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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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1 INTRODUCTION

By virtue of its location in the Himalayas, Himachal Pradesh is prone
to high Earthquakes and frequent landslides caused by heavy rains
and unstable slopes. Extensive road construction and other
infrastructure development projects have disturbed the serene
Himalayan slopes leading to dangerous landslides, mud slides,
floods etc. Buildings are often washed away by sudden release of
blocked water in desires flow natural water channels. This is
worsened by extensive slope cutting for infrastructural development
projects and triggered by monsoons and earthquakes. Regulation of
construction activities and supporting natural vegetation can help
control soil erosion. But the growing population and increasing
infrastructural needs will only enhance these activities affecting hill
slopes and developing an increasingly dangerous environment for
building construction unless appropriate technologies are urgently
introduced and implemented.

This Compendium Part Il, focuses on government and community
buildings, presenting improved designs to resist damage from
earthquakes, heavy rains, and winds.

These designs utilize locally available materials and skills, promote
economical construction, employment generation, and improving
local entrepreneurship.

The Confined Masonry system is well accepted the world over to
make earthquake and wind resistant buildings. This system is
recommended and described herein for the construction of
Panchayat Ghars, PMAY-MMAY houses, school buildings,
Anganwadis, community halls, Mahila Mandals and other
community buildings with higher safety and lower construction cost.
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Fig 1.1 District Administrative Boundaries (Source: https://vlist.in/map/02.html )
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2 VULNERABILITY

In simple terms, Hazard X Vulnerability X Exposure = Risk. Vulnerability in Himachal
Pradesh is more complex due to topography, climate changes, and construction
techniques. The difficult topography, which is marked by uneven elevations and

steep slopes, highlights the area's vulnerability to soil erosion and landslides.
Frequent moderate to high magnitude of earthquakes pose risk to loss of life and
damages to economy. ™

2.1. Earthquakes

Himachal Pradesh is susceptible
to seismic shaking because it is
located in a seismically active
area. Seismic activities in the
region can lead to, landslides,
fires, and other secondary effects
causing damage to infrastructure.

e T
HIMACHAL PRADESH
Earthquake Hazard Map

(showing faults, thrusts and
‘earthquakes of magnituds 25.0)
—— ——

. LowRisk 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. 2.1. Earthquake Zonation map Fig.2.4. Vulnveur;’w'bel::");i;\i;laz {f;l;rce: BMTPC
(Source: BMPTC Vulnerability Atlas ) y

2.2. Landslides and Cloudbursts
2.3. Flash Floods

FLOOD HAZARD MAP

Due to its fragile geological setting
and heavy rains, geography,
Himachal Pradesh is prone to
landslides. Loose soil and steep
hillslopes increase the risk of
sliding and subsidence.

\ ".'!_‘5.?;‘.;5.'}:'355’;
| ey Flash floods are common
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.

Hakd

Fig2.3. Flash flood vulnerability map
(Source BMIPTC: Vulnerability Atlas)

Fig.2.2. Landslide Incidence map
(Source: BMPTC Vulnerability Atlas )
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S 2.1 Earthquakes

Foundation of a building is Impact on buildings Inertia Forces

_—
resting on the ground, so —— ' 2 = =

during an earthquake it il """'
shakes the ground randomly, _ Floor Slab

but the superstructure tries to

Walls
and/or Columns

remain stationary due to its
inertia. Thus the building
bends and twists due to which
the structural integrity of the
whole structure is
compromised.

Foundations &

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

Members affected

Earthquake Shaking

All the building components of a Acceleration

bu”ding like Wa”S' columns, Fig.2.5.Inertia force and relative motion within Fig.2.6. Flow of seismic inertia forces through all structural
beams, slab, roof, connections, a building (Source: EQ tips, C.V.R. Murthy) components (Source: EQ tips, C.V.R. Murthy)
masonry of the superstructure

etc. suffer strong forces during

an earthquake and may vield if  yorical Axis about
not designed to bear these  whichbuilding twists
forces. Further, this becomes
even more challenging when it is
built on hill slopes.

Earthquake
Ground

Earthquake Shakin
Ground 9

Movement

Fig.2.8. One-side open ground storey building twists during
Fig.2.7. Building on slope earthquake shaking (Source: EQ tips, C.V.R. Murthy)
(Source: EQ tips, C.V.R. Murthy)
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Fig. 2.9. Buildings swing back-and-forth during an earthquake. Taller buildings
deflect more and are likely to suffer more damage. (Source: EQ tips, C.V.R. Murthy)

Strong Shaking

Fig.2.11. Performance objectives under different intensities of earthquake shaking
— seeking low repairable damage under minor shaking and collapse-prevention
under strong shaking. (Source: EQ tips, C.V.R. Murthy)

Uniform Movement
of Floor

Wt SESssssSEsssssssEsEs
-
-
=

] -
L] (] L] L]
L] L] - L]
e e e W e
i s ki SRR,
Identica( Vertica (E;?{,‘:,‘,‘;’ -
Members Movement

Fig.2.10. Identical vertical members placed uniformly in plan of building cause all
points on the floor to move by same amount (Source: EQ tips, C.V.R. Murthy)

Earthquake
Ground
Movement

Y
These columns are more vulnerable

Fig. 2.12. Vertical members of buildings that move more horizontally sustain more
damage. (Source: EQ tips, C.V.R. Murthy)
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Damage to Buildings due to Earthquakes

(b) Corners
oooDoogo oooo
and Curves oooooodo oooo
oooooodg oooo
I poor oooooooly oooo

