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ampitude of vbratons to docy.Th degro o danping 2 bukdrg
epends pon the ater o s sk reting ucurs 3¢ wll ¢
s cther contrction atera nd deta. Oncsth chses of mate
ol Fas boon made, the dampeg 11 2 bulling 1o which 15 sasmic
response s reasorably sensive, s xcabishd. Ranorcd concrete
tructurs pssess more damping tan st srucures, but s than
thoss consruced of wood Howerr th chice ofsrucaralmater-
i rarey f ever made o he e of e daring vkes, Damping
absors cathgake anergy and reduces resorance o he bkt 3 of
bk et foees 50 vy bt

‘Wi beng vare of . we regulry axperence anping n s
Shock absorbrs quiky campen oot vrtical vbraons casod whon a
ca s over 3 bump on th rad. Dampig n busdngs asthe same
but much sraller ofect. Agar fom tgh toch busdings tat. ighc
v spocal dsgned dsmpors norporatod o the structra ss-
s (Chaptr 14),strucuralangnorsdo ot rndoraly tampe
Inccas dmping Thoy s accep . and allow for s bonical pros
ence it calutons. I the damping i 3 typicalrforced cor-
ot bulding s e, s respos (pek scclrstin) incresses
by sproxmately 30 por con.

Response spectrum
“The response spocrum i 2 comensent method fo lsratng and
Quanlinghow the rauralpariod of veracon nd dampig o 2 buld-
Ing st s respon o earthake stk

s sehematicl thscrued n i 28 3 gl rocorded b
acclerogran s he gt gl 3 dyramic sl ram aachd to
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2 staking b, Modol buldigseah with 3 kngorperio of vbraton
from o 10 g ar0 mounted o th b, and an acloomotr s
ttsched o the oo of cach o mesere ks maxmum borzotal el
eraton The buldings psoss enucl amouns of amping When the
shakong o sites 3 rocordd carhake cach buldg vbrates
feredy an 15 maxamum acclration 1 ecordd and then plocied
on'a graph (i 29). Ahough the pocodure cusined sbove g
mechanical equpment e  fling bl coud be sed 1 pracie
1 mor convrsen o mode the whol pocess by compucer. Al
response spacr are computar geersed.
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“The stap. of a respons specrum st how the i period
of vbration of 1 bulding s 2 hge et o the maxinum horzon-
al scdoraton expriercsd, and consaquently pon the magntude o
Inert force % shoud b dsgnd for WRh refoence o Fig, 290,
tho marimum accoloraon of 2 buklg with a aural paiod of 00
Facond  represened by 10 ntof seccraton.Thi pon on tho
poctrum reprosons tho peok rond acterton. Bk i cr-
i lorge raurl prods o vbrtion amply round secokraions
For cxamgie, bukdegs wih T~ 02 to 07 soconds resoats weh
the oyl ground accsleratons, amplfying them by anosta factor of
20, As ratual paiods become loger rom 07 10 1.7 second,peak
bulding scelerations rduce towar th same ey 2 the peak
around scolraon Beyond 17 sccons th madimum accsrtrs.
Concne t dminsh unh 5T 40 sconds the bulding sccerscn
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15 oly 0.3 of the maxum grund accekraton. So,depondng on
tho vk o the atra priod ofvbration anspproxiatoy tan okt
Varaon i mmum bullingsccelration s postio A bulling Wi
T 40 saconds (ppranemately 40 stroys g oo b desgped for
only 10 porcon o the dsignforco of 3 buldig o he same woght
Wi T~ 02 seconds (two storey). I generl,the longer the -
url period of vrasn, th s he i accdeation and s
mic s force.Setamic koftion (Chaper 14 e more tan an
Spplkacon of th pencie.
Athough the shupe of 3 partcular response specrm st some.
of th fudmonts of sasmic s K 1 ot paroculrly sl for
trocuralengrears. el they nod s graph fr e dam
agg carhauakes. Thn once ey have ol the ara priod
of vibrauon of 3 bulling they can deerming 5 maxinum acok-
eraton et Inort forcs and then degn tho st resiing
ot accordng To et i nod tho bee . carthaake g
oo can d st skt 3 suto of st carthuakrecords 53 ass
for oxapostng o the e, Respors specra are generced and
hon verged o ctin 2 des respons spociru it s ncudod
2 counry's caeuake lcadng code (P, 29()). Eathake rocord-
Ine o diferet s condtions accoun for how 50l o bed-
ock hakng 2 dscused n the prevou chapta Most

