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RTSBA CA T 

ehT  noitavitom  ot  poleved  cimsies  tnatsiser  serutcurts  smets  fr mo  the laitnatsbus  
cimonoce  sessol  taht  can eb  esuac d by ae rthquake .egamad  enO  dohtem  fo  iveihca n  g  

cimsies  ycneiliser  is ot  ngised  bu gnidli s ac p elba  of ser i gnits  laretal  e tra hquake  ,sdaol  
gnitapissid  ,ygrene  dna  gniziminim  acifingis nt larutcurts  .egamad  nI  siht  yduts  a luger ar 

,net  evlewt  dna  neetxis  yrots  htiw  ruof  yab  sgnidliub  era  dengised  rof  gr ytiva  sdaol  an  d  
dezylana  rof  cimsies  daol  .sesac  ehT  sgnicarb  evah  neeb  id detubirts  ta  the elddim  and 
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laretal  sdaol  neewteb  ,sgnicarb  ti  saw  t deir  ot  e etauq  eht  s it f ssenf  wteb e ne  orc ss carb i sgn  
cnamrofrep ehT.deiduts sgnicarb fo tser eht ot e fo  ht e  erutcurts w t no pu devorpmi sa he 

fo noisulcni  s et el gnicarb s  . ivorp naht retteB d carb gni i gn s oc eht ta r elddim yrehpirep ren  
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ti yduts siht nI  p taht detartsnomed osla saw e airetirc ecnamrofr  nac  pmi eb l etneme d not 
ylno  rof  gnittiforter  wen  nidliub gs tub  sla o of r the d ngise  fo  new bu idli n sg  thro hgu  

suoroger  snoitareti  rof  a de rengis  ed t nimre ed ofrep r ecnam  el v .le  In siht  ts udy it saw  
ed s ht ot deri l ecnamrofrep ycnapucco detaidemmi e e ev l.  
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ETPAHC R ONE 

NOITCUDORTNI  

 
oT  tsiser  laretal  ekauqhtrae  ,sdaol  raehs  sllaw  era  ylnommoc  desu  ni  CR  demarf  sgnidliub , w ,saereh  

leets  gnicarb  si  ht e tsom  netfo  desu  ni  eets l .serutcurts  nI  eht  tsap  t ow  ,sedaced  a rebmun  of  
stroper  evah  osla  detacidni  eht  evitceffe  esu  fo  leets  gnicarb  ni  CR  .semarf  leetS  gnicarb  fo   CR  

sgnidliub  detrats  sa  a ittiforter ng erusaem  ot  erts nehtgn  kauqhtrae e- degamad  sgnidliub  ro  ot  
itsiser daol eht esaercni n  .sgnidliub gnitsixe fo yticapac g  

elbakrameR  ekauqhtrae  secnatsneppah  nac  eb  tup  yllnaitneuqes  morf  91 61 ni  ka kar o er   fo  
edutingam  6.5 gnillik  30 elpoep  nwod  hguorht  ot  ht e tsom  tnecer  02 10 .5 1 edutingam  fo  

oknehs dna annasoh ,ammij ni sekauqhtae l poeG lanoitaN( .a h aD lacisy t  a C 2 ,retne 0 )71   
evitca ehT  r taerg i tf  llav ey ma ek  aipoihtE  to two t sepy  fo  cimsies  ah z :dra  Ea ekauqhtr  dna  V lo c cina  

noitpure s. gnisU  atad  morf  eno  of eht  tseb  nwonk  sid retsa  sesabatad  swohs  taht  morf   0091  
ot  20 31  ereht  erew  a latot  fo  net  sekauqhtrae  dna  snoitpure  – gnidael  ot  a latot  fo  9  3  

,shtaed  561  ,derujni  000,11 gnitceffa dna sselemoh 024  elpoep .  evah ot detamitse era esehT an 
llim 7$SU naht erom fo tsoc cimonoce noi . breH( e 102 ,tr )3   

 
 

detciderpnU  cimsies  dnuorg  noitom  desuac  evissam  egamad  ot  elbaremunni  gnitsixe  sgnidliub  
hguorht  ylhgih  cimsies  saera  fo  aipoihtE  ot  suoirav  .seerged  sihT  egamad  ot  serutcurts  ni   nrut  

 stol ,efil fo ssol sesuac o  dna seitilasuac f arc eguh c liub eht ni sk din .g  ertS n nehtg i urts fo gn c serut  
sevorp  ot  eb  a retteb  noitpo  gnittiftuo  ot  eht  cimonoce  snoitaredisnoc  and etaidemmi  retlehs  

smelborp  rehtar  naht  tnemecalper  fo  .sgnidliub  ecniS  noitilomed  dna  r noitcurtsnoce  lliw  be  
,lacimonocenu  emit  gnikat  dna  iffid c tlu  ihsreveunam p. ,ecneH  gnittiforter  lliw  retac  eht  ec cimono  
snoitaredisnoc  dna  im etaidem  retlehs  smelborp  r rehta  naht  tnemecalper  fo  ub ild .sgni  

cimsies,eroferehT  gninehtgnerts  fo  gnidliub  serutcurts  si  eno  fo  eht  tsom  tnatropmi  epsa stc   rof  
aipoihtE fo saera enorp cimsies ekauqhtrae hgih ni yllaicepse drazah cimsies gnitagitim  .  

tnacifingiS  cimsies  ex snoitatic  has neeb  gnirucco  in E ,aipoiht  yllaicepse  ni  eht  nrehtuos  ,trap   dna  
siht  gnikahs  of eht  htrae  sah  desuac  esnemmi  egamad  no  t eh  gnidliub  tub  siht  t’ndluoc  thgil   eht  
eussi  fo  cimsies  gninehtgnerts  fo  eht  deraps  gnidliub  ots c sk  ni  etavirp  ro  latnemnrevog  es c .t  M na y 

sgnidliub  erew  dengised  desab  no  dlo  gnidliub  .sedoc  ,eroferehT  yeht  era  deziretcarahc   yb  
tneiciffusni  emecrofnier nt gniliated  roop(  oleved p tnem  kcal,htgnel  fo  rrits u sp  ot  nahne ce ud ctili yt  

)level  roop,  tilauq y ,slairetam  ssam  dna  ssenffits  ralugerri i ,seit  ralugerri  larutcurts  ,snoitarugifnoc  
egnahc  ni  noitcuf  of a gnidliub  dna  tnemecrofnier  .noisorrroc  gniwO  ot  rieht  roop   larutcurts  
,tuoyal  eht  kcal  fo  a htgnerts  yhcrareih  dereenigne  ot  lortnoc  eht  citsaleni  esnopser   ,msinahcem  

tneicifed  ro  suounitnocsid  daol  ,.cte,shtap  gnitsixe  dradnatsbus  am sgnidliub y ecneirepxe  niatrec  
noitartnecnoc  fo  cimsies  noitamrofed  dnamed s ot  wef  fo  rieht  stnemele  ni  eht  tneve  fo  a  gnorts  
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1 1.  Ba kc g or und of the stu yd   

1 2.  Statement of the rp oblem  
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.ekauqhtrae  sehT e ifed c seicnei  fo  eht  gnitsixe  iub ldi gn  iw ll ed c esaer  eht  es i ms ci  namrofrep ce dna  

esaercni  eht  ytilibarenluv  ybereht  etatillicsaf  tnacifingis  egamad  detcepxe  ni  eht  erutuf   dnuorg  
icxe t ta i no  .  

1 3.  Res ae rch Objectives 
1 3. .1 Gen re al Objectives  
 
 
 
 
 
 
 
 gnisaerced ro gnisaercni fo tceffe eht yduts oT  rtnecce ni yticirtnecce i .sgnicarb fo sepyt c  

 oT  ssorc leets fo tcepsa lacimonoce eht etagitsevni - f desu eb ot noitces o gnicarb r  

 oT  erapmoc  eht  roivaheb  fo  eht  RC raluger  gnidliub  nehw  sti  renroc  si  decarb  or elddim  

decarb syab  

 noc decrofnier yrotsitlum ni gnicarb leets fo noisulcni fo ssenevitceffE liub eterc din .sg  
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 ehT  niam  evitcejbo  fo  t sih  siseht  krow  si  to apmoc re eht  yd n ma ci  snopser e of a leets  brac de  
itlum  yrots  RC fr ema  tiw h eht  erab  CR  f emar  by co gniredisn  necce t ir c dna  c no c ne tr ci  sepyt  

fo  sgnicarb  dna  ssorc  ralugnatceR(snoitces  dna  I – )noitceS  htiw  raluger  rots y ot  yab  
daol cimsies gniredisnoc yb snoitarugifnoc i gn  .  

1 3. .2 S ep ic fic Obj ce tives  
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OWT RETPAHC  

VER ERUTARETIL I WE  
1.2   sgnidliuB etercnoC decrofnieR decarB leetS  

M na y gnitsixe  decrofnier  etercnoc  sgnidliub  in E aipoiht  erew  dengised  wi tuoht  gniredisnoc  eht  
cimsies  airetirc  dna  elitcud  gniliated  ecneh  siht  d cneicife y lliw  gih h yl  aff tce  eht  gnidliub  irud ng 
dnuorg  .noitaticxe  etauqedanI  esrevsnart  tnemecrofnier  ni  smaeb,snmuloc  dna  ,stnioj  dnob  pils  

fo  maeb  ttob mo  tnemecrofnier  ta  eht  ,tnioj  roop  tnemenifnoc  fo  eht  nmuloc  sah  decnahne   eht  
non -  .sgnidliub eseht fo roivaheb elitcud  

D gningise  decrofnier  etercnoc  sgnidliub  by gnikat  fid f tnere  daol  snoitanibmoc  ni  ot  tnuocca  si  a  
yek  rof  a hgih  ytefas  dna  sti  tluser s ac n eb  yrev  .elbailer  lairetaM  dna  lacinahcem  eitreporp s, 

larutcurts  ,noitarugifnoc  dna  lios - erutcurts  etni r snoitca  era  osla  na  ropmi ta tn  stcepsa  fo  urts c ut r la  
ised g .n  retfA  siht  ngised  esahp  sah  delttes  ot  eht  ,dnuorg  eht  detapicitna  ecnamrofrep  of  eht  

gnidliub  sdeen  ot  eb  tas i eifs d. ,sselehtreveN  siht  laedi  noitidnoc  si  ton  deifsitas  tsom  fo  eht  time. 
cimsieS  ecnamrofreP  fo  larutcurts  gnidliub  airetirc  detalutsop  yb  F ME 13 A 0 am y ton  eb   deifsitas  

eud  ot  suoirav  snosaer  hcus  sa  noitaretla  fo  gnidliub  uf cn t ,snoi  segnahc  of cimsies  daol  
ni scitsiretcarahc  eht  ytluaf,aera  ni  ised gn dna  eht  tnerruc  cimsies  mrofrep a ecn  c edo  uqer i er m tne  

rehgih ylevitaler si  .  ,653 AMEF( 2  )000  
nI  smret  fo  cimsies  daol  ,scitsiretcarahc  ti  is oc m nom  ot  oc me ssorca  sgnidliub  hcihw  desu  ot  eb  

gniteem  eht  cimsies  er q stnemeriu  dna  won  eht ir cimsies  ecnamrofrep  era  ni  noitseuq  eud   ot  
ni c dnamed cimsies tnerruc eht ni esaer  .  )4102 ,DASARP INAV(  

ylnommoC  eseht  sgnidliub  ecnamrofrep  am y d edarge  af ret  ti  sah  neeb  kcurts  by htrae   ekauq  
eh ecn  rieht  cimsies  ecnamrofrep  lliw  ton  teem  eht  tnerruc  edoc  nittiforter ,eroferehT .sdradnats g  
eht  tneicifed  gnitsixe  gnidliub  ot  ecnahne  sti  ecnamofrep  yticapac  si  a oc n tiud  ot  erussa  eht  

larutcucrts  ytefas  ni  eht  erutuf  dnuorg  .noitaticxe  T ereh  era  ves lare  seuqinhcet  taht  nac  eb  
yltneiciffe  eb  nesohc  rof  siht  rettam  hcus  sa  gnidda  llifni  ,sllaw  erbiF  decrofnier  ,remylop   leets  

e noitalosi esab ,gnicarb tc  .  
B tu  gnisu  leets  gnicarb  ot  nehtgnerts  eht  CR  curts t seru  evah  eht  fo gniwoll  segatnavda  hcus  sa  

aler levit y ,lacimonoce  ssel  larutcurts  daed  thgiew , sae y ot  ervunam  dna  esae  of gnizimotsuc   eht  
V( .ytidigir dna htgnerts A  ,DASARP IN 2 410 )  

 sgnicarb leets htiw gninehtgnertS 2.2  
eb nac sgnidliub fo gninehtgnerts labolG  arb leetS gnisu yb deveihca ylevitceffe .gnic  sA  it iw ll eb  

desucsid  ,woleb  emos  fo  eht  eht  segatnavda  era  eht  tiliba y ot  tup  pu  ,sgninepo  eht  laminim  fles  
thgiew  ot  eht  erutcurts  dna  ni  eht  esac  fo  lanretxe  leets  sy smets  muminim  noitpursid  ot  eht  
noitcnuf  fo  stnapucco sti dna gnidliub eht  . T.E( he  ,uomr 2 900 )  

leetS  decarb  rf a em  si  one fo  eht  larutcurts  sy ts e sm  desu  ot  siser t auqhtrae ke sdaol  ni  serutcurts .  
naM y gnitsixe  decrofnier  etercnoc  curts t seru  deen  orter f gnitti  ot  emocrevo  seicneicifed  dna  ot  
tsiser  cimsies  .sdaol  ehT  esu  of leets  gnicarb  sy smets  for ninehtgnerts g ro  gnittiforter  yllacimsies  
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etauqedani  decrofnier  etercnoc  semarf  si  a elbaniatsus  noitulos  rof  gnicnahne  auqhrae ke 

natsiser c .e  leetS  arb gnic  si  ,lacimonoce  ysae  ot  ,tcere  seipucco  ssel  ecaps  dna  sah  tilibixelf y ot  
 ,pilihP( .ssenffits dna htgnerts deriuqer eht gniteeem rof ngised 2014)  

carB leetS fo sepyT 3.2 i gn s  
D gnidnepe  no  rieht  cirtemoeg  scitsiretcarahc  s leet  decarb  serutcurts  c na  eb  dezirogetac  sa  

yllacirtnecnoc  decarb  semarf  )FBC(  ro  llacirtnecce y decarb  semarf  .)FBE(  gnidroccA  ot  elagnuB  S.  
,htanaraT  ni  CB sF  lla fo sixa eht  ,.e.i srebmem  loc u nommoc a ta tcesretni secarb dna ,smaeb ,snm  

taht hcus tniop  f rebmem eht o .laixa era secr  (BU  ,HTANARAT.S ELAGN 2 00 5  )  
 

nA  esaercni  ni  llarevo  thgiew  ni  eht  erutcurts  esaercni  ni  larutan  ,doirep  suht  sesaerced  ni   eht  
larutcurts  .ssenffits  ehT  cirtnecnoc  sgnicarb  in esaerc  eht  laretal  fits f sen  fo  eht  rf a ,em  suht  
gnisaercni  larutan  cneuqerf y dna  la os  llausu y gnisaerced  eht  laretal  .tfird  ,revewoH  esaercni   ni  

yam ssenffits  tcartta  a al r reg  aitreni  ecrof  ud e ot  e htra  kauq e. elihw,rehtruF  eht  sgnicarb  d ce esaer  
eht  gnidneb  stnemom  dna  raehs  secrof  ni  loc u ,snm  eht y esaercni  eht  laixa  noisserpmoc  ni  the  

snmuloc  ot  hcihw  yeht  era  .detcennoc  ecniS  decrofnier  etercnoc  snmuloc  era  gnorts   ni  
leets cirtnecnoc gnisu emarf CR ni tiforter ot melborp a esop ton yam ti ,noisserpmoc  sgnicarb  .  

 
E cirtnecc  sgnicarb  uder ce eht  laretal  ssenffits  fo  eht  sy mets  dna  orpmi ev  eht  ygrene  noitnapissid  

.yticapac  euD  ot  cirtnecce  noitcennoc  fo  eht  secarb  ot  ,smaeb  eht  laretal  fits f ssen  fo  eht  sy  mets  
sdneped  nopu  eht  laruxelf  fits f ssen  of eht  smaeb  dna  suht,snmuloc  uder c gni  eht  laretal  ssenffits  

fo  eht  eht  rf a .em  ehT  lacitrev  oc tnenopm  of eht  gnicarb  secrof  eud  ot  ekauqhtrae   esuac  
daol detartnecnoc  no  eht  smaeb  ta  eht  tniop  fo  ennoc cti no  fo  eht  ec cirtnec  arb cin sg . ,htanawsiV(  

201 )0   
carB leetS cirtnecnoC 1.3.2 i  gn  

gnittiforteR  etercnoc  rf a sem  gnisu  noC c cirtne  rb a gnic  era  eht  som t widely desu  tsys e .sm  ehT  xa i la  
noisnet  depoleved  ni  rieht  denilcni  srebmem  hguorht  eht  latnoziroh  noitcejorp  fo  eht  laixa   ecrof  

evah  decnahne  eht  laretal  daol  ecnatiser  ot  eht  .erutcurts  gnidroccA  ot  CRJ  ecneicS  dna  P ycilo  
 cirtnecnoc etairporppa tropeR a smetsys gnicarb r  :htiw esoht e  

eno denehtgnerts a dna ecnerefer a no tuo deirrac erew stnemirepxE - fo ledom elacs driht  wt a o- 
yerots  CR  fr .ema  lanretxE  leets  raehs  sllaw  rpmi oved eht  laretal  lo da  niraeb g capac i yt  na d ts i enff ss 

of eht  ecnerefer  ledom  by 248 dna  1 06  % .ylevitcepser  dnoyeB  a tfird  oitar  fo  1 0.  ,%   lanogaid  
stnemele  fo  eht  llaw  detrats  ot  ub c elk  ta  eht  esserpmoc d ,sdne  suht  gnicuder  ht e latot  esab  raehs  

natsiser c .e  oN  egamad  saw  devresbo  ta  eht  ,segarohcna  hcihw  yllufsseccus  derrefsnart  eht  l  dao  
law raehs leets eht dna emarf CR eht neewteb ls  .  
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lE - yrakkoS  dna  lalaG  )9002(  yllacitylana  detagitsevni  eht  ssenevitceffe  fo  fid f tnere   noitatilibaher  

ettap snr  ni  gnidargpu  eht  cimsies  ecnamrofrep  fo  gnitsixe  llanimon y non  elitcud  CR  emarf  
.serutcurts  eniN  tnereffid  margorelecca  sdrocer  sah  neeb  desu  ot  ylana ze wol  ot  hgih   esir  
.serutcurts  eerhT  dnuorg  noitom  sdrocer  tneserper  wol  cneuqerf y, eht  rehto  eerht  tneserper   

muidem  dna  hgih  cneuqerf y .hcae  CR  raehs  ,llaw  leets  ,gnicarb  RF P rebiF(  decrofnieR  P lo y  )rem  
spirts  no  eht  llifni s dna  ja gnitekc  fo  snmuloc  dna  smaeb  htiw  RF P steehs  sah  neeb  ylana z .de  The  

eht gnola yab eno ni decudortni erew sgnicarb X  h lluf marf eht fo thgie se . sA  kaep mumixam eht  
dnuorg  noitarelecca  P( G )A  detsiser  yb  eht  semarf  w sa  desaercni  no  areva ge 8.1  times rof  ht e evif - 

yerots  emarf  dna  2.1  mit es rof  eht  51 - ts o yer  fr ema . A noitcuder  fo  mumixam  yerots  stfird  fo  tuoba  
02  % saw  devresbo  f ro  the 51 - rots ey decarb  dliub i ,gn  derapmoc  ot  ht e as-built .eno  ehT  detapissid  

ygrene  saw  osla  ,desaercni  rof  htob  ol w- dna  hgih - esir  ,sgnidliub  ylralucitrap  for eht  rf a sem  htiw  
tfos  rnosam y .sllifni  ehT  laciremun  lana y ses  demrifnoc  osla  taht  gninehtgnerts  lla  rf a sem  fo   a  

gnidliub  lliw  edivorp  hi rehg  esaercni  ton(  )lanoitroporp  fo  eht  raehs  ecnatsiser  dna  grene y- 
noitapissid  ,yticapac  derapmoc  ot  gninehtgnerts  flah  of eht  rf a ,sem  dna  ralimis  esaerced  ni  

noitamrofed  dnamed .  
 leetS cirtneccE 2.3.2 B  gnicar  

E yllacirtnecc  decarb  arf m se  era  na  tneiciffe  euqinhcet  rof  gnicnahne  eht  cimsies  ecnatsiser  fo  
gnitsixe  emarf  sgnidliub  ,esuaceb  ni  noitidda  ot  htgnerts  dna  ,ssenffits  eht y edivorp  tilitcud y.  

errefsnart era secroF d  dna gnidneb hguorht srebmem ecarb eht ot  raehs f eht ni depoleved secro  
elitcud  leets  .knil  ehT  knil  si  dengised  ot  y dlei  dna  etapissid  ,ygrene  elihw  gnitneverp  gnilkcub   fo  

eht  ecarb  .srebmem  tnereffiD  snrettap  era  :desu  ,K  Y dna  detrevni  Y .gnicarb  enO   rehtruf  
egatnavda  fo  cirtnecce  secarb  si  t eh  ytilibissop  ot  tceles  the snoisnemid  fo  eht  sknil  dna  secarb  

tnednepedni tsomla l  y o rehto hcae f , its gnitaludom gniwolla suht f ssenf  na d htgnerts  eriuqer sa d. 
nI  ,tcaf  eht  ssorc - fo noitces  eht  li kn  senimreted  eht  yerots  raehs  ,htgnerts  w saereh  eht  li kn  l htgne  

dna  eht  ecarb  ssorc - noitces  fitnauq y eht  ssenffits  of eht  gnicarb  .metsys  ,sselehtreveN  eht  esu   fo  
cirtnecce  gnicarb  ni  eht  libaher i noitat  fo  CR  serutcurts  sgal  dniheb  c no c ne tr ci  arb cing ilppa c ta i sno  

eud  ot  eht  kcal  of fus f tneici  dnuorgkcab  no  eht  d ngise  dna  gnilledom  fo  eht  c denibmo  etercnoc  
dna  leets  metsys .  

