv#$vPGGyvAvgvQ*vr|vJvOhO<vAvzvxG}!v(GY
|vv#G}Ivv}vv9d,pvv,Ivv+vv#CfG:SvvAvvtvvQGQGyvvWvv9|vv{fvvzvv)Yvvzvv?<vv9yvvAvvJvv}vv+vv{Gyvv"vv9Fvv~fvv#GyvvQ*vvK,
hGSvvAvvtvvQGQ|vvwvv(x!vv9JGyvv}vv=vv"vv)ivv9yvv=vv9

k
|vv9*vvgvvAvv}vvOfvvzvv)GyvvGvvOQGfGyvvAvv,*vv}vvwvv#C:@vvwvv(fIvv9|vvzvv?

}Iv}v9d|v=v9VvQI|v#Gyv}v=v"v)h|v#Vv9ivzv+v&.EfvvDv+vQG
k

|v#GyvGvOQGfGyvAv,@v(Yvr<vz!v%v9iv+vQ
I9|z?$(FRA|#Gy="+?G !W9F+?}!%9fQ\?y5F%9Op,<g^GydQha.

h|v#!v9Iv+v?<v+v8v?Gyv}v=v"v)!vAvJvOKfv#FvOQGfLv9QFv+v?(external wall),hFvOQGf

pvvv9Yvvvzvvv?(separation wall)(Ch|vvvWvvvAvvvQnvvvv?(party wall)),hFvvvOQGf@vvvtvvvTvvv+vvv}vvv9JOGLvvvzvvv+vvv?
(partition wall)(FvvOQGfOGLvvzvv+vv?),Ivv+vvEyvvwvv{|vv"vv%vv9|vvGvv}vv(fvv?|vv#Gyvv(cvv9FvvrGyvvAvv,

@vvJvvOOGLvvAvv+vv9Q<vv"vv+vvAvv%vv9.hpvv,\vv(AcvvQhaGyvvAvvgvvQwVyvvzvvgvv(G|vv{GyvvGvv(*vv?pvv,OQGSvv?GyvvJvv9yvv?
$vvPg,@vvdvv%vvQGyvvJvv9Fvv?Eyvv)GyvvGvvOQGfGyvvMvv9QFvv+vv?GyvvAvv,@vvJvv}vv,|vv#Gyvvgvv(G|vv{GyvvGvv(*vv?h@vv(p

x
vvQ
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GyvvgvvRdGyvvJvvQGQjGyvvPj*vv}vv"vvhG!vvAvvtvv9dGyvvJvvQGQI.h@vv(FvvOpvv,@vvzvvxGyvvGvvOQGfpvvAvvJvv9J|vvDvv{
Gyvv"vv(GpvvPhG}<vv(GHGyvvAvv,@vvJvvt

x
vvuhcvv9FvvrGyvvOLvv(dhGyvvMvvQhLhG \vv9AIh@vv(p

x
vvQGyvv}vvWvv%vvO

GyvvvMvvv9QFvvv,hG}|vvv#hGyvvvAvvv%vvv(*vvv?.E:CfEFvvvQGAGyvvvqvvvAvvvJvvv?pvvv,GyvvvGvvvOGQGyvvvMvvv9QFvvv,|vvvJvvvwvvv(e
<vv9yvvJvv9Fvv?Eyvv)GyvvJvvqvv9Xfvvzvv)hcvv+vvqvvAvv&.pvvzOGAGyvv"vv(GpvvPhG}<vv(GH|vvJvvOhO|vv#Ivv+vvEGyvvtvv(I
hGygRdGyJQGQj,h$}9hc+qA9f@o]}v"9f<g"9*?p,<"+?GyGOGQGyM9QF,G}S9S+?.

C|vvv9GyvvvGvvvOQGfGyvvvqvvv9Yvvvzvvv?,ChGyvvv}vvvWvvvAvvvQnvvvv?,pvvv%vvv,@vvvzvvvxGyvvvAvvv,@vvvtvvvh<vvv+vvv#|vvv"vvvRyvvv+vvv#|vvv#
|vvGvv}vv(fvv?|vv"vv9Rd|vvAvvZvvzvv?Ch!vvZvvr|vv"vvqvvZvvzvv?.h:@vv(FvvOpvv,$vvPGGyvvGvvOQGfpvvAvvJvv9J,
h$vv,:@vvJvvAvv9LEyvv)Ivv}vv9*vv?|vv#Gyvvgvv(G|vv{GyvvGvv(*vv?,<vv{*vvGvv>Cf@vvJvvt

x
vvuhcvv9FvvrG}|vv#

hGyvMvZv(Yv+v?|v#Iv+vE|vtv9h|v?G!vAvWv9QGyvJvQ*vuhGyvgvRdGyvZv(@v,.C|v9GyvGvOQGfGyvOGLvzv+v?
\v}v#Gyv}v"vRdpv%v,FvOQGfyvzvAvtvTv+v~.Cv}v?Iv9Fv?Eyv)pvAvJv9Jpv,$vPgGyvGvOQGf,E\v9pv?
Eyvv)Cf|vvAvvavvzvv=vv9JG}|vv#hGyvvMvvZvv(Yvv+vv?@vv%vv+vv}vv#fvvzvv+vv%vv9.hIvvGvv=vv%vv9yvvQD*vv?|vv9hQGA$vv9yvv+vvU
vvv9pvv+vv9

k
,<vv{*vvGvv>Cf@vvAvvZvvr<vvWvv,A|vv#|vvtvv9h|vv?G!vvAvvWvv9QGyvvJvvQ*vvuhGyvvZvv(J,h*vvGvv>Cf

@w(f|A+"?hs9OQIfz)I}{G !%9AGJhGyM
o

R

o
fhGyQp(ahGyMO|9JG}LQi.

GyZ+kGyg9|?
!vvAvvJvvOKC*vv]vv9

k
fvv#GyvvZvv+vvkGyvvgvv9|vv?yvvzvvGvvOQGf<vvgvvOO|vv#GyvvavvQGFvvuGyvv}vvMvvAvvzvvqvv?.EfCIvvO

ChFvv&GyvvAvvqvvQ*vvupvv,<vv"vv9AGyvv}vv"vv9Rd<vv+vv#GyvvGvvOQGf|vv#Ivv+vvE|vvtvv9h|vv?Gyvvgvv(G|vv{GyvvGvv(*vv?$vv(
vvv(fGyvvGvvOGQGyvvMvv9QFvv,PGpvvGvv(IChCYvv}vv9

k
(*vvGvv>G:!vvAvv=vv9gEyvv)GyvvqvvQb<vv+vv#pvvGvv(IGyvvgvvRd

GyvvZvv(@vv,hpvvGvv(IGyvvgvvRdGyvvJvvQGQjGyvvzvvAvv+vv#@ovvTvvAvvgvv}vv{yvv%vv}vv9|vvgvv9*vv+vvQ|vvMvvAvvzvvqvv?).yvvtvvOGvvvAvvTvv>
FvOGQGyvqvGv(IGyvMv9QFv,sv=v(:

k
Vv9|v;

k
@vtvQ*v=v9

k
,<vQiv~fv(OIG:$vAv}v9e<v9yvGvOGQGyv}vZv}vB

|vv#Ivv+vvER*vv9OIfvvRyvv&,h<vv9}pvvwvv9QG}LvvQiPGJGyvvZvvzvv?<vvAvvMvvqvv+vv̂GSvvAvv%vv;cGyvvavv9svv?,
hQ<vvv}vvv9<vvv9yvvvtvvv=vvv(dGyvvv(GSvvvhyvvv&<vvv9fvvvAvvv=vvv9QgE!vvv%vvv9AkLvvv9QFvvv+vvv9

k
,hEf

r
vvvv9fvvvv{Pyvvvx<vvv9!vvvAvvvdvvv9QCf

*AJ(vdEy)hGshhGShG:!AW9Q.
Cvvv}vvv?Cvvv;KYvvv+vvvkfvvv9|vvv?*vvv}vvvwvvv#Cf@ovvvTvvvAvvvgvvv}vvv{pvvv,@vvvWvvv+vvv+vvvOFvvvOGQGyvvvqvvvGvvv(IhGyvvvGvvvOGQ

G}Y~,$,:
!GyGOQGfGy}="+?(masonry wall)

!FOQGfGyz(I9J(panel wall)(Gy}|_
v
QIChGy}Z}A?)

!GyGOQGfGy(I+OIGyg"ZQ(monolithic)

Gyvvqvv9QbG}Svv9Svv,<vv+vv#$vvPgGyvvZvv+vvk$vv(|vvtvv9Svv9JGyvv}vvwvv(x!vv9Jh_vvQGFvvu@vv(\vv+vvgvv%vv9
|vwv9!v+v9

k
,h|v"v%v9@vAvJvOvOC!v(GY|v(GO$v9h_vQGFvuE!vAv9Fv%v9h@vQvv+v=v%v9.*vGv>Cf@vAv(GpvQyvGv}v+vh
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GyvGvOQGfYv+vk|vTvAv}vQI,hEPGvv9!vBFvOQGfIv9|vzv?,hFv>Cf@vJvt
x
vu@v(R*vgv9

k
|vAvGv9!vTv9

k

yvv~Ivv}vv9dfvvzvv)Gyvv=vv"vv+vv?GyvvAvv,@vvQ@vvwvvRfvvzvv+vv%vv9.h*vvGvv>Cf@vv(p
x
vvQGSvvAvv}vvQGQ*vv?pvv,\vv=vvbGyvv=vv+vv8vv?,

E\9p?Ey)@(p+Q$9 |w9fEIOGKpAJ9Jp+%9.

h@vvAvvZvvrGyvvZvv+vvjvv?Gyvv}vv=vv"vv+vv?<vvDvvtvv{Gyvv}vv(GOGyvvAvv,*vvAvvzyvvr|vv"vv%vv9GyvvGvvOGQ,h|vv"vv%vv9GyvvJvvGvvQ
hyvv=vv"vv9JG6FvvQhGyvvMvvQSvv9!vv?,h$vv,|vvwvv(x!vv9JYvvjvv+vvQIfvv9OI|vvtvv9Q!vv?<vvz<vvgvv9OGyvvGvvOGQ,hPGJ

Vvvvwvvv{|vvv"vvvAvvvdvvv~*vvvTvvv9fvvvOfvvvzvvv)@vvvwvvv(*vvv#C!vvv}vvv9W|vvvAvvvQG<vvvavvv?@vvv(p
x
vvvQG:SvvvAvvvtvvvQGQhG:SvvvAvvv}vvvQGQ*vvv?.

h*vMvAvzvrGLvAv+v9QGyv}v(GOh|vtv9Sv9JhG!vAvdv9eCVvwv9dGyv}vwv(x!v9JvvDv+vQG
k

|v#Iv+vEGyvMv(GU

hGyv}vdv%vQhGyvAvwvzvqv?.h!vdvQG
k

Eyv)Cvtvzv%v9,vv9!vBGyv}v(GOGyv}vAv(GpvQI|vJvzv+v9
k

@

o
vMvAv9Qpv,Gyv}v9\v,

fvvzvv)CSvvUGsvvAvvZvv9O*vv?svv9Fvv}vv?fvvzvv)@vvwvvzvvqvv?Gyvv"vvtvv{,hCOiPyvvxEyvv)_vvQGRGJPGJYvv=vvjvv?

|vvAvv}vv+xvvRIFvvjvvQGpvv+vv9
k
.yvvwvv#|vvhcvv%vv(Q_vvQGFvvuGyvvAvvZvv"vv+vvhGyvvJvvO*vvDvv?hhSvv9Fvv{Gyvv"vvtvv{Gyvv}vv"vvMvvqvv]vv?

GyvvAvvwvvzvvqvv?!vvTvv=vv+vv9
k

,ivvOJyvv=vv"vv9JG6FvvQhGyvvMvvQSvv9!vv?GyvvMvv+vv9QGyvv}vvqvv]vvv{pvv,|vvgvvdvv~|vv"vv9_vvu
<vvvQ*vvvavvv9!vvv+vvv9.*ovvvQjGyvvvWvvvwvvv{19.1FvvvOGQG

k
Lvvv9QFvvv+vvv9

k
PGpvvvGvvv(I,_vvv=vvvtvvvAvvv&GyvvvOGLvvvzvvv+vvv?|vvvwvvv(v!vvv?|vvv#

yvv=vv"vv9JLvvQSvv9!vv+vv?,h_vv=vvtvvAvv&GyvvMvv9QFvv+vv?|vvwvv(v!vv?|vv#yvv=vv"vv9JBFvvQ*vv?.@nvvAvvvMvvPyvv=vv"vv9JG6FvvQ
hGyvMvQSv9!v?|vtv9Sv9J|v"vAvdv}v?!vTv9Fvtv+v?,h@

o
v]v9aEyv)@vzvxGyv}vtv9Sv9JSv}v9vv?Gyvav+v"v?GyvAv,

@vvvTvvv9hj10|vvv~,h$vvv,@vvvTvvv}vvvK<vvvAvvvwvvv(*vvv#C!vvv}vvv9WGyvvvQ<vvvbGyvvv}vvvAvvvQGvvvv><vvv9SvvvAvvvgvvv}vvv9dyvvv=vvv"vvv9J
GyvMvQSv9!v?hG6FvQpv,GyvGvOGQfv+v"v&hpvtv9

k
yvzvAvWvwv+vzv?G}Sv9Sv+v?Gyv}v=v+vv"v?pv,GyvWvwv{19.2.

hpv,Iv9yv?G6FvQI,*v"vav=vu$vPGG:!vAvdv9efvzv)<vgvO$v9GyvDv9yvEC*v]v9
k
.*vTv9hjfvQVyv=v"v?

G6FvvQ112,5|vv~,h$vv(!vvZvvr_vv(yvv%vv9,h$vvPG|vv9*vvTvv}vvK<vv=vv"vv9AFvvOQGfCSvv}vvx<vv(\vvh
G6FvvQI<vvavvQ*vvtvv?fvvQ\vv9!vv+vv?.*vv=vv+vv#GyvvWvvwvv{19.2G!vvAvvdvv9e@vvzvvxG}<vvgvv9O.C|vv9yvv=vv"vv9JGyvvMvvQSvv9!vv?
p%,y+TBC9<A?p,Gy=gOGyD9yE,<{@A(GpQ<T}9v9J<+#75h200|~.
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h*v}vwv#@v(p
w
vQGyv}v(GO|vJvzv+v9

k
Cf*v|C

x
vQpv,GLvAv+v9Q$v9pv,|v"v9_vuGyv}vJv}v+v9J,h*v}vwv#

Gyvvv+vvv(eCf*vvvtvvvz
x
vvv[G!vvvMvvvqvvv9V@vvvwvvvzvvvqvvv?!vvvtvvv{Gyvvv}vvv(GOGyvvv}vvvJvvvzvvv+vvv?GSvvvAvvv%vvv;c

n
Gyvvvavvv9svvv?(<vvvO:

k
|vvv#

GyAwzq?),hyPG*}w#Cf*oT%~p,GyA"}+?Gy}TAOG|?.

C|vvv9FvvvOQGfGyvvvzvvv(Ivvv9Jpvvv%vvv,<vvv"vvv)GQ@vvvqvvv9fvvv%vvv9*vvvTvvv9hjGQ@vvvqvvv9Y_vvv9<vvvuhGIvvvOh*vvv}vvvwvvv#
@vvWvv+vv+vvO$vv9pvv,|vvwvv9!vv%vv9,Ch*vv}vvwvv#Cf@vvwvv(f|vvTvv=vvtvv?GyvvZvv"vvhfvvzvv)Vvvwvv{yvv(Ivv9JPGJ

fvvQV|vv"vvAvvdvv~@ovvGvv}vvh|vvgvv9
k

yvvAvvwvv(xfFvvOQG!vv9
k

|vvMvvAvvzvvqvv?G}_vv(Gdh@vv;Fvv~GyvvAvvZvv}vv+vv~hsvv+vv(O
Gyvv}vvwvv9f.h@vv}vvD

x
vv{Gyvvzvv(Ivv9JGyvv}vv|_

v
vvQIGyvv}vvwvv(v!vv?|vv#|vvtvv9_vvhLvvWvv=vv+vv?Chpvv(:P*vv?Lvvqvv+vvqvv?

CSvv9SvvvDvv+vvQ|vv#Gyvv}vv"vvdvv(|vv9JGyvv}vvTvv=vvtvv?GyvvZvv"vvhGyvvAvv,*vv}vvwvv#_vvzvv=vv%vv9|vv#Gyvv}vvgvv}vv{h@vvQvvv+vv=vv%vv9
h@vvvGvvv}vvv+vvvgvvv%vvv9pvvv,Gyvvv}vvv(svvvh.*vvv=vvv+vvv#GyvvvWvvvwvvv{19.3GyvvvZvvv+vvvjvvv?G}Svvv9Svvv+vvv?yvvvzvvv(Ivvv9JGyvvvMvvvWvvv=vvv+vvv?
Gyvv}vv|_

v
vvQI.h*vv}vvwvv#C*vv]vv9

k
Yvv"vvhyvv(Ivv9J|vvZvv}vvAvv?|vvTvv=vvtvv9

k
,<vv9SvvAvvgvv}vv9dGyvvMvvQSvv9!vv?fvv9OI,E:

C!v&FvQipv,G6h!v?G}Lv+vQI@vav(*vQ<v"v)PGJ_v=vtv?<v+v"v+v?(sandwich structure)@vJvt
x
vu

svvv+vvv~fvvvRdIvvvQGQjvvvv=vvv+vvvQI|vvv#OhfIvvvOhKFvvvTvvv(Q<vvv9QOI,hPyvvvx<vvv(\vvvh|vvv9OIfvvv9Ryvvv?
|vvvZvvv}vvvAvvv?<vvv+vvv#yvvv(Ivvv,LvvvWvvv>@vvvQvvvv+vvv=vvv,.$vvv"vvv9*vvvGvvv>G:!vvvAvvv=vvv9gFvvv+vvvOG

k
Eyvvv)hYvvv{Gyvvvzvvv(Ivvv9J

Gy}Z}A?|g9
k
.
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YvvvJvvv+vvvKlCfFvvvOQGfGyvvvzvvv(Ivvv9J@vvv}vvvD
x
vvv{CSvvv9Svvv9

k
yvvv=vvvgvvv̂CvvvvDvvvQGyvvv}vvv"vvvdvvv(|vvv9JGyvvv}vvv"vvvRyvvv+vvv?

Gyvvv}vvvTvvv=vvvtvvv?GyvvvZvvv"vvvh@vvvavvv(wQG
k

,pvvvtvvvOvvvv9!vvvBpvvv,Gyvvv}vvv9\vvv,@ovvvZvvv"vvvhpvvv,Gyvvv}vvv(svvvhh@ovvvQpvvvhEyvvv)
|vv(G\vvgvv%vv9,hvvv9fyvvPyvvx<vvgvv̂Gyvv}vvRG*vv9|vv#Ivv+vvE@vvwvv9yvv+vvrGyvvAvvJvv]vv+vvQhGyvv"vvtvv{,E:Cf
Pyxy~*goO|Av=g9

k
Gy+(e.

hhpvvtvv9
k

yvv}vv9@vv(Ivv,<vv&GyvvAvvTvv}vv+vv?,pvv{f|vvwvv(xfGyvvGvvOGQGyvv(Ivv+vvOGyvvgvv"vvZvvQ$vv(GyvvGvvOGQ
<vvQ|vvAvv&.h*ovvGvvQi@vvWvv+vv+vvO$vvPGGyvvGvvOGQpvv,Gyvv}vv(svvhIvv+vvE@ovvqvvQVGyvv(Yvv;J<vv+vv#Gyvv(IvvOGJ

<vv(@vv+vvQIfvv}vvzvv+vv?G !vvAvv9L.h@
o
vvgvvQa@vvzvvxGyvv(Yvv;J<vv(Yvv;JGyvv+vv(e(day joint),}!vv%vv9

@vAvJvOO<vgvOOGyvGvOQGfGyvAv,@ov=v"v)pv,Gyv+v(e!vqvTv&.hfv"vO|v9@vAvZvz
v
vO@vzvxGyvGvOQGf,@vgv}v{

<v(Yvqv%v9<v"v+v?|vTvAv}vQI,h$vPG|v9*vqvQV|v(G\vhGyv(Yv;J.h@
o
vZv"vhGyvGvOQGfGyv(Iv+vOI

Gyvgv"vZvQGyv+v(e|v#GyvMvQSv9!v?,C|v9pv,Gyv}v9\v,,pvtvOvv9!vB@ov=v"v)|v#GyvAvQGH<v9:SvAvgv9!v?
<vvtvv(Gyvv>h|vvTvv9fpvvOGJ|vv|svvAvv?.hsvvOGSvvA

o
vvgvv}vvzvvBpvv,<vv"vv9A<vvgvv̂GyvvGvvOQGfGyvvAvvQG<vv+vv?svv(Gyvv>

*vvvQUwpvvv+vvv%vvv9GyvvvAvvvQGH,E:CfGyvvvQUyvvv~*vvvwvvv#\vvvQhQ*vvv9
k

OGFvvv}vvv9
k

<vvv(Fvvv(O!vvvTvvv=vvv?fvvv9yvvv+vvv?|vvv#
GyvZvzvZv9dpv,Gyv}v(GOGyv}vJvzv+v?GyvAv,vv9!vB@ovMvzvb<v9yvtvXyvAvgvav,Lvzv+vav9

k
|v=vzv(:

k
|vAv}v9Svwv9

k

pv,CCv"v9AGyv=v"v9A.hIv9yv+v9
k

,!v9OQG
k

|v9@
o
vTvAvgv}v{GyvGvOQGfGyv(Iv+vOIGyvgv"vZvQpv,<vQ*vav9!v+v9,E:

Cf<vvgvv̂G:fvvAvv=vv9QGJPGJGyvvZvvzvv?<vv=vv+vv8vv?Gyvv}vv"vvRdGyvvOGLvvzvv+vv?,hLvv9Yvv?GSvvAvvgvv}vv9dGyvvGvvOQGf
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<vvTvv=vv>SvvgvvAvv%vv9GyvvJvvQGQ*vv?hGyvvavv9svv?Gyvvtvvzvv+vvzvv?Gyvv}vv]vv}vvv"vv?pvv+vv%vv9,svvO@vvGvvgvvzvv%vv9|vv;Fvv}vv?yvv=vvgvv̂
GyAa=+t9J.

G@OQGfp,OQGS?GA9y?$Pg
pv,|v9*vMv[Gyv}v"vRd|v(\v(YOQGSv?GyvJv9yv?$vPg,Gyv}vtvAvQMG}hyv,GyvPjSv(a

!"dQp+&$(:

!FOQGfL9QF+?PGJ<"+?|#pG(Ih_=tA+#|="+A+#,OGLz+?hL9QF+?

!FOQGfpZ{|WAQnv?|="+?

!FOQGf@tT+}9JOGLz+?|="+?ChPGJy(I9J||_
v
QILq+q?

h<vvgvvO@vvJvvzvv+vv{$vvPgGyvvGvvOQGfGyvv}vv=vv"vv+vv?,Svv(a!vv"vvdvvQpvv,GSvvAvvgvv}vv9dFvvOQGfGyvvzvv(Ivv9J
GyvvvMvvvWvvv=vvv+vvv?Gyvvv}vvv|_

v
vvvQI}!vvv%vvv9Gyvvv=vvvO*vvv{GyvvvQFvvv+vvvTvvv,pvvv,<vvvQ*vvvavvv9!vvv+vvv9pvvv,|vvvavvvzvvvhGyvvvtvvvQfGyvvvJvvv9Oj

hGygWQ*#.

:*vvv}vvvwvvv#@vvvJvvvO*vvvOCju|vvv#$vvvPgGyvvvGvvvOQGfhGfvvvAvvv=vvv9Q$vvv9FvvvOQGfIvvv9|vvvzvvv?,Ch@vvvgvvv}vvv{
<vv(Yvvqvv%vv9FvvRAG

k
|vv#Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?,E:<vvgvvO|vvgvvQpvv?GyvvAvvZvv}vv+vv~.h:*vv(FvvOpvv,OQGSvv?

GyvJv9yv?$vPg@vZv}v+v~<vgv+v"v&,E:C!v&|v#Gyv}vgvtv(dG:pvAvQGVCfGyvGvOQGfGyvMv9QFv+v?$v,
FvvOQGfIvv9|vvzvv?,hCffvvzvv)<vvgvv̂GyvvGvvOQGfGyvvOGLvvzvv+vv?fvvzvv)G}svv{Cf@vvAvvzvvtvv)CIvv}vv9:

k
|vv#

Gyvvavv(G<vvuGyvvgvvzvv+vv9,h*vv}vvwvv#GyvvGvvOQGfGyvv}vvWvvAvvQnvvv?Cf@vvwvv(f|vv#<vv+vv#@vvzvvxGyvvGvvOQGf.E:Cf
Fvv}vv+vvhGyvvGvvOQGf,Eyvv)Fvv9!vv>ivv+vvQ$vv9|vv#Gyvvgvv"vv9YvvQQ<vv}vv9*vvGvv>Cf@vvwvv(fsvv9OQIfvvzvv)
@J}

w
{s(iGyAMz+hGy"9F}?f#GyQ*K.

G@OQGfGB9QF+?GC="+?PGJGyqG(I
_

o
v(xQGyvGvOGQPhGyvqvGv(IyvzvJvO|v#|vWvwv;J@vjvzvjv{GyvQ_v(<v?pv,GyvGvOQGfGyv}v=v"v+v?

Gyvv}vvwvvWvv(pvv?yvvzvvgvv(G|vv{GyvvGvv(*vv?,Lvv9Yvv?|vv#Lvv;dGyvv(Yvv;J,hGyvvAvv,@vvAvvqvv9svv~<vvTvv=vv>Svv(A
GyvZv+v9!v?Ch@vQvv+v>hGSvAvgv}v9d_v+v"v?G Sv}v"vBGyvtv(*v?.hGyv}v=vOC$v(Esv9|v?_v=vtvAv+v#<v+v"v%v}v9
pvvGvv(I,$vv}vv9Gyvvavv=vvtvv?GyvvMvv9QFvv+vv?hGyvvavv=vvtvv?GyvvOGLvvzvv+vv?.h@vvJvvO

w
Gyvvavv=vvtvv?GyvvMvv9QFvv+vv?|vv#@vvjvvzvvjvv{

GyvvQ_vv(<vv?,yvvwvv"vv%vv9:@vvzvvjvv+vv&pvv,GyvvdvvQhavvvzvv%vv9.C|vv9GyvvqvvGvv(I,pvv%vv,pvvQGZ*vvJvvAvv(jfvvzvv)
Gyvv%vv(GA|vv%vv}vvAvv&\vv}vv9ffvvOeG!vvAvvtvv9dGyvvQ_vv(<vv?Eyvv)Gyvvavv=vvtvv?GyvvOGLvvzvv+vv?,fvvzvv)C:

q
*vvwvv(fCvv}vv?

Lvvzvv{pvv,GyvvqvvGvv(I.hIvv+vv"vv8vvP@vv=vvtvv)Gyvvavv=vvtvv?GyvvOGLvvzvv+vv?|vv#GyvvGvvOGQFvv9pvv?h*vv}vvwvv#GSvvAvvgvv}vv9yvv%vv9
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yA(\+hG !%9AGJfz+%9|#OhfGyMW+?|#hF(OGyQ_(<?p,GyOGL{.

yvvvtvvvOCvvv=vvvBCf|vvv=vvvOCGyvvvqvvvGvvv(IGyvvv=vvvTvvv+vvvbPGc|vvvAvvv+vvv#FvvvOG
k

|vvv9OG|vvvBCvvv}vvv?fvvv"vvv9*vvv?vvvv9pvvv+vvv?
<vv=vvgvv̂hYvv;JGyvvGvvOGQhGyvvqvvAvvJvv9JGyvv}vv(Fvv(OIpvv+vv&(G!vvdvvQGyvv}vv"vv9svvWvv?Gyvv;Ivvtvv?).h*vv}vvwvv#
Cf*ovTvAvgv}v{fvOO|v#Gyv}v(GOyvzvav=vtv?GyvMv9QFv+v?,yvwv#rpv,|v9*vMv[OQGSv?GyvJv9yv?$v"v9,
pv{fGyv}vtvAvQMG}hyv,$v(GLvAv+v9Qyv=v"v9JBFvQ*v?yvzvav=vtv?GyvMv9QFv+v?hyv=v"v9JLvQSv9!v+v?yvzvav=vtv?
GyvvOGLvvzvv+vv?.h@vv=vv+xvv#GyvvMvv=vvQIGyvvgvv}vvzvv+vv?CfSvv}vv9vvvAnvv,rGyvvavv=vvtvvAvv+vv#GyvvMvv9QFvv+vv?hGyvvOGLvvzvv+vv?*vv}vvwvv#Cf
@vvTvv9h*vv9!vvJvv(100|vv~.hpvv,\vv(A|vvtvv9SGyvv}vv"vvRd,@vv=vvOh$vvPgGyvvTvv}vv9vvv?|vvgvvtvv(yvv?,E:Cf
Gyvv}vvtvv9SGyvvqvvgvvzvv,*vvGvv>Cf*vvAvvJvvOvO<vv}vv(GYvvqvv9JGyvv}vv(GOGyvv}vvMvvAvv9QI.hEPGGLvvAvvzvvqvvBGyvvTvv}vv9vvv?

fvv#$vvPgGyvvtvv+vv}vv?hFvv>@vv=vvQ*vvQGSvvAvvgvv}vv9dGyvv}vv(GOG \vv9pvv+vv?|vv#!vv9Ivv+vv?G}OGAhGyvvAvvwvvzvvqvv?,

hIvv+vv"vv8vvP@vvGvv>Efvv9OIGyvv"vvdvvQpvv,GyvvAvvqvv9Yvv+vv{C*vv]vv9
k
.C|vv9fvvQVGyvvqvvGvv(Ipvv%vv(FvvRA|vvqvvAvv9Ivv,

BLvvvQ|vvv#|vvv(GYvvvqvvv9J$vvvPGGyvvv"vvv(Y|vvv#GyvvvGvvvOQGf.h:@vvvwvvv(fGyvvvqvvvGvvv(Ipvvvgvvv9yvvv?E:EPGvvvv9f
fvQ\v%v9pv,Fv}v+vhGyv"vtv9W*vtvh\v}v#IvOhO@vTv9|vJv9J|vgv+v"v?,hFvQJGyv}vJv9pvdv?fvzv)
!vvdvv9pvvAvv%vv9.h@

o
vvgvvAvv=vvQ$vv9@vv9fGyvv"vvtvvavvAvv9f|vv#|vvWvvwvv;JG !vvAvv9L,}ffvv}vvzvv+vv?G !vvAvv9L$vv,GyvvAvv,

@vqvQVfvQVGyvqvGv(I@v=vgv9
k

yvzv}v(GOGyv}vTvAvgv}vzv?pv,_v=vtvAv,GyvGvOGQGyvOGLvzv+v?hGyvMv9QFv+v?.
hpvv,OQGSvv?GyvvJvv9yvv?$vvPg,vvvzvvAvv9Gyvvavv=vvtvvAvv+vv#$vv}vv9FvvOGQGf|vv=vv"vv+vv9f,hyvvPGVvv9YGSvvAvvgvv}vv9d

fvvQVyvvzvvqvvGvv(I*vvTvv9hj50|vv~.yvv+vvU|vv#Gyvv}vv}vvwvv#@vvtvvO*vv~@vvJvvzvv+vv{yvvzvvAvvJvvtwvvu|vv#Osvv?$vvPG
GyvvgvvQVEyvv)Cf@vv(\vvh|vv(GYvvqvv9JGyvvGvvOGQ<vvQ|vvAvv&.h*vvAvvJvvOvOfvvQVGyvvqvvGvv(IC*vv]vv9

k
<vv"vv(Y

Gyvvgvv9RdGyvvJvvQGQjGyvvPjSvv(a*vv(\vvhpvv+vv%vv9,hyvvPG*vvGvv>@vv(Yvv+vvrGyvvgvv9Rdsvv=vv{@vvJvvO*vvO
fvQVGyvqvGv(I.h|v#Gyv]vQhQjC*v]v9

k
Efv9OIGyv"vdvQ<v9yvgvQVGyv}vtvAvQMGyvPj*vTv9hj50

|~f"O|9@w(f|(GYq9JGyGOGQCvDQ@tOw|9
k
.

_=t?GyGOGQGyM9QF+?

Q<vvv}vvv9vvvv9fGyvvv}vvvdvvv%vvvQ$vvv(G}Svvv9SGyvvvPj*vvvtvvv(efvvvzvvv+vvv&Gyvvv}vvvtvvvAvvvQMG}hyvvv,yvvvzvvvavvv=vvvtvvv?
GyvMv9QFv+v?.h|v#Gyv(G\vKCf$vPG:*vAv(s

v
vrfv)_vQGRGyv}v=v"v)h|vwv9!vAv&pvtvb<v{Sv(a

*vwv(ffv9|v;
k

QFv+vTv+v9
k

pv,GSvAvGv9<v?Gyv}v=v"v)yvzvTv+v9bGyvPj*ovtv9e\v}v"v&.IvAv)E!v&svO*vAvJvOvO
|v=v9VvQI|v#sv=v{GyvR<v(fGyvPjsvO*vwv(fyv&QCjsv(jpv+v}v9*vGv>Cf*ovWv9OGyv}v=v"v)|v"v&.
C|vv9GyvvWvv9Fvvhpvv,GyvvTvv(bGyvv=vvQ*vvavv9!vv+vv?Gyvv+vv(epvv%vv,yvv=vv"vv9JG6FvvQ,<vvQivv~CfGyvvJvvGvv9QIvvv9!vvB
svvOGSvvA

o
vvgvv}vvzvvB|vvJvvzvv+vv9

k
pvv,Gyvv}vv9\vv,.yvvPGFvvQi@vvwvv+vv+vvrGyvv}vv=vv9!vv,Gyvvtvv9Fvv}vv?fvvzvv)GyvvJvvGvv9QI

GyvvAvv,C
o
fvv+vvO@vvQ|vv+vv}vv%vv9<vvJvv+vvE@vvTvvAvv(fvv>GyvvqvvGvv(GJ.hVvv9YGSvvAvvgvv}vv9d_vv;AGyvv=vv;SvvAvvQpvv,
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G}|vv9vvv#GyvvAvv,yvv~*vvAvv(GpvvQpvv+vv%vv9|vvJvvzvv+vv9
k

BFvvQPhFvv(OIvvv9pvv+vv?Chpvv,Ivv9:JG:!vvwvvWvv9a
GyvvAvv9eyvvzvvgvv(G|vv{GyvvGvv(*vv?,h|vv#C|vvDvvzvvAvv%vv9Gyvv}vv"vv9_vvuGyvvTvv9Ivvzvv+vv?.h*vv}vvwvv#@vvwvv+vv+vvr$vvPgGyvvAvvtvv"vv+vv?
<vTv%v(yv?yvzvGvOGQPjGyvqvGv(IIv+vE*v}vwv#GSvAvgv}v9dyv=v"v9JLvQSv9!v?pv,Gyvav=vtv?GyvMv9QFv+v?
@

o
az)<9y=;SAQ.

*ovgvAv=vQGyvAvgvQwVEyv)Gyvgv(G|v{GyvGv(*v?fv9|v;
k

$v9|v9
k

pv,G!vAvtv9A|v(GOGyvav=vtv?GyvMv9QFv+v?
|vvv#GyvvvGvvvOGQ,h<vvvOQFvvv?Csvvv{|vvv#CFvvv{|vvv"vvvh@vvvjvvvzvvvjvvv{GyvvvQ_vvv(<vvv?,}fPyvvvx$vvv(hcvvv+vvvqvvv?
GyvvqvvGvv(I,<vv{|vv#CFvv{GyvvO*vv}vv(|vv?hsvv9<vvzvv+vv?GyvvZvv+vv9!vv?.hEPGvvv9fGyvvGvvOGQ|vv#Gyvv"vv(YGyvv}vv=vv"vv,
|vv#yvv=vv"vv9JBFvvQChLvvQSvv9!vv?,pvv{fGyvvAvvgvvQVyvvzvv}vvavvQpvv,OQFvv9JGyvvJvvQGQIGyvv}vv"vvMvvqvv]vv?
@v}vD

x
v{,pv,Iv9:JGyvAvGv}vO,|vWvwvzv?Ivtv+vtv+v?.yvPG*vGv>@vJvQxj|vTvzyv?|vtv9h|v?GyvAvGv}wvO
yvv+vvUpvv,G6FvvQhGyvvMvvQSvv9!vv?pvvJvvTvv>,<vv{pvv,Gyvvavv+vv"vv?Gyvv}vvMvvAvv9QIC*vv]vv9

k
.h|vv#|vvWvvwvv;J

GyvvAvvjvv+wvvQ|vvhGyvvR|vv#C*vv]vv9
k

<vv%rvvBG}yvv(Gf.svvO*vvwvv(f$vvPGGyvvAvvjvv+wvvQ|vvQivv(<vv9
k

pvv+vv&,}fGyvv}vv(GO
GyvAv,@vAvgvQvVEyv)Gyvgv(G|v{GyvGv(*v?iv9yv=v9

k
|v9@vwv(f|vgvAvvtv?hFvPG<v?CvvDvQ|v#GyvGvO*vOI.E:

Cf<vgv̂C!v(GY@vjv+wvQG}yv(Gf,h|v"v%v9@vzvxGyvAv,@vJvZv{pv,_v;AGJGyv=v;SvAvQGyvqv9@vJv?,

svvO:@vvAvvJvv}vvv{|vv"vv9N<vvQ*vvavv9!vv+vv9|vvh|vvQhQGyvv(svvB.yvvPG*vvGvv>@vvJvvQxjGyvvAvvqvv9Yvv+vv{GyvvAvv,@vvJvvOw

|v#GyvAvzv(wK|vhivTv{Fv+vO|vAvGv9!vU|v#Gyv}vavQ.hEPGvv9f$v"v9c@vqv]v+v{yv}v(GO|vJvzv+v?,
pv{fGyvMv+v9QsvO*vwv(f|vJvOhOG

k
.hfv}v(|v9

k
*v}vwv#yvzv=v"v9JG6FvQCf@v(pvQLv+v9QGJvvDv+vQI,

|gd}%9|t9heyzAG}Oh*AZr<AWw+z?hGSg?|#G}y(Gf.

hsvvO<vv+vvv"vv9Gyvv}vvtvv9Svv9JGyvv"vvdvv9|vv+vv?yvvzvv=vv"vv9JG6FvvQhGyvvMvvQSvv9!vv?pvv,<vvQ*vvavv9!vv+vv9pvv,GyvvWvvwvv{
19.2.@vvvTvvv9hjSvvv}vvv9vvvv?G6FvvvQI102,5|vvv~,h*vvv}vvvwvvv#yvvvAvvv(\vvv+vvvgvvv%vvv9<vvvavvvQ*vvvtvvv?GyvvvAvvv}vvv9Svvvx
Gyvav(:!v,Cf*vWvw

x
v{_v=vtv?Lv9QFv+v?Sv}v9vvAv%v9@vTv9hj100|v~,$v,GyvTv}v9vv?Gyv}vqvAvQ\v?

pv,OQGSv?GyvJv9yv?$vPg.Ef$vPgGyvav=vtv?G6FvQ*v?@vJvO|v#@vjvzvjv{GyvQ_v(<v?Eyv)GyvqvGv(I,
yvvwvv"vv%vv9:@vvzvvjvv+vv%vv9,yvvPG*vvGvv>Cf@vvzLvvPG !vv%vv9AGJOGLvv{GyvvqvvGvv(Ipvv,GyvvJvvTvv=vv9fhFvv(O
<g^Gy}9Afz)Gy(F&GyOGLz,|#_=t?GyGOGQG6FQ*?GyM9QF+?.

Gy="+?G !W9F+?h_=t?GyGOGQGyM9QF,GyOGLz+?

yvv+vvU|vv#Gyvv}vv}vvwvv#svv=vv(d$vvPgGyvv}vv(GYvvqvv9Jyvvzvvavv=vvtvv?GyvvMvv9QFvv+vv?,GyvvAvv,svv9|vvBfvvzvv)
Gyv}vdv%vQpv,Gyv}vtv9eG}hd,ChGyv=vOA<v9yvAvqvwv+vQ<v9yvav=vtv?GyvOGLvzv+v?|v#OhfG@

x
v]v9M_vQ*vtv?

@vvv(RwYG}Ivvv}vvv9dfvvvzvvv)GyvvvGvvvOGQ.h*vvvAvvvJvvvOvOPyvvvx<vvvAvvvqvvv9Yvvv+vvv{Gyvvv(Yvvv;Jpvvv,G}Q\vvv+vvv9J
hGyvvvTvvvtvvvr.*ovvvQjGyvvvWvvvwvvv{19.4FvvvOGQGyvvvqvvvGvvv(I|vvvh@vvvzvvvxGyvvvAvvvqvvv9Yvvv+vvv{(GyvvvAvvv,!vvv(svvvWvvvBpvvv,
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GyvvqvvZvvzvv+vv#GyvvTvv9<vvtvv+vv#)<vvjvv+vv?@vvJvvO*vvOG}Ivv}vv9dGyvvTvv9vvv"vv?hGyvv}vvqvvQh\vv?hCIvv}vv9dGyvvQ*vvK.h*ovvQj
GyvvAvvJvvzvv+vv{CfGyvvavv=vvtvv?GyvvOGLvvzvv+vv?$vv,GyvvAvv,@vvzLvvPG}Ivv}vv9dGyvvTvv9vvv"vv?hGyvv}vvqvvQh\vv?,yvvPGyvv+vvU
Cvv}vv?|vv#|vvAvvavvzvv=vv9Jyvv}vvtvv9h|vv?@vvzvvxG}Ivv}vv9dpvv,Gyvvavv=vvtvv?GyvvMvv9QFvv+vv?,h@

o
vvgvvAvv=vvQ_vv=vvtvv?G6FvvQ

GyvvMvv9QFvv+vv?vvv9pvv+vv?.@vvAvvZvvryvv=vv"vv9JG6FvvQGyvv}vvAvv+vv"vv?<vv}vvtvv9h|vv?|vvtvv=vv(yvv?,hyvvPG*vvGvv>Cf@vvwvv(f
Gyvvavv=vvtvv?GyvvMvv9QFvv+vv?svv9OQIfvvzvv)Ivv}vv{hR!vv%vv9GyvvPG@vv,|vvhGyvv]vvjvv(WGyvv}vvJvvzvv+vv?|vv#GyvvgvvAvv=vv9J
Gyvv}vv(Fvv(Ipvv(bGyvvqvvAvvJvv9J.yvvwvv#EPGvvv9!vvBCvv}vv?pvvAvvJvv9Jvvv=vv+vvQIpvv,GyvvGvvOGQ,pvv{f|vvtvv9h|vv?
G6FQGJsO@Z=K|Tzy?*G>G:$A}9e<%9.

h|vv#Gyvv(G\vvKCfGyvv}vv(GYvvqvv?G}Svv9Svv+vv?yvvzvv=vv"vv9JGyvvavv=vvtvv?GyvvOGLvvzvv+vv?|vv#GyvvGvvOGQ$vv,
|vvAvv9!vvAvv%vv9.hCvvvDvvQ|vv"vv9_vvu$vvPgGyvvavv=vvtvv?@vvgvvQw\vv9

k
yvvzvv]vvjvvb$vv,|vv"vvavvtvv?|vv9<vv+vv#GyvvgvvAvv=vv9JGyvvTvvqvvzvv+vv?

yv"v(GpvPGyvav9<vuG}Q\v,.<v9pvAvQGV@v(RwY|vgvtv(dyvzv"v(GpvP|v#Iv+vE|vtv9Sv9@v%v9hGyv}vTv9pv9J
<vv+vv"vv%vv9,hCfSvv}vv9vvv?Gyvvavv=vvtvv?GyvvOGLvvzvv+vv?@vvTvv9hj100|vv~,|vv#Gyvv}vv}vvwvv#GSvvAvvgvv}vv9dyvv=vv"vv9J
LvvvQSvvv9!vvv?|vvvTvvv9|vvv+vvv?(aerated concrete)fvvv9Ryvvv?@vvvAvvvJvvv}vvvv{\vvvjvvvavvv9

k
|vvvtvvvOGQg2,8N/mm

2

(@vvTvv9hjGyvvTvv}vv9vvv?G}YvvjvvQ*vv?yvv%vvPgGyvvzvv=vv"vv9J115|vv~)yvvzvv}vv"vv9RdGyvvAvv,:*vvR*vvOGQ@vvqvv9fvv%vv9
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fvvzvv)_vv9<vvtvv+vv#.h$vvPGGyvv"vv(Y|vv#Gyvvzvv=vv"vv9JGyvvMvvQSvv9!vv+vv?Civvzvv)fvv9OI|vv#Gyvvzvv=vv"vv9JGyvv}vvZvv"vv(fvv?
|v#GyvMvQSv9!v?GyvJvZv(*v?(aggregate concrete)GyvMvqv+vqv?GyvAv,$v,CvvDvr,hyvPG*vwv(f
fvRyv%v9GyvJvQGQjCsv{hSvgvAv%v9GyvJvQGQ*v?Cvv=vQ.C|v9EPGvv9!vBCv}v?Iv9Fv?Eyv)Svgv?IvQGQ*v?
vvvv=vvv+vvvQI,pvvv{fyvvv=vvv"vvv9JGyvvvMvvvQSvvv9!vvv?GyvvvwvvvDvvv+vvvqvvv?$vvv,GyvvvMvvv+vvv9QGyvvv}vvvqvvv]vvvv{}!vvv%vvv9CQLvvv[hCsvvv(i
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GyvvvTvvvavvvJvvv+vvv?(!vvvJvvv(100IvvvAvvv)150|vvv~pvvv,<vvvQ*vvvavvv9!vvv+vvv9).E:Cf$vvvPGGyvvvgvvv}vvvuyvvv+vvvU@vvvJvvvB
|vvTvvAvv(iGyvvAvvGvv}wvvOGyvvPj*vvAvvavvzvv>fvv}vvtvv9*vvTvv9hj500|vv~,Ch|vvTvvAvv(i@vvjvv+wvvQGJGyvvQ_vv(<vv?
GyvvqvvZvvzvv+vv?pvv,GyvvZvvzvvZvv9dGyvvPj*vvTvv9hj1000|vv~,pvvAvvzvvxGyvvtvv+vv~$vv,GyvvAvv,@vvJvvO

x
Ofvv}vvu

GyvvAvvQ<vv?GyvvAvv,$vv,fvvQ\vv?yvvzvvJvvQvvv?pvv,@vvzvvxGyvvdvvQha.hsvvO@vvwvv(fCvv}vv?Ivv9Fvv?Eyvv)<vv"vv9A
CSvvvUCfvvv}vvvuEPGvvvv9!vvvBCvvv}vvv?CVvvvGvvv9Qpvvv,GyvvvAvvvQ<vvv?GyvvvZvvvzvvvZvvv9yvvv+vvv?,Chvvvv9f|vvv#Gyvvv]vvvQhQj
G}LPp,GyJT=9fyzg(G|{GyG+(y(F+?ChGya(<(iQGp+?ChGyg}QG!+?GyT9<t?.
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C|vv9C<vvTvvbSvv}vv9JGyvv}vv(svvhGyvvavv(<vv(ivvQGpvv+vv?pvv%vv(Gyvv}vv+vv{.pvvJvvAvv)yvv(vvv9fGyvv}vv+vv{ivv+vvQ
vv9ayvGvgv{Gyv}v(svhiv+vQ|vTvAvtvQ,pv{!v&*v|C

x
vQpv,fv}vuG}Sv9Sv9J.yvPG,pv{fGyv}v"vTv(H

Gyvv}vvQFvvgvv,yvvgvv}vvuG}Svv9S@vvJvvBG}QV*vvGvv>Cf*vvwvv(fCIvvqvv̂!vvtvvavv?|vv#Gyvv}vv(svvh.
Ivv+vv"vv8vvP,EPGho\pvvhVvvQ*vvbG}Svv9S<vvQ|vvAvv&fvvzvv)Gyvv}vvTvvAvv(ifvv+vv"vv&,pvv{ffvv}vvuG}Svv9Svv9J
S(a*ARG*O<}gOd@RG*OGQ@q9YSaKG}QV.

h|vhGRO*v9OGyvgv}vu,@vROGO|vWvwv;JG !vAv9L.Iv+v"v8vPSv(a@vwv(fCv}v?Iv9Fv?Cvv=vQ
Eyv)|vwv9fyvzvgv}v{hEyv)|vTv9fpvOGJIvqvQ|v|svAv?.h@vAv]v}v#@vzvxGyv}vTv9fpvOGJByv+v9Jvv=v+vQI
 RGyv?|vtv9O*vQvv=v+vQI|v#GyvAvQ<v?.h@vROGO!vAv+vGv?yvPyvx|vWvwv;JGyvZvJv?hG}|v9fhGyv=v+v8v?,
h|vv#Cvv~v@vvROGOGyvvAvvwvv9yvv+vvrhGyvv}vvOOGyvv;R|vv?yvv5!vvGvv9R.yvvwvv#$vvPgGyvv}vvWvvwvv;J:@vvdvv%vvQE:
f"O|9*R*OGyg}ufz)1200|~@JB|TA(iG}QV.

hyvzvJvO
x

|v#fv}vuG}Sv9Spv,Gyv}v(svhGyv}v"vJvOQ,*v}vwv#Fvgv{G}Sv9Sv9JOnQnFv+vv?
hpvvuGyvv}vv=vv+vvv#pvv,GyvvWvvwvv{20.4GyvvPjC

o
fvvavv+vvBG}<vvgvv9Opvv+vv&<vv9pvvAvvQGVCfGyvvMvvQSvv9!vv?ivv+vvQ

|TzJ?.

G}S9S9Jp,I9y?GydQhaGyTaJ+?GyT+8?
E\vv9pvv?Eyvv)G!vvJvvOGQGyvv}vv(svvh,Cvv}vv?cvvQha@vvTvvAvv(Fvv>Cfvv}vv9svv9

k
Cvvv=vvQyvv~Svv9Svv9J,

|"%9:

!GyAj+wQGJGyJG}+?Gy}JA}z?p,GyZzZ9:JGyt9<z?y;!w}9T

!@j+wQGJGyAQ<?f=QGy}(sh
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!GyAQ<?GyTaJ+?PGJGy}tOQIGy]g+q?fz)GyJ}{
@

o
vvgvvAvv=vvQ@vvwvv9yvv+vvrGyvv=vv"vv9AhYvvgvv(<vv9@vv&|vv#Gyvv}vvJvvO

x
OGJGyvvQFvv+vvTvv+vv?:svvAvvQGMIvvzvv(d@vvAvvavvzvv>

CSvv9Svv9Jfvv}vv+vvtvv?.hsvvO_
o
vv(xQJ|vvgvvdvv~|vv"vvdvv(|vv9JG}Svv9Svv9JGyvvgvv}vv+vvtvv?<vvJvv+vvE@ovv=vv"vv)|vv#

|vvTvvAvv(iG}QV<vvjvv+vv?GyvvJvvO|vv#|vvWvvwvv;JGyvvZvvJvv?hG}|vv9fh@vvwvv9yvv+vvrGyvv=vv"vv9Ah|vvO@vv&.E:
CfGyvvGvv(GHsvvO:*vvwvv(f@vv(pvv+vvQCSvv9Svv9Jfvv}vv+vvtvv?Gyvv=vvAvv?,<vv{@vvOfvv+vv~Gyvv}vv=vv"vv)fvv"vvOGyvvTvvavvK
<vvavvQ*vvtvv?@vvJvvOw|vv#Gyvv]vvjvvbfvvzvv)G}QVh@vvtvvT

x
vv,G}Svv9Svv9JyvvzvvJvvO

x
|vv#|vvqvvgvv(dGyvv%vv=vv(W

GyAq9\z,p,<"+?Gy}=").
@thIz(dG}S9S9JGy}A9I?\}#C;Kp89J:
!CS9S9JCf}9s%9@Z{IA)!J(4500|~

!CS9S9JCf}u|#4500|~

!f(GQV"f9F}?"fz)GyTaK.

