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h tudy i limit d t tructure on il of cla , a d fined in th urr nt B 
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c n id r d in th d ign and analy e . The effect of n n- tructural c mp n nt , including 
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h 1gn pr w r ba d nth 5 niD rm uil ing 

1 _ ti nal Building f n d R ' h 

d ign lat raJ D r Vva n th w ight f the building, 

hi h ri d fr m 0.02 t 0. 5, t ace unt fl r th b nng it ' f th 

i I R l 941 · M i tc hell t al. 2 0 1 ) . B a e h ar, V. a d fin d a : 

V=CW [2-1] 

h 19 ati nal Building ode of anada R 1958) awth intrduti n fa 

1 m1 z ning map, a pre ented in Figure 2 with four zone f ar ing i mic hazard. 

ba d rical arthquake data. Zone 0 did not require an i mi d ign. 

z nt d th ba ea for de ign lateral load, zon 2 r quir d a multipli r f 2 

n th d ign lat ral load, and zone 3 required a multipli r of 4 on th d i n lat ral load. 

h coefficient C1 wa al o modified to be a function f the building· 

. ba d on it number of torey abo e the ""le el i'' under c n id rati n. h 
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f rgure 2 - )er mr Lonrng map from the 195 atronal buildtng code of Canada ( R C 19 ) 

In th 19 ati nal Building de of anada R 1 60) i mic d 1gn 

r qu1r m nt wer the an1e a the 1953 code· how r, it'introduc d th n d t a c unt 

fl r tor i nal ffect without pecifying a preci e procedure R 19 0 ~ M it h ll t al. 

201 ). 

Th 1965 ati nal Building ode f Canada (NR 1965) u ed the am 1 m1c z mng 

map intr due d in th 1953 code with the ame multipli r on the d ign lat ral load~ 

h w r it r d fin d them a the ei mic regionalization factor, R. It al o intr due d a 

fact r t a unt fl r the type of lateral force re i ting y tern, , an 1mp rtan e fa t r. L 

to ac ount fl r the intended u f the building, and a foundati n factor, , to a c unt fl r 

it oil efficient representing the building' tiffne , ba d n the 

numb~r m dified and redefined a th tructural flexibilit fact r, . Th 

d ign later 1 l ad wa pecified a being linearly di tributed to re pecti fl or 1 

ba d n h ight and weight. he c de also intr duced guideline on a unting for 

tor ional eft! t ( R 1965 ~ Mite hell et al. 201 0). Ba e h ar, V, wa d fin d a : 

V=RCIFSW [2-3] 
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'I he I 7 ati n I [ uilding f n R I 7 · '' the m Jifi ati n fthc 

' t tn I udc the h 1 rd 
. et mt I ntng m p. 

n n . r thcr th n the hi t ri 

ppr 

h \tng 

ti n 

xibilit; 

nan1 d and wa m fun ti n p rt 

r th r th n it h fa t r a c unting r t; p ti n. . \\ 

ren m d K. a t unt [! r high r m 

ne ntrat d [! rce, t. a a p rti n of th lat ral lo d t ppli d at th p 

f th building and a r duced rtuming mom nt R 1970: Mit h 11 t I. 2 1 

Ba h ar V, wa d fined a : 

V= 1/4 R(KCIFW) [2-4] 

I ,, 

I 
I 

I 
I 
I 

I I 

I 
I 

- - -l 

Fi::-ure -.'cL m1c 1omng map from the 1970 ational building ode of anada ( RC 19 0) 

Th 1975 ational Building de of Canada R 1975) u ed the am e1 m1c z n1ng 

map intr due d in the 1970 cod ; howe er the ei mic regionalization fact r. R wa 

eliminated. In t ad the h rizontal de ign ground acceleration, A, a intr duced for 
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thr ugh . an 

building ' p 'ri d. r he 

r . . ·. \\C.l intr u n tht.: 

n tru ti n. K \\ t:rc m d i lied I r 111 

the I f b · rpti n. n 

n 

d t rm in i ng I d u d in th 1 7 

ith 5% d mping. aling wa 

d 0 through . tructur I du tilit)' f: t r,~, \\ 

p ifi d [! r alibratin f uildinr ~ith 

h rt r p ri d w r di id d b .J2p. - 1, wh rea th with I ng r p ri d w r 

di id db ~ R 1975~ Mitchell et al. 2 1 0). Ba e h ar, V, wa d fin d a : 

V=ASKIFW [2- ] 

h 1977 ati nal Building de f anada R 1977) u d th am z mng 
I 

In p and d ign lateral force pr cedure introduced in th 1975 c d 

d namic analy i were m dified to include a minimum ba 

c lculat d u ing the tatic proc dure. hi wa intr duced to ha 

th pr bability f exceedance b tween the static and dynamic anal i m th d ( R 

1 9 7 7 ~ M it h 11 t al. ~ 0 1 0). 

h 19 0 ati nal Building de f anada R C 1980) u d the am z mn 

n1ap and d ign lateral £; rce pr cedure a the 197511977 c d . The 1 m1 

fa t r, , ba ed n the building period wa modified. The code al included uid line 

n alculating th ecc ntricity to account for tor ional effect RC 198 ~ Mitch 11 et 

al. 2 1 0). 

h 1985 ti nal Building C de of anada ( R 1985) aw the modifi ati n f th 

i n1ic z ning 111ap, a pr ent d in Figure 4 to include th aluati n of i mic hazard 

ba d n a n \ p int ur e m del with a pr bability f exceedance f 1 Oo/o in 50 y ar 

(r turn peri d of 4 75 y ar ). A well the number f ei mic zone wa increa d from 

£; ur t n, each being a igned a el city zonal ratio, . The ei mic re pon e factor, 
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\\ m i fi d . T h t.: t.: 11 \\ e d t h t.: b u i I in~ pt.: r i d t 

m .· imum r 1.~ time. tht.: pt.: ifit.:d ctnpiri 

in ' ludc minimum b t.: 

ar V, a d fin d a : 

V=vSKIFW 

Acceleration 
Acceleration 

. I 

Figure-!- ei m1 70ningmapfromthel9: ationalbuildingcodeofCanada( RC 19 :) . 

Th 1990 ati nal Building fCanada R 1 990) u ed th am 

R ' I 

[ -- ] 

map a th 19 5 c de. he factor accounting for typ of con truction, K, wa r plac d b 

th ..: f rce m difi ati n fa tor, R. Th introduction of th [! rce modifi ati n fact r. R, wa 

th B ' fir t rec gnition of a building capacity to di ipate en rg during a 

nt thr ugh in la tic beha i ur and it required pecific d ign and d tailing 

requir n1 nt b In t a cording t the R- alue cho en. A calibrati n fact r, , v a 

intr duced t n ur the ba e hear wa compatibl with pre iou editi n f th B 

ne' [! und ti n factor, F, t account for ery il condition wa intr du d. h 

1990 c de al included drift limit f 0.02h for n rmal building and 0. 1 h [! r po t-

9 





tcr buil ing . \\hert: h i the h ight I the building ( f 

"""' I 0). Ba c he · r. . \\ de line 

V= (v W)/R 

I ( ): \lit ht:ll d al. 

I he I ati n I Building ' R ' ' I -) u cd tht: amc 1111 / lllllg 

m p and d ti n 

r intr du d. h 

nd gui lin n n I) i 

r m ifi d t m lud a minimum ba 

l ti pr m par d t th 1 OOo/o pr u l pr rib d -: lit hell 

t l. 201 0). 

h 2 ti n l uilding d of anada R 2 5 a'v\ th limin ti n fth 

1 mtc z ning map for repr nting th ei mic hazard and intr du f 

uniD rm hazard p ctrum ( H ), with ea h cit in anada ha mg a it i fi r 

p ctrum. h H for Halifax i pre nted in Figur 5. 
I 

0.25 

0.20 

0. 15 

0.10 

0.0-

0.00 
0.000 o.:oo 1.000 1.soo 2.ooo 2. oo 3.ooo 3.-oo <+.ooo 

T() 

ltgure:- Lmform hazard pe trum for Haltfa\. from th 2005 at10nal butldmg ode of anada (, R · _OO:l 
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I h . c l 11. ' h a pr b hll it; 

1n c mp n the rrc\ i d n c r 1 J%in -(ye r . r )ll mi 

nal I i h d a the pr 1mp cd I( r irregular 

he r h cd n th pc tr I 

und l he high r m de p rti lP ti n 

n m M.. nd th tmp rtan ti I it; -

rei ted r r t i uil ing p it; 

\\ 11. th 

m dificati n fact r, unt D r r 

tr ngth in tru tur . alu 

th B 1gur 6, [! r thr 

MD), limit d du tilit ( D , and con entional con tructi n. D t p f 

8 -09 and pre nted in ti n 2.3 fthi r p rt. 

-
I I I 

Restncllonsi21 

I I Cases 

Type of SFRS Rd Ll Cases Wh'"e I,F,S,(0.2) Where 

I 
leF S.(1 0) 

0-2 -I ~ 0 2 to l ~ 0 35 to r > 075 > 03 

I,...__ __ 
< 0.35 $0. 5 -- --

Steel Structures Designed and Detailed According to CA /CSA-S 6 

Ductile moment-resisting frames 

I 
5.0 

1 
1.5 ,-- NL L r L NL I L 

I oderately ductile moment-resisting 

I frames 35 1.5 NL NL NL L L 

~t;d ductility moment-resisting 
-

I mes 2.0 1.3 NL NL 60 30 30 

I Moderately duct1te concentncatly 
braced frames 

on-chevro braces 3.0 1.3 NL NL 40 40 40 

Chevron braces 3.0 1.3 L NL 40 40 40 

TenSion only braces I 3.0 1.3 L NL 20 20 20 
--

Urruted ductility concentrically braced I 
lrames I 

Non-chevron braces 2.0 1.3 L N 60 60 60 

j Chevron braces 2.0 1.3 L N 60 60 60 

ens1on only braces 2.0 1.3 NL NL 40 40 40 

Ducble eccentrically braced frames 4.0 I 1.5 I NL NL NL NL NL 

J>uctile frame plate shear walls 5.0 1 6 I NL N NL ~ NL NL 

Moderately ductile plate shear walls 2.0 1.5 NL NL 60 60 60 

lt Con en!Jonal construct1on of moment i I l frames, braced frames or shear walls 1.5 1.3 N 
l 

15 15 l 15 

Other steel SFRS(s) not defined 
I I 

I 
I I 

above 1.0 1.0 I 15 15 I p 
- -

Ftgur 6 - E.\ 'erpt fr m Tabl -l I .9 from th 200: ational buildtng od of anada ( R :wo:l 
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f he Cl Ill I \\eight 'J..' , \\ m di ft 

kfa).- 0 o fthc c ign n ''I d. 

tank.. . I h c ' d c a I m 

intr u cd 

r ti het \\ccn m 

:tru tur . r h -

'itru 

r quir m nt 

fth 

1n lu c the d , d I< ad (in ·ludin' rtiti n t ·-

li\ I d . nd th full nt nt r n) 

dur if th 

tru tur i irr gul r. Th 2 5 c d al includ d rift limit 

building , h . and .01 h for p t-di a t r building . n 

p ifi d r ulting fr m la tic d flecti n i .. multipli db Rd l wh n rift 

ar d t rmin d a don th m difi d d ign pe trum R 2005: Mit h ll t I. 

2 1 0). Ba d fin d 

V=S (T3 )MviEW /RdRo (2- ] 

2.2 ei mic De ign Philosophy in 2010 NBCC 

With th 201 ati nal Building ode of anada R 201 0), th uni:D rm hazard 

p trum w r m dified :D r the a t m citie , including Halifax a p r i ur 7, whil 

maintained th am H a defined in th 2005 c d . h H d ign 

p ctrum w at period of 0.2, 0.5 1.0, and 2.0 with a pr babilit ' f 

f _%in 50 year a en in the 2005 B 

'-\ lL n ' i t ral fl rce re i ting y t m w re added to the cod vvith additi nal :D r 

m difi ti n fa t r Rd and Ro R 2 1 0; Mitch 11 et al. 201 0). 
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(/) 

0.15 

10 ~ 

0. 5 

0.00 
0.000 0.500 1.000 1.500 -.000 2. 00 .., .000 3. 00 4.000 

( ) 

ltgurc7-Unll'rmhazard p trumforllaltfaxfrom th 2010 attOnalbutldmg od of anada( RC 2010). 
I 

lu f ba hear required fl r de ign b the 2 10 B th 

fact r R!Ro, which are a igned ba d n the 1 f du tility and 

fductilit i ba d 

nth ipate energy through inela tic d formati n , and th 

n11mmum r tr ngth ofth particular y tetn. ach categor of ducti lit ha mat hing 

detailing r quir m nt to n ure th anticipated inela tic b ha tour 1 attainabl 

r quir m nt ar utlined in 16 for tee! structur and 

tructur . If in la tic deformati n are not po ible without a lo th 

igned la tically with Rd qual t 1.0. For ne ntri all bra d 

fran1 , la ifi d a "c n entional con truction··. ·'"limit d du tilit ,. .. r 

2.3 Concentrica lly Braced Frames in 816-09 

urr nt d ign philo ophy in 16-2009 De ign of tee! tru ture tandard i ba d 

n limit tat d ign, u ing 1 ad fa t r and mat rial r i tance fact r . 





.' i: mi 

th 

la ·ti 11 

i 1 n n:: quir ment re utl ined in ' I u e _7 f • \ . I -_00 . urrcn t de tgn 

I ulat d with Rd = 1. 

ith Rd qual t 1.0, but with an 

)r · n ·entric , 11) hrt1 

t "' enc rg) thr ugh inc l· ti tr mlllg 

lumn 11 

tgn 

nn ti n 

d ign, ifl 

g 

ailur m d in th 

ducti! and nn tion I 

n r b 

n t cti n fr tur , 

h uld be det rmin d u ing ~~ = 1. ( 

-2 9 p cifie c riain mat rial and c nn cti n r~quir m nt tn rd r t 

) . 

that th p cifi d minimum i Id 

MPa for the e l ment . It al o p ifi th u of 

pr babl than 460 MPa fl r H ection and 385 MP fl r th r 

with R qual t 1.1. hi en ure a proper hi rarch fl r i 

ad i ba d n th actual (pr bable) yield tre of th bra 

th 

20 9. 

tandard lau e 27 .1. 9 wa introduc d which tabli h d p ific 

prot et d z n wh r n di c ntinuity or an tre concentration ar all \ d t b 

intr due d thr ugh welding, cutting, or penetration. F r the concentrically braced fram 

thi i 

and 

lement it elf er it entire length a w ll a 

he e are d ignat d a 

ar th r gi n wh r large inela tic train are p cted to occur. 

am 

th r 

r tational dem nd ar plac d n the c nnecti n . ny di continuity in th m nt 

an lead t pr matur fractur und r cyclic in la tic r p n e ( 16 2009). 
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2.3.1 od rat Du tility 'B . 

