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World Heritage Core Zone
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2 Kolah-farangi Tower

(3 Gargar Canal

14 Polband-e Gargar Bridge-Dam
5.Watermills & Waterfalls arca.

6 Polband-e Borj-¢ Aydr Bridge-Dam
7 Polband-¢ Khoda-afarin Bridge-Dam
8 .Saldsel Castle

19 Dariun Canal

10 .Polband-¢ Shadorvan Bridge-Dam
11 Band-¢ Khak Dam

12 Polband-c Lashkar Bridge-Dam

Sz Job o (g e a5 baoslw ol (el 5l i3S 5l ey 5509
2led 5 iS5l g S5 05, 0 o cled o des oo JS5 T, aslS
@M@*ﬂos)lfés)@;ﬁw@;ﬁ&)d%w)d ‘M°@M‘)ﬁ‘}lﬁs%&b4—36wf5u°}uw‘
o o Uas oy (S0e8a 5 ol g ol Hladie 1 (rizren g ool (ol o aiilgn aSl (ol (hgo (ol 5o 0ugm o0
wlouugbuhlrofLQ.quJb)oajuo;ulplé)s °>153)-"f°t"\-.‘0|}-.?°‘-‘-:t‘gr<ﬁ°j3)°|)@ﬁb\-‘—&le

Doy yiiigh (ol gasgeme Cond o3
Olapls a ol cwl kil b galsog, 4o
Gaol30g, 50 e 3 b b y3—2en (Shidorvin)
asgaze ol J3lo O (s sz o bl i 55
=9 4520 plgte s b ol )l e o,
s 1008 YU U ool L) goaisS plas
e 59 o 0950 9l 0 s mS Sl
Sl @ 8ly Jodlo (o)l (gaald lime g lg ol
)L (gadilbg g 009 Lol ot il cbli> deas

eslails ed gy 50 |y gyl 8 s =Sl

‘IQJST— (Og-w OJLOJ:;.J



qu-bT_rDS.LUOJLOJj:J

St 13 4,85 O\

Oy (g dige s 4SS0 ale cpassil w
T

e Snnyla eyl

2951 45 el (59l s g o gl 09,5 £05 oo amndS Cogliitn 09,5 90 4y Lol (50 5l (63,5 0,35 o aiiS oS 9 bylen
a9 23b,0 (PV) Silidgend gla Jolow baogs Lodinns | (giatnyos adindd (g5 o0 Ubg) (il 50 -5 (o0 ool Loosl> g5lumg) )0 auityos
ool g9) ool )3 oud ardlisl (gles a5 5,5 ooliiswl (TEG) (51> (sl g5l 55 5l tiionne jd )50 d 0lgi o0 L 9 0,5 s (505801 (5,5
Jitie 5,50 A iiS o oaliiasl 00l gelaas iy dialis Lo 5l ods Lttt | SeilSio 65,0 1 45 sl ol g5l 4y gy o pg 05,5 S oo i
L olgsian |y Lol sl 51 alacS o ea s ol o Lot 2l )83 o 90 10 Aiilgs o 0oL pebaas dy dalits aly o Lo 2 L gh oy
b S IS s cilises L c,glcyd 5 Lo b, 5l ooliiul

eo)'L_g O O9— )b._?).ub l_IbuT k_Jl_Q.A.QDD E_’L"" A_M.H
LsLmJ)_w g M)O\a)lj_.wSL(buT 0)5)_» LS)J'J‘ J_;J.,u

S lael bees b (ol 5 S gap (Hg aosols sleiiey
il ead asll (o5 5l ades (bl 5l Sleity gl
Sslg oo 310 S99 ape 2l 40 4 (6599355 (2 S
&5l et g & 52 2 (il e g3 ¢ g

DS g

: (adiuwo) Sy iSlg jus (5 9Lis jl oslatwl l ) l

LS asgr o331 sl 9 ST 5 g VAA® Jo o
03,5 ddgs (65 sl Eablop gl (g A3 5 ooliiu
aS 0 l0 0529 sol> la Jls S ass,S el Lag
S S oo, (Sl JLiS oy 0 aS e
piezo ol aolS 5l ooy ol (aisS a5l
S 0g 5 o |y S pSlgin plo G Llidn sl 4
aS asyle 8 aele sl 5l slaids o SO aSlgsw olge
eS8 g5 -l L )Lis Jleel L awlgs oo
b olbls)l g 90925 Lid fale 90 ;0 08 0y
St e 53,5 JLsb gl 2l gm o5l i |
651 A (Sl (65,51 Jos jetare 4 S xSdlgs

g oolaiwl SO xSl

casolidl glosla slag,ealy 5 LSy, iSJlgzes 51 ool

:(p..yilwﬁé)waiogJiSJItngLiéjIOALéﬁml( Y ]

B gohe 9ol el (oboliing iUl (sLa g 59l3
Maxwell-Faraday aJslee 5| gol,L8 (5508 .05 o
) =lad SO Sl o SO aiven plgo b bl
oLy sl (glmygil 35 . S0 g OS o0 (2l0
So ST S oo Jes o liog mSUN L] oLl
o Lomle  cmwablisne lawe S o (S0 sSl g0l
ol Sl o 0si oo LAl golo jo SO Sl L >
az) Shm lwoliym 3 ke Layglyss assSinl
) Lf_ls ..L’s_.wg;o oola ol (J__.’AJL)\.M..DU = 9;.4&.)&4..%
glrosliiul gl ;55555 sloygily) 2l gl

load o gl g

&5 erte S 4o i Jsis ot (o9 Sl
Py polae joban Lol o sl 1) jodaasass
s g B, bl (i (5,00 g S LBl s
2 &5 Gardhs) sLeoli =z Laoyls )8 (g poe
o jobo dy Laool> cdlawl aS pl iwsls g Lo ,o i
&l (e y® it (g5 50 (g3l molie i JLo o
L oslal ol a5 09t oo sloml (g )9l dngi 9 (v 2
bswgs oo Als (g5 505l (o J2B ASe B aes s
s oSl (65,50 A dibosass glecs g

NS

N6 05028 (g G

wlusl Lo jg y jpdd oot

2l glaJlo yo
&lr 09l 9y slolis walls
(28 oSy ol (G Sl (g5 5 o5y A g (65
Sdgs o 5l z )l (S (lwolSyy po (65,
239> Olwdigen )l SLAES 5l ae Lol 055 o
Sl oly et 45 Wlod sy azet oyl (65,
03 50 ydeand gl sl eoliiwl o 65,0l w5
el 3L g0 53wy Lo 5 9 e J—’“
Sl Sz95 wlade 0 (o5 5l cblop pggie |2
509,55l ,mdanazs Lo 5l (gadgde yo 1, 09>
Sl ol | (S0 8l (g5l wd g glare
J—iliy glosls slagt i . cal (5]

‘]‘\J.)T— (Og-w OJLO.J)



quST_I'DS.LUOJlOJj:J

l:.u-u-e)l-b 4-_,‘)&.; ’M‘
FNRRITIS o' o

‘ : e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e .
o s s Caagyla dapadny

I I a3 (gl xSl gl asges S o

S8l el (B 5l e or (Hyere slapS
b S oas Leslw glapings gl 0,5 S8 by lejen jo b an |y (65,5 A ;503 ()b 5l g (el
559 099 ESE (gl aiype aiiS (oo ades (S0 5801 (65,5 (g i) 98155 0 (48 y2 SSim 4 S
WS W55 5 9ma8 ssme 2 5l e SIS gt o b oLy a0l e ol gl Aiges 5 sl Mo FO+ (o aiysn 38,5
3 ooliasl oy (6ol ¢ (S yeS a5l glyrl s 30,5 aBliol) oy b (o5 Lusdingy c 5390 pra L
bl (Hyare 3 a1 VL (e ST (i g aalyS g (3m 0d 5 (6l i o2

)13 43 5 TN

Ol joe wdige 0 A5G (ol ool

) 6‘)—’ JTOJ_J cLbé\_w)J.A ke u_a.'oLua

=
%)
e
|
2
L
p
-

ly 095 adits aliwg e o L o Ba il oy scis
oS sl adis Ll joe Lgaims Aals
slaelly (g5 adgs sl oY Sl i o5 o0
&5 e wlge | S Lol L o0,
L commtlyolis wo9—ts_o 3O aclis Ly ot

R N R

JJL_Mg )‘ 0 O‘)T L§)J“J| Mlof’ LS‘J“J ELLO}»J L_Jg
Sy oo oalisul (S STl g5 5l 4 ol Joas g s
YV Jlw ,o (Horiano Poulos) Lusb cyujs
ooL?)‘| l) Lg')")_}l d_f.b)_ffb.lo |) Lri.,lg)..xz.a: oo
)Jd..t.l.ajd..L:_ms Voooo Lau.CLmuba_LSO\ «9‘ ol.i?.u:d

g3l g oyls enge ) Jlisl aagdos « SCdgjane i

a8 e Sy asle 5l A8 el & ygo oyl s o
ool SilSe glia Sy o 5 Ling o JLiizl gl
B earile hwg Yy axe logimw ol 08 oo
&b sl 4o« Sslogiy slapimns ;0 L9 o0 JLad
o=l 3l Glesiee Laosl> jo L0gi oo oolaul 55 5
&3 (e 0,5 oslaiul (e Se p & j90 d il
loc—ile (90,5 Jlsd (gl | adis folowg (SIS
At (e e 9 LS, b Sl (o5 ole Jlas] By

(MEWS) S 1315 09 J3SUlg S s0 bl s slopiuss

Ao, VA (g5, s ooyl STas s wolgs (eu—als’

S i (e 5w Gl o Jlaw jo caaS ol |,
033 ol& ooyl 4o a5 wilaxsLuw MEMS asb 1 o)l

aali glwosly pl8on g wlails e e

Cewd o olel sl ol asogs 003 (ol S i ioals
9,5 o)Ll (ol s (]33 o0 dirny )0 Angs
clals) A wiva ol )lis g Koo 5l JS_2taa S
&5l el jo 9 S pSlgsn slse (g3l Sl (1
G 9,8 g S b aS (oo oslanl (S Sl
8 @l e g Sl 4B da g s 5
15 olizman wies ol 1y sl oo it Uil

00 (g 9l S5 olgie 4 Yy axa MEMS (g gl
S oo Oladad i blo (900 g colw L gla,lis L
Slaad L ooy o SGleg 58l slapsinns Ls

Dbl Gglate e S, e

Cils gl MEMS 5l oozl asy golyy il 51,51
Sl (Sl (65,50 an o Jrpos g Jame 55 51 (65,
piwpw (Harb) o)la (Vo V) Jlw jo acwlonds
8 Giolesl g addlas )0 o5 i3l yo |, MEMS Cilisee
2075 JLad ) (b lisng Sl ad g 9, So (sLaygil 5 9 0l
oo (299) SL Jame g Jolow 00 irlo L Laygil 35 o

o ‘ 6 . .))‘ _

US.;J'S.DQJ.’ESJ' Cui'll)_}..l 15 Lsd roiuuw

Syt peilSe 51 T 5 A8 Wlos S ed lel x|

iy ooty JLael SilSe g5,m] a5 Ao AD
ol 5l (SleMbl (Hy o)ls (S0 58I (65,50 4 595155
o=l OB dicinss . cewlonis ools  SlSe (65 =l w8l o
s;laslely 1y, Underground Power <5, & (ot
o392 89y = =i JLo yo ol Jlo o guse s
oaials iz 65,5l 059, oyl caiiwe LYBRA

S e A s it S L
S o e din oyl o 45 B, 5 Koo
S oyl 00,5 o)Ll Way Dip eS,i as )lg5 o
aiws jl ead g3l oo oo A
s;laslely |, Waynergy® Vehicles oj5,— o0
oolde ;8 adsl agal (g9 2 48 (SLdalosl .cmlos S
1S s | A s o o o pLol Bl
0ud oold Sl (65,5l e (gi—e)s B 233k
o -l o adgs (S0 Sl (65l g i
D9 oo Jlocl osla (g5lg,; (SBgd Y )3 i

. .)'| oolax

G 4o plason dlapins ol glos )5 500 5|
GlopSoe, w3 eblieg il glapinn
aslo oo aS o b len .0, 5 o, il (ESE (glosl>
oolawl Bl ceyw J,i8 glm WS, gl

O

G ool S 5 depinnn ol o

5 oat JLab S Sl olSi s Sy L 39 s o 4 i3S
03510 (e 6928 R 51 oS g5 e S
4S5 0,8 o0 9o (S 3 ot asS
e 4 209 o0 ol (e Sl o St
AS Wgih mad mlrodl> ;0 05 o dpogi o
b 5l g 0,5 oLzl (S Ll Lag o ¢ls5 o0
o i (5l 20,5 (6 5ol j9,0 5 j9—e Loy

Sz ES e S Az eSS has ()
.(Rot-Rot) S o8lps <SS

Sz S e S (et e8> Las (F
(Lin-Rot) B, ¢!,

o bt S @ mlaw S e S, oo (F

(Lin-Lin) 8, 155

S bt CS b s SO sz eS8 bas (F
.(Rot-Lin) SS90

55l S Joos Sl gl an ]y (as oS>
3ga> 10 235 o Kiws oyl aisS o Leol o) o




w,b‘uw{’\ CM“U"“-U“@

Ol patige oi2dl5 » Ol yae g din 04SN ale cpasnd] %tjfp p

. Team Zopherus  -: . - . ool L 5 g o0 diasly _ilining slmog,S 5l o] 045 8,8 SETY 10 Jlw jo 1, Ladle Lk
.l))_i.‘b Lander . 9_..cl_,6)L.:>l_w (==l oyl o : g N 05952 59y 2 6oLy o9, S WS >l e o cpwny sl |y oleosle guman sl Sl
it S Lo S 5 L o lasome 5 U35 oo pgmams . ERPER- = . w3l Lol (B (Brme ar aolol yo a wols plowl o gy e 5 slusges L
MlM«@) o gl 3ol olyo 1,3 sl ; B e R o - . —

U_Jslwu BRI sy (5o 5

P =0 1o 5L

‘]‘\J.)T— (Og-w OJLO.J)

(Al Space Factory

el @Mwl _LMWGL S 4S g3g0 lraslgil
u_Pd_)‘sldu‘}.«_w‘ Awdod |ooLa.4_w| J.)‘O.A_w aslow u_” L;

_QFMCJG_‘“)Q o)Lw‘rl}‘bLsLaB)l 6)_5‘»6)_.50).9‘.’
wbsa d.a_w% )L..>L~o ga_wl 6)L..>L~u LSLQ’U""‘" uu_asts
1 03l 45 5yl blgs L slge oLl § bl Sl

-Kahn—'Y"a'tesv . ’ 9 69,5 odiansa) 05 (59 = (55 4 =y 059,

BN R s e o 0 5l olSs ) ol Ll i gy ;500 Syl g o 4y lgs oo

)' S 4\_{9—’9 lo SE= oLy oyisls 8 5l .S pahd 1y 055 glm a3y
)—’)‘5)‘>)J/55u—‘-’-b—~‘-‘9)~> &.A_wod_w ‘.S i % :

i) e lsta s = ol
ol 0= 9 R ) Py B ) S
OHLSA Bi > ‘f@b- k_gl_b &A)é 4_;}} U_" Q)-»SGA : | e ‘3)_?9) /"o Qb , )O)stwb» . L>l_)

oo)_ﬂs«o‘rp...b 9_aa'_>u‘gz_cbd_§ d_>5ol_q)¢ o 6‘;—’6—91*49 o&;bwl.w@

ls;....u‘Lz_[a_Q @_J)A)J‘S_j\.\;)gs‘)_ats__lmwu

Ls—’L‘"B ulBLMM.ﬂ ).b - Ls—m.\ﬁ «C_>).o )J L....u‘

SEArch+/APISCor . , I B bl g sl T
e ol 4_,3)5! c)l_._: Q)s_n A_:LWL’ l_) L(’b lS_a.MJLA ‘

st_; uol_‘> )9_|9 a Lho)b.»d Ml.?r..o 9 Ols_;o LQO)LM: U_’I )\)‘ o i 4 y o
,L:_..uy Olih—u.\ﬂ U_" ..b“o..\_..u.g:al_?u.tl Az |u.ul¢5[.>ua u_ml.’ c. e ’ & D = b S
G35 Vb az oY 3 g0t ohbaN ainr plaatag | R AT L oarte e Sl L;w@'gsl—%ifk)" oslaiwl
e RS EE N T S —— & ol Sless b mlan ples Jlasl ay cois's a0 4
S oo w—“'ﬁ oois eblis il s 5l IS e =5 Y el (59,55)0k oz (ol o2 9 & e o)l A (e
’ ' : ' Ao ate lgie do oo Sl o oo 1500 (e i -
: B s i a1, 5, onlinasl Lo Sl ol
| :Northweste'rn University : SN 1S te LSA_,»G,LMA_N rdlae (ol 5,558 51 e 53U 1yl t o8 oot
*&_:)l).b_wlad._:b&_: u..s?l_.wt\_: GJLABJ/LMJBKCJ_E U—" S Sl oa A_Jy oli_w;LA)‘)o olds a)_?;sa_:).a oA_ng)L»w :
|) oli)_MU) ‘5_J5).u (G —wg2 ‘ji_.»9lfo)|o)_;6,e &5‘>l_’ 644_~u54 )9_,4..@ a c\_,..b‘ Q|9_A a u_>|) Wt e OSBLC KWW o)L_M.J 45)9_L=JL0.®
N LsLQL»AB .Ia_ws.’ aS o)j_la...m.\.»} 6)5).9 le_»aﬁ l_t cg.a_whs’y C)_'o g,g.SL;)L; k.&.A.L)LQ 9 &-odj M‘ )..)|): o &.A.ASLQA d._ib ‘o)lo LS‘JW g_g‘l'““-“" Oy
Lg)—’)ML’)-’(O)—«-Cj‘SJ?)L“L’/‘UbH|¢°&w)L°|(5L¢43 dod> . oL;oja_U.Ac\_")LibuLa)‘A_ulw_u‘ysncul_MJ).Q_w)‘J_ﬁd_fwlu_;lo)M)_’C)_bu_"Ls‘)_:
LDO)LMAU_:‘JL_@‘ 6‘)""““;}"9‘)‘6“\1‘—“’0—@ ol dg odj_f€9)_w6~.k.u4_w)_ii>)| o&LQ.k_wH_)b)LwaLw c)_'a.nQ)Héla_w)l G‘L@AM‘Q)J[_)[_)W).QJ
u_mlod.w A_AB;)_E.J o o QH (:L?U‘ UL“”‘ 9 O)s_')LXaé JLO.U‘ c[_ibo[igti G}LMAOOLJ 9 059,= r:Lo.s‘ )‘




99 3T~ gaw 6 louds

SIS
Ol o guudige 03515 ale gpazgil W L2

e Crungls agpin

Gl Lo aSTl) () Sl oo o=l o e e 5l Lo Lo
9920 S oS oo 0Oliiwl (ye) (59 JlwgS b
55 S TERA >l a0 5l |y los, b
oolaiwl g ads ceadl)l ) og e Se) e o oolw
y5= TERA =1k oo o ST el L a8 e n olgo
sbmgesle il oo Slae an | leo (50,55 5,
Slaie (B man LSS olge any (Sly Jdo a0
S ST el oS oo B mae golin g (65,0l (28 SR
b iz i on o (S g 395 oo 55 TERA
o ol 50wl 50 05 ol loaze g il LS
99,5 Joid SmgreS g5 oo |, TERA colyo 0ido
ol sl o (gl (=g sl ol 5 9000,5 0 ey 4

il sl slaylezs L

TERA

059,— MARSHA 059,— = 09)/{_(‘— Al SpaceFactory
and oleoluw ol o aS 8ls 18 jgws o oo |, TERA
Lo Sly bwg el ol 5 mdyspand slge 5l (S5
‘) ‘SJG-WK.A—MU) u‘)_)‘ aS Cwl oo ul_’> (G d—w
gs—’l)l59 Ls_A.>|) 5O c\_fu_;l O99— A.)LM))L;Q JJ‘» 4
5ylasl g ool ool S TERA .aiS oLl I5les |
2 (AR o d._§|)| O)L.“_M} u_:l 3)) )[_wswl.w 6‘)_’
o)k =2l 3l )5 )0 (S = |y (mlos sls aS
aS oodaslw 0859 g,u_.wg.».os ..3‘9_49
Nyoma 3| 45 glosla) g yoaligns Il
(Cmmloads Ay Sins g )3 wile ¢l
as-lw G )j.ab .Ia_wy 03— g_sL>
r:Li?b_w‘s S Ll L’—“’ﬁ-’j Sl 00l
A plys g g =lp o 9 S JBla
e R N S LW RN
Sl uw oYy 8g w5l slasl eols
c0dl ;o L5 a S o el |y ol o g
o adlb BB g 00y nS wlals

slo)lis g sl glgo Li8 S cge 4
JBlas a1y Sl sle,Lid Marsha o _le ¢ ;w50
Sy an 5l sl oyl ol S5 L s Ll cilw oo

lSg0 aiwgy Lo, 3 ay asio 7, b S 5l MARSHA
& bl gla)Lid ) cogSow BB (glad g5lwlax gl
S o 00l gy o los it by 5 b
A5 il a4 iyb gz &, MARSHA |51
ol o s i 3, 84y pammio 510 oLind S Loy
Sk Sl eeties (219G Sl (g Sel> Eel 4 S
o=l o sLad (g )lgms slooymiy g SAhw (slmoyxty
) b ploeli 9 095 oo Jmato o dor (95 4o Aty 99
Loy jgole S oo Jaiye oo dn 0u STy el 550 L
b lgasls ohen a9 5 L) (g tdly g L08
3ol g el pge sl 55 (Sl 5 (eleiz | cadlw
o=l 90 24 MARSHA #, b o8 |8t g40g0 ol
0,2 SO JBlas adlb o .ccwles,S axg Slegngs
Dby yaz o YP e S clalgily (o LiS joas5)ls
Loz sl 0o 3y pubitne puf (b o0 080 oo
Loy izme 5 Ol Ly oo 1y Sy A
Jbo e )2 9908 (0 y90n |y (HE s (slad eyl
a5 bl )0 (SlesS 5 guinyg> —ae 2l 5l ) s
s5baie am (39,8l (gl e izmen L)ld
Cedlws il ST ay (gl e 55 (sl
L, MARSHA cloojls .cwlonds 48,5 IS ayasns
S Gig b oo olz cabicdlil g cxmb ojeeelS Slse
ool Ao ol ol Laiwn Splgols g S oty
L L R W I L I

Sl & 535 fON

O pas utign 0AKLES ale cpannil w

e S
s o gnta

.w2)l0 2 o0 Al Space Factory slaojlu cw)p 4 JI>

MARSHA

Lo (5055 050 o (gmoliol (285 (0 (695 2 s)Lome
oy oo Sl Sl 6 YL il an (ol (e yo ol
5 erimbe 005 48 0t acd Sl el Lot Lo |,
oo ol Lo ol iy Ll ey s ciasdl
s ygale Blaal U gollas anly L5l >l g il
8 oy s elerzl cdlw aS Lo 5l o o las
lroliiny) anb cl pten jlaw Empglo (gl
sl gunie lssas W >k glaseS 4y oliab
MARSHA Lo jobas.ans gl og 5 Jo 0l
e 5o rlin (s 310 el 45 Clody
$olore s 505 Jsol ol joaS > )b oyl vl 8
92y o9z g il diz (g sl S tead ke

)15 5,8 e s (695 2 058 D pg0 S

/)‘I S 0olS ool ¥ 8 a Lol L sy Jae SO o
SLA[S ..X_,L’ C_]La.a 9 )ngwl.w Sy O (.ULAJ9‘ s
ool dsy g o y0 Il g BLLSST .og-i oy suss
5l mSopte Lol vyl Ko o] 10 95240 3lg— 3|
=308l SRU) Ly alio 5l eslaiwl gla g ,gl8
o392 &l ey 5l Slge Jo 452 ISRU (90 .l
Jlay YT il ¢ olail aeas 51 B asyls 5155 5o
l, Lol gos,S ccilopgl pls =500 Slgo L oS
sl g Laals o 0 Slgn a S oS g )l,8 ISl 4

Jas_w )l_a.s}o LQO)LM»

o il g ol b e lexs L e (59
Gbslwasge0aS b o0 d o —=lb

5

Sl dg gy

99 ,3T- pgaw 6 Lo

¢



99 3T~ gaw 6 louds

o) |.> a4 )
) 3 !M‘ o i:p =
Oy (g dige s 4SS0 ale cpassil (MP Ol g digs 04T ale gaeil - AT iyl gl

Pt
W NPT 1)

‘]‘\J.)T— (Og-w OJLO.J)

P

PAEEEEN o S

i H

S

SalS (Byxo 9y (190 Lakal

05 0 9) G sleas) (B YN0 (DLl ad oo 0p5 (S a5 alss S (DL b an e ag Logas)

N
316 0 ot REEUTS

o o Ay gl 5o 551 i 3155 6 s Ol 0 oM

Slros (oige st :.).6)—'5 57 ol i Sl LQ—“’u-‘r“ gl B PSS R S RN I
uL.Q.a.»o‘ (2 oisls 9 MLMJ é..b.mo = JJUSM LSJ“’)ML’JJ U"“”‘)S |°J~—’9> )_._5).,.A| 5 rMLMM)lS
5 J—o> (iS50 o2 gy oyl mlids) S atadie ¢yl o i ais) )0 09 5 ol 5, 0t LS
)_‘.‘S).m‘ o&w‘b)de)‘ﬁso&bMBﬁws)ﬁMoij&oliw."é)éJ_tu ﬁ*’—-’}’“—’““a

u—"9L5’l—““‘| f9J.c L;Lmd.,._w))‘ P L Ja_uj.Aé\_fLs_’Lmo)Pg‘_s_u).’Jw 6Lrbo)'9>d._g‘m>9_g J._».Ad..‘))l.cu_nw
[0—"534‘\)‘9*" u»Lmb L;AA)LA.AA})[S 099 49 d_fb_QLmLu.M.b e ] od_wd._>-9.uo 6_»[.“)[5 0y99 49 W;)lwu_as) a8dle
e (ol a5 o (e Ao g adl akaie j0 a8 pog (ol JLsd dn 99,8 oo (2 9) e Sl ol 95 izl
=52 E 9 it slrail) 5l pan Al oS (S jeb dn aS o,y Ll 00,5 e ;SE el )0 o ligy g (e \ i

azgio mpid)S (Sl pale aglwl 5L 9o (G L asS ol g an amrgi L us « (Slodl pole (gloa iy o oy

5) bzt 48 085 el Cd (Sl glaan ) 5l i ol ml o (i slrait o (sl cpinS a8 pu _

295 33 e (Lo o) dn (S0 Calib aST e alS 5l s a5 il S Ll o aelol olas 4 o ?4'3‘5; "’L"‘“‘ b)) ‘.-Lo" ) J’“’ u*"; ')"

SYlgwanazg bl g Jom (inl)S ade jlacbls g Shy ol S B osz v aloliogls (sl

L atl baspe asgs oo a8 laily) i) (ol 45 pal azgie (93 (o0 (0 iS04 (g0l 81 5l o, S A

a5 hles an dias (J B g o (]S @85 p0 pac At ol 0)lg g pa weaBdle (e S bl 4 i pie So b oolasb 1,25

Laojea ol - iSe 3o (glaiy) (o gloojg> yo ol 81 aS aly ol cmrge algl o )10 Silodal,y slivul g g2x il

=i 0)lee L b e gloojgr jo i adl b pow slooye> 0 po a il Sluil pole slaoys> 10 v digs oo Ao 09— 00,5 il § Clseil aS sliwgs (gl L alold ol o5 .0g 0ol pais )l 5 puilod oo gladlold a0

Gl So o)l gy bt aS e (cwdie slagilS 5l (S bl ail Cenpylanze L las o Sl w8l 10 L Ay popagd (03,5 48 oo g i Ly g ail ardls (s )5 eal 4 pogy (laiy ag JLss 00,5 (5

oilS e (Gl o gLmog 50 s Coon s 0dy (35 5) Lo 4595 05 45 oo il 0)50 L (Sslae Sy At B bl g 0gy el Al (Il iz an o5l (e AT (69955 (o) ol 0l 95 5 9 o

K ol [ g e Y AS 6 il iy s oAb i jy i g a1 gy 45 oyl 55 el Loy colo glooil dz 45 | (6kum
5995 (5397l oy Jls £ 9 0ol (telis (ylie )10 g o)l (slodiul az a8 aagd g (i o0 5, 4y o 7




99 3T~ pgaw o jlos

19

S l5 43,55 0N

E————— o << J
Jro crmwige Lol (539 1 0 a8 clislas o pa (o g ol 2 (S Sogll Sy (S i (o Lo g 1
S () (o 092 ey S g Joozr A 08 50 oy plmilg) (g0Loj (slatlib il oo g w5 fge St g
| o9 laal L5 aisS soliiwl Sleisl) 5 el 055 ¢ Sgmsals yamsite caslin ppmiige Lty 3l digiso 45
Ly ol8l _aolitolg) U b o Blnce s ol 31 ooty e SLalS 45 ol o) ooy i Lo iS5

kS o ol iz L aisS e cilso iz ol 8l oSy

S o9l g5 (sl S (6,15 Aoy oyl 4o

sleoly,lez 9545 bz g Lol 35,5 Sl e L asl adels 4_:9;‘59)L~o Loleial, £l saopylo) (yg—on
Al ot 5o Lail 6,08 d0g8 o0 48 S OlBolal 050 0 g—ed el Ao g a8l o Blasl o o
Al oo baiye pe Sliolas asS oy Glals 1S S gadls g8 otz aS ol (oldslasi oy 0 Yl

lyswaS (Ul =S lag Jid g oS el ogas 5 (Hgo (it 99 50 (i e o8l s 01356 s Olas
e 5 oy ylhg 50 aiS S 9 0 S0 -tue o9 ee adiie (Lot (6l 4o (S ) (g i 5
o=l sl ool pleslos 0 a8 il e 0,50 i g o0 Alie slaglioul o g3lwsted g ol JS olal
548 i jsline pawdige slocS i Lides  —ogas oS, i alo oMbl oaS Sl Uccus 5 ol S
Fit Jlo o dn a0l (g g lans 45 50 45 a5 et 15 g Sethe Lol L plied Je S (sl
aSopl b d tad oo 8l 005 S slajed o St St Al (ol o by e aS it slagtajen 5
258 5 g Joozm S S e sloles g i g Joo Ly Layo (sl Jians g Sogll Jiane s SC815 e
S gl pileam ] jladie ag auSe clid sl a8 (S SzoS sla et (ml b i S glapeh o

LS olaiasly 0yl 5, (aul s 108 3l )5 a8 ol o o 5905 51 2515 L (615 ey el )90 50
5955 el 0,8 cygl A5 oy il s 0,8 gl ol sl casS Tosy it Losigl olg s o &5 63,8 gl 5 5555 gl
S0k SLRoin 0)lo 2929 Loy 55 (5l 55 65 ke (g0l 3, a5l ;b 4 Vlaasl s Ll olo (g
oo Lol 45 b acsle 1 o Jlo e ao o Lal oS cdld Loyl 1500 (g5 o0 018 g 4o oo g o5
Sl e asly ol 5l sl (S (i ;00 gl ysiS A aS ool 8l bl asojlo &y lpe aS i b
s Vlanml oo (g oo )15 4 Jsintio (iiugsy >0 55 0050 () s bl andls sy g IS o, 31
slas (mlaaslys jaBaz aS pl Ll adbandls g2y 2,5 (oo iS5 )0 2lS ol 05 (o rition so-duisn 9
Sl 5 4sSe el g3 slas bl (6w S L gl gl (5055 (slpaipo asgi oo sl Sy (il S

gied g-dlo2 e a5 Al

§ w0 40952 [y il 35 ol (G0l Sl Aig> 5y oyl 31 (30,5 (D!