G}S9S9JGyg}+t?
_

o
vvvv(xQJIvvvvzvvvv(d@vvvvZvvvv{Cfvvvv}vvvv9bG}Svvvv9Svvvv9Jpvvvv+vvvv%vvvv9IvvvvAvvvv)4500|vvvv~yvvvv}vvvv(GsvvvvhPGJ

|vWvwv;Jfvzv)Yvzv?<v9yvZvzvZv9dGyvtv9<v{yv;!vwv}v9T,|vhC!v&*v}vwv#GsvAvQGIv%v9}j|v(svh
PjCQVF+OIGytOQIfz)GyAJ}{\}#Gyg}uGy}Pv(Q.

pvv,GyvvAvvQ<vv?GyvvZvvzvvZvv9yvv+vv?,Chfvvzvv)!vvJvv(Cfvv~GyvvAvvQ<vv?GyvvAvv,*vv}vvwvv#IvvqvvQ$vv9|vv#Ohf
GyvvvJvvv9Fvvv?Eyvvv)@vvvOfvvv+vvv~Fvvv9!vvv=vvv,Lvvv;dGyvvvTvvv9fvvv9JG}hyvvv)|vvv#GyvvvJvvvqvvvQ,!vvvGvvvOGyvvvJvvv{pvvv,
G}Svv9Svv9JGyvv}vvwvv(v!vv?|vv#GyvvMvv"vv9ObGyvvAvv,@ovv}vv~<vv9yvvMvvQSvv9!vv?.*vv=vv+xvv#GyvvWvvwvv{20.5$vvPGGyvv"vv(Y
|vv#G}Svv9Svv9JGyvvAvv,|vv%vv}vv9vvv9ffvv}vvtvv%vv9,pvv{fGyvvMvv"vvOb*ovv}vv~<vv9yvvMvvQSvv9!vv?IvvAvv)|vvTvvAvv(i
*vvTvv}vvK<vv{svv9|vv?FvvOGQB|vv#h|vv"vvMvvqvv̂GyvvAvvwvvzvvqvv?IvvAvv)|vvTvvAvv(iGyvvJvvZvv+vvQIGyvv}vv9!vvgvv?yvvzvvQ_vv(<vv?.
pv,$vPGGyv"v(Y|v#G}Sv9Sv9J,@vgvAv=vQcvQhaG !vAv9L$v,|vqvAv9MGLvAv+v9QGyvJv{.pv+vGv>
Cf*vwv(f|v#Gyv}v}vwv#IvqvQGyvMv"vOb<vOsv?(|v#Iv+vEG:SvAvtv9|v?,hGyvgvQVhGyvWv9sv(yv+v?)
|vv#OhfIvvZvv(dG!vv%vv+vv9Q.h*vvGvv>E!vvGvv9RPyvvxpvv,|vvOI|vvgvvtvv(yvv?,<vvOAG

k
|vv#GyvvJvvqvvQyvvavv(d

vv9a|v#G}Sv9Sv9JhGyvAv+vtwv#|v#fv}vtv%v9,hG!vAv%v9A<vZv>GyvMvQSv9!v?hGyvgv(OIEyv)SvavK
G}QVhcvQhpv&G6|v"v?.hfvzv)hFv&Gyvgv}v(e,*vGv>E!vGv9ROhQIG}fv}v9d$vPgpv,*v(e
hGIvvO.h*vv}vvwvv#@vvJvvtvv+vvuPyvvxpvv,|vvgvvdvv~C!vv(GYGyvvAvvQ<vv?GyvvZvvzvvZvv9yvv+vv?,E:Cffvv9|vv{GyvvR|vv#
svvO*vvJvvOw|vv#Gyvvgvv}vvuGyvvPj*vv}vvwvv#GyvvJvvZvv(dfvvzvv+vv&pvv,$vvPGGyvv"vv(Y|vv#G}Svv9Svv9J,}!vv&
vvvzvv}vv9_vv9yvvB|vvOI<vvtvv9AGyvvMvv"vvOb|vvqvvAvv(Ivv9

k
,GROGOE|vvwvv9fIvvZvv(dG!vv%vv+vv9Qpvv+vv&<vvTvv=vv>@vvjvv+wvvQ

!vvTvv=vv?GyvvQ_vv(<vv?pvv,GyvvZvvzvvZvv9d.hEPGC|vvwvv#IvvqvvQGyvvMvv"vvOb<vvOsvv?h!vvdvv9pvv?,C|vvwvv#GyvvJvvOw|vv#

426



vvv}vv+vv?GyvvMvvQSvv9!vv?Gyvv}vvTvvAvvgvv}vvzvv?,h$vvPG|vv9*vvJvvOw|vv#GyvvAvvwvv9yvv+vvr,h|vv#|vvWvvwvv;JGyvvZvvJvv?
hGyT;|?.

hEPGvv9fCv}v?E|vwv9fyvAv}vO
w

OvvAvzv?GyvAvQ<v?Gyv}v(Fv(OI@vJvBGyv}v=v"v)<v+v#G}Sv9Sv9J,
hFvv>h\vvh|vv9OIsvv9<vvzvv?yvv;!vv]vvjvv9Wfvv"vvOhFvv&G}Svv9S,E\vv9pvv?Eyvv)<vv"vv9AGyvvavv9<vvuG}hd
p(bpQGZ,hPyx<Gg{CQ\+A&|gzt?.

C|v9<vO*v{GyvMv"vObGyv}v}vzv(A<v9yvMvQSv9!v?pv%v,Qvv9FvR@v"vtv{GyvJv}v{Eyv)GyvAvQ<v?Gyvtv9<vzv?
yvvzvvAvvJvv}vv+vv{|vvhfvv9Q\vv?pvv,Cfvv;$vv9yvvJvv}vv{GyvvGvvOGQ.h*vv}vvwvv#@vvJvvtvv+vvuPyvvx<vvzfvv}vv9b@vvZvv{
IvvAvv)4500|vv~<vv}vv9*vvTvv}vv)<vv9}h@vv9OGyvv}vvJvvqvv(QI(bored pile)GyvvtvvZvv+vvQIhpvvtvv9

k
yvvzvv}vv=vv+vvv#pvv,

GyvWvwv{20.6.h*vAvJvOvOsvavQIvqvQIGyv(@vOhfv}vtv%v9$v"v9<v}vAvavzv=v9JG !vAv9L.@ovwv(vfG}h@v9O
<vvJvvqvvQCvvtvv(Hpvv,GyvvAvvQ<vv?h|vvzvv8vv%vv9<vv9yvvMvvQSvv9!vv?(Ch@vv9OG:SvvAvv=vvOGd)Ch<vvObGyvv(@vvOpvv,GyvvAvvQ<vv?
(Ch@v9OG RGIv?).h*v}vwv#$vPgG}h@v9OCf@vwv(f|v#LvWv>ChIvO*vOChLvQSv9!v?.hpv,
Ivv9yvv?Ch@vv9OG:SvvAvv=vvOGd,*ovvGvvQiGyvvJvvqvvQ<vv(GSvvavv?Ivvq

v
vv9QIB<vv9Q.h@

o
vvgvvavv,$vvPgGyvvgvv}vvzvv+vv?Cvvtvv=vv9

k

OGFvvQ*vv9
k

*ovvJvvO
x

OsvvavvQoghGQ@vvqvv9f
o
vv&|vvtvv9Snfvv}vv(OGyvvJvvqvvQGyvv;Re.h<vvt

n
vvZrvvQG:Q@vvqvv9Yfvvzvv)4500

|vv~hGyvvtvvavvQfvvzvv)!vvJvv(350|vv~,*vv}vvwvv#@vv"vvqvv+vvPGyvvJvvqvvQ<vvJvvqvv9QGJYvvjvv+vvQI!vvTvv=vv+vv9
k
.C|vv9EPG

v9!BG}f}9bhG}sa9QCv=Q,pD}?I9F?Ey)Iq
v
9QGJv=+QI.
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hIvAv)yv(vv9fGyvDvtv>Gyv}vJvqv(QCSvav(G!v+v9
k

hPGsvavQYvjv+vQ,pv{f<vgv̂C!v(GYGyvAvQ<v?
svvO*vv"vv%vv9Qh*vvTvvtvvbpvv,GyvvDvvtvv>svv=vv{Cf@ovvAvv9MGyvvqvvQYvv?yvv}vvzvv8vv&<vv9yvvMvvQSvv9!vv?.pvv,$vvPgGyvvJvv9yvv?,
*vGv>@vzv=v+vUGyvDvtv><v=vav9!v?C!v=v(<v+v?@ovRGdfv9OI<vgvOYv>Gyv(@vO.hsvO_

o
v(xQJ|v"vdv(|v9J

Ch@vv9OhFvv(GFvvR|vvTvv=vvtvv?GyvvZvv"vvhC*vv]vv9
k

,hCOiPyvvxEyvv)@vvtvvzvv+vv[|vvWvvwvvzvv?G:!vv%vv+vv9QvvvDvv+vvQG
k

EPG

C
o

IvvTvv#@vvJvvO*vvOfvv}vvuG}Svv9Sh@vvJvvtvv+vvuGyvvWvv9svv(yvv+vv?pvv,CCvv"vv9AivvQRGyvv(@vvO.h*vv}vvwvv#@vvJvvtvv+vvu
v{|#$P*#GyWQ_+#p,Gy}(GshGyZzZ9y+?.

*vvGvv>Cf@vv}vvAvvOGyvvgvv9Q\vv?<vv+vv#G}h@vv9OyvvAvvJvv}vv{GyvvGvvOGQ.h@
o
vv(\vvvhG}h@vv9O<vvAvv=vv9fvvOGJ

Yvvjvv+vvQI!vvTvv=vv+vv9
k

@vvTvv9hj!vvJvv(3IvvAvv)4C|vvAvv9Q,h$vvPG|vv9*vvJvvOw|vv#GyvvJvv9Fvv?Eyvv)fvv9Q\vv?
Svv}vv+vvwvv?.h@

o
vv(\vvvhG}h@vv9Ofvv"vvORhG*vv9Gyvv}vv=vv"vv)hfvv"vvO!vv%vv9*vv9JpvvAvvJvv9JG}<vv(GHhGyvv"vv(GpvvP

GyvvgvvQ*vv]vv?.h*vv}vvwvv#@vv"vvqvv+vvPfvv}vvzvv+vv?Yvv>Gyvvgvv9Q\vv?pvv,Lvv"vvOb<vv9yvvtvvQH|vv#SvvavvKG}QV.

Ivvv+vvv"vvv8vvvP,*vvvGvvv>Cf@vvvwvvv(fGyvvvgvvv9Q\vvv?fvvvQ*vvv]vvv?
k

<vvvtvvvOQ*vvvwvvvqvvv,yvvvJvvv}vvv{GyvvvGvvvOGQ,hyvvvPGpvvv{f
GyvvvWvvvwvvv{Gyvvv}vvv}vvv+xvvvRyvvvzvvvgvvv9Q\vvv?$vvv"vvv9$vvv(CffvvvQ\vvv&Cvvvv=vvvQ|vvv#Svvv}vvv9vvvvAvvv&,h$vvvPGyvvv+vvvU|vvv#
|vv(GYvvqvv9JGyvvgvv(GQVGyvv}vvgvvAvv9OI.hEPGho\vvgvvB$vvPgG}Svv9Svv9Jpvv,@vvQ<vv?YvvzvvZvv9yvv+vv?svv9<vvzvv?
yvvv;!vvvwvvv}vvv9T,hvvvv9fGyvvvgvvv9Q\vvv?<vvv9yvvvtvvvQH|vvv#GyvvvTvvvavvvK,C|vvvwvvv#G:!vvvwvvv}vvv9ThG:!vvvAvvvqvvv9NCf
*vvJvvZvv;@vvJvvBGyvvgvv9Q\vv?hIvv(dQDhSG}h@vv9O.yvvPG*vvGvv>Yvv>Gyvvgvv9Q\vv?pvv(b_vv=vvtvv?
sv9<vzv?yv;!v]vjv9W,hpv,<vgv̂GyvJv9:J,svO@vwv(fCv}v?Iv9Fv?Eyv)@vzv=v+vUQCSGyv(@vO
<t}+[G!R:b.
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hfvvv"vvvO|vvv9*vvvwvvv(ffvvv}vvvuG}Svvv9Svvv9JCvvvv=vvvQ|vvv#4500|vvv~,@vvvAvvvavvvzvvv>G}h@vvv9OGyvvvavvv(*vvvzvvv?
GSvvAvvgvv}vv9dIvvqvv9QGJvvv=vv+vvQI,E:CfGyvv}vv=vv9O @vv=vvtvv)!vvqvvTvv%vv9.yvvwvv#r!vvdvvQG

k
Eyvv)Lvvqvv?G}Ivv}vv9d

pvv,Gyvv}vv=vv9!vv,Gyvv}vv"vvRyvv+vv?,pvv{fGSvvAvvgvv}vv9dG}h@vv9OGyvvavv(*vvzvv?!vv9OQ.hCvv}vv?fvvOO|vv#GyvvMvv+vv9QGJ

y}"d(|9JCh@9OG:SA=OGdhG RGI?|qZvz?p,GyqZ{28.

h*vv}vvwvv#GSvvAvvgvv}vv9dG}h@vv9OGyvvtvvZvv+vvQIC*vv]vv9
k

pvv,G}Svv9Svv9JGyvv}vvwvv(v!vv?|vv#Ofvv9|vv9J
hFv(GFvR.h$vPG*vAvavzv>Invq

r
vQIovq

n
vQpv,G}QV}Sv9Sv9JhSv9FvO*v?@ov=v"v)fvzv+v%v9Ofv9|v9J

|vv#yvv=vv"vv9JLvvQSvv9!vv?ChBFvvQ@vvJvv}vv{Gyvvgvv9Q\vv?GyvvAvv,*vvQ@vvwvvRfvvzvv+vv%vv9GyvvGvvOGQ.h$vvPG*vvAvvavvzvv>
<vvv"vvvv9Fvvv+vvv#*vvvgvvv}vvvzvvv(fpvvv,|vvvTvvvAvvv(iG}Svvv9Svvv9J,h*vvvAvvvQ@vvv>fvvvzvvv)Pyvvvx\vvvQhQI@vvv(pvvv+vvvQ|vvvwvvv9f
yzg}{|hEFQGAGJGyZJ?hGyT;|?.

G}S9S9JGyJnZ+Q*?

Cv}v?<vO*v{yv~Sv9Sv9JGyvgv}v+vtv?$v(CSv9SGyvJvZv+vQI(raft foundation)GyvTvavJv+v?.
@

o
vvv]vvv~w$vvv"vvv9G}Svvv9Svvv9J|vvvhCQ\vvv+vvv?Gyvvvavvv9<vvvuG}Q\vvv,yvvvAvvvwvvv(*vvv#hIvvvOIE!vvvWvvv9Fvvv+vvv?|vvvTvvvAvvv}vvvQI.
h@v"vO|vHvv{G}Iv}v9d|vgv9

k
h@vAv(RvYfvzv)vv9|v{Gyv}v"vavtv?GyvJv9|vzv?yvzv}v=v"v)@vJvBGyvJvZv+vQI.

h@vv"vvGvv~fvv#Pyvvx\vvjvv(WYvvjvv+vvQIFvvOG
k

fvvzvv)!vvtvv9WGyvvAvvQ<vv?Gyvv}vv(Fvv(OI@vvJvvBGyvvJvvZvv+vvQI,
h|vvhPyvvx@

o
vvGvv%vvOGyvvAvvQ<vv?svvzvv+vv;

k
.h*vvgvvavv,$vvPGIvv;

k
B|vv"vv9

k
yvvzvvAvvQ<vv?PGJGyvv}vvtvvOQIGyvv}vvJvvOhOI

fvvzvv)GyvvAvvJvv}vv+vv{,h*vv"vvavv(jfvvzvv)E|vvwvv9fGSvvAvv+vvgvv9HGyvv%vv=vv(_vv9JGyvvAvvqvv9\vvzvv+vv?|vv#Ohf!vvtvv{
G:!vvvqvvvgvvv9:JEyvvv)Gyvvv=vvv"vvv+vvv?Gyvvvgvvv9|vvv?yvvvzvvv}vvv"vvvRd.hEPGvvvv9fCvvv}vvv?GIvvvAvvv}vvv9dyvvvJvvvZvvv(d$vvv=vvv(_vvv9J
@vqv9\vzv+v?,@ovZv}vv~GyvJvZv+vQI<vJv+vE@v}v+v{<vwv9|vzv%v9|v#OhfIvOhKG!vqvgv9:Jpv,Gyv=v"v+v?
Gyvvgvv9|vv?yvvzvv}vv=vv"vv)(*vv}vvwvv#GSvvAvvgvv}vv9d$vvPgGyvvJvvZvv+vvQIpvv,Gyvv}vv"vv9_vvuGyvv}vvgvvQv\vv?yvvzvvAvvjvv(wQGyvv"vv9Fvv~
fvv#Gyvv}vv"vv9Fvv~).h*vvAvvJvvtvvvuPyvvxpvvtvvbEPGvvv9!vvBC!vv}vv9WGyvvAvvJvv}vv+vv{|vvAvvGvv9!vvTvv?!vvTvv=vv+vv9

k
<vvJvv+vvE

@vvGvvgvv{|vvQvvvRCvvtvv{G}Ivv}vv9dpvv,|vvQvvvR|vv"vvavvtvv?GyvvJvvZvv+vvQI,hEPGC|vvwvv#@vvWvv+vv+vvOIvvZvv+vvQI
Yz=?<tOQv9ayAg}{<(Yq%9vAz?hGIOIy~S9S9J.

h@
o
vvgvvAvv=vvQYvv;<vv?GyvvJvvZvv+vvQI|vvqvvAvv9Ivv+vv?pvv,Gyvv}vv(GsvvhGyvvAvv,@vvAvvjvv+vvvQpvv+vv%vv9|vvtvv9h|vv?GyvvAvvQ<vv?

hsvv9<vvzvv+vvAvv%vv9yvv;!vv]vvjvv9W,Ivv+vvE*vvGvvgvv{PyvvxGyvvAvvjvv+wvvQGyvv}vv=vv"vv)fvvQ\vv?yvvzvv%vv=vv(_vv9JGyvvAvvqvv9\vvzvv+vv?.
h!vvdvvQG

k
Eyvv)CfCSvv9SGyvv}vv"vvRd*vv}vvAvvOfvvzvv)|vv"vvavvtvv?|vvJvvOhOIIvv+vvE!vvTvv=vv?Gyvv}vvJvv+vvbEyvv)

|vTv9Iv?G}Q\v+v?vv=v+vQI!vTv=v+v9
k

,|v#Gyv}v}vwv#@vJvtv+vu@vzvxGyvZv;<v?<vAvtv(*v?GyvJv(GaGyvAv,
@vvQ@vvwvvRfvvzvv+vv%vv9G}Ivv}vv9dGyvvQFvv+vvTvv+vv?Gyvv}vvavv=vvvtvv?|vv#GyvvGvvOQGfGyvvMvv9QFvv+vv?.hsvvO*vvwvv(f@vvTvv}vv+vvx
G}Svv9Svv9J\vvQhQ*vv9

k
C*vv]vv9

k
@vvJvvBGyvvGvvOQGfGyvvOGLvvzvv+vv?GyvvJvv9|vvzvv?.hvvvzvv}vv9!vvtvvZvvBGyvv"vvTvv=vv?
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Gyvv}vvPvvv(QI,@vvZvv=vvK@vvtvv(*vv?Gyvv}vv"vvavvtvv?GyvvOGLvvzvv+vv?|vv#Gyvv=vv;_vv?<vv(GSvvavv?Fvv(GFvvRCQLvv[|vv#
@t(*A%9<AT}+w%9.
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GyvvjvvTvv9:JhGyvvGvv;*vv9J,Yvv}vv9|vv9Jvvv%vvQ|vv+vvwvv9!vv+vvwvv+vv?yvvAvv}vvQ*vvQGyvv}vv9AChE*vvtvv9pvv&pvv,Chsvv9J
|g+"?|#OhQIGyA"d+r.

441



h*vvGvv>@vv(pvv+vvQ|vvZvv9Qayvvzvv}vv9AGyvvPj*vv}vvwvv#Cf*vvqvv+vv̂fvv#Gyvv}vvjvv9Svv{hGyvvMvvRG!vv9J.
h*vvJvvZvv{Pyvvxfvv"vvO|vv9@vv%vvAvvQC|vv9!vvgvv9JGyvvAvvTvvQHpvv,Yvv}vv9|vv9JGyvvwvvQIGyvvavv9pvv+vv?pvv,LvvRG!vv9J
Gyvv}vvQGIvv+vv̂,ChEPG@

o
vvQvvvBGyvvJvv"vvqvv+vv?|vvqvvAvv(Ivv?pvv(bGyvv}vvjvvTvvzvv?h<vv9yvv(fvvAvv%vv9|vvTvvOhOI.Cvv}vv?

|vMvQLyvzvqv9Fv̂|v=v"v,\v}v#Gyv}vjvTvzv?ChIv(VGyvJv}v9e,C|v9LvRGfGyv}vQIv9Vpv+vJvAv9L
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|vv}vv9Cvvzvv?yvvGvv}vvh|vv9AGyvv}vvavvQGyvvPj*vvJvvAvv9LEyvv)@vv"vvdvv+vvrCsvv{,E:Cf$vvPgGyvv}vv"vvdvv(|vv?*vvGvv>
Cf@vvvAvvv]vvv}vvv#LvvvRG!vvv9

k
vvvv=vvv+vvvQG

k
yvvvzvvv}vvv(Gpvvvtvvv?<vvv+vvv#@vvv(p

w
vvvQ|vvv9AGyvvv}vvvavvvQhG:SvvvAvvv%vvv;cpvvv,Vvvvavvvr

Gyvvv}vvvQIvvv9V.h|vvv#Gyvvv(G\vvvKCf|vvv"vvvdvvv(|vvvAvvv,|vvv9AVvvvavvvrGyvvv}vvvQIvvv9V$vvv9@vvv+vvv#@vvvR*vvvOGf|vvv#
@vvwvv9yvv+vvrGyvvAvvQvvv+vv>hGyvvZvv+vv9!vv?,E:Cfsvv+vv}vv?Gyvv}vv9AGyvvAvv,*vvGvv>Opvvgvv%vv9Eyvv)Svvzvvavv?Gyvv}vv+vv9g
@vZv=vKCsv{.*ov]v9aEyv)PyvxGyv}vqvgv(dGyv=v+v8v,GyvGv+vOGyv"v9Fv~fv#@vtvzv+v[GSvAv%v;cGyv}v9A
GygPH,hf#GyAMz

w
[|#Gy}9AGy}TAg}{.

hpvvv,|vvv9*vvvMvvv[Gyvvv}vvv9AGyvvvTvvv9Lvvv#,pvvv{fGyvvvAvvvTvvvMvvv+vvv#<vvv9yvvvavvv9svvv?GyvvvWvvv}vvvTvvv+vvv?,IvvvAvvv)pvvv,
<vvQ*vvavv9!vv+vv9[Gyvv=vvgvv+vvOIsvvzvv+vv;

k
!vvJvv(GyvvWvv}vv9d],*vv}vvwvv#Cf*ovvTvv%vv~ESvv%vv9|vv9

k
vvv=vv+vvQG

k
pvv,@vv(pvv+vvQg.E:
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Cf|vv"vvdvv(|vv?GyvvAvvTvvMvv+vv#Ivv+vv"vv8vvP*vvGvv>Cf@vvwvv(f|vvROhFvv?<vvJvv+vvE@vvAvv]vv}vv#|vvZvvOQ@vvTvvMvv+vv#
fvvv9OjC*vvv]vvv9

k
.h<vvvQivvv~hFvvv(O$vvvPGGyvvv}vvvZvvvOQ,pvvv{f|vvvQOhOGyvvv}vvv"vvvdvvv(|vvv?vvvv=vvv+vvvQ|vvv#Ivvv+vvvE

GyAwzq?GyG9Q*?hGy}q9f+{Gy=+8+?.

@vvzvvxC|vvDvvzvv?yvv}vv"vvdvv(|vv9J@vv|C
x
vvQpvv,G:SvvAvvgvv}vv9dGyvv+vv(|vv,yvvzvv}vv9AhGyvvavv9svv?,hyvvPG*vv}vvwvv#

Cf@
o
vvTvv%vv~ESvv%vv9|vv9

k
vvv=vv+vvQG

k
pvv,GyvvAvv"vv}vv+vv?Gyvv}vvTvvAvvOG|vv?.pvvAvvtvvzvv+vv[Gyvvwvv}vv+vv?Gyvv}vvTvvAvvgvv}vvzvv?,hGyvvAvvOh*vvQ

hGSvvAvvgvv}vv9d|vvZvv9OQ_vv9svv?|vvAvvGvvOOI,@vvJvvt
x
vvuPyvvxFvv}vv+vvgvv9

k
.hvvvzvv%vv9@vvtvvz

x
vv[GyvvAvvzvv(wKh@vvTvv9fvvO

fvvzvv)GyvvJvvqvv9Xfvvzvv)Gyvv=vv+vv8vv?GyvvJvv+vv(*vv?<vvAvvtvvzvv+vvZvv%vv9yvvzvv}vvAvvavvzvv=vv9J|vv#Gyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?.h*vv}vvwvv#
@vvJvvtvv+vvu<vvgvv]vv%vv9|vv#Lvv;dEOLvv9d|vv"vvdvv(|vv9JFvvO*vvOI*vvGvv>GSvvAvv+vvgvv9<vv%vv9pvv,Gyvv}vv=vv"vv)hOpvvh
@vvwvv9yvv+vvqvv%vv9Ivv+vv#@vvQvvv+vv=vv%vv9hYvv+vv9!vvAvv%vv9hGyvvAvvMvvz

w
vv[|vv"vv%vv9pvv,!vv%vv9*vv?Ivv+vv9@vv%vv9.E:C!vv&*vv}vvwvv#Cf

*ovvgvv(vVfvv#@vvwvv9yvv+vvqvv%vv9G}hyvv+vv?|vvh|vvQhQGyvv(svvBEPGyvv~*vvwvv#Gyvv}vv9A|vvGvv9!vv+vv9
k
.C|vv9Gyvv}vvQOhO

Gyvv=vv+vv8vv,Gyvv%vv9eyvvzvv}vvGvvAvv}vvhhyvv5|vvOGOGyvv}vvTvvAvvtvv=vvzvv,<vv9yvv}vv9A,pvv%vv(CYvvgvv>IvvTvv9<vv9
k

yvvwvv{|vv"vvRd
|vvv"vvvqvvvQOG

k
.yvvvwvvv#GLvvvAvvv+vvv9Q|vvv"vvvdvvv(|vvv?|vvv#$vvvPGGyvvv"vvv(Y$vvv(GyvvvAvvvRGel<vvvGvvv}vvv+vvvhChFvvv&G:SvvvAvvvOG|vvv?,

G:sAZ9O*?hG:FA}9f+?hGy=+8+?,h:*tAZQfz)|Tzy?G!Mq9V@wzq?OhQIGyJ+9I.

$v"v9csv]v9*v9@vMv[G:SvAvOG|v?pv,GLvAv+v9Q|v(GOh|vwv(x!v9JGyv}v"vdv(|v9JGyv}vTvAvgv}vzv?
h|vvvAvvvavvvzvvv=vvv9J@vvvZvvv"vvv+vvvgvvv%vvv9h!vvvtvvvzvvv%vvv9hGyvvvAvvvMvvvz

w
vvv[|vvv"vvv%vvv9.pvvv9}OhGJGyvvvZvvvJvvv+vvv?,|vvvDvvv{Gyvvv}vvvjvvv9Svvv{

hvvvQGSvv,Gyvv}vvQIvv9Vhivv+vvQ$vv9,@vvAvvwvv(vf|vv#|vv(GOYvvzvvZvv9yvv+vv?(<vv(QSvvzvv+vv#),pvv,Ivv+vv#Cf
Civvzvv>GyvvAvv}vvO*vvOGJGyvvZvvJvv+vv?$vv,|vvwvv(x!vv9J|vvgvvO!vv+vv?,!vvJvv9Svv+vv?ivv9yvv=vv9

k
,h*vv}vvwvv#<vvgvv]vv%vv9Cf

*vvvwvvv(f<vvv;SvvvAvvv+vvvwvvv+vvv9
k
.h@vvvJvvvzvvv+vvv{$vvvPgGyvvvGvvv(G!vvv>$vvv9eFvvvOG

k
,Lvvv9Yvvv?CfGyvvv}vvv"vvvdvvv(|vvv9JGyvvvAvvv,

@vvtvvAvvZvvOpvv,GSvvAvv%vv;cGyvv}vv9AhGyvv(svv(Oh@vvAvvavvzvv>|vvQGpvvuYvvQaYvvJvv,fvv9|vv?Csvv{,@ovvgvvAvv=vvQ
Gy+(eCv=Q|T9$~p,GyA"}+?Gy}TAOG|?.

|"d(|9JGyAOp8?
Cvv}vv?fvvOI_vvQGFvvuyvvAvv(pvv+vvQGyvvAvvOpvv8vv?Gyvv}vv"vvRyvv+vv?.h*vv}vvwvv#yvv%vv9Cf@vvtvv(efvvzvv)|vvTvvM

x
vv"vv9J

|vTvAvtvzv?pv,<vgv̂ChFv}v+vhGyvjvQa,Q<v}v9<v9SvAvgv}v9d|vZv9OQ@vTvMv+v#h|ovWvgvv9J|vMvAvzvqv?
@vvAvvqvvu|vvhpvvQTGyvvjvvQpvv?.yvvwvv#pvv,|vv9*vvMvv[OQGSvv?GyvvJvv9yvv?GyvvAvv,<vv+vv#C*vvO*vv"vv9,pvv{f|vv9
*vvAvv(s

v
vvgvv&Gyvv}vvTvvAvvgvv}vv{$vv(|vv"vvdvv(|vv?@vvOpvv8vv?|vvQvvvR*vv?vvv9|vvzvv?,|vvh|vvTvvAvv(ifvv9d|vv#GyvvgvvRd
yvvvAvvvtvvvzvvv+vvv[IvvvGvvv(e|vvvwvvv(x!vvv9JGyvvv}vvv"vvvdvvv(|vvv?h@vvvwvvvzvvvqvvvAvvv%vvv9GyvvvGvvv9Q*vvv?.h@vvvWvvvAvvv}vvv{|vvv"vvvdvvv(|vvv?GyvvvAvvvOpvvv8vvv?
Gyvv}vvQvvvR*vv?fvv9OIfvvzvv)|vvWvvgvvv9JIvvQGQ*vv?pvv,vvv{ivvQpvv?*ovv]vvNpvv+vv%vv9|vv9ASvv9Lvv#*vvQpOfvv=vvQ
C!9<+>|#|pQrF{*

o
TM

v
#fz)G}QFK<9yj9REPGv9f|A(GpQG

k
.
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h*vtv(eGyvAvJvw
w
v~GyvQFv+vTv,pv,|v"vdv(|v?GyvAvOpv8v?Gyv}vQvvR*v?Gyv}v"vRyv+v?fvzv)|v|s

x
vBR|v"v,

(yvvAvvJvvO*vvOChsvv9JGyvvAvvTvvMvv+vv#),|vvh|vvJvvTvv9SyvvOQFvv?GyvvJvvQGQIpvv,ivvQpvv?hGIvvOIyvvAvvWvvjvv+vv{
Gyvv}vvQFvv{hGyvv}vv]vvMvv?hE*vvtvv9pvv%vv}vv9fvv"vvO|vv9@vvZvv{OQFvv?GyvvJvvQGQIEyvv)GyvvOQFvv?Gyvv}vvavvzvv(<vv?pvv,
CCvv"vv9ApvvAvvQIGyvvAvvOpvv8vv?.h*vv}vvwvv#@vvRh*vvOGyvv}vvWvvgvv9J<vvZvv}vv9|vv9JIvvQGQ*vv?(thermostatic valve)

yvzvAvJvw
w
v~<vOQFv9JIvQGQIGyvjvQapv,CCv"v9ApvAvQGJGyvAvOpv8v?<vJv+vE@vAv(Gpvu|vhGIvAv+v9Fv9J

Gyvtv9_v"v+v#.hIvAv)yv(yv~@vwv#Cv}v?Yv}v9|v9JIvQGQ*v?,pv{fCv}v?Yv}v9|v9
k

*vOh*v9
k

pv,|vOLv{
vvv{|vvWvvh*vv}vvwvv#yvvzvv}vvTvvAvvgvv}vv{pvvAvvJvv&vvvzvv+vv9

k
ChFvvRFvv+vv9

k
yvv(svvr@vvOpvvuyvvzvv}vv9AGyvvTvv9Lvv#.hCvv}vv?

Yvv}vv9eC*vv]vv9
k

pvv,|vvMvvQLGyvv}vv9A|vv#Gyvv}vvWvvh,E:Cfhcvv+vvqvvAvv&yvv+vvTvvBGyvvAvvJvvw
w
vv~pvv,OQFvv?

GyvvvJvvvQGQIGyvvv+vvv(|vvv+vvv?.*ovvvgvvvQa$vvvPGGyvvvZvvv}vvv9e<vvvZvvv}vvv9eGyvvv]vvv=vvvbhGyvvvjvvvQV|vvv"vvv&@vvvJvvvtvvv+vvvu@vvv(R*vvvh
|vvAvvGvv9!vvUyvvOQFvv9JIvvQGQIGyvv}vv9Apvv,Fvv}vv+vvhGyvv}vvWvvgvv9J,h*vvGvvQj\vv=vvavv&Ivv+vv#@vvQvvv+vv>
Gyvv}vv"vvdvv(|vv?h@vvWvvjvv+vvzvv%vv9Chd|vvQI.EfGyvvAvvJvvw

w
vv~pvv,|vv"vvdvv(|vv?GyvvAvvOpvv8vv?Svv}vv?|vv#Svv}vv9JvvvDvv+vvQ

|"d(|9JGyMO|9JGyJO*D?,y~iQGVGyAWj+z+?hi+Q$9.

*vWv+vhGSvAvgv}v9d|v"vdv(|v?GyvAvOpv8v?Gyv}vQvvR*v?GyvAv,GSvAvgvQ\v"v9$v9pv,Gyv}v"v9Rdfv}v(|v9
k

,

E:CfCv}v?<vOGFv{@vtv(eiv9yv=v9
k

fvzv)Ivzv(d@vMv[G:SvAvOG|v?<vOCJ<v9yvdv%v(Q:SvAvgv}v9yv%v9
p,|"9Rd}YJ9<%9G$A}9|9JL9Y?.

*vWv+vQhYvr|v"vdv(|v?GyvAvOpv8v?Gyv}vQvvR*v?Gyvgv9O*v?Eyv)C!v%v9@vAvwv(vf|v#Lv}vTv?CFvRGA
QF+T+?,$,:

!|ZOQ@TM+#$(|QF{*g}{<9yj9R

!|Wg9JIQGQI

!V=w?C!9<+>yA(R*hGy}9A

!|]M?yAJQ*xGy}9A(GyJQGQI)p,GyW=w?

!|"d(|?@Jw
w

~@TAg}{||sA9JR|"+?h|oJT9S9JhY}9|9JIQGQ*?

*vv=vv+xvv#GyvvWvvwvv{21.4@vvWvvwvv+vvzvv?CSvv9Svv+vv?yvv}vv"vvdvv(|vv?@vvOpvv8vv?|vvQvvvR*vv?@vvjvvP
x
*vv%vv9<vv9yvv}vv9AVvv=vvwvv?

|v"vMvqv]v?Gyv]vjvb,h@vJvAv(jfvzv)LvRGf@v}vOO*v(\vhpv,GyvTvtvr(*vzLvPLvRGfGyvAv}vOO
Gyvvvv}vvvv9Afvvvv"vvvvO@vvvvTvvvvMvvvv+vvvv"vvvv&).h*vvvvAvvvv=vvvv+vvvvv#|vvvv#GyvvvvWvvvvwvvvv{C*vvvv]vvvv9

k
CfGyvvvv}vvvvQFvvvv{!vvvvqvvvvTvvvv&*ovvvvTvvvvM

x
vvvv#|vvvv9A

G:SvvvAvvvgvvv}vvv9:JGyvvv}vvv"vvvRyvvv+vvv?GyvvvPj*ovvv|LvvvP|vvv#LvvvRGfGyvvv}vvv9AGyvvvTvvv9Lvvv#.yvvvPG,h!vvvdvvvQG
k

Eyvvv)Cf
GIvvAvv+vv9Fvv9JGyvv}vv"vvRd|vv#Gyvv}vv9AGyvvTvv9Lvv#@vvMvvAvvzvvrfvv#GIvvAvv+vv9Fvv9JGyvvAvvOpvv8vv?,pvv{fCvv}vv?Ivv9Fvv?
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Eyvvv)@vvvJvvvw
w
vvv~|vvv"vvvqvvvZvvv{pvvv,vvvv{|vvv"vvv%vvv}vvv9(Yvvv}vvv9|vvv9JPGJ|vvvJvvvQvvvv9J)h@vvvJvvvw

w
vvv~pvvv,OQFvvv?

GyvvJvvQGQI(|vvJvvTvv9SIvvQGQIyvvzvvMvvRGf),hIvvAvv)svvO@vvwvv(fCvv}vv?Ivv9Fvv?Eyvv)|vvZvvOQ@vvTvvMvv+vv#
<vvO*vv{,|vvDvv{GyvvTvvM

v
vv9fGyvvwvv%vvQ<vv9Fvv,Gyvvjvv9_vvU.h*vvR*vvOPyvvx|vv#@vvgvvtvv+vvOGyvvAvvJvvw

w
vv~pvv,Gyvv}vvQFvv{

GyvvPj*vvJvvAvv9LIvv+vv"vv8vvPEyvv)|vv=vvQ|pvvH.h@vvdvv%vvQC!vv9<vv+vv>Gyvv}vv"vvdvv(|vv?fvvzvv)Vvvwvv{|vvGvv}vv(fvv9J|vv#
C!v=v(<v+v#,C!v=v(H*vJv}v{Gyv}v9AGyvTv9Lv#|v#Gyv}vQFv{Eyv)Gyv}vWvgv9J,hC!v=v(H*ovgv+vOGyv}v9A
Eyvv)Gyvv}vvQFvv{<vvgvvO<vvQhOgpvv,Gyvv}vvWvvgvv9J.h@vvJvv9pvveGyvv}vv]vvMvv?fvvzvv)@vvOpvvu|vv"vv9Svv>yvvzvv}vv9A
GyvvTvv9Lvv#\vv}vv#Gyvv}vv"vvdvv(|vv?.pvv,Gyvv}vv"vvdvv(|vv?Gyvv}vv"vvRyvv+vv?Gyvv}vv=vv+vvv"vv?pvv,GyvvWvvwvv{21.4,@vvTvv9hj

Csvvavv9QG}!vv9<vv+vv>Gyvv(GQOIEyvv)Gyvv}vvWvvgvv9JhGyvvMvv9QFvv?|vv"vv%vv915|vv~,h*vvTvv9hjsvvavvQGC!vv=vv(<vv,
GyvMvQhL|v#Gyv}vQFv{hGyvgv(OIEyv+v&22|v~,h$v}v9*v"vtv;fGyv}v9A<v+v#Gyv}vWvgv9JGyv}vAvgvOOI
hGy}QF{.

|(G\h|"d(|?GyAOp8?Gy}QvR*?h@}O*OG@%9hY+9!A%9

CvvvDvvQCFvvRGAGyvv}vv"vvdvv(|vv?Gyvv}vv=vv+vvv"vv?pvv,GyvvWvvwvv{21.4Ivv9Fvv?Eyvv)GyvvZvv+vv9!vv?hG:SvvAvv=vvOGd
$vv}vv9Gyvv}vvQFvv{hGyvv}vv]vvMvv?.h$vvPG*vvgvv"vv,\vvQhQI@vv(p

w
vvQIvv+xvvRyvvzvv(Yvv(dEyvv+vv%vv}vv9,E\vv9pvv?Eyvv)

hFv(HhFv(OYv}v9|v,fvRdfvzv)_vQpv,vv{|v"v%v}v9yvAvGv"v>@vqvQ*vkGyv}v"vdv(|v?|v#Gyv}v9A
Iv+v#ERGyvAv%v}v9.hsvO*vwv(f|v#Gyv]vQhQjERGyv?Gyv}vWvgv9J,Sv(GAyvzvZv+v9!v?Ch}ivQGV
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@vvjvv+vv+vvQ@vvQ@vv+vv>GyvvjvvQpvv?h@vvR*vv+vv"vv%vv9.hIvv+vv"vv8vvP*vv}vvwvv#GSvvAvvgvv}vv9dGyvvZvv}vv9|vv+vv#Gyvv}vv(Fvv(O*vv#CYvv;
k

fz)_Qp,Gy}WhygRdGy}"d(|?I+#ERGyA&h|#C
n
~

v
@G">@qQ*j%9|#Gy}9A.

Ivvv+vvv#@vvvJvvvO*vvvO|vvv(\vvvhGyvvv}vvvQFvvv{,*vvvGvvv>CLvvvPfvvvOIfvvv(G|vvv{pvvv,GyvvvJvvvTvvv=vvv9f.pvvvDvvv}vvv?
\vQhQIyv(Yv{Gyv}vQFv{|vhvv{|v#|vZvOQGyv(sv(OhGyv}vOLv"v?GyvAv,@vAvMvz

v
v[|v#!v(G@vH

G:IvAvQGb.h*v}vwv#<vgv̂C!v(GYGyv}vOGLv#Cf*vqvQVsv+v(OG
k

fvzv)|v(\vhGyv}vQFv{.yvPG,
pvv{fGyvv}vvQGFvv{PGJGyvv}vvOGLvv#Gyvv}vvAvv(GR!vv?(balanced flue)*vvGvv>Cf@vv(\vvhfvvzvv)FvvOGQ
Lvv9QFvv,,pvv,Ivv+vv#CfGyvv}vvOGLvv#PGJGyvv}vvQhIvv?pvv+vv}vvwvv#Cf@vvTvvAvvGvvQivv9RGJCpvvtvv+vv9

k
|vv#

|vTv9pv?|vJvOhOI,h$vPG|v9*vTv}vK<vAvQvv+v>Gyv}vQFv{OGLvzv+v9
k
.h@vJvAv9LG}!v9<v+v>Gyv}vAvGv}vgv?

Ivv(dGyvv}vvQFvv{h@vv(Yvv+vv;@vv%vv9Eyvv)C|vvwvv"vv?,h*ovvqvv]vvv{ELvvqvv9AG}!vv9<vv+vv>pvv,<vvgvv̂GyvvjvvQa,

h*vv}vvwvv#@vvQvvv%vv9|vvwvvWvv(pvv?pvv,ivvQaCLvvQi.h@vv(y
x
vvOGyvv}vvQGFvv{\vvGvv+vvGvv9

k
|vv"vv%vv9|vv=vv9VvvQI,

h*vv}vvwvv#Cf*vv"vvAvvtvv{$vvPGGyvv]vvGvv+vvHfvv=vvQG}!vv9<vv+vv>.h$vvPGVvv,A*vvGvv>CLvvPgpvv,GyvvJvvTvv=vv9f
I+#@JO*O|(\hGy}QF{.

C|vvvv9CFvvvvRGAGyvvvv}vvvv"vvvvdvvvv(|vvvv?G}LvvvvQiGyvvvvAvvvv,@vvvvGvvvv>Gyvvvvgvvvv"vvvv9*vvvv?<vvvvAvvvvJvvvvO*vvvvO|vvvv(G\vvvvgvvvv%vvvv9pvvvv%vvvv,
Gyvvv}vvvWvvvgvvv9J.pvvvtvvvO*vvvwvvv(fyvvv}vvv(\vvvhGyvvv}vvvWvvvh<vvvgvvv̂GyvvvAvvvzCvvv+vvvQpvvv,QGIvvv?G}VvvvMvvv9UGyvvvP*vvv#
*vvTvvAvvgvv}vvzvv(fGyvvjvvQpvv?.@vvgvv}vv{Gyvv}vvWvvgvv9Jivv9yvv=vv9<vv9yvvJvv}vv{GyvvJvvQGQj(convection),E:C!vv%vv9
@vvv"vvvavvv(jC*vvv]vvv9

k
fvvvzvvv)|vvvwvvv(xfEVvvvgvvv9fvvv,pvvv,Gyvvv}vvv=vvv9Oyvvv?GyvvvJvvvQGQ*vvv?.*ovvvgvvvR

x
R|vvvqvvvgvvv(dGyvvvJvvv}vvv{

GyvvJvvQGQj@vvOh*vvQGyvv%vv(GApvv,GyvvjvvQpvv?,h|vv#Cvv~v@vvOpvv8vv?Fvv($vv9.C|vv9GyvvAvvTvvMvv+vv#G Vvvgvv9fvv,
pvvv+vvvgvvv}vvv{fvvvzvvv)|vvvTvvv9pvvv?|vvvJvvvOhOI}fOQFvvv?IvvvQGQISvvvavvvKGyvvv}vvvWvvvh|vvvJvvvOhOI<vvvtvvv+vvv}vvv?ivvv+vvvQ
|v|P*v?.hpv,GyvJv9yvAv+v#,pv{f|vqvgv(dG Vvgv9YhGyvJv}v{GyvJvQGQ*v+v#GyvzvP*v#*vQpvgv9fGyv%v(GA
Eyv)|v9pv(bGyv}vWvh|vgv9vvUyv}vqvgv(dGyvAv=vQ*vOpv,Gyv"v(GpvPIv+vE*v%v=vbGyv%v(GAGyv=v9QOEyv)
G}Svvqvv{fvv"vvO|vv9*vvwvv(fGyvvMvv9QL<vv9QOG

k
.h|vvhCf$vvPGsvvzvv+vv{G}$vv}vv+vv?pvv,Ivv9yvv?GyvvAvvRFvv+vvH

Gyvv}vv]vv9fvvrChGyvvDvv;Cvv,,pvv{fh\vvhGyvv}vvWvvgvv9J@vvJvvBGyvv"vv(GpvvP*vv(GRf|vvqvvgvv(dGyvvRFvv9L
Gyvv=vv9QO,h$vvPG$vv(Svv=vv>h\vvhGyvv}vvWvvgvv9J@vvJvvBGyvv"vv(GpvvP.*ovv]vv9aEyvv)PyvvxCfGyvv}vvwvv9f
@vJvBGyv"v(GpvPfvO*v~Gyvqv9FvOIfv}v(|v9

k
yv~ivQGVG}LvQi|vtv9Q!v?<v=vtv+v?GyvGvOQGf.yvwv#|vh

@vv(GpvvQ|vv(GOfvv9Ryvv?Cpvv]vv{h|vvWvvgvv9JCYvvjvvQIvvGvv}vv9
k

,*vvZvv=vvK|vv(\vvhGyvv}vvWvvhCsvv{EVvvwvv9:
k
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GyvvAvvwvvzvvqvv?.yvvwvv#$vvPgGyvv}vv"vvdvv(|vv?@vvtvvhfvvzvv)fvv}vvu@vvJvvBG}QVvvv9ayvvOQAG}Pifvv"vv%vv9
h@vvtvvzvv+vv{Gyvv]vvjvvbfvvzvv)G}!vv9<vv+vv>|vv#G}Ivv}vv9dpvv(bG}Q\vv+vv?,VvvQ*vvavv?GLvvAvv+vv9QG}!vv9<vv+vv>
hGyqQV9JGyA,@JA%9<g"9*?hpt9y}9S(a!"9sW&p,Gy}tahGyA9y,.

pvv,$vvPGGyvv}vvDvv9d,IvvOvO|vv"vvTvv(H|vv"vvdvv(|vv?GyvvZvvQaGyvvZvvJvv,pvv,GyvvWvv9QY|vv"vv9Svv+vv>
svvvgvvv(QGyvvv}vvvZvvv9Qa\vvv}vvv#Gyvvvgvvvtvvv9Q.hEPGvvvv9fPyvvvxGyvvv}vvv"vvvTvvv(HCfvvv}vvvu,COiEyvvv)Fvvvgvvv{
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|vv"vv9Svv+vv>Gyvv}vv"vvdvv(|vv?CLvvqvv̂,h|vv#C
n
vv~vEyvv)fvv}vvuCvvv=vvQ@vvJvvBG}QV.h$vvPG*vvtvvAvv]vv,

Efvv9OIGyvv"vvdvvQpvv,!vvtvv9WGyvv"vvqvv9PIvv+vvESvvAvvwvv(fIvvqvvQ*vv9@vv%vv9Cfvv}vvu.h <vvtvv9A@vvwvvzvvqvv?Gyvv}vv"vvdvv(|vv?
\v}v#Gyvgvtv9Q|vJvOhOI,svO*vwv(f|v#G}pv]v{Fvgv{BLvQ!vtvav?!vqv9P(IC2pv,Gyv}vDv9d)
IvvqvvQIfvv}vv+vvtvv?.h*vv}vvw

x
vv#$vvPG|vv#E<vvtvv9AGyvv}vv"vv9Svv+vv>h@vvQ@vv+vv=vv9JGyvv"vvqvv9Pfvvzvv)Ivv9yvv%vv9IvvAvv)

Gy(Y(dEy)GyJqQIGyg}+t?,I+E*Z>Gy}9Ap+%9<(GSa?C!=(Hf}(Oj.

G}!9<+>hLa(WG}!9<+>@JBG}QV

Gyv}v9O@v9fGyvQFv+vTv+vAv9fGyv}vTvAvgv}vzvAv9fpv,Yv"vh|vGv9QjGyvZvQaGyvZvJv,Gyv}v"vRyv,$v}v9
GyvZvzvZv9dhGyv=v;SvAv+vx.*vgvav,GyvZvzvZv9dC!v=v(<v9

k
Yvzv=v9

k
*v}vwv#Cf*v"vwvTvQ<vTv%v(yv?<vTv=v>

$vvWvv9VvvAvv&,E:C!vv&*vvgvvAvv}vvOfvvzvv)|vvtvv9h|vv?Gyvv]vvjvvbyvvOQA@vvzP
x
*vv&,hyvvPG@

o
vvZvv"vvh$vvPgG}!vv9<vv+vv>

<vvz_vv(GdsvvZvv+vvQI:@vvAvvGvv9hR1,5|vvAvvQ.C|vv9Gyvv=vv;SvvAvv+vvx(uPVC),pvv+vvgvvavv,C!vv9<vv+vv>|vvQ!vv?
@vvvAvvvjvvv+vvvvQCVvvvwvvv9yvvv%vvv9<vvvTvvv=vvv>GyvvvJvvv}vvv{ChGyvvvJvvvQvvvv?|vvv#OhfCf@vvv"vvvwvvvTvvvQ,hyvvvPG@

o
vvvTvvvAvvvgvvv}vvv{pvvv,

Gyvv(Yvv;JyvvGvvgvvzvv%vv9vvvAvv+vv}vv?yvvzvv}vv9A.h@
o
vvZvv"nvvh$vvPgG}!vv9<vv+vv><vvz_vv(Gd@vvZvv{IvvAvv)6C|vvAvv9Q

(}!%9Lq+q?<tOQv9ayAOGhy%9).

h@
o
vv}vvwpvv#Esvv9|vv?LvvbC!vv9<vv+vv>|vvQf|vv#vvv{|vv#G}!vv9<vv+vv>GyvvZvvzvv=vv?hGyvv}vvQ!vv?<vv9SvvAvvgvv}vv9d

hYvv;JPGJIvvzvvtvv9JvvvAvv+vv}vv?@vvTvv}vvK<vv=vvgvv̂GyvvJvvQvvv?GyvvRGh*vv?|vv#OhfCf@vv|OjEyvv)
GyvAvTvQH.h*vTv}vK$vPGyv~!v=v(H<v9yvJvQvv?|vhGyv%v=v(_v9JGyvZvjv+vQIhiv+vQ$v9|v#GyvJvQvv9J
pvv,G}QV.EfGyvv(Yvv;JGyvv}vvgvv%vv(OIGyvvtvv9Fvv}vv?fvvzvv)Gyvvavv+vv"vv?G Svv}vv"vvAvv+vv?Gyvv}vvTvvAvvgvv}vvzvv?|vvh
C!v9<v+v>GyvZvzvZv9d@vGvgv{vv{LvbG}!v9<v+v>Yvzv=v9

k
,hyvPyvx@

o
vgvAv=vQGyv(Yvzv?CvvDvQG}|vwv"v?

svv9<vvzvv+vv?yvvzvvgvvavv>.yvvtvvOvvv9!vvB$vvPgGyvv(Yvv;JVvv9Fvvgvv?pvv,Gyvv}vv9\vv,,C|vv9Gyvv+vv(epvv%vv,ivv+vvQ
|vvvTvvvAvvvgvvv}vvvzvvv?fvvvzvvv)G}ivvvzvvv>.h*vvv}vvvwvvv#GyvvvJvvvZvvv(dfvvvzvvv)vvvv{|vvv#G}!vvv9<vvv+vvv>GyvvvZvvvzvvvZvvv9yvvv+vvv?
hGy=;SA+w+?<"%9*9J|TOhOIChCv}9e|T"v"?yZ"hGy(Y;J.