.' i~mi c ign r quircm nt n cntn .. 11) hr ccd lr me 

r 0 fhi 1 tcm i fi n c I \\ i t h an Ru I ~ 0 • 

' nd Ro f I o- 0 n- nl . n he\ r n ~ H hr ·c 

h u ·ed. h \\C\ r. k.nce ra mg n K-br tng r n 

f r ti hinge in th 

u ·k.lco 1 he ·pe ifi r quir m nt ~ r th bra ar utlined in ' I u e 

2 9)0 

1 -2 tabli h rtain r tri ti n r g rdin th r ti 

a n1a tmum f 200. nd m k 

d n rg underc ' li in I ti I mg 1 

t I. 2003 )0 

w 11. p cific width-t -thickn rati 111 r r t pr t t 

again t c clic I al buckling which can lead to arl fractur ( ) . 

In th MD tern th principl of apacity d ign ar introduced thr ugh th u f 

pr b bl brac r i tan to d ign the 'protected l ment ". h pr babl t n i n 

r i tan , pr bable compre i n r i tance, and pr babl po t-buckling mpr 

r i tanc of th brace are tak n r pecti el a : 

Tu=AgRyFy [2-9] 

[2-1 0] 

[2- 1 1] 

In alcu lating th pr bable c mpre ion re i tanc and th probabl p t- u kling 

mpr LV r i tanc of the brac , Cr i calculated u ing R) ) . 16-2009 

pr crib th f tv o loading c ndi ti n brac · r aching 

th ir pr babl mpre 1 n r i tanc · r a hing 

th ir pr b ble p t-buckling c mpr i ere i tan . Each ofth a 1 t be 
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mbined '' ith the ten 11 bra e re hi11 1 th tr 11 re i. tance ' . \ . · I 

·1 he 11 n-d i . i fY ti ng lcment f the ram lumn . diaphragm 11d all 

nnc f gr 'it I 11 bra c r r c cqu I t th 

n et r :imu lt nd mpr n br e. (cither r r b hi 

mpre ·. 1 \\hi he\ r r d u e th 

\\ th m a im um d ign I d r th tp ting 

m nt t th t d t rmin d u ing a n Rd ) = 1. ( , 

2.3.2 Limited Ductility BF 

i mi d ign r quir m nt [i r limit d du til ne ntri ll; r d rr m 

utlin d in l u 27. of 1 -2 9. hi n Ro r ~. 
R0 of 1. tring nt a 

bilit to di ipate 

, and che r 

ll a kn bra ing and K-bracing wh r th column 

d. 

r th indu d 

b nding and trut are pr ided. The pecific r quir ment for th brac utlin din 

16 2 9). 

rL n regarding the brace l nd rn rati . k /r. r I 

than for the M t m and lend me is limited t a maximum f 0. h bracing 

width-t -thi kn , r tio r quir m nt are al o le d fin d in lau 

In brac with kL/r greater than 20 ar expect d t ha er limit d in la ti 

compr tr in and there i l ri k of cyclic local buckling 1 _009). 

2.3.3 onventional on truction CBFs 

..:1 m1 d ign r quir m nt fl r c n ntional con tructi n are outlin d in lau e 27.11 f 

1 -2 9. hi t tn i defin d with an~ f 1.5. and a of 1.3. h 

nv nti nal n tructi n tern in rporate th principl of capa it d ign indir tl 

\Yith ut parti ular d tailing r quir m nt . It i ba ed nth concept that inh r nt in 

urrent d ign and c n tructi n pra ti there i m apa it f th br t di ipat 

n f 0 ' thr u'""hl calized ri ldingandfriction. lau e27.11.1 p ifi th tfl r 
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,, r .•. · .. ).~)greater than 0.4 -. i· hr· gm, n mnc ·ti n ol primar: lraming lllL:lll r 

he de igne u ·h that th r i I ure m d i m1hincd \\ ith · 

ei mi I a multiplied b; R0 =I . - . f he e minimum re 1uirement \\er 

(1\ )id brittle r· ilure in nn ti n nd pr m t -. ner ' 1 I ip ti n in the hra · ( . A .'I 

~ 0 ). 

2.3.4 In la tic R pon f BF 

BI· rf rm n b it li axi 11 a 

th 

m 

Duri:1g th 

Wh n r I 

fth 

11; until u kling. \\h n 

in axi I r 

n (m m nt at th midi ngth of th 

r tain a r idual a ial and tran 

cle which foil w the brac b hav ~la ti all 

mpre ion th re idual tran 

pa it and the I ngth f th ela tic buckling plat au i r d u 

le. hi h ter tic b ha i ur i high! d p nd nt n th 

in th 

hing 

ntn 

h 

ll 

r ti 

au t al. 1998). Brac buckled hap are hown in 1 ur fr m 

li t ting M rn n (- 12). 

h fa tern apa ity for n rg di ipation i m a ur db) th 

ncl tere i curv ( e 1gur with I w r 

rati have larg rh t re i 

\ ell ra e with lower 1 nd rn mpr 1 n 

cap iti \\hi h ppr a h th t n i n apa ity (Brun u t al. 199 
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Ftgur • - anou'> bu I-. led hap' of ro s bra e dunng te ttng b) 1orn on (20 12 l 

400 

z 
2S 
Q) e 
0 0 u... 

-ro 
Qj 
n; 
-' 

-400 

-4 -2 
Storey Dnft [%) 

0 

-100 0 100 
Lateral Dtsplacemen [mm) 

Ftgure 9 - Lat ra1 fore ' dt -p1a ment h) t r ti • perfc1rman e of plain ro bra ·e amp1 b) i\ torn on (20 12) 

In t n en rg ' di ipati n i achie d by brac ·1 !din and 

Th · typi ally d ign d with bra having high r 

t n n- mpr 
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ft n e ·c dcd J. 'fh later· ! tilfnc f the frame i th ·rclorc 'l \crncd main!) h} th 

ten i< n brace a~ the · )lllpr i n bra c bu ·klc un r I ' a i I I a Ju · t a hi ... ' h r 

le n erne r· ti < . u h. in the hu klcd nfigurati n. the e fr · me h~' c little ti I fnc .. . 

lJ n er " r · I d i pI c.l cm n t a cc n i n l h c 

· mpr . ..., t m . tiffn i I t \\ he n there i / r I ramc 

di : pla cm nt Brun ) . 

Bra du tilit m n 1 m ur th r ti r m . i mum t tal r rm ti n t the 

de r rm ti n t i I : 

rding t r m (20 2 , th du tili ty d man r ti 1 r f \\. ith t n n-

2.3.5 Failure Mode of BF 

n rg i ip ti n in n m mb r i b in l ti b nding aft r u kling. n 111 

I 

th traight ning which foil w aft r l ad re r al. ft r bu kling, th it f 

f 

bra indu a r tati nal d mand at th brac 16 20 9). 

unng r v r d lie loading, aft r brace buckling, l nder bra pick up i ll 

qui kl during traight ning. hi may eau brace damag r c nn ti n f ilur . du 

n 1mp f loading eau ed by thi rapid increa in ti ffn ar 

a 1 fa ial mpr 1 n tiffn , axial hort nin , and l f hara t ri z d 

tang nt ti ffn n are d minat d b failur due to in la tic uc ling (Brun au t al. 

19 

k; br . with 1 w 1 nd me ratio, exhibit a r p n c ntr 11 d yi lding an 

t th pla ti hing 1 ated a brac midi ngth, 1 cal bu kling au 

ofm m nt apa it ' and a l in a ial capacity. hi 1 ad t a r du d n rg · 

di ipati n p it ' (Brun u t l. 1998). 
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b ened m de r failure in 'BI in ·lu . r ilure ofth grn · tl Hl t I l h h r a c . 

fracture (' tthe' nnc tin). r ' nn··t1 nlailur 

the h lt r \\el (I r mhlay tal. I 

2.3.6 'onn cti n.· 

nne ti n 1n n i ·t f gu · I at ith r \\ lded r b lted t the rr me . 

tr n n ugh. \\h i I rem 1 n mg 

ela ti . th t the -, 1 -) 'e ifi rule 

r utlin d in \ h r 

pi n r th gu et. r i n-th -pl n buckling th 

tr ngth qu I t r gr at r th n th n minal in-pl n nding tr ngth 

nt hing [i rming in th nn cti n. F r ut- f-plan bu klin) th 

gu · d t p rmit hing lin ~ rm in th 

a\ 11 g di tanc qual t twi th gu t plat thi kne t\\ n th 

n minal !in f unr train d b nding a 

09). 

n in igur 1 (Brun au t I. 1 

F1gur I 0 - Brac ·onn~ ' lllHl d 1gn d a.::cordmg to \ 16-2009 tandard 
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Jl du ·tile limit talc f r hra 't..: c nnc ti n r ilurc in ·lulk ten ion failure ll the hr ' 

net c ti n. and h( lt he · r f' ilur hccn lcm n. tr~ tcd that h )lting 1-!c mctr_y 

ma_· affc·t uctilit:.~ c nn tin ''ith I rgcrh lt . pa ing ha\c in ·rcd eddu ·tilit: 

nd I rcmhla; _ 

nnc ·ti >n d ·1gn 111 ' 
n t d n the inc rp r ti n r, ll) de ign r 

d t iling rcquin.:m nt it nn ipl fthc urrcnt 

l he t n i nf fr me'' ul h \ c n 

dir tl ppli ''elL it h uld c 

n t d th nn ti n d 1 n d n an all w tr 

2A alculation of th Fundamental Period 

In th 

peri d 

th valu f ba h ar r quir d D r d th uil tng · 

ibr ti n [! r th tati anal 1 ea . If d n mi rf rm d th ba 

h ar i ~ till limit d t a fund m ntal p ri d alcul t d ba d n n mp1n I ~ rmul · 

a functi n f th building' h ight, h0 • F r B 

Ta :.= 0.025hn r T :.= O.OSOhn if rifi db d nam1 [ .... -1 ] 

Tr n1bl t al. 1996) howed that fl r one- t rey building with fl . ibl iaphragm th 

u f th B ' p riod re ult d in con er ati e d ign and that th i n-pl n fl 

f th di phr g1n hould b ace unt d for in determining th building p ri d. hi w 

h \ n in r mbla_, & Rog r (20 11) wher it wa d m on trat d th t th maJ rit f 

tructure had peri d l nger than th lin1it pr crib d b · th f 2Ta 

= O.OSOhn if rified b d nami anal i . As well Lamar he tal. 200 p int d ut 

that u 

gi\' 

fth B mpiri al quati n would re ult in n p ri d f ibr ti n [! r 

in fact. th tiffne s ofthe tru tur \ ould m t lik 1 r var ' in th 

tv\ prin ip I dir ti n . Lamarch tal. 20 9) al 

br c fram h fundam ntal p ri d in b tween th limit f .02 '"hn and 0. 50h0 • n 

p ctral ace 1 ration and th tw limit i n t lin r. 

M dh k r pr p n th Rayl igh meth d, a unting [! r th 

influ ne f ra and diaphra0 m tiffne (Trembla , & R g r _ 11 
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"J.. here: 

l h ti fn fth 

fthc v rti 

In 

tl e.· ur I in-

g v rn b th h 

PL 1 
6. 8 = - eo 8 nd K8 =-

A£ 6a 

A A A SwL4 wLz 
u -u +u---+-o- F s- 384£/ sc'b 

1 
n K0 = ­

o 

rti a! r ing, K s, i ba d nth fth 

h in-plane tiffn fth 

m 

r. Th di phragm tl 

ar, rath r than f1 ural d fl rm t i n ( am rch 

L m rch t al. (2 9) h d that fl xible diaphr gm 

I ter I 

r bl 

[_- 14] 

[--I 

rm ti n 

n the 

nd 

11\ 

nth 

d nami r brac d fram . \ I L th d m n t r t t h imp 

f non- tru tural mpon nt d ram 

und r I w mplitud x itati n. 

2.5 ummary 

urr nt i mi d ign phil ph ha e ol ed inc it fir t intr du ti n int th B 

d ign and d tailing r quirement which ace unt fl r th in la ti r f 

th br r, how B d ign d within 

th fram ~ rk p rfl rrn, when ubj t d t aluati n ace r ing t 

current 1 m1 de ign c d and tandard . 

f B d jgn d with c de wher th bra w r d ign d u ing th 

prin ipl th t th y remain d in th lin arl la ti ran th 19 ti nal 

pr \·id 

r n1n1 ndati n fl r 1 1111 valuati nand r habilitati n r quir m nt fl r u h i tin 

building f r futur building 





Chapt r 3 - D ign R 'a '" f , ingl -.' tor ~ . t cl Building' in ( an ad a 

r imcn i nin I of the tru ·tural clement I r the building tuuicJ in the hrt.l 'e h J \\() 

ha cu n the . tati pr d ur e ign ra ty.pi ne- t re) huilding \\U 

carried ut ti n uilding 

u 1ng n rm 

I !and book c~f. tee/ re u ed r r 

ti n f ptimum b lumn ti n . h el ti n t n the 

d 1gn pr f 

p r n t d in ab I 1 , a f building ' ith v r mg p t r ti w 

tudi d in rd r t a c unt ~ r a di er pen d r ng nd ha\ i ur f ra 

fran1 buil ing ·. 

I able I - D1mcn ion ofbulldmg anal}t d m tud) 

Area (m 2
) A peel Ratio L(m) \\(m) # ba L # ba \\ Ba) - L(m) Ba) - \\ (m) H (m) 

IH I 24.:- 24 .:- 4 4 6.124 6 124 4 00 

2H I _- 30.0 20.0 6 4 .:-000 : 000 : 000 
A 600 

311 2 34 6 17 3 6 3 : 774 5 774 6 000 

4H 2.:- 38 7 I: 5 5 2 7 746 7 746 7 000 

:H I 42 4 42 4 6 6 7 071 7 071 : 000 

611 I _- "2 0 34 6 6 4 8 660 8 660 6 000 
B I 00 

7H 2 60.0 io o 8 4 7 :oo 7 500 7 000 

8H 2: 67 I 26 8 10 4 6 708 6 708 8 000 

9H I '4 8 54 .8 7 7 7 82: 7 82: 6 000 

I OH I 5 67 I 44 7 9 6 7 4:4 7 4:4 7.000 
l -000 

IIH 2 775 38.7 10 - 7 746 7 746 8 000 -

12H 2 5 86 6 34 6 10 4 8 660 8 660 9 000 

13H I 64 8 648 8 8 8 101 8 101 7000 

1411 I-- 794 .:-2 9 9 6 8 819 8 819 8 000 
[) 4200 

I:H 2 91 7 45 8 . 10 5 9 16: 9 16: 9 000 

loll 2 _- 102 .: 41 0 10 4 10 247 10 24 10.000 

_3 
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ELEVATION 
SeAl£: 1 :1 00 

EL: 17 000 
- · - · -- - op 'of steel 

0 
0 
0 ,...._ 

EL: 10 000 
· - Top oT slab 

r 1gun.: 12 - Bra 1ng clc\ a !Ion or buddmg t) pe 711 a de 1gned ac ordmg to the 196: at1onal Buddmg lode or l an ad a l Rll 1':16: l 
and the C"'A 16-196: tecl tructure for Bulld1ng · tandard (C 196:) 

1gn f th building pr nt d in able 1 according t th 1965 ti n· I uilding 

and ( R 16-1965 I el lructure ~for Building. tan rd 

ti n 3.2 and 3.3. igur 11 and 1gur 12 h 'v\ th plan 

r cmg f th tru tural 1 m nt 

b d nth tati alculati n pr c dure fl r building t pe 7H, \ hi h i r pr nt ti v f 

m dium- iz d uilding in thi tudy. 

ppr eh that a d ign r w uld ha e u ed a rding t the urr nt 2 10 ational 

Buildin0 f anada R 2010) and th 16-2 09 D . i n f I el 

.. tru 'fur ~. tandard( 9)i utlinedin cti n3.4and3.5. 

