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Abstract

This research is coming as a completion to the to the previous researcher p,otential on the field of
measuring thermal efficiency evaluation for building shapes, according to climatic thermal

environm€nt, in order to reach optimal thermal building shape
The principal ofoptimal Thermal Shape pointed up thot it is an attempt to have an equivalent forces

effect on building envelope, in order to minimize tlre needed energy to restore the shape and th
distinctive properties.

The ideal shape towered climatic eff€cts is a result ofthree stages
- Action effect stage ... (The measure ofbuilding drermal load)
- Adaptation stage ...The formulation ofthe relation between thermal load (The

action) and the building shape (The reaction).
- Reaction stage .....(The formulation ofthe shape).

The research use as a base ofthis study the wo* of (Markus T.A.) and (Knowls R) and as a result, the
research reach a new concept to thermal optimal shape call it (THERMAL HEMISPHERE).
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u-+ Lli3r4[JrSLll O$.iill ir dS 6$iJf

)'s
tuyl .j ilrul rr e..*r .(F=0)-li

[3e;3 . i. r Ll-rt'] giJ.rJl el*ll ,rle ]:ltiell

..rU!t gt".J1rlc

* tt.*iJ "ri"tt el*.i)l ,.rti cll+r

gi 11,+:trU*. 1 Ci.+ rr,#l 
"Jr 

jfn*ft+l
t-S,i{r r.,Jl FJ.-II .}i. d+Jj J+ti jl$ {hi!!

.li.ut Jie &$ ur,J$L Js-.1g

g,..;;,Jl .,Je -if -r.iELIl et;lt olS Ur
iJr#,!! si+.I dS.i' hls gp r.cbtr{ 6.+
ilt"ltl cr.le r&: Jiti.tl gU.f'fl ,*i *
.CJt-ll gte*$ Cr.d.r dnftt t tstl iFt-ll
,s-lrirtt 

-i! 

ct-r.llt

et"+!t .sl l*l3*-j 33 !*ill ult u.s*l

eL Ul.s+J.lt t+trt J*isilJrlJlrll

,..1,. d*t- c-2; g6a egp (",+$tt),-r!t
.sl ,r c;esd.ll elJyl c!+r .u..^.Ltl gt..,)l

l..ilt u,.s" ,J,c e!-Jl ha .dlrg iJh gj,-ll
.U...ill

u+ll JJ d.-tJl cr"S'ilt el*.iyl r,&i

\tlt ,* dllSj.ldsir dJJrl+.ll l;or*sl"

p$-5.,ulS.J \sltt -SUl gU)l J"j-

6,.af OA l-Jie Up,Sri. tt ",,l "Jtl et-ltt

,.ttS Ul .u,Srlll e[r.ill .+ 19rr.c,

* CA o. &\-i u,"S.j^ll tlj)l
,yts.i! dJ-lJriJ. IJE drLtn{'o.r4yiur.r

U u{s,i.ll elr.iyl r-,.;E$6}-IIiiEi.
, ih:.1 r.rl )!.r;gl: L+L d J.t!j"ll el...iyl
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A.I-i.ll,lt--s.,ill,rl-l!il r-rls

i.--t..-rlt irlt-,r.jt
dyll ..1.l+ drt$^ll ;JS f*Uc L-JiS OS.i

,r+.ll ,Jc lrilrL'. frl c ds.illj itF.lt
: ,n:YtS 

( 6ji3dl !-,,1-r.ll dL.ltr

4.l..oi.l YrL. ,-tCl e Jis.ill &tt
. 

'1,.o r clt< ,i l* ,i *ir. y*+ t";r.$.jl

r ai+_j,Jl ol-i3.ll ,JS-ll +r.$:*l geil

a-\* ,-iDJL d;c iiAt+yl .r;i[ ,.+]+l-+i

&Jt d;c ipli. yl 
-r;c, rrltlr . 4Jai*6

& qrrdt JSIi fujlr^l . iF.t-ll 4i:L,-

6l.+ .,b l+i.":. tnJ$il drAl Jli-'ilt

. ds*ll ,l;j
,.Jr J"lirll * fujlJ.Jl ole dli .J.