Ef$vvPGGyvvAvvqvvQ*vvu<vv+vv#G}!vv9<vv+vv>GyvvZvvzvv=vv?hGyvv}vvQ!vv?$vv9eyvvAvvJvvO*vvOfvv}vvuG}!vv=vv(Hh!vv(Y
GyvvqvvQVvv?GyvvAvv,SvvAvv(\vvh@vvJvvAvv&,<vvjvv+vv?@vvOfvv+vv}vv&hIvv}vv9*vvAvv&.h*vvGvv>@vv(\vv+vvhG}!vv=vv(Hfvvzvv)
SvvavvK|vvTvvAvvtvvQ|vvTvvAvv(

m
yvvAvvJvvtvv+vvu|vv+vv{|vv"vvAvvdvv~h@vvOfvv+vv~Fvv+vvO.hsvvO*vvwvv(fG}!vv=vv(HfvvQ\vv?

yvAvJv}v+v{iv+vQ|vAvGv9!vUEPGyv~*ovJnvb<v}v9OIfvzv)!vJv(|vAvGv9!vUhyv~*ov}v~GyvMv"vOb@v}v9|v9
k

OhfCf@v=vtv)pv+v&pvGv(GJ.hyvAvJvtv+vuPyvxFvQi@vav(*vQ_v+vr|v#pv8v9JGyvqvQVv9JGyvAv,
@vv(p

x
vvQ|vvTvvAvv(*vv9J|vvMvvAvvzvvqvv?|vv#GyvvAvvOfvv+vv~}!vv(GYGyvvAvvQ<vv?Gyvv}vvMvvAvvzvvqvv?fvv"vvO|vvMvvAvvzvvrG}fvv}vv9b,
hPyx@=g9

k
y"(YG}!=(H.h*oQjGyWw{21.10<g^C!(GYGyqQV9J@zx.
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*vv}vvwvv#h\vvhC!vv9<vv+vv>Yvvzvv=vv?,Csvvavv9Q$vv9@vvTvv9hj100|vv~,@vvJvvBG}QV<vvJvv+vvE
*vvwvv(fCfvvzvv)G}!vv=vv(Hfvvzvv)fvv}vvu*vvTvv9hj400|vv~|vv#GyvvTvvavvK,hPyvvx<vv9SvvAvvgvv}vv9dCj

!vvv(Y|vvv#GyvvvqvvvQVvvv9J,VvvvQ*vvvavvv?Gyvvvgvvv"vvv9*vvv?<vvvAvvvQvvvv+vvv=vvv%vvv9h<vvvQUGyvvv}vvv9OIGyvvv}vvv9yvvv8vvv?yvvvzvvvMvvv"vvvObIvvvAvvv)
GyvvTvvavvK.C|vv9EPGhFvv>h\vvhG}!vv9<vv+vv>fvvzvv)Cfvv}vv9bvvv=vv+vvQIFvvOG

k
(Cfvv}vvu|vv#8C|vvAvv9Q),

CYvv=vvJvvB|vvAvv9!vv?G}!vv=vv(Hh|vv(GYvvqvv9JGyvvqvvQVvv?$vv9|vv?E!vvWvv9Fvv+vv9
k

,hhFvv>GSvvAvvgvv}vv9dpvvQVvv9J

PGJ|9OII=n+r=+?.

C|vv9G}!vv=vv(HGyvv}vvQf,PhGyvvtvvavvQGyvvPj*vvTvv9hj100|vv~,pvv+vvGvv>Cf*vvwvv(fCfvv;g
fvzv)fv}vu*vTv9hj600|v~|v#GyvTvavKpv,GyvJvtv(dhGyvJvOGFvu(900|v~pv,GyvWv9QY).
h*vvAvvJvvOvOCOGDg@vvJvvBGyvvJvv}vv{<vvgvvQVGyvvMvv"vvObGyvvPj*vvGvv>Cf*vvwvv(fC\vv+vvu|vv9*vv}vvwvv#,
hGyvvPj*vvGvv>Cf*vvTvv9hjsvvavvQG}!vv=vv(H|vv]vv9pvv9

k
Eyvv+vv&300|vv~yvvAvvJvvtvv+vvu|vv{AFvv9!vv=vv,Fvv+vvO

<v9yv}v9OIGyv}v9yv8v?.h@v(\vhGyv}vZv9QaGyvgv}v+vtv?pv,IvqvQiv9yv=v9
k

fv"vOfv}vu*vTv9hj!vJv(100

|vvv~|vvv#Cfvvvzvvv)G}!vvv=vvv(H,|vvvhCLvvvOhO\vvv+vvvu*ovvvJvvvqvvvQ:IvvvAvvv(GAG}!vvv=vvv(HhpvvvQVvvvAvvv&.hEPG

h\
x
vvvvgvvvvBC!vvvv9<vvvv+vvvv><vvvv;SvvvvAvvvv+vvvvwvvvv+vvvv?\vvvv}vvvv#IvvvvOhO600|vvvv~|vvvv#GyvvvvTvvvvavvvvK(900|vvvv~@vvvvJvvvvB

GyvvWvv9QY),hFvv>h\vvhivvavv9A|vvwvv(vf|vv#<vv;_vv?LvvQSvv9!vv+vv?fvvzvv)GQ@vvqvv9Y*vvTvv9hj75|vv~

462



fz)G}s{|#Cfz)G}!=(H,hpuGy}=+v#p,GyWw{21.10.

h*vv}vvwvv#@vv(\vv+vvhFvv}vv+vvhG}!vv9<vv+vv><vv9yvvtvvQH|vv#GyvvTvvavvK(Ch<vv9yvvtvvQH|vv#CSvv9Svv9J
Gyv}v=v"v)),Iv+vE@vwv(fG}Iv}v9dvv=v+vQIhpvQUG}P*v?vvDv+vQI,yvwv#r<v(\vhG}!v=v(Hfvzv)
pvvQVvv?h<vv{Ivv9_vvAvv&<vv9yvvMvvQSvv9!vv?.pvvPyvvx*vvGvvgvv{vvv9|vv{LvvbG}!vv9<vv+vv>Yvvzvv=vv9

k
<vvjvv̂Gyvv"vvdvvQfvv#

|9O@%9hC!(GYhY;@%9.

OhQII+9I|"d(|?GyZQaGyZJ,hG:SAOG|?

fvQ\v"v9pv,|v9@vtvOve|vgvdv~sv]v9*v9OhQIIv+v9I|v"vdv(|v?GyvZvQaGyvZvJv,.yvwv#rpv,
|vvv9*vvvMvvv[Yvvv+vvv9!vvvAvvv%vvv9,pvvv{fGyvvv}vvv%vvv}vvv?GyvvvQFvvv+vvvTvvv+vvv?$vvv,pvvvAvvvKG!vvvTvvvOGOG@vvv%vvv9.hyvvvOQAGyvvvAvvvwvvvTvvv+vvvQ
hGyvAvMvQ*v>h|v9*v"vGv~fv"v%v}v9|v#!vqvtv9Jpv,Gyv}vTvAvtv=v{,*v}vwv#E!vqv9b<vgv̂Gyv}v9dfvzv)
!vvtvv9WGyvv"vvqvv9PyvvAvvTvv%vv+vv{fvv}vvzvv+vv9JGyvvZvv+vv9!vv?Gyvv}vvPvvv(QI.*ovv]vv9aEyvv)PyvvxCfGSvvAvvgvv}vv9dLvvb
C!vv9<vv+vv>|vvQf,<vv9LvvAvv+vv9QhYvv;J|vvQ!vv?<vv+vv#G}!vv9<vv+vv>,*vvtvvz

x
vv[pvvQUfvvavv>Gyvv(Yvv;J

<vvvTvvv=vvv>IvvvQvvvv9JG}QVGyvvv]vvv8vvv+vvvzvvv?,|vvvhCf@vvvO$vvv(QGyvvv}vvv(GO@vvvJvvvBG}QVsvvvzvvv+vvv{}f
G}!9<+>hGy(Y;J|Z}}?y"t{Gy}9ACY;

k
.

:@

o
vTvAvgv}v{pv,|vGv9QjGyvZvQaGyvZvJv,_v9sv?yvAvJvQ*vxGyv}v9A,yvPGpv{fG!vTvOGO$v9

*vv"vvavv(jfvvzvv)E|vvwvv9fIvvOhKpvv+vv]vv9fh@vvzvv(wK*vv|C
x
vvQGfpvv,Gyvv(\vvhGyvvTvvwvv9!vv,hpvv,Gyvv=vv"vv+vv?

GyvvAvvJvvAvv+vv?.hG@vvMvv9PEFvvQGAGJyvvzvvJvvO|vv#GSvvAvvgvv}vv9dGyvv}vv9Apvv,Gyvv}vv"vvRd*vvtvvz
x
vv{vvvDvv+vvQG

k
|vv#Yvv>

Gyvv}vv9AGyvvtvvPQpvv,|vv"vvdvv(|vv?GyvvZvvQaGyvvZvvJvv,,E:Cf|vvgvv9yvvGvv?Gyvv}vv+vv9gGyvvtvvPQI<vv9SvvAvvgvv}vv9d
LvRG!v9J@vqvwv+vxfv]v(jChpvQVv9JsvZv>(reed bed)*v}vwv#Cf@vJvOC*v]v9

k
|v#Yv>

Gy}9AGytPQp,|"d(|?GyZQaGyZJ,.

hsvvO*vv]vvhpvv+vv]vv9f|vv"vvdvv(|vv9JGyvv}vv+vv9gGyvvTvvavvJvv+vv?Cfvv=vv9AE\vv9pvv+vv?fvvzvv)Gyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?
hGyvv=vv+vv8vv?,|vv#Ivv+vvEE!vv&*vvGvv>@vvZvv}vv+vv}vv%vv}vv9fvvzvv)!vvJvv(@vvAvvJvv}vvv;fpvv+vv&|vvgvvO:JGyvvAvvOpvvu
Gyvvgvv9yvv+vv?ivv+vvQGyvv}vvAvv(GYvvzvv?(Gyvv"vv9Fvv}vv?fvv#G}fvv9Yvv+vvQ),hGyvvAvv,@vvR*vvO|vv#|vvMvv9_vvQGyvvavv(pvv9f
<vTv=v>GyvAvOpvuGyvjvR*vQGyv}vqv9Fvr.yvPGFvQi@vav(*vQ|v"vdv(|v9J!vqv(PI<vav+v8v?GyvAvZvQ*vr|v#
Svvavv(MYvvzvv=vv?@vvTvv}vv)|vv"vvdvv(|vv9JGyvvZvvQaGyvvJnvv]nvvQ*vv?Gyvv}vvTvvAvvOG|vv?(sustainable urban

drainage system SUDS),@
o
vvvTvvvAvvvgvvv}vvv{pvvv,Gyvvv}vvv=vvv9!vvv,GyvvvAvvvGvvv9Q*vvv?,hLvvv9Yvvv?pvvv,|vvv(Gsvvvr

GyT+9QGJ,hp,GyAG}g9JGyTw9!+?fz)!a9bhGSh.
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GC"d(|9JGyw%Q<9F+?
@vv(p
x
vvQGyvvwvv%vvQ<vv9Ayvvtvv9_vv#Gyvv}vv"vvRd_vv9svv?yvvAvvWvvjvv+vv{G}OhGJGyvv}vv"vvRyvv+vv?(|vvDvv{!vvdvv~GyvvAvvTvvzvv+vv?

hCFvv%vvRIGyvv}vvavv=vvN),h<vv9yvvAvv9yvv,@vvzvv=vv,GIvvAvv+vv9Fvv9JGyvvAvvWvvjvv+vv{.h$vv,C*vv]vv9
k

Gyvvavv9svv?yvv5\vv9AI
h|QF{h|]M9JGyAOp8?Gy}QvR*?h@TM+#Gy}9A,E\9p?Ey)GyMO|9JGy=+8+?.

h@vvAvvZvvr@vvzvvxG:SvvAvvgvv}vv9:JGyvv}vvMvvAvvzvvqvv?<vv9IvvAvv+vv9Fvv9J|vvMvvAvvzvvqvv?|vv#Gyvvavv9svv?h<vvz!vv}vv9W
|vvAvv"vv(fvv?|vv#GSvvAvv%vv;vvv%vv9,yvvPG|vv#Gyvv}vvqvv+vvO@vvtvvO*vv~fvvOO|vv#GyvvOGQGJ(*)Gyvvwvv%vvQ<vv9Fvv+vv?GyvvAvv,
@

o
TAg}{p,Gy}"RdyAJt+u@zxG}iQGV:

!@vTvAv%vzvxG \v9AI_v9sv?svzv+vzv?!vTv=v+v9
k

,E:Cf|vgvdv~Gyv}vZv9<v+vK*v}vwv#Cf*vwv(f
|vvWvvAvvgvv;

k
pvv,Gyvv(svvB!vvqvvTvv&(*ovvqvvAvvQVCfGSvvAvv%vv;vvv%vv9Ivv+vv"vv8vvP*vvTvv9hj66%|vv#G:SvvAvv%vv;c

Gywz,).
!@vvvWvvvAvvv}vvv{GyvvvAvvvGvvv%vvv+vvvRGJGyvvvgvvv9|vvv?GyvvvAvvv,@vvvTvvvAvvv%vvvzvvvx_vvv9svvv?fvvvzvvv)@vvvGvvv%vvv+vvvRGJfvvv9yvvv+vvv?

G:SvvvAvvv%vvv;c,h|vvv#C|vvvDvvvzvvvAvvv%vvv9Gyvvv}vvvOGpvvvrGyvvvwvvv%vvvQ<vvv9Fvvv+vvv?PGJGyvvv}vvvQGhM,hfvvvzvvv)@vvvGvvv%vvv+vvvRGJ

|vv"vvMvvqvv]vv?G:SvvAvv%vv;c,h|vv#C|vvDvvzvvAvv%vv9CFvv%vvRIGyvvAvvzvvqvv9RhGyvv}vv(Svv+vvtvv9hivv+vvQ$vv9|vv#hSvv9Fvv{
GyvvAvvQpvv+vv&.C|vv9C!vv}vv9WGSvvAvvgvv}vv9d$vvPgGyvvAvvGvv%vv+vvRGJpvvWvvO*vvOIG:LvvAvv;a,E:CfCvv}vv?IvvOqG

k

ygOOGytahGy}TAg}z?p,CjyJd?p,Cj<tg?|g+"?|#Gy}"Rd.
!h@vvWvvAvv}vv{GyvvAvvGvv%vv+vvRGJPGJG:SvvAvv%vv;cGyvvgvv9yvv,yvvzvvavv9svv?fvvzvv)CpvvQGfhSvvMvv9!vv9J

|v9Aiv9_vTv?hSvMv9!v9J|v9Apv(Q*v?|v#|vDv{@vzvxGyv}vTvAvgv}vzv?pv,|vQPGPGyvJv}v9e.h@vJvAv9L

$PgGyAG%+RGJEy)OGQGJL9Y?<%9.
!Cvvv}vvv?hIvvvOGJ*vvv}vvvwvvv#@vvvWvvvjvvv+vvvzvvv%vvv9pvvv,Gyvvvzvvv+vvv{fvvv"vvvO|vvv9*vvvwvvv(fG:SvvvAvvv%vvv;cGyvvvgvvv9e

|vvv"vvvMvvvqvvv]vvv9
k

,hIvvv+vvv"vvv8vvvP@vvv}vvvwvvv#G:SvvvAvvvqvvv9OI|vvv#@vvvgvvvQpvvv?Gyvvvwvvv%vvvQ<vvv9AGyvvv}vvvMvvvq
v
vvv]vvv?Lvvv9QLChsvvv9J

GyvvPQhI.*vv}vvwvv#GSvvAvvgvv}vv9d$vvPGGyvv"vv}vvb|vv#GyvvAvvjvvP*vv?Gyvvwvv%vvQ<vv9Fvv+vv?yvvTvvMvv9!vv9JGyvv}vvMvv9Rf|vvDvv;
k
.

hp,$PgGyJ9y?*oTAg}{fOGOv%Q<9A|TAt{|hOGQGJ|"qZz?.
h@vvv}vvvD

x
vvv{Gyvvvwvvv%vvvQ<vvv9ALvvvavvvQG

k
fvvvzvvv)GyvvvJvvv+vvv9I.hyvvv+vvvUPyvvvx|vvv#GyvvvAvvv}vvv9SGyvvv}vvv=vvv9VvvvQ|vvvh

CSv;vv%v9pvtvb,<v{|v#Iv+vEE|vwv9f@vTv=v+v=v%v9yvzvJvQ*vu<v(GSvav?@vGv%v+vRGJfv9_vzv?C*v]v9
k
.

h*vv}vvwvv#Gyvvwvv%vvQ<vv9ACf@ovvAvvzvvrGyvvAvvGvv%vv+vvRGJC*vv]vv9
k
.hyvvzvvAvvtvvzvv+vv{|vv#$vvPgGyvv}vvMvv9_vvQ,*vvGvv>

@Rh*OOGQGJGy}"Rd<}9*z,:
!Lvvb

w
CQ\vv,u*vv(p

x
vvQ|vvTvv9QG

k
<vvO*vv;

k
yvvzvvAvv+vv9QGyvvwvv%vvQ<vv9Fvv,pvv,Ivv9yvv?IvvZvv(d@vv}vv9S

(*)@
o
gQ

vHf9OI<OGQIChOGFQI(GCAQF~).
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yvvWvvMvv[ChFvvTvv~!vv9svv{BLvvQ|vvhLvvbvvv%vvQ<vv9Fvv,.h$vvPG*vvtvvz
x
vv[|vvMvv9_vvQIvvZvv(dCP*vv?

VO*OICh!W(HIQ*u<T=>PyxGyA}9S.

!pv(GYv~(fuse)vv%vQ<v9Fv+v?@v}vD
x
v{Gyv(GIvOI|v"v%v9!vtvav?\vgv+vqv?pv,GyvOGQIh@v"vZv%vQ

Iv+v#|vQhQ@v+v9Qvv=v+vQpv+v%v9!vAv+vGv?yvMvzv{|v9.h$vPG*vtvz
x
v[|vMv9_vQIvZv(dCP*v?yv~Fv%vRI

h!W(HIQ*u!A+G?yPyx.

!fvv(GRdvvv%vvQ<vv9Fvv+vv?Ivv(dG}Svv;chfvv"vvOGyvv(Yvv;JGyvvwvv%vvQ<vv9Fvv+vv?yvv]vv}vv9ffvvOe
IvvZvv(d@vv}vv9S<vv+vv#|vvwvv(x!vv9JGyvvOGQI,h|vv#C

n
vv~vOQAIvvZvv(dYvvO|vv?vvv%vvQ<vv9Fvv+vv?ChOGQI

sZQ(short circuit).

!|vqv9@v+vKpvZv{hhYv{*v(Yv{fv=vQ$v9GyvMvbGyvTv9Lv#,:GyvJv+v9Oj,<vJv+vE:
*=t)GyMbGyT9L#|(Y(:

k
<9}F%RII+#E_q9F%9.

!CSv;cPGJ|vtv9_vhfvQ\v9!v+v?vv9pv+v?yvgvOe@vTvMv+v"v%v9h|v#C
n
v~v@vMvQ*v>fv(GRyv%v9

fz)!J(|=wQ,ChGyAT=w>p,!W(HIQ*u,I+#|QhQGyA+9Qp+%9.

@Rh*OGy}"Rd<9yw%Q<9A
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vQ|v}vQG
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*ovvvQjGyvvvWvvvwvvv{21.11@vvvQ@vvv+vvv=vvv9JGyvvvAvvvjvvvP*vvv?Gyvvvwvvv%vvvQ<vvv9Fvvv+vvv?hGyvvvqvvvZvvv{<vvv+vvv#GyvvvOGQGJGyvvv}vvvMvvvAvvvzvvvqvvv?

hpvv(GYvv}vv%vv9.h@vvJvv}vv,VvvQvvv?Gyvvwvv%vvQ<vv9A|vv"vvdvv(|vv?@vv(R*vvhGyvvwvv%vvQ<vv9A|vv#G:SvvAvvGvvQGQGyvv}vvqvvQW
<vvAvvQvvv+vv>pvv9Yvv}vv?pvv,vvv{|vv"vvRd@vvtvvavvhGyvvAvv+vv9QEPGGSvvAvvGvvQ_vv9svv?|vv#GyvvWvv=vvwvv?@vvqvv(bGyvvwvv}vv+vv?
Gyv}vtvO
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x
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*ov}vOwSvzvxG}Q\v,|vTvAvtv;
k

fv#GyvMvav+v#GyvTv9Lv#hGyvJv+v9Ojh*v(Yv{|vhFv}v+vh
Gyvv}vvZvv9OQGyvvAvv,*vv}vvwvv#Cf@vvAvvgvvQVyvvZvvO|vv?vvv%vvQ<vv9Fvv+vv?,yvv+vvU<vv9yvvAvv}vv9SGyvv}vv=vv9VvvQ|vvhGyvvMvvb

GyvvTvv9Lvv#pvvJvvTvv>,<vv{<vvTvv=vv>Cfvvavv9dpvv,|vvwvv(x!vv9J*vv}vvwvv#Cf@vvZvv=vvK!vv9svvzvv?Svv9Lvv"vv?ivv+vvQ
|v=v9VvQI,|v"v%v9fvzv>GyvAvGv%v+vRGJhsv(GfvO$v9Gyv}vgvO!v+v?.hfv;hIfvzv)Pyvx*v}vwv#}!v9<v+v>
GyvvMvvO|vv9J,h|vv"vv%vv9C!vv9<vv+vv>Gyvv}vv9AhGyvvAvvOpvv8vv?hGyvvjvv9RGyvv"vvJvv9Svv+vv?Cf@vvZvv=vvKSvv9Lvv"vv?C*vv]vv9
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*vvv(Yvvv{LvvvbG}Q\vvv,GyvvvPjpvvv,Gyvvvwvvv=vvv{|vvvhfvvvzvvv>hsvvv(GfvvvOGyvvvAvvvGvvv%vvv+vvvRGJyvvvJvvv}vvv9*vvv?@vvvzvvvx
GyvAvGv%v+vRGJ,E\v9pv?Eyv)Gyv(Yv{Gyvwv%vQ<v9Fv,yvGv}v+vh@vzvxGyvtv(GfvOhG}!v9<v+v>|vgv9
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Fvv}vv+vvh@vvzvvxGyvv(Yvv;Jpvv,hIvvOIGyvvAvvzQ*vv̂GyvvQFvv+vvTvv+vv?.h*ovv|LvvPLvvbG}Q\vv,GyvvQFvv+vvTvv,
Gyv}v=v9VvQEyv)hIvOIGyvAv(R*vhGyv}v"vRyv+v?GyvQFv+vTv+v?yvAv(pv+vQGyv(Yv{<v9}QVyvGv}v+vhGyvOGQGJ
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w
CS;c@(Y+;Js(GfOGyAG%+RGJhG}!9<+>Ey+%9F}+g9
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h*vv(FvvOpvv,hIvvOIGyvvAvv(R*vvhGyvv}vv"vvRyvv+vv?GyvvQFvv+vvTvv+vv?svv9_vvhQFvv+vvTvv,|vvROhL(yvvzvvMvvavv+vv#
GyvvTvv9Lvv#hGyvvJvv+vv9Oj),h$vv(fvv9OIsvv9_vvh*vvAvvJvvTvvvUCj@vv+vv9Q*vv}vvQEyvv)G}QVh*vvqvvZvv{
Gyvvv}vvv"vvvdvvv(|vvv?<vvvQ|vvvAvvv%vvv9SvvvQ*vvvgvvv9
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IvvvAvvv)yvvv(vvvv9fGyvvvAvvv+vvv9QGyvvv}vvvAvvvTvvvQHEyvvv)G}QVYvvvjvvv+vvvQG

k
.h<vvvgvvvO

Gyvvtvv9_vvhGyvvQFvv+vvTvv,,@ovvJrvvOnKGyvvOGQGJGyvv}vvMvvAvvzvvqvv?|vvhIvv}vv9*vv9@vv%vv9(pvv(GYvv}vv%vv9)GyvvMvv9Yvv?<vv%vv9
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|vvhGyvvMvvbGyvvTvv9Lvv#.Svv9<vvtvv9
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h*vvAvvJvvOvOsvvavvQSvvzvvxGyvvqvv9Yvv}vv?GyvvTvvzvvwvv+vv?,ChGyvvAvv+vv9QGyvvPj*vvTvv}vvKGyvvtvv9_vvhG yvvwvvAvvQh!vv,
<A}Q*Qg,<9yA+9QG}fd},Gy}T}(M<}QhQp,GyOGQI.
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vvtvv9SGyvvavv9svv?(power)GyvvAvv,*vvTvvAvvGvvQw$vv9Fvv%vv9R|vv#OGQIvvv%vvQ<vv9Fvv+vv?<vv9yvv(GW(watt).

pvv{PGvvv9fFvv%vvOGyvvAvvjvvP*vv?Gyvvwvv%vvQ<vv9Fvv+vv?230pvv(yvvb(volt),pvv{fGyvvGvv%vv9RGyvvPjGSvvAvvavv9fvvAvv&
1000hGW(1vv+vzv(hGW)*vTvAvGvQ@v+v9QG
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o
vvTvvAvvgvv}vv{Fvv}vv+vvhGyvvAvvGvv%vv+vvRGJGyvvAvv,pvv,Gyvv}vv"vvRdpvv,Gyvv(svvB!vvqvvTvv&,

yvvPG*vv}vvwvv#@vvZvv}vv+vv~GyvvOGQGJfvvzvv)CSvv9Sfvv(G|vv{GyvvAvv=vv9*vv#pvv,G:SvvAvvgvv}vv9dGyvvAvv,@vvgvvavv,
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!OGQGJ@vGv%v+vRGJ|v"vqvQOI(@vgvQpv?fv9O*v?Ch@vgvQpv?Lv9QLChsv9JGyvPQhI)@vgvAv}vO
fvvzvv)GSvvAvvavv9fvv?GyvvGvv%vv9R:Gyvvavv"vvGvvQIGyvvwvv%vvQ<vv9Fvv+vv?30Ch45C|vv=vv+vvQ,SvvM

v
vv9f|vv9Aivv9_vvU15

C|=+Q.

hpvv,Ivv9yvv?GyvvOGQGJGyvvJvvzvvtvv+vv?(ring main circuit),@vvJvv}vv,pvv9Yvv}vv?vvv{Fvv%vv9R|vv#
G}Fvvv%vvvRIGyvvvgvvv9|vvv?Gyvvv}vvv(Yvvv(yvvv?|vvvhGyvvvOGQI,h@vvvTvvv}vvvKGyvvvqvvv9Yvvv}vvv?<vvvAvvv}vvvQ*vvvQ13C|vvv=vvv+vvvQ(pvvv,
<vvQ*vvavv9!vv+vv9),h*vv}vvwvv#GSvvAvvgvv}vv9dpvv(GYvv~5h3C|vv=vv+vvQyvv~Fvv%vvRIGyvv}vv"vvMvvqvv]vv?G:SvvAvvavv9fvv?.
h@vvMvvAvvzvvr@vvQ@vv+vv=vv9Jpvv(GYvv~hsvv(G_vvhGyvvAvvGvv%vv+vvRGJPGJG:SvvAvvavv9fvv9JGyvvgvv9yvv+vv?(_vv"vvGvvQI
vvvv%vvvQ<vvv9Fvvv+vvv?,SvvvMvvv9f|vvv9A,ivvv9_vvvU)@vvv=vvvgvvv9
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*vv=vv+vv#GyvvWvvwvv{21.12OGQIE\vv9AI<vvTvv+vvavv?|vvhsvv9_vvh(|vvqvvAvv9M)pvvZvv{hhYvv{hIvv+vvO

GyvvMvvbyvvwvv{|vvZvv=vv9M.h$vvPgOGQIVvvgvv9fvv+vv?*vv"vvavvzvvupvv+vv%vv9GyvvTvvzvvwvv9fGyvvTvv9Lvv#hGyvvJvv+vv9Oj|vv#
hIvvOIGyvvAvv(R*vvhGyvv}vv"vvRyvv+vv?GyvvQFvv+vvTvv+vv?|vvAvvqvvQxfvv+vv#Eyvv)Fvv}vv+vvhGyvv}vvZvv9<vv+vvKpvv+vv%vv9.:*ovv|LvvPGyvvMvvb
GyvTv9Lv#|v=v9VvQIEyv)Gyv}vZv=v9M,<v{fv=vQsv9_vh _vqv9AGyv}vZv=v9MhEVvgv9yv&.h*v(Yv{Lvb
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GyOGQGJGyJzt+?hGyWg9f+?
*ovvQjGyvvWvvwvv{21.13OGQIIvvzvvtvv+vv?@vvgvv(Opvv+vv%vv9CSvv;vvv%vv9Eyvv)hIvvOIGyvvAvv(R*vvhGyvvQFvv+vvTvv+vv?

Cv9!v+v?|v#BLvQ|vZv=v9M,h$vPG$v(Sv=v>@vTv}v+vAv%v9<v9yvJvzvtv+v?.h$vPG*vgv"v,C!v&Lv;pv9
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yvzvOGQI

GyvvWvvgvv9fvv+vv?,:*vvJvv}vv{ChdSvvzvvx|vv"vvavvzvvu|vv#hIvvOIGyvvAvv(R*vvhGyvvQFvv+vvTvv+vv?vvv{GyvvAvv+vv9QGyvvPj
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k

}!v(GYGyvAvGv%v+vRGJGyv}v(Yv(yv?|vh
Cj|vtv=vU(socket)pv,CjhsvB.C|v9GyvAv+v9QGyvPj@vTv}vKGyvqv9Yv}v?<vAv}vQ*vQg(30C|v=v+vQ)
h|vtv9Sv9JCsvav9QG}Sv;c(2,5|v~2|vhfv9RdPVC)pv%v,iv+vQ@v9<vgv?yvgvOOGyv}vtv9<vU,
<v{Eyv)GIvAv}v9dGSvAvGvQGQGyvAvGv%v+vRGJyvzvAv+v9Q\v}v#|v"vavtv?|vTv9IvAv%v9100e2.yvPG*v}vwv#
@vvQvvv+vv>CjfvvOO|vv#Gyvv}vvtvv9<vvUyvvAvvTvv%vv+vv{E*vvGvv9O|vvtvv=vvUyvvwvv{Fvv%vv9R(Ch|vvGvv}vv(fvv?CFvv%vvRI
|vvDvv{@vvzvvxGyvv}vvzvvJvvtvv?<vv9yvvJvv9Svv(H)hGyvvJvvO

q
|vv#GSvvAvvgvv}vv9dCSvv;c|vvAvv"vv9CvvQI\vv}vv#GyvvjvvQpvv?.

h|v#Gyv}v}vwv#@vtvzv+v[vv}v+v?G}Sv;c|v#Lv;d@vqvQ*vh|vtv9<vU|v#fvzv>Gyv(Yv{,E:
C!v&*vGv>C:

q
*ovqvQvYSv(i|vtv=vUhGIvO|v#Cjfvzv=v?hYv{pv,GyvOGQIGyvJvzvtv+v?.h*v}vwv#

Gyvvv}vvvtvvv9<vvvUCf@vvvwvvv(f|vvvqvvvQOICh|vvvROhFvvv?,h$vvv,@vvvQv
v
vvv>fvvv9OI|vvvhsvvv9_vvvhyvvvwvvv{|vvv"vvv%vvv9,
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o
vvvGvvv%vvvvR:SvvvAvvvtvvv=vvv9dsvvv9<vvvU|vvv#GyvvvGvvv%vvv9R(@vvv+vvv9QGyvvvqvvv9Yvvv}vvv?G}fvvvdvvv}vvv,*vvvTvvv9hj13C|vvv=vvv+vvvQ).
h*vv}vvwvv#Cf@vv(Yvv{<vvgvv̂GyvvAvvGvv%vv+vvRGJGyvvDvv9<vvAvv?|vv=vv9VvvQI|vvhGyvvOGQI|vv#Ohf|vvtvv=vvU,h|vvh

Pyx*G>@Rh*O$9<q9Y}?.@T})$PgGy}t9<U<}t9<UGyAqQ*g9JPGJGyq(GY~.
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o
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CSvvv;cChd|vvvtvvv=vvvU|vvv#hIvvvOIGyvvvAvvv(R*vvvhGyvvvQFvvv+vvvTvvv+vvv?,h@vvvgvvv(OCSvvv;cBLvvvQ|vvvtvvv=vvvUEyvvv)
Gyvv(IvvOI!vvqvvTvv%vv9.C|vv9GyvvOGQGJGyvvWvvgvv9fvv+vv?GyvvAvv,:@vvgvv(Opvv+vv%vv9G}Svv;cEyvv)hIvvOIGyvvAvv(R*vvh
GyvvQFvv+vvTvv+vv?,h|vv#C|vvDvvzvvAvv%vv9OGQGJG \vv9AI,pvv+vv}vvwvv#GSvvAvvgvv}vv9yvv%vv9EPC|vvwvv#@vvtvvzvv+vv[|vvGvv}vv(Y
C_v(GdCSv;vv%v9.h*v}vwv#Cf*vwv(ffvOO|vtv9<vUGyv}vZv9<v+vKpv+v%v9iv+vQ|vJvOhO<v9SvAvgv}v9d
vvv=vv{Csvvavv9QCSvv;vvv&@vvTvv9hj2,5|vv~2|vvgvvRhyvv?<vv9yvvvvvvPVC.E:CfGyvvOGQIGyvvWvvgvv9fvv+vv?:
@vvTvvAvvavv+vvh@vvMvvO*vv~Svv(i20e2|vv#Gyvv}vvTvv9Ivv?Gyvvavv9<vvtvv+vv?,h@vvJvvAvv9LEyvv)pvv9Yvv}vv?20C|vv=vv+vvQ
pvtvb.C|v9@vMvO*v~|vTv9Iv9J@vZv{IvAv)50e2<vOGQIVvgv9fv+v?,pv%v(|v}vwv#<vqv9Yv}v?30

C|=+QhCS;cCsa9Q$9@T9hj4|~2|gRhy?<9yvvvvPVC.
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GyvvZvv+vv9!vv?hGyvvAvvwvvzvvqvv?*vv|C
x
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G}pvvQGO|vv#GyvvZvvO|vv?Gyvvwvv%vvQ<vv9Fvv+vv?hOQAIvvZvv(dOGQGJspvvZ
nvvQ.h@

o
vvQ|vvvR<vv9}yvv(GfyvvAvvgvvQ*vvr

hcv9Fvqv%v9Gyv}vMvAvzvqv?,h@
o
vZv"vh|vtv9_vgv%v9GyvgvQ\v9!v+v?<vzsvav9Q@v}v"vhSvMv(!vAv%v9pv,CCv"v9A|vQhQ

@vvv+vvv9QGyvvvqvvv9Yvvv}vvv?G}fvvvdvvv}vvv,pvvv+vvv%vvv9.h@
o
vvvgvvvRdCSvvv;cGyvvvOGQGJGyvvv}vvv"vvvRyvvv+vvv?(OGQGJG \vvv9AI

hOGQGJG:SvAvav9fv?Gyvgv9yv+v?)<vgv9RdPVC*vJv+vb<v"v9sv{!vJv9Sv,.h*vzv(vffv9R:GyvTvzvwv+v#
GyvvvTvvv9Lvvv#hGyvvv}vvvJvvv9*vvvO<vvvzvvv(!vvv+vvv#|vvvMvvvAvvvzvvvqvvv+vvv#.yvvvtvvvOLvvv]vvvh$vvvPGfGyvvvzvvv(!vvv9fyvvvzvvvAvvvjvvv+vvv+vvvQ,yvvvPG|vvv#
Gyvv]vvQhQj|vvgvvQpvv?Gyvvzvv(!vv+vv#Gyvv}vvTvvAvvgvv}vvzvv+vv#hsvvB@vv}vvO*vvOVvv=vvwvv?@vvjvvP*vv?vvv%vvQ<vv9Fvv+vv?FvvO*vvOI,
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h@
o
vgvAv=vQhIvOIGyvAv(R*vhGyv}v"vRyv+v?GyvQFv+vTv+v?hGyv}vtv9<vUCvvDvQCFvRGAGyvOGQGJGyvwv%vQ<v9Fv+v?

Ivvv9Fvvv?Eyvvv)GyvvvZvvv+vvv9!vvv?,}!vvv%vvv9@vvvJvvvAvvv(jfvvvzvvv)pvvv(GYvvv~,hpvvv+vvv%vvv9@vvvJvvvZvvv{GyvvvAvvv(Yvvv+vvv;J.
hGyv(Yv(dEyv)|vtv9<vUGyvOGQGJSv%v{fv9OI,C|v9Gyv(Yv(dEyv)hIvOIGyvAv(R*vhpvjv9yv=v9
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*vvwvv(fYvvgvv=vv9
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<vvTvv=vv>h\vvgvv%vv9pvv,G}fvvzvv)<vvgvv+vvOG
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|vv#Gyvv}vvAvv"vv9hd}Svv=vv9HPGJYvvzvv?

<vvvv9}|vvvv9f.hpvvvv,|vvvv9*vvvvMvvvv[G}Svvvv;c,pvvvv%vvvv,@ovvvvMvvvvqvvvv)<vvvvAvvvv}vvvvQ*vvvvQ$vvvv9Cpvvvvtvvvv+vvvv9
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vvQI.C|vv9G}Svv;cGyvvTvvavvJvv+vv?,pvvAvv}vvOvO\vv}vv#|vvGvv9QjLvv9Yvv?@ovvJvv9pvvefvvzvv)

C!v9sv?Gyv}vdv%vQ.h<vgvOELvqv9AG}Sv;c,*vGv>Gyv"vdvQpv,!v(Y|v#GyvJv}v9*v?GyvMv9QFv+v?|v#
G}IOGKGygQn\

n+?,E:Cf$PGi+Q|(F(Of9OIp,GyA}O*OGJGyw%Q<9F+?Gy}"Ry+?.

h|vv#G:fvvAvv=vv9QGJG}LvvQipvv,ELvvqvv9AG}Svv;cpvv,G}Q\vv+vv9JhG}Svvtvvr|vvTvvzyvv?
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x
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k

fvv9|vv?Gyvv+vv(e,hCvv}vv?|vv"vv9svvWvv?
yvvv}vvv(GYvvvqvvv9@vvv%vvv9h@vvvqvvv9Yvvv+vvvzvvv%vvv9pvvv,GyvvvqvvvZvvv(dGyvvv;Ivvvtvvv?.E:C!vvv%vvv9vvvv9!vvvBsvvvO_

o
vvv(xQJyvvvzvvv}vvv=vvv9!vvv,

Gyvvv}vvvTvvvAvvvavvv+vvvzvvv?.yvvvwvvv#r|vvvh@vvvjvvv+wvvvQCVvvvwvvv9dGyvvv}vvv=vvv9!vvv,,@vvvjvvv+vvvvQJC*vvv]vvv9
k

Svvv}vvv9JGyvvvZvvv+vvvkGyvvvgvvv9|vvv?,
hGsvvAvv]vv)PyvvxIvvzvv(:

k
@vvtvv"vv+vv?h@vvqvv9Yvv+vv{h|vv(GYvvqvv9J|vv(GOFvvO*vvOI,h|vv#C

n
vv~v|vvR*vvOG

k
|vv#

GyAt++~y]}9ffOehF(O|M9_QFO*OI.

Vw{Gy}=")hY+jA&

*vv}vvwvv#Cf*vvwvv(fyvvzvvAvvZvv9|vv+vv~,GyvvAvv,@vvgvvAvv}vvOfvvzvv)Gyvv}vvwvv(x!vv9JhGyvv}vv(GOpvv,@vvJvvtvv+vvu
CVvwv9d|vMvAvzvqv?yvzv}v=v"v),@vzCv+vQfv}v+vupv,E|vwv9fGSvAvgv}v9dYv+vkfv9|v?yvAvtv9!v?QGSvMv?|v#
Ohf@vgvO*v;JChIvAv)G<vAvwv9QGJFvO*vOIpv,Gyv}v(GOhYv+vkGyv}vwv(x!v9J,hpv,@vqv9Yv+v{
Gy(IOGJGy}G}vg?h_QGFuE!A9F%9.

@vvAvvZvvrGyvv}vv=vv9!vv,<vvz!vv%vv9vvv9!vvB@vv9Q*vvMvv+vv9
k

|vvTvvAvvavv+vvzvv?pvv,Gyvv}vvTvvAvv(*vv+vv#G}pvvtvv,hGyvvWvv9svv(yvv,
hPGJRhG*vv9svv9Fvv}vv?,E:EPGpvvQVGyvv}vvwvv9fivv+vvQPyvvx.h*vv}vvwvv#@vvJvvtvv+vvu@vvzvvxG}Vvvwvv9d
pvv,GyvvJvvzvv(dGyvvAvvtvv"vv+vv?fvv"vvO|vv9*vvwvv(fGyvvAvvJvv}vv+vv{G !vvWvv9Fvv,|vv"vvAvvdvv}vv9

k
hfvv}vv(O*vv9

k
,Ivv+vvE*vvAvvJvvOvO

@v(GpvuGyv}vwv(x!v9JhGyv(Yv;JGfvAv}v9OG
k

fvzv)Vv=vwv?|v#GyvMvav(WGyv}vAvgv9|vOI.hsvO!ovt
x
vJvB

$vvPgGyvvZvv+vvjvv?Gyvv}vvTvvAvvavv+vvzvv?G}Svv9Svv+vv?pvv,vvvDvv+vvQ|vv#GyvvAvvZvv9|vv+vv~yvvAvvwvv(*vv#Yvv+vvkPGJFvv(OI
hsv+v}v?Fv}v9yv+v?vv=v+vQ@v+v#,hCYv=vJvBGyvJvzv(dGyvAvtv"v+v?yv%vPgGyvAvZv9|v+v~!v9\vGv?@v}v9|v9

k
fvzv)

G}iz>.

h<vvvJvvvzvvv(dGyvvvtvvvQfGyvvvJvvv9OjhGyvvvgvvvWvvvQ*vvv#,CYvvv=vvvJvvvBGyvvv}vvv"vvvJvvv"vvv+vvv9Jpvvv,Gyvvv}vvvTvvvAvvv(*vvv+vvv#
Gyvvgvv}vv(OjhG}pvvtvv,|vvQivv(<vv9

k
pvv+vv%vv9pvv,fvvOO|vvAvvRG*vvO|vv#Gyvv}vv=vv9!vv,.hvvv9!vvB<vv"vv)G}Svvtvvr,

|vvDvv{Gyvvtvv=vv>hGyvvtvv(Gsvvh,svvO_
o
vv(xQJfvv}vvzvv+vv9

k
yvvAvvjvvavv+vv?CIvv+vv9Rvvv=vv+vvQI,hVvv+xvvOJ|vv=vv9fmPGJ
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Vvvvwvvv{OGFvvvQjpvvv,Gyvvv}vvvTvvvAvvv(jG}pvvvtvvv,,hvvvv9!vvvBPGJFvvvOQGfIvvv9|vvvzvvv?,yvvvwvvv"vvv%vvv9yvvv~@vvvwvvv#
|v"vJv"v+v?pv,Gyv}vTvAv(iGyvgv}v(Oj.hsv9|vB@vZv9|v+v~Gyv}v"vJv"v+v9Jfvzv)Gyv}v=v9!v,GyvAv,@vTvAvgv}v{
Yv+vkGyv%v+v9vv{GyvWv9Fvgv?Iv9yv+v9

k
pv,Gyv=vOG*v?fvzv)@vgvOwOG}hFv&Gyv}vTvAv(*v?.h<vtv+vBGyv}vwv(x!v9J

|vTva
v
vJv?,yvwv#Gyv(Yv;Jpv,|v9<v+v"v%v9CYv=vJvB<vRhG*v9iv+vQsv9Fv}v?.h|vhCf$vPG*vgvav,
|vv"vvJvv"vv+vv9J!vv9fvv}vv?pvv,Ivv9yvv?Gyvv}vvwvv(x!vv9JGyvvZvvjvv+vvQIfvvzvv)ivvQGQ|vv9@vvgvvavv+vv&yvv=vv"vv9JG6FvvQpvv,
Gyv=v"v)GyvJv9|vzv?,E:CfGyv}vwv(x!v9JGyv}vTva

v
vJv?Gyvwv=v+vQIyv~@vgvbp|v"vJv"v+v9J!v9fv}v?,Lv9Yv?

Ivv+vv#Gyvv"vvdvvQEyvv+vv%vv9|vv#|vvwvv9fsvvQ*vv>pvv,|vvJvv+vvbIvv]vvQj.h@vvavvz
v
vv=vvBGyvv(Yvv;JE!vv%vv9AGJ

@vv}vvw
x
vv#|vv#ELvvqvv9AfvvOeGyvv"vvgvv(|vv?,yvv+vvUpvv,G:@vvGvv9$vv9JGyvv}vvTvvAvvtvv+vv}vv?hGyvv}vvJvvOv<vv?pvvtvvb,<vv{
fvv"vvORGh*vv?Gyvv(Yvvzvv?C*vv]vv9

k
.hFvvQi@vv(Ivv+vvOCVvvwvv9dGyvv}vvwvv(x!vv9JhGyvv}vvDvv=

x
vvAvv9JhGyvv(Yvv;J

Gy}AwQQI,h$PG|9Fg{GyAZ"+hhGyAG}+hGsAZ9O*+#.

h|vvv#GyvvvAvvvtvvv9!vvv9JGyvvv"vvv9\vvvGvvv?Gyvvv}vvv;Fvvv}vvv?yvvvAvvvwvvv(*vvv#G}Vvvvwvvv9dG}pvvvtvvv+vvv?Gyvvv}vvv"vvvJvvv"vvv+vvv?@vvvtvvv9!vvv?
GyvvMvvQSvv9!vv?GyvvAvv,@vvZvv>|vvJvvzvv+vv9

k
.pvvtvvOC|vvwvv#Ivv"vv,Gyvvtvv9yvv>fvv"vvOIvv(GaGyvv=vv;_vv?<vvTvv%vv(yvv?,

hC|vwv#@vZv}v+v~Gyv=v;_v9J<vJv+vE@vAvOyv)fvzv)Yvr|v#G}fv}vOI,Ch<vAvQ@v+v>G}fv}vOI
hpvvtvv9

k
yvv%vv+vv8vv?|vv"vvJvv"vv+vv?|vvWvv9<vv%vv?.svvOCOJSvvzvvTvvzvv?|vv#GyvvAvvavv(wQGJGyvvZvv"vv9fvv+vv?,Gyvvtvv9Fvv}vv?fvvzvv)

Gyvv}vv"vvJvv"vv,<vv(Yvvqvv&fvv"vvZvvQG
k

@vvZvv}vv+vv}vv+vv9
k

,Eyvv)Ivv"vv,|vvwvv(x!vv9JGyvv=vv"vv)Gyvvqvv(:P*vv?hyvv(Ivv9J
G vvTv9A,h|v"v%v9GyvRFv9L,|vgvav+v?Gyv}vZv}v}v+v#|vtvOQICvv=vQfvzv)@v(Sv+vhIvOhOG}Vvwv9d
i+QGy}TAa+z?yz}=9!,.

h|v#GyvZv+vkG}LvQiG}Vvwv9dGyvRGh*vv?,ChIvAv)Gyv}vAvwvTxvQI,GyvAv,@vAvavzv>Ivzv(:
k

@vvtvv"vv+vv?FvvO*vvOI.hsvvOCYvv=vvK@vvJvvtvv+vvu@vvZvv9|vv+vv~@vvJvv9pvvefvvzvv)Gyvv}vvRG*vv9G:svvAvvZvv9O*vv?yvvzvvAvvwvvQGQ
Gyvvv}vvv"vvvAvvvdvvv~@vvvJvvvO

x
*vvv9
k

QFvvv+vvvTvvv+vvv9
k

pvvv,GyvvvAvvvZvvv}vvv+vvv~.hCYvvv=vvvK|vvv#Gyvvv}vvv}vvvwvvv#GsvvvAvvvQGM<vvv"vvv)@vvvZvvv}vvv+vvv}vvv+vvv?
h|v"vdv(|v9JEvvTv9AyvAvwv(*v#@vzvxG}Vvwv9dGyv}vgvtvOI,h@vJvtv+vuCOGAFv+vOh@v(pv+vQE|vwv9!v9J
yvv5!vvAvv9L.E:CfE!vv%vv9AGyvv(Yvv;JyvvAvvJvvtvv+vvuCOGA,|vvDvv{|vvtvv9h|vv?Gyvvgvv(G|vv{GyvvGvv(*vv?,*vv"vvavv(j
fvzv)Yvgv(<v9Jh@vwv9yv+vrE\v9pv+v?.yvwv#GyvR*v9OI:@vJvZv{pv,@vwvzvqv?Gyv}v(GO<v9yv]vQhQI,
<v{pv,@vwv9yv+vrGyvAvZv}v+v~hG !vAv9LGyvAv,svO*vAvavzv>GyvAvqvwv+vQG:<vAvwv9QjGyvGv+vOpv,@vJvtv+vu
@Z}+~B|#hF(OIp,G !A9L.

GyAZ"+hhGyAG}+h

fv"vO|v9@vwv(fCv}v?Iv9Fv?Eyv)@vgvO*v{GyvAvZv}v+v~ChEyv)Ivzv(d@vtv"v+v?FvO*vOI,@vAvQ@nv>
fvvzvv)Pyvvxfvv9OIfvv(Gsvv>pvv,G !vvAvv9LhGyvvwvvzvvqvv?.yvvwvv#IvvAvv)<vv(Fvv(O|vvAvvavvzvv=vv9J@vvZvv9|vv+vv~
|vWv9<v%v?,pv{fGyv}v"v9pvTv?pv,GyvZv"v9fv?@vJvq

x
vREOLv9d@vjv+v+vQGJpv,GyvJvzv(dGyvAvtv"v+v?yvAvJvtv+vu
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|vwv9Sv>|v#Iv+vESvQfv?GyvAv"vqv+vPhLvqv̂GyvAvwvzvqv?pv,fv}vzv+v?G !vAv9L.h|v#C|vDvzv?Pyvx
pvvv,Gyvvv"vvvZvvvrGyvvvDvvv9!vvv,|vvv#GyvvvtvvvQfGyvvvgvvvWvvvQ*vvv#@vvvjvvv+vvv+vvvQYvvv+vvvkGyvvv=vvv"vvv)Gyvvv%vvv+vvvwvvvzvvv+vvv?Gyvvv}vvv|_vvvQI|vvvh
E!%9AG@%9.

pv}v9vv9f|vavzv(<v9
k

|v#!v9Iv+v?|vtv9Sv9JGyv}v=v9!v,$v(R*v9OIfvOOGyvav(G<vu|vh|vTv9Iv9J
|vvqvvAvv(Ivv?vvv=vv+vvQI|vvjvvavv9I<vvTvvtvvrhGIvvO.h@vvGvvzvv)G:<vvAvvwvv9QGyvvAvvtvv9!vv,GyvvQFvv+vvTvv,GyvvPjSvv}vvK
<vAvZv}v+v~|v=v9f

k
|vAvgvOOIGyvav(G<vu<v9yv}vZvgvOGyvPjcv%vQpv,<vOG*v?GyvtvQfGyvgvWvQ*v#,h$vPG|v9

hy
v
vOIv9Fv?Eyv)@vav(*vQGJE!vWv9Fv+v?.h@vavz

v
v>Pyvxsv9fvOI|v#Gyv}vgvQpv?<v9yv}v(GO(GyvMvQSv9!v?

hGyvvqvv(:P)h<vvavvQGFvvuG !vvAvv9LyvvzvvAvv}vvwvv+vv#|vv#@vvJvvtvv+vvu@vvZvv9|vv+vv~B|vv"vv?hGsvvAvvZvv9O*vv?.hC
o
!vvGvvRJ

@vav(*vQGJGyvAvZv9|v+v~G !vWv9Fv+v?<vJvzv(d|v"vAvZvrGyvtvQfGyvgvWvQ*v#Eyv)IvO<vgv+vO<v9SvAvgv}v9d
yvvvzvvv%vvv+vvv9vvvv{G !vvvWvvv9Fvvv+vvv?Gyvvv}vvv|_vvvQIyvvvzvvv}vvv=vvv9!vvv,Gyvvvgvvv9yvvv+vvv?,hGyvvvGvvv}vvvzvvv(!vvv9JhGyvvvgvvv(GQVpvvv,Gyvvv=vvv"vvv)
Gyvvv(GSvvvgvvv?Gyvvv}vvvGvvv9R.hCOJGyvvv]vvvjvvv(WG:svvvAvvvZvvv9O*vvv?GyvvvGvvvO*vvvOI,GyvvvAvvv,!vvvGvvv}vvvBpvvv,Gyvvv"vvvZvvvr
GyvvDvv9!vv,|vv#GyvvtvvQfGyvvgvvWvvQ*vv#fvv#Gyvv}vv"vv9pvvTvv?GyvvAvvGvv9Q*vv?Gyvv}vvAvvRG*vvOI<vv+vv#Gyvvqvv(:PhGyvvMvvQSvv9!vv?
<vv(Yvvqvv%vv}vv9|vv9O@vv+vv#yvvzvv%vv+vv9vvv{G !vvWvv9Fvv+vv?,Eyvv)@vvavv(*vvQGJ@vvQv

v
vvRJpvv,@vvtvv9!vv9JGyvv=vv;_vv9J

G !W9F+?GyGO*OI<Ww{QF+T,.

hpvvvv,CCvvvv"vvvv9A@vvvvzvvvvxGyvvvvqvvvvAvvvvQI,FovvvvQxHGyvvvvwvvvvDvvvv+vvvvQ|vvvv#CVvvvvwvvvv9dGyvvvvgvvvv(GQVhGyvvvv=vvvv;_vvvv9J

Gyvv}vvMvvAvvzvvqvv?.hvvv9!vvBCvv}vv?|vvGvv}vv(fvv?:pvvAvv?|vv#|vv#GyvvAvvavv(wQGJIvvQvvvAvv%vv9IvvGvvHGyvvAvvwvv9yvv+vvr
h|vvvOOGyvvvAvvv"vvvqvvv+vvvP<vvv+vvv#Gyvvvqvvv(:PhGyvvvMvvvQSvvv9!vvv?.Ef$vvvPGGyvvv}vvv(\vvv(Y<vvvgvvv+vvvOfvvv#G$vvvAvvv}vvv9e$vvvPG
GyvvwvvAvv9H,yvvwvv#!vvAvv+vvGvvAvv&vvv9!vvBG!vv=vvDvv9bYvv+vvkfvv9|vv?FvvO*vvOIyvvzvv%vv+vv9vvv{Gyvvqvv(:P*vv?(CQ\vv+vv9J
@vQvv+v=v+v?)h$v+v9vv{LvQSv9!v?|vTvzvJv?|vZv=v(<v?|vJvzv+v9

k
(<v;_v9J|vTva

v
vJv?)yv~@vwv#|vzvJv(cv?

pvv,|vv"vvAvvZvvrGyvvtvvQfGyvvgvvWvvQ*vv#.Cvv}vv?fvvQVyvv%vvPgGyvvZvv+vvkGyvvAvv,CYvv=vvJvvBVvv9Fvvgvv?Gyvv+vv(epvv,
!%9*?GyqZ{11hVQM|h<g^GyAqZ+{p,GyqZ{25.

