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Disclaimer/ 3EdIHIOT

o Ren-fordell &1 3o f@omaar uder & anuer ufeRiehl SHRAT @ fBonzger @ U U 9RIAFT MR USiel & 81 I8 TR
adaATer eNer, U=NoTeNe 3R fJeciuvnenes 3fe=rel 3Nk aigel fEoiga 3R iy =asr A FAsayel Rdusar =« g ket
B ATHIIBEST TT FA urd Far 1 o d JAE dEe A IuAET e omar g, @t A Rem-forder eppdi ueefsr areft daenstt @
foraafor &t srgafar dor S adarer siferart it His saeawmasit & sigucsr # BoTsar BB urd & o Adba areit U
GHAT B AT AT IFAA 31fAF & JAwcl 21 dfp By FolferaBRor &1 Awer doft ¥ Ba &1 3, AT 98 JAog & 5 sfasy
B oy A IAda fHer 6 ual &bt o1 o RiwmRell &1 Jaae &1 s=d 21

The purpose of these guidelines is to offer a dependable basis for the design of resilient buildings in Himachal Pradesh. This base is derived from
current research, laboratory and analytical studies, and the engineering opinions of individuals possessing significant expertise in building design
and seismic behavior. When correctly used, these Guidelines will allow the construction of structures with seismic performance comparable to or
greater than what can be achieved by designing in compliance with the current mandatory Building Code requirements. Since the subject of
earthquake engineering is expanding quickly, it is possible that future research will indicate that some of the recommendations made here need to
be changed.
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og 8y & fauwr B % fBaAmacr uder Iswr 3nuer yderer uifdrasor, e grr
HNTIANEIR—Bes T Hdel TFALUTS  JLATeA, JHsbl B ASAOT A STUT-UTc=reft
orafor U “Gaa” gRaer w1 udbtersl R S & 2

BHATTA Ul o Uasl IsT A fobras 3w A= 3muer ufadel doeliles A
aTasit B foraAtor &l ooaT a4 & 329T A IS Ub IS T UATH &1 Ul bt
Aiferes uRRefadi &1 d=a gu Jal ulbfaes amuarsil @f ANEey  gaver
Tl Tedr B, sATHU Js 3Maeass & b s 3muer ufadell deelld  3rueires
OF ogel 9eru, o IPRfgra, fowrss 3k Jeft & fou Joter &, oy wder &
cielt w1 sifasTy Sooaar 3R IRfdra Jfefeaa & I

F 3mmem wHaT & O uE gRawr sAR uRaRi 3R AFeIt a5t & wer daret
TPHIIaT IAZaen3il & foraAior bl AP Ud TIId&lsd ool &b Tr HAmteofa
UcTel pol |

“Faa” gRasT B Awa UwmRE B fau FI EIfdes gHwTHes |

Febey M

Fafder Riz oz,

TTHT : (hlo ) +91-177-2625400, ( 3o ) +91-177-2621384, 2627529, Tl : +91-177-2625011 Thet : cm-hp@nic.in




fEurerer T, fHwem-171 o0o2.

S fag A

HI T& SIeldp slics UAeceldl & [ BAT™@eT uder JyST 3MucT yders Uifeepor
ez 3R frwmrrdt smuer-ef 3mara foator A FE Ascayel Siewr “waa”’
YA B HU H FHIY ARG of BT 3T & |

EHATIS Bt Ukl MMUer3li @ Ul Adeaefidar & e H ma gu S
Aronferes &= A 3muar ufcRielt staer foraAtor & 3I=@ ATS®Hl BT U 3MALTS
21 39 gIas A o fRowst gt & orft oraerst s fRen-ferdelt @1 sruea
g0 fpa ow oraAfor g uRRar @5t Jgem o off JFafdaa w<or1 Weer ad am=it
UThicqds 3Tuar 3T SJA U Se-HATd B gaAled of &H I8 gd o foraAtor &
T 3rgemEl S arefl ufthar uR getdarR wIel ur HAoigg e 1 3muersit @t
TGl BT B IJA U HATST I JRe 3w Rerdar @i urerfdswar e siferaret
X _

“Gaa’ FH ugd IMMarA AdTeell admeltds IFAXAT T JFPEIT aae foraAfor uz Biga
21 uE 3nger uieRiel smara forator @& fRem F Uws 3teef HApiceis @ Hu H
HrRE Bl | ErA B HU A AM B U urplae smuer B gie ¥ v FRfda
afasr Jherfeaa e & oo &t Aeies U F 3o Rerss gonferit @t argerer
B ITTLIBAT B |

“Gaa”’ H ATHT B T3 ATISNF Silelhl & U I 3uer uderel  urferasor
3R u fIovs aerg o U B

FH 3mem war & 5 53 Yzadw A Ugd SEdRl A A o dbad = bl FRiETa
T Rmrs g @Y Tom & 39T Ider afews fra 3T Bemar @1 off derar
39T 1




TrHoT faesra e demaEt Tt O,
femr=er w29,
Breen-171 002

e foe

A “pag”’ Uer wHId U Jgeft & & T, o W U F AR ATeioT AT
& fou g orit ves argayd welefdfer B J' gzae Iuwiel, fewmrss 3R
amuer-2nefy 3marA & fordAtor & fow snuss FAeieeis @ Hu A wrRf wIAT T
UThicres  STUGTafi &t dgdl AHAFT B ATRI, A& Jlead &Hel usal A dHal
3iferes FAgcayot & oram B [ AR Hae S gelliasdl &bl ATHST BT IAD |

“Faa”’ HAIeidtwr Rsor B ATeH A TorAlor ufshaT Bl AZA derar &, oty
A& APl el I uRdare fhu foer Fft & fouv goasr & &mar 31 98
HATOTGTRfRT 3T 3Mest & o sraat & forarof 3 Heieefa uaer w=ar 21

1
FHRT 18 3TUPI UA Hdel Telledl B [T AMH Jalell & Sl o daar JRi&da
& afes uatfaror & gfte ¥ s 3w anfdfes =»u I wgaeRes off &
T ATART 3R ddhl BT IUADT HBIB, & 31U Ja IT B 3ifgadiT
af¥sr o I=Méa w=a gu s fordtor B Adba 2

H 3mu Fet B 31U 3arA TerATT B AT “aa”’ BT IUART HA B AT
WANET AT &1 3MST &H AT THADB UDh Holgd, JAeTd TFHATGST uter bl
feraAtor B3 |

Ot edte ?/(

arfermeg e

£-HeT: rdmin-hp@nic.in jots — ng oq 1 o_alk1 AT ST : 0177-2621004
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A Tga ord 3R 3mem B AT “Gag”’ T uRaT T @ &, S AR JFIAIYIT AT
& sruer-ufaRiet sger & AT & v AT Us swErel #AeeRier 31 98
UgaT BATY ATHIUT FHSTAT P JReNT 3R Homor Jlerfdad el & faw gy
ufdaegdr & IWifhd Bat & |

HaT BN FBT 38T TP UG JFATTS UGl HBIAT & Sl SHRX SAONIBI BT
UThiaes 3TUcTail gRT 3cdeel gellfardl bl ATHAT dHel A ATH €34 & foraator
&g 3Maeas el 3R 3IUHUT A ARG Telidl &1 I& Yade asAR forw fewmrs
T JRAdra or@eli @B TrAlor B fE U HAscayul HAwpiRier & wu H wrRt
H0ft, St Iy ST JF gAR & I S Aonfars Rafa=t & argsu 2

SHAPB 3T, B ATHUT &5 H Bieted fabraa & Haca bl Usdleld &1 bad bl
o Paar HAPeefar P T afes sFR @ BRoRT AR [Resd bl Iseia
ufdreror ST Uolly P 3IAAT UG Hp IaAd I B faw off fSonger e
=T B s Jhefdua wen 6 gAY FraAfor erfad sdiedsr At 3w gensit
BT AL B B AU S dRE A FASoid B, R gAR o FH smara &

JAHAT IoradT H glg Broft |

A Fot B =T 3T APICRIHET B IUMT BB VA Adell B Jdelral b e
UicATad Al & ol Udbfd B Ufaderdrsii & Races Fegar A 318 &1 380
A A9 fHerwr U GRiera Famas uder g=d |

Gooms
(e )
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feamer uder & U e,

Y “Baa’ B YgHRFT I =Euom BHa gu Jgeft & B, TE Tus 3rerdyd
APIE¥fdr & of gAY Iow H Inuar-ulcRie) siget & fraAfor @t kem A uw
HASAYUl bed B TS YIdd UIpldd ISl & el A oflaa 3w Fufaadl o
FgRelm & fau sAR FAAUUT B georfdt B

“Gaa’ w1 urefH® 3T INMUB! HAolgd R JRIETE sl @ forarior & v uw
RMUB 3R @R APigeld Uale ®el &1 &dHd 30« Udiaror &t fafdrse
3MALTHATIT B YT B & [T “Gaa”’ & A@aeiydes dur ear 2, afe
g&® ordAfor gFT ufdeaer ofonfeores Rafeei =1 Scussr gellfeRl &1 ATHeT et
H FegtaH W@ foraator A gpuraar FafuR B, 3R “Gaa’ I=m Aot @t A 3R
3oId ddpellchl @ 3UMOT UT iR dT o J&az fordAfor HAeepl ur eamel 3q gU I8
gIddb of BHAd Adell B IR B deldl & dfess At FraRei & fou shtae @bt
3= gotar A eff orere 2ar B

TAD 3T, BIA [ABRT B HAScd Bl Ugdleld U, &HS 31Ul ATHTRIE & dreret
B Ieoid P B 32T A APRIERIHEI A FAlsye AfdHfea fu T ety fEesst
3R HBRPORT & 3eggferes ddweliabl 3R Sllel A ALRB  JelThI, &H Iahtedl 3T
arcAferezar &t Jzhia B TgaT T @ T

AT Ulddaegdr 3% #Holeefar d & Aifdra &t 21 s feraAtoriafeal & dorss
T Flefdaa e aresd @ 5 f@amaer uder & omefior efelt H @l arcy oien @l
IRféTa otaer forartor & qerar ura & IB |1 H MU Jft B ST YIAds Bl UL
& fou dicarsa w=ar & difce &8 Uh Jadz 3R JRea Bamaa uder @t fRem &
THSTBT BTH BT IAD |

%@mw

3R d< oA (3MS. UW. TH.)
sifaRe gz afa, rera erer, Bama uder
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e ferar=T=,

HAI AR JERPRA I BATES Ul HA b 3R rwmrRidt amuar  ufcRiedt
3MEAA I JgEal o P U AATUT UH HAscayel JATeae “dwaa”’ Ul Hd gU
Fgeft & & 31 dfes &F uthfaes 3nuersit A gedt galfaal &1 ATHeT B 3B 8,
SATHAT T8 Swel & b &H UA 8 Jq&mel bl Urafdpar & Sir At & Aw ForeT
Blal & ATI—ATA Tel A bl ATHT ol BT JADB |

“Faa’ Hde Telldl B TEB ARPAT T URART B [T Uh U HARieidier B
>U H BRE HwAT B TE FART AN 3R Siorary uRRefael @ srgeu
STasiRes ddbelids 3R odld @oiiger uare war 81 S gxdds & AtSm @t orh
STEhr A A I8 Jeifdad & Adbd o b 8AR O o dHacl MHT UGS B
gics gHA®G! JAetd off 1 F 3muA “‘Baa’ A uxgd 3iadfte T awmelidi BY
3TUSTel BT 3TAE BT &1 8H A [HcTp 3Uel e difeal & fou v FrRigra
ud siftrs femmrss sifasy @1 foraafor e I &

JAoterT erAT (3. T. TH.)
Afera, amefior e Ua daradt 2rer fasimor, feamer uder



Director cum Ex Officio H.P. Secretariat
Special Secretary (Rev.-DM) Sl.lir.nla - 171002

o Jaomfera ferar==m,

¥ 9gd ord 3R IATE P AT HUD AAYT “‘Bag’ gRAdr B urdd HR @M
g o 38y ¥ fGomae uder & amuer-Jeft w3t & foraAfor # wifer arem 2
& APIGRIRET gAR AT B UIHide 3Muersii & ufa Jurs 3R ufafsar @r
Tgrel B TIU TR & ot Uk HASAYUl gAad B |

“Paa’ BT el B U HIT 35T JRET DI AR Adi=d URITHABAT F&&l 3 |
IBFALN aaelt B ferdAtor & fow figa forder 3w watas areamT uerer &b,
&H 31Ul AHSTAT DI Wbl 3MMUer3ii & et usal 3 dger & oo
APT IUTT B APBd & | HARIGRIBT AR 3Edr Aniaes Rafe=it & argsu
ARG AATE UGS Bl & dom I8 Jfeafdad w2t & b Fem a2 faAfor
uRAree H Jgel HA A MfAST BT

SAD 3T, “baa’ AT orefRiEl, oy w»u A arefior &5 FA Hretadr B
HAscaYUl Uagiail ®f AQIRIa wdt &1 AplelRfer # ey [Jest S wrert
B BIAA B Tl B U FAgarer ufdreror Jdterer enfdHAer 2 |

g Rt o Afdsfora o, g o Baa <bora saell A JaR BT Abd
g, dics A JUsT Bt AFAAT oikp 3R Jdfeg F off Jorerer T Iba 1 A
Faft amefior a1 3tEaTe wRar & 6 s yzae # U o Fem Iurt
BT ITOT B2 dlfs &H UTh JA&d T 3Ieorad Ul & aAfdsy & foraior &
oTETel BT A |

. H. Jom @EmE. T T
fereors wad oy Jfra, 3muer udge (Frera fdemer), fEaATm@er uder




- 247 667 (HRRd)
Prof. R. Pradeep Kumar CSIR-Central Building Research Institute
Director (A constituent Establishment of CSIR)
ROORKEE-247 667— INDIA

faraer uder & firer ferami=i,

A wga Jgeft R IFHaTr & AT “Gaa’ P Ul B W\ &, S 3MMUDB AT A
3muer-ufaAel gl @B forerior B werad @b g AU @Y o8 HAERier B
ANeAMEIRMAN3MRINE & fRes @& u H, FAF v JRMAId 3R snucrreh
Tt uder warer @ fRem H s Fs@yUl AR B UG Pl U I B
‘Gag’ 3O FUB  RT Gl giedIvT B AT IUB  FFHH Uxgd &1 A
HAPRRIBT BT UFgd B BT BFART Ieed [TAIOT Y13l Uz HASE@YDT SIEhr a2
SH dI& A YA PHel & o A b e Tuse, <masfRes 3 Iu=iefl ari
FAPfe¥far F A oaet & Frafor I Adfera smaeyrs fw=it @1 enfarer feem orem 2
S gsrsl 3R A Al &5l B utpfas 3muer3il &r ATHeT B H JeTH
‘Gaa’ w1 utafde 3gew oo AR A Jem B IFSA 3MOT [/ET B BHA I
SUradr darefl fordATor depefiabl 3R ATHARRIT U &Ta died dd gu Adide fafery
®T Aagreiydes faRor =m 8, o sael & enfiaa 3R Pem I Ferdad wd
21

sap  IMfafle, FAPleRfar amefion &= F orenRial & g Hreter ey &t
3TALAHBAT Bl FEeT <l a1 UidreTor JFAtered 3R Rga forder uerer o, “waa”
M RIesdl 3T BrRIoRI bl AP ool bl UATHA oM, 3o odidddd sl AT
BIMSA UITSA T |

F 3mg Jft B “waaw’ F e 3T B IR IABT IuOT B B AT UieATET
AT & Tih & TP 3N Jidra ofasy @bt ’em F fATd o d=a 21

V&

. UEg @A IHAARAT
fereores, NEAIMSIMTT—NNIMI3MS, Hsb! |




YUdTd&lT

Afdaes lerary uRader & HRur g3 I A FRA&G iR fewrss oo dweiiel &1 Asa 3R off aifires @g sm 21 =&
FJFA=3T A foruest & fow “waa” &1 3orea FATEe uder & areivr &5 & T U As@yst usar Eeft I8 gdae Ied
JAXIHR TAT ACAMNTSIR- Pl o@al gAensr Ixaer Ediemsns) srr uder el o JRféa i Rerss s@et &
rafor & fOE 3raesids e A ARG Ferel & v fHU 9U I UIT BT Ui B