(c) Separation joints make complex plans
into simple plans

Fig. 2.12. Collapse of masonry Fig.2.13. Cracks at openings that are too close to corners
Fig.2.14. Building and seismic performance - effects of forms

Corner damages of masonry
building in houses due to
earthquakes are common.
Cracks, tilting, or collapses at
corners indicate vulnerability.
Reinforcing corners during

construction with RCC/ steel
bars, wooden logs or RCC
members and provision of
techniques like bands at

a) Collapse of a Building with no vertical
and horizontal lintel bands

Fig. 2.15. Out of plane damage to wall Fig.2.16. Damage due to foundation settlement plinth, sill, lintel and gable
provide

2

& E -
b) A building with horizontal lintel
band in Killari village survives
Fig. 2.14. Damage to building in terms of horizontal bands
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J 2.2 Landslides

Landslides occur due to the
sudden movement of debris,
earth or rock down a slope,
often caused by loose mass,
heavy rains, earthquakes or
human activities.

Impact

Human Life: Loss or injury to life,
trauma, loss of economy

Human  Settlement: Property
damage, intra disruption, risk of
flooding

Environment: Loss of biodiversity,
soil erosion, loss to natural
resources

Needs: Land use planning and

enforcement, community
awareness

Fig. 2.19. Collapse due to sliding force

Fig.2.18.Damage to sub structure due to soil erosion

Fig. 2.20. Sliding of slope
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Types of Landslides

Original

I\
'
-','

Falling Moving

Fig.2.21.. Fall: etachment of soil or rock from a steep slope along a Fig.2.22.. Topple: The end-over-end motion of Fig.2.23. Slide: Movement parallel to planes of weakness and
surface with minimal shear displacement. rock down a slope. occasionally parallel to slope.

Original T“te

Slumped

Partially

covered Layered

bedrock
bending
down

Fig. 2.24.. Slump: rotational failure on slopes Fig.2.25. Creep: Very slow slope movements, imperceptible in nature
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2
3

2.3 Flash Floods

|

Impact
Damage to foundations

R —

@ Heavy rain falls onto
waterlogged ground

9 Rainfall cannot soak in
uns down into river

@ River rises dramatically =
and bursts its banks,
flooding valley floor

Fig.2.26. Scouring of foundation Fig.2.27. Settlement of foundation Fig.2.28. Damage to scouring of soil
underneath the plinth

A sudden and rapid rise in water
level cause by cloud burst, heavy
rainfall, leading to high water

velocity, unpredictable flow
paths. This causes wasting away
of objects on waterways.

Action Needed: Fig.2.29. Damage to plinth due to Fig.2.30. Excessive rainfall and splashing Fig.2.31. Damage to super
scouring of water may cause the material to lose their structure and the sub structure
* Stay informed about alerts. properties

* Seek high ground immediately.
» Stay away from waterway.
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3 CONFINED MASONRY

3.1. About Confined Masonry

Spandrel
Masonry 3
* Confined masonry is a simple technique of - ' :
construction wherein masonry walls are Masonry EIREE
embedded with lightly reinforced concrete UL 7
. o Bond Beam =7
earthquake resistant masonry buildings. e o

Tie-Column

£

* Ideal technique for low to medium rise Sill Band
buildings in seismic prone regions as makes

use of locally available materials and skills.

* Key components: tie columns, bond beams,
masonry walls.

Fig. 3.1. Confined Masonry
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3.2.  Material Specifications in Confined Masonry

Confined Masonry can be done using burnt clay bricks, Solid
Concrete Blocks or Stone Blocks in cement sand mortar (1:5).

The wall thickness is generally equal to width of unit block for
mud brick bricks is 230mm while solid concrete blocks is
200mm.

=
~
2
=
&
~
i
&

The tie column or bond beam has width same as of wall
thickness, however, minimum of 150mm is mandatory. The
minimum concrete grade could be M20 with Fe 415 rebar.

The rebars in tie columns shall be as per table, depending
upon the no. of floor.

The steel bars of the Tie Columns start from foundation and
pass through every corner /wall junction and are bent in the
roof slab or extend into the parapet wall.

If another storey is to be added later, upper floor bars can be
welded (weld at least 120mm lap length) to the tie column
bars by breaking the parapet wall.

Fig. 3.2.2. Shuttering in confined masonry using Mud bricks



3.3.  opu #A uRTg REms ITensit &1 uqels

1. Udfeld weble dea Rems arell SaRi «f afRa| ka2,
e e Prea A Ahbad & 3T gl & JAdal diebd  dard
2

2. ReTg aret fard ISaAThyUT (IR Agd HAT & 3T urela
Tl br TR wdt B, olafs a2 bhiad 3T e 3rfais
drepd 31T PoRdl UeTd h3d & |

3. TUsct oHpdl H TIA®I Uceld 3Icpse or, =il SADT
ferator Step A Topm or=am e

"= 3.3.2 opu H uRaw =g ferator @
el ueelar - (@) 3sAu A we HAfstenm
uRag ferg  s#Ra, 2007 UH HHU
E23means, 2007) @) uRas ReEE areh
SHRAI Pl Pls gPpATS &l 31, Gidis 37T
HATcarslz H 37T RIeTg dleil SHARAT bl Uds,
2001 A ACATSIR HU (SIS 2001)
@) 2007 @ RRHT @) by H B8
FHAfoTerr uRaeg Riae arell saARa eifderza <éf
g (siise, 2007)

Lintel Band 5\ ?ﬁ Eﬁ g

Bond Beam
sill Band s E;g

—amid

RC Vertical Elements Toothing in Wall

forer 3.3.1. UifRag FRend & ac

Heda Hgat A Awaar & ggsr HwRr
IMTT/AS AT UT I dIal <8 PBIciH,
g AH IR BIaA B JTHBIT Bl
AT, PHiadHA H  grelg  Fdew  H
srafgres g, e UYaar A gst
3ifdgaTar  3rgura, 3rgUIaT  Aetel A
daRi @1 FATHT  [AdRo, 3R
AR g, JRG BRSO, JuAeT i
o8 AN W JRIF IJUTEAT T AT

feratoT Ffear |



3.3.  Earthquake Performance of Confined Masonry Structures

1. The reinforced concrete elements confine the masonry
walls, preventing out-of-plane collapse and enhancing the
walls' in-plane strength.