@vvAvvZvvr$vvPgGyvvJvvzvv(dGyvvAvv,CYvv=vvJvvBVvv9Fvvgvv?Gyvv+vv(e<vv"vvqvvU|vvTvvAvv(*vv9JCOGACSvv;pvv%vv9,
E:C!vv%vv9@vvWvvw

v
vvzvvBh@vvavv(vQJ<vvTvv=vv>Gyvv]vvjvvbGyvv}vvROhL,GyvvR|vv"vv,hGyvv}vv9yvv,,|vv#Lvv;d

G:$vvAvv}vv9e<vvAvvJvvzvv+vv{fvv}vvzvv+vv?G !vvAvv9L.hCvv}vv?COyvv?fvvzvv)Cf$vvPgGyvvZvv+vvkG !vvWvv9Fvv+vv?*vv}vvwvv#Cf
@vvMvv]vvhEyvv)|vvR*vvO|vv#GyvvAvvavv(Q<vvTvv=vv>GyvvJvv9Fvv?Eyvv)@vv(pvv+vvQIvvzvv(d|vv=vv9fmYvvO*vvtvv?yvvzvv=vv+vv8vv?,
Lv9Yv?|v#Iv+vEGSvAvgv}v9yv%v9<v(Yvqv%v9vvAv{IvQGQ*v?.h!vdvQG

k
Eyv)Cf$vPgGyvAvjv+v+vQGJyv+vTvB

!vv9Fvv}vv?fvv#@vvjvv+vvQGJpvv,G !vvAvv9L,pvv{fyvv%vv9@vvzCvv+vvQG
k

pvv,GyvvAvvwvvzvvqvv?h|vvOIGyvvAvv"vvqvv+vvP*vv}vvwvv#Cf
*vvv|OjEyvvv)@vvvjvvv+wvvvQGJ@vvvJvvvQvvvv%vvv9Gyvvv}vvv"vvv9pvvvTvvv?<vvv+vvv#GyvvvMvvvQSvvv9!vvv?hGyvvvqvvv(:P<vvv(Yvvvqvvv%vvv}vvv9|vvv9O@vvv+vvv#
E!W9F+A+#.

495



C|vv9Ivvwvv9*vv?@vvavv(*vvQGyvv%vv+vvwvv{Gyvv}vv|_vvQyvvzvvTvvtvvrGyvv(GSvvhGyvv}vvGvv9RpvvtvvOvvv9!vvB|vvMvvAvvzvvqvv?.
pvv"vvdvvQG

k
Eyvv)CfGyvv}vv9OIGyvv}vv%vv+vv}vv"vv?pvv,@vvzvvxGyvv=vv"vv)vvv9!vvBGyvvqvv(:P,|vvhGSvvAvvMvvOGeG}yvv}vv"vv+vv(e

hIvvAvv)GyvvMvvWvv>GyvvZvvqvv9FvvJvv,GyvvzvvP*vv#:svv+vv9<vvgvv̂Gyvv"vvGvv9Mpvv,<vvgvv̂GyvvZvv+vvk,pvvtvvOvvv9f
GSvvAvvgvv}vv9dGyvvMvvQSvv9!vv?!vv9OQG

k
,hyvvPGyvv~*vvTvvAvv}vvQGyvvOGpvvhyvvAvvtvvzvv+vv[@vvwvvzvvqvv?@vv"vvqvv+vvP@vvzvvxGyvvZvv+vvk

Gyvv%vv+vvwvvzvv+vv?h|vvOI$vv9.E:CfGyvvAvvtvvOwepvv,GyvvAvvZvv"vv+vvhCOiEyvv)GSvvAvvjvv;dYvv+vvkFvvO*vvOIpvv,<vv"vv)
Gy}G9RGJGya(*z?.

hGyvvJvv{Gyvvgvv9eGyvvPjG!vv=vvDvvuyvv+vvJvvt
x
vvuCIvv+vv9RG

k
hGSvvgvv?|vvjvvavv9I<vvTvvtvvrhGIvvO|vvhIvvzvv(d

GyvvtvvQfGyvvJvv9OjhGyvvgvvWvvQ*vv#$vv(G _vv9QGyvv}vvTvvAvv(jGyvv}vvwvv(vfpvv,Gyvv}vvtvv9eG}hd|vv#Fvv}vvzvv(f
PjhYvv;J|vvqvvZvvzvv+vv?fvvzvv)Cfvv}vvOI,|vv=vv"vv,|vv#pvv(:PPjRhG*vv9|vvOQpvvzvv?fvvzvv)GyvvTvv9Lvv#
|vvhhYvv;JYvvqvv+vvJvv+vv?|vvDvv=vvAvv?<vv9yvv=vvQGivv,.hvvv9!vvB$vvPgGyvvZvv+vvjvv?Gyvv=vvTvv+vvavv?|vv;Fvv}vv?yvvzvvAvvZvv}vv+vv~
hGsvAvZv9O*v?|v#Iv+vEGyvAvZv"v+vh.h$v,@vAvZvr<v=vgv̂GyvTv}v9JGyvGv}v9yv+v?GyvAv,yv~*vAvQ@vv>
fvvzvv+vv%vv9GyvvwvvDvv+vvQ,pvv,CCvv"vv9AGyvvAvvZvv"vv+vvhhGyvvMvvRfpvv,Gyvv}vvTvvAvv(Ofvv9J,|vv}vv9vvv9f\vvQhQ*vv9

k
IvvAvv)

|v"vAvZvrGyvtvQfGyvgvWvQ*v#.h|v#Yv+vkG _v9QGyv}vTvAv(jG}LvQi,E_v9QGyvgvReChG _v9Q
Gyvv=vv9<vv,GyvvPjvvv9f|vvqvv%vv(|vv9

k
!vvdvvQ*vv9

k
,E:C!vv&@vvavvz

v
vv>|vvtvv9_vvhvvv=vv+vvQIfvvzvv)|vv9*vv=vvOh,hyvvPG

GSvvA
o
vvgvv}vv{yvvzvv}vvGvv9RGJGyvvZvvjvv+vvQI!vvTvv=vv+vv9

k
pvvtvvb.pvvtvvO!vvGvv}vvBGyvvJvv9Fvv?Eyvv)Gyvv}vvtvv9_vvhGyvvqvv(:P*vv?

Gyvvvwvvv=vvv+vvvQIfvvv#@vvv"vvv=wvvv|GJ!vvv%vvvH@vvvZvvv}vvv+vvv~E!vvvWvvv9Fvvv,svvvO*vvv~*ovvvgvvvQa<vvv9yvvvAvvvZvvv}vvv+vvv~Gyvvv}vvvQf(elastic

design).hvvv9f$vvPGGyvv"vv%vvH$vv(_vvQ*vvtvv?GyvvAvvZvv}vv+vv~GyvvTvv9FvvOIGyvvAvv,GSvvAovvgvv}vvzvvB Cvv=vv9JC|vv9f
GyvvvAvvvZvvv}vvv+vvv~.E:Cf!vvv%vvvH@vvvZvvv}vvv+vvv~E!vvvWvvv9Fvvv,FvvvO*vvvO,*ovvvgvvvQa<vvv9yvvvAvvvZvvv}vvv+vvv~GyvvvzvvvOf(plastic

design),<vvv+vvvv#CfGyvvv}vvvtvvv9_vvvhGyvvvAvvv,$vvv,CYvvvjvvvQvvvvDvvv+vvvQG
k

yvvv#@vvvMvvvqvvvu,hCvvv=vvvBCfG}|vvvQvvvv9f
vvPyvx,hCYv=vJvBG}_vQGyv=v9<v+v?Gyvqv(:P*v?GsvAvZv9O*v?Iv+v#GSvAvgv}v9yv%v9yv}vGv9RGJ_v(*vzv?,
h!9pTBIz(dGyG}z(!9JhGyg(GQVPGJGy(Y;JGy}qZz+?.

h|vvvw
v
vvv"vvvBGyvvvAvvvjvvv+vvv+vvvQGJpvvv,_vvvQGFvvvuGyvvvAvvvZvvv"vvv+vvvh|vvv#G !vvvAvvv9LG:svvvAvvvZvvv9OjyvvvGvvv}vvvzvvv(!vvv9J

hFvv(GFvvRPGJ|vvtvv9_vvh|vvzvvJvv(|vv?|vvZvv"vv(fvv?|vv#|vvtvv9_vvhC!vv=vv(<vv+vv?OGFvvQ*vv?Ch|vvQ<vvgvv?IvvTvvv"vvB
Gyv}vdv%vQvvDv+vQG.h|vw

v
v"vB@vzvxGyvAvav(wQGJpv,GyvAvZv"v+vhC*v]v9|v#@vav(*vQ<v"v)CSvtvrPGJ
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vZvOQsvzv+v;

k

|vv"vv&,hpvvtvv9
k

yvv}vv9!vv(svvX<vvAvvqvvZvv+vv{Cvvv=vvQpvv,GyvvqvvZvv{15.h*vv}vvwvv#yvvR*vv9OIvvvqvv9AI@vvGvv%vv+vvRGJ

GyvMvO|v9JCf@v}vD
x
v{fv9|v;

k
|vTv9fvOG

k
fvzv)Pyvx,h*v}vwv#yvzv}vJvTv9Sv9JG6yv+v?h|v"vdv(|v9J

G OGQIpvvgvv{PyvvxC*vv]vv9
k
.h|vv#C|vvDvvzvv?Gyvv}vvJvvTvv9Svv9J,@vvzvvxGyvv}vvTvvAvvgvv}vvzvv?pvv,GyvvAvvJvvw

w
vv~pvv,

509
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k
yvzvJv9Fv?.pvAvOpv8v?G}|vwv"v?GyvWv}v9yv+v?|v#
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,*vv}vvwvv#Yvv"vvhCSvv;c|vv"vv&hsvv]vv=vv9fhYvvqvv9FvvK

hC!vv9<vv+vv>hRhG*vv9hsvv"vv(GJh|vvtvv9_vvhI.hfvv"vvO|vv9*vvwvv(f<vv9QOG
k

,*vv}vvwvv#svv[Cj
u

|vv#@vvzvvx
G}!vv(GYhIvv"vv+vv&hCvvtvv=vv&h@vvWvvjvv+vvzvv&h@vvDvv=vv+vvAvv&<vv9yvv=vvQGivv,<vv}vvMvvAvvzvvrC!vv(Gfvv%vv9hyvvJvv9|vv&yvvAvvwvv(*vv#
fvv"vv9YvvQhvvvAvv{|vvGvv}vvvgvv?.E:CfCvv}vv?IvvOhOG

k
yvv}vvtvv9Svv9JGyvv}vvtvv9_vvhGyvvAvv,*vv}vvwvv#E!vvAvv9Fvv%vv9

<vvv9yvvvgvvv}vvvzvvv+vvv9JGyvvvTvvv9Lvvv"vvv?,pvvv,Ivvv+vvv#C!vvv&:@vvv(FvvvOIvvvOhOpvvv,fvvv}vvvzvvv+vvv9JGyvvvAvvvZvvv"vvv+vvvhGyvvv=vvv9QO
yvvzvv}vvwvv(x!vv9JhGyvv(IvvOGJGyvv}vvGvv}vvvgvv?E:@vvzvvxGyvvAvv,@vvqvvQ\vv%vv9GfvvAvv=vv9QGJGyvvAvvOGhdhGyvv"vvtvv{
hGyAQv+>.

h*vvv=vvv+vvv#@vvvJvvvzvvv+vvv{yvvvAvvvQGvvvv+vvv>|vvv#CIvvv}vvv9dh|vvvGvvv9RGJVvvv9Fvvvgvvv?pvvv,Gyvvv}vvv=vvv9!vvv,C!vvv&*vvv}vvvwvvv#
|vv(GFvv%vv?svv(IGyvvAvvtvv(wShGyvvtvv[pvv,Gyvvgvv9Q\vv?fvvzvv)!vvJvv(GsvvAvvZvv9Oj<vv9SvvAvvgvv}vv9d|vvtvvavvhI,
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h$vPgGyv}vtv9_vhGyv+v(e$v,GyvJvzv(dGyvWv9Fvgv?pv,$v+v9vv{Gyvqv(:PG !vWv9Fv+v?.h*vAvJvtvvuFvRA
|v#GLvAvZv9QGyvAvwvzvqv?PGc<vAvJvO*vO_v+vrGyv}vtv9Sv9JGyv}vAv9Iv?@vGv9Q*v9

k
,}fPyvxGyv}vtvavh

*ovWvw
v
v{<v9yvOyvqv"v?GyvTv9Lv"v?.yvPGyv+vU|v#Gyv}v}vwv#GLvAv+v9Q|vtv9SGyv}vtvavhGLvAv+v9QG

k
IvQG
k

,<v{

*vvGvv>G:LvvAvv+vv9Q|vv}vv9$vv(|vvZvv"vvvhh|vvAvv(GpvvQ@vvGvv9Q*vv9
k
.pvv,Gyvv=vvOG*vv?,vvv9!vvBfvv}vvzvv+vv?GyvvOyvvqvv"vv?

|vvtvvAvvZvvQIfvvzvv)Gyvv}vvtvv9_vvhGyvvZvvjvv+vvQIGyvvAvv,yvv~@vvwvv#vvv9pvv+vv?yvvZvv"vvh$vv+vv9vvv{|vv=vv9fvvv9|vvzvv?,yvvwvv"vv%vv9
vvv9!vvB|vvqvv+vvOIyvvAvvWvv+vv+vvOCQ\vv+vv9JPGJfvv(GQVpvv,Gyvv}vv=vv9!vv,GyvvAvvGvv9Q*vv?GyvvAvv,*vvJvvZvv{pvv+vv%vv9
@vvJvv}vv+vv{Cvvtvv+vv{.hf

o
vvQpvvB@vvzvvxGyvv}vvtvv9_vvh<vvgvv(GQVGyvvqvv(:PGyvv}vvOyvvqvv"vv?.C|vv9Gyvv+vv(e,pvvAovv}vvwpvv#

Oyvvqvv"vv?|vvtvv9_vvhvvv=vv+vvQI@ovvgvvQa<vv9yvv}vvtvv9_vvhGyvvgvv9|vv?,h$vvPgGyvv}vvtvv9_vvh$vv,GyvvAvv,@ovvTvvAvvgvv}vv{pvv,
Gyvv%vv+vv9vvv{G !vvWvv9Fvv+vv?.*ovvQjGyvvWvvwvv{25.14CVvvwvv9dh|vvGvv9d|vvtvv9Svv9J@vvzvvxGyvv}vvtvv9_vvh.$vv"vv9,
*vvAvvQv

v
vvRGyvvqvv(:Ppvv,VvvqvvAnvv,rGyvvgvv9Q\vv?Gyvvgvvzvv+vv9hGyvvTvvqvvzvv)Ivv+vvE@vvwvv(fEFvv%vv9OGJGyvvAvvtvv(wS

Cfvdv}v+v?,hIv+vE@vAvJvtvvu|vtv9h|v?Gyv}v9OIG}fvdv}v+v?.|v#Gyv(G\vKCfCv}v?|vtvOGQG
k

Csv{|v#
Gyq(:PGyDt+{Gyj9y,f"OGy}J(QGyJ+9OjI+E@w(fs(iGyAt(wS\g+q?.

C|vvv9svvv(iGyvvvtvvv[pvvvAvvvwvvv(ffvvvzvvv)CVvvvO$vvv9fvvv"vvvOGyvvv}vvvJvvv(QGyvvvJvvv+vvv9Oj,hyvvvPG*vvvGvvv>Cf
@vvwvv(fCvv}vv?|vv9OIvvv9pvv+vv?pvv,Gyvv(n@nvvQIyvv}vv(GFvv%vv?@vvzvvxGyvvtvv(i.@vv(y

x
vvOsvv(iGyvvtvv[svv(i\vvjvvb
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hVvOpv,Gyv(n@nvQI,h@v"vJv(sv(iGyvWvOEyv)@v}vR*vuGyvqv(:P,E:CfG Lvqv9bG}QFvK$v(
Cfs(iGy]jb@|OjEy)@J"w>Gy(n@nQIGyQs+t?.

h|vvhCfGSvvAvvgvv}vv9dfvv}vvzvv+vv?GyvvOyvvqvv"vv?GyvvAvv,*ovvZvv"vvh<vv%vv9_vv+vvr|vv#Gyvv}vvtvv9_vvhGyvv}vvgvv+vv9Q*vv?
*vv}vvD

x
vv{FvvRAG

k
|vv#@vvMvvqvv+vv̂GyvvAvvwvv9yvv+vvr,pvv{!vv&|vv9RGd|vv#Gyvv}vv}vvwvv#@vvJvvtvv+vvu@vvMvvqvv+vv̂pvv,

vv}v+v?Gyvqv(:PGyv}vTvAvgv}vzv?pv,vv{|vtvavh.yvPG@ov=vQ|vHfv}vzv+v?GyvOyvqv"v?<vJv+vE@vgvav,|vtv9_vh
PGJVvqv9ghh@

n
vQGJPGJSv}v9vv9J|vMvAvzvqv?.h$vPG*vjv+xvQ|v#|vtv9h|v?Gyv}vtvavhh@vwvzvqvAv&,

hhRfGyvvvgvvv9Q\vvv?GyvvvAvvv,@ovvvZvvv"vvvh|vvv"vvv&C*vvv]vvv9
k

,h$vvvPgIvvvtvvv+vvvtvvv?@ovvv|LvvvPpvvv,Gyvvv}vvv(GYvvvqvvv9Jpvvv,
GyvJvTv=v9f.@vAv]v}v#Gyv}v(GYvqv?Gyvwv9|vzv?yv}vtvavhGyvgv9Q\v?fvQ\v%v9hGQ@vqv9fv%v9,hfvOOG

k
Cv9yvDv9

k

$(hRfGy}AQ|"%9<9yw+z(iQGe.hC}?yw{|t9SSzTz?|#G}hRGf.

_

o
v(xQJ@vzvxGyv}vtv9Sv9JGyv}vAvTvzvTvzv?yvdvQhaGyvAvJv}v+v{hGyv}vGv9RGyvgv9O*v?pv,Gyv}v=v9!v,

GyvvAvvGvv9Q*vv?GyvvWvv9Fvvgvv?<vvjvvQV|vv(GFvv%vv?GyvvAvvtvv(wShGyvvtvv[hG:!vvJvvQGa.h@vvdvv%vvQpvv,Gyvvgvv(GQV

GyvtvZv+vQIPGJGyvAvJv}v+v{GyvDvtv+v{sv(isv[VvO*vO!vTv=v+v9
k

,h@vdv%vQpv,Gyvgv(GQVGyvMvqv+vqv?
GyvvvAvvvJvvv}vvv+vvv{!vvvTvvv=vvv+vvv9

k
G!vvvJvvvQGpvvv9Jvvvv=vvv+vvvQI.h\vvv}vvv#$vvvPgGyvvvdvvvQha,svvvO*vvvwvvv(f|vvv#Gyvvv]vvvQhQj

@vvgvvO*vv{Gyvv}vvtvv9_vvhGyvvgvv9|vv?<vvAvvtvv(*vv?Gyvv(n@nvvQI@vvGvv9gGyvvtvv[h@vvwvv(*vv#fvv(GQVLvvzvv(*vv?(<vvAvvwvv(*vv#
IvvqvvQpvv,Gyvv(n@nvvQI)yvvAvvJvvtvv+vvuGQ@vvqvv9YCvvv=vvQ|vvhGyvv(Rfyvv}vv(GFvv%vv?G:!vvJvvQGa!vvqvvTvv%vv9.h$vvPg
Gyg(GQV|=+"?p,GyWw{25.14C*]9

k
.

hCv}v?Iv9Fv?Eyv)@vJvzv+v{|vWv9<v&<vJvDv9
k

fv#|vtv9_vhGsvAvZv9O*v?yv~fv}vOI,yvwv#Svzv(c
G}fvv}vvOIG !vvWvv9Fvv,|vvMvvAvvzvvr.pvv,G}fvv}vvOI,*vvZvv=vvKGyvvAvvtvv(wSGyvv"vv9Fvv~fvv#GyvvAvvJvv"wvv><vvO:

k

|vv#GyvvAvvtvv(wSGyvv}vv=vv9VvvQ$vv(Gyvv}vvJvvO
x

O}<vvgvv9OGyvv}vvtvvavvhGyvvwvvzvv+vv?.hGyvv}vvTvv9Ivv9JGyvvZvvjvv+vvQI!vvTvv=vv+vv9
k

|vv#|vv9OIGyvvqvv(:PGyvvtvv(*vv?*vv}vvwvv#Cf@vvtvv9heG}Ivv}vv9dGyvv}vvavv=vvvtvv?fvvzvv)G}fvv}vvOI.hEPGhop
x
vvQJ

@vvzvvxGyvv}vvTvv9Ivv9J<vv}vvtvvavvhfvvQ\vv9!vv,|vvQ<vvh|vvWvv9<vv&yvvgvv}vv(O|vv#GyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?,vvv9f
GyvvgvvQVGyvvwvvzvv,yvvzvvgvv}vv(OYvvjvv+vvQG

k
FvvOG

k
|vvtvv9Q!vv?<vv9Q@vvqvv9fvv&pvv,Ivv9yvv?|vv=vv"vv)fvv9Oj|vv|yvvr|vv#

_v9<vuhGIvO.E:CfGyvAvJv"wv>pv,Gyvgv}v(OGyv"vJv+vr*vJvO|v#GyvJv}v{GyvPj*v}vwv#yvzvgv}v(O
Iv}vzv&,h<vPyvx:*ovTvAvqv9O|v#vv9|v{sv(IGyvqv(:P.*ov]v9aEyv)PyvxCfGyvAvwvzvqv?Gyvgv9yv+v?
yvvzvvqvv(:P*vvGvvgvv{|vv#Gyvv}vvtvv9_vvhPGJGyvv}vvtvv9Svv9JGyvv}vvAvvTvvzvvTvvzvv?GyvvAvv,@ovvOyvvqvv#h$vv,Svv9Lvv"vv?
FvvO*vvQI<vv9 !vvAvv9L,Lvv9Yvv?CfGyvvWvvwvv{Gyvv}vvQ<vvhfvv9yvv,Gyvvwvvqvv9AIpvv,|vv(GFvv%vv?GyvvAvvJvv"wvv><vv9@vvGvv9g
Cj
u

|vv#Gyvv}vvJvv(Q*vv#.h$vvPG*vv|OjEyvv)Gyvv}vvtvvavvhHIvv+vvE@vvAvv(RvYGyvv}vv9OIfvvzvv)!vvJvv(CvvvDvvQ
@vGv9!vTv9

k
fv=vQGyv(n@nvQIhGyvWvqvA

n
v+rv#.*ovgvQa$vPGGyv}vtvavh<v9yvgv}v(OGyvgv9eh$v(|v=v+vv#pv,GyvWvwv{
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h*v}vwv#@v(pv+vQfv"v9YvQG:SvAvtvQGQpv,|v(GFv%v?GyvQ*vKfvzv)Vvwv{FvOQGfChfv"v9YvQ
@vvQ<vv+vvb.h*vv}vvwvv#GSvvAvvgvv}vv9dhYvv;JfvvRe,E:C!vv%vv9@vvjvv+xvvQhYvv;Jh|vvDvv=

x
vvAvv9JGyvvgvv(GQV

|vvhG}fvv}vvOI,E\vv9pvv?Eyvv)C!vv%vv9ivv9yvv+vv?|vvtvv9Q!vv?<vv9yvvGvvOQGfChfvv"vv9YvvQGyvvAvvQ<vv+vvbpvv,|vvgvvdvv~
GyvJv9:J.h*v}vwv#GyvGvOQGfCf@vwv(f|v#GyvMvQSv9!v?Gyv}vTvzvJv?,Chpv,<vgv̂GyvJv9:J

|vvv#yvvv=vvv"vvv9JLvvvQSvvv9!vvv+vvv?.h@
o
vvvTvvvAvvvgvvv}vvv{GyvvvGvvvOQGffvvv9OIpvvv,G}OQGLGyvvvOGFvvvQ*vvv?(circulation

core),E:CfG}OQGLGyv}vQ<vvav?<v9yvqv(:P|v}vwv"v?C*v]v9
k
.hpv,Iv+v#CfFvOQGfGyvMvQSv9!v?

Gyv}vTvzvJv?@vAvZvr<v9:SvAv}vQGQ*v?GyvPG@v+v?,pv{fGyvzv=v"v9JGyvMvQSv9!v+v?@ovTvAvgv}v{IvWv(GJ<v+v#
Cfvv}vvOIhfvv(GQVGyvvqvv(:P.EfG:SvvAvv}vvQGQ*vv?fvv"vvOGyvv(Yvvzvv?<vv+vv"vv%vv9h<vv+vv#Gyvvqvv(:P$vv9|vv?FvvOG

k

h@vvAvvavvzvv>@vvDvv=vv+vvAvv9
k

<vvgvv"vv9*vv?,E\vv9pvv?Eyvv)\vv=vvbpvv,CCvv"vv9AG !vvAvv9L.hyvvPG:@

o
vvTvvAvvgvv}vv{yvv=vv"vv9J

GyMQS9!?Gy+(evD+QG
k
.

C|vv9GyvvAvvQ<vv+vvb<vvgvv"vv9YvvQpvv(:P*vv?pvv+vvGvvgvv{Gyvv(Yvv;Jhfvv}vvzvv+vv?G !vvAvv9Lfvv9|vvAvv+vv#h*vv}vvwvv#
@vv"vvqvv+vvPg<vvJvv+vvE@vvAvvwvv(vfGSvvAvv}vvQGQ*vv?E!vvWvv9Fvv+vv?Fvv+vvOI.yvvwvv#Yvv+vvkGyvvAvvQ<vv+vvbGyvvDvv;K(GyvvtvvavvQj,
hGyv}vAvZv9yv>hPGJGyvWvwv{K)@vAvavzv>|vtv9_vh|vMvAvzvqv?@v=vgv9

k
yvzvJv9Fv?Eyv)|v(GFv%v?sv(i

Gyvv]vvjvvbpvv,Gyvv}vvtvv9eGyvvQFvv+vvTvv,.*vvGvv>@vvZvv}vv+vv~vvv{|vv#GyvvAvvQ<vv+vvbGyvvtvvavvQjGyvv}vvqvvQOhGyvvAvvQ<vv+vvb
Kyv}vtv9h|v?sv(iGyv]vjvb,hyvPGpv{!v%v}v9fv"vZvQfvQ\v?yvzvAvJv"wv>.h!vdvQG

k
Eyv)Cffv"v9YvQ

GyvvvAvvvQ<vvv+vvvb*vvv}vvvwvvv#Cf@vvvwvvv(f_vvv(*vvvzvvv?,hyvvvPG@vvvwvvv(f!vvvJvvv+vvvqvvv?,*vvvGvvv>Cf@vvvwvvv(f|vvvtvvv9_vvvgvvv%vvv9
GyvvgvvQ\vv9!vv+vv?vvv=vv+vvQI,hpvvtvv9

k
yvv}vv9P

o
vvvQSvv9<vvtvv9

k
.yvvtvvOGSvvA

o
vvgvv}vv{pvv,Gyvv}vv9\vv,|vvtvvavvhRGh*vv?,h$vv(

!vv(Y|vv#Gyvv}vvtvvavvhI,yvv%vvPGGyvvjvvQV,C|vv9G6fpvv{fG}!vv=vv(H,h$vv(!vv(Y|vv#Gyvv}vvtvvavvh
GyvZv"vOhsv,,pv%v(GyvPj*ovTvAvgv}v{fvzv)G}QFvK.C|v9GyvAvQ<v+vbGyv}vAvZv9yv>,pv+v}vwv#@vJvtv+vtv&
<vv(GSvvavv?svv]vv=vv9fpvv(:P*vv?,ChVvvQGFvvb|vv"vv=vvTvvavv?Ivv+vvE*vv}vvwvv#GSvvAvvgvv}vv9dhYvv;Jsvv}vv9Vvv+vv?
<T+a?.

@v(p
x
vQGyvgv"v9YvQG !vWv9Fv+v?GyvAv,svOv|v"v9$v9Gyv}vAv9!v?hG:SvAvtvQGQGyv;R|v+v#yv%v+vwv{Gyv}v=v"v).

Cvv}vv?svv]vv+vvAvv9f@vvMvvZvv9fG}OGA|vvh|vvQhQGyvvR|vv#$vv}vv9GyvvO*vv}vv(|vv?hSvvzvv(cGyvv}vv=vv"vv)pvv,Ivv9d
IvOhKIvQ*vu,hsvO!v9svWv"v9$v}v9pv,pvZv(dSv9<vtv?.E:CfCv}v?GfvAv=v9QGJE\v9pv+v?yvAv(pv+vQ
GyJ}9*?ChCf}9d$"OS+?CLQiS(a!"9sW%9:It9

k
p,$PGGyqZ{.

Gyq(:PG !W9F,vvvvGyAZ"+hhGyAW++O
GSvvAvvtvvZvv+vv"vv9IvvAvv)G6fCOGAGyvvqvv(:P,hIvvO

v
O!vv9Gyvv}vvtvv9_vvhG !vvWvv9Fvv+vv?G}Svv9Svv+vv?GyvvAvv,

@

o
vvZvv"vvh|vv"vv%vv9|vvwvv(x!vv9JGyvv%vv+vvwvv{.h<vv+vvv"vv9CfGyvv}vvtvv9_vvhG !vvWvv9Fvv+vv?G}Svv9Svv+vv?*vvGvv>Cf@ovvWvvw

v
vv{
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<vv9yvvOyvvqvv"vv?GyvvTvv9Lvv"vv?,h$vv,fvv}vvzvv+vv?Yvv"vv9fvv+vv?|vvTvvAvvgvv}vvzvv?pvv,Yvv"vv9fvv?Gyvvqvv(:P.hCVvvQ!vv9Eyvv)Cf
$vPgGyvgv}vzv+v?iv9yv+v?|v#Iv+vEGyvAvwvzvqv?Gyv}v9yv+v?hGSvAv%v;cGyvav9sv?,hyvPGvv9fCv}v?G$vAv}v9e
vvv=vv+vvQ<vvavv=vv+vvgvv?Gyvv}vvtvv9_vvhhCVvvwvv9yvv%vv9.hGyvv}vvQIvvzvv?GyvvAvv9yvv+vv?$vv,GyvvWvvjvv{fvvzvv)Gyvv}vvtvv9_vvhh$vv,
<vvv9QOI:Gyvvvtvvv[<vvvJvvvTvvv>Gyvvvavvv(d,hGyvvvavvv;AhGyvvvAvvvDvvvtvvv+vvv>yvvvZvvv"vvvhGyvvv(Yvvv;J.h$vvvPgyvvv+vvvTvvvB
fv}vzv+v9J@ovGvQipv,Gyv}v(svh,hGyvAvGv%v+vRGJhG6:JGyv;R|v?yv%v9FvgvzvB|v"v%v9|v9*ovgvQa
<vvAvvZvv"vv+vvhGyvvqvv(:P.h$vvPG*vvqvvAvvKGyvv=vv9HC|vv9eE|vvwvv9!vv9JG}@vv}vvAvv?Gyvvgvv9yvv+vv?Gyvv}vvTvvAvv(i,h|vv"vv%vv9
GyvvAvvJvvw

w
vv~GyvvJvv9Svv(<vv,GyvvQsvv}vv,CNC|vvhE|vvwvv9fGyvv(Yvv{Gyvv}vv=vv9VvvQ|vvhhSvv9Fvv{GyvvAvvZvv}vv+vv~

<vv}vvTvv9fvvOIGyvvJvv9Svv(H(computer aided design CAD)hGyvvAvvZvv"vv+vvh<vv}vvTvv9fvvOIGyvvJvv9Svv(H

(computer aided manufacturing CAM)yvvvv"vvvvtvvvv{|vvvvgvvvvzvvvv(|vvvv9J|vvvvMvvvvavvvvavvvv9JGyvvvvAvvvvZvvvv}vvvv+vvvv~
|=9VQIEy)B:JGyAZ"+h.

*vvJvvAvv9LGyvvqvv(:PEyvv)Ivv}vv9*vv?|vv#GyvvZvvOChGyvv"vv9Q.h@vvAvv]vv}vv#<vvgvv̂Gyvv}vv(GYvvqvv9J_vv;A
Gyvqv(:P<vav=vtv?hGsv+v?sv=v{@v(Q*vOgEyv)Gyv}v(svh.hpv,Iv9yv?GSvAvgv}v9yv&pv,CFv(GA|vqvAv(Iv?,
svO@vAvavzv>Iv}v9*vAv&|v#GyvZvOCivzvqv"vAv&.h|vhCfCv}v?|v"vdv(|v9JvvDv+vQIyvJv}v9*v?Gyv}v(svh|v#
GyvJvQ*vu,*v}vwv#pv,Gyv}vgv}v{@vav=v+vuivWv9A*v"vAvqvN<v9yvJvQGQIfvzv)Gyvqv(:P,<vQiv~Cf$vPG
*vAvavz

v
v>fv"v9*v?vv=v+vQIpv,CCv"v9A@vOGhd|vtv9_vhGyvqv(:Ph!vtvzv%v9yvOQAE*vPGAGyvjvWv9A,hLv9Yv?

p,CC"9AGyAG}+h.

C|vv9GyvvAvvGvv}vv+vvhpvv%vv(fvv}vvzvv+vv?@ovvGvvQivvvzvv+vv9
k

pvv,Gyvv}vv(svvh,EPyvv+vvU|vv#Gyvv}vvgvvtvv(d!vvtvv{
Fvv}vv+vvh|vvwvv(x!vv9JGyvv%vv+vvwvv{GyvvQFvv+vvTvv,Eyvv)Gyvv}vv(\vvh|vvGvv}vvvgvv?|vvgvv9

k
,|vvhCfPyvvx|vv}vvwvv#pvv,

Ivv9yvv?Gyvv(IvvOGJGyvv}vvQ<vvvavv?.h@vvAvv]vv}vv#fvv}vvzvv+vv9JGyvv}vv(svvhQpvvhGyvv}vvwvv(!vv9JEyvv)|vv(G\vvgvv%vv9
hYvv"vvhhYvv;J<vv9SvvAvvgvv}vv9dGyvv=vvQGivv,ChGyvvzvvJvv9e.yvvwvv#GyvvzvvJvv9eivv+vvQ|vvzyvv(apvv,Gyvv%vv+vv9vvv{
G !W9F+?GyAG9Q*?Gy=T+a?.

COJGyvvJvv9Fvv?Eyvv)pvvZvv{GyvvAvvZvv"vv+vvhpvv,Gyvv}vvgvv}vv{fvv#GyvvAvvWvv+vv+vvOpvv,Gyvv}vv(svvh,h|vv9

*vvvAvvvavvvzvvv=vvv&|vvv#!vvvtvvv{h@vvvOGhdhEFvvvQGAGJ@vvv"vvvqvvv+vvvPB|vvv"vvv?,Eyvvv)cvvv%vvv(Q_vvvQGFvvvufvvv9|vvv?yvvvAvvv"vvvqvvv+vvvP
Gyvv(Yvv;J.h|vv#@vvzvvxGyvvavvQGFvvu@vvZvvqvv+vvK!vv%vv9*vv9JGyvv}vvtvv9_vvhyvvAvv(pvv+vvQSvvavvK|vvTvvAvv(

m
*ovvDvv=vvvB
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E\vv9pvv,.h*vvAvvavvz

v
vv>Gyvvjvvavv9AGyvvwvvAvv+vv~yvvzvv}vv9AyvvTvvtvvr|vvTvva

v
vvKhGSvvhGyvv}vvTvv9Ivv?E!vv%vv9AGJFvv+vvOI

}f@vvvgvvvQw\vvv&Gyvvv}vvv=vvv9VvvvQEyvvv)GyvvvTvvv}vvv9A*vvv|OjEyvvv)IvvvQvvvv9Jvvvv=vvv+vvvQI@vvv"vvvGvvv~fvvv#GyvvvAvvvjvvv+wvvvQGJ

GyvvJvvQGQ*vv?.yvvPG@ovvTvvAvvgvv}vv{Civvavv+vv?|vvwvv(v!vv?|vv#|vv"vvdvv(|vv9JvvvAvv+vv}vv?yvvzvv}vv9AhIvv+vvOIGyvvavv=vvtvv?PGJ

s+~|Qh!?f9y+?.hC}?|R*O|#Gy}"9sW?y%PGGy}(\(Yp,GyqZ{29.
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h|vvv#G}|vvv(QG}LvvvQiGyvvvAvvv,@vvvMvvv[G}SvvvtvvvrGyvvv}vvvTvvva
v
vvvJvvv?Gyvvv(GSvvvgvvv?@vvv(pvvv+vvvQE\vvv9AI

OGLvvzvv+vv?yvvzvv}vv=vv"vv).h*vv(p
x
vvQGyvv%vv+vvwvv{GyvvqvvQGivv,,<vv}vv"vvdvv(|vv?Ch@vv9QgGyvvgvvzvv+vv9,E|vvwvv9!vv9JFvv+vvOI

yARF+H|T9I9JhGSg?p,Cj|w9f|#GyTtr.

<")CLQi
hpvtv9

k
yv}v9P

o
vpvQSv9<vtv9

k
pv,$vPGGyvqvZv{,Cv}v?Yv+vkE!vWv9Fv+v?CLvQi*v}vwv#Cf@ovJvt

x
vu

G}SvvtvvrGyvv(GSvvgvv?Gyvv}vvGvv9R.hIvvAvv)\vv}vv#<vv]vvhGyvvZvv+vvkGyvvAvv,!vv(svvWvvBpvv,$vvPGGyvvqvvZvv{,
Cv}v?vvDv+vQ|v#G:LvAv;pv9Jpv,GyvAvWvwv+v;JhGyvAvqv9Yv+v{.hpv,Iv+v#C!v"v9fvQ\v"v9$v"v9CvvDvQ
@vvzvvxGyvvZvv+vvkVvv+vv(fvv9

k
,pvv{fCvv}vv?\vvQhQIyvvzvvtvv+vv9e<vv}vvR*vvO|vv#Gyvv=vvJvv(K:SvvAvvtvvZvv9ALvv+vv9QGJ

G}StrGy}MAzq?I+E*}w#Gy}G9RhGy}d%QCf*qQ\9Y+j9
k

CvDQ@MZwZ9

k
.

GyM;Y?

1.@
o
vvgvvAvv=vvQ<vv"vv)G}SvvtvvrGyvvAvv,@vvjvvavv,|vvTvv9Ivv9JhGSvvgvv?|vv#Ohffvv(GFvvu|vvavvzvv=vv9

k
fvv9|vv9

k

Gyvvv+vvv(e,yvvv+vvvUyvvvzvvv}vvv"vvvWvvv5JGyvvvZvvv"vvv9fvvv+vvv?pvvvJvvvTvvv>,<vvv{yvvvzvvv}vvv=vvv9!vvv,GyvvvAvvvGvvv9Q*vvv?hGyvvvAvvvQpvvv+vvv%vvv+vvv?
hGy}TA(Of9J,hy}W9Q*h|#|D{s9f9JGy}a9QGJC*]9

k
.

2.@
o
vZv"vhG}_vQGyv}vTvAv(*v?,GyvAv,@vzLvPYv+vkGyvGvTv(QGyvWv=vwv+v?hG}_vQGyv=v9<v+v?,|v#

Gyvvqvv(:Pfvv9OI,h*vv}vvwvv#Cf@vvwvv(f|vv#GyvvMvvWvv>Gyvv}vvZvvq
v
vvKC*vv]vv9

k
.h@

o
vvgvvAvv=vvQ$vvPgGyvv=vv"vv)

CvDQGy=")GsAZ9O*?,hyPGv9!BhGSg?G:!AW9Q.
3.@vvv(p

x
vvvQGyvvv=vvv"vvv)GyvvvDvvv"vvv9Fvvv+vvv?Gyvvv}vvvGvvv9RGJvvvvDvvv+vvvQG

k
|vvv#GyvvvZvvv+vvvkGyvvv}vvvAvvv"vvv(fvvv?,Gyvvv}vvvTvvva

v
vvvJvvv?

hGy}"J"+?,hGyA,*}w#Cf@w(fV=w+?Ch|Z}A?.
4.@

o
vvTvvAvvgvv}vv{GyvvZvv+vvkGyvvDvv"vv9Fvv+vv?Gyvv}vvGvv9RGJ,PGJGyvv}vvdvv%vvQGyvv}vvDvv+vvQ,ivv9yvv=vv9

k
CSvvtvvqvv9

k
yvv}vv=vv9fm

I+E@=t)|wW(p?|#G}Sq{ <QGRs+}?|W%O@zxGyZ+j?G !W9F+?.
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G9MGqG9EX(lhG9KFdhf

G9BbQGfGF;FXFTZG9CX:PZ

!v%vAv~pv,$vPGGyvqvZv{<vZv+vkGyvGvOQGfGyvJv9|vzv?GyvAv,*v}vwv#GSvAvgv}v9yv%v9pv,Gyv}v=v9!v,GyvAvGv9Q*v?.
hSvv(a!vvtvvO

x
eE|vvwvv9!vv9JGSvvAvvgvv}vv9yvv%vv9pvv,Gyvv}vv=vv9!vv,Gyvv}vv"vvMvvqvv]vv?(GyvvAvv,:*vvR*vvOGQ@vvqvv9fvv%vv9fvvzvv)

CQ<vgv?_v(G<vu)hGyv}v=v9!v,Gyvgv9yv+v?hGyv}v=v9!v,Gyv(Iv+vOIGyvav9<vuyvJv}v{GyvTvtvrGyv(GSvh.hSv(a

!vvAvvJvvQviGSvvAvvgvv}vv9yvv%vv9pvv,Gyvv}vv=vv9!vv,Gyvv}vvAvvgvvOOIGyvvavv(G<vvu,<vvZvv+vvjvvAvv%vv9Gyvv}vv=vv"vv+vv?|vv#yvv=vv"vv9JBFvvQ
hLvvQSvv9!vv?hLvvWvv>,|vvh<vv"vv)G}Q\vv+vv9JGyvv}vvqvv]vvzvv?yvvAvvwvv(*vv#|vv=vv"vv)vvv9|vv{.h!vvtvvO

x
eLvv+vv9QGJ

@vvvJvvv}vvv+vvvzvvv%vvv9<vvvzSvvvtvvvr|vvv=vvv9fmYvvv"vvv9fvvv+vvv?hIvvv+vvvOIGyvvvavvv9<vvvuIvvv+vvvE*vvvGvvv>G}LvvvPpvvv,GyvvvJvvvTvvv=vvv9f
:Q@q9f9@%9hC_(Gy%9p,Gy}(GYq9JhGyAq9Y+{.

GB+9QGJGyg9|?

|vvhCfGyvvJvvzvv(dG !vvWvv9Fvv+vv?yvv}vvgvvdvv~Gyvv}vv=vv9!vv,GyvvZvv"vv9fvv+vv?hGyvvAvvGvv9Q*vv?@vvtvv(efvvzvv)<vv"vv)
$v+vwvzv+v?,pv{fGSvAvgv}v9dGyvGvOQGfG !vWv9Fv+v?GyvJv9|vzv?:Q@vwv9RG}Iv}v9dGyvgv}v(O*v?fvzv+v%v9,
svvO*vvwvv(f<vvO*vv;

k
fvv}vvzvv+vv9

k
pvv,<vvgvv̂GyvvJvv9:J.h*vv}vvwvv#@vvJvvtvv+vvuGyvv}vv=vv9!vv,Gyvv}vvAvvgvvOOIGyvvavv(G<vvu

<vv"vvGvv9M<vv9SvvAvvgvv}vv9dGyvvGvvOQGfG !vvWvv9Fvv+vv?,VvvQ*vvavv?Cf@vvwvv(fG}Ivv+vv9RGyvvOGLvvzvv+vv?(GyvvAvv,@vvJvvO
x

O

|vvGvv9RGJG}Q\vv+vv9J)Yvvjvv+vvQI!vvTvv=vv+vv9
k

,h|vvAvvwvvQQIfvvzvv)GQ@vvqvv9YGyvv}vv=vv"vv)<vvwvv9|vvzvv&,Chfvvzvv)
G}svv{IvvAvv)|vvTvvAvv(iSvvtvvrGyvvavv9<vvuG}hdIvv+vvE*vv}vvwvv#GSvvAvvgvv}vv9d<vv"vv+vv?$vv+vvwvvzvv+vv?yvv"vvtvv{
GyvvJvv}vv{.h<vvjvv+vv?@vvJvvtvv+vvuG:SvvAvvtvvQGQpvv,|vv(GFvv%vv?GyvvQ*vvKhOQAG:!vv%vv+vv9QGyvvOhQG!vv,yvvzvv}vv=vv9!vv,
Gyvgv9yv+v?,pv{f!vTv=v?fvQVGyv}v=v"v)Eyv)GQ@vqv9fv&*vGv>Cf@ovMvAv9Q<vJv+vE@vJvO|v#!vJv9pvAv&,
h*vvvvGvvvv>Cf@vvvvwvvvv(fGyvvvvGvvvvOQGfGyvvvvOGLvvvvzvvvv+vvvv?<vvvvJvvvv+vvvvE@vvvvgvvvvavvvv,@vvvvWvvvvwvvvv+vvvvzvvvv?Lvvvvzvvvv(*vvvv?ChFvvvvOQG!vvvv9

k

|vTvAvgvQ\v?(cross wall) .h@v(FvOpv,GyvAvWvwv+vzv?GyvMvzv(*v?FvOQGfLv9QFv+v?hOGLvzv+v?@vgv}v{
fv}v{!v(i\v}v#Gyv}v=v"v).C|v9GyvGvOQGfGyv}vTvAvgvQ\v?pvAvgv}v{<v(Yvqv%v9FvOQGf@vtv(*v?pv,
|v(GFv%v?EFv%v9OGJGyvtv[,yvPG*ovqv]vv{GSvAvgv}v9yv%v9pv,vv;G:@vGv9$v+v#.C|v9Gyvav(G<vuGyvAv,
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@vv%vv+vv}vv#pvv+vv%vv9GyvvGvvOQGfGyvv}vvTvvAvvgvvQ\vv?fvvzvv)G@vvGvv9ghGIvvOpvv+vv}vvwvv#Fvvgvvzvv%vv9|vvTvvAvvtvvQI<vv(GSvvavv?
|vvTvv9!vvOFvvOGQ*vv?yvvzvvGvvOQGfGyvv}vvTvvAvvgvvQ\vv?Ch<vv(Yvv;J<vv+vv#GyvvGvvOGQhG}Q\vv+vv?,fvvzvv)ivvQGQ
<"+?Gy%+w{GyZ"Ohs,Gy}=+"?:It9

k
.

:*vv}vvwvv#@vvjvv+vv+vvQ$vvPgGyvvAvvQ@vv+vv=vv9JGyvvOGLvvzvv+vv?<vvTvv%vv(yvv?<vvgvvO@vv"vvqvv+vvP$vv9.*ovv]vv9aEyvv)Pyvvx
CfCvvv}vvv?|vvvAvvvavvvzvvv=vvv9JCLvvvQifvvvzvvv)GyvvvGvvvOGQ@vvvJvvvtvvv+vvvtvvv%vvv9,h|vvv"vvv%vvv9GyvvvgvvvRdGyvvvZvvv(@vvv,h|vvvtvvv9h|vvv?
GyvvJvvQ*vvu,svvO@vvAvvavvzvv>GyvvwvvDvv+vvQ|vv#fvv}vvzvv+vv9JGyvv=vv"vv9AIvvAvv)yvv(vvv9!vvB$vv+vvwvv;

k
.h|vv#Gyvv}vv=vv9!vv,

GyA,|#$PGGy"(Y|=9!,GyWtuGyTw"+?hGyq"9ObhSw#Gyaz=?.
h*vv}vvwvv#GyvvAvvZvv9|vv+vv~Gyvvtvv9Fvv}vv?fvvzvv)GyvvGvvOQGfGyvvMvv9QFvv+vv?PGJGyvvqvvGvv(IhGyvv}vv=vv"vv+vv?|vv#

yvv=vv"vv9JBFvvQChLvvQSvv9!vv?,hfvvzvv)FvvOQGfOGLvvzvv+vv?|vv=vv"vv+vv?C*vv]vv9
k

|vv#yvv=vv"vv9JLvvQSvv9!vv?,hpvvtvv9
k

yv}v9hQOpv,GyvqvZv{19,Cf@vJvt
x
vu|v=v9!v,@vR*vOGQ@vqv9fv9@v%v9fvzv)fvWvQI_v(G<vu(Csv{|v#

Pyvvxpvv,Ivv9yvv?FvvOQGfGyvvzvv(Ivv9JGyvvMvvWvv=vv+vv?Gyvv}vv|_
v
vvQI).h|vv#Gyvv}vv}vvwvv#C*vv]vv9

k
GSvvAvvgvv}vv9d

FvOQGf|v=v"v+v?|v#GyvMvQSv9!v?Gyv}vTvzvJv?,|vTv=vtv?Ch|vJvzv+v?GyvZv>,pv,Gyv}v=v9!v,Gyv}vAvgvOOI
Gya(G<u,hS(a!"9sXPyx:It9

k
.

*vvv}vvvwvvv#<vvvgvvv̂n@vvvZvvv9|vvv+vvv~Gyvvv}vvv=vvv9!vvv,Gyvvv}vvv"vvvMvvvqvvv]vvv?Cf@nvvvTvvvAvvvgvvv}vvv{GyvvvGvvvOQGfG !vvvWvvv9Fvvv+vvv?
(structural wall)[GyvGvOQGfGyvJv9|vzv?]C*v]v9

k
.h|vhCf@vgv}v+v~sv+v(OGyvAv(\wvhCsv{Sv%v(yv?

$vv"vv9|vv"vv%vv9pvv,Gyvv}vv=vv9!vv,Gyvv}vvAvvgvvOOIGyvvavv(G<vvu,E:C!vv&*vv}vvwvv#GsvvAvvQGM<vvgvv̂G}pvvwvv9QyvvAvvJvvO*vvO
E|vvwvv9!vv9JLvvqvv̂GyvvAvvwvv9yvv+vvrpvv,@vvzvvxGyvvAvvZvv9|vv+vv~.pvv9yvvAvvZvv9|vv+vv~Gyvv}vvqvvAvv(Ivv?hGyvvMvvqvv+vvqvv?Csvv{
sv9<vzv+v?:SvAvgv}v9dIvzv(dGyvGvOQGfG !vWv9Fv+v?pv+v%v9.hEPGC|vwv#GyvGvOQGfCf@vwv(fCSv}vx
hCCvvvtvvv{h|vvvJvvvOhOIfvvvOOGyvvvqvvvAvvvJvvv9Jpvvv+vvv%vvv9,C|vvvwvvv#@vvvJvvvtvvv+vvvu|vvvGvvv9RGJGyvvvavvv(G<vvvuGyvvvAvvvGvvv9Q*vvv?
GyvWv9Fvgv?.h*v}vwv#Gyv"vdvQpv,<v"v)|vMvAvzvav?*ovJv}v{pv+v%v9<vgv̂G}Q\v+v9JhG}Svtvrfvzv)
FOQGf,h*oJ}{<g]%9G6LQfz)$+9v{<9SAg}9dCf}OI.

h*vvvv}vvvvwvvvv#Ivvvv}vvvv{Svvvvtvvvvr_vvvv9<vvvvuhGIvvvvOhGSvvvvhGyvvvv}vvvvGvvvv9Rfvvvvzvvvv)GyvvvvGvvvvOQGf<vvvvO:
k

|vvvv#
G}fvv}vvOI.hfvvzvv)ivvQGQFvv}vv+vvhLvv+vv9QGJGyvv=vv"vv)GyvvJvv9|vvzvv?,@vvZvv=vvKhcvv+vvqvv?Gyvvjvvavv9AhGyvv=vv"vv+vv?
|vv]vv}vvv"vv?pvv,fvv"vvZvvQhGIvvO,h*vv}vvwvv#Cf*vvAvvzC

v
vvQ|vvdvv%vvQGyvv}vv=vv"vv)vvvDvv+vvQG

k
<vv9LvvAvv+vv9Q$vvPgGyvvZvv+vvjvv?

G !W9F+?.

G}Q\+9JhG}Str
Ef|vvv#ivvv+vvvQGyvvv}vvvJvvvAvvv}vvv{Cf@vvvwvvv(fCvvv}vvv?fvvv(GQVpvvv,<vvv"vvv)G}Q\vvv+vvv9Jpvvv,Ivvv9yvvv?