Crgte 45 Ay ol 95 (gl Lo (s oo w0 S g e Ay 95 ol e 45 (ol 5l (s spmolaSTh |2
g 9 Ll LIS (S pgd o0 e 45 (a0l L aS oo (g 25 angs (NI Ldly 52 5 (O
O 3l 03l glaai s Mte (e c)lo (93 (bt ool an 0,5 (Ol b o o LS aS s ol iS
sloas) S plzpaacs g ol L acd) i aS g oad eloblas alais ag a8 09 et g JLw 0z
=2 5 Josd sladlos (ss ol (1o A (i oo 48 il o 5, Lales e Slte (N - Ghitonss 0y 9
209 w5 (et e Bane; aS ol J b o (S0 it B g e 9y 0oyl eyl 0)lags (g (a9 ol
w95 (Hy odmo)d S el gl i) 95 Lakad (b elecinn (Sgn aST a8 g ] s-Bogs 55 4
S el o523l (e 555 Mt o)l IS Gl join 45 yoz ad oo il (i (s pol 4 48T L g Lo

(P e S oo SEAS (Sl gy ()3 Uigs (S0 (S8 o0 45 gzl oyl (sl SIS 1 pnlaS L 05
pog= AV Jlw (699545 e (A (65l Lgl 55 (95 (slomay0 a5 (S5 )5 andiy (69 (=5 Sdm g, (S (Yoo
ol b oz YA S Y ) 5 ela i o5 Mt Yo 05 80 o 5T+ v oy Loas, dasls a5 bl s

oS o0 e oy (s il S [l e L

[‘,_Lc ol :"bd_&gfb?g.adjos_)?’ TR u_o.su_os\_w) WLM&J)K&A—U)(@-SLSA)SBW:é|H6)~oQW
azg L g oo ad pd, oK iols ped g puidlo o ¥ o=V o claas, Jlw ol astdl o ad ndy Cnio g
Ay 5 S0ml sl 5 ud g)ladyb 1y AT (Bl ol Lo slan gla L pls 3Bl (0 45 (g5 4

RUSEWOT) QL""| p_b)a_a.ﬂ u‘ 5o u»)_m;s W) ‘5)|d._9).b)_:u.~_:|)f Lu_m; X u_:‘).,L..: A_sd._w‘s,o

s g gi 095 (il S 030 Lkl

(e i (il (60)99 (655 45 (o poy0 (bl 1 pilste aST gy i g Ja 4t i poluS L |25
Gl 0 Sl a8 (Sl (50 (6 2l Pgel; (5 caednd 95 e Yl a8 (Dl gl b aih so )0 L 90 (oS
(J g o yo Lol (o) ¢ 85 g Jom (65250l « Sl 5 ()0 iy (o0 0yl (695 Lo 45 (ol (Lo 05—
GLaw ) 39 gesbal gl Ll asliles ;o 3820 (902 a5 OR ()0 5 85 9 Joo (lopsinr Jlods (09
i 75k oy 5 5lel oy e S g o o (o) J g o « 2lyo S g o (S5 ool oo (6L

lisamw g 4l Lk ogdle 4y 00 S co by amlg YT ool ot g a sl aS o olo gl L asogs ad iy

S bl 0yl e sl 5l (o8 (S j5-b a el ;ST i g Joem 2l 1015006y e
ol 4 Cnn U sl Wroged ()9S (g5 sl a0gi oo (S 2l )0 3929 45 (glogad o e Sle g
Cdlad g 2o 3)ly S8 o0 S 9 Jo e c0jp> B 0 g4t oo (L5 (e 2lpd (s S 9 S
&=l Gidu 50 £ 9290 5| (Ao o Cal (St L 4l aiSion (8 Blegioga g goge | (a4l oS
SIS Clns 5 (65520l 0592 )0 4S5 WIS o0 (a9 S0 (00l ity 2By o Ay glisl Lo lnl
oot o L (oS oo Cmmo (lgn J 5 Joe o) p0 (85 aiges (g 4 il o e olmla
Sy S oo Ty 099 Lasalgn jeai L Lolon ey el (28 £ -090 10 L Lol slo o £ 9290 50 Ji9 o
2 ol o0 4598 (S it ) jh ol oo 4098z aS g (lee (slayh (gl (s paslig 09> )
S Lag¥nl oS oS (gm0l (glasgs 4 (galaisl s (8 gladon 1155l L oo (Alidl ) Laslse yo JUs]
WSlgse Laojem ol yo g oo oiiige JLo 12 a1 8590 (golail WL lzrs a8 L wigdo (SuSilig
(St g Jom o0 e B g Jro ool S g o Som a0l et g) Lpl 4l o VLo 10500
)10 Gzt g il Sl i 45 Cts (Dloojom dLpojex ol (gaan (b0 S 5 Jam g () B 5 Jo
s s Ol oo Lo aS az il iols (olsd plaS o o (goiy el a5 (25,5 T ol (i 9l (ool s
St Vb (6 3t i 9 (5 () JB5 9 Jmo ol 4 il ol o3 3929 e Lo S o wlb aS az
gt Joo agl oo alwg (ol e (g amala )3 (6 Sk Ll g wis (1530 (65 e o8l aSGol S bl
S5mo2elp o3 Lo LBl (it ()0 e $E 9290 (il jo Mad S jedke o ()3 ;S B e d
Sl (6l 9 Jroo 1 QLB 505 15t 45 St (g Langnl - J-5 g e (Lol ()0 e J g Jo
5 =S (g telin 0l (ISb a4 oS el 5 gt Bl (ol i 5) et Sl Lo aS ol (6l (i
S e 9 6 b Lol 9 Lol o Sies Ol 50 oS0 pplete STl oS (g5l e 0l (ISt as o

‘IQJST— (Og-w OJLO.;.';)

1A



99 3T~ gaw 6 louds

SIS
Ol o guudige 03515 ale gpazgil W L2

e Crungls agpin

a5 Sllas 5§z 32 an (aapd Mool 39 lyos 9545 g NS S5 5 Jrom Al 1ol Sy )
Oial,S ol ol cewga a5 LS Vs sl aolio Mo d an i 15t ulis cojlas ail ol 5L g4
os—&%ﬁuﬁ4-5&9%9o—fifw&we—ﬁbbwﬁuﬁo—ﬁe(s—m"" e )
GLLS Lt 8Ll e ol il S ol 55 990 by Ll o aS Lo 5l s . j9z 4

oo sl (sl g slae (S ol 4 )l 8y g, (e a5 o0 Apatiie

o9l 3585 (2o gl (glgime 51 Loz a5 (ol lagnals (gl oyl 48T (S B> e 100505y S lomls
mliite 457 0L e 9 0SS o0l Bins (il 08T g ot anlge plal ylas oo oasiyl o 4 5ol S
6l 8 Sy IS Wb o) Sl Jlgm an Libls aS ol (e 0iiS QLseil g (gt S p-tidle L
S onl 6l 05509 (sl (slouiS @SB slaclsz anl a5 ouy cangs Sols Jpass aslol aol oo
ool g Jmams aslol Jds ol plo o sl acile oS vasd lgs o l,350 Liogaste Ly o)l atato ;o
rald 53w ls YL s o as aililin o aig 3Ll JoolS a1 anl a8 ol oyl il S
iS5 ey 3Ll Caing ol 95 gyle oail gy a S Lisayay 4,8  Silars L a8 0 o8 o S

el Gl 5>

S il Cooropd Syl ol iee 0SSN (yg0095 (gouSiils hgadslo LaS pald Jledigs s
8 o2 9y o Jroal - 3SG ool (yg- ool (6l g 0 )95 (yg-00,0 4 digiy 0y 4 (s> i gl
o 5 sl e 3 A o 5| ] o 51 sl S g &S oy iS40 oy sishiom 3y
dabirinejad@aut.ac.ir

Ol pos pwdige 8250513 (pale paznil w

ot o
e, Sl dapdi

<«

s olgte a8l ais aleciiie caiuly Mo Ladad g ulosls i) ay oiey odegl allus 50 035 zlas S
4S oy g Lably o)l 05 0, a8 o (Bloasil oy wadi g e LEl,S 51 S5 e omS 55 slo,Lyo g, il S
S sl ) Gil,S ol aSenl 5l ol e

dLaol.f_.ialo)o uu)_ad.s LS‘)-' djwuw)ﬁ [J—‘J'-‘-’] O gd o0 W‘; u_s‘ ust Cdle AJa.o.as) u—" l_..l..:)-
Wb Giol)S ol 65 o2 ) glolSisls jo b mdy uold g agzgs JolB iolS ol gl oplo ogg Lo
Cmmo ()l (i 9548 i Wb a0 (0 e o GialS (ol ol o)
a8)S 5 b 5o hog3 oaial (Gl gy (B a4y a5 (S Sl o0 45 (69,8 gl 5 S o0
LS sl olSiils (0,0 0429 ygeisluw i lw ds 5L j3iS slo aad 1o 52 o5l il 3 Lo Mo

e S ey B oo B s 590 b 3 Gl ol ey Jo BT oy 4S5

99 ,3T- pgaw 6 Lo



99 3T~ gaw 6 louds

dod

St 13 4,85 O\

Oy (g dige s 4SS0 ale cpassil (MP

Pt
W NPT 1)

9 JY9_9 c_Q)L_>).> J_.Lf Aw Ju.sl_..o).: 09_u| J_J}s - (Y\ck\”p ,Y\‘k\’p ,Yfk\p)
Lo bl ol il Caglin il oo sHas i S-S e glle
iy 4o Loy atwas¥l Jgds cyiad o) .AFGPa 4V .AGPa )\ .¥YGPa s 5
=059elS ol il gl aS 0, S il agS ol lg co Y slael 51 aily o0 1YGPa g AVGPa« #0GPa
G YL s (S Ccaglie caumo ) Lis aS alil oo SYYO o9 8 1l V.00 Lo, VPV p aciid- o )5 Shiudhige )3

Dbl oo gYg 8 slaaloas e s

S Cioglio

Lol iy s silwpglao

Siasii— (S Jaad JulS I 65Lasiuwl 9 dlg—o Jiu

S99 pg—wys ol iz a3l ol jo ol cels gl
gy ol il o Laaly 3luloz Lo 51 S aS s)ls /
b o Laal o5luwlaz b ol 5l 51 g ,=Sope
L=l el s 1o g aibionds asd 5, 1o o ylesslw
3l e ol (g3lmpglie (gl (—9) Olg—ie 4 g 09—

) o3l (g5lwpslito Lo s, 51 500 (0
uo)_ful.@l l_‘l_aA.o& O"s) u_!| )04_{@)5..44\_0 ]
7l 50 Snglie o)l 10 39290 ol gl g Laniy) e
=l 0= s 0gdle S s ey o hols8l ]y ad )y
=P 2B b ool oo )L ples b (g
oz ezl ay golny auim g 00,5 Ty ol 38l
OlySer afindmn)S Suiwdlge 5 U 5l 09 oo
oy =l 50 ol Sl (gl s () (lg—e A

.ﬁwo;&.}

0339 o8l s a5l ool Ly Iy g
J5=6l 58 Slge g3l sgabogt 5ol 5l mgaies
Lo jioloj] wos—s o plomil oo S 5 JUT 4
o=l 0 oS e Gl s e ol

P 4= Olgies (2 ol glaca e 500 5
4 0,5 o)Ll (go¥s 8 slaalio du Cuid ;505
Solis oae palas o il o \VOKg/mAY

il e VAD-Kg/mAY JEx L oo¥y s

e R—

YO« o3 (Strand) LIS

SN .'&Auﬁ
(S el Sung VA¥ - VYO

(MPa)

U= e—ulio Jga—
Lo PEKPI o/ (ps 3S

EVIUWIC IR I PV

(GPa) A B

P&- 6 05 (Strand) J—lS

)0 luo? . F ks Ly

5=

VSN OV + + Sgu>
(Kg/m~Y)

$509le (i g rorly (udigs oo (aie aloz 5l g sloas Lt ady el e 5, el (glso 5o
el (gl oo dlgi (eghan O 9o an pllas ol aSl dn Az g L nasloal g 4 (ganir (Sleas L mlas
a5 0 L posly e s petlias cyal 51 (oS oty o 5ol i 5 4515 95 L] 50 sins pellae YISt
Ol 5 Seles L SSim St Snglio L (ool il oo 95T (2l (ol 5 oy ramssites (g S 000
glbas ol 5l (S0 (e el dead adlie ol 53 S adgs Sy lagze L plin (oS5l

b0 iy sty 0 45 (L LIS 5 so¥ed sLmalue) Lavy3005 . ayslo e
ol ;8 005 &0 d S oo Lil Sl 1t
TLP aalSul (La s (opylazs U o ilas
otk 5 ot 2 oyl e L
g b oo oolaiul

6> Slocsoxo ! LS ou*
A

(uéﬁ-o

Jlw diz )0 alo o (B 5 (K (5095 e 5l (WS e el Lo Ko 5 (69Y5-8 (sloppes
ot 35 o Salgh A 52,5 Siadygo 5 ansarals 51 A5 aslools dasgs |y LIS il oy edizes 41 335
Csloas 5 amies 00 4l a3 a5 Sl o 0,5 cdinnd Sy sl IS ol 45" g0
435t CABKOMA o Ly ISyl ieolodids 4] s 5l olgmic 4 (5 aneS3al s (5o 5590 4 5

5 g0

‘]‘\J.)T— (Og-w OJLO.J)

PP



99 ,3T- pgaw 6 Lo

ro

N - o - 15 a i
3 e ) s 5 () 71
o Ol pat (g dign 2158315 gale cpassl ;{?}fg s auyt Ol (prontige AT pale gpossl % Mﬁ:wm
2 | /
o plsd 45 lmee (mmdign jopsl slpd o nablioe Bl o g, ol 12 (Sl s s 1500 5]
o sloasbinl g biolgo Wbl (Heers lagloazbn ol o sl o Lo blS (il >k (gl azgs 018
o 095 b SISl il (g o |2l g b mols o = e agly g g b Lo LIS ol =)k
o)l o s e el 5 o s oS ISt o ji] ST i 2 35 )L e 3900 s LaJS
e A T i g a b sgaime cly 2| s, 5l ooliil
e “ : i et P i U 9 ? 90
‘)ELQLo.oL_w |)—‘S| 5 ol ’ Jqs_wt\_d;)_b.))dw@‘?)_ﬁ)d_ﬁ'éo))_ld 9 S DS T D =R 0% P S
e © o e et SR AR al . s io e LIS or J Ceoalic .o)_foaLa.A_».u"' | VTR Q‘d._:;,_uﬁ
. . AW . S A . y 9yl (gl 4o O rtrio J" o))_'ws R IR Ol o= “
, , / ol age L gesals cilal s lwlone ol alss odb 3)ly 8l Loy, Slgi oo i
)| ool l_: ‘_5_4»).: )‘Ho L§|J_>| 4 A_:L,s o}_f ool ¢ " . .
o VI e ) =y 59 9 98 it ey 4y |y a3l B, b |
=5 sy JEL L olulinl g pace sy ol wlee sl Sl 5 oolataul oS e Liblone ojlus 3 iy} S, >
)[5 an yw QLQ-A}LMJ )‘ C)L> chlS &5“"45 3529 G yg—o ) A_A.:‘?.:GA Li'bJ.tlS u..a‘ )_.iu) Jj_b )l g ablol O)LA-AJ
Js_ma dL?u‘ uLo.o[_w t_s_bb LQL»A_Q 90 (G S 4_:95@.&) 4_]).') )_:b.: 59 o)l_.» d)l_w‘nsLQA — og)’l_c [ AJHM;
S iSoasis |
Komatsu Seiten oS8 iolesl jo aioi- -0 S cla LIS )L o dsl
5055 s iy S Cmgliie ¢ S ke any aiiniim o S S dlge s gl LIS am ples b g 53 ad 3l (glwg o jlgee j9-laie 4y Fabric
A_JQ;J) |) LS)‘Lé LSLQWSO;LJ-QA C—.‘.‘) u)&wﬁ)‘ Ls‘)lv—u.d EK_A—BLJ)LJ C,b‘tlgtégoog_g 19 ‘a)._?}l.f:\\' b 48 L_th.rlf U'—’| )| )_‘«'.c\f” ...x_il’:oo).g )15
0351 a1 gy i Lo leas Lw o gy (=9 4 ot Jaws 5 (65050 ol 592 (g Se2g s 65308 lapaw L ol (eglie Lpis as g asylo
0l gl 9P S e S Sl o gl ciS e a s L alodo o S
il cod asslw L;L(bo)‘l_w L§|°})‘J i )
dbe ol g (mles La B ol sLalie S0 5|
LQJ.:lS u_’l Lﬁ-’s 9 ot—bLﬁk’s—’ ulid‘ R 6|°)LAA-’
S5 a0 Gloslw jaie SO lemie a0 ulgs o Lpisas
6)l_.o.x.o uLAJ‘ v._i_: u‘9—A-C 4 LQU])‘ U‘?"GA A_il.: A9,
a4 oola_wl gL.QJ;[SU_J )_igo o)_g)lf Oy 0y 3
| 9 09— &5_’)».\.4»0 ch_s &./_QSLQQ (yOg— &.1»—440 Mé -
Pl bl ol 5l Soliw an les oo s ;o Cdgg
.o)_f oola_ul Lmul.ic 4—’950"
JUES JloNERerjendbns 55l (g390no lnn Slass Lo U5 (sl (o9 i o
S92 o=l 6y B 5l sloa (g5lwpglie (g ol Lo
oslaiwl 0y50 ylosislw Cxin ;o (gourio gla g, an wlgs oo
sheols aalese & glasl ol Wl p ol ay sl &g v aslyog s )l oyglid ol oS by s Jg.0,5 )13
SLBT Jdo  l5  ag ] 1 l LS (6,8 eSS o g, o 31 sl e 95 5
A_HSLSA.: oola Q‘ )| Lﬁ:c)'l_,w 6‘0)’)_] LS)L'“’f?LM LQ‘)—’ YW cuibs) u_:| l_:
o010

vE



99 3T~ gaw 6 louds

PY

Sl 4,5 1) 77

TS ' ol
el e ot BRI R Y

W = ™ T, R
- — L
1 r

H] 71 /N

call S, " bW

Cowlgs 5l Jdo o e Laanl s el
S s | 5 1 e sdguione L Lo 315

il oolal 3l iz gl ol

et L 5L g 5 () wLil
0920 g .!ol_u)| sl )QL_é A_:L» 059 = yde as
5_’&_;SJ)~>|) BIM ;| i o o, o2
Ol @3ldingy Sz 58 (mollas (5540l
Do plol

G5 o Stz 5o Al oa bS5 ol ples
o59y= 30 G =) am sl Lo o>g5
o |y yleses Cloal asl Ll gt ol

BIM ilyol Glssl @

lal ;o 0oL (BIM Uses) il >l Glaal

Wb alll Blad &g as Lo 8IS
oo Lt 45 el ] aile 28y 4o
3l 9 9yl38 o Lo 35 (g9l ) pLssgs
4z 039 ol 9 45 0 el 2k
Ogl |J_.?| Lgo)ls_a

Ml S W

i
]

Vel ) QD
P_.mw.
&Y

el L] g IS N

|
'HA

=

L=

L «(BIM Execution Plany «ales,S lseil v
ol e e il oo cwl  Seo a S BEP Lo
b LBIM Sl s o cosd ofly w4
po— aelol yo cwloads aax 5 (BIM ;>
A9, L oogame  olwlids ( izl a5l oolal
Ol pdlgs (18 iz o901y Laolo )8 oIS g

BIM 2l siw jlabl—2

?p_.e.iS oslasiwl
BIM Ll s slasl,d o 05 >g0 sloa_wgy
L=ty =hb d=le gl cslbio sla 29>
o592 sl o b g ol S oo e
Loy ol (SCon o0l Ao ylgic ay .00, 5 g0
Trb Bl e L Oglie (glasdes g9)
Lo 51 ) Bl &m0 (2l 4o S 2l 35>
P92 liBlpy Ly cemslite oy 5 45 sl o0
Sl - Son a3 l e o e gl a4 )
Lot Jlite (lgie an w09 o s 5l Sz 5l (o) ke
g5 sl oyles ;o LOD ay i >1) LODYD - Ly
=9 Ll alon s 15 (cslonds ools Jads
55y o Lo S (g K0 455 oL LODY + + L Lo

O_io.a ‘0)5)_’6‘))‘ ULA))QASM‘ UT OS¢ ‘-b_a&)‘?}

—— o — — oot ' &
I . .Y ’
~ Y
i Lt 1] L

BUILDING

A_MSGA sola JS_M: A >d g )‘)—9|f°)" rb‘d_f
aelol 3o L o800 iyl iy 0, S |l ) 2 Lo oyl

BIM e olsis 4 dsblys oo asiS o, 3
Loy S aplss (slmesly ezl Jalots (g0l 8
Sy a5 ol b o Laad oS Liaal L 515 S
b 0,5 wales (g5lwosly 039 o=l o1, BIM
= B )l sl e g 009 (S pythe S
L BIM jl (—lo 25,5 azr ol ), 8 a5 w sl
180 L Lo 8,157 aS oo sumo Slado an .aaS )|
lonyg St £ e o sz o
aS ou b, S30loyl 8 0a oS oleollsdls
ol 2 oy 9S o0 (g3lmesly o35, ) |, BIM
aS o sluosbbd o fo o SL2l Y L X
e S lal Eal 1,51 BIM 5l o5 4
42 LSS i Sl eslisul poit 9)lga 0l
S (o0 95095 Lo a ) 059 (slol o Sileins
» BIM lal oy, 4 ey ol SeSasas
o 509y Lozl Jy—one 3o oS SoS 055
il S0 o s g 9l (s Al eyl st

Lais Saibly 03 )-S Jlads |y a1 45|
o Jgl 5o glo—ibs 3 6S sy ls 1 blS oy
BIM -l sl s 52 1S g 6dgl podlio s 4S
=13 3 a8 aiuligs (=l JS x> 65l
Gilwdso U3 =S Sulaiwaw g9—oljus

oPsiS G2y (BIM) Glaislw lclbl
- b ——

(pgéCme)BIM - BJ9 O

wllsae Loow guadigo (pls ou*
P9 ulind (Juaws S0 Yudigo jl Sus b

DD
3975 Slotnns &5 5 iS o sLeT aler ool L
1, Jlomes ol 551 S usline 4z 4 Yool BIM
A_T‘_g‘o)_e‘.‘:s oolas_w ‘)9_>|)54_: ).udb_‘é‘
o Q)sTﬁs 0 o QLA.E)) J_M.Q )l 0)5 m‘?
ploos aulis vo,f g (Fucs Revit lon , Koy
Ols (gaie g g9ie sl 29,5 9 Lagdgyg
o=l $909, 00,15 an LS 9 a6 Lo 29,5 (-
oS bl ganliazabla 59,5
BIM 4§ Sg—b ‘al_>u‘ ».\_aLs LS)L{U Q..&.ss_w 059 =

(ol lw coxio LTJS—)g—Ja a9 laog)ls , 1
wolgn 4SS cwl ol BIM D euB 0 Sees
aS aeo 8 ohg, sl o opae o)l
Ao alen i gl )0 (cmszadio yad
30 0S|l 039, e Son el oy 5gllae

‘]‘\J.)'l-— (Og-w OJLO.J)

INFORMATION MODELLING

|24



99 3T~ gaw 6 louds

P

St 13 4,85 O\

A
Oy (g dige s 4SS0 ale cpassil w

T Sola agyds

0% Frequency and Benefit
60% @ Frequency
50% m Benefit
40%

30%

20%
10%
0%

CPIR ‘,a"}iﬁ;‘}ﬁﬁ NIRRT

o 3@ " i"
eoyo f.e &.« *"'}qe* ‘ Sl
& e é o s & < K
K o
FaE. "3‘ & & o &
e <« B &

BIM jl oiol> Cusaio g 63wl (gL las buuglio jl>gas
(Polo) Gl Sws g Kreider jl ocid ;S 1

O R 45 0,5 oaaliie lg5 0 9,9 5l09—5 )
ol_>u| G Lg)l_de.o .E_M:y Ce2din 9 oolai_wl
A azlyasle s acle g o e=ST . cwlons
Iy Cml g g3l Joe lad asS 0 a5 BIM

Lﬁb)xj))léowwdb))u ’b)j‘-f)‘))-“'er’
dm (6990 43l wlgs oo BIM clsas asslyl gl

S8 ez an ) o5, ST .0 il o3, 5LS 9518
- @ sl @)
o000 @@ cslo @

Sg=g0 Loyl i g5l Jue Jlio olgmic ay e ploul Loyl plas jo 1y 010 ploos a8 e (63l (oS il
lwdae Mo L ogth plasl gy ezr 518 50 000 (g5l (gl (g mtelip Lol 05t plasl Ja o plas o sl
g Laal> oS Wlgs co odge s Ly oylas ol aidl 0,5 0 O yg0 pgo 38 o LS o )b

o sl LSQLQ,W LT")" S c;u..a') Coom )lég—o-"
oB_islo oyl colow jo aS a oo oo yLic |, Penn State

Sg—is Coley 3l 0ylg0 ol gl o aS 6,0 4SS
7253 (LOD) (g o J Bl 4y (g6l
9290 bl b (g5l o Jlie (lg—ie ol ad> 1
318 ,09LODY « + L pgo 5L ,oLODY » + L Jgl 5L8 o
cmwliio 50 8590 (gl 20,25 o0 plal LODY + + L pgu

