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SEISMIC RISK TO SC’BOGL BUTL‘DINGS iNSGME ASTAN COUNTR!ES
A.S. ARYA!, B CHANDRA’ AND PRATIMA RANI® '

_ 1. Introductien

Human race is estlmated to have lost 75 nullmn hves during the past about sooo yeqrs duo
to earthquakes. One of the worst enemies of munklnd an earthquake is’ unprevenuble ,,,,
g5 yot unpredictable. The greatest sgismic activity on the earth i is noted to be concentra
along the Circum-Pacific belt, the Alplde-Hnmalayan belt and. the mld-oceamc rids
Atlantic, Pacific and Indian Oceans. The occurrence of these belts is now attnbu ed to dm
earth buildmg process still going on which gives rise to the phenoimenon of plate thctotics’
One of the major seismic belts, that is, the Alpide-Himalayan belt lies along the junction of the
Indian and Chiness plates and meets the Circum-Pacific belt in the south-east Asjan region

The loss of life has mostly occurred due to the’ collapse of the so called non-en
buildings. Edpcational buildings like other buildings, are also often damaged or destroyed in
earthquake shocks. They are even more vulnorable duo to larger spacing between walls in
both dlrec;wnu dictated by functional requirements, than usually provided in residential build-
ings. Failure of schools may result in cutting short the lives of the future intellqgentia of a
country and cause terrible upsetting to the parents of the pupils killed. Beudes the educational
function, the schoo! buildings in rural and semiurban areas of underdeveloped as well as deve-
loping countties are used as multipurpose community buildings too since these may be the only
public buildings in a village-or a group of villages. This calls for greater safety and’ durability
in the construction of school buildings in earthquake areas.

2. Object and Scope of Study

The present study forms part of UNESCO»s connnumg program of rmnrch ;nd deve,lop-
ment of methods for protecting educational- buildings against natural disasters. The object of
the study was to collect and analyse the relevant information about school buildings and
develop the measures that should be taken befqre, just after and some time after .the pecurrence
of an carthquake for the benefit of the school buildings and their inmates. This naturally calls
for the study of seismicity level and materials and techniques of construction in each ynit of
the region studied. In the present study, only the countries of west, south and south-east -
Asian regions were included namely, Afghanistan, Bangladesh, Burma, Indis, Indonesia,
Iran, Iraq, Malaysia, Nepal, Pakistan, Philippines, Thailand and Turkey. The data presented
herein includes that related to spdce planning of the schools giving idea of the wall spans and
heights, materials and methods of construction, macro-seismic zoning based on Modified
Mercalli Intensities and damages that occurred to such buildings during past earthquakes.
Summary and analysis of the information brings out the serionsness of the situation.

1 Professor Department of Barthquake Engineerin g
2 Professor Un :
3 . Legturer Roarken; . ndu



2 o mvwmmgmr«nﬁm
3 mﬂﬁmﬁi"m.. QH "t !m’ 'l”‘i?{ ilui:: EL b?-‘f 'raq: 1h a1 Te olp@

_. M MMMMMMM Hamm ques-
hm re pe: m‘wa\gyr Ay (Mﬁ ‘n)lﬂv’AiLg 5 }ﬁ.‘fﬂz AP, .
A ‘questionnaire was designed to soloit. mfotmﬁnn&mﬁevmmmntﬁu under
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'memmnm:m& &mpbumnbmmmm tgutnnics of

the:arca fista:thie eartliquakes ahove a mignitude of about 5.4. 'These had focal depths of the
ander;: of. 70km . ormose... This. report which covers the periads datingback to:50:B.C. and
includes informagion upse theend: of 1970, tm&mh of: several past eafﬂlquakes based
on damage surveys. The data was later utilized in preparing the “seismic zoning map of the
country in the sdmis'way-as iz done in‘some othés oouitries: like Canada, Indin; USA and USSR,

~ According to this map the country is divided i into four zones named asMajor, Moderate, Minor

andiNo:risk Zonbe. > The onisg map iy ¥owa' {n Fig. ‘1. ‘The-déstraction and heavy dainage
sk zéndeerl%s‘pmﬁt o' MM iatensity VI or more, moderate damage vk rone ‘pértaing- to

ittensity ViI, ullght dalnage risk soiie to inteasity VI:and 6o dumuge ris'ltfmne »to inlemnty V
or less. .

‘04 Dallllge h P.’t E‘rthmm ) N - _,.:_" .]. T .7 oot

-Ttis githered that adobe sd brick buildbegh suffdrsd’ eonsidmble damage during: Ishka-
midhearmquhke (Richter Magnitude 6.6). . Many Housts  iof this typs. wollapsed - completely
and meny others werd renderéd inhabitable even thboughthey escaped complete collapse. < The
failures were meinly due:to separation of walls-and ceacking: of masonry:around: openings.  In

stone masonry construction, alésencé of “through’ or boﬁ& stones wis one of the main. causes.of.
collapse of walls.

4.5. Construction Non'ns fo’r Schools

Even though there is no code of practice for aseismic design in Afghamstan, some spec:-

 fications have been ‘drawn up specialiy for schiools. ‘These are based on'a report: submitted by

’

UNESCO Regional Office for Education in Asia in 1973, - According to this, the following
specmi provisxons must be meorporuted m the stnwtures to be built i in euthquake areas:— -

(a) In randbm rubble stone masonry, ‘through' elcmonts (from one faoe of . the wall to. its
- opposite face having an area of abotit 0. 5#it) must be provided at regular intervals of 80cm
- in horizontal ‘and 60cm in -vertical -direction. These elements can. be either stones
(of length equal-to. thickness of wall) or-steel bars (10mm dia) hooked atends or reinforced

. concrete t:es 5emx80m thh two 6mm dia bars béut in U-shapc &

(b) At plinth level 2 remformd conerete runoer (Scm tlnck) isto be used in all bnck and stone
walls,

(¢ In Pukhta construction, vertical steel bars (12mm dia) one at each. oorner and Jnnctxon of
walls and a reinforced concrete band (10cm thick) at lmtei level of doors and windows
. arstoibe psrovnded on all walls. .

3

" (d) . In Khm constructlon, t:mbcr pelem(lﬁem dla mhxmum) at corners and junctions of walls

Lo wvertically is to-He provided. ' Hesizostabtimber runncrs:on all walls (at lintel level) must
. b welbnafled together at junctions as well as with vertical poles.  In addition, timber
17 elbows @t junctions:of walls overy 60cm height:above plinth to liatel band may be provided.
_su<Timber:runners.should be Scmx Sem or equivalent, one on each faoe of wail w;th inter-
connecting links. Ce :
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- (é) &wﬂwcm:mntbeudmguhrwaﬁd relative dhphm&& daﬂng shakimg, -

* Precust reinforced: comcrete joists sy have s cast-dn-site nener o the well at the ‘ends’
'@‘whumnhmhﬁmmjohwmﬂum ‘In-taso of -timber: pales; these should
b0 apiked fato wall plates and mpumm b nailed 1o these:roof poies.

' Inzmuofm mmiuesmmeot‘the Mmummhpm

The deugnsdmm upfor newschaoh in AMEI mwmﬂ' thoe spoexﬂo-
ations. Duyring the.¢ourse of visit to Kabul-and on discuasion with sostened afficials, it was
learnt that these are beieg increasingly-wused in raral dnd whmm -Fig. 2 shows & . m, )
plan for one such school.

4.6 Conclulions

It scemswmn that the- oIdermheol ‘buildings are noudequ&w Mant nnd are sus-
_ceptibie to earthquake damage in futuse. - However, the newer constinotion pow . beisg uader-
takén by the government seems to be:good from the- view: point of -eartiquakes, - However for
private construbtions, it would be bhttar if municipal bye laws.incorperate similar: spemﬁmtions
as for government schools in the abam of & selstmc code for the country.. :

s, Bnng!sde_sll
5. 1 Plauning of Spm

The most common buildmg modulz is 2.03 m giving front verandah- of ong: module width
- and class rooms of 3 module size cach way, that s, 6.1mx6 1m. Thereare variations of
these sizes as well. . The width of the verandah is being reduced for economy' and may be
- replaced with a much smaller cantilever projection of .the roof. The class room may have its
width as small as 5.4 m and as big 8s8.2m. Apother important developmant is the omission
of ifiternal cross walls so as to provide flexibility in'the amrangemsnt 6f classes or to reduce the
mimber of ‘teachers. ‘Thus long unbroken speses resnlt whorein pupiks of different classes are
scated-in groups in the most convenient way .depending apon ‘number of pupils in each class
and the number of teachers, The class room sizes in higher secondary schouls are about the
_same._ But the area of laboratories and assembly halls is bigger requiring longer horizontal -
spans of walls. - For example, specified laboratory size is. about 8 m % 18 m anfl assembly hail
~ size 12m x17 . ' : o , L
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The most common building material for constmctlon di' ;wallz mdfwﬁngs is: lmmt brick

- 25 cm long and 12.6 cm wide. Timber pos& and Ekra walling is used for temporary construc-

tion in some areas. The fouridation : depth: is:usually kept - 0.53m to.0.75m below ground

level. - In most areas water tible is quite xhi@ Unweinforeed strip-footings are’ used for brick

walls, 063t wide for onie Stovey” Innldmgs, ‘anid individual:-colamn - footings .56 mx9 56m

are used for vorandah columas: The -plinth -heighit is k@pti) 45m - above ground level. - The

. 'foeﬁngmmofa cement concretedayer-7.5 om M in:}:'3: 6 mmat tkebmandé‘bnck
" work in 1:6 cement sand mortar.
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Hife of 75, 25 and 10 years respectively. In one type of psrmamtoommmion.ﬁ _
end walls sre 25 cm thick, long walls 12,5 cm thick with, built-in columas 23 emx25 cm or
28 x 96 omnfor supperting Yoo bewsms; thie: ‘verfndeli oolunes are: el 25.om X25 em
or25 emx 37.5 cm #'fize: *Fhe movthy used B brick work i 1:6. dombatsing; Thy walls
are2.94mh qm plinth to the uvaderside of roof slab. ledoqn}tqo 9lmx2.06m
‘and windows 0.9 mxl 2 m placed at 0.4m shoye ‘plinth. "Thus  the @gorsndwrdndaw '
lintels are some times at different levels and Individuals fintels are used ‘above the openings.
Ay an alterpative m:;olumn ) all. walls are made 25:em thick. The roof
-consigts pf sed cencrete beam siab construction laid 1 monohthnimnm ‘the whle block
' “$frcome and. supmteslsboverwsndsh The mix gsed_is 1:2:4, The room slgb s
‘10 ¢m thickand beam projection below slah-17. 5 qm %28 cm, - alabis 7. &qn
thick which is'monolithic with a continuous beam overall the - colunns oi' the verandah, A
typical building plan is shom:n in Fig. 3. ’

'ﬂle typical semipermanent construction cdﬂmd"hnndlﬁmuﬂ Mﬁﬁwﬂlﬂ

88 for permanentconstruction. . But thntoof . King-post timber. trusses .pesting

: 6n eo’mmns aré.used with, carrugated iron sheetin Local timbers, Sal, Mehagoni, Karj,
“Chambol, Sbn.noha and Pushoer are conéidered. sultablp.. “Horizontal braging between trusses
i recom “Timber.sizes -are: pyrlins 5cmx 10cm, rafters 10 cm % 15 cm, king-post

“10 ot X Tﬂcpi“bncln;members Scm x100m mpwtwery. Bamboo mat¢ eemng isindlcsted at
taain tie level, .

mmusmrymusmmn eotpﬂmy sdsool hssﬁkmmmwwrmm
' itmshuﬁmf ‘En_ this construdtion; 25 cm. wall ‘is- balli . apto window sill : lewel.
- 10'eta X10 cm tinsSer powts, embedded in ‘brick’ work mt buss, supports timber trusmesat top.
I between thowall and: mfm‘m, okra mm;maum of deable ‘darma’ mat t covened hy
1 urphsuns oonltmcted

Bealdes the a.hpvn thme tames. thm are muntry-——»t;q:e schools lumns timber posts
embedded in groundand supporting the roof trusses. the cladding wall being Gi roof or
bamboo matting (Photo 1). .