25 





3.2 1 ~ S B ildi ng L ad 

3.2. 1 D ad Load\ 

lmp) iti n I 4 I; nd gra\ cl m t cl de·~\\ ith rig1 I )'llll \\c.l 

Ll Cd . 11 \\all 'C \\ere 1l1 C f r Ll pcnd d ilin 1 • Ll'l\\ r~ ' 110 lirL pr t ·ti rl. a \\ell 

a r r the te I tru turc. LJ nif rm d d I d re re cnt din ·r, hk -· 

I.tbk ~ -I n1fomll) d1 tnhuted dead load on n ll 

R1 Jfine tee! deck 0 -l" 
~ 

\u-.pcnded cellmg 010 
- --

Dtu.t\\ nrk 0 2 .. 

I m: Protection 0 07 
- -
~!eel In • JOI h () 2: 

I otaiDcad load (k.Pa) I 12 

Th w ioht [ ·t ri r \i all w . tak n a 1.50 kPa. 

3.2.2 now Load 

h r f 

Building 

a ba d n 1 u 4.1.3.7 thr u h 4.1.3.10 th 1 ti n I 

h pr crib d gr und n w 1 ad 

ffi ient 3 , f 0.80 r due 

huil ing i 

d ign 

ur d t be p ed to wind n all [! ur id . 

1.73 kPa [ 6 p f]. 

3.2.3 ei mic L ad 

In th 

r h rt 1 f th uppl m nt n . 1 to th 1965 at ion l Build in d f nad , 

d mag H in arthquak int n ity z n 2 which c rr 

buil ing unng a 1 m1 v nt. al ulati n of ba m lud fr m u 

4. i."' .1 thr ugh 4.1. .17 f th 1 5 ati nal Buildin f na a. 

V=K·W 

\Vh r W i the t t 1 \ i ~..~ ht t uildinb, duet m ri 1 f c n tru ti n tn rp r t d in 

th uil in0 , the ign l d r u1ting fr m th u f th building [! r ra an th 

d ion 1 d u t th \\' i ht f f\ ' lC quipm nt and ma hin ry R 1965). 

2 





r· r the ne "t re) huilding in thi tud\. there arc n) ll r abP\ c ~ra 

the huil in' \\ei d1t. \\. i n I red th \\ ight f th rH fan th UppLr p rti 11 f 

e ·tcrior \\all : 

Dl roof uni [! rm d I d f th r f utlin m ti n , ._.I: 

roo f fth r f f r a h fth t pi alp ram tri buil mg efin 111 

I ~ 

I d fth t ri r w 11 a d fin d in ti n .2.1: 

Proor= t t lp nm t r fth r ffl r a hofth t picalp r m tri uil mg 

T bl 1· 

hroof -= t t I h ight f the r f fl r ach of the t pt a! parametric building 

1. 

fin d in 

fin m bl 

Par m t r K i d fin d in lau 4.1.3 .15(3) of th 1965 ational Building f 

n· da a : 

K=R·C·l·F·S 

wh re: 

R = 2 fl r arthquak int n ity z ne~ 

= 1 .... fl r n rm 1 c n tructi n; 

I = l. fl r n rn1al imp rtan 

= 1.0 f r n rmal fl undati n nditi n ~ 

27 





I· or a< ne- t r ') huddin' the h ri; nt· I h ·ar at the ro l le\ el 1 lll 'tl t th · t ,1 he 1r . 

. ·md \erturning m )lllent i equal t 

M=V·h roof [ "' -~1 

3.2.-t ind Loads 

per hart 8 r the .' ur pkm nt n . I t the I r \. nadtc. 

lfalil"a h· \\indgu t m h. h \cl cit: prc urc. r. i defined'" 

P= · 2 = 1.05 kP [21.87 p ~ 

h re , i. p n nt n air t mp r tur tm n pre urc t'" k.c n 

0. ) ~ 7 a ugg t d in u pi m nt n . 1 ( ~ ). 

' I ul ti n f 'Nin pr 

1 6~ u n I Buildin 

m lu d fr m l u 4.1. . 11 thr ugh 4.1. , . I~ f the 

f n da. 

buil ing with h ight ranging fr m 4m t 1 Om [ 1, .1_ft t , ft] th 

t to ariati n in h ight 1,. i 1.0 a p r I 4.1. . . h 

fa t r, p· i 0. 8 5 ( R 1965). 

' building th h riz nta1 hear at th r f l 1 i ul t u mg n r 

n h If th h ight multipli db th \ idth r 1 ngth f th ui1ding. d ·p n ing 

11 th wm dir cti n under c n id rati n. 

3.2.5 Load ombination 

p r th 1 ati na1 Buildin anada th 1 d m inati n u [! r 

dim 11 i 11ing f th t 'pi 1 d i n building ar pr nt d in Tab! " 

I I 0 l + 1.0 L 

2a I 0 DL _._ I 0 \\' l 

2b I 0 DL + 1.0 Fl 

a 0 : (DLT l .,.. \\ Ll 

~ b 0 : (DL- L+ EL) 

28 





3.3 De ign of Bra d Ba) C)r ingtol965 \-. 16 tandard 

].].I . 'cl ·t ion of Bra 

,\tell i( n Hll) hruc ·J frame Jc I Jn u In g ingk 'lnglc \\J ck ·tc 1' \\a t) pi ~I ra 
I )f~ hui!Jin I I' ign r r ne . t re huil in J 0 '"~()7 h lt \\ere Ll \ din { rJcr t J tcrminc 

t pi a! · Hlnccti n . i/c and the t ar a r the c ·ti n. I en i n r' i tan · 

t ar \\. 

pr du t fthi 

ifi In 

larg 

d u I r f 

. pc i fie in . I I . ~ . I · J·, \\ith m· ,imum ro.~o 

d minimum t n il tr ngth: 

[ -7] 