‘o’ B AT ATANEIMR- ANSRSTS FRT FU 9T TH I@a TS A UH §s, [oTABT 3gaed FA™S Uder &
aifgd™a arRgféed STk FaeTadd uRTT &I UIgd el o7 IS PI AlNTas 3R Aaiazei ufdaadarsii &l A,
@ fafde 3mueraii & ATHAT el & fow foraior faftei of e svar o FAgcayot ar FAeFA3MS3R- Ad3mang &
=Mues oNfer 3T Ieiep uRumaAl & Uilor o 3 Tuss AelelRiedr &l sed Gar 8, s forfor Jgem 3R guraar & dger &
T Ietas FAUOT BT AT T |

JqE UATH ST AIBR B AfhAT 3R geaefl giiedior o1 georar 2, o 3rua AeilRe @t Jem Jeasad e & e
3ge Uiddgar Ramg 31 ‘saa’ g dRd B THIR B! Uscl IMUST-UTaRIell oTdell @ dohlal 3Maeddhdl &bl el H IJd
g0 o1 AuAsngsmz- FAdismens & ous JAa & ey s 3R Ot & arer Jfesfaa we, w8 grae feetor &
onfHeT Tt ol & [T U easiRes JATTS B HT A BIA B B 36T A dIRT B 18 T

‘Gaa” A onfHAeT FU oI ATauTElydd UHTA SHA U &I ASAPN HAGET Bl IAMBT Hd &1 S o dadd AT @ gite A
HATHTAS & diceh FATacr ueer & fou 3ifadie urplas 3nuarail &1 Ataer wal & off JetdH & SRI-Or U 3 Y=ad
B Ueell I Ueicdl, MUl JRf&Ta 3R gpuraaryel forafor ftRl & ATerar 3 SeerRt &1 Jeten fHcon | ‘Gaa’ dad Uw
gXds @l B, TS e 3T JIENT BT Uh FAsayol adel o, oy ug ghefdaa oo & fov dur ear o 2 oo
IRT H TARN ST BT Adel AFAT 3R UTRfads 3muersit & Racmws JR&a e @1 A ween war & 6 I8 g=aw
IRM&Ta sgert & forator e fGerae uder F IRf&ra 3w oo oraior @t vpla & @g@r aa # #Hlar & Uiz BT B
B

N W
= %))

Few Soft
HBT dSTfeTPd
HNTAIMESIMR—NNIMIIMS, HShl |




stfar=diepiar

“Faa’ - IMARNT Hadl P AT Tk HAeledidr 2 ST AMoAEIR—Aamsns g1 [hu ow
3mueT-RNeft foraAtor, Jwfous @A ofora arelt forator Ateeft 3R smard drenforfsl & &5 F  srgdare
Td s umAl 3R crues feradAfor 3rgera w1 AYeh uRvmdE B eTRa H 370l Irgere FeIme B Hu
FH, WNTIAMSIMR—AAIMRIMS BA—E uer IsT 3MTUeT Udeled UIEpor  (Cail-TASITHT) 3T Eamma
yeor arior e wd damadr et faerer o s wd Uienforadst Asar uete R T & delm Silel
HATDSIR B HU A BRI BT T 2|
FA T G T A ANTANMESIRANIMRIMTE B UaTad ol 9l A=Al 3T UiATEss & forw aifides 3R
&Ih el dIadl &1 &A™ el & ool ol 3Muar-Aeft 3rard fordtor & JFa=dar uerel wa drelt s
HAoleididT Pt Adbcuer sit M. om, ordes vwd v AR, snuer udeasr (Ire=za femen), B
el BRI @bt arg off, gAY G S I 311 faearAr 3R sierasies JAcie & v 3aa swoft 31 H
FCIANMEIRINANIRINE B orders MHAT U HAR IAARCT B foRdr It & v wast &1 H
A dorg > AT B IR IaB AT gRedIvr 3R admeliast Alfaelar & fae 3w sfdes  smaR
@Th AT & |
FH ANCTIAMSIMRT—AANIMIIMS B dsilieichl, dbeilchl IMMEhIRAT, UfRAGler JAsNP=™T 3NT dsifcies UmAbsI=T
ASTTHT B G A, AT HT A Follfe™R TA.B. ol (Farfergd aiss ddpeiiasl 3ifE®BRY) &1 Mt &,
TSlegicl 8 g3 bl dIlR dRal 3R UHRId ®a & fou 3reres uRsrar feam | g3 Awiestar @t a=Imst
H omfdHer MANTANTSIMR—NNRIME SH B J3fl A= oY AT afider gsuae & U= 2|
TA UBIMA dHI Ugel, AUfed bl 3T A HSUT AT HUT H ol A [BU o uar=Al & fow uenmsr
denfors 3B Sfo TA.TAITTAT & [I9W 3o wam datear & | A e uder amefior s va
garTet ISl [amer @F S B Ul 3Iaa FEUer B [T SR @k dRal & 3id A, oifchal Ja
FAscaygut a1d ¥E 2 5 ANuA3MEIm-AAN3msng s3I Ascaygel yIrd & v s ur orRar fReary =z
@ o vadt-vadivar & ufa 3rsia 3 B

G ¥y

870 31T IR
HZ dSilfelh

HNTAIMSIMR—NNIMIIMS, JHShr
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1 INTRODUCTION

1.1 About the Document

“Kawach" is a guide for individual house builders willing to
construct disaster resistant houses in Himachal Pradesh, a
beautiful place in the lap of the Himalayas. This region is
frequently visited by earthquakes, landslides, and floods that
bring havoc to individual houses not designed to withstand
such destructive forces. “Kawach" is a road map to guide
people step by step in their effort towards making a sturdy and
safe house for their family. It talks about how to select a safe
site for construction and what to do and what not to do at
different stages of construction to build a safe, durable, cost
efficient and comfortable house that can grow to meet your
future family needs.

“Kawach" not only guides you in building safety and economy
into your house, but it also guides how you can use locally
available materials in a scientific manner and maintain local
art and architecture in your new house.

We expect that the communities in Himachal Pradesh will
feel safer, more comfortable and still close to their traditions
by following the guidelines provided in the following pages.

The book works on five key principles given below:

s Ua

] . Sustainability
Functionality Aesthetics

a2 &
v

Economy

Fig.1.1.1. Principles for the book
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1.2 Need Of The Document

Himachal Pradesh is a state that is frequently visited
by various types of disasters badly affecting the lives
of thousands of people year after year. One type of a
disastrous event may trigger another type of event
further complicating the situation.

Earthquakes
W\W
I I I
) (o) !,
! !t cCanleadto .
—_———
— ———
Floods -
Landslides
. . -f‘r\/s,./-‘\-
* Canleadto '///a't/
‘Q » 10 ,’ '
. ! ]
T
—_—
Landslides Floods

Human life

Besides a safe construction site,
disaster resistant house.

It is therefore necessary to understand vulnerability of an
area and to identify and implement appropriate
technologies to develop a safer living environment.

What is the risk of a In
weak house on?

Himachal Pradesh,
traditional houses that are
not bound by timber batons

(as in Kathkuni/ Dhaijji
Diwari) cannot resist
destructive forces of
Earthquakes, winds, heavy

snowfall, etc, putting human

Property life and property to risk.

it is also important to construct a

Material Resilience
(Materials to b (Ability to withstand
hazards)

Construction quality
(Design, technology,
constfruction)
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1.3 How To Use The Document

Identify Zone

Preparation of
plan as per
guidelines

specified

Site Preparation

Plan Work
Accordingly

Site

. Selection/

Assessment

Site
Development

Selection of
Materials

Understand
Details

This document will guide people living in HP Zone-A. This
Zone covers Lahaul and spiti, Kinnaur including financial
support under any government scheme.

Find out the plinth area rate in your district.

Planning guidelines are given. Develop a layout plan for
your house according to your needs.

Once a house plan is ready, multiply its plinth area by the
locally prevalent Plinth Area Rate to obtain a rough
estimate of investment you might need.

Prepare the construction site as per instructions.

Select type of foundation, walls, roof etc. as per your site
conditions and hints provided at respective pages.

Identify materials that are easily available near your site to
save transportation cost.

Check if you can salvage some material from your old
house that you can reuse.

Identify a properly trained mason to take up the
construction job.

Check if your family/ friends can contribute their time.
Seek and follow advice of JE in-charge before starting the
work and later as and when you need.

Plan your work well, you will get next installment only
when you complete construction upto a particular stage.

Avoid being misguided by common people, refer to this guidebook frequently and consult JE in-charge when needed.
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2 ABOUT THE STATE

2.1 Geo-climate and Topography

Himachal Pradesh, India's 18th largest state, has
a total size of 55,673 square kilometers, with a
projected population of 7 million in 2021.

It is a hilly state located in the Himalayan hills. It
covers regions from plains to foothills to
snowcapped Himalayas about 4000m above
MSL.

GEO-CLIMATE

Due to the elevation variation in Himachal
(450-6500 meters), the climate is highly varied.
It ranges from warm and temperate (900-1800
meters), cool and temperate (1900-2400
meters), hot and sub-humid tropical (450-900
meters) in the southern low areas, and cold
alpine and glacial (2400-4800 meters) in the
northern and eastern high mountain ranges.

TOPOGRAPHY

Himachal Pradesh has diverse terrain, ranging
from the Great Himalayas to the Shivalik
range, which significantly influences its
climate, ecology, -culture and customs,
resulting in a beautiful and diverse landscape.

~ HIMACHAL
PRADESH

af N e
B g

Figure 2.1.1 Climatic zones in
Himachal Pradesh (Source:
Indian Institute Of Technology
(ISM) Dhanbad)
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Figure 2.1.2. Topographical
representation of Himachal
Pradesh (Source: GADM.org)
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2.2. Vulnerability

In simple terms, Exposure + Risk = Vulnerability. Vulnerability in hilly
areas like Himachal Pradesh mostly depends on the complex
interactions between topography, climate, and construction methods.
The difficult topography, which is marked by uneven elevations and
steep slopes, highlights the vulnerability of the area, to soil erosion
and landslides. The following disasters have been considered carefully
while providing the solutions that will keep your house safe:

R

HIMACHAL PRADESH

Earthquakes

Himachal Pradesh is
susceptible to earthquakes
because it is located in High
Risk  Earthquake zone-V.
Seismic activities in the region
can lead to landslides, and
other secondary effects. Fig. 2.2.1. Earthquake Hazard Map — F|ash  floods are common

(Source: SDMA, HP)

: ' ' throughout the state,
especially in areas with swift-
moving rivers and narrow
valleys. Significant damage
can result from abrupt and
strong floods brought on by
cloudbursts or heavy rainfall.

Low Risk Zone
I Moderate Risk Zone
I High Risk Zone

Inferences compiled from SDMA
Disaster Vulnerability Handbook for
Vulnerability; SEEDS 2009
Vulnerability Atlas, BMTPC:
Vulnerability Atlas-3rd edition 2019

Fig. 2.2.3. Overall Vulnerability Map

Flash Floods

FLOOD HAZARD MAP

HIMACHAL PRADESH
Landslide Incidonce Map

Landslides and Cloudbursts

Due to its hilly geography,
Himachal Pradesh is prone to
landslides, particularly during
periods of intense rainfall or
seismic activity. Loose soil and
steep hillsides increase the
risk.

3 s
_—
» E
e

Fig. 2.2.4. Flash Floods (Source: BMTPC)

Fig. 2.2.2. Landslide incidence map (Source:
SDMA, HP)
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Eﬂa 2.2.1 Earthquake
A S 4

Source: https://thenationalbulletin.in/earthquake-of-
magnitude-36-strikes-shimla-himachal-pradesh

Kangra Earthquake (1905):
Casualties : 20,000 persons

No. of dwellings affected:90-95%
of total in that area

Magnitude: 7.8

Kinnaur Earthquake (1975):
Casualties : 60 Persons died

several Injured
No. of dwellings affected: 200
Magnitude: 6.8

Dharamshala Earthquake (1975):
Casualties : 60 Persons died and
several Injured

Financial Loss: 65 Crores
Magnitude: 6.8

Fig. 2.2.1.1. Impact on a building during an Earthquake

Impact

Foundation of a building moves with ground
during an earthquake, but the roof remains
stationary due to inertia. The roof, the
foundation of the structure, the walls and
columns are all improperly linked due to
which the structural integrity of the whole
structure is compromised.

Members affected

Fig. 2.2.1.5. Impact due to soil liquefaction



Roof runoff may
seep into the soil
and cause
settlement

Road ditch
infiltration

Failure due
to septic
field drains
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2.2.2 Landslides

/—V\J—‘L/W\

Roof runoff may
seep into the soil
and cause
settlement

Road ditch
infiltration

Failure due
to septic
field drains

Members affected

Whole building is affected. ».\‘,/«"“' < e

P\ N\

Fig.2.2.2.2 Damage to whole building due to high
impact force

Fig.2.2.2.3. Collapse due to sliding force
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Flash flood: it is a sudden rise of water in a river

Heavy rain falls onto
waterlogged ground

e (D

2 ) Rainfall cannot soak in
runs down into river

and bursts its banks,
flooding valley floor

Video

Members affected

Substructure is heavily
impacted since the soil is loose.

2.2.3 Flash Floods

Impact
Damage to walls

Sl

Fig.2.2.3.1 Excessive rainfall and
splashing may cause the material to
lose their properties

Fig.2.2.3.4. Damage to super
structure and the sub structure

Damage to foundations

Fig.2.2.3.2. Scouring of foundation

Fig.2.2.3.5. Settlement of foundation

Damage to plinth

Fig.2.2.3.3 Damage to plinth due
to scouring of water

Fig.2.2.3.6. Damage to scouring of soil
underneath the plinth
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2.3 About the Zones

Jammu and Kashmir

e Considering climate, availability of
building materials and living habits of
the people recommendations have
been made, to help people willing to
make their own houses, in selecting
building materials and technologies
for a cost effective house that is
durable, resistant to local hazards like
earthquakes, winds, heavy rains,
snow etc. and comfortable to live in.

CHINA

Fig 2.3.1 Himachal Pradesh, Zonation According to Pahal
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2.3.1 Zone A

1. Districts:
Lahaul and Spiti, Kinnaur
2. Climate

Pleasant, cool summers, snow bound
from October to May

3. Seismic Zone
IVandV
4. Soil Type
Dry hill soil in Lahaul and Spiti
High Hill Soil — silty loam to clayey loam
5. Existing Construction Practices
Conventional — RCC Frame, Load Bearing

Traditional - Dry Stone Masonry, Kangra
Style of Construction and Kath Kuni
Construction, Mud construction in
Lahaul and Spiti

6. Issues in Existing Construction
* Heavy roofs
* Thick walls reduce carpet area

* Massive houses generate high inertial
forces during earthquakes

10

Fig 2.3.1.1.Zone A
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Problems

Traditional houses are prone to damages from earthquakes, winds,
snow, rains, and ground movements.

Walls and roofs consist of massive stone masonry or cob, lacking
dependable resistance against earthquake forces.

Regular maintenance sustains these houses due to low rainfall in most
areas.

Timber scarcity in Lahaul and Spiti exacerbates structural
vulnerabilities.

Limited availability and high cost of modern materials for RCC frame
construction necessitate reliance on locally available clay and stones.

Fig 2.3.1.2. Traditional houses prone to damages from earthquakes,
winds, snow, rains, and ground movements

Potentials

While Kinnaur has rocks, boulders, sand and wood required for the
construction of houses, in Lahaul and Spiti local soil is the main
building material. It suits the dry climate of the district. The thick
mud walls (35 to 50 cm thick) and thick mud roofs provide
insulation against very cold winters.

Suggestions

Construction of safer, durable houses in challenging zones requires
blending of traditional and modern materials and techniques.
Suggestions aim low-rise buildings (larger buildings need structural
design by engineers.)

Use locally available materials and appropriate technology for cost-
effectiveness and to mitigate natural hazards.

Train and advise masons to adopt simple, appropriate technologies.

Fig2.3.1.3. Kinnaur has an availability of rocks, boulder, sand and
wood which makes ease for construction

11
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3 SITE ASSESSMENT AND SELECTION

3.1. Accessibility

Check for site connectivity.

e |tisimportant that the site chosen should be
well connected.