nicarb fo sdohteM 4.2 g  s  
raehS  sllaw  evah  neeb  ylnommoc  desu  ni  decrofnieR  etercnoC  sgnidliub  ot  ecnahne  a  labolg  
laretal  ecrof  ecnatsiser  erehw  sa  leets  sgnicarb  ylno  rof  leets  .serutcurts  A gnidrocc  ot  capmi t  

lanoitanretni  ruoj n sla  of r hcraese  etroper d ni  eht  la ts  two ed c seda  ef evitcef  egasu  of ts eel arb cings 
sgnidliub CR eht ot  . ehT r b fo sdohtem owt era e r  :erutcurts eht rof gnica  
carb roiretxE 1.4.2 i  gn  

roiretxE  gnicarb  metsys  erehw  eht  xe gnitsi  sgnidliub  era  enehtgnerts d by gnihcatta  a lacol  ro  
labolg  leets  gnicarb  metsys  ot  eht  larehpirep  .semarf  nI  siht  epyt  fo  gnicarb  sy smets  am k gni   a  

.melborp gib si etercnoc dna leets eht neewteb dnob doog   
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carb roiretnI 2.4.2 i  gn  

nI  ht e roiretni  gnicarb  ,dohtem  eht  ub i sgnidl  a er  dettiforter  by ni c gnitaropro  a nicarb g  
metsys  edisni  eht  laudividni  stinu  ro  slenap  fo  eht  CR  semarf . ilppa tceriD c  ot noita t oj eh int 

p si emarf eht fo o  .elbiss  
noitarugifnoC 5.2   sgnicarB fo  

ehT  leets  secarb  era  yllausu  decalp  ni  rev t laci ly la i eng d .snaps  sihT  metsys  swolla  ot  niatbo  a rg e ta  
esaercni  fo  fits f ssen  a htiw  laminim  dedda  ,thgiew  dna  os  ti  si  yrev  evitceffe  for gnitsixe  rts  erutcu  

melborp niam eht si ssenffits laretal roop eht hcihw rof  .  
evitanretlA  snoitarugifnoc  fo  gnicarb  smetsys  am y eb  desu  ni  detceles  ab ys fo  a  decrofnier  

etercnoc  emarf  to ivorp de a ifingis c tna  saercni e ni  nozirroh t la  capac i yt  fo  the urts c .erut  necnoC cirt  
leets  gnicarb  sy smets  evah  neeb  detagitsevni  rof  eht  noitatilibaher  of on n- elitcud  sgnidliub  yb  
ynam  srehcraeser  ,irsaM(  te  ,.la  19 69 ) ehT  esu  fo  cirtnecce  sgnicarb  ni  eht  noitatilibaher   fo  

decrofnier  .dnuorg sniag serutcurts etercnoc   
 
 
 
 
 
 
 
 

rugiF e 1.2  Co noitarugifn  fo  cirtneccE  leets  gnicarb  a( )-V (b) –K  )c( –X )d(  -Y ,aigroeG(  te  ,.la  20 90 )  

maeB 6.2  –  ot – ennoc nmuloc c oit n  
leetS  tnemom  semarf  evah  llanoitidart y neeb  dengised  htiw  digir  luf l- htgnerts  ,snoitcennoc  

yllausu  fo  luf ly dedlew  ro  dirbyh  detlob/dedlew  c gifno u tar i .no  lacipyT  ngised  rp o snoisiv  derusne  
taht  snoitcennoc  era  dedivorp  htiw  neiciffus t htgnertsrevo  hcus  taht  evitapissid  z seno   rucco  

ylniam  ni  eht  aeb m .s  ,revewoH  eht  ytilibailer  fo  th ese  ylnommoc  desu  rof ms fo  lluf - gnerts th eb am 
to- nmuloc  noitcennoc  sah  emoc  rednu  noitseuq  gniwollof  roop  ecnamrofrep  ni  egral  stneve  ni  

eht  dim  ,s0991  ylralucitrap  ni  eht  egdirhtroN  ekauqhtrae  fo  4991  oretreB(  te  ,la  )4991  dna   eht  
ogoyH - nek  ubnaN  )eboK(  ekauqhtrae  of 19 59  ,IREE(  199 .)5  ehT  tnetxe  dna  evititeper  erutan   fo  

egamad  devresbo  ni  lareves  ty sep  fo  dedlew  dna  dirbyh  snoitcennoc  evah  detcerid   elbaredisnoc  
raeser ch ef trof  on t ylno  to riaper  tem h sdo  f ro  sixe t gni  serutcurts  tub  la so ot  evitanretla  c enno cti no  

 ni detaroprocni eb ot snoitarugifnoc wen  sngised .  
rotarobaL y stset  demrifnoc  taht  snoitcennoc  dengised  dna  derutcafunam  ltcirts y ot  edoc  

stnemeriuqer  dna  lanoitnevnoc  pohs  ecitcarp  deliaf  ot  edivorp  eht  yrassecen  slevel  fo  ytilitcud  .  
devresbO  egamad  saw  detubirtta  ot  idulcni srotcaf lareves dna dlew htiw detaicossa stcefed gn  

leets  ,slairetam  gnidlew  ,serudecorp  sserts  ,noitartnecnoc  hgih  lanoitator  sdnamed  dna   elacs  
,stceffe  sa  llew  sa  eht  elbissop  ecneulfni  fo  niarts  slevel  dna  .setar  nI  noitidda  ot  eht   detrecnoc  
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troffe  detacided  ot  gnivorpmi  cimsies  gised n snoitaluger  for wen  oc n ,noitcurts  lareves  slasoporp  

evah  neeb  dedrawrof  rof  eht  gnidargpu  of itsixe ng snoitcennoc  F( ME ,A  91 59 , 991 7, 02 00 ; PEE ,R   
20 .)00  sihT  yam  eb  deirrac  tuo  by gninehtgnerts  of eht  noitcennoc  hguorht  ,sehcnuah  revoc  

ro  edis  ,setalp  ro  rehto  snaem  .  
,ylevitanretlA  ti  nac  eb  deveihca  yb  gninekaew  fo  eht  maeb  yb  gnimmirt  eht  segnalf  e.i( .  

decuder  maeb  noitces  BR‘ S’ ro  god‘ -  ’enob ,)snoitcennoc  gnitarofrep  eht  ,segnalf  ro  yb  gnicuder  
ni stols hguorht snoitartnecnoc sserts  maeb  ,sbew  degralne  ac ssec  ,seloh  cte . In ,lareneg  eht  

ngised  nac  stset epytotorp no ro snoitcennoc deifilauqerp rehtie no desab eb . )9002 ,edocoruE(  

 
f weN 7.2 e ta ba eru o ATE tu B 02 S 1  6  

nA  detargetni  ngised  sisylana  dna  ngised  erawtfos  E SBAT  2016 etinif  tnemele  sah  detaroprocni  
P revohsu  lana y ,sis  esnopseR  murtceps  lana y ,sis  raenil  sa  llew  sa  raenilnon  emit  rotsih y lana y is s- 

hcihw  sezylana  eht  ylemit  esnopser  of a rts erutcu  rof  na  desopmi  cimsies  dnuorg  snoitaticxe  .  
esnopseR  eps c murt  sisylana  sevig  user lt rof  a peak dnuorg  noitarelecca  lav u se  neht  c bmo i sen  the 
mumixam  oH .esnopser w  tluser esnopser larutcurts a sevig AHT ,reve f a ro  ts emit derised ep.  

 
sihT  wen  rawtfos e si  elbapac  gniod  gnihctam  eht  0491  s’ortneclE  auqhtrae ke a noitarelecc  tluser  

ot  yna  esnopser  rtceps um )PSR(  evruc  rof  a eps cif dei  ycneuqerf  dna  ipmad ng .oitar  ehT  lE c s’ortne  
htrae  ekauq  sah  kaep  dnuorg  noitarelecca  fo  .0 1 .g  hguohT  ti  si  deifissalc  sa  wol   noitaticxe  

ekauqhtrae  ti  dah  a tnacifingis  egamad  no  eht  st .serutcur  ,eroferehT  eht  resu  nac  enifed  eht  
esnopser  murtceps  atad  ni  eht  SR P noitcnuf  eugolaid  neht  margorp  nac  llacitamotua y  etareneg  

eht  emit  yrotsih  noitcnuf  yb  tam c gnih  ot  eht  gorp r ma  afed tlu  ro  resu  nifed ed tegrat  PSR  functi .sno  
ehT  erawtfos  si  elba  ot  ezylana  eht  emoeg t cir  raenilnon  roivaheb  fo  eht  ps ace semarf  rednu  tats ic 

yticitsaleni lairetam dna ytiraenilnon cirtemoeg htob tnuocca otni gnikat ,sgnidaol cimanyd ro .  

 
R yrotsiH emiT 8.2 oce r  sd  

nA  hpargorelecca  nac  be derrefer  ot  sa  a gnorts  noitom  ,hpargomsies  ro  lpmis y na  ekauqhtrae  
ca c .retemorele  shpargoreleccA  era  lufesu  rof  nehw  eht  ekauqhtrae  dnuorg  noitom  si  os   gnorts  

taht  ti  sesuac  eht  erom  evitisnes  sretemomsies  ot  og  ffo -sc .ela  erehT  si  na  eritne  sc ecnei  fo  gnorts  
dnuorg  noitom  taht  si  ded i detac  ot  gnicalp  shpargoreleccA  ni  eht  v ci inity fo  am j ro  uaf l .st  ehT  epyt  

fo  noitamrofni  derehtag  hcus(  sa  erutpur  )yticolev  dluow  ton  eb  elbissop  htiw  eht  dradnats  
retemomsies s. tseb ehT  wonk elpmaxe n  si  eht  kraP  dleif  tnemirepxE  hw ci i h n lov ved a evissam  tes  

of gnorts  noitom  noitatnemurtsni . yehT  drocer  kaep  dnuorg  oitarelecca n (P ,)AG  yticolev  (P ,)VG  
)IS( ytisnetni lartceps dna )DGP( tnemecalpsid dnuorg  .  

 
nihtiW  eht  ,hpargorelecca  ereht  si  na  tnemegnarra  fo  3 retemorelecca  gnisnes  .sdaeh  esehT  era  
llausu y orcim - denihcam  ( MEM S) spihc  taht  era  evitisnes  ot  eno  .noitcerid  suhT  curtsnoc t ,de  eht  

d eht fo noitom lluf erusaem nac retemorelecca e  .snoisnemid eerht ni eciv  
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ekilnU  eht  yllaunitnoc  gnidrocer  ,retemomsies  sretemorelecca  lraen y awla ys krow  ni  a  dereggirt  
.edom  tahT  snaem  a level  fo  noitarelecca  tsum  eb  tes  hcihw  strats  eht  gnidrocer  .ssecorp  Th si  

ekam s ecnanetniam  hcum  erom  fid f tluci  tuohtiw  a tcerid  tenretnI  noc n noitce  (or emos   rehto  
snaem  fo  oitacinummoc n .)  ynaM  spirt  evah  neeb  m eda  ot  sretemorelecca  fa t re  a egral  qhtrae u ka e, 

ylno  ot  dnif  taht  eht  yromem  saw  dellif  htiw  suoenartxe  n ,esio  ro  eht  tsni tnemur  saw  
ninoitcnuflam g.  

sretemoreleccA  era  desu  ot  rotinom  urts c serut  f ro  uqhtrae a ek  opser n .es  So ,semitem  w hti  ht e ,atad  
a esnopser  murtceps  si  .detupmoc  rehtO  lana y sis  si  desu  ot  evorpmi  gnidliub  ,ngised  ro  ot   pleh  

efas ni serutcurts tnatropmi etacol ra r e sa .  

rocca snoitidnoc liosbus fo noitacifissalC 9.2 d 8991 NE SCBE edoc gnidliuB naipoihtE wen eht ot gni -1-  3102:1  
gnidnepeD  no  eht  ecnatropmi  ssalc  fo  eht  erutcurts  dna  eht  ralucitrap  snoitidnoc  fo  eht  ,tcejorp  

dnuorg  snoitagitsevni  ro/dna  lacigoloeg  seiduts  dluohs  eb  demrofrep  ot  enimreted  eht  cimsies  
noitca  SCBE(  NE  991 8-1-1 2: 0 .)31  ehT  noitcurtsnoc  etis  dna  eht  erutan  of eht  gnitroppus   dnuorg  
dluohs  ron m ylla  be erf e f mor  sksir  of nuorg d pur t ,eru  pols e ytilibatsni  dna  rep m tnena  ttes lem ne ts 

 yb desuac tneve eht ni noitacifisned ro noitcafeuqil  fo  auqhtrae na k  .e  
elbaT  1.2  cifissalC a noit  fo  bus s lio  snoitidnoc  gnidrocca  ot  eht  wen  naipoihtE  gnidliuB  edoc  BE CS NE  8991 -1-1: 102 3  

 
nuorG d  

ty ep  noitpircseD  fo  gitarts rap cih  pro if el  

 
kcoR  ro  rehto  cor k-li ek  lacigoloeg  of rma ,noit  cni l gnidu  ta  mo ts  5 

m fo  ew a rek  lairetam  ta  t eh  us r ecaf .  
stisopeD  fo  ev ry sned e sa ,dn  ,levarg  or ev ry ts i ff  lc a ,y  ta  tsael  

lareves  te sn  fo  etem rs in thi nkc e ,ss  c tcarah er ezi d by a grad lau  
esaercni  fo  em c lacinah  seitreporp  htiw  dep ht .  

peeD  stisoped  fo  esned  ro  me uid m-den es  san ,d  gra lev  or ts i ff  lc ay 
htiw  iht c nk e ss  rf om se larev  te sn  ot  ma yn  sderdnuh  fo  etem rs.  

 
stisopeD  fo  sool e-to- uidem m co elnoiseh ss lios  ( iw th or htiw uo t 

so em  tfos  co eviseh  la )srey , ro  fo  moderp ina tn ly soft- ot - if rm 
sehoc i ev  so li .  

A lios  p elifor  co tsisn i gn  fo  a ecafrus  la l muivu  la rey  iw th vs ulav es 
fo  t epy  C ro  D dna  iht c enk ss gniyrav  bet neew  a ob tu  5 m 

a dn  02  ,m  alrednu in by ts i reff  lairetam  iw th sv  > 8 00  m/ .s  

stisopeD  co tsisn i ,gn  ro  co atn i gnin  a la ey r ta  el a ts  01  m thi ,kc  of 
tfos  htiw stlis/syalc  ticitsalp hgih a y > IP( xedni  )04  dna  gih h w reta  

tnetnoc  

stisopeD  fo  uqil e elbaif  ,slios  fo  es n evitis  lc a ,sy  or any other so li  
eliforp  ton  cni l dedu  ni  types A – E or 1S  
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01.2  noN - uP( citatS raeniL s  sisylanA )revo h  

ohsuP ver lana y is s si  a on nli raen  citats  an yla s si  rrac i de  o tu  nu d re  cond iti ons of co atsn nt varg i yt  lo sda  dna  
notonom i lac ly isaercni ng ho ir oz latn  sdaol . tI  yam  eb  a deilpp  ot  yfirev  eht  rts u utc r la  frep orm na ce of ylwen  

gised n de  dna  fo  xe i gnits  b sgnidliu  tie h re  ot  ev rify ro  iver se the revo  ts r htgne  r ta io seulav  , ot  se timate the 
detcpxe  citsalp  smsinahcem  dna  eht  noiubirtsid  fo  egamad  dna  ro  ot  ssessa  eht  larutcurts  ecnnamrofrep  fo  

ixe s gnit  ro  forter i tt ed dliub i sgn  .  

 
leets tnereffid rof sisylana citats raenilnoN 11.2  b sgnicar  

ehT  esu  fo  raenilnon  citats  sisylana  yllanimon  nk o nw  sa  hsup  revo  sisylana  emac  ni  s’0791  ub t ht e  
laitnetop  up fo s revoh  an sisyla  ah  s neeb  ngocer ized rof  eht  tsal  01  ot  15 ye .sra  ruO  edoc  gus ge sts  

eht  esu  fo  siht  pr erudeco  rof  eht  ep r mrof ance ana ly sis  fo  ex si ting or en w m edo l. mrehtruF o er  revo  
htgnerts  oitar  dna  tfird  ticapac y of gnitsixe  erutcurts  dna  eht  cimsies  dnamed  rof  eht   erutcurts  

ot detcejbus  detceles  .ekauqhtrae  sihT  erudecorp  nac  eb  desu  rof  ehc c gnik  eht  auqeda cy fo  wen  
larutcurts  ngised  sa  wel .l  vohsuP er si  denifed  sa  na  sisylana  gniraew  a htam e lacitam  ledom  di er ctly 

gnitaroprocni  eht  lamron  daol  tamrofed i no  c ah r scitsiretca  fo  laudividni  stnenopmoc  dna  stnemele  
of eht  gnidliub  llahs  eb  detcejbus  ot  llacinotonom y gnisaercni  laretal  sdaol  er p gnitneser  aitreni  

ekauqhtrae na ni secrof  xe si tnemecalpsid tegrat a litnu c desi  .  
citats raenilnoN  ana l sisy  c na  eb  desu  rof  am ny pu .sesopr  1. oT  pe mrofr  na  laitini  P- led ta ro  gral e- 

of desu ssenffits eht teg ot sisylana tnemecalpsid r oprepus tneuqesbus sylana raenil elba es e  s  
.2  oT  mrofrep  degats  ,latnemercni(  )latnemges  noitcurtsnoc  lana y ,sis  gnidulcni  lairetam  mit e- 

tnedneped  stceffe  ekil  ,gniga  peerc  dna  .egaknirhs  .3  oT  egnahc  eht  ssaM  ecruoS  ot  eb  desu   rof  
tneuqesbus  lana y ses  4. oT  mrofrep  evohsup r lana y sis  .cte  revohsuP  sisylana  ssessa  eht  larutcurts  
ecnamrofrep  yb  gnitamitse  eht  ecrof  dna  noitamrofed  yticapac  dna  cimsies  dnamed  gnisu  a 

raenilnon  citats  lana y laredeF .sis  ycnegremE  ycnegA  dna )AMEF(  deilppA  lacinhceT  licnuoC   )CTA(  
era  eht  owt  nega seic  hw i hc  fo detalumr  dna  detseggus  revohsup  sisylana  rednu  noitatilibaher  

.senilediug dna smargorp  CTA dna 372 AMEF ,653 AMEF era stnemucod dedulcni esehT  04  .  
ehT  yramirp  esoprup  fo  MEF A- 653  do tnemuc  si  to p or div e cet nh yllaci  os u dn  and 

llanoitan y atpecca lb  e rof senilediug  cimsies  ibaher l noitati  fo  iub l gnid s. ehT  lediug ines rof  
eht  cimsies  noitatilibaher  fo  ht e iub l gnid s ra e tni e dedn  ot  es evr  sa  a ydaer  loot  rof  ngised  

lanoisseforp  rof  gniyrrac  tuo  eht  ngised  dna  sisylana  fo  eht  bu ,sgnidli  a ecnerefer  
ucod tnem  rof  eht  gnidliub  taluger o yr  laiciffo s and a of u adn t oi n of r the tuf u er  

 gnidliub eht fo noitatnemelpmi dna tnempoleved c edo  ivorp s noi s  dna s dradnat s  .  

 
ieS s cim  noitaulave  dna  tiforter  fo  etercnoc  iub l sgnid  lnommoc y er ffered ot  as ATC- 04  w sa  

depoleved  yb  eht  A deilpp  ygolonhceT  )CTA(licnuoC  htiw  uf n gnid  from filaC orn ai  as f yte  
imoc ss .noi  hguohT  eht  serudecorp  ocer m dnem  ni  this do uc ment are rof  oc n eterc  

lbacilppa era yet ,sgnidliub e ot  om s iub t l pyt gnid se . 
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ana revosup fo sepyT 21.2 lysis  

erehT  era  owt  raenilnon  s citat  lana y sis  serudecorp  ,elbaliava  eno  demret  sa  eht  D tnemecalpsi  
tneiciffeoC  M dohte  (DCM ,)  detnemucod  ni  MEF A-3 65  dna  rehto  eht  ticapaC y murtcepS  M  dohte  

C( )MS  detnemucod  ni  TA C-40. htoB  sdohtem  dneped  no  laretal  aol d- fed o noitamr  noitairav  
deniatbo  yb  raenilnon  citats  sisylana  rednu  eht  ytivarg  gnidaol  dna  dezilaedi  gnidaol  eud  ot   eht  
a cimsies cti no  . .sisylanA revohsuP dellac si sisylana sihT   

1.21.2  capaC ity S tcep r mu  hteM od  
paC a tic y murtcepS  dohteM  si  a raenilnon  citats  lana y sis  erudecorp  hcihw  edivorp s a lacihparg  

noitatneserper  of eht  detcepxe  cimsies  namrofrep ce fo  eht  urts c erut  yb  etni r es c gnit  eht  rts cu ut r s’e  
yticapac  murtceps  htiw  eht  esnopser  murtceps  dnamed(  )murtceps  fo  eht  .ekauqhtrae  T  eh  

noitcesretni  tniop  si  llac ed sa  eht  ecnamrofrep  ,tniop  and eht  emecalpsid nt etanidrooc  dD fo  eht  
deificeps eht rof erutcurts eht no dnamed tnemecalpsid detamitse eht si tniop ecnamrofrep  level  

razah cimsies fo d.  
2.21.2  mecalpsiD e tn  eoC ffici tne  Me doht   

D tnemecalpsi  tneiciffeoC  M dohte  si  a raenilnon  citats  lana y sis  erudecorp  hcihw  sedivorp  a 
laciremun  ssecorp  rof  gnitamitse  eht  mecalpsid e tn  dnamed  no  eht  curts t eru  by gnisu  a aenilib r  

noitatneserper  fo  eht  ac p ica ty evruc  dna  a seires  of noitacifidom  srotcaf  ro  iffeoc cie stn  ot  c la culate 
eht  tegrat  .tnemecalpsid  ehT  tniop  no  eht  yticapac  evruc  ta  eht  tegrat  tnemecalpsid  si  eht  