Eongatn Icadbngs code povee four respone speira 1o repre-

L somrock st nd m modum and st s s

Ducety
o Duciy s s brg ihence upon the magnade of
BB sccleatons and seic foces 3 btk i desgned
[ ot ke s rural porod of vbration. Depending
. upon the degoo of doctlty  sructursposssss tho
td e st forc cin b reduced o sproxratdly

a5 I 35 o sbh of an oquae. nondccle

So what s cuclty! Thik of K 25 the opposke of
breleness, When 3 bt o non-dctle maeral b
g or concrte e sretched 1 uddeny srpe on
Congein reschng s casac e A ductle materal on the
other hand e stal,reschs s g I and the

i eforms sl ¢ cen sty ncreass i stregth
gttt U 5.3 Sl rgs ongazon e bresks (1 210).

Ducte (and brce) porformanc, possbl for a the
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trocural acsons dusirted n g 211, can bo casly domorsrted
Taks 400 langihs of I daameor scel o and § X 20
‘wood. Hok the wooden mermber vercly and fimly . s ko and
a0ply 2 hortzonal force 3 1 top The wood suddeny s doe o
bending at 1 bse. However, s the horzonal foce 3t th (ap of 3
toe i neresssth ol 3 s baso regon s n 3 duct st
lon. A st Hage or srcara s orms where th bendng moment:
exceads th bonig srongth o the wr.| Pase deformaton ccurs
it the wie manan s berdingssength v though . as suflered
permanent ddforration.It requres st 25 much fore 1 bend the
bk o s ongralpostion.

Ducte structurs macerls o ecessary garsntee cucle -
s Th okl cros sections of menbers 3nd ther conneccons
need 0 b propety proertionod and deaed 1o completly axiot
the ducie rcure of the mteral. For example,  a e compres-
sion mamber 1 0o long € suffrs non-duce bucklng baore bong
squshod pusccally - 4 ducc owrioad mechanem. I the bots
or weld n 5 o comnctons ar wesker han the member ol
the bre pramaundy before th stol momber ylds 1 3 ducle
o

Ducity s on of he mos desse srctral e of ssamic
resing structurs I he kst o earchuakeshakin exces the
irengthof 3 bt mamber b 3 beam or column  he member
braks suddony.posly kadig (0 btdg cobapse Bt f th e,

b ductl, s macerl il i exhbing pltc bekavour 0 4
ooy brgo dallecon. I tho proces f bong delormed platcaly.
2 ducthe marmbor abiors soic onorgy that. would thorwso kad
1o the buking xporscncing ncrase acoloraons. Ducaby thare-
fors nrcas the et vl of amping i 3 bulding,

“The primary advanage of ducie monbers 1 ther abiy to form
“srucura s, Unlke dectric s which  dopeding on ther
ara of coniruction - ok bow 3 fse wro or brek 3 a4
ructual o oot ot bresk or nod rsctng. A localzed v of
2 strutural mambor 1 ol totchd plsticaly Th doforaton
Icads to Gamags but. tho 1 ara o regon i desgned o 10 oo
StrogihInth proces of fusng I provncs 2y more forco torg
tho mamber or strucure snd causing damage lsewhere. S Chapter
Slor more onthe

Nonductio buldings aro desgnad for 1 (0 5x s th forco of
thosa tat are ductie. Becauee 3 non i srctire braka n a0
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15 roglons sufer somo damage, bacuso they Tl th strength
they prevet buscingcolpse
“Toscme the thouge of ductle strucures desgned ol for 3 mere
action ofthe ert force that would oecur  the st were
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The suprstuctune of every bukdng requres suffcent
= srucaural srongihto e, th bending momens and
har forces? casod by s ocesand  oundation

yscom cpabl ofprevercing overtrning and s,
Coradar the buldng shown n Fg 212.Two shear
L walls et iorta forcs 1 both th x and y dc
on and tranlr o 10 he ouncaton. The wale

L L1 ar ko 10 bonding moments and shar fores for

wikch thoy must b dosgned In onder 1 sty the

S requronents of the s dsn code. Banang nd
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T

thogrowa.




image12.png
Due 10 th grmont o the shear wall whih ar0
trong ony 1 tho direcion of ther leng, bortzon
trength i provded i ot the  and  drectons The
provsin of bidroctinal strength responds 1 the
it tat (s mentonad i Chaper 1) i shak.
Ing s drocciraly ando.Srucure must b propared
foran arquake acck from any drecton. S long 35
treagh s provded nany two orthogoral reccors
hon ayargle of ek i overed. & sesme frce can
e resoed 1to two othogoral componerts wiich
o et b cuctun with srengc parll o those.
recons (g 21,