. - - A Qyclone vosistant soof Sor primary . sqhoohs nado . fmm«jm-niufosw potyesser resin,
ud!ob&ium The  roof. is balted: down to brick walls -of . desired -height. A .achool -
ooaplet;l; built: fng)mthk mdsbovg,pﬁnth lovel (vuthout longitudinal w&lls) exists in
Dacoa (S¢e Photo -

Wmﬁw‘ﬁkﬁ& m‘ﬁro#idea‘ in most perms.nent and semi-permsueng Mﬂdmss.
. onie at plinth level and the other ‘at lintel lévél.: ‘The bands are 25 cm wids, 15 cm deep in
1 2 4 concrete mix rainforced with 4 bars lOmm d.ta tied !hrougthmduliqk;;(Pho%o 3,4).
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(:) Bmptanmow hskon ﬂu n«w@mmm m mmsm
)lem of India,: Bmhdo-h is nothi!hlxwmkmrom pres. . o e

(ﬁ) The existing facilities for selsmic data e&ﬁecm amauya& i&a i&t&p;#t’aﬁo:x @. grﬁuy
nadequste and need urgent nmpydvemen,f L o

: A tentative earthquakc inunmymiamo bymeeomﬁmwg' ssicun mfi
‘polation’ of ‘the selspile zones adopted in Ydia'id, ""-dréajmri'dn‘ﬂﬂihgﬁt ﬁ"‘ 'hdﬁ'ﬂ&
sides, it appears that thires to four scismic’ zon witt'be’ h’pprobhite i By i W

MM Tntensity 1X, VIIL, ‘VII and smalter. “Figi4 shbw& iibrqﬂhﬁna;y wp br :
bytheMeteorolégicalndpimﬁﬁht v o "jmlm ey
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' *Not much dats could “be colleéted od earm‘n‘akq &tpéet &ftﬁp préisl“‘ ‘ ‘t‘_ sy
schools have, however, been damaged in ‘the’ coutal dreds ' diie 10 ‘the  cyplones W
‘repeated frequently.  The weather in The cybroﬂba i§ rather’ uhcehhi‘n‘ 'Wlnd,
to 280 kmlhourm not rare.  Raiafall higher than m mm in #Amul‘s are
cyc!ones, in one cyclone, the rainfall in a single day was 1156 hm.” The' tfdfe
_ to rise when the cyclone gets to a point 500 to 800 km from the oout and oon;inues to
vatill it reaches the land. ‘!'heuddheight ranpes from:3:to 4.5 diowning vhst qreas' 61 land
and' cansing saltification of the soil. ' In some of the epclenes in the pabt, hugs: doss: of humun
lives,as many as 215;000n one of them in 1874; hes takea‘glace. Buildings:Have boes destroged
by blowing off roofs and-overturning of walls.: Many:times he: twisting action of the eyclonic
storm takes the most dangerous shape. Thetefore in some arehs,theischool bullditigmubt
bo designed to withstand earthquakes, wind-storms as well 4s jnundation. | A deslsq wind
“pressurg of about 200 kg/m' may p;rhkpi’ﬁe c?ﬁ‘si&‘erﬁd agp]l-g’grﬁ’te (or the co&stal at‘qaﬁ

i\'f{
5.5 Construction Norms for Schools T

1 Seoral “stasidard " desigts b 'schiyol uuuuihgs Wﬁuﬂuﬂ# Ww&. havebaen
s by‘m Détign Centre, Bducation Diréotorath; Daccl figim tithd to 'time

“beeti' muiﬂed. ‘a8 delicribed "above, trtibe ﬁwﬁmm*aéwn! and’ 1‘&
tructions. Pormanent school buildings cum shelters have also been pr8 o' éyc
ai?ev'pd,, v, 19 down for. earthqy mlm struc-
ton wf‘“ ool ’“‘!a”%éi:‘&“"‘ i o ""‘* o
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The school buildings as described above are not fully eﬁrthqu;ke resistant’ it iére “dhe

certau; good features. o sqofl 6 cement- f m and
all§ dind provision of pﬁ}x‘ltli agd lmte‘I Tevel bag m ?gg by Loy mzaqpe
"But may be adequate in mild s selsz%lc zones qnjy. AW of. ggqum mﬂop,vmgg,he

buiﬂtns into a fotig barrack type enc osrs. will YRX. meu,m,mmm oentbeike
ground inotiops’ as well as cyslon- wind plwmsdne. PosRpPanwd | ansih ot weils:

4



mwwh STV

Gl:imepaen:c a0y bae it eoitartoeh Yo villidiasiers ed ronoswanl o GG Ll ToRY Db
Coeofdige Igpoitsn ofl wd bLavorgga od of end Bee dno Lad con et o Gond wriooy gdv

5:1_ Planning ‘Sﬂu - ‘ : . : Sk

. The class room sizes in Burmae are. comparatively larger mmmsjgﬂﬂ il
about 8.25 m x6.7 mifor primary schools, 9.15m X 6.7m for junior secondaryand 12 2m x6.7m
fonhighersospadesyrachoole; Themsapactivenaasmbly il dizos re 18,36k 3¢12:0:m;, 30 12.. 3m,

. dneh HmibKUS e ok 419 yeaw sdid Missionerly Schidellnow.acotminctixting 2000 fisf srisdeety W
“Rehgetn:ohado an:meoeasbly: hail:suok: gygmmdium: seskuribg 50 oryed ""Fhe tisudlvoor
. bislghitivard. 3 by fdomll types,n: Priegy sohidols:! e genurally iaiugly: stopeysd. - whesslis ity
- jusdoccwittndizy nehedls hayeisitgloiand twao viorby by nbebe- 301 pedsent sacls *The: Sghce’
secondary schools are mostly two-kiesespef tbsut BO.parcuinh sowse Magls stoleysd (48 peiodm)

and a fow three storeyed. Most schools have simple rectangular plan with & row of rooms -

' having a verandah in front. Others have a series of blocks' suitably comected through

passage ways. S R AIEAL N JPREP U1 IY: E RO SR CRDE N TR (0 GARRT T iy

POTTR N

~ The most £ammon, opterisly, of oomnrucﬁoninthe';}almm; il and timbey. Iliﬂig

: hiily mustqn‘d is mostly used. Sloping roofs with corttighted ‘gl iron or as
sheeting on timber trusses are  common for schools. In modern urban school reinforced

—conorets stad foors are teing used in place of timber Boors which weie quite commonly used

nﬁﬁ%‘n Q:;Bm‘m., --‘,Zl db“w . by tw matjon is populax. fy l‘«“ﬁﬂ‘bﬂﬂ(ﬂ%yftﬂﬂd
construction W_._ﬂt;:@b!s‘-mﬁﬁﬂ B mﬂmt ar. sghool b-nldmsmqrhe framing posts may

be timber square sections, or reinforced concrete pillars, or brick columns. The typical spacing

of fhe posts in both djrections js about 3m, , The infilling pancls may be;made from pamboo
;08 half, bick, thick in cament-sand movtar. . In the iatter casp.it ismsual to provide light
cxongaed metyl every-fourth gpnran which js nailed to timber posts at the ends,

unreinforced strip foundation in 1:3:5 cement concrete about 230m thick with stepped
brick work over it is the most common. Under brick columns or posts, individual stepped

k footings are yaed.  Reinforoed congrese footings aro used with RE columns -Foyadation

mﬂivkw 90am,to 1.1 metro below ground level. . - - |
b Elgﬁ»iﬁ-‘iﬁﬁ‘éﬁ;iﬂﬁ#ﬁ An exisiitg Building with ffaber’ framing and brick
mPhote 5. 7. 0 T ‘

‘]? ng’lc“’? R O e TS IR P SRR T T -
b Bt ARy 6 TN iréedrded hiltory of iedérateind mibjor carthyuelds, Thers'sts more
. tBha"26 diithqaiier in Wk the Maghitde bn Riehter scalo cxdeéded 6.5 and the mazimum
MNFntendley YWHE o K. ¥ Midtoorolliival Department has prepared a catalogue
of earthquakes upto 1970 listing 111 earthquelies Hing magnitude 4.5 and more. The Mst
can not be said to be complete for the lower of these magnitudes. The problems of seismotec-
N dnd  BeiehiRY Sonivg OF i territosy of Biavini have been Rutied 'by G.P. Gorshkov,
who has prepared a seismic zoning'iihp Baséd on' intehsityidoale of thyFiktitute of Bh§kics of
the Earth, Moscow which are approximately the same as Modified Mercalli ‘scale, This map -
is shown in Fig. 6, wherein it is seen that no pait of the country is free from the risk of

i,




damags and quite a large area has susceptibility of destruction risk - and reveré dam _
‘This zoning map is however not finai yetand has to be approved by the national tho-

rities,
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- Meteosalogiohl Diparsintit.of - Barma.o: TabléF shows #hd selevant effects oa: Sullding: sod
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of s0il that is, complete Ioss of shear stresgth. . Beildings: resting<op such' greudd - wilkviek
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‘Damsge ko i (abrelia) of Shwemawdaw Pagoda
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" Most of the pagodas were greatly damaged, tops

knocked down. ‘Distodged bricks ott 6f walls of
buildings and plaster fell. Masanry building suffered
damage. Entire disappearance of False Tsland, (South. -
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At Mandalay, much damage done to buildings. At
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Photo 1 Governmcnt Primary School, Khilgaon, Dacca,
Bangladcsh Building at left with timber post-
truss construction, aluminium-. sheet roofing and
GI cladding. Building at right with wooden

rounds posts, GI sheet rooﬁng and bamboo mat
claddmg bl 12

Photo 2

Government Primary School,” East Khilgaon,
Dacea, Bangladesh. Long sides and roof of jute
plastic, ends brick wall upto cave levc (too hot,
but no corrosion problem in coastal areas).

Photos 3, 4 Matual pashchim .Para Primary School Dacca,
Bangladesh. Qpay brick wall in 1:6 cement-
sand mortar, RC T-beam roof, RC lintel band

all round. 0., partitions,

same room.

several classes in



Photo 6.

Alfred High School at Bhuj, India. A
dressed stone masonry construction.
It is a hundred year old buiding and

earthquakes
excellent construction.