 .dohtem murtceps yticapac eht ni tniop ecnamrofrep eht fo tnelaviuqe  
olonimreT revohsuP 31.2  snoitinifed lacig  

 yticapaC 1.31.2  
tI  si  denifed  sa  eht  epxe c det  etamitlu  htgnerts  ni(  ,eruxelf  raehs  dna  xa i la  ol adi )gn  fo  ht e urts c larut  

stnenopmoc  gnidulcxe  eht  srotcaf noitcuder  desu ylnommoc  ni  eht  ngised  fo  etercnoc  memb .sre  
ehT  yticapac  llareneg y r srefe  ot  eht  htgnerts  ta  eht  y dlei  tniop  of eht  tnemele  ro  s’erutcurts  

yticapac  .evruc  roF  noitamrofed  dellortnoc  ,s’tnenopmoc  yticapac  eb y dno  eht  citsale  timil  
yllareneg  fo tceffe eht sedulcni   .gninedrah niarts  

yticapaC 2.31.2   evruc  
ehT  tolp  neewteb  sab e raehs  dna  foor  nemecalpsid t si  derrefer  ot  sa  ticapac y .evruc  A osl  

sa denoitnem  evruc revohsup  .  

yticapaC 3.31.2  s ep c  murt  
ehT  yticapac  evruc  demrofsnart  morf  esab  raehs  s/v  oor f tnemecalpsid  V(  s/v  D) ot  lartceps  

nemecalpsid lartceps s/v noitarelecca t (Sa S s/v d  ) i r s e derref   sa capacit s y pec murt  .  

 
 dnameD 4.31.2  

dnameD  si  detneserper  by na  itamitse on fo  eht  tnemecalpsid  ro  fed o noitamr  aht t eht  erutcurts  
si  detcepxe  ot  .ogrednu  sihT  si  ni  tsartnoc  ot  co lanoitnevn  raenil  citsale  lana y sis  serudecorp   ni  
hw erutcurts eht ot deilppa secrof laretal debircserp yb detneserper si dnamed hci  .  
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 murtcepS dnameD 5.31.2  

tI  si  p tol  neewteb  tceps r la  noitarelecca  susrev  ti em  oirep .d  tI  stneserper  eht  auqhtrae ke dnuorg  
tceps yticapac ni noitom r .dohtem mu   

alP 6.31.2 s it c gnih e  
noitacoL  of citsaleni  tca i no  of eht  larutcurts  rebmem  si  dellac  a p citsal  h .egni  citsalP  gnih es era  

demrof  raen  eht  sdne  fo  smaeb  ro  snmuloc  eud  ot  eht  umixam m stnemom  c desua  yb  htrae q au k .e  
raen noitces ot ylppa stnemeriuqer ytilitcud tsom nosaer siht roF   .snoitcnuj eht  

freP 41.2 o mr a l ecn e ev ls  
d AMEF ot gnidroccA e oitanibmoc a si ecnamrofrep gnidliuB noitinif n of th rofrep e m ecna  o ob f th 

larutcurts  dna  curtsnon tu lar  .stnenopmoc  Pe rofr m ecna  sleveL  era  etercsid  egamad  setats  es lec det  
morf  gnoma  eht  etinifni  murtceps  fo  elbissop  egamad  setats  taht  sgnidliub  dluoc   ecneirepxe  

auqhtrae na gnirud ke  . Th dliuB tegrat sa deifitnedi setats egamad ralucitrap e i gn  .  
P amrofre ecn  sleveL  ni  F ME A dradnats  evah  neeb  detceles  esuaceb  eht y evah  ylidaer   elbaifitnedi  

secneuqesnoc  detaicossa  htiw  eht  sop t- ekauqhtrae  noitisopsid  fo  eht  gnidliub  taht  era  
lufgninaem  ot  eht  gnidliub  .ytinummoc  esehT  edulcni  eht  ytiliba  ot  emuser  lamron  uf  snoitcn  

tsop fo ytilibasivda eht ,gnidliub eht nihtiw - ytefas efil ot ksir eht dna ,ycnapucco ekauqhtrae  .  

 
ehT  ecnamrofrep  slevel  era  desab  no  ecrof  susrev  di tnemecalps  .evruc  hparg ehT  stneserper  rf om 

A ot  B egnar  ew  nac  epxe ct raenil  dna  el tsa ic tam e air l eb h .roiva  morF  B ot  C egnar  ew  c na  ex tcep  
ereht  stsixe  emos  citsalp  msinahcem  fo noitamr  ni  eht  .erutcurts  nI  siht  le lev  ecnamrofrep   level  

ni sedivid AMEF  to eerht  slevel etercsid  fo  frep o amr n salp ot gnidrocca ec t dna noitamrof egnih ci  
ni egamad fo level   .stnenopmoc larutcurts eht  

)i  ( ycnapuccO etaidemmI IO  )  
etaidemmI  cnapuccO y, llahs  eb  denifed  sa  eht  sop t- auqhtrae ke egamad  etats  taht  sniamer  efas  

ot  pucco y, llaitnesse y sniater  eht  rp e- uqhtrae a ek  ngised  htgnerts  dna  ssenffits  fo  eht  .erutcurts  
leveL  fo  ksir  si  yrev  .wol  emoS  ronim  sriaper  yam  eb  .yrassecen  ,revewoH  eht  gnidliub  si   ylluf  

elbatibah  .ekauqhtrae ngised a retfa   
)ii  ytefaS efiL   )SL(  

efiL  ,ytefaS  snaem  eht  po ts - uqhtrae a ek  egamad  st eta  ni  w hcih  tnacifingis  egamad  ot  eht  utcurts re 
sah  errucco ,d  tub  emos  nigram  tsniaga  rehtie  laitrap  ro  latot  larutcurts  c espallo  .sniamer  emoS  

larutcurts  stnemele  dna  stnenopmoc  era  lereves y ,degamad  tub  siht  sah  ton  detluser  ni  egral  
gnillaf  sirbed  ,sdrazah  ei reht  nihtiw  ro  edistuo  eht  .gnidliub  seirujnI  yam  cco ru  gnirud   eht  

;ekauqhtrae  ,revewoh  eht  llarevo  ksir  fo  fil e- gninetaerht  yrujni  sa  a tluser  fo  larutcurts  egamad  si  
detcepxe  ot  be .wol  tI  sh dluo  eb  elbissop  ot  aper ir eht  ;erutcurts  ,revewoh  rof  imonoce  c snosaer  

siht  am y ton  eb  .lacitcarp  elihW  eht  egamad d erutcurts  si  ton  na  tnenimmi  espalloc  ksir , ti   dluow  
er ot roirp gnicarb yraropmet llatsni ro sriaper larutcurts tnemelpmi ot tnedurp eb - cnapucco y.  
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)iii  palloC  )PC( noitneverP es  

espalloC  P ,noitnever  snaem  the tsop - auqhtrae ke egamad  etats  ni  hcihw  eht  gnidliub  si  no  eht  
egrev  fo  laitrap  ro  latot  .espalloc  laitnatsbuS  egamad  ot  eht  erutcurts  sah  ,derrucco   yllaitnetop  

gnidulcni  tnacifingis  noitadarged  ni  eht  fits ssenf  and gnerts th fo  eht  laretal -f ro ce ser i ts i gn  ,metsys  
egral  tnenamrep  etal r la  noitamrofed  of eht  tcurts u ,er  dna — ot  a m ero  mil i det  exte tn — itadarged on 

ni  lacitrev - daol - rac r gniy  .yticapac  ,revewoH  lla  ifingis c tna  stnenopmoc  fo  the ytivarg  daol - ser i ts ing 
s metsy  tsum  eunitnoc  ot  rrac y rieht  tivarg y daol  de .sdnam  tnacifingiS  ksir  fo  rujni y eud  ot  gnillaf  

ah z sdra  morf  larutcurts  sirbed  yam  .tsixe  ehT  erutcurts  am y ton  eb  inhcet c lla y lacitcarp  ot   riaper  
er rof efas ton si dna - sa ,ycnapucco  sretfa h ca kco t  ytivi .espalloc ecudni dluoc   ,653 AMEF( 2  )000  

 
 
 
 
 
 
 
 
 

erugiF  2.2  croF e ve sr us d si place em nt cu evr  

 
N 51.2 o  n – anA )cimanyD( yrotsiH emiT raeniL lys  si  

ehT  emit - tnedneped  esnopsrer  of eht  erutcurts  am y eb  deniatbo  hguorht  tcerid  laciremun  
noitargetni  ffo  sti  ffid laitnere  snoitauqe  fo  itom o ,n  gnisu  eht  smargorelecca  ot  tnesrper  eht  

dnuorg   .snoitom  

 
2. 61  lautpecnoC  cimsieS  tnatsiseR  ngiseD  icnirp p sel  a gnidrocc  ot  desiver  oihtE pian /edoC  Eu or c do e  8  

1.61.2  tS r tcu u ar l si pm l ci ity  
gnidroccA  ot  oruE  002.1.8991NE :8 edoc ,4  larutcurts  yticilpmis  ra e iretcarahc z de  by eht  ecnetsixe  

fo  raelc  dna  tcerid  shtap  rof  eht  noissimsnart  of eht  cimsies  fo .secr  ,gnilledoM   ,sisylana  
,gninoisnemid  gniliated  dna  urtsnoc c noit  fo  elpmis  serutcurts  era  tcejbus  ot  m cu h le ss  nu c niatre ty 

t dna bailer erom hcum si roivaheb cimsies sti fo noitciderp eht suh l  .e  
2.61.2  U ,ytimrofin  sy mm e rt y a dn  redunda cn y  

ehT  larutcurts  gnilledom  dna  lana y sis  erudecorp  si  desab  no  eht  lneve y noitubirtsid   fo  
larutcurts  ,stnemele  hcihw  sedulcni  on  skcabtes  ni  nalp  or ,noitavele  lauqe  nmuloc  gnel t ,h  

suoenegomoh  ,lairetam  sy lacirtemm  ssam  dna  ssenffits  .cte  ylneve  noitubirtsid  fo   larutcurts  
stnemele  swolla  trohs  dna  cerid t noissimsnart  fo  eht  laitreni  secrof  etaerc d ni  ht e etubirtsid d  

sessam  fo  eht  .gnidliub  ehT  edoc  sedivorp  for eht  cimsies  stnioj  yb  gnidividbus  eht  eritne  
gnidliub  otni  dy llaciman y tnednepedni  stinu  for eht  ilaer z noita  fo  ytimrofinu  dedivorp   taht  
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gnidnuop  fe f tce  si  lew l .dengised  nI  siht  repap  lla  gnilledom  si  od ne rof  raluger  dna  

ub lacirtemmys i o sgnidl n yl  .  
3.61.2  iB -di er cti ano l re sis ta ecn  a dn  stiff en ss  

gnidroccA  ot  oruE  edoc  :8  ,4002.1.8991NE  latnoziroh  cimsies  noitom  si  a bi- lanoitcerid  
nonemonehp  dna  ht su  eht  gnidliub  erutcurts  hs a ll  eb  elba  ot  siser t latnoziroh  snoitca  ni   yna  

erid cti .no  roF  siht  nonemonehp  eht  edoc  sedivorp  ht e erutcurts  ot  eb  degnarra  ni  na  
lanogohtro  ni  nalp  curts t laru  ,nrettap  gnirusne  ralimis  ecnatsiser  dna  fits f ssen  citsiretcarahc s  

tcerid niam htob ni i sno .  
4.61.2  roT is ano l er s si ecnat  a dn  stiff en ss  

lanoisroT  ecnatsiser  si  rehtona  yrev  tnatropmi  sa p tce  sediseb  laretal  ecnatsiser  dna  ts i ssenff  ni  
redro  ot  timil  eht  tnempoleved  fo  lanoisrot  snoitom  hcihw  dnet  ot  sserts  eht  tnereffid   

larutcurts  non a ni stnemele - aw mrofinu y  .  
5.61.2  iD a arhp gmatic b he va oi r at story l eve l  
nI  ,sgnidliub  sroolf  cni( l gnidu  eht  foor ) alp y a yrev  tnatropmi  elor  ni  eht  llarevo  imsies c  

roivaheb  fo  eht  .erutcurts  ehT y tca  sa  a latnoziroh  smgarhpaid  taht  lloc tce  dna  timsnart   eht  
aitreni  secrof  ot  eht  lacitrev  larutcurts  sy smets  dna  erusne  taht  esoht  smetsys  tca  rehtegot   ni  

gnitsiser  eht  latnoziroh  cimsies  .noitca  ehT  noitca  fo  sroolf  sa  lacitrev  larutcurts  sy ,smets   ro  
erehw  smetsys  w hti  tnereffid  latnoziroh  ed f ibamro l yti  itsiretcarahc cs era  desu  rehtegot  .g.e(  ni  

metsys dexim ro laud s  ) (  oruE c edo   ,8 2 )400 .  

 
6.61.2  dA e auq te foun tad ion  

htiW  drager  ot  eht  cimsies  ,noitca  eht  ngised  dna  noitcurtsnoc  fo  eht  fo snoitadnu  dna  fo  
eht  noitcennoc  ot  eht  rutcurtsrepus e llahs  erusne  taht  eht  elohw  gnidliub  si  detcejbus  ot  

icxe cimsies mrofinu a t noita  .  

71.2  Im trop a ecn  af rotc   
gnidroccA  ot  oruE  edoc  :8  E ,4002.1.8991N  sgnidliuB  era  deifissalc  ni  ruof  ecnatropmi   ,sessalc  

no gnidneped  eht  secneuqesnoc  fo  espalloc  rof  namuh  no ,efil  rieht  ecnatropmi  rof  cilbup  as f te y  
dna  livic  noitcetorp  ni  eht  etaidemmi  sop t- auqhtrae ke ,doirep  dna  no  eht  laicos  dna  cimonoce  

palloc fo secneuqesnoc s .e  

 
 
 
 
 
 
 
 
 
 

32



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ERCNOC ET  SEMARF  

 
elbaT  2.2  ecnatropmI  rotcaf   

 
 
 
 
 
 
 
 
 
 

ehT  eulav  of γ1 rof  ecnatropmi  ssalc  II  llahs  ,eb  yb  ,noitinifed  lauqe  ot  .1 0. ,suhT  ni  siht  repap  lla  
fo ssalc ecnatropmi rof si gnilledom larutcurts  .1 0.  

tcaf roivaheb dna sepyt larutcurtS 81.2 o  sr  
roccA gnid  ot  SCBE  NE  1998-1- 2:1 013 etercnoC  liub d sgni  ra e eifissalc d in ot  eno  fo  eht  

gniwollof  larutcurts  cimsies latnoziroh rednu roivaheb rieht ot gnidrocca sepyt  :snoitca  
a) s emarF y ets m  

)b   ro emarf( metsys lauD w  ;)tnelaviuqe lla  
c) oc( metsys llaw elitcuD  ;)delpuocnu ro delpu  

)d   metsyS o  decrofnier ylthgil egral f w la l  ;s  
)e  tsys muludnep detrevnI e  ;m  

 snoitca cimsies latnoziroh rof srotcaf roivaheB 1.81.2  
gnidroccA  ot  ht e wen  Et naipoih  gnidliub  edoc  the reppu  imil t eulav  fo  the roivaheb  ,rotcaf  ot  

tnuocca  sa noitcerid ngised hcae rof devired eb llahs ,yticapac noitapissid ygrene rof   :swollof  

𝑞𝑜 �  si  eht  isab c eulav  fo  eht  roivaheb  f ,rotca  dneped e tn  no  eht  pyt e fo  ht e struc larut  metsys  and 
tavele ni ytiraluger sti no i no  .  

𝑘𝑤 �  gnitcelfer rotcaf eht si   sllaw htiw smetsys larutcurts ni edom eruliaf gniliaverp eht  
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tropmI ance  
alc ss   

B gnidliu s  

I  sgnidliuB  fo  ronim  pmi ro ecnat  rof  up blic as fet ,y  g.e . utlucirga r la  liub d ,sgni  te c  .  
II   yranidrO  liub d ,sgni  b gnole i gn  ni  eht  to h re  c geta ori se   
II I  sgnidliuB  w esoh  es i cims  r ise s at n ec  si  fo  i atropm nce ni  vi we  fo  the cons qe u ne ces  

ossa c ai t de  iw th a loc l pa s ,e  g.e . ,sloohcs  a bmess ly ah l sl , rutluc al sni t ituti on ,s  e ct  .  
I  V  sgnidliuB  w esoh  ni t ytirge  d gniru  e qhtra uak se  is fo  tiv al pmi ort ecna  for ic v li  rp ote oitc n,  

e g. . ipsoh t ,sla  f eri  oitats n ,s  po rew  nalp t ,s  e ct  .  

𝑞 �  𝑞𝑜 ∗ 𝑘𝑤 �  1.5  
erehW :  
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,rotcaf roivaheb eht fo seulav cisaB 2.81.2 𝒒𝒐  noitavele ni raluger smetsys rof (  SCBE EN 
8991 -1- :1  )3102  
elbaT  3.2  cisaB  seulav  fo  roivaheb  rotcaf  rof  smetsys emarf raluger   

 
 
 
 
 
 
 
 
 

erehW :  
α1 si  eht  eulav  by hcihw  eht  oziroh n lat  cimsies  ngised  noitca  si  eilpitlum  d ni  redro  ot  tsrif  hcaer  

eht  laruxelf  ecnatsiser  ni  na y rebmem  ni  eht  ,erutcurts  elihw  a ll  rehto  ngised   snoitca  
tnatsnoc niamer ;  

α si u  eht  eulav  yb  hcihw  eht  latnoziroh  cimsies  ngised  noitca  si  ,deilpitlum  ni  redro  ot  mrof  citsalp  
segnih  ni  a rebmun  fo  es c snoit  iffus c tnei  rof  eht  de tnempolev  fo  evo r lla  rts u larutc  in bats ili ,yt  while  

lla  hto re  ngised  snoitca  niamer  .tnatsnoc  ehT  rotcaf  αu yam  eb  deniatbo  morf  a raenilnon  citats  
sylana labolg )revohsup( i  s  

NB. roF  rotsitlum y, tlum i- ab y semarf  ro  marf e- tnelaviuqe  laud  serutcurts  the wen  E naipoiht  edoc  
 :sedivorp αu/α 1=1 .3.  

norts fo lortnoC 91.2  noitom dnuorg g  
ehT  esnopser  of decrofnier  etercnoc  erutcurts s ot  gnorts  dnuorg  noitom  nac  eb  dellortnoc  

,aingrozoB( :soitar eerht fo gnicnalab suoiciduj hguorht  002 6  )  
 am fo oitaR s  ssenffits ot s  
 nerts ot thgiew fo oitaR g  ht  
 alpsid laretal fo oitaR hgieh ot tnemec t  

ehT  detats  soitar  yfed  p er esic  nifed iti .sno  nI  ekauqhtrae -re tnatsis  ngised  ht at si  tsomla  yllasrevinu  
eht  ,esac  trats  htiw  eht  noitinifed  fo  ht e nuorg d om t .noi  htraE q ekau  siser at tn  ngised  fo  er i decrofn  

etercnoc  si  resolc  ot  tra  naht  ot  cs .ecnei  enO  tsum  tcepxe  eht  .detcepxenu  ehT  eerht  soitar   detic  
ecneirepxe gnitcejorp dna gnidnatsrednu rof selcihev ylpmis era  .  

 
ehT  tsom  tneinevnoc  noitinifed  fo  eht  sam s- ot - fits f ssen  oitar  si  eht  lanoitalsnart  noitarbiv  doirep  

of eht  lanoiton  erutcurts  gnidnopserroc  ot  sti  tsewol  larutan  cneuqerf y. tahT  si  eht  ytitnauq   ew  
lliw  refer  ot  revenehw  ew  ni voke ”doirep“  sselnu  ew  yficeps  taht  ti  srefer  ot  a rehgih  .edom  For  

yranimilerp  ,gninoitroporp  eht  doirep  si  eht  tsom  tnatropmi  citsiretcarahc  of a tcurts ru e  
dnuorg gnorts yb denetaerht  noitom .  
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pyt larutcurtS e  DCM  CD H  
emarF  sy ,mets  laud   ,metsys  

etsys llaw delpuoc m  
0.3 αu/α1  .4 5α /u α1  

etsys llaw delpuocnU m  .3 0  .4 0α /u α1  
tsys elbixelf yllanoisroT e  m  .2 0  .3 0  
tsys muludnep detrevnI e  m  .1 5  .2 0  
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ehT  oitar  fo  thgiew  ot  htgnerts  si  llausu y desserpxe  ni  mret s fo  eht  esab“  raehs  ”htgnerts  fo  eht  

,erutcurts  eht  xam i mum  b esa  raehs  gnerts th lac c detalu  rof  na  ar artib ry noitubirtsid  fo  laretal  f ro c se  
deilppa  ta  roolf  .slevel  ehT  oitar  fo  yratubirt  thgiew  ot  htgnerts  yllausu(  dellac  eht  “ esab  raehs  
htgnerts  iffeoc cie si )”tn  an ixorppa m eta  saem u er  fo  woh  ts r gno  a urts c rut al metsys  si  in nerefer ce 

ot  sti  ratubirt y .daol  tI  is ton  na  tnatropmi  ytreporp  of eht  erutcurts  sa  gnol  sa  ti  is evoba  a 
ot detaler eulav dlohserht  .dnamed noitom dnuorg eht  

 
ehT  driht  tar io si  erom  ylreporp  dellac  tfird“  capac i ”yt  ro  ht e l“ imiti gn -d tfir  r ”.oita  tI  c na  eb  de denif  

sa  eht  yticapac  rof  eht  naem“  tfird  ”,oitar  eht  foor  tfird  dedivid  yb  eht  thgieh  ot  foor  evoba   ,esab  
ro  eht  ac p ytica  rof  eht  s“ t yro  rd i tf  oitar ,” ht e l lareta  di ps lacem ne t in eno  story dedivid  by ht e eh i thg  
fo  taht  .yrots  tI  si  a erusaem  fo  eht  iliba ty fo  eht  erutcurts  ot  rotsid t wit tuoh  sol i gn  its inte rg i .yt  roF  

a nevig  dnuorg - noitom  ,dnamed  eht  doirep  dna  eht  tfird  yticapac  era  eht  owt  tirc i  lac  
snoitaredisnoc  rof  reporp  porp o gninoitr  dna  gniliated  fo  a .erutcurts  ehT  esab  s raeh  htgnerts  

tneiciffeoc  si  ton  ekil ly to eb  ropmi t tna  selnu s eht  reenigne  ah s dam e rnu ea elbanos  c ioh c se  us( ch 
sa  gningissa  na  eritne  gnikrap  erutcurts  ot  owt  aretal l- ecrof  gnitsiser  rf a )sem  ro  sselnu  eht  p kae  

erom( hgih eb ot tuo snrut yticolev dnuorg  ht )ces/m eno na  .  