0 3 o way 35 xand y drecoon sirucare resst
sosmic forcs from any dirction, srucur s par
ol 1o ethr the x ory 2t provdes siengh slong.
both w1 the nrt force n i 2,13 1 consdered
o reposont the szengh of sy shcar wal h tat
vall conrbutes consderbl srangth I th x drc
tonand ks th y docion. Relr 10 g 822
whieh shows how the trongh of non orthogorl
vl 1o s o xad  compernents

i mag o o g i pani
ok o s s 4 5590
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‘Sofes s smos: 3 amporant 3 st The scflr
2 srucur, e s ¢ dollocs undor ek force
athough, 35 ncted pronculy. 2 smaler raural prkcd of veraton
caused by sl sructure il sl sl 1 3 st acracg
sratr samic orce. Even thocgh  bulkdng b strong ancugh
s suies 1 0 low . dflcs ccashel. & nonsucurl -
mens wi sl e daage (Cogters 10and 11)and 1. i ecome
pron t toplng The more  defcts and s cenre of gaviy moves
horzonal o 1 Ronmal oscon e more s own weigh ncrases
s by (g, 214). For thes rssons, s codes et he
s ofacons o s

‘Whie the verl sructursl sfines o 3 bulding 1 mporan, &
therlacve s o s lfleroneprmary strucur) emens.n the
cxample n g 212, two ential crctral doments esst sasmic
Torce nan drecton. Each wal et e ch ttal force. B what.
Tappans whar the sfies of vrtal hmencs ar dferonc?

A ke structral princle s thac strucural lemencs ress foce
proporion to ter st Whero more than one manbor rests
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forco the sulr 3 momber the more forco . rst,
s 1 proportonal (0 the moment o iera of 3
mambor (11 612, b s th member wth o breadth,
a0 d s depth measred prall 0 the drecton ofthe
forea bong rstod. Consdor P, 2.1, Since both walls
v the samo weth b, thor rospecie stfess i pro-
porcral to 1 and 2% that . | 2 8 The s wll,
theretre st 19t o 11 pe ceeofthe frcesnd the.
longer wall 851 o 85 per ce.

‘Where two such walls ae the ony foce resstng srv-
res n 3 coran drection, and thy ar loated 1 pan
aong he e e, e 1o srcaral poblom. Bt
he are ot 2 xplindnth . soton,he bulg.

xporionces trn. I WS 1 lanundor s orees.

Tonsion
Buting cosion occrs e whers strucural laments

== e ire mx postionad synmecicly I pln or wher the

I [ cotre of rigdey or essance (CoR) docs not conide
Pucrtgsof s oty oWl it he Ca,

A8 e tomatmscaaveroe Al bl n g, 2166) s silestorsy weh

horzonal o resstad b our ereial s carcios
ok 1 by |, deberaly overszed to ocp the archnci s
il Inorta frees acig oy over the whce ofth oofpa are
smplod s 2 s poi forc acing . tho CoM,usaly tken 35 tho
soamotncl conro of the o or roof plan Th fore ks restod by
ho o coenn. Bacau thy are of Montcal e cch et 25
o con of th ol for.Tho sum of llor cokn restsingforees
acsslong I midway batween th v cokan s Tha M o foree
{hroughtheCo therlor concdes wihthene o estance hough
the CoR The bulding & subsequenty I et directon snd ot
cqutbran.

Fiue 2160) shows the rghtband columns now Im docp when
conidenng ther restance i the  decion.The s o the nerta
force sl scu ¢ he CoM. (The fence f he creasod welght of
the largar colums movng the CoM to the igh can b neglected
becase & 1 0 small v the bl hsvy root) Howeer, the
CoR mores signfcanty to the g due to th cresed seiess
ofthe g and sde colums. From the consderion of th pre-
Vit sction the rger comns il resst 89 pr cun ofth fores
a0 tho ot and coanns oy 11 por cont.The postion of tha CoR
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2160)Ths causos 3 torsin momont el 1 th ineta forco -
Uple b e that twt th buling clockwe i plan. Twsting occurs
about the CoR (g 216(0). I he dpths ofth rghcfand cons
ar frthor ncreasad n they drecon, ha tha CoR. moves uther
1o th rh. amost 10 the contrena of thoso coums,and increases
theeccemricy o eary al the buskdng wid