Photo 5. School in Rangoon. Timber

: : ; 3 has withstood several
framig with brick nogging due to
on diagonals, good quality

construction

Photo 7. Primary School at Anjar, Random rubble Photo ‘8. Ekra Construction of Assam, India
masonry construction, has no strengthening wooden frames filled with Ekra,
provisions for seismic forces, no damage to

plastered with mortar, An earthqake
the builiding in 1956 Anjar Earthgake to good resistant construction.
construcion.
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%’ctmtyinpnm oftlna country can be considered

in Japan or California. A number of large size mher

‘Ba

the past and the bisgest el.rthquake shock on earth (Mmﬂ,
.country. -
LTSI ‘me;wd To abisuIencs f‘:{‘:..i-‘;; b dneetes adpbiiids v Sl BB vl RIRT

-ncinkt Tnitis, Kashmic: e mmm 1mamimmm N
_Raps 10f Kitehiand: ppanimisir part exn baridesttiiii s they regions 40- describe thy seismicity,
MEJMMW anifihas:bean sibjocted:te: moderam:;ta-hokvemuhquake daegs
Ahnpest, . Mast disasterona - shovk: .of May-30, 1485, (Mngmitede 7.0).. Bedonm shaek of
mile:5.2) anld: Ahantesg -sheck.: mnmaa.m aM!W 370 are
mmgm mmmmwmu \whieterg, , thegames Kangrs
4 dt A)isind, Kinnans 2artiivalen of Jas. 39,1975
(Magmtude 6) occurred close to the main boundary fault. Bthar-Ndp’al earthquake of Jan.
95,1934 had’ muguituwdb 83. The nsorfheasters ‘phre: of mumnmommvatmm..
- matked by'a number'of faults: und' thrusis aligried i mfmta)pm Ttis is this
- sagingy that the giant carthquake of mugdtmds ;T esauivel bo: hioe 12, 1897, and asibther
y big shock struck the area on Aug.. 15,1950, In the- Gangeﬂc plains, scveral earth-
kguitutle 6y isve octiirtediat Balkhlabitid MordSebad: i Deiis Tikiwist;
nmiafmw.wnude 1 ShgeK Al on Qe 51, 1996, bpigGinkduitndia,
R chi23, 1970 (Maéﬁit‘ude ‘5‘4)"1&‘3\!‘-‘!(% Wtﬁqﬁﬁé"dﬁm 11,
1967 (Magmmde &5} al:c the two major shocks which have led to. comsideratie amount of
iﬁms Me'siiinics Sﬁﬁl‘]‘}oﬂmﬁﬁﬁm miﬁs*dnﬂry L1TPNe sM%nﬂg :
- map of‘a:dla 1sshovminFig 8 . Cieslevipg :

ip.gn waﬁim@iﬂﬁ Hard W o Blunge 7{:, o s.m‘f,i vinese {1
R whononoiigooie ad e flaw rrisld 1060 bovadad Yo sw il bavael sinis i
‘v sfmhshawum dasnige to buidings: Mn&ermma;sbmuj 1905
- Kangrs; fm Bitiar Nepal carthquake, 1950 Assam:shack:snd: 1856 Aninr sardquakes.
_ Kapkoté eriliquake of 1958 in orthérn part caused severe damage to 2 large number stone
vt senidey DRI g il fer misti M ortar . ikwbed. Defidings f-this aren weos ntraffottodint all.
-!ﬁkasﬁmi!',' b kes of 1963 p968 Mrd 1967 sobd ! Bektingh having sottim tissties frames and
ol eadnee il were badly damagel whieress ithe ondsowitiveotdd:timbér frames were
htghly carthquakc régistant. Damage consisted of vertical!craels at- thmers, -segaration of
_ _ qu'awhes over openinigs and falling of ceiling plaster.  In 1967, Koyna
3 extifilive dimuge to fioBeit dmsthuiion in FhoBeHrebble Wamont§) In
‘“_ Hiod WO a 'Hﬂa&%rﬁ%ﬁf‘ﬁeﬂoﬁﬂa mum ‘than other




. net used: “This  resulted i total ‘ealiopes of the strusture. . Jo:

o dldnoisnﬂ'eranyda,m&ge ﬂuﬂng*thkiho&

12 S Mmﬁm mm#kw‘am

mmm&dawmmmmm% Mlchmigmmmf ,'
mwbgwmwaummmmmdm% mmmu? wege
a numbewfbmldlngs -withy sloping roofs were :wm;hhrfo; damage to- siliacent . buildinl
Mwmmwmtywmmmmg Mot of the old . cong-
truction . with stone of brick archies over openings.in partices, veraddahs,.doom.aad mindows
- showed cracking. In a two storeyed. Joad hearing; briok. building hasising. a seieace coliege,
diagonal cracks were observed around openings. Kianaur earthiquake: of 1975 razed many
- a rubble masonry structures to ground since most of these meitheriﬁmmbr&y .
packed. .Dressed stone: nmonry in cement mortar with light ﬂopmgroo?sn&wdlitﬂe
damaga.’ Lishtweight numumaeofmgmd iromﬁeea ﬁﬁb&'w timber fmmvvort
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India has two codes for earthquake resistant doagnand constryction of bmldmgs One
dealy with seismic zoning, determination of séismic forces ok {6 strictiros snd theit . distribu-
tion along mght. Themnnuyhaibandividdhmﬁwﬁmmm “showy. in Pig. 8,
whick vary from destradtion risk to - nb-dsmage risk  zosie; The- mmm ‘detuifs
of cdsttuction necessary to make the Btructiire béftor carihquake rosisasat, 2 aybe Poluted.
om:hatwhﬂeﬁumugwddmwawamwmﬂ&nhw eariiguaks. rosistant
buildmgs, iisny private buildings itlt'do not cotiform to these oodes. .The norwas as iaiddwn
are qtitte oomptehnatw Seﬂm of the Mghiights ipf" me oodu are as follows ;

(a) ’rhe main su-uctmal oiemnm and thak' mm are . ta hdugalcm1hatuismw
: energy is absorhed and sudden collapse of strueturo is. avaided. The Qedo swcs details -
for reinforced concrete, and stoel - ntrncture: to whxwe this. ob.mtwe.

(b)‘-:‘F'ur muonry oonstmtim well burnt, bnqka hamamn; Hmsth@f 35 kslem’ (mmi-
- - mem), squared stone masonty , or random WWW bmu;mto courses at every
_,ﬂlcm mtmahqrhmt"oncrehm:_' : ofa :

©): ,an{y mortar. should not be lqamr thm 1:6 cqnent——-sand orl 31}nn-nndor _
o) eqmvalent o o

* (d) Masonry beaﬁng walls should not bebmlt h:ghgm A5mop f‘!ﬂ! arsgh apte Toof
level/tic level in case of trussed roofs. Bearing walls must be strengthened  degending on
-the design  sbiswiic: -cosflicient fior the: bm!dmg For thcmonmwm iouowiu;

%&éﬁgthening niéuum ure neomu-y g
B

' f(i) Acontinaom mﬁmed mnm lmzd 1. 5 cm. &hmk aﬁdg : wmmnlto
thmdwalkwmhapmﬂadn!rmdnhnnlhutmq&sbmm walls, The
. band-shéuld have two bars,»l& mm. dia, one 6n each fw momd tom by ﬁm
dnlmha: lScm mtsrvali .

(n') A band.: amﬂar ;o ,(:) mustatwbepm:dedbelowthemqforge 'mptphnth_
S level, Howgvgr auchnbend awdnptbeproudedundwmthﬂ___ ,_




. orbrick work slabs resting on bearing walls provided the dabn are eonﬂum ‘and
cover that part of building oomplmly

- (iii) Ineuaofdomrootsapbhbmdmuuhpmvmnt&éwpd phle mmnry
s bnlwwpmim mmu Moonﬂamwuh ?.wmqf ‘baad aitie Jovel, -

oA ot o i g g B g mom brm
in plan qaste Desble to tranamit the seiamic sheps to th'ﬂblﬁﬂd&»

D f;}),inlgo,khpr | rodfa, sk floors wha, nm-hoummmﬂmmmmmww
(x . Spang.. mnuwofqpmhlargg,mnhﬁpuhmﬂqumwdedmnmy : fourth
co v 'pm o i 1,_‘. ARV Iy :

) Vetﬁe&,maei Hio e a janctions orms .aouxdbq‘pfcﬁyidqd. T reconinietided
e nd orcement bdrs varibs from 12 mm for & aingle storey building
N 2 mipfo hottom n;orey of 4 storeyed bmldinls In i cond. third and fourth
. - stofey 'IP’ of {bent‘o:cemenf barmay be reduced mzo. anﬁ 12mm mpgdively.
- '_T‘ﬁﬁ.f., Aty Aj{ 3 ptoperly cmbodded 'in plinth. mupng of foundaupn and roof
‘sialy or ‘roof For less lntensity zones the qumtity of stect may be
reduced ngmpriately, '

¢vli) Openlns:inbuﬂngwnllsmwaliobem by -providing’ rahrorwd concrete
membm or by provlding jmnb steel embodded in lintel lnd sill muonry .

- {viii) opmahoﬂd be‘plnned suoh that. t.heir wul wn&hh awa.ll doet not. exceecl
. balf the Jength of wail between adjacent dross walle. . Minimuin clear distanice equal
to 1/4:height of opetiing must be there botwoen the cormer of wall and the opening.
Minimum horizontal . disiance ‘between two. openings shouid be half tlnhotght of

shorter opening and the vertical distance 60 cm.

(c) “Timber buﬂdh;s muu ;be restucted to two stgrey,s ';E‘he n!rlmure below the plmth
showld be in | masenxy, while timber superstructure may either .simply rest on it or maybe -
igidly conneoted to plinth masonry. The.timber frame members should have a minimum

“of 40 gm x90 cm lecﬁon and should be spaced not more than 1 m apart, Timber bmldmga
cln bave aﬁ&r ’tud wal!p or brick mmd conntructlon .

1.c dduidw o

SThe pﬁ%‘l norms for ueismie conm-uction of buildmgs, the type of which are mtely to
‘baxtised for sitbuls, appearto bp adbquatefor wall spatié apto-about 7m. These incorporate
fhe mum&medtents Vrithouy dter&g ‘Mo basic formis of’ construttion prevalent in
the ‘variots roflobl However it 1s iinﬁlomeﬂi tb see that various construction agencies should

d inipieifie Yecommeridations of ‘the relevant’ codes in thisregard. Ttis this
part which mny fequire dttention of sppropriate authorities' responsible for planning, design
and construction of buildings for.educational facilities. Most existing school bnildings
Kowevet o' nofHiave these aﬁﬁtww provisions and theré isa nbed to check them for
safety and h:sull strengthening mekstires as found moelsary.
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The oommon building materials mlndonomm wood bamboo, burat clay: bmks, lime-
trass blocks;: denient sand: fave, | "Wood- mwmow-wﬁﬂmmmm ANHon-
. structural-purpotes;.: Simiarly; bamiboo Buds ite:wess in. stroctifal flurdtag-dnd! Abed framing
as: well as fboring and: cladding in variousforuis of mating. : To° mmwm used to
hWmeMMmyme@Sumv-ny HONSIOT i
DO nadah e oAy ey ’hm S TR
-~ ‘Most school buﬂdmgs have ;loping roofs made of timber roof trys
and “carrying ' gatvanize ffon shm rodfirig: or’burht %ﬁy fithes, ™ eté
ised,’ thété' ¥ a woote “wall ‘plate oo which mﬁéug{:ﬂ Vo
nills. " “The ‘Wills ‘are’ commotily constructed of B _}‘cﬁxtﬁpks’fﬁg”‘_ IS om'
 20¢m #idd 6 i X 12'cmX 22 cin) o livre-trass Bk irl 174 ‘pebeitions  (iite Bom x14emx
25cm). Some old building walls 416 i taddork Febfiile #0'tm | Tﬁ‘hﬂt fﬁ“ﬁtfwﬁfl’were
 constructed of dressed soft stons joined with coconut water. The mortar in ignl sre
or lime-sand or lime-trass in 1: 5 ratio. New constriictions use cement-said pioets
wl!qmthmkamnmm Seame. ; Amummwm%m
mm{mmnd . %M%w satight infitls.  Jo. 1 LRt
nsed at plinth level, . Bat no wcl;Mbmmnmxmwmm
collapsed. schaols, i .Bali:island, shool mmm&mmm
trusses with ﬂ!wond side covering and. (31 rpofing, hawe. alee. bmm!ar%m rl}ght mnms«
tion Bamboomamunalmmnﬂu wall clas ,@m{m At g
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Seismrie Risk to:School Bullding: in Some Asian Countrles 15
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-+ "Indonesin: is; one: of - the highly seismic countrics in. which. the greater part of the land is
susceptible to damage by earthquakes. The spatial distribution of shallow focus.shocks in
the area shows that nearly all the activity is confined to long zones which are rarely wider than
200 km. - Intermediate and desp shocks are also clearly -distributed  in long narrow zones
parallel to the adiscent zones of shallow focus activity. The active scismic zones which are

_ generally ' associated w?hdﬁer forms- of tectonic actlvity seam to divide the Indonesian-

Phiilipine regions into-f5tr plates (that js. large relatively inactive regions), namely the Tadian-
Austrafian ‘ plage’ fi"the south, the Pacific ocean ‘Plate in the sast, the Asian plate and the
Phitippibe ses piste. “The boupdariss of these plates are generally associated with selsmic
activity where most major earthquakes have been caused. In these areas seismikc intensities of
MM VI and more have been observed in'the past. The division of Indonesia in seisic
zones id shown in Fig. 11, ' S I

Instrumental observation of earthquakes in Indonesia had starded in 1908 with one hori-
zontal motion instrument in Jakarta. More stations and instruments were added later and
upto 1967 there were five seismological stations at Medan, Jakarta, Tangerang, Lemband and
Bandung. At presentthere are 11 stations, the average interstation spacing still being gbout

‘1000 km, Most of the stations operate at low magnification due to hoiss level being high.