WS i (oS WlgS o0 bl g Laasbl L

oy )lome ol 5l oS 1 sl nlos oo ST

IB L) Lzl o g osls plail (ol amr Lo s

Do O

Revit -\

Sopaids > g il (5 g (g el Sexd adl) Revit -Y

(Sehagd Al WiilgS oo o SzgS (Gelg s ) (S
(oo Jugd

Revit Scheduling -Y
SYNCHROg4 Naviswork -¥

Navisworks cusmdw ¢)lwSalonr -0

BIM Uses by Project Phase

Plan Design Construct Operate

[Record Modeling. )
[

< Lo 38 1S (5led jLus (y2 y5mgo

iy 2y 9)5m0 iy Yoame 0l ;5545 (63l (0 3
sl bl 3,15 ol

S oo 9 g7
O ale O)y50 1) 99250 Ll (g5l Joe =Y
(35l plozla 5l i

a0 g llan 3yl 5 oyt =Y
@l 6ty s o5l Joe - ¥

< M)uoﬁlJléJg.ol"\‘Jébﬁgfuban_l

SJ2J00b s 95 jlw o
S = lg>

Oy 4iogs )0 aglio ool any a2,

s Sjge ;0 g 0l Esu | ade

ol S 5l jgtaie oM 5l Ll
ol 059, 50 by (05 Jo

Sl & 535 fON @7

O pas utign 0AKLES ale cpannil w

ot o
e, Sl dapdi

39290 hul juw g jlw Jdo
u|9_,.c 4 QHGA ﬁL?u‘ 0)9)_’ k_i_’
Q}.Lf‘sod_;b‘)_?l 035)_{1&_3 o)'LM)JL'Lo
yo sl lacilop Ly ogs Jus ol
A._US szL_..uooLxg Crog oL.o.ib

OISJBM.I.USJ"LI..I.N
OuS sl el Ls‘)_: (TOp DOWH) QB‘D g_:L_’ u»s) )‘ ..L.Cb‘s.?u L-A)S)ls Sl U—i“" JL.«.A st_)
Slo0is Sl (Stae (0l 15 (gl o diws Jobo L g (S o e glm g 0

Lo,8,)15 5,15 Lo (gl 1) (goamio S e aliinnn (sl Livog o ;ST o aS aolag ol Lal o Loy 4
&l gl 45 S o)Lbl 4ol Bgne 7 1 4o ol oo 503 (e 0 Lo g sl 03,5 sl
p ke (AosS axxl o Jsl o)lois ay g ledlbol gl,0) o3l 510 (K 655 s g sl
Db oo o5 dx gl o

B s o0 ytaliy -V ¥

(Jizos pleilz) (gamans J,05 5 65,4002 =10
(oywaiz Lo i) Jlmws cslu -\ 8

(530 L) cslo glagtunw ()b -1V
61000 Joe dgs =V A
610X g aa (] 1F i) Aol dgs -1 4
slexslos slagia JJLT-Y -

2o Copae =Y

lalad po,las g co pas =YY

Ol Copae =YY

A g CJL‘A" %3&@ o,i0=¥
loliad 6,8 olwliss -0
o gile e g >k -#
>k s -V ®
55 561 -A
ol 5JU7 -4
slojls o iy, § y95) (cmsiges gLz Ul -«
(o 5 555!
Sk anwgs Jdos -\
Lo, asliw] g Lol gaabas -V ¥

3 5me Cpiily (oLm s3aliS5 3l oslizul -YF Brbr 9 0BL) gamaw gilwSaloa 1Y

oésjsl ;A.«.!S‘s

(u)l?‘;b o;

L2d,Sog) 51 (S Syl 09, S po |y Ll plss

|l ey 5L Ll Ll 5, pliosl il o YU o, V¥
oolasw! Wg LaéLnJ)b_iAJ_!Jéw)‘s)ﬁ_oJ el Ao u.a‘ )OMUWJSJ_;LS‘QJJ)UQJH u.._wb

.A_QOL;Q ul_w.ﬁ |) O)a_c)_b)"

‘]‘\J;\T— (Og-w OJLO..C;)

PA



99 3T~ gaw 6 louds

Pl

St 13 4,85 O\

Oy (g dige s 4SS0 ale cpassil w
T

e Snnyla eyl

shylo g BIM clao 55 gl L Lesl cnledbl o pae cadslB U gol,80 4 BIM oo Sinlen i 45 09 d g5
aSG .S oo ) BIM oo ;155 505 BIM susaS Sinlos .05 o0 090w BIM (g3l oo 5 =8 Jlas 0 YU o 205
2,51y b alol il aslen b ccwl c>lbass 8l s, 5 18 asae ol 3l ol olsal o aobaS 6,500 v

BIM (slavo )5 51 S 2 10 (859 5153l sLa)lS (sl Jtss BIM gl grmnniG V1LY
by slagles sy 15 o ol 8 ol ai bl oo )
e 7B ) izmen g BIM o o5 1o (gl > 4

Joe Jelosi g gilwaz bse @

Sox)lez Joe ans

&5 9,95 5001 @

" 39152 9 070 anS

...9

Sl 2B8ly 5o 0sS o Giolps L ades [y BIM (gasmdn Joe a5 s ool 81 oyl 5w Joo
Lé_"BS DS oS gomdw do |y oyl g 00lgs 1) aiangs A ASlgh 45 ki
39 =B a2 g mY O lge 4 i Slwaige of 81
maadS Al ;o ey 1 s Ghlw Jae bl e Lo
Gl ;S as Y 0 S o W BIM oo Snlon g =,b
».\_ub.’kso 0)3)_sc\_:4.»_uu u_o_Low LsLQM))Q l—QL),u.Q.’ u_’ld.j
W s Ly sad ples] o jo

oS aB3lal g LaJue Gialpg Lo as @
aLs)LMA) V) LsLasé._w) o Sl

(;.:L_MM.MJLa 9 o)'l._».u

olelb sl

b 56 s o Siless @l 2 5l oolizl @

059935 @

4391 9 oley B8 5 o Oyl @
bz b 0,550 shals @

ibloydy5 sl

ploes g ol o9 (598 oliue aS o i ;o
J2578 @S5 Yo—ono 0,50 ;15 o ) Plowwe
S 2 pgalin (ol )Boleg 4 ofg
S 2 9 S (3-890 eSS leny 99,5 (o5
4S5 Sl e ol gy s Sl (—an
ol o Laails s oa S ley lasl 5|
el IPD (6,5 IS ol go—og0 oy

tcaunszIPD @)

(S,la) J—gow L Integrated Project Delivery
i pleol sloxe 4y 059, 4z LSS

Cdgdzne (ygd g plBm0gy o IS ila, @
059, Sledb|

SlbLs)l Jugs @
e S Sy el il e
Lod)S claai_ulgs

UL

4o 059, slal )0 ()5 leog i g o) lis L
L5>|)J¢4.L‘>)A)s)4.a).’>usu)l.erc)|odw| (’L‘N Guu*’)i’ﬁb‘)‘\" || uf)l :‘A) L

=8 il sl 039, 5o Jo sLias]
) Laols,l,8 95 ol plool aslsd Lol oo 059,

201_54_.@){55) A9, o)s_nq_;gg,‘_flé)o u‘9—)‘540

>k anl3 5l wlalST g aBge 4y S)o
=k 4 b ye il J> 5 o

sbwgila &g 5l (g5l g

agye Lalal ool plaas Lo aledbl gl Jow 092 158055 4 50 )15, Lo i Revit |5 800 545 05,5 o ada>ds
o=l EalieS ool enle; pae Jdsan il o (Hy o, S anpe al Yo VP vga s ol sl z LS o Laylidle s o
obzy 999> L BIM (g5lumonky (gl oY adgl a5l lil 50 ameit jo laiS 09 bls aiyje (ygum ailgi oo |, Loyl 5
Y& loga> gz o Eecl BIM aas oo oy lis cwl ouis plos] oasio CYLI 0 a5 68550 Olalllas .09 oo aulS
alaly 10 a8 6,550 4SS astdlasil a5 s w0l oo Hlaie oyl ol o eald (I3 ASE A dn g L aS 00,5 oo gioy
45 0 o0 g Lo JLie loie an sl panadiin (g9 5l (e a8 (DLl pae 3l 3929 (LedgS e LS L
i385l Yl 9nsS oo (il e Le )50, S wnles el o lbaisie o Ve Lisjss iz ol (g3lwenly

] =l O BIM ccwlivn (5,508 sae Joolge 51 SO gl 10,0 0 g deo) Y+ + 390> 059,y (yaey S

V/4

(islbg g Lavuutgiuo) BIM el JisSlw

'S:::;'P JEAV. N Il
BIM BIM 5o ol adby L cilises gloosgyn o IO ga
plaS o 7 i as delol o aS 05l co iy x5 BIM 659>
23100 Bdsiune ol
Jwdso K PTG o
BIM BIM

Sledbl o5lw Joe aild Jgx e BIM poiso
! 035)_; 5o uLo.oLw

4 ‘b9_J)A LgLQO)'d.:Lo_M:‘ ) LQJ.A;JBMO Oy 9059 RN L d>gs L_JBIM 6‘._@0)4)[5 xS

059, sLajls L cwline BIM sLausls Lo,3,1S" cloazlss

o592 30 BIM ol ol o vudais g g

BIM (slaoy], (gl l o ol g cd iy J S

) BIM e A_M:L: BIM ¢ 059,— LQ‘)_>| a

. 5 BIM glaai],d b las e claca)giue g (i s
WSS o0 )5 039 e 10

03958 »°
DS 0,8 plaSze U Jgail acils Bl il BIM oje> slalidle 5 plos am a0L BIM s aS ccul , 58 LLS
il od pde 055 Lo gl Lol slosl 4 650 Lal )05 o dz isdu ;0 1045 wlay ol ae lese 4

u‘?‘as“” u‘;—" 00 U S o Mg)l_mJJm &\.&A.bg u__1| P os)l_.c BIM sucs Kalon YW u‘;—" O
slwges bl gloacs Soles Joiuw BIM so S Sales ccils laz oo 3l lacudgis ol 380 L
‘>9-"’"L5° S g—wro 059, Sl e L9 dag Cnl b_d 9 g.iuLo.»_ww.o C.la_w o BIM =

wailbg

iz L lagl oledlbl g Le Jos S S
BIM ‘_g')_a o..\.wuL?c.u‘ Lngbd).;)lS)l_u

0592 Sl Jow s

Lo Juos (g5luaz LS

_ L oasls Le o SleM| 5
BIM cilies cLins s 15 s Loaid 5 ) Joe 3L 99 eSS

‘]‘\J.)'l-— (Og-w OJLO.J)



99 3T~ gaw 6 louds

PP

SIS
Ol o guudige 03515 ale gpazgil W L2

T Coala agydl

-
el

,'s-,_;\ ‘
0
BNES

Wb e a S legige plas L coles yo
Capanl drgia Gy 3l Gl plisgs Loz

sy& 3 BIMc BEP. IPD usile ileginge
Lo 29y ol ol 5 Lo po)S (a9 ilous
o T s Ll e W
gl L5 ol 51 BIM Lyl 51 plaS)n 4 S
3 0yS e plodl (SlaS an Lawgs g 4098
2 sdm Eeme Ly et oail slovo Lot

(PMIS) 0)9)_) w)adw tr’LC)Uo‘ LSLQW“-““‘“"

£
e 1S e S

(R
Jlie 3 el s b Sy

*DBB g

zhb ysliw lawsgs
o ,Slam cdlss
oab plaxs] IS g oloyl,5 Lobsl

L35 ogs
Aldos 5 Lo o5 45 el
sl

o9 Jlae o a0k Jles>|
2osg,

Sl gy

Lo b5

*CM@Risk U9
syl Jlos|
3)las 3l cols ey
Syate g aallS

ol L

uction Manager at Risk

JLu.o

Lo i (65 lewyg
>k st
Lo 3,8 cdlss

oololy g aex 3l 5> ol

S

=!S9

6)5;935

JLU?.D

ol s gl Juls

L) L et o L,

JLI.Q.D

AZOg )0y
Saolen anl s
S 7S raona )izl

(RFD) &leMb! gl Lolis 50e

L2313 j13 jl £95 6uws Lt 1) IPD pssdlgs o JLo

IPD ug
05952 6|A.’.‘.3| 90 4o
Soley Syl bzl
Jacsl
039381 ()l bl 2 0392
940 sl Lo 4 oS
5L

g YL oyl s a4y ol Jles|
BIM ;| oolazuwl

Ol pos pwdige 8250513 (pale paznil w

Sledlis| )‘ Lod—o 059,— ;f)ld_: Eg= u_>| 6‘)—>|
39 ps0 Sl el oai >l a s a x> L a Sl
OI cde tecul oais solaiwl glojgm aad yo o)l =

10,5 AN 550 59 13 (e o p |,
90 &y9—0 a Laojep (5,105l ol , 25 @
(Q)L) Casd 5O l) gf))_’ Guojﬁ)ﬁ Y9_o.!.c c\j)

Sl =5 o2 oyl desY g o daBlie &g o 4
ke plas as el 5l oMbl g0 a_ablio
09— A_m‘? d_adle 00

Sk 5 Lo )d)l5 Laoisn 5l s )b 0 @
L)l 35 o0 oaiilgs odge ) £ 9290
Sl i ) i 3 48 el 55 b ez
O—lgd je—d 55 e owie YLl aile a8, iy
5,10 02 IPD 5l Sl iy Cgr o aSoo
OlsSise 1) IPD 5l osliwl Canze o pte
al> o an [zl ad> o 5l 09, (6,15 S e
A sl o i ] 31 A oyl il b
|l ado e 5l ool (it i (b 5L o
b adl el oo axs Lo gy 59 | el

SN olsdr ol 245 s v |y gy ol coles
S)lP8ley pyY Glaca by oe s Jds s lon )
0dS ds 9 LfY}'o ¢JL§)' uLM.J} ‘

o Sbsl § Sy (e og>5 @

dles (g o=l lacs by aawgipnc @
oo bl ol ad) BIM o olegnge plw

Sl clmasl ] clan sLaslo,ls 55 @

B 4l s JSie @
ust) ua‘ )‘ oolawl G,LA)LM: &&)_9 Sg>g puis .

sapie sloasl sy asinel Slejle lsle @
abog. o

et d 5
e, Sl dapdi

99 ,3T- pgaw 6 Lo

wp



Sl 4y 55 &) Gt )15 43,5
s (O) 72 e (A L

Ol pos g dige 0 ASUES1S gale paoml

| jlw g Cadlw jlw dulw (gg=iw> S Glwl s Slab ! g ;Suis S
Oll 33 5333 S gldcid b g j g 4 06gS (5535

J95Ipl Gle : pd3 ou*

i MM e

| ol ol (e e |y e e (S0 ) ol Jgl alasiS oy 1 [
e : -'.-I,__go}oo)L;» &Blg g0 Al glaol p goj00le o (e Jlw
B e SR R T P S PPEC R RO e R el
é)“’)“'—“’ U ool o bl Cul (Sglaio S cS)i—‘i"’)f el 5
e a=8lg 50 bl (6, K w0,F Ctlwp) S wilgi oo iAo Slwd] ol g
| e g ilie. 5] pali sl st B s e o S TR e Cauny
L] S ogdien b Slaus 3 goluy slaw Jold esluy) ol Skiws

| e o Jobo g ol_':i Sl a8l g o) Ko )5 slails ad, gl— e

| aob oo dxawgs o3 yloy S 40 g ol ddiibiin O 38 St 535 dailo 4 Sl Zisly
O 9 55505 S G yb il s yuf g adiins j9-bs ol (il 9
| 1y 6 55—innyS sl 5 S jats 05y oo Sl ) Kiod )5 jains Sluss
- AR e | SN RN o JE TN gy =0 eSS 1T
RS g oo po BT Ly 45 oyl o MR st SR L S
oty (o195 oy L S Ly (ol (599 Ay g Aiioad 19— (0 ol 3
Lo Mol 4 0S| co Gy p25 |y dada  —0gheicn i y500 (5 g3 -l Aol (b §f
ol sy gl od._t).s..b =l Lo luwg, ol a=8g 0 LS g, 4o




,1,,;,... 2458313 ale Grasl

O e LT j90 loiz 4 ool jo asls asl Kool g ail> aon
J=B sleanse cosle an lag sl (ews 851 50 oot )
505 il 35 Lol 3,5 aalys Layg 25 gty il ol 5 g
29 e 8 a8 (glyg 85 olel A El s o35 (ol o2 Lo
cSlodumsy adye ol a6 )90 glin do aiz Gla g lS ke Ly Lo
2 ladlaie ;o mooo (g5 yaely Ly cdS a5 g0 ptad oo 4 Ll
olaidl Cdad SO an ol Joas SUlgs golaiBl azogs o L Loo
lsiepn gleolisial ap Lo 1 a0y o JLto gy s ol g5
I Lol S o Ys $0,5 JLiss slopgmliul 15 slag¥ls
So L Sasiwse oolaswl JoB e las a5 aiiiwe ol 9 ologSw o5
g gyt I glgl SISl 25 s Ly Suil ey a0
oS50 5l o39e S oS o 0y st 5 s Liviss olow «@9)5 il
Grite ceSgd 0590 998 o0 o (BlASge5 .0, Ly pgaslial o o ST
O s 9 S @Y il sl e gl )b Jlosgh oSl asy
sy o3l
S Selyd 9590 ygdae Foosgas AWl el ol uxi 9590 YA
o2 e Loy oloul b Slas| o e 5 o Bil SG gl m oy
e Ly asgSiol sloul 5l Baa IS o b ayas)ls e,y
Caprg do SaS Eled 50 g SLaBl (§9) Ao )0 g i y8 Sexo B9
O Oy D [P N
soboas ol aalo ) ol wyiws Ulgs oo adlio o, 0aS
ol Gl s g s a0 Jx Sy Lot 5T iny JLto
S0l sl g 0,5 dalss Calil ol o (8 g 45 i
Bl s 0 ol ddlate ey 0S5 Lol jo ai walgss bl oa
585 S e ol ST ilin 5 s el ool o sizens
1 S e 81 S L L Lol 4 a8 aiil 4t bl aitas o
e s anadlog g g el o gl 138 L adl cag e e
2ol 5 45 nline o oyl w09t L] Jlgs ey g SiSs bg i yg 5
Sloml (e s sl e 3 e (Sl S S g eskS )
plios piS oy ) (BN o dgel ST palyse ;ST g
S e oy oL L3 VY ailats o @ 8ly Jla o2l Ji aegona
&l e 5 e sl (Hsd S8 920 4 (g5l5 oS5 3k 5l oo
2 A (6 5 0)S aadlar S0 S5 e sl i jo )KLl S
50yl (ls o)L S5 (o JUT L o g ol Sz ezl
S 3 3Ll L ) S (3555 e IS JLte 54 51
i Sl 215" e S0 s JSin 1yl 3585 1,5 e &, Lo
Ol8 2 eI piwgSTl e (ol 39 599 Ay oo -5 4 Ll
199 o5 ol dnmaliie plie jo L Lol 1095 Jla any ke 4SS
(22 (6,505 (Sl axwgi LiBs a Sl 5l o g pslr Spoany
shoacds piaie Jlal by gladlate 3850 atgad S gy spryr 4z
VoA gl 5o 185 galen ¥O 5l i S5 58 5 S 3 ol S, b
|y 29 el s S5 4 0l o 51 Lt sl g ale0,S Aoyl 4S5 5
S g byna o 55 5 500,5 s sl o e S ol

s ol damls o 9 0S o a3l aSas 090 51 i

Lo Las )yl (Kot 45 il g iy
Vil o o g Jp ol ol o
55853 oy o st 3 5| o (bt 3
Yok (g5mymelin S gl e
03— 5 Jite yotay 0 b cwlio o
e T
SeSTgoc,S Hldal Cgpoe cfoige
30 el B lie Jo e jo 0ol ablus
LpolSielsl oLl e sl o5
lrog i 5l eolawl Ly ol (o X i0)5
e 9 Sy 55 5 e s
Slgs e g 3> slogyld O
Oy sl OIS ie (adly g lde

Lol JBlas

oli_}&_ﬁd;;w/ Q;A_L:.,o- d_goLi_‘:)_ﬂ

{
i

Ol ot guodign 5ASESS gale cpassil

L guiaiws ol s 0 aS Ly
Alg5 o0 g A LGl o o L
Sl St cla sy Jols
5 Laojlio ol ot (LD
d—ado po 4SS Oloss ab,e 5 S
JUS S
G585 Nyame (g0 Jlo
St do baope glacslupy
god—ie Sle Jolib (g S B3)S
b D9y (B AS S5l oo
D9 ;500 (B g 1S 9929
OleS s D9 g0 Sloul coiac
L8las Ly aam i oyl o e iS
i aba> )0 0l 5l i

DS bz olhee

)oc)l L;nlq__:,s oL

¢ >_~u))5 A_.oLM ‘L‘QL)‘)M 3) J\ALM:
5 ogb 4098 o0 08 5 LaolSyo)|
ol Ao A w as |y e Lu g
: ..5‘5'0

ol 1 el | v s lw,m)
cdld 4 by gbapleslo
aolgin, o fin J o loc )58
.L@ﬁ%ol.?._‘.u‘s l_bks).”f

|—to & HawxoCann ) ‘_g/l.asc;«.&l.u 39 )
stk sladle w5 Kz o)L

oriwd 5o iyl sl y;
5 e Loyl (gl ol (sl
5 LoolSag,8 cLaoly folois ol

oyl Lo Lo

s,y dS asadies A ws 4l
i 5o g ol Sl Jalt
s Loanls dapt s (ly g2 [ Lo
. i e E T
20 L‘”WL‘*’)-’) (§S0)S dalie y 0
cornl by Las Laol, Lol Jgl 4z o
o aS Lacpl alino)lysglaolSsg,d
83,5 6l ) (6 588)5 dmale 18l
ogdle Lo (D)l o Ly )
(bl glapiwaw Lol o
2w s bzl Glagg
e P e
sl Uy Jls ot oo ol
oLy, docsbup) ol sl -
J_ﬁJoa._gJa_ﬁ.éA_fq_;anoHy\_g
W)l S99 (6,585 slacIld

99 J.)T— 0gw OJLO.C;'J




Ol pae g dige 0 ASUES1S gale paoml
p

Sl 45 546 gy g ,,
q p 2

S Sl aapdi

S S 0 S g5 g0 Laliojlo g o atelw V (g9, 00l <9, oSl
e G (699 donnliie SO L i 58 2B (5 i (SensS
o=y e ol 55 LS Lol plgs Lacuglis a gt Jguiliowl g f,—45
Lol el o».\_w‘abul 4_059-30‘)_@‘4)&3)_“1 Me)é‘fdj&fauun)bﬁw
Oyl Jsl 315 o SO L (g0l alold ] ,a5 g e cauglin plis jo 0 5L
ol aS 810 g da s 1 20glS VYO sgas 18 g ol Sl o Jooliwl
o539,8 5 & 5 4o 0l 95 51 Ol 50 ST el ol 5,0 oo jtasleS
PRI ‘r°—~*~51—k“‘—9)—'0 S9-is o gwe o 5l @)l a8 (e pll
oty o T 5 i oy o [ gL g
gyte S lg VO« logas aS o)l )Ll ol VNS 390> 10 65z )] =5 (g9t
393> ) (g J?—ULA—AA" G9—%e (Pg—az 4O )LJU_M J—SLS.Q u_.wl.’ |)
B30 J=eSS 6l 08 950 5L )5 sl STy o 5l A
390 453 ¢yl ;45 10,08 aaT dn aS Cowadle o pliaewl laig ed an
abeo 58 Y0 acll 30t (a5 5 g bt 5t g eSS el 5
az Sliacy oo a5 a Jloee g ol (Aad ol i j0 ol ol S el oy Lags
‘SLQ)LATdJ)ﬁ_,ajg ng..usrwd_awaQ,uch]e‘_wd)i_wdjfwy
9 £l 0 A 2 o g B oy i o
gy Ll oo 5 Jpe8 8 Lyt s by sle osh 8y eln
Jelt g i S e e e el e Sl 5
9 0L355 (o 5 Ll 0t (ke (2l 5 4zl Lol 09— o0 () loii 8519
cla¥o 8, may il o, X 50,5 arwgs og0 |rzle IS5l jmaisee glaslio
ub_;‘ p_’Md.j‘j_Le|9.c 'J)b)_a_.ou_,.mjc_,\maé‘)_;jmbfsol_a)
OGS Jae Loo jo (6,800,5  uol aolis 5l SGasailgs oy Lo sl

9 0ley 1y (w98 9 E gl slaye b y0 (g5
Wl s S
Lﬁ—?ji$9°4—§‘_$—nL§A4_gow)ouu
oy |y YU JUES] sy g g s s
2 aS dS lg 5 e Loy olo a Lol o
L e el e et el
98y o Gblio 0 .0,l00 5424 9, oylgie
Oblog e« e Sias ol wolw o sual
oot Lo g, gLaolS)l5 as cola JLu
L wloas Lay 045 > am johaian L Ll
oS5 L] (e (59 (sloolSiyl Laiid
JE56, i Sl b o e
plomsl ol 5o (mgunme CJlad g § 955 oo
Jl 98 (5 50 Gl ol JS 5o 05 o0
Clo u‘d—m e Bl & Laas )_,o-l
S S ad 3o VY e aS oao S -l
o 3 o ol 9 A g0 Sy ol 5l s
s Cdn 095 LS 490 slaolSil
;l@ld.o)lbksﬁﬁ‘o&_%‘&@
Ao anle )Lhd Soaddo VY ;e uil )8
=50 Sy ol e T 9,50 o] o]
e 3l o)l O el g A Ly )
Lo eglsS 0 51 Sl YL oligsl Jto
Csivo Glde 4o gt o wsl o 2SS0
4 ey (51 )95 SO (S Lo lo alols

o=l (S aSa S 8 L
DS ozl a8l gl ly il
JJ)LA)O OM}-MM)L-AT[-J)-}‘)J
Sl VY oo v g > Jgmliowl Y14
Sl Esas s oolal iole e o

Aoy Ve To9¢_> olass oyl 5l as
o9 |5 0 Jolde ol o)liw

aJlaS o)lo 099 —telBl axlg VYO
L3l 1o o) § GsdS L
eSS SO L Ll o)Lu S99 99—
Oyt 45 il o oo ailiuiigs
5 =Bl Gl O, YO« o+ dq0 >
o=l slazdlas el ools glo 09
shloa=lgqlads el axlg VYO
oz o 40 i o)liw & SIS
Lo ol =5 50 45 g j5—ate (g
S y8 ST dgloay s sl
grte Labad o sl i (55 g 0l
Lol (gl it aliwg o sl
(e gy el o 3 (i
JLasl e izren g ()| o
S o 9 90 45 Sl (holge YU

Sanne )13 Ay 5 @

Ul pos (pwdige 825513 (ale oozl

e gl d i

oy o L Lo S gl sl
S5 aolwy dade au |y Liogs
s bylas L oS Glsal | auss
Ul 4 a5 Turkish Airlines L 4S5
u_s| ugsbéjsu)lé)l.{s)_w ».\_5‘50
50 e oo Sl o oS Ly S
e 5 o=l =lee sl -l
OOI_AT 6'—M|9—Q Yoo Q9> o>
dolie oy a S ojlo sl o sl
oBo9,8 0l slg 1 ol )3 (g3g9xe
¥ ol o a8 Jesbwl oz
Sg—=> A_a_lsl )'l_é)os S L;)b)_go).é‘_g
18+ 31 Linr elomle (blgs YL
OlfOSJ_é J..gLﬁA)O .O)L) |)).9Lm.o us_o.L.c
ol il )b el Jlive 5 2Ll
odu—w JL«..J)O)_O.’uﬁ.».Lm q Q9> doy
1,5 S lallas al o 3 y9iST g aS
plol oBog,8 8 )b ~ Ll 3l sy co)lo
a Gl 85 gmedin Vo L) (e

asauilp oy ol Lol pron S
650,85 Sl lad S o lgie
785 Ogrlae A 5l oae S5 a0 )
e jo 51 by unlss ld s
Sy |y sl (e il 5o aliie
Al cnog pmo L5 (o
50 00 e ol ol il glae
B Bass R AR R
@ B o 3y 3oy P L ol ol yo
454 (g iy oo ;B gde A
o 3 1515 Tl o Ll
iyl o o8l s a a S g 55
Sl a8 el ol o (Ao s 53]
adyo a9 o)l go—atio i
Syete g c¥olae 4 i 5l 4l
99 S5 9 ol=l 59y = Sz L
Jol pad )0 s cdly plss e
it 9le S by asS o ,8
o=l S Eeaieaalas
Sl i il o ST ol aate
a5y an ;ST g ol amlys g5 4
WDy dlgs L daie Jgwliwl ang

99 J.)T— 092w OJLO.C;'J




99 3T~ gaw 6 louds

Fl

St 13 4,85 O\

Oy (g dige s 4SS0 ale cpassil (MP

Pt
W NPT 1)