® Functional roads enable prompt delivery of
materials easily.

e A well connected site prompts ease of
habitation.

Note:

1. Construction expense increase on sites that
are isolated and not well connected. Poor
accessibility affects carriage of construction
materials, provision of electricity, water etc.
A site like (1) should be avoided in case you
are buying a new site.

2. Check that your site is stable and away from
seasonal water channels, away from landslide
zones, not very steep and requires minimum
site development activities.

Fig 3.1.1. Accessibility of site near and far from resources

12
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3.2. Site Identification

v

Fig 3.2.1 Location of Site

As a general rule, hills slopes that are made of soft
soils and have slopes steeper than 302 are vulnerable
to landslides. The problem is aggravated in soft
saturated soils even with slopes less than 3089.

H=3V

Fig 3.2.3. Relationship between horizontal and vertical distances between the houses

13

Fig 3.2.2 Size of House

If the house is on a steep slope, it should be small.

It is imperative that the houses at lower levels should
be built first. The horizontal distance between the
subsequent structures at different elevations should
be at least 3 times the difference in their founding
levels, if not more. (Figure 3.2.3)
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3.2.1. Slope

SLOPE BUILDING ON SLOPED SITE

RETAINING

WALL‘X

Fig 3.2.1.1. Ratio for Cut in hill slope

Check that the slopes can be cut into steps of not Too much cut & fill

more than 1 m height to at least 1.5 m width.

Fig 3.2.1.3. Building on Sloped Site

Flg 3.2:1.2. Natural Drainage of Site It is important that the slope is cut and filled as
minimally as possible. The natural slope of the site
must be taken into consideration while the slope is cut
and filled.

Make sure that the site is such that the natural slope
drains the water away from the site.

14
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&

Less than 10%
economical

e

Gentle Slope

1YY

10% to 20% more
expensive

Fig 3.2.1.4. Economical Difference between Slope

Moderate Slope
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Steeper slopes increase the risk of
landslides, erosion, and slope
failures. Building structures on such
unstable ground can lead to
structural damage or collapse.

Water runoff is more rapid on
steep slopes, leading to erosion
and potential flooding
downstream. Proper drainage
solutions are essential but can be
difficult to implement effectively.

Following are the advantages of
gentle slopes:

* Easier Construction

* Better Accessibility

*  More Usable Space

* Reduced Erosion Risk

* Better Drainage

* Safety

Each of the given five reasons
contribute to the overall cost of
your house.
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a)  Rock slope into the hill b) Rock slope along the hill

Fig 3.2.1.6. Rock strata

NEW RETAINING WALL cuT

l LINE OF SLOPE NEW FLAT SURFACE

Fig 3.2.1.7. Cut and fill

16

Houses should be built preferably on
those hill slopes where the geological
layers of rocks slope into the body of
a hill, and not along the hill slope.

A site should be such that a minimum
clearance of 1.5 m between retaining
wall and building wall can be
provided. A suitable breast wall may
be made on the cutting side, when
soil or soil mixed boulder deposit

rests over rock which are mostly met
in practice. On valley side, the
clearance should be such that base of
foundation rests on firm soil or rock
and not on filled up ground.

NEW RETAINING WALL
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3.2.2. Drainage

Identify source of water close to the site.

Fig 3.2.2.1. Water Creep on site

It is important to look out for fissures in the
ground, especially in summer months.

At locations where there is perennial
rainfall, the soft soil slopes may creep
slowly.

Fig 3.2.2.2. Variation in Water Level

Variation in rise of water level in last 30-40 years should
be taken into account before planning.

Plinth height above natural ground level should be more
than the High Flood Level in the neighborhood of the site
and the likely Road Level in the distinct future.

17
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Ample Distance
according to
local/TCP byelaws

e

Fig 3.2.3 Natural Flow of Water

Fig 3.2.4 distance from Waterbody

On the uphill side of a building on a sloping site, drainage The building site should be at a reasonably higher level above
requires special consideration. The natural flow of water river and gullies such that the site is unaffected by landslide,
shall be diverted away from the foundations. discharge from dam/reservoirs and flooding.

18
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3.23. Proximity to Water Body

e Hillsides that are susceptible to landslides and erosion at toe due
to probable meandering of the rivers and gullies, should be
avoided.

e We can see in the given example (Fig.3.2.3.2) that a meandering
river can cause rapid erosion of the hill side. This is an important
consideration in site selection.

WINTER SUMMER

Fig 3.2.3.1 Proximity to Water Body

Site should be such that the building pad is
sufficiently away from the edge of the terrace. The :
foundation of an individual building should be Fig 3.2.3.2 Seasonal Soil Erosion

located away from the edge of the terraces formed

as natural floodplain deposits or constructed by e Check that your site does not block any seasonal water channel.
cutting and filling along the hill side or at the river (Fig. 3.2.3.2)

bank.
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3.24. Devlopment

Fig 3.2.4.1. Reinforcement Wall

e Buildings should be sufficiently e Foundations should rest only on
away from steep slopes. firm soil and not on filled up soil.
® On valley side, the clearance e A minimum clearance of 1.5 m

should be such that base of
foundation rests on firm soil or
rock and not on filled up
ground

between toe of wall and
building wall should be
provided.

20
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Fig 3.2.4.2. Distance between Buildings

e Buildings should not be constructed
too close to other buildings, as
there might be possibility of
hammering each other or collapsing
during earthquake.

e The distance between any two
buildings should be about
1.25m/storey (NBC Norms).
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3.2.5. General Tips

o Ample distance

House site

quarry

Check for soil. It should not be very loose. The site should also be sufficiently away from quarries as
repeated blasting may cause landslide or cracks in the building
due to slope movement. (Check local area norms.)

Check for large trees and boulders.

}/\ Distance according to

local I

ocal byelaws Stable sIope/ Unstable sIopex
It is recommended that the distance between the Trees may indicate slope stability. If the trees are upright, then
trees and the house should be according to local the slope is stable. If the trees are bent, then the slope is
area normes. unstable.
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3.2.6. Earthquake Safety

Fig 3.2.6.2. Size of house

Fig 3.2.6.1. Rupture Area and Fault Line

While constructing uphill, the smaller house should be
located at higher location.

® Check for ruptured areas and fault lines. Avoid construction close to those areas.

® Occurrence of an earthquake of large magnitude in the near vicinity of the site, and that too for a long duration
causes soil liquefaction making the area vulnerable to foundation failures.Local authorities must publicize the
information about fault lines and ruptured areas.
Construction should be restricted in these areas.
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3.3. Site Orientation

Fig 3.3.1 Orientation of Building

Make sure that the following conditions can be met to place a building
on your land:

Site should be so oriented that ® The location of the building should

it is properly sunlit and it shall minimize grading.
not be located on the bottom ® The location of the building must
of the valleys or permanent preserve natural drainage courses
shadow zones of ridges and and existing trees.
peaks, and high wind zones. e There should be less distance from

the main road to minimize footprint.

Fig 3.3.2 Sun Path of Building
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4 SITE PREPARATION

Fig 4.1 Preparation of Site

Stones obtained during the clearing of site must be stored in heaps as
they can be used during the construction and leveling phase. These can
be kept outside. However, other building materials like cement, timber
etc. must be kept under a weatherproof shed.

24

Cut the slope in 0.5 to 1m high steps and
store stones obtained during cutting.

Avoid slope cuttings more than 1 m deep
to obtain one large terrace for making
house, instead make several terraces
each with limited depth of cutting. Level
the site using granular material/soil.

Fig 4.2 Cut and Fill
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Gutter

Gravel or

Weep Hole

Fig 4.3 Section of Retaining Wall

Fig 4.4 Drainage of Retaining Wall

Fig 4.5 Toe Wall Backfill Fig 4.6 Resources for Site

25
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Fig 4.8. Direction of the sun
Fig 4.7. Weather proof space for materials

()

555 Tal4s ? CC.)

Site

Fig 4.10. Water demarcation on site

Fig 4.9. Approach to house site
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5 PLANNING GUIDELINES

5.1. Form and Orientation

While planning the layout for your house, there are a few guidelines that should be kept in mind:

Fig 5.1.1 Shapes of Building

Fig 5.1.2 Orientation of Building

Simple shapes perform the best during earthquakes. Make
sure that your building has as simple a form as possible.
Building Shape should be regular. If unavoidable, give
separation gap to form regular shapes.
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e A building should not be too long compared to its width. (The ratio of length to width should not be more
than 2:1 or according to local area norms).

e |t is better to construct a large building in smaller sections by providing gaps between different sections

e A symmetrically designed building, both horizontally and vertically, performs better during an earthquake.

3 3¢
Vertically Discontinuous Walls
Poor Location of Openings

I X

H |

A } §

Vertically Continuous Walls Good Location of Openings

Adequate Plan Layout

Fig.5.1.3 Ratio of I/w in plans Fig.5.1.4. .Continuity in plans Fig.5.1.5 Opening location
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2. & BHAT
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@) 2 3) (4) (5)
i) P T ATl AT SHIFAT
. ST T 9.00 2.70 2.75
@I, @ B 6.50 2.10 2.75
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5.2 Internal Planning

Requirements and specifications as per NBC 2016 and SP 73

@) @)

3 (@)
i) Only one room
a) Single Room 9.50 2.70
b) Low income housing 12.50 2.70
unit with 1
multipurpose room
ii) Two rooms
a) First room 9.50 2.70
b) Second room 7.50 2.40
(1) 2 (3) (4)
ii) Low income housing units
a) First room 9.00 2.70
b) Second room 6.50 2.10

Fig 5.2.1. Building outline
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30m 27m
86 ft?| 8 m?

Minimum |
90 square feet .
Minimum
2.7m 90 square feet
Minimum
102"
30m 31m
Twin XL
N !
/"_:
Minimum Bedroom Size: '
’ ]
Min. 90 square feet - J :

Min. 2.7 m in any horizontal dimension R H
] [

e 5.2.2. a) ereienet Sgdd MBI
RS 5.2.2. b) eTIeTeheT T sYAAaHA 3ITHR 3NT sTael

OIS TeTeha] B Seldd MBI Bt oI AT &, ar 3<TET0T B U, Ul 9IUclehel @I AToiall HuT Sf ars & |
HIs B FAR Bk BT &Bar 90 aof /e A HH

aE gem aifar 3R HIE oft Afeor AT 9 we A
= <5 =TTOREOE OB
4 (5)

HH 3T dIcd ATarAT H dg3eefl™, @& AT HARI

H FAT TP B L 916 SUCTs é & I . aﬁaazﬁaa%mar 7.50 2.10 2.75
BH 3T dict MErA B [ F=reH 3T ™o
= =S e siEw B 4.50 1.80 2.75 B FAE 1.20 1.00 2.40
37eTar
=T. CIEIGE] 1.00 1.00
=T, HH 3T, STATAT 3.30 1.80 2.75
& e =S
ar. TTeER 3T o= 2.00 1.20
Table 5.1.
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30m 27m 86 ft?| 8 m?

Minimum I—,

90 square feet -

Minimum
2.7m 90 square feet 2"

Minimum 10°2

31m
3.0m

Twin XL

Minimum Bedroom Size:

~
R ——

Min. 90 square feet !
Min. 2.7 m in any horizontal dimension t--=------- Tl

@ |26m —>

Fig 5.2.2. a) Minimum bedroom size

When it comes to the minimum size of a bedroom, the For instance, plan of a single bedroom is given above.

code requires a floor area of not less than 90 square
feet and the horizontal dimension in any direction cannot .----
be less than 9 feet.

1) @) ®) @) (5)

Multipurpose habitable rooms in low income housing

. . . i) Kitchen with dining 7.50 2.10 2.75
shall be provided with an alcove for cooking space.
i) Kitchen without 5.00 1.80 2.75
dining

Bathroom and water closets for low income housing

1) @) 3) (4) 5) a) Bathroom 1.20 1.00 2.40
i) Kitchen without a 4.50 1.80 2.75 b) Water-closet 1.00 1.00

separate storage
i) Kitchen in a low 3.30 1.80 2.75 €] EEUNTEel B0 2L L2

income house water-closet

Table 5.1.
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farar 5.3.1 fiefear dt sgaaa Harg
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General requirements of the building

1. Plinth on slopes shall have a maximum height
of 900mm and minimum height of 450mm,
and shall be measured from the base of the
plinth.

® In case of flood prone areas, the plinth
height, measured from the adjacent high
flood plain level, shall be minimum 600mm.

2. In general, a minimum clear height of 2.75m is 450mm to 900mm

required between floors; it is measured from the top
surface of floor to the lowest point of the ceiling.

e In buildings with pitched roof, the average height

of room should be at least 2.75 m.

. Further, the minimum clear headroom under a
beam, folded plates or eaves should be 2.4 m. T T~
e In case of rooms in colder regions and/or air- o
conditioned rooms, the height may be reduced to ma';;.n;mftgmmﬁ&

a minimum of 2.70 m for a habitable room as a prone areas
\ 4

Fig 5.3.1 Plinth minimum heights

Mmeasure to conserve energy.
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54. zzamor 3k Raskeat

Bt g2 # ezarst 3w Rasfhal & fu ameef 3w o= & 2

A7 5.4.1. avars7l 3 f&sfFa) a1 woreT 3K 31HR

=arsr 3R Rasfeal flar Ht srafRs Jas 3
eoomm gz &t @1fdw sk 3o &g = ot oft
BH A BHA 600mm Bl AMET I

U afafafr ¥ Jgem & v Rasast o5t arsrs
600mm &1 Bldileh, A Idls UL, A& 900mm

dep &8I HAhdl & |
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waor AR Rasfeal far & HiEt A FA A BA
450mm FH T uT Rea et afzw |

TAdRIT 2016 & IFAR ATAT FTHR fereataRaa
2:

. &gTeT :

HIT FR: 1000 X2100mMmM A 1200 X2100mMm
TATS: 900 X 2100mMm

eiEme™: 750 X 2100mm

2. Rasas -

Rifra Siorarg & T weR B wef & &1 1/84af
o1, S8t Siaary & o dar &
1/1 2af &#TaT

e o o _,

600mm to 1200mm

Ffera AsE 600 MM A 1200 MM a® & Abdl S|
BT Adfaa &=t A, sfrsasd eoo mm  F 900 mm
a®s & Akl B

e 5.4.2 RBasel & fore #Hiers @erd



54. Doors and Windows

What are ideal sizes and locations of openings for door and windows in a house?

Fig 5.4.1. lllustration of openings

The opening should be provided 600mm away from the
internal surface of a wall and the distance between the
openings should also be a minimum of 600mm.

Preferable width of the window for resistance against
seismic activity is 600mm. However, at lower elevations,
it may be taken to be 900 mm.

32

The door and window openings should be positioned at
least 450 mm away from wall corners or junctions. NBC
2016 recommends the following normal sizes:

(1) Door Openings:

Main door : 1000 x 2100 mm to 1200 x 2100mm

Kitchen : 900 x 2100 mm

Toilet : 750 x 2100 mm

(2) Window Openings:

1/8th of floor area of room for temperate and composite;
1/12th of floor area of room for cold climate

P 600mm to 1200mm

[
< |

Standard width may range from 600mm to 1200mm width.
In Earthquake prone areas, 600mm x 900mm maximum.

Fig 5.4.2. Standard width for a window opening
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6 GENERAL INFORMATION ABOUT CONSTRUCTION PRACTICES

6.1. Common Practices for Construction (Initial Phase)

Building Outline Layout

b) Building layout using thread and concrete blocks

a) Measuring and marking ground lines

Fig 6.1.1. Building outline layouting on ground

® Draw a 4 Mtr. Line from A to B where 90 degree angle
is required. Fix pegs at A and B.

e The First person holds the initial end of measuring tape
with one hand on the peg A at zero and the Same tape
with other hand at 12m.

® The other person will hold the tape at the 4m mark
and fix a peg at B and mark it at 4m

e A third Person holds the tape at 9 mtrs and mark it,
which will be the c point. Now place the peg at point C.

e Now increase the line AC to any length as needed.

33

¢)Using thread and block for layouting

Clean the Construction site, ensure that it is flat.