Under the UNESCO Project ‘Regional Seismolagical Network in- South-east Asia which

started in 1974, six existing stations and five new station will receive high magnification

 instruments. operating at magnifications from 7000 to 450000. Besides, cight strong motion

instraments will also be installed.
8.4 Damage to Buildings in Past Earthquakes

- Damage to buildings has occurred in many earthquakes in various islands of Indonesia in
the past. The recent striking example of destruction and damage occurred in Bali island in
July 14,1976 earthquake. Besides thousands of residential buildings, & large number of
schools and associeted buildings were damage during this earthquake. Teaching was dis-
located for a period of two months. Table 2 shows the statistics. of damage to schools and

Table2 Number of Damaged Bulldings

3

“o s+ < Number of Buildiogs Having
-, 'Building ¢rions Minor Total
- RN damage . damage
Primary’ Saiool " 390 8 41
Junior High Sehool - 34 3 37
 Sonlor High School 8 : — ‘ 8
Offices 1S \ 6 S

Teacherehousss 134 . g 142
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-or flat arches on steel Joitts and flat reinforged concrete or brickworks slabs éto. A new school -

phn is shown i in !‘-’ig 12. Similarly different types of lintels are employed e.g. timber poles or
‘phhks,mfm hil drelith aad- relsfercdd vbiercle' or  brick werk: “in"iomecaselthe
butlidings Sdve sioping rmmedbymemmum SRS -
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" Tran is msmiea.ll'y very #ctive ;nd has ha.tf a \rgé Dumber of aﬁocks durl“ag the paai The
earthquake activity is more in the ‘south’ an& port compared to the Fest ‘of ‘the area. The
of sarthgiiakes haye boen upto 7,0 on Richter scale and thy maximnm intensity has

veerded I (on the- MM, scale) ob feveral. ogcasions. | Moat -earthquakes have had focal
depths less than 70k km, or: %0 and, ug ich ate clagsified as ahatlow focuq shocks. Almost no
area in Iran oan be considered a lz of  earthaoake ativity snd it ia parkaps. for this resson
that no attempt has so far been made to draw up a seismic zoning map of the country, The
anti-seismic provisi ons are therefore uniform]y applicable in the entire country at present,

94 - Dlmmh Past Enrthqnatu

Tran has had e number of strong enrthqua.ke shocka coverins aimost the entire country
Buyin ekrthquike of Sept. I, 1962 which shock north-western part of Tran had magaitude 7.0
and caused widsspréad dtmnge patticularly to-the bofldings construzted of mud add adobe.
Similar effects were observed in Aug 31, 1968 Dasht-E-Bayaz carthquake in ¢ast-central
part of Irih. Bandar-E-Abbas shock of Nov 1971 caused cracks in & number of brick. and.
coricrete buildings while' damage was more in case of adpbe ltru.cturqs Another very “strong
earthquake in south-western area in Fars province at Ghirin April 1972 (Magnitude 6.3)
caused more damage to baildjngs built on allyviym compared to those on rocks. - Modern
reinforced concrete structures which were well deslgned and constructed did not suffer any.
significant damage while poorly designed structures were completely ruined. A newly cons-
truoted school buils in stone masonry employing 50 cm thick walls with roof made of jack
arches over steel I-heams collapsed compietely. The room sizes were 4.3 mx3.4mto

5.4m x7.1m, If was found that damage was beavy whepe  steel. beams- were ‘not. anchored
tightiy to the walls, In Mansoorabad, the building of Hafez Elementary School was seridusly
damaged and part of the roof collapsed due to weakness of the walls which were sun-dried
brick. Serious dammpe.occurbod in. six newly built singls storey school buildisgs with roofs
made of steel I-beams and jack arches. o fact the buildings collapsed despite the provision
of tie beams presumably due to poor quality of walls. Similarly the school building in the
village of Maninid was completely destroyed due o discontinuous tisbeams, inck of anehorage,
lack of bracieg-and inferior quatity benhg walls, Itis ga!hered that out of abeut 2500 small
rural elementary schools construeted in stone masonry- w:th steel beam and shallow brick arch
roofs, three collapsed completély while' sofhe‘ vthers were badly damiaged.

North-eut pm of Bnndat-Abbas was agam shaken by a'5.6 magmtude shock in Mareh
1975. Like the earlier cases, most serious damage occurred in large sized concrete block and
maspary, buijdings with ronf.of J-beams; and jack arches. Mast of the adobe buildings collapud
and damage to masonry bmldmgs was geen. in the walls pcn-llel to I-beams, - '



98 .wuum.m&wp - o

- (&) Irenian; aatiseismic. code for building. .construction  spevifies that seisinie forcs for.
school buildings must be 25 peroent higher than normal ‘aiidings.in view of their  leportamce:
as public utility structures. . In order to avoid earthquake hazards, the code restricts the height
of load bearing walls construction to thres stories or 11 ‘meters.  Buildings with precast
conerete blocks are not supposed to. exceed two storeys plus a basement or 8 meter from natural
ground level whilo stone buildings in random rubble masonry are not allowed to be more than

18 * Bulletin:of the Indian Society q’mmﬁmgy

just one storey plus buement or 5 meters from ground lev'ql; _ o
. (®) The maximum height of a storey should ot exveéd 3.51m. Ty case Bowever if it s
s0, & reinforoed coricrets tis beam shoukd be provided st 3 m intérvals alog the belght in alf
walls in that storey.  The tie beam should be at least 20 ciif thick and its width must "be ‘aqual
to wall thickness. The minimum reinforcement in tie beam should be 4 bars of 12mm dia.

©) Themaximm unsupported leagth of a wall is 8m,

(d) Openings in an exterior wall should not exeeed one third of-total wall ares and total
length of openings must not exceed one half the length of that wall,

(&) A tie boam of specifications as in (6) above must be provided at pith Jevel uadey all
walls. Similar tie beams must be provided under ceilings and floors in all buildiggs. }
(D) Arch osilings of brick dre permitted only in single storey buildings. “The bearings of
this type of ceiling mugt be reinforosd concrete tie beams. - Such tjs beams which face each
other must be connected to cach other by steel bars at inlservgl; of about 1,5m.

(® In case of domical brick roofs, the rise of dome is to be notless than 25 percent of

~ (b) “Slabs.of hollow blooks and prefabricased Joints are permitted, provided.

() Thickness of cast-in-site concreate should be at:Jeast' $ cm over top of hollow.
" blooks; . | | ‘ bl ! v

() Profabricated joists shall not bear oa reinforoed comorete tie beams ‘on the
perimeter of slab, but shall be comcebdinto»rlheAOrbdms;‘ REEE R .

/(i) Steel bars 6mm dismeter shall be provided. at right angles to the direction of
) pufabrimd joists, on top of hollow block at intervals of 20 cin, and -

(iv) tie beams, jofus and slab must be concroted nmulta.nqouly
- (O Masonry mortaf maust ha"v'c'at leﬁst 200 kg of cement or lime in one cubic méter
of mortar, : B L S . . S _
(i) The tlo beams in any ficor ‘should be.tied to tig bedms in the floor above and beiow-
- by vertical bars placed at corners andjunetionsof walls. - - . . .

NIRRT I
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506} - Tnondeof Jack arehies and steel, Tibeasms; tho Deamms ‘auust b -securely fixedin the

KU Mof‘ tlnber. straw mats. or clay are prohibited.. |
{m) Mamryinﬁll walls must bo tied to columns and to tieﬁ S
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(@ In gs with trussed roofs, it ‘is adir_mi:ie t0. use a truss each at,é;_l;gjw,o,g'nch
"and not allow porlins to.come directly on the masonry w o . T ,

| (o) All pactition walls trust be tied to main walls For this, horiaontal stoei bars 10 1
- dik miset-be.fved st their junotions with Ademmmhprmmbpthm walls... -,

| Forframed structures the seismic forses ‘are t be computad giking Hus consideration to
g :lllir;uQn characteristics. However there are no details given in the code fok the coastrups:

L . e g
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Basia of study it 1§ conclydod thit ‘e codal provisions it ol propecty o
8p0d earthquako resistant structiral tatem. Thisre are however & myidber of

g .

schoofs conr Jrior to the latroduction of the ‘ods, which wiuld isgtiire ¢ checkup of

the design and posibility soma sirengthsit in otder. to mees ‘the challekigs oted by the
seismic activity inthe conntry, " Yt e e T HREEEARE AR

10, Iraq
10.1 Plaaniag of Space
- Reéordln:";'td'dhu sapplied by Director of School Builditg’ Divigioh of the * Midistry of

. education, the 3vérage size of classrooms is 7.2m by'6.3 m for prhmary; junior secondary and

higher secondiry séBools.” Ass¢émbly halls tive ‘approximately 24 m by $8'm space; “The uiual
height of rooma Is 3.0'm. Most of the prisiary achools ‘are single borsly Buftdingyind o foy
drs double storeyéd. But higher secondsry schools have 50:5D proportion of singlo and
| dodbledtoreyedsysfems - o T RO

102 Mutertsls wiidTothaiques of Construction - -+~ . . .

.- Ehamisual materials. of constryction of, acheol buildings are brickwork in the middig and
southorn parés-of ithe country while Hone magonry; is mare popular in:aorth. .. In some: places.
concrote bldoks are used, The foundations are . uapcinforced continnows footings. . Floors
‘consist of either flat reinforced concreto or jack arches on steel joists. A madern school
- building drawing is shownin Fig. 13. in some cases trusses covered with absestos sheets are
‘also used for roofs. . I L R

103 Sedsimdedty: oo e o
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(. These sooms 9 have e o cariiquakes i the ving shemady of e, preseat oot
Ascording to the Scientists of the Seismological Unit of. Foundgtion: of Sci oiific.Reso

H




small maguitude cartirquakes have otolirred ity 'thé pust buits mijor dheck: bas-aod otdurred
8o far. In the northern part of the country bordering with Turkey;: shrttiquaios of aodérste
size can be expected in future. o - LT ,

104 Damage in Past Eartixquakes, B e

Thers i a0 information available to {llustrats. damage of any, kind to oy
o T T A LA VRIS L FVDE o LRI T e
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structure in

i

any sarthqhdkes. - _
10.5 Norms for Constraction of Schipols

ST

’

Tt RN A HE T S STt TN I :.!“_sf; T
~ There are'av special: provisions ‘apEvificd it the - constivition’. prietioss oicaterfor the
seismic forces that may arise ctluripg,_euthqqakes._ e o

10.6 Conclisions - - - -

. . . free ot F
In Iraq, thero is little awareness among the people about the earthquake problem. This
ssems to be due to the present gemeration baving not experienced -any WM&M
- their living memory, However, the sorthern ;past of the couatry ia g potential eacthquake
area and could get such cacthquake shocks which. would damage fhe type of copatitiction

-

prevalent in the ares, ' Otic step . which Is immediatély  required §s ‘fo atart’ monitoring the
selamic activity in the.countey. Foundation of Sclentific Researchi which Ras got a selarmiologl:

cal unit attached to it could include this in its programme of work.
11. Malaysia
11.1 Pimlng of Space

. iewed in the context of the context, of the Aslan Region, the pew: schaols in Malaysis
et 8 very high stagdard of design, construption and ampnities. The general pattera of schopl
plas is rectangular blocks of elass ropms. with _lavatprios as snd. ;. Most such blagks are two
storeyed pacticulazly in primary.school. Secondsry schaols bave thise and Aqur storeys as
well, pactiularly the hostel bloaks. The blogks. ase'laterally. cosnected by covered passages
of ligi';t tubular construction, structurally separate from the main blocks. . There ‘is special

emphasis on fire escapes. There are a minimum of two staircases which ate loparatedﬁ‘om
the main blocks except at the roof level where the soof rafkers. are contigwons. . . - .

| - THS typleal class rooms re'D. 1eax? i b #1268l the storoy haight W3:0my> Assotnbly
rooms in primury schools areoretted by removing pastitions and Combining 8 Tooms in atow.
- Tho assombly-halls in fusior and-higher sccoridary soheel are bigier, wwalty 37.312. 2m in

- ﬂm

ke o

1.2 Mite}m.m're'emuu&i:‘mmum'

- The most common building materials used for school buildings are timbey, beigk snd
concrete. Most buildings have reinforced concreate framing, consisting of columns, beams
and shabs gxcept at'the Yoof levél: " The older buildiigs had tinber mme&i)? rafiers but new
‘desighs linve reiiforced coritrete ' sirve level bearns. “Fhe foofting raférs ‘iu'a stift'of tistber but -
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Photo 9. School Buliding off Bandung. Indonesia old
‘ building at centre has ring at plinth level,

\ Buliding at left, new addition, has no such
provision.