GyvvGvvOQGfGyvvJvv9|vvzvv?,<vv{Svv(a@vvwvv(f<vv;_vv9JCQ\vv+vv9J|vvWvv9<vv%vv?yvvAvvzvvxGyvv}vvTvvAvvgvv}vvzvv?pvv,
Gyvv=vv"vv)Gyvv%vv+vvwvvzvv+vv?Gyvv}vv|_vvQIGyvv}vvAvvgvvOOIGyvvavv(G<vvu.h|vvhCfG}Q\vv+vv9JPGJGyvvgvv(GQV@vvJvvt

x
vvu
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iv9yv=v9
k

Gyv}vGv9RGJG !vWv9Fv+v?Gyv}vtvAvQ!v?<vwvDv+vQ|v#|vWv9Q*vhGyvGvOQGfGyvJv9|vzv?<v9SvAvDv"v9AGyv}v=v9!v,
Gyvv}vv"vvRyvv+vv?Gyvv}vv"vvqvvQOI,pvv{!vv%vv9:@vv(p

x
vvQfvvzvv)G}QFvvK|vvAvvavvzvv=vv9JGyvvgvvRdGyvvZvv(@vv,h|vvtvv9h|vv?

GyvJvQ*vu<v+v#GyvjvQapv,Gyv}v=v9!v,Gyv}vAvgvOOIGyvav(G<vu|v#OhfEOLv9d@vgvO*v;J|vzvJv(cv?
pv,@vzvxGyv}vTvAvgv}vzv?pv,CQ\v+v?Gyv}v"vRdPGJGyvgv(GQVGyvWv9Fvgv?.Ef|v9*ovTvAvgv}v{$v(pv,
ivv9yvv>G}Ivv+vv9f<vv;_vv9JLvvQGSvv9!vv?|vvTvvzvvJvv?,h|vv#Gyvv}vvJvvAvv}vv{Cf@vvwvv(f|vv#|vvwvv(x!vv9J
|vvTvv=vvtvv?GyvvZvv"vvh.h@

o
vvMvvAvv9Q<vv"vv+vv?G}Q\vv+vv?fvvzvv)G}QFvvK,<vvJvv+vvE@vvAvv(Gpvvu|vvh<vv"vv+vv?GyvvGvvOGQ.

pv}vhGyvGvOQGfGyv}v=v"v+v?|v#yv=v"v9J,@ovTvAvgv}v{CQ\v+v9J|v#Cyv(GMLvWv=v+v?Chfv(GQV|vh

yvv=vv"vv9J,pvv,Ivv+vv#C!vv&@ovvTvvAvvgvv}vv{pvv,Ivv9yvv?GyvvGvvOQGfGyvv}vvTvv=vvtvv?GyvvZvv>hIvvOGJCQ\vv+vv9J
|vTv=vtv?GyvZv"vh,hpv,Iv9yv?GyvGvOQGfGyvAv,@ovZv>|vJvzv+v9

k
@

o
vTvAvgv}v{CQ\v+v9J@vZv>|vJvzv+v9

k
.

h$vPgLv+v9QGJ:@vAv(Gpvu|vhLv=vQGJ|vAvgvOOIyvzvgv9|vzv+v#pv,Gyv}v(svh,h@vJvt
x
vuGSvAv}vQGQ*v?

f}z+?G !A9L[ygOe@"(wY_=+g?Gy}w(x!9JGy}TAg}z?].

h*v}vwv#Cf@vwv(ffv"v9YvQGyvTvtvrGyv(GSvhGyv}vGv9R|vWv9<v%v?yvAvzvxGyvAv,hQOJpv,
GyvvqvvZvv{GyvvTvv9<vvuC*vv]vv9

k
.h|vvhC!vv&:*vv}vvwvv#@vvJvvtvv+vvu|vvqvvgvv(dGyvvgvvReGyvv}vv(Fvv(Opvv,G _vv9Q

Gyvv=vv9<vv,pvv,GyvvGvvOQGfG !vvWvv9Fvv+vv?,pvv{!vv&*vv}vvwvv#GSvvAvvgvv}vv9dOfvv9Fvv~h$vv+vv9vvv{pvvQGivv+vv?,hIvvzvv(d
|v#|vDv{hIvOGJsv(GsvhG}SvtvrGyv}v"vJv"v+v?Gyv}vTv=vtv?GyvZv>,<v"vGv9M|vhGyvGvOQGf.hpv,
$vvPgGyvv}vv=vv9!vv,Gyvv(Ivv+vvOIGyvvavv9<vvu,yvv+vvU@vv(Gpvvufvv}vvzvv+vvAvv,E!vvAvv9LGyvvGvvOQGfhGyvvTvvtvvr|vv%vv}vv9

k

vvvz$vv}vv+vv?@vv(Gpvvtvv%vv}vv9pvv,Gyvv}vv=vv"vv)Gyvv}vvAvvgvvOOGyvvavv(G<vvu.pvvOhQIGyvvGvvOGQhGyvvTvvtvvr:@vvAvvwvvQQpvv,
Gyvv}vv=vv9!vv,Gyvv(Ivv+vvOIGyvvavv9<vvu.C|vv9pvv,Gyvv}vv=vv9!vv,Gyvv}vvAvvgvvOOIGyvvavv(G<vvu,pvv+vv}vvwvv#@vvJvvtvv+vvu@vvtvvzvv+vv[

GyvvAvvwvvzvvqvv?Fvv+vvOG
k

<vv9:LvvAvv+vv9QGyvvZvvJvv+vvKyvv=vv"vv+vvAvv,GyvvGvvOGQhGyvvTvvtvvr.hIvv+vv"vv8vvP,@ovvZvv=vvK@vvqvv9Yvv+vv{
hYvzv?GyvGvOGQhGyvTvtvrfvzv)OQFv?|v#G}$v}v+v?,:yvAvJvtv+vuG}OGAG !vWv9Fv,pvJvTv>,
<{yAT%+{f}z+?G !A9LC*]9

k
.

GC=9PGCAgOOIGya(G<u

GyGOQGfGy}="+?|#y="9Jp,Gya(G<uGy}AgOOI
|vv#Gyvv}vvQivv(Hpvv+vv&GSvvAvvgvv}vv9dFvvOGQLvv9QFvv,PjpvvGvv(Iyvv;SvvAvvqvv9OI|vv#E|vvwvv9!vv9J

GyvvgvvRdhGyvvJvv}vv9*vv?|vv#Gyvvgvv(G|vv{GyvvGvv(*vv?GyvvAvv,*vvAvvZvvr<vv%vv9,E:C!vv&@vvGvv>Efvv9OIGyvv"vvdvvQ
Ivv+vv"vv8vvPpvv,@vvqvv9Yvv+vv{h|vv(GYvvqvv9JG}OGAG !vvWvv9Fvv,yvvzvv}vv=vv9!vv,Gyvv}vvAvvgvvOOIGyvvavv(G<vvu.h*vvGvv>
GyvvvAvvv(Svvvhpvvv,Efvvv9OIGyvvv"vvvdvvvQ$vvvPgyvvvAvvvWvvvAvvv}vvv{fvvvzvvv)GyvvvGvvvOQGfGyvvvJvvv9|vvvzvvv?GyvvvOGLvvvzvvv+vvv?.pvvv,<vvv"vvv9A
Gyvv}vv"vv9Rd,|vv#ivv+vvQGyvv}vvAvv(s

v
vvhCf@vvwvv(fLvv(GU|vvAvv9!vv?yvv=vv"vv9JG6FvvQhGyvvMvvQSvv9!vv?hGyvvavv+vv"vv?
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$v,Gyvgv(G|v{Gyv}v%v+v}v"v?.<v{EfGyvJv}v9*v?|v#Gyvgv(G|v{GyvGv(*v?hG:SvAvtvQGQGyvWv9|v{,hIvAv)
GyvvgvvRdGyvvZvv(@vv,hGyvvJvvQGQj,$vv,fvvzvv)G}QFvvKfvv(G|vv{G:LvvAvv+vv9QGyvvAvv,@vvJvvwvv~Svv}vv9vvv?
GyvGvOGQhLv+v9QGJyv=v"v9JGyvMvQSv9!v?hG6FvQhGyvav+v"v?.C|v9pv,Gyv}v=v9!v,Gyv}vAvgvOOIGyvav(G<vu,
pv+vGv>Cf@vMv]vhGyvzv=v"v9JEyv)GyvAvZv}v+v~G !vWv9Fv,yvAvJvtv+vu@vtvzv+v[GyvAvwvzvqv?GyvPj*v}vwv#
Cf*"G~f#@tz+[S}9v?GyGOGQ!A+G?yR*9OIvq9A@%9.

hfvv"vvOGyvvAvvZvv}vv+vv~,@vvAvvWvv9QcLvv(GU|vvAvv9!vv?yvv=vv"vv9JG6FvvQhGyvvMvvQSvv9!vv?hGyvvavv+vv"vv?pvv,
@vvJvvO*vvO|vvAvv9!vv?GyvvGvvOGQGyvv}vv=vv"vv,|vv"vv%vv9<vvzSvvQg.yvvPG*vvGvv>Cf*vvAvvGvvzvv)Pyvvxpvv,|vv(GYvvqvv9@vv%vv9
hpvvv,EFvvvQGAGJ|vvvQGsvvv=vvv?GyvvvGvvv(OIpvvv,Gyvvv}vvv(svvvhyvvvwvvv{|vvv#Gyvvv}vvv(GOhGyvvv+vvvOGyvvvgvvv9|vvvzvvv?.h|vvvhCf

Gyvav+v"v?Gyv}vTv=vtv?GyvGv=rv{*v}vwv#Cf@vtvz
x
v[G:LvAv;pv9JGyvAv,@vJvZv{pv,fv}vzv+v9JGyvGv=rv{

pv,Gyv}v(svh,pv{f@v(\v+vhGyvzv=v"v9Jfvzv)pvQVv?_v+v"v?vv9|vzv?h@vZvzv+vO$v9Fv($vQ*v9fyvAvJvtv+vu
|vAv9!v?GyvGvOGQGyvWv9|vzv?.hGSvAvgv}v9dGyvav+v"v?G Sv}v"vAv+v?\vQhQj,E:C!v&*v}vwv#Cf@ovTvAvgv}v{
pvv+vv%vv9!vvTvv=vv?|vvzvvJvv(cvv?|vv#GyvvGvv+vvQ|vv#Ohf@vvOf

u
|vvzvvJvv(Xpvv,|vvAvv9!vvAvv%vv9.pvv+vv}vvwvv#|vvDvv;

k
yvv"pvvT

nvv>

Lvvzvvb|vvhGyvvGvv+vvQ@vvTvv9hj1:1:1Cf@ovv"vvAvvH_vv+vv"vv?|vvAvv9!vvAvv%vv9@vvTvv9hj95%|vv#|vvAvv9!vv?_vv+vv"vv?
G Svvv}vvv"vvvBGyvvvZvvv9pvvv+vvv?GyvvvAvvv,@vvvTvvv9hj!vvvTvvv=vvv?Gyvvv}vvvRLpvvv+vvv%vvv93:1.hpvvv,Ivvv9yvvv?GyvvvGvvvOQGfPGJ

Gyvvzvv=vv"vv9JGyvv}vvZvv}vvv}vv?E!vvWvv9Fvv+vv9
k

,|vv#Gyvv}vv}vvwvv#@vvWvv+vv+vvO<vv"vv)@vvZvv{GQ@vvqvv9fvv9@vv%vv9Eyvv)14_vv9<vvtvv9
k

<vvv9SvvvAvvvgvvv}vvv9dFvvvOGQLvvv9QFvvv,BFvvvQjPjpvvvGvvv(ISvvv}vvv9vvvvAvvv&@vvvTvvv9hj300|vvv~,|vvvhFvvvOQGf

OGLz+?|="+?|#y="9JLQS9!+?S}9vA%9@T9hj175|~.

@vWvAv}v{ChFv&G:SvAvtvQGQfvzv)GSvAvtvQGQfv"v9YvQGyvGvOQGfEpvQGO*v9
k

,hfvzv)G:SvAvtvQGQ
GyvWv9|v{yvzv}v=v"v)pv,|v(GFv%v?CIv}v9dGyvQ*vKhG:!v%v+v9QGyvOhQG!v,.h*vAvJvtvvu$vPGG:SvAvtvQGQ
<vvzvvZvvuyvv=vv"vv9JG6FvvQhGyvvMvvQSvv9!vv?|vvgvv9

k
yvvAvvwvv(*vv#yvv(Ivv9JGyvvGvvOQGf,Cvv~<vv9SvvAvvgvv}vv9d|vvTvv9!vvO

FvvvOGQ*vvv?yvvvzvvvJvvvO|vvv#C_vvv(Gd@vvvzvvvxGyvvvzvvv(Ivvv9J,h@vvvtvvv(*vvv?Gyvvv=vvv"vvv+vvv?<vvvzSvvvQ$vvv9.hIvvv+vvv"vvv8vvvP*vvv}vvvwvvv#
hYvvv;JG}Q\vvv+vvv9JCf@vvvtvvv+xvvvOGyvvvGvvvOQGf,h$vvvPG|vvv9*vvv|C

x
vvvQpvvv,Gyvvvavvv(dGyvvvqvvvgvvv9dyvvvzvvv(Ivvv?

GyvvvGvvvOGQ.hfvvvzvvv)ivvvQGQFvvv}vvv+vvvhGyvvv=vvv"vvv)Gyvvv}vvv=vvv"vvv+vvv?|vvv#yvvv=vvv"vvv9J,|vvv#Gyvvv]vvvQhQj\vvv}vvv9ffvvvOe

hF(OEF%9OGJVOp,Gyg"9YQG !W9F+?.

@vAvgvQvVyv(Iv9JGyvGvOQGfyvzvAvJv"wv>,h@v}vD
x
v{!vJv9pvAv%v9Gyv}vgvQvpv?<v"vTv=v?GQ@vqv9fv%v9Eyv)

Svv}vv9vvvAvv%vv9fvv9|vv;
k

QFvv+vvTvv+vv9
k

pvv,@vvJvvO*vvO|vvtvvOGQGyvvJvv}vv{G}fvvdvv}vv,,GyvvPj*vv}vvwvv#Cf*vvavv=vvvu
fvvzvv+vv%vv9svv=vv{Cf*vvdvv%vvQGyvvAvvJvv"wvv>pvv+vv%vv9.<vv9pvvAvvQGVSvv}vv9vvv?GsvvAvvZvv9O*vv?@vv]vv}vv#|vvAvv9!vv?Gyvvzvv(Ivv?,
pvv{f@vvJvvO*vvO!vvJvv9pvvAvv%vv9*vvTvvAvvOfvv,Gyvv"vvdvvQpvv,C<vvgvv9O$vv9,hLvvZvv(Yvv9

k
pvv,GQ@vvqvv9fvv%vv9.hEPGC|vvwvv#

G}Q\vv+vv?@vvtvv+vv+vvOCSvvqvv{Gyvvzvv(Ivv?,C|vvwvv#GfvvAvv=vv9QG:Q@vvqvv9YGyvvqvvgvv9dyvvzvvGvvOGQCsvv{|vv#GQ@vvqvv9fvv&
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Gyvvqvvgvvzvv,.*ovv]vv9aEyvv)PyvvxCfGyvvAvvOfvv+vv~GyvvPj@vv(p
x
vvQgGyvv}vvTvv9!vvOGyvvGvvOGQ*vv?*vv|C

x
vvQpvv,Gyvvavv(d

Gyvvvqvvvgvvv9d.h:*ovvvgvvvAvvv=vvvQ@vvvJvvvtvvv+vvvu$vvvPGG:SvvvAvvvtvvvQGQ|vvvWvvvwvvvzvvv?vvvv=vvv+vvvQIpvvv,|vvv=vvv9!vvv,GyvvvWvvvtvvvuhivvvQa
Gyvvvqvvv"vvv9ObPGJGQ@vvvqvvv9fvvv9JGyvvvavvv(G<vvvuGyvvv}vvvJvvvOhOIhGyvvvGvvvOQGfGyvvvOGLvvvzvvv+vvv?Gyvvv}vvvAvvvwvvvQQI,E:C!vvv&
*vGv>G:!vAv=v9gEyv)@v(pv+vQ@vtv+v+vOfvQ\v9!v,pv,hYvzv?GyvGvOGQ|vhG}Q\v+v?.Ef$vPgGyvtv+v(O
fvzv)Gyvav(dhG:Q@vqv9YGyvqvgv9yv+v#,hGyvAvtv+v+vOGyvgvQ\v9!v,<v9yv}vTv9!vOGyvGvOGQ*v?hG}Q\v+v9J,
@vtv(xjGyv}v=v"v)|v#!v9Iv+v?|vtv9h|v?G:!v%v+v9QGyvOhQG!v,.h*vGv>Cf@ovJvWvQG}Q\v+v9J\v}v#
GyvvvGvvvOGQPjGyvvvqvvvGvvv(Ivvvv{Cvvv9!vvv,ChCvvv9yvvvE_vvv9<vvvu.yvvvwvvv#|vvvhCf$vvvPG*vvv(R

x
YGyvvvJvvv}vvv{fvvvzvvv)

_vv=vvtvvAvv,GyvvGvvOGQGyvvOGLvvzvv+vv?hGyvvMvv9QFvv+vv?,pvv{!vv&*vv(y
x
vvOFvvTvvQG

k
<vv9QOG

k
,h*vvAvvavvzvv>E!vv%vv9ALvv9QFvv+vv9

k

EPGv9!BGSA}QGQ*?|d%Qy="9JG6FQ|az(<?fz)v9|{hGF%?Gy}=").
hSvvv(a*vvvwvvv(fGyvvv}vvv=vvv"vvv)<vvvzSvvvQgfvvvQ\vvv?}Ivvv}vvv9dGyvvvQ*vvvK.E:CfGyvvv=vvv"vvv+vvv?GyvvvMvvvzvvv(*vvv?

G}Sv9Sv+v?ChGyvGvOQGfGyv}vTvAvgvQ\v?,h|vtv9h|v?hYv;JG}Q\v+v?Gyv}vJvTvv"v?@v]v}v#!vtv{
CIvv}vv9dGyvvQ*vvK|vv#GyvvGvvOQGfGyvvOGLvvzvv+vv?Eyvv)Gyvv=vv"vv+vv?G !vvWvv9Fvv+vv?GyvvWvv9|vvzvv?yvvzvv}vv=vv"vv).h<vv9pvvAvvQGV

!vvTvv=vv?|vvgvvtvv(yvv?yvvgvvQVGyvv}vv=vv"vv)fvv"vvOGyvvtvv9fvvOIEyvv)GQ@vvqvv9fvv&<vvJvv+vvE@vvtvvz
x
vv{|vv#!vvJvv9pvvAvv&,pvv{f

@vtv(*v?<v"v+vAv&@vJvOw|v#G!vJvQGpv&.*ov]v9aEyv)PyvxCfGyv]vjvbGyv}vTv=vuyv7FvQ,<v9yvAvJv}v+v{
|v#Gyvav(G<vuGyvAv,pv(sv&,*vJvOw|v#sv(iGyvWvOGyvAv,@v"vWvzpv,Gyvzv=v"v9J|v#Fv}v+vhGyvav(G<vu
<9SAD"9AGyA,p,G}fz).

h@vvtvvz
x
vv[GyvvqvvAvvJvv9JGyvvAvv,@ovvwvv(vfpvv,GyvvGvvOQGf|vvTvv9Ivv?Gyvv}vv"vv9_vvuGyvv}vv=vv"vv+vv?|vv#yvv=vv"vv9J

G6FvvvQChGyvvvMvvvQSvvv9!vvv?GyvvvAvvv,@vvvQ@vvvwvvvRfvvvzvvv+vvv%vvv9G}Ivvv}vvv9dGyvvvgvvv}vvv(O*vvv?,h@vvvtvvvz
x
vvv[C*vvv]vvv9

k
FvvvTvvv9AI

Gyvzv(Iv9J.hyv%vPGGyvTv=v>svO*vwv(f|v#Gyv]vQhQj@vJvO*vOGyvqvAvJv9J|v#Iv+vE|vtv9Sv9@v%v9
h|v#Iv+vEsvQ<v%v9|v#<vgv]v%v9.hfv"vO|v9@vZv=vKGyvqvAvJv9JC_v(dhCvvDvQsvQ<v9

k
|v#<vgv]v%v9,

@vvA
v
vvMvvPGyvvzvv=vv"vv9JLvv(GUGyvvgvv}vv(O(Ofvv9|vv?)<vvO:

k
|vv#Lvv(GUGyvvGvvOGQ,h|vvhGRO*vv9OfvvQV

GyvvvqvvvAvvvJvvv?@vvv"vvvMvvvqvvv̂|vvvAvvv9!vvv?GyvvvGvvvOGQ<vvvQ|vvvAvvv&.h|vvvhCf@vvvTvvv}vvv+vvvxGyvvvGvvvOGQ|vvv(\vvvgvvv+vvv9
k

*vvv}vvvwvvv#Cf
*vtv(x*v&,hC!v&*v}vwv#@vTvzv+vKGyvzv=v"v9J,ChIvAv)EFv%v9O$v9|vTv=vtv9

k
yvAvGv9hR@vzvxGyvJv9:J,

p{f|#Gy}q]{Cf@oTAg}{<"+?$+wz+?p,GyAZ9|+~GyA,@Aaz>pAJ9Jv=+QI.

GyGOQGfGyMQS9!+?p,Gy}=9!,Gy}AgOOIGya(G<u

*vv}vvwvv#@vvWvv+vv+vvO<vv"vv)PGJFvvOQGfLvvQSvv9!vv+vv?<vv9SvvAvvgvv}vv9dGyvvZvv>Gyvv}vvTvv=vvuChGyvvZvv>
Gyvv}vvJvvzvv,pvv,Gyvv}vv(svvh.h|vvhCf|vv#Gyvv}vv}vvwvv#<vv"vv9AFvvOQGf:@vv"vvWvvzpvv+vv%vv9svv(iVvvOpvv,
GyMQS9!?i+QGy}TzJ?,p{fF}+hGyAZ9|+~@TAg}{LQS9!?|TzJ?.

@vvgvvAvv}vvOGyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?Gyvv}vvZvv=vv(<vv?pvv,Gyvv}vv(svvhpvv,G!vvMvvqvv9V@vvwvvzvvqvvAvv%vv9fvvzvv)
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<vvTvv9_vv?h@vvwvvQGQ*vv?Gyvvtvv(Gyvv>hGyvv}vvTvv9fpvvOGJGyvv}vv|svvAvv?,h@vvAvvJvvt
v
vvu@vvzvvxGyvvAvvwvvQGQ*vv?EPGvvv9!vvB

Cvv}vv?CIvv+vv9RPGJC<vvgvv9O|vvAvvwvvQQIfvv}vv(O*vv9
k

pvv,Fvv}vv+vvh_vv(G<vvuGyvv}vv=vv"vv).*ovv]vv9aEyvv)PyvvxCf
@vvWvvwvv+vvzvv?G}Ivv+vv9RGyvvMvvzvv(*vv?(GyvvGvvOQGfGyvv}vvTvvAvvgvvQ\vv?)*vv}vvwvv#Cf@vv(p

x
vvQpvvQYvv?yvvgvvOepvvx

Gyvtv(Gyv>hGyv}vTv9fpvOGJGyv}v|svAv?<v+v#GyvZv=v9JGyv}vAvAv9yv+v?,hyvQpvgv%v9|vGv}vvgv?|v#_v9<vuEyv)
Gyvvavv9<vvuGyvvPj*vvzvv+vv&.h$vvPG*vvAvvavvzvv><vv"vv)|vvqvvAvv(Ivv?|vv#CIvvOFvv(G!vv=vv%vv9@vvTvv}vvK<vvqvvxhQpvvh
|vvtvv9_vvhvvv=vv+vvQI|vv#Gyvvtvv(Gyvv>hGyvv}vvTvv9fpvvOGJGyvv}vv|svvAvv?.hGyvvZvv+vvjvv?G !vvWvv9Fvv+vv?GyvvAvv,@vv(p

x
vvQ$vvPg

G |vvwvv9!vv9J$vv,Gyvv%vv+vvwvv{GyvvZvv"vvOhsvv,Gyvv}vv=vv+vvv#pvv,GyvvWvvwvv{27.1.h*vvAvvJvvtvvvuGSvvAvvtvvQGQ$vvPG
Gyvv%vv+vvwvv{ERGAGyvvAvvMvvz

w
vvh<vv9yvv(Yvvzvv?<vv+vv#G}Q\vv+vv?h<vv;_vv?GyvvGvvOGQ.h*ovvQjGyvvWvvwvv{GyvvGvvOQGf

Gyvvv}vvvTvvvAvvvgvvvQ\vvv?fvvv=vvvQGyvvv}vvv=vvv"vvv)<vvv9fvvvAvvv=vvv9QCfPyvvvx$vvv(G:@vvvGvvv9gGyvvvavvv=vvv+vvvgvvv,GyvvvPj@vvv"vvv[fvvvzvvv+vvv&
|vv(GYvvqvv9JGyvvgvvRdGyvvZvv(@vv,fvv9yvv+vv?G}OGA,h|vvtvv9h|vv?Gyvv"vv9Qpvv,$vvPgGyvvGvvOQGf.hEPGvvv9!vvB
GyvGvOQGfGyvOGLvzv+v?GyvQFv+vTv+v?@v}vAvOfvzv)_v(dGyv}v=v"v),C|vwv#Gyv"vdvQpv,GSvAvgv}v9dsv(Gyv>
Yv>yv%v9Vvwv{Gyv}vtvavhGyvgvQ\v9!v,yvzv=v"v+v?!vqvTv%v9,Iv+vE@ovZv>GyvMvQSv9!v?pv+v%v9yvAvwv(*v#
FOQGfGya9<u,C~@

o
QphEy)Gy}TA(iG}fz).

h*vvvvGvvvvQjYvvvv>GyvvvvGvvvvOQGfhG}Q\vvvv+vvvv?pvvvv,Gyvvvv}vvvv=vvvv9!vvvv,GyvvvvZvvvv"vvvvOhsvvvv+vvvv?<vvvvgvvvv}vvvvzvvvv+vvvv?hGIvvvvOI
<vv9SvvAvvgvv}vv9dsvv9yvv>*vvTvv}vv)Gyvvtvv9yvv>Gyvv"vvqvvtvv,(tunnel form).@

o
vvZvv>vpvvgvv9Hfvvzvv)<vv;_vv?

G}Q\vv+vv?Gyvv}vvWvvw
v
vvzvv?IvvO*vvDvv9

k
yvv+vvAvv(\vvhGyvvtvv9yvv>fvvzvv)Fvv(G!vv=vv%vv9,h*ovv=vv"vv)Gyvvtvv9yvv>|vv#G}Svvqvv{

<vvvgvvvO@vvvDvvv=vvv+vvvBIvvvZvvv+vvvQIGyvvvAvvvTvvvzvvv+vvvK.h<vvvgvvvO@vvvDvvv=vvv+vvvBGyvvvJvvvZvvv+vvvQI*vvv}vvvwvvv#Yvvv>FvvvOQGfGyvvvavvv9<vvvu

hSvtvqv&.h@vTv9hjSv}v9vv?vv{|v#GyvGvOQGfhG}Q\v+v9J!vJv(150|v~.h*v}vwv#@vWvwv+v{
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GyvvqvvAvvJvv9Jpvv,GyvvGvvOQGfGyvv}vvTvvAvvgvvQ\vv?pvv,CCvv"vv9AGyvvZvv>,h$vvPG*vvAvvQcGyvvGvv(G!vv>G}|vv9|vv+vv?
hGyvvMvvzvvqvv+vv?yvv}vvgvv9yvvGvvAvv%vv9vvv}vv9@vvgvv9yvvHpvv,Cj<vv"vv+vv?$vv+vvwvvzvv+vv?.C|vv9fvvOOGyvvqvvAvvJvv9Jpvv,GyvvGvv(G!vv>
GyvMvzvqv+v?,Ef

r
hoFvOJCYv;

k
,pv%v(Yvjv+vQfv9OI,hIv+v"v8vP*vGv>fvRyv%v9hE!v%v9D$v9<vJv+vE

*"AoHFOGQv9|{Gy(c9Fr.
|v#GyvMv+v9QGJG}LvQiyvzvAvWvwv+v;JGyvMvzv(*v?,Ch@vWvwv+v;JGyvGvOQGfGyv}vTvAvgvQ\v?

GyvAv,@vAvavzv>FvOQG!v9
k

E!vWv9Fv+v?OGLvzv+v?hLv9QFv+v?,Gyvzv(Iv9JGyv}vTv=vtv?GyvZv>.*vJvOwYv>

GyvvvvGvvvvOQGfG !vvvvWvvvv9Fvvvv+vvvv?|vvvvTvvvv=vvvvtvvvv9
k

,<vvvvO:
k

|vvvv#Yvvvv=vvvv%vvvv9|vvvvJvvvvzvvvv+vvvv9
k

,|vvvv#GyvvvvJvvvv9Fvvvv?Eyvvvv)Gyvvvvtvvvv(Gyvvvv>
hGyv}vTv9fpvOGJGyv}v|svAv?pv,Gyv}v(svh,h*v(p

x
vQ|vRG*v9pv,Fv(OIG !v%v9AhOsv?GyvAv"vqv+vP,E:C!v&

*vvvR*vvvO|vvv#@vvvwvvv9yvvv+vvvrGyvvv"vvvtvvv{h*vvvjvvv+xvvvQ|vvv#Svvvzvvv(cGyvvv(Yvvv;J.pvvv9yvvv(Yvvv;J<vvv+vvv#Gyvvvzvvv(Ivvv9J
Gyvv}vvTvv=vvtvv?GyvvZvv>Csvv{|vvtvv9h|vv?yvvtvv(iGyvvAvvMvvz

w
vvh,h$vvPG|vv9*vvGvvgvv{Gyvv}vv=vv"vv)Csvv{|vvtvvOQIfvvzvv)

|vtv9h|v?sv(iGyvQ*vKh*vAvavzv>@vRh*vOg<vgv"v9YvQGSvAvtvQGQpv,|v(GFv%vAv%v9,<v9SvAvgv}v9dGyv"v(i
fvzv)G}QFvK.h@vGvgv{$vPgGyv(Yv;JGyv}v=v"v)C*v]v9

k
CvvDvQfvQ\v?yv;!v%v+v9QGyv}v"vAvWvQiv+vQ

Gyvvvv}vvvvAvvvvGvvvv9!vvvvU(progressive collapse or disproportionate collapse).h$vvvvPG!vvvv(Y|vvvv#
G Lvqv9b@v|Ojpv+v&G RGyv?GyvgnvQn\v+v?yvgv"vZvQ(pv,$vPgGyvJv9yv?yv(Iv?GyvGvOGQ)Eyv)Fvgv{
Gyvv}vv=vv"vv)*vvgvv9!vv,|vv#G!vv%vv+vv9Qivv+vvQ|vvAvv"vv9Svv>|vvhGyvvTvv=vv>.h$vvPG*vvAvvavvzvv>Q<vvbGyvvzvv(Ivv9J|vvgvv9

k

h|hG}Q\+9JhGy(Y;J<j+?|(GF%?CI}9dGy}=")Gya=+g+?hCI}9dGyQ*K.
@

o
vvGvvgvv{|vvtvv9Svv9Jyvv(Ivv9JGyvvGvvOQGfGyvv}vvTvv=vvtvv?GyvvZvv>|vvTvv9h*vv?yvv}vvtvv9Svv9J<vv;_vv9J

G}Q\vv+vv9JGyvv}vvTvv=vvtvv?GyvvZvv"vvh,hR!vv9
k

hIvvGvv}vv9
k

fvv9OI,<vvjvv+vv?@vvJvvtvv+vvuG:SvvAvv}vvQGQ*vv?pvv,fvv}vvzvv+vv?
G !vvAvv9L(Gyvvgvv}vvzvv+vv?!vvqvvTvv%vv9pvv,GyvvJvv9yvvAvv+vv#)hGSvvAvvgvv}vv9dGyvv}vv(GQO<vv}vvQOhOfvv9d.pvv,Gyvv"vvZvvr
GyvDv9!v,|v#GyvtvQfGyvgvWvQ*v#,GSvAovgv}vzvB_vQGFvuGyv=v"v9A@vzvxyvAvWv+v+vOGyvWvtvu<v9:SvAvqv9OI|v#
E|vvwvv9f@vv(pvv+vvQE!vv%vv9AGJLvv9QFvv+vv?<vv9yvvMvvQSvv9!vv?,E\vv9pvv?Eyvv)E!vv%vv9AGJOGLvvzvv+vv?!vv9fvv}vv?<vvtvvOQ
vvv9ayvvGvvgvvzvv%vv9Fvv9$vvRIyvvzvvO*vvwvv(Q.hpvv,@vvzvvxGyvvJvvtvv=vv?,GyvvAvv,vvv9!vvBpvv+vv%vv9|vvAvvavvzvv=vv9JGyvvgvvRd
GyvvvJvvvQGQjCYvvvjvvvQ*vvv?,hp

v
vvvQJGyvvvMvvvQSvvv9!vvv?fvvvR:

k
Yvvv(@vvv+vvv9

k
h|vvvtvvv9h|vvv?yvvvzvvv"vvv9QFvvv+vvvO*vvv#,hC|vvvwvvv#

E!vAv9Fv%v9<vJv+vEvv9!vB|v"v+vgv?fvzv)Gyvgv(G|v{GyvGv(*v?.hvv9ffvzv)Gyv(Yv;JGyvMv9QFv+v?<v+v#
Gyvvzvv(Ivv9JIvv+vv"vv8vvPCf@vvwvv(fvvvAvv+vv}vv?yvvzvv}vv9AhGyvvQ*vvK|vv#CFvv{@vvwvv(*vv#FvvOGQ|vvJvvwvv~GyvvTvvO
@vGv9gGyvgv(G|v{GyvGv(*v?.E:C!v&|v#iv+vQGyv}vQFvvKCf*vwv(f$vPGGyvJv{sv9<v;
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E!vvAvv9LhIvvOGJ<vv{!vv%vv9ALvv9QFvv,,hhYvv;J|vvtvv9h|vv?yvvzvvgvv(G|vv{GyvvGvv(*vv?|vvqvvZvvvzvv?yvvGvvgvv{
Gyvv}vv=vv"vv)vvvAvv+vv}vv9

k
yvvzvv}vv9AhGyvv%vv(GA,E:C!vv&svvO*vvwvv(f|vv#G}pvv]vv{E\vv9pvv?hGFvv%vv?Eyvv)GyvvjvvQa

Gyv}vTv=vtv?GyvZv"vhyvAvJvtv+vu|vdv%vQ|vWv9<v&yvzv}vdv%vQGyvPj@vgvav+v&Ivzv(dG vvTv9AGJGyvMv9QFv+v?
G}LQiGy(GQOIp,GyqZ{29,E:Cf$PG*R*O|#|OIGyg}{p,Gy}(sh.

GC=9PGyZ"9f+?Gy(I+OIGya9<u
*vvGvv>Cf@vvwvv(fFvvOQGfGyvv}vv=vv9!vv,GyvvZvv"vv9fvv+vv?fvv9yvv+vv?h_vv(*vvzvv?,h|vv#Ohf@vvOfvv+vv~

fvvvQ\vvv9!vvv,Ch@vvvtvvv(*vvv?<vvv9yvvvGvvvOQGfGyvvvOGLvvvzvvv+vvv?ChG}Q\vvv+vvv9J.h$vvvPG*vvvGvvvgvvv{|vvv#@vvvJvvv"wvvv>
GyvvvGvvvOQGfhfvvvOeGSvvvAvvvtvvvQGQ$vvv9pvvv,|vvv(GFvvv%vvv?GyvvvQ*vvvK|vvvWvvvwvvvzvvvAvvv+vvv#QFvvv+vvvTvvv+vvvAvvv+vvv#pvvv,Gyvvv}vvv=vvv9!vvv,
GyvZv"v9fv+v?Gyv}vqvAv(Iv?.yvPG*vGv>@v(pv+vQ@vtv+v+vOfvQ\v9!v,fv"vOCfvzv)GyvGvOGQ<v(GSvav?<v"v+v?
GyvvvTvvvtvvvrGyvvvAvvv,EPGvvvv9!vvvB|vvvQ<vvvvavvv?Fvvv+vvvOG

k
Ivvv}vvvBGyvvvGvvvOGQ|vvv#G:!vvvtvvv;H.h@vvvAvvvavvvz

v
vvv>

G:|vAvOGOGJGyvav(*vzv?iv+vQGyv}v"vtvavgv?yv%vPgGyvGvOQGfhFv(Opv(GYv{IvQvv?(movement

joint):SvvvAvvv+vvvgvvv9HG:!vvvJvvvQGpvvv9JGyvvv}vvvAvvvzYvvvzvvv?GyvvvAvvv,@vvvJvvvZvvv{<vvvTvvv=vvv>@vvvjvvv+wvvvQGJGyvvvQ_vvv(<vvv?
hGyvvJvvQGQI.hsvvOFvvQi@vvavv(*vvQIvvzvv(dyvvzvvGvvOQGfGyvv}vv=vv"vv+vv?|vv#yvv=vv"vv9JBFvvQChLvvQSvv9!vv?,
Ch|#LQS9!?|Tz

v
J?.

hpvvv,Ivvv9yvvv?GyvvvGvvvOQGfGyvvv}vvv=vvv"vvv+vvv?|vvv#yvvv=vvv"vvv9JBFvvvQChLvvvQSvvv9!vvv?,Ivvv+vvvE|vvv#ivvv+vvvQ
Gyvvv}vvv}vvvwvvv#|vvvtvvv9h|vvv?svvv(iGyvvvWvvvO,@vvvGvvv>R*vvv9OISvvv}vvv9vvvv?GyvvvGvvvOGQ<vvvjvvv+vvv?R*vvv9OI|vvvtvvv9h|vvv?
GyvAvJv"wv>hGyvJvO|v#|vqv9fv+v{GyvAvtv(wSGyv"v9Fv}v?fv#sv(iGyvQ*vKGyv}vav=vvtv?fvzv)GyvGvOGQ.
h*vAvJvtvvuPyvxfv9OI<v(GSvav?|vTv9!vOFvOGQ*v?@v(\vh<vqv(GYv{|v"vAvdv}v?.h*v}vwv#GfvAv}v9O
$vvPGGyvv"vv%vvHyvvzvvGvvOQGfGyvvZvv"vv9fvv+vv?,E:CfGyvv}vvTvv9!vvO@vvZvv=vvKCvvvDvvQ|vv#|vvGvvQO@vvTvv}vv+vvx
yvvvzvvvGvvvOGQ,hsvvvO*vvvZvvv{fvvvQVGyvvv(GIvvvO|vvv"vvv%vvv9Eyvvv)|vvv9<vvv+vvv#1h2|vvvAvvvQ*vvv#,|vvvAvvvvMvvvPI
CVvvvwvvv9dGyvvvRfvvv9!vvvr.hsvvvOCOiPyvvvxEyvvv)|vvv9*ovvvgvvvQa<vvv9yvvvGvvvOGQGyvvvRfvvv"vvvqvvv,(fin wall).

h*oQjGyWw{27.5$PGGy"%H.
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@

o
v=v"v)GyvRfv9!vrfvzv)GyvGv9!v>GyvMv9QFv,|v#Gyv}v=v"v)fv9OI<v(Yvqv%v9FvRAG

k
|v#Gyvav=vtv?

GyvvvMvvv9QFvvv+vvv?yvvvzvvvGvvvOGQPjGyvvvqvvvGvvv(I,h@
o
vvvTvvvAvvvgvvv}vvv{pvvv+vvv%vvv9Gyvvv(Yvvv;JhGyvvvgvvv(GRdGyvvv}vvvgvvv+vvv9Q*vvv?

Gyvvv}vvvgvvvAvvv}nvvvOI.hpvvv,Ivvv+vvv#C!vvv&*vvv}vvvwvvv#@vvvwvvv(*vvv#pvvvAvvvJvvv9JYvvvjvvv+vvvQIpvvv,GyvvvGvvvOGQPjGyvvvqvvvGvvv(I
<vv9yvvavvQ*vvtvv?Gyvv}vvgvv+vv9Q*vv?Gyvv}vvgvvAvv9OI,pvv{!vv&*vv}vvwvv#@vvwvv(*vv#GyvvqvvAvvJvv9JGyvvwvv=vv+vvQIGyvvAvv,@vvJvvAvv9LEyvv+vv%vv9
Gyvvv}vvv=vvv9!vvv,GyvvvZvvv"vvv9fvvv+vvv?ivvv9yvvv=vvv9

k
<vvv{RGyvvv?|vvvtvvvavvvhvvvv9|vvv{|vvv#GyvvvGvvvOGQ<vvv+vvv#Rfvvv"vvvqvvvAvvv+vvv#.hEPG|vvvD

v
vvvzvvvB

GyvvvRfvvv"vvvqvvvAvvv9ffvvv]vvv9O@vvv,GyvvvqvvvAvvvJvvv?,hFvvv>Cf@vvvwvvv(!vvv9Svvv}vvv+vvvwvvv+vvv#yvvvAvvvtvvv(*vvv?Ivvv9pvvv?GyvvvGvvvOGQfvvv"vvvO
GyqAJ?.

h@vvvAvvvavvv9<vvvuGyvvvAvvv=vvv9fvvvOGJ<vvv+vvv#GyvvvRfvvv9!vvvrfvvv9OI|vvvhGyvvvAvvv=vvv9fvvvOGJ<vvv+vvv#fvvv"vvv9YvvvQGyvvvTvvvtvvvr
G !vvWvv9Fvv+vv?GyvvAvv,@vvQ@vvwvvRfvvzvv+vv%vv9(hSvv9FvvOIvvGvvQ*vv?).hCvv}vv?Ivv9Fvv?C*vv]vv9

k
Eyvv)hYvv;JQ<vvb

yvv"vvtvv{GyvvJvv}vv{h@vvJvvtvv+vvu|vvtvv9h|vv?fvvQ\vv9!vv+vv?.h*vvGvv>Cf@vvAvv]vv}vv#$vvPgGyvv(Yvv;Jfvv9Q\vv?
Ivzvtv+v?|v#GyvMvQSv9!v?Gyv}vTvzvJv?.h*vGv>Cf@vAvav9<vu|v(G\vhpv(GYv{GyvJvQvv?|vh|v(G\vh
GyRf9!rhpt9

k
yz}=+v#p,GyWw{27.5.

C|vvv9<vvvO*vvv{GyvvvGvvvOGQGyvvvRfvvv"vvvqvvv,pvvv%vvv(FvvvOGQGyvvvJvvv9FvvvR(diaphragm wall)Gyvvv}vvv=vvv+vvvv#pvvv,
GyvvWvvwvv{27.6.@vvR*vvO$vvPgGyvvZvv+vvjvv?|vv#Svv}vv9vvv?GyvvGvvOGQ<vvTvv=vv>R*vv9OIfvvQVGyvvqvvGvv(Ipvv+vv&.
h@vQ<vb<v+v#_v=vtvAv+v&GyvOGLvzv+v?hGyvMv9QFv+v?\vzv(Y|v#yv=v"v9JGyvMvQSv9!v?ChG6FvQyvAvJvtv+vu

602



|vvqvvgvv(dE!vvWvv9Fvv,|vvAvvwvv9|vv{pvv,|vv(GFvv%vv?GyvvAvvJvv"wvv>hsvv(iGyvvQ*vvK.h@vvgvvAvv}vvO|vvtvv9Svv9JGyvvGvvOGQ

fvvzvv)|vvtvv9SG6FvvQIGyvv"vvTvv9Fvvtvv,GyvvPj!vv9svvWvv"vv9gpvv,GyvvqvvZvv{19.h@vvZvv=vvKIvv+vv"vv8vvPSvv}vv9vvv?
GyvvGvvOGQGyvvwvvzvv+vv?<vv+vv#1,5h2,5|vv#_vv(dG6FvvQIGyvv"vvdvv9|vv,(!vvJvv(550|vv~).hsvvO@vvwvv(f
Cv}v?Iv9Fv?Eyv)FvOQGfCSv}vx@v=vgv9

k
:Q@vqv9YGyvGvOGQ.C|v9GyvAv=v9fvOGJpv,|v9<v+v#Gyv]vzv(Y

pvv+vvGvv>Cf@vvwvv(f|vvAvv"vv9Svvtvv?|vvh_vv(dG6FvvQIGyvv"vvdvv9|vv,,h@vvTvv9hjfvv9OI4,5Ch5,5|vvQI

|vv"vv&,hPyvvxvvv,@vvAvv(\vvvhBFvvQGJvvv9|vvzvv?<vv+vv#QDhSQ<vvbGyvv]vvzvv(Y<vv9yvvavv=vvtvvAvv+vv#GyvvOGLvvzvv+vv?
hGyvvvMvvv9QFvvv+vvv?.h*ovvvQjGyvvvWvvvwvvv{27.6@vvvQ@vvv+vvv=vvv9JGyvvvQ<vvvbpvvv,Ivvv9yvvv?yvvv=vvv"vvv9JGyvvvMvvvQSvvv9!vvv?C*vvv]vvv9

k
.

hIvv+vv"vv8vvP*vvGvv>@vv"vvTvv+vvuGyvvqvvAvvJvv9Jhpvv(GYvv{GyvvJvvQvvv?<vv+vv#Gyvv]vvzvv(Y.h*vvJvvAvv9L$vvPGGyvvGvvOGQ
Eyvv)fvv9Q\vv?Ivvzvvtvv+vv?|vv#GyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?@ovvDvv=vvvBpvv,Cfvvzvv)GyvvGvvOGQyvvAvv(pvv+vvQ|vvQ@vvw

n
vvRG
k

h@t++OG
k

fQ\9!+9
k

y="+?GyTtrGyA,p(s&.

hEPG<ovvv"vvv,GyvvvGvvvOGQ|vvv#GyvvvMvvvQSvvv9!vvv?Gyvvv}vvvTvvvzvvvJvvv?,pvvv;Ivvv9Fvvv?Eyvvv)Cf@vvvwvvv(fSvvv}vvv9vvvvAvvv&
vvvTvv}vv9vvvAvv&Ivv+vv#<vv"vv9Fvv&|vv#yvv=vv"vv9JBFvvQChLvvQSvv9!vv?,}fGyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?@vvtvv9hesvv(i
GyvvWvvO.hyvvPG*vv}vvwvv#GSvvAvvgvv}vv9dFvvOQGfE!vvWvv9Fvv+vv?Qsvv+vvtvv?!vvTvv=vv+vv9

k
<vvTvv}vv9vvv?@vvTvv9hj!vvJvv(150vvvv
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200|vv~VvvQ*vvavv?Cf*vv(p
x
vvQGyvvTvvtvvrhG}Q\vv+vv?|vvtvv9h|vv?fvvQ\vv9!vv+vv?yvv;!vvtvv;Hpvv,G}fvvzvv),

hyv;!vR:bpv,G}Svqv{.h*ov(p
x
vQGyvGvOGQG !vWv9Fv,|vtv9h|v?Fv+vOI:!vAvWv9QGyv"v9QhGyvZv(J,

hIvAv)<vgv̂GyvJv}v9*v?|v#Gyvgv(G|v{GyvGv(*v?,E:C!v&*vJvAv9LEyv)E!v%v9AGJ@v]v}v#Iv}v9*v?
vv9|vzv?|v#Gyvgv(G|v{GyvGv(*v?.h@

o
v]v9aEyv)Pyvx|vAvavzv=v9JGyvgvRdGyvJvQGQjhGyv}vdv%vQGyvAv,

*vvGvv>@vvJvvtvv+vvtvv%vv9<vv9SvvAvvgvv}vv9d|vvwvv(x!vv9Jh|vv(GOCLvvQiyvvAvvwvv(*vv#FvvOGQ*vv|Ojhcvv9Fvvqvv&fvvzvv)
Cv}{hF&.

hpvvv,Ivvv9yvvv?Yvvv>GyvvvGvvvOGQ|vvvJvvvzvvv+vvv9
k

,Cvvv}vvv?Ivvv9Fvvv?Eyvvv)|vvvtvvvOGQvvvv=vvv+vvvQ|vvv#Gyvvvtvvv(Gyvvv>
hGyvv}vvTvv9fpvvOGJGyvv}vv|svvAvv?.hEPGvvv9f|vv#Gyvv]vvQhQjYvv>GyvvGvvOGQ<vv9Q@vvqvv9fvv&Gyvvwvv9|vv{Opvvgvv?
hGIvOI,hFv>G:$vAv}v9e<v}v(GYvqv9JGyvMvQSv9!v?|v#Iv+vEsv9<vzv+v?pvQVv%v9hQYv%v9hQFxv%v9
vv,@vAvjvzvjv{Fv+vOG

k
pv,GyvqvGv(GJGyv]v+vtv?.hEPGGSvA

o
vgv}vzvBLvQSv9!v?|vTv=vtv?GyvZv>,C|vwv#

|vvvvAvvvvavvvvzvvvv=vvvv9JpGyvvvv"vvvvtvvvv{Cf@vvvvJvvvvOv|vvvv#fvvvvQVGyvvvvzvvvv(Ivvvv9J,}!vvvv&*vvvvGvvvv>Yvvvv>GyvvvvGvvvvOGQfvvvvzvvvv)
Vvvwvv{hIvvOGJvvv9|vvzvv?yvvAvvJvvtvv+vvuGyvvAvvJvv}wvv{G !vvWvv9Fvv,GyvvPj|vv#GyvvZvvgvv>@vvJvvtvv+vvtvv&<vv(Yvv;J
Cpvtv+v?<v+v#yv(Iv9JFvRFv+v?.hEIvOiGyv}v"vdv(|v9JGyvAv,@vAvGv9hRYvgv(<v9JGyv"vtv{@vzvx$v,
fvv}vvzvv+vv?@ovvgvvQna<vvgvv}vvzvv+vv?G Vvv9OI<vv9yvvAvvGvvzvv+vvUGyvvgvv9|vv(Oj(tilt up construction)Gyvv}vv=vv+vvv"vv?pvv,
GyWw{27.7.
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@

o
vvZvv>yvv(Ivv9Jvvv=vv+vvQI|vvTvvAvvzvvtvv+vv?

k
fvvzvv)<vv;_vv?E!vvWvv9Fvv+vv?<vvGvv(GQGyvv}vv(G\vvhGyvvAvv,Svv(a

@

o
v=v"v)pv+v%v9.h@v}vD

x
v{Gyv=v;_v?sv9yv>hFv&Gyvzv(Iv?,hCv}v?sv9yv>BLvQyvAvwv(*v#CVvwv9dIv(Ga

Gyvvvvzvvvv(Ivvvv?.h*vvvv}vvvvwvvvv#EFvvvvQGAGyvvvvZvvvv>|vvvvhGyvvvvgvvvv9RdGyvvvvJvvvvQGQjhG !vvvv%vvvv9AGJ.h*vvvv}vvvvwvvvv#Yvvvv>

Gyvzv(Iv9JhGIvOI@vzv(CLvQih@vwvO*vTv%v9<vgv]v9
k

pv(b<vgv̂,Iv+vE@vZv=vKGyvTvqvzv)sv9yv=v9
k

yvvzvvAvv,pvv(svv%vv9.h*vv}vvwvv#C*vv]vv9
k

Yvv=vv%vv9<vv(Yvvqvv%vv9FvvOQG!vv9
k

|vvTvvAvv}vvQICvv~@vvtvva
v
vvhEyvv)yvv(Ivv9Jpvv,

hsvvB|vv=vvwvvQsvv=vv{@vvZvvz
w
vvO$vv9@vv}vv9|vv9

k
.h*vvGvv>@vv]vv}vv+vv#GyvvZvv=vv?!vvtvv9W@vvgvvzvv+vvuyvvQpvvhGyvvzvv(Ivv9J.

hIvv+vv"vv8vvP:@vvJvvAvv9LGyvvzvv(Ivv9JGyvv}vvZvv=vv(<vv?E:Eyvv)@vvGvvzvv+vvTvv%vv9yvvAvvzLvvPh\vvgvv+vv?fvv}vv(O*vv?,Cvv~
ERGIvvAvv%vv9<vv]vvgvv?C|vvAvv9QyvvAvv(\vv+vvgvv%vv9fvvzvv)G}Svv9Svv9J.h<vvjvv+vv?\vv}vv9fGyvvAvvDvv=vv+vvBhGyvvAvvtvv+vv+vvO|vvh
svv9fvvOIGyvvGvvOGQ,@

o
vvTvvAvvgvv}vv{IvvWvv(IVvvQ*vvavv+vv?fvv"vvOIvv9pvv?Gyvv=vv;_vv?yvvzvvQ<vvb|vvhGyvvGvvOGQ,Ch

*v}vwv#Lvqv̂Gyvzv(Iv?yvAv"vRdpv,CLvOhOpv,Iv9pv?Gyv=v;_v?,Chpv,|vtv9<v{|vDv=xvB|vgvO!v,
|vvGvv%vvvRyvv%vvPGGyvvjvvQV.Cvv~@

o
vv]vv=vvbGyvv(Yvvzvv?Gyvvgvv}vv(O*vv?<vv+vv#Gyvvzvv(IvvAvv+vv#Gyvv}vvAvvGvv9hQ@vv+vv#\vv}vv#

IvvvOhO@vvvTvvv9|vvvJvvv9@vvv%vvv9svvv=vvv{GyvvvAvvvDvvv=vvv+vvvBGyvvv"vvv%vvv9Fvvv,,h*vvvGvvvQj@vvvTvvv"vvv+vvvOGyvvvzvvv(Ivvv9Jpvvv,h\vvvgvvv+vvvAvvv%vvv9
Gyvgv}v(O*v?IvAv)GvvAv}v9d@vWv+v+vO<v"v+v?GyvTvtvrGyvAv,@vAv]v}v#fv9OIvv{C!v(GYGyvAvQ<v+vb,h|v"v%v9
GyvAvOfv+v~GyvgvQ\v9!v,GyvOGFv~yvzv(Iv9J.yvAv(pv+vQ$vPGGyvAvOfv+v~,@ovDv=vvB<v"v+v?GyvTvtvrfv9OI|vh
hFvv&Gyvvzvv(Ivv?GyvvAvv,@vv}vvAvvOEyvv)|vv9pvv(b|vvTvvAvv(iGyvvTvvtvvr|vvwvv(x!vv?Ivv9FvvRG

k
.h@vvDvv=vvvB!vv%vv9*vv9J

GyvvGvvTvv(Q<vv=vvQGZ
m

|vvhGyvvzvv(Ivv9Jh|vvhRGhG*vv9GQ@vvwvv9R|vvTvvAvv}vvQI@vvZvv{<vv+vv#Fvv}vv+vvhGyvvzvv(Ivv9J
@JB|TA(iG}h@9QGyTqz+?|#GyGT(QGyW=w+?.