2. The masonry walls bear gravity loads and resist lateral
forces, while the tie columns and beams provide additional
support and stiffness.

Lintel Band é\ ;ﬁ gé g

Bond Beam
Sill Band *
i /l 8

o

RC Vertical Elements Toothing in Wall

3. Its performance in past earthquakes was excellent , since it
was properly constructed.

Fig.3.3.1. Elements in confined masonry

The predominant reasons of failure in CM
buildings are missing / largely spaced tie
columns; inadequate anchorage of
reinforcement of tie beam and column; largely

Fig.3.3.2. Good performance of Confined Masonry
construction in Earthquakes — (a) Six-storey confined
masonry building in Ica, 2007 Peru Earthquake (EERI,
2007); (b) No Damage to confined masonry buildings,
while collapse of other masonry buildings in El
Salvador, 2001 San Salvador Earthquake (EERI 2001);
(c) Six-storey confined masonry building remained
undamaged in 2007 Pisco (Peru) Earthquake (Blondet,
2007)

spaced lateral ties in column; large aspect ratio
of masonry panel; asymmetric distribution of
walls in plan; inadequate wall density, poor
workmanship, poor quality of materials used,
and gross construction errors.
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3.4. Improvised plans for Community Buildings

The Panchayati Raj Department of Himachal Pradesh government has created and sanctioned standardized
designs for community buildings to be used in the rural regions of the state.

* These designs were evaluated by CSIR — CBRI to improve safety against earthquakes, high winds, rain, and snow.
* Therevised plans are given features viz: safety, space efficiency, functionality, comfort.

* The plans were redrawn with only minor changes as per codal provisions and that of implementing agencies.
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3.5. Steps To Confined Masonry (Example)

Let us take example of an Anganwadi building. We will use Confined Masonry system of construction. We will embed
masonry of the building horizontally and vertically by RCC components called Tie columns and bond beams. Tie
columns are provided at every corner, not exceeding the spacing of 4000mm. When unsupported walls are longer

than 4000 mm, provide additional Tie Columns to limit spacing. The Tie columns start from foundations and are
anchored into the roof slab. If sloping roof is to be provided The tie columns are anchored in to the Roof Bond beam. In
case of Gabled roof, Tie column steel bars go at least 600mm in to the RCC Gable band.

@ In Confined Masonry method, we provide Tie
i Columns at every corner and at every wall
junction.
In this plan we have to provide 10 RCC Tie
7ct columns.

In this plan we have a hall where two
, BEAM 0300 ® columns have been provided in the
@ e ——— PR ¥ S — —  middle of the walls to carry the loads
(A0 | coming from the roof beam. So these
are Tie Columns. Considering the
load we can design the columns as

|
i H
| ®
' ' : | per standard RCC design process.
| | ® } oy | Being a community building we shall
@ - B |i : B make 230mm x 230 mm columns
| |
3 |
2 | '

1500

|

! KITCHEN

| {1800 X 2200)
|

|

2400

et [T -ojTel [T
| with 8 nos of 4-16mm d TMT bars
and 6/8mm dia stirrups at 200mm
c/c atend.

LEGEND i
C1-300mm. x 300mm.";
column | |
TC1 - Tie columns at corner
(230mm. x 230 mm.)

Fig. 3.5.1. Ground Floor Plan of Anganbari
(For details on section and elevation, refer page 5)
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1. First dig foundation trenches minimum 600mm deep
and 750 mm wide in normal soil or as per ground
condition given on the next page. If the site remains
flooded by water for more than 3 days or has low
bearing capacity, increase foundation width and depth
under guidance of engineer in-charge.

2. Ram the foundation base to obtain a level surface.

NATURAL GROUND LEVEL

775 mm Deep Trench

Fig. 3.5.2. Foundation Trenches (For details, refer page 22)

3.

Provide a 150 mm thick layer of PLAN cement
concrete (1 cement: 4 sand: 8, 40mm size stone
aggregate/gravel) and obtain a level surface. Never
refill excavated soil back into the trenches to get a
level surface.

Note:
Keep in mind that the dug earth should be placed at
least 450mm away from the trenches.

PP.C 150 mm Thick
Levelling Course

Fig. 3.5.3. Foundation Trenches with P.C.C. (For details, refer page 22)
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LEGEND
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TC1 - Tie columns at corner
(230mm. x230mm.)

Fig. 3.5.4. The figure shows foundation trenches with location of the Tie columns and RCC columns of the main hall.