O S transition column p—uéS oo iy
chite ;STaS 8,8 5 o Cojenels sl
S Vgd o g el Bld 0 o d3j o0
(eVsd o el 5l 090 el a il
097 po9 Gheloy) OMWin 0,50 o 0L
09— <039 (=l (595 9, les e J—al
(SN o 4 4 ()3, o0 (i sLacore
Loyt ol (el 2B by x il

09 (8 (5 )b

(103 diemn; 53 (635155 L A 45 (0390 00 .5
RUSVN WP IF JOU KT W\ -5 ave| 059 o=l 9=
ado JLail 2olise gz b (goVed
i obhla s do e STHALS ool lEails
Las9les o=l 3 ploS 2 59— o Lok
ag8e 2k s pladl gy Las gles (!
A a8 pl g 0095 SN 4 o (g

S)n :o‘ae),u)-" ..’.’. ﬁsu

o)'l_w U"' ) bA—CL’ as utﬁ)ﬁiﬁ:’ P —a> 4O
39 p=yl0 Lo din s goYed 5 o5y ais
Wb o8 Cgmie (6)5l9 Lz ol 5l (e
steel coupling beam cwogs o3 Mol S
Mool L ojg5 o0 (60)0 4z dy g S =

steel coupling beam .ol ol a4 >

uLo.a?Lm)) 059 (5‘)—>| 9 t.$_>|)"0)l" Eg—o90 J9_> wb)f)ulfj_.fo Lgl_éi ul_A> l_, co)Lo._.fb U_" o
(i ¢ omwlidsy (S 0,90 g uiy oSS0 0)lg VYVY Jlow jo il )S 80 L mles,S cwzs (0wl
S O3l ol (o 1) 095 Mz puo (gaalol Lol Lasl )48 oas axlgs oS isls ol ol as
aslyad iy mwaige 6= 0)50 (V) ) VWA Jlo jo cadyly ol,8 o)l ol S 090 5l w9 0,5
=2bsS ae laul a5 g, 5y glad o (IS cali | cwlis) S 090 £9,-0 L o Liolaslu, sl
g,S)_w)d ch_mgS.’)‘ u;.ug.:du_a st_’u.u.»_w NUWRNRT'Y) k&JLﬂS JMJ-’W))O cu_c'bi o|) J)_w)b
(ol 39 55 ployen 00,5 )5 (con g slaojlw (sleedyn 59y = oxlw jglode plwains
w505 alS ael 059 L Lol 580 jo 095 cdlad g 00,5 29,0 (g0l e ;S0 L | 095 (6,50

o= g Sl 5 (=l A ainen
55 0l sl oo (=il 5 S A 99 (glasSS
SS9 S mS 8 YL 4 el
o=l 9 505 a5 (g9, (s adb ails
ol ad 3l (b (g9, It S (e A
03945 b Lo (glwpslio (S & b
5 o=b ol 9y Laloli g oS 05 5 03l

oS Cap A 5l ST o

((@Jlﬁ.ﬁl Ry v ‘5)979_3 Sy9—0 yo Lokt O
94z L ygiam (il H5 09l S (ygol
$u0,S oolaswl —xllao s

S= gz &S o= Lagpl JSie YL
S dm oS il 9y 95250 (0 g03l
A Cdgi oo 55 ol e goYe 8 o5l
Jsl -aio plosl o shate Loy glataii & jgo
or sLo)lgd Lo 35 (1l o (40 4S5
6B, Lagsl peiwlss (oo g puiils 5
aolsl (i g Yo L il (o0 9 oS
EL)] 53 09— 5L a8 (g5 LS oy oy
oo S ) L9 45 39 (e S
45 6, Le tpn0)S (385 050 ol 5o (s
Og Slaislw SO (Lo (95 99— oads plodl
o 4z S pgd o Yl a8 (Wl S5 o
oolsbl 5L oyl A5 39 ALBIS ygeisLuw gl
G99 oo)j oolawl os.\_3| u-" )‘ La>03| ‘5'9 (Og—
L5 (i -0 tS oolit ol il oyt 5l 4S
Cgpals Al S aw o i glainb S
aS Cwlbioe oyl as CjemlS . goYs 8 u g
2 4l 9) 99 - jga> Lo adib (gl o
o=l s (o Vgb o g lo (o g o
Yo 00 9 (o3V92 (g A Ay oo Joi
s oS ool g pytde (ot oo L

o Ol (i bls el
IS (§95 St o STb Lo et
laz 9y o9, 4zt Jb5 (gy92a
o=l dz a8 b bl e Jol 0 )S
o2 )1 0)lg g pdegl s g 43S 059

aolol a8’ ol gl 3 oo | > . F
Taib 6&5!5_:9 0jlow

PSS Ea =yl Lgy L8
Ot 9) Ol (2l 4 i Bl3S o
Yoo p o b addsl sloa it 500
Cdg ool Do S g rv—.E%SS) S o=
(=l @80 gl amelicpml L el
s Shos b adli ol Sy 4
e b poo S awolio cnn
Sg—=>9 Lo taide ;s—LD uﬁ,._’,}!l O
ETABS o _slaylsdles ¥l Syl
90 Ol -0 (o0 (Sl g) 09 (-
o a5 inl gl g 09 (=lylnl e
S oS slop (bl g0 Ses b
o=l plasl (g 5, )15 (oulas oo
b (g g b il (20 L
s o2l A D9 le2 (g9 NS4S
592 59; balglo (bl 4 s
)5 Al 48 090 Lol 05 woalyss
ogl e Sl b SeiSo b o S an
S Cgl gy by (i Slib aen
A S ol Ly 99y sieims ol 5 48
o9 S g pylo a0 gy Clil 5
ol i oL YUy 51 45 gl slaloolis
S o=l ol e S 05 g Ay o0

V58 o3l oS S B 45

ST 50bgS (g 9 caey Jsbo &S !

AR TR oW Lol 0392 ol b 4.:9.§> Y

6L§I d—J)-b )" ‘w—-@f as )5‘—‘bd9'°"°
L pilacd 358 55 (0 (5008 e 5
= aS el 5l a9 gyl B S
E 9= plm8s g 0 pg—ol p—wilucd 398
6)QLJ)M )—S‘-’ J—*—e‘) 9—’ )ls o —
6)Ql_'é )_:50 L;l_‘ﬂ S -ﬁd)—f )L‘j 9
Cods dioliw,d a sl Bree Ly gy
3. =150 i i oI5 ol
28 olpd LE .0, dud> g0
9y 99— 0dd lan 55 | e (g95 4 S
E9 = )lfsj_x.éo PO g p—d)f J—’B"’
‘59—:‘ Af OL_A o |¢5J_> c\_.m)lﬂ Ol
23S 9, 9y 059, =2l (59, ) &S

WriB)S 928 9 059 2 Lo (B9 .Y
§99m) (giptiog 4z (59

(S J9S gy ofgrm 45 g
i il SUhl Cning s
oo = dadl L cteud S
omnd SO F il Slend SO 09
00y Sy Lo, Sl plas Y LV ailb s
35— podre yy—dlagatygile)l 5l 5 05
Coley Ol sl (s e dse ol 45
059 J—ol5 9 92,5 £9b Lo .39 00l
3l gy e plos (im foo,S map
oS Sz 9 Sbldp a9 gl o
G BAE § i) S g 059 ples
009290 Lo h)liS o) pled os)S
S Lol ol a6 STl

0393 (Gl g xS, Oy9—0 4o .Y
Doy Zogi (9ol y

30 09 o5 lesslw ez L o
Ol 5l 8 5 ooty ans L alo o g0
ESb Sq g b bl > se S o
adil ¥ a0 o0egl ) ey LS ©dS
loaids (bl g Clls (o)
4 gBge gl SBgyre Slerslw o8, b
439y a5l Ammann & Whitney sl
b g 99— ;Siig)las o hlaa idsas
=g e e (olea LB o0 S
oL plej 039, Ml 5l amy B Lgy>
S VF-VE la s |alls s o uls>
Gk o sl G i (5 e
39 03,5 )5 039 (59, (=lrl ol S
5Tk g poln gt YL a S
A Cod p (5 lade S Lols aolol
S 9y Slib (Sl a sl 2, b
o=l 4 coplo ot el gl o,
setback building -, X laygeis Lo jo =
o glatinb S5l O (g9, Sl (o
Oyl @8y 50 40l (Sato cde an
o) 59y el 0o Lol 4 )LSo
JEICIRON I SN
g T ails (L g A o
@S9y b 03 (gea (geislw oy
Sl b a9 ol o s
highand low sL 4y > laSous)L
V tpeidlo L g cadids o5l ey y)lo
b A oL Y YL Y b Y YU

‘]‘\J.)'l-— (Og-w OJLO.J)

Eo



99 3T~ gaw 6 louds

e

YTl ()
Olyas g dign 0S50S ale Gasl Lw .

W Syl anpdi

Steel I-Shaped
Beam

Steel Box-Shaped
—
Column

Concrete
Rectangle-Shaped
Beam
Reinforced
Concrete
Rectangle-Shaped
Column

(59Ygd Lo a3 olos ) IS

0 g S jgmels

Lsly maibls a5 ooyl ylany cqlake
Og=ds m Ll 992 g5 45 wsog (g3l
bl St e B aS el o
By b sl s blo 4 S v ylas oo
La)Solen ol 45 0t oo Eel oo
o=l ST e a5 )18 CndS 5l g
55 =)l 3=z 0l s ol o ) s
Sl (e 50 495 o0 059 S OlgSe
o=l aS A Bl b o) G Sl g 0 ey

OlgPe (5

23 edis SIS o Eel pade a5 Az
slooion »o > 9 Shim sleoion oz
4579 Ol 4SS (00 (B e A0 ( SzgS
ot adily Jolie 09y 0w A IS5 4 S
cral GBS g, 00lias il ke 45 4 iS| s
it 2 Aok g) o5l )L, 5l Fee S)o
2 ) an Syo ol g a il anls
aJlie 90,5 )5 (A ol g cas Jol>
9 G5 3l (L Slg (p9l 10,5 ;S8 g g
L codsh oy &Sl (595 S
3laS aoy olgw s B85 pp yuigs>

0y Smies JB g S5

Sndgd JB o) 0ab a5 (pg—iee (>
48 bl o wpe S amlas sl
G S A S a bl dage 0 S plg Su sl
$0,10 0929 (15 dw Vg axo ]l (gLoolg
059 o=l 695 B Bl 9 y5liie (Le )88
s 09 e (2 S A 2 ol
clabod)ls s cos 4 L B)lS poa
PaSazglgoss ol oS jgus
s oo 9y e Lbly 09 (el
6B e ;53 9 p35 (e aS j5liep g
pla—e 39— 39) e ;5 (90— LBl 09—
O9—oJ8 9 0u gl v = i g atlis
5o)op_®5-;u-,:-15gj:‘—.tl°-°“—§w‘9>g5°

Lateral Hoop
Reinforcement

Internal Bearing
Element

Steel Cross-
Shaped Steel
Column

External Bearing

Element

Longitudinal

Reinforcement

B R e T

o=l 95 )9 (595 oyiblai gy popde
R Y B L
2 dm gl 85 a Sl bl oo
J—abe s>l g 1o (B9 g Sz
O3l Jos ) o S by Sy
Lo a5 (i 4S50 ,L8) CamjgalS o5
&l Sl g oo Dol (=) s
aS eyl bl 0 09 o8 o (il ren
Joe g o3 a8 azlan g, o5l ,Lud) Le
) P S S5 S e
o9oSaidly Joabe § el axsls ke
Vg5 Seiaodl Jaie jalsie g jalls
S gt dy & iSG 4SS I oy caaly
o9l bl an g4 slonl o,Lid g,
75 285 Sl 695 U8 6518 o9
Sl sg2s 4 (6l =lF omlple g o YU
potie ool 0dnas >l goileas
&3z MalS (e (6l 95 ol (S
A )Ly 5 Slejl ol Lied S g0

A (g 8 ilo LSS 30 A

g0 079 3t Oyt et 3O 9 (S ywd Jole
?..\_5.350@

Al aS e (wdige GAlS S
Lacds Lo Loto adliar dlo g >
Og—ewiige il ol Lauaigs
Sa—e 935 L5yl Logs g0 am s oo
2l (e o a8 ool 51 LaBly g5
po—the Lol ples ;o pute aiS 1oy
B3y 5y po—tee Lo ) ST Gl
S8y 5l 5y Sy o sl 5 el Al
03l Lo (wdigs 5 gl el 4Bl
(ramols ABIA0 9y Sy mwdigo gliad
ol glyg oyl fye RS A4S
o592 S 5o 0¥ = o= ke & Blg o
aS oylo glador S i dosl o)l g,
imagination is more important” 4.

la_en L<8ls "than knowledge

St &=y Louaige Dol 5 09
g pS13ks Eeoy bl sledlbl
g pST8boas by Hleos Jlas]
S (B 0, gd (e @S5 gl 45
pied 9 39) 4 9 Ao SV LEe (95
ol b g el gom (ot S
R (59 e L 50 5, £9—ge
9y 29— slaygile] g S Ol
ol &S poyS ol ado e sl (g5
9) = oy iigiige Laygile)
e E 550 oyl Al a S .o 51,800
A ged game (5ygle aSs Yl
S35 0 9 )0 aBge gl (T
e ;b a > Lacpl aS plog
9 p=2lyte ST eoiblo el (69 9)
Sg—2 5y slojlow 0, Shos (o 328
K8y o den gl yi ool oo
Jate sladlasl e Yoo o)
8y ol a8 abige del (o)
oS bl b ol am ad iy o lexs Lo
LaeST3bs iy ;5005 oS (-8
as gy LopST3bo Lo aS wig i oo sl
= oy ails foree control & yg0
i el a3 e o LapST,800
51 acm Lacpl plas a8 asl il Lal
LT aS (3o 95 5, oo—ogs a3
golas L ols Clgo Laowsl ol Ladlg

4 A Az gio 03y ()l 31 .V
Vg3 s g (i sladld
9 o Iz o 51 olS 7y (5
J—oiome amolb 30 S aS el
4z faold plil gy (2 lib ol 12

fCbls mlzo g Lol 3o

=2 o 5l bpysiw gjlwlas Coy
a2g5 o @90 gl (e 45 39— (o
a8y p—wolucd 398 7 j0 aS el 4y

Sl & 535 fON

Ol ok guodign 5ASESS gale cpassil thﬁp p

o
A

Je a3y ol o as el ilol ais
9545 650 9 4 (oo Jos j9—d S
A8 oo i 9 A4S (0 B39 (595
0)ld odigt  SL S G egdn (i
(o)l = glacore aS YL (o iS s
= Al 909l pulac slacore S
S =l ool L aS 088 el 09
steel L 9, Lo g0 ol ccnn iolSal
S a5 paiu 2 L coupling beam
&5 45 el adls (gloy 598 (gm0
Cd> 9 09—B9> (95 (IS0 g, 4T3
AS (alsS ) L5 £l oz, oS
g 55— state of the art Lo lS aBg0 4
55 ilasls, 5 09 Gimlegl Jolye )0
steel 5 9, sl 5 Gilauly, 0,5 gy
S cla 5 yg—en L coupling beam
45 03,5 o LaslsS” gl ool s,
05 oloy 0l )3 Lo (595 o0 L LBl
(555 03 eyl § Ogmr 0y ooyl Lt s
o=l 3l aS g (pleoslw (gl g Lso
3 aSs 56090 00,5 colaiwl pgpio
Jlasl o be aS 35 ol Lagg sl o=
059y (sl il 5L (ol ate
&9 5 patmlg (o0 45 09— (ol Shslle
= 0 g 9 Loy 5l 6w S o
(ot gl asSS lay Jlas! S o
9 oy 093 (g0l 0)Lugs 5Ly o2

oS 5 by 0 &S 00, S oliil IS
oSt 9 05 3l oo Lagnl ced 3l
45 Sgd o0 037 0o JUml ) o, 5
ol oS i)y ) (Laie Jlail
30 il —olS S i
Lo Jiasl ol it el cliul,

e Logdge (gl Ldlg a5 oS00 Jilawe 51 So

[ g



99 3T~ gaw 6 louds

o

S | ) y
.)-’Q)M@

Ol pos g dige 0 ASUES1S gale paoml )
T Sl agyds

i

g Ll 2 Mol sz b ol 03¥ Tacil 4o

Glued k_’) 00— ol_>95
sl g lammated timber

o=l Lo oyls CLT ay SGo3

Dg—dioe ool wl oy

3ol o Cmwds gz do  olaaY 10, S ablol L cnglis
)l 09_....."5.0 J_.oL’> L.Qul uds_.w ()9"""\”"") o)._...u)SL.' as
LSJSGLQJ.U94._~7U)Q |9_’L.5"’ )us_))_in)d)_b
\.)u_MJL’d.A_kd‘«DuM_)‘ ‘)J)JLQJ_A.@‘.’U_ABLMl_)J)Sp_i?M

CLT jl oolasul Jameocuny Ol Sl oy o glialy o
ol as > bylocwlb o bplaslocsln o
20,25 )1, 8 aslllae 0,50 LCA L (life cycle assessment)
oud ddgs S LassasaS 0,10 0929 LCA 3l 60,505,
aSdy 0,8 oo b oy plaas o SO sl 5l iU
sle e Sl 51 5K Ny ta ol
eutrophication ol « o wesl swl 939l aY i alS
28 (Ghnd g 3l 0309 4) (gdie Slgo lans 457 L)
5 a8l Gl ool slatio any oyt O e S

WD oo 2l CtS o ol pae Eel

Cross-laminated <, L
Cnl ol L glias 4 g timber
cr=z kel pulaz 5l as
g ool so s pls lal, b ess
ool wl 0y5—0 lacad w g La,lgs jo

b A i el
S el 4 IS
Lol o Ceoglie 45 355 o
ably Jole g0 ag arly JSla>
908z o g ez JUe sl
R R

e oois oL:}f

Sy o )8

Lol sla lole 5 S olynd gl Eexio
A il 0090 ey Gile S g (glas S (slalS ugs
53 oad ddg glasldS slaylE slas,o e Las IS
Sl oo slwgeslo 5l (0L (i (loyg- 2S5l (5
{(Shbes om S L eebo @l m o (g5 5 olaa=l L)

lools oy
ULQ.? )Q (ULM.Q‘ Ja_ms.) ol ADLMJ) o.)LQ.A_M)‘ 0)9_.0 O\)LA

Jodeans VeV Jlw oasS law o Jgs .o il o
Sl ae g S Se Oy Aty o5 )k VY
z e (s (65,0 adgs 5 b aS) oSS g0
JJ_«m u,,__:alS GL’L_M:‘))O OLJ.H.?wb U"—’l )‘ el ol
asbi uy9)9_> u‘s_,_c au 4_§ ‘) uﬁ.».L,_w o&sd 9 0)9_§
)_iio JJ_E )l Aleals )|)_9 )2 O)g—o ‘"‘5“)9_“"(5"
S0 w9 b ojlw (ol ool plgie an b (550>
Sl 5l (S ol g a3 S )18 () g i
L it oyl L aanlio o gz sloojlo 4§
9= 5O CoY LS)_)r(,S)‘J.J.A Q_x_,:b olj u_CL: YW LSJYP
A S L;)_’LJ“'*" g_$—i"’9)"9)"‘ u_uoL> Lg‘)lo 0\.)\_40]
SRy o 0992 LIS )10 (g Caglite g (i
(515 Loyl late s Lgis ab CLT ol s el
LSS'?-“) Mbé‘%bﬁ})%dﬂ&l&sw
lr 0 oez xo 4z ST g b o (sloyd (slag s
oolawl rad_c Lgb_: J_b!o u_A)J(o.e(Q )l kfi’ o)|9_.o.® d&_’]
Glulam 4 CLT .cwlodgs oylaislw cdSwl lg e a
e 50 Hed S8 Eesglie gl

U_’)"U’“'“"E)L“@wl"" Ce o )O L.alﬁ.:

O, Cy— 03— L».i_w.:

aib oo Si, Al Fe ,Ca
Awgy d—2)o AN oS
51 Ll aslosls JuSis |y oyva)
2L S BSehan ) glosle olg
o J=U Sl lamie o (68 l9
u_».:d)_»a.o u.v.b[fl_: ua)_f oolaul
Do 018 Bom lanl drgs S ) e g o
slr s 0 aS el glosls 9,0l am Lo as o045 5
ooz 3l eolawl olo gaile o 5 als SO Galise
039 C_:I) c\,_w.xf)a ulmL_AA) SO aedseul U‘ﬁ—‘c a
ool ol 555 s i gl At iz a5 LS
slogloaslo yo )b (ol gae (lgte 4 og 2
Ole—e ancwlasd 3 | 8 a>g5 0,50 uhay ol
au e A gLl L 5e 0 o wood plos an L Jlis
o)Lw u_:| sl odl s = LQLQQ}A_M: S5
Slopleis L gl ol 3 lssoce 45 d il o o
a5 a8 o, Koo USiie a0, S oolitl o aiy
Lc'bo)l_..u u_.:l Lo 09_».»6.4 C)_,a.za s e LSLQO)L"‘" L.:
6Lmo)'l_w )y A= FENKY o ] U.M_J )_>l).; Be)

=253l 0 50

Lo jLw
5~ J2iD

Rk (V) &
p—— L

| 13333 JigilasS : pdd ou*

3mSRl g o gbas f eslisu
o=l g9y = e g o glad
wlogs A>gi 890 S 0, S
5 )L B3 (69) () (e 5l e Ol
(S SG o e (SIS 5 DL (S
o3l 3l ez oS sl celuas gy, g nd)S
e 45 s ol 4y sleas L e Ilas
ool 0)90 (L )0 g Lo Sz (Slsld cde ay gl 5o
o] s gz Ly 5 Sollws .clazd I 3

ool 58y slade adoz 5l s (ol 5 YL Conglie
3hoge 9 oley eeddS L Ll ogn (g2 gloals 4 -2
Sz (oo VW0 Jlow j5 ol Sya 9 550 s
LS St oS pSeda Shldlanggrb olea
Sprez Ve (8 Ll o (Sl cdlage g 35
075 59) = Ol 3)lalee A dga > 09, al g 0l ol ¥
S ez Gl iz S e (5
Ol anl) o g o (aiomet )y OIS 59,
30 o= 5l 00, eoliwl Lol ailo g Lioes L8,
o.x%o)fy COY )5 w_:|).9| Eel jlugeslu o
U lullS layl8 s 3> auS| g0 oo S aS bl 5l g
sl odglidn QL (o (o 0,5 4 el o0 Sl
30, 1y A o)Ll 25 B o)locis j0 45 5 bolos
Ly ol e 6L°§349 9390 o u—’}i’l’ S glools

99 ,3T- pgaw 6 Lo

FE



99 3T~ gaw 6 louds

FY

St 13 4,85 O\

Oy (g dige s 4SS0 ale cpassil thfp

e Crungls agpin

Ol 03l o 425 g (a0 j il S >

O gl do aayo5 5l oa ablow (idh (g5l
Mg ol a8l s (e Ele S e Blo
2 aS o il elea Sogll L Ko JS e ¢ glaslls
) 5 CoY aile  laylS alassl 5l i dss 1

S

J

ol 4y e 28 9 e il S Al
)9_,04\4 \:MAM%)‘Q 64—’-’ L;LQO)LQ_JL 9 I)
ools l_.gs L;"ﬁ) c-.\_u])B ;S_) L;IGWM)
o ey Ohle S (95 = 0 =3 Sl
GWP(global warming ., 4 a5 a_ib e

A\

o..\.&-boLij (LCA) 4_ul.>d.o.€b Lsmeu)).; C-’L*”

595 o (potential

o clroslw ;0 GWP gon)0 B/YF Lials
39— ;o Lal bl co 0 slaoglw 4y s
9> 5% o 9l 0l 4 55 g9, = L 30
2 sl ag oo olyl CoY lime vogm oo ) 5l S
33 (CLD) gy 0w Lo baplasslow 51 am o e
Sace oyl il co ST 6000 ,S £, 5L YYY 0g0 >
ilige Sl YO L ol ol gl
68195 e y9-bo a3 Sy 0 LCA (ol gzl

4000
3500

3000

2500
2000 m Concrete
mCLT
1500 m Glulam
1000
500
0

Hybrid CLT building with Hybrid CLT building with
fireproofing charring design

Concrete building

ey Lauslg) .a Lo glvojlw 3o (5 pao mxdlas oyl o aslio
(Wb o 200
(Y+19) 1)Ko g Pierobon ;| 4ié,5y

1000000

100000

10000
1000 m Steel
M Rebar
100
10
1

Hybrid CLT building with Hybrid CLT building with
fireproofing charring design

Concrete building

s o Lausly) .d Lo slaojlw o (b a0 mdlao ¢yl 30 auslio
(Wbbo pySels
B a0 (3l 0 4 il Sl 3 Lol by oo (o0 )X 1095 polpdio
il (69 yrd 0l Sl ol A Sgus b ojlw Il (0 0,5 o
(Y+19) ol)So g Pierobon j| 48,5y

g ol (amecnny Ol g Laaisse 0)5l, g (o 2

lond d._>9.>l_)u_’|).)Lu MLGAOM)SOAJ?JA
Impact category Unit | Reinforced Hybrid CLT Hybrid CLT ‘(_s—’[-iﬂ u—u-g 9 4—L°-> )‘ 059 — E—’ ‘ )—MJ -
concrete building b;:led;:f;::gh bu!:;r:f;rzlth krilg—ﬁsk—j b.:b_w 5 g_)Lo.».B Slouss ‘o)_g)lf
Ozone depletion kg CFC-11eq 1.31E-05 9.87E-06 9.88E-06 4_> )‘ solawl &S gd)f BN U‘9—’g5“°
GIobaSI warming kkg COO: eq 2570.0366 333:.3512 33257.2523 Q‘ 9_._c a. ML)GA W HL’LAA 89—’
mog g 03 eq d b . - . - R
Acidification kg SO2 eq 21 2.04 1.94 6‘)‘0 LSLQ)?-“S > “”9—? )l S JL—M
Eutrophication kg N eq 0.46 0.33 0.32 U:" u_d; )_Ia-' )d L’ JS_A} ng &’LA
Total Primary M 4645.08 4574553 492599 )SJ“{GLQ)%MS sz Qo; .O)‘s A el
Noan::jv\;ble, M) 3746.99 3453.22 3418.93 M‘)s JALMJ UOB_’ LSOLAAB‘).AL )_’ °9>l—9
fossi fWgdboe = G5V S
Nonrr]zrllee\z::ble, MJ 772.93 447.21 465.73 W.u).[a.a.?u .|al_‘>rJ )‘ LQ,‘J o w )O
Renewable M) 125.16 674.09 1041.34 L;"-""’L"" Lsd"")f )_.u LS‘JL‘M‘ )_,a_; )‘ d_il.a
(Y+19) ol,Son g Pierobon ;| 48,5y A_M;L,GN

Ol pos pwdige 8250513 (pale paznil w )

ot o
e, Sl dapdi

(Sl e Vb oyt 5 oolisl 5| paS gl LialS g LacSla aio 3l i ay oo ylgie 4

Fsis il g o (gou—wl il ()5S
6,52l LCA (g, 058 o0 75 (5 /w2955 (3959
o gl 4 cul (Sl w55 Jo8 0j9—
u’::g) g_i_> l_’ odls «S_’ )| ooLn.,_M.a‘ GMM) u|)_>|

Lol .0, 5 oo 1,8 ool ol 8y50 0 ],8 S jo au>

wsmil i 5 155 sl Ly alie oyl (B
Olgme an oz 5l oolawl Ol 5l ) gy 00l
Ol = €92 L o3l 92 ol amnliie g slojlw giae
s ST g ey ctdE 4 ol gy il oo
o (g Ll any jom as 1D (g oo,
el 2l e ol snls S 5l ool (Cl
Ol 9929 &gy 4y (il 43 0 S

o (=97 9 () o)l £ 95 90 dmnlio g w5l
Loy 51 oolital 5 JLil welas Lol slas

Sl grcﬁ""ﬁ'“‘dj-““ﬁu-" ode o)_s)bﬁu_u o)o)_’)

aalllas g Jdow 00,5 oo S8l g5 4 Cnsjlane ) ] -
ST ’ S el oy9 leiy ol Sl L Lo o ol 00 45

o=l 09-d oo ol aladie (il o aST g 2 Blg jo 000
ol ds 00 i 0)ly oo anze Ll as el

Czio yo ool wl g Lz o 0, :_b_e 3 =L

ool 1 5 ot Sl a1, (53
4_3|) =y J_sb C—’L"' Glo}ug—fa& u|3_..c4_s&_—’5->
bls ales Jloo

5B s sl Jas)

oy iS o s ,I5 a adglolge JLal
Syl JLss asly 42es JobBaieand, oy

A

(ol 0ols 3 a) o (6 500 olgo ¢ 65 =]
o9 sbaylgll ad> o (ol ho Jlte (gl w0ls 5L
o=l aS Wig i o Jus Glulam L, CLT lo o as