8.0  

6.0  

4.0  

2.0  

0 
0 5 10 51  02  25 30 53  

 
 
 
 

ces,emit  

 
rG 3.2 erugiF oun mit susrev noitarelecca d e  

eb raenilnoN 02.2 h iva o  r  
nA  im tnatrop  noisiced  ni  a larutcurts  sisylana  si  ot  emussa  rehtehw  eht  pihsnoitaler  eb tw nee  rof c se  
dna  alpsid stnemec  si  raenil  ro  .raenilnon  raeniL  sisylana  rof  citats  dna  cimanyd  sdaol  sah   neeb  
desu  ni  larutcurts  ngised  for .sedaced  raenilnoN  sisylana  sdohtem  era  lediw y ,desu   esuaceb  

gnigreme  ecnamrofrep - desab  senilediug  eriuqer  r noitatneserpe  fo  raenilnon  heb .roiva  erehT  era  
owt  rojam  secruos  fo  raenilnon  .roivaheb  ehT  tsrif  si  a raenilnon  pihsnoitaler  neewteb  ecrof   dna  

noitamrofed  gnitluser  morf  lairetam  roivaheb  hcus  sa  elitcud  y ,gnidlei  fits f ssen  dna   htgnerts  
noitadarged  ro  elttirb  .erutcarf  ehT  dnoces  yt ep  fo  on n raenil  roivaheb  si  desuac  by eht  noisulcni  

i stnemecalpsid egral fo n spihsnoitaler muirbiliuqe dna ytilibitapmoc eht . 6002 ,aingrozoB( )  
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nI  siht  alucitrap r s oiranec  eht  dnoces  epyt  of tiraenilnon y cirtemoeg(  tiraenilnon y ro  p- )atled  

sisylana  ton si  .deniatretne  dna ytiraenilnon lairetam ,ecneH  deredisnoc si yticitsaleni   tuohguorht  
isylana eht s  .  
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RETPAHC  HT R EE  

 DNA GNILLEDOM LARUTCURTS A LAN Y SIS  

 
decrofnieR  etercnoc  )CR(  era semarf  oc n sa deredis  eno  of eht  tsom  tneiciffe  laretal  daol  gnitsiser  

sy smets  eud  ot  rieht  ytilitcud  yticapac , hcihw  in sesaerc  eht  ygrene  noitapissid  ticapac y of  eht  
urts c .erut  nI  redro  ot  eveihca  taht  deriuqer  level  fo  litcud i ,yt  eps c lai  tnetta i no  dluohs  eb  c isno d dere  
rof  eht  gniliated  fo  tnemecrofnier  fo  smaeb , ,snmuloc  dna  stnioj  fo  eht  tnemom  gnitsiser  rf a em .s  

tsoM  fo  eht  gnitsixe  sgnidliub  taht  erew  dengised  gnidrocca  ot  rp e- 0791  ngised  sedoc  t’nod  
ssessop  siht  ytilitcud  el v .le  ,yltneuqesnoC  siht  am k se  meht  sus c elbitpe  ot  eht  ah z dra  fo  laitrap  
egamad  ro  noitom dnuorg gnorts fo tneve eht ni espalloc latot  .  

 
P er -1 079  ngised  sedoc  detpoda  a htgnerts - desab  ,yhposolihp  dna  ecneh  ecno  eht  etamitlu  

htgnerts  fo  ht e erutcurts  is ,dehcaer  a non -d elitcu  noitaroireted  f ollo w ,s  wh ci h er duc se  ht e ne ergy 
detapissid  yb  eht  erutcurts  dna  stluser  in a rb ittle .eruliaf  ferehT ,ero  utcurts r se  dengised  gnidrocca  

ot  dlo  sedoc  deen  ot  eb  denehtgnerts  ni  redro  ot  teem  eht  stnemeriuqer  fo  eht  ylwen   detpoda  
ecnamrofrep - desab  ngised  rppa o .hca  sihT  hcaorppa  si  detcepxe  ot  esaerced  eht  ytilibaborp  fo  

elttirb  eruliaf  fo  eht  ,serutcurts  a dn  esaercni  eht  en ygre  noitapissid  c capa i yt  w neh  bus jected ot  eht  
ngised   .snoitom dnuorg  

sihT  retpahc  sessucsid  eht  gniledom  snoitpmussa  dna  orp c serude  desu  ot  etagitsevni  eht  ivaheb or 
of eht  deiduts  rf a ,sem  gnidulcni  eht  tnereffid  sledom  taht  erew  desu  to tneserper  fid f tnere  

 hcae fo seitreporp eht dna ,stnemele larutcurts m ledo  .  

2.3  S rt uctur la  al oy ut 

1.3  In rt oduc it on  

eerhT  raluger  gnidliub  m sledo  taht  evah  neeb  sed i deng  rof  ivarg ty gnidaol  gnisu  suoiverp  uB ilding 
edoc  era  detceles  for siht  duts y. ehT  sgnidliub  era  fo  sthgieh  ,net  evlewt  dna  neetxis  seirots  taht  

tneserper  muidem  dna  gih h- esir  ,sgnidliub  levitcepser y. ehT  eerht  sgnidliub  evah  eht  emas   roolf  
nalp  taht  stsisnoc  fo  f ruo  lacirtemmys  ba sy  ni  b hto  erid c ,snoit  w ereh  eht  bay wid ht  si  .m5  ehT  lf o ro  

thgieh  si  m3  dna  eht  latot  sthgieh  fo  eht  eerht  dliub i sgn  era  ,m03  m63  dna  ,m84  ser p ce ti ev yl . ehT  
nalp  dna  snoitavele  fo  eht  eerht  ,sgnidliub  eht  etercnoc  snoisnemid  rof  eht  b smae  dna  nmuloc  

snoitces  dna  eht  leets  er i tnemecrofn  oitar s deirav  gnola  eht  eh i thg  of eht  fr sema  ca c gnidro  ot  the 
egnahc  fo  laixa  daol  gnitca  no  hcae  puorg  fo  uloc ,snm  elihw  eht  maeb  snoisnemid  dna   leets  

rof emas eht eb ot demussa erew tnemecrofnier   eht e .emarf eritn   
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1.3 erugiF C ab 4x4 decarB renro y c ugifno r rid Y dna X eht ni noita e noitc  
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B leddiM2.3 erugiF r ugifnoc yab 4x4 deca r rid Y dna X eht ni noita e noitc  
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T  ne s sledom yrot  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

erugiF  neT3.3  yrots  ledom  erab  ,emarf  X rB a ic gn , and Ch orve n bra ic gn  tiw h 1 000 mm  cce ne yticirt  at the pit  
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erugiF  neT4.3  yrots  ledom  o ff  Ch rve no  bra ic gn  tiw h 100 mm  dna  5 00 mm  cce ne yticirt  at the pit  
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rots evlewT y sledom  
carB renroC e  d  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

marf decarb yllacirtnecnoc 5.3 erugiF e utcurts eht fo renroc eht ta decarb s re 
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ts eht fo renroc eht ta decarb semarf decarb yllacirtneccE 6.3 erugiF r erutcu  
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elddiM  B car ed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ta decarb semarf decarb yllacirtnecnoC 7.3 erugiF t im eh d erutcurts eht fo eld  
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m eht ta decarb semarf decarb yllacirtneccE 8.3 erugiF i ht fo eldd e erutcurts  
 
 
 
 
 
 

N** B. ehT  emas  noitarugifnoc  dna  retemarap  ylppa  rof  eht  txis ee  n sto yr  arf me.  
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al larutcurtS 9.3 erugiF y tazimitpo noitces gnicarb rof tuo i no  
 
 
 
3 3.  Material p or p tre ies  

inifed ytreporP lairetaM 1.3 elbaT t noi  
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retaM i la  Type  cnoC r ete   eetS l  
thgieW  rep  u tin  v lo um  e  m/NK52 3  m/NK77 3  
ciportosI  rP o rep ty aD ta    

• suludoM  of alE s cit it  y  PG03 a  02 PG0 a  

• nossioP ’s itar o  .0 2  .0 3  

• raehS  Mo lud su   0.00521 0  967 32 .08  

pmoC r evisse  s nert g ht , ’f ck   52C   

eT n is le tS r tgne h   064=kyF   
noitceriD al Sym tem yr   rtosI o ip c  sI o rt o ip c  

airetaM l eporp r it es meT p utare re  
neped d ne t?  

No  No  

syH t re e sis  c ru ve t py  e  ekaT da  ekaT da  
PAS  rD u rek - rP a reg  raP ma et re s    

• F noitcir  gna el    0  0  

• aliD t oita n la  na gle   0  0  



 
 
 

gnitsixe ehT  erab  rf a sem  erew  denehtgnerts  yb  gnicudortni  leets  X, dna  Ch norve  pyt e fo  bracin sg  
ni  eht  elddim  yab  sa  llew  sa  renroc  gnola  ht e luf l eh i hg ts fo  ht e urts c .erut  I- noitces  dna  natcer gul ra  

ssorc  noitces  evah  neeb  detceles  f ro  leets  carb i gn . D tnereffi  tsrif  ssalc  leets  snoitces  of na  I- 
snoitces  rof desu neeb evah snoitces ralugnatcer dna  gninehtgnerts  .  

3 5.  Bra ic ng Section Designa it on of r Economic sec it on det re mination using hsup over analysis  
I- ces t noi  

elbaT  2.3  I oitces n S leet  rc o ss  itces on pr po seitre  dna  d ise gna it on for p mrofre na ce ba es d op zimit a it on 

il noitces gnicarB ssorC st )3 edoc oruE(  
1EPI 00 EPI 42 0 4EPI 50 7EPI 05 X1 73  
1EPI 20 EPI 042  O 5EPI 00 7EPI 05 X1 74  
1EPI 40 EPI 72 0 5EPI 50 7EPI 05 X1 16  
61EPI 0R R 072EPI  6EPI 00 7EPI 05 X1 37  

1EPI 80 EPI 03 0 06EPI 0O 7EPI 05 X1 58  
EPI 081  O EPI 33 0 6EPI 00 R 7EPI 05 X1 69  

R 081EPI  EPI 63 0 06EPI 0V 7EPI 05 X2 01  
2EPI 00 EPI 04 0 7EPI 05 X1 73  7EPI 05 X2 22  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A. M :laireta  lairetaM  ytiraenilnon  si  deredisnoc  ni  eht  lana y is s. ehT  fles - thgiew  of etercnoc  

eb ot demussa  52 K m/N 3  eht dna s ep c eifi d c pmo r sse i gnerts ev th  fo c rcno e  c’f et i a s s qe demus u la  
ot  ,aPM52  hcihw  ton si  rewol  ht na  C 61 2/ 0 rof  ramirp y cimsies  stnemele  nidrocca g  ot E  SCB 1 899 - 

1- idliub tsom fo snoitacilppa lacitcarp ni desu dna 4102:1 n sg  .  
B. P gnitapicitra  :stnenopmoc  ylno  eht  ramirp y larutcurts  nopmoc e stn  era  demussa  ot  etapicitrap  
ni  eht  llarevo  .roivaheb  ehT  ceffe st  fo  yradnoces  larutcurts  stnenopmoc  dna  on n- larutcurts  

stnenopmoc  era  demussa  ot  eb  ;elbigilgen  eseht  edulcni  ,sesacriats  ,snoititrap  ,gniddalc   dna  
gninepo s.  
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4.3  St ee l bra ic ngs es el itc on f ro  economic sec it on determin ta i no  su ing up shover an syla is  

m053x053 :maeB m  
004 :nmuloC x mm004  

:balS  1 05 mm 

3 6.  Struct ru al Element Prop re ties 
mem larutcurtS 3.3 elbaT b ces ’sre t p noi r epo r yt  

 
 
 
 
 
 
 
 
 
 
 
3 7.  Model il ng A ss umpt oi ns:  



 
 
 
 
 
 
 
 
 

emiT  yrotsih  sisylana  dna  raenilnon  citats  revohsup  lana y sis  is tu dezili  ot  erapmoc  eht  ladom  
,sisylana  ecnamrofrep  level  dna  cimonoce  disnoc e snoitar  ni  gnitceles  leets  ssorc  noitces s. llA  eht  

sisylana  spets  dna  serudecorp  si  desab  no  eht  wen  desiver  E naipoiht  gnidliub  edoc  ro  eht  
 edoc naeporuE 8.  

ehT  sisylana  si  rofrep dem  rof  hgih  cimsies  enoz  dna  rev y esned  dnas  lios  llacipyt y deifissalc  
gnidrocca  ot  wen  naipoihtE  gnidliub  edoc  sa  dnuorG  ty ep  C sa  nwohs  ni  elbat  .2 1 hcihw  si  peed  

stisoped  fo  esned  ro  uidem m- esned  ,dnas  levarg  ro  fits f alc y htiw  ssenkciht  morf  lareves  t sne   ot  
ynam  hu sderdn  of etem r .s  tI  si  demussa  taht  s tfo  s slio  era  a go do  muidem  in aporp g ta i gn  msies ic 

detceles saw epyt dnuorg tfos nosaer siht rof sevaw  .  

3 8. .1 Structur la  M do e ill ng  

 
 
 
 
 
 
 
 
 
 

ehT  siseht  row k edisnoc r de  raluger  gnidliub  htiw  nalp  dna  e .noitavel  ehT  sledom  rednu  
snoitaredisnoc  era  ,net  evlewt  dna  neetxis  yrots  decrofnier  etercnoc  sgnidliub  eht   yab  

noitarugifnoc  rof  lla  ub ild sgni  si  ruof  ni  eht  X by ruof  ni  eht  Y di er cti no  with ht e c tnatsno  bay width  
of evif  retem s. ehT  uts yd  derevoc  ob ht  irtnecce c detrevni(  V w hti  tnecce r tici y ta  ht e )hctip   dna  

 fo sepyt )gnicarb norvehc dna lanogaid ssorc( cirtnecnoc b  .sllaw dellifni on htiw sgnicar  

3 8. .3 Time H si t yro  An yla s si  M te ho od logy  
 
 
 
 
 
 
 

am gnipmad si C ;xirtam ssenffits eht si K erehW t xir  ssam lanogaid eht si M  .xirtam  
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C. roolF  sbals : era  ussa med ot  eb  rigid in nalp e, w hti  ht ic ssenk  eq lau  ot  51 0 mm  ni  a ll  edom l .s  sihT  

noitpmussa  sesuac  eht  lacitrev  stnemele  ta  any level  nu d ogre  eht  emas  stnenopmoc  fo  
eht ni noitator dna tnemecalpsid lanoitalsnart  iroh z  .enalp latno  

ehT  yab  noitarugifnoc  rof  gnilledom  si  ruof  ab y ni  eht  X yb  ruof  ab y ni  eht  Y noitcerid  iw ht  eht  
s tnatsnoc dna sretem evif fo htdiw yab tnatsnoc t etem eerht fo thgieh yro r  s  

8.3  An la sy is Methodology  

ecniS  eht  scitsiretcarahc  fo  eseht  sekauqhtrae  era  tnereffid  morf  rehto  ,secalp  eht y evah  ot   eb  
delacs  ot  a elacs  erofeb  gnisu  meht  for on n- enil ra  cimanyd  sesylana  of eht  deiduts  .sledom  ehT  

erutcurts  is tsrif  ngised ed ot  er s tsi  ytivarg  daol  a dn  siht  emas  nidliub g is detcejbus  ot  a dnuorg  
noitom  ot  etaulave  eht  ecnamrofrep  gnisu  fid f tnere  .sgnicarb  dnA  rof  eht  cirtnecce  sepyt   fo  

sgnicarb  yb  cudni gni  na  yticirtnecce  a suorogir  sisylana  ah s eeb n deirrac  tuo  yb  gnignahc  eht  
ticirtnecce y eulav  ot  ve a etaul  eht  ecnamrofrep  ni  smret  fo  tnemecalpsid  ytilitcud  dna   ygrene  

tapissid i neeb sah sledom fo sdnik tnereffid oS .no  ce suoirav yb detset dna detalumis icirtnec t sei  .  
3 8. .2 Structur la  configuration  

𝐾 𝑢 𝑡 �  𝐶 𝑢 𝑡  � 𝑀𝑢 � 𝑡 �  𝑟�𝑡�  � � � � � � � 

emiT  yrotsih  sisylana  si  a ets p- by- pets  sisylana  of eht  dy laciman  esnopser  of a erutcurts  ot   a  
deificeps  gnidaol  taht  yam  yrav  htiw  .emit  ehT  isylana s yam  eb  raenil  ro  .raenilnon  tI  si  desu   ot  

enimreted  eh  dy ciman  esnopser  fo  a erutcurts  ot  rartibra y .gnidaol  ehT  cimanyd  muirbiliuqe  
 :yb nevig era devlos eb ot snoitauqe  
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nehW  ereht  si  on  margorelecca  atad  elbaliava  eht  desiver  E naipoiht  liub d gni  edoc  sedivorp  eht  
egasu  fo  na  laicifitra  noitarelecca . roF  siht  ralucitrap  lana y sis  ni  siht  repap  eht  sy  citehtn  

noitarelecca  atad  hcihw  sah  neeb  detcelloc  by evruc  gnittif  eht  esnopser  murtceps  evruc  rof   a  
gnipmad  oitar  of .%5  ehT  ngised  dnuorg  elecca r ,noita  ag, si  0.2 ni  g ,stinu  eht  dnuorg  ty ep   desu  

si  ssalc  C rof  a murtceps  epyt  .1  ehT  esnopser  murtceps  sah  neeb  denifed  gnisu  eht   denoitnem  
ctam neeb sah yrotsih emit eht neht sretemarap h de .  