n id ring it d nn t king int · unt th 

al ulat d n rm fth Ill mb r, 

15 .2 . n inch b lt \ 16 in 

16-1965 lau 15.2. The idth fth nn f ngl 

n1rn dat th b lt d conne tion in ith r ingl r 

It a p r 1gur 

11 

~~~~ 11 
I 
I 
11 
11 
11 
11 
11 
11 

'1: 

13. 

BEAM 
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/ 

I db = Diameter of Bolt I 

I 1gun: L - I a)-out of 1~ p1cal on ne ' lion . b ed on one ro" or bolt or 1\\0. umed 111 dJmem,JOning or bracmg angk Ill a count flH 

"1d1h nf kg r 'qu1rcd to pem111 boltmg 

race c cti n wa b d n th \ I u t th 

h riz I fr m the ma imum f th v ind and fr m 

. ' tn 

d th litnit d mpr i e apa it f th ra 

n gl 

ti f ing th r quir d 1 nd ratio or bolt d nn ction g m tr · af~ t d ti n 

f br ti n in 6 ut f 1 f th building tudi d. 

3.3.2 electi n of olumn 

lun1n d ign D r br c d b \ ba ed n gravit · 1 ad a p r l ad mbin ti n 

ti n ·-·5 and th v rtical comp n nt fth c mpr 

b d n m" ·itnum h nz r f] V J. at ral wind l ut- f plan 

\\ al wa d n u ing c lumn a 

pr ent din th Handbo ok of r ~ I ' on tru tion fir t diti nl9 5 w mm n 

"'0 





pra ·ti c. f he clc ·tion tahlc <.lrc ha cd < n the cfkcti\ c lcn!.!th. kL. \ ith re pc t t the 

lea t ra i u ')rati >nand in a·· )rdan ·c \\ith I· u c I "·- )I I -I 

Where I a i: a run ti n r th I ·t r IU f g rati n: 

KL 
r o<-~ P 

r 

3.3.3 election of Beam 

KL 
r->C r p 

ndC =~ 
p jFy-13 

m= 6.77+0.079Fy 

Cp-Co 

y 

I"- I 

I:- I 

[- -I C ] 

[ _ - I I I 

[,- 14] 

[ -15] 

am d ign f r bra ed ba wa ba d on gra ity l ad a p r th l ad m inati n 

d 

pr 

pr 

n din ti n ·-·5. xial I ad f th b am tin a a eh r r 

h riz ntal h ar at th ro f le I wa 

pr ti in 196 . 1 ction of b am 

Handbook of 1 ") I 'on "fruction fir t diti n 1965 a 

ar b d n all wabl m m nt r i tan 

with ' l u .3.4 f 16-1965ba d n: 

it \V n t 

1gn 

l ulat d nd in 

[ -16] 





l·h i uq1l:ndcnt ( n the minimum r the ·apa ity in the en i n llan!..!c ' 'bt · \er L1 ' the 

'omprc n llan 'c. l·b . f H · mpa ' t 1-·1) pc t: ti< n ac , )r in._' t< ' lau · I . ., A. I 

. I -I ) -

Frnn- mp ti-Tp ti 

. (12,000 At mm 
Ld 

. ( .66Fy ( 1.18-
mm 

m in ( 0.66Fy 

rding t ' 1 u 1 . .4.4 f I -1 

m in ( 12 ' 0~~ Arc and 0.60 Fy) 
I 

. (0.60Fy ( 1.30-0.00lO)F;· ;)) 
mm . ( 149,ooo) 

m1n 0.60Fy and (L/ r) 2 

I"'- I l 

1--I I 

r~ -I 1 

h b am , ti n cho en w r alwa tho of l a t w i ht a pr nt d in b ld in th 

b m cti n t bl . 

3.3.4 electi n of Roof Deck/Diaphragm 

he r 

in1pl upp rt d 

d k \\a 

thi k - 3 

fr m 

m c n idered c 

mm n pr cti in th 19 0 . P rim t r m mb f 

wa a d n pro iding an ad quat apa ity t r i t gr \'ity 

mbinati n in th 19 5 B d crib din 

wa mn1 n in building d 

k\\·ithrib t914mrnand -l5_mmflut . 

typi 

.7 mm 

ra tr ngth f 

MP a nd t n i I tre Pa. F r a r f de k with tripl pan thi d k 





can he u-.,ed f< r j i t pac 1n ' u t __ -o mm '( n 1derinl! the dead an J IHl\\ I 

pre\ i< u I) de fi ned in . 'e ·ti )11 ~ __ _ I and "' .-.2 . ·1 h I ten r p,lltern eh en \\d d hull n 

pun ·h idc-hp at c1thc r 00 mm r ~ mm and I mm " Id n urr rt at "'00 mm r 

1-0 rnm (p· ttcrn 144 r 14 7) . . 1h \ an u hui lding ' nfigurati<n a Hitlin din 

I ah lc I had j i t pa ing th t \ ric fr m I. 7 m t 2. J2: m d' ending n th h .. ) 1/t:. 

a . h 1\\n in ·l a lc 4. 

l.thk ~ - .lot\1 [ML' tn g u..,ed for L'J1.. h de 1g n hutldmg li.n dtaphragm de tgn 

Building I) pe Ba) <,ite (m ) .Joi 1 pac ing ( m ) 

Ill 6 124 2 04 1 

211 - I 667 

.I ll 5 4 I 425 
1--

411 46 I 9J7 

:11 7 07 1 I 768 

611 8 66 I 732 

711 7: I 87: 

811 6 708 I 677 

911 7 825 I 9:6 

lOll 7 4:4 I 864 

1111 7 746 I 93 

1211 8 66 I 732 

1311 8.101 2 02: 

1411 8.819 I 764 

1_' 11 9 165 I 833 

1611 10.247 I 708 

h fa t n r tt rn vva · tak n a uniD rm o r a h building· 1 n th. h tr ngth n 

tiffne · f th DI diaphragm pu li h d 

1 Building In titute ( ) a pr 

r 1 hr gm ti ffn than 2.5 k /mm th r f can b fl . ib1 

\Yh re "' f r · b tw n _,5 k /mm nd 17.5 k /n1m th act m r mifl xibl 

di phr gm (Tr 111 la tal. 199 ). 





- -
Building I\ p · , , m.n dr 1- ( mm) Id I p p.1 ing (mm) upporl fi\ .llion pIll( rn \ ( mm) c;· ( Il l 111111) 

Ill 12 ftOO 3tjf.l J 68 2 86 

211 I 7 600 J6M I ~ 7 261 

-
311 2 7 ()()() JG/4 3 s.- 2 -;s 

Ill .\9 JOO 'flf-t 11 ' 2 79 

-11 20 {)()() 36f.l 4 It' 2 6S 

hll 2 'i oOO Jt>N I 24 2 65 

--

711 I 600 JM·I J q· "'~--

Kll 4 'i 300 Jt)/. - 1- 2 I 2 

r- -

911 2 5 600 J6/4 IN "'xo 
- 1011 J2 600 .1h -1 "! 47 271 

I Ill J _8 300 .16-1 4 -1, 2 SI 

-
Ul 50 bOO Jor7 l} 2-

- -

I 11 29 600 36-1 3 () 2 x.-

I-III 3 7 600 36 4 -1 I' 2 AX 

I :11 -1 5 300 J6·-l -l8J 2.72 

1611 56 600 36 7 _- 91 9 26 

3.4 2010 Build ing Load 

3.4.1 Dead Load 

a u d in 1 5 d 1gn a p r cti n 3 .2 .1 w uid b th m th t k n r r 

curr nt d 1gn appr h. 

3.4.2 now Load 

ti n I uiiding f an ad 20 1 0 pr rib d n \ I I rg r th nth 

1 65 buiidin ode fl r Haiifa . Th ro f n v. I d i urr ntl n 

4.1. fth ati n 1 Building ode f ana a. 

\ ·h r : 

I = th tm rt n fact r t r n \ l ad ta n 1.0 fl r n rrnai 1ng fr m 

bl -L 1. 
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the prc ·rihed 1-in- -o )eJr l..!r >Un m'' I la lr m \pp ·n li - labk <I limati 

informati< n [I. JO kPa[: 

o ha i rm I n )\\ I · r ·t r h· cd lll char Jctcri tic length ol the r I. I . I lf llu·l..!c 

rlll''-l\\here\\i thC\\idth !'the uildin ,· ndli . the! nl..!th: 

[J-_ I 

\\ \\ rn e. p ·ur f: t r t k n I. [I r h lt r I ·ati n : 

1. [I r flat ro 

rt k n 1 . [i r fl t r f \\ i th n ur umul .., ti n: 

' r th pr n d 1-in- iat d rain I d fr m n IX - 1 r 

li ti in[! rmati n [ . kP ]. 

I ahk 6- nn" ll ad-.<!!> ca l ·u lated p r ' lau e 4 I 6 o f th auonal BUJidmg (_ode of 1anaJa 20 I 0 

Building t)pe L(m) \\ (m) lr (m) cb S (kPa) 

Ill 24 : 24 5 2: 0 80 2 12 

211 -30 20 27 o8o 2 12 

3H 34 6 173 26 0 80 2 12 

411 38 7 I: .: 2: 0 80 2 12 

:H 42 4 42.4 42 0.80 2 12 

611 :2 34 6 46 0.80 2 12 

7H 60 30 4: 0 80 2 12 

811 67 I -26-8 43 o-8-o 2 12 

911 :4 8 :48 -- o8o 2 12 --
I 011 67 I 44 7 60 0 80 2 12 

1111 n : 38 7 .i8 0 80 2 12 

1211 86 6 34 6 -- 0.80 2 12 --
1311 648 64 8 6: 080 2 12 

14H 9 4 :2 9 71 OB2 2 16 

I :ll 91 7 4: 8 69 0 80 2 12 

16H 102 : ll 66 0.80 2 12 

..., -





·1 he I m tant I r all huil IT1l! t~ pc at I .T' kPa. I ahl · outlin · the 

!( r c ' l ·h huilding ·onligur ti H1 p ·r the ati nal Buil in._' od · ll an·tl a 

_()J . In gcnerJL the huil ing. h \t: ·hara ·ten ti lcn 'lh I \\er than 70rn. t the unill rm 

n )\\I a i _.12ld a r r m t ol the la)l ut . I hi rcprc cnt. h '''\cr. antn · rc~l c ll 

__ .: 0 o in nt \\ I tng r ribed ) the ' ti Hl ' l [ uildtng. de r 'anada lr m I : t 

_()I 0. 

3.4.3 . ' i mic ad 

f he ati n I Building 

Ui\aJcnt t ti f r 

'h r i fi 11 \\ 

v\h r : 

f n n ed c rthqu h. I ad u in.! th 

ur ar urr ntlj n I u · 4.1. . I he [ e ign [ c 

[~----~-] 

a) = th tral ace l rati n t th fundam ntal buildin 0 p ri d~ 

a = th fund m ntallat r 1 p ri d fth building [ ]. r br d fr m : Ta = 0.025hn 

r Ta = 0.050hn if rifi db dyn mi anal i ~ 

W = t t I \v ight f th th 

0.5 h.P ). _ 0 o f th d ign n w l ad. 60o/o f t rag li 

t nk : 

a I ad (in lu ing p rtiti n 

ntent fan) 

M, = high r m p rti ipati n fa t r - For Halifa. a 0._)/ a(,.... ~ l_.l) nd bra 

fran1 M, i 1. fl r a~ 1. nd 1.5 t r a~ -.0' ith lin ar int rp lati n fi r , . lu m 

lE- = th m1p r1 n fa t r fl r rthqu k I ad tak n 1. fl r n rmal at f) build in 

fr n1 





R 1 uLti I it_ -relate I r e m i licc.lti H1 fa ·t( r. taken '1 I. - I or ll£1\ cnt ion-d tl.:cl 

c m tru ·ti m: 

f , o\ er trcn 1th-rclatcd I r c m di li ·ati n lt~ t r. tal-.. en a I .~ ror rn cntiunal le I 

c n tru ·ti n. 

In gcncr' L alth ugh dead I d n.; n t nL the\\ ight to cm tdcr in ci mi · J i~n. \\. 

i greater r r 11 uil ing t; 

f 2 ° 0 f th urr nt d t 'll r ti c. 

')11 \\ I d i tn 

3A.4 ind L ad 

Th ti n I uildin f anad 2 1 0 pr n \\ tn d urr ntl} ha e n 

' lau 4.1.7. ,· t rnal wind pr ur , p, i calcul t J , f 11 \\ 

P=l ·q·C ·C · w e g p r -_7J 

I" = th tmp rt n fa t r [! r wind l d tak n a 1.0 fi r n rrnal at g ry uil tn g fr m 

Table 4.1. 

q = th pr en d 1-in-50 ar wind l ad from B 20 10 pp ndi . f 

lim ti inf rm ti n [ .4 k.P ]; 

e . ·p ur fa ·t r. tak n a : 

g nd P = gu t ffi t fa t r and . t mal pr ur ffi i nt r tiv l), t k n fr m 

igur l-7 f ti n 1 Building mm ntar ' for 1 w ri buil 111 with hn ~ _ m. 

·1bl 7 utlin th wind l d fi r a h building c nfi 0 ur ti n a p r th ti n l 

Building 

"7 





Bulld 1ng 

I 
I 

I 
\\ I 11 

I 
( f 

I 
I n -t onr 1 p, U I p. I \ Ill I \ Ill \\ 

I \ JH' (m) ( m ) ( m ) Cm Ck P l CkP l ( I.. ) ( I.. ) 

Ill 2rl 5 2·1- I 0 0 160 or· 0 I ~ I o.~· 

211 JO 20 - 0 X7 2 00 0 tiS 04 - 12 50 

Jll J l 6 I J (, () t}() I 7J I} 70 0 11 102 5 1 
-

t ll JX 7 I-: 7 () 9J I -- I) 73 () 11< l>li 
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Lach LJrthqua"c gr u11d m ti( n. Buil ing t)pe _I I i rcprc cntati\t.: lfthc hull ing in thi 

\tUO) { 11 the mallcr H n: repre ntati\t~ rIll >dium 1/Cd 

n 

at th m \.imum . t r eJ 11 tc~ting h: 

'a ru · -Julian · num cred in 1 hi I~ . l · i~urc f ,r th t! 

re ult r r in thi tu ) ar pr nt din ,\ cndi [ . 

i\ . 'cc I i ng fa ·t r f 1 t initi ti n fth fir t r ilur nteria. 

1. Failur u t h lt h ar \\ th ne ·t 

k ring. and 

net t v hich tl) 

gr und m ti n und r n id ult it 

an b ' ccn th t alingfa tor f ,m t f th ti n did n 

initi te th failur rit ria f 'i ld, rre ponding t rift. 

I able I - ~ ~~~ fallur~ ~nt~na in ID\ anal) · 1 
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4. 2 l · rag ilit~ un c 

I· or ea ·h eHrthquake 'r und m lti H1 the 'alue ol the rna ·imum lri t tt ea h alin, I t )f' 

''a a signed a '~due or 1.0 if it· · ·ccd I the ma imum t lrr..:: drift t: lrre pon in' to the 

on et I l~tilurr..: I )f ·a ·h fthc -.,c,en hilllle Tit ·ri.J UL' criheJ in e ·tron... I. and a 

\lllue ( ro irit Ji In l. I he fr,gilit) unc \\Cfc thcr C< ll tructr..:J tr 111 the me li · n \alu 

< I thc-.,c re the llap c pr h,hilit). \er u the Jling IJ ·t r. 

., he cun e \\ere th n ing G r th I gn rmal \ iati n p rdmctcr. 

f~t()J,,,hi·hdc:·rrh unert,int].Fr ni· 1uticn~- .d\aluc r 111 1 = 