WYgd Lalal) o Lal LouiS a0 B o 60l (65,0 9oy,
oolaiuwl 0,90 ©Dols JLss au == Sl ol B s
039yl 45 3,5 azrgi ol (ABl j9-d anls
33 2 e sl Pl 5 o e Ol (el

38 5L g eI g5 ,50 4o Logas oS

ol d o JUass! ¥

- ‘ l::.o
a5 lao Jlaxl

sl il 9590 6550 g ey el a,
L ojlw sl 5L 0)9— (Slos) (g9,

J_A|9£ L}—" A od ! k_JjLQ.AA 605A_>
6 — ==y =B St wSlsee

Raw 350 652 g LS Loy Loaiyze
material L Sl eolax

‘]‘\J.)T— (Og-w OJLO.J)

|24



qu.)T_I'US.LUOJlOJj:J

LR (0))

Ol joe wdige 0 A5G (ol ool ® o ..
P Syl 4 i

4

5 BIE ], SsET S S R
gddte Jalge o Sla b mlas 050>
ooty plzl Sl allae a o (gl 4 g asl A sly
Lol b S8 oo g (Hyene o)l 99 ()
Shye P s ewlal S Op o (pluSe

Lo 50 551 JUto glpy asS it b, 84S
025 B aalllan 80 (e 5l (650 Akt o
45 2leyeiS o —“b‘b)ju‘" J—ol> (Sgliie gl
&=l an fgmol o (bl cadgn cle ay
wlio g Lo g 9l (s (6,565 (S
L o Sand eo)lus 9529 (glojlw 025 (gl
3Ly 0 angs 325 )5l b aS (ol e
A )9S gy ey, STl o5 aalgs
U P Y C P TCIUL JIE{ ISR S I
et 4o hld iz 59 9z slaoslw =1
sl oy Scan ALy s 4 iy oLzl L
) oo P a5 aeednn; BL |
S A o Sasn IS o Lo bb asls Jlse
i Comlyolw gos aw Liggs 95l (S aS
e =l DBl e (S (S A il e
i 5l a8 o3l g Sy bl 48 o lina o
abb oy el o i golaidl g siwgylaye
Ao b glane blb jo calizee (slaody ol
blo anles 5,8

Oleizlw ;3 1)k goae lgie 4 g ol
S90S ()l e (2 Pt )10 (olre 9 Lol
o0y oS sl Lagl cal § S ol
Xz amln l ang, o oolaiwl aib e
wbls aales ol o a ]y goluy OIS i
oolat wl cgz jo laybg, adlil gy ol 5
L g Glulam as Ll Joous g ooz Slnls |
sl ol jad a1y 68,0, 5 mulis wlgs oo CLT

s o ot

100

I
0 ‘ll ||| |“ “‘

kg CFC-11 eq Ozone kg CO2 eq Global kg SO2 eq kg N eq
depletion warming Acidification Eutrophication

W A U 9 N ® W
S & © © © © ©

[
o o

kg 03 eq Smog

B Reinforced concrete building M Hybrid CLT building, with fireproofing

B Hybrid CLT building, with charring
Con 0590 ol glgdl 51 SO w2 il S 5o Aol
(Y+19) ol )on g Pierobon j aid 5y

(Eutrophication) Qg.._wLi.ju)sjl o =595 (o9,
L (omes olge 0o 51 i sl s ot cnransST geanly
sl s olg e oyl el Y
L ymgn o_sile Lngesssl ST ERSIDY STCH MR
a8 a b liad L ol 1 o sile ol olg o L
a2y Ly siloads Ol ojly ol b oloar b 055 505k
G54t a5eS enl lyoe ot aiS cllae 4
(o9 wr2) 55 Los msr slooslwas s, S
3595 40 ;S Smeyd VP Sgu> (i slaojlw an co
Al iz i S IE ey AleS
75 ol ol Ghgrmee Jeeily 4o (gimoye T
gy ojlw Ly (o sloojlw 03l

s

Q9 J.Sl-— (Og-w OJLOJ:;.J

EFA



99 3T~ gaw 6 louds

ol

St 13 4,85 N

e Sala agydil

A
Oy (o tige 045815 ale cpassil w

University of Minnesota ¢l o :y¥Yo3ll oMo
055 Ol 5 a5 el Lol Jlots 55.05,5' L
610 S)lae (6 d Lo aS ag bl (03,5 (LI
ol Ay (i B o0 9) By 8 s (S 9l
o iils ao oB il 4\_56.4 )1 9) Qﬁ‘ o iils S
gt g8g0 gl Mo 010 (3,8 (ctyhy (o Lo S
005 4S5 3g0 7Y Lads a5 09 ol Minnesota olS_isls
Sl sl 2850 g0 (g U235 (somy 5, gTC 9 S
ol & _ialo Lr»a;u)t_uo LJ 09_:)_:%‘))5“) on_f
o=l H9 5 S 098l 9) 4sb) S Ll 45 g5 o
e (50 Jmroal L adanl, 5o lgs b 8905 oS5l
Sl o 9,5 3 o 5 5 0,508 5 m s
coyed dy m S VLo 52 (018 i 02 (9> >
09l 45 ol (g 59 (B degy) (g aeS o LL o0
Ol ;S de gy ol e (gl 105 9 48 Gl

O3] i (655 13U 5 S5yl (g1, 2 gnxo a3y
o=sb ol ST (bl elBiils JgasS oo 3,8
OS2 Mo g (yg—iiliog (95 (S (o0 5 CpaBge aS
oS A4S ) ey ool (695 s o0 g isle s

stl..i_m)/ :HLD -M‘sﬁ ;_M' oo Sl A‘Q p_l.ébw_:uo . ,a?w 5
e Aalto University pogsue yo,0 (idsls Ylas

Ls_L:.&d_fooH Lgd_a)r{.d &_?))_:)LMAA_:PT
slole 5l (s g s pizme Lagaidls (ol
u_:‘ owwus_ﬁu_woc\_m_:)bsw

3 oSl S
Al

PYPS SRS POV L .41 K) B &
U_M’LSASMGA ﬁLC;)‘ C.;)] NEERA S
oy oo ans ol ol s gl oSN
S co o dlidoloasallu) 9_.‘:JT|°L_3<\_,’

Espoo oS o Sy Sudsls o wd S ged dw
a2y Logass Ll |5l bl oaoi s cccns
y5== A dee Ly 185 oBi0ls (695 0,10 0 SL  cloxx]
L gy 4000 dod s o KiSl0 695 (laSoo s

oS 55 5y Shog5 9 4SS Ll 0, Ko )0 dngi o
258932 (= i Mo aS (ol LS 0t (2l o0 (p9-25
Llorial (695w Tacungs g3 (g dngly asliarogs
9 dnis (kB Gl S8 Loguasis gre (Lol
oSl o b ol g (B sl ol
0 o3 o 3L @890 (gl )l e (2 (oS o0 2
OERa—ie o8 _ilo o Mo cdage L5 gre oL,
(i8S g 9 Bl (B ady o 039 S aoke S
=2k S (gl 39 085 (gl 95 @ Bge (gl aesly
i 900 (o0 gluad (gl el 1 g 0 Setee g5l
1,5 Sl 1 laial, ol a0 wigal L5 oS
Comud 55 S B )15 ool 45 | olS 0,
Gl tas Lagnl g JUojg gliond (gl (Hy - Aol
s Bz L e @890 (gl - 3o alblw (gin
S| JURRR PO S L PR F-0-E-5 NI I L
g5 ool Mo L 0 4l (g, 4z (695 ool 45 09
B s (s (Slidos LU Sl ol ansiasbiasss
B oS A Bl H L e )5 (gallw oo oS0 5 A oo
O it Yo—ozo Lol ia i o LLod dobiaogs so-
oS B Ls°;—°-" s u»»‘-u R gl S5 L=

y?—w as u)‘*-f o Bl Lo S by oS (o
O9—0aeaes ol dian Ladz a ool . yl3 oo (WS
ol asbacaes sl ool 4SS Sygeo,0 099 8L
s dn L (00,5)5 g asliacogiasbatass o sl 3, b

Aol S Yhlasbass

adlie (0o, S o0 (Ol a8 B9 (9l (0 G0 A3y
cribls adlio L aiw g0 05 S8 L piiilo Linss  —wil s
Pl s (g ogm o e il 55 sl adlie ay
Gz O3l e dm @Bl ()5 Al 05 od g
L)l Bley L (e 4 09 (l 03,5 S8 (oS0 45 o2
o doy olSi510 g5 L pogm 00,5 IS S8l o5lwands
o2 450 Gl (et (Ol a5 g ol S
4095 50 (614500 gl Az degy; LIS Do 45 0, 590
Jore 555 AV ployad oS S8 oo L35 .4l 5,36
Jore - glodyg > 9V F oS ;S8 095 g5 Dol panslnd

gt 10,55 VA G py bl a8 Ll L5 pocs |

AS 6y § dmigD o0 (g yd A5 AILSNS 3l Lak

4 5 902 4l 9 9o Lo (g S o0 (S
?C:.go; &5>Lf.| ol ile Q_g‘

oS (sl 65952

UiS

Ol pos (pwdige 8250513 (pale paznil M

.
s o gnta

d-ﬂ-'sd-v% 2

Tl yF oz 55 g (SRR azr 5000y (Sl alafto Az 55 CSu daaS (830 95 (005 LAl “

—dige S5 (g2 RIS it (gdaze 4y, (s
maagl 48 JLus asly 4o a5l Aalto olS_&ils & 5 Jam
Girreln (il )3 il 398 9 (il latie Loe
£35S Ol aSos dn . pag)dS lree pSpal J g Jom
099 (ol )lS A g (e Lol eyl g 0oME (ol -
Sl 99 Loyl 9085 ) sl 398 2 AT LAY JLo
Seodd o8y olo ¥t w3l @890 0,5 (o0 )15
23l b 52 bl ()5 A8 9 ptens oo 454500
N\ S pasgl g 59 w3l 000 peal ) S5

Yool oMo

OB iiils ol ) IS i Yoot oMs 0
oLl paagl (659 (gl S pog 0
a3, 5 Sl University of Minnesota
a_, business analytics 4 sols atade , 3
.The University of Texas at Dallas o&_iols
0318 mwdigw ylg—ie ay Jmasd jl aey (Y
S5 goaslw &S50 S gl S 0,

.t sleep number | yiowl 4 S

C9g9 (o2 30 Lol (g9 ) g9 (galails ATyl g (s Tmogs (ygidegy 4 221, “

03> l_:w A_MJGA =) L;)L:‘ 6|)_,4_§6_:|).A> Yg_m c'ao}_fd-)l_;‘ 45(’39—3 ’_s_.wLM.:)lfu_A :qub&u Qy_ﬁ.o
0y Spie ol e asbiarogs 95 4 g5z (9l 45 (iee ) oS ke Gl 005 (50 S 9 e S Aelidgog Mt
d._AL:My u9_>d._56._nbiu9| LYl 0 =0 abb u_esr(,_m)_ﬂ U_S(_;)l_:l gs"“"L‘“")lSl—’Ub)Ls“ iy l..csm

¢
LE

99 ,3T- pguw 6 Lo

[~Y3



99 3T~ gaw 6 louds

o

YT ()
Gy

Ol pae g dige 0 ASUES1S gale paoml )
T Soala agyd

i
3

Lt (g aSenl § 45 (o0 i=p2elp Ghgztlo sl
032 ot 9y Lo dsliyy 453 o (65 Ll (S o0 (3ol
g2 Sy g WM 95 m pogm (e a5 bl o
4 (e Mo (S a0 ot 9y (0 Al dudeS )5

0

00 4S5 6,15 gl o yo 45 Al odagl i IS i an

/ ol 51 s sl e slacss ke b gl 9, Lone
&

Y0 e F-F Ly i 0 S S8 e 1 Yool oMo
hroz aboo ol 5l 58 (A L Ty po S aise
d.._.wl.’)d»_ﬁd| o)|d~_.3 6_.45) ,.5)__?

D9 Al aie 55— 00 2 Sge (a0 4
e 5 50 o2 gy Lacpl Laglgn Lol o olgso o S
(o—ess gV ot Loglen ba il @ Bge (gl Dl
0= Y dnaop 0 e 88 alade g5 byl olSiilo
=S Ol 6 o gl ole L
o) 5 (eled)lS (gl Mo (S (o0 o2
9 ool 5o sl (g 5y sae ol )ls 0l
S slagayiils oo ojlas a0 i o Lol

sl p3¥ SOl gl (Sylono a2 “

Bl 4 glas o Lo Dlie Slace 1y Yool oMo
Prospective Cuamwd 95 dny yiiolw 93 65 oo (=S (SO
2 S 39y ol Lt o)) (b 0dy 08 4y wsy students
slace! (A5 @ jge do (e o0 oz Lol 45wy
ezl 5, 4Dl Yy ame a5 3,05 0,8 ) 45 g o0

Lagz il 5l (L L i ol (593
oS0 el e gladbyss (e a5
ok lopol an Lo guidlid o> Cs
Mo a5 Cwlaw,de lygo 5l yg—icin 5
Mol b Lol g (o230 05 i (19l
s Lo gadlid (595 5, <ol A,
90 4 i) (595 Mo (135 (s b9 e Lol
A BIAS Sl (595 9y Ublazm (6,8 4z i oo Lot
e sg8 oS e Lt g dgd o sSdlS Uy o)lo g
blod sl o5 pigiios (g - pmelidige (gadS (2559
(0,05 0929 Lss (sl g (S5l e (ol hans
pz bl Lo sl s o5 (Bdiodi gl 5 o0 e (i
o=l 95 (Ve dz oo 0 @ 45 4B la it
i Oh) s slodnl a e g 0a il Gl i)
gl dy S Loyl 45 asblSel s ot oy
e ‘i—&“’ &5 o35> 55V o)l G
Lol o8 iolosl amy sls as olaaz pylo g ol
A pg—tdiniod 4l ol g il SLBl aST g ol
o=l oo (ele gl (o) ol (g adl oo b
gl prlasa g s el g S e gl 4 03,5 oo o3

S o sl e as

G¥0 2 PV Lo i puiS - S38 e r Yool 0M
oz a0 o=l 50 (et L (Hypo S ate

S oz e At g (S 1 gne 4y
9= regi )5 ¥ gy0 Lonial puagl (=85 (0 a5 a il aesly
Joam wld pols Jom (regs Jl5a Ve aesly o 36 (6l
LgLiboLi.w.:‘o r:..slo 6)l_>| Ao 3D (yogd f-v Lsds &39.@ Qj‘
Mo Loyl g pols |86 (IS Joo Mo Yl > i Lises
gl Sl ol =l 5l oS (DLl pilgtes 038 (ol

Fuu0,yS dig 3 (Ml (gl yud ax e

03V aS el oo (i 8)S o2 sl 90
sl

L il s iy Y15 50> ()

o,lo P Q‘ﬁ‘ oliule

—330] i 9 o olE_5lo e MS 2y Yoy 5¥ve
IS e s danly e &S gl 4y oS 010 5,5
oS Sogl g0l oliwl a5 sg ol puidils |0l 95 aS
= 0705 4 39 oyl Bu o a S aesly Lidg iavy o0y
o=l (eoige dg a8 055 (ol Bue S 8o il oo
Lol (=539l primmms (595 45 (g5 4 ool 50 Loy
sl s oS S ! catens Lo (gl oS0 a5
o i Job 50 gloyed ;IS (imy aB pz o0 A
bl L g any canSlepy Lo (gl oimmns (555 s
Lo o8 iilosl (85 a5 ol a0 gali o dy g .0y, o
058y el (g dn (528,550 (6l (8L e oS
90,52 4= ol8_iilo pda s g B iilo a S oyl o Lo
il L S eyl cdins calinne ¢ palalis 4y Lol
A oo S0 idam an pol jociz oSSl gl 93 09
alnl) Cesio LaS a il iues Bauwine o8 iilo D te
5 08 39-h L gy ol ol 45T 5 010 (o
i 45 ol oSy g il Lo, 55 05, IS L
A 0, S Jag a3 IS ai oo dgs et olSiiilo p]
0399 3 3y =2l L 5 Lo - a8 aaoly o Jad
b Mo a8 i iilas iy i oKl o molis )l
&S50 oyl dmooly calilaile bls)l oS iils g, L
Logasen 55503 Yool Loxial s 892 S_noolSTHIS o
S S0l Logyl a iyl i 5 iy S e datia o

Axio (59) 35 o3
S99 L oYl padine (glis L ada, 5o 1 gaozmo a g,
5 J8las Lacpl g aledbl sl —wpiws g syl
Sl s mhawaS ciS Al e o8 isls maw
Ol LedlaS > 0 g ulaSon oBislo au 5l ,5YL
S o 4S oillee aind ol Ly oyt i) o
(O30l 58 IS sLaesl 5l 58 LS Lol
PSS el anaon gl wyiws g4 LIS
A et oo jled Sl aS g5z (9l o)l 0929
2 9 ot i 3 o g jaeliy g S e (s
amlobaSepl joiS s o g S ild mhaus o
coponial Jlws gy (sl (o s Gilo 4y lee
S92z bl g S (oo (552 )20l (gSarha (ol

i T ().

O pas ukign 8AKLES ale cpacnil w

ot .
e, Sl dapdi

o Sz ol L) ol gz 315 § SizsS o
aly 0o )5 4 45 s 6 pa ol 5 e ol 4LS|
H9490,5 mlesaly plaalsgsliwl ol plasusl jo
s a5 4S5 9, (6,15 45 j5me 5y 92 SIS 0y (3>
A5g5 g0 52> ilo oy iem a il la Sl golg 5 o
bl (gl (gl 9 45 (pge gy Sobnl L asS' ol el
o Sl (89 Mo (i ojlas (> di> (S oo
OB A4S o EBg g 0)ldn (2,5 Al Slg 2 s
oo Loz S5 S5 ) ele (29 )5 a5l
ashlas oo, (9§ olo cBg lois b D8y
Sroomk ghw gl 4o Cans Wb (s 4 b o
LS 595 (5,505 wledblas asl sy taio o coylo
Gt 3=S U gy o5 Dledbl ol (Jg el oo ol
o 9 0)lS (998 Blaal (w55 o0 b,
o= s e A a g, Blacal gl (S e
dolie (s Lol Lo 5 o SSl0 Jammo 055 40 22,
=7 2 9 Ohyy 5 oBlem ke gz ils gl
5o ded A Bl ol g ls (gl al A gla Koo
p3Y 9 oL 9,18 Bt bl 0725 o0 51,8 (L]
S S Jidipfod an a0 45 5 ;2 5 Jobge bl
kB 2 B LI 50,5 e )8 s o
o NS 9 L0 4500 slal> Lz o canis aS
g A oo )8 L well being g, a5 4ol adls
bt Lot 45 aiSmd 0SB ol o S cn 0SB i
Lol a8 oo (im0 S (Hop L (i 1
ails 5) ogSolgls (Su) (il ails o) (55,5 Wk
Logy Lognl (gaem g ontb aibls 9) (552559 «ondl
g2l a sbiwl aS s (6 y5-b il § i o0 2
39 Loyl oty a0 15 et , 5T a8 o)Ly )25 agy
0 S e S atan Sl a g mam s aS Lo caidlis
a olgsu edo Wl body iy e i haio po (6,
B el oo slgdu 09 59, an (580 )5 celw 99 5,
3150 a8 Ayl e (g S5, 3ol (39 4 S
S Sloy o2l 95 5 205 ) e ool L aS” glaess
(g (bl Sewd dn (23S ) He

g digS 0 (o 45 ALl Lakl

99 Lo (gl ymr 9t o0 (S5 A4S (g il
‘.’C,.gé;‘_g')Lgl il o= da.t_g”_‘a.’g aS

9 r:dj_f 6)1.:] Bislo LYY PO e :¢¥aou é)Lg,o
oo 45 at) aline iy 0i8,5 dpnyes 5 #-0 LYY gl 5

99 ,3T- pguw 6 Lo

S0
or



99 3T~ gaw 6 louds

(YA}

Olyos g dign 0450813 pole Gaoml M .

dpapo ;oS juBa>aS ol o, gy b adls o,5YL
OloP 50 45 0)ls (ol o (S ddb s dz g Gt g
S sl et 0 5 (2l gl B oS OB et
b gyl Lo alayl) 1o caope ool 398 a5 LIl sl
59 3 Lo S o0 (88 oo WS Lo S oo
Og=iallg 952 5820 (o o0 )5 0y @ 8ly j0 a5 ol
Jsliss 3l b o=l b (Hy oS (oo ol o0 s 2
oo o= L cpl adl oo oo plosl s—doi research
S by a2y P anb Lo sols 0929 9,5 b (6=
&_s—l9 od_>|9 £ Lol Q‘)—i‘ 93 od._>‘5\~ A_TGQLM)Q)L'ZA
ML;)?JQJMM)LAS)QL{DU»)OU_JMJ
Ao gl plosiel w0 S il g, Lo ol
8o lads glads, e an 15 o aoliw! e [, bl
O sl 59, 5l g Lo oS bl 45 (S o0
AT S £ 90 9) 09=HEZS 9 (e G 9) 09509
L@;mbbd.&.:)‘ Ppdee L;lp OQJSAJU 0420 duast b 4y
NS0 (s L)l (g9 Layially joz il s 1)
JJL! 0 y—d YW L>u9| dolbls Li_»).ai Ny (IR
uR ¢ |)_:‘ 45@[&.&4‘04.:5’& A_A.Q‘.AJAJ.A(A_A.Q‘A
Loyl g an Lol (g (oS (o0 o150 e
o (g3 ) b oo oge (95l e oz
Q_:Su~_> dju.’l W 4_».«:60 s u_oSML{oo)S
5 9 sl 39y 5l (o0 9 (o (s pol Lo
s Bio G 9y ) 9 005 )5 4
Lo dy (dizme dy 0 gy (S 0 080 Lo dy 9> Sl
G5 g aS ()8 (—tuon (sl S (50 o5

c=S ol ey 20l 5, LS oYl e

O =9 polo Lol po gre (oS oo S8 AV 0l o 3L

ol o 08y (9B g g9 Lo B (o o850

1005 M) 595 018 y530 juS 4z Juro
L 4l il A5l gt Joro 45y

‘54_05)‘) 9 é_wl.s ‘5_'9"""‘) uj_oju\.’.o 4_fu.s|
? ” ."L" .. :.‘Q‘SQJ

daten o gy gy (6l (htiind Joro 1 W00 Ll OYpo
Dlte 4 oo (69590 (s Cnnd oo Log 0 40 (1
(52 Al oy Cund 09 8 YL s e p0g 5 s
Ay S50 o (gl i) 90 09 V4 (YL idaws Laazy 5
myg2 09l 20 SOl oo L (oaliislo a4 aaoly
oo (g ax U Jome Yool (g o35 (e 0850 )
ot 3l (g 4Bl pge 4o gl 4Bl 0l (et
VW gl 8 Joone (i plicwgs (ro S 5
Sl aa (g o9 o PHD (y)ls (Yl ot (g 035
03 Lot oy Sipte da 5l g 0, Spppee (o 4l
s e Jire 5l g oo Loty an Cn gre
(Slmige 4o (195395 (gl il St (g a il
S ol 555 Loguasis nolS_ils 55T . WES pliy
03 Lagnl (o (S (o0 (L)l 9y 4Byl pg—og>
Yol slolh=l o prdascwar ABCD (5l
oS a3 ABCD ays, Yo L) (g5 S ol o
S 2 Yo s 3 e pladl )15 (ol gbogs x|
Ola oo Mo o Bisls any g olo cosiuoiw 4y
demgo 09l 9 (S (=l Ligl &S (i donnge (gl 4
sl 6517 L s 050 A 5,V YLy 45 oy gl
Sl Jaons e (gl (855 Sl 000 )T (650
b 4l VPV 0 S Jae a8 g 4l ppe s

oyt B sl 51 YL g A

ST ol 48 aSae [y s S igomhmo 4y
e 4503 (093 o0 dad o 4503 (sl g, Ve il
bl )ly 59, (GLohy) o (Hut b pog y93 9=
g3 oo doliwlid 4oz 5 0D Ol 4 0wy
O—aedl 9 O gy ol g2 o5 Lol S s
caobngesay 884 S a8 ol LY g o8 ils
sy 5] Lot 3 45T o wal Lt 1y ol a5 iy IS
U Syae aSos vn O )liw glm s e 9 9 o
)l A 99— (g r9-benl M Lol e oS Cn
099l lanaz o35 588 (g Cenlys oos JB6 (com)
0l 95 JBlax (g oly s oo o w5 0,5 (pge )
&3l dS (o0 (O] g 992 (gl Lo a5 090
S bt Lo (92 WS Djpn 9) JBU 45 S

DS 09l o jer Coliw g5 b g, Slgs

az (i 4 (gl J8U 5 tlil 1 YOS L S3no
o)lo Lise L asws gre .augs g jislo oady oS0l 0B
aS ol laMasl Jloyg Jidu az o)l (ol it 4
gre .Cowd g,lidig & ylgw o)lo po iy 4 g aisly;
(9 2 Lo 2o el 095 (g2 dtie s Lol 4y
o (S0 el (g5 Sl S alontal ey il Mo
(s (§0ISLls (595 Vgare (e (gl 0wl
oy Laib oy 5 L0 liS S, )5 i 45
o= sl an uthl b J36 . 38 o ol g, il
e iyl S el L8, S te a1 s o ol
ol s aeli Sl 12 sl 5T (g e U
oS e N YL etk T LIS el 45 g 0y ig oiS S5

4 8lS gre o J36 0 el (gl (g (6 5 sl

oo flouel gre o g J8U pd s (G000 4 )9

Dl T ().