“Thesrucural problems cused by torsion an the meas o educng
the are dcssed fuly n Crupter 5. AC this sige al it nees 1o
b 1 ha torson i  be adod 33 much a4 posssie When 3
bulding twits,the columas frthse awa rom the CoR suflr senus
damage dus 1 exesive orsion induced horioncal dfections
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Archcacs and enieers dotermine for pths o lesd
aths 2 they ar s called by how they doploy src-
sl dements and how those lments 31 joined and
spperted The foce path concep s 3 smpl qaltane.
andyial 0ol fo tnderscanding and doserbng s
uralaccons. Ahough  may ot sheaysge complece
e of suctral bobaiour 5 el In vl
and comprabending srocural bakaiour, and . used
cxtensely hroughons s bock.

A force pah descrbs how forees wih 3 sructure e
rested by corian coments and antored o thrs
The ot th roue we vtz forcs alan 2 thoy
el from the sppled fores 1 th foundaions and
I th grouad benath, Tha term “orce P I et
phorclbacaeoforces don accaly movs. ot hey
st Wik sl mebors 4 £t of 3cion and
reacion i such 3 wa tat cvery sirucaral o and
comnection rmaie m equtbram.

st bocauso 3 forc path can bo descrb doos ot
maan a srueur s adoqate. By sructural demont
and commaction o a foreo ath must bo. suflcinty
rong 3nd U 10 wthiand th forces scung it
thom. Surucural dmones must fufl two_fnctrs;
15 0 ot s, a0 scon t0ransfor thsoforees.
1o other members and cvntaly o the round
The adecuacy of a fore pth s vred by folowng
ey sop, lement by samant. Three questions are
adiresod ad answerd 3 cach step what rss the
orce 2nd ow, a0 where & K ransred ol

(Consder tho force paths f 3 sipi sl ooy bl
Ing with o cror walls (g 2.17) Eathak accol
eraions i tho  drecion nduco iora forcs 3l
g dmonts ramoy ho oo and wells . nood
10 b traelrrd o the groun.

Wal sl o thex dircion roqure sufices bend-
Ingand shear sirengh 1 oo as stllow bt wide
verical beams Thy tanfer faf of thee own erta
forcesup o the roo band nd the ocher al down >
th founcations Fg 2.18).
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Roof forcs are resstad and ransered by root sirucurs down @
thbond beam 3 caves el I th absencs of 3 calig diphrgn
‘Whih coud 3o transr tho oo forcs horzontal th bond bea
st axd tanlors rof and wll mrth ores (0 b hear vl s
Ingin the  dircton Tho bond bam deflects bzl funcionig
253 contnuous horzonal b (g 2.19) The vl prsll 1o th x
drecton v e o o srngth ANt directonforces o o-f-
pln forees except  span veocaly becwn foundacons nd bond
beam They ar usialy noe srongancugh o cancover verccaly from
the ases  theyneed suppor o he b beam.

1the vl a0 they direcon weremore dscly spced npl,
572 or fess st then ot ofpane forces acing o the walls 3t
Fghtarges  ofconcrecsor masonry contruction an ke  short-
i Thy travl sidoways, drcctly o these wals parall o the y
drecion (Fg 120) I s cas he bond b rss e force o
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Bty th shor outofpln den val I walk ar of lghkumbor

rame condiruction no ater how dsely taced tho cor
walls 2o vl studs wil Bwys span verucaly an Falf o he
vall e foro wi bo transtarred upwards © th bond
beam,

A th sage. ofth forcepath. drection inerc foces it
anse from the roof and wals unning I the x drocton are
ranstrred by th b bams (0 th four s f shear wall.
Whon 3 wall skt 3 force parate o 1 ongh,hat s n .
planefrc, € funcions 53 shar wall Bond beas over th
dreccon vl actng I exher tenion or compression s
o forces from th o 3nd vl 1 these.y drecton walk,
Do 1o tho strongth i bandirg and shar toy thon s
o thoso forcos from tho bond beams, s thee own or-
ta foree,down (@ the foundacons (g 221 Overuringor
opping of wlk 5 proventd by 2 combiaton of thlr own
waght 3nd connecion to walk 3t rgh a5 wel 3¢ by
esor boks extending o the foundtons.