@v|OjGyv(@v+vQIGyvTvQ*vgv?yvgv}vzv+v?E!vAv9L$vPgGyv}v"vdv(|v?Eyv)@vWv+v+vOGyvzv(Iv9Jh@vDv=v+vAv%v9
svv=vv{G!vvAvv%vv9AIvvOhKFvv}vv+vvhG:!vvwvv}vv9Vvv9JGyvv"vv9Fvv}vv?fvv#Fvvqvv9aGyvvMvvQSvv9!vv?.hpvv,Ivv+vv#Cf
@vvvTvvvzvvv+vvvKGyvvvMvvvQSvvv9!vvv?\vvv}vvv#Gyvvvzvvv(Ivvv?|vvvZvvv}vvvv~yvvv}vvvtvvv9h|vvv?svvv(iGyvvvWvvvOGyvvvAvvv,@vvvJvvvQx\vvv%vvv9@vvvzvvvx
G:!vvwvv}vv9Vvv9Jpvv,Gyvvzvv(Ivv9JGyvvwvv=vv+vvQI,pvv{!vv&*vvGvv>@vvZvv}vv+vv~hYvv;Jh|vvDvv=

x
vvAvv9J<vvJvv+vvE

@}A[FRAG
k

|#@zxG:!w}9V9JGy}=wQIC*]9
k
.

GyM;Y?

1.*vvv}vvvwvvv#GSvvvAvvvgvvv}vvv9d<vvv"vvv)GyvvvGvvvOQGfGyvvvJvvv9|vvvzvvv?pvvv,vvvvDvvv+vvvQ|vvv#Gyvvv}vvv=vvv9!vvv,,hsvvvOFvvvQi

@a(*Q$9yz}=9!,GyZ"9f+?Gy(I+OIGya9<uhGy}AgOOIGya(G<u.

2.fvvvv"vvvvO|vvvv9*vvvvwvvvv(ffvvvvOOGyvvvvavvvv(G<vvvvu|vvvvJvvvvOhOG
k

,*vvvv}vvvvwvvvv#Cf@vvvvzLvvvvPGyvvvvGvvvvOQGfCIvvvv}vvvv9d
G}Q\vv+vv9JhG}SvvtvvrPGJGyvv}vvGvv9RGJGyvvAvvGvv9Q*vv?Gyvvgvv9O*vv?,E:C!vv&:*vv}vvwvv#@vvjvv+vv+vvQ
@zxGy}G9RGJp,CC"9AI+9IGy}=").
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3.*vv}vvwvv#GSvvAvvgvv}vv9d<vv"vv)GyvvGvvOQGfGyvvJvv9|vvzvv?pvv,Gyvv}vv=vv9!vv,Gyvv}vvAvvgvvOOIGyvvavv(G<vvuPGJ

GyvvAvvWvvwvv+vv;JGyvvOGLvvzvv+vv?GyvvAvv,@vvAvv]vv}vv#|vvGvv9RGJ|vvJvvOhOIh@vvQ@vv+vv=vv9JLvvzvv(*vv?ChFvvOQG!vv9
k

|TAgQ\?yzGOQGfGyM9QF+?hGyOGLz+?.
4.*vvGvv>Cf@vvAvv(Gpvvu_vvQ*vvtvv?@vvWvv+vv+vvOG}Q\vv+vv9J|vvh_vvQ*vvtvv?@vvWvv+vv+vvOGyvvGvvOQGf<vvjvv+vv?
@vv(Ivv+vvOfvv}vvzvv+vv?G !vvAvv9L.hpvv,Ivv+vv#C!vv&*vv}vvwvv#GSvvAvvgvv}vv9dCQ\vv+vv9JhFvvOQGf@

o
vvZvv>

|vvJvvzvv+vv9
k

,pvv{fCQ\vv+vv9JGyvvMvvQSvv9!vv?Gyvv}vvTvv=vvtvv?GyvvZvv>@vvAvv(Gpvvu|vvhvvv{|vv#GyvvGvvOQGf
Gyvv}vvTvv=vvtvv?GyvvZvv>h@vvzvvxGyvvAvv,@ovv=vv"vv)|vv#yvv=vv"vv9J.hyvvzvvTvv=vv>fvv+vv"vv&@ovvTvvAvvgvv}vv{G}Q\vv+vv9J
GyMW=+?|hFOQGfLW=+?.
5.*vv}vvwvv#@vvJvvtvv+vvuG:SvvAvvtvvQGQGyvvWvv9|vv{pvv,GyvvAvvQ@vv+vv=vv9JGyvvMvvzvv(*vv?h@vvWvvwvv+vv;JGyvvGvvOQGf
Gyvv}vvTvvAvvgvvQ\vv?<vv(Yvv;J|vv;Fvv}vv?<vv+vv#G}Q\vv+vv9JhGyvvGvvOQGf,h*vv}vvwvv#C*vv]vv9

k
GSvvAvvgvv}vv9d

Gyvvv"vvv(iGyvvv}vvvWvvv9<vvv%vvv?yvvvzvvv}vvv=vvv9!vvv,Gyvvv%vvv+vvvwvvvzvvv+vvv?yvvvAvvvJvvvtvvv+vvvuPyvvvx.h@vvvAvvvZvvvrGyvvv=vvv"vvv)Gyvvv"vvvTvvv9Fvvvtvvv+vvv?
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fvvzvv)Cf@vv(\vvhIvvZvv+vvQI@vvTvvzvv+vvKpvv,G}Svvqvv{yvv}vvtvv9h|vv?EFvv%vv9OGJGyvvAvvtvv(wS.h*vv}vvw

x
vv#$vvPG

GyvvvAvvvTvvvzvvv+vvvKC*vvv]vvv9
k

|vvv#@vvvwvvv(*vvv#hSvvv9FvvvO|vvvTvvvAvvvavvv+vvvzvvv?EPGvvvv9!vvvBCvvvvDvvvQ|vvv;A|vvv?yvvvAvvv(\vvvgvvv9J
G}S9S9J.
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h|vvvhGRO*vvv9OGyvvv}vvvTvvv9Ivvv?GyvvvAvvv,*vvvGvvv>Cf@vvvwvvv(f@vvvJvvvBG}Svvv9Svvv9J,|vvv#Gyvvv}vvvqvvv]vvvv{
h\vvhYvvr|vv#G}fvv}vvOIfvvzvv)svv9fvvOI|vvWvvAvvQvvv?@vv}vvD

x
vv{CSvv9Svv9

k
|vvTvvAvv}vvQG

k
hpvvuGyvv}vv=vv+vvv#pvv,

GyvvWvvwvv{28.1.h|vvhCf$vvPgGyvvtvv9fvvOI@vv=vvOhvvv9}Svv9SGyvvWvvQ*vvavv,,pvv{fGyvvAvvJvv}vv+vv{Gyvv"vvtvvavv,
*vvgvv"vv,C!vv%vv9Svv(a@vvAvvtvv(vSfvvzvv)_vv(yvv%vv9hfvvzvv)fvvQ\vv%vv9.h|vvqvvgvv(dGyvvgvv9Q\vv?$vvPG*vvAvvavvzvv>
@vvvTvvvzvvvJvvv+vvv9*vvvtvvv9heEFvvv%vvv9OGyvvvAvvvtvvv(wS,hyvvvPG@vvv(\vvvhsvvv]vvv=vvv9fGyvvvAvvvTvvvzvvv+vvvKGyvvvQFvvv+vvvTvvv+vvv?fvvvzvvv)_vvv(d
Gyt9fOIhfQ\%9.h$PG|=+#p,GyWw{28.1C*]9

k
.

hfv"vO|v9@vwv(fCv}v?Iv9Fv?Eyv)Cfv}vOI|vJv+vav+v?<vGv(GQC|v9vv#|vtv+vvOI,svO:*vwv(f
|vvv#Gyvvv}vvv}vvvwvvv#h\vvvhGyvvvgvvv}vvv(Opvvv(b|vvvQvvvvRG}Svvv9Svvv9J|vvv#OhfGyvvvAvvvgvvvOjfvvvzvvv)Gyvvv}vvv=vvv"vvv)
Gyv}vGv9hQChGyvMvQhLfv#GyvJvOhOGyv}vTv}v(M<v%v9.pv,$vPgGyvJv9yv?|v#Gyv}v}vwv#@vGv}v+vh
G}Ivvv}vvv9d|vvv#G}fvvv}vvvOIG}LvvvQi.*ovvvQjGyvvvWvvvwvvv{28.2Cvvv;K@vvvWvvvwvvv+vvv;J|vvvMvvvAvvvzvvvqvvv?yvvv%vvvPG
Gyvv"vv(Y|vv#G}Svv9Svv9J:Gyvvtvv9fvvOIGyvv}vvWvvAvvQnvvv?,hCSvv9SGyvvgvv9Q\vv?Gyvv=vv9QRIhsvv9fvvOIGyvv}vv+vvRGf.
h|vhCfGyvtv9fvOIGyv}vWvAvQnvv?@v}vD

x
v{C<vTvb$vPgGyvAvWvwv+v;J,pv{!v%v9@vJvAv9LEyv)|vOGyvtv9fvOI

svzv+v;
k

Eyv)|v9<vgvOGyvgv}v(O<v9@vGv9g|v"vavtv?GyvAvtv+v+vO.pv]vQhQIFvgv{|vQvvRGyvJv}v{pv,|vQvvR
|vv"vvavvtvv?G}Svv9S@vvAvvavvzvv>G:|vvAvvOGOEyvv)|vv9<vvgvvOGyvvgvv}vv(OG}vvvDvvQ@vvJvv}vv+vv;

k
.h$vvPG|vv=vv+vvv#pvv,

GyvvWvvwvv{28.2GyvvPj*ovvQjC*vv]vv9
k

<vvO*vv;
k

fvvzvv)Vvvwvv{Vvv=vv&|vv"vvJvvQayvv5<vvtvv9Afvvzvv)Gyvvtvv9fvvOI
\vv}vv#GyvvJvvOhO.h*vv}vvw

x
vv#CSvv9SGyvvgvv9Q\vv?Gyvv"vv9@vv8vv?|vv#<vv"vv9AGyvvgvv}vv(Ofvvzvv)IvvOhOGyvv}vv=vv"vv)

611



Gyvv}vvGvv9hQ|vv=vv9VvvQI|vvh<vvtvv9AGyvv(Svv9FvvO\vv}vv#IvvOhOGyvv}vv=vv"vv)GyvvPj@vvMvvZvv&.E:CfGyvvgvv}vvu
Gyv}vWvAvQcyvzvgv9Q\v?Gyv"v9@v8v?hGyvtv9fvOI*v}vwv#Cf*vGvgv{|vTvAv(isvgvQG}Sv9Sfv}v+vtv9

k
!vTv=v+v9

k
.

C|vv9svv9fvvOIGyvv}vv+vvRGfpvvAvv}vvw
x
vv#|vv#h\vvhGyvvgvv}vv(OsvvQ*vv=vv9

k
FvvOG

k
|vv#Gyvv}vvwvv9fGyvv}vvtvv+vvvO|vv#Ohf

fv}vuE\v9pv,yv~Sv9S,E:C!v%v9:@vJvt
x
vuGyv}vRG*v9Gyvwv9|vzv?GyvAv,*vJvt

x
vtv%v9CSv9SGyvgv9Q\v?

Gy"9@8?.

hpvv,Ivv+vv#Cf|vv#Gyvv}vv}vvwvv#Esvv9|vv?CSvv9Svv9J\vvJvvzvv?|vv#OhfGyvvJvv9Fvv?Eyvv)@vvOfvv+vv~
GyvvvJvvvqvvvQ*vvv9Jpvvv,|vvvgvvvdvvv~C!vvv(GYGyvvvAvvvQ<vvv?,pvvv{f|vvv#ivvv+vvvQGyvvv}vvvgvvvAvvv9O<vvv"vvv9ACSvvv9Svvv9J|vvv#Ohf
GSvAvgv}v9dsv(Gyv>.hG:SvAvDv"v9A|v#PyvxsvO*vwv(fG}Sv9SGyvMvQSv9!v,Gyv=vTv+vbPhGyvwvAvzv?
Gyvvwvv=vv+vvQIIvv+vvE@ovvJvvqvvQGyvvAvvQ<vv?<vvOsvv?svvQ*vv=vv?|vv#GyvvAvvTvv9|vvJvv9J!vvTvv=vv+vv9

k
(yvvAvvtvvzvv+vv[G:SvvAvvgvv}vv9d

Gyv}vqvQWyvzvMvQSv9!v?),h:@vqvZv{Sv(i<v]vhSv9fv9J<v+v#GyvJvqvQhGyvAvJvtwvu|v#cvQha

G}Svvv9ShYvvv>GyvvvMvvvQSvvv9!vvv?.E:CfIvvvAvvv)G}Svvv9Svvv9JGyvvvwvvv=vvv+vvvQIGyvvvwvvvAvvvzvvv?svvvO@vvvJvvvAvvv9LEyvvv)
svv]vv=vv9f<vv9OFvv?Ch<vvQGZ

m
yvvzvv(Yvv{|vvhG}fvv}vvOIGyvvAvv,Svv(a@ovvZvv>pvv(svv%vv9,h@vvJvvAvv9L@vvzvvx

Gyvvtvv]vv=vv9fhGyvv=vvQGivv,Eyvv)|vv9*ovv}vvTvvwvv%vv9pvv,|vv(\vvgvv%vv9.h*vvAvvJvvtvvu$vvPGivv9yvv=vv9
k

<vv(GSvvavv?Gyvvtvv9yvv>.
C|v9pv,|v9*vMv[Gyv}vMv9_vQfvzv)GyvZvJv?hGyvTv;|v?|v#G!v%v+v9QGyvAvQ<v?,pv{!v%v9@v=vtv)svzv+vzv?
|vvv9<vvvtvvv+vvvBG}Svvv9Svvv9J\vvvJvvvzvvv?!vvvTvvv=vvv+vvv9

k
,|vvvhCf|vvvMvvv9_vvvQGyvvvTvvvtvvv(WhG:YvvvavvvOGe<vvv}vvvgvvvOGJ

GyJqQ@=t)s9F}?.
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hpvv,|vv9*vvMvv[Gyvvtvv(Gyvv>hGyvv}vvTvv9fpvvOGJGyvv}vv|svvAvv?,pvv%vv,|vvWvv9<vv%vv?yvvAvvzvvxGyvvAvv,P
o
vpvvQJ

pvv,GyvvqvvZvv{25,E:CfGyvv}vvTvv9fpvvOGJGyvv}vv|svvAvv?svvO@vvwvv(fGQ@vvGvv9yvv+vv?@vv=vvgvv9
k

yvvdvvQhaGyvv}vv(svvh
Gyvvvqvvvgvvvzvvv+vvv?.hsvvvO*vvvwvvv(f|vvv#Gyvvv]vvvQhQjGSvvvAvvvgvvv}vvv9dsvvv(Gyvvv>OGFvvv}vvv?|vvv#yvvv=vvv"vvv9JLvvvQSvvv9!vvv+vvv?Ch
Yvqv9FvK<v;Sv+vAvwv+v?Lv9Yv?,hG}Lv+vQI|vAv(GpvQI@vGv9Q*v9

k
h$v,@vJvAv(jfvzv)@vTvzv+vKVv=vwv,.

h@vvAvvjvv+vvvQCVvvwvv9dGyvvZvvqvv9FvvKGyvv=vv;SvvAvv+vvwvv+vv?@vvJvvB\vvjvvbGyvvMvvQSvv9!vv?Gyvv}vv=vvzvv(yvv?,E:C!vv&:
|Wwz?p,$PGGyAW(wg}fGyZq9FK@oa}Q@JBG}QV.

G}S9SGyJZ+Qj

hpvvtvv9
k

yvv}vv9hQOpvv,GyvvqvvZvv{20,|vv#Lvv+vv9QGJG}Svv9Svv9JGyvvAvv,@vv=vv"vv)<vv9yvvtvvQH|vv#
SvavKG}QVpv(b@vQ<v?PGJ|vtvOQI|vJvOhOIfvzv)GyvJv}v{G}Sv9SGyvJvZv+vQj.pvgv"vO
@vvvZvvv}vvv+vvv~vvvv9|vvv{CQ\vvv+vvv?Gyvvvavvv9<vvvuG}Q\vvv,yvvvAvvvwvvv(fCSvvv9Svvv9

k
,@vvvAvvv(RvYG}Ivvv}vvv9dfvvvzvvv)vvvv9|vvv{

Gyvv}vvTvv9Ivv?Gyvv}vvMvvZvvZvv?yvvzvv}vv=vv"vv),h$vvPG|vv9*vvJvvOw|vv#Gyvv]vvjvvbfvvzvv)GyvvAvvQ<vv?Gyvv(Gsvvgvv?@vvJvvB
GyvvvvJvvvvZvvvv+vvvvQI|vvvv=vvvv9VvvvvQI,|vvvvhC!vvvv&*ovvvv(y

x
vvvvOEFvvvv%vvvv9OGJpvvvv,GyvvvvAvvvvQ<vvvv?IvvvvAvvvv)Cfvvvv}vvvv9bCvvvvv=vvvvQ(yvvvvwvvvv#

G Fvvv%vvv9OGJ@vvvwvvv(fYvvvjvvv+vvvQI!vvvTvvv=vvv+vvv9
k

fvvv9OI).C|vvv9IvvvZvvv9FvvvQGyvvv=vvv"vvv)Gyvvv%vvv+vvvwvvvzvvv+vvv?PGJGyvvvAvvvJvvv}vvv+vvv{
Gyvv"vvtvvavv,GyvvWvvO*vvOpvv%vv,@vvJvvAvv9Lpvv,Fvv}vv+vvhGyvvJvv9:J,<vv9SvvAvvDvv"vv9AGyvv%vv+vv9vvv{GyvvMvvqvv+vvqvv?,Eyvv)
Yvv+vvjvv?@vvWvv+vv+vvO@vvAvvZvvr<vvZvv;<vv?_vv=vv+vvgvv+vv?Cvvv=vvQ|vv#Yvv;<vv?GyvvJvvZvv9FvvQivv+vvQGyvv}vvTvvzvvJvv?Ch
IvvZvv9FvvQfvv9Q\vv?GyvvJvv9pvv?GyvvAvv,hQOJpvv,GyvvqvvZvv{20,hPyvvxyvvAvvJvvtvv+vvu!vvtvv{|vvAvvGvv9!vvU
yzJ}{Gy}qAQVp,@Z}+~GyJZ+QI.

h@vAvJvt
v
vu@vzvxGyvZv;<v?fv9OI<v=v"v+v?fv9Q\v?h<v;_v?@vZv}vv~<vgv(GQVfv9<vQIyvzv}v=v"v)

hIv(dGyvJv9pv?yvAvwv(*v#Vv=vwv?@v(Yv{pv+v%v9G}fv}vOI|vhGyvgv(GQVfv"vO@vtv9_vgv9@v%v9.h!vdvQG
k

Eyvvv)CfGyvvvAvvvQ<vvv?@vvv(p
x
vvvQGQ@vvvwvvv9RG

k
|vvvTvvvAvvv}vvvQG

k
,h@vvv(y

x
vvvOfvvv"vvvOG}fvvv}vvvOI@vvvJvvv}vvv+vvv;

k
!vvvtvvvavvv+vvv9

k
,*vvvwvvv(f

GyvvAvvtvv(wSpvv,$vvPgGyvv=vv;_vv?|vvgvv9vvvTvv9
k

yvvzvvAvvtvv(wSGyvvPj*vvJvvZvv{pvv,<vv;_vv?CQ\vv+vv?|vvgvvzvvtvv?.
pvvv9:!vvvJvvvQGpvvv9Jpvvv,Gyvvvgvvv(GQV<vvv+vvv#G}fvvv}vvvOI@vvvwvvv(f!vvvJvvv(G}fvvvzvvv).hyvvvAvvvJvvvtvvv+vvvuGyvvvwvvvqvvv9AI
G !vvWvv9Fvv+vv?,*vv}vvwvv#GSvvAvvgvv}vv9d<vv;_vv?LvvQSvv9!vv+vv?|vvhfvv(GQV!vv9@vv8vv?Eyvv)G}fvvzvv)pvv,|vv"vv9_vvu
Gyvv]vvjvvb.E:Cf$vvPG*vvAvvavvzvv>GQ@vvwvv9RG}Q\vv+vv?fvvzvv)Gyvvgvv(GQV.h$vvPG|vv=vv+vvv#pvv,GyvvWvvwvv{

28.3.hIv+v"v8vP*vwv(fGyvAvTvzv+vK|vWv9<v%v9
k

@v}v9|v9
k

yvAvTvzv+vKGyv=v;_v?Gyv}vgvzvtv?,E:CfGyvtv(Gyv>
hGy}T9fpOGJ$"9C<TbvD+QG

k
.
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h|vvhGRO*vv9OGyvvJvv9Fvv?Eyvv)GyvvZvv;<vv?,*vv}vvwvv#Cf@vvzLvvPGyvvJvvZvv+vvQIGyvvZvv+vvjvv?GyvvMvvzvv(*vv?
(Gyvv}vv=vv+vvv"vv?C*vv]vv9

k
pvv,GyvvWvvwvv{28.3).h$vvPg@vvAvvavvzvv>Cfvv}vv9svv9

k
Cvvv=vvQ,hyvvPG@vvROGOGyvvJvv9Fvv?Eyvv)

Gyvvgvv}vv{@vvJvvBG}QV.h@vvJvvAvv9L$vvPgGyvvavvQ*vvtvv?C*vv]vv9
k

Eyvv)@vvQ@vv+vv=vv9Jfvv}vv{CsvvQHEyvv)@vvzvvx
GyvMv9Yv?<v9}sv=v+v?|v"v%v9Eyv)@vzvxGyvMv9Yv?<v9}Sv9Sv9JGyv]vJvzv?.h<v9yvqvgv{,svO*vwv(f|v#
G}pvv]vv{,|vv#Ivv+vvEGyvvAvvwvvzvvqvv?,Fvvgvv{GyvvJvvZvv+vvQICQ\vv+vv?yvvtvv=vv(,hGfvvAvv=vv9QGyvvJvv+vvRGyvv}vvAvvwvv(xf
_9<t9

k
|#Gy}=").hS(a!"9sX<"9AG}s=+?:It9

k
p,$PGGyqZ{.

hEPGC
o
svv+vv}vvBGyvvJvvZvv+vvQI(ChGyvvtvv=vv()fvvzvv)@vvQ<vv?Cfvv}vvu|vv#SvvavvKG}QV,pvv{fhRf

GyvvAvvQ<vv?Gyvv}vvRGyvv?,GyvvPj*vvwvv9pvvrFvvRAG
k

|vv#hRfGyvv}vv=vv"vv),*vv"vvavv(jfvvzvv)CfGyvv]vvjvvbG \vv9pvv,
fvzv)GyvAvQ<v?Sv(a*vwv(fG6fCsv{|v"v&yv(<ov"v,Gyv}v=v"v)fv"vO|v"vTv(HSvavKG}QV.h$vPG
*vvvgvvv"vvv,,pvvv,Ivvv9yvvv?<vvvgvvv̂Gyvvv}vvv=vvv9!vvv,GyvvvMvvvqvvv+vvvqvvv?PGJG}svvv=vvv+vvv?,CfGyvvvAvvvQ<vvv?:@vvvMvvv]vvvh Fvvv%vvv9O
E\v9pv,Gyv=vAv?,hyvPG@vMvAvqv,Gyv%v=v(_v9J.E:Cf<vgv̂C!v(GYGyvAvQ<v?GyvZvzvZv9yv+v?*vQ@vqvhIv+v#
RhGdG F%9OGJf"%9,h$PG*|OjEy)\+9Y<g^|q9f+{GyQUGy}T=u.

G}S9S9JGyg}+t?

EPGyv~*vwv#|v#Gyv}v}vwv#@vJvtv+vu|vQ@vwvRsv9OQfvzv)Iv}v{CSv9SGsvAvZv9Oj\vJv{

<vvv9yvvvtvvvQH|vvv#GyvvvTvvvavvvK,svvvO*vvvZvvv=vvvK|vvv#Gyvvv]vvvQhQjGyvvv"vvvdvvvQpvvv,Esvvv9|vvv?CSvvv9Svvv9Jfvvv}vvv+vvvtvvv?.
hIvv+vv"vv8vvPSvv(a@vvAvvM

x
vvPG}Svv9Svv9J<vv9yvvAvvzvvv+vvOCVvvwvv9dCh@vv9O|vv#GyvvMvvQSvv9!vv?Gyvv}vvTvvzvvJvv?fvvzvv)

G}QFvvK,ChCh@vv9Opvv(:P*vv?|vv}vvzvv(AI<vv9yvvMvvQSvv9!vv?.h*vv}vvwvv#yvv"vvtvv{G}Ivv}vv9d|vv#G}h@vv9OCf
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*vvwvv(f<vv9yvvAvvJvv}vv+vv{fvvzvv)Gyvv"vv%vv9*vv9JCh<vv9:IvvAvvwvv9c<vv+vv#G}h@vv9OhGyvvAvvQ<vv?hpvvtvv9
k

yvvzvv}vv=vv+vvv#pvv,
GyvvWvvwvv{4,28.*vv}vvwvv#GSvvAvvgvv}vv9dCh@vv9OG:IvvAvvwvv9cyvv"vvtvv{svv(iGyvvWvvO|vv#Lvv;d|vvtvv9h|vvAvv%vv9
yvvzvvTvvJvv>Eyvv)Cfvvzvv),hsvv(iGyvv]vvjvvb|vv#Lvv;d|vvtvv9h|vv?Gyvv}vvR*vvO|vv#GyvvJvvWvvQpvv,GyvvAvvQ<vv?.
h|v#Gyv}v}vwv#C*v]v9

k
@vWv+v+vO<vgv̂G}h@v9OGyv}v9Fvzv?<vRGh*v?yv}vtv9h|v?fvRheGyvqvAv{ChGyvtv(i

Gy"9F}?f#Gy=")Gy}gtOI.h@T})$PgG}h@9O<9}h@9OGy}t9h|?yzAMz
w
h.

h@vvJvvZvv{fvv}vvzvv+vv?@vvWvvwvv+vv{G}h@vv9OG!vvavv;svv9
k

|vv#|vvTvvAvv(iSvvavvKG}QV,h$vvPG*vvOQC
Gyvv}vvMvv9_vvQfvvzvv)GyvvZvvJvv?hGyvvTvv;|vv?GyvvAvv,@vv"vvGvv~fvv#Gyvvgvv}vv{@vvJvvBG}QV.yvvPG*vvGvv>Cf
@v]v}v#Gyvgv}vzv+v?Sv;|v?G !vWv9AGJiv+vQGyv}vQFv+v?,h*vGv>Cf@vwv(fCv}v?_vQ*vtv?|v9yvzvO:yv?
fvzv)Gyv(Yv(dEyv)fv}vu|v;Fv~yvzvAvJv}v+v{.hpv,<vgv̂Gyv}v(Gsvh,*v}vwv#Cf@vwv(fCIv(Gd
GyvAvQ<v?svOIovO

x
OJFv+vOG

k
|v#Lv;dSv=vQ$v9,hCf*vwv(fPyvxsvOCh\vKC!v%v9|v;Fv}v?fvzv)

G|vvvAvvvOGOGyvvv}vvv(svvvhyvvvAvvvJvvvO*vvvOC_vvv(GdG}h@vvv9Opvvv,vvvv9|vvv{Gyvvv}vvv(svvvh.hsvvvO@vvvwvvv(fCvvv}vvv?Ivvv9Fvvv?Eyvvv)
GyvvAvvJvvt

w
vvu|vv#svv9<vvzvv+vv?GyvvAvvJvv}vv+vv{<vv9SvvAvvgvv}vv9d<vvgvv̂Gyvv}vv|VvvQGJGyvvAvv,|vv#|vvDvv{fvvOOGyvv]vvQ<vv9J
:LvAvQGb|vTv9pv?|vgv+v"v?(set),GyvAv,Sv(a!v"v9svWv%v9:Ivtv9

k
.hsvO*vwv(f|v#Gyv]vQhQjC*v]v9

k

EFvvQGAGLvvAvv=vv9Q@vvJvv}vv+vv{fvvzvv)h@vvOGLvvAvv=vv9Qj(Ch|vvGvv}vv(fvv?|vv#G}h@vv9O)pvv,Gyvv}vv(svvh<vvjvv+vv?
GyvvAvv+vvtwvv#|vv#IvvTvv9<vv9JGyvvAvvZvv}vv+vv~.hsvvO@ovvAvvvMvvPEFvvQGAGJC*vv]vv9

k
:LvvAvv=vv9QG:SvvAvv}vvQGQ*vv?pvv,vvv{

h@vvO<vvgvvO@vvDvv=vv+vvAvv&.Ef$vvPG:*ovv|v
x
vvOsvv9<vvzvv+vv?GyvvAvvJvv}vv+vv{,E:C!vv&*vv}vvw

x
vv#|vv#GyvvAvv+vvtwvv#|vv#Svv;|vv?

Gy(@Ofz)v9|{_(y&GyA,EPGy~@w#|Jtvt?sz
v

ZB|#s9<z+?@J}+z&.
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yvvvtvvvOFvvvQi@vvvavvv(*vvvQfvvvOO|vvv#fvvv}vvvzvvv+vvv?G !vvvAvvv9LyvvvAvvvWvvv+vvv+vvvOG}h@vvv9O,h@
o
vvvZvvv"vvvvr@vvvzvvvx

Gyg}z+9Jf}(|9
k

p,p8A+#:

!fvv}vvzvv+vv?Ch@vv9OG RGIvv?(displacement pile),hpvv+vv%vv9*ovvJvvWvvQGyvv(@vvOpvv,GyvvAvvQ<vv?
GyA,@"RGMEy)F(G!=&|hOL(y&p+%9,hyPG:@

o
RGd@Q<?|#|w9fiQRGy(@O.

!fv}vzv+v?Ch@v9OG:SvAv=vOGd(replacement pile),hpv+v%v9@ovJvq
n
vQGyvAvQ<v?yvAvwv(*v#Cvtv>

@

o
Z>p+&GyMQS9!?.

@

o
vvZvv>Ch@vv9OG RGIvv?fvv9OIpvv,GyvvMvv9QLCvv~@ovvjvvQRpvv,G}QV,hsvvO@vvwvv(fFvv(pvv9A

h@
o
vvv}vvv~<vvv9yvvvMvvvQSvvv9!vvv?<vvvgvvvOivvvQR$vvv9.*vvv}vvvwvvv#$vvvPgG}h@vvv9OCf@vvv"vvvRGMfvvv#|vvv(G\vvvgvvv%vvv9<vvvTvvv=vvv>
Gyvvvgvvv(GFvvvuGyvvv}vvv(Fvvv(OIpvvv,G}QV,E:C!vvv%vvv9@vvvAvvvZvvvr<vvv}vvvtvvvavvvhfvvvQ\vvv9!vvv,vvvv9|vvv{.h*vvv}vvvwvvv#
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GyvvvJvvvQvvvv?,h|vvv#C|vvvDvvvzvvvAvvv%vvv9@vvvzvvvxGyvvv}vvv=vvv+vvvv"vvv?pvvv,GyvvvWvvvwvvv{28.17.hCvvv}vvv?!vvv(fvvv9fBLvvvQGf|vvv#
Gyvv(Yvv;J$vv}vv9Gyvv(Yvvzvv?Gyvv}vvQ<vv(_vv?GyvvAvv,@vv=vvOhvvv9yvv(Yvvzvv?Gyvv}vvtvv(yvv=vv?Gyvv}vvtvv+vvvOIGyvvJvvQvvv?,
hGyvv(Yvvzvv?Gyvvgvv9Ryvv?.pvvDvv}vv?Ivv9Fvv?Eyvv)Gyvv(Yvv;JGyvvgvv9Ryvv?fvv"vvO|vvzvvAvvtvv)Gyvv=vv;_vv?|vvhfvv"vv9YvvQ
CLvQi|v#Gyv=v"v+v?,|v#|vDv{GyvGvOQGfhG}fv}vOI.h*vGv>@vGv"v>@vtv+v+vOGyvJvQvv?Gyvgv}v(O*v?
pvv,$vvPgGyvv(Yvv;J,hyvvPG:<vvO|vv#GSvvAvvgvv}vv9dhSvv9Fvv{fvvRd|vv#|vvDvv{@vvzvvxGyvv}vv=vv+vvv"vv?pvv,
GyWw{28.18.
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@vvJvvAvv9Lvvv{Gyvv=vv;_vv9JEyvv)hYvv;J(<vv9SvvAvvDvv"vv9A_vvQ*vvtvv?@vvWvv+vv+vvO|vvPvvv(QICO!vv9gfvvzvv)
C!vv%vv9"Gyvv=vv;_vv9JGyvvgvvO*vv}vv?Gyvv(Yvv;J"),E:CfGLvvAvv+vv9QGyvv(Yvv;Jh@vv(Rwfvv%vv9*vvgvvAvv}vvOGf
fvvzvv)_vvQ*vvtvv?GyvvAvvWvv+vv+vvOG}Svv9Svv+vv?Gyvv}vvMvvAvv9QI.h@

o
vv}vv+vvvR_vvQGFvvuGyvvAvvWvv+vv+vvO@vv=vvgvv9

k
yvv}vvTvv9Ivv?Gyvv=vv;_vv?

GyvvvAvvv,@ovvvWvvv9Opvvv,vvvv{Yvvv=vvv?.yvvvtvvvO_
o
vvv(xQJGyvvvWvvvQGFvvvbGyvvvavvv(*vvvzvvv?|vvv#_vvvQ*vvvtvvv?@vvvWvvv+vvv+vvvO_vvvQsvvv9J

GyvvTvvQfvv9JGyvvgvv9yvv+vv?,hvvvDvv+vvQ|vv#|vv(GYvvqvv9J@vvzvvxGyvvWvvQGFvvb|vv9RGd*vvQ@vvwvvRfvvzvv)@vvZvv9|vv+vv~
@vvzvvxGyvvavvQsvv9J.*vvTvv9hjfvvQVGyvvWvvQ*vvbGyvv(GIvvO|vv9<vv+vv#4h6C|vvAvv9Q,h@vvZvv>|vvAvv"vv9h<vv?
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yvvvzvvvTvvv}vvv9M<vvvJvvvZvvv(d<vvvgvvv̂G:!vvvwvvv}vvv9Tpvvv,GyvvvWvvvQ*vvvbsvvv=vvv{Yvvv>GyvvvWvvvQGFvvvbpvvv,|vvv9<vvv+vvv#
GyvvWvvQGFvvbGyvvAvv,Svv=vvuYvv=vv%vv9.h@vvtvv(y

n
vv>Ivv(Ga|vvGvv}vv(fvv?GyvvWvvQGFvvbG}hyvv)<vv(GSvvavv?svv9yvv>

|vvv|svvvB(svvv9yvvv>Yvvv>Ivvv(GaGyvvvWvvv9QY),Ch<vvv(GSvvvavvv?spvvvO
n

OOGFvvv}vvv?|vvvTvvv=vvvtvvv?GyvvvZvvv>*vvv}vvvwvvv#
@v(\v+vgv%v9<vOsv?yvzv}vTv9fvOIfvzv)@vJvtv+vu|v(GYvqv9JGSvAv(GAfv9yv+v?.C|v9fvQVGyvWvQ*vbpv%v(
|vJvOhO<vAvGv%v+vRGJG !vAv9L.h@v=vOCfv}vzv+v?QUGyvMvQSv9!v?h@vTv(*vAv%v9G!vav;sv9

k
|v#Gyvtv(Gyv>

GyvvGvv9!vv=vv+vv?.yvvPG@ovvgvvAvv=vvQ$vvPgGyvvgvv}vvzvv+vv?|vv#G:fvvAvv=vv9QGJGyvvQFvv+vvTvv+vv?pvv,Yvv>GyvvWvvQGFvvbGyvvgvvQ*vv]vv?
GyvvAvv,@vvAvvavvzvv>svvOIfvvzvv)Vvvwvv{fvv9Q\vv?yvvzvvJvvO|vv#G:!vvJvvQGpvv9J,h$vvRG

k
|vv+vvwvv9!vv+vvwvv+vv9

k
yvv]vv}vv9f

QUFvv+vvO.h*ovvZvvtvv{GyvvTvvavvK<vv9yvvGvv;
q
*vv?G6yvv+vv?(power trowel)fvv9OIG!vvavv;svv9

k
|vv#Fvv9!vv>

GyvvWvvQ*vvb,h$vvPG|vv9*vvJvvO|vv#Gyvv}vvTvv9pvv?yvvzvv(Yvv(dEyvv)Gyvv(Svvb.h*vvGvv>GSvvAvvgvv}vv9dCivvWvv+vv?
@Zz+Oy]}9fS;|?GyTaKhF(OIGyMQS9!?.

*vvqvvQVfvvQVGyvvWvvQ*vvbGyvvavv(*vv{pvv,$vvPgGyvvavvQ*vvtvv?yvvzvvAvvWvv+vv+vvOfvvOOGyvvZvv=vv9JGyvv;R|vv?
yvvZvv>CQ\vv+vv?vvv9|vvzvv?,h|vv#Cvv~v|vvOIGyvvAvvWvv+vv+vvOGyvvwvvzvv+vv?.@ovvTvvAvvgvv}vv{pvv,Yvv>G}Q\vv+vv9J
Gyvv(GSvvgvv?Gyvv}vvTvv9Ivv?,Cvvv9!vvBPGJhYvv;JChfvvO*vv}vv?Gyvv(Yvv;J,@vvGvv%vv+vvRGJyvvAvv(\vv+vvh
GyvvvMvvvQSvvv9!vvv?hQYvvv%vvv9h@vvvTvvv(*vvvAvvv%vvv9hE!vvv%vvv9ASvvvavvvJvvv%vvv9|vvv#OhfGyvvvtvvv+vvv(OGyvvvAvvv,*vvvqvvvQ\vvv%vvv9fvvvQV

GyvWvQ*vb.h$vPG*v}vw
x
v#|v#@vWv+v+vO|vTv9Iv9Jvv=v+vQIpv,Gyv+v(eGyv(GIvO,hyvPG*vtvz

x
v[Gyv}vOI

Gyvvwvvzvv+vv?Gyvv;R|vv? !vvGvv9RYvv>G}Q\vv+vv?.Ef@vvtvvO*vv~hYvvrvvv9|vv{yvvAvvzvvxGyvvAvvGvv%vv+vvRGJyvv+vvU
|v#G$vAv}v9e$vPGGyvwvAv9H,E:C!v"v9!vWv+vQEyv)Cffv}vzv+v9JGyvZv>|ov}nvw

r
v"nv"v?FvOG

k
h@v"vav(j

fvvvzvvv)GSvvvAvvvDvvv}vvv9QGJ|vvv9yvvv+vvv?vvvv=vvv+vvvQI,h$vvvPG|vvv9*vvvJvvvO|vvv#fvvvOOGyvvvWvvvQvvvv9JGyvvvAvvv,@vvvtvvvO
x

e$vvvPg
GyMO|?.

h*vvTvv}vvK@vvWvv+vv+vvOGyvv}vvTvv9Ivv9JGyvv(GSvvgvv?|vv#Yvv>fvvOIB:a|vv#G}|vvAvv9QGyvv}vvQ<vvgvv?
<vvgvv}vvzvv+vv?hGIvvOIpvv,Gyvv+vv(eGyvv(GIvvO.h@

o
vvTvvAvvgvv}vv{svv(Gyvv>Cvv9<vvAvv?yvvJvv(GaGyvvZvv=vv9J,<vvqvv(GYvv{

@vvvvTvvvv9hj50|vvvvAvvvvQG
k

@vvvvtvvvvQ*vvvv=vvvv9
k
.h*vvvvGvvvv>Cf@vvvvwvvvv(f$vvvvPgGyvvvvJvvvv(GahYvvvv;J|vvvvtvvvv(yvvvv=vvvv?.hpvvvv,

G}Q\vvv+vvv9JPGJGyvvv(Yvvv;J@ovvvTvvvAvvvgvvv}vvv{hYvvv;J|vvvWvvvtvvv(svvv?\vvv}vvv#GyvvvZvvv=vvv?._vvv=vvvgvvv9
k

,@vvvzvvvx

Gyv(Yv;Jyv+vTvB|v(Fv(OIpv,GyvZv=v9JGyvgvO*v}v?Gyv(Yv;J.h@vz@v,Gyv}vtvOQIfvzv)Eyvjv9A
Gyvv(Yvv;JGyvv}vvWvvtvv(svv?|vv#GSvvAvvgvv}vv9dCyvv+vv9apvv(:P*vv?@ovv]vv}vvv#pvv,Fvv=vvzvv?GyvvMvvQSvv9!vv?<vv(Yvvqvv%vv9
@vvvTvvvzvvv+vvvJvvv9

k
*vvvJvvv{|vvvJvvv{GyvvvAvvvTvvvzvvv+vvvKGyvvvWvvv=vvvwvvv,.h|vvvhCf$vvvPG*vvvgvvvavvv,SvvvavvvJvvv9

k
|vvvTvvvAvvv}vvvQG

k
svvv9<vvv;

k

yvvv5Fvvv%vvv9O(wearing surface),h|vvv#C
n
vvv~v*vvvzvvvjvvv,E|vvvwvvv9f@vvvO$vvv(QGyvvvJvvv(GaGyvvvJvvv9OIfvvv"vvvO

Gyvvv(Yvvv;JGyvvv}vvvWvvvtvvv(svvv?,E:C!vvv&*vvvR*vvvO|vvv#E|vvvwvvv9fcvvv%vvv(QVvvvtvvv(b|vvvQFvvv+vvv?fvvvzvvv)SvvvavvvK
G}Q\vvv+vvv?,hyvvvPG*vvvGvvv>fvvvzvvv)hYvvv;JGyvvvJvvv(GaGyvvv}vvvtvvv(yvvv=vvv?Cf@vvvTvvvAvvv(fvvv>vvvv{Vvvvtvvv(b
G:!w}9TGyA,*Z{fQ\%9Ey)20|~.
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E!vv&yvv}vv#GyvvZvvgvv>@vvJvvtvv+vvuCfvvzvv)|vv(GYvvqvv9JG:SvvAvv(GAGyvv}vvQivv(Hpvv+vv%vv9fvvzvv)vvv9|vv{
|vvTvv9Ivv?GyvvZvv>Gyvvwvv=vv+vvQI.hEIvvOi_vvQGFvvu@vvGvv9hRPyvvx$vv,GfvvAvv}vv9OGyvvAvvWvv+vv+vvOGyvvgvvQ*vv̂
Gyvvv}vvvtvvv9_vvvhGyvvvPj@vvvZvvv{pvvv+vvv&fvvvQhVGyvvv}vvvtvvv9_vvvhIvvvAvvv)15|vvvAvvvQG

k
h@
o
vvvTvvvAvvvgvvv}vvv{pvvv+vvv&@vvvtvvv"vvv+vvv9J

@vvvGvvv%vvv+vvvRGJGyvvvZvvv>Gyvvvwvvv=vvv+vvvQI.h<vvvgvvvOGyvvvZvvv>*ovvvqvvvJvvv[GSvvvAvvv(GAGyvvvMvvvQSvvv9!vvv?h$vvv,pvvv,_vvv(Q
GyvvAvvZvvz

w
vvO,h@

o
vvRGdGyvv=vvtvvhGyvvgvv9yvv+vv?ChGyvv"vv9@vv8vv?svv=vv{GyvvAvvZvvz

w
vvOGyvvAvv9e.h*vvTvv}vvKGyvvgvvQVGyvv}vvJvvOhO

<vvOLvv(dGyvvAvvGvv%vv+vvRGJEyvv)C|vv9vvv#GyvvAvvTvv(*vv?GyvvAvv,@vvtvv(e<vv%vvPgGyvvgvv}vvzvv+vv?Gyvv}vvTvv}vv9I<vvgvv}vvzvv+vv?svv[

Gy"A(GAGJ.

h*vvAvvavvzvv>G:SvvAvv(GA,ChCvvvDvvQ@vvJvvO*vvOG
k

G!vvAvvdvv9eGyvvTvvavvK,|vv(GYvvqvv9Jh@vvtvv"vv+vv9Jsvv+vv9S

|vZv}vv}v?LvZv+vZv9
k

yv%vPgG}Q\v+v9JGyv(GSvgv?Gyv}vTv9Iv?.h@
o
vgvQxa@vzvxGyvAvtv"v+v9JfvOOG

k
|v#

Gyv}v(Svav9JGyvAv,*vGv>Cf@ovJvOvO@v}v9|v9
k

yvzvTvavKGyv}vavzv(H,hCf@
o
vqvJv[yv]v}v9fG}OGA

Gyvvgvv}vvzvv+vv9@vv,GyvvTvvzvv+vv~yvvAvvzvvxG}Q\vv+vv9J.h|vv#|vv(GYvvqvv9JG!vvAvvdvv9eGyvvTvvavvK@vvzvvxGyvvAvv,*vvGvv>
@vvJvvO*vvO$vv9,Cvv}vv?|vv(GYvvqvvAvv9fGCvv"vvAvv9f|vvAvv}vv9*vvR@vv9f$vv}vv9|vv(GYvvqvv?GyvvJvvQvvv?GyvvJvvQIh|vv(GYvvqvv?
GyvvJvvQvvv?Gyvv}vvgvvQvpvv?,h$vv}vv9@vvgvv=xvvQGffvv#!vv}vvbIvvQvvv?GyvvAvvGvv%vv+vvRGJPGJGyvvOhGyvv+vv>Gyvv}vvAvv(svvh
IZ(y%9p,Gy}=").

yvvtvvOivvavvBGyvv}vv"vv9svvWvv?IvvAvv)G6fLvv(GUGyvv=vv;_vv?hSvvavvJvv%vv9.yvvwvv#GyvvWvvwvv{28.15

*ovQj_v=vtv9JCLvQipv,<v"v+v?G}Q\v+v?.*ovZv"vhGyvjvWv9Afv9OI|v#Yvqv9FvK<v(yv+vDv+v#vvvv1200

|vvAvvQGvvv=vv?<vv}vvtvvOGQ300|vv~fvv"vvOGyvvJvv(Ga.h$vvPg|vv(GYvvqvv?|vvWvv9<vv%vv?yvv}vv(GYvvqvv?ivvWvv9ACQ\vv+vv?
Gyvv}vv"vvRdGyvv}vv9!vvhyvvzvvQ_vv(<vv?,E:C!vv&*vvGvv>G:!vvAvv=vv9gEyvv)Cfyvv&hcvv+vvqvv?CLvvQipvv,COGA$vvPg
G}Q\vv+vv9J.pvv%vv(*ovvgvvQva<vvz!vv&ivvWvv9AG!vvR:bhGyvvjvvQV|vv"vv&GyvvTvv}vv9MyvvzvvMvvQSvv9!vv?Gyvv}vv"vvwvv}vvWvv?
Cf@v"vRyvufvzv)Gyvtv9fvOIGyvAvJvAv+v? QLv9Asv(iGyvWvOh@vQvv+vRGyvAvWvtwvupv,Gyv(Yv;JIv+v#
IvvZvv(dGyvvJvvQvvv?.hGyvvjvvWvv9AGyvvPj*vvJvvt

x
vvu$vvPgGyvv}vv(GYvvqvv9J*vvJvvt

x
vvu_vv=vvgvv9

k
|vvAvvavvzvv=vv9J|vv"vvh

GyvvQ_vv(<vv?hGyvv=vvMvv9QC*vv]vv9
k
.hEPGvvv9!vvBCvv~Ivv9Fvv?Eyvv)|vv"vvh@vvTvvQHGyvvjvv9RC*vv]vv9

k
,svvO*vvwvv(f

|vv#Gyvv]vvQhQj@vvjvv+vv+vvQ|vv(GYvvqvv9JGyvvjvvWvv9A|vvhG <vvtvv9Afvvzvv)hcvv+vvqvvAvv&Gyvv}vvAvv}vvD
x
vvzvv?<vv9yvvTvv}vv9M

<9!R:bGy=;_?.

h@v|Ojhcv+vqv?G:!vR:b@vzvxEyv)|vAvavzv>E\v9pv,pv,|v(GYvqv9JGyvtv9fvOIGyvAvJvAv+v?.
pvgvzv)Gyvtv9fvOIGyvAvJvAv+v?,GyvAv,@vAvwv(vffv9OI|v#|v9OI|v9yv8v?@ovTvAvgv}v{pvQVv?|v]vjv(_v?@vJvB
G SvqvzvBpv,GyvWv(GQY|v#Gyv"v(Y1Ch2,Cf@vwv(f!v9fv}v?<vtvOQ*vTv}vK<v9:!vR:b.C|v9
@vvvTvvv9|vvvJvvv9JGSvvvAvvv(GASvvvavvvKGyvvv=vvv;_vvv?Gyvvvgvvvzvvv(jpvvv+vvvGvvv>C:@vvvTvvv}vvvK<vvvzj!vvvAvvv(ACfvvvzvvv)|vvv#
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Gyvv}vvgvvavv)pvv,Gyvv}vv(GYvvqvv9J}fPyvvx*vvtvvz
x
vv{|vv#Svv}vv9vvv?Gyvv=vv;_vv?[Ivv+vv#@vvTvv(*vv?SvvavvJvv%vv9

hERGy?Gy"A(AGJ].

C|v9G}Q\v+v?Gyvav=v+vgv+v?ChGyvAvQ<v?GyvAv,Sv(a@ovWv9OGyv=v;_v?fvzv+v%v9,pvzv%v9@vzCv+vQvv=v+vQ
pvv,Svv}vv9vvv?Gyvv=vv;_vv?Gyvv}vvavvzvv(<vv?.pvv,Ivv9yvv?GyvvAvvQ<vv?GyvvTvv+vv8vv?FvvOG

k
,svvO*vvwvv(f|vv#G}QLvv[

Gyvvtvv+vv9e<vvAvvJvvTvv+vv#GyvvAvvQ<vv?(hpvvtvv9
k

yvv}vv9!vv(svvXSvv9<vvtvv9
k
)svv=vv{Yvv>Gyvv=vv;_vv?.hpvv,Ivv9yvv?GyvvAvvQ<vv?

GyvvGvv+vvOIFvvOG
k

|vv#Gyvv}vv}vvwvv#C*vv]vv9
k

@vvWvv+vv+vvOGyvv=vv;_vv?|vv#Ohf_vv=vvtvv?Gyvvtvv9fvvOIGyvvAvvJvvAvv+vv?,yvvwvv#
Pyxi+QV9Fh.

*ovvQjGyvvWvvwvv{28.15|vvtvvavvgvv9
k

fvvQ\vv9!vv+vv9
k

yvv=vv;_vv?|vvTvvzvvJvv?@vvTvvzvv+vvJvv9
k

|vv=vvOFvv+vv9
k

fvvzvv)Vvvwvv{
Vv=vwv?|v(\v(fv?pv,CSvqv{Gyv=v;_v?.hpv,Gyv=v;_v9JPGJGyv(Yv;JGyv}vWvtv(sv?@v"vMvqv̂
hcvv+vvqvv?|vvtvv9h|vv?Vvv=vvwvv?GyvvAvvTvvzvv+vvKGyvvqvv(:P*vv?yvvzvvAvvWvvtwvvu,E:C!vv%vv9@vv=vvtvv)|vvJvvt

x
vvtvv?yvv;SvvAvv}vvQGQ*vv?

fvv=vvQGyvv(Yvvzvv?.yvvPGGfvvAovv=pvvQCf|vv(\vvhGyvvWvv=vvwvv?(pvv,G}fvvzvv)fvv9OIIvv+vvE@vvwvv(fGyvvAvvWvvtvvtvv9J
ivv+vvQ|vvtvv=vv(yvv?)svvzvv+vv{G}$vv}vv+vv?.yvvtvvO!vv(svvWvvBG:SvvAvvgvv9\vv?fvv#$vvPgGyvvWvv=vvwvv?<vvzyvv+vv9apvv(:P*vv?
pv,|v9Sv=vu,E:CfCv}v?hFv%v+v#BLvQ*v#*vMvZv9fGyvAvTvzv+vK@vGvOQG Vv9QIEyv+v%v}v9.pv}v#
Gyv}v}vwv#@vZv}v+v~<v;_v9Jiv+vQ|vTvzvJv?,E:C!v%v9iv+vQVv9Fvgv?pv,<vQ*vav9!v+v9.C|v9Gyv=v;_v9J
PGJGyvAvJv}v+v{Gyv}vJvzv,Gyvgv9yv,,Ch@vzvxGyv}vQ@vwpvRIfvzv)Ch@v9O,pv+vGv>Cf@vwv(fvv9|vzv?
GyATz+K(hIA)|T=t?G F%9O).