+;$ r.lllnr cJS-Jl cjil: iillll 6it""t

r o*S"lta3 dihll J i*-llAll &lyJl

ajl:i ,rle r!l'i.r ds"tll 4cJlJ.i-t ,rlEllr

'&!t
d r-i'iill

J.rinU d$l y" tl iSYt ge-,p*.ll drs"i

o!$r:)l aS$ iJ-.,|r dts.ilL &LJl
.r+-rtS*lll

.$-nt !,"I;,r ( D'arcy Thompson) eq
e y d i*lihll l{i+dlr irrll crlj3lsll LllLf.ii

6 i"i.:t{J ,r*l i.:.,'. i.LF.ll .tl.l .t' }r$l
. dii).cr eli_li J dlsl,ll i.+-.ri (t'i

r)+i .1l gt;!t 41 r-DUill Oi .6., il

.F+i r qi$ Jn" IJ i+$ .+llll qri ,-iXil

ltLil Lrrdl &+ J* ;Fl iL.u gr;!r ,Pi

;ryq Ltlii e* t{, lil}i. crAY ;p.:tl l.ur.

J*13.r,+ il-lJ JSL d ;l;trlLi . +f L+ .:sll
(X,Y )o>-i*oi Jiu gi. lls.ltt !i-. ,J

i+-.:r Ct t++,4D-r JUI qr."^.Lll tlJyl
.r(..i: _j ,tj,6Jl i-.!-.p.

r*rl ,r.trrt4tl i;l-.;r i+l -,*L cl5.: OS+,

Watt/m2 cr'|.:-r 1pi> d"r J! ,*"ll

Iair = (t,-ti) /R'" 
- 

(3).
. (Watt/m') ,l.96ll,g-rl;ntl L!.orJl =Ieir

.( C" ) i++-.,H| i-,;I;,rJl i--2.r cl.u,. =to

. (C" ) i,JitJl 6JlJ.ll r-J.r qJ.r,.Fti

6-iilt;sul el*., L31i. =Rso

c+.+ U .,il.l! l"-.,., elralt gls tJr

iFL.,tl +rt ..elt 
"1" 

Ors+- o*S OFtt<+

d..i{J s+ll 4.r.Ji gp }rl.i r,i!l cDU.!

.OrJJ.i r;*SX 3 Ol$Il (rll.lll

q,-a.If ,f .lF-rjl J-.Eil S

i.ig.4 .",:r!t g-J-,.11 ,Jr.-Cl t.,*li

JiSt .d kr itf +j>ll Olriill ri ,,,,,$l

&:fi elhlr. llitJl .;Jl i-21-2s 4+JJ +
,ul"-,;!t g. ,r+.lt u*l,i d)i3-l oLl-2:ll $,.
(J)ii-l ai 5l riil4,Jl ;;ul ,iLtill *s L-ls

. iii+..lt 6-iill ..C et-l .i;r1l ,1i".S g,:-!t

cp jly ur;-1!t rf-rl>ll ,J1--III ,.ili cll+r

:+ 1.41*,."-.Lll Ery "r"FIl 
Li)ilt dlS"i

J,c.Ei5.4.trillr {-+ll ijt".i ,-L"- ./ .r$ta

d).e d:S.ju d .,;r!' g;-tl-nJl j;.-jll -21r

J .Xi., 
"r--Il 

csi u.i+Jl rJ3si L$c r+J
.ali:*ll ,'!-r!lldll+.kJ o!r3.4; eja

iJ.g,:-2!l Ct".., ,i" at SI.t ,*"tt 6s-r ric dIlS3

L"J,.. s+.lt ,.iili (-F ,.t'L-! ej+ e+-.-
.aiJtll d-.$
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du'l Li3 rJihtl tJSi -*:ri 3l -.Jt< J di-,:" lrr)l

J '.jl.!l 5-l. .)."i+i .1r. ,ji& ! d
(foci),:p"-lr

e..fl "{ gr.+- OAr .dLir }J.I Cp..