A
Ol yae g din 04SN ale cpasnd] L‘btjcp

ot o
e, Sl dapdi

Lot 31 o oy s Yool oy 5T oy a8 (S
5 0 el Lo 51 0,5 sUbMIt oy 40 Hls 5 o
aebiaogs (5l 4 saiiSaross oot an (s> o)
Py ot At JelS s Laasbarogs (gl ae iy
@i Ao B oo (a2 g A ged Sl Loty
55 oS Aoyl oS5l Yo amo 4 i ldals,lS
teoz 5 aol 4l (SOl 45T g Slo e (SlyS oo
o3l gl Lo g eyl aydl a0 Yo amo Lol g aiia
aolidiogs cygl 45 cyin Lo san . =S oo Sy (ool
45 pgden S A5 (e e (S Sjgo d )
o)y by s gg5 oliasl ALl Slte 4l g jodo ]
0s54el,l5 L 5 gl wl Lad g asS Liael 5, STy (655 9
o9l L=ST gre g 18l g0,—od dige s Sy .yt i
azysboinl 45 e 5155 (oo s5b 4 a5 s e
S0y a5 el s gre ol 5 86 Coliw 55 (650 45
95 G 09l 9 (s 9) oIS el caegl sl
den aline Lo 88 b oo gl g (S (o0 S0y
VO LS ai oo g, prolwd 5l Vg azo pa¥oo aS a¥oo
Sy oo SLedlbl (b 0dy )8 (695 angily ) Lo jslws
a il asgs o als goylaris g (ol aligs co LMl Y=
s S Al g deg) (g95 Aats 45 (G5 (T
A5 oyl Logien oy ago Lo L5 30 ] . SOP
Ol g 4bl o A by glady> g oot aegy) (ol o iz
Slimwly ) jadzr g a bl oud 4 igh g u i SOP
Lol 5 et 45 lnojsy o oS iols cLaatato
e (gl 1 aBl 00 (et (B S5 o ol ity
s L (s ) 0925l Lavaze a Sl 51 o8 Lo
Sz el (gl (595 45 (gl Logatie (S0 S
ol Wite b s b ccd cewslio SOP ol LT 4S5
L oyl g aly o ol8tils S o s gl dagy,
statement 445w SOP 5 . yapo s o Ligo
A gl oo (glaolian Lo a ol of purpose
oS s oS80S gl oyl o |y a5 oSl
= o=loFor (om Jrazs sl (2l e Sal |2
94z 03SeeslS| o 8 an (goaial 5l gBae S )18
2 ko 45 4l olS_ols 1ygl CBlacal gl yo anly ol

L0 M)yud_?.a

99 J.)T— 092w OJLOJ:;.J

or



99 3T~ gaw 6 louds

oV

St 13 4,85 O\

Oy (g dige s 4SS0 ale cpassil thﬁp
o2
PE725

S Soala agydl

09""""\'“")| &9...@9;0 GL_M»‘) 5O l_.o.dd u&..w PHD «§ 039
gy a5 ol (aje (gl 050 SleB o 9 Lo aSCy

Ao L s plsal

s @

79993 ¢ =SS g3 oo () 3T Lavaze 1y Woo il oMo
g0 S g o il o SS9 A (S0
LS Do Ly o5 SeS 95 o0 ol 0> 50 (e g e
sz 45T ol 3390 oS (pre g en 9) A0

O O A 0 S5 (g1ASes
45 2l) 2 (g9 ded 45 p)lga el Hguoo Ay
iyt ol g a5 gy ] ;a5 (B0 i
e oly Lo 30,5 Syl S s g9 bl Lably
S5 (655 A acapbse 5l o] S aiyl oo il
galgdu g, 0y aS ol ;a8 asSG colaiwl algn oyl
Ty 5 4l acsdty gl LB pmal 4o 45 dagdy
Ot 45S (oxmw atixd (gl 5 0l g (B9 gl
pol s sl i (s oy 450 5 0250 5 e
gl Abl Lt g a S5 o b 5 4 g5 e sl a5
Ay do x>l S asay (Ml o)lo cewgs aS Bl
CdS e do gl 95 plobinl 5 (S0 ) an pa (DU
S Ak 55 aSge 0 (65 (5ol e (03,5 (DLl aS
9y M ol (caloan aS il et Ol 95 g3la g,
Y 057 39 (97 (el (e a0 S
GO 5 50,5 o Ly pol oy s ay g asls yo )5 (1
o Oy oo S A4S (g5 (gl A g o0 05
45 pylgdsel apiad (ol 5l pad Jlr g pSgies (o

By Ll SLsuse $us,S 15 gladlio g, @

DS Ozl gy adlio £ g—og0 wuills
99— (y9—pd (595 (ol sLaylino

aS 0, S IS oliwl Logs SO L e rey¥ ool oMo
Llod l DM aS unsin asliaog ss-3 e Lol
el o 293 (S0 09— 51,8 00,5 S g dngs (LS
OB L 08 S8 (g )l pe-tlaallie 55 g (e
7550 e gy 3 Jlgs (So (Hy ot Jlse b
&l e ploml ()15 an a8 ey o 9) y90s9l s90=! -pog=
085 g gl g oY (Hg 081 slagr sl
St 45 (G5 o E 5290 L5l 0,050 cangs o
sy Lnsbsn  —iany cooliiul s Csogamms Yo are 45 aiy
A5 | i gane piS placdl oy uls wliylS 51 a5
950,18 ol S he > il A 00 oo gla )l glei Sl
(S (58 SoS (o0 L dmy a5 (o0 )8 (g 4
OB 59y 92l o B 4 45 St (o990 4 45T g
o S 5290 OB (59, 5, PHD 5 05 )5 £ 9290
mgd S 4SS ol £ 5250 (902 (9, J3 smen 5] 45
bt (S (Ol ol oo ()5 SIS (g
451 (g adlS il 00,5 )5 gladlin ay (g9, 45 (o0
o33l pol S 355 dy 093 (S oo (D il §f

(oS oo LBl a8 gl ol (s
il il )90 5l adgl adlie S 2 (ganmo 4y
2055 50,5 Lol 5 oty o8 lol St a8 gl gz
Ohge g5 w0l adlie Cmly ab o 059> (9l 95
Sl a8 5 atlie L 90 oS o0 S8 po)|
45 09— (opd Lrolgn (o295 Lagnl 45 il
=250 gl 45 990 5l (e s g polo o plod]
L psls ploml (owpd 039 an oS adlie g, ply 50 a S
Ay o sy 4 40,8 ] 45 il ange 5l s uiz
Ly 3l (g el sl )15 ol gl adlio 4y i
ooyl i Ly alal o g a _Sogll 3e > ay il
4500 (Hg 09 pobiwl (goleiiin )5 (S £ 9290 s
Sg— pog> Cws Lol 9 &8y i (6,92 4z 45 (=
e g 990 (il 45 pog 00,55 ;S8 ol 4 o (s
Uil )S 4 pog ou i WS A L e 05 (DL 6l
S o=l (Hy o)l O (gl (elio g J g Jo
GOl sl g9290 o=l 45 o S pese £ 9290 (2l (595
9 099 30 posiws g polas plowl e cadl olds
S S8 Jlgm ol gz ol Lol 45 65 40
09— PHD g9 550 panas ool olass oy 0aSa sl
2ol 51 55t 4l (g @ 590 Ly gt SLalS

a>l SluSa>as e aapplyabroad colw g4
g9 Sy ai oo Mo Lol 9 (49,5 (Dl loanss,
7255 gy g o Loy (Hose ;0 LaS (i o0
aS Conds g 5kl g cnd il a aien glatass
odl ol an e gl bl ad) 5l ol

(095 LI s g0

= Ol po-bags 4 o)ls (Sun 1guo Ay
e B o Jrass aslol an a BMe 4 ST e
(95 ()3 9 o0 e Lo (9 dgS CeaBgn
oo b 51 il Lo bl ails golys a5 LS en
oS oo O ks e datee (o (Tl canog
s Ll o)1 sl (g1asos (sasS as ol (gl Dt
a il a il JI5 (hogs digl S aS] e aian g
g ol AsS 89,05, ()5 hogS g 45T 9
aBle 4SS (gl (Hy dp dmm A 5055 s
&5_"'° (GACIEd B g dgon &.molﬂ GL.aﬁg_: as o)b
58 0 097 dmmlbio CniBge (LS (e SV A 0)l0 o
o2 9y Siowyd i, LS sl ansls goelpas oo JLo ¥

.4_15)15@ 0)—:5/.}

9“'\‘ YWU_».&-ULM.& J‘%uyéél_wJ&M

o)) oS (o0 Ol 4 Lagz ils sl (glos)g=
bz et s S oo Ol 2 00,5 o)
sl 20 5 i Gl wae  SYsb 1o M

Lo > sz inl 5l g S0

Ol A Ol Glhgs 5l L5 (oo tg oo 49
odd o 3Lkl Lapol (6w g (i «p,S o0 S8 0,5
e an g 99— 09,5 (Ol Lagl a5 pog
(L) iS oLl 95 (asgs (w)d Lo gl oo ey
Sy 9) (5 (6 4 45 03,5 o0 ol 40
ez 0 ol el g0 LBy (e Yo (0]
Sl i (Hglite slapal (LS 3,5 oo el
4 o3ylsms sl 3l Iz o oo pdlbol 4 lapo] 4y
bl a s a8 Loty o Uy Jics Llsd 5l gy

23S 50 9, )5 ol Lsi o)l (o

Sl & 535 fON @7

O pas utign 0AKLES ale cpannil w

ot o
e, Sl dapdi

CCbld (398l (B s g b g5 4z (G 0

o3 oo s Jlodnl 4S5z 4 STz Yool 8¥o
Ot A4S Cd (g A Lolan Lojlo B 0
(297 OIS 40 Mo coy93 oo CnS (Ml o9 45 4]
03,5 (o0 a2 ety Jlw sz o 4SS o0 (O
el a8l o 5Ll o Yy amo 4 a il o 5o o
pol JBla gunuz (gan 2 g caidl oo (Sl 4z Lo
a0 598 A ezt S ol a4 S oS
s 4 Mol 000 5, 4500 slaKin 3 (00,5 S
A Al s s Gliren 00,5 a2 g, 450
4 03l gm0 iz aS Al idas 4 Olg > IS )0 (e
Glonz 4z 4Sinl Cly2 08 S5 1 ganio 4y
Lol -o0lanls 5l (6 95 o duasio by at_ls it
9= Hiee Ste (s (gl 009 (S Sitdte e
lool 00,8 SoS ot (e 5 00,5 a2 )
pos Lol il lacSinyd L ol g) (6,50
(S 0 S8 (e 45 e (G o9l Lo A5 poeid g
s olazel pp )b 5l oyls il sLaayr L
o )5 0l 02 A3 Sz a o iy s
(e 45 G5z 03l b an ol ol Lool (gaen
Lol ol p)ls g (e 45 (g5 (9l B an s
3l S B Cmd ot Sl S B A
sy ) ysl 451 Livga sz el 5 calS20l5 Sl
R ) S =5 amly a5 (ol 4y (5L oy
Ll - Jo c Jid e Spoe o o)l Sy o595 o0
G 42 097 o (g St o 00lgSl (gl (S
S oo s )l pg gl (65 sladan
55 0 557 4Sds gl a9 S S8 5 e Ll

Syt 1y (O (yLg il 31 (5 il dz & G

CansS o0

o =B 8 59y du dedls e T am 1y YOO LG 0N
Lo god Sty (2l L 55 45 <85 (e g cplaslinl
iS5 e ) 53 Sl 45 0,2 5 s g
(50293 95 - S—bgyla p3, S5 (195 g, (i) (e V>
Sl o a5 Sl gy (B9 A (asr I
ools o8l an Lah o ,dedul g Al o 00 iS

99 ,3T- pgaw 6 Lo

[~} 4



qu-bT_rDS.LUOJLOJj:J

o9

St 13 4,85 O\

HEC- R@ e

e Snnyla eyl

Oy (g dige s 4SS0 ale cpassil w
T

S5 i b ormb 5Ol slaass> g oo
L os5 o0ivdanlinn cmcdl Sy 0un . ldibl dxusgs
LBl Ly gl jo Lo g paflivs jo-bo dy Juo o
] ek i e Claal U clalllae ],y , S0
735 36 0z (20 9 e (i s ted (A5
JuS wladlas dosw 5y =1l 2l 6,8
0955, a5l B i 5l 65100 500 § D

a5 bl oo gl (g5l ie i S 4l
Lo acms ioles |y cgliiie asl clmojy> el ol3
oz s JrS B ol o Ol gas z 09, las
Syp el o9 Gl bl 3 g e c3laslel, g las]
Lz 09 o aislw ol oje > 5l Joo s
2y Jae So L asly o a2 S 0 (65 -0 )Ll
Soldse Jus yoaiz )lge 15t 10 wogbosls o Lis
=2y Jome o Sl (s o L0 e inles (6l
bl b oo g dliee lalas jo f5 8l )5 50 55> 5e
o5 s oo g5l e oLl sl lie gl
dallae 550 Blaal (sl 0je go)lsys (315 _alS]