Photo 10. School in North Bali, Indonesia Building at

left, in excellent brickwork survived July 1976
earthquake with almost on damage, Building
at right, new after earthquake with braced
timber frames and plywood cladding.

Photo 11, 12 Primary school at Gitgit, Bali. Indonesia New

construction after July 1976 earthquake. RC -
posts under each wooden truss, Ring beam at’
plinth, none at lintel or eave level, Brick
wall  panels, brick, gable, Quality of
construction substandard



Photo 13. National Secondary School, Kualalumpur. Malayasia
RC Frame Building with Wooden truss roof. Stair
block separate, structurally connected at roof level. ‘

~1

Photo 14. Two storey school building under construction at Photo 15. British Aided School in Kathmandu, Nepal.
Kualalumpur. Malayasia RC piles, RC columns, Good quality brick construction with RC
interconnecting RC beams at plinth level. ring beams, slab and beam floors (inclined

plates are for collecting solar heat for
water heating). \
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mem«wmwmmwmmfmmmsml mm the -
mifters are bolted . to -these posts throngh steel: plates, straps.of cover plates. The centre to
otntre span of the beams is about 7.6 m and bays-of 3.05m are common. - Thi-bsiwdins sre
founded on open individual foetings where buildings load is light: qnd sail is good Otlurwiﬂe.
elﬂét thinber ﬁim»*df Z40; 4 lepgth oy seinfisreed ) - ! -‘tﬂ ’tS deg:
aré temployed: -Te whs (uetomery to 'use:gonseeting R.C. " groi B
building leagthad: plivith-lvel: ' Now mwmmmﬁumibwm e Tritnen
sredasipned for ivertioaliioadbonly.. In view of the sowmibmusbér-of itoreys. the milad. toad i
multy igaored in duignatthongh whdnhuﬁuoﬁmkm mhm ocomld: oecuvw ek, .

AR .wu fxviu B £

Thmdmarwsﬁon wummwmd\lq hdﬂh Mﬂmk hﬂf briek Mneu
in 113 cement’ and -sand:-mostar. . Tho. standard: brick siae is, 22 Hcm X 10em % 7.50m, s0
these walé have & thidkaess-of 10.cm. Galvasized expandad matol of lisht weight is wasi every
fourth course. .Dowel bars Hamn or 6imm dia peojectout. from tﬁfptmdatoicmh-cd—n
by about 30 cm at about 60 cm vertical spacing which are bullt into the brick walls. In long
walls, R.C. posts are built intp these wails at about 25903 xn epasing s fiiovide-shem aubillty:
Paper-thin gap is left betwoen the soffit of the beams and the walls. It is cpstomary to build
iy top Sodrse with bricke' inclinied o the Borizontal b 'thit the gap s propedy fMed.” Many
fimies - ln”glm of “brick walh, ﬁmberpan!ﬁm;&wﬂs,wmhmy»Mmumuup-
bosrds ‘tob, sre: filted’ wwm the RO. frames. Manmw!ﬂzmm
Rmnetorhllunﬂl. ,

*

'I'he :odﬁugmﬁmhl i mostly ubutoscoment slmt or claay ﬁlu suppomd on timber
purkns Typlcal buildilglm ;hown in Photos 13 14. :

; Mahym han o mdmf dnmm uﬂhquukql md thowwm F 1Y mmdmiod-
obsetvataries priento. 1976, . Thres abservatories havo since beon - installed under  UNESCO
plan. with hoad offioe at Maaila, two in Peninsular. part aad ope in North: Borneo. Intensities.

of IV to V on Modified Mescalli acale-have. been expericaced. in, ‘Knaladunpar : and pm-
fro;ndxmnta:ﬂ;quakﬂmmamst. or;glnp,;mg in. Smtmidandoflndonnm. e

IM muxmm . Lt e .
. 1 ;l}ugng the put. gl:e gnly damue kuown to mmr to ;round, sha.lmg wu ;he ooll o;f:
qug, B {3 Was.4 vqery old: brick buudtp,g :u;d thp dmgn is bolmmt dn-
: toagins. : s ‘ o
115 Comstruction Norms '
Mmm‘m fnr ea:thquake mlant nonstmetion zmr: nee& hu bcen’fé[t so far,
11.6 fcm -
TEOEET Ot L

IRVW Of thelisht smmicl mmﬁwmmm qalhynof con.stmm, .
tmammtobemmhqua hamdtawhqaismm i
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12 'W‘ I O TR R [ e b
. The old schoal buildings are in poor shape. .. Rocently.new. plans ‘have: been - developed
with UNESCO, Morwegian. and AID.assistango. ‘The class.room sizes are 5.3 m x6m for
primary schools. and 6m x7.33 for junior and higher secandary: schools. Separate: assambly
halls: are' rare. -Many times intermediate cross walls are omitted ar spaced at larger distances
such. as' 10 to 20 ni or more to Pprovide larger rooms-and:to. stat ‘more. than ons -cliiss’ in the
same room. Most primary schools, about 90 percent, are single storeyed and only about 10

pertent are two or three storeyed: Thése percentages for juniorand higher secondary schogls are
67, 33 and 61,39 respectively. ‘The storey heights are 2.44 m for prituary dnd jinior secondary -
and 3.35'm for'higher webondary schools. The roofs are usudlly pltched. . About $0' percetit
primary sehools have upto:3 rooms and another 20:percent fromn 3t 5 rooms, -
12,2 > Materials and Tecliniques for Construction ‘ ,

- The terrain in Nepal is mostly hilly with narrow river valleys in between; The usual materigls
of bpilding construction are stone; brick and wdod (Photo 15). The walls are mosgly constructed
inrAndom rubble masonry 45 cm thick (90 percent constructions) or i brickwork. 34.om. thick:
Usually clay mud is used as mortar. Cement-sand or lime-surkhi mortar is used in very . few
cases (5 to 10 percent). . The door and window openings are 90 cm wide with 90 cm wide
piors in between them and have their lintels at the same level, The foundation is taken about
90 cm below the ground level and the footing is constructed in random zubble or brickwork gs -
the case may bo with the wall. The footing is widened towards base by stepping, the base
width being 90 om for a one story building.  The roof is mostly made slopping wsing - nalled
timber roof trusses spaced 1.80 m apart and covering with slates, oorrugeted iron or asbestos
sheeting. Some times flat roof is made-by wooden poles or joists along with wooden planks
nailed: to them and covered -wiih clayey earth. No reinforeement ix used either in walls or
footings. ‘Window and door openings” are generally spanned by wooden planks. or poles,
Many new primaty schodls have been roofed by using UNICEF supplied aluminium or plastie
sheeting and steel trusses made from light gauge channel shaped sections. These trushes have .
been suitably anchored into the walls by using holding dowa U bolt for a length of about
90 cm embedded in 1:2:4 cement concrete pockets. Quality of constructiod 6¥ most primary
schaols is rather poor. (The Sos Children village school outside Kathmandu present a

happy conitrast in that high quality 23 om'Brick walls have been constructed in depsetit mortar
with rainforced concrete bands at plinth and eave levels). A typical schod! plan is showriin
Fig. 14. Some details are shown in Photos 16, 17, R

123 Seismicity

. .The'whale drea of Nepal lies:in the: major- seismic belt called the Himalayan Alpide belt
and is highly seismic. There is no seismic observatory in Nopal as yet and the eerthquake
cpicentres occurring in the territory of Nepal are located though records obésised i the
observatories in India and through world wide network. Major earthquakes have been known
to bave-occurred in Nepal in !ﬁstoriéat':ime:;ﬁ—!iké'tﬁéi_e in 1259, Auguit i%’?;"ﬂo‘\‘éﬁ&r'ﬁsw. ,
June 1681, October 1809, October 1823 asid ‘September 1833, The 1934 Biliar-Nepal earthquake



Selsowic Risk o School Butldings in Some Aslan Countries : 23

was a glant earthquake with magnitude 8.3 whlclr caused damage;: in- pmt:uﬂy“ 25 percent
area of Nepal territory in the South East sector. Tremors occur in different parts of Nepal
practioally every yeas s, a remindes about the jimportance:of uismioand uﬁhquuhwnsineenng
studies. Strangsly mpet big carthquakes fall on Mondaysand that:is why Monday is considered
as the most unluckly day of the weok by Nepalees peoples. The most severe earthquake areas
in Nepal are the south-eastern and the weatern. 'The central part has shown relatively smailer
seismicity. The southern terai regions are less scismic. thn the northern hilly regions,

" No soismxczoning of the country ‘has yet been carried out, nor there is any code for
earthquake resistant constructions, By comparison to the seismic zoning map of India, Nepal
may have only two seismic zones—that with probability of MM Intensity IX or more and the
other of MM Intensity VIIL A proliminary seismic zoning map has been attempted by

~ Pradban® as thW!l in Fig. 15 but it needs serious reoomideration in view ot' the observed
soismicity. ‘ _ :
12.4. Dln’u;o']:ll"ut Enrﬂlgnitu ' :

Seveﬂ:t ednhquaku in Nepal: hs.ve ‘caused damase tc bmldingl 'In the earthquake which
occurréd ‘in Sept. 1833, about 18000 houses and templés were damaged.  But the most
widespread damage has been caused in the 1934 earthquake in which in Nepal, 8500 lives
were lost, 80900 houses and temples wera destroyed, 104000 were heavily damuad and

21800 were damagéd. " A total of 18700 perions were mjured School. bmldmgl in the damage
zonies were gewerally completely deatroyed due to larger spans.

12,5 Conclusions

From the survey of school buﬂdmgs and seismic activity in Nepal, it is clearly seen that
whereas the seismicity is qmte high in the whole of Nepal, the earthquake resistance of
bhildingl fa tatlibr nogligible. Past experience shows that random rubble masonry in mud or
lime’ morta!' is extremely vulnerable and is likely to collapse even in MM VII area. There is
an urgént need to imp:ove the matorials of construction. Also careful strengthening measures
fdf earthquake mimnoe will !;e necessary.

: 13. Pakinn
131 Plasning asm

The bailo buiiding for a pnmary lchool in ruul ueu compa.rluel only two class room of
shee Ippmxima&ly 6 .5mby 4.5m with or without varandah, For urban areas the number
of ‘rooms 1s it d.to provide s, separate class ropm for ‘each grade.. Middle schools are
atd’ simiilar but uﬁﬂg more rooms added dcpundmg on_grades -and alsq finances. ' In some of
the new!y propqnod py schools, the room sizes are modified to about6.5m by 5.8m.