Cvv}vv?|vv;Ivvdvv?CLvv+vvQI@vvMvv[|vvAvvavvzvv=vv9JE!vvAvv9L$vvPgG}Q\vv+vv9J$vv,CfGyvvAvvGvv%vv+vvRGJ

hGyvAvtv"v+v9JGyvAv,FvQi@vav(*vQ$v9|v#CFvzv%v9@vtv(efvzv)GpvAvQGVCfG}Q\v+v?Sv(a@ovZv>
<vvvgvvvOE!vvvGvvv9R<vvv"vvv9AGyvvvTvvvtvvvrhGyvvvGvvvOQGf.pvvv%vvv,@ovvvZvvv>pvvv,GyvvvOGLvvv{|vvvJvvv}vvv+vvv?|vvv#Gyvvvgvvv(G|vvv{
GyvvGvv(*vv?.hEPGyvv~*vvwvv#GyvvJvv9dvvvPyvvx,svvO*vvGvv>GLvvAvv+vv9Q_vvQ*vvtvv?CLvvQiyvvzvvJvv}vv9*vv?.pvvJvvAvv)
GyvvvdvvvQhaGyvvvJvvv9QIGyvvvGvvv9pvvv?:@vvv|OjEyvvv)E!vvvAvvv9LLvvvQSvvv9!vvv?Fvvv+vvvOIpvvv,Gyvvv}vvv"vvv9_vvvuGyvvv(GSvvvgvvv?
Gy}wW(p?|#OhfI}9*?L9Y?i+Q\QhQ*?yzZ>p,GyOGL{.

GyM;Y?

1.@vvgvvAvv}vvOG}Svv9Svv9JhG}svv=vv+vv?hG}Q\vv+vv9JGyvv(GSvvgvv?Gyvv}vvTvv9Ivv?Fvv}vv+vvgvv9
k

fvvzvv)pvv%vv~
Svvzvv(cGyvvAvvQ<vv?hGyvv}vv]vv9|vv+vv#Gyvv%vv"vvOSvv+vv?hG !vvAvv9Fvv+vv?GyvvAvv,ivv9yvv=vv9

k
|vv9@vv%vv+vv}vv#fvvzvv)GLvvAvv+vv9Q

GyaQGFuGyA,*G>GfA}9O$9p,@"q+P$9.
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2.@vAvzyvrG}Sv9Sv9JGyv]vJvzv?fv9OI|v#LvQSv9!v?|vTvzvJv?,hvvDv+vQ|v"v%v9*vJvAv9LEyv)
@Of+~GyJqQ*9J,hEy)s(Gy>Y><9yAzv+O.
3.@

o
vv}vvwpvv#Esvv9|vv?G}Svv9Svv9JGyvv]vvJvvzvv?GyvvMvv9Yvv?<vv}vv=vv9!vv,Gyvv=vv"vv)Gyvv%vv+vvwvvzvv+vv?pvv,GyvvAvvQ<vv?

GyvvGvv+vvOIGyvvAvvJvv}vv+vv{fvvzvv)hSvv9FvvO|vvhLvv+vv9QGJyvv]vv~CIvv}vv9dG}fvv}vvOI,Lvv9Yvv?fvv"vvO|vv9
@vvvvz@vvvv,G}Ivvvv}vvvv9dEyvvvv)G}QV<vvvv9yvvvvtvvvvQH|vvvv#|vvvv"vvvv9_vvvvu|vvvv#ivvvv+vvvvQGyvvvv}vvvvTvvvv}vvvv(M@vvvvGvvvv9hR
IOhO$9.
4.pvvv,Ivvv9yvvv?GyvvvAvvvQ<vvv?GyvvvTvvv+vvv8vvv?,*vvv}vvvwvvv#Gyvvv"vvvdvvvQpvvv,G}Svvv9Svvv9JGyvvvJvvvZvvv+vvvQ*vvv?Gyvvv}vvvtvvv(vGI
<vvvgvvv(GQV@vvvAvvvtvvv9_vvvhfvvv"vvvO|vvv(G\vvvhG}fvvv}vvvOI,ChCSvvv9Svvv9JGyvvv=vvv"vvv)GyvvvMvvvzvvv(*vvv?GyvvvAvvv,EPG
v9!Bf}+t?<tOQv9aC|w#GSAg}9y%9Cs=+?.
5.@vvtvv(eG}Svv9Svv9JGyvvgvv}vv+vvtvv?fvv9OIfvvzvv)Ch@vv9O@ovvRQY|vv#|vvTvvAvv(iSvvavvKG}QV,
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hGyvv}vvqvv9$vv+vv~,|vvh<vvgvv̂GyvvAvvqvv9Yvv+vv{hGyvv}vv(GYvvqvv9J.yvvwvv#$vvPG:*vv}vvD
x
vv{Svv(iFvvRAYvvjvv+vvQ

|vv#Gyvv}vvgvvQpvv?Gyvv;R|vv?yvvzvvgvv}vv{fvv"vvOGyvv}vv}vv9QSvv?.hE\vv9pvv?Eyvv)Cfpvv%vv}vvxSvv(a*vvAvvRG*vvO|vvh
GvAT9<xyzM=QI,p{fC}?vD+QG

k
|#Gy}9OIGy}"W(QIfz+xG:SAq9OI|"%9.
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|Z9OQGCgz(|9JvvvvGy(C(s+?hGyZ;I+?hG}G+?

fvvzvv+vvxGyvvQFvv(YEyvv)_vv+vvrhGSvvh|vv#Gyvv}vvgvvzvv(|vv9JGyvv}vv"vvWvv(QI}Svv=vv9H|vvMvvAvvzvvqvv?.
hfvvzvv+vvx@vvavv(*vvQpvv%vv}vvxyvv~pvvwvv9QGyvv}vvAvvgvvzvvtvv?<vvzSvvUGyvvAvvJvvzvv+vv{Gyvv(GQOIpvv,GyvvqvvZvv(dG}hyvv)
|v#$vPGGyvwvAv9H,hPyvx<v9yvQFv(YEyv)GyvwvAv>GyvAvOQ*vTv+v?.h@vJvAv(jGyvqvZv(dGyvAv,C@vB
<vvgvvO$vv9fvvzvv)@vvqvv9Yvv+vv{h|vv(GYvvqvv9J@vvWvv+vv+vvOGyvv}vv=vv9!vv,Gyvv}vv"vvRyvv+vv?hGyvvAvvGvv9Q*vv?,hCpvv]vv{_vvQ*vvtvv?
:SvvAvvtvvZvv9A$vvPgGyvvAvvqvv9Yvv+vv{GyvvAvvtvv"vv+vv?$vv,GyvvQFvv(YEyvv)Gyvv}vvZvv9OQGyvvwvvDvv+vvQIGyvv}vvAvv"vv(fvv?yvv}vvgvvQpvv?
GyAWQ*g9JhGyA(Y+9JGyJ9y+?GyM9Y?<%9.

hyvvgvv{Cpvv]vv{_vvQ*vvtvv?yvvzvv=vvOA<vv9SvvAvvtvvZvv9A_vv+vvrGyvv}vvgvvzvv(|vv9JGyvvAvv,Svv(a@vvJvvAvv9LEyvv+vv%vv9
$vv,|vvgvvQpvv?|vv#svv9e<vv{fvvOGO$vv9.h$vvPG*vvOyvvxfvvzvv)GyvvjvvQV|vv#!vvWvvQ@vvzvvxGyvv}vvgvvzvv(|vv9J,
hfvvzvv)G}Svv9SGyvvPj@vvtvv(efvvzvv+vv&.pvv}vvgvvQpvv?|vv#CfvvOvGyvv}vvgvvzvv(|vv9J@vv}vvw

x
vv"vvx|vv#GyvvJvvwvv~

fz)@}w
w
"&|#Gy}(\(Y,h|#C~vfz)hC(s+?@zxGy}gz(|9JhY;I+A%9.

svvvO:*vvvwvvv(fVvvvMvvv[|vvvgvvv+vvv#$vvv(|vvv#CfvvvOvGyvvv}vvvgvvvzvvv(|vvv9J,<vvv{$vvv+vvv8vvv?Ch|vvv|SvvvTvvv?
Ivwv(|v+v?Ch@vGv9Q*v?.pvDv}v?GyvwvDv+vQ|v#@vzvxGyv%v+v8v9JhGyvGv}vgv+v9JGyvAv,|v#C$vOGpv%v9Fv}vh
h@vvv(yvvv+vvvOh@vvv(R*vvvhGyvvv}vvvgvvvzvvv(|vvv9JGyvvvMvvv9Yvvv?<vvv9yvvv=vvv"vvv9A.h<vvvgvvv]vvv%vvv9,h|vvv"vvv%vvv9$vvv+vvv8vvv?<vvvJvvv(KGyvvv=vvv"vvv9A

(Building Research Establishment (BRE))Gyvv=vvQ*vvavv9!vv+vv?,*vvAvv}vvAvvh<vv}vv"vvdvv(QhGSvvh,pvv,
Ivv+vv#Cf$vv+vv8vv9JCLvvQi,h|vv"vv%vv9Fvv}vvgvv+vv?GyvvMvvQSvv9!vv?(Concrete Society),@vv%vvAvv~<vv}vv"vvdvv(Q
\v+vupvtvb.h@

o
v}v(xd<vgv]nv%v9$v+v8v9J|vTvAvtvzv?,hQ<v}v9Ivwv(|v+v?,pv,Iv+v#CfFv%v9Jyv%v9

|vvZvvzvvJvv?@
o
vv}vv(xd<vvgvv]vv%vv9G6LvvQ,E:CfPyvvx:*vvtvvz

x
vv{|vv#C$vv}vv+vv?|vvgvvzvv(|vv9@vv%vv9.hfvvzvv+vvx

@vvvJvvvO*vvvO|vvvGvvv9dC!vvvWvvvavvv?@vvvzvvvxGyvvv%vvv+vvv8vvv9J,hGyvvvtvvv+vvv9e<vvv=vvvgvvv̂GyvvvAvvvtvvv+vvv+vvv~yvvvTvvvzvvvavvvAvvv%vvv9Gyvvv}vvv%vvv"vvv+vvv?
hGSAt;y+A%9.

h*vvGvv>Cf@vvtvv(e<vv}vvavv9<vvtvv?Gyvv}vvgvvzvv(|vv9JGyvvAvv,@vvTvvgvv)Eyvv+vv%vv9|vvhGyvvjvvQVGyvvPj@vv=vvAvvjvv+vv&
|v"v%v9,h*vGv>Cf@vAv+vtvv#|v#YvzvAv%v9<v&.h|vhCfGyv}vgvzv(|v?GyvAv,@vJvZv{fvzv+v%v9svO@v=vOh
C!vv%vv9|vv9@vvTvvgvv)Eyvv+vv&,pvv{fCvv}vv?fvv9|vvz

n
vv+rvv#*vvGvv>CLvvP$vv}vv9pvv,GyvvJvvTvv=vv9f.Ch:

k
,|vvAvv)!vvWvvQ

Gyvvv}vvv(\vvv(Y?pvvvqvvv,vvvvDvvv+vvvQ|vvv#G}Ivvv+vvv9f,*vvvwvvv(f@vvv9Q*vvvNGyvvv"vvvWvvvQ$vvv9|vvv9
k

,Lvvv9Yvvv?|vvv#Ivvv+vvvE
\vQhQIG:!vZv+v9YyvzvAvWvQ*vgv9JGyvtv9Fv}v?h6LvQ|v9ho\pvh|v#@v(Yv+v9J.Cv9!v+v9

k
,C*v#!ovWpvQ?

pvzfv}v9dGyv=v"v9A$v,C!vWvav?@vJvZv{pv,C!vJv9AGyvgv9yv~vvzv&,yvwv#Gyv}vgvQpv?<v%v9:*v}vwv#Cf
@vvv"vvvAvvvtvvv{pvvv,|vvv9<vvv+vvv#GyvvvOhd,Lvvv9Yvvv?CfGyvvv}vvv}vvv9QSvvv9JGyvvvWvvv9Fvvvgvvv?hfvvv(G|vvv{Gyvvv}vvv"vvv9Nh@vvv(GpvvvQ
Gy}(GQO*}w#Cf@Gg{GyJ{i+Q|;F~yw{G}|9v#.
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GywA>GyAOQ*T+?h|t9:JGy=JE

@vJvAv(jGyvwvAv>GyvAvOQ*vTv+v?fvzv)|vgvQpv?QGSvMv?fv#vv{|v9*vAvgvzvu<v9yv=v"v9A,Cjfv#
Gyvv}vv(GOhGyvvAvvZvv}vv+vv~G !vvWvv9Fvv,hGyvvMvvO|vv9JhGyvvGvv(G!vv>G:svvAvvZvv9O*vv?,fvvzvv)Svv=vv+vv{Gyvv}vvDvv9d.
h$vvv,@vvvTvvv9fvvvOcfvvvzvvv)pvvv%vvv~Gyvvv}vvvR*vvvOfvvv#GyvvvGvvv(G!vvv>Gyvvv"vvvdvvvQ*vvv?hGyvvvgvvv}vvvzvvv+vvv?yvvv=vvvgvvv̂G}pvvvwvvv9Q
Gyvv}vvavvQhIvv?pvv,$vvPGGyvvwvvAvv9H,hLvv9Yvv?pvv,GyvvGvvRAG}hd|vv"vv&.hsvvO*vvwvv(ffvvzvv+vvxC*vv]vv9

k

GyvvQFvv(YEyvv)vvvAvv>CLvvQifvv#$vv"vvOSvv?Gyvv=vv"vv9AyvvAvvTvv9fvvOcfvvzvv)pvv%vv~vvv+vvqvv+vv?h\vvhGyvvJvvzvv(d
GyvvAvv,hQOJpvv,FvvRC*vv&GyvvDvv9!vv,hGyvvDvv9yvvEC*vv]vv9

k
.yvvwvv#<vvQivv~CfGyvvJvvzvv(dGyvvAvv,@ovvgvvQVpvv,

GyvvwvvAvv>GyvvAvvOQ*vvTvv+vv?*vv}vvwvv#Cf@vvwvv(fBLvvQ|vv9@ovv(Yxvv{Eyvv+vv&pvv,hsvvB!vvWvvQGyvvwvvAvv9H,pvv{f
@vvjvv+vv+vvQGJ:Ivvtvv?svvO@vvwvv(fsvvOIvvZvvzvvB<vvgvvOFvvPpvv,GyvvAvvWvvQ*vvgvv9J,|vvhcvv%vv(Q|vvgvvzvv(|vv9J
hG<vvvAvvvwvvv9QGJFvvvO*vvvOIpvvv,Gyvvv}vvv(GOhGyvvv}vvvwvvv(x!vvv9J.EfCvvv}vvv?Ivvv9Fvvv?Eyvvv)@vvvzvvvv+vvvOGyvvvAvvvqvvv9Yvvv+vvv{
hGyvv}vv(GYvvqvv9JGyvvAvv,@vvQOpvv,Fvv}vv+vvhGyvvwvvAvv>,h|vv"vv%vv9$vvPGGyvvwvvAvv9H,GSvvAvv"vv9OG

k
Eyvv)|vvZvv9OQ

CIOK,L9Y?|hGRO*9OGy}OIGy}"t]+?<gO@9Q*N!WQ$9.

h*vvwvvAvv>GyvvwvvAvv>GyvvAvvOQ*vvTvv+vv?fvv9OICSvv9@vvPIFvv9|vvgvv+vv(fh<vv9IvvDvv(f,h$vv~*vvwvvAvv=vv(fC*vv]vv9
k

|vvtvv9:J<vvJvvDvv+vv?.h@
o
vvwvvAvv>Gyvv}vvtvv9:JGyvv=vvJvvDvv+vv?<vvjvvQVGyvv}vvTvv9$vv}vv?pvv,GyvvJvv(GQGyvvPj*vvOhQ

Ivvv(d|vvv(\vvv(Y|vvv9,Lvvv9Yvvv?fvvv"vvvO|vvv9@vvvwvvv(fGyvvv}vvvgvvvQpvvv?<vvv&ivvv+vvvQQGSvvvMvvv?h|vvv(\vvvhFvvvOd.
hGyvvjvvQV|vv"vv%vv9fvv9OIyvv+vvU@vvtvvO*vv~!vvZvv9FvvKCh@vv(Yvv+vv9J|vv=vv9VvvQI<vvMvvZvv(UG!vvAvvtvv9AIvvzvv(d
Gyvv=vv"vv9A,<vv{pvv,|vvgvvdvv~G}Ivv+vv9fGyvv}vvTvv9fvvOIfvvzvv)pvv%vv~_vv=vv+vvgvv?Gyvv}vvWvvwvvzvv?hGyvvtvv]vv9*vv9GyvvAvv,
@vv"vvavv(jfvvzvv+vv%vv9.h$vv,@ovvwvvAvv>ivv9yvv=vv9

k
yvvzvvGvv}vv9fvv9JGyvv}vv"vvjvv}vvTvv?pvv,GyvvAvvgvvzvv+vv~hGyvv=vvJvvE.yvvPG

@vAvavzv>GyvAvZv9|v+v~GyvGvO*vOIChGyv}v=vAvwvQIfv}vzv+v9
k

Gyvgv(OIEyv)GyvJv(GQGyvtv9Fv~(ChEyv)!vAv9FvH
Gyvv=vvJvvEG}Yvvzvv+vv?GyvvTvv9<vvtvv?)<vvJvvDvv9

k
fvv#VvvQhIvv9JIvv(dvvv+vvqvv+vv?@vvQFvv}vvAvv%vv9pvv,Gyvv}vv}vv9QSvv?

Gyg}z+?.

EQV9OGJh@(Y+9JvvvvLO|9JGy}gz(|9J

*vvGvv>fvvOeGyvvMvvzvvb<vv+vv#Gyvv}vvtvv9:JGyvv=vvJvvDvv+vv?hGyvv}vv"vvWvv(QGJGyvvZvv9OQIfvv#$vv+vv8vv9J
Gyvv=vvJvvEGyvvAvv,@vv"vvWvvQ|vvgvvzvv(|vv9JGyvv%vvOa|vv"vv%vv9Cf@vvwvv(fOyvv+vv;

k
Ch@vv(Yvv+vv9J@ovvTvvAvvgvv}vv{pvv,

Gyv(Gsvh<vgvOCf@vwv(fGyvJv(GQGJhGyvAvGv9QHGyvMv9Yv?<v9yv=vJvE!vqvTv&svOGvvAv}vzvB.pv=vgv̂
Gyv}vgvQpv?GyvAv,@vAv]v}v"v%v9@vzvxGyv}v"vWv(QGJ*vz@v,|v#Lv=vQGJhOQGSv9JSv9<vtv?pv,|vGv9d
Gyvv=vv"vv9AIvv+vvE@vvwvv(fGyvvAvv(Yvv+vv9JsvvOho\pvvgvvBGfvvAvv}vv9OG

k
fvvzvv)Gyvv}vv}vv9QSvv?Gyvvgvv}vvzvv+vv?.h|vv#@vvzvvx

Gy%+89J:
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!$+8?<J(KGy="9A(BRE)

!Fv}vgv+v?<vJv(Kh|vgvzv(|v9JYv"v9fv?Gyv=v"v9A(Construction Industry Research

and Information Association (CIRIA))

h|vv#C|vvDvvzvv?|vv"vvWvv(QGJ@vvzvvxGyvv%vv+vv8vv9JGyvv}vvGvvzvv?DigesteGyvvAvv,@ovvZvvOQ$vv9$vv+vv8vv?<vvJvv(K

Gyvv=vv"vv9AhGyvvAvv,@vvtvvO
x

e|vvQGFvvgvv?|vvMvvAvvZvvQIyvv}vv(G\vv+vvhGyvv=vv"vv9AGyvv}vvMvvAvvzvvqvv?,|vv#Gyvvavv+vv"vv?IvvAvv)Gyvv=vv"vv9A
fvzv)YvzvZv9dsv9<v{yv;!vwv}v9T.h@v(p

x
vQ$v+v8v?<vJv(KGyv=v"v9A_v+vqv9

k
hGSvgv9

k
|v#Gyv}vgvzv(|v9J

fvzv)Yvzv?|v=v9VvQI<v9LvAv+v9Q_vQ*vtv?GyvAvWv+v+vOhGyvAvqv9Yv+v{hGyv}v(GYvqv9J.C|v9Fv}vgv+v?<vJv(K

h|gz(|9JY"9f?Gy="9ApAtO
x

ef}(|9
k

@t9Q*QCvDQV}(y+?.

hCv}v?|vGv}v(fv9J|v"vWv(QGJvv=vQiCLvQi,Y

ov}
x
v}vByvAvtvO*v~EQVv9OGJh@v(Yv+v9J

|v=v9VvQI@vtv(efvzv)Gyv=vJvEhGyv}v}v9QSv?Gyvgv}vzv+v?,h@v(p
x
vQ$v9$v+v8v9J@v%vAv~pv,Gyv}vtv9eG}hd

<v}v9OIhGIvOIh<v9yv}vwv(x!v9JGyvAv,*v}vwv#Cf@ovZv"vh|v"v%v9.@v"vWvQ@vzvxGyv%v+v8v9J|vgvzv(|v9J,
h*vvv}vvvwvvv#Cf@vvvtvvvO

x
eLvvvO|vvv9JGSvvvAvvvWvvv9Q*vvv?Eyvvv)Gyvvv}vvvZvvv}xvvv}vvv+vvv#yvvv}vvvWvvv9Q*vvvh|vvvgvvv+vvv"vvv?.h|vvv#@vvvzvvvx

Gy%+89JGyA,@tOeLO|?Gy}gz(|9J@zx:

!F}g+?G S}"BGy=Q*a9!+?(British Cement Association (BCA))

!F}g+?GyMQS9!?(Concrete Society)

!|g%OG !W9AGJGyq(:P*?(Steel Construction Institute)

!Fvvv}vvvgvvv+vvv?<vvvJvvv(Kh@vvvavvv(*vvvQGyvvvMvvvWvvv>(Timber Research and Development

Association TRADA)

!F}g+?@a(*QG6FQ(Brick Development Association BDA)

!F}g+?Yq9FKGyQY9U(Lead Sheet Association)

!F}g+?@a(*QG}!9<+>GyZzZ9y+?(Clay Pipe Development Association)

YvvJvv+vvKlCfvvvDvv+vvQG
k

|vv#@vvzvvxGyvv%vv+vv8vv9J:*vvtvvO
x

e|vvgvvzvv(|vv9Jfvv#|vv"vvAnvvGvv9JYvv"vv9fvv+vv?
|vvJvvO

v
OI,E:C!vv%vv9@vv}vvD

x
vv{G$vvAvv}vv9|vv9JGyvv}vv|SvvTvv9JGyvvAvvGvv9Q*vv?|vv#Ivv+vvEGyvvJvv9Fvv?Eyvv)@vv(pvv+vvQ

|vgvzv(|v9JFv+vOI@vgvR
x

RGSvAvgv}v9d_v+vr|v#Gyv}v"vAvGv9Jfvzv)!vJv(B|v#h!v9FvKpv,@vWv+v+vO
Gyvv}vv=vv9!vv,.h@vv]vv~|vv"vvWvv(QG@vv%vv9|vvgvvzvv(|vv9J@vvtvv"vv+vv?hLvv=vvQGJFvv+vvOI,|vv"vv%vv9<vv+vv9!vv9Jh|vv(GYvvqvv9J
h@q9Y+{@Z}+}+?.
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hE\vv9pvv?Eyvv)Cfvvv{$vv+vv8vv?|vv#$vvPgGyvv%vv+vv8vv9J|vvAvvMvvZxvvZvv?<vv}vv9OI|vvgvv+vv"vv?h<vv9yvv}vvwvv(x!vv9J
GyvAv,@ovZv"vh|v"v%v9,pv{f|v"vWv(QG@v%v9@vWvAv}v{fvzv)GyvMv=vQGJGyv;R|v?yvAvav=v+vtv9J|vgv+v"v?.fvzv)
Svv=vv+vv{Gyvv}vvDvv9d,@vvtvvO

x
eFvv}vvgvv+vv?<vvJvv(Kh@vvavv(*vvQGyvvMvvWvv>Gyvv}vv"vvWvv(QGJGyvvQFvv+vvTvv+vv?GyvvMvv9Yvv?

<vv=vv"vv)G}_vvQGyvvMvvWvv=vv+vv?,h@vvtvvO
x

eFvv}vvgvv+vv?@vvavv(*vvQG6FvvQEQVvv9OGJh@vv(Yvv+vv9J vvvTvv9A|vv"vvRd
|=",|#C_QLW=+?<z="9JBFQ*?.

h*vv]vv~<vvgvv̂@vvzvvxGyvv}vv"vvWvv(QGJ|vvgvvzvv(|vv9Jsvv9Fvv}vv?fvvzvv)Gyvv}vv}vv9QSvv?Gyvvgvv}vvzvv+vv?,pvv%vv,
@vvJvvAvv(jfvvzvv)@vvtvv9Q*vvQfvv#|vvWvv9Q*vvhIvvtvv+vvtvv+vv?@vv(p

x
vvQSvv(G<vvuhC|vvDvvzvv?fvv#vvv+vvqvv+vv?GSvvAvvGvv9<vv?

GyvvvAvvvZvvv9|vvv+vvv~Gyvvvqvvvgvvvzvvv+vvv?yvvv}vvvAvvvavvvzvvv=vvv9J|vvvPvvvvQIGyvvvR<vvv(fhGyvvv}vvv(svvvh,|vvvgvvvavvv+vvv?@vvvqvvv9Yvvv+vvv{h|vvvtvvv9Svvv9J
Gy}w(x!9JGyA,@T9fOfz)h\h|tAQI9JChy+?y}W9Q*h|W9<%?.

h|vv#Gyvv%vv+vv8vv9JG}LvvQiGyvvAvv,@vvtvvO
x

eLvvO|vv9JGyvv}vvgvvzvv(|vv9JGyvvGvv}vvgvv+vv9JGyvv}vv%vv"vv+vv?.h|vvh

Cf<vvgvv̂LvvO|vv9J@vvzvvxGyvvGvv}vvgvv+vv9J@vvtvvAvvZvvQfvvzvv)Cfvv]vv9Fvv%vv9pvvtvvb,pvv{fvvvDvv+vvQG
k

|vv"vv%vv9*nvv"vvWvvQ
|vgvzv(|v9J@vAv]v}v#EQVv9OGJ@vtv"v+v?fv#|v(G\v+vh@v%v~Cfv]v9A$v9.h|v#@vzvxGyv%v+v8v9Jvv{
F}g+9JY"9f?Gy="9AGy}%"+?.

|vv#C|vvDvvzvv?$vvPGGyvv"vv(Y|vv#Gyvv}vv"vvWvv(QGJGyvvAvv,*vvGvvOQPvvvQ$vv9Oyvv+vv{GyvvAvvZvv}vv+vv~GyvvPj
!vvvWvvvQgGyvvv}vvvgvvv%vvvOGyvvv}vvv%vvv"vvv,yvvv}vvv%vvv"vvvOSvvv,LvvvO|vvv9JGyvvv=vvv"vvv9A(Chartered Institute of Building

Secvices Engineers CIBSE).pvvvvv%vvvvvPGGyvvvvvOyvvvvv+vvvvv{*vvvvvJvvvvvAvvvvv(jfvvvvvzvvvvv)VvvvvvQhIvvvvv9Jyvvvvv~SvvvvvU
hGyv=vJv(KGyvMv9Yv?<v{FvQGAGJ@vZv}v+v~LvO|v9JGyv}v=v9!v,,E\v9pv?Eyv)<v+v9!v9J:SvAvgv}v9yv%v9
p,IT9<9JGyAZ}+~.

EQV9OGJh@(Y+9Jvvvv|gz(|9JGy}Z"xh

*vtvO
x

evvDv+vQ|v#Gyv}vZv"xvgv+v#|vgvzv(|v9Jfv#|v"vAvGv9@v%v~.h:@vtvAvZvQ@vzvxGyv}vgvzv(|v9J
fvvzvv)_vv+vvrGyvv}vv"vvAvvGvv9JhCVvvwvv9yvv%vv9h|vvtvv9Svv9@vv%vv9pvvtvvb,<vv{@vvWvvAvv}vv{C*vv]vv9

k
fvvzvv)Lvv(GU

Gyvv}vv(GOGyvv}vvTvvAvvgvv}vvzvv?pvv+vv%vv9hfvvzvv)G!vvJvvQGpvv9JGyvvAvvZvv"vv+vvhGyvv}vv(Fvv(OIpvv+vv%vv9.h$vv,@vv(pvvQC*vv]vv9
k

|vvgvvzvv(|vv9Jfvv#|vvAvvavvzvv=vv9JGyvvAvvDvv=vv+vvBhGyvv(Yvv{.h*vvGvv>fvvOeGyvvMvvzvvb<vv+vv#$vvPgGyvv}vvgvvzvv(|vv9J
hGyvv}vvgvvzvv(|vv9JGyvvOfvv9Fvv+vv?,pvv9yvv}vvgvvzvv(|vv9JGyvvAvvtvv"vv+vv?$vv,Oyvv+vv{@vvZvv}vv+vv~@vvtvv"vv,*vvgvvavv,<vv+vv9!vv9J
@Z}+}+?h@q9Y+{@"q+P*?,hIA)@gz+}9J@M[GyAQv+>hGyZJ?hGyT;|?.

h*vtvO
x

evvDv+vQ|v#Gyv}vZv"xvgv+v#@vqv9Yv+v{h|vtvAvQIv9Jfv#vv+vqv+v?@v]v}v+v#|v"vAvGv9@v%v~pv,
<v"v+v?Gyv}v=v"v)yvAvJvtv+vu|vAvavzv=v9JG}OGA,hLv9Yv?@vzvxGyvAv,@vMv]vhyvzvAvWvQ*vgv9JGyvJvwv(|v+v?.
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h*vv}vvwvv#QD*vv?Pyvvxpvv,Gyvv}vvgvvzvv(|vv9JGyvvAvv,*vv(p
x
vvQ$vv9|vvZvv"xvvgvv(yvv=vv"vv9JGyvvMvvQSvv9!vv?hGyvvgvv(GRd

GyvvvP*vvv#*vvvgvvvavvv(fC|vvvDvvvzvvv?fvvv#vvvv+vvvqvvv+vvv?@vvvJvvvtvvv+vvvuGyvvvgvvvRdGyvvvZvvv(@vvv,hGyvvvJvvvQGQjGyvvvzvvvP*vvv#@vvv"vvv[

GyAWQ*g9Jfz+%}9.

h*vv(p
x
vvQGyvv}vvZvv"xvvgvv(fCIvv+vv9!vv9

k
EQVvv9OGJ@vvMvv[Gyvv}vv}vv9QSvv?Gyvvgvv}vvzvv+vv?GyvvGvv+vvOI|vvtvvAvv=vvTvv?|vv#

vvvDvv+vvQ|vv#Gyvv}vvZvv9OQGyvv}vvPvvv(QIB!vvqvv9
k
.h*vv}vvwvv#|vv"vvWvv(QG@vv%vv~Cf@vv}vvD

x
vv{C*vv]vv9

k
|vvZvvOQG

k
Fvv+vvOG

k

y}QGFh@M[Gy}g9*+QhGyAWQ*g9JGy};F}?GyA,!"9sW%9p,Gy}tahGyA9y,.

Gy}g9*+QhGyAWQ*g9J
|vv#Gyvv]vvQhQjGyvvAvv}vv+vv+vvR<vv+vv#GyvvAvvWvvQ*vvgvv9JGyvvAvv,@vvZvvOQfvv#GyvvTvvzvvavv?GyvvAvvWvvQ*vvgvv+vv?hGyvvAvv,

@vv"vvavv(jfvvzvv)GyvvAvvRG|vv9Jsvv9!vv(!vv+vv?|vv#Ivv+vvEGyvvAvvavv=vv+vvupvv,Fvv}vv+vvh|vvWvv9Q*vvhGyvv=vv"vv9A,h<vv+vv#
Gyvv}vvgvv9*vv+vvQGyvvAvv,*vv}vvwvv#Cf*ovvWvv9QEyvv+vv%vv9pvv,fvvtvv(OGyvv=vv"vv9A,hGyvvAvv,*vvGvv>GyvvAvvRG|vv%vv9pvv,E_vv9Q
@"q+PGygtOGyPj*A]}"%9.

hfvv}vv(|vv9
k

,@
o
vvwvvAvv>GyvvAvvWvvQ*vvgvv9JGyvvZvv9OQIfvv#GyvvTvvzvvavv?GyvvAvvWvvQ*vvgvv+vv?yvvAvvJvvO*vvOG}OGA,

h$vv,:@vvAvvavvQvbEyvv)vvv+vvqvv+vv?@vvJvvtvv+vvuPyvvxG}OGA.E:CfC$vv~GyvvAvvWvvQ*vvgvv9JGyvvAvv,*vv%vvAvv~<vv%vv9
$vvvvPGGyvvvvwvvvvAvvvv9H$vvvv,@vvvvWvvvvQ*vvvvgvvvv9JGyvvvv=vvvv"vvvv9A(Construction Regulations),Gyvvvv}vvvv"vvvvWvvvv(QI|vvvvh
Gyvv(Cvv9FvvuGyvv}ovvtvvQxI(Approved Documents)GyvvAvv,@vvAvv]vv}vv#@vvqvv9Yvv+vv{Gyvv=vv"vv9Ah|vv(GYvvqvv9@vv&,
E\v9pv?Eyv)|vgvzv(|v9J@vZv}v+v}v+v?.Ef|vtvAvQIv9JGyv=v"v9A$vPg@vAv(Gpvu|vhGyvAvWvQ*vgv9J,yvwv"v%v9
:@vvjvvavv,vvv{GyvvJvv9:J.yvvPG*vv}vvwvv#GSvvAvvgvv}vv9dIvvzvv(dCLvvQi,E:Cffvvzvv)Gyvv}vvZvv}xvv~
Iv+v"v8vPCf*v=v+xv#CfCOGA$v9|v"vTvGv~|vhGyvAvWvQ*vgv9J.h*vJvZv{GyvAv+vtwv#|v#Pyvx|v#Lv;d
|vvQGsvv=vv?Cfvv}vv9dGyvv=vv"vv9A.yvvPG@ovvgvvAvv=vvQGyvv(Cvv9FvvuGyvv}ovvtvvQvI|vvZvvOQG

k
Fvv+vvOG

k
yvvzvv}vvgvvzvv(|vv9Jfvv#vvv+vvqvv+vv?

@Jt+uGy="9Ay}g9*+QG}OGA.

hCvv}vv?|vvgvv9*vv+vvQ<vvQ*vvavv9!vv+vv?hChQ<vv+vv?yvv}vvgvvdvv~GyvvGvv(G!vv>GyvvQGSvvMvv?|vv#_vvQGFvvuGyvv=vv"vv9A.hpvv,
Iv+v#Cf@vzvxGyv}vgv9*v+vQ|vwvAv(<v?yvAv(pv+vQOyv+v{yvAvJvtv+vuG}OGAGyv}v"vZv(Ufvzv+v&<v9yv}vAvavzv=v9J
Gyvv}vvqvvAvvQ\vv?,pvv{fhcvv+vvqvvAvv%vv9GyvvQFvv+vvTvv+vv?$vv,@vvJvvO*vvO|vvgvv+vv9QIvvOCO!vv)*vvGvv>fvvzvv)Gyvv}vv9OICh
Gyvvv}vvvwvvv(xfChGyvvv}vvv"vvvAnvvvHCf*vvvwvvv(f|vvvAvvv(Gpvvvtvvv9

k
|vvvgvvv&.E!vvv%vvv9:@vvv]vvv}vvv#G}OGApvvv,|vvv=vvv"vvv)|vvvgvvv+vvv#,

pvv9yvvJvvwvv~fvvzvv)PyvvxG}OGA*vv=vvtvv)FvvRAG
k

|vv#GyvvJvv{Gyvv"vv%vv9Fvv,Gyvv}vvMvvAvv9Q.Ef@vvzvvxGyvv}vvgvv9*vv+vvQ
@vv(p
x
vvQEQVvv9OGJfvv#Gyvv}vv(GYvvqvv9JGyvvtvv9<vvzvv?yvvzvvAvvavv=vv+vvupvv,vvvDvv+vvQ|vv#GyvvJvv9:J,h<vvPyvvx@vv(p

x
vvQ

|vvgvvzvv(|vv9Jsvv+xvv}vv?yvvgvv}vvzvv+vv?G:LvvAvv+vv9Q,E\vv9pvv?Eyvv)C!vv%vv9hSvv+vvzvv?Fvv+vvOIyvvAvvJvvO*vvOG}ivvQGV

GyAg9sO*?.
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h!vvdvvQG
k

Eyvv)Cf@vvavv(*vvQ|vvgvv+vv9Q|vvwvvAvv}vv{*vvTvvAvvjvvQb|vvOI_vv(*vvzvv?h*vvgvvAvv}vvOivv9yvv=vv9
k

fvvzvv)
GyvvMvv=vvQIhGyvv}vv}vv9QSvv?Gyvvgvv}vvzvv+vv?GyvvAvv,@vvAvv(GpvvQyvvzvvGvv"vv?GyvvAvv,@vvZvv+vvkGyvv}vvtvv+nvvU,pvvtvvO:*vvwvv(f
yvzv}v(GOGyvGvO*vOI|vgv+v9Q*v}vwv#GyvQFv(YEyv+v&.pv,$vPgGyvJv9yv?,*v}vwv#Cf@vwv(fVv%v9OGJ

|vvGvvzvvUGyvvWvv%vv9OGJGyvv=vvQ*vvavv9!vv,British Board of Agrement (BBA)|vvAvv(GpvvQIyvvAvv(\vv+vvK
_=+g?hGSAg}9d|"AnH|g+v#.

h$vvv"vvv9yvvvx|vvvGvvv}vvv(fvvv?|vvv#Gyvvv}vvvgvvv9*vvv+vvvQPGJG}$vvv}vvv+vvv?Gyvvvgvvv9yvvv+vvv?yvvvzvvvGvvvRAGyvvvDvvv9!vvv,|vvv#$vvvPG
GyvvwvvAvv9H,h$vv,|vv(Fvv(OIpvv,vvvAvv9HOyvv+vv{Gyvv}vvGvvzvvUGyvv(_vv"vv,yvv=vv"vv9AGyvv}vv"vv9RdNational

House - Building Council (NHBC),hvvvvvvv9!vvvvvvBsvvvvvvOGsvvvvvvAovvvvvvQIvvvvvvByvvvvvv(\vvvvvvhGyvvvvvv}vvvvvvgvvvvvv9*vvvvvv+vvvvvvQ
Gyvv]vvQhQ*vv?yvvzvvJvvZvv(dfvvzvv)Gyvv]vv}vv9!vv?GyvvAvv,*vv(pvvQ$vv9Gyvv}vvGvvzvvU,h$vv,@vv]vv~GyvvgvvO*vvO|vv#
GyA(Y+9JhGyAWQ*g9JhGy"Z9FKGy}Agzt?<="9AGy}"9Rd.

hvvvvDvvv+vvvQ|vvv#Cfvvv}vvv9d@vvvQvvvv+vvv>GyvvvMvvvO|vvv9J|vvvjvvvavvv)<vvvAvvvWvvvQ*vvvgvvv9J|vvvgvvv+vvv"vvv?,h|vvv#C|vvvDvvvzvvvAvvv%vvv9
@vWvQ*vgv9J|vgv%vO|v%v"vOSv,Gyvwv%vQ<v9AInstitute of Electrical Engineers (IEE)GyvMv9Yv?

<9yAQv+=9JGyw%Q<9F+?.

Gy}G;J

|vv#Gyvv]vvQhQjCf*vvJvvZvv{GLvvAvv+vv9QIvv{Gyvv}vv=vv"vv)\vv}vv#Svv+vv9bGyvvAvvZvv}vv+vv~hGyvv}vv}vv9QSvv?
GyvvWvv9Fvvgvv+vv#.h*vvAvvJvvtvvvuPyvvx<vv9SvvAvv}vvQGQ@vvJvvO*vvEGyvv}vvgvvzvv(|vv9JhGyvv}vvgvvQpvv?GyvvAvv,yvvO*vvxfvv#
GyvvMvv=vvQGJGyvvgvv}vvzvv+vv?Gyvv}vv(Fvv(OI,hfvv#Gyvv=vv+vv8vv9JG:FvvAvv}vv9fvv+vv?hG:svvAvvZvv9O*vv?hGyvvAvvGvv9Q*vv?GyvvAvv,
@vv|C
x
vvQpvv,C!vvWvvavv?Gyvv=vv"vv9A.h*vvAvvJvvtvvvuPyvvx|vv#Lvv;dGyvv}vv}vv9QSvv?Gyvvgvv}vvzvv+vv?,h*vv}vvwvv#@vvgvvR*vvRg
<9ytQGAIGy}"Ad}?yz}G;JG}S=(f+?hGyW%Q*?.

h@vv(p
x
vvQGyvvGvv}vvgvv+vv9JGyvv}vv%vv"vv+vv?$vvPgGyvvMvvO|vv?}fvv]vv9Fvv%vv9fvv9OI,E:CfCvv}vv?fvvOOG

k
|vv#

Gyvv}vvGvv;JGyvvAvvGvv9Q*vv?*vv(p
x
vvQCLvv=vv9QG

k
h|vvtvv9:Jfvv#GyvvAvvavv(wQGJGyvvAvvtvv"vv+vv?GyvvGvvO*vvOIhGyvvAvvZvv9|vv+vv~

Gy}=AwQI,E\9p?Ey)Iz(d@M[|W9Q*h<"9A|g+"?.

GygD(Qf^GCgz(|9J
|vv#Gyvv}vv}vvwvv#OGFvv}vv9

k
GyvvJvvZvv(dfvvzvv)Gyvv}vvgvvzvv(|vv9JGyvvAvv,@vvQ*vvO$vv9|vv#Gyvv}vvwvvAvv=vv9J,Ch

<v9:@vZv9dGyv}v=v9VvQ|vhGyv}v"vdv}v9JChGyv%v+v8v9JGyvAv,@v"vWvQ$v9.hCv}v?sv(GfvO<v+v9!v9J*v}vwv"vx
Gyvv=vvJvvEpvv+vv%vv9fvv#Gyvv}vvgvvzvv(|vv9JhGyvvJvvZvv(dfvvzvv+vv%vv9|vv"vv%vv9@vv=vvgvv9

k
yvvzvv}vv(\vv(YChyvvTvv+vv9svv&.hvvvDvv+vvQ

|v#@vzvxGyv}vgvzv(|v9JGyvAv,vv9!vB|vAv(GpvQIfvzv)Gyv(QbSv9<vtv9
k

,CYv=vJvBG6f|vAv9Iv?pv,
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G !vAvQ!vB.hsvO|vw
v
v#GyvMvRfG yvwvAvQh!v,yvzv}vgvzv(|v9J,GyvAv,vv9!vBCYv;

k
|vqv%vQSv?hpvtv9

k

yv}vzvMvZv9J@
o
vzvtv,Gyv]v(Afvzv)Gyv}vJvAv(i,|v#@v(Sv+vhGyvqv%v9QSyvAvWvAv}v{fvzv)!vTvNfv#

Gyv"v[<vwv9|vzv&.E!v&yv}v#Gyv]vQhQj|vgvQpv?|v#$v~Chyv8vxGyvP*v#*ovO*vQhfsv(GfvOGyv=v+v9!v9J
@vvzvvx,hvvv+vvqvv+vv?G!vvAvvtvv9Fvv%vv~<vv"vv(O$vv9hGyvvAvvDvv=vvB|vv#CYvv9yvvAvv%vv9h|vv#Cvv~v@vv(pvv+vvQ$vv9.hG6f,*vv}vvwvv#
GSvAvgv}v9dvvDv+vQ|v#sv(GfvOGyv=v+v9!v9JG}vv9O*v}v+v?hGyvAvGv9Q*v?<v9_v}v8v"v9f,E:C!v&|v9RGd|v#
Gy]QhQjGyA+tw#|#Y;I+?v{|gz(|?yzjQVGyPj@Tg)Ey+&,h|#YzA%9<&.

*vGv>fvOeGyvMvzvb<v+v#sv(GfvOGyv=v+v9!v9J@vzvxh|vJvQvv9JGyv=vJvEfv#Gyv}vgvzv(|v9J
(ivv(ivv{|vvDvv;

k
).pvv9SvvAvvgvv}vv9dG !vvAvvQ!vvByvvzvv"vvqvv9PEyvv)svv(GfvvO<vv+vv9!vv9J|vvgvvQhpvv?,ChIvvAvv)Eyvv)

|vvgvvzvv(|vv9JGyvv%vv+vv8vv9JPG@vv%vv9|vv=vv9VvvQI|vv#|vv(Gsvvgvv%vv9pvv,G !vvAvvQ!vvBVvv,A,hGSvvAvvgvv}vv9dhSvv+vvzvv?
<vvJvvE|vvqvvAvv(Ivv?@vvJvvO

x
O|vvZvv9OQPGJ_vv+vvrhGSvvh|vv#Gyvv}vvQFvvgvv+vv9JVvv,ABLvvQ.EPGFvvQi

GSvAvgv}v9d|vJvQc<vJvE,C|vwv#GyvJvZv(dfvzv)<vgv̂Gyv}vgvzv(|v9JGyv}v}vAv9RI,h|vhPyvx

*G>@t++~Gy}9OIGyA,@A(GpQI+"8PhGyA+tw#|#|ZOQ$9h|#GyjQV|"%9.

GSAg}9dGCgz(|9JvvvvGyA(C+uhGyAJtwuhGCM9_Q
|vvv#Gyvvv}vvv}vvvwvvv#pvvv,vvvvDvvv+vvvQ|vvv#GyvvvJvvv9:JGyvvvgvvvDvvv(Qfvvvzvvv)|vvv"vvvWvvv(QGJ|vvv(Cvvv(svvv?h|vvv;Fvvv}vvv?

hCLvvP|vvgvvzvv(|vv9J|vv"vv%vv9hGSvvAvvgvv}vv9yvv%vv9pvv,Yvv+vv9ivv?GyvvJvv{,Cvv~Gyvvtvv+vv9e<vvAvvJvvzvv+vvzvv&yvvAvvtvvzvv+vv[

E|vvwvv9!vv9JGyvv}vvGvv9Rpvv?hG Lvvqvv9b.hivv9yvv=vv9
k

|vv9*vvwvv(fvvv9pvv+vv9
k

Cf@vvtvv9QfGyvv}vvgvvzvv(|vv9JGyvvGvvO*vvOI
<vv9yvv}vvgvvQpvv?GyvvAvv,@vv}vvAvvzvvwvv%vv9yvvzvvAvv+vvtwvv#|vv#C!vv%vv9PGJ|vvjvvRih|vv#C

n
vv~vGSvvAvvgvv}vv9yvv%vv9yvvAvvzvvv+vvOGyvvJvv{

GyPjS(a@gA}Og.

yvvwvv#fvv"vvO|vv9@vvwvv(fGyvv}vvGvv9Rpvv?vvv=vv+vvQI,Chvvv9fpvv%vv}vvxyvvzvv}vvTvvzyvv?yvv+vvUvvv9pvv+vv9
k

,|vv#
Gyvv]vvQhQjGyvvTvvgvv,Eyvv)Gyvv}vvgvvzvv(|vv9J|vv#CvvvDvvQ|vv#|vvZvvOQ.hsvvO*vvAvv=vv+vvv#CfGyvv}vvgvvzvv(|vv9J
GyGO*OI:@Aqu|hQD*Ax,hyPG@WgQCf|#Gy]QhQjGyA+tw#|}9IZzBfz+&.

EfSvvv|GdG6LvvvQ*vvv#fvvv#BQGFvvv%vvv~,EPGvvvv"vvvB@vvvQiC!vvv%vvv~*vvv}vvvAvvvzvvvwvvv(fLvvv=vvvQI|vvv;Fvvv}vvv?
yvvvAvvvtvvvO*vvv~QCjSvvvO*vvvO,svvvO*vvvwvvv(fvvvv9pvvv+vvv9

k
yvvvgvvv}vvvzvvv+vvv?GyvvvAvvvJvvvtwvvvu.h|vvvhPyvvvxsvvvO*vvvAvvvavvvz

v
vvv>Pyvvvx

GyTg,Ey)|gz(|9JCLQi|#|Z9OQ|"W(QI.

yvv#@vvAvv}vvw
v
vv#|vv#|vvtvv9_vvgvv?Gyvv}vvgvvzvv(|vv9JGyvv}vvAvv(GpvvQI|vv#fvvOI|vvZvv9OQCvv9!vv(*vv?|vvMvvAvvzvvqvv?

yvvzvvAvvDvv=vvB|vv#Gyvv}vvgvvzvv(|vv?EPGvvv9!vvBFvv}vv+vvgvv9
k

@vvTvvAvv"vvOEyvv)|vvQFvvhQFvv+vvTvv,hGIvvO.C|vv9EPGvvv9!vvB
Gyv}v"vWv(QGJGyvAv,@vQFvhEyv+v%v9|v#|vZv9OQ|v(Cv(sv?,pv{f@vzvxGyv}vZv9OQ@vwv(fsvOsv+vv}vB
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Yvv;Ivv+vv?Gyvv}vvgvvzvv(|vv9Jsvv=vv{Cf@vvgvvAvv}vvO$vv9pvv,|vv"vvWvv(QG@vv%vv9.h$vvPG*vvGvv>Cf*vvgvvavv+vvx<vvgvv̂
GyvDvtv?pv,GSvAvgv}v9dGyv}vgvzv(|v9J.h*vgv(OG}|vQEyv+vxyvAvJvO*vO|v;A|vAv%v9yv}vWvQhfvxGyvPj
@g}{<&.

h@vvPv
v
vvQCfQD*vvAvvxGyvv"vv%vv9Fvv+vv?hEIvvTvv9SvvxGyvvGvv+vvO$vv}vv9GyvvzvvPGfSvv(a*vvtvv(OG!vvxEyvv)

Gyt+9e<9@M9PGytQGQGyTz+~.

GyM;Y?

1.svvO
v
|vv"vv9pvv,$vvPGGyvvwvvAvv9HE_vv9Qfvv}vv{yvvAvvJvvzvv+vv{Gyvv}vv=vv"vv)hGLvvAvv+vv9Qg.h*vvAvvavvz

v
vv>Gyvvtvv+vv9e

<vvv9yvvvAvvvJvvvzvvv+vvv{hG:LvvvAvvv+vvv9Qfvvv}vvvzvvv+vvv9
k

GyvvvQFvvv(YEyvvv)_vvv+vvvr|vvv#Gyvvv}vvv"vvvWvvv(QGJGyvvv}vvv(Cvvv(svvv?PGJ

GyZz?<9y}WQhYGyPj@g}{<&.
2.hpvv,Ivv+vv#CfGyvvwvvAvv>Gyvvgvvzvv}vv+vv?hGyvv}vvtvv9:JGyvv=vvJvvDvv+vv?*vv}vvwvv#Cf*vv(p

x
vvQG|vvgvvzvv(|vv9J

yvzvAvJvzv+v{,pv{fGyvGv(G!v>GyvMv9Yv?<v9yv}v(GYvqv9JhGyvAvqv9Yv+v{*vGv>Cf@vwv(fIvO*vDv?.
EfCv}v?vvDv+vQG

k
|v#Gyv}v"vWv(QGJGyvAv,@v(p

x
vQEQVv9OGJh@v(Yv+v9JIvO*vDv?.h@

n
v"vWvQ@vzvx

Gyvvv}vvvgvvvzvvv(|vvv9J$vvv+vvv8vvv9JC
o

S

x
vvvTvvvByvvv%vvvPGGyvvvjvvvQV,hVvvvQvvvv9J@vvvGvvv9Q*vvv?@vvvtvvvO

x
e|vvv"vvvAvvvGvvv9J

yZ"9f?Gy="9A.
3.@v(p

x
vQGyv}vgv9*v+vQhGyvAvWvQ*vgv9J|vgvzv(|v9J@vTv9fvOfvzv)@vJvtv+vu|vgv+v9QCO!v)|vTvAv(i

|v#G}OGAGyv}vtv=v(d,h*v}vwv#GSvAvgv}v9yv%v9hG:SvAvWv%v9O<v%v9EPGvv9!vB|v;Fv}v?yv}vWvQhY
Gy="9A|(\(YG:$A}9e.
4.ivv9yvv=vv9

k
|vv9*vvwvv(f|vv#Gyvv}vv}vvwvv#@vvJvvO*vvOGyvv}vv"vvWvv(QGJGyvvAvv,@vvJvvAvv9LEyvv+vv%vv9|vv#Lvv;d

GSvAvgv}v9dGyvqv%v9QShGyv}vwvAv=v9JhGyv}vZv9OQG yvwvAvQh!v+v?Gyv}vAvTv9Qfv?Gyv"v}v(.yvwv#*vGv>
@vv(Lvv,GyvvJvvPQIvv+vv#@vvJvvZvv+vv{Gyvv}vvgvvzvv(|vv9J|vv#Lvv;dGyvv=vvJvvEpvv,G !vvAvvQ!vvB,<vvO:

k

|#Fz=%9|#p%9QShs(GfO<+9!9J|gA}nOI.
5.h|vvv#Gyvvv]vvvQhQjGyvvvJvvvwvvv~fvvvzvvv)Fvvv(OIGyvvv}vvvgvvvzvvv(|vvv9Jh|vvv;A|vvvAvvv%vvv9}ivvvQG\vvvx,
hGyvvTvvgvv,Eyvv)GyvvAvv+vvtwvv#|vv#hCvv(svv+vvAvv%vv9EPGvvv9fIvvGvv~Gyvv}vvGvv9Rpvv?Gyvv}vvtvvAvvQf<vv9SvvAvvgvv}vv9yvv%vv9
v=+QG

k
.
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G9A?[G9@Kd=Mw

CQOhGR(slate):YvvvMvvvQOsvvv+vvvuGyvvvJovvv=nvvv+rvvv=vvv9JPhyvvv(fQ|vvv9OjChCLvvv]vvvQChCRQb,
h*vvv}vvvwvvv#Cf*vvv"vvvWvvvavvvQEyvvv)Yvvvqvvv9FvvvK!vvv9fvvv}vvv?|vvvTvvva

v
vvvJvvv?.h$vvv(YvvvMvvvQGSvvvAvvvJvvv9yvvv,*vvv"vvvGvvv~fvvv#

GyJQGQIChGy]jb,Chf#f(G|{_=+g+?CLQi.