Lt. i:ofi +.+i i*- -rCJ i1c ds.!,ll \.. ,Jt

C.Li\ .!dL JA Citil JEiI OJSJ dlrr.
. (elliPse) u-$.$

(J,.lt -+ u,.I$l Cl"ill u,-3t -i. tJlji.l,

;p .-r-l$ll r.l* * . /3lJsjl JJ.J rJil.Jl

s$ll r,.-ll3 *-rdl .r,il. I

(A),(C)ellCl,+
:.!F

E=ClA
C{A-E'? :;:Jr-e

r 6JriJl g13-,c .rJ", , ,-s>l l.ti .r
+J g-,!lr r.i.ai >! c, Jtll, LlS.! ijJti" rni
, i. r {.is.ill .LF. ul d+ Ll,.'^ll L,"ij

(fZ r' ) -rr:ie.,,1'.-i g-r,t$

: sJtitls d[r f.1.,,:J OS.JJ

Al (area of circle)=zr2 ,

A2(area of semi-circlef0.5rrr 2 .

...r= {0.5 rr , where r,rr

radii of Al,A2 respectively.

Perimeter , Al:2 [.5 rrr ,

A2:2tll2=nrl .

.'.perimeterAl=2 0.5 rl/-
4n rr.

g;r-Fll ,.i.-i cF.ill rl-iet eig* &.r
,>ei o.r. ! J. ll . elrtll ls.ltt 6tl) 6+_F
i.r-. lj ; .ti. tirtl rdL"ll dllJl,ne. )l J iil':'! .

gr;Sll gi.ei JilJl eti .r-.i
L-Fl de '.j;" d HEMESPHERE

Jt +ito)l lSdll Jrrii , 3t-ri" l.:r)l 15$l

. +\11 .,;.nll {-Ba ,t15 r-E- g[ q5,951
cJJ$ilt .$ (Thompson) , 't. .1,

: -iE-i i*,.21 J4.ill d
,,....rr ,!l-r3" l:r)l .sl ; par.lt ,pr:lt

. iJJ.&

ql;. -,p ,....r, 6gil.s)l :.1 g.:io
. ;gil:r)l ".1 ,jr- 

''r,tts. ;,S

O" ;ll+ jJ. Oc 1+:U a+r+ 1$.i iJ..-
'(:<r'il| 't.yt) ;rr3hr)l j.".

iSr.ill Ab lr + +l-.i lSr.i J n
(3)Js. t.l+.rt- j

t-rA-i!t
lj3l.lt .rCt+ dSill i.D& i;c Jpr6ll dls+

(X,Y,Z)-1rl*lt i$)ti c{$s}l :<,r ile..,l}

,+ t-ijJl .9.1,lll iL-.. _.,rt- & dl
rrK e."^.ill tf)l e &l-ill $ri .dir.ill

i{t n .ril olA ,rilS llti ,(watt) ;.se f6i.
\.l+ &!r g.l,lt ajs; ds*I oU+ Cl.+ u.

ArS+ dgtt eL-,.J" iLii 1Js Ol i! ri..pl 9
r: (r-.$t)rJsltt a,l ali g.:*.bll c,.iL-i,Jl l..l

.'.Jij.ll 6Cl .l+, (lJilJ) In-I uni

9 A: 
"b(rp$l 

li"I ,:r).JU. e-rlr
. LtitJ -oJtt rl fJr.tt ictiilt g2SIl tJsiJl

t1r; gF qrt"ir. lut- l-iyll .93ill rJJSs 1-!e

.tdl..r

,,J' arlt-*r[: e..,1-fJ;.,l L.ri.i ,qle-;

& jf,r 6l ,rs+l irr (3-Sll !i.-)'.JilJl

*.L ,/ &lJl J:i,31 tjlr"t J.i...ll

,jri -. _)l1 Jl rJitil ,Jrr:! tFlt l+r..c!l
,.5+r .r-ill j-L d C'i!ill ,,..--.lC dBt "
+.ig rol,,itrrll lS$ Jr 

,li..bfiJ 
Al O*

.r.i , -li: J *a lJX '.ji!t rritl rri J,r.:

t^a



,Jo .Jr.--l! l1rt-il e 
"." 