(. 0 \\, u ·cJ f( r 11 uilding in thi tu ;. The rigin I ar J dju. tcd fr gilit) unc c. re 

prcse nted in hgur _J t f r buil ing t; p _I f. 71 I. 11 . anJ I I I. ·1 he kg nd 

for. e\l:n I il ur ri teri f fr gilit urv 14. 1-igun.: r r the fr(. gilit) 

cun . r r in t hi tu d ar p r n t d i n pp .. n i " f . 

la hie I..J - I egend tor \C\ en failure ntena ot fragilll) cun e 

Frag1l1ty Curves 

0 1) NS1 

0 li) NS2 

Q 111) NS3 

L. 1v) Bolt Shear 

X v) Block Shear * v1) Bearing 

EB vii) Drift 





0 

08 

07 
..... 

~0 
..c 
~ 0 5 

J 
/' 
c... 
~ 0 4 
~ 

03 

0.2 

0 1 

0 

0051 52253354455556 
callng fa ·tor. I 

09 

08 

07 

~ 06 
~ 

f:. 0 5 
'CJ 
/' 
c... 
~ 04 

03 

02 

0 1 

0 

0 05 1 15 2 25 3 35 4 45 5 55 6 
Lal1ng I .1ctnr. I 

1-lgur~ 2J - l·raeilll) cur\ e ( lclt ). and adJU'>led ur. c for unccrtaml) ( nght J 1\.)r nulldmg 211 

09 

08 

0 .7 

03 

02 

0 1 

0 05 1 15 2 25 3 35 4 45 5 55 6 
·aling l-a ·t r. I 

09 

08 

07 

:.0 0 6 
~ 

.D 
0 

~ 0 5 
:> 
./ 
c.. 
~ 04 
,c 

03 

0.2 

0 1 

0 

0 0.5 1 1 5 2 2 5 3 3 5 4 4 5 5 5 5 6 
·aling fat:tor. f 

rigurc -~-I rJg.llll\ 'ur\c (lct1). and ad_tu tcd ·ur\e ll)r un · nainl) (nghtl t(x buddmg "'H 

"'7 





=· 
.§ 

1 
r 

s:-
.... 

....) 

0 

0 8 

0 7 

06 

0 

04 

03 

02 

0 1 

0 

0 05 1 15 2 25 3 35 4 45 5 55 6 
caling r a tor. r 

-' • 

~ 

j 
'.J 
/ 

k 
, 

09 

06 

07 

06 

05 

04 

03 

0.2 

0 1 

0 

0 05 1 15 2 25 3 35 4 45 5 55 6 
~:almg l·actor. I 

l · i gur~ 2"- I raglltl) ur.e !kit). 1nd adJU'>tcd cur.e for un ·ertatnt) (rtght ) for bulldtng 11 

09 

08 

0.7 

~ 06 
:;:! 

~ 

~ 0 5 
".) 
/ 
c. 
~ 0 4 

03 

02 

0 1 

0 

09 

08 

07 

:.0 0 6 
..0 

£ 05 
".) 
:/l 
c. 

- ~ 04 

0 05 1 15 2 25 3 35 4 45 5 55 6 
~ Cilling factor. . [ 

0.3 

02 

0 1 

0 

0 05 1 15 2 25 3 35 4 45 5 55 6 
aling ra 'l r. r 

1-tgurc _o- hagtltt' ·ur.e (I 11l. and adJu ted cur. f r un·ertain~ (nght) for butldtng 16H 





I or ·ertain build in' . uch a t} pc 11. the::. ield lrilt rilt:ria ol - · - o \\L'rL' not rc 'l h ·I 

!'or an::. ( r the l!round 111 ti )Jl r r ·alin~ ra ·tt r () t . I rmen ion in' ol th bra ·. in 

these ea t.:s ''as . ometime · '< 'erncd by the ne ·d Lo ac · llllmodale thL' h lltnl · nnc ·u n 

in either a in rlc )r de ublc n \\ fb lt a e ribt.:d in 

\\ere larger than r ·qui red )le I] I r ten ll n a acit}. I a IIH.! to an in T 'd c I I,Jt r'"1l 

tillne<., n h ttcrdriftperl rm · n ·e. 

-t.3 Buildin valuati n ac rdin t p 5a ptanc crit ria 

. d i. ·u cd in: t i n th pt lR 1 o an I 

' MR21l 0 o• \\ re ddcrmin lr m I bl )!l t tal } tem 

et 11 '" p:c un ·crt int , 10 1 - ' MRI 0°o \\ ha' a\alue r _.7 ). 

\\hi! t rmin d t hav v lu fl. 

I ahk I' - \dju ... h.:d cnllap~ e margm rauo ( \ IR ) for all 16 hulldmg and r~11lure l:n lena 

ACMR Values 

Building NSI NS2 NS3 Bolt Block Bearing Drift 

IH ~.41 3.1~ 4.25 2.92 3.32' 3.60 
I 

l\A 
t-- -

~ H 2.29 3.03 4.18 2.73 3. 16 3.47 NA 

11 ~.40 3.05 3.92 2.75 3.14 3.25 NA -
411 2.38 3.29 3.96 2.60 3.44 3.43 NA 
5H 1.98 2.55 3.32 2.21 2.76 -.85 NA 

611 1.93 2.55 3.27 2.08 2.77 -.75 NA 

7H 2.17 -.69 3.52 2.25 2.88 _.88 NA 

8H 3.16 3.83 5.12 3.35 3.97 3.95 NA 

9 H -.80 3.57 4.40 3.03 3.T2 3.74 NA 

IOH -.54 J.27 4.08 2.73 3.42 3.41 NA 

II H 2.41 3.17 3.92 2.56 3.38 3.30 NA 

I_H 2.23 2.83 3.56 2.30 3.05 _,86 NA 

13H -.56 3.03 3.60 -.67 3. 13 3.11 NA 

l4H -·-'4 -·8- 3.-8 2.43 2.93 _,86 NA 
-·-

1.:-11 -.88 3.49 4.29 -.93 3.65 3.50 NA 

16H -·-- -.92 3.6J 2.20 3.09 2.82 NA 

A'gH _.42 3.08 3.84 2.61 3.24 I 3.2-l NA 

r a h fth \ n f ilur rit ri , th ac ptabl adju t d ll p m r in r ti 

m par the \' rag adju t d llap m rgin r ti . R. f 11 1 

5 





buil in' . \\ ithin each< I the c\en f'l ilure ·riteri 'l. the au: ~.:pt · thl · a lj u lL' J ulldp L' 

. an l Hn p tr I l l 

the adju tc I · lllap ·mar 'in ratH. \ ~viR . ol each< I th · I hu ildi11 ' inli\ i lu·tll) . 

I he'>e re ult arc prc cntcd in ' I ahl I -. 

A" h< \\ 11 i 11 I a hi I - a· cptablc cri rm n c \\a 11 t a h 1c d I r !(net c·ti n . ln 

thi • 11 pcmar,inr· ti)andth indi\idu~ll\aluc 

fth ·1lju tcd 11 pc m rgin r ti ~ r building II did n t e ·ccd \ ' \1f I( o nd 

' 1R_Ou0 , re pc ti\ cl;. 

~\\ell. a ·cpt ble p r~ rm n \\ . n hi \ d r r th lt hear r· ilurc erit ria 

bcctu c al th ugh th 11 ' p c m r } in r· t i r r a 11 

building · c 

rati ) d i n t 

R 20°o = 1. th rth ju t d 11 · r m· rglll 

RI 0°o = -·7 

rift cri t ri f2.5% \ r n t re h f r . ling I~ 

·u h, a i fi margin r ti ul 

I I ' ever, c • thi it an inD IT th t r ilur ri t ri 

\\ith drift\\ n t ri ti al [i r th building . 

ln gen raL lth ugh cc tabl p rfl rmanc 

n a\ r gc, p rfl m1 d \\. ll. 

hi din 11 . th buil mg , 

valuati n of an example building u ing dynamic modal analy 

B 2010 

Building t p 7H \N m d 11 d u ing Advance ign Ameri ·a ( 

_ 1 ) u ing 

ne. ·i ting buil utlin din th 

m ar th 

tal w i0 ht f th tru tur r 

nd_-oo fth d ign n \\'l d. 

6 

nd 

lu tin' 

n 





I he huildin I a le i rned I< r the \ I -I() ) - ll!el lrtlt' llLrc! nr Buillin ' 111 I rd 

\ I > -) and the I ational Bud I ( - ) '' ·1 

pre enlt' I in f· i 'lire 11 and f·i 'lire 1~. 

I he luctility-rel .. ttL' fH ·e nH ill · ti )[l fa t r. Ru. \\a t.tken n I.- and th~.: o\ r tr n 'th-

rel .. tll'd I< I e Jll() i 11 ati n r ·t r. Ro. \\ taken a I.) r >r the L .. l e I )11\ enti H1al 

c n tructi )11 a dcllned b ' lau c ~ 7.1 I r 'I \ I -200 >. \ ll ·h th ela ti' h .. l L 

hear. V l· d tcrmrnc fr m d~ n· mi nH del pcri< d \\..1 di\ ide 

h: the pr ldu t of I 0R1, t d tcm1inc th anal\ i . \ ' J. B 

_()I 0 require~ that th 'J . be ·a led u h that it i not 

le . than 0. 

report. r he tru 

clin d h th 

eiling nth fund m nt I p n 

the ·tru ture. 

;\ · ·u h the n v tak n a 

clerc ti n t th fund m ntal 

n .... ~. - r thi 

r d r gul r a it did not pre ent t r 1 n I en iti\ it) 

. \\a etermincd \\ith 

f . Shn [! r br fr m ',\\h r hni tht:h ight r 

nd [! r th bui I in'· and th 

uild in p a). \\ t k n mp fl 

the pen nd m d l had p riod ti \ I 

n. 

Th calculati n f tmal ba ar 1 h \VD In bl hi valu \\ ntr 11 b: th 

I i m it f tim th tati d ign b 

lahk lo -I111JI ha l' hl!ar for anah 1. u mg b e hear fr m d) nam1 anal~ 1 . \ d· and <hl' de 1gn ha I! hear \' 

In th high r m d part i i p t i n fa t r. , . n t h 

imponan c r t r f r rth uak 1 d fl r n rm 1 at g r) building ,,. r th t k n 

1. . 

Fr m th \ , m l th m .· imum t n i n t r tn h br in th t-\\' tb) 

h br 1 i la m nt f . 7 mn1 in th 

at-\\ ~ tdir tin, rr 





1\ calL' •or~ <I c lll\ ·ntion,tl on tru tion \\ n!ld. lor ll "tli l't . nll Clll 'til a diti n· I 

\L'rili ·~nion th 'tt thL' d1,1phra •m and 1nnc ·tiun ol prirnar_ I amin' rn~r1 h ·r \\ r 

lll hin · J \\ith a 

L'l 1111 . I lad multiplied h~ I J I _..( ince r, I I ,(( }. _ ) () 2 . \\hi h i k th ·m th' limit 

oro..+- I r· ·rihed h) ' lau e ~7.11 r .' ,\ . I -200J . llu e\cr. due tu th. Ill r',l e Ill 

sci mi · lateral I 'H..l a mpare t th _- de igll . the J ia. hra~m la tLner p,lltcrn 

pr e"enLLd ill ·r able - \\ t rmincd t ben I nger · <.k jU .. ll in the I( ng dirLctit n ( L-

v ') 

4.4.1 · m pari n . ampl building u ing d~ nami m dal anal~ 'i' and B 

201 to d I r ult 

I· r c m pan n t th ): n m1 n1 d 

th 

aling f; 

uti in 

r I. 

b . ~ ·hear. . nd h riz ntal di pi m nt. 

l\\ ent rth u k gr u n m ti n tud i d. 

i < C building t) e 7H the re ult fr m th 

I i ng r t r nd t 

. f h re ·ulting ra c ten . i n f r . I. 

bl 17 r r the 

I ahk I R~ ult. nr ( p~n ·cs anal) t: r r ground motton I through 20 

SF T(kN) V (J...N) .0.br.tce (mm) 

GM I I 63 80 8.35 

GM 2 I _ll 175 16.05 

GM 3 I 115 Ill I 1.37 

GM 4 I 93 87 8. 14 

GM 5 I 208 173 15._6 

GM 6 I 175 149 14.84 

GM 7 I 96 89 9.15 

GM 8 I 179 1.:-2 14.68 

GM 9 I _IQ 185 _Q .6_ 

GM 10 I 167 143 14. 13 

GM 11 I 33 -+I 3.68 

GM 12 I .!.37 195 24.49 

GM 13 I 176 153 15._8 

GM 14 I NA NA NA 
GM 15 I 73 86 8.81 

GM 16 I 211 179 _1.95 

GM 17 I -' _9 5.7': 

GM 18 I -ll 50 8.68 

GM 19 1 I 118 110 13 .0_ 

Gr-.t_o I ..:3 36 I 9.20 

AVG ! I 1.!.3 Ill 12. 17 





., he ma. imum ten i n h r · in each hra c and horizontal li phccrnen in the \I) 

m d ·1. \\hi ·h arc ·alihratcJ t the rcquir ·mL·nt ol 0. 0 tim~ the t HI ha t h "lr 

prc ntcd in the H · _)I ). " ~ I o_ k 1
. \\ ith an cld ti · i pia ·cnH.:nt >I l . 7 mm. 

l· r m the pen . 'cc re ul t r r 11 gr und m 1til n . t ·n ll n lorce and di 1 l.t cm ·nt 'an ·d 

greatly. h \\c\er the Cl \ er· ge \\ Cl - k. and 1~.4_.- mm . 

I en i n re i tan 'e u i ng '. · l ·ulatcd.lr m l. 1u~ti n"'-_Ja. 

I _( k. nne ti n \\ ith 4 ne in ·h lt in '"l in11lc r \\. \\her 

un ting f r he r I 1 g rne 

I · r the . t: \ en fa ilu r ri te ri a i nti fi d in . ti n 3 .I fthi rep rt. the ma imum d1ift 

rn; n ing t h i h "' n in a I 

I able.: I la Jllllllll dnll tor lallurl.! rlll.!na of build ing 711 

th th r ·ult [i r m imum h ri ntal di pl m nt in th 0 

rn d I d i n t surpa h high r 

br u ing a du til it) -r I at f r 

m [ 

urn 1n 

( r all building~ 111 n m n tr t high r . lth ugh 

the n!::,t ti( n t ilur_ li mitr· \\ r n t . d d . 

.t.~ ummary 

hi. r p rt i m 1 i ment r tudy f imil r b ~ ru -Juli n _ l_ 

' aluating th p r f 111 

ti n I Build ing d 

nd ntreal. 

rf rn1an \\' een r lly un ry fl r all v n tailur rit ria. \\ hil th am 





huildin' anal c I lor t.:anhqu·tkt.: 'I und rnPtinn ·tlibntt.: It , thl: !Pntrl tl 11 

pt.:rl ormed ati h tnri I~. I hi i due tt the a t that al thou •h 

thl · me flr th · t.: l\\ , citie u inl! th I <J(: 

-).the unil( rm hJ~<.trd p ·trum pecili l in the 2 JIO atitntl13uil Jin' o I· )I 

( anada ( R 201 \arrc 1 reall) \\ith ,\bhot lor l ha\ in' il!nilicantl~ hil!her pc tr,tl 

a ·eelcrati lll aru -Julian _012. 

I r llalila . in g ncr' I. lth ugh a cpt bl perf rman e \\J n t a ·hi \eU in all ·1 e 

the n - t )fc) ll'cl . tru tur . uilt \\ith th ti ndl l ui!ding · )Jl.; I dJW la. )n 

~l\cragc. pcri\.Hmed \\ 11. [I r the t:\ n failur ritcri ·1 t utlined in thi . tud~. 

I n t h c B ' ' _ 0 I 0. a b u i Id in g. p r f rm n u n I u e i m i I din g. i p rr nn r i I~ j u d g. e d 

h) the ·) . tcm, · ti f) ing , tr ngth ·rit fined in ' and drift limit . I r 