Put Concrete blocks markers on all the corner, marker
blocks should be placed about 1.5 Mtrs away from the
outer walls of the proposed building.

Blocks should be of equal height and to keep thread off the
ground

Mark centre line of the outer wall with cotton thread and
tape. Stretch cotton thread firmly so that it does not sag.

At the corners of the building, divide the line of cotton
thread at right angles to each other. Use 3:4:5 method to
obtain 90 degree.
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Water level for levelling of site

e Use a water tube up-to 10m in length and fill
it with water.

e Hold both ends vertically so that water does
not drain. Tap the filled tube with your finger
to eliminate or remove any air bubbles
trapped.

e Hold both ends together and make sure that
the level in both the ends is same.

e |dentify the Reference point A, which is the
level you want to move to another place B.

e Have your assistant stand at the reference
level A mark.

Fig 6.1.2. Water levelling of Site

e Place the other end of the tube

approximately near B where level is to be - u
/\_/
transferred, move the tube up and down to P '
1 I
bring the water level in the pipe at A, mark o) e
the level at the other end of the tube B. I/QD , '))
e Now A and B are at the same level. /\JT/
“

Fig 6.1.3. Water levelling of Site (How to check levels)
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Excavation of Foundation Trenches

600

I 750 }

6.1.4. Minimum depth and width of trenches

Dug Earth

Dig the soil and stack the dug soil at least 45 cm away from the
trenches to prevent it from falling back into the trenches.

Fig. 6.1.5. Digging trenches (do’s and don’t’s)

35

Fig. 6.1.6. ground hardened by a rammer

Mark the foundation trench width by placing pegs
at both sides of the centerline, marked during
layout, equal to the foundation width required.
Determine safe vertical sides of the trench wall, by
examining the soil quality.

Remove the soil’s top surface and remove the
waste, organic materials and  other trash from
there.

Ensure the flatness of pit surface using a water
tube level or with a scale and spirit level.
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6.2. Load Bearing Structure

Construction of Foundation:

back filling with 10 c.m. layer thick
Corner steel bar —> of soil duly compacted by rammed tamper

Ground Level

7
7
.

/)
V////l./.....’? Masonry .

b) Foundation in trench (Section)

a) trenches

Fig 6.2.1 P.C.C of Foundation Trench

. Lay about 12 cm thick 1:5:10 cement concrete in the foundation Foundations should be constructed
trench and compact well to obtain a level surface. in solid hard soil at appropriate

*  Provide 1 no 12mm dia vertical steel bar at every corner from the depth not affected by moisture
bottom of the foundation masonry (Fig) changes throughout the year.

. Construct foundation using bricks/Blocks/Coursed Rubble masonry
in cement mortar nearly upto the plinth level.

*  The space around the foundation masonry is carefully filled with 100 mm thick layers of soil.

* If the soil of the filling is dry, then it should be moistened by spraying water.

*  Each layer should be compacted by using ground tamper. Make sure that it does not damage the foundation.

* Add layers sequentially on both sides of the foundation until the required height is reached, which is generally
slightly more than the surrounding ground level.

e Any extra excavated soil can be filled in plinth.
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Construction of plinth band

Plinth is made at least 30 cm
above the ground level.
Higher plinth level should be
preferred so that rainwater,
snakes etc do not enter into
the house even during
possible floods in the area.

Providing RCC Plinth Band:

Install Formwork: Construct
formwork along the edges of the
plinth  masonry using timber,
plywood, or metal sheets to define
the plinth band's shape. Ensure to
secure shuttering and alignment.
Place Reinforcement Bars: Provide
horizontal bars for RCC band/ Bond
Beam as per drawing (next page).
Allow vertical seismic bars at the
corners to pass through the
horizontal bars.

3.

plinth to be about 450mm high

As we can see, the ground is at least
30 cm below the plinth band and
the plinth band has been provided
with seismic Band

Fig 6.2.2. P.C.C of Foundation Trench

Pour Concrete: Fill the formwork with M20 concrete mix, compacting it
thoroughly to remove air voids.

4. Cure and Finish: Let the concrete cure for approximately 28 days. Keep it

moist during curing to prevent cracking. Remove the formwork
carefully and finish the surface as desired.
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Detail at L corner Section of Plinth band

Legend

___ 12mm dia reinforcement bars (horizontal)
6mm dia bar links

® 12mm =TA JFFAPHWT AR (SHeaierR)
@Ee: PEt R Sade Raeor gerfa @ e e &t w5t Y 3rcrer-
Rifesa feeam orem ®)

st 6.2.3. 3BU s B B UT JFgHBOT BT Rra=or

Detail at T corner

3fetor o1t &

Detail at A Detail at B
Rt 6.2.5 fpu ¥z B HA T Fgdiwor Hr fFa=or (3F)
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Details of making RCC Bands

!

|
|
! A
I} \

Section of Plinth band Detail at T corner

Detail at L corner

Legend

___ 12mm dia reinforcement bars (horizontal)
6mm dia bar links
® 12mm dia reinforcement bars (vertical)
(Note: Reinforcement bars have been marked in different colours to depict joinery)
Fig,6.2.3. Details of reinforcement at corner of Earthquake band

Detail at A Detail at B

Fig 6.2.4 Details of reinforcement at corner of Earthquake band (3D)
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e A 75 mm thick RCC plinth band is
provided continuous over all the walls
to bind them together, at the plinth
level. This provides safety against
earthquakes and non-uniform
settlement of foundation.

« The plinth bands/beams are
reinforced with at least two 12mm dia
steel bars that bend at wall corners to
enter the adjoining walls. The steel
bars should not terminate at corners
or T-junctions of walls.

Tips to remember:

1. Foundation and Soil: Ensure ground is
leveled, soil compacted, and drainage
provided to prevent settling and water
accumulation.

2.Material Quality: Use high-quality
concrete (M20+), bricks, or stones, and
reinforce with steel for strength and
durability.

3.Dimensions and Alignment: Follow
specifications for uniform height and
width, ensuring accurate measurements
and level alignment to avoid structural
issues.
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Masonry in Superstructure

1. At site, store bricks in stacks. On the day before using the bricks in masonry, spray lot of water on the stacks
to drench the stack well up to the core.

2. Again spray water before taking the bricks out from the stack for use in masonry. Dry bricks give poor quality
and low strength masonry.

3. The bricks are generally laid in a pattern called English Bond. Wall thickness is equal to one length of the brick
which depends upon the type of brick being used.

Types of Brick for Masonry

& - 7

Clay Sand+lime Flyash
Concrete Hollow Concrete Block
Fig 6.2.6 English Bond Fig. 6.2.7 Spraying water on Brick stacks
Fig 6.2.5 Types of bricks
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Fixing Doors and Window frames

Z type hold fasts

Mild flat hold fasts

Fig 6.2.8 Types of hold fasts

Door and window frames are fixed in the walls during masonry work. Steel holdfasts are fixed to the frames which are
embedded in the walls with cement concrete. Middle holdfast of door frame is fixed into the RCC Sill band.
Window frames have holdfasts fixed to all the four sides. The holdfasts fixed to the vertical members are fixed to the

Lintel Band

Holdfasts ——r

Concreting around ——
holdfast

Sill band ———|

| [ [ 1
gL 1 |
Plinth band l i [ 1
N[ [ [ |
Window Frame fixing

Lintel Band

Holdfast

Concreting around
holdfast

Sill band ——

-

Plinth band ———

Fig 6.2.9 Window and Door frame fixing

walls and the top and bottom holdfasts are fixed to the RCC Lintel and Sill bands.

For EQ safety make strong Door and Window frames of steel T-sections. Weld steel grills to the window frames.

For earthquake safety the door/window openings should be small and must be at least 60 cm away from wall corners.
Two openings in a wall should be separated by at least 60cm masonry.

All the masonry walls should be bound together by 75 mm thick RCC bands at plinth, lintel and roof levels.

Provide vertical bars or RCC tie columns at masonry wall corners as per design.
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e Once the RCC plinth band is cast, a strong door frame of
steel T-section be fixed to it.

e Position the door frames over the plinth at their exact
locations. The sides of the frame should be in plumb.
Check several times as the masonry goes up. Use shims
if necessary to adjust the frame for level and plumb.
Secure the door frames to the surrounding structure
using holdfasts welded to the frames. These are placed
in such a way that

i) one pair (one on each side) is fixed 300mm above
the plinth band,

ii) middle pair is fixed into the sill RCC band,

iii) one pair is fixed 300mm below the lintel band
and

iv) one pair welded at the top, goes into the RCC
Lintel band.

e The holdfast are fixed into the masonry orin  the RCC
bands as the masonry goes up. Frames fixed later
become loose and do not provide safety against
earthquakes.

The holdfasts of window frames are also fixed in walls
as the masonry goes up.

i) The bottom pair is fixed into the RCC sill band.

ii) The holdfasts fixed to the vertical sides of the frame
are fixed into the masonry of walls as the masonry work
goes up with cement concrete.

iii) The top pair is fixed into the RCC lintel band.
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Fig 6.2.10 Window frame fixing (ensuring verticality)

Ensure correct level and verticality of door window
frames.

Fix all door and window frames at the time of masonry
work. Fixing them later makes holdfast joints loose.
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Providing lintel Band and sunshades

75 mm thick RCC Bands are provided at plinth,
window sill, door lintel and roof levels. In gable
walls RCC Gable bands are also provided.

* These are important structural elements that
bind all the walls horizontally at respective levels
and protect them during earthquakes.

* These bands also act as door window lintels.
Sunshade projections can be taken out from
these RCC bands over door and window
openings.

» Vertical steel bars at corners pass through these
bands to bind the foundations, walls and the
roof vertically.

* No bars of RCC bands terminate at corners.
(Fig.6.2.13.) The bars bend around the corners
and go at least 0.5m in to the adjacent walls.

EInNANNicy

| 1

X v

Fig 6.2.11 Correct way of reinforcement in lintel band

Fig 6.2.12 Lintel Band position in a house

Importance of Lintel Band
1. Structural Support: Distributes load above openings
evenly, preventing cracks and ensuring building stability.

2. Earthquake Resistance: Enhances building rigidity,
reducing collapse risk in earthquakes.

3. Load Distribution: Distributes load away from openings,
preventing localized stress and damage.
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Step 1: Planning the house layout

Sample plan is given here. (For detailed floor plan, refer the next page). Follow the steps while constructing

your house yourself.

*  Formulate a layout plan for your house. (Keep in mind the Planning and Safety Guidelines).
* Find out the plinth area rate of construction of a house near your site.
*  Multiply the Plinth area by the plinth area rate to get an idea of the amount of money that you will have to invest in the

construction of your house.
* |If you wish to add another storey later, make arrangements for stairs and a flat roof that may act as floor of the upper

storey.
* Plan your ground floor services such that upper floor can be connected to the existing service lines of the ground floor.

* Follow guidelines for site selection and preparation given earlier. (Site Selection and Assessment and Site Preparation)
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Fig. 6.2.13 Floor plans
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Step 2: Construction of Foundation

The foundation shall be minimum 600 mm deep and 750mm
wide for a two storey house, if the soil is loose or water
stagnates for more than 2 days we may have to go for bigger and

deeper foundation. Consult JE incharge.

This sketch shows stone masonry in foundation

Dig the foundation trenches and ram the base with a rammer.
Lay a 150mm thick base concrete (1:5:10) in the trenches and
ram well to get a levelled surface.

Provide one 12mm diameter vertical TMT bar in every corner and
T-junction of walls passing through the base concrete and
masonry encased in 1:1.5:3 cement concrete as shown in figure.

e
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Fig. 6.2.14 Trench plan with location of reinforcement bars marked
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Fig. 6.2.15 Minimum size of trenches

12 mm Die Steel Bar

35 cm Thick Stone Masonry

RCC Plinth Beam

Stone Masonry
foundation And
Plinth

600

750 /%

Fig. 6.2.16 Stone foundation

750x600mm Dug
Trench

Fig. 6.2.17 Trenches
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In case you find some big rock/boulder firmly
fixed in soil that is projecting into the
trenches, do not remove the rock. Rough cut
the top and sides to get a stepped shape.
Construct the foundation masonry in cement
mortar encasing the projecting rock portion.
(Given figure)

Provide one 12 mm diameter vertical steel
bar at every corner and wall junction from
the first course of foundation masonry in
cement mortar. Fill the gap round the steel
bar with cement concrete (1:1.5:3). If
concrete Blocks are available, we can use
concrete blocks in cement mortar (1:5) in
foundation .

Provide ‘through stones’ in coursed rubble
masonry at every 1200mm length of wall.
Through stones are large stones that are
equal to the width of the wall.

Continue masonry up to the plinth level, i.e.
at least 30 cm above the ground level.
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Fig. 6.2.18 Stone in foundation trenches

100MM PC.C

Fig. 6.2.19 100mm P.C.C. to be laid in dug trenches
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Step 3: Providing vertical steel Reinforcement at corners

Corner Reinforcment

e Make sure that the masonry is done as
detailed under the section on Masonry

® Provide through stones at about 1200 m
centre to centre in every alternate course.

Fig. 6.2.20 Corner reinforcement provided in foundation

Brick Foundation

e Continue masonry up to 75mm below the
plinth level and then provide 75mm thick RCC
plinth Band to tie all the walls at plinth level.

Fig. 6.2.21 Brick Foundation laid over PCC
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Step 4: Construction of Earthquake Band

The bars of the RCC bands should not terminate at corners. *TETE 1 e .T— I 1 1=31. L

This is very important. - :

® The bars are bent 60 cm into the adjacent wall as shown, | |
at every corner and junction. ]

® Use 12mm diameter main bars, 6mm diameter links and

12mm diameter vertical bars at every corner and T- | l‘ :
junction from foundation to roof. A—
® The thickness of RCC in bands is 75mm (3”) and concrete Detail at L junction Section Detail at T junction

is 1 part cement, 1.5 part sand and 3 parts stone Legend

aggregate 10mm size. ___ 12mm diameter reinforcement bars (horizontal)

Lay the EQ band in one go over all the walls at plinth level.
6mm diameter bar links

We can fix door frames and start masonry on the plmth e 12mm diameter reinforcement bars (vertical)
band at least after 36 hours of laying the RCC plinth band.  (Note: Reinforcement bars have been marked in different colours to depict
e Similar RCC bands are also provided at sill, lintel, roof and o™e)

gable levels.

Door frame fixed to plinth

+ h + H ————12mm @ steel bars

75mm plinth band

?E&E‘Fﬁﬁﬁi“ﬁﬁﬂﬁﬁj

[T T LT

Detail at A Detail at B

Fig. 6.2.22 Plinth band Fig. 6.2.23 Reinforcement at L corner and T corner
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Step 5: Process To Be Adopted

A day after the RCC Plinth Band at the plinth level has
been cast, we can start masonry in the superstructure.

® In the very cold climate of zone A, we require thick
walls having good insulation properties. At least 300
mm thick Rammed earth walls or sun dried mud block
walls are common in this zone. Since the region is
basically dry, earth walls perform well with regular
repairs and maintenance.

® The earth walls have lower strength than burnt red
clay bricks, so special precautions have to be taken for
durability, strength and to lower maintenance costs of
these walls.

e We shall make the house using sun dried mud blocks
confined within RCC bands and corner steel bars for
highly improved performance during earthquakes.

e The external wall surfaces shall be plastered by
‘Ferrocement Plaster’ to lower maintenance cost
considerably.

e The Ferrocement plastered surface can be painted like
any other cement plastered surface.
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Fig. 6.2.24 Conventional Rammed earth house: Poor EQ safety and required frequent
maintenance. Does not have any earthquake bands or corner reinforcement

<«4—— Sill Band

<«———Lintel Band

Plinth Level

Fig. 6.2.25 Better EQ safety by RCC bands and corner reinforcement. Higher EQ
resistance, water resistance, very low maintenance, paintable and durable surface
by Ferrocement plaster for long service life
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Step 6: Masonry above Plinth band

® Once we have reached the plinth level and cast the RCC plinth
band to bind all the walls together and placed all the door

frames in position, it is time to start masonry in superstructure.
Plinth Slab
e Above the plinth level, we shall use mud blocks (size:

300x150x150 mm) produced locally in the region, for making Rl
walls.

e We will make the walls in a manner so that these walls can
sustain fairly high earthquake forces and have much better
looks and durability

e We shall use locally available sun dried mud blocks
(300x150x150 mm size) to make 300 mm thick walls in 1:6

cement + sand mortar.