3 8. .4 Mater ai l noN il en tira y  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ehT  cimsies  stceffe  dna  eht  e ceff ts of eht  o reht  oitca ns edulcni  ni  the s ie s im c ngised  
 raenil eht fo sisab eht no denimreted eb yam noitautis - erutcurts eht fo roivaheb citsale  .  

isylana raenilnon sedivorp edoc eht dohtem evitanretla na sA s me  :sdoht  
1.3 0 F nu ad ment la  period dete mr inat oi n rp oce ud re  

 
 
 
 
 
 
 
 
 
P ramir y emele stn  era  deificeps  sa  gnieb  esoht  stnemele  taht  etubirtnoc  ot  eht  cimsies  ecnatsiser  

fo  eht  erutcurts  dna  a er  d dengise  dna  deliated  ot  t eh  tnaveler  snoisivorp  fo  8CE  rof  ht e de is gn deta  
ytilitcud  .ssalc  stnemelE  taht  era  ton  trap  fo  eht  niam  sy mets  rof  siser gnit  imsies c gnidaol  nac  eb  

dessalc  sa  yradnoces  .stnemele  yehT  era  demussa  ot  ekam  on  noitubirtnoc  ot  cimsies   ,ecnatsiser  
dna  yradnoces  etercnoc  stnemele  era  engised d ot  E 2C  ot  tsiser  ivarg ty sdaol  rehtegot   htiw  

f devired stnemecalpsid cimsies desopmi ro  eht m r irp eht fo esnopse m  yra s .metsy   siht nI c sa e  , no 
laiceps  gniliated  stnemeriuqer  era  desopmi  nopu  eseht  .stnemele  ,eroferehT  riats   ,sesac  
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3 8. .3.3 Synthetic a cc ele ration  

etercnoC  dna  leets  era  eht  owt  stneutitsnoc  fo  RC decarb  .emarf  gnomA  ,meht  etercnoc  si  hcum  
regnorts  ni  noisserpmoc  naht  ni  noisnet  elisnet(  htgnerts  si  fo  eht  redro  fo  no e- htnet  fo  

evisserpmoc  .)htgnerts  elihW  its te sn i el  rts e ss – niarts  pihsnoitaler  si  tsomla  ,raenil  eht  sserts – arts in 
c ni pihsnoitaler gninnigeb eht morf raenilnon si noisserpmo  .  

onA( :erutcurts a ni ytiraenilnon lairetam ylppa ot smrof suoirav era erehT n  )6102 ,.  
• nilnon fo epyt suoiraV e puS/kniL ni seitreporp ra p  stnemele tro  
•  stnemele emarF ni stimil noisserpmoc ro/dna noisneT  
• niH  stnemele emarF ni seg  
•  ni ytiraenilnon lairetaM l  stnemele llehS dereya  
• i ytiraenilnon cirtemoeG n  stnemele elbaC  

3 9.  yT pes of anal sy is  

gnidroccA  ot  4002.1.8991.NE  )8(  noitces  3.4 . .2.3 2 rof  sgnidliub  htiw  thgieh  pu  ot  40m  eht  
latnemadnuf  doirep  fo  noitarbiv  am y eb  detamixorppa  yb  𝑇1 �  𝐶𝑡. 𝐻 /3 4 erehw  =tC 0 70. 5 rof  

tnemom  tnatsiser  etercnoc  semarf  esiwrehto  eht  edoc  sdnemmocer  eht  aR y hgiel  dohtem   fo  
.noitanimreted  itanretlA v yle  eht  edoc  stseggus  rehto  snoitpo  gnisu  eht  laretal  tsale ci  di ps lacem tne  

ta  eht  pot  fo  eht  .gnidliub  ( dibi ) ,eroferehT  eht  emas  doirep  lliw  eb  desu  rof  eht  sisylana  fo   eht  
utan dna raehs esab r neuqerf la c  .sei  

3 1. 4 Structur la  em mb re s  



 
 
 
 
 
 

yltneceR  detadpu  raenilnon  etinif  tnemele  sisylana  erawtfos  SBATE  6102  saw  desu  ot  ssessa   eht  
raenilnon  cimsies  vaheb i ro  fo  a ub ildin .g  ehT  prog mar  si  elba  ot  rep f mro  l ni rae  sa  well sa  non linear 

sisylana  rev y lkciuq y. ehT  D tceri  X arg p scih  edom  sah  neeb  decnahne  for deeps  dna  ,ecnaraeppa  
gnidulcni  gnidahs  dna  .gnithgil  resU  sgnittes  era  ivorp ded  for decnavda  .lortnoc  ehT  ezis  fo   eht  

devas  sisylana  stluser  selif  sah  neeb  decuder  rof  tlum i- pets  raenilnon  ,citats  raenilnon  cerid t- 
noitargetni  emit - rotsih y, dna  raenilnon  ladom  (F )AN  mit e- yrotsih  daol  .sesac  sihT  lliw  ecuder  eht  
fo tnuoma  aps ksid deriuqer ec  eseht rof  sepyt  fo  daol  sesac  ni  sledom  niatnoc i gn  osi t por ci  emarf  

,segnih  cirtemarap  P-M-M emarf  ,segnih  dna  yal e der  llehs  stnemele  gnisu  noc c eter  .slairetam  sihT  
am y osla  tluser  ni  emos  deeps  esaercni  ehw n gninnur  eht  lana y sis  dna  alpsid y gni   ,stluser  

lralucitrap y rof  daol  sesac  htiw  nam y .spets  etoN  taht  rof  FNA daol  ,sesac  siht  tnemecnahne   ylno  
stceffa  rf a em  segnih  nehw  deledom  ni  sknil , ecnis  al y dere  sllehs  dna  emarf  segnih  deledom  ni  

stnemele  evaheb  ylraenil  ni  FNA daol  .sesac  nI  siht  sac e raenilnon  tcerid  noitargetni  si  desu   dna  
si ytreporp egnih  stnemele emarf rof denifed  .  

ynaM  serutcurts  evah  neeb  delledom  dna  lana y dez  gniredisnoc  t eh  larutcurts  ticilpmis y, ranalp  
dna  laitaps  /ytiraluger  ,ytiralugerri  mgarhpaid  ,ytidigir  dna  yab  ifnoc noitarug  sa  ti  sah   neeb  

61.2 noitces ni dessucsid .  

 
 
As a nemelpmoc t to ht e golodohtem y id s ssuc ed yb  ,oteoC(  02 12), iht s repap  

sessucsid  a nffits e ss -b desa  golodohtem y rof  eht  senffits s- ab sed si gniz  of a br ica ng 
sys met . ecnO  eht  secarb  evah  neeb  ,dezis  the stfird  of eht  br ica gn  tsys em due to lg o lab  

raehs  tfird  edom  nac  eb  e detamits . roF  t sih  ,esoprup  ti  si  er a os nab el  to mussa e th ta  th si  
tfird  edom  si  ylevisulcxe  a ecneuqesnoc  fo  t eh  laixa  amrofed t oi n fo  br .seca  nihtiW  siht  

,txetnoc  ht e laretal  s raeh  s it ff en ss dedivorp  yb  ht e arb ces ot   eht i ht  s yrot  nac  eb  se tamit ed 
 :sa  

𝐾𝑆𝑖  � 𝑁𝑖  

𝑤�𝑒𝑟𝑒 𝑁𝑖 si  eht  latot  rebmun  fo  secarb  detacol  ta  eht  i ht  yrots  𝐴𝐵𝑅 si  eht  aera  ni i yllait  
desoporp  rof  hcae  eno  fo  eht  laixa  de of r oitam n of br ,seca  𝜃𝑖 rieht  itanilcni on an ,elg  iL  

rieht  latot  htgnel  ( ecnatsid  aht t setarapes  t eh  t ow  n sedo  th ta  timiled  the sdne  of no e 
lacitylana eht ni ecarb   dna ,)ledom 𝐿𝑅𝐹 𝑖 fits a fne ujda ss s  gnit f  rotca  

𝐿𝑅𝐹 𝑖 �  𝛾 �  𝜇 1�  �  𝛾� 
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roolf,gniddalc  f ,sgnihsini  ranosam y llifni  sllaw  lla dna  radnoces y lautcurts  nemele ts era  detcelgen  

ht ni i repap s .  

3 1. 5 ETABS20 .61 DE B spec fi ication  

3 61.  Sti ff ness based is zing  

𝐸𝐵𝑅 𝐴𝐵𝑅 𝑐𝑜𝑠 2𝜃𝑖 
𝐿𝑖 𝐿𝑅𝐹 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

larutcurtS  noitazimitpo  skees  lamitpo  seulav  fo  ngised  selbairav  th ta  a eveihc  the tseb  
emoctuo  fo  a nevig  evitcejbo  elihw  sitas f iy ng edoc  ro  engised r-s eificep d rc i .airet  nA  
evitcejbo  ,noitcnuf  netfo  nwonk  sa  a tsoc  ro  p fre o amr n ec  iretirc o ,n  is serpxe s de  in smret  

fo  eht  ngised  selbairav  dna  sevres  sa  a ediug  rof  the oisiced n m reka . ehT  lamitpo  ngised  
si  eht  eno  gnidivorp  eht  tseb  ulav e rof  eht  evitcejbo  uf n itc no  hw ile tas isf niy g la l the 

;stniartsnoc  ,suht  eht  noitceles  fo  na  etairporppa  evitcejbo  f noitcnu  si  ylemertxe  
natropmi t  . mmahoM( a )8002 ,id  

 
ehT  erawtfos  si  elbacilppa  rof  eht  lamitpo  d ngise  fo  tnecnoc r ci  br deca  marf es w ti h any 

noitacol yna htiw dna snaps dna seirots fo rebmun  fo  rb a sgnic .  
ehT  lamitpo  ed s ngi  fo  erutcurts  seziminim  eht  larutcurts  we thgi  s tcejbu ed ot  ecnamrofrep  

stniartsnoc  no  laixa  de snoitamrof  fo  ecarb s and itsalp c egnih  ro at t oi n of aeb m- snmuloc  
dna  osla  eht  ecrof  noitcaretni s er l noita s pih s rof  .meht  A ss mu i gn  taht  ht e c tso  fo  a me rebm  

si  lanoitroporp  ot  sti  lairetam  ,thgiew  taht  the nu ti  lairetam  soc t for hcae  rebmem  is the 
,emas  dna  taht  eht  rebmem  sah  a p citamsir  noitces  thr uo g oh tu  sti  length, the sael t- tsoc  

24

itceS o  n  X arb c ni g  V rB nica  g  1V 00  Brac ni g  V 005   
Br nica g  

V 0001   
Br nica g  

V1  005  
arB c ni g  

mc ,aerA 2  263  5.  901 4.   601 5.   96  1.  85  6.  5.67   
,L  m  .5 38 10   .3 09 15   .3 78 33   .3 7  5  3. 06  5  3 74.  3  
𝜃  0.95 4  .93 8  2.93 4  63 .8  6  33 .6  9  30.25  

htpeD  )h( ,mm  50  0  003   003   572   872   25  0  
htdiW  (w),mm  50  0  003   003   572   872   25  0  
egnalF  )ft( ,mm  52   .21 5   21  12  10  5.  5.01   

beW  wt( ,) mm  52   .21 5  .21 5  12  10  5.  5.01   
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W ereh  𝛾 si  eht  oitar  fo  eht  le htgn  fo  ht e roc ecarb e es mg e tn  L( c) ot  eht  tot al carb e le htgn  
L and 𝜇 si  eht  oitar  fo  eht  egareva  laixa  erts ss in the br eca  o distu e the carb e co er  to the 

sserts  ni  eht  br ca e oc r .e  nI  siht  esac  eht  st ssenffi  noitacifidom  fa rotc  si  a ss u em d to be  
 5.1 ot lauqe f esac lla ro s. 

ehT  niam  esoprup  fo  ssenffits siht  yb gnizis desab  gniyfidom  eht  aera  fo  ht e s et el secarb  
si  ot  etaerc  na  lauqe  nosirapmoc  nuorg d yb  gnivah  na  qe u la  nffits ess of a rc o ss  br ica ng 

htiw  rehto  norvehc  gnicarb  sepyt  fo  sgnicarb  deniatretne  ni  th si  p pa er gnipeek  oth re  
ngised  ,sretemarap  larutcurts  srebmem  ezis s dna  deilppa  daol s co atsn nt u gnis  a CU  I 

s tce i  no  .  

 
elbaT  4.3  ssenffitS  desab  gnicarb  ezis  noitanimreted  rof  AHT   

 
 
 
 
 
 
 
 
 
 
3 71.  For um lation of design optim zi at oi n rp oblem for ts eel bracing  



 

 

:erehW  ne si  eht  rebmun  fo  srebmem  𝜌𝑖 si  eht  lairetam  ytisned  dna  li dna  :A  era  eht  dexif  
le htgn  dna  rav ia elb  orc ss-se tc i no  ra ea fo  me  rebm I, er s ep c vit ely. hT e ed s ngi  lbairav se  era  

 eb nac stniartsnoc dna secarb saera lanoitces ssorc eht sa nesohc s zirammu e sa d  

∆𝑝𝑙�  ∆̅̅  
W  ereh ∆𝑝𝑙 is  dna noitamrofed laixa gnicarb eht ∆𝑝𝑙 eht si  ab tnuoma elbawolla es no d  

lbaT e 5- AMEF fo 7 - diug 653 eli en s.  
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ngised  nac  eb  deterpretni  sa  eht  sael t- iew g th  gised n of the ts ructu ,er  and the giew ht 

ziminim eb ot )JBO( noitcnuf evitcejbo e  d c a detalumrof eb na s  :  
𝑛𝑒 

𝑂𝐵𝐽 �  

 

∑ 𝜌𝑖 𝑙𝑖𝐴𝑖  
𝑖 1�  

̅̅̅̅ 
̅̅𝑝𝑙 

𝑝 

𝑝 
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ETPAHC F R OUR 

ID DNA TLUSER S NOISSUC  
 

nehW  ew  erapmoc  sgnicarb  detubirtsid  gnola  eht  elddim  fo  eht  erutcurts  htiw  sgnicarb   dnuora  
eht  renroc  rehpirep y fo  eht  ,gnidliub  ddim el  decarb  sgnidliub  evah  nwohs  a retaerg  noitcuder   ni  

laretal  di .tnemecalps  gnivaH  elgnis  yab  decarb  ro  elbuod  yab  decarb  sah  a big di ereff cn e in laretal  
nemecalpsid t. nI  siht  esac  elbuod  yab  si  decarb  ta  eht  elddim  fo  eht  emarf  dna  owt   lanogohtro  

sedis  decarb  ta  eht  renroc  .yrehpirep  nehW  eht  erutcurts  saw  decarb  ta  eht  renroc  eht  la laret  
tnemecalpsid  decuder  morf  794.111 mm  ot  295.14 mm rof  ssorc  gnicarb  tub  rof  eht  ddim le gnicarb  

eht  noitcuder  saw  43 . 48 mm hcihw  si  etiuq  hgih  .ecnamrofrep  nehW  ew  erapmoc  eht   laudividni  
gnicarb  snoitarugifnoc  ec cirtnec  sgnicarb  yalpsid ed a hgih  noitcuder  f ro  ht e c renro  arb ced fr sema  

naht  cirtnecnoc  nicarb g .s  leetS  sknil  in E rtnecc ic sgnicarb  dluohs  be d dengise  ot   etaludom  
htgnerts  dna  fits f .ssen  The irtnecce c yti  yam  eb  giv ne  ta  eht  renroc  or ta  eht  tip in c norveh  arb cin sg  

ro  eht  noitarugifnoc  yam  ekat  ,Y  K sa  ti  sah  neeb  dessucsid  ni  retpahc  .owt  sA  ew  nac  ees   morf  
nemecalpsid yrots secuder yticirtnecce na gnicudni woleb elbat eht t  .  

4 2.  Building dri tf   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tfirD  lortnoc  si  en c asse ry ot  timil  egamad  ot  roiretni  ,snoititrap  rotavele  dna  riats  ne c rusol e ,s  gl sa s, 
dna  gniddalc  sy .smets  ssertS  ro  htgnerts  snoitatimil  ni  elitcud  slairetam  od  ton  awla ys edivorp  

etauqeda  fird t ,lortnoc  es yllaicep  rof  t lla  sgnidliub  w hti  ylevitaler  lbixelf e moment- ser i ts i gn  fr sema  
ro  worran  raehs  w la l .s  To lat  gnidliub  tfird  si  eht  etulosba  tnemecalpsid  fo  yna  tniop  er l ta i ev  ot  eht  

.esab  gniniojdA  sgnidliub  ro  niojda i gn  es c snoit  fo  eht  emas  liub d gni  yam  not evah  id ne tic la  om d se  
of opser ,esn  dna  erofereht  am y evah  a cnednet y ot  dnuop  tsniaga  eno  rehtona . liuB ding 

snoitarapes  ro  stnioj  tsum  eb  rp o dediv  ot  timrep  gniniojda  sgnidliub  ot  dnopser  yltnednepedni  
noitom dnuorg ekauqhtrae ot .  
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4 1.  Lateral iD spl eca em nt  

tfirD  si  yllareneg  denifed  sa  eht  laretal  tnemecalpsid  fo  eno  roolf  evitaler  ot  eht  roolf  woleb . ehT  
esnopser  rof  siht  ralucitrap  level  fo  dnuorg  ahs k gni  ni  smret  of na  i retn  yrots  tfird  rof   eht  

denoitnemerofa  gnidliub  rf a sem  evah  neeb  deirrac  .tuo  ,ecneH  ew  nac  ees  taht  ssorc  sgnicarb  
alpsid y de  eguh  tfird  noitcuder  naht  erab eht  emarf  . roF  siht  evel  l fo  g dnuor  esnopser eht noitom  

demrifnoc  taht  eht  erab  emarf  gnidliub  op artr y de  a kcabtes  ni  eht  eg o yrtem  tub  nehw  ti  saw  
decarb  eht  gnidliub  alpsid y de  a mrofinu  laretal  tfird  sa  nwohs  ni  eht  erugif  .4 3 woleb . orC ss 

sgnicarb  decuder  eht  mumixam  retni  ots ry .I( S) rd i tf  yb  62 . %21  i  n eht  c nro er arb cin sg  a dn  12 .27% 
ni  eht  lddim e b gnicar  .noitarugifnoc  neT  sretemitnec  ticirtnecce y orp v dedi  norvehc  gnicarb  

deyalpsid  a noitcuder  fo  tuoba  %81  ereht  yb  ivig ng a etelpmoc  laretal - rof ce- tsiser i gn  tsys em ht at 
smrof  a suounitnoc  daol  htap  neewteb  eht  ,noitadnuof  lla  mgarhpaid  ,slevel  dna  lla  snoitrop  fo  

eht  ecnamrofrep cimsies reporp rof gnidliub .  

rD ift limit ta oi ns  



 
 
 
 
 
 
 
 
 
 
 

gnidroccA  ot  eht  F ME A fed noitini  r esnopse  ot  ekauqhtrae  dnuorg  noitom  stluser  ni  a ycnednet  
for serutcurts  dna  laudividni  lacitrev  stnemele  of serutcurts  ot  nrutrevo  tuoba  rieht  .sesab  FEMA  

tS rof stseggus 653 r r ot dengised eb ot serutcu e ac stceffe gninrutrevo tsis u cimsies yb des  ecrof s. 
E hca  lacitrev - ecrof - gnitsiser  tnemele  gniviecer  ae r ekauqht  fo secr  eud  ot  gninrutrevo  evah  neeb  

detagitsevni  for eht  uc m evitalu  stceffe  fo  imsies c secrof  deilppa  ta  dna  a evob  eht  level  u redn  
oitaredisnoc n. nA  esaercni  ni  raehs  fo ecr  snaem  na  aercni es  in itcelfed on dna  a esaerced  in  

nim woleb elbat eht morf ees nac ew sA .tnemom i lpsid si tnemom mum aye  ta d t eh  ts pot o  yr b tu  
mumixam  ta srucco tnemecalpsid  rots pot eht y.  
derapmoC  ot  eht  renroc  decarb  gnidliub  eht  elddim  decarb  erutcurts  deyalpsid  a hi hg  revo t nru i gn  

.tnemom  ssorC  sgnicarb  alpsid y de  a tnacifingis  tnuoma  fo  gninrutrevo  tnemom  tnuoma   gnoma  
eht  renroc  decarb  dliub i .sgn  llareneG y, elddim  decarb  sgnidliub  alpsid y de  a hgih  inrutrevo ng 

icapac ecnatsiser tnemom t  .y  

 
4 4.  Response of Ten Story Re ug lar Reinfor ec d Frame us bjected to ground moti no  
4 .4. 1 R se po sn e fo  a Corner bra ec d reg lu ar fr ma e  

.1.4.4 1  . Max mumi  yrots  sid p cal e nem t fo  renroc  rb a gnic   
oc ffo noitcerid X eht ni tnemecalpsid yrots mumixaM 1.4 elbaT r s net decarb ren t  yab 4x4 yro c arugifno t noi  

 
 
 
 
 
 

hW re e 001V , ,005V  0001V  e ct . snaem  na  yticirtnecce  fo  ,mm001  mm005  dna  mm0001  si  dedivorp  ta  eht  pit   
retnec  fo  eht  norvehc  sgnicarb  ylevitcepser  .  

sA  nwohs  ni  elbat  1.4  nehw  gnisu  a ssorc  gnicarb  ti  alpsid y de  a sign acifi nt der u tc ion  ni  
eht  rots y tnemecalpsid  naht  nu decarb  .emarf  nehW  gnisu  ssorc  gnicarb  ti  s oh dew  ba uo  t  
%73  noitcuder  ni  llarevo  ts o yr  di ecalps m tne . A norvehc  sgnicarb  evah  wohs n quite  

tnacifingis  yrots  lpsid a tnemec  oitcuder n of 48 .%  derapmoC  ot  eht  ssorc  nicarb gs 51V 0  0  
cirtneccE  norvehc  sgnicarb  wohs  retteb  noitcuder  ni  yrots  id s tnemecalp  rof  siht  itrap c ralu  

sce oiran . eW  nac  ees  t tah  nisaercni g yticirtnecce  ta  eht  ec n ret  fo  the ce cen cirt  br ica ng 
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yrotS   aB re fra  em  
m( m)  

X- icarB n  g  
m( )m   

V- rB a ic n  g  
m( m)  

001V  irtneccE c  
m( m)  

V 005   
rtneccE i  c  

m( m)  

V1000  
neccE tri  c  
)mm(   

V  0051  
eccE tn  cir  

m( m)  
1  0  1  794.11  .14 95  2  53. 19  5  53. 89  9  44. 29  5  40. 50  6  3 8.4 4  3  
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roF  serutcurts  htiw  a rep i do  ssel  naht  7.0  ,sdnoces  eht  xam i mum  yrots  tfird  si  mil i det  ot  ∆S ≤ 0.0 25 

 h T( .0 ≤ 7 rehw )sdnoces e yrots eht si h  hgieh t  
roF  serutcurts  htiw  a doirep  retaerg  naht  .0 7 se ,sdnoc  eht  rots y tfird  timil  si  ∆S ≤ 0 0. 20 h T( ≥ 7.0  

.)sdnoces  sA  rep  eht  oruE  edoc  noisivorp  eht  doirep  fo  a gnidliub  sah  neeb  detamitse  yb 𝑇 �  
�570.0 �� 3/4 , cneh ,sdnoces ni e i  n ht is esac  doirep eht  oba si v  e 0.7 sdnoces  . eroferehT , ised eht gn 

tfird  noitatimil  si  0.6. ehT  fe f tce  fo  P-∆ sah  neeb  detcelgen  esuaceb  t eh  tfird  ytilbaecimsies  
noitatimil tfird eht nihtiw era stluser tfird llarevo eht ro tneiciffeoc  .egnar   

4 3.  vO erturning m mo ent  
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sesaerced  eht  laretal  yrots  emecalpsid n .t  sihT  tluser  is dilav  ke gnipe  the maeb - nmuloc  
noitcennoc  ytidigir  rotcaf  to lin  .e.i  eht  sisylana  si  deirrac  tuo  yb  ilretnec ne to ec n enilret  

isylana s me .doht   
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b renroc rof tnemecalpsid yrots mumixaM 1.4 erugiF r s net deca tor emarf y  
 

elbaT  2.4  m ixa mum erab  arf me ecalpsid m tne  ot  m ixa mum rb a ec d rf ame ra oit  
 
 
 
 
 