Most of thele ochool; are ;lngle or two storeyed structure and have room hexght of 3.2 m to
3. 5 m : _ .
. S o

‘*Sei-mology and s.imoeecmm fn Nepal by BM. Pradhan, Chairman, Department of Geology,
Tribuvan University,
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13.4 Damm in Past Euthqnuku
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was nearer to north-east of the city, it was indicated ﬁi& “Hatlite "3*"&(6@& sfion plays
vital role in causing damage. During this earthquake many old and poorly cons cor
pound walls in all directions in the northeast area remained intact whilo much betﬁi‘
walls in the southwest fell. Similar feature was noted in the damage to buildings.. A
code was introduced soon after the Quetta shock and most official Wit &
nntmcted using this code, In 1941 another shoc'k 100]
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two storey school built in 1969 was also destroyed. The main reason appearl to be the
quality. oqurhna‘nsl‘up which led tqonly,c}ﬁy and\uaqg mixtyre )ggmyllgebm ort H in Jpquny
plcos.”
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3@:’: . uff P‘w;iﬁg}%m‘t’g b?qgml??? after  the shock of

Wéﬁ hi‘clﬁ ? ﬁ&ef‘u] provisions for improved performance during earthquqkes _
Some heighttghts of this code are as follows :

() (i) For structures of buent bricks or concréle blosk masonafy remfomed' vertwally and
-: . horlzontally, the tonnqatmm xqus.l ba.of a,qommma frame of reinfosced concrete.

(ﬁ)( m B&ﬂcﬂﬁ reinforeed conctete w1t bars kﬁmm 15 nm thicknssa an,d of
, ”:: idth gy it _'_’ﬁaséﬂi‘f‘&plﬁ must Sé piovfdéd ail round _
s(my = mohme similas toipnnfh band hust be prow aﬁfntenevet fnd"also ot
SLIOE wdﬁ&ﬁmﬂmmmﬂé& , o
""Ll! : o Tar
ﬁlv)ﬁhtmlmnf‘m huﬂdmga slmmé mt um Mm m gmmd loor o top of
-xogk.. lRooms. showld not have: length greater :thaw 9m: without suitably. designed
. transverse voll - But.any wall ‘goeater thiata 6.5m :shonid have additionsi strengthen-
Wl :ins m,like-meel'ntdmﬁons. teinfdmdeonerm'pﬂhra -oi-‘f"reinforcedf masonry
ial o pmem g . [

......

concrete and the superstructure of timber framework. Vertical members of th:s frame
- mush be in single place and not less than Llomx 7.5¢m “section and: shiodld be cémnected
- to-hotizontal mombars of same section making a panel not more than 1.2mx 1.9m. The
lower portion should have: 23em thick- masonry. walls while upper poction. may have cor-
.:~Tugated igon:shests, The raof of such astmscturs: mast be cumdon pmper franie trisses.
- ; The total, hﬂghtofsuchhuﬂdmss muﬂ:bnmtmtedtq 3. Gcm

(c) Two storyed structures afe a!lowed only in steeI framed buildmg in whwh mh membu; is
designed to resist a lateral load corresponding to one eighth of dead and live load on it.
In such constrystion, walls should be 1} hrick and one: brick in the first and: the- second
storey and the total height of bulldmg be limited to 9m.

13.6 Conclusions

Puk:stan is drfactive’ carthqnake country and hiag’ quﬂ‘ered cpmid;rable damége in the past
mkes. There fé-quife an' awareness amongsi Beoﬁe fo build ‘earthquake resistant struc-
fﬁtes ut tﬁﬁré is ‘neither selsmic zoqui nora msmlcqode yet. _The specifications laid down
By Qﬂ:hh miticitp ality, if aclopted cou %ci lead to carthquake resistant construction but sre
1 vt xTherp is gn urgent need to propcrly domarcnte sei;mlc zones and the
L f:nj ek i;!ﬂ Sir o .

4% di‘ents for the counu'y
‘uéi; Hmi‘{" iis:ﬂg;; e T
o 3 i\ ;-T f-;l [N Jff

m M“m ; : ;'~fj;'.|sr§:'- :,s'-z;" ETRIr S ‘

lr_‘;,.

" The'dtindard Class’ ‘room size in prxmary and Jumor seconda.ry nchoo!s is 8mx Gm &ad that

St SRR I
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in higher secondary scbools Sm X 7an. ~ Asscaibly hail sivs is mot wpeMNGSI: TG ilght of
storey is kept 3m and mast schools (miors- than 96 percent) are single sorgd,  The, trend of
the primary schoo} plais is to bave one Iatgs egrain wth%tmm er of , formsl
clas rooms. "Mas schiools Kave only tWo clasé room each. A typloal g0

'- schools pianis shown

in Fig. 16, -

nossox and the others being 10cm ¢ 200m, . The blogk walls.onzry horizontal. and vectical rein-
foroement, the vertical reinforcement being one 12sm diametor bar evary-two.block apart and
the horizontal being 2 bars 10mm dia every 30cm height. The horizantal bars are carried into
the verticel: reinfoeced concrete posts and the vertical bars are anchored {hté Siarizontal - sein-
. forced congrets beams at plinth or foundstion and fintet levels. THww'a vory dtroitg enclosure
retults. The roof genorally consists of. mostly thmber roof trusses cdrrying corfugated galvani-
zed iron sheeting. .. The roof: trusses are ‘anchored into the R.C. columns throuph bolts. The
columns have individual footings. The new construction is designed for veryhigh typhoon
prossures and suctions effects, these lateral ‘farces being considered more severe than the
earthquake foroes. . : o : e R

 Old school buildings are of Marcos type consisting-of double chanmel light ‘gauge’ stoel
posts and similar rafters boltsd together and carrying corrugated G.1.: sheet 1dofting ‘on steel
purlins. The wall panels were constructed of concrete kboliew- blooks'upto 1:2m" height above

- Four constrﬁétion types are identified for new '-;chqols«is as given in Table 3.
143 Selsmiclty o | |

Philippines is a country consisting of more tha; 7000 islands situated igthe great Circum-
Pacific seismic belt and has been sibjected’to a larég number of dmsiu&m% -The
National Geopliysical and Astronontical Office has- prepated ‘campile -strong: and._dagaaging
ﬁnﬁaﬁakes._inL_the:..l’hi!ippigmpto 1976.. In.ihese compilations, the inseym cntal magnitudes,
epicentral locations ds well'as maximum seismic intensity. causeq on

ocations & w ximuum seismic iy 4 on fhe Rogsei-Fassl, scalo
(as adapted in Philippines) are prosentod for varigus earthquakes Which have cauped:kn_inten.
sity VI or mote shows that the seismically active regions are thoss focated along the Philippin
Trench, Northern and castern Luzon, and the southeastern Luzon—northeastegg, Vigayes ares.
~ Also the area like'qouthemMindanaoisvisitedby great damaging carthquakes, are
intensity zones VII, VII, VI.and smaller present as indicatod in the inik - El' ivme:nesp o}

inFig. 17. The coastal area are also affected and damaged by Wﬂmgmum even
fiore than 5m. et e R TR SRR

el
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Building

"Iype ofConstructxon

Component —Orban Rurban Rural — — M odification®
Roofing RCslabor - G1 Sheots Nipa or Cogon . at sheets
_Roof Prame ~ RC or Steel Wood or Steel ~~ Woodapdjor Wood
Floors _ |
Ground RC Plain concrete Natural ground (pre- = Plgin
Floor (Cement or Sulphur) pared or unprepared) Comcrete
Upper RC RC or Wood Wood or bamboo RC or wood
Floor Frame RC'or Prestressed RC or Wood Wood and/oi' RC or wood
concrete or steel bamboo :
Walls
I Storey RCor CHB or SB CHB or SB None CHB
. Upper - ~do- -do-' Bamboo halves or - CHB
. Nlpa _
Columns -do- RC Wood andlor ' RC
: ' bmbm
Foundation RC RC Noae (cb.mcd ends . RC

post buried 1m mini-

" mum into ground -

* Modification of existing bulidnigs is

. shown. in the Table.

Notes:

RC-—Reinforced concrete

GI—Corrugated galvanized iron -
SB-—Sulphur 'block, made from sulphur, sand and peak gravel
CHB-—Concrete hollow block, made from cement sand mixture
. Nipa—Shingles made from leaves of swamp palm ‘

Com—Akindofgrau :

flexible, to correspond to materials as exisflhz. but to be MIly as
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being located. EGM“WMEWWMQPWW o o mnihiing
o TeEi - ) £'i'f) DAL, 3

15.4 bumummﬁy’mmw o e g

Therg vebeenman very smgu A9 Philipp jatest
Aug. 17, 1976 shock #8856 Miir8 ulrhmngum;gu&en smﬂ?ﬁ%-
Amximumintunutyvnmmmaonland Smhighudal - WBYS on the shore, It
left 3364 papsons dead, 1302 misting, m Coollated . ore mmw%mm,

e an L]

homeless. ' Greatest cause of loig damage was the son_ wave.
from this earthquake regarding Bm]dmgs could be lummcmed as follows:

- X HONE|
® Damage and cracks at the ends of concrete columns mdieaha insuﬂlcxmt nes th:r‘é.

18 ré)fil u

HETEN Fear) s)
| (ﬂkh“! ngg mbalages of ;ﬁ;ﬁjﬁ%ﬂm@ﬂ and relatively fros frot %a;

earthqua.ke
’-f—ﬁ [N ,' 'i‘ N i ‘( . _]('.I' ) .,,.!T J
‘ (m) Gmatest damage to burldmgs was oonoontmﬂed in reglons of recent alluvial deposm
nhitheback:ﬂlludmil. i ! IRE R SR S TP ST
Crr gt . ORSEI L R T

14'5 Constnctlon Norms

Phihppmechasaeode on latoral forcos as a chapter of- the N‘i,timd Building Code ﬁm :
drafted: in .1969-70. It deals with calculatios df setaniia feives sl Kaildings of vaziewis types
and many other details for designing reiniforced concrete frames and shear wall buildings. The
school kuiidings umm fall into thebatogary. of nomenginecred conitfetion

divides the country in thres seiamic: zones, Considering -the maximum mrd"dlﬂgnﬂltiﬂ ig
these zombs, mmywtmea a3 zones A+B, €'and D respectively. gl X

The followmg mdﬁﬁun in the code for masonry or concrete is relevant for the
.school building. _All elements within the structure. whmhmt‘mmnry.,or—mm be

reinforeed Princlpa.l remforcament in masomy shall be spwed 1 m?‘  mash ! ; _r;'h?n, W
Other importent provisions are those rclatmgto remforcement detaily in’ mnfbrood Ccrete
~for achleving adequate ductility. ' st
l‘a‘ Cm V : ' ' . B EEJ STUNTE I g
. _ - e e Lusion Jii T Lsdiitiod—ti )
The old Marcos MMMIMWM&WM to
lateral loads.  Buildings bdu:ﬁm&mwm fredduros: Jachieve

substantial éarthquake resistance. Quedity . ofi.oonssruction; by At idfvision 1§ neces.
sary and detanling of structural members and Jomts has to be lookedinto !uﬂ&lvhggiﬁs best



Photo 16, 17 Primary School at Banepa, Nepal. Brick walls

steel channpel truss, aluminium sheeting, trusses
built into wall, on partitions, several classes in
same room.

yr

Photo 19. Two storey Teachers’ Houses, Bangkok,
Thailand. Lower storey, RC posts, brick
walls. Upper storey, timber floor joists
& planks, timber posts & roofing system.

Photo 18. Four storey school construction, Bangkok,
Thailand. RC frame building, pile founda-
tions. RC beams at plinth level bothways

seen in the photo.
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earthquake resistance by incorporating ductile-deformation capability, Théispeéoifications
provided in the Philippines lateral force regulations appear to be adequate in this direction.

. . . P s : I PO .1 FTIN
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The schools usually tonsist of sysmtricai reotangulic Hlbdks wach: havit s tow: of tiks
room 6 to 7 m wide with a verandah 2 to 2.5 m wide in front. The class room size in primary
svhiools i 96 in dad shdv, i Junivr dnd highes sehonlsis 9'fh % 7 W - Vodatiomt sthools
have 8 miX Sumiizeclawy: sbéarit. ‘The ssentbly hall iy vitids' Srift ST X 12 1o 4 1r'x 2.
The height of class rooms is usually 3.5m. The majority of all sghoolq have three or mere
number of storeys. The approximate percentage of schoold ity Siffetene frombiet' o stdreys
AFR . RTHBATY, single. 20 pascent, double.20 pereant.andshace 60 pepecnt; tocondasy, single 10
- percent, double 5* parcent:. and ithrea to. fon: 35 parcedt.. But.be vocatioma) sphnols: have
mostly single storeys, about 50 percent, two storeyed are 35 percent and three storeyed 15
percent. The up-country schools arc 24 storeys in height, the lower ol fivigth boihg teed
for parking and the upper two storeys for usual functions of the school.