Door Frame

e For safety against earthquakes, winds etc we will tie all the
walls together by RCC bands and vertically we will tie the
foundation, walls and the roof by vertical steel bars provided in Fig. 6.2.26 Masonry above Plinth Band
every corner. This is very important in the districts of Lahaul &

Spiti and Kinnaur.

e Now that we have provided RCC plinth band on all the walls without any break, we can start masonry in
superstructure.

e Look at the figures and follow the instructions below carefully how to pass the steel bar through the corners and wall
junctions.

e The gap around the steel bar is filled with 1:1.5:3 cement concrete.

® Asshown, we can make corners and T junctions of walls allowing steel bars to pass through without breaking any brick.
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Corner Reinforcement Detail

12 MM DIA REINFORCEMENT E

Fig. 6.2.27 RCC band

e The masonry is done in English Bond
as shown in the figure.

e Start from a corner. Place one brick in
mortar and leave a gap equal to half
the thickness of a brick (ie 3”).

® Place more bricks in mortar. The
vertical bar shall pass through the 3”

gap.

e Fill the gap with cement concrete a) Course 1 Fig. 6.2.28 Courses at corners b) course 2
(1:1.5:3).

e In the next course the direction of the ® The bar shall pass through the gaps at corners and T-junctions in alternate
bricks shall change (see figure) but courses as shown. The gaps shall be filled with cement concrete after
follow the same pattern. every course of masonry to make earthquake resistant corners.
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Step 7: Window Frame Fixing

e When we have completed
masonry up to the window sill
level. Place window frames on
the wall, also place steel bars of

the sill band exactly as we did in
the RCC plinth band.
e The middle holdfast of the door Fig. 6:2.17. Window frame fixing Flg. 6:2.18. Holdfasts

frame and the bottom holdfasts

Mild flat hold fasts

Z type hold fasts

of the window frames are
embedded in to the RCC sill
band.

e Continue masonry above the
RCC Sill band up to the lintel
level.

e Now make RCC Lintel band
exactly the way we had made
the RCC plinth band. The two
holdfasts fixed to the top of the
door and window frames shall
be embedded in the Lintel
band.

75 mm thick
sill band

Fig. 6.2.19. Masonry upto sill band
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Step 8: Casting of Lintel Bands and Sunshades

Cast door window sunshades along with the RCC Lintel band

When the vertical bars need to be
extended, new bar can be tied to
it from within the RCC band only
as shown.

The new bar is bent about 500
mm into the band and tied to the
old bar. The band is now filled
with concrete as shown

Fig. 6.2.20. Extension bar

Masonry upto
2035 mm
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e Continue masonry above the RCC
lintel band up to the roof level

e We will provide RCC roof band
binding all the walls just as we
had provided RCC bands earlier.

® In case of single storey building,
12 mm diameter corner steel bars
projecting out are bent into the
Roof Band or into the steel bars of
the RCC/RBC roof slab. Else, the
bars shall go through the corners

in the upper floor.

——— =

Fig. 6.2.1. 22. Flat roof traditionally found in region

Step 9: Laying the Roof

In Zone A people prefer a flat roof. The top is covered with thick mud. It is warm in winters, but it needs frequent
repairs and maintenance. You can lay RCC/RBC roof and provide thick mud layer over it for heat insulation.

We will now make a durable Reinforced Brick Concrete Roof (RBC) using conventional mud bricks as follows:

e  First of all we shall provide shuttering in each room, kitchen, toilet veranda etc using steel plates/wooden planks
supported over vertical supports of Ballies or other struts in level with the RCC roof band.
e Now we will place mud bricks (300x150x150 mm) size on the shuttering keeping a gap of about 60 mm around it.
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Laying Reinforced Brick Concrete (RBC) Slab roof:

® Provide good strong and level shuttering between the

Main bars (12mm dia,70mm c/c)

walls, supported rigidly over ballies/steel props. Distributor bars (12mm dia, 70mm c/c)

6mm diameter bars 400mm c/c both ways

e lay bricks on the shuttering, ensure that longer side of 60mm layer of concrete
the brick is parallel to the shorter side of the room.

. . . . . . Mud block 300mmX150
Maintain gaps of 50 to 70 mm width, (otherwise it will e e

be difficult to fill concrete properly). Place 12mm

diameter main bars (Red) first and place 12mm diameter Shuttering : : {/
distributer bars (Blue) crossing over the main (red) bars.
(Fig. 6.2.1.37). Provide spacers below the bars to ensure
that the bars are about 15 to 20mm above the

shuttering.

e Fill the gaps between the bricks with 1:1.5:3 cement concrete. Use a

6mm diameter bar

vibrator for compaction of concrete and to encase the bars in the gaps with

concrete properly.

F———Mud brick
_sfet——12mm diameter bar

e After filling all the gaps properly, provide a 6 cm thick layer of cement
concrete over the laid bricks covering the entire surface immediately after

filling the gaps.

e Level and finish the surface to proper slope towards the rainwater pipe/ T _ 75mm thick roof band

drain. Fig. 6.2.1. 23. Roof slab detail section
e Continue water curing for at least 21 days.
Depending on local temperature, the shuttering can be knocked down after

at least 28 days. If it is very cold we may have to wait a few days more.

56



3 dUATT A BT BT AT o
Red 3R $8 3 Ade
PHlc Teh o Sal |

gfe aenr Rern sem IAee
Heble dgd HHA (5°C A =)
dIgATel & PRUT oA ofdl &
ar MFAec wIFHe T azE
ydfaa gar 21 3= Ioraer
aar S D ATpl BT 3T
HI, O Fellad B AE G
darhd U B gb & 3R
A S B Rerar &1 sk
f3rgror 2

S @& wile uplae g
A BAa 1 Il saeTs A
ar ag JAes P v sffalRs
TRa Gilsel R AR B3|
grell & uder & Adba D fow
Bd P HU dAreyfher uxd
et Tdl B FHAS A
saTestt |

BE00 |

1500 + 1500 L 1600

L
+

2100

2400 + 3400 + 3400 + 2400 +

L
1

57

R 6.2.1. 24. T & ToId BT FIeRoT (RS ¥8 W 016 3W)



Do not lay roof slab and/or
cast any other cement
concrete component in frigid
temperature. Cement
concrete is badly affected if
freshly laid cement concrete
freezes due to very low
(Below 5°C) temperatures.

Use high-quality mud blocks,
which should be well-cured
and have the proper mix of soil
and stabilizer.

Mud blocks provide natural
thermal insulation. Consider
adding an additional layer of
insulation if needed.

Apply a waterproofing layer on
top of the roof to prevent
water infiltration, which can
damage both the concrete and
mud blocks.

G600 |
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L
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Fig. 6.2.1. 24. Roof slab detail (Refer text on previous page)
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Alternatively: Provide conventional wooden plank roof supported on wooden rafters /hollow steel box sections fixed on
RCC Roof Bands/ Beams using steel clamps.

® ® © ©) ®

k 11600

2400 L

4 2400 i 2400 " 3400

-
-
-

®
=
™
L
2
® +
Lo
i
L
:
® +
=
=
o
Lin ]
Lo
i
L
:
® -
=
L=
s
Lo
WOID FOR STAIRCASE
@4+

Fig. 6.2.1. 25.Positioning of wooden rafters on steel rolled box sections
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Laying Intermediate Wooden Floor

Here are the steps for the construction of
wooden roof on intermediate floor:

e After reaching the roof level of the ground
floor, we will make the roof of the ground
floor which is also the floor of the first
floor.

e Conventionally we use wooden beams
placed over the RCC roof band at about
600 to 900 mm apart. Support on the walls
should be at least equal to the larger
dimension of the cross section of the
rafters.

e Over the beams wooden planks are fixed
to make the ground floor roof.

e The gap between the wooden rafters over
the walls is filled with brick masonry or
cement concrete. The ends of the rafters
are not to be exposed to weather.
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Provide cross bracings between
the rafters to check de-shaping of
the roof during earthquakes etc.

All wooden members must be dry,
free from loose knots, rot or any
other defect.

Treat all wooden members with
anti-termite chemical/creosote oil
for safety against termites and
other insects.

In place of timber rafters, we can
also use Hollow steel sections of
size 120x75x4mm for clear spans
of up to 3000mm, at up to 750 mm
spacing.

Over the hollow steel sections
wooden decking can be fixed to
make floor.

125X75X4
Steel Joist

Wooden Plank
/

e
pus

QL T b G g L et

Hollow steel section

Fig. 6.2.1. 27. Wooden planks set over hollow steel sections
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Once the roof slab has been laid, we can make a
parapet wall up to 300 mm high using clay bricks or
provide a roof projection.

Provide a coping on the parapet wall to protect it
from rains/physical damage.

Make a mumty and stairs to reach the roof terrace.
Our house is now ready, but the exterior surface of
the house is of mud bricks, and is likely to get
damaged by water, rains and melting snow. We
would like to make it more resistant against these
damaging factors.

So, we will provide a strong, durable and water

resistant shield to the house using ‘Ferrocement
Plaster’.

Fig. 6.2.1. 28. final form of the building

After completing the mumty, apply a 20mm mud mortar layer on the
roof slab and place mud bricks with 20mm gaps. Fill gaps with mud or 1:5
cement mortar for insulation.

After 3 days, spread 12x12mm to 25x25mm wire mesh over the roof and
over the outer face of the walls,

Secure the mesh to the wall/ roof surface with 40 to 50 mm U-nails at
about 400 mm spacing.

Plaster with 20mm 1:3 cement mortar, and water cure for 30 days. Install
rainwater drainage pipes.

Generally people in this Zone do not provide parapets on roof. Parapet Fig. 6.2.1. 29. Ferro cement plaster
makes it difficult to shovel snow off the roof.
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Step 10: Ferro-Cement Plaster on Mud Walls/Roof

* Ferro-cement Plaster is applied on surfaces to which normal cement plaster does not stick or where the plaster
may develop shrinkage cracks.

* Ferro-cement Plaster is more impervious to seepage of water.

* Ferro-cement develops a good bond with the surface and is more resistant to impacts.

Application of Ferro-Cement Plaster on Mud Walls/Roof:

. First repair any cracks etc in surface to which ferro-cement
plaster is to be applied.

. You need not repair minor undulations, these will be covered
by the FC plaster.

. Clean the surface thoroughly of any fungus, loose dirt sticking
poster papers etc

. Now take 20x20mm square mesh of (22 SWG or thicker Gl
wire) and wrap around all the walls starting from a corner (A).

. Fix the mesh/Jaali to the walls using Gl wire U-nails (min 40mm
long).

. Fix nails at about 300 to 400mm (12 to 18inches) intervals in to
the mud surface

*  Overlap all wire-mesh joints (vertical and horizontal) at least
100mm.

Apply 15mm thick cement sand plaster to the whole surface
properly covering the mesh and the U-nails. See that nails/wire
mesh are not projecting out of the plaster

. Finish the surface smooth by steel trowel. Detail at A

. Water cure the surface for at least 20 days.

U Nails
Roof top ferro-cement plaster

ud Treatment

oof Slab

Inner Plaster

Mesh fixed using u nails
Ferro cement plaster to outer walls

Fig. 6.2.1. 40. Application of ferro cement plaster
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Ferro-Cement Plaster on Mud Walls/Roof

Level and clean the wall/roof surface.

Fix 20x20mm wire mesh to the whole surface, using U

shaped wire nails 40 to 50mm long.

Let the mesh go round the corners about 150mm.

Mesh shall overlap at least 100mm at joints.

When mesh has been fixed well on the walls, prepare

1cement to 4/5 sand, cement mortar for plaster.

Moisten the surface to be plastered.

* Apply about 15 to 20mm thick plaster over the jaali fixed to
the wall/roof surface. Finish smooth.

* Water cure for at least 20 days.

* You can paint the plastered surface when dry with lime wash

or any other suitable paint.

Surface of Mud-brick masonry in cement sand mortar/ RBC roof

TR NN TN TRV OUYYYYYOYYYOYYYOYOGY Y

TR T T TNV OYOYOYOYYYYOYYOYY Y YYYOYIOYOYTY
Square wire mesh fixed to wall/ roof terrace surface using U-nails. 15mm thick 1:4 cement sand plaster over fixed wire mesh covering the entire surface

Fig. 6.2.1. 31. Application of ferro-cement plaster
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Figure 6.2.1.32. View of the house
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Step 11: Making of Gable band

The following steps are to be followed in
case a gable roof is required.

To make Gable wall, make one course
(6”) of Block masonry leaving about
300mm from each end (Fig)

Over this course make sloping
masonry to make gable wall in a slope
of 15 to 30 degrees.

Over the gable masonry provide 2 nos
of 10mm diameter steel bars and
6mm links as in EQ bands (as shown in
Blue colour) to make RCC Gable band.
Vertical Corner bars coming from the
walls (magenta colour) are bent and
tied to the gable band bars as shown.
Now lay 75mm thick concrete over
the Gable to make RCC gable band.
Provide and fix anchors of MS flat
(50mmx5mm) in the gable wall and
Band (Fig) to fix roof purlins

Provide 50X50x5 mm steel angle in
the RCC gable band which will project
about 40 cm from the wall. The last
purlin shall be fixed on this MS angle

(Fig)

12mm @ re-bar
MS angle

| Fig 6.2.1.33. RCC Gable band

anchor bars

12mm re-bar

MS angle

Fig 6.2.1.34. Fixing anchor bars

anchor bars

Fig 6.2.2.35. fixing Purlins
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anchor bars GABLE BAND
GABLE WALL

OF
PURLINS
. 12MM @ RE-BAR
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AT g UT &dIT b g b 3ided bl Alde HlelR
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YIS P3| 8 Pl 3Uell UAET P IFGAR Ue B3|

Rl 6.2.1.37. o3 3T o=dfiz @b fBfEar
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GABLE BAND
GABLE WALL
CGI ROOF
INS

1 )Before concreting the Gable Band, provide anchor bars
in concrete as shown, to anchor purlins to the gable
band(fig. )

12MM @ RE-BAR
Fill the gaps between the purlins on the Gable wall with
masonry in cement mortar. This will fix the purlins in ‘
position.

12MM @ RE-BAR

2 )After the RCC Gable Bands have cured for at least two
Weeks' we can start assembhng the Roof. Figure 6.2.37. Gable band with anchor bar

We will provide wooden or steel trusses on the walls of

the rooms and fix them in position (see details). Wooden
- Purlins

The purlins are now fixed on the trusses and the Gable
walls using steel clamps/cleats.

3 )Once the supporting structure is ready, CGI sheets are
fixed using J-bolts (and not Steel screws) Also provide
rainwater gutters and pipes.

4 )To avoid leakages, always punch CGIl sheets upwards
from below the roof and not downward from above the
sheets.

The structure is now ready. Provide internal and external
plaster, door/window shutters, floors, electrical, water-supply
and sanitary fittings etc. Paint the house as per your liking.
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6.3. Confined Masonry

Confined masonry is a construction system used to make stronger brick or block buildings that can resist
earthquakes. It uses reinforced concrete Tie columns and Bond beams to confine the walls so that the walls, the
foundation and the roof do not crack, disintegrate and fall apart during an earthquake. This is a cheaper and very
effective method which is used in places where earthquakes are common.

For Confined Masonry construction follow the steps given below carefully.

Spandrel
Masonry

Sill
Masonry

Bond Beam —
B b ol Ground Level

Tie-Column £ s 5 :

L

PCC

Sill Band

Excavate foundation trenches of adequate width and
depth depending upon the local soil properties and the
number of storey you want to construct. Lay 100mm
thick PCC as levelling course.