CQ\vvv+vvv?Ivvv(\vvv+vvv?(trough or waffle floor)(GyvvvvWvvvvwvvvv{25.2):<vvvv;_vvvv?LvvvvQSvvvv9!vvvv?
|vvTvvzvvJvv?,PGJ\vvzvv(Y|vvAvvTvv9h*vv?GyvvAvv=vv9fvvOGJpvv,|vv9<vv+vv"vv%vv9|vv(GR*vv?yvvzvvGvv(G!vv>,hyvv%vv9Vvvwvv{
GyJ(V|#G}Sq{.

CQ\vv+vv?|vvQ@vvqvvgvv?(raised floor):CQ\vvv+vvv?|vvvQ@vvvqvvvgvvv?fvvv#<vvv;_vvv?G}Q\vvv+vvv?G}Yvvvzvvv+vvv?,
h@vvwvv(ffvv9OIpvv,svv9fvv9JGyvvAvvGvv%vv+vvRGJGyvvJvv9Svv(<vv+vv?Ivv+vvE*vv(FvvO@vvJvvAvv%vv9Ivv+xvvRyvvzvvAvv}vvO*vvOGJ

Gyw%Q<9F+?hC!9<+>|9AGyA=Q*OhF9QjGyA%(*?hi+Q$9.

CSvv9SIvvZvv+vvQj(raft foundation):svv9fvvOILvvQSvv9!vv?|vvZvv}vvAvv?@vv}vvAvvOfvvzvv)vvv9|vv{
CQ\+?Gy}=")GyPj*o=")p(s%9<(Yq%9CS9S9

k
.

GSvvvAvvvOG|vvv?(sustainability):Gyvvvv}vvvvtvvvvOQIfvvvvzvvvv)Gyvvvv=vvvvtvvvv9A.h$vvvv,hYvvvvryvvvvwvvvv+vvvvqvvvv+vvvv?<vvvvtvvvv9A
Gyvvv}vvv"vvvdvvv(|vvv9JGyvvvJvvv+vvv(*vvv?Ivvv+vvv?h|vvvAvvv"vvv(xfvvv?|vvvh|vvvQhQGyvvv(svvvB.hpvvv,|vvv9*vvvMvvv[Gyvvv=vvvWvvvQ,$vvv,
GyJq9XGya(*{G}|Ofz)Gy}(GQOGya=+g+?GyA,@]}#Qp9$%~.

CSvav(G!v?|v9Aiv+vQ|v%v(vGI(unvented cylinder):CSvav(G!v?Gyv}v9AGyvTv9Lv#Gyv}v(Fv(OI
\}#OhQI|"d(|?Gy}9AGyT9L#Gy}jzt?GyA,:*OLz%9$(GA.

E_vv9Q<vv9<vv,(portal frame):E_vvv9QFvvv9Svvvr*vvvAvvvzyvvvr|vvv#svvv9Fvvv}vvvAvvv+vvv#|vvv(Yvvv(yvvvAvvv+vvv#pvvv,
G}fz)<g9Q\?.h$PgG}_QV9Fg?vD+QG

k
p,G}v(GNGyq(:P*?.

E_vv9QfvvRe(moment frame):E_vv9Q@vvtvv9hefvv"vv9YvvQghhYvv;@vv&Gyvvtvv(iGyvvgvvQ\vv9!vv+vv?
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<9:!J"9A|#OhfIZ(d@Wtt9JChG!%+9Q.

EpQ*R(eaves):FRA|#GyTtr*=QRf#FOQGfGy}=")GyM9QF+?.

E!vvAvv9L!vvTvv9Fvvtvv,(volumetric production/ modular production):@vvZvv"vv+vvh|vvtvv9_vvh
v=+QI|#Gy}="),h|#C|DzA%9GyjQp?hGyJ}9e...EyN.

G!vvvqvvvQGZSvvv+vvvqvvv(!vvv,(siphonage):G!vvvvqvvvvQGZFvvvvRFvvvv,*vvvv"vvvvGvvvv~fvvvv#@vvvvOpvvvvuGyvvvvTvvvv(GFvvvv{pvvvv,
G}!9<+>.

G!v%v+v9Q|v"vAvWvQiv+vQ|vAvGv9!vU(progressive collapse/ disproportionate collapse):

G!vvAvvWvv9Q@vvZvvOwYChyvv,|vvJvvzvv,|vv#fvv"vvZvvQEyvv)BLvvQ|vv|O*vv9
k

pvv,Gyvv"vv%vv9*vv?Eyvv)G!vv%vv+vv9QGyvv}vv=vv"vv)
<zSQgChFRAv=+Q|"&.

<Q

x*}?(auger):COGIIzRh!+?yJqQCt(Hp,GyMW>ChGyAQ<?.

<v;SvAvQ(plaster):|vvR*vvHyvv+vv#|vv#GyvvGvv+vvQhGyvvQ|vv{hG Svv}vv"vvBhGyvv}vv9A*ovvqvvQTfvvzvv)
GyGOQGfhG}StrGyOGLz+?yAw(*#SaK!9f~s9SI+#Fq9p&.

<vv;_vv?E!vvWvv9Fvv+vv?(structural slab):<vv;_vv?LvvQSvv9!vv+vv?|vvTvvzvvJvv?@ovvTvvAvvgvv}vv{CQ\vv+vv9J
yza(G<uf9OI.

<;_?|Ta

v
J?(flat slab):<;_?LQS9!?|TzJ?L9y+?|#GyG(GFRhGy]z(Y.

<vv"vvAvv(!vv+vvB(bentonite):YvvzvvZvv9dSvvzvv+vvwvv9JG}yvv}vv"vv+vv(e*vv(FvvOpvv,GyvvQ|vv9OGyvv=vvQvvv9!vv,
h*}A[Gy}9A.

<v(yv+vDv+v#(polythene):Yvvqvv9FvvK<vv;SvvAvv+vvxIvvQGQj*ovvTvvAvvgvv}vv{pvv,GyvvAvvjvvzvv+vvrhGyvvgvvRd
GyvvJvvQGQj.@vv(FvvO|vv"vv&pvv8vv9JyvvTvv}vv9vvv?GyvvZvvqvv9FvvK:pvv8vv?Gyvvvvvv500PGJSvv}vv9vvv?@vvTvv9hj125

|vwvQh!v9
k

,pv8v?Gyvvvvv1000PGJSv}v9vv?@vTv9hj250|vwvQh!v9
k

,hpv8v?Gyvvvvv1200PGJSv}v9vv?

@T9hj300|wQhf.

@vZv}v+v~iv+vQ!vWvb(passive design):@vvZvv}vv+vv~*vvTvvAvvqvv+vvO|vv#GyvvGvv(Gyvv}vvJvvzvv,yvvAvv(pvv+vvQ
<vvgvv̂Ch|vvgvvdvv~GyvvAvvOpvv8vv?hGyvvAvv=vvQ*vvOhG \vv9AIhGyvvAvv%vv(*vv?yvvzvv}vv=vv"vv).h$vv(ivv+vvQ!vvWvvb}!vv&:
*Aaz

v
>YQa_9s?yAJt+u@zxGy(c9Fr.

@vvZvv}vv+vv~yvvOf(plastic design):*vvTvvAvvjvv{GyvvAvvZvv}vv+vv~GyvvzvvOfLvv(GUGyvv}vv9OIGyvvzvvO!vv?
(Gyvvtvv9<vvzvv?yvvzvvTvvJvv>,GyvvAvv,|vv#svv=vv+vv{Gyvvqvv(:P)pvv,|vv"vvavvtvv?G:!vvqvvgvv9dGyvvzvvOf|vv#|vvMvvavvb
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G:!vvqvvgvv9dhG Fvv%vv9O,Ivv+vvE*vv}vvwvv#@vvJvv}vv+vv{Gyvvgvv"vv9YvvQG !vvWvv9Fvv+vv?|vv#OhfCf@vv"vv%vv9Q<vvgvvO
!vtvav?GyvMv]v(Y(<vgvO@vGv9hR!vtvav?Gyv}vQh!v?Gyvwv9|vzv?yvzv}v9OI).h!vAv+vGv?yvPyvx*v}vwv#@vJvtv+vu
@vZv9|v+v~CvvDvQGsvAvZv9O*v?|v#Iv9yv?GyvAvZv}v+v~Gyv}vQf,hPyvx<vTv=v>G!vMvqv9Vvv}v+v?Gyv}v9OI
Gy}TAg}z?p,GyAZ}+~.

@vZv}v+v~|vQf(elastic design):_vQ*vtv?@vZv}v+v~*vJvZv{@vJv}v+v{Gyvgv"vZvQpv+v%v9hpvtv9
k

yvvzvvgvv;svv?GyvvMvvavv+vv?<vv+vv#G Fvv%vv9OhG:!vvqvvgvv9d<vvJvv+vvE:*vvAvvGvv9hRGyvvJvv}vv{!vvTvv=vv?|vv#GyvvJvvO
G}fvdv}v,yv}vQh!v?Gyv}v9OI,CjEfG Fv%v9OGyv"v9Fv~fv#GyvAvJv}v+v{:*vZv{Gyv=vAv?Eyv)!vtvav?
GyvvMvv]vv(Y.$vvPG*vvgvv"vv,CfGyvvgvv"vvZvvQ*vvMvv]vvhEyvv)@vvWvv(wgivv+vvQOGFvv~Ivv+vv#GyvvAvvJvv}vv+vv{,h*vvRhd
GyAW(wg<RhGdGyJ}{.

@vjvzvjvzv+v?IvQGQ*v?(thermal diffusivity):@vvTvv9hjGyvv"vv9svvzvv+vv?GyvvJvvQGQ*vv?|vvtvvTvv(|vv?fvvzvv)
GyTg?GyJQGQ*?GyJG}+?.

@vv"vv}vv+vv?|vvTvvAvvOG|vv?(sustainable development):!vv}vvb|vv#Gyvv"vv}vv(G:svvAvvZvv9Oj*vv%vvOa
GSvvAvvgvv}vv9dGyvv}vv(GQOpvv+vv&Eyvv)@vvJvvtvv+vvuGIvvAvv+vv9Fvv9JGyvv=vvWvvQGyvvJvv9yvv+vv?|vvhGyvvJvvqvv9Xfvvzvv)Gyvv=vv+vv8vv?
<vvJvv+vvE*vv}vvwvv#@vvJvvtvv+vvu@vvzvvxG:IvvAvv+vv9Fvv9Jfvvzvv)!vvJvv(OGFvv~yvv~Fvv+vv9dGyvvtvv9O|vv?|vv#Lvv;d
fOeGSA"q9O@zxGy}(GQO.

FvvTvvQ<vv9QO(IvvQGQj)(cold bridge):*vvAvvwvv(vfGyvvGvvTvvQGyvvJvvQGQjfvv"vvO@vv;svv,|vv(GO
S+8?GygRdGyJQGQjS9|J?yzJQGQI<9yAOp

w
uf=QGy}T9QGy"9@H.

Ivv9FvvR|vvavvQj(rainscreen):FvvvOGQGyvvvJvvv9FvvvRGyvvv}vvvavvvQj$vvv(FvvvOGQ|vvvZvvv}vvv~yvvv}vvv"vvvh
IvvZvv(d@vv+vv9QGJ$vv(GFvv+vv?OGLvv{hLvv9QLyvv(Ivv9JG vvvTvv9AChGyvvAvvjvvavv+vv?<vvJvv+vvE:@vvOpvvh
pvvQhbGyvv]vvjvvbGyvv}vv9Afvv=vvQpvvGvv(GJCh@vvWvvtvvtvv9Jpvv,GyvvGvvOGQEyvv)GyvvOGLvv{.*vvAvvzy

v
vvrFvvOGQ

GyvvJvv9FvvRGyvv}vvavvQj|vv#SvvavvK|vvTvvAvv(
m

|vvJvvwvv~GyvvTvvOyvvzvv%vv(GA@vvJvv}vv+vv&EvvvTvv9AGJ|vv%vv(vGICh
|vvqvvAvv(Ivv?Gyvv(Yvv;J.h@vvqvvZvv{<vv+vv#$vv9@vv+vv#Gyvvavv=vvtvvAvv+vv#pvvGvv(IChIvvGvvQI|vv}vvAvvzvv8vv?<vv9yvv%vv(GA.
h@
o
vvJvvO

v
O|vvtvv9Svv9JGyvv(Yvv;J<vvJvv+vvE*vv}vvQGyvv%vv(GAfvv=vvQ$vv9,OhfCf*vv}vvQ|vv9Afvv=vvQ$vv9fvv"vvO|vv9

@]QHf9Yq?y(I9JGyAja+?,hPyx<T=>@T9hjGy]jbp,GyM9QLhGyqG(I.

IvGvQI|vtv9h|v?yvzvJvQ*vu(fire compartment):Iv+xvRpv,Gyv}v=v"v)|vjvzvr<vgv(GFvu!v9Q
pvv,Fvv}vv+vvhGyvvGvv%vv9J,h|vv"vv%vv9G}fvvzvv)hG}Svvqvv{,h|vvRhvO<vvAvvTvv%vv+vv;J|vv#svv=vv+vv{G}<vv(GH

Gy}|@}A?h|9V9<%%9.
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IvZv(*v9J(aggregates):Q|vv{hIvvZvv)hivv+vvQ$vv9|vv#Gyvv}vvgvvO!vv+vv9JGyvv}vvTvvAvvgvv}vvzvv?|vvh
G S}"ByAw(*#GyMQS9!?.

Ipvv}vv{IvvQvvv?(movement load):GyvvvJvvv}vvv{Gyvvv"vvv9Fvvv~fvvv#IvvvQvvvv?@vvv}vvvOwOCh@vvvtvvvz
w
vvv[

Gyg"9YQ.

Ipvv}vv{Q*vvK(wind load):GyvvvJvvv}vvv{Gyvvv"vvv9Fvvv~fvvv#svvv(iGyvvvQ*vvvKGyvvvAvvv,@vvv]vvvjvvvbfvvvzvvv)
GyGOQGf.

I}{S9v#(|+B)(dead load):GyJ}{Gy"9F~f#hRf<"+?Gy}=")!qT&.

Ipvv}vv{YvvOe(impact load):Ivv}vv{yvvJvvdvv,*ovvavv=vvvufvvzvv)Gyvv=vv"vv+vv?Ivv+vv#Svvtvv(WCvvtvv{
fz+%9Ch@gQw\%9yzaQb.

Ivv}vv{|vvqvvQhV(E\vv9pvv,)(imposed load):CjIvv}vv{*ovvavv=vvvufvvzvv)Gyvv=vv"vv+vv?pvv,|vv9
fOGGyJ}{GyT9v#.

LW>_Qj(softwood):LW>G}VG9QGyZ"(<Q*?.

LvvvWvvv>svvv9S
m

(hardwood):LvvvWvvv>G}VvvvGvvv9QPGJG}hQGbGyvvvgvvvQ*vvv]vvv?,h|vvv"vvv%vvv9
Gy=z(WhGyT"O*9fhGyRGf.

Q<vb@vwvO*vTv,(stack bonding):@
o
vZvrGyvzv=v"v9Jpv(b<vgv]v%v9OhfG!vR*v9M<vJv+vE

@=t)F}+hGy(Y;JG}pt+?hGyg}(O*?|TA}QI.

SvvavvKG$vvAvvQGA(wearing surface):GyvvvTvvvavvvKGyvvv}vvvgvvvQvVyvvv5Fvvv%vvv9O|vvv=vvv9VvvvQI,h|vvv#
C|vvDvvzvvAvv&Gyvvavv=vvtvv?GyvvTvvavvJvv+vv?|vv#ESvvqvvzvvBGyvvWvv9QYCh_vv;AGyvvGvvOGQ.hivv9yvv=vv9

k
|vv9*ovvZvv}vvv~$vvPG

GyTaKy+w(fhGs+9
k

yza=t9JGyA,@JA&hs9<;
k
y;SA=OGd.

Svgv?IvQGQ*v?(heat capacity):vvv}vv+vv?GyvvJvvQGQIGyvv;R|vv?yvvAvvjvv+vv+vvQOQFvv?IvvQGQIFvvTvv~
<}tOGQOQF?|8(*?hGIOI.

StrCL]Q(green roof):Str|ja)FRF+9
k

Chvz+9
k

<9y"=9J.

VvvOGO(tie):svvv]vvv+vvv>Chfvvv9Q\vvv?*ovvv}vvvTvvvxfvvv"vvv9YvvvQGyvvv=vvv"vvv+vvv?|vvvgvvv9
k

pvvv,!vvv}vvvbGyvvvWvvvOCh
Gy]jb.

VvQ*vbG}fv}vOI(column strip):GyvWvQ*vbGyvGv9!v=v,fvzv)_v(dIv9pv?Gyv=v;_v?GyvPj
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@vvQ@vvwvvR<vv&Gyvv=vv;_vv?fvvzvv)G}fvv}vvOI.h*vv}vvwvv#$vvPGGyvvWvvQ*vvbCf*vv(FvvOfvv"vvOIvv(GaGyvv=vv;_vv?

G}Q<h.

VvvQ*vvbChSvvb(middle strip):Gyvv}vv"vvavvtvv?Gyvv}vvQvvvR*vv?|vv#Gyvv=vv;_vv?GyvvAvv,*vvJvv+vvb<vv%vv9
VQ*bG}f}OI(G!dQVQ*bG}f}OI).

Yvqv+vJv?PGJCcv9pvQ(gangnail plate):Yvqv+vJv?PGJCvtv(H|v=vDv(sv?FvRFv+v9
k

<vJv+vE
@vvwvv(xfG}FvvRGAGyvv}vvgvvO!vv+vv?Gyvv"vv9Fvv}vv?fvv#Gyvv=vvDvvu!vv(fvv9

k
|vv#G}cvv9pvvQ.@ovvTvvAvvgvv}vv{$vvPgGyvvZvvqvv+vvJvv?

|h<QGZyQ<b|w(x!9JLW=+?|g9
k
.

_v9sv?|v]v}vv"v?(embodied energy):Gyvv}vvtvvOGQGyvvwvvzvv,yvvzvvavv9svv?Gyvv;R|vv?yvvZvv"vvh|vv"vvAnvvH,
h@vAv]v}v#Gyvav9sv?Gyv}vZvQhpv?fvzv)GSvAvMvQGLGyv}v(GOGyvMv9eh|vgv9yvGvAv%v9h@vZv"v+vgv%v9h!vtvzv%v9.
h$,@oTAg}{i9y=9

k
<(Yq%9|g+9QG

k
LW"9

k
y}qg(dGy}"AnHp,Gy=+8?.

fvv9|vv{GSvvAvv+vvgvv9HGyvvJvvQvvv?(movement accommodation factor):|vvGvv9dGyvvJvvQvvv?

Gyvv(Gsvvh<vv+vv#G:!vv]vvjvv9WhGyvvAvv}vvO
w

OG}fvvdvv}vv+vv+vv#hGyvvPj*vv}vvwvv#Gyvv}vv9OIGyvvTvvv9OIyvvzvv(Yvvzvv?Cf
@TA(f=&.h*ga)<"T=?|8(*?|#fQVGy(Yz?G}YjQjGy}qAQVp,GyA}Z+~.

fv9|v{GyvAv}vOOGyvMvav,(coefficient of linear expansion):|vtvOGQGyvAvjv+wvQGyv"vTv=v,pv,
Gya(dGy"9F~f#@j+wQOQF?GyJQGQI<}tOGQOQF?hGIOI,Cj(DL/L)/DT=a=.

f}z+?(process):SzTz?|#G FQGAGJGyA,@oAvMPyAJt+uiQV|g+#.

fv}v(OFvPfv,(stub column):fv}v(O:*vR*vO_v(yv&fvzv)Gyvav(dGyvPj*v}vwv#Cf
*JZ{@J"w>f"Og.

ivv;aGyvv}vv=vv"vv)(envelope/ enclosure):Gyvv}vvwvv(x!vv9JGyvv}vv9O*vv?GyvvMvv9QFvv+vv?yvvzvv}vv=vv"vv),
h$,@WA}{fz)G}SUhG}StrhGyGOQGfhG}<(GHhGy"(GpP.

iv+vQ!vWvb/Lv9|v{(passive)::*vJvAv9LEyv)_v9sv?Lv9QFv+v?yvAvWvjv+vzv&.|vDv;
k

GyvAvOpv8v?

<9y(s(O$,@Op8?!Wa?,p,I+#CfGyAOp8?<zVg?GyW}U$,@Op8?i+Q!Wa?.
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pvvv9Yvvv{IvvvQvvvv?(movement joint):pvvvvGvvvv(I<vvvv+vvvv#Gyvvvvgvvvv"vvvv9YvvvvQ@ovvvv}vvvv~<vvvvJvvvvWvvvv(I|vvvvQ!vvvv?
:SvvAvv+vvgvv9H@vvjvv+wvvQGJ|vvtvv9Svv9J@vvzvvxGyvvgvv"vv9YvvQGyvv"vv9Fvv}vv?fvv#fvv(G|vv{<vv+vv8vv+vv?|vv#svv=vv+vv{@vvjvv+wvvQ
OQF?GyJQGQI.

sv9_vhCpvtv,(transom):svvavvgvv?Cpvvtvv+vv?|vv#GyvvMvvWvv>ChGyvv}vvgvvOf@vvqvvZvv{<vv+vv#FvvRC*vv#
|#Gy"9pPI.

sv9_vhfv}v(Oj(mullion):svavgv?Cpvtv+v?|v#GyvMvWv>ChGyv}vgvOf@vqvZv{<v+v#FvRC*v#
|#Gy"9pPI.

svv9yvv>_vv9FvvQ(flying form):svvv9yvvv>LvvvQSvvv9!vvv?*vvv}vvvwvvv#@vvvwvvvQGQGSvvvAvvvgvvv}vvv9yvvv&Ohfpvvvwvvv&
hEf9OI@Qv+=&.

svv9yvv>!vvqvvtvv,(tunnel form):svv9yvv>yvv&Vvvwvv{GyvvjvvQpvv?|vvqvvAvv(M|vv#CIvvOFvv(G!vv=vv&,
h@vvvZvvv>GyvvvMvvvQSvvv9!vvv?fvvvzvvv)SvvvavvvJvvv&Ivvv+vvvE@vvvGvvvQjpvvv,!vvvqvvvUGyvvv(svvvBEyvvv)GyvvvGvvvOQGfGyvvvAvvv,
@Z=K|hGyTtrvAz?hGIOI.

svv]vv+vv><vv9O (starter bar):Gyvvtvv]vv=vv9fGyvv=vv9OFvv?$vv,!vv%vv9*vv9Jsvv]vv=vv9f@vvTvvzvv+vvK<vv9QRI
|#f"ZQE!W9F,|(F(O@oTAg}{:<AOGAf"ZQE!W9F,FO*O<Q<a%9|hs]=9!&.

vvvAvvzvv?IvvQGQ*vv?(thermal mass):GyvvwvvAvvzvv?GyvvJvvQGQ*vv?$vv,Lvv9Yvv+vv?G|vvAvvZvv9UGyvv}vv9OI

yvvzvvJvvQGQIfvv"vvO|vv9*vvwvv(fGyvv}vvJvv+vvbCSvvMvv#|vv"vv%vv9,hE_vv;svv%vv9fvv"vvO|vv9*vvwvv(fC<vvQO.h$vv,@vvgvv=xvvQ
fvv#fvvavv9yvv?Gyvv}vv9OIERGA@vvjvv+wvvQGJOQFvv?GyvvJvvQGQIGyvv}vvJvv+vvavv?|vv#Ivv+vvEEf@vvjvv+wvvQGJOQFvv?

IQGQ@%9@Aj+vQ<=bA|h@j+wQOQF?IQGQIGy}J+b.

vvvQ<vv(f|vv]vv}vvv#(embodied carbon):Gyvvv}vvvtvvvOGQGyvvvwvvvzvvv,yvvvzvvvwvvvQ<vvv(fGyvvvPj*vvvAvvvJvvvQvQ
yvvZvv"vvh|vv"vvAnvvH,h*vvAvv]vv}vv#Gyvvavv9svv?Gyvv}vvZvvQhpvv?fvvzvv)GSvvAvvMvvQGLGyvv}vv(GOGyvvMvv9eh|vvgvv9yvvGvvAvv%vv9
h@Z"+g%9h!tz%9.h$,@oTAg}{i9y=9

k
<(Yq%9|g+9QG

k
LW"9

k
y}qg(dGy}"AnHp,Gy=+8?.

|vvOLvv"vv?|vvAvv(GR!vv?(balanced flue):Lvv;pvv9
k

yvv}vvOGpvvrGyvv}vvOLvv"vv?Gyvvgvv9O*vv?GyvvAvv,@vvTvvAvvGvvQ
Gyvv%vv(GA|vv#GyvvjvvQpvv?,h@vvavvQMivv9RGJG:IvvAvvQGbfvv=vvQGyvv}vvOLvv"vv?,@vvAvvZvvr|vvOGpvvrGyvv}vvOLvv"vv?
Gyv}vAv(GR!v?<vz!v%v9|vgvRhyv?fv#$v(GAGyvjvQpv?.@vAvwv(vfGyv}vOLv"v?Gyv}vAv(GR!v?|v#C!v=v(H|vROhL,

hGIvvO*vvTvvAvvGvvQGyvv%vv(GA|vv#GyvvMvv9QLEyvv)Gyvv}vvOpvvzI,hBLvvQ*vvavvQMivv9RGJG:IvvAvvQGbEyvv)
GyvMv9QL.pv{PGho\vhG}!v=v(<v9ffvzv)!vJv(*ovjvzvrCIvO$v}v9G6LvQ,IvZv{@vTvMv+v#yvzv%v(GA
GyOGL{<(GSa?Gy%(GAGyM9QL.
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|vQFv{@vwvDv+vqv,(condensing boiler):*vTvAvQFvhGyv}vQFv{GyvAvwvDv+vqv,Gyvav9sv?GyvJvQGQ*v?
GyvvAvv,*vvJvv}vvzvv%vv9<vvMvv9QGyvv}vv9AGyvv}vv(Fvv(Opvv,ivv9RGJG:IvvAvvQGb,hPyvvx<vv(GSvvavv?|vv9A<vv9QO
*oTAg}{yzAwD+r,p+TM#!A+G?yPyx.

|vQFv{|vWvAvQnc(combination boiler):hIvOI@v]v~|v=v9OdIvQGQjyvAvTvMv+v#Gyv}v9A
hSM9f|9A|"Ry,.

|vvTvv9fpvvOGJ|vv|svvAvv?(falsework):Fvv}vv+vvhGyvv(Svv9Fvv{GyvvAvv,@ovvTvvAvvgvv}vv{pvv,Cfvv}vv9dGyvv=vv"vv9A
||sA9

k
,h|#C|DzA%9|T9!OhI(G|{Gyt(Gy>hGyTt9:Jh|9V9<%%9.

|vvTvv9pvv?|vvMvvAvvQnsvv?<vv9yvv]vvQ<vv?(set):Gyvv}vvTvv9pvv?GyvvAvv,*vvMvvAvvQb<vv%vv9Gyvv(@vvO!vvAvv+vvGvv?yvv]vvQ<vv?
hGIvvOIfvvzvv)QCSvv&.vvvzvv}vv9Yvvj

o
vvQJ@vvzvvxGyvv}vvTvv9pvv?,vvv9!vvBGyvvAvvQ<vv?CYvvzvv>hCvvvDvvQ@vvJvv}wvv;

k

E!W9F+9
k
.

|vTv"vOFvOGQj(return wall):FvvOGQsvvZvv+vvQ*vvwvv(ffvv9OI|vvAvvgvv9|vvOG
k

|vvhFvvOGQfvvO*vv~
G:Q@w9RyR*9OIGSAtQGQg.

|v]vMv?IvQGQ*v?(heat pump):hSvv+vvzvv?@vv"vvtvv{GyvvJvvQGQI|vv#|vv"vvavvtvv?<vv9QOIEyvv)|vv"vvavvtvv?
CSM#,h|#C|DzA%9Gy=QGO.

|vvavv9Wyvv=vv9!vv,(mastic):QG@vv"vvHfvvavvQj@ovvqvvQRgFvvPhYCVvvGvv9QGyvvzvv=vv9f,h*ovvTvvAvvgvv}vv{
 Iw9eGyTOp,Cf}9dGy="9A.

|vvqvvgvv(dGyvv}vvOLvv"vv?(stack effect):IvvQvvv?Gyvv%vv(GAfvv=vvQG}|vvwvv"vv?Gyvv}vvWvv9<vv%vv?yvvzvv}vvOLvv"vv?
GfvvAvv}vv9OG

k
fvvzvv)vvv(fGyvv]vvjvvbpvv,Cfvvzvv)Gyvv}vvOLvv"vv?CLvvqvv̂|vv"vv&fvv"vvOCSvvqvvzvv%vv9!vvAvv+vvGvv?yvvqvvQhb

OQF9JGyJQGQIhGyQ_(<?.

|vvzvvAvvtvv)(interface):Gyvv"vvtvvavv?GyvvAvv,*vvzvvAvvtvv,fvv"vvO$vv9Vvv+vv8vv9fCh|vv"vvdvv(|vvAvv9fh*vvAvv=vv9O:f
GyAzC+Qp+}9<+"%}9.

|v"vTv(HGyvtvgvQ(invert level):CO!v)|v"vTv(H\v}v#|v"vdv(|v?C!v9<v+v>@vJvAv(jfvzv)
S9F{,h|#C|DzA%9|"d(|?GyZQaGyZJ,.

|

nvv"rvv(nQ(shaft):Ivvv+xvvvR_vvv(:!vvv,pvvv,Gyvvv}vvv=vvv"vvv)*ovvvTvvvAvvvgvvv}vvv{ OLvvv9dGyvvv"vvv(QEyvvv)GyvvvjvvvQa
GyvvOGLvvzvv+vv?GyvvAvv,:@vv(FvvOpvv+vv%vv9!vv(GpvvP|vvavvzvv?fvvzvv)GyvvMvv9QLh@vv%vv(*vvAvv%vv9,h@vv}vvQ*vvQ@vv}vvO*vvOGJ

GyMO|9JyA(R*g%9fz)Gya(G<uGy}MAzq?.
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|vv(R
x

Y|vvQvvvRj(circulation core):|vvvGvvv}vvv(fvvv?G}OQGLhGyvvv}vvv}vvvQGJGyvvvAvvv,@vvvAvvvqvvvQY
f"%9.

!vvJvv9pvv?(slenderness):!vvTvv=vv?_vv(dGyvvgvv"vvZvvQG !vvWvv9Fvv,Eyvv)fvvQ\vv&ChSvv}vv9vvvAvv&Ch
saQg.vz}9GROGOJs+}?Gy"J9p?,v9fGyg"ZQCQphChCQb.

!vTv+vtv?(module):hIvOI|vTvAvtvzv?|ov}vtv+pvTv?*vAvwvQQGSvAvgv}v9yv%v9yvAvwv(*v#<v"v+v?Cvv=vQCvvDvQ
@gt+OG.

!vqv9P*v?IvQGQ*v?(thermal transmittance):h@
o
vvgvvQaC*vv]vv9

k
<vv9yvvtvv+vv}vv?U,$vv,|vvgvvOvd

!vtv{GyvJvQGQI(|vtvOQG
k

<v9yv(GW)fv=vQ|vAvQ|vQ<vhhGIvO|v#Gyv=v"v+v?|vtvTv(|v9
k

fvzv)pvQbOQFv?
GyvJvQGQI<v+v#Fv9!v=v,Gyv=v"v+v?.h@

o
vtvO
v

Q<v9yv(GWyvzv}vAvQGyv}vQ<vhyvzvwvzvqv#W/m2/K.@vOdsv+v~
Gy"q9P*?GyJQGQ*?Gy}"Mq]?fz)GygRdGyG+O.

!vv(GIYvvzvv=vv?(hardcore):svvv9fvvvOI@vvvJvvvAvvv+vvv?@vvvAvvvwvvv(vffvvv9OI|vvv#yvvv=vvv"vvv9JBFvvvQhLvvvQSvvv9!vvv?
|wTQIh@

o
TAg}{pQV?yg"ZQLQS9!,*oZ>p(s%9.

$vv=vv(W@vvqvv9\vvzvv,(differential settlement):$vv=vv(Wivv+vvQ|vvAvvGvv9!vvUyvv~SvvU!vvAvv+vvGvv?
yvv]vvgvvrGyvvAvvQ<vv?hR*vv9OIGyvvAvvJvv}vv+vv{.*vv|OjGyvv%vv=vv(WGyvvAvvqvv9\vvzvv,Eyvv)YvvOhYh@vvWvv(w$vv9Jpvv,
G}S9Shf"9YQGy}=").

h@OERGI?(displacement pile):h@O*oR*KGyAQ<?I+#IWQgp+%9OhfERGyA%9.

h@vOESvAv=vOGd(replacement pile):h@vvO*vv(\vvhpvv,GyvvAvvQ<vv?<vvgvvOCvvtvv=vv%vv9hERGyvv?@vvQGH

GyDt>.

hn@
n
QI(web):Gytag?Gy(GYz?<+#VqA,GyG9FR.

hYvzv?Gyv+v(e(day joint):pvv,Cfvv}vv9dYvv>GyvvMvvQSvv9!vv?GyvvAvv,@vvTvvAvvjvvQbC*vv9|vv9
k

fvvOI,

@vvAvvwvv(vfhYvvzvv?<vv+vv#GyvvGvvRAGyvvPj*vv"vvAvv%vv,Yvv=vv&pvv,*vv(e,hGyvvGvvRAGyvvPj*ovvZvv>pvv,Gyvv+vv(e
GyA9y,.@T})$PgGy(Yz?<(Yz?Gy+(e,|hC!%9*G>C:@w(f|(F(OICY;

k
.
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*?[G9QGIPCXJ

BFQI_(y+?stretcher

BFQI/y="?BFQ*?brick

EF%9Ostress

GIAQGQGywQIG}Q\+?global warming

CLOhO/IR/Cz~groove

CQOhGRslate

CQ\+?I(\+?trough or waffle floor

CQ\+?|Q@qg?raised floor

CS9SIZ+Qjraft foundation

CS9SVQ*a,strip footing

GSAOG|?sustainability

GSAa9f?power

E_9Q<9Nportal frame

E_9QfRemoment frame

E_9Q/$+w{E!W9F,skeletal frame

E_9Q/$+w{pQGi,space frame

EpQ*Reaves
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GyA(GAtorsion

E!A9L!T9Ft,volumetric (modular) production

G!JQGadeviation

G!MT9asubsidence

E!W9F,structural

G!qQGZS+q(Psiphonage

G!qg9dstrain

G!ta9Y/pG(Idiscontinuity

E89AGJfinishes

G8+9Q|"AWQi+Q|AG9!Uprogressive disproportionate collapse

<9y(f?soaker

<QZ
m

/|T}9Q/L9<(Qstud

<QhR/!A(Aprojection

<Q

x*}?auger

<;SAQplaster

<;_?slab

<;_?E!W9F+?structural slab

<;_?|Ta

v
J?flat slab

<"A(!+Bbentonite

<"+?E!W9F+?L9|z?(i+Q!Wa?)passive fabric

<"+?E!W9F+?!Wa?(!(GpP/C<(GH...)active fabric

<"+?_=t?<+"+?sandwich structure

<"+?|"J"+?bending structure
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<"+?/$+w{structure

<"+?$+wz+?/||_QIframed structure

<(y+D_polythene

<+BGyOQLstairwell

@=9OdIQGQjheat exchange

;w
w

~I9S(NQs},computer numeric control CNC

;z+{GCT9QGAQLcritical path analysis

;z+{GC%OE]GyzJOcradle to grave analysis

;"w>buckling

<z
w
h(fOeE9Sx)wracking or racking

<~abutment

@Of+~strutting

@Oh*Qrecycling

@Q<+bbracing

@Q<+bf^Vw{Vchevron bracing

@T9I9Jtolerances

@T"+Oshoring

@T(*?Gy]jbpressure equalization

@Ww+{shaping

@W(wgyOfplastic deformation

@W(wg|Qfelastic deformation

@Z}+~<}T9fOIGA9S(Hcomputer aided design CAD

@Z}+~i+Q!Wbpassive design

@Z}+~yOfplastic design
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@Z}+~|Qfelastic design

@Z}+~|TAOGe(|oQGY
m

yz=+8?)sustainable design

@Z"+h<}T9fOIGA9S(Hcomputer aided manufacturing CAM

@ja+?/EvT9Acladding

@jzjz+?IQGQ*?thermal diffusivity

@qQ*RI/pQRIrebate or rabbet

@w9Crcondensation

@z=+Ufacing

@"}+?|TAOG|?sustainable development

@(RwY_=+g,(i(Y,)normal distribution

Ct>ChpG(I(p,@gW+t?)mortise

FOGQGSA"9Ojretaining wall

FOGQE!W9F,/FOGQI9|{structural wall

FOGQ@tT+}9JOGLz+?partition wall

FOGQI9FRdiaphragm wall

FOGQI9|{loadbearing wall

FOGQ(Ph)pG(Icavity wall

FOGQ(Ph)pG(Igap wall

FOGQRf"q,fin wall

FOGQc%+Qbacking wall

FOGQp9Y{separation wall

FOGQy(I?panel wall

FOGQ|9!hyzt[shear wall

FOGQ|TAgQVcross wall

760



FOGQ|WAQncParty wall

FTQgirder

FTQ<9QO(IQGQj)cold bridge

F;

q
*?By+?power trowel

=z(ftruss

I9FR|aQjrainscreen

IGQI|t9h|?yzJQ*ufire compartment

IG},/vA\volumetric

IW(I|gO!+?flashing

IZ(*9Jaggregates

IZ+QII9FRIyzQ_(<?damp proof course DPC

Iq

v
9QICh@9OLQS9!+?piling rig

IqQI|9Y?yz}+9gGCTAg}z?soakaway

Iv}v9y?hanger

I

nv}r{IQGQjconvection

>p{IQv?movement load

Ipv}{Q*Kwind load

>{S9v#(|+B)dead load

>{YOeimpact load

>{:|QvRjeccentric load

>{|qQhV(E\9p,)imposed load

I")/|"J#
m

curve

LO|9J<+8+?environmental services
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LO|?!Wa?active service

LQS9!?IZ(*?aggregate concrete

LQS9!?i+Q|TzJ?plain concrete

LQS9!?sz+z?G S}"Blean concrete

LQS9!?|T9|+?aerated concrete

LQS9!?|TzJ?reinforced concrete

LW>Qs9Ft,plywood

LW>|]j(Wchipboard

OGQIsZQshort circuit

OQF?IQGQIGy"Oidew point temperature

Of9|?!9@8?cantilever

Of9|?/s9fOI/Qv+RIfooting

Of9|?/|Q@w
n
Rsupport

Oaplank

O*}(|?/|A9!?durability

Q<b@wO*T,stack bonding

QU<9yZOe(<9yOb)dynamic consolidation

Qv+RIsubstrate

RF9LE!W9F,structural glass

RIrcreep

S9@QFOGQjcurtain walling

SOGOI|9F+?water seal

SaKG$AQGAwearing surface

Sg?IQGQ*?heat capacity
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StrCL]Qgreen roof

Str|9F{pitched roof

Str|ROhLGC+{couple roof

Str|ROhL|jzuclose couple roof

StrhGShGCG9R(G:|AOGO)long-span roof

VOGOtie

VQ*bG}f}OIcolumn strip

VQ*bChSbmiddle strip

VqQI|9Fz?louvre

Y9Obaffle

Yq+J?Cc9pQgangnail plate

Yq+J?FOGQwall plate

Y}9eIQGQjthermostatic valve

Y+j?|WAt?constructed form

\zh|t"aQarched rib

_9s?energy

_9s?|]}

v"?embodied energy

_;Arender

f9Q\?beam

f9Q\?Cpt+?purlin

f9Q\?C9!(*?joist

f9Q\?LW=+?batten

f9Q\?|9Fz?rafter

f9Q\?|9Fz?V=w+?trussed rafter
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f9|{GSA+g9HGAQv?movement accommodation factor

f9|{GyA}OOGBa,coefficient of linear expansion

fA=?Sqz+?(yz=9HhGy"9pPI)sill

fA=?p(s+?lintel

fA=?p(s+?C9!(*?sub-sill

fA=?/<Q_9TGy=9Hthreshold

fO*~GywQ<(fcarbon free

fQ\9P/F9!=,lateral

f]9OIstrut

f]9OIGy=9HChGy"9pPIjamb

f}(Ocolumn

f}(OFPf,stub column

f"ZQH9R(|O)span member

iQp?GCgOvGJplant room

iQp?|T=t?GyZ"h/I9\#pod

iW9AG!Aq9L,intumescences

iW9AI9FRyzQ_(<?damp proof membrane DPM

i;aGC=")envelope (enclosure)

i+Q!Wb/L9|{passive

p9Y{IQv?movement joint

p9Y}?fuse

pMPhaunch

pQV?LQS9!?concrete blinding

pQV?sZ>reed bed
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pzw?shim/ washer

p(:P|Ww
v

{<9yw=Upressed steel

s9<Uplug

s9_hCpt,transom

s9_hf}(Ojmullion

s9y>Y>formwork

s9y>_9FQflying form

s9y>!qt,tunnel form

s=?dome

spO
v
I/Y=?Q|{hES}"B!9f}?Qs+t?screed

sQ|+OISpantile

sQ

rf/Q<bcoupling

sQ*"?GyAM}+OGyZ(Osound reduction index

s[shear

s]+><9O starter bar

s]+>/I(Q/|n"r(nQshaft

s(vSbend

s(S|]z
v
hribbed arch

s(S/s"aQIarch

s(sg?shell

v9SQIV}Ubrise-soleil

v={@gz+ususpension cable

vArverge
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vAz?IQGQ*?thermal mass

vQ<(f|]}v#embodied carbon

vg>(G@OGQ)kicker (of a wall)

vq(AvQ<(!+9carbon efficient

vz(Q*OGyq+"+{GCAgOOi+QGCzOvfunplasticized polyvinyl chloride (uPVC)

y=

v
9OI|WQv<?<9yt9Qsarking felt

y=9OI|t(vGIbuilt up felt

y=p"?block

y=p"?LQS9!+?blockwork

yT9f@gW+utenon

y(MC|9|,/hF&C|9|,fascia

y(M@t(*?sheathing board

y(MIO*OHgvOcorrugated iron

y(MQs9s9J|(F%?oriented strand board (OSB)

y(MSq\/hF&Sq\soffit

y(I?E!W9F+?|gRhy?structural insulated panel

y(I?vAq+?spandrel panel

y+r|gOPmineral wool

|zhiGygGRIsheltered housing

|=")f9d(:*t{fOOGya(G<uf#5)high rise building

|=")fQ*^deep plan building

|=")|"Mq^(:*R*OfOO_(G<t&f^CQ<g?)low rise building

|=",|#IGQChy="9Jmasonry

|A9!?E!W9F+?structural integrity
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|AgOOQ<9f,pz(QG *Dz+#Polytetrafluoroethylene (PTFE)

|A#ridge

H9RC"9F,G::9gtwo way span

H9RhI+OG::9gone way span

H9!T?/@T(*?equalization

H}xhsaQGJdrip

Jabi9!Bgantt chart

Jabs]=9Pbar chart

|OL"?|A(GR!?balanced flue

|QF{@wD+q,condensing boiler

|QF{|WAQ

nccombination boiler

|T9fpOGJ||sA?falsework

|T9p?JAQns?<9y]Q<?set (pile)

|T=uGyZ"hprecast

|T"Oprop

|T"OFOGQjreturn wall

|]M?IQGQ*?heat pump

|a9Wy=9Pmastic

|

o
gO

v
GJplant

|g+9Q/|g9*+Qstandard(s)

|qZ{hinge

|qg(dGCOL"?stack effect

|t9S@Wj+\working size
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|t9S@"T+t,coordinated size

|t9Sf9egross size

|t=Usocket

|;W/_+"?mortar

|zAt)interface

|ztbcramp

|"T(HGytgQinvert level

|"T(H|QFg,datum level

|"(Q/O$z+Ratrium (atria)

|(R
x

Y|QvRjcirculation core

!J9p?slenderness

!T9Ft,modular

!T+t?module

!gz?G@OGQwall skirting

!q9P*?IQGQ*?thermal transmittance

!q(P*?permeability

!ta?GB](Yyield point

!ta?Gy"Oidew point temperature

!(GIYz=?hardcore

$=(W@q9\\differential settlement

$"OS?|g}9Q*?architecture

hGF%?G@}z(fgable

h@Opile

hn@
n
QIweb
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hQchip

hYz?@t9<z+?butt joint

hYz?F9S8?rigid joint

hYz?OIQF?roller joint

hYz?fRemoment joint

hYz?|Wt(s?sawn joint

hYz?|qZz+?pin joint

hYz?Gy+(eday joint
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G9MSdS

vvvvCvvvv
G:@Z9:JGA9S(<+?GyTzw+?:694

G:@Z9:JGy;Szw+?:694,706

CF%RIE_q9AGAQ*u:729

G:LvvAvv+vv9QGyvvAvvtvv"vv,:85,97,477,481

vvvv482

G}OGAGyw\:97,150,655

G}OGAGC9Oj:16,29,37,95vvvv

97,104,107,503

EOGQIf}z+?G !A9L:55

G}OhGJGyvvvZvvvJvvv+vvv?:447,454vvvv456,

473,721,723vvvv724

G:Q@vvvvvvvvvvwvvvvvvvvvv9R:168,177vvvv178,183,

185,240,333,357,364vvvv

365,371,416,430,511vvvv

512,522,527,533,540,

555,568,580vvvv581,589,

644vvvv645,651vvvv655,664,

667,670,676,690,695,

734vvvv735

CQ\+?Gyq(:PGyQs+t?:523

CS9SGAZ+QI:429

GSAGQGQGC9A:418

GSAMOGeG}C"+(e:496

GSvvvAvvv%vvv;cGyvvvavvv9svvv?:31,57,76,81,

97,115,131vvvv132,140,

142,145vvvv146,273vvvv274,

276vvvv277,279vvvv280,290vvvv

292,295,299vvvv300,303,

311,330,376,378,387vvvv

388,400vvvv401,435,451vvvv

452,471vvvv473,499,501vvvv

502,506vvvv507,536,561,

568,640,714,718vvvv719,

737

GSA%;cGya9s?Gyw\:471

CSa(G!9JGC9AGyT9L#:723

G}StrGyOGLz+?:669,687,689

G}SvvtvvrGCTvva
v
vvJvv?:343vvvv344,347,

359vvvv360,372vvvv373,588,

675,677vvvv678,685

G}SvvvvvtvvvvvrGCgvvvvvzvvvvvtvvvvv?:249,565,671,

689,691vvvv692,694vvvv695,

699,712
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ES}"B<(Q@;!O:534

G}Vvvvgvvv?GyvvvWvvv}vvvTvvv+vvv?:284vvvv285,508,

514

G}Vg?p(bGy="qTG+?:363

G Y;MGyZJ,:272

G _9QGBW=,:399

G}_vvvvvvvvQGCTvvvvvvvvAvvvvvvvv(*vvvvvvvv?:201,204,571,

573vvvv575,588

Cf}9dGyA"d+r:75,156,446

G}pvvvvvvvvvvvv9Q*vvvvvvvvvvvvR:126,345vvvv346,351vvvv

352,355,360,362vvvv367,

371,374,576,670,675

G}vQ*z+x:668,670

G}vvvvvvvvvvvvTvvvvvvvvvvvOI:212vvvv213,535,659,

669vvvv670

CvTOIGyq(:P:534

G}vTOIGyw%Qv+}+9F+?:659,670

Cyvvvvvvvv(GMGyvvvvvvvv=vvvvvvvv;SvvvvvvvvAvvvvvvvvQ:48,70,323vvvv

324,340,392vvvv393,410vvvv

411,565,690,692

G}!vvvvvvvvvvv9<vvvvvvvvvvv+>:117,148,152,171,

220,326,337,393,439,

441vvvv442,444vvvv445,449vvvv

451,454,456vvvv458,460vvvv

463,466,473,624,706,

711,720vvvv726,730,733,

742

C!vv9<vv+>GyvvZvvQaGyvvZvvJvv,:363,454,

473,706,724

G}!Wa?Gy=WQ*?:73,88,310

Ch@9OG RGI?:427,616vvvv617

vvvvHvvvv

Gyvvvvvvv=vvvvvvv;SvvvvvvvAvvvvvvv+vvvvvvvx:56,78,87,141vvvv

142,212,298,346,363,

366,384,398,401,456,

461,492,540,613,632,

645,655,657,669,682,

718

Gyvvvvvvv=vvvvvvv;_vvvvvvv9JGBvvvvvvvQSvvvvvvv9!vvvvvvv+?:314,338,

364,369,373

Gyvv=vv;_vv9JGCTvva
v
vvJvv?:49,186,201,

516,544,550

<z(QGJG@z+O:78,554

Gy="A(!+B:627

Gy=")Gyq(:P*?:494,582

Gyvvvvv=vvvvv"vvvvv)Gyvvvvv%vvvvv+vvvvvwvvvvvz+?:202,486vvvv487,

491,495,510,530,589vvvv

590,608vvvv610,613,637,

639,643,648

Gyvvv=vvv"vvv+vvv?G !vvvWvvv9Fvvv+vvv?:50,71,79,83,

125,129vvvv130,132vvvv134,

136vvvv141,148,150vvvv152,

154vvvv155,157,159,161vvvv

162,164,167,169,174vvvv

175,190vvvv191,193,220,

223,279,281,283,313,

344,375,380,382,444,

477vvvv478,484vvvv485,492,

499,507,510,512vvvv513,
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516vvvv517,534,566vvvv567,

587,593,643

Gyvvvv=vvvv"vvvv+vvvv?GyvvvvAvvvvJvvvvAvvvv+vvvv?:41,55,57,86,

104,159,250,271,447,

463,479

<vvv"vvv+vvv?GyvvvTvvvtvvvr:343vvvv344,356,358

vvvv359,362,373,601,603,

605,643,676,678vvvv680,

682,685,692

Gy=+QhsQG_+?:101

<vvvv+8vvvv?GFvvvvAvvvv}vvvv9fvvvv+vvvv?:16,18,31,88,

113,479

Gyvvv=vvv+vvv8vvv?GBvvv9QFvvv+vvv?:73,75vvvv77,80vvvv

82,84,114,118,120,

484,510,640

Gyvvvv=vvvv+vvvv8vvvv?GyvvvvOGLvvvvz+?:31,34,74vvvv76,

80vvvv81,83,113vvvv114,116,

118,121,436,499,506vvvv

507,517,688

Gy=+8?GC9O*?:20

vvvvJvvvv

GyvvAvvGvvQ<vv?GyvvP$vv"vv+vv?:28,31,35,37vvvv

38

GyvvvvvAvvvvvGvvvvv}vvvvv+vvvvvh:24vvvv25,38vvvv39,54,

56vvvv58,60,62vvvv65,69,71

vvvv72,80,84,89vvvv90,97,

111,165,182,184,186,

227vvvv229,235,240vvvv241,

243vvvv250,253,256vvvv258,

260,266,295,299,302,

310,358,373,399,454,

479,494,510vvvv511,515vvvv
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Black plate (1,1)
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