43T Bl AT AdRr B Gils U2
RTT B 4 ATAT BT bl (230x230mm)
T | BT B T AT Bdrada B e
300mMmMx300mm

3B Bl & 3T =AH 8 ufzai 12mm

gfgar 33|

T B T

orlel =2

Jg  TdeT

TE  PlAHA

FEEOT 230 mm x 230
mm

TOH

|

==

I

I

ENNENELEENE S RNCINEE

R=r 3.5.5. gl B fow ufRAe RieR

X 5 o dlaw & &g @ -/ 4200mm F e
Bl =nfaw

AR B AT _

100 fofw
freh | [=—21
gxarell vd Rasfeal @
A aR®B, ¥ derR

AR B HSTS
—

Q) ® %

&

o

s D QL

IR B HE W)
218 qier

BT 3.5.6. og ®roe @ @ Fgedieor ([Razon)



4.

Place steel bars of Tie Columns (230x230mm with 4 nos
12 mm dia bars) at every corner and wall junction. Place
steel bars of two RCC tie columns of the hall. This
column is 230mmx230mm size and has 8 bars 12mm
dia.

Reinforcment for Tie Columns
(230X230 mm)

Fig. 3.5.5.Erection of tie columns at plinth level

Note:
Keep in mind that the
than 4000mm.

spacing between the tie columns must not be more

AR B AT _

100 fofw
freh | [=—=1
gxarell vd Rasfear @
AT av%, <18 derR

AR B HSTS
—

115 .. g
a1 150 e | o o =

\
et

ENEEE

]

==

]

I
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Fig. 3.5.6. Details of Reinforcement for Tie columns
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5. Alternatively, brick/Concrete Block/Coursed Rubble masonry in Foundation and plinth in cement mortar (1:6 or
cement concrete in 10mm down stone aggregate 1:4:8) can be made.

6. After reaching a level 150 mm below the plinth level, we will provide Tie beam 230x200 mm size with 4 no.s 12mm
diameter TMT bars (See figure) passing through every tie column and the two RCC columns.

7. Carry out masonry work in 1:6 cement: sand mortar in between the tie columns by providing 40mm toothing grooves
in masonry.

Brick Foundation

Fig. 3.5.7. foundation
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8. Provide shutters on two faces of the tie columns, properly fixed to the plinth masonry.

9. Pore concrete (M20 grade) in tie column to make a good bond between the masonry and the concrete columns
without disturbing the masonry.

10.The main wall foundations and Tie column footings are constructed simultaneously.

Note:

See that the toothing of the brick
masonry  goes into the cement
concrete of the tie columns to make a
good joint.

Masonry for Plinth

Reinforcement for Plinth ‘ g fleRk
Beam @ TS
Plinth Beam

asonry for Foundation

Fig. 3.5.8. Construction of Bond Beam at Plinth
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11. Provide 4nos of 10d bar in bond beam having section as shown and cast the concrete .
12. After casting the bond beam, fine sand filling shall be done up to plinth level in a layer of 300mm which shall be well
compacted with maximum 15% moisture content.

Note:
Do not floor water in back fill.
Cast all the Bond beams in one go.

After the Bond Beams have been cast, water cure for at
least 14 days. Masonry in superstructure can be started
after 1 days.

I L = 12mm @ reinforcement bars 4nos.
6mm @ stirrups

Bond beam (at plinth)

l—Bond beam (at plinth)
: l i‘ : I 5 [ H—Smm @ stirrups
‘| | I t l _4 l ‘ 1 12mm @ reinforcement bars
| | _ ‘-_,—-ﬁ—mzo grade cement concrete
| | — \—'— ‘ filled in the gaps in the masonry
I 4 L— “ A ‘ Reinforcement for Plinth
4 ! ) Beam
Masonry for Plinth Plinth Beam

Details of steel bars at Junction of

. lasonry for Foundation
Bond beam and Tie column

21E dreR Fig. 3.5.6. Bond beam (230mm x 200mm) at plinth level
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13. You have vertical steel bars of tie- columns coming from every corner and so also steel bars of the two main RCC
columns. Now place Door frames so that the steel holdfasts attached to the lower end go into the bond beam, the middle
holdfasts will go in to RCC Sill band.

14. Construct all the masonry walls by leaving grooves at tie columns ends max. upto 1200mm (4’) at one go.

Mild Flat holdfast

Lintel Band

Holdfast

Concreting around
holdfast

Sill band ——

-

Plinth band ———

Detail of a door frame fixing

Fig. 3.5.7. Construction of plinth
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15. Complete masonry from plinth level to window sill level leaving gaps for Tie column steel bars coming from the
foundation.

Fig. 3.5.9. Corner Reinforcement details

Masonary upto Sill Band

Fig.3.5.10. Detailing at corner

Fig. 3.5.8. Masonry upto sill band

Important: Details of providing Tie Column reinforcement

The rings are spaced 150mm c/c up to window sill level, 200mm c/c [ #5aE

: _ ( The gap between walls is provided with two
from sill b.and to lintel band level and 150mm c/c from lintel band to side shuttering and filled with concrete at
roof level in all the columns.

plinth/Sill/lintel and Roof levels.
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16. Now fill M20 grade cement concrete in to the gaps up to
window sill level. Now place the window frames. The lower
holdfasts of the window frame and middle holdfasts of door
frames shall be embedded in to the RCC sill band. Now fix
shuttering planks on two sides of the walls.

17. Provide the shutters at side faces at sill level and place the
reinforcement of bond beam and pore the M20 grade
concrete.

18. Care should be taken that bond beam reinforcement and
passing through the tie column longitudinal bars.

Sill band

(75 mm Thick)

Fig. 3.5.11. Sill band and reinforcement

Note:

* Provide Sill band reinforcement as detailed
below. It consists of 2 nos 12 mm dia bars with
6/8mm dia links spaced about 200mm c/c.