Fig 6.3.1. Components of confined masonry
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Ground Level
—_—

Reinforcement for

s Tie-Columns
Reinforcement
for Tie-Columns

D Brick Masonry up

glinth Level
\ to Plinth Level

Ground Level
Footing

PCC

Footing
PCC

3T offag &t oreagd A RN & Fuz &2 far & BlAHA B AR b ARl 3T Sl Bisd gu fteier
Pl T SISl UT 12mm B 4 AT bl emm & a1 g dd offg @t Reng @t dai See| e
A Sew G 6 15 A 20cm & g uT ERY) XS Sddl sl Tifeu fob 3HAA Bl Bl Slisa aredr
P | IAHAT Br IUMDT BB Isa Aem JTST [ | A= Aaasa B AR |

Plinth Level

Ground Level | i ) sy
-_— 5 /
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Reinforcement
for Tie-Columns

Ground Level

Footing
PEC

Now erect 4 nos of 12mm diameter steel bars with 6mm
diameter rings at 15 to 20cm c/c at every wall corner/ T
junction over the PCC in foundation trenches. Keep them
erect vertically using ropes.

Plinth Level

Ground Level |

E

Footing

Reinforcement for
Tie-Columns

I:Iinth Level Brick Masonry up

A to Plinth Level
Ground Level g

Footing ™

PCC

Construct foundation masonry walls upto the plinth level
leaving gaps around the column steel bars. The gaps must
be sufficiently big enough to accommodate the
reinforcement for tie column.

“Reinfol
Tie-Co

Formw
Colum
\ Plinth|
) Sy
4 For

After constructing foundation walls up to the base of RCC Bond Beam, provide steel bars for the RCC Bond beam on all
the walls, passing around the vertical corner bars of the tie columns. Provide shuttering planks on two sides of the plinth
wall and cast the RCC Bond beams on the walls without any break using M20 grade (or 1:1.5:3 mix) cement concrete and
also fill concrete in the gaps around the steel bars of the tie- columns. Use vibrator to compact the concrete.



Reinforcement for

y
i’
A «—— Tie-Columns

Plinth Level " §-

Masonry Wall up
to Sill Level

Reinforcement for
Tie-Columns

Sill Level

\ Plinth Level
\— Tie-Columns Casted
Ground Level

Ground Level| ~ \ Plinth Beam Casted

Plinth Beam

S Eﬁa%mﬁéammaﬁsﬁ?maﬁﬁaﬁ
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] Support for \
> — \
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Sill Level

Reinforcement for
Tie-Columns

Plinth Level 7
/ / . Tie-Columns

\7 /
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Plinth Level
Ground Level
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Reinforcement for
Tie-Columns

Plinth Ls\’i‘, _ - Tie-Columns Casted

Ground Level| N~ Plinth Beam Casted

Cast tie-columns from foundation level up to the plinth
level along with the plinth beam, backfill earth in trenches
and plinth with soil containing about 15% moisture, in
300 mm thick compacted layers up to plinth level.

_Reinforcement for
Tie-Columns

rmwork for Tie-Columns

Support for
S Formwork

Sill Level

Plinth Level

Ground Level /£

Complete masonry up to the sill band level, leaving gaps
around the steel reinforcement bars at corners. Provide
steel bars on the masonry for the RCC sill band going
around the Tie column bars and into the adjacent walls

Reinforcement for
Tie-Columns

Masonry Wall up
to Sill Level

Sill Level
Plinth Level

Ground Level

Plinth Beam

Construct sill masonry walls above plinth level Bond Beam
leaving toothing at the corners. Additional jamb
reinforcement at door window openings is needed as shown
if D/W frames are to be fixed later. Else use D/W welded
steel frames having steel holdfasts welded to all the four
sides, fix them in walls and RCC bands to strengthen the
door and window openings.

Reinforcement for
Tie-Columns

Beam Casted at §
Sill Level N

- Tie-Columns
Casted {ill Sill Level

Sili Level

Plinth Level
Ground Level /

Cast tie-columns from plinth level upto the sill level, along
with the RCC sill band. Fix the holdfasts of the Door/window
frames in the walls and the RCC sill band as the masonry
continues.
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Reinforcement for
. Confining Elements
around all Openings

___Reinforcement for
Tie-Columns

Ground Level Masonry Wall

uptol.2 m Level
Sill Level
Plinth Level

Ground Level

MR 17 & & Huz /A8 BT BrA Usd Bl ds
ST 31 23 fob Rasadt & A & ol Elcshie &l
MR RTer s & e or=r 2, 30T 37T Bleshie &l
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H

Sill Level MLV

Plinth Level
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Tie-Columns Casted
up fo 1.2 m Level

Reinforcement for
Tie-Columns

Masonry Wall

ormwork for Tie-
Column

Support for
Formwork

Sill Level

Plinth Level
Ground Level

75 mm S MR et s @Y ooire & Tou Toiesdd oidet
gz RErg drell faRi ur fas JIft=m uere w31 SRt 3%
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Lintel Beam

Casted \

Tie-Columns
Casted up to
Lintel Level

Lintel Level

Sill Level

Plinth Level
Ground Level

Sl e b 3mIARN foiea de & AT wprada & JAR=T AF
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Reinforcement for
__ Confining Elements
~—/ around all Openings

____Reinforcement for
Tie-Columns

Ground Level _ Masonry Wall
uptol.2 m Level
Sill Level

Plinth Level

Ground Level

Continue masonry work above the RCC sill band as
before. See that the bottom holdfasts of the window
frames are cast into the RCC sill band, and other
holdfasts in to the jamb masonry using concrete.

1.2M LVL.

Sill Level 3
i

Plinth Level

Ground Level

Provide formwork for castihg RCC lintel band, tie
columns, sunshades and top holdfasts of d/w frames
simultaneously.

Tie-Columns Casted
__upto1.2m Level

Reinforcement for
Tie-Columns

Masonry Wall

_Formwork for Tie-
Column

Support for
Formwork

Sill Level

Plinth Level
Ground Level

Provide horizontal steel bars on the masonry walls at the
lintel level for casting the 75 mm thick RCC lintel band. Fix
holdfasts into the walls and the RCC lintel band. Also provide
necessary steel bars for sunshades, lofts etc.

Lintel Beam
Casted

Tie-Columns
Casted up to

Lintel Level Lintel Level

Sill Level

Plinth Level
Ground Level

Check that the steel bars of RCC lintel band go through the
bars of the Tie columns. Cast the RCC lintel band, D/W
sunshades, lofts, tie columns etc in one go.
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Plinth Level
Sround Level £ -

Masonry Wall up

Roof Level to Roof Level

Lintel Level

Sill Level
Plinth Level
Ground Level
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Construct spandrel masonry walls up to

Confining Elements
the roof slab level. The vertical steel bars

around Openings

—

are Casted of the tie columns will go at least 60 cm
above the roof level in to the parapet

ol Lover Confining Elements wall. In case of \upper storey, the bars will
' around Openings  be part of the tie-column steel bars of the
— are Casted first floor, else these will bend into the

Roof Bond beam and the RCC roof slab in
case of single floor construction.

Plinth Level
Ground Level / .

Masonry Wall up

Roof Level 8 toRoof Level

Lintel Level

Sill Level
Plinth Level
Ground Level
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O

Roof Level

Slab Casted

Bond Beam
Casted

-

Lintel Level

-

Sill Level

Plinth Level

Ground L_evel
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O

Roof Level

-

Lintel Level

-

Sill Level

Plinth Level

—

Ground E_evel

Provide formwork for tie-columns, bond-beams
and the RCC slab. Provide reinforcement bars
for the RCC slab and RCC Bond beams and cast
the RCC slab.

OR

Provide a sloping roof if desired . In case of a
sloping roof bind the gable with RCC gable
bands anchored to the Roof bond beams. Fix
rafters and purlins in to the RCC gable bands.
Use steel anchors in the RCC band/ Bond
beams to hold the roof supporting framework.

Slab Casted

Bond Beam
Casted

Note:
As the RC slab rests over spandrel masonry, no bond beam
is required. Bond beam bars are included in the RCC slab
reinforcement.

In case of pitched/hipped roof, there is no RCC slab, hence
to embrace gable end and spandrel masonry, RCC bond
beam at roof level (and RCC Gable band around the Gable
masonry if any) is to be provided.
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Step 1: Preparation of Layout

Sample plan is given here. Follow the steps while constructing your house yourself.

e Formulate a layout plan for your house. A sample is given.
e Find out the plinth area rate of construction of a house near your site. Multiply the Plinth area by the plinth area rate

to get an idea of the amount of money that you will have to invest in the construction of your house.
e If you wish to add another storey later, make arrangements for stairs and a flat roof that may act as floor of the upper

storey.
e Plan your ground floor services such that upper floor can be connected to the existing service lines of the ground floor.

L 11900 y 11900

©
BALCONY BATH @
(2400X1500) (2100 X7350)

Rl

Jol X 1200

AOOM 3 FOOM 4 N ‘I

(3100 [ 2 N

ot ROON 2 4 (3100 4200) (3100 4200) ®
(3100 4200} (3100 % 4200) A .

\ . STORAGE

. (2100 2700)

KITCHEN

6800

DN

(100 ¢ 2700)

@
[S)]
(=)

CIOSFD CORRINOR CLOSED CORRIDOR
CLOSED CORRIDCR - 1800MK1 WIDE T800MM WIDE
B00MM WIDE N | |

@)
(3]
&
@
&

First Floor Plan

Ground Floor Plan
Floor Area: 82.24sgm

Plinth area: 82.24sqm
Fig 6.3.1.1. floor plan
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Step 2: Foundation Work

First, level the ground and remove any
shrubs boulders etc.

Mark the foundation trenches as per the
selected plan. Example plan is given.

The minimum size of foundation
trenches shall be 75 cm wide and 60 cm
deep. If the soil is soft, consult JE in-
charge and take his advice.

Dig the soil and stack the dug soil at
least 45 cm away from the trenches.
Ram the foundation trenches using a
‘Durmuth’ after sprinkling water.

Provide a layer of Base concrete (1
cement: 5 sand:10 stone gravel of 40mm
size) min 12 cm thick, it might be thicker
at places which are undulating.

Never fill excavated soil back in the
trenches to level the base.

Fig 6.3.1.2.Dig the soil and stack the dug soil at least
45 cm away from the trenches
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Fig 6.3.1.4. Dug trenches

Fig 6.3.1.3. Ram the foundations.

750X600MM Dug Trench
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Step 3: Construction of Foundation

Lay a 50mm thick layer of 1:1.5:3 cement concrete at every corner/T-junction and

1 .
fi place the reinforcement of Tie Columns(See Figure)

nl * The Tie columns have 4 nos 12mm dia steel bars and 8 mm dia stirrups at spacing of
.'j about 15 to 20cm c/c.

r'—: * Fill the trenches with stone masonry in cement mortar or cement concrete ( Cement
_',i 1: sand 3: stone aggregate 6) upto ground level, leaving gaps around the tie column
H steel bars.

e Above the ground level make 40 cm thick stone masonry walls in cement concrete
upto plinth level.

s

Rebar For Columns

Foundation

Fig 6.3.1.5. Placement of reinforcement in trenches Fig 6.3.1.6. View of confinement cages at Ground level with reinforcement bars for Tie Columns
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Step 4: Construction of Foundation

In whole of Zone A we shall use stones in Coursed
Rubble Masonry in 1:6 cement sand mortar, or
1:3:6 (1 cement: 3 sand 6 parts of 10mm down
gravel available in local streams).

Make sure that sand and gravel are free from
soil/clay/dirt.

The squares at corners and wall junctions are the
locations of RCC Tie columns with 4 nos of 12mm
diameter vertical steel bars

This photograph shows stone masonry in
Confined Masonry System in foundation and

plinth.

Provide through stones in the masonry at about
1.2 mintervals.

The steel bars of the Tie columns are projecting at
every corner.

It is time to lay the RCC Plinth Bond Beam.

2400

3400

3400

2400

Fig 6.3.1.8. stone masonry in Confined Masonry System
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At plinth level RCC bond beam is cast. It has 2 12mm
diameter bars at the bottom and 2nos 12mm diameter bars
at the top. The stirrups are of 6 or 8mm diameter bars. 4 nos
of 12mm diameter vertical bars of tie columns are coming
from the foundation at every corner.

Masonry is done over the plinth beam using conventional
sun-dried bricks in 1:6 cement mortar leaving gaps for the
columns. Brick toothing is provided at both ends which shall
bond with column to make a jointless structure.

It is important to note the first brick and the last brick
of every course is not mud brick but concrete brick of
the same dimension so that it does not dissolve in the
water of cement concrete when the gap is filled with
cement concrete

When masonry between the Tie columns reaches 80
cm above the plinth, all the corners and T-junctions
of walls are provided with shuttering on the two sides
and concrete is filled into the gaps as shown in
figures. Thus the walls get properly anchored into the
tie columns and do not separate from the RCC Tie
columns.
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Fig 6.3.1.9. Concrete blocks at corners
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Step 5: Casting of Bond beam and door frame fixing

e On the plinth, provide Bond beams with 4 nos of
12mm diameter bars(2 at top and 2 at bottom)
and 8 mm diameter stirrups @ 20 cm c/c. The
main bars of the bond beams are bent 40 cm

e We shall first place all the door frames in position on the
RCC Bond Beam at plinth level.
e We shall do 30 cm thick masonry in superstructure using

down into the tie columns to make a strong 30 x 15 x 15 cm size sundried blocks in cement mortar.

connection. e We fix the lower ends of the door frames into the RCC
e All the bond beams are now filled with M20 bond beam with cement concrete. The door frames have

cement concrete (1:1.5:3). All the gaps around the three holdfasts fixed to it. The lower one is fixed in to

tie columns are also filled with concrete.

® Our house is now ready up to the plinth level.

e We can now fill sandy soil in the plinth to make it
easier to work.

the wall masonry with cement concrete

Concrete Cover

Detail at fig.6.3.1.17

|
6mm dia stirrups I
[ 200 mm |

Dol

Fig 6.3.1.11. Door frame fixing Fig 6.3.1.12. Masonry up to sill level

Fig 6.3.1.10. Bond beam
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Tip 1: Construction Suggestions for Lahaul and Spiti

Two days after the Bond Beams at the plinth level have
been cast, we can start masonry in the superstructure.

In the very cold climate of zone A, we require thick
walls having good insulation properties. At least 300
mm thick Rammed earth walls or sundried mud block
walls are common in this zone. Since the region is
basically dry, earth walls perform well with regular
repairs and maintenance.

The earth walls have lower strength than burnt red clay
brick walls, so special precautions have to be taken for
durability, strength and to lower maintenance costs of
these walls.

We shall make a house by a technique called Confined
Masonry, using sun dried mud blocks confined within
RCC confining frames for highly improved performance
during earthquakes. The external wall surfaces shall be
plastered by ‘Ferro cement Plaster’ to lower
maintenance cost considerably.
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Mud Blocks

tie columns R.C.C. band

reinforcement bar bent downwards (50d)

concrete toothing

concrete blocks at corner

A L WA WA
AW T\ W\ N\ N\

Fig 6.3.1.13. Tie Column and Sill/lintel Band reinforcement at corners
The two bars of the RCC bands bend downwards into the tie column gap as shown, and then
concreting in done.
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Step 9: Masonry Work in Superstructure

Now let us go back to our House Plan:

e We have completed the initial construction of
our foundations using coursed Rubble Masonry
in cement mortar and have also cast our RCC
Plinth Bond Beam.

e We will first place door frames on the RCC plinth
/ Bond beam and ensure that the hold fasts are
embedded in the masonry using cement
concrete as the masonry goes on

e Above the plinth level bond beam, we will
commence masonry using sundried bricks
measuring 30 x 15 x 15 cm.

e We will use cement bricks at both ends of our
brick wall courses that go into the RCC tie
columns and the rest will be in mud bricks.

e The cement bricks make toothing in the
masonry that will go into the RCC Tie columns.

e Now fill the gaps in masonry with concrete to
cast RCC tie columns. The brick toothing will
make a good bond between masonry and RCC
tie columns.

e Continue brick masonry nearly up to the window
sill level. Provide 75 mm thick RCC Sill band to
bind all the walls and tie columns together.

RCC Sill Band: Install 2 nos of 12 mm diameter horizontal bars
on walls at sill and lintel level, passing through tie columns.
These horizontal bars are linked with 6/8 mm diameter
connectors at 20 cm spacing, as illustrated. At corners and wall
junctions, the bars are bent about 50 cm into adjacent walls as
shown in figure, this is very important. The bands are concreted
in 75mm thickness, along with the tie columns at sill and lintel
levels.
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At window sill level and at door lintel level 75 to 100 mm
thick RCC Silll band and RCC Lintel bands are provided.