.ilt gl,lr.i,lt

(5) dsi. eL.il ,L! Li* -ri-l
r..n ' djdl dur J*Jl !-r {Jte or).rBr rd

jjtl ,J Le i.lr. crl.13\.ll ,.=.r.h

gt ,.i,)l L-li3 
",+X 

g-l-r.X .+.Sll iJe

s+! ii..).IJ iJ. t J dJl.,1jl+lU. s."",.iJl

# r-r rt-! L.lsl JJLt"Jl gl..i)t ,.,'J+Aj

.+ll {11i !..,...s,3 cJ"s,j.ll tL.i)l
!+tt gU)t crs.r, rio3 . 1..-.r.;iGJiJ

Jl fJtlJl !S^i!l j aylL slt3.I JSi,I i'f
PttI **J i:r.S ; i:;r" Js.ill c+-j jl

. JJ+"X eL.t)J

: rttr g.:y (8,7,6)JSr lillill $"!lr

# dXil Jt+tcyl A rill ,,.rs l.rr

clUt .."llJ 
-irir" 

.!t fl+-l .j)5il+ s..*,ill qr+.al. I

:"i.. .!t O*l .iJtiill -illl ,JJri iFll dF . l<+

qrlt$l+J +.!l c[. qltxll dldll {eJ* s!
rj,rr g-.J;nJl Jrtill i:t-- L* -b *b
s+!l ,-i)+ ilp-.tl elCl l-,rl-p i+f i.L
( air-film ) i$&I elrdl lirL irli,

1273 c,- -6 I ,r+I ri)J ai.-).ll

i-ir,.X f{f. r,/i$ &fn
i.rsll Je irUl 

"p*J 
qDijt dS,3 JL",

g-ult CS...tt err.tili cll+r . k4LnI :ui.bJl

lilijl dlli ij" +-ii: 1,1- Ldy lr1t! insii.t

r+iiLJl {l.J.ln J s+.ll 45. la !,r... $Jli.ll

. i jF"Il .{.-51,-ali.j

r (Knowles) {Jd t.s ,r.t{.ll ,s.ii
i.-1.+. clt i-.itill ,fls...Il lJl: ,,:!

l-i..+ l{lA ..$l .& 'cJiJFll diJini.ll

.r. )s oi (jli . tl3s .F -5 I dl.ij)l .uiil
tiL-)l oLIIilr ir+Jl vilji)l allill
(. ... +l--:ilJ i:lL+ r :lrr!:J) ..l;ill

fJJSll dsLtl d.Fj+ g.tlt g.SLlt 1tr.,)J
.ubll .t r', arr.i i+tii

.:ie :eli$ diliJl 6Uiil .5+ d\r
rJillt 

"lc 
,o.',r.llt gU)t drf r1c JEinI

d.lF . (4).JSi a-n- ls)l iS$iI J"3L,i ::'1

rjf.[ srll ll^-.- b.trt- i5dll .ra qi,J

'+1-S 
tJ$ll tl"

, ,. .t+ - JL.i 4+Jii JSi,l

sEL6)l jl.rsJ d er"+- .!+ (X).,;j-^tt'

+-r.ltr cifl !r{.J+-i rJ. JSi

.rcl*.i)l Ll"..$l d tr.+- c!+ (Y)tr..tt'
.JJiillJ dLLill rr111.-1l lJ. dsl

.,sl*.i)l J.alll Frr er.1.. &dZ)JFll'
di-ll ,Je

, ,,...t 6l-.,f,i-! & fiil 'n is c'r.,,l$Il gr1

r."+.ll {J.iull eLill i..- $J+,rltiJt d$lt

I rs ]
Volume of ellipsoid (V) = 0.667 xyzn.