 
 

sA  ew  ac n ees  morf  the at ble a ob ve, rter ofi tt ni g oc n eterc  arf mes nisu g ts eel br ica n sg  
yllareneg  cuder ed laretal  id s tnemecalp  dna  aercni s de  s fit fness. ,revewoH  morf  ht e lana sy si  

dna  sledom  rednu  noitaredisnoc s ew  nac  o vresb e that p or nidiv g an ecce ntr ici ty at the 
retnec  pit  sevig  a retteb  tnemecalpsid  ilitcud ty hcum  retteb  th na  rc o ss  br ica ngs ta  

l ecnamrofrep ycnapucco etaidemmi e oitar gnipmad deificeps a rof lev  .  
.1.4.4 M 2 ax umi  m yrots  rd if  t fo  nroc  re rb a  gnic  

elbaT  3.4  mumixaM  yrots  tfird  ni  X- itceriD no  rof  4x4 ab y oc n gif ura oit n (Si gn el  ab y bra ec d in ev yre  corner o rev  the 
gieh ht)  
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  eraB f mar  e  X- icarB n  g  V- rB a ic n  g  V 001   
eccE tn ri  c  

V5 00   
neccE tri  c  

V1000  
eccE tn  cir  

V15 00   
eccE tn  cir  

aM x  . irD f  t  0. 54 7  1  1.0 91  4  1.0 802   0.0 210 1  1  0.1 02 8  0. 01 9  6  11.0 0  8  

GP A  X  
nicarB g  

 V  
nicarB g  

 001V  
cE c rtne ci   

 005V  
neccE t ir c  

001V 0  
neccE t ir c  

051V 0  
neccE tr ci   

2.0 g  6.2 8  0.2 7  .2 60   4.2 8  0.2 0  .3 2  



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ETERCNOC  SEMARF  

 
 

Bare frame 

0.6 

0.4 

0.2 

0 
0 5 01  51  

S yrot  
 
 
 

 V B ar gnic  

51.0  

1.0  

50.0  

0 
0 5 01  51  

yrotS  

 
 

V5 tneccE 00 r ci  

51.0  

1.0  

50.0  

0 
0 5 01  51  

yrotS  
 
 

1V 5 cirtneccE 00  

0.2 

 
0 

0 5 01  51  

Story 

 
 

 rof noitcerid X eht ni tfird yrots retni mumixaM2.4 erugiF t fo gnicarb renroc e f yrots n r ema  
 
 
 
 
 
 
 
 
 
 
 

74

X gnicarB  

51.0  

1.0  

50.0  

0 
0 5 

yrotS  
 
 

 001V cE tnec r ci  

00.0 15 

100.0  

00.0 05 

0 
0 5 

tS o yr  

 
 0001V cE tnec r ci  

51.0  

1.0  

50.0  

0 
0 5 

yrotS  

10 51  

 
 
 
 
 
 
 
 
 
 
 
10 51  

 
 
 
 
 
 
 
 
 
 
 
10 51  



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ETERCNOC  SEMARF  

 
aM 3.1.4.4 x umi m over rut ning tnemom  in Y eht  rid e itc on of nroc re  rb a gnic   

utrevo esab mumixam 4.4 elbaT  dna cirtnecce rof tnemom gninr c carb cirtnecno i gn , rf yrots net decarb renroc a em  
 
 
 
 
 
 
 
 
 

morF  eht  sisylana  tluser  ew  nac  ees  taht  a rc o ss  br ica ng deyalpsid  the mumixam  
utrevo r gnin  tnemom  naht  eht  er st fo  rehto  sgnicarb  rednu  noc s di e noitar  ud e ot  rieht  gih h 
 raehs s rt e .yticapac htgn  

00009  
 

X-  ,)mNK( gnicarB  

 
001V  cirtneccE   

,)mNK(  37.69226  
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0051V  cirtneccE   
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erugiF  utrevo esab mumixaM3.4 r  rof tnemom gnin c t decarb renro e emarf yrots n  

emarf raluger decarb elddiM a fo esnopseR 2.4.4  
 1.2.4.4 Max umi m sid yrots p cal e nem t  fo m di d rb el a i gnic  n eht  et n ts o yr   

 elddim ffo noitcerid X eht ni tnemecalpsid yrots mumixaM 5.4 elbaT  4x4 yrots net decarb b noc ya f arugi t noi  
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yrotS   eraB  f mar e  
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X- rB a ic n  g  
m( m)  

V- rB a ic n  g  
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01V 0 ccE tne  cir  
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V 005   
mm(cirtneccE )  

V 001 0  
neccE t  cir  

m( m)  

V 051 0  
eccE tn  cir  

m( m)  
1  0  4.111 97  .43 48  5  38. 75  2  .23 38  9  53. 16  2  41. 86  6  39. 65  9  
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t fo gnicarb elddim rof noitcerid X eht ni tfird yrots retni mumixaM5.4 erugiF e f yrots n r ema  
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rof tnemom gninrutrevo esab mumixaM 6.4 erugiF  emarf yrots net decarb elddim  
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otS ry  emarf eraB   
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V- gnicarB   
NK( -  )m  

V1 00   
rtneccE ic  

NK( -m)  
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NK( -m)  

V 01 00  
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NK( -m)  
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NK( -m  )  
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derapmoC  ot  sgnicarb  detubirtsid  gnola  eht  elddim  fo  eht  s erutcurt  w hti  sgnicarb  dnuora  
eht  renroc  fo  eht  ,gnidliub  elddim  decarb  sgnidliub  evah  wohs n a retaerg  noitcuder  ni  

laretal  id s mecalp e .tn  

renroC  gnicarB  elddiM  B gnicar  raeniL  elddiM(  )gnicarB  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

eraB  emarf  X- gnicarB  V-B gnicar  001V  05V 0 001V 0 0051V  
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irapmoc tnemecalpsid laretal 7.4 erugiF s elddim fo no  b renroc susrev decarb r emarf raluger yrots net eht ni semarf deca  
 
 

sA  ew  nac  see morf  ht e c irapmo s no  lbat e ,woleb  eht  carb i sgn  id s detubirt  gnola  eht  mi eldd  
yab  fo  eht  erutcurts  evah  a retteb  raehs  siser tan ec  yticapac  than the oc nr re  br deca  no se  

yllaicepse  nehw  nisu g ssorc  .sgnicarb  sihT  tnemecnahne  si  ylniam  eud  ot  eht   ygrene  
evitapissid  yticapac  fo  eroc  gnicarb  sy .mets  owT  evitucesnoc  syab  evah  eeb n ecarb d by  

ssorc  sgnicarb  gnisu  I ,noitces  siht  lliw  ecnahne  hgih  rene gy id s pis a it no . ehT  stluser  fo  
21+G  dna  ,61+G  era  detsil  ni  eht  ap ep n xid  but we ac n es e th ta  ha iv ng sgnicarb  at th  e  

elddim  syab  g yllarene  esaercni  raehs  st ssenffi  dna  hgih  gninrutrevo  tnemom  ecnatsiser  
 gnicuder yb ereht yticapac l eta id lar s calp e tnem .  
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5.4  eP r rof ma cn e Comp osira n of mi dd el  braced and roc n re  rb a ec d et n story bu li ding 

4 .5. 1 Lateral Displa ec ment  
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 gninrutrevo mumixam fo nosirapmoc 8.4 elbaT m net decarb elddim susrev decarb renroc ni tnemo  semarf deirots  

V 05 0 V1 000  V1 05 0  
rtneccE ic rtneccE ic rtneccE ic 

NK( -m) NK( -m) NK( -m)  
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001V   cirtneccE  

renroC  decarB  

elddiM  decarB  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gnidroccA  ot  AMEF  013  gnicudni  yticirtnecce  si  dednetni  ot  ecrof  a noitartnecnoc  fo   citsaleni  
ytivitca  ta  a denimretederp  noitacol  taht  will c lortno  eht  aheb roiv  fo  eht  sy .mets  edoM rn  

llacirtnecce y decarb  semarf  era  dengised  htiw  rts i tc  slortnoc  no  rebmem  snoitroporp  dna   laiceps  
tuo - fo - enalp  gnicarb  ta  eht  snoitcennoc  ot  erusne  eht  emarf  sevaheb  sa  dednetni . AMEF(  ,653  

200 )0   
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otS yr  eraB  rf a em  X- icarB ng V- rB gnica  
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cE c rtne ic 
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005V  cirtneccE   
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01.4  ffE e tc  of ce cen irt c ti y on the performa cn e of braced frames  
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rtneccE engised ylreporp eb dluohs noisivorp ytici d htgnerts etaludom ot  ssenffits dna  .  sA w  e c na  
ees  morf  eht  erugif  woleb  gnisaercni  ticirtnecce y dewohs  a esaerced  ni  laretal  tnemecalpsid  rof  

renroc  decarb  rf a sem  dna  eciv  asrev  for lddim e b decar  .semarf  izimitpO gn  eht  eets l rebmem  si  
elbasnepsidni  rof  ssenffits  dna  ssam  .noitaredisnoc  nehW  eht  leets  rebmem  ssorc   noitces  

sesaercni  ereht  dluow  esuac  na  esaercni  ni  evo r lla  w thgie  no  ht e rts cu ut r .e  ytiralugerrI  ni  am ss dna  
fits f ssen  ni  na y erutcurts  dluohs  eb  nekat  otni  .tnuocca  E nev  guoht h larutcurts  ecnamrofrep  nac  

eb  desaercni  by reporp  larutcurts  ro  larutcetihcra  ,snoitarugifnoc  reporp  gniliated  rof  ,ytilitcud  
kaew  maeb  gnorts  nmuloc  ngised  yticapac(  ,)ngised  gnikat  larutcurts  tiraluger y otni  ,tnuocca  

gnivomer  es skcabt  ni  ,erutcurts  gnidiova  tiralugerri y ni  ,ssenffits/ssam  gnidivorp  a  digir  
,mgarhpaid  lanoisrot  tidigir y .nrettap daol mrofinu dna  er a repap siht nI g ralu  idliub n ni g  X htob  

dna  Y noitcerid  si  .deredisnoc  ,revewoH  ni  ob th sesac  ereht  si  a fingis i tnac  noitcuder  ni  rots y  
nemecalpsid t  .  

 
sA  ew  nac  ees  morf  eht  f serugi  ,woleb  ereht  si  id f tneref  nrettap  of tnemecalpsid  noitairav   gnola  
eht  yticirtnecce  oisivorp n. sihT  is eud  ot  d ecnereffi  ni  yrots  noitavele  dna  emarf  noitces  .noitairav  

eneg ,revewoH r  ylla pr vo i a sgnicarb gnid t im eht d ht fo eld e urts c p erut rov b ot se e  a b  rette l eta r la  
tnemecalpsid  noitcuder  .dohtem  tuB  nehw  ew  kool  ta  hcae  rots y woh  eht  laretal  mecalpsid e tn  

,yrav  yeht  lla  rav y ekil  a nwod  draw  cilobarap  epyt  of .noitairav  roF  eht  net  deirots  emarf  ereht   si  
a eruxelfnoc  tniop  ta  ,5.1(  )45.52  dna  eht  renroc  gnicarb  alpsid y de  a peets  enilced  ni  epols  sa  ew  

esaercni  yticirtnecce  morf  5.0  ot  .5.1  ehT  ugif r se  rof  eht  tw evle  yrots  emarf  be devah  tnednepedni l .y  
tA  tsrif  eht  renroc  decarb  emarf  alpsid dey  a peets  evitisop  epols  sa  eht  ticirtnecce y  esaercni  

revewoh  desaerced  no retal  sa  ticirtnecce y tpek  .gnisaercni  ehT  elddim  decarb  emarf  alpsid y de   a  
dlim  egnahc  ni  epols  sa  eht  yticirtnecce  desaercni  revewoh  rf om emos  level  fo  ticirtnecce y it  

devaheb  unis s .ylladio  The esac  of eht  neetxis  story si  ev ry id f tneref  morf  the tsap  two marf es  . ehT  
renroc  decarb  emarf  deyalpsid  a raenil  epyt  of noitairav  htiw  ticirtnecce y. It desaercni  htiw  eht  

.yticirtnecce fo noisivorp  M elddi  sgnicarb  alpsid y de  lobarap nepo ci  fo dnik  noitairav  . ,tuB  htob ni  
sesac  ereht  si  esaercni  ni  di tnemecalps  w hti  esaercni  ni  yticirtnecce  rof  ht is le ev l htrae qua ek  wh ci h 

si  rassecen ton y.  
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01.4 .1 fE fect of ce cent ir city in terms of lateral id splacement  
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susrev tnemecalpsiD 11.4 erugiF  osirapmoc yticirtnecce n etxis rof e iub yrots n l gnid  
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decarB renroC  

elddiM  decarb  
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0 
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cirtnecce yti  

 
w yticapac tfird yrots retni mumixam 31.4 erugiF i oc dna elddim ht r decarb ren  ub i dl i gn  gnidliub yrots evlewt rof  
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ehT  eerht  tsom  srallip  ni  larutcurts  ngised  era  ,htgnertS  scitehtseA  dna  E monoc y ni  na y  ngised  
.snoitaredisnoc  nehW  ha ev  nees  m yna  serutcurts  despalloc  ro  d egama d ot reh w esi  mrof i gn  cr skca  

eud  ot  suoirav  snosaer  tub  yliramirp  eud  ot  auqhtrae k .e  nI  siht  repap  ti  si  devirts  ot  esoporp  na  
non eht no desab ylelos snoitaredisnoc cimonoce l aeni  roivaheb r o curts a f t eru  .  

A ruof  rots y eerht  ab y ni  eht  X dna  Y oitcerid n decrofnier  etercnoc  erutcurts  si  desu  rof  siht  
lana y .sis  sA  ew  evah  ees n ylsuoiverp  ssorc  sgnicarb  evah  alpsid y de  a tnacifingis  tnemecalpsid  

ytilitcud  ni  laretal  tfird  rof  siht  aer nos  ssorc  gnicarb  si  desu  ta  middle yab  fo  eht  urts c .erut  tnereffiD  
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yticirtnecce  

 
w yticapac tfird yrots retni mumixam 41.4 erugiF i ub decarb renroc dna elddim ht i dl i gn  s neetxis rof t ub yro i dl i gn  
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I noitces  ssorc  snoitces  evah  ylana neeb z de  revohsup gnisu  lana y is s ot  kcehc  eht  rep fo ecnamrof  

itteg elihw erutcurts eht n noitces dezimitpo eht g  .  

 
tI  si  demussa  eht  tsoc  of leets  rep  margolik  ot  eb  dexif  rrib  rep  retem  rof  na y .snoitces  H ne c ,e  

ereht  si  a raenil  ler a pihsnoit  neewteb  eht  leets  ssam  dna  eht  gnidnopserroc  .tsoc  nehW  eht  
iht ssenkc  esaercni  eht  ssam  sesaercni  ybereht  gnisaercni  eht  .tsoc  T fereh o ,er  siht  dnik  fo  

pihsnoitaler  si  etiuq  cen e rass y sa  trap  fo  larutcurts  lana y sis  dna  .ngised  ehT  ytilaer  of eht  rettam  
si  tsoc  snoitaredisnoc  dluohs  emoc  tsrif  in smret  of woh  hcum  rts en htg  it si  dednetni  .tsrif  erehT  

era  emos  tros  of serutcurts  taht  eht  edoc  dezirogetac  sa  ecnatropmi  fa ,rotc  taht  deen  a laiceps  
htgnerts eht tpecxe tsoc eht tuoba rehtob ton yam rengised eht sesac taht rof noitnetta  .  

 
ew sA  evah  dessucsid  erofeb  esaercni  ni  leets  ssorc  snoitces  desaerced   eht e eff cti ev  rep i do  ta  eht  

deificeps  ecnamrofrep  tniop  ni  revohsup  .evruc  I snoitces  demrofrep  lhgih y ni  gnicuder   laretal  
acol gnitneverp dna tfird l c espallo  .  

 
snoitces ecarb mumitpO 32.4 elbaT  
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fooR  mm,tnemecalpsid  

 
revohsuP  evruc  )evruc revohsuP( raeniL  

 
 gnidaol laretal htiw sevruc revohsuP 51.4 erugiF p  epahs edom latnemadnuf eht ot lanoitropor  

 
 
 
 
 
 

75

yrots   snoitces ecarB dezimitpO   
4   006EPI  
3  731X057EPI   
2  222X057EPI   
1  222X057EPI   



NON - RAENIL  A SISYLAN  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ETERCNOC  SEMARF  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

erugiF  61.4  mroF a noit  fo  n raenilno  segnih  ni  eht  em m reb s fo  the marf e ud e to Lat are l lo ida ng p opor rti no al 
)level ecnamrofrep ycnapuccO etaidemmI( edom latnemadnuf eht ot  
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sys FODS tnelaviuqE 42.4 elbaT t  tegrat me d tnemecalpsi  

claC lu ated pa ar em ters  

e 

 
 
 
 

erehW  eht=*T  oirep d fo  eht  tnelaviuqe  decuder  FODS  ;metsys  eS  )*T(  eht=  lartceps  
noitarelecca  at eht  ep r oi d *T , Ґ= si  eht  om d la  itapicitrap no  tcaf or u des  to oc n trev  the 

lortnoc  edon  tnemecalpsid  ot  eht  sp lartce  emecalpsid nt. E  =m eht  aera  rednu  eht  yticapac  
murtceps  evruc  pu  ot  eht  tegrat  tnemecalpsid  of the SD FO  ( nis gle erged e of deerf o )m  

sys met  .  
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 RETPAHC FIVE 

OITADNEMMOCER DNA SNOISULCNOC NS 

 
lareveS  sledom  fo  yrots  net , evlewt  dna  is x neet  evah  neeb  delledom , an dezyla  and 

ed s dengi  rof  a cimsies  daol  fo  tra fi ic lai  cca ele .noitar  emarF  egnih  p or itrep se  erew  ylreporp  
denifed  dna  raenilnon  emit  yrotsih  sylana is is ofrep r em d. ehT  larutcurts  esnopser  tuptuo  

fo  a erab  emarf  sa  llew  sa  decarb  semarf  ew re pr ese n det  ni  gif u ser  and at b .sel  roF  eht  
cimonoce  disnoc snoitare  raenilnon  s itat c up s revoh  lana sy is saw  irrac ed tuo  eb c ua es  hw en 

gnitceles  leets  icarb ng ew  dluohs  redisnoc  morf  eht  ecnamrofrep  fo  eht   erutcurts  
 espalloc labolg ro lacol on taht os evitcepsrep s dluoh  co c  .ru  

 sah yduts sihT d taht detartsnome  ofrep cnamr e- desab  airetirc  dluoc  eb  emelpmi n det  on t 
ylno  rof  gnittiforter  gnitsixe  serutcurts  tub  osla  rof  ngised  of n we  bu idli n .sg  T eh  

ecnamrofrep fo noitaroprocni -  airetirc desab i d eht n e  ssecorp ngis la d eht swol e ot rengis  
ed s ngi  a s erutcurt  rof  a s ep c ifi c safe yt  evel l. yB  gnitpoda  t eseh  tirc e ,air  ht e ed s ngi er ah s a 

retteb  lortnoc  fo  eht  ,tcejorp  dna  nac  enimreted  the xe p etce d ts ur ctu lar  ivaheb or ni  the 
uqhtrae rehto fo esac a  eht fo efil eht ni rucco yam hcihw ,sek s tcurt u er  .  

sA  ti  nac  eb  nees  morf  eht  tluser  dna  di ssucs oi n ssorc  sgnicarb  evah  der u dec  the laretal  
tnemecalpsid  no  egareva  fo  55 % etteb r aht n as bu li t no .e  norvehC  sgnicarb  d deyalpsi  

 eht ni noitcuder %54 c 5 dna sgnicarb renro .2 ht ni %6 e mi eldd  gnicarb s. cE ec irtn c pyt e fo  
sgnicarb  era  doog  ni  apissid gnit  ygrene  at t eh  ts eel il nk rp o dediv  oh revew  ni  this ca  ,es  

yeht  detartsnomed  lo rew  di tnemecalps  rd op derapmoc  ot  the oc ecn n cirt  sepyt  of 
sgnicarb  ni  eht  ,net  evlewt  sa  llew  sa  ht e neetxis  ts o seir  oc n is d dere  rof  th si  ik nd fo  

larutcurts  noitarugifnoc  dna  level  fo  ies s cim  cxe i .snoitat  ,ecneH  morf  eht  stluser  niatbo ed 
noisulcnoc gniwollof eht s eb evah en  :nward  

 
 leetS  noisulcni  rof  carb i gn  id s yalp ed laretal  calpsid eme tn  noitcuder  of %74  dna  8.1  

senffits s ercni sa e 

 gninrutrevO  tnemom  ecnatsiser  saercni es iw th noisulcni  of ets el br ica ng due ot  

esaercni  ni  eht  llarevo  ssenffits  fo  eht  erutcurts  aicepse l yl  when u is gn  rc o ss  

.sgnicarb  

 
 

06

1.5  CO CN L SU OI NS  
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 derapmoC  ot  oc r ren  br ca i gn s elddim  carb i sgn  evah  id s yalp ed a retteb  tcuder i no  ni  

laretal  ,tnemecalpsid  retni  ts o yr  rd i tf  capac i ,yt  and h gi h vo tre urn ni g tnemom  
er sis cnat e yticapac  .  

 gnisU  ssorc  gnicarb  has a retteb  aretal l lpsid a tnemec  der u itc no  yticapac  than the 
deiduts sgnicarb tser  iht ni s repap .  

 gnisaercnI  yticirtnecce  ni  renroc  gnicarb  noitarugifnoc  ecuder  lpsid a emec nt rof  a 
elihw  tub  i saercn e al t re  o .n  ,revewoH  ecce n yticirt  noisulcni  is yrev  ef itcef ve rof  

fnoc gnicarb elddim i noitarug  .  
 ecnamrofreP - desab  airetirc  dluoc  eb  im elp m detne  ton  o ln y rof  orter f gnitti  ixe s gnit  

iub wen fo ngised rof osla tub serutcurts l sgnid   

 
5 2.  REC MO M NE DA IT ONS 

ts suoirav fo tib a derevoc ylerab repap sihT r oc ereht tuo s’nonemonehp larutcu n  gninrec  
ets e carb l i gn s. duts erutuf rof tuo detniop neeb sah gniwollof ehT y  

1  . gnicarb leets fo roivaheb cimsies ehT  sisylana raenilnon gnisu snoitcurtsnoc degats rof  
dluohs  i enod eb n f eht u erut  .  