AR AR.VAVAVAVAV AR

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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19. Repeat the masonry wall construction by leaving the gap for openings and
column up-to lintel level.

Masonry upto Lintel

Fig. 3.5.13. Masonry below lintel band

20. Again provide shutter and lay the reinforcement cage and
cast concrete as lintel band beam.

21. Care should be taken to provide additional reinforcement in
band beam over opening, depending upon the width of opening.
22. Similarly, in chhajja projection, reinforcement need to be
properly anchored to lintel bond beam reinforcement.

Lintel Band
(75 mm Thick)

Wall 200mm thick

| P8 Bbction bw
& Detail at A frame 40X40X4mm

40mm thick D/W shutter
-Hinge

Plaster 20mm thick

|
|
|
|
|
|
|
|
|
[ 4

Detail 1: Fixing 40x40x4 mm Door/window frames & shutters

Hold fast
- I\ﬁg ?—section D/w
frame 40X40X4mm

A 40mm thick D/W shutter

y
Detail at A inge

Fig. 3.5.14. MS T-section Door window frame fixing detail

Sun Shade

Railing
Fig. 3.5.15. Addition of lintel band
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23. Again perform spandrel masonry work over

Lintel Bond Beam in similar fashion as explained NOTE:

earlier. If it is expected that first floor will be constructed in future , the bars shall
go into the parapet wall at least 500 mm. Later these bars will be extended
by welding new bars for making the first floor just as we made the ground
floor.

16mm @ reinforcement bars
6mm @ stirrups
L Waterproofing layer
|
L ( Slab Width)
}

Termination of reinforcement in
parapet wall

Fig. 3.5.18. Masonry below roof slab Fig. 3.5.19. Details of reinforcement
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Now shuttering is also done for the roof slab and the beam in the hall.

24. We will take advantage of the slab thickness and make
a beam that projects 200mm below the slab but is actually
300mm deep including the slab thickness. The beam shall
be 230mm wide below the roof slab. (Fig.3.5.16)

25. Provide 3 nos 16mm dia bars at the bottom and 2 nos
16mm dia hanger bars at the top. The middle 16mm dia
bar shall be cranked at L/7 from each end. Provide 6/8
mm dia stirrups at 200mm c/c .

Roof Slab (150mm Thick|

Fig. 3.5.16. Addition of roof slab and beam

=— 16 mm I reinforcement bars
6mm & stirrups

[ Bond beam (at plinth)

’—Bond beam (at plinth)

| | <em—]-6mm @ stirrups

K
2]
i e

‘ “7

"_‘_TnzL—plinth masonry

Fig. 3.5.17. Detail of bond beam and column junction

Note:
Bars in the slab are TMT 10mm dia bars 120
mm c/c both ways. Alternate bar shall crank at
L/7 both ways.
Also, provide electric conduit pipes and fan

hooks in the beam if needed.

The reinforcing bars in Roof Bond beam are
same as in the Plinth Bond beam ie 4 nos
12mm dia bars (2 at bottom and 2 at the top
bound by 6/8mm dia rings at 200mm c/c.
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Now our structure is ready.

Finish the structure by cement plaster inside
and outside. You may like to have your
external block masonry finished with pointing.
Fix doors and window shutters as per your
liking and needs.

If you are making roof parapet, then also
provide a waterproofing treatment on the RCC
slab. Also make arrangement of disposal of
rain water by making slopes in the roof and
providing rain water pipes

The minimum 1:150 slope to be provided to
roof after water proofing treatment.

Similarly, one 4”(100mm/0 dia. Rain water
disposal pipe to be provided for every 520 sq.
ft. plan area of roof.

Provide a floor as per your needs . Provide
steps to enter and exist. Provide glazed tiles in
toilet area, else provide neat cement over
fresh cement plaster. Make arrangements of
water supply before plaster work is complete.
Make arrangements for disposal of waste
water and sewage. Provide electric points as
per your need.

If you are providing roof parapet make sure to
provide stairs to reach the roof for occasional
cleaning and general maintenance.

Fig. 3.5.19. a. Finished 3D view
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Parapet Wall(300mm

Fig. 3.5.19.b. Finished 3D view after adding sloping roof for verandah
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Alternatively:

Quite often buildings in Himachal Pradesh are constructed with gable walls to support purlins, over which the

roofing sheets are fixed.

During earthquakes the triangular Gable ends collapse leading to the collapse of the roof.
It is therefore essential to embrace the gable ends to the main structure.

Two outer vertical bars of the Tie
columns at the corners are extended
about 600mm above the RCC roof
Band, the two inner bars are bent at
least 500mm inside the RCC Roof
Band/ Bond Beam.

About 200mm masonry of the Gable is
now completed leaving a gap of
200mm from the wall edge.

Now the triangular gable masonry is
completed.

All the RCC tie columns are continued
into in the Gable masonry and
terminated into gable end bond beam.

A 75mm thick RCC Gable Band is now
provided over the Gable masonry as
detailed in the figure

12mm reinforce ment
bar {2 no 5. bent 50d)

12mm reinforce ment
bar {2 no 5. bent 50d)

Gable Masonry

12mm remforcement bar

12mm reinforce ment
bar (2 no 5. bent 50d)

12mm reinforcement bar

12mm reinforcement

bar {2 no.s. bent 50d)

6mm dia stimups

12mm reinforcement bar

6mm dia stimups

Fig. 3.5.20. Detail of gable wall reinforcement
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The Gable Masonry is now well connected to the base
structure and can now sustain earthquake shaking.