DBl e i (6510 5 (STsls e

~~~~~~

 HEC-HMS

Gildse gl— @)l8ley HEC-HMS l5 81 0,
Silowdinge S LB L) (g5lwancd g5 51 So3elg 000

BP9 (i S0 dangs a8 Cl (Lol
slonds ags Sl i)l

D dgd Al e aid) S L o So5els s (o5land
o=l 6oy = b i sledels 5 4y 4 S
oode 3BT L s, 5l g 03,5 Jloae! L g lmdanis
C)T )| oolawl 6‘)—-’ Ulﬁ—’s" c\_fda_mloojf oolawl Oy
LS—>|9" )‘ (g 0090y J)_g)ls st_.’ J..\._A U'_"
J.aLM: J.‘:LM.\AJ Lgloo).:_“fc\_;.ob J_> o> 6_»LA.9|J.:.>
Laclplyy (S slooi> isdsmee ol ol

S [Dncstany: ipwcen Uncota-. ~ 0, 1 B B @

sl o Uncatanty Analysis “{Parcent_Unceranyfly

mpute T

~ [ Basin Model 1Percent Basin] Current Uncertaney .. |- (27 |3 |

Sy T

5 b ladilsog, 5l 6o ol oy (5sds,iun (S o b anaS ol (6,500 (6 S5uelS (asls s HEC-RAS

S e e |y ;Ko sl LIS

ol 4L oS e il s i sl o Lol glmogla 51 sl se iy dy ol LT oS s L5 08 o S

calizee glaadlgo oS g gy 8 g Jom s g o lowle (ol Hlanblb g Lb L > 90 o el j0l8 i

4\_o.o.” os_wc;o oolas_ul g_;)L_ww).:J.a 6‘)_0 cu]6)|0fw6u)|)a‘ ;&Swwﬁgb\_‘s‘_}_‘.@sd—t)ﬁu ‘)“‘j

9 WS o U‘QM LsLbdjLé-Js) O 059 4o c)‘».&_’l.:l.) le.%ob‘.) J.J.’?u Js_,o 5O Sl u_io.n ub_a)ls Sl JS-) 4 (D)y

s e )y IS L

slaylidley Ly elS L)l WaterCAD ,l;-38ls 5
ools Jols Sl g 0,5 Excel (AutoCAD (ARCGIS

2yl 0929 Laylbla s ol (o
690 L5 0SS o S5 )5 4y WaterCAD

By g alite sla by, Lol 055 slaz )b
Lo by, oyl ados 3l

2y 90 Snglio s Iy g Lslw ol @
@l mlin (b 5 g3lmane 1l Loy
L ol e oslmdutens oo 5laey g9, a bt
e e 5 Gble (Lol l5e ag a g
o2 5l b aS (6)Le> (gl ez L Ladly)
o=l sleans (bl g (pblw @
L slles glogs )l dgamal auslio 5 (L3
o ob o S5d lmools g lak fe a4 >
(SiTng s g o Lol Gl

S rm l38lp 3 o HCAD ag JLil e b @
g e id | Jo e a9 0)J0 CAD L asliie
Wb s b lBles ool o aS (lep b
s MicroStation o g3lwooly e bl |y 4y
.3,lo AutoCAD

HEC-RAS

ol yuagiiingS 95 (ls o

s o gnta

 WATERCAD

S Ay sloalblw L ks, g l5-806,: (WaterCAD

o g Gapi Gl ol ciS glw o g

olazel JoB g,l5-8l0 5 lgc o, WaterCAD 3 =3,
gl jobie o Lopreas Sloidy gl slassbng
s J_HSLSA oolaz_wl S92 LS‘JT LSLQwL_M)J) (Gdr—wgs

D9 50y (B pan golie )3 (o9 adpo 4

a7 5 Sas il slaye s (bS5l 5 Slas oo
Ao i S i L conies LSl olgs cdale |
9 b 0 i sy Sl e 9 (5,

ol 03,5 S8 o a2 i (g5lwdinge
oy sloaSts 5 JUT gl WaterCAD 1581 o5 5|
g Llas g (o (g, plaml L 18l ol 100 o0 050

IR g oot Sl Sy aee b g b
o jeai |y Sty b Ll

L 5o Jl8ley oo L o oS3 (Ulgs 58l o0l
039> »5 Lyl 3le s (o 5 ol adea 5l pizmen g Sl
(il in (blg a8 09 o gmnime Ol gy A
PR By ) PO Y. g S [ PRV e

ji\
%)
e
|
2
L
p
-

oA



Number 3 -November 2020

Page
60

S l5 43,55 0N

Olyas pwdige s AN ale ool LM)

Pt
W NPT 1)

SHUSHTAR HISTORICAL
HYDRAULIC SYSTEM

Sustainable Development uses resources in a way that doesn’t harm the environment
and remains for future generations. This issue is not only important in today’s world
and its effects can be seen in past civilizations. One of the witnesses of this story is
the Shushtar Historical Hydraulic System which its construction continued from the

time of Achaemenids to Sassanids.

3
!

. river goes from north to west, then it turns

In the past, the Karun River used to pass
only through the Shatit pathway to reach the
Khuzestan Plain. Due to the deepness of the
riverbed and the low water level of the Karun
River, only a small amount of water remained
to irrigate agricultural lands. Therefore, in
Sassanid times, they separated a branch
from the river and directed about one-third
of Karun water from the north of Shushtar
and then from the east of this city to the
south. This artificial tributary is known as
the Gargar or Dudangeh River (also known
for carrying two of the six shares of Karun
River water). The width of this canal is about
40 meters, and its length is a few kilometers.
Of course, it should be noted that the entire
length of this canal has not been excavat-
ed!!! On the one hand, in some parts of this
canal, there was a slope to the south, and
on the other hand, due to the presence of
some natural furrows and the flood remains
on the ground, it has reduced the project
implementation time and the required man-
power. As a result, by digging this canal, only
about two-thirds of the water of Karun River
passes through Shatit (Chahardangeh). The

s o ot

south along the Gargar River and finally joins
the Gargar River near Ghir Dam. The piece
of land located between these two rivers is
called Mianab (Minoo) and the city of Shush-
tar is located in the north of this plain.
There is another canal in the middle, which
should be considered the third branch of the
Karun River. This canal is known as Dariun,
and this branch is responsible for irrigating
the Mianab region. This river is divided into
two branches at Khak Dam; its main branch
directs water from the north to the south
of the city and the second branch (eastern
branch) directs water into the city of Shush-
tar and to the agricultural lands. The main
purpose of Dariun River is to irrigate the vast
lands of Mianab plain. The main furcate flows
into the Shatit River after crossing the Shah
Ali Bridge-Dam. The second furcate reaches
the Gargar River after crossing the Lashkar
Bridge-Dam. Since the eastern branch of
the Dariun River differs from the surface
by about 15 meters three more dams, have
been built along its route to reduce water ve-
locity. However, the purpose of constructing
the two bridges of Lashkar and Shah Ali is to
reduce the traffic problems of caravans and
the people of the city during the flood of the
Dariun River.
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The structure of Mizan Bridge-Dam was built at
the same time as digging the Gargar Canal and
plays a very important role in the movement of wa-
ter in this collection. The most important function
of this bridge and the possibility of traffic on itis to
reduce water pressure in the Shushtar collection
and create a balance and proper distribution of
water between streams and canals.

—

Gargar River reaches the bridge of Ayar tower after passing
through the waterfalls. This structure, shaped like arched
walls, is built to raise the water level and guide it to the sur-
rounding gardens. The last bridge-dam of this route is called
Khodaafarin (fishermen), which was built during the Sassanid
period, and like the other dams, it has the task of keeping the
level of water high. To increase the resistance of this struc-
ture against the high-pressure flow of Gargar River, it has been
made in the shape of an arch and horseshoe. The reason why
this bridge was also called by fishermen is that this place is

good for fishing.

Gargar River, after passing through all these structures, which
form a route with a length of several kilometers, finally in Ghir

/ After passing through this structure and

within a few hundred meters, water reaches
the Gargar Bridge-Dam and a series of water-
falls (water mills). This bridge connects the east-
ern part to the city center. Part of the water of
Shushtar waterfalls flows through the openings
of this bridge.
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Dam joins the western branch of Karun River, which means Shatit. At that time, to be able to monitor
these structures and the amount of water and intensity of it and how it flows, a tower was built near the
Mizan Dam called Colah Farangi Tower, of which only 4 meters remain today.

The last part of the Shushtar water collec-

tion is related to the Shatit River. Shadorvan
Bridge-Dam, like the Mizan Bridge over the Gar-
gar River, plays an essential role in the movement
of water within the collection. Between the two
bridges of Shadorvan and Mizan, there is the
historical Salasel castle, which was the center of
protection of Shushtar city. It was also in charge
of monitoring the water intake of the Dariun River.

In all the mentioned structures, four goals can
be set to save natural resources:

@ Proper efficiency of structures
@ Energy efficiency
@ Prevention of pollution

@ Full coordination with the environment.

The standard of

structures designing

Shushtar system is a homogeneous hydraulic sys-
tem which was designed globally and completed in
the 3rd century AD. This system was probably built
under the influence of the Petra Dam, tunnels, and
Roman civil engineering. In the historical structures
of Shushtar, the standard of design wasn’t strength,
hardness, or stability, but its geometric shape provid-
ed the complete function of a structure both in terms
of structure and architecture. A traditional architect
used materials to adapt to the environment, not to
oppose it.

It is nearly impossible to find a historical structure
in Shushtar in which building codes and structural
design are incorrect. These structures are at a lev-
el that if part of the structure does not look right, it
should be attributed to a misunderstanding of the
performance of the building structures or the inad-
equacy of modern rules to evaluate the behavior of
the building.

s o gnta

Today's function
of structures

Parts of this collection have already been destroyed.
For example, the structure of Shadorvan Bridge-
Dam isn’t usable at the moment, and if the current
condition of the building remains, it would be de-
stroyed in the next natural disaster. Another com-
plex that does not currently function is the waterfall
collection.

There are plans to rebuild this valuable collection,
some of which have problems. For instance, in one
of these projects, to rehabilitate the irrigation and
drainage network of Dariun, the ancient originality
of the plan was not observed, and by direct water
intake from Karun River at a lower level than Dariun
River, the role of Shadorvan bridge structures has
been practically removed. Removing this bridge-
dam have the following results: Reducing the slope
of the canal and as a result slowing down the water
and creating a sedimentation occurrence, reduction
of discharge of Gargar river and drying of some en-
trances of mills and waterfalls due to reduction of
water volume and depletion of water level of Gargar
river, as the level of the main canal decreased rela-
tive to the surrounding land, it became necessary to
build canals to supply water to these lands, which
would create a lot of costs for the project.

Due to the problems created, it is
recommended that the Shadorvan
Bridge be rebuilt in its traditional
style and original architecture to help
attract more tourists to this complex
while helping the durability of the
collection of waterfalls and mills of
the Gargar branch.
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BY: ROJINA EHSANI

In recent years,
humans have witnhessed
a growing demand for energy, especially
electricity. These days, energy is generat-
ed in large power plants outside of cities.
After much research, energy engineers
have concluded that the most useful way
to generate energy is to use renewable
sources, near the place of consumption
and preferably produce it when needed.
Nowadays, in renewable energy, the concept
of small-scale energy harvesting has been
adopted, which allows the production

of electrical energy from small energy
changes.

Road paving has great potential to become
a renewable energy source; because they
are constantly exposed to solar radiation
and kinetic energy from passing vehicles.
Given the growing demand for energy in cit-
ies and the knowledge that road asphalts
are constantly exposed to large amounts
of energy, there is an opportunity to ex-
plore and develop technology that allows

=

USE OF PIEZOELECTRIC
TECHNOLOGY (DIRECT):

Pierre and Jacques Curie, In 1880, were the
first to use pressure to develop a method
of extracting energy. They proved that there
are certain crystals that produce a current
charge when exposed to mechanical stress.
This phenomenon got its name from the
Greek word piezo, meaning "to press". Piezo-
electric materials are a class of solids that
can generate electrical energy by applying
pressure or vibration. Both vehicle pressure
and vibrations from road asphalt can acti-
vate piezoelectric converters to convert me-
chanical energy into electrical energy. Zhao
et al. were among the first to consider the
use of piezoelectrics on sidewalks. However,

=
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a significant portion of the energy wasted by non-renewable fuels to convert into electrical energy.

As mentioned, road’s energy storage is divided into two different groups; The first group is related to technologies that use
sunlight in road paving. Solar radiation can be picked up directly by photovoltaic (PV) cells and converted into electrical energy,
or thermoelectric generators (TEGs) can indirectly extract the accumulated temperature on sidewalks and roads. The second group
is related to technologies that use mechanical energy transferred from vehicles to the road surface. The energy transmitted by the ve-
hicle’s wheels to the road surface can be affected in two ways: vibrations or surface displacement. Each of these can be captured using
different methods and technologies.

their research results were not significant be-
cause they had an energy conversion efficiency
of less than 15%. Many companies have studied
and offered different products, but none of them
have enough credibility in the real world to support
the value of energy production. The latest technol-
ogy in this field can produce about 10J of energy
per vehicle wheel.

USE OF ELECTROMAGNETIC
TECHNOLOGY (INDIRECT):

Electromagnetic technologies work according
to Faraday law. Faraday's law extends from the
Maxwell-Faraday equation, which states that a
time-varying magnetic field will always accom-
pany a spatially electric field, and vice versa.
Electromagnetic generators operate based on
electromagnetic induction; If an electric con-
ductor is displaced to a magnetic field, an elec-
tric current is induced in the conductor. These
days, such generators are mostly used in large
power plants (both renewable and non-renew-
able), but smaller generators have been devel-
oped for new uses in recent years.
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A hydraulic system contains a transmission sys-
temthat uses pressurized hydraulic fluid to trans-
mit forces and excite mechanical components.
Electric machines usually activate these systems.
In pneumatic systems, gas is used instead of lig-
uid. These mechanisms can be used on the road
in reverse; they transfer the vehicle's mechanical
energy to activate electric vehicles. Some com-
panies and personal inventors have patented

\

In these systems, road mechanical energy is
used to activate an electrical device to gener-
ate electricity. Electromagnetic technology is ef-
ficient in applications involving large deflections
because higher deflection values lead to higher
energy outputs. As such, electromagnetic tech-
nology should be installed in roadway system lo-
cations where large deflections can be obtained,
and traffic flow interruption can be avoided.
These systems are divided into four categories:

1.Conversion of rotational motion of a surface
into a rotational motion of an electric generator
(Rot-Rot).
2.Conversion of linear motion of a surface into
a rotational motion of an electric generator
(Lin-Rot).
3.Conversion of linear motion of a surface into
a linear motion of an electric generator (Lin-
Lin).
4 .Conversion of rotational motion of a surface
into a linear motion of an electric generator (Rot-
Lin).

Pirisi (2012) designed a generator that can
convert linear motion into electrical energy.
He and his colleagues claim that this device
has an efficiency of about 85% between the
mechanical energy applied to the generator

HYDRAULIC AND PNEUMATIC HARVESTING SYSTEMS

inventions that use hydraulic or pneumatic
mechanisms to extract energy released from ve-
hicles and convert it into electrical energy.

In 2007, Horianopoulos developed a hydrau-
lic device that draws energy from the road. He
claims the power generation capacity is 51KW.h
with 10,000 vehicle passages along 50 meters.
This is equivalent to 91.8J) per meter per wheel
of the vehicle, which is valuable.

\ ELECTROMECHANICAL HARVESTING SYSTEMS

and the received electrical energy. Still, no in-
formation has been given about the mechani-
cal energy received. The authors of this system
started Underground Power and are currently
working on the “LYBRA” project. This project re-
covers the kinetic energy lost during decelera-
tion.

Other companies that work in this field include
Way Dip. The company launched the “Wayner-
gy® Vehicles” project using a second-tier mod-
eling system. Experiments performed on a real-
scale prototype show that the system has a 50%
efficiency between the mechanical energy given
to the system and the electrical energy received.
This system is applied in the upper layer of road
pavement.

Other uses for these systems include the intro-
duction of electromagnetic systems in speed
bump energy harvester, ESE. As you know, these
bumps are used to control the speed of drivers.
Areas such as school zones may be ideal loca-
tions for installation since drivers must reduce
their vehicle speed; large deflections of tires can
be generated as vehicles go over speed control
bumps. Currently, the kinetic energy of vehicles
is wasted by crossing speed barriers. There-
fore, installing an electromagnetic prototype in

s o ot

conventional accelerators, traffic safety, and
energy problems can be solved simultane-
ously. Such simple systems generate elec-
trical energy by converting the linear accel-
erator motion into rotational motion in the
generator (second category). The cost of ESE
components (excluding installation costs) is
$450, and the prototype can generate an av-
erage of 3MW of electricity from each trans-
mission line. By optimizing the design and

adding amplifying components (such as a gearbox), the efficiency will increase, and the cost of generated
electricity will decrease. In this case, the cost of generated power is reasonable, even if the price is higher

than conventional electricity.

\

MEMS is a technology commonly known as the
miniature form of mechanical and electromechani-
cal systems. Such systems have a wide range and
can vary from relatively simple structures without
moving parts to very complex electromechanical
systems with multiple moving parts.

Recently, there has been a great interest in using
MEMS to extract energy from ambient vibration
and convert it into electrical energy. In 2011, Harb
tested various MEMS systems in the laboratory
and activated electromagnetic micro-production
generators. With ten cells and a buck converter
(a type of reducing converter), these generators

\ MICRO-ELECTROMECHANICAL HARVESTING SYSTEMS (MEMS)

created a maximum energy conversion efficiency
of 18%. In recent years, inventors have built many
systems based on MEMS that have performed very
well in the laboratory but have seen a significant
reduction in efficiency during implementation.
Among the inventions under development in this
field are systems that consist of microstructures
that use vibrations to activate piezoelectric mate-
rials and ultimately generate electrical energy. So
far, no commercial application of this system has
been developed, and also the technical results of
the tests have not been published because this
system is under development.
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NASA launched a challenge in 2015 in which research teams were asked
to design structures for living on Mars using 3D printers. Many groups
have researched the project; some of them are introduced in the following.

3D PRINTERS
MARTIAN CIVIL
ENGINEERS

Today, humankind is not satisfied with life
on Earth and wants'to travel to Mars and
“other planets and even provide the necs

essary I'iving-cor]d’ltions. On the other

hand, having.a place to live in is needed -

to stay anywhere. Hence, humankind fac-
es the challenge of construction on other

planets, whether building a moon base *

for research or building a house on Mars.
Indéed, human habitation on Mars will

be an esséntial step in the 21st- century

of space exploratlon The ability to build

habitats, laboratories, or facilities is criti-

_ “cal for human survival on Mars. Using 3D

printers is a much. more cost-effective way

“instead of transporting all building materi-

- -als from Earth to this red planet. On the other

hand, Martian soil can be used as a power sup-

ply for these printers. Because Mars is a sulfur-rich
planet, new building materials consisting of simulat-
ed Martian soil and molten sulfur have been produced
in the Iaboratory. In addition to.easy access to raw materi-

als for the production of sulfur concrete,-this type of concrete"

not only has more strength than ordinary cement concrete, but also

it has acid and salt resistance and 100% recyclability. Another advantage

that can be considered for this project is that before humans travel, the robot can first

be sent to Mars or the moon and start construction using a 3D printer; after the project
is completed, the astronauts and humans can be sent there.

Ol pos pwdige 8250513 (pale paznil w

TEAM ZOPHERUS 5.4
Lander structure enclosés the printer, pressur—
iZes, and controls the environment for the prod-
ucts of extracted materlals (ice, caIcrum oxrde

and Martian aggregate) into feedstock and fab-
rication of the first habitat module.

Al SPACE FACTORY: :
Vertical cylinders made of PLA relnforced with ba- '
salt fiber. Using a geometry cylinder can maximize
the ratio of usable living space to the surface area
and reduce the structural stresses. The double-
shell structure allows the material to expand and.
contract with the thermal swings that the structu re
.erI experrence on Mars’ surface :

-

Al SPACE FACTORY .
This habitat consists of two inner and outer
polymer shells, which sandwich a sulfur con-
crete. This layer is removed in certain plaée_s-,
which creates natural light.

SEARCH+/APISCOR

“In these structures the walls’ material and thlckness
have been specifically selected to provide radiation :
protection. This habitat is designed by multi-layerec
shells and is oriented at 30 degrees above the hori

‘zon. These fea_tures allow natural light to enter with-
out worrying about the risk of unprotected radiation.

" Rovers manufacture a foundation and install the in- -
" flatable shell. The rovers print the outer shell of the
habitat, which is a cover for the inflatable shell. The

quarters, lab space, kitchen/dining, etc.) There is

NORTHWESTERN U:HIVERSITY:

layout is a hub and spoke design, with a multi-pur-
pose central space su‘rrounde’d. by-sectioned areas
to support the various functions of the mission (crew

also a network of tunnels to connect these habitats.
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Al SPACE FACTORY STRUCTURES

MARSHA

Architecture on Earth plays an essential role
in our way of life. On Mars, this reaches a
higher level of importance; Because build-
ings are machines on which our survival and
health depend. Structures must be resilient,
and the interior design should be designed
based on the mission demand. Since social
and mental health is also essential for the
mission, space habitats must be designed
to be useful and interesting. As an example,
Marsha is a project that intends to provide
suitable habitat on Mars. A design that ap-
peals to human lifestyle; a vertical home,
full of light, with several levels, and without
a corridor.

In an alien environment, 54.6 million kilo-
meters away, construction and materials
must be completely reconsidered. Explora-
tion and settlement on Mars depend on the
utilization of materials found on Mars. This
is possible by using in-situ resource utiliza-
tion (ISRU) technologies. Without ISRU, the
cost of transporting materials for the proj-
ect would be very high. Space agencies and
companies plan to send machines before
the human crew to pick up raw Martian
materials and process them into shapes
that can be assembled in homes and other
structures.

to the Earth’s wind and gravity; While on
Mars, a structure is needed to control in-
door air and heating pressures. The unique
vertical, egg-shaped structure of the MAR-
SHA minimizes mechanical stress. The nar-
row and tall structure reduces the need
for the constant movement of construc-
tion machinery on the surface, reduces
risk, and increases speed and accuracy.
MARSHA uses a unique dual-shell design
to separate habitable space from structural
stresses caused by extreme temperature
swings on Mars. The interior of MARSHA is
divided into four floors with a unique interior
atmosphere. Usingthe large skylightand win-
dows, it connects all levels with natural light.
Missions have stress and psychological
challenge, and on the other hand, social and
mental health is essential and should be
considered. The MARSHA project has paid
attention to both of these issues. Each floor
has atleastone window that, together, covers
a full 360-degree panorama. Indirect natu-
ral light from large water-filled skylights and
windows illuminates the interior while pro-
tecting the crew from harmful solar and cos-
mic radiation. The circadian lighting is also
used to recreate the earthy light to maximize
the health of the crew. MARSHA structures
are printed with natural and recycled com-
posite materials that are stronger and more
durable than concrete. This is a simple solu-
tion for construction outside of this planet.
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TERA

In addition to the MARSHA project, Al Space-
Factory also includes the TERA project, in
which it builds structures similar to MAR-
SHA on Earth. The TERA outer shell is print-
ed with renewable and recyclable materials
by 3D printers that minimize environmental
impact without compromising comfort and
performance. TERA offers an easier and
more sustainable way to build on the planet
while advancing life technologies outside
the Earth. TERA is made from the same 3D
printing technology and compost material
built for long life on Mars. TERA is made of
a composite of biopolymeric basalt
(a material made from crops such
as corn and sugarcane) printed by
a 3D printer and certified by NASA
to be at least 1.5 times stronger
and more durable than concrete.
This material is more sustainable
than traditional concrete and steel,
and it leads to a future where we
can eliminate the massive waste

of the non-recyclable constructior |

industry. This can change the way the struc-
tures are built on the earth and save our plan-
et. TERA design offers a simple yet luxurious
lifestyle and emphasizes the use of materi-
als in harmony with nature. The TERA design
maximizes daylight and air circulation. Modern
construction consumes a significant amount of
energy and resources due to its dependence
on disposable materials. But if a TERA is dam-
aged, its outer shell can be recycled entirely
and reprinted several times. Finally, at the
end of the material life, TERA can be com-
posted and returned to the ground, a way for
future generations of sustainable buildings.
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TRANSPORTATION
ENGINEERING

BY: DONYA TAVAKOLI

Please introduce yourself Shahab Dabirinejad

Well, | was interested in the fields of management and the related fields to liberal arts, and | had al-
Zahra Pakdaman Shahab Dabirinejad ready noticed that interest in my Bachelor studies. Naturally, the topics we encountered in the Bach-

elor’s course did not satisfy me in these cases. | was looking to follow this direction in my Master’s
Degree to cover this interest of mine. At first, | thought it might be better to switch from engineering

Hello, | am Zahra Pakdaman. | Hello, | am Shahab Dabirinejad. Ph.D. student in Civil Engineering- . . _ _

studied my bachelor's degree | | Transportation Planning major. | have a bachelor's degree in civil in general to liberal arts. Later, based on the consultations | got from some liberal arts professors, |
at Amir Kabir and my mas- | | engineering from the Isfahan University of Technology, a master's realized that the quality of education in engineering fields in Iran is better than liberal arts. | decided
ter's degree at Iran University | | degree in the same field of transportation at the Iran University of to continue my studies in civil engineering. Still, | changed my major and moved away from the majors
of Science & Technology. Science and Technology, and a doctorate in Amirkabir University. more similar to civil engineering courses in the bachelor’'s course. Well, there were several majors

with this feature, including Transportation engineering. | realized from the questions | asked people
i} . . studying in this field that this field could be related to management topics. Depending on the stu-
Why did you choose the transl)ortat'on major? dent’s desire and the don, transportation engineering can lead people to research interdisciplinary
fields. These fields can be similar to liberal arts or management, even medicine or the environment.
Therefore, one of the civil engineering majors that take you into a different space from your bachelor’s
degree and can lead you to study in the interdisciplinary fields, is transportation major.

There was a gap between my bachelor’'s and my master’s degree. In the meantime, | consulted v
with a friend of mine who had made the choice. | was looking for a field that had a promising
future, and with the consultations | did, | realized that the field of transportation (at that time | How did you get accepted into the master’s entrance exam?
entered in 1393(2014)) was just starting to get a clear idea about what the future held and how
much space there was to grow. As much as the students know this field now and understand
what the future holds for them, it was not like this 5 or 6 years ago at all; even students with

lower grades could get accepted. Nowadays that it has come to light (mainly because of high »
apply acceptance), it needs much higher grades.

Zahra Pakdaman
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Zahra Pakdaman: In general, in the master's exam, you can eliminate one or two courses that you think
you're not good at and put your effort into the other courses to get a better grade. As far as | can re-
member, the acceptance konkur rank in my university was between 300 and 600. These years, it is

around 200. As | said before because this major is now very popular, you need better ranks to get ac-
cepted.

Shahab Dabirinejad: Regarding the ranks accepted in this major, | think my konkur rank was between
500 and 600, which led to my admission to Iran University of Science and Technology. But as far as |
know, in in recent years, this major became more popular, and better ranks were accepted. Therefore,
it is a relatively popular major, and it is not so easy to get in.

Please explain your major.

Zahra Pakdaman: If we want to divide this field based on the courses we took in the bachelor’s, there
are two topics. As far as | know, one is traffic, and the other is road and transportation in which traffic
is optional. The main courses we study in master’s are traffic, transportation planning, transportation
demand, transportation systems analysis course, and O.R (operations research). These were our main
courses. Optional courses were traffic safety, maritime transport, rail transport, air transport, statis-
tics, and advanced geometric design. As far as | remember, we had to pass 24 courses in addition to
the dissertation and seminar.

Shahab Dabirinejad: If | want to give a general definition, all planning needed for the movement of cargo
and passengers’ movement in any way that exists can be done by the transportation major. There
are four ways of transportation; land, sea, air, and rail transportation. In all four areas, transportation
engineers can get involved. Of course, part of the issue may be technical issues or may occur in the re-
location planning department. The field of transportation planning tries to be involved in the planning
and policy-making of these movements; for example, when we talk about air transport, naturally, an
engineer does not get into the subject of flying an aircraft or the technical matter of building an aircraft
or repairing one. Instead, they work in air travel planning and how they can optimize travel, increase
the occupancy rate on the plane or, in terms of technical and economic discussions, plan so that the
airlines do not go bankrupt and suffer less financial problems. However, the transportation engineer
can enter these areas; now these can be generalized to the discussion of road transport, intercity
transport, urban transport, rail transport, and sea transport. These areas have a lot of research op-
portunities. We see in Iran, and perhaps in the whole world, that the importance of urban and intercity
land transportation is higher because more people are involved. That is why most courses are focused
on this issue; like traffic engineering, transportation planning, and transportation demand courses.
These are the courses that focus on urban transportation, how we should plan, and how we should
model for a city to accommodate its passengers. If we want to say the most critical crises and urban
needs in Iran, one is the issue of air pollution, and the other is the issue of accidents. In both of which
transportation engineers are practical. Transportation is an interdisciplinary field that can use the tools
of industrial engineers, computer engineers, statistics, and mathematics to achieve its goals. We even
have sections that are entirely about personal issues; issues related to the psychology of individuals,
how many commit violations or accidents.

Explain the job market in your major.

Zahra Pakdaman: The field of work includes traffic, safety, sea, rail, and transportation planning. The
traffic part has, for example, traffic light schedules, highway traffic, and other things. In the field of
safety, it is about accidents that can be intercity or in the city. Now, in the case of accidents, the related
things are the number of deaths and what we can do to reduce them.

Shahab Dabirinejad: Well, people can work in both public and private companies. Those who want to
work in public companies can take positions and work in the municipalities of different cities. They can
hold positions in the Ministry of Roads and Urban Development and the General Directorate of Roads
and Urban Development in other provinces. As far as | know, there is work for this major in the road
organization. In private companies, there are mainly consulting companies, which are mostly concen-
trated in big cities such as Tehran, Isfahan, Mashhad, and Tabriz, although they are more in Tehran.
However, jobs related to this field are mostly found in major cities of the country; traffic and air pollution
are problems related to transportation, and the country’s major transportation decision-making insti-
tutions are in large cities. So in small towns, if one wants to work, it is less likely to get a job. Compared
to working abroad, the situation depends entirely on that country, the person who wants to find a job
there, their abilities, or the standards they have for their own lives. But probably because there is more
economic prosperity in those countries, more projects are defined, and there are more work positions.
But in any case, keep in mind that they can not easily find work in any position because of immigration
conditions. But there are probably more jobs and positions in this field in foreign countries. However, |
do not know if the major’s income can cover the costs of living there with acceptable standards.

How should we apply for foreign universities? How do you

see the future of this major?

Zahra Pakdaman: As | mentioned, many people who are studying in this field just chose this field to be
able to apply; because the application is excellent. There are countries like Canada, Australia, and
Sweden that have a high apply acceptance rate.

For example, structural engineering has had excessive acceptance for years. But still, it’s very much in
its prime because this is a major with an origin. | knew many people who easily got accepted and stud-
ied structural engineering but changed their path to study transportation engineering. They had some
reasons; first of all, the job market is better, and because to become a faculty member, the chances in
structural engineering were lower than transportation engineering. | am glad that | chose this major.

Shahab Dabirinejad: Regarding the first part of your question, | remember when we wanted to choose
this major, the remarkable attention and admission chance in foreign universities was a positive point.
About the future of this major, you have to see what part you are talking about and what is the goal of
the person who wants to study this major for their future. For example, structural major due to building
structures, different universities have been offering this major for about 30-40 years. But transporta-
tion major is not like this.
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Do you like to add anything?

Zahra Pakdaman: The courses of transportation engineering in master’'s are so different from
what we studied in the bachlor’s. Transportation engineering is so similar to industrial engineer-
ing. Now, those who like to choose this major should do some research beforehand, take a look
at their references, and know what their studies are like. Many of the lessons that were math-
ematical do not exist in this major at all. The references are also really specific. Take a moment
to look and get acquainted with it.

,,,,,,,,

Shahab Dabirinejad: The students must do a lot of research on the content of the topics that
they're going to face and try to choose the major that suits their interests. At the same time, they
really have to ask a more fundamental question, like the reason they want to continue studying
after bachelor’s. | think they should have convincing answers for studying for master’s or espe-
cially for doctorate degrees. Therefore, the reason for continuing education and choosing a major
is very important and must happen with full awareness.

| am glad to have done this interview with Amirkabir University students. | hope that what | said
can be used to help the future of the students. You can also write down my email so that if the
students have any questions, they can ask me via email: dabirinejad@aut.ac.ir
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In our world, due to the improvements in engineering branches like chemical engineering,
polymer engineering, and metallurgy engineering, we can produce new building materials.
In respect that these materials are made artificially, they don’t have most of the traditional
materials problems and are more efficient. One of these new materials is polymers. Be-
cause of polymer engineering, now we can use materials that are environment-friendly,
lighter, and have more strength and durability. This article is a review of one of
these materials.

Tendons that play a vital role in prestressed concrete are
widely used in civil infrastructure, buildings,

bridges, wharf, tension leg plat-

forms, pressure ves-
sels, etc.

BY: EMAD RASHIDI
el

Introductionw

Most of the time, rebar and steel wires have severe rustiness, heaviness, and difficulty in
cutting. In recent years Japanese researchers have developed carbon/glass hybrid ther-
moplastic composite rods. The carbon fiber bundle (core) is surrounded by a glass fiber
tubular membrane, which was achieved by adding a glass fiber bundle with a braided
structure (sheath). The thermoplastic epoxy was evenly infiltrated as a matrix. These rods
are known as CABKOMA rods.
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Researchers have created three rods with different carbon/

glass ratios, named 24k1p, 24k2p, and 24k3p. Cabkoma
rods, unlike steel and concrete, have a linear stress-strain
curve. The tensile strength of rods is 1.42Gpa, 1.8Gpa, and

Tensile strength

1.82Gpa, and young’s modulus is 65Gpa, 87Gpa, and 91Gpa.
It can be understood from the upper numbers that 24k1p carbon/glass thermoplastic com-
posite tensile strength is approximately 3.55 stronger than S235 steel.

Materials ratio and
rods density

Volume fractions of carbon fiber, glass
fiber, matrix, and void of the hybrid rods
were estimated using a specific gravity
measurement via ethanol immersion and
thermogravimetric analysis. As the carbon
fiber volume fraction increases in these
rods, the tensile modulus and strength
will increase.

One of the advantages of these rods is
having lighter weight in comparison to
steel wires. CABKOMA 24Kk1p rods density
is 1759kg/m”2, which is 4.5 times lighter
than steel wires with 7850kg/m”"3 den-
sity.

Seismic retrofit with
carbon /glass rods

For seismic retrofit, there are some tradi-
tional ways; one of them is a seismic base
isolator. In this way, buildings are isolated
from the ground. To use this method, the
separation of the foundations must be
considered from the beginning. Another
traditional way is adding bracing and ele-
ments to enhance existing components.
This method disturbs the visual exterior,
increases the dead load of the structure
significantly, and imposes the high cost.
Carbon/glass rods are a new approach for
seismic retrofit.

Compare between
Grade 250 strand wire

with 6.4mm diameter

_ 24k3p rod Grade 250 strand wire
Yield tensile strength 1840 1725
(MPa)
Yl ' I
oung’s modulus o1 )
(GPa)
Densit
ensiy 1698 Approximate 5700
( Kg/m”3)

and Cabkoma rods
24k3p
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CABKOMA rods can be used as a shear wall.
The system can transfer the horizontal forces
from an earthquake and direct them into the
ground, resisting the shaking motion and po-
tentially saving the structure. Using these rods
will add a little dead load to the structure. CAB-
KOKA rods can be installed outside the build-
ings if enough space is existing. On the other

hand, these cables can be used outside the building if there is enough space so that there is no
change in the interior of the building in addition to strengthening the structure against earthquakes.

Another advantage of these cables is their visu-
al beauty. In buildings, it is often tried to cover
the structural elements as much as possible,
but these rods can also be used as architec-
tural elements. These cables can be used for
improving and maintaining historic buildings.
Due to their lightweight, high resistance, stain-
lessness, and ease of installation, these cables
can be easily used in such places.

Due to the newness of these rods’ technology, they have
been used in a few structures. In theory, this technology can

For the first time, carbon/glass rods were used in
Komatsu Matere Fabric Laboratory to resist earth-
quake forces outside the buildings. 160m of this rod
only weighs 12kg. These rods not only have similar
strength as steel, but also they are five times lighter.

be used in many sections of the civil industry. But until CABKOMA rods don’t prove their value, people

won't use it widely. Another reason for not using these, is the shortage of information about CABKOMA

rods.

Another critical issue for implementing this meth-
od is the considerable volume of calculations for
these rods’ design. To design these cables each
cable’s position and angle must be considered
separately, and then the whole structure of the
rods must be examined. Each element must
be analyzed separately using the finite element
method. Seismic forces must also be considered
in any direction to determine the seismic resis-
tance of the rods. Of course, in today's world, all
these calculations are possible thanks to com-
puters.

Conclusion

Dl T ().
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One of the main disadvantages of this method
is the lack of a clear standard for using carbon
fiber-glass cable. In today’s civil engineering
world, where all ordinary buildings are designed
and built according to certain rules and regula-
tions, this problem manifests itself more.

The last problem that we intend to mention in
this article is the lack of sufficient space in most
urban buildings. In most of these buildings, the
design can not use the area outside the building
and should be enough to implement a shear wall
using rods.

Carbon/glass thermoplastic cables have solved many common problems of
rebar and metal wires due to their lightness, higher tensile strength, stainless-
ness, and recyclability. However, they still have a long way to go before they
become a common method for seismic retrofit. There are currently no specific
standards for these rods, and most contractors don’t have enough knowledge
about these rods. Finally, Carbon/glass composite rods can be one of the ef-

ficient ways for seismic retrofitting.
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If you have been following the Daar-
bast, you must remember that we

tried to present the basic concepts
and common applications of BIM
in the first issue. In this article, we
intend to discuss the systematiza-
tion of building information model-
ing (BIM).

WHAT IS BIM7c. >

BY: ENG.CENA ABDOLLAHI

BUILDING
K s §«¢

To begin with, what does it mean to sys-
tematize BIM? If you ask people the ques-
tion, depending on their use of BIM, you
will get different answers such as "it is the
same as cost estimation" or "is not it Re-
vit?", and so on. All such answers may be
true, but they cannot be comprehensive.
BIM has many different inputs and out-
puts, but the real issue is how and where
each of these outputs is used? What pro-
cess do these outputs have to go through
to reach the employer and ultimately lead
to the project execution? What should be
done to coordinate BIM with the contrac-
tor's technical office? These are ques-
tions to which we hope to find answers at
the end of this article.

In terms of the construction industry in gen-
eral and that of the employer's viewpoint,
the most important benefit of BIM is that it
can provide the project with a management
tool which saves time and money and can

execute the project in the best possible way.
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INFORMATION MODELLING

Actually, the construction industry does not
care what software you use and how you use
it. The important issue is how this plan can
be implemented, so the existing article will