2  . ffid fo sisylana raenilnoN e fo sepyt tner f lecca suoirav htiw sgnicarb e sdrocer margor  
3  . ies ehT s  deiduts eb dluohs sgnidliub fo epyt ralugerri fo roivaheb cim i erutuf eht n .  
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secidneppA  
1.1.4.4 . mumixaM  yrots  tnemecalpsid  fo  renroc  gnicarb   

oc ffo noitcerid X eht ni tnemecalpsid yrots mumixaM 9.4 elbaT r s net decarb ren t  yab 4x4 yro c arugifno t noi  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

rehW e ,001V  ,005V  0001V  snaem  na  yticirtnecce  fo  ,mm001  mm005  dna  mm0001  si  dedivorp  ta  eht   pit  
retnec  fo  eht  norvehc  sgnicarb  ylevitcepser  .  

2.1.4.4  mumixaM  yrots  tfird  fo  renroc  gnicarb   
elbaT  01.4  mixaM um yrots  tfird  ni  X- oitceriD n for 4x4 bay c no if ug ra it on (S ni g el  ab y bra ec d ni  ev yre  corn re  over 

the h ie hg )t   
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yrotS   aB re fra  em  
m( m)  

X- icarB n  g  
m( )m   

V- rB a ic n  g  
m( m)  

001V   cirtneccE  
m( m)  

V 005   
neccE tri  c  

m( m)  

V1000  
eccE tn ri  c  

)mm(   

V15 00   
eccE tn  cir  

m( m)  
1  0  1  794.11  .14 95  2  53. 19  5  53. 89  9  44. 29  5  40. 50  6  34 8. 4  3  
9  1  973.50  .53 29  8  48. 02  2  48. 23  5  41. 01  2  37. 20  3  3 8.1 6  2  
8  96. 57  2  .03 51  8  42. 61  8  42. 62  2  36. 29  6  33.3  8  2 1.8 3  6  
7  85. 17  3  .42 68  7  36. 00  5  35. 88  4  32. 43  3  29.0  5  2 0.6 3  9  
6  74. 48  7  .02 76  7  29. 28  2  29. 23  9  27. 73  6  24. 29  1  2 7.2 8  5  
5  70. 15  7  .61 43  3  23. 86  1  22. 28  7  22. 51  7  21. 45  6  1 6.8 7  6  
4  62. 27  3  .11 99  7  17. 07  6  16. 66  9  16. 88  7  17. 35  5  1 1.5 7  2  
3  51. 17  7  8.7 5  9  12. 01  3  11. 34  2  11. 87  7  12. 97  5  1 9.0 5  4  
2  38. 42  8  2.4 3  2  7.12  2  6.92  8  7.03  3  7.66  7  6 3. 6  5  
1  21. 78  2  4.1 8  6  3.05  3  3.04  4  2.91  8  2.  69  2 2. 8  5  

esaB   0  0  0  0  0  0  0  

yrotS    eraB f  emar  X- icarB n  g  V- rB a ic n  g  V 001   
eccE tn ri  c  

V5 00   
neccE tri  c  

V1000  
eccE tn  cir  

V  0051  
eccE tn  cir  

1  0  0 00. 104  2  00.0 116  3  0  81100.  0  971100.  0 00. 111  6  0.0 00 85  8  00.0 084  6  
9  0 00. 134  3  00.0 118  8  0 2100. 0  8  0  112100.  0 00. 117  9  0.0 00 95  5  00.0 101  8  
8  0 00. 172  1  00.0 119  4  0 2100. 0  5  0  802100.  0 00. 120  8  0.0 10  20  00.0 110  6  
7  0 00. 204  6  00.0 117  6  0 1100. 6  7  0  761100.  0 00. 119  9  0.0 10  50  00.0 110  8  
6  0 00. 214  6  00.0 113  5  0 0100. 9  5  0  501100.  0 00. 115  3  0.0 10 09  6  00.0 101  9  
5  0 00. 224  1  00.0 105  6  0 0100. 2  5  0  930100.  0 00. 107  1  0.0 10 07  6  00.0 101  3  
4  0 00. 212  8  00.0 094  4  0 9000. 4  6  0  669000.  0 00. 096  3  0.0 10 00  2  00.0 0  39  
3  0 00. 269  8  00.0 078  3  0 8000. 3  8  0  658000.  0 00. 084  7  0.0 00 88  9  00.0 089  3  
2  0 00. 343  2  00.0 056  4  0 6000. 6  9  0  596000.  0 00. 069  3  0.0 00 70  6  00.0 075  5  
1  0 00. 457  1  00.0 0  92  0 4000. 5  1   64000.0  0 00. 038  2  0.0 00  92  00.0 023  9  

esaB   0  0  0  0  0  0  0  
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roc ,gnicarb cirtnecnoc dna cirtnecce rof tnemom gninrutrevo esab mumixam 11.4 elbaT K ,emarf yrots net decarb ren Nm 

V100 V 005  V 0001  V15 00   
ccE tne cir  neccE tric eccE nt cir  ccE tne cir  

0 0 0 0 0 0 0  
- .7901 41 - 44.2883  - 922 8 7.  - .1971 45 - 98.7312  - 8.2781 6 - 25.6551   
- .0682 86 - 2701 6 5.  - 12.6636  - 1.0525  - 93.4485  - 6.3394 7 - 99.6653   
- .6784 87 - 0191 0 1.  - 3.82511  - .56501 4 - .73501 6 - 7.1068 5 - 35.6645   
- .7757 48 - 5672 3 3.  - 3.85371  - .59371 6 - .17851 2 - 721 60  -  4.2508  

- 301 05  - 9253 0 2.  - 9.75832  - .90252 6 - .29112 3 - 661 1 2.2  - 83601   
- .33521 2 - 0414 9 6.  - 2.89013  - .12333 9 - .77952 2 - 002 55  - 7.56921   
- .56241 1 - 7564 1 5.  - 5.88493  - .03214 6 - .45303 1 - 032 7 7.6  -1 9.2165   
- .88951 8 - 8325 0 6.  - 8.67484  - .11884 4 - .62843 9 - 952 7 3.0  - 1.28771   
- .54971 8 - 4636 0 5.  - 575 85 - .40165 3 - .58124 8 - 892 3 6.6  - 4.59102   

381 5 .5 22  .64157 38 707 1 .4 77 .69226 37  1.71515  .37663 05 40.25952   
 
4.4. esnopseR  fo  a elddiM  b car ed uger l ra  rf a em  

1.2.4.4  mumixaM  yrots  alpsid c tneme  fo  elddim  gnicarb  ni  eht  net  rots y  

 
 4x4 yrots net decarb elddim ffo noitcerid X eht ni tnemecalpsid yrots mumixaM 21.4 elbaT noitarugifnoc yab  
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yrotS   eraB  f mar e  
m( )m   

X- rB a ic n  g  
m( m)  

V- rB a ic n  g  
m( )m   

1V 00  ccE tne  cir  
)mm(   

V 005   
m(cirtneccE m)  

V 001 0  
neccE tri  c  

m( m)  

V 051 0  
eccE tn  cir  

m( m)  
1  0  4.111 97  .43 48  5  38. 75  2  .23 38  9  53. 16  2  41. 86  6  39. 65  9  
9  3.501 79  .03 03  8  34. 62  1  .03 92  7  48. 16  9  39. 00  1  37.3  7  
8  57.69 2  .52 27  5  30. 21  6  .72 75  5  42. 29  2  36. 45  4  34. 83  7  
7  17.58 3  .12 61  4  26. 54  4  .42 16  8  37. 05  7  33. 44  8  30. 82  5  
6  48.47 7  .61 49  1  22. 85  6  .12 73  2  32. 50  9  29. 95  6  25. 95  1  
5  15.07 7  .21 79  4  18. 65  2  .71 48  9  26. 05  9  25. 10  6  22.0  6  
4  27.26 3  1.9 9  7  14. 44  8  .41 90  2  21. 40  6  19. 96  8  18. 50  4  
3  17.15 7  7.5 8  6  10. 33  7  .01 02  6  15. 43  9  13. 68  8  13. 83  4  
2  42.83 8  9.2 5  4  6.40  4  6 4. 0  1  9.55  4  8.36  8  8.08  1  
1  78.12 2  9.0 5  4  2.96  2  2 9. 3  9  4.09  9  3.30  2  2.95  3  

esaB   0  0  0  0  0  0  0  

 eraB fra em  X- rB a ic ng V- gnicarB  yrotS  

01  
9  
8  
7  
6  
5  
4  
3  
2  
1  
0  
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 2.2.4.4 M ots mumixa r d y r icarb elddim fo tfi gn  ni  the et ts n o  yr  

 
X ni tfird yrots mumixaM 31.4 elbaT - tceriD  yab 4x4 rof noi c b yab elbuod( noitarugifno r )thgieh eht revo ecaf elddim ni deca  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 tnemom gninrutrevo mumixaM 3.2.4.4 i ht n e Y- id r. elddiM  gnicarb  rof  net  yrots  emarf   
 cirtnecnoc dna cirtnecce rof tnemom gninrutrevo esab mumixam 41.4 elbaT emarf yrots net decarb elddim ,gnicarb  
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rotS y  aB r  emarf e  X- carB ni g  V-  gnicarB   001V  
cirtneccE   

V  005  
neccE t cir   

1V 0  00  
neccE t  cir  

051V 0  
cirtneccE   

 01  71200.0 5  35100.0 8  34100.0 9  51100.0 2  66100.0 5  49100.0 4  58000.0 9  
 9  78200.0 6  55100.0 1  75100.0 9  72100.0 1  98100.0 9  9100.0 4  81100.0 5  
 8  6300.0 8  35100.0 4  6100.0 5  33100.0 7  00200.0 9  77100.0 7  93100.0 7  
 7  02400.0 4  84100.0 2  56100.0 8  53100.0 4  40200.0 8  77100.0 2  07100.0 3  
 6  2400.0 4  04100.0 2  85100.0 8  3100.0 1  10200.0 8  17100.0 9  38100.0 8  
 5  38300.0 3  2100.0 8  44100.0 7  52100.0 2  39100.0 3  86100.0 8  57100.0 2  
 4  98300.0 7  31100.0 7  3100.0 7  92100.0 5  59100.0 3  15100.0 8  86100.0 2  
 3  4400.0 9  49000.0 4  13100.0 2  62100.0 8  39100.0 2  13100.0 5  67100.0 8  
 2  54500.0 9  66000.0 9  61100.0 2  51100.0 4  18100.0 8  01100.0 1  07100.0 9  
 1  92700.0 1  13000.0 8  89000.0 7  9000.0 8  63100.0 6  60100.0 2  89000.0 4  

Bas  e   0  0   0   0  0   0   0  

otS ry   eraB  
arf me  

X-  
nicarB g  

V- 
nicarB g  

V 001   
rtneccE ic  

V5 00   
rtneccE ci   

V 01 00  
rtneccE ic  

V 51 00  
rtneccE ic  

01   0  0  0  0   0  0  0  
9  -1 4.790 1  -37 4.48 6  -2 9.358 9  -25 3.71 6  - 803 0.75  -2 1.231 7  -1 9.493 5  

8  -2 8.068 6  -1 01 .07 9  -8 7.220 4  -68 8.09 1  - 948 6.57  -5 6.654 4  -3 9.237 1  

7  -4 8.678 7  -20 .427 1  -1 784 1.5  -12 .072 8  - 251 36 .1  -9 8.860 7  -6 8.748 2  
6  -7 4.775 8  -31 .126 2  -2 572 6.4  -17 .069 1  - 822 64 .1  -1 392 9.8  - 8201 1  

5  - 05301   -42 .748 7  -3 880 1.5  -24 .072 3  - 18903   -1 488 7.8  - 4631 0  

4  -1 352 3.2  -5 83 .80 6  -3 258 2.4  -30 .385 7  - 293 79 .4  -2 374 2.7  -1 587 7.  6  

3  -1 624 5.1  -64 .326 7  -4 805 7.7  -36 .781 8  - 474 88 .4  -3 100 1.7  -2 951 7.  9  
2  -1 895 8.8  -76 .958 7  - 83705   -40 59 .3 1  - 165 86 .8  -3 934 2.6  - 6052 4  

1  -1 497 5.8  -93 .539 3  - 23165   -49 .606 2  - 566 14 .1  -4 130 3.3  -2 448 3.  8  
0  381 55 .22  1 790 32 .  1  996 41 .48  5 456 2.53  67 53 6.6 8  545 89 .5  923 98 .9  



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ETERCNOC  SEMARF  

 
4 6. .2 Ma ix mum story id splacement of corner braced wt elve story frame  

xaM 51.4 elbaT psid yrots mumi l eht ni tnemeca  noitcerid X   ffo c x4 yrots evlewt decarb renro 4 noitarugifnoc yab  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.6.4  ots mumixaM r ird y f  fo t c arb renro ced twel f yrots ev r ma e  
X ni tfird yrots mumixaM 61.4 elbaT - oitarugifnoc yab 4x4 rof noitceriD thgieh eht revo ecaf renroc eht ta decarb yab elbuod( n )  
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yrotS   eraB  fra  em  
m( m)  

X- icarB n  g  
m( )m   

V- icarB n  g  
m( m)  

001V   cirtneccE  
(mm)  

V 005   
rtneccE i  c  

m( m)  

V 001 0  
eccE tn  cir  

m( m)  

V 051 0  
eccE tn  cir  

m( m)  
1  2  44. 28  8  28. 01  1  .62 55  7  26. 55  2  2 2.7 5  8  26. 80  4  26. 71  9  
1  1  43. 17  6  25. 25  7  .42 02  7  24. 72  9  2 2.5 4  1  24.0  6  24. 62  4  
1  0  41. 59  1  22.8  3  .12 37  2  21. 88  4  32  380.  21. 57  5  21.9  7  
9  39. 93  4  20. 40  5  .91 81  1  19. 04  6  2 8.0 0  8  19. 62  5  19. 34  7  
8  36. 50  3  17. 91  8  16.5  8  16. 68  6  1 4.8 1  4  16. 77  9  16. 57  6  
7  32. 94  1  14. 33  2  .31 79  1  14. 92  7  1 9.5 1  3  14. 43  2  14. 95  2  
6  29. 12  3  11. 05  6  .11 93  8  11. 47  1  1 3.3 3  1  12. 20  6  12. 23  5  
5  25. 57  2  8.  97  8 9. 1  1  9.24  3  .01 7  1  9.91  9  9.96  2  
4  22. 20  6  6.26  3  6 5. 6  5  6.85  9  8  701.  7.66  4  7.59  8  
3  17.9  3  4.01  8  4 4. 2  4  4.65  7  5  795.  5.35  4  5.24  7  
2  13. 23  2  2.15  4  2  65.  2.71  4  3  772.  3.09  4  2.94  5  
1  7.80  8  0.78  8  1 0. 7  1  1.13  8   13.1  1.11  6  0.97  6  

esaB   0  0  0  0  0  0  0  

otS ry  eraB  rf am  e  X- B nicar g  V- nicarB g  V 01  0  
cirtneccE   

V5  00  
rtneccE ci   

V 001 0  
rtneccE ic  

51V 00   
cE c rtne ic  

21   00.0 40 77  000.0 58 8  0.0 00 87 4  000.0 57 8  00.0 60 75  0.0 600 7  5  0.0 00 36 8  
11   0.0 00 96 1  000.0 98 9  0.0 00 28 5  000.0 08 1  .0 00 70 28  0.0 700 6  8  0.0 00 67 5  
01   0.0 00 68 6  000.0 29 8  0.0 00 85  000.0 83  00.0 70 63  0.0 800  3  0.0 00 48 5  

9  0.0 10 11 4  000.0 49 9  0.0 00 68 7  000.0 48 9  00.0 70 98  0.0 800 6  4  0.0 800 49   
8  0.0 10 33  000.0 59 5  0.0 00 87  000.0 58 6  00.0 80 34  0.0 800 7  1  0.0 00 29 1  
7  0.0 10 47  000.0 49 2  0.0 00 58 8  000.0 58 2  00.0 80 61  0.0 800 5  6  0.0 00 19 9  
6  0.0 10 25 3  000.0 09 5  0.0 00 28 9  000.0 38 3  00.0 80 74  0.0 800 2  6  0.0 00 88 4  
5  0.0 10 05 1  000.0 48 2  0.0 00 87 2  000.0 97 5  00.0 80 68  0.0 700 8  5  00.0 80 18  
4  0.0 10 34 6  000.0 47 8  0.0 00 17 4  000.0 37 4  0 00. 80 36  0.0 700  7  0.0 00 87 4  
3  0.0 10 35 6  000.0 26 1  0.0 00 26 1  000.0 46 8  00.0 70 73  0.0 700 5  3  0.0 00 67 7  
2  0.0 10 38 8  000.0 54 5  0.0 00 94 6  000.0 25 5  00.0 60 56  0.0 600 5  9  0.0 00 56 6  
1  0.0 20 06 3  000.0 62 3  0.0 00 53 7  000.0 73 9  00.0 40 37  0.0 7300 2  0.0 00 23 5  

saB  e  0  0  0  0   0  0  0  



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ETERCNOC  SEMARF  

 
1.2.6.4  mumixaM  yrots  tnemecalpsid  fo  elddim  decarb  evlewt  yrots  emarf   

T 4 yrots evlewt decarb elddim ffo noitcerid X eht ni tnemecalpsid yrots mumixaM 71.4 elba x  4 b ifnoc ya g noitaru  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.6.4  mumixaM  yrots  tfird  fo  elddim  decarb  evlewt  yrots  emarf   

 
X ni tfird yrots mumixaM 81.4 elbaT - b 4x4 rof noitceriD  ya c b yab elbuod( noitarugifno r )thgieh eht revo ecaf elddim ni deca  
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yrotS   eraB   emarf  
m( )m   

X- rB a ic n  g  
m( m  )  

V- icarB n  g  
m( )m   

V1 00   
eccE tn ri  c  

m( )m   

V 005   
neccE t  cir  

m( m)  

V1000  
eccE tn  cir  

m( )m   

V15 00   
eccE tn  cir  

m( m)  
1  2  4 .4 8  2  2  26.1  23. 14  2  2 .3 12  2  .32 95  8  25. 12  7  24. 93  5  
1  1  4 .3 7  6  1  07.9  21. 54  7  2 .1 72  4  .12 28  9  23. 08  1  23. 11  6  
1  0  4 .1 9  5  1 6.7 7  2  19. 73  1  1 .9 91  9  .91 9  2  22. 61  6  21.6  7  
9  39.3  9  1 5.5 6  4  17  2.  1 .7 30  6  .71 8  9  20. 43  9  20.5  1  
8  3 .6 0  5  1 4.3 6  1  14. 59  9  1 .4 08  4  .51 7  5  18. 43  7  19. 50  2  
7  3 .2 4  9  1 3.1 5  2  12. 86  1  1 .2 35  8  .31 25  8  16. 61  3  17. 32  8  
6  2 .9 2  1  9  542.  10. 04  6  1 .0 72  9  .11 2  6  13.8  1  15. 50  4  
5  2 .5 7  5  7  191.  8.18  3  8 0. 7  8  8  99.  11. 13  4  12. 25  8  
4  2 .2 0  2  5  642.  6.06  8  5 9. 8  7  7.6 7  2  8.71  8  9.73  3  
3  1 .7 9  3  3  974.  4.12  4  4 0. 6  7  6.4 6  4  6.08  5  6.77  3  
2  1 .3 3  2  1  369.  2.41  9  2 3. 8  1  7.2 3  1  3.49  6  3.  87  
1  7  18.  0  787.  1.03  6  1 0. 1  4  0.1 8  6  1.20  9  1.16  9  

esaB   0  0  0  0  0  0  0  

yrotS    emarf eraB  X- rB a ic n  g  V- rB a ic n  g  V 001   
eccE tn  cir  

V 005   
neccE t  cir  

V 001 0  
neccE t  cir  

V 051 0  
rtneccE i  c  

1  2  00.0 047  7  00.0 063  8  0 6000. 5  2  0 00. 064  6  00.0 0  95  5000.0 2  5  0 4000. 2  6  
1  1  00.0 069  1  00.0 067  7  0 6000. 9  6  00.0 069  2  00.0 064  8  6000.0 2  1  0 5000. 3  9  
1  0  00.0 086  6  00.0 070  3  0 7000. 2  4  00.0 072  1  00.0 069  1  6000.0 9  2  0 6000. 2  5  
9  00.0 111  4  00.0 072  1  0 7000. 4  7  00.0 074  4  00.0 072  8  7000.0 4  7  0 00. 60 8  7  
8  00.0 1  33  00.0 072  7  0 7000. 5  9  7000.0 5  5  00.0 075  6  7000.0 8  2  0 7000. 3  1  
7  00.0 1  74  00.0 071  8  0 7000. 5  8  00.0 075  3  00.0 076  9  7000.0 9  6  0 7000. 8  1  
6  00.0 152  3  00.0 069  1  0 7000. 4  1  00.0 073  4  00.0 076  5  8000.0 3  2  0 8000. 4  2  
5  00.0 150  1  00.0 064  8  0 7000. 0  5  00.0 069  7  00.0 0  47  8000.0 6  5  0 9000. 3  2  
4  00.0 143  6  00.0 058  9  0 00. 0  846  00.0 0  46  00.0 070  3  8000.0 7  8  0 9000. 8  7  
3  00.0 153  6  00.0 050  5  0 5000. 6  8  00.0 056  2  00.0 064  4  8000.0 6  3  0 9000. 9  7  
2  00.0 183  8  00.0 039  2  0 4000. 6  1  00.0 045  7  00.0 054  8  7000.0 6  2  0. 8000 7  1  
1  00.0 260  3  00.0 026  2  0 3000. 4  5  00.0 033  8  00.0 036  2  4000.0 0  3  0  93000.  