Provide a 50x50x6mm MS angle in the RCC Gable
Band (Figure). The angle is about 800mm long of
which about 400mm is grouted into the RCC Gable
band as shown.

Provide minimum 20 degree slope to roof at low
rainfall regions while 32 degree slope to be provided
in high to moderate rainfall area.

Fix Rain water Gutter clamps as shown.

Provide wooden or steel purlins which are fixed to the
RCC gable band as shown.

GCl sheets can now be fixed to the purlins using J
bolts.

Provide Gl rainwater down pipe.

Use good quality galvanized screws, clamps, etc. to
prevent rusting.

J hook to fix Gl sheet to purlins

Gl sheet
Purlin

MS plate for purlin to rest

Gable Masonry

Gutter

T

T

Fig. 3.5.22. Positions of trusses, purlins etc.




Sloping roof using
G.I Sheet

Tie Columns

Plinth Bond Beam
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Sloping roof using
G.I Sheet

Tie Columns

Plinth Bond Beam

Fig. 3.5.22. Finished 3D view for sloping roof
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S1- Nature of Soil/ Maximum Heights of
No. Soil Strata Culting
1) (2) 3

i) Loose s0il or boulders with soil 4m

matrix

ii) Compact soil or boulders with soil 6m

maltrix which remains vertical in 4
m high cutting when dry
iify  Soil or boulder with soil matrix Sm
overlain on loose, soft or fractured
rock strata

iv)  Soil or boulders with soil matrix 6m

overlying firm hard rock

v) Hard stable rock with or witholt 8m

compact soil or boulder with soil
matrix up to 2 m thick
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4  SITE SELECTION

* For selection of an individual building site, nature and
behaviour of soil or rock (and dip and strike of discontinuity
surfaces) should be assessed at the cuttings or test pits (450
mm x 450mm) at bottom and 1 to 2.m in depth or by auger
boring (in soils).

* Many rocks behave like clay or silt on wetting or on
submergence, rock pieces should therefore be kept in water
for 24 hours for assessing the effect of wetting.

* Hill sides with less than 30° slope in general are noted to
be stable as the gradient correspond to safe angle of repose
of slope forming material.

* The foundation of an individual building should be
located away from the edge of the terraces formed as
natural floodplain deposits or constructed by cutting and
filling along the hill side or at the river bank. Such
foundations should lie away from the line extending from
the toe of the terrace or the river bank at an angle of 30°.

* Individual buildings should be so oriented that it is
properly sunlit and it shall not be located on the bottom of
the valleys or permanent shadow zones of ridges and peaks,
and high wind zones.

* Hillsides susceptible to landslides and erosion at toe due
to probable meandering of the rivers and gullies should be
avoided while locating buildings.

* Hill sides having extensively folded, faulted, fractured
and fissured rock strata should be avoided for location of
buildings.

Fig.4.1. Selection of site (degree of slope)

S1- Nature of Soil/ Maximum Heights of
No. Soil Strata Culting
1) 2) (3)

i) Loose s0il or boulders with soil 4m

matrix

ii) Compact soil or bouiders with soil 6 m

matrix which remains vertical in 4
m high cutting when dry
iify  Soi! or boulder with soil matrix S5m
overlain on loose, soft or fractured
rock strata

iv)  Soil or boulders with soil matrix 6 m

overlying firm hard rock

v) Hard stable rock with or witholt 8m

compact soil or boulder with soil
matrix up to 2 m thick

Table 4.1. proportionate cutting heights (IS 14243 - 2)
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5  SITE PREPARATION

Fig. 5.2. Storage of stones

Cut the slope in 500 to 1000 mm high steps
and store stones obtained during cutting.
Avoid slope cuttings more than 1000 mm
deep (except under expert support) 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.

* Stones obtained during the clearing of site must be stored in heaps as
they can be used during the construction phase. These can be kept Fig.5.3. Cutting of slope
_outside. However, other building materials like cement, timber etc.

must be kept under a weatherproof shed.
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Fig.5.5. Distances and drainage

Leave a gap of at least 750mm or the depth of
foundation of building, whichever is greater, between
the retaining wall and the wall of your building.

Make drains near the feet of your retaining walls to
drain water away, at down-hill side.

Make foundation of the retaining walls on firm
ground.

Mark spaces to store material at site. Make a
waterproof shelter to store cement.

Weep Hole

Fig.5.6. Weep hole provision in retaining wall

Make weep holes in the retaining walls to drain
out water collected behind it.
Provide screen or fine hole nylon mesh at weep-
hole inlet to avoid washing of fine particles
through weep-holes.
Fill the backfill gap of retaining wall by well
compacted boulder to allow free flow of water on
uphill side of retaining wall.
Check if there are any trees that may fall on your
house. Trim/remove those trees.
Ensure that foundations of your house are over
natural ground and not in filling behind the retaining
walls.
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Fig. 5.7. Storage Practices

Make arrangements for stacking materials and
arrange a weather proof space for storing cement.

Fig. 5.9. Marking of Approach road

* Mark the approach to your house site.

Fig. 5.8. Sun direction

Note the direction of the sun with respect to the site.
If possible, try to remove obstructions like trees shrubs etc. to get proper
sunlight.

Fig.5.10. Marking of water components on site

Mark the source of water and where waste water will be disposed off.