building: in then rm I im drift limit r -· -o 0 i ' pe ·ilied in the 

C '.I· rlll three iti b !ita.· ) th -· -oo drift r ilure 

ritcri \\ · ti fi 

r r If !if . \\ ith 

di j n1t initi t th 

' tmum ling fa tor f . m fth e rthqu !-.. gr und m t i n 

rit ria f i Id, ) drift. - r rt in 

h fth 

ifi 11 P e 

)l Id thi limit 

\\a n t r aeh d it iat d \\ ith ri lt \\ n t 

riti al f r th c building . b) th n 

f r t n 1 n p i ty. l a inc t d l t r l ti ffn tt r drift 

p rr n11at1 





ha t r 5 on lu ion 

I he h ·ha\ iour ll ne- tore) tee I tru ·turL' built\\ ith th · Jl) - "ll ilHl' tl I~ 1il !in , 

<I - I -f - ( ·. t\ I 1 - ) un kr urrcnt huill in' 

1111 • k i 1 11 \\a .... wu icd in l rder to e\ dlliLlle th . r r lfl11all L: d I~ I· i 11 

)ruer t) rr l\ iue re ' mmcnuati n r r ei . mi t:\ aluati m an I rehahilitatil n re JUirem nt 

r r u h c i tin!.! h u i I in g f r future h u il din g c d . I hi '' ut n · I< r the c it! o I I hI i ll 

a ' I '<mplimcntar)- aru )-.lulianl(_OI_)c\alu ~ t i ne 

th pcrf rman c r ' Bf· 

r uilding . de 

hh 

height · \\ 

. 'imul 11 ion ( 

5. 1 

'I h 

n 

I. 

f 

al 

2 11) m 

onclu ion 

-, I - - ( .' , I -) I{ r the ' rll r 

building · ,\ith\ ' f)ing pc tr ti nd 

n t n hi t ri 

. Op 11 y. /em for Eurthqzwk ~ I:ngim.! ~ring 

r n nlin ar tim hi L ry d; n mr n I) 1 • 

d 1 n \\ 11 th 

rit n u d in th ra d fr m nal I i h d u ing F 1. P 

1 ) crit na. 

lth ugh pt bl p r1 m1 n vva not a hi 111 ll a . th t I 

true tu r uilding [ 

\ ~ 11. r r th 'en f ilur n utlin d in th i tu D r th ity fH lif X. 

In m pan n. ru -Juli n (- l_) t rmin d th t D r bb th rf rm n 

\ (. l) n c re ll) un. _ ti ~ fa t r · [! r 11 rit uil mg 

rth u kc gr un alibr t ntr l t H p rf rm d 

111 d tgn rit ria w t\\ it i u in._ th 

uilding f - ). 

\n c ·am buil tng We m ill! m al 11 l) \\ ul 

h) d Jgn ngm r 'alu tin n . ·i ting buildin0 u rit ria 

utlin in th B n linear p n r ·ult . 





( p ·n c · 1 1otkl n:: ult ha J hi ~her n t..: loru~ --tn l li 1 lt m n tlnn Ill· I n·unt 

modal an~tl} i dtWI} i u in, a u tilit_ -rt..:h ~.: l lorLc 111P litic ttil n h t lf .tn l 

o\ ·r trcn ~th-rchll:d I >rLc m >difi ·ati ll1 la tor it r the a c ul Pl1\cn ilH1 'tl >n tru ·ti n. 

·1 hi 11Hl} impl} that the I >r · ·m l ifi ·ati n l.t ·t >r a umc in till' ea · nf on\ ·ntil n·tl 

on truction ma\ not he· li ·, le f r the < n tru ·tt >n >I all huildin in ·an nlin "tr 

analy is tn,\) Jcm lll trat hi gher d ign r rcc ·r ht..: t..:l H1 .! ~ til)ll r· ilurc limit . a l ·tin ·d 

I >r the -..c\t..:ll l ~t ilurc rit ria. h \\ \cr. \ re n t..: J i fH· t..:ith r Cd 

~.2 R. mm ndati n f r futur h 

., 'cc )Lint r r lailure mod n t expli itl) m 

a . o iatt..:d \\ ith bra' el ng ti n \\ u 

led U':,ing pen.'ct..: lailurc critt..:ria 

unt I r c nn ti n hi lure 1r1 tht..: 

p rr rm nee e ffailurc 

k h arfailun.:. 

ul b c ndu t d in rd r t in lud r 
me h ni m in th m d lling nd uppl m nt th 

tuJ . 

n t t: t i n r i I u rt..:. 

diti n I te ting r t..: i tin~ brace 

I m del gradati n 

f ( ilur ecn in thi 

. \\ell. c n nng al ul t d with th ti nal uil ing f 

nad ul t u ing th 1 , di phr gm tr ngth ning m ) 

ting building . ugg t d b 

r ) buil ing in thi , tudy vvith iaphr gm r tr fit\\ ul \ lu I I r 

c mp n n t th unr in[i r d a 

diti lll c IJ), it\\ n th t th 

u ·ing 1) n, mi m dal anal ' i 

n \ n t i n I c n tru t i n ·· m 

and d [i rm t i n f n x m uil ing \ li t d 

utlin din th ummg 

th nth tu ing an nlin ar n I) i . 'hi m 1 

f n tru ti n 

nl) 

nd r r ·u h a n luj n t b ra\\ n. h \\ \ r. i ti 

und rtak. n. in luding an ly t th r uilding it b id a lit .·. 





Bihli ogra ph ~ 

\tl--.in 011. 1. 1 (2 )( )). ··j arthqu .. lkc f im' lii tO! le l mpatihk \\ith th _()()- ati 1111 

Building . ) le r ' na a l nir rm lla/ .. lrd re trum... an·tli ·ll1 J urnnlt r j, il 

: 1 I -I ) ) . 

runcau. 1 1 .. l ang. · .. \\'hitt k ·r. . I ) [ u ·tik [ L 1 ~n I . t ·cl tructurc . L\\ 
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CALCULATION p OJ CT Q · 

SHEET E G 

CLIE NT: NA PREPARED: Ar 
PA OF 

PROJECT: 7H - 30MX60M CODE CSA 516-1065 

SUBJECT DATE 

Bulc Loads -1965 

tJon HALIFAX 

F~m• ~ Height 

Bu ilding 
7000 

Height 

Bay Width 
7500 

(mm) 

a 43 .03 

Brace 
10259 

Length 

n w(m) 30 0 
l (m) 600 

Trib Area 56 25 1nl column 

Trib Area 28 13 ext column 

Dead Load Assumption 

4 Ply Ashphalt +Gravel 0.32 Extenor Walls (kPa) 150 

100 rTYT1 R1g1d Foam 0.03 Extenor Walls (psf) 31 25 

12.5 mm Gypsum 0.10 

0.91 mm Steel Deck 0.10 
Ductwork 0.25 

F1re Protecllon 0.07 

Joists 0.10 

Beams 0.15 
Total(kPa) 1.12 

Total (psf) 23 .33 

Snow Load 

S (psf): 36 04 S(kPa) = 1.73 

73 





CALCULATION PROJ CT o · 
SHEET G 

CLIE NT· NA PREPARE AC 
PAG 0 

PROJECT: ~MX60M CODE CSA S16 1QoC 

SUBJECT DATE. 
Basle Loads -1965 

Clirn t iC Data - Wtnd Load (Supp1ement 1 NBCC 1965) 

v (rrph) qoo 
(P ) 21 87 
c 100 

C" 0 85 

(p 18 .590 q,.( p ) 0.8 2 

V,( tp) 21 V,( 94 

V,( lP) 42 V,( 18 

Climat ic Data - Seismic Load (Supplement 1 NBCC 1965) 

R 200 

c 1 25 

1.00 

F 1.00 

s 0.025 

K 0.0625 

V , (ktp) 42 V ( ) I 185 

1- torey • h" (m)= 7 

Area A (m2)= 1800 

Pen meter P (m)= 180 

W 1 (ktp) = 666 Single...Storey W 1 {k )= 2961 Stngle-Storey 





F, 

BRA Cl O · AOOf 

Arq ~I 4 ~~ 114 

0 In 

0 17 In 

'• 07 In 

Cor>n<Octlon (Al07 bolt.). 

88 0 

V 7.85 

Level (Wr). ( Ur~ 
Roof 2 2 62 I 

OK ()!( 

op Force 211 

P• S1de 10 5 
e 43 ro 

0 337 '" 
0 247 '" 

'";"] 

3 n 

CALCULATION 
SHEET 

!!; 

E3B ~ 

0 765 

1 0625 

T. ( p) 11 rows bolts 11 bolla req <1 / 

10 5 10.5 105 
-----;. 

00 

00 

00 

28 8 

/' 
21 1 

~~ 
19 7 

10.5 -10.5 

/ 
28 8 

00 

00 

75 

') ( ~) 

0 33 Q.D 

10 5 
~ 

/ 
28 8 

19 7 

19 7 

00 

00 

19 7 

10 

-19 7 





A 

Dl• 

.. 

A 

b 
d 

I, 

s, 

z. 

0Dl. • 10L 

1 0 Dl. • 1 0 EL 

0 75(0L • SL • 

0 1 (Ol • SL • El) 

C:O..omn llOfl 

M IA L COMPRESSION 

k, 

(kllr). 

(kl/r). 

c. 
c. 

F, 

030 
8 03 
8 12 
126 

31 1 

5 

34 7 

c.­
C. • 
C = 

c.­
C. • 

~..,. ~ 

on' 

'" 
'" 

tn 

BB 0 

79 OK 

136 OK 

00 

96 09 
0135 

808 !..51 

«*mm) 

17 7 liP 

7'1 k!p 

JO 33 lP 

28 22 lP 

37 49 lP 

'· 

J b. 0.75 (OL + SL • El) Is wont~.., for u lalload on ly 

IJF, 

3 64 kao 

0 4.SO 

OK 

100 

CALCULATION 
SHEET 

.. ( 

Comp Cl 

2262 

0 493 on 
0 315 In 
42 5 

10 6 

2 03 

on ' 

AXIAL COMPRESSION • BENDING 

A, 396 on· 

276 
r (on) 222 In 

F., 29 04 

21 23 kao 

F, 2 23 

F. 24 03 

For IJF, s 0 15 

28 1 0 Ol .. 1 0 Wl 

r,= t, 11 64 

1,/F. 0 32 

0.94 1.00 

38 0.75 (OL + SL + Wl) 
r = r 8 73 

1,/F 0 34 

0 80 100 

76 

UM<Jported onglh 

of l aon 

lfl9lll X· IS 

For IJF. 015 

OK 

0 





1 ODL•10Sl 

A 

b 
d 

~ 

s. 

z. 

1 OOL • 1.0 

1 0 Ol • .0 EL 

07~(Dl • Sl • M.) 

0 75 (Dl • S • EL) 

mnS boo 

AXIAL COMPRESSION 

fkllr). 

t l..k), 

c. 
c. 

F, 

I 10 Dl+ I 0 SL 

f, 

fJF, 

303 (lor • 

12 
800 
800 
1 0 

27 4 

3 4 
30 4 

79 

137 

20.0 

9609 
0135 

93 

c, ... 
C.• 

C= 
C.: 

C.• 

f) I 

m· 

'" 1n' 

on3 

OK 

OK 

k:sl 

colu ) 

~ 

la wOBt cue for axla.l load only 

1 97 

0 2.t.9 1 00 

OK 

~ 
s. 
'· 

CALCULATION 
SHEET 

~Tr1holl'-""'·' wk171ww.d 

1. 1 
!i74 

M. ,~'!>") 301! 

CompaCI MCIIOO 

n 433 
0288 '" 37 0 n 

92 an' 
2 01 In 

AXIAL COMPRESSION +BENDING: 

3 46 on· 

276 

r(m) 20 

F., 29 04 
F 18 85 
F, 18 85 

F, 23 82 

ForfJF,$0 15 

2a 1 0 DL + 1 0 

r, = t 13 1 

fJF. 010 

0.80 1.00 

3a 0 75 {DL + SL + Wl) 

r, = r, 9 91 

fJF. 019 

0.75 1.00 

7 

UMUpoft lenglh 

of taa 

Bendng X·IIXIS 

ForfJF,>015 

OK 

01( 





F, 

Dl• 

I 1.00l • 1 OSL 

ODl • lOWL 

Cok.mn 

AXIAL COMPRESSION 

~: 

c.-
C,• 
c,z: 
c.-
C.• 

HSS~III 

4 28 
600 

00 
0168 

236 

2.36 

GU 
c::-IO 

m· 

1n 

m 

cobnn) 

~ 

( LJr 1 6 78 OK 

(Uir), 1 6 8 OK 

c. 
c. 
m 

F. 

1 1 0 OL + 1 0 SL 

'· 
f.JF. 

00 

67 95 
0158 

10 3 

la w~t cue for axi.J load only 
8 40 '<SI 

0.769 100 

CALCULATION 
SHEET 

') 

OK 

7 

000 





DL• 

OD • 1 os 

L l 2 6 
. (~Ill 

102 51 

Lu ( I, 

mS IOn 121112 

A 6 47 
4 03 
12 31 

'· 156 

s, 253 

4 9 

7, 74 8 

BE Dl G 

~ .7087 

0 
rr(1n) 1.02 

F,. 29 04 

Fr. 29.04 

F• 904 

r.· r,. 2622 

r.JFo 0.90 

w, 

on 

ln1 

In 
In 
In• 

In' 

In 
In' 

on7 

1n 

1n 

SI 

ksi 

SI 

730 

CALCULATION 
SHEET 

FOR Cl s l./240 

B Compaa on 

0 424 
0 26() 

OK I, 3 7 

s, 18 

r, 081 

Unsuported length 

of tee section 

1.00 OK 

79 

111 

In• 

W'l 





. ) 

Ol• 
s • 

UlOL • OSL 

1.00L• 0 s 

UPPORTED 

l~l) 

Gortlef <I 
L( I 

M, ( •p- I 55 
R, ( •P) 12 70 

7235 

lu( ) 6 1 

Be<lm SeleCtion 111121 

A .47 
4.03 
12 1 

I, 156 

s. 5.3 

r, 4.91 

z. 24 6 

BE 01 G 

A,._ 1.7087 

0 
r,(•nl 1.02 

F,. 29 04 

F,... 29.04 

F. 29 04 

r.= '• 2 .19 

rJFb 0.90 

.... , 

..... 

In' 

In' 

1n 
In' 

m' 

1n 

In' 

ln1 

In 

•n 

SI 

si 

si 

ksl 

14 1 

0 8 

CALCULATION 
SHEET 

FORt. s L12 0 

Compact section 

0.424 
0. 60 

OK I, 3.67 

s, 83 

r, 08 

Unsupoeled length 

of tee secbon 

1.00 OK 

0 

1 
6 

7 9 

In 
,n• 

'n 





4 • 

OOl · .OSL 

P( ) 12 70 

CALCULATION 
SHEET 

24 6 

LOAd 0 DL + 1 0 Sl on can liver and 1 0 DL •O 50 Sl on center p 

P( ) 

Mq. 1( •p-fl) 

J,tl( p- ) 

2 70 

load (2 ) - 1 0 Dl .. 0 50 SL on can~rver and 1.0 Dl +1 .0 SL on center span 

P( •P) 8.8 

M, 1. ,( 1p- ) 9 .30 

,,,( p-It) 3855 

Beam Se eci!On . l~WFJO 3 Compact sec:Jon 

A 881 on' 

6.73 0383 

13.86 tn 0. 0 

'· 290 on' I, 75 

s. 41 .8 ln3 s, 5.2 

73 '" r, 1 41 

z. 47 1 on3 

BE 01 G· 

A... 2.5776 tn' 

r1(10) In of tee section 

In 

on 
on' 
n• 

tn 

(a) eg emoment (b) Posb~e moment 

43 on Unsuponed length 0 

Ft> 29.04 SI F,. 2904 

F"' 2904 sl Ft.c 29. 

F• 9.04 kst F• 

r.- • 1589 SI r.= • 26.21 

JF. 0 ss 1 00 OK r.JF. 0.90 

p 

on Unsuponed engt/l 

ks 

!.so 

1.00 OK 





OOL • ..0 SL 

P(l 70 

361 

CALCULATION 
SHEET 

24 l 

(2e) • 1 0 Dl • 1 0 SL on can .et n 0 DL 50 SL on te< s 

P( P) 1270 

2 66 

load Cc'IR (2b) • 0 Ol + 0 50 SL on cantJrvef nd 0 OL •1 0 SL on center span 

P( p) 

M,,.,( p- ) 

•, ,,(klp- ) 

Be m Setecoon 

d 

I, 

s. 
r, 

B Dl G 

r,(ln) 