Fraly consder shlang i th x rocoon. I 3 real etk th
appans smancccsly wil y drecon lcadng, Smiar foree pats
apply excep for two frences s, e ableands,whihare .
ity vlcrsle sgans: ot of pae fores s (0 her hagle. nood
10 b ted back 9 1o st Second,bracng 1 requind 1 the
oo pane 15 et nrt. foce rom th o o he gl 35 el 20
the morta fora from the ool e (P, 222) The bracg tranfrs.
thee foresthrough esion nd compression srss it th x dec
o bond b, From theo. forces travd trough te o x e
o shear wall down o ha foodatons.

The fore paths for shaing n bt orthogoral dreccons favs boon
descrbod. Durng 2 qako with 15 drecdoraly random and cycc
patton of shakng both forc pats ar accvated t. tho same tme
This means tat. may cemets simukaneously s 2nd tanser
o diferent tpes o frc, For sxample. walls e outofpne
Torces whie 3 acing a5 shear wlls. Exihuake shaking nducs 3
very comple thrs-dimensonl set of merta orces o 2 buldg.
bt providd adaqate foce pacs 3 provided 2 dscussd,buldg
ocaugants wilbe s and dmage minmized
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How BUILDINGS RESIST
EARTHQUAKES

(lapeer 1 dwelc wah the atur of ground shaking s i aflects b
Ings Tis chaptr now oulins tho ki princpos of sckmic resst-
anco for buldngs Factors uch 36 tho yramec characersts of
arthqaas he i and the ofcs o st conduons o al
extral o bulding, No mattr bow walo poor desgnod. buld
Ing s 1o control over tho ofcs But 25 wo sfall e,  combin-
o of fctoe sch 3¢ the form of 3 buskdng, s materkls of con-
iructon and dyrami charactanses, 35 wel s the calty of ks
trucural dosgn and constrcton, ready o how 2 buldg
responds 0 s sakng € exerinces,

‘We thereore tam our aencn t0 hoss spects of 3 buskdng Kzl
. agaly detomine s semic espone. Ths chaptr bogins by
dscussing th mature of rthquak frees 20 oces how they dfer
o thorforces such 2 hose casod by he it 403 pon
buldngs The ollowng sotorsthn exiors the key physclprger.
s ht flce th severty of sk forcs. A Spprctong hose
ctors tha iucncs ek of ek frc, th b equrenes
for s reitancs 3 condorad Thi it s 04 e
o o blkding orsion and th concpt o force s

Saic fores are ertn forces Whan any oo, sch 2 3 buld-
Ing expeences scclraion,ert force. ' enerted when s mase
st th secloration We exparierce Inerta foces whie traeling.
Espaclly whan sanding i  bs o ran sy changos i peod st
eratons) cauk us 10 o our blince nd exher forc s 0 change
our sancs or t hold o mons
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Newton' Scond Law ofMocion,F — M X o eraes the nrta force
F 1o bo quantod. A, the mas of a abec, s determined by g,
s waght by th acsleraion e o graviy who o1 he seclration
s sfac o (g 1) T 1 he pravary eqation fo smic rst:
antdesgn.

Inera fores ack wain a bulding They ae kel forces. AS the
ground under 3 bulding ks, seway, horzonal accsrcons
raslr up trough tho suporsrucn of the bukdig and gonersto
Inerts forcs hroughor K. Inrta foeos at on aery i and cvry
componen. Evory saaro motro of construcion, o  floor sb o
. porssics woght and thorlors ase. st 3 graty foco Ut
acts vty s dtnbuted ver sk foor s  somic.
Iner oo, xcep it 1 acts hortzocly (g 22).

The snlogy bewoan gravy and ierta fores can b ok frthr
A th sum ofgravey forces actngon an e can b sssumed 1o
26t 2 s conrsofmass (CoM). 50 can th et fres o ary om
e comdored o 3 at the sam. e Sce st o th weight
Buldngs s concontated n thr oot ad oo, r the ke o s
sy desgnors 2o nrc orcsact at the CoM of th ro and
s floor leve (g, 2.3).For most buldngsthe CoM cormesponds 2
hecenre o pn.
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forcos re e —they act (o3I st of s sl -
ferocos the fature conmon o both orces s that thy 3¢ horzon-
. Ahough pearserical wid sucion forces act o rools curg
2 win stomm and vertcal round accorations 3o oceur durg an
arthqake, theso vt fores sl Fave e mpac o the ovr-
a btavour o buldngs The only e 1 bulding mgh ned (0 be
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