Mark the places where your toilet and toilet pits shall be made. Ensure
that foul water does not mix with clean water.
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6 Quality Assurance

Construction inspection should identify the issues related to poor workmanship. Site work should be carried out with

utmost care to avoid any compromise with the construction quality. This section provides the
checklist/precautions/suggestions for carrying out foundation work, masonry work, formwork and casting of confining

elements. (
Foundation ﬁ-
* Foundation of a building is responsible for transfer of load to underneath =
ground. Small size of footing, inadequate depth, resting on poor/weak soil, :_'IL
waterlogged area etc. may result into cracks/ sinking of the building. m
Considering soil conditions at site, design of foundation should be E

-}

adequate.
* Foundation on clayey soil is not preferred as it is observed that breakdown

of soil structure takes place when load is applied on it which results in
reduction of its strength.

* Sand should consist of granular material, and it should be clean and free of
mud or any other organic material such as roots.

* The excavation done at the construction site for foundation must be
according to the design and must be properly leveled by ramming. Do not
refill excavated soil back into the trenches to level it. Level it by Base
concrete.

* Footings are continuous below all the masonry walls

* Width of strip footing below the walls is at least 750 mm for single storey
house.

* Tie-columns start from footing simultaneously with foundation masonry .

* Spacers are provided below the column steel bars to achieve required cover
below the tie-column reinforcement of RCC footing.

* Trenches must be clean and have even surface. Fig.6.1. lllustration of tie column being

fixed into foundation trenches
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Masonry

Clean the work zone.

Wetting of the bricks prior to construction of walls.
The plumb level shall be checked at every course.
Dead mortars are cleaned for new work and checked.
Racking and curing is ensured - all vertical joints and
horizontal joints must be properly aligned.

Proper and accurate checking for pointing, plastering
and finishing details.

Erection of frames-Alignment and position of the
doorframes is checked.

Masonry Joints must be checked for uniformity and
thickness not greater than 10 to 12mm is maintained.
Proportion of mortar mix should be checked.

Quality of water for mixing or curing should be clean.
Check the mortar preparation and mix consistency
Proper filling of the joints with mortar should be
ensured.

Ensure the brickwork height height on a single day
should not be more than 1200mm.

RCC and Masonry work is covered with wet jute bag
after the end of every day.

The water curing is to be ensured for at least 15 to 20
days.

10to
12mm

Wetting of bricks prior to construction

of walls is imperative

Cement mortar consistency Water curing to be done

CEMENT MORTAR

Fig.6.2. Checks for masonry to be taken care of.
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Shuttering

« Formwork is used to cast building components in
required shape and size. The formwork is designed
and erected to remain sufficiently rigid and strong
during placing and compaction of concrete, and
shall be such as to prevent loss of slurry from the
concrete.

« Use hard and durable; water tight; weather
resistant formwork and strong props, horizontal
bracings and runners.

* Remove rubbish, particularly, chippings, shavings
and sawdust from the forms

* Level the formwork and apply form releasing agent
to formwork.

* Ensure dimensions and levels of formwork.

* Seal gaps at joints of board/plates using plastic
tape.

* Lay electrical conduits with reference to electrical
drawing.

* Provide plastic pipe (75/100mm dia.) in slab to pass
W(C/drain pipe through slab as per Plumbing detail.

Fig.6.4. Provision of conduits and fanboxes while shuttering is placed
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Confining Elements

Concrete Cover
* Reinforcement cages are rust free and raised on spacers.
* Dimensions of formwork are adequate. T 230
* Ensure proper cover to the reinforcement.
* Compact the concrete using vibrator to avoid honeycombing.
Over compaction/vibration S00mm
* should be avoided, to prevent bleeding and segregation
* Concrete mix is used within 30 minutes of mixing with water
* Do not spread or drop concrete from more than 1200 mm
height.
* Deposit concrete as near as practicable to its final position,
distributed in small quantities.

6mm dia stirrups

Fig.6.5. Concrete cover of 25mm over reinforcement cage

Type of formwork Minimum period before striking formwork
Vertical formwork to columns, walls, beams 16-24 h
Soffit formwork to slabs (Props to be re-fixed 3 days

immediately after removal of formwork)

Soffit formwork to beams (Props to be re-fixed 7 days
immediately after removal of formwork)

Props to slabs:

Spanning up to 4.5 m 7 days

Spanning over 4.5 m 14 days
Props to beams and arches:

Spanning up to 6 m 14 days

Spanning over 6 m 21 days

Table 6.1. Minimum time for striking formwork
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Concreting

Reinforcement cages must be rust free

Ensure proper cover to the reinforcement.

Provide clear cover to bars by providing spacers.

Ensure dimensions of formwork shall be as per

drawings.

Extra water in concrete reduces strength,

enhances rusting of bars , which can causes leakages

and dampness.

Compact the concrete using vibrator to avoid

honeycombing.

Over compaction/vibration should be avoided, to

check bleeding and segregation

Concrete mix is used within 30 minutes of mixing

with water

Do not spread or drop concrete from more than

1200 mm height.

* Place concrete as near as practicable to its final
position.

* Do not remove bottom shuttering of slabs and
beams before 28 days, side shuttering can be
removed earlier depending on weather and
temperature. If temperature is below 10 deg allow
shuttering a few days extra.

* Do not allow concrete to freeze in green stage or

within 28 days of placing in formwork.

Fig.6.8. Frozen concrete damage
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7.1.

1.

Do’s and Don't’s

Construction

Tie columns shall be provided at every corner and wall
junctions. If the wall length is more than 4200 mm, divide
the wall length and provide additional equi-spaced
columns.

Angled or rounded walls shall not be used in the plan. All
the walls must be parallel or perpendicular to each other.
Use a continuous reinforced concrete plinth beam above
the masonry foundation wall.