885 

no 
3855 

HB2 

7 65 
5.02 
1.;89 

4 

.9 

563 

39.8 

20984 
129 

Compact sectoon 

In 

on 0 418 
In 0.255 
tn• I, 8 6 
m' s, 329 

In r, 
on' 

ln1 

on of tee secbon 

3 • fl 

on 

1n• 

m' 

1n 

(11) eg.s ve moment (b) Posttve moment 

L 43 on Unsuported length L 0 In 

F,. 2904 F,. kso 

F 29().1 F 29.04 

F. 29.04 Fo 29. 

rb= f 1903 r.= t. 24 76 kso 

r.JF. 0.66 1.00 OK r.JF. 0.85 

8~ 

UnsuPOrted length 

1.00 OK 





CALCULATION 
SHEET 

OECI\ : 

Q 

GAGE ·38 MW SIOELAP AT 600M M C/C , WELDS l/4 I PATIERN 

l 5 /m 

2 75 k.'4 /mm 
1875 mm 

87 4 

1405 

47 

OK 

NJm 

6. 6 mm 

1.40 mm 

03 mm 

6.26 mm 

18.44 mm 

24.70 mm 

From ASCE-41 for flexible diaphragms: 

From Madh lW 

From NBCC 2010 

I r '< o.025Jr.j 

3 

i 
93 7 60 0 ·--- -----
31 

(Oeflect•on from brac•ng) 

Ka 
Ko 

T = 

29.93 kN/mm 

13.57 kN/mm 

1.14 s 

r..-.... ~ 13s 

T 0. 8 s 

937 ____ __,,.. 

0 35 s e ad by d a •c ana 'fS'S 

3 





CUfH T• HA 

PAOJI:CT· TH • lOMX60M 

SUBJECT• 
OIAP · 196~ 

Short OirteUoo · 

,. 15 Nlm 

OK 

7 51 101 mm• 

6 26 mm 

0 mm 

4 21 mm 

lie 6.26 mm 

llo 4.25 mm 

6 .. 10.51 mm 

From ASCE-41 for OeJ[ible diaphragms: 

From Mcdhekar· 

From NBCC 2010 · 

IT ,. 0.02511.1 

CALCULATION 
SHEET 

PREPARED, .AG 

COOE CSA :;;:f . ~~· 

DATE 

92 5 300 

(De ec on from brac1n ) 

T= 

29.56 !(H/mm 

54.28 kN/mm 

0.78 5 

T.--= 0.79 s 

T 0 8 s 

PROJ CJ 

PAG 

6 

5 

0.35 S If en!ied by dynamoC ana 

SUMMARY PERIODS; 

ASCE-41 for fl8Jioble doaphragms Medhe~a r NBCC 2010 ' ) 

lr== ~~(o. 04 0.0031 p)l I JlK + K ~Vl Foo25h.l T ,. 2 ~ • r 
b I V gA,J..D I V 

Long~ oc_ll_on 1 14 113 018 

Short dorect.on: 0 78 0.79 018 

(' )Can be muou l• ed 7 2 rf d-yna canal 'SIS IS performed. 

4 

E 

0 





A p ·ndi B 

ID\ · n~ h i dnd r\: ult \I buildirH! 711 lrnm < p ·n L'~ d·1t 1. 
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tr. I(Jiu) 111 

H"> )IJul 181 
_1;\_JjlAt) 111 

~••-.(001 • 1 111 
r IS 1 

)11 IJ 

~ J 1 

6110 

:1070 

1 0 

2 0 

CALCU TION 

1186 
1116 
l!!!._ 

. 

SHEET 

-·~ 
I ! 
1 a 
1 a 

XOI 
_l_l_~l 

1410 

14 17 

I'< I (llu) •> 1 ('1UJ '•"\ il (i1A1)_ 

Stluclun 1;,.. '-· ,(mml ·A.. •• (mm I 6, • PI}[A " Uonc 6. ·~ " l""'c 6, • P\J(A to; (.,.. 

1 7315 J)) 1117 016 I 0016 X .1 0_'!! 1.0014 I 1 04 I~ 

1 1011 !5!. 1s 3 o 26 1 ooz• ne --=o~.,-=--,·t-""~,~ool-:-~, -t---~~~~,-t---:o:-:-::--lr-:-1-=._.::-1, 
I 1117 ~94 _101 01 J I 0014 267 011 I 0011 I .6 0 I 144 

4 1~0 523 213 022 10011 199 029 10019 IL\ 0 I IU 

S 1660 (,06 207 02 ~ I 0024 271 011 I 0011 · J I 0 I Wl 

6 10>15 S81 HS 012 10011 roo 01 10019 I 7 0 I U 

1 I 0259 7fi 1l 0 0 21 I 0022 19 6 0 1 I 0019 I J 0 I J.l 

I IQ.l~ O 1~ 21.3 0 21 I 0022 2'l9 0 2 I 0019 1 !. 0 I U 
f---~9~--~---~9M711~~--~~~~--t---~2;2~S---t--0~1. 2~1~+-~I~OO~l~l-t--7.19~10~-~~07.7~t~I~00==19~f·--~J7~~~0~l~·l-~l ~l"~ 

10 IQ!26 IJ 1l 0 0 21 I 0012 29.6 0 1 I 0019 1 1 0 I Ill 

11 Ill Jb 14 213 0 12 I OOll 11 0 0 18 I 0011 \ 0 I ~ 

12 J2Jq O IJ 261 071 10021 BO 076 10026 424 0 1.01 J4 

I! 10706 14 1J 7 0 n 1 0011 lO J 0 78 I 0021 J9 9 0 7 I 01 11 

H 11907 14 90 lS 5 0.11 1 0021 111 017 I 0027 ll 6 0 IS I OOJS 

IS 11&-SS II!S2 16 9 0.71 I 0021 33 S 0 26 I 0026 119 0 I) I OOJJ 

16 11318 1852 ]q 0 0 20 I 0020 35 R 0 .75 I 002S 44 9 0 I I OOll 

B«•rlns (DOJX) Bolt St.ur (DOSX) lllock Sh••• (006'C ) 

\tru< tur• h~ l. •• (mm) Au.lmm) 6 • PU[A [ID!'~ • Pl/[A " £Iona 6 • Pl/L>. " [lof11 

I 7115 155 18 6 019 10039 110 010 I 0010 .6l 016 I 0016 

1 707 1 JSS 18 4 04 I 0040 111 0 31 1 I 0011 26.0 037 10031 

) 8117 39J 29 s 0 35 10035 110 0 28 I 0021 181 03 1 I~ 

4 1~0 523 Jl4 0 JO 10030 25 0 0 ] J I 0024 H .6 010 10030 

s 8660 606 29 8 0 34 100l4 23 3 021 10021 28.6 O.Jl IOOll 

6 10>15 581 315 0 30 1 0030 25 I 0 2J IOOH JIB 010 IOOJO 

7 1025q 768 313 0 }' 10030 2J 8 024 I 0024 31) 011 100}1 

8 1()4~0 w>o 31 4 0 30 1 0030 25 (1 0 JJ I 0024 316 0 <30 IOOJO 

9 9861 1490 109 0 }I 1 0031 24 ~ 0 2'> I 0025 )06 031 I 0011 

10 10216 1490 Ill 031 10031 24 8 vll I 0024 ll.J o..JI I 0031 

11 11136 1490 321 0 29 1 0029 2S I Oll 10023 J18 0 29 10029 

12 12490 1490 Ill 027 I 0027 270 Oll I 0022 !50 028 I 0021 

ll 10/()t, 1490 317 0 30 1 0030 25 l 0 lJ I 0024 32.1 010 IOOJO 

I! 119()7 1~90 328 0 28 1.0028 26 ~ n I 0022 l-11 0 29 10019 

IS ll!J.IS 1852 }36 0 26 I 0026 274 OJI 10021 lS 6 028 I 0021 

16 14118 18S2 35 0 0 24 10024 28 8 '/0 I 0020 ~1 0.11 10021 

6 





CALCULATION 

Ground mo oon Salo nc fa 0< 

G f 

f 0. 

$1 0 
SF 

SF I 

SF I 2 
Sf H 

f l(j 
,.,, SF I 

SF 2 
F 0 21IS 

G SF 2J 

26 
8 

G SF 3 
G SF 32 
G SF )J 

G sr 36 
SF 

5F 0" ll 
SF J 2 0.1 
SF J~ 0 J551 

G SF 0 I ]J 

G SF 48 br•cr 0 S097 
GM SF 5 br•ce 37 56 0536 
GM s~ 52 br ce 39 42 0 5631 

G SF 5 4 bra cl' l ~1 os 7 

G s~ 56 bra e 42 92 0 132 

G ~ SF 58 bra er .j.j 53 0 6362 

GM SF bra(e 4603 0 6576 

7 





CALCULATION 





CALCULATION 

Ground mo oon 

SF 

f 

s 
\f 1 2 
\f H 
~F 16 

SF I 
SF 2 
F 2 

SF 2! 

f • 6 
SF 

SF 

SF H 
SF )4 

SF 3b 

GM SF 

SF 

SF 4} 

G ~F 44 

G F 46 

G SF 4 8 

G SF s brace ·1 49 0607 

GM sr s 2 brace 4111 0601~ 

GM SF 54 bra 43 I 06273 

Gill SF 56 broce ~6 6 0660 

GM SF ss brace 48 6 Ob951 

SF brace 53 7 0 76 3 

GM SF 0 2 brac 3 47 0 6 

G SF 04 brace 7073 0101 

Glli SF 06 brace 1109 0 1585 

G SF 08 brace IS 39 0 2199 

GM SF I br,He 19 6 0 28 

G SF 1 2 brace 24 0!1 0 34~ 

G SF I 4 brace 28 92 0 ~132 

G SF 16 brace 35 n 0 5031 

G SF 1 8 brace 39 os 0 5579 

GM SF brace 42 64 06091 

GM SF 2 2 brace 46 88 06697 

GM SF 24 brace 49 9 07127 

G ~F ~6 brace S6 46 0 065 

GM SF 28 brace 63 07 0901 

G SF 3 brace 69 11 0 96 

G Sf 3 2 brace 76 45 10921 

Glli SF 34 brac 8233 1 1762 

G 1 SF 36 brace 87 07 I 43 

GM SF 38 brace 91 33 1 3 7 

G I SF bra•e 95 29 I 3613 

GM SF 4 2 brace 98 99 I ~1 1 

GM SF 44 brace 102 4 14631 

C. M sr 46 brace 105 l 1 5062 

G SF brace 10 1 36 

G buce 1101 1 5713 

G F 52 brace 110 5 1 579 

SF 5~ brace 112 I 5996 

G s< 56 brace 113? 16167 

G SF 5 brace 1141 1 6303 

G SF 6 brace 11.19 1- 9 





Ground mo l on Sut na l Of 

'.1 r 0 

G'.l s~ 0 I 

sr 0 

~r 0 

SF 
F I 7 

SF I 4 

sr 16 

SF 1 
SF 2 
SF 22 
SF ]4 

s~ }6 

SF 28 
sr 3 

GM SF 32 
GM SF 34 
(, sr 36 

GM SF 38 

GM SF 4 

G SF 4 2 

GM SF 4 4 

GM SF 46 

GM SF 8 

G SF 

GM SF s 1 

GM SF 54 

GM SF 56 

GM SF 58 

G SF 

G SF 02 

GM SF 04 

GM SF 06 

GM SF 08 

GM SF 

GM SF I 2 

GM SF I 4 

uM SF 16 

GM SF 18 

G SF 

GM SF 2} 

GM SF 24 

G SF 2b 

G SF 2_8 

G SF 3 

GM SF 32 

G SF 34 

GM SF 36 

G 1 SF 38 

G 1 SF 4 

GM SF 4 2 

G 1 SF 44 

G~~ SF .\6 

G SF 48 

G SF 5 

GM SF 52 

GM SF s l 
G SF 56 

G SF 

G SF 

CALCULATION 
SHEET 

Dfl 

00 

011 

0117 

0 l7S. 

0912 

1009 

0 R7b 

0 66 

I 7 

brace 901 

brace 120 171.3 

bro:ce 93 s I 336 

brace 103 I~]] 

brace 110 I 569 

brace 117 I 669 

brace 126 1 801 

bra cl' 137 1963 

brace 152 2168 

bra cl' 16 2 396 
brace 1 2 2 60S 

bracp 2 44 0 035 

brace 4 68 0 067 

bra cl' 6 26 0 089 

bra cl' 74 0106 

brac~ 909 013 

brace 11 0 157 

brace 135 0 193 

brace 16 0 228 

brace 18 4 0 263 

brace 21 I 0 301 

brace 64 0 377 

brace 38 1 0 544 

bra cl' 44 0 629 

brace 46 0 657 

brace 619 0 

brace 79 8 I 14 

brace 933 1 333 

brace 102 1458 

brare 102 I 457 

brace 996 1423 

bra cl' 101 I J49 

brace 101 I 446 

brace 14 

brace lOS 149 

bra re 108 I 539 

brace 10 1 s 13 

brace 123 I 76 

brace 145 2_077 

brace 160 2 288 

brace 160 228 

90 





SF 1 2 

SF 1 

SF 16 

SF 18 

SF 1 

SF 2. 
SF n 
SF 26 
SF 2 
SF 

F 

GM SF H 

G SF 36 

G F 38 
GM SF 

G SF 4 2 

G SF 4 • 

GM SF 46 

GM SF 4 8 

GM \F 5 

G ~ SF 52 

G SF 54 

GM SF 56 

G SF 58 

GM SF 

G SF 02 

G SF 04 

GM SF 06 

G SF 08 

G SF 

GM SF I 2 

GM SF 1 4 

G SF 16 

G ~F 18 
\F 2 

GM SF 22 

G SF 24 

GM SF 26 

GM SF 28 

G ~ SF 

GM SF 3 2 

GM SF 34 

G SF 36 

GM SF 3!1 

G SF 

G SF 4 2 

G ~ SF 44 

GM SF 46 

GM SF 48 

SF 5 

G SF 52 

G SF 54 

SF 56 

SF 

SF 

CALCULATION 
SHEET 

brac~ 

brac 

br•c 1077 

brace 117 3 1 6761 

bra 116 1 1800 

brace 12Q 4 9 
brace 13J 6 19087 

brace 1274 1 7 

bra 124 4 l 7764 

brace 1N 1 177 

brace 1769 003'11; 

brare 6 954 00993 

brace l} }I 0 17 4 

brace 17 0 15-lS 

brace B 26 onn 
brace IS 0 4878 

brace 34 7 0.19 1 

brace 45 06 0 37 

brac~ ss 57 0 7939 

brace ss 75 0 7965 

brace 60 49 08 1 

brac~ 67 IS 0 9592 

brac~ 7213 I 039 

brace 77 81 1 1115 

brace 1 43 11633 

brace 87 2 I 2 6 

br.ce 95 13 1 3675 

brace 103 14833 

brace 111 6 1 s s 
brace 119 1 7002 

brace 126 1 1 8012 

brace 132 1 969 

brace 1393 1 q 9-l 

brace 143 4 2 91 

brace 149 2 1395 

brace 155 7 2 2145 

brace 1&1 4 l 305-l 

brace 1668 2 3 2.\ 

br ·e 172 2 4566 

brace 177 2 52'!5 





Ground mot on 

10 

10 

10 

10 

10 

10 SF 1 2 

10 

10 

G 10 I 

G 10 sr 2 

G 10 Sf 

G 10 F 2 4 

G 10 s 2 

G 10 SF 28 
G 10 r 3 
G 10 5f l 2 

G 10 sr 34 

G 10 F 36 

G 10 sr .8 
G 10 ~F 4 

10 SF J 2 

10 5F 4 l 

10 5F 4t) 

GM 10 SF 4 8 

G I 10 F 5 

GM 10 SF 52 

G 1 10 SF 54 

GM 10 SF 56 

G 10 SF 58 

G 10 SF 

G 11 SF 02 

G 1 11 SF 04 

G 11 SF 06 

GM 11 SF 

GM 11 SF 

G 1 11 SF I 2 

GM 11 SF I 4 

G 11 sr I 6 

GM 11 St' I 

G~. 11 F 2 

G 11 sr 22 

G 1 11 SF 24 

GM 11 SF 26 

GM 11 SF 2 
G I 11 SF 

GM 11 SF 32 

11 SF 34 

11 SF 36 

11 SF 3~ 

11 SF 

11 SF 4 ~ 

11 SF 44 

11 SF 46 

11 48 

11 SF 5 

11 52 

11 S< 54 

11 SF 56 

11 SF 58 

11 ~F 

9_ 

CALCULATION 
SHEET 

br4CI' 66 98 

brace 74 os 
brac~ 3 19 
brace 9S 

brace 100 s 
brat 107 8 

brace 0 834 00119 
brace 1622 00232 

brace 2171 00325 

brace 3006 0 9 

brace 371t> 00539 

bra cl' 4 601 00657 

brace 5 45 0 078 

brace 6 2 3 00 98 
brace 7 075 0101! 

brace 7753 01108 
brace 8 769 0 1253 

brac 9 67 0 1381 

brace 1061 0 1516 

brace 11 67 I) 1667 

brace 12 69 0 1812 

brace 13 53 0 1933 

br•ce 14 22 0.032 
brace 14 79 0 2113 

brace IS 24 0 2178 

brace 16 17 OB! 
brace 17 6 0 2465 

brace I 56 0 2652 

brace 19 0 282 

brace 21 06 0300 

brace 22 29 0318-1 

brace .3-17 0 3 53 

brace 24 5 0 3511 

brace 25 56 0 3651 

brace .:6 3 0 3768 

brau• 26 83 03 n 





CALCULATION 

Ground mcx on 