pragmatically be developed as well as ex-
ecutively.

Imagine you, as a BIM expert, want to sign a
contract, including what you will implement,
with an employer. It will definitely be a gen-
eral concept just to claim that you will imple-
ment BIM in this project and can possibly be
prosecuted. So you, as an expert, need to
know what BIM outputs you are presenting.
It has frequently been observed that the em-
ployer has had serious issues with the tech-
nical office. The employer claims that the
contract states that you will implement BIM
in the project, so why not implement item X
or Y? So you need to exactly know what fea-
tures of BIM you are going to implement.ll
such issues require us to apply an integrat-
ed system at the beginning of the project so
that we can help the BIM implementation
process in the project. As usual, foreign ex-
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-perts realized the importance earlier and
named it “BIM Execution Plan” or BEP which
you may already have heard. In the follow-
ing, we will discuss the need to use the ex-
ecution plan, identify the scope of work, the
project delivery process and contracts.

O Why to use the BIM

execution plan?

The processes involved in BIM execution
plan ensure appropriate outputs for the de-
sign and execution steps. These processes
should be clarified at the beginning of the
project. As a simple example, you may go
with a different version than the contrac-
tor version. In this case, the contractor will
ask you to give him a suitable output for his
software. Many details might be lost during
this process. For example, you worked with
LOD350 (detailed about LOD in the first is-
sue) but your output is LOD200. Another
point is that during the execution of the
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project, the processes may change for
any reason, such as the wishes of the
employer or the constraint of the con-
tractor, and you should be prepared for
such changes.

Work interactions and the way infor-
mation is exchanged between stake-
holders need to be optimized. This
means that the project manager
must be able to understand the rel-
evance and collaboration of each
part of BIM and make good plan-

ning to optimize it.
@ BIM Uses

BIM Uses must first be clearly
presented to the employer. In
fact, it’s like you put your menu
in front of the employer and he
has to decide what to do with
the project.
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Four-dimensional Modeling
and Planning

This topic was discussed in de-
tail in the previous issue, and if
necessary, you can refer to the
first issue. In short, the fourth di-
mension is to include time in the

14. Construction-site Equipment planning
15. 3D planning and control (digital

16. Digital Building (Prefabrication)

18. Preparation of Exploiting Model

19. Preparation of Maintenance Program
20. Analysis of Structural Systems

22. Management and Monitoring Spaces

24. Use of Virtual Reality and Augmented

O yae g ige sASEIS ale pasl f;?ﬁ s auyt
S
& s which can be taken regarding BIM:
€
e
o
<
™ Modeling Existing Conditions
é This is often carried out in the
= middle of a project. For example,
the structure of a project has
been built and now the consulting
engineering company is changing
and you should be able to imple-
ment your model through survey- oroject
ing the existing structure. '
Modeling Existing Conditions
For example, the employer may decide to use the Top Down method for construction.
Designing a path for the excavator to pass through or the length of the excavator handle
to avoid getting stuck may seem funny, but you should know that in most projects this
has led to several major problems for the contractor and the employer. Or we can point
out the famous Taipei Tower, in which planning for the construction and installation of
a heavy ball in the middle of the structure (see the first issue for more information) re-
quires analysis of the construction-site development.
4. Cost Estimation
5. Identify the Use of Spaces
6. Three-dimensional Design and positioning)
Modeling
° 7. Design Review 17. Designing Building Systems
8. Energy Analysis (Virtual Building)
9. Structural Analysis
10. Engineering analyzes (light and
vision, structure, energy, etc.)
11. Sustainable Development Analysis  21. Finance Management
12. Adjusting regulations and
standards 23. Crisis Management
13. Three-dimensional synchronization
(finding and resolving interference) Reality Technologies
00 000 0000000000000 000OCOCGOCGOGNOGINONOEONOINONOIONOIONYP
The 24 steps can be conducted, but do we need to implement them all in one project or not?
One of the approaches is to know more practical cases and gain expertise in that field. The
Page following chart shows the repetition of demand and the benefit of using each item.
84
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Within the diagram we can observe that the
most advantage and benefit has been cre-

lief about BIM, which says it is more like a
three-dimensional modeling

According to the above, one of the ap-
proaches to provide BIM services can be a
case presentation appropriate to the project
phase. If we divide the project into the fol-
lowing four phases:

o Planning

@ Construction

e Design

e Exploitation

0% Frequency and Benefit
ated by 3D modeling. Now we may under- | %
stand better the reason for the popular be- | s0%

@ Frequency 1.6

m Benefit

S «*"a’;f 2, ‘,{g‘ f,s*’,*'; :f’,f ‘ﬁ"r o e“‘
e \* o e e
e ~.e<> S é‘e“**"
[ & & ¢ o & &
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Comparison of demand for use and benefit from BIM,
Kreider et al. (2010)

We do not need to cover all the issues in all phases. For example, modeling existing conditions
should be done in all stages, but four-dimensional planning does not need to be conducted in the
fourth phase. Or design modeling is done only in the second phase. Of course, these cases can be
modified a little with the opinion of the engineer.

BIM Uses by Project Phase

Plan Design Construct Operate

anning
@ ion System Design
Digital Fabrication )
(D Control and Planning )
RecordModeling )

The chart on the left shows the Penn State Uni-
versity Executive Plan, which is highly accepted
by BIM users.

Another point that must be observed in the im-
plementation of cases is adherence to the mini-
mum level of development (LOD) at each stage.
For example, modeling the conditions in the first
phase with LOD200 in the second phase with
LOD300 and in the third phase with LOD400.
This can also be slightly changed according to
the codes and regulations.

he most important demands of the employer >

Of the above, five are usually the demands of all
employers:

1. Three-dimensional design and modeling

2. Modeling the existing conditions

3. Cost Estimation
4. Four-dimensional modeling and planning

5. Three-dimensional synchronization

Now we need to know how to carry out the above-
cited issues and deliver them to the employer:

1. Revit

2. Revit (Of course, photogrammetry and
laser scanners and even typical surveyors in
small projects can deliver two-dimensional
maps.)

3. Revit Scheduling
4. Navisworks and SYNCHRO

5. Navisworks
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As you can see Revit software is approximately the most widely used software for build-
ing information modeling. Such software usually cost about 16,000$ abroad. Due to non-
compliance with copyright law, you can download this software for free. As a result, the
initial cost of implementing BIM in Iran is greatly reduced. Case studies conducted in the
United States show that BIM saves about 36 percent, which could be even higher, given
the point made in Iran. Of course, another point about our country is the inability of ex-
perts to justify managers. For example, you argue that implementing these few will save
you up to 20 percent of your money. The employer easily says that the annual increase in
the price of land for this project is about 100%! This is one of the reasons for the lack of
proper expansion of BIM in Iran.

Note that the role of BIM coordinator is entrusted to people with information management
capabilities, familiar with the implementation of BIM applications and with high experience in
technical issues and BIM modeling. The BIM Coordinator works under the supervision of the
BIM manager. Another important point that should be considered in selecting these people is
that the person must be proficient in design in order to be able to take the design flaws.

0 JT] {(-X-ABIM technicians are responsible for performing software and technical
work in each of the BIM applica-
tions. These people work under
the supervision of departments in-

Integrating and ana- ¢ Preparing a four-dimen-
lyzing the model to sional model

\\ BIM Executive Structure

(Responsibilities and Duties) W 1. BIM 2. BIM
Manager Coordinator
In general, in different projects, 4 main tasks in
the field of BIM are defined. In the following, we
will describe each of the responsibilities.
3. BIM 4. BIM
Technician Modeler

The BIM manager is responsible for the
building information modeling process

in the project. Duties

Determining BIM applications according to ¢ Developing procedures and standards to meet
project objectives and client requirements the needs of BIM processes in the project

Control the progress and monitor the imple-
mentation of BIM processes

Adjusting contract clauses related to BIM
processes

Preparation and adjustment of BIM execu- ¢ BIM project manager must be a person with
tive plan in the project project management knowledge and familiar
with project implementation using BIM. The
project BIM manager works under the supervi-
sion of the project manager.

It should be noted that the BIM manager should know all the BIM software but not specifically
involved in any. That is to say a manager should know what is going on in each department but
won’t interfere.

Determining the role and responsibilities re-
lated to BIM processes in the project

First of all, we must say that in Iran, the BIM coordinator is usually also a modeller and technician.
So in Iran, these responsibilities cannot be specifically separated.The BIM coordinator is respon-
sible for coordinating the specific structural aspects of BIM at the systematic and

Duties technical level and is a kind of project information manager.

Completing the required information of the mod-
els in accordance with the standards of the orga-
nization and the project

The project template model approval

Integration of models

Creating coordination between modelers in dif-
ferent departments

Quality control of models and their infor-
mation based on the needs of selected
BIM applications

Management of information sharing environment
for various BIM processes and applications

find interference

Cost Estimation

Light and energy analysis
Etc

volved in implementing each BIM
application as well as under the
BIM project manager.

three-dimensional one.

be noted that these roles in different de-
partments can be integrated or enhanced
depending on the project.

@ Project Delivery

No matter how strong the consulting
engineer is in delivering the project and
considering all the issues, discussions
about execution take place and the con-
tractor does not completely agree and
does not go under some obligations, es-
pecially when delivering the project to
the contractor. Therefore, the contractor
had better get involved in the processes
from the beginning. This is the basis of
IPD formation.

@ What is IPD?

Integrated Project Delivery means the
integration of systems, structures, and
practices at the beginning of a project
to share the talents and attitudes of all
members involved in the project to opti-
mize project results. The benefits of this
type of contract can be summarized as
follows:

BIM Modelers are people who produce or edit a three-dimensional BIM
model. In fact, they can read a two-dimensional map and turn it into a

These are engineers who have the required skills
and experience to work with sophisticated build-
ing information modeling software. The modelers
work under the supervision of the head of each
BIM design department and coordinator. It should

* Preparing or editing models and add-
ing information in different fields (ar-

chitecture, structures and facilities)

For employers:

Early and unrestricted sharing of project
information

Facilitate communication
Choose the best option

Increasing the level of knowledge of other
members towards the demands of the
employer

For contractors:

* Using skills and experience in the design
phase

Timely and informed understanding of
the design process

Predicting and solving design issues

Illustration of the construction process

For designers:

* Using the experience of contractors in the
design phase

Accurate and exact estimation of time
and budget

Reducing revisions in plans
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Implementing this type of project delivery
will certainly reduce the differences and
cause a lot of savings, but to what extent
it has been implemented, we must say that
it has not been used in any project in Iran!
The cause can be summarized in two cases:

@ The formalities of official assigning of
the projects (which usually involves
large projects) are usually by tender, and
it is necessary to hold a tender without
knowing which contractor will win the
tender.

@ In many projects, the employer and the
contractor benefit from the flaws! We
leave it to the reader to think about this!

It should be mentioned that in many
developed countries, such as the United
States, there are still no strong rules to
support IPD.

The most important advantage of using
IPD can be considered the shift of proj-
ect peak from execution to design phase.
This is important because change is much
easier in the design phase than in the ex-
ecution phase because nothing has been
built yet. Of course, we must also mention
the disadvantages of this method, which in
Iran can be considered mostly due to the
lack of the required software infrastructure.
Other leading disadvantages and concerns
include:

@ High expectations in this method and
lack of proper knowledge

@ Scveral Time-consuming sessions

@ How to allocate risk and insurance doc-
uments

@ Lack of infrastructure development in
this method like other issues in BIM (it
should be noted that IPD is not a sub-
branch of BIM or vice versa)

@ Lack of identical contracts, qualifica-

tion regulations and description of ser-
vices of the parties

@ The problem of determining the target
cost

@ Lack of organizational culture of using
this method

@ Uncertain organizational structure and
related management processes

Now we want to compare IPD with three

*DBB

Staircase form

Consulting engineer

Maximum Interference

Contract & work done

Assigned to employer

High

High possibility

*Design Bid Build

Excellent

Friendly business exchange

Shared among stakeholders
Likely

*Design Build

*CM@Risk
Low possibility
Long & exhausting

Long & exhausting

High

Criterion

Outsourcing

Design Phase

Employer Interference

Salary

Risk

Bureaucracy

Duplication : Making Replica

Criterion

Designer-Contractor Interaction

Stakeholders-Employer Relation

Risk

Budget Changing

Criterion

Budget Changing
Synchronizing Process

Decision Making

Requirement For Information

(RFD)

*Construction Manager at Risk

IPD

All in the beginning

Designer cooperating with

contractor

Initial cooperation & resolving

differences

Value added to the project

Shared among stakeholders

Low

Low possibility

Excellent

Contractor vs employer

Assigned to contractor

Low possibility

Likely
Not time-bounded
Efficient & focused

Low
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Finally, with all the issues raised, you
must have realized more and more
the importance of issues such as
BIM, BEP, IPD, etc., and we tried to
identify the advantages and disad-
vantages of these methods in a de-
sirable way. We specified how and by
whom each BIM item is performed
from the beginning to the end. In the
next issues, we will introduce you

5 to Project Management Information
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IMPACT OF CONSTRUCTION
INDUSTRY ON THE TOURISM

BY: ALI IRANPOUR
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I Tourism infrastructure is the basis of tourism develop-\ .-

" | ment and the use of destination resources. This infra- |*

"1 structure also includes many services needed to meet |-

‘tourists’ needs and increase their satisfaction. The [~ 4

| tourist destination develops in a specific areaandata [~ = &8 ~ LU R s

= particular time, which directly and indirectly affectsthe -~ . . & | = S R - P e
_tourism infrastructure and tourist number. Generally, = A HE - e

-4 tourism infrastructure can be considered as physical et

elements whose main purpose is to entertain visitors. | ;

Some theorists believe that infrastructure is a distinct | 4=

and different matter from the country's board of direc-;
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| tors. In a way, with a good approximation, these infra- |
' structures come from the heart of society. Others define
a new concept known as superstructures. These super-
structures are influenced by the infrastructure.
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They believe that infrastructure
includes sidelong facilities, such
as equipment, systems, and more
generally, the resources needed
to operate any tourist destination.
Infrastructures, such as roads,

railways, airports, and others,
make the tourist destination ac-
cessible. Also, health systems,
social services, and other utilities
are part of the infrastructure. With
the construction based on these
infrastructures, superstructures
are created only to exist because
of tourism activities. Their goal is
to satisfy the wishes and desires
of tourists. These include restau-
rants, sports destinations, camp-
ing sites, etc.

In general, infrastructures are di-
vided into three categories; these
categories are interrelated and
include common provincial (state)
sections. Such as shops and ser-
vice centers that are both tourist
destinations and so-called selling
tourism products.

Social infrastructure: including
buildings related to tourist activi-
ties such as hotels, restaurants,
galleries, and stadiums.

Environmental infrastructure:
such as forest parks and natural
resources.

Transportation Infrastructure:
Making destinations available to
local and international markets,

including roads, airports, and rail-
ways.

As mentioned, the infrastructure
related to the tourism sector in-
cludes several cases, some of
which exist naturally, and others
are created artificially. It can be
said that in this section, all or at
least some of the cases are in the
field of civil engineering.

It should be noted that all these
infrastructures should be based
on the principles of sustainable
development so that its negative
effects do not exceed its positive
impacts and also be suitable for
long-term planning. For example,
in transport infrastructure devel-

opment, the most critical issue is
managing carbon dioxide emis-
sions at different stages. Environ-
mental problems should be mini-
mized by choosing the right place
to build tourist accommodations,
using proper management prac-
tices and strategic planning in the
field of water, new technologies,
food, and waste management.

If the view of tourism is not com-
prehensive and forward-looking,
in the not-too-distant future, the
devastating environmental effects
of social gatherings will incur con-
siderable and irreparable costs for
countries.

But on the other hand, all the

the countries of the current tourism hub of the world
have reached this level with investments of several
hundred million dollars. Still, it can be said with prop-
er planning of any region in the world with any finan-
cial budget; It can become an economic hub for tourism.
For example, what do you think can be done with the cor-
ridors under a football stadium? Corridors that are empty
spaces under the stadium platforms and seem unusable?
At a low cost, a museum of the club living in that sta-
dium can be set up by building necessary facilities such
as toilets, food stalls, surrounding decorations, etc.
An example is the Camp Nou, owned by the Barcelona
Football Club. It is interesting to know that 1.5 million peo-
ple visit the Camp Nou Museum every year, and the ticket
price for adults is set at 28 Euros. That means about 40
million euros a year of income for a club out of nothing!
The infrastructure’s construction site is also critical.
In general, the purpose of creating such infrastruc-
tures is the prosperity of the tourism industry and con-
sequently, the prosperity of the economy and ultimate-
ly help the living conditions of the people of the region.
Now, this infrastructure must be created in such a way
that the people of that area can also access it. For exam-
ple, if you build a hotel in the Lut Desert area, apart from
the fact that no tourists will stay there, no skilled chefs will
be willing to work there; So the area must be available.
It should also be at a safe distance from areas where a
country’s national monuments and reserves are located
so that it is very improbable that if there is a problem in
the field of waste management or food for that infrastruc-
ture, it wouldn’t penetrate the national reserves and cause
their deterioration. This means that no hotels should be
built within 10 km of an international place like Persepolis.
If we want to check a correct interior example, we can
name the Iran Mall Hotel complex located in the 22nd dis-
trict of Tehran. A hotel that is reasonably accessible to
both people and tourists through the Kharazi Highway. It is
close to a tourist attraction of the city, namely Chitgar Lake,
and it is not far from national and historical monuments.
But the distance of this hotel from the dominant eco-
system of Tehran does not seem to be a positive point.
After all, until we make a comparison, we can not
get a comprehensive and accurate understand-
ing of what exactly tourism development means.
As a successful regional example, according to statis-
tics published by the Turkish Ministry of Culture and Tour-
ism, more than 45 million people visited Turkey in 2019,
which shows that Turkey is indeed an essential but new
tourism hub; Turkey is regaining its prestige in the world.
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If we consider the same statistic
about France as a classic tourism
hub, the number will exceed 90
million. If we examine the same
statistics in Iran during the same
period, the situation is entirely
different.

According to the statistics pub-
lished in 2019, the number of
foreign visitors in Iran, with a 41%
growth, hardly reaches 9 million
people. This growth is not due to
domestic investment and tourism
development, but due to the un-
precedented devaluation of the
national currency in Iran, which
has made Iran a very cheap and
economical destination.

By removing France from the
equations, and focusing the de-
bate on Iran and Turkey, two
countries with almost similar
backgrounds and close societies,
we will achieve more tangible re-
sults.

Well, first of all, suppose you are
a traveler who intends to go to
one of these two destinations. If
you travel to Iran, you will come
to Tehran, and if you go to Turkey,
Istanbul will be your destination.
The first infrastructure you deal

with is the way you want to get
there.

If you choose Turkey, you are
dealing with Turkish Airlines,
which flies to more than 280 lo-
cations around the world, and its
fleet list consists of more than
330 wide-body or short-haul air-
craft. In contrast, Iran’s air fleet
has at best about 200 ready-to-
fly aircraft that fly to limited desti-
nations around the world.

The new Istanbul Airport, which
opened in April 2019, is capable
of handling more than 150 mil-
lion passengers a year in its initial
phase. In front of that, Tehran’s
Imam Khomeini Airport, whose
flight capacity has now reached
about 9 million people a year
with the opening of the Salam
terminal.

It is worth mentioning that the
third terminal of Imam Khomeini
Airport called Iranshahr, which
is currently under study, will in-
crease the capacity of Imam Kho-
meini Airport by 20 million peo-
ple to 30 million per year after its
opening.

Now suppose you have traveled
to one of these two cities and you

7 B

According to the statistics pub-
lished in March 2019, Istanbul
has about 72,000 rooms in its
hotels, ready to serve. Of this
number, about 30% of the capac-
ity is related to a 5-star hotel. On
the other hand, there are about
135 accommodation units in Teh-
ran, but there are no exact and
official statistics on the number
of available rooms, but with an
optimistic estimate, we can say
that Tehran has about 25,000
accommodation units, of which,
only 9 units with 5-star facilities.
In the next step, imagine that you
are accommodated in Tehran or
Istanbul. If you are a tourist, the
subway is the most attractive
means of transportation in the
city.

Fast access, low price as well as
high transfer speed are the fac-
tors that make the metro and
transportation in crowded and
touristy cities smooth and pop-
ular. But in Tehran, the metro
may be years away from reach-
ing a position that achieves
two characteristics: fast ac-
cess and high transfer speed.

=S e
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It can be said that in the northwestern
areas of Tehran there is no such thing
as a metro. In busy places such as
Saadatabad, Shahrak-e Gharb, Marz-
daran, subway workshops have been
known for years, but they have either
been abandoned or their ground sta-
tions have been completed at a ridicu-
lously slow speed, and now there is ho
noticeable activity in it.

In all these areas, in the last one or
two years, only one station has been
opened in Sanat Square, from which
a train departs every 12 minutes, and
it does not stop at half of the stations
within its line due to incomplete sta-
tions. Of course, if a train is supposed
to arrive every 12 minutes, it will no
longer be called a subway!

It is interesting to know that one of the
only nine 5-star accommodation units
in Tehran, Espinas Palace Hotel, is
more than 5 km away from the nearest
metro station in Sanat Square! This
means that a tourist has a 1-hour walk
to reach the metro station. But it can be
said that such a thing is not acceptable
in a tourist city. With a numerical com-
parison between Tehran and Istanbul
metro, we will notice the differences.
It is worth mentioning that despite all
the efforts that have been made to de-

spite all the efforts that have been made to develop the metro in
Tehran and its suburbs, still in comparison, Tehran Metro is far
from a first-class city.

Istanbul currently has about 235 km of metro lines, which, ac-
cording to Istanbul metro officials, aim to reach 1,100 km of metro
lines.

But in Tehran, if we omit the Tehran metro heading to Karaj and
Imam Khomeini airport, which is considered out of the city, it is
about 150 km of Tehran metro lines.

According to official statistics, Tehran Metro has about 216 trains
that supply about 1500 subway cars. The same statistic for the Is-
tanbul metro is about 650 trains. According to the mayor of Tehran,
Mr. Hanachi, this statistic is a little more than half of the wagons
needed by the Tehran metro to complete the service to citizens.
Meanwhile, according to the mayor of Tehran, the budget required
for the completion and equipment of Tehran metro lines is 25
thousand billion tomans, which in the current situation seems im-
possible to provide.

However, the development of urban tourism is not only dependent
on the metro and other infrastructures such as buses, taxis, etc.
are also needed, and according to official statistics, Tehran’s taxi
and bus lines also need 11,000 billion tomans to reach accept-
able conditions. But the metro has been considered as a manifes-
tation of the general policies of tourism development.

Although the tourism infrastructure of the tourism sector includes
countless cases, what we said in this text was only a brief defini-
tion and a brief comparison of the whole story.

Tourism development requires spending a lot of money and proper
planning as well as patience!

Factors that we believe can make our beautiful Iran one of the
main tourist destinations in the world.
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Hybrid
Structures

BY: KIYANOOSH
KADKHODAIE

The usage of new and alter-
native materials has been
considered since the begin-
ning of human history on this planet.
After living in a tree, cave, and summer
and winter life for a while, a man de-
cides to be sedentary and starts build-
ing a house. Wood is one of Europe’s first build-
ing materials due to the abundance of forest
and wood resources. The simplicity of work with
wood, availability, good strength, and beautiful
appearance is why people turned to wooden
houses. Over time, by the end of the Great
Famine and the Black Death in 1350 AD, the
world's population began to increase dramati-
cally, so that with the improvement of global
health in the early 20th century, the population
quadrupled, and today about 8 billion people
live on this planet. This population growth has
caused many environmental problems and
forced humans to change their behavior. Wide-
spread use of concrete in the construction
industry has increased the amount of CO2 in
the atmosphere; since it's a greenhouse gas,
increasing the consumption of concrete causes
global warming. As mentioned in the previous
issue of the Daarbast, it's almost impossible
to find a material that replaces concrete that
has some useful properties of it; because the
main elements of concrete are O, Si, Al, Fe,
Ca, which are 98% of the Earth's crust. But if
a material can be used in combination or in
some cases, a complete alternative to con-
crete, by reducing concrete consumption, the
world can be led to sustainable development.
From ancient times until now, wood is a mate-
rial that has been used in various parts of a
house. The usage of wood as a structure of a
building has been common in the past; even

today, it is usual in some
countries with significant
forest resources. But the use of
wood as the main member of struc-
ture in tall buildings has been highly
regarded recently, for instance, a ho-
tel called Wood was built in Norway with a height
of 85meters. This structure indicates that wood
has sufficient strength, which can be used for tall
buildings. Of course, another problem with wood-
en structures is the weakness of these structures
against fire. In the following text, the Hybrid struc-
tures will be examined (wood and concrete or
wood and steel), CLT, and Glulam.

First, we need to get acquainted
with these terms.

Hybrid structures

Hybrid structures are generally called struc-
tures in which the main factor of resistance
is at least two factors, such as wood and
concrete, wood and steel, etc.

Cross-laminated timber, which means pan-
els obtained by gluing wood beams under
special conditions and are used in walls
and ceilings.

Glued laminated timber, which can be
mistaken for CLT, except that it is used for
beams and columns.

The construction industry has always been one
of the main factors in the production of green-
house gases and global warming; in a way that
up to 40% of greenhouse gases produced in
some industrialized countries are due to con-
struction (including the necessary energy for
construction or operational carbon).

Concrete is a highly demanded material in the
construction industry and the most widely used
(human-made) material in the world. Cement
production, which reached 4.2billion tons in
2016, is the largest source of Carbon dioxide
(which is not related to energy production). Re-
searchers have looked at alternative materials
such as fly ash, slag, and silica fume, known
as Pozzolans, to reduce cement consumption.
On the other hand, the replacement of concrete
as the main material with wood has been stud-
ied. The results indicate that wooden structures
usually release less CO2 in the atmosphere
(compared to concrete or steel structures).

CLT is a type of lightweight wood panel obtained
by gluing timber to form several layers. The re-
sulting product has more isotropic properties
than conventional timber. Also, it has good di-
mensional stability, hardness, and resistance.
Having these features has made CLT used as
interior walls, roof, and insulation and as a
structural member. The lightness of the wood-
en structural elements reduces the stresses
caused by seismic forces. However, the wood
weakness against fire has always been one of
the most important reasons for not using it as a
building skeleton. CLT and Glulam have accept-
able fire resistance. This resistance is achieved
by adding layers to the wood acquired by car-
bonizing (semi-burning) them. On the other
hand, wood can be fixed in gypsum boards and
panels to have better fire resistance.

To study the environmental effects of using CLT
as a construction material, the LCA method (life
cycle assessment) must be studied. LCA ap-
proach not only provides an accounting for the
embodied carbon in the building, but it includes
other environmental impact categories; such as
stratospheric ozone depletion, eutrophication
potential (the state of nutrient levels, Nitrogen,
and Phosphorus, in a source of fresh water, is
significantly increased and causes an imbal-
ance in water quality; e.g., algae overgrowth
and oxygen depletion), acidification potential,
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and the potential for tropospheric ozone for-
mation. This method is a globally accepted
solution used to investigate the environmental
effects of using a new substance or method in
a process. But to study and compare two types
of structures (concrete and wood), it is neces-
sary to pay a lot of attention to all the stages of
construction and transfer. The reason for this
is a topic that can be studied under the name
of hidden effects. The question that comes
to mind at this point is, “Is the environmental
cost caused by felling trees and using them in
the construction industry lower than the use of
concrete or steel?”

The purpose of this article is only to present
a state of the art report conducted on the ef-
fects of using wood as a structural member
and compare this type of structure with its
concrete type. Time and the revelation of hid-
den effects (effects that have not yet been
considered) of using a particular substance
can change the results. At this point, the need
for environmental engineers becomes clear.
Analysis and study on the environmental ef-
fects created wood the usage as a structural
member will lead to significant results.
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The purpose of this article is only to present a state of the art report conducted on the effects of
using wood as a structural member and compare this type of structure with its concrete type. Time
and the revelation of hidden effects (effects that have not yet been considered) of using a particu-
lar substance can change the results. At this point, the need for environmental engineers becomes
clear. Analysis and study on the environmental effects created wood the usage as a structural
member will lead to significant results.

7:_5 2.Transport to manufacurer

Transporting raw materials to the fac-
tory costs a considerable amount in
developed countries.

3.Manufacturing

In addition to energy, the production
process of a product requires other ma-
terials (except the main material). For exam-

ple , at this stage, the timber is converted into
CLT or glulam panels, which does not consume
much energy. But in the case of steel, the pro-
cess of converting iron ore to beam and other
steel elements requires considerable energy.
The process of producing and preparing
concrete requires less energy than steel,
although making concrete requires
significant water.

1. Raw material supply

Extracting raw materials from na-
ture generally requires consider-
able energy, in addition to be-
ing harmful to nature.

g_:—z

4. Transport to
construction site

5.Construction

installation

The manufacturing process, time Transfer of materials
and energy required for different from the fa(_:tory. to
materials are different. Also, the the construction site.

manpower required for structures is
somewhat different, all of these
factors can have a significant
impact on costs, time, qual-
ity and energy used.

Raw
material

It is clear that the process includes the five steps mentioned. Therefore, according to the project
conditions such as location, application, number of floors, and weather conditions, it can be de-
cided what materials are optimal to use. For instance, the use of wood in countries with limited
forest resources, given that the import of wood from other countries and being uneconomical also
involves a longer transportation process; thus, it is not a viable option not only environmentally
but also economically.

4000

3500

3000

2500

2000 Concrete
mCLT
1500 m Glulam

1000

500

Hybrid CLT building with
fireproofing

Hybrid CLT building with
charring design

Concrete building

Comparison of the amount of materials used in different
structures. (Units are in Cubic Meters). Adapted from Piero-
bon Et al (2019)

1000000

100000

10000

1000 m Steel

M Rebar
100

Hybrid CLT building with
fireproofing

Hybrid CLT building with
charring design

Concrete building

Comparison of the amount of materials used in other structures.
(Units are in Kilograms). Adapted from Pierobon Et al (2019)
The scale of the diagram is logarithmic, but it is necessary to
know that the rebar consumption in the case of the concrete
structure is about eight times of the hybrid structure.

Dl T ().

A
O pas utign 0AKLES ale cpannil w

Py

Global warming and

Global warming and ozone depletion are the
most significant problems of air pollution that
threaten the planet and its creatures. The de-
struction of the ozone layer causes the UV rays
emitted from the sun to reach the earth's sur-
face, and this will have harmful consequences.
Global warming, global climate change or the
greenhouse effect is another problem of air pol-
lution caused by overproduction of gases such
as CO2 and water vapor.

J

The issue of global warming and\
ozone layer depletion will be dis-
cussed in detail in future ssues
of Daarbast. But at this stage it is
necessary to know that the study of
environmental effects of a process,
method or material includes its ef-
fect on global warming. This is called
\GWP(gIobaI warming potential). Ve

The results of all-inclusive LCA studies show a
26.5% reduction in GWP in hybrid structures
compared to concrete structures. But in terms
of their effect on ozone depletion, the differ-
ence between the two types of the structure was
less than 2%. The amount of CO2 released per
square meter of buildings with hybrid structures
(CLT) is about 332 kg of carbon dioxide. This
number is equal to 450 kilograms for a concrete
building. The final LCA results are summarized
in the table.

Impact category Unit Reinforced ‘ Hybrid CLT Hybrid CLT
| concrete building building, with building, with
i ‘ fireproofing charring
Ozone depletion kg CFC-11 eq 1.31E-05 9.87E-06 9.88E-06
Global warming kg CO2 eq 450.36 333.52 327.53
Smog kg O3 eq 37.06 38.31 35.22
Acidification kg SO2 eq 2.1 2.04 1.94
Eutrophication kg N eq 0.46 0.33 0.32
Total Primary Ml 4645.08 4574.53 4925.99
Energy
Nonrenewable, MJ 3746.99 3453.22 3418.93
fossil
Nonrenewable, MJ 772.93 447.21 465.73
nuclear
Renewable Ml 125.16 674.09 1041.34

Adapted from Pierobon Et al (2019)
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Eutrophication
M Reinforced concrete building W Hybrid CLT building, with fireproofing

B Hybrid CLT building, with charring

Comparison of the effects of each of the types of struc-
tures. Adapted from Pierobon Et al (2019)

Eutrophication is the response of an ecosystem
toan overgrowth of natural or synthetic materials
in an aquatic environment. These substances can
be in the place of nutrients for organisms such
as hominids or chemicals such as nitrateor phos-
phate that have entered the water through chemi-

cal fertilizers or effluents.

According to what was said, it can be conclud-
ed that wooden or Hybrid structures (wood and
concrete) are about 26% less effective in global
warming than concrete structures. Another ef-
fect of replacing concrete structures with Hybrid
structures is a 30% reduction in eutrophication

potential. Of course, it should be noted that
investigating the impact of selection and re-
placement of building materials depends on
several factors. In this article, studies have
been performed on two conventional and hy-
brid structures under the same conditions:
circumstances change. To illustrate, if two
structures are studied at another point on the
ground, different results are obtained. In coun-
tries with less access to forest resources due
to geographical location and climate or there
is no suitable wood for structural use, the price
of wood will be high since it must be procured
from abroad. However, suppose the concrete
cost is relatively low due to its access to rock
and soil resources. In that case, the implemen-
tation of wooden structures in such conditions
is not economically viable but may also have
more devastating environmental consequenc-
es. In general, concluding that one of the two
or three types of structures is better than
the others is not the right conclusion, which
means choosing the type of structure that is
environmentally and economically best for dif-
ferent projects in different conditions. They will
be different from each other.

suggestion

The selection of wood as a load-bearing
member in the building has advantages
and disadvantages, the most important of
which is the lack of forest resources and
their importance to the planet. Improper
use of forest resources will cause many
problems, so providing methods to use
wood waste and convert it to Glulam or CLT
can have practical results.
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studies, urban drainage, flow forecasting, res-
HEC-HMS ervoir spillway design, flood damage reduction,

SOFTWARES: floodplain regulation, and systems operation.

The Hydrologic Modeling System (HEC-HMS) is

designed to simulate the complete hydrologic HEC-RAS
processes of dendritic watershed systems.

LN -0
HEC-HMS is a product of the Hydrological En-

A gineering center within the U.S Army Corps of HEC-RAS iS? computer program that models
] N Engineering. The software includes many tra- the hydraulics of water flow through natural
— - : . rivers and other channels. The Hydrologic

ditional hydrologic analysis procedures such :

: as event infiltration, unit hydrographs, and hy- Engineering Center (HEC) in Davis, Califor-
HEC-RAS
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. . nia, developed the River Analysis System
drologic routing. The software features a com- . . : .
i ) i , (RAS) to aid hydraulic engineers in channel
‘ pletely integrated work environment including

o . flow analysis and floodplain determination.
a database, data entry utilities, computation However, Users may find numerical instabil-

engine, and results reporting tools. A graphi- ity problems during unsteady analyses, es-
BY: NIKOU KHOSHNEVIS ASL M | cal user interface allows seamless user move- pecially in steep and/or highly dynamic riv-
J ment between the different parts of the soft- ers and streams. It is often possible to use
ware. HEC-RAS to overcome instability issues on
ties from CAD, GIS, databases, and unlimited Simulation results are stored in HEC-DSS (Data river problems.
WATERCAD undo and redo the layout. Storage System). They can be used in conjunc-
When modeling from within MicroStation or Au- tion with other software for water availability

WaterCAD is an easy-to-use hydraulic and wa-  toCAD, users can build and layout models with
ter quality modeling application for water dis-  engineering precision within an environment
tribution systems. Utilities, municipalities, and  they may already be comfortable with. Water-

engineering firms trust WaterCAD as a reliable, CAD can open WaterGEMS® and HAMMER®
resource-saving, decision-support application models seamlessly, including those created i N SO
for their water infrastructure. From fire flow and  within ArcGIS. L e
constituent concentration analyses_to energy WaterCAD helps you improve design produc- Ty e mmﬁ&{_%lgﬁ e |
cost management and pump modeling, Water- tivity with: e A . - .
CAD helps engineers and utilities analyze, de- ' s =5 e el | S
sign, and optimize water distribution systems. e Streamlined model building: Leverage and e R e 1~
WaterCAD takes advantage of Bentley CON- import virtually any external data format to ,..:‘éji':““:"’::m”f;ﬂ £ - T {2 -‘ e ¢
NECT services by associating a hydraulic model ~ jumpstart the model accurately, easily allo- il e e
with a CONNECT project. cate water demands, and automate terrain %ﬁﬁﬁl@ﬁ e -
Out of the box, WaterCAD users can employ this extraction and node allocation. Wﬁ i1 A 2 4
product as a stand-alone application or work e Organized assessment of alternatives: As- ek -
from within MicroStation®. At the same time, sess and compare an unlimited number of :"”&”"f‘ S Jaf | . i ¢
an additional integration option lets them mod- physical, design, water demand, network to- i 8 Fie 0| i §
el from within AutoCAD. Regardless of the plat-  pology, and operational scenarios. Ui & cnemefet e R e 1
form used, WaterCAD maintains a single set of e CAD interoperability: Model in a familiar mmm"‘i’:ﬁ G O
modeling files for true interoperability across platform, leveraging CAD tools, and shortcuts : =S e _ EE i o
platforms. when using OpenFlows WaterCAD from Mi- i T = '
The stand-alone interface offers unparalleled croStation or AutoCAD. You can also choose
versatility with easy-to-use model layout tools, to use OpenFlows WaterCAD as a stand-alone

Page multiple background support, conversion utilit- application for additional flexibility. Page
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