esaB   0  0  0  0  0  0  0  



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  ETERCNOC  SEMARF  

 
4 8.  R se p no se of a S xi et en Sto ir ed Regular Building 

8.4 .1 Re nops se of Corner Braced regu al r bu li ding 
1.1.8.4  mumixaM  yrots  tnemecalpsid   

psid yrots mumixaM 91.4 elbaT l eht ni tnemeca  noitcerid X   ffo c x4 yrots evlewt decarb renro 4 noitarugifnoc yab  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.1.8.4  mumixaM  yrotS  tfird  rof  renroc  decarb  neetxis  yrots  emarf   
X ni tfird yrots mumixaM 02.4 elbaT -  yab 4x4 rof noitceriD c b yab elbuod( noitarugifno r )thgieh eht revo ecaf renroc eht ta deca  
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yrotS   eraB   emarf  
m( m)  

X- icarB n  g  
m( m)  

V- icarB n  g  
m( )m   

V 001   
eccE tn  cir  

m( m)  

V5 00   
eccE tn  cir  

m( m)  

V1000  
neccE t  cir  

m( )m   

V1500  
neccE tri  c  

m( )m   
1  6  .55 34  5  .62 98  6  29. 87  2  .03 16  5  36. 82  5  42. 72  9  4 .7 14  6  
1  5  .35 56  6  .42 44  1  27. 38  6  .82 85  4  33. 84  1  39. 45  8  4 .5 10  5  
1  4  .15 74  2  .12 19  5  25. 58  4  .62 05  3  30. 35  8  36. 26  6  4 .2 73  2  
1  3  .94 31  3  .91 94  5  23. 78  6  .42 63  9  27. 15  4  33. 66  3  3 .9 66  1  
12  .64 95  9  .71 67  9  21.8  3  .22 71  4  25. 52  2  30. 06  1  3 .6 97  7  
1  1  .34 65  3  .61 16  8  19.7  1  .91 19  5  23. 62  3  27. 15  9  3 .3 78  3  
1  0  .04 53  8  .51 14  2  17. 15  9  .71 06  3  21. 33  4  24. 05  6  3 .0 69  7  
9  .73 3  2  .41 0  5  51 2. 7  4  .51 52  9  19. 03  2  21. 35  9  2 .8 31  7  
8  .43 00  7  .21 25  6  13. 00  2  .21 19  3  17. 92  7  18. 46  9  2 .5 03  6  
7  .03 82  7  .01 48  8  10. 47  4  .01 06  7  15. 01  4  15. 37  4  2 .2 93  3  
6  .62 43  5  0.9 4  7  8.  55  4.8 0  7  12. 37  7  12. 09  3  1 .9 33  1  
5  .22 43  3  1.7 7  2  6.47  6  4.6 0  5  10. 93  3  10. 31  7  1 .5 79  1  
4  .91 47  8  2.5 9  6  4.86  2  7.4 8  9  7.97  3  7.52  5  1 .2 3  5  
3  .61 85  6  5.3 1  7  3.33  8  2.3 7  1  5.55  9  5.05  5  8 5. 8  8  
2  .21 95  1   59.1  1.96  1  9.1 1  6  3.  82  2.  97  4 7. 4  8  
1  2.7 5  5  7.0 3  9  0.82  6  .0  8  1.29  5  0.93  8  1 4. 5  4  

esaB   0  0  0  0  0  0  0  

yrotS    emarf eraB  X- icarB n  g  V- icarB n  g  V 001   
eccE tn  cir  

V5 00   
eccE tn  cir  

V1000  
eccE tn  cir  

V 051 0  
rtneccE i  c  

1  6  00.0 059  5  00.0 0  38  00.0 077  1  00.0 079  1  0.0 10 03  5  00.0 092  2  0 8000. 9  1  
1  5  00.0 076  8  00.0 085  5  00.0 079  5  00.0 081  9  0.0 10 09  7  00.0 099  9  0 0100. 1  8  
1  4  00.0 090  2  00.0 086  3  00.0 080  7  00.0 0  38  0.0 10 12  2  00.0 106  2  0 0100. 9  7  
1  3  00.0 094  1  00.0 085  3  00.0 080  6  00.0 082  7  0.0 10 11  6  00.0 110  7  0 1100. 1  8  
1  2  00.0 104  7  00.0 082  4  00.0 079  3  00.0 081  1  0.0 10 07  9  00.0 113  6  0 1100. 9  2  
1  1  00.0 121  1  00.0 078  4  00.0 077  4  00.0 079  1  0.0 10 03  3  00.0 114  1  0 2100. 9  5  
1  0  00.0 128  5  00.0 073  7  00.0 075  6  00.0 078  2  0.0 10 00  1  00.0 1  21  0 3100. 4  5  
9  00.0 128  1  00.0 069  1  00.0 075  7  00.0 078  3  0.0 00  59  00.0 107  5  0 3100. 3  6  
8  00.0 125  9  00.0 064  1  00.0 075  3  00.0 0  77  0.0 00 88  7  00.0 102  1  0 2100. 9  5  
7  00.0 132  9  00.0 060  6  00.0 073  1  00.0 073  9  0.0 00 86  2  00.0 099  3  0 2100. 4  7  
6  00.0 134  7  00.0 062  5  00.0 069  1  00.0 069  2  0.0 00 85  5  00.0 094  9  0 2100. 2  1  
5  00.0 143  4  00.0 062  5  00.0 063  1  00.0 062  5  0.0 00 84  3  00.0 089  6  0 2100. 4  4  
4  00.0 1  64  00.0 059  3  00.0 0  55  00.0 0  45  0.0 00 81  8  00.0 082  9  0 2100. 7  9  
3  00.0 144  6  00.0 052  2  00.0 045  9  00.0 045  3  0.0 00 76  7  00.0 075  5  0  82100.  
2  00.0 178  9  00.0 040  4  00.0 037  8  00.0 037  2  0.0 00 66  4  00.0 061  7  0 0100. 9  8  
1  00.0 241  8  00.0 024  6  00.0 027  5  00.0 026  7  0.0 00 43  2  00.0 031  3  0 4000. 8  5  

esaB   0  0  0  0  0  0  0  



NON - RAENIL  SISYLANA  FO  LEETS  DECARB  M ITLU - YROTS  DECROFNIER  NOC ETERC  SEMARF  
 
 
 
4 .8. 2 R se po sn e fo  Mi dd le braced sixteen ts ory f ar me  

1.2.8.4  mumixaM  yrots  tnemecalpsid   
4 yrots evlewt decarb elddim ffo noitcerid X eht ni tnemecalpsid yrots mumixaM 12.4 elbaT x  4 b ifnoc ya g noitaru  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.8.4  umixaM  tfird yrotS m  
X ni tfird yrots mumixaM 22.4 elbaT - i decarb yab elbuod( noitarugifnoc yab 4x4 rof noitceriD n )thgieh eht revo ecaf elddim  
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yrotS   arf eraB  em  X- rB a ic n  g  V- icarB n  g  V1 00   
ccE tne  cir  

V 005   
neccE tri  c  

V10 00   
neccE t  cir  

V1500  
neccE tri  c  

1  6  0 5000. 9  5  00.0 060  1  00.0 061  6  0.0 00 61  7  00.0 065  4  00.0 063  7  0 00. 0  67  
1  5  0 7000. 6  8  00.0 061  9  00.0 063  9  0.0 00 64  2  00.0 070  2  00.0 071  9  0.0 00 91  2  
1  4  0 000. 90  2  00.0 0  36  00.0 064  0  0.0 00 65  2  00.0 072  4  00.0 076  3  0 00. 103  1  
1  3  0 9000. 4  1  00.0 063  7  00.0 065  1  0.0 00 65  8  00.0 072  5  00.0 078  3  0 00. 1  90  
1  2  0 0100. 4  7  00.0 063  8  00.0 064  6  0.0 00 65  7  00.0 0  17  00.0 078  8  0 00. 110  6  
1  1  0 2100. 1  1  00.0 063  3  00.0 063  4  0.0 00 64  5  00.0 0  86  00.0 076  5  0 00. 107  5  
1  0  0 2100. 8  5  00.0 062  1  00.0 0  16  0.0 00  26  00.0 063  4  00.0 072  6  0 00. 102  1  
9  0 2100. 8  1  00.0 060  1  00.0 057  7  0.0 00 58  4  00.0 058  3  00.0 069  1  0 00. 099  1  
8  0 2100. 5  9  00.0 059  9  00.0 059  3  0.0 00 59  3  00.0 058  9  00.0 067  6  0 00. 096  6  
7  0 3100. 2  9  00.0 058  7  00.0 060  2  0.0 00 60  9  00.0 059  2  00.0 066  8  0 00. 104  3  
6  0 3100. 4  7  00.0 056  4  00.0 059  2  0.0 00 60  3  00.0 060  6  00.0 068  2  0 00. 112  3  
5  0 4100. 3  4  00.0 052  1  00.0 0  65  0.0 00 57  3  00.0 061  5  00.0 073  8  0 00. 114  2  
4  0  64100.  00.0 045  8  00.0 050  7  0.0 00 52  1  00.0 059  7  00.0 079  2  0 00. 111  9  
3  0 4100. 4  6  00.0 037  7  00.0 043  3  0.0 00  744  00.0 055  1  00.0 080  4  0 00. 108  9  
2  0 7100. 8  9  00.0 028  2  00.0 033  9  0.0 00 35  6  00.0 046  3  00.0 069  9  0 00. 093  1  
1  0 4200. 1  8  00.0 017  5  00.0 024  1  0.0 00 25  2  00.0 028  4  00.0 032  1  0 00. 036  1  

esaB   0  0  0  0  0   0  0  

yrotS   eraB  fra  em  
m( )m   

X- icarB ng  
m( m  )  

V- icarB ng  
m( m)  

V 001   
neccE tri  c  

m( m)  

V5 00   
eccE tn  cir  

m( )m   

V 001 0  
rtneccE i  c  

m( m  )  

V 051 0  
neccE t  cir  

m( m)  
1  6  55. 34  5  .42 3  1  23  8.  .32 77  6  23.4  9  2 8.6 4  4  .93 47  5  
1  5  53. 56  6  .22 95  3  22. 51  5  .22 41  2  21. 38  6  2 9.4 9  9  .73 35  7  
1  4  51. 74  2  .02 78  3  20. 46  2  .02 95  7  20. 73  5  2 0.3 4  3  35.0  4  
1  3  49. 31  3  19 1. 6  2  19. 52  5  .91 32  7  19. 22  2  2 3.1 5  4  .23 85  6  
1  2  46. 95  9  .71 84  5  17. 38  3  .71 19  3  18. 90  9  2 3.0 1  7  .03 21  6  
1  1  43. 65  3  .51 28  1  16. 14  4  .61 25  8  16. 98  7  1 2.9 2  4  .72 57  4  
1  0  40. 53  8  .41 11  8  14. 09  4  .51 80  5  15. 75  9  1 0.8 1  8  .62 70  9  
9  37.3  2  .21 73  6  13. 92  3  .31 15  8  14. 41  7  1 7.6 5  2  .42 52  2  
8  43 .0  70  .01 06  3  11. 85  6  .11 38  1  12. 76  4  1 3.5 5  5  22.0  7  
7  30. 82  7  8.8 1  8  9.80  7  .01 50  1  11. 60  8  1 .3 79  6  .91 44  1  
6  26. 43  5  0.7 5  6  8.00  2  2.8 2  5  9.33  9  1  40.2  .61 15  3  
5  22. 43  3  3.5 6  5  6.22  6  4.6 1  7  7.52  1  1 0.0 5  3  .31 14  1  
4  19. 47  8   58.3  4.54  6  6.4 9  8  5.67  5   48.7  .01 82  7  
3  16. 85  6  4.2 9  9  3.02  6  1.3 5  5  3.88  4  5  464.  7 0. 7  1  
2  12. 95  1  3.1 6  8  1.73  6  8.1 2  4  2.23  4  3  350.  3 8. 7  5  
1  7.25  5  5.0 2  6  0.72  3  7.0 5  6  0.85  2  0  269.  1 0. 8  3  

esaB   0   0  0  0  0  0  0  
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NEREFER C SE  

bA o R , ahatu . ,.S  .M ,tdrahlegnE  ,asriJ ,.D  .J  O.  ,regerK & M. ,.E  6991 . raehs fo noitatilibaheR  lacitirc  
stekcaj leets ralugnatcer fo esu yb snmuloc terecnoc . utcurts ICA r uoJ la r  ,lan pp. 68- .87  

6102 ,.nonA . ecnerefeR ISC  launaM . e 91 noisreV .d  :ainrofilaC,yelkreB  SRETUPMOC  ,SERUTCURTS &  CNI .  

891 ,.M ,xuodaB 7.  , gnicarb leets htiw serutcurts etercnoc decrofnier fo gnittiforter cimsieS :saxeT   
 ytisrevinU o saxeT f .  

6002 ,.Y ,aingrozoB . freP ot ygolomsieS gnireenignE morF GNIREENIGNE EKAUQHTRAE namro ce- desaB  
nireenignE g. tsriF  de . CRC :CD ,notgnihsaW  .SSERP   

5002 ,HTANARAT.S ELAGNUB . SGNIDLIUB TNATSISER EKAUQHTRAE dna DNIW  LARUTCURTS  SISYLANA  
ED DNA S NGI . tsriF  .de  soL  :)ainrofilaC( selegnA  REKKEDLECRAM .  

,oteoC  A. .T - .G  a. ,.G  .2102  ssenffitS - saB .sgnidliuB rednelS dna llaT rof smetsyS gnicarB fo gniziS de  

002 ,.G ,uomrehT.E 9. rof artcepS dna sledoM tnemssessa dna ngiseD  etercnoC decrofnieR deriaper  
tS r  ,serutcu :sionillI  diM - .retneC ekauqhtraE naciremA  

lE - rakkoS y .H  K & . ,lalaG  0102 . vni lacitylanA noitagitse  cimsies eht fo  CR fo ecnamrofrep  semarf  
gnisu detatilibaher  noitatilibaher tnereffid  seuqinhcet . utcurtS gnireenignE r  ,se 5591 :)9(13 eussI - 6691 .  

,KRIKELGNE  R. 3002 ,.E . CIMSIES  .SGNIDLIUB ETERCNOC TSACERP DNA DECROFNIER FO NGISED  
J weN ,nekoboH ,SNOS & YELIW NHOJ :yesre  .CNI  

ruE o 9002 ,edoc . cimsieS  ot sgnidliuB fo ngiseD  edocoruE  8. notliM(kroY weN  nopS :)kraP  .sserP  

M ,sidraF . ,.N  9002 . fo gnittiforter dnatnemsessA ,ngised cimsieS  etercnoc  sgnidliub . regnirpS :kroY weN  
odnoL grebledieH thcerdroD Y weN n o .kr   

AMEF  .F ,653  E. M. ,.A  0002 . eht rof yratnemmoC dna dradnatserP  .sgnidliuB fo noitatilibaheR cimsieS  
liviC fo yteicoS naciremA :C.D ,notgnihsaW  )ECSA( sreenignE .  

E ,aigroeG . ,.T  ,aluorvats  .J  .P  ,rmA &  S. ,.E  9002 . sledoM tnemsessA dna ngiseD   dnA s cep rt iapeR rof a r de  
 ,serutcurtS etercnoC decrofnieR naciremA diM :.l.s  .retnec ekauqhtraE  

akslotsopA atreboR , ,sinoisT soigroeG  4102 ,oibaF & . ts cimsieS r  ,sgnidliub CR fo gninehtgne ruE o naep  
utitsnI ertneC hcraeseR tnioJ noissimmoC naeporuE : nuoinu eht fo ytiruceS dna noitcetorP eht rof et  

 nezitiC .  

A harabohG . & .H  ,htaflE uobA  1002 . leets cirtnecce gnisu emarf CR a fo noitatilibaheR  .gnicarb  
utcurtS gnireenignE r  ,se :)7(32 eussI  547 - ,557  pp . 547 - .557   

hG o .A ,harab  .H ,htaflE &  ,.A  .1002  tatilibaheR emarf etercnoc decrofnier a fo noi  leets cirtnecce gnisu  
icarb gn . eenignE r tS gni r utcu r  ,se p. 11.  

,.T ,ülügröG  2102 ,.la te . .sllaw raehs leets lanretxe htiw serutcurts etercnoc decrofnier fo gninehtgnertS  
tsnoC fo lanruoJ r  lanoitcu S  ,hcraeseR leet 07 eussI : 622 – 32 5 .pp ,  622 - 32 5.  
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,.H  K. & .S  ,zamlıY  2102 . gninehtgnerts cimsieS  decrofnier fo  sgnidliub etercnoc . :nI  ekauqhtraE -  tnatsiser  

 serutcurts - noitatilibaher dna tnemssessa ,ngiseD . .s l .s:. n. 

.3102 ,.S ,trebreH  ni ksir cimsies gnissessA   ,aipoihtE :.l.s  CRDSG  . 

4002 ,EPENAK . evretni cimsieS noitn  edoc . ekauqhtraE:.l.s  dna gninnalP  noitcetorP  noitazinagrO  .)OP.P.E(  

2002 ,.S ,edniK . aipoihtE ni sdrazaH ekauqhtraE  rojaM  seitiC . O[ nli ]en  
 :ta elbaliavA kauqhtraE/gnireenignE/moc.aipoihteaiidem.www//:ptth e  

 lirpA 4 desseccA[ 2 10 7].  

Y ,.R ramuK . niS g .R &  .9002 ,ayiloeD  rof seuqinhcet gnittiforter fo weiveR  dellifni yrnosam  CR  emarf  
iub l id gn .s  Tr seigolonhcet noitcurtsnoc dna larutcurts ni segnellahc dna sdne .  

.L ,.F uiL  X & gnaW . 2102 ,uL . rternu fo ecnamrofrep cimsies fo snoitagitsevni latnemirepxE dettifo  dna   
dettiforter  semarf CR . ,lagutroP ,nobsiL  .n.s  

R ,.R.M irehaM . & irasuoK  .M  ,nazazaR  .3002   leets no stset revohsuP X- enk dna decarb e CR decarb  
emarf s. utcurtS gnireenignE r  ,se eussI  7961:)31(52 – 71 .50   

.4102 ,.la te ,.C ztlohnerhaM  ier fo tiforteR gnilkcub htiw semarf etercnoc decrofn - .secarb deniartser  
tS & gnireenignE ekauqhtraE r utcu r  la D  ,scimany eussI  eqe/2001.01 :IOD  8542  . 

,irsaM  .A  ,.C  ,hsahbuS  .C  & 6991 ,.C ,leoG . gnitset dna ngised cimsieS  bals CR na fo - emarf nmuloc  
denehtgnerts  yb  leets  arb ci gn .  ekauqhtraE S tcep r .a  

zzaM o .G ,.F inal  ,,etroC alleD  E. aihcceraB  & M. .7002 ,olleinA’D  stset latnemirepxE  no  cimsies  gnidargpu  
rof seuqinhcet  CR  sgnidliub . tatibah nabrU :pohskroW  .stneve cihportsatac rednu  

E ,adnariM . , oretreB &  E. ,.E  0991  . tsoP - et gnitsixe fo gnidargpu cimsies rof euqinhcet gninoisn  wol - esir   
liub di gn s. filaC,sgnirpS mlaP o pp ,.n.s ,ainr . 393 - .204  

E ,idammahoM . S. a. ,.A  8002 . mumitpO  ecnamrofreP  cirtnecnoCfo ngiseD desaB  decarB leetS  semarF .  
n.s ,gnijieB .  

ataD lacisyhpoeG lanoitaN  7102 ,retneC . fo tsiL  sekauqhtrae  ni  aipoihtE . ilnO[ n ]e  
 :ta elbaliavA aipoihtE_ni_sekauqhtrae_fo_tsil/gro.aidipikiw.m.ne//:sptth  

02 lirpA 8 desseccA[ 1 ]7 .  

V ,pilihP . .P  a. ,.N  4102 . LEETS FO NOISULCNI FO SSENEVITCEFFE  NI GNICARB  .GNITSIXE  :TCAPMI  
tanretnI & gnireenignE ni hcraeseR fo lanruoJ lanoi   ,ygolonhceT p. 18 .  

J , ariehcniP . A. ,asriJ &  .J  991 ,.O 5. decrofnier fo tiforter cimsies rof seigetarts ngiseD  etercnoc  semarf .  
ekauqhtraE  artcepS .  

H ,.A otniP . muraV ,  & .J  2002 ,aniloM . emssessa latnemirepxE lluf fo tiforter dna tn - fo sledom elacs   
semarf CR gnitsixe . ecnerefnoC naeporuE ht21  .gnireenignE ekauqhtraE fo  ,nodnoL  n.s .  

eltseirP y M , . ,.F ,elbieS ,.J  ,oaiX  Y. ,.R ,amreV &  4991 . tercnoc decrofnier fo gnittiforter gnitekcaj leetS e  
rof snmuloc egdirb  traP.htgnerts raehs decnahne  :2  nosirapmoc dna stluser tseT  yroeht htiw . aM t slaire  

uoj r  ,ICA,lan pp. 735 -55 .1  
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 iasT K. ,,.C  .J  .W  Y , ,iaL . C.  ,gnawH & .S  L. niL  2 , 400 . fo noitacilppa dna hcraeseR  elbuod - eroc  gnilkcub  

deniartser  ni secarb  .nawiaT  .n.s ,adanaC ,revuocnaV  

,DASARP INAV  4102 . FO NOISULCNI FO SSENEVITCEFFE  LEETS  GNICARB  NI  GNITSIXE . APM C :T  
etnI r  ,hcraeseR fo lanruoJ lanoitan loV . .p ,)9 eussI(2  81. 

anawsiV 0102 ,.K ,ht . sisylanA cimsieS  leetS fo  .semarF etercnoC decrofnieR decarB   LANOITANRETNI  
LANRUOJ  NA LIVIC FO D S  ,GNIREENIGNE LARUTCURT p. .411   

A adaW . & M. ,.amihsakaN  4002 . gnilkcub fo ytirutam ot ycnafni morF  deniartser  .hcraeser gnicarb  
anaC ,revuocnaV n.s ,ad .  
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