[F PO B I B

LR Fal

152 Materials and Techniques of Construction o
.1 - The Iost common Pvi}é.iﬂi matesigfl are timber, brick and cqnerete. - The sehool building
supgrsirictyre almost jnvariably consists of columo-—pane]. onstruction.. A trm plan of
trugtuse s shown in Fig. 19, The RCE. columns ars, spaced. 30 apart longifydinally aad 7m
apaft trapsversly, RC beams monolithic with the golumps span the class raoms 7 m wide,
The same arrangement is carried through all the floors. The roof is genesally timber trys:
with tile covering. The verandah floors are made of RC slab monolithic with the framing
beams but the class toom floors usually consist of timber joists resting on the RC:bémtls and
carrying timber plank flooring which is a step higher than the outside verandah slab., The
infilling panels between the RC columns are usuaily in brickwork in good cement san otm,
The bricks are 15 cm x7.5 cmx3,8cm in size and the panel walls are made 10 cm thick in-
* cluding” Sl Mbler paffiions afé mitny Gimed e of NAYd bodrd. Patiition wall is
sifergthitind by verticsl RC inembers, 106 10 ¢ T skckion, 40 in (itbes At'a maxishum
.i)?fé@;i ¢¥2.5m, THE flodrs and roof are B:&‘iifﬁ?ém cut beyond thie outar line of columns
 about T2 1 &nd louvers are suspended balow thise oantilevers by about | m. Where the
soil 54 good and number of storgys is one or two,.open individual footings are used for RC
columns. In other cases, indiv ujy R Yootings rést on timber friction piles whose top is
kept below the water table. The wooden piles arpdriven, to the heasing. strata at abows 20m -
depth. The plinth is kept high 50 to 100cm above ground level to avoid water flooding
dwring reidy seasts.  Plisth level bearis age constraoted in both ditoofione for -conaetting the
celunsns with@hch other and thess:begais oursy the panel walle, - © - ‘
.+ Prostdshortageoffintber, greater use of reinforced concages i by e (See Photo 18).
Rorastuiiphs; it is axtv taed: inors ad morkfor class voom Tloo? consttustion aid for repiacing
soniy ascnibers &Fthe” tiniber waof trass &y inMakigein. - 'Seél tEises al8  somemney widy
nbtand of taskidp trusess: Tirbes: cladding dad: partitions see vemetisey tised  indtedd'bf
BHOE wills by upper SOOrs. (S0 PHOXS 19, i o T S
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153 Semmicity ..o

Tlmland is practlcally free so far’ from ‘épicentres of mthquakes havmg mo:ethan
Magnitude 4. Only the north western border with Burma is known to have had .
of magnitude upto 5.6. Thus a very small area of Thailand seems to have any euthquke
- problem. With reference to the seismic zoning map of Burma in Fig. 8,.some.parts may
have Modified Mercalli Intensity VI-VII but not more. Acoording to informl.tion from
Meteorologicdnepartment of 'I.’hailand, thaintendty hu not oteeaded VI.

. 'There is no seismic zqmns map or- umnlc eode in al m Four nhuie stations
.lme recently been estab!uhod at Gh:mMai. Lampang Bhyfmibel Dam-and Sennkhm : '

154 Damage in Past Eurtl-quake-

It is understood that there has been minor damage to lmild.inu in the - ‘sorth wemm
bortler region in psst eanhquakes but the detuh could notbe obteined : -

158 Coutucﬂm Nom- .
There are no earthquake resistant construction norms for buildings in Tﬂﬂhﬁd'al yet -

15.6 Conclusion

" The quality and technique’of cotistruction of sa:ool buildingl in Thailgnd is such as to
havé inherently good amount of resistance to lateral  forces cfemhquke of wind, In view
of the very low seismicity of the cduntry ne’ speéhl modifications are heoded, Only the .
construction towards west' of Chlhng Ma: will need extminatioﬂ for seumlc ek and earth-
quake resistances.

16. Turkey

16.1 Plllllllnl of Spm

Class rooms sizes generally ndopted for all schools measure apprommhy 50mior -

1.21 mX7.2 m and have heights varying from 3. 00 to 3. 2m, There are, hovgeyqr. 00 definite -

* sizes for assembly halls and these are ral_gleon the basis of total nunibol"of students in
the school 'which could” véry considbr:b!y percentages of ucooll havi dnqlq. double
and three storeyed buildings are 70, 16, 15 and 20, 40, 40 for primary and seoonda.ry schootls

respectlvely A three class rootn huildlng lan is'shown in Fig. 20.

16.2 Materials llll'l‘etlmiqhes of Coumﬁon

Most of the school buildmgsm made w:th brick walls, concrete wﬂk mndom rubbis
or dressed stone walls. The foundations are generally unreinforced wtrip footings sad in
case of columns isolated footings are used. Lintels are usually in reinforced comerete.
Reint‘omed congrete floors.are common.and uso of timber: ia almost banned for floors or
walls in view of fire hazards: Timber roofs are:however permitted. Mostly soofs have ro-
inforced concrete slabs.or sloping shesting which is neoessitatod: by eatrenw climates. In the
modern construction framed construction is being used considerably now - aithough the brick



- Selamic Risk 1o Schipol aldingr.tn Same dsigw Cowntriee 3t
 and stons masoury i atibioyarishly cmployed. Inucel arems. . ©
. Turkey by bad  reat i bistary nd has shans. 90 percant of s gruds uader sarth
quake zomes.., According t0. & report, there ‘bave heen. 45 major shocks ranging bptwoen

magnitude 5.6 and 7.3 during the past 50 years, which have damaged over 1,74 million, bujld--
ings in the country. 'All these shocks caused maximum MM intemhieu greater than VIIL :

- Therecus heen vonsiderable. thoughs si%n ta. ;bnmblsm of seismic zom in thia
country. sl thio first selamic zoning map was propared.in 1943 in which three zones were

() zones which had experienced destructive carthquakes. |
(b) zones which could experience destructive carthquakes,
(O)m.fupw S - R l

''The data from 1945 to 1963 in respect of seismic events and fnmrqﬂqd | jchﬁnggluin g}g
seismic zoning map and the revised map divided the -country into ' four zones viz., 1st degree, .
204 degsee, 3rd degree and no hazard zone. corresponding to . MM imtsnsities VI, VIL NI
and V respectively. Latér however the map was revised agein 1972 due 1o oprusseae of some
‘more destructive earthquakes in.some arcas which were.considered na hazard areas before.
The revised map which ironed out some discontinuities in the old map shows five zones now
as follows: - ‘ T '

(a) Fn'st d;m hazard zone having MM Iﬁmﬁw Y. 4 o‘r. morp,
b Second aegm hazard zone having MM Intensity VIII,

() Third degice hazard zone haying MM Intensity VII,

() Fourth degres hazard zone having MM Inteusity V1,

(6) No hazard zone having MM Intensity V or less.

. Ttie seizmic zoning map of Turkey is given n Fig. 21.

164 Damage During Past Earthquakes

i Barthquakes have caused extensive damage to structures in' this couatry.. Among some
of the etrongbst okithiyaake shooks ave one Gould hist 'Varto shock’ of Atig. 1966, Adapazasi
shock of Fely 1967; Getdiz ibock  of 1970; Burdur shock of May 1971, Lice shock of ‘Sept. 1976.
During Varto carthquake, fot of damage occurred to adobe, dry rubble and bther masonry
structures. Newly built buildings of a regional school which was in brickwork did not suffer
much. A theee Boreyed schoof “building 1n coiicrete block indonty  hmvipg réiaforced con-
creté sio- beatiia” suffered ‘considersble dimage, Ofie “storey of this bhifding completely

Y
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' diuppeawd The one WW’W’W 3RO gt
" collapsed dus to instability of frame and. poor- matorial of copsirec .
nnmbetofncnbuildingwhichmnndu oowmon, m_ ‘Thm e
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‘!YT Aol solanmg - vsmmm T\/“N murmwm bazaso axoons seadl }Yf\-l 0% 91
‘ Gadizurthquake (1970) caused extensive damage to masonry load beeiy 9 :
6, TTRESRE FeRifONIE Mrdinied Prived b §eodd Wil mﬂm b W osiEy
Wwwm&m HindUER08 i et os Bigiig 1578 Sl
Junior and Senior High School (both two mayod) bmldm;c got titled RIS
Elementacy Schoal aho got dmsed dﬂm.a 03911123b h:):w oo ! b baiste wmneed (8-

16,5 Commﬁmtorsmn

et supATIEs SV sszsh satmiagrs bluss: 7 itk e -’,.ﬂ)

The Ministry of Reconstruction and Reuttlomnt has laid downverycom shohd
speeifications for structures to bebuilt in disaster areas, The ¢ mﬂlﬂi
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(b) (i) In case of masonry load bearing walls, it is mmmmmm
may be used and reinforcement steel be used both horizontally and vertically,

However, the. metho&y of mﬂxm ot bifennia s tﬁm byl (8)

() Allowablo heights for mﬁ‘éﬁnum MW&*%W%WM thie
Second and third

o e e R L

(i) Beasing wallsin either direttlo’ Bt Do v HifAgedl” ihat” .ﬂmbd” N M
buuoniuymmetriulasfu uma, Wfstni o o

(iv). Fovadation of bearing wall;shaf}: o SABPTHs %
width equal to thickness of wall pius 1 cmiiqor 20 cm orasggéummh side of wall
depending on th? '0“ type. - o ?)Jm;pﬁmaj ias‘! yhnﬂ oo b, ax

qf (%\,MMMP&WWh pewies o

Dﬂf*mk ¥ fos aptifeial bigoks sogh, 350 ka/ow’ o ' b

S e Jh»m - Sheses walls: wsbodmmwﬂmw.
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Setamic Rick 1o MW?%% 8
. respect:vu!y thmum wnll tluckness n ‘one bnck whnh may increase to 1} bnck

-(Yii) MWW;){B&;?,'“ I;;gnnnh iss- Sm:@Fkadegmememd ?Ominotlwr.-

foi sabiti} of Walls.” Where not Spisible; vertical reinforced concretp bond
mnmmﬂm at 4.0m @ut but total unanpported lenah of wall
shon?dauté:m@ Bm’“ ‘ i

’ ‘(ﬁl) Opesings mmmmm such 2 W minimum width af solid wall l:etwean
" Ecomner and opening shoald be 1.0 m in higher seismic zones and 0,8 m for loss severs
** Zzomes, Also théfe should~be a - minimum width of solid wall section two
consecutive openings, equal to 1/4th of width of larger opening on enher,nde or
0.8 m which ever is less. Tle total length ofopemng llmuld not exceed: 403percent .
of the total length of wall. 5

(ix) Bond beams depth)?ﬁre to be prowdod under alabs at all ﬂoou These
-beams should have s 4 bars:1{) mm dia longitudinally, and trangverse reinforoement
of 6 mm ties at 25cm intervals, In case of random ruble. masg,nry walh sich
_.bond beams are reqmred at every l .5m of he:ght. ) Cow 5

*tl By

]

f‘ﬁ'
15, l.