The Sill band and the lintel bands have 2 nos of 12mm
diameter bars bound by 6mm diameter links at 20 cm c/c,
running all round the house over all the walls

The bars of the RCC bands and RCC Bond Beams bend
about 40 cm into the reinforcement of the tie columns as
shown or bend into the adjacent walls at least 50 cm. The
bars should not terminate at corners. See fig.

The RCC bands and bond beams are laid on all the walls
without break.

The middle holdfast of door frames are embedded into
the RCC sill band for continuity.

The concrete used is M20 grade, or 1 cement+1.5
sand+3parts stone aggregate 10-12mm size.

Use vibrator to compact the concrete.

By utilizing tie columns, bond beams, RCC lintel bands, and RCC
sill bands, a house is reinforced and bound together in all
directions to enhance its resilience against earthquakes, winds,
and other ground movements.
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Roof Tie Beam
RCCLintel Band
RCC Sill Band
RCCTie Beam

Tie column corner

Fig 6.3.1.16. Example of Confined masonry
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e After positioning and securing all the steel bars for the i | Holdfasts F‘mts
RCC sill band, the window frames are installed. |
® Each window frame features two holdfasts welded or | i
fixed to the bottom rail, which will be grouted into the e o Hold fasts ' F‘@df%@bwdedmwm
RCC sill band. Likewise, the middle holdfasts of the door L it
frames are also embedded in the RCC sill band. <+ _ +
e Cement concrete mix of 1 part cement, 1.5 parts sand, & e
and 3 parts stone aggregate (10-12mm size) is utilized. [r—

Fig 6.3.1.17. Door and window hold fast positions

Step 10: Masonry above Sill Band

Work above the Sill level:

e Two to three days after casting the RCC sill band we can start
masonry above it.

e Continue water curing of the cement based work already done.

e When the masonry reaches the Lintel band level, provide 2 nos.
12mm diameter bars with links exactly the way we provided in the
sill band.

e At this level we will provide shuttering and steel bars for the
landing of stairs, lofts and sunshades etc

e Extend the reinforcing bars of tie columns if needed.

® Provide shuttering on two sides of the Tie columns and RCC lintel
band.

® Fill cement concrete in the Tie columns, lintel band, sunshades,
landing etc in one go using vibrator. Fig 6.3.1.18 . Masonry upto Lintel Band
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Step 11: Masonry above Lintel Band

e Three to four days after casting the RCC lintel band
(depending upon weather and temperature) we can
start masonry above it.

e Continue water curing of the cement based work
already done.

e When the masonry reaches the roof level, an RCC
bond beam is cast. It comprises 2 - 12mm diameter
bars at the bottom and 2 nos of 12mm diameter bars
at the top. Stirrups are made from either 6mm or
8mm diameter bars. Additionally, 4 nos of 12mm
diameter vertical bars of tie columns extend from the
foundation at each corner and traverse through the
RCC Bond Beam at the roof level.

e Extend the reinforcing bars of tie columns if needed.

e Remove the shuttering provided earlier for reuse.

® Provide shuttering on two sides of the Tie columns
and RCC Bond Beam.

e Fill cement concrete in the columns, Bond Beam,
sunshades, landing etc in one go using vibrator.

e Continue water curing for at least 15 days.

e Now it is time to make arrangements for providing
roof to the ground floor.

Fig 6.3.1.19. Lintel Band over masonry

RCC Bond Beam: It is 30 cm wide and 20 cm deep, with 4 nos of
12mm diameter bars and 6/8 mm diameter bars for making
stirrups which are spaced at 20cm c/c. The Bond beam steel
bars pass through /round Tie columns and bend at least 60 cm
in to the adjacent Bond beam. Never terminate bars inside the
columns.
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Step 12: Roof Slabs

Ground Floor Roof:

For the Ground floor/ intermediate roof we can select a RCC slab roof
(A) or Wooden planks supported on wooden/hollow steel beams (B)
resting on walls.

You have walls over which RCC Bond Beams have been laid and vertical
steel bars of the tie columns are projecting at every corner.

(A) R.C.C. Slab

We can make a 12 cm thick RCC slab for the whole house.

First provide good level shuttering between the walls

After providing shuttering , we will provide 12 mm diameter main steel
bars (Red) over the shorter spans as shown, at a spacing of 12cm center
to center (c/c). Now, on the 12 mm diameter bars provided 10mm
diameter distribution bars (Blue) at 20cm c/c. The bars are kept about 15
to 20 mm above the shuttering by putting spacers or pieces of stones
etc. so that concrete can go below the bars and cover them properly.
But the bars should not be more than 20 mm above the shuttering as
this will drastically reduce strength. Tie the bars by MS wire to keep
them in place. Check the directions of red and Blue bars and follow
carefully.

The concrete shall be 1 part cement+1.5 part clean coarse sand and 3
parts 10 to 15mm size stone aggregate (bajari).

Never add extra sand or extra water to concrete, it reduces strength.
Place concrete in slab within half an hour of adding water to the mix.
Use a plate vibrator to compact concrete well on the slab. A compact
concrete gives a durable slab which does not leak and lasts longer.

Keep the slab wet by frequent Water curing or ponding on the slab.
Remove shuttering after minimum 28 days depending on temperature.
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Fig (B) 6.3.1.20. Wooden plank roof
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Fig (A) 6.3.1.21.RCC Slab reinforcement details



yafea g¢ PHdble @mReERN) e wa RreEr

dart & T r=Eh FAolgg T AATS efRer uete &L, Gl
ITeeTIT /e UTsd U HAolgel A femr v

oreRor uwr €& ek, Jefdaa w3 & s &1 oar F=
aﬁ’ EI?)' Eﬁ_l 50 ﬁ 7o0mm * é Bl Main bars (12mm dia,70mm c/c)
AR FATE B, (3TTAT DHoble DI Sids A HISAT  HTOTe  Distibutor bars (12mm cia, 70mm o)
Ea_d_n.)l q,ga. 12mm <TA  d9rel W ﬁ ( ) ?- Sﬁ': 6mmdiameterbars;;100mmc/cbothways
mm layer of concrete

I (ATeT) ARA $ HUT HA Hd gU 12mm ATA I
ARTTENET) =1 @ 6.2.1.37)1 I& JieAidad wal B ol Mud block 300mmX150m
- 75mm thick roof bal
o IR orefPor A oorser 15 A 20mm HuT &, R G e
S AT Ut B |

2l B dg P IaAA Bl 1:1.5:3 AHAc boble A 33| dhble
P Jgolel b far 3T g F JARAT Bl bpbile A S A 82
& fIU arsdes b1 3uAlorT B |

Fafl 3iacl Bl b A IS b dIe, IdIAqcal bl HIA
B 6ecm  HAIST UId USTl b3 |

aul olced UTSU/aleil &b 30T 3R ool U3 Ada bl JAHAT
B |

BH A BHA 21 &l db Urel Bl dqs Gy 31 |

LTSI daTudHATS & 3MMENT UL, 2Tef3oT bl b A b 28 Taarl R 6.3.1.22. &7 AT REweT srgsmer
® I BSIT ST ABAT &1 379X Igd o8 g dl & B e
3T SASIR BT Us AbdTl & |

—

Shuttering

6mm diameter bar

= —Mud brick
_sf~mt———12mm diameter bar

— 75mm thick roof band

86



Laying Reinforced Brick Concrete (RBC) Slab roof

Provide good strong and level shuttering between the
walls, supported rigidly over ballies/steel props.

Main bars (12mm dia,70mm c/c)

Lay bricks on the shuttering, ensure that longer side of ..\ . 12mm dia, 7omm o)
the brick is parallel to the shorter side of the room. &mm diameterbars 400mm c/c both ways

60mm layer of concrete

Maintain gaps of 50 to 70 mm width, (otherwise it will

be difficult to fill concrete properly). Place 12mm Mud block 300mmX150m
75mm thick roof band

diameter main bars (Red) first and place 12mm diameter

distributer bars (Blue) crossing over the main (red) bars.

(Fig. 6.2.1.37). Provide spacers below the bars to ensure Shuttenng }L

that the bars are about 15 to 20mm above the
shuttering.

Fill the gaps between the bricks with 1:1.5:3 cement
concrete. Use a vibrator for compaction of concrete and

to encase the bars in the gaps with concrete properly.

6mm diameter bar

After filling all the gaps properly, provide a 6 cm thick

layer of cement concrete over the laid bricks covering ————Mud brick

- t————12mm diameter bar

the entire surface immediately after filling the gaps. Shuttering

Level and finish the surface to proper slope towards the

rainwater pipe/ drain. — 75mm thick roof band

Continue water curing for at least 21 days.

. . Fig. 6.3.1. 22. Roof slab detail section
Depending on local temperature, the shuttering can be

knocked down after at least 28 days. If it is very cold we

may have to wait a few days more.
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Do not lay roof slab and/or
cast any other
concrete
frigid temperature. Cement
concrete is badly affected if
freshly laid cement concrete
freezes

cement
component in

due to very low
(Below 5°C) temperatures.
Use high-quality mud
blocks, which should be
well-cured and have the
proper mix of soil and
stabilizer.

Mud blocks provide natural
thermal insulation. Consider
adding an additional layer of
insulation if needed.

Apply a waterproofing layer
on top of the roof to prevent
water infiltration, which can
damage both the concrete
and mud blocks.
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Alternatively: Provide conventional wooden plank roof supported on wooden rafters /hollow steel box
sections fixed on RCC Roof Bands/ Beams using steel clamps.

® ® © O ®

k 11600

2400 L

4 2400 i 2400 " 3400

-
=
-

1500

L
1

1500

L
1

G600

1500

L
1

2100

FICHM OF L NG W0
|

WD FOR STAIRCASE

Fig. 6.3.1. 24.Positioning of wooden rafters on steel rolled box sections
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B) Wooden Roof with box steel rafters

If you so desire, we can make wooden floor /roof of ground | 11800

2400

floor by fixing 120x75 X 4mm size steel hollow box type P 3400 ; 2400
rafters (A) on the walls and fix wooden planks(B) over the
rafters to make the floor. 1 y

The rafters shall be placed about 75 to 90 cm center to

L1500

@

k]

center on the RCC Bond Beams.

Over the walls, the gaps between the rafters are filled with

, 1500

+

masonry to keep them in position. @

B500

40mm thick wooden planks (depending upon the quality of
wood), shall be fixed over the rafters to make the floor ®
You can use timber rafters in place of steel box rafters If

L1500

+

2100

good timber rafters are available at reasonable cost.

Rafters to be placed on the roof band
- A2 A
J 11600
e |L 2400 % 3400 1\. 3400 2400
Q. @ —
\ ° |

L 1500
}

6600

I“‘l“, ‘I““,’ “I“‘IIJIIIII (:)
| [
@

i 1500
.

2100

Fig 6.3.1.25 120x75 X 4mm size steel hollow box type rafters

@

Wooden planks placement
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Fig 6.3.1.27- Fixing Windows to Sill Band
Fig 6.3.1.29 - Adding Lintel level band

...........
.....