English or Flemish bond can be preferred in masonry.

\ J s )
’ . \ 75 I e
HESNN 1
\ I— - @ \:1 | =
X @ @ ®
’ EH
Plans with rounded walls Plans with parallel and perpendicular walls

Fig.7.2. Earthquake safe plans
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Fig.7.3. Preferred Masonry typology
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7.2. Construction Guidelines

Using quality materials, ensuring good workmanship and faithfully

implementing architectural & structural guidelines

Toothing in masonry wall

Dowel bars
from masonry wall
fo tie-columns

Improving the grip of tie-columns on masonry walls — toothing provided in masonry wall at interface with tie-columns,
and reinforcement dowels in every third masonry course of masonry walls anchored into tie-column

Gaps between
masonry wall and
formwork pluggged
Avith sealant

between formwork and wall filled with Cement Paste or Plaster of Paris

Formwork on two sides of the
wall.

Masonry fully wetted before
placing concrete.

Concrete vibrated to fill the
teeth space thoroughly.

In-situ concreting of tie-columns — Wood or steel formwork should be tightly butted against the wall, and gaps
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7.3.

Tie Columns Guidelines

Reinforcement for the ground storey tie-
columns should be assembled before the
foundation construction takes place.
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7.3.

Tie Columns Guidelines

Reinforcement for the ground storey tie-
columns should be assembled before the
foundation construction takes place.
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7.4. Building Configuration

The architectural configuration concepts as highlighted in IS 4326 are necessary in confined masonry construction.
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should be avoided
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Sudden change in lateral stiffness should be avoided
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7.4. Planning

1. A confined masonry building
should be regular and symmetrical
in plan and elevation to minimize
torsion effects. Avoid U, L, Y
shapes as they increase stress
concentration and damage risk at
corners. Simple, symmetrical
configurations reduce torsional
impact and ensure structural
integrity.

Regular Shape /

2. Wall Distribution: More-or-less 3. Plan layout should be such that
uniform wall cross-sectional area in walls are symmetrical and rest in
both the direction in plan of a vertical continuity.

CM building will ensure adequate

shear resistance of masonry walls.

Inadequate Plan Layout

X

Inadequate Wall Distribution Adequate Plan Layout
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A building should not be too long compared to its width.

It is better to construct a large building in smaller sections by providing gaps between different sections

A symmetrically designed building performs better during an earthquake.
A building must be symmetrical in both horizontal and vertical directions.

i

{

Vertically Discontinuous Walls X

Poor Location of Openings

78S
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1
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Vertically Continuous Walls /

Fig.7.5.Continuity in plans

Length to Width Ratio less than 4

Fig.7.4. Ratio of I/w in plans

Good Location of Openings J

Fig.7.6. Opening location
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All masonry panels must be attached to RCC tie columns by toothing going into the RCC of tie columns as detailed

earlier

The door and window openings should be small and separated by at least 600 mm of masonry.
The door and window openings should be strengthened by 75 mm thick RCC bands cast around the openings and
attached to the RCCsill and lintel bands as shown earlier.

lw

lo

a) Excessively long opening

P

P

| ——  —
gs
!

|

lo <w/;
7/

Fig.7.7. Practices in opening design

lo <lw/ 2
lw Y

A
7
[
3 [
- Hold fast
—M .S.T-section DA fame
40X40X4mm

40mm thick D/W shutter

Hinge

Fig.7.8. Window frame fixing

b) Proper length of opening

Welded steel door and window
frames are made of 40x40x5mm
size steel sections, with holdfasts
on all the four sides. These are
fixed during the masonry work in
to the walls using M20 grade
concrete and embedded in to
the RCC of plinth, sill and lintel
bands. This process strengthens
the door and window openings.
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8 ANNEXURE

8.1. Existing Plans and Improvisations

The next few pages contain the plans that were provided to CSIR — CBRI for improvisation. The following points illustrate
the need of improvements that were done to the plans.

1. Enhanced Structural Integrity: Government buildings often need to be retrofitted to meet modern seismic codes,
ensuring they can withstand earthquake forces. This involves reinforcing structural elements to prevent collapse.

2. Improved Daylighting: Increasing openings for daylighting not only reduces energy consumption but also enhances
the safety of occupants by providing natural light in case of power outages during earthquakes.

3. Optimized Plinth Area: Adjusting the plinth area helps distribute the building's load more evenly, reducing the risk of
structural failure during seismic events.

4. Adherence to Codal Provisions: Ensuring distances and sizes of structural components adhere to codal provisions
improves the building’s resilience against earthquakes by following established safety standards.

5. Circulation Improvements: Fixing issues in circulation, such as ensuring clear routes, is critical for the safe and
efficient movement of people during and after an earthquake.

6. Incorporating Confined Masonry: Using confined masonry in design enhances the ductility and strength of the
building, making it more capable of absorbing and dissipating seismic energy.

7. Retrofitting for Load Path Continuity: Improvisations may include ensuring continuous load paths so that seismic
forces are effectively transmitted through the building without causing localized failures.

8. Upgrading Non-Structural Elements: Enhancing the design of non-structural components, such as partition walls and
ceilings, prevents them from causing injuries or blockages during an earthquake.

9. Foundation Strengthening: Reinforcing the building’s foundation helps in stabilizing the structure and preventing
differential settlement or failure during seismic activity.

10. Use of Advanced Materials: Incorporating modern construction materials that are better suited to absorb and
withstand seismic forces can significantly improve the earthquake resistance of government buildings.
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