+Dl+ (X,Y,Z)1t-.ll 60 l-r:"t pr; f
,JS i+$ c,L- O d,* *..,l.ltt gL.i)t 6rr

: ;-j-s.Jl :ri ilI+ -.1-r..

xr = (X )-l-l ,gJ& rr.i-r.ll d".lt

Yr - (Y )-l*tt .& g.j-PJl cJ"I

A: (Z )-.,r-.lt ,3Je r,l.rt>Jl rJ..lt

V= 0.667Xxr.YyyZzp,
Zaxis/X-axis = ! tlxr = at
Y-axis/X-axis = zllx1= cL2

X-axis/X-axis = 1.

,J.--'r u."",i tl^.{ ,.J"1 OtS Ur

-( azimuth) :r.,,t- !l u.,..itl liJ ors Ln-

Jr..Il) ,r.rr. t lJ CJ.ill llt ! ri liL l80"

..;,-,.iJl gln.lt i.5l.rl i.5.,11 tjjl -,rl:r.l ( Z

6. i:..tii. (X-Y)63..".1 o-Al (altitude)

V= 0.667Xor.Xo2.tt,
Vl(0.667 oro.ztt).
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siiJl (thermsl cub" ) llOg J3t g iultie 1 thermal hemisphere dlCt J*Jt -5J<3
[AutocAD2o00gruy;&-11 i,E:Ul ] i4ul sulll 1, c,+f

. [AutocAD2oo0grurr a]-t1 - i,u,L.Jll .t:13 r-jtz ;f 6sl]4 Jl9,]t{t J*Jt -6.13
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[AutoCln2000 &,,1] olr2$l I eliril. Jl o{J.hr.,)-wb gr oyl* r;r ,}ulr .1ilr -fu*

. h,utoCAO2O00C.u, iL.,U{ - i,urul I .+tr* t}ly ayra..t* ddl J.*Jl -8J<r

up is+tl elL:Jl dilill gt . ' rlr el!: rs.!:
: d.lJc i-r iJiLJ !J..i!l etrrjl

lc1-'.\lr JJ.J r i;Lill i.:rjl "[.i '
. ('Ij.I ds$l

.'" rli.- ll irL..illi:rjrll LFtJi-, rr.U.lt f+. r

i:-r ,i i,t;i i5ilt i.sylt ;jS3 $i

. tui" tir a:L ,1 q.s ,1 iJi- t&l !L.j

.ia r*!l sllLll dsill d Jfill _2lri. g/u1-

,J, sli^ll $.ill L,.tL-i JiJ:r . oqunJ

: gns. " U U. dJ..lL:"ll cla ,i4Ll lrls.!

boundary of ) ds.iI -,j! _j r1s r

. iFt*lt r.t* 91 ( shape

,i ,.Js;,tt ;t;itt ].+,il| r.rs" u rj. ,
. F.\ 6L!"f* ,Ji 4l ,r-+.J frlsl



,,r.*.l,ll etr-)J qrlil ds^tll iJts:*ti -
tJ.+- elt ij , !il* Jr.-i.i # -dlJl
) ,'.-,tl ,q e.,;,r t'.ll dSil !it*.

) .J$ll J.sl-^^ gr +-l tuJlL (3018.5m2

(3811.3r') .1 i1 (Thermal Cube

.;i..o1i El,,i.yl 6$ g.o Li,.*lt lsl* ,-r,..,1$9

r r. o,S'lUJ tl*.i) a.r.l JSi &q L:"' .