11 

11 

11 

11 

I 

11 
11 

Gv 1 
12 

12 
17 

G 12 

G 12 

G 17 SF 

G 1 

G 11 

G 11 
G 12 SF 

G 1 38 

G 12 F 4 

G 12 SF 4 2 

G 12 f ~4 

11 SF 46 

GM l] SF 48 

Glv 11 SF 

GM 12 s~ s 1 

GM ·~ SF 54 

GM 12 SF 56 brace 144 I 10G6 I 

GM ·~ sr 58 brac 167 s 2,> 15 

GM 12 SF brace 179 2 2 5607 

GM 13 SF 02 bra a 4 359 006 

G 13 sr 04 brac on 01146 

G 13 SF 06 brace 117 0 I 3 

GM 13 SF 08 brace IS 0 0 2155 

GM 13 SF I brace I/ 6 0 256 

GM 13 SF I 2 br.He 19 75 01821 

G 13 sr 14 brace 20 56 0 93 

G 13 SF I 6 brace 573 0 3676 

GM 13 Si' 1 8 brace 338j 0 4 3 

G l 13 SF bra e 35 04 0~005 

G 13 SF l2 brace so 35 0 71 1 

G~. SF 24 bra e 48 34 06 

GM 13 ~~ 26 bra e 4159 060 

G 13 SF 28 brace '9 46 0 7066 

G I 13 SF brace 57 1 0 8157 

G 13 SF 3 2 brace 63 93 0 9133 

G I 13 SF 3 4 brace 6832 09759 

GM 13 SF 36 brace 72 35 !OHS 

13 SF ~8 brace 70 95 I 0135 

13 SF 4 brace 82 46 1 17 

13 SF 41 brace 89 35 127 

13 s~ 4 4 brace 933 1332 

13 SF 46 brace '9 1412 

13 SF brace lOS 1 S63J 

13 SF brace 12 1 I 303 

13 SF 51 brace 133 4 19051 

13 SF 54 brace 149 ~ 2 l~O• 

13 SF 56 bra e 161 B 57 

13 SF s brace 17 6 2 5515 

13 , 6 brace 2 S4 

9 





Ground motron Sc:•hr f nO< 

\f 

1·1 \F 

G 
G 1 
GM 
G 1 

G 

G 
GM 
GM 
GM 
GM 
GM 
c;M 
GM 
GM 

GM 
GM 
GM 
GM 

GM 
GM 
GM 
GM 
GM 
Gt. 
G 

G 

GM 
GM 
GM 
GM 
GM 
G 
GM 
G 

Gl'v 

GM 
G 

G 

r 
SF 08 

Sf 

Sf 

SF 

SF 

se 

I 

I 2 
I 4 

16 

I 

2 
22 
24 
26 

3 2 

36 

4 

4 2 
4~ 

4 6 

4 8 

~ 

52 
~4 

~6 

58 

02 

04 

06 

08 

I 2 

I 4 

I 6 

I 8 

2 
22 

24 

26 

28 

32 

34 

36 

38 

4 2 

44 

46 

4 

5 

52 
54 

56 

5 

5 

94 

CALCULATION 
SHEET 

00004 
000()4 

0 000.1 

0 
OOOOJ 

t><•c• 002!> 0000 
001!> 0 
002S 00004 

0 02!> 0 000.1 
00004 

0025 0 

0025 0 

oo~s ooooo~ 

0025 00004 
brdce 0 075 0 ()()().1 

brac• 0 01~ 0 0004 

brdte 0 025 0 0004 

brac• 0 02~ 0 ()00..1 

bracP 0 01~ 0 OOOJ 

brace 0 025 0 ()(){'J 1 

brac 0 02~ 0 ()()().l 

bracP 0 025 0 OOOJ 

brace 2 34 0 OHJ 

brace 4 015 00574 

brace S 934 00 8 

brace 7 66 7 0 109~ 

brace 9 3 S 0 1332 

brace 11 0 1572 

brace 12 75 0 I 22 

brace 14 61 0 .08 

brace 16 59 0 2H I 

brace 18 69 0 267 

brace 20 9 0 2986 

brac• 23 25 0 3321 

br 'e 27 52 0 3932 

brace 33 01 04716 

brace 38 03 0 5433 

bra(e 4 17 0 6025 

brace 43 03 0 6148 

brace 41 32 0 5902 

brace SI 29 0 7327 

brace 66 06 0 9437 

brace N 33 I 061 

brace 79 11 I 130 

brace 85 77 I 25 2 

brace 92 46 I 320 

brace 94 6~ I ~~ 

brace 43 I -l062 

brace 101 I I 452~ 

brace 107 I 5396 

brace 107 3 I 53 5 

brace 95 08 I 35 2 





16 1 4 

G Sf 16 

G 16 Sf 
16 SF 

SF ~1 

G 16 

16 SF 

16 F 

G 16 F 

GM 16 SF 32 
G lb SF I 

GM 16 36 

16 SF 3 

16 sr 4 

G 16 ~r J 2 

G 16 SF 4J 

G 16 SF 46 

GM 16 SF 48 

GM 16 SF 5 

GM 16 SF 52 
G 16 SF 54 

G\1 16 SF 56 

GM 16 SF s 
G ~ 16 SF 

GM 17 SF 02 

G 17 SF 04 

G 1 17 SF 06 

GM 17 SF 0 

GM 17 SF 

GM 17 SF I 2 

GM 17 SF I 4 

GM 17 SF lb 
G ,, 17 SF 18 

G 17 SF 

GM 17 Sf 22 

GM 17 SF 24 

17 SF 26 

17 SF 

G 17 SF 

G 17 SF 3 2 

G 17 SF 34 

17 SF 36 

G 17 SF 38 

17 SF 

G 17 SF 4 2 

G 17 Sf 44 

G 17 SF 46 

G 17 SF 48 

G 17 SF 5 

G 17 SF s 2 
17 s s J 

17 F 56 

G 17 SF 

G 17 \F 

95 

CALCULATION 
SHEET 

brace 61 3S 

buce 714 

~ce 16 I 09 2 

br ce 72 4'? I 0 45 

brace 82' 99 I I SS 

brace 79 Jl I I J7 

brace 0 9 3 OOIJ 

bra a I 701 00243 

brace I 00269 

brace 2 583 00369 

bra•e 2 385 0 0341 

bract 3 905 0 0558 

brace 3 419 0 88 

brace 3 Q36 00562 

brac~ 5006 00715 

brace 5 I 6 oon4 

brace SI 91 07416 

brace JQ 0 7114 

brace 53 57 0 7653 

bra•e J 04 0 63 

brace 59 59 0 
brace 62 77 0 
bra e 66 45 0 

brace 72 SI I 0367 

brace IJI I 2 OIS 

brace 139 19976 

bra< 1367 I 9531 

br ce 1627 23 43 

brate 14!) J 2 0056 

brace 1394 1991 

brace 149 6 2 1375 

bra•e 16 3 4 9 
brace 177 2 5402 

brace 1927 2 7S22 

brace 165 I • 359 

brace 17] ?4 1 





CALCULATION 

96 





CALCULATION 

Gtoundmo on 

20 01 

20 ~f o · 
20 ~f 0 

20 ~ 0 

G·.• 20 ~f 1 

20 I 2 
20 I J 

20 I 

20 SF I 

20 SF 

20 SF 2. 

20 
20 SF 26 

20 SF 2 

20 SF 

20 3 2 
20 SF 3 4 
20 SF 36 
0 

lO SF 

lO SF 4 2 

20 SF J J 

20 SF ·16 
GM lO SF 4 8 

G I 10 5 
G ~. 20 SF 52 0 7.t 7 

GM lO SF 5 4 brac• 6193 0 7 
(., 20 SF 56 bracf 73 0 3 
G 20 SF 58 br• e 4 I 0 7015 
GM 20 SF br f S] 67 0 7524 

97 





Ma O.th (mm) I~ ~ 7 • 7 I ~ 0 

Ma• Ort () 04 0~ 077 0 I 

SF Mean SI S2 Sl a oh 11 '•Id 
0 2 0 Ol 0 0 0 0 0 0 0 
04 0 07 000 000 000 000 000 000 00 
06 011 000 000 000 000 000 000 0 
oa 0 IS 000 000 000 000 000 000 000 
I 0 0 19 000 000 000 000 0 000 000 
I 2 OB oos 000 000 oos 000 000 0 
I 4 0 26 00~ 000 000 00~ 000 000 000 
16 0.31 0 26 0.0~ 000 011 005 005 0 
1 a 0 36 0 17 011 oos 037 005 005 000 
2.0 0.40 0 '7 0 2 oos 0 12 021 0 21 000 
22 0.51 os 042 011 os 037 000 
2.4 0.55 Ob 0 53 011 0 3 0 7 0 
2.6 0.59 06 05 016 063 0 53 000 
28 0 63 06 Ofil 0 32 0 3 0 3 000 
3 0 0 70 0 74 063 05 068 063 000 
3 2 0 74 0 79 06 0 58 0 1' 0 3 06 000 
34 0 82 06 0 58 019 068 06 000 
3 6 088 0 89 0 74 os 0 ~ 068 068 000 
38 0.98 0 1!9 0 74 068 08~ 071 0 7J 000 
4 0 104 0 89 0 74 0 74 0 ·I 0 74 0 /J 000 
4 2 109 089 0 /4 0 74 0 8.1 01 0 7l 000 
4 4 113 0 95 0 74 07 08 ON 17 000 
46 1.l7 0 95 0 74 0 74 089 01 74 000 
48 123 0 95 0 79 0 74 095 07 11 000 
so 130 0 95 089 0 74 0 95 0 J 000 
52 I 39 0 95 089 ON 095 0 4 000 
54 146 0 95 0 95 0 79 095 089 0 9 005 
56 1.54 0 95 0 95 OSJ 095 095 0 s oos 
58 1.59 0 95 0 95 OSJ 005 
60 1.64 

Scr 

s"" 
CMR 3 26 ] 11 

d., 31 5 40 s 53 7 33 9 -12 8 42 7 175 0 

lA· I IS 148 196 I 24 I 56 156 b ~ 0 
SSF I 03 I 059 I 078 I 041 1 !72 

AC ~R 2 17 2 69 3 52 2 25 000 





CALCULATION 

0 

01 

! 0 

0 
0~ 

04 

.t 
0) 

02 

01 

x• f•ttor 

6 
58 
H 
5 4 
~ 2 

5 
48 
46 
44 
4] 

0 4 
38 

t:: l b 

ro )4 

u.. 32 
l 

QJ '8 
ro 26 
V 24 

V'l 11 
2 - Bloc • I 8 

I & - ·Id 
I 4 
12 -8~• 

I 
08 
06 
0 4 
02 

0~ IS 25 

% Drift 

9 





CALCULATION PROJ C T ' 0 

SHEET • e ·. G 

CLIENT CGILL PREPARED A~G PAGE or 

PROJEC CBF CODE · NA ~ l 

SUBJECT. DATE· 20 11 11·01 

Summary o l lOA Rnulls 

\ ( \1H \ olut" 

Buildtn Jt '\'>I '\<.,2 '\'-.3 Bo il Bloc!. lleanne Dnft 

I l l ' 11 I 1 ' '-\ 
211 22'' 3 u.• ·1 111 ., 73 3 lb -' 4 / i\\ 
11 1 2 40 l 0~ • '12 ~ s 11-t '!25 SJ\ 

·Ill .238 3 211 1')6 1[) .i ·l ·l 341 '" 511 I 11S :'55 .3..12 .i-l 2 76 2 85 i\J\ 
I ill I '13 2 55 J 21 :' 08 277 :n~ ~I\ 

711 2 17 2 69 1 ~2 2 25 2.88 2 88 "'-" 
~ 11 11tJ J ln 5 12 .i 15 197 ;I q~ :-.A 
I)JI 2 80 3 Si' ·I HI 'l 03 ; 72 17-l N<\ 
lOll 2 5 1 • n •I OK 2 ,., 1 12 1_41 'lA 
1111 2 11 -; I i' '•)2 2 56 '\ ;g no :-.. -\ 
1211 2 21 21!1 J .:'6 2.10 .3 os 2% ~t\ 
1111 2 5o ' 01 J 60 2 (If i 11 I 11 '~ ·\ 
I I ll 2 1-1 2 'P '.:!H 2ll 2'1'1 2 X• ~" 
I~~~ 2 s~ '-l'l ..J .:!' 1 2 (f; 1 tii 1 ~ \i;\ 

161 1 2 :.!2 2 '12 ' l l 1 1 .:!fl 1 1'> .!. 
,, _., 

''la 11 2 12 ' 08 J IN 2 1> I '2 1 21 \ 

\ C\IR 2 79 \ C\I R I Q(J 

\cceptable 11 a'erage \l \IR1 \ ~' \I R I0°o 
\ ccept able J1md1\1dual -\ C\! R1 \ l \I R.:!0°o 

100 





\ p ndi ( 

ttmrk L.tl ·ulati H1 >I huildinl.! 711 lor I· I 1 \ f -() - .t • ~.:ptdnLc -rit ·ri 'L 

hH nuillin 1 711 : 

• < 1 ro u n m t i n : I 

• '·alin' la ·tor : I 

l·ailun.: ·rit ·ri : t S 1 

I r )111 t ·ti ng h ~ ru · 

-k ) I Ltnt (mm L.:n mm) ' \ ~.: 1 mm"-

12.1 4 2. 1 :__}___ _I_:- . 

< u ultimat ng ti n f ra 

P - · i I te ' t I 

L tnt t t I lt.:ngth f bra 

L 11 =-- I ngth f nn ti n f 

A,~ I re r brc t ' t d. 

R m 111 rti n f l ngati n. el ·uc · fr m th ultim ti n. u· 

£ £ ) P( Ltoc- Lcnx) 
Vu- Velastlc te t = = 7. 1 mm EA 

Appl) ing t ~ t re ult t build in 7 ( y ut B \\ ith: 

1 1 





A i ju tin, li r len 'th of bn ~e I lr huildinl! 711 \er u te l re ult . the ultim t · L'll n ''lliPn 

f{ r th h r ~H.:e I ha~ in buil l inl! t_ r · me 

(l\)at.D 7 = ( u ·la tL )l 

u h tha t the per nt cl ngati n at fa i I ur i : 

o/c (o ) _ Cbuhno ' 1 .~-00 
0 u BLD 7 - L 

bra ce 

1a imum bui I ing dri lt t f i I ur : 

. u ' h that the er cnt rift L C ilurc i : 

Ofc tJ. = (6 u)BLD7 X 1 0 = _..l o
0 0 u H 

I hen fr m I A nal [i r gr un m ti n 1 t r 1. 

tJ.brace = .4 mm 

l hi . c rr . p )nd t · p r nt drift f: 

01. A = 6 brace X 10 1 o 
i'O LJ. brace H · - 0 

I h .. per nt dri it i n: r g d [! r th _ gr und m ti n . r \' r) ling f t r. r 

nling la t r I: 

(CI O o/o !J.brace )/ 20 = 0.1 °/o 
G 1 1 

h p r nt hih at failur t - o · 
."t 0 1 n t ur t\\ n 

and _.2. \\hi h h \' a\ rag rift f 

m n it) . ~cr . i th n int rp 1 t f r th p r ent rift t ilur b t\\ n 

1 -





0.'1 s - ). L {) 2 = 2.1 

111ee th · earthquak ·re 1rd u c in the tud\ arc ha ·d nn 111.\l ·htn , thL· unilnrm h zar I 

pc trum the ma imum n H.krc<..l c~1rth juakc pc tral I ·mand. . i tdk ·n a I .o. \ 

u h the ·ollapsc mar ~in rati ( · 1R i cqu I to tht.: medt n c,,llap c intcn t . 

1 -MR=- = u = 2.1 
r 

{ . 

I he p 11) 1-ha ed <..lu ·tilit~. ~t 1 , i t ken . tht: r ti )rultimat n )j <..lrilt. \. lt elk ·ti' · 

) reil <..lrilt. \,. ' I he drilt · t ~ i Id i. c~ I ·ul , tcd ba cd on the cl mgation at) icl<..l. l\. and the 

_id lloa<..l.l\: 

~, Lbrace 
8 y = E = 2 0. mrn 

brace 

I h .· pc tr I . hupe f r.... . v n c r ing t th fun m nt I ri d. n l n d-

ba. cd du tilit)': 1-lt· F r p n fl r uilding 71 L , · i int l. ~. 

I he dj u.;;tcd I la 111 r in rati 1R) i th n ul t d f rf ilur ritcri 1 

1 .' 1: 

ACM R 1 - F 1 x MR 51 = _.17 

tal ~: \t m "- · 11-.~p~ c un rtainty. 101. 1. al ulat 

RTR= .4 : DR = fD = · -f -: 1DI 

·r m bl 7-"' f pt 11 p n1ar 111 r ti 

f r h rt<. n11, n 





C R )( = 2.7 

I he d ept·tbl ·a lju. te I 11 · p c mar1!in r· tio I( a 1 · lli · ,tr het~ p ·. \ 11 . 1 

taken a : 

I· n each err rm · n ·c gr u . th ju tcd ct !lap ..: m< rgin rati ). \ 1R . 1 

m rgin r ti . . \ . 1 . )f a ll ~ rchct~ r 

I l r .'I. th '1 er· gc adju ·tc llap margin r ti . 1\ ' lR i 

A M 1 =2.42 < ACMR 10% 

\\'1thin h per~ rm n gr up. th I la m r1inr tic ,\ ' 1R. lfcach 

'lrcht.:l) p lll I\ I uaJI\ 11 p margin r· tio 

rcla cut pr bilit f R~oo 0 • l r th riti I ~ . 1H: 

.'I d c. n )t m d th p rb rmanc ri t ri . 
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