(c) Tlmber strummes ahould not be made hngher than two swtqa. Longhudmal c;.nd

transverse walls should crossat 4.5 m maximums spacing. * For buildings with
ground floors bond beams as given in b (ix) must be _provided.. Thé foundationa for
such structures are similar to thoso for masonry structures e .:7

. Thereisa general awareness amongst engmeers and peopleé in geneml‘hbpu the m:gpr-
tance of having edrthquake resistant striictures. The governifient has put up ‘several indtructive
charts showmg the techniques for such constructlon for the beneﬁt of corimon mgh and tbese

do convince,

1;6;6 “ ot ﬁilﬁionlii ’ LT
Tn Turkey, there is already a good deal of effort put into makmg ea.rthqnake rpmsﬂnt

“construction popular. Most of the schools already have Been: constructed. yutli aidiof

anti-seismic specifications. Some of the rural schoo! buildings however iarg ot the
desirable stapdards and may not bebave well during future shocks. IfTisfelf that if the
seismic provisions as onvaﬁged in the ldtest Turkish regulauous are adoptid,” the bmldmgs

! for schooll would behave well in future earthquakes.
17. Summoery of Observations

"1

The information gathered for the warious oontsies under report is abstracted-in '!'able 4

 to 10. The seismicity statiis is prelentei in Table &whuch gives the information {hether an
. eartbquake code for den;nﬂaas been addpted or not; -whether seismic zoning hag been done .
. and nationally adopted; if so, the area under each zone as percent of thearea of the cpuntry.

. The various notes in this table explain the basis of presenting the seismic zones.on 4 compa-
“rable basis, I the cases where no zonikg has been done at al}, the authors hnvd‘»iniiica‘ted in
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joriqa of schools. It is scen that the materials and conatruction techniques vary widely in
_various countries; load bearing system varies from random rabble masonry walis to rdnfo:qd

ooncmmd stoel frames; the cladding panelsvnryfroquboomum to reinforced bgiqk-\:
iwork; .the ofs vary from rafler purlinewith siates o¢ olay tiles to those having steel truses
with corrugated galvanized iron sheeting or those built in reinforced concrete; and the found-

dations vary ‘from isolated unreinforced footings to reinforced concrete. piles; the weights of | -

ithe stractures vary from very heavy to very light; the stiffoess varies from very rigid to quite §
fsiblec 4adsthe tensil-atronggh of bapringmaombepspaiog from almost nil 0 largs saie as
or stéel. The details as weil as qualty of construction are-also variable ndt only amopg
ountries but in the same country as well from region to region. Naturally the earthquake
;dmand behavipur would show large variation. Cotequanti far bringing them to._
éadet]nah safety level in different seismic zones, treatment &F varying degrees will naturally be
kcalled for, . . _ .

18. - Cosclasions QOS> oo - S Y
The-information as available for various countries under study regarding seismic activity.

. grade of construction of school buildings and their damageability is abstrac ) ln'gal;_;"le 11
The thied golumn of the tablo gives the inforfnation regarding the seismic statugof thié Bountry
in terms of percentage area of the country where damage as defined by MM VH or mére may

. the perforniance that is likely to occur in the ovent of an earthquake causing the seismic inted-
. sity according to classification. The quglity of bujldings and their perforgance arasbest
stated in Wgﬂl oz:;eradmp aw defined in‘glélc Scalédof Iftensities of whiclt $hort notesare |
given under Table 11, The,damage grading will naturally be higher in higher intensity zones,
The strengthening of buildings should de such that damage grade 4 Destruction and grade 5
‘Total Damage are eliminated. For achieving this level of safety, certain actions need urgently
be taken by the various countrigs. These include seismic. jnacro-zoning, making an ogsth-
quake resistant costruction pode of pragtice, and implpmentation of the same. ¥ is

Sofortupate f8at cvell. where o codes havé: been » mplementation in actual sdhool,
gonstruction i not taking place=in majority §f cases. otlier action, Whickt; is ‘impog&nt E

- fot further deVelopmedts in futss, is the injprovement of existing sei bee:
ztwork and addition of such stations in the whole region.. In this respect, internationsal

dmgiuw'gyowagonwﬂt be-most usaful. - - X S
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ias Room - Amsembly
zf"‘“ Hal ize’

D T

Height of

————— e

Approximate percent of

1
12

i Room s having Storeys

(X m) (mxni) - o Owe”™  Two ~ More ¢

B two

1 Afghanistan  — - o - - -
2 Bangladesh | 6.1x§,1 3%(6.1x6.1). 3.99 98 2 —
3 ' Buma 9.1x6:7  300x12.3 3.9 =~  Most Few
¢ Idi  7.6x6 11,4x8.2 . 3.8 Mgst Few  —

Indpnesia®
Iran*

Iraq
Malaysia
Nepal
Philippines
Thailand
Turkey

9
10

6.0x6.0

| s.OX?.o Ol
17,5x10.5

- 7.0x6,8
162, in m?)

7.2x6.0
1 9.1x7.6

24

37.3x12.2
7.3x5.9
 8.0x6.0

3.9 xany
"9.0x7.0
7.2x7.2

z@gxlmu-, 3
2]6 (Area

24,0x18.0 -
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36.0%21.0,
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$99
- 4:30%
230

2.44
3.00
5.00
3.20
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67
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10
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rows show range of variation



Setmic. Risk to Schoat Bulidings in-some Asian Couirtries o

*  Height mordmg to dlmate

St. Country ' Class Roem ) Asambly He;ght of Approxmate pemcnt of
No. Size Hall Size Room Schools having storeys -
mxm) = @axm) (m) . One Two Morothan
. ' ’ ) 'V - two
1 Afghanistan - 8.6x5.I  20.0x10.0 320 50 50—
2 Bangidsb  6.1x6.0 29x9.0 320 7 18 5
3 Buma 12.2x6.7 ' 30.0x15.0 3.65 18 80 - 2
4. Hdia® . C7.6x6.1  11.4x82 3.5  — 100  —
6.1x4.9 * - 3.00
5  Indonesia® - 8.0x8.0  20.0x18.0 3.5 92 5 3
o ~ 9.0x7:0 . 24.0X10:0 3.0 ' -
6 - Ira* . 8.0x6.8 22(Arem  42% — 60 40
. - : 189 inmY 2.8
7 Irag 7.2x6.0° - 24.0x18.0  3.00 5 50  —
8  Malaysia 9.1x7.6  37.2x12.2  3.00 — . Most Few
9 Nepal 7.3x5.9 . 5.9%any - 3.35 61 5 4
10 ° Philippives  8.0x7.0 — 3.00 96 31
11 Thailand* - 9.0x7.0 . 44.0x21.0 3.50 30 20 . 50
| - 8.0x6.0  30.0x14.0 -
12 Turkey ., - - - - = -
L.‘ |
-" Dimendmintwo rows show range of vu'iation
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Tulde: s MMM Prinbary Scliodls: -
Sl. Country  Wails  Found- Lmtel - Floorl syppou
e o & p.RC PT.BD, ' AR—Flat or segmental
1 Afghm.mtgn BW, RM Us_ TP,RC T, Arch
BD-—Brick Dome
2 Bangladesh BW,TL US,IC TP, AR,, TIT,PS, . BW—Briokwork.
| RCRB RC  cp_Cofcrets Block
3 Burma BW,RM, US ARRC” TIT,¥S, DM—?{“‘““'OM
TB : - . __RC asonry
IC—Isolated Column
4 India BW,PC, IC,US  RB,RC. RCGTT,  yop_leolatedCokumn
RM, DM, P3 Piles
. . CB , . _ PC—Plain Concrete
5 Indonesia BW,RM, IC,US TP,RC, TJT,PS,  PS—Pitched with Sheet-
TL, TW RB, AR, RC,TJP ing.
TP " PT—Pitched with Tiles
_ : . RB—Reinforced Brick-
6 Iran BW,RM US,IC, RC,RB, TIT,SJA work ,,
RS, RIC, :AR,TP.  PS,RC, R ‘
1P RB RC—m:ienfOfced Conc-
7 Iraq BW,RM, US TP,AR TIP,SJA  RIC—RC Isclated
) CB o Column
‘ _ RM—Random Rubble
8 Malaysia BW ICP RC PS -Masonry
: T SJA—Steel Joist and
9 Nepal yg, RM, US TP,RC  PS,SJA ‘Arches
TB—Timber Frat,qe,
10 Philippines DM,PC, IC TP,RC PS,RC Brick infill
™™ . TIP—Timbes - Poles -or
Joists with Planks
11 Thailand BW,RM, IC RC .. RC atid Barth
DM, CB, ' TIf—Timber Poles or
PC,RC, Joists with Tiles
T | TL—Timber Frame, light
Cladding
12 Turkey BW,RM, US RC ' RC TP—Timber Plank or
DM, CB, | Poles
PC,RC TW—Timber Wall
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Table 10 Usnal Copatryctitn: Types for Higher Secoiidry Sohosls
Sl.  Country Walls Found- Linte! .. Floor/. : Symbola‘
‘No. ation - Roofs
1 Afganistan BW,RM US,IC RC PS AR—Flsts or Segmental
o ' Arches
2 Bangladsh BW,TL US,IC TP, AR, ' TIT,PS, BD—Brick Dome
RC,RB RC BW—Brickwork
| ‘ AR v pe  CB—Concrete Block
3 Burma ’lgv. RM, US,IC AR ‘_ ;J(;I‘, S, DM Dressad Stone
‘ ‘ ‘ Masonry |
, ) , gy  IC—Isolated Columa
4 India ::v{, RC, IC,US RC RC, TIT 1CP_Tsolate Columa
‘ _ ‘ L Piles.
5 Indonesia  BW,RC, US,IC RC,RB, TJT,PS, PC—Phin Concrete
RM, DM, AR, TP ~ RC,TIp, PS—Pitched with shecting
CB, PC, SJA, RB, PT—Pitched with Tiles
TB, TL, PT RB—Reinforced  Brick-
™ work
‘ s RC—Reinforced Con-
6 Iran 'BW,RM  US,IC RC,RB, TIT,SJA, crote
RS, RIC, AR,TP PS,RC,  RIC—Reinforced Isola-
ICP RB ted Column
R - RM-—Random Rubble
7 Iraq BW, CB uUs AR RC. RB Stone Mnnnry
. ‘ : ' STA—Flat ot Jack Arches
8 Malaysia  BW | ICP RC PS - on Steel Joists
9 Nepal  BW,RM, US RB,RC  PS, SIA, m"‘“;i"cf -rame_ with
| ‘ bM or / TIP—Timber Poles or _
10 Philippines DM, RC, — TP,RC  P§,RC, Joists with Planks
TIT—Timber Poles.or -
11 Thailand DM,TL, IC,ICP TP,RC  TIT,PS, Joists with Tiles
BW,RM, . RB RC TL—Timber Frame with
. CB,PC, ' ~ Light Cladding
RC TP—Timber Plank or
Poles
12 Torkey BW, RM, US,IC RC RC TW-—Timber Wall
DM, CB,

PC,RC
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‘Table 11 Selsmic Hazards; Action Needed to Mitigate Risk

sL. : éolntry " Damagmble Area. Gradingof Majonty leely Grade of Damage

. -Neo. © 7~ - ...  DPercent area lying of School Buildings in futun: Earthquake
' in Seismic Zones
ABC
1 2. 3 4 5
-1, Afghanistan 35 A, B* . . 2to5
2 Bungladesh 82 B . 2t05
3  Burma 80 B 2t05
4 India 54 B 2t05
5  Indonesia 46 B 2to 5
6 Iran 100 B 2t0 S
7 . Iraq — B 2t03
8  Malaysia 0 C none
9 Nepal . 7 100 A, Bt "2t 5
10  Pakistan 81 B ' 2t0 5
11 Philippines 92 B 2t04
12  Thailand * Small C 1to2
13 Turkey 62 B 2t0 5
+*New schools buildings

For deflnition of Seismic Zones A, B, C, refer Table 4

Gradings of Buildings

Structire A—Buildings in field stone, adobe and clay '
Structure B—Buildings in ordinary brick, large block, half timbered construction
Structure C—Reinforced buildings, well built wooden constructions

‘Grading of Damage

1. Slight damage —--Fme cracks in plaster and fall of small pieces.
2. Moderate damage —Small cracks in walls; fall of fairly large pieces of plaster pan-
tiles slip off; cracks in chimneys and parts fall down.
3. . Heavy damage —Large and deep cracks in walls; fall of chimneys, '
4. Destruction —QGaps in walls; parts of buildings may collapse; separate parts of
Damage the building lose their cohesion; inner walls collapse.
5. Totaldamage —Total collapge of buildings.
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