+5lt Clill ds.ill tul+i-l dt+. ,t'-r -
,ll3.ll dis.ill 6ir*.)i$.ll tl,..ill ol.;$i:l

li;'\L (677m2; i5t"- e-r...* -1.-i +sl. r

.:.rLr I (Thermal Cube) rr+a"i ds.ill+

.js ur . (905.25m2;: ,-u"l 4irl*

el*.Jl uc i.4i 
"Jci+ 

OAisr.tt tl*.i)l
rlJ+I $ltiJ ds.l'll $S!l 6t"-tt ;p .riilt
.8"3r t+ +K eJ-.Jl gn i.sl3 eJaii up c!{
i-:t "i rr:l>ll $rs.ll ,,rer4 USYi g.Llt

.4lS eLJl

el..i)J dsi,ll ,.i+l-l r-H.: sc-r -
il-L." i-L- Jr,.-i.t dS.i$ Oj,r U.S'Lll

u,s'i"ll elj)l 6i 11) q:-5"" CrL- dir
. ( i,:f- q.rj*,Il 6rLJf so :t"ei,.J'L Or!

d-.$ dsill IJ"J-L jxll rior -
i.rt"" Jr-l.t dtsf,ll ,.l.l* eI.l+II q-ll-nll

;gLtt trl Lrlil :l- L"

d$rrt S.LJl &lJl 6i e^-+ tAa-1

J).e d$.j! ++-A 3l tiil:. qrll3.l df.ill

+Jllll dlt".!l c.lJ$h -St+" &i.r..[l4,J1

. r+Jl Jl iFLJI irul ..p: pj,6+ 
",i-r

iiL.byl3 ,-ir'll ii;Jt gl r-,11-.$I L.i t

l-r $Jl3.ll dS.lJl rJ. ,Jt-,;ii} Ls:*Jl

.JliJl dis.ilt d$sr d L Lr- .Js4

irLnll ol.r-jl,i . iiLill c.rl-r-jll il-.,1r

!j).e dls.i .J. \r$..) ds.Lll \- ^ ,rle "';r;i.-I

( l"J-r$J cjsill clil.r \...i- J*ii d6.l ,r+"ll

. (9),JSl.cl-r.Yl ol4llalj dJlJ*i'i.ll qJt ir.")

crt-rti-:-i.,itt r CiLlilt

6:ll. (Thermal Hemisphere)prcn oi.
aiJlll dL.X i.+j d.:li.OE.l.lJ ! e-r-
Thermal ) erer^r tuJlL dllll ,Js.ill d+rll

11. iil*ll crLl;oll 4+ dJ+-). grll (Cube

,,Jc !-lt-rlt ,j*ill gl-.iYl d^J i1.s dnl,

(!s. i-.lr. cE+ 9$t 2500m3 e+-+ )OJsur

:(l) ,'r-r.J +lt ;tX

'Sdt CLTD t4.1L .t l"!+ .irsl .1u.l .-,l- d '
iitltX rS *l:J i&L /olr d.;r j;:i :t io! .)oi rF&
qlu i.&lr.., . u+ll vlaLfr UilJl i.L.)l Je i+Xil iJlJrI,

.IrL.lls liiJlr alNl g;rplt rtuirl (U-value) ,.nu.l
' lS-X JJJ \rr

c.1,1*.$ ,'..Jr.l .Lil*X ClJiL,l ,i.+rlr-J fi+i.i! 'r
,r!t t$ sl lJr g-li,;11-tr1

,-i,": .lie 6J i-,1 ..-ot 6dl$l t.:l gnrrf

fJlJ.ll d^rJlliiJ-t$irl"Jt !i#S3!lr.Jt^'l

' 
' (2)dt.J-t+ i,rgl

sldl i.tt'..:-)l Jt CJ: 4t *Jt rJa:

q C? 6iJt p:+JI! dtdt Jfuir ta Cr ,J'
,*- tJ ltt-rt.J,t Jt.llr .rrrJ'u ot* .:^*Jt
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24 unit (74o/o) 1 unit (67a/o

,.[ artif, r-;1.JtCt J*Jt ar Vtl]J ai!* prarrr lAl5li,;t crr.rrjJrqrt.lai:., I c.rl;tt -9J<.r

[iru'gt] ilry

( I ) cJ3r----+

( 2 ) drr---+

7t:

240 unit (84o/o)

7504.15 9194.21

l0s l8.3 r

Thermal Hemisphere 5165.01 438.21

Cooling loads
(Summer) kwott
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