...........

~~~~~~~~

Fig 6.3.1.26- Sill level band on first floor
Fig 6.3.1.28- Masonry upto Lintel Level
on first floor
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Ferro-Cement Plaster on Mud Walls/Roof

Ferro-cement Plaster is applied on surfaces to which normal cement plaster does not stick or where the plaster
may develop shrinkage cracks.

It is therefore more impervious to seepage of water.

Ferro-cement develops a good bond with the surface and is more resistant to impacts.

Application of Ferro-Cement Plaster on Mud Walls/Roof:

First repair any cracks etc in surface to which ferro-cement plaster
is to be applied.

You need not repair minor undulations, these will be covered by the
FC plaster.

Clean the surface thoroughly of any fungus, loose dirt sticking
poster papers etc

Now take 20x20mm square mesh of (22 SWG or thicker Gl wire).
Wrap around all the walls starting from a corner (A).

Fix the mesh/Jaali to the walls using Gl wire U-nails (min 40-50mm
long).

Fix nails at about 300 to 400mm (12 to 18inches) intervals in to the
mud surface

Overlap all wire-mesh joints (vertical and horizontal) at least
100mm.

Apply 15mm thick cement sand plaster to the whole surface
properly covering the mesh and the U-nails. See that nails/wire
mesh are not projecting out of the plaster

Finish the surface smooth by steel trowel.
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Fig 6.3.1.30 - Plan of Terrace

U Nails
oof top ferro-cement plaster

ud Treatment
oof Slab

Inner Plaster

Mesh fixed using u nails
Ferro cement plaster to outer walls

Fig 6.3.1.31 — Detail at A
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Distributor bars (12mm dia, 70mm c/c)
6mm diameter bars 400mm c/c both ways

Main bars (12mm dia,70mm c¢/c)

60mm layer of concrete

Mud block 300mmX150m

75mm thick roof band

Shutteing——— 1/
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Step 14: Parapet, Slab and Insulation

e Initially, 12mm diameter main bars (highlighted in
red) are positioned within the gaps, followed by
the placement of 10mm diameter distributor bars
(highlighted in blue) over the main bars.
Subsequently, the gaps are filled with concrete,
and a 6cm layer of concrete is applied across the
entire slab. The concrete surface is then leveled,
and a slope is established to facilitate water
drainage towards the outlet.

Water curing should be continued for a minimum
of 21 days. The shuttering can be removed after 28
days.

As depicted below, shuttering and centering are
erected between the walls.

Construction of the parapet wall and the Mumty
can commence three days after casting the slab.

e The parapet wall should be constructed to a height
of 90 cm using brick masonry, ensuring that the tie
columns pass through it. These tie columns should
be filled.

At the uppermost part of the parapet, the tie
columns are secured together using 2 nos of 8 mm
diameter steel bars with 6 mm diameter links, akin
to the process used for creating RCC bands.
Concrete is then filled, and a half-round coping is
fashioned at the top of the parapet wall.

Distributor bars (12mm dia, 70mm c/c)
6mm diameter bars 400mm c/c both ways

92

Main bars (12mm dia,70mm c/c)

60mm layer of concrete

Mud block 300mmX150m
75mm thick roof band i i

Shuttering——————— 1/

Fig 6.3.1.32. Detail for insulated roof on the top floor

Do not lay roof slab and/or cast any other cement
concrete component in frigid temperature. Cement
concrete is badly affected if freshly laid cement concrete
freezes due to very low (Below 5°C) temperatures.

Use high-quality mud blocks, which should be well-cured
and have the proper mix of soil and stabilizer.

Mud blocks provide natural thermal insulation. Consider
adding an additional layer of insulation if needed.

Apply a waterproofing layer on top of the roof to prevent
water infiltration, which can damage both the concrete
and mud blocks.
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When the construction of the mumty has
completed, we will provide a heat insulation layer
over the roof.

Spread a 20mm thick layer of mud mortar on the
roof slab.

Place the mud bricks over the slab in proper and
keeping a gap of 20mm between the bricks on all
sides.

Fill the gaps with mud mortar or cement mortar
(1:5) throughly.

After 3 days of drying spread 12x12mm square
wire mesh on the whole roof and 15cm along the
peripheral walls.

Fix the mesh to the bricks below and to side walls
using 50mm long U-nails at about 30 to 40 cm
apart.

Cover the mesh with a 20mm layer of 1:3 cement
sand mortar and finish smooth. Water cure for 30
days.

You now have a durable and well insulated roof
finish.

Provide rainwater pipe /spout for drainage of
rainwater if required.
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Fig. 6.3.1. 33. Ferrocement plaster (see details on next page)

Fig. 6.3.1. 34. Insulated slab construction stage
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Ferro-Cement Plaster on Mud Walls/Roof

* Level and clean the wall/roof surface.

* Fix 20x20mm wire mesh to the whole surface, using U shaped wire
nails 40 to 50mm long.

* Let the mesh go round the corners about 150mm.

* Mesh shall overlap at least 100mm at joints.

* When mesh has been fixed well on the walls, prepare 1cement to
4/5 sand, cement mortar for plaster.

* Moisten the surface to be plastered.

* Apply about 15 to 20mm thick plaster over the jaali fixed to the
wall/roof surface. Finish smooth.

* Water cure for at least 20 days.

* You can paint the plastered surface when dry with lime wash or surface of Mud-brick masonry in cement sand mortar/ RBC roof
any other suitable paint.

Plaster

Wire Mesh
U-Nail

Brick Wall

Square wire mesh fixed to wall/ roof terrace surface using U-nails. 15mm thick 1:4 cement sand plaster over fixed wire mesh covering the entire surface.

Fig. 6.2.1. 35. Application of ferro cement plaster
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Fig 6.3.1.36 3d Visualized view
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7 GENERAL INFORMATION ABOUT MATERIALS

7.1. Cement

1. Check the manufacturer's name and trademark for accuracy, as
any discrepancies may indicate a counterfeit product.

2. Look for the ISI mark in black colour, which signifies that the
cement meets specified standards.

B : E— . B 3. Confirm the grade and type of cement, such as OPC 43 etc, which
\ o should be clearly labeled on the bag.
\ (is:1as8) B4 7 4. Ensure the net weight of the cement as stated.
D it 2 5. Choose a reputed brand and review technical details provided by
‘ JST ) the manufacturer.

il§ 6. Verify the Maximum Retail Price (MRP) to prevent overcharging.
b~ 6 7. Look for the "Use no Hooks" symbol to avoid damaging the bag.
8. Check the batch/control unit number to ensure freshness,
preferably less than 3 months old.
9. The manufacturer's address should be listed for future inquiries.
o 10. If performance improvers are added, they should be specified
on the bag.
st 11. Look for the specific IS code number relevant to the type of
cement ordered. For example,IS 269: Specifies 33, 43, and 53
3 grade ordinary Portland cement (OPC).
. 12. 1S 1489: Specifies Portland Pozzolana cement (PPC).I

Fig 7.1.1 lllustration of bag of cement
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Fig 7.1.2. Lumps of Cement due to moisture
Check that the cement is in dry powdery form with no hard
lumps which we you cannot crush between your fingers.

4nos.in length

| |
| |

Cement _~10no0s.in height

Wooden plank

gl

Fig 7.1.4 Proper wa;hgf storing Cement .

N Wall

Prepare a platform about 6 inches above the floor to
ensure that cement bags are not in direct contact
with the floors and are stacked at least one foot away
from the walls, else it shall absorb moisture. Cover the
cement bags by some waterproof material.

97

Fig 7.1.3 Cement bags after 3 months
Moisture is the biggest enemy of cement. Store
cement in a waterproof closed room

Fig 7.1.5. Same Day Consumption of Cement

Take out only the minimum number of
cement bags out of the store that can be
consumed in the same day.
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7.2. Sand

M Sand

Fig 7.2.2. Sand patrticle sizes

Fig 7.2.1. Identification of different types of sand e The size of sand particles should be bigger than

* Use sand obtained from clean rivers or approved pits. grains of ‘Sujee’ but not bigger than crystals of sugar.

* Store sand on a clean platform so that soil and dirt

does not enter into the sand. /

* Use clean sand free from pieces of grass, sticks, soil
and other debris. If you find some of these here and
there in the sand, sieve/ wash the sand to remove all
impurities. 3

* A good quality dry sand does not soil your hands and Fig 7.2.3. Sand test on hands
falls freely from hand. s : :

* Always measure sand by using a standard measuring
box.

Fig 7.2.4. Measure sand by standard measuring box
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7.3 Stone/Aggregate

m Round aggregates from
rivers have a poor bond
with  cement and so
produce weaker concrete.

Fig 7.3.1. Sharp edged aggregate vs round aggregate

m The stone aggregate must be from good
hard rock.

m Use stone aggregate of mixed sizes from
12mm (1/2 inch) to 20mm (3”) in concrete
for roof slabs, beams, RCC bands and
columns.

m Store stone aggregate at a clean place and
ensure that dirt and muddy water does
not enter into the stack.

m Do not use aggregates larger than 30mm
size in RCC work. Fig 7.3.2. Small sized aggregate vs appropriate sized aggregate
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7.4. Cement Concrete and Mortar
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7.4. Cement Concrete and Mortar

e Cement mortar is used in the construction of walls to bind the bricks/ blocks in position.

e Use Ordinary
Portland cement
(OPC) for RCC work,
plastering and other
structural
applications.

Fig 7.4.2 ratio of cement to sand for mortar.

Use one part of cement with 6 parts of clean sand
for making mortar for masonry work and plaster.

Fig 7.4.1. Mortar thicknss rt brick course
e Use Portland or Portland Pozzolana cement (43 grade) ®

for making mortar for brick/block masonry.
‘ ‘ 4 T

Fig 7.4.4. workability of concrete and mortar
® Do not mix water to a large volume of mortar at a

time. Mortar/concrete must be used in place within
30 minutes of adding water to the mortar mix.

Fig 7.4.3. grade of to be checked for corners

® Use richer mortar say 1:5 or 1:4 for making corners
and edges during plaster and for repair work.
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Fig 7.4.5. Concrete mixer
® Use a concrete mixer for proper mixing

of concrete or mortar.

SAND

CEMENT WATER /

AGGREGATES

Fig 7.4.7. Materials required for concrete

e Always use cement, sand and stone aggregate
in given ratios only. Do not increase volume of
sand and water in concrete, it reduces strength
drastically.

Fig 7.4.6. Water curing cement mortar

e All cement mortar/concrete work must be kept wet for at
least 21 days to gain strength. Even intermittent drying of
cement components is harmful.

Cement Sand Gravel Combine dry then mix with water

Fig 7.4.8. Mixing concrete

e Cement concrete is a mix of cement, sand and larger
aggregate like small pieces of stone (stone aggregate).
Cement concrete is mainly used in foundations, under
floors, RCC work, floors etc where strength is important.
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Fig 7.4.9 appropriate water cement ratio

Clean Water is an important ingredient of cement
concrete; any excess water is enemy of concrete.

________

________

_______________

_______________

Too much water

Right consistency Shaped up concrete

Fig 7.4.11. Test for workability of concrete

Flowing concrete due to excessive water has very
low strength and may suffer from seepage of water
and corrosion of steel bars in concrete.
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If the refractory lands with a
“splat” and runs through
your fingers..

TOO MUCH WATER!

If the refractory lands with a
nice sold “thud” and stays in
a firm, round form —
(like pizza dough)

PERFECT!!!

If the refractory lands in
your hand and feels dry like
it's about to fall apart..

NOT ENOUGH WATER!
Fig 7.4.10. Test for water content of concrete

To test water content, throw a ball of concrete up and get
it back in hand and compare with the figure. The concrete
must have just enough water so that you can make a ball of
concrete in your hand which neither flows/deshapes in

your hand nor crumbles.

Fig 7.4.12. Vibrator used to compact concrete
Always use electric/petrol vibrator to compact
concrete. Too wet or too dry concrete cannot be
compacted well even with a vibrator.



7.5. Steel
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7.5. Steel

Fig 7.5.2. Right steel bars for construction
Fig 7.5.1. TMT steel bars with ISI mark

® Always purchase TMT steel bars of e The steel bars should be rust free and should not break when
specified diameter and of a reputed bent in a close U shape.
mant'Jfacturer. ' e Slight yellowish bars that can be cleaned, can be used, but
i Comlc(lrm that the bars bear BIS quality reddish bars with rust and crusting should not be used
mark.

e Store the bars so that the bars do not come in contact with

e Make sure that steel bars are cut, bent ) e
moisture, soil, oily/greasy substances.

and tied as per the given dimension and

shape, and are tied together strongly e While making cages for beams/ columns and for roof slabs
using 20 gauge M steel binding wire. check that the diameters and placement of bars used are as
e Check that the steel bars remain in their per the given details/drawings.

position while concreting and vibrating
the concrete
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Fig. 7.5.3. Wrong connection of rod through hooks Fig. 7.5.4. Right connection of rod

Never connect two rods through hook at their Connect one steel bar to another through an overlapping joint .
ends . Steel Bars used in RC slab must have a Overlap length should be 50 times bar Diameter, and tied at four to

clear concrete cover of 15 to 20 mm. five places with binding wire. Steel Bars must be fully encased in
concrete to utilize Full Strength of Steel bar and check rusting.

/) -:\Nn - -

Fig. 7.5.5. Stacking of reinforcement
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7.6 Bricks

Types of Bricks

¢ 7~

Red burnt brick Soil stabilized brick Fly ash brick Cement concrete brick
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7.6.1. Burnt

Fig. 7.6.1.1. Broken bricks Fig. 7.6.1.2. Metallic sound of bricks
e If you take a broken piece of brick check that it is e If you hit two bricks together, they
uniformly red up to the core and has no internal pores . should produce a metallic ringing
- sound.
Fig. 7.6.1.3. Dry bricks to not be used
Dry Bricks should not be used for construction Fig. 7.6.1.4. Strength testing for brick
e Always immerse bricks in water a day before use. e If you drop a brick on end, from shoulder
Do not use dry bricks, else the bricks will suck height on normal hard ground, it should not
water from the mortar and make it weaker. break.
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7.6.2. Sun dried Bricks

Fig. 7.6.2.1. Soil stabilized bricks

Sun dried Stabilized Bricks

To check suitability of local soil for making
sundried bricks, make a 3 inch diameter ball of
moist clay in hand. Allow it to dry. If the soil is
too sandy the ball will break under pressure
between fingers, if the soil is too clayey the ball
will develop cracks on drying, a suitable clay
shall give a strong crack free ball. A good soil
contains about 35 to 40 % clay+ silt the rest is
fine sand. The bricks can be stabilized by adding
lime/cement in appropriate quantities and
mixing thoroughly.

Fig. 7.6.2.2. Sun dried bricks drying

These bricks have lower strength as compared to fired
bricks and are affected by moisture. Can be used in dry
conditions in cement sand mortar under proper guidance .

In basically dry regions, 35cm thick load bearing walls can be
constructed using clay bricks (strength:20Kg/sqcm or better)
in cement mortar for two storey houses with appropriate
EQ and moisture protection measures.

The walls can be protected from moisture by ferro-cement
treatment/plaster for longer life and better finish.
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7.6.3. Stabilized Soil Brick

Fig. 7.6.3.1. Soil stabilized bricks drying

Cement lime stabilized soil bricks can also be
cast at site in regions where good clay is
available but burnt clay bricks or cement lime
stabilized bricks are costly and not locally
available.

1. Soil Analysis: Dissolve one third glass of soil
in % glass of water, mix thoroughly, and let it
settle for 24 hours. Check if the clay+silt
deposit is 30-40% of the total deposit.

2. Adjustment: If the clay+silt deposit exceeds 40%, mix in sand.
For stabilization, add 5-6% cement or 6% lime by weight of the
soil mass, and knead thoroughly with the required amount of
water.

3. Brick/Block Formation: Ensure the mix is slightly wet and use
a hand compressing machine to make bricks/blocks. Leave them
to rest for 24-48 hours, then stack them in layers not exceeding 3
layers.

4. Curing: Keep the bricks/blocks covered and moist for 15 days
in warm climate or 20 days in cold climate to allow for proper
curing.

5. Masonry Construction: Use the bricks/blocks when they are at
least 30 days old and are fully dry. Masonry can be done using
1:6 cement sand mortar or soil cement mortar with about 7%
cement.

6. Start water curing after 24 hours for cement+ sand mortar and
36 hours for stabilized clay mortar.
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7.7. Woodwork

Fig. 7.7.1. Timber defects EiEE

Fig. 7.7.3. Local timber stacked

1.Timber must be free from loose

Fig. 7.7.2. Dry timber 3.Always use timber that is commonly
knots, rots, cracks and bends etc.

used in your area with good
experience and durability.

2.Make sure that the timber is dry
at the time of fabrication and
installation. Moist timber is likely
to bend/ twist as it dries up. Moist
timber also attracts various insects
that damage timber.

Fig. 7.7.5. Adhesive on wood

4.Always use steel fasteners/cleats at joints. Mortice and

Tenon type joints become weak at the joints and break 5.Check that all joints fit tightly. Better apply some
during earthquakes and wind storms therefore these adhesive like Fevicol to the joints to avoid loosening
joints must be strengthened by steel fasteners/cleats. due to differential shrinkage with time.
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7.8. Roofing

There are two types of roofs that are common in Himachal Pradesh i. Flat RCC roof and ii. Sloping roofs of stone patties,
metal sheets etc. supported over wooden or steel framework of trusses, rafters, purlins etc.

e The materials used in RCC roofing like cement, sand, steel, stone aggregate have been described above.
® Forsloping roofs the steel and wooden framework has also been discussed under respective heads.

Fig 7.8.1. CGl Sheets

The final covering, in case of sloping
roofs, are metallic sheets like CGI
sheets, pre-coated steel sheets,
Aluminium  corrugated sheets,
various fiberglass and other
polymeric sheets that are available
in market. Select a type as per your
requirement.

Make sure to select the size
of sheets that will fit your
roof without too much of
cutting and jointing to avoid
unnecessary cutting,
overlapping and wastage.
Good quality, heavy gauge

sheets contribute to long life
of your roof.

Fig 7.8.2. GI- J hooks
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Fig 7.8.3. Steel roofing cleat

Provide proper overlaps at joints and fix the
sheets using GI- J hooks, rubber washer and
cup washers of good quality.

In high wind areas provide 40 to 50mm
wide Gl flats over the sheets with J hooks to
avoid blowing away of sheets during high
winds.

Secure all your trusses, rafters, purlins etc
with the walls/RCC roof and Gable bands
using steel cleats/bands.
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7.9 Average Construction Cost of a Conventional Residential Building

Construction cost of a residential building depends on several factors like location, size, design, material used, and labour costs, with costs differing across
Towns/villages. Typically, labour accounts for 20-35% of the total cost, but for exceptional work, this can rise to 40%. the labour-to-building cost ratio is
approximately 30:70 or 40:60. Understanding these financial aspects is essential for turning your dream home into reality. Ratio of materials, labour, and
additional expenses is 70:25:05. Estimating costs at different stages of construction can be done based on the phase and percentage of overall expenses. As
given below.

S.No. Description of Work Percentage of For a 1000 sq. ft. house @ ¥1500/- per Description of Item Percentage of For a 1000 sq. ft. house
Construction Cost sq. ft. Construction Cost @ %1500/- per sq. ft.

Excavation for Soil and 4% 60,000/- Steel 2,10,000/-
Concrete Foundation 14%
Masonry Work Up to Plinth 5% 75,000/- Cement 13% 1,95,000/-
Masonry Work in Super 25% 3,75,000/- Brick 1,35,000/-
Structure <
Roofing Work 20% 3,00,000/- Stone Aggregate 4% 60,000/-
Flooring Work 6% 90,000/- Sand 5% 75,000/-
Carpentry Work 15% 2,25,000/- Water 1% 15,000/-
Interior Finishing 6% 90,000/- Excavation Work 4% 60,000/-
Exterior Finishing 3% 45,000/- Concrete Labour 8% 1,20,000/-
Water Supply 4% 60,000/- Design Fees 2% 30,000/-
Sanitation Work 7% 1,05,000/- Shuttering 3% 45,000/-
Electrification 5% 75,000/- Flooring Work 5% 75,000/-
15,00,000/- Roofing Work 5% 75,000/-
- - Painting Work 5% 75,000/-
Cement (Aggregate) 0.48 480 Bags Carpentry Work 7% 1,05,000/-
Steel 3.1 3.1 MT Sanitation Work 6% 90,000/-
Sand 2 2000 Cu.ft Electrification 5% 75,000/-
Stone (Aggregate) 1.6 1600 Cu.ft Miscellaneous 4% 60,000/~
Brick 20 29000 Nos.

Tips to Reduce the House Construction Cost Without Compromising the Quality

* Proper Planning and Design: Focus on detailed planning to avoid changes and rework during construction. Optimize layout and consider
factors like natural lighting, ventilation, and energy efficiency to ensure efficient use of resources and minimize wastage.

* Material Selection: Choose durable, cost-effective materials. Compare prices from different suppliers, explore alternatives that meet your
requirements and consider locally available alternatives to cut costs without sacrificing quality.

* Manage the Project Efficiently: Manage timelines, materials, and labor effectively. Good scheduling and timely procurement of material
prevent delays and cost overruns.
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