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(15 presentations)

For Participants For Trainers

1) Participants are suggested to study the reading material
thoroughly. Mark the slide which is difficult to
understand. Ask question during presentation by a
resource person.

1) Trainers are suggested to provide
3/4 of the time on presentation and
1/4 of the time for question-answer.

2) At the end of each presentation, you will get the ‘points 2) Please ensure that all participants
for consideration and discussion’. All question must be are able to explain each of the items
quite clear to you. If it is not clear, ask the trainers to listed in the ‘points for

clarify. consideration and discussion’.
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PREFACE

The guidelines consist of 15 Chapters, each covering One Training Lecture into which the Four Days Training Program
was sub divided.

The Training Program is specially designed to take care of the engineering services requirements including attainment
earthquake safety of various constructions, including housing for various categories of staff and the buildings for various
service functions like schools, colleges, hospitals, administrative offices etc. Such functions include the following:

l. To maintain the already constructed Facilities.
II.  To construct new buildings in accordance with the design details provided by the Design Offices.

Ill.  To conduct RVS (Rapid Visual Screening) of Buildings for assessing their earthquake safety status. In case a
building is assessed as damageable under the design earthquake; the assessment is to be done for the grade of
damageability to which the building will be subjected under the earthquake.

IV. To assess the retrofitting needs of the building and to estimate the possibility of extent to carryout appropriate
and economical retrofitting measures for further service life.

The Field Engineers should be fully conversant with fire safety requirements besides the building bye laws applicable in
each case. The Training Program prepared for the Engineers servicing in the districts takes care of the above
requirements. The details have been recommended to follow the provisions of various applicable Indian Standards such
as 1S1893, 1514326, and 15S13920.

The Chapters prepared by Shri Barun Kant Mishra are fully detailed and Illustrated with diagrams which make it very
easy to understand by the Engineers reading through the Chapters. Then is a big plus point of the Presentation as
compared with the same material in text books, which normally use a lot of text and scanty sketches to explain the
point.

In the end, | would like to state emphatically that Drawing is the Language of the Engineer- Whatever is drawn and
shown on the Drawings is fully understood and properly executed in the field during the construction.

| am pleased to go through the Chapters prepared by Shri. Barun Kant Mishra and approve the same.

Prof. A. S. Arya
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25 APRIL 2015 NEPAL EARTHQUAKE Shaking Intensity

The Modified Mercalli Intensity
25 3dfieT 2015, g 11.41 i, M 7.8 oo
s Gl H : A ﬁ, Wﬁiﬂ 80 km 3= uiaw severity. The area nearest

Katmandu experienced very
strong to severe shaking.

" T ITET: 20 ADs, eI 15 km, Hrewig & 80 km
= Main Frontal Thrust & T3er=T

" 91 P AEE: 35 376G M 4.5 F e qiRwEmT

* Ayt ¥ A 7000 T AR T 3T qRaG A 78 Modified Mercalli Intensity P;'::l:‘i‘::

* Auret ¥ Tt g eRieR WA |4ig, Al WA el ks
» Reedt, TR, Hicd v I W ab HHT BT ATHT
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* 600 m 3R FieT W A HroHig ¥ HHW WG amplified Weak . k|
* figr & ft %F e @l | ve § diear V. e W U Exkmled g el o 74 Bl

BHUJ EQ 2001
# Bhuj was completely destroyed

» 281 bed District Hospital and 16 bed Mental
Hospital at Bhuj completely destroyed. (many
staff and patients killed)

# 42 Primary health Centers, 227 sub-centers, 42
Community Health centers reduced to rubble.

# Over 50,000 School Rooms Damaged or
Destroyed

@ About 100 multistoried buildings were
damaged in Ahmadabad, 10 collapsed

P, .
House Collapse in Madhubani, Bihar




2001 BHUJ EQ:
High School of Dudhai Village

fderR # Yo & F=AIfed gaTa

* Ground Failure and Liquefaction

* Ground Shaking: Damage in Buildings;
Bridges, Flyovers, Railways, Water Towers
and Treatment facilities, Pipelines, Electric
Generating Facilities and Transformer
Stations

» Secondary Effects: Fires, Chemical Spills,
Failure of Communication facilities, Loss
of Economic production etc.

General Hos;pital in Bhuj , Heritage Buildings in Bhuj

ol 2001 3 T B T F Gy

PY

2%

‘ lg J & K EQ 2005 8 2015 Nepal EQ: Bhaktapur

AR Yera H gdTed
HIGH RATE
Tt AEE B gerre
PR scAT AR
Tt & waTeT a1 §e B WR @1 B W )
Thel U9 R (R & o #)

291 AhHET H, 6 A 18 Ulderd art AR ST Thd &
i T T de are 8 T F

LOW RATE
d1T AT ABST B g Bob HBI
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1934 MpH dIdT Dt BIedl-icp FARIGIT

(As per publication of BSDMA)

" HEG Sfiaa $t g B TRIEaa e
O HEJ IR H YHHUa: 2 oI | SIET
O TUER H HHA: 70 TR & FATET
" TR QAT 45 AR & SITET
(STITOTAT €= T 20 Ufderd)

" IRIIET TREA ;1 BRlS A SAET
(STTITOTET BRY BT 45 Ufaerd)

Gaps in the Management of Earthquakes

Low public awareness on the need for incorporating
earthquake-resistant features in non-engineered
construction in suburban and rural areas

Lack of adequate skilled knowledge on seismic risk,
vulnerability and structural mitigation activities among
various stakeholders

Lack of adequate preparedness and response capacity
among various stakeholder groups

* Inadequate structural mitigation measures in the
education syllabi of professional and vocational
education;

+ Inadequate monitoring and enforcement of earthquake-
resistant building codes and town planning bye-laws;

+ Absence of systems of licensing of engineers and
masons;

Wh™ Pt AT wlcfshar

A Iafer e T Positive Negative

0-1 fiFe AR qb HATEhIT

1 e & 1 I«E | 91g 91T SISkl | 99T BrRf ST, 3TeIehT

1 IaE S 915 g1t 31 N | 3euchreitT Blame to Builders,

1w it TR Designers,
Officers

1 9T | defepreftT

1 T T, 3TW TR

@ fordt prefardt

1 I & 10 AT TRBR H HH

10 T & @R WHRIEt TaarT

W dh @ WS A IS,
TzE et w6t
ST

q:ﬂﬂ Gicd 115 7 rd dh voLFkk dks nksgjkuk

Management
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(1)

Disaster Management and Disaster Damage Scenario

POINTS FOR CONSIDERATION AND DISCUSSION
What situation is said to be a disaster?

What is the difference between Hazard and Disaster?

What is the difference between Hazard and Risk?

What is the difference between Hazard and Vulnerability?

What are the reasons of increasing natural hazards?

Name two hazards that can be prevented.

How can you reduce Seismic Vulnerability?

To evaluate the Risk of a building in under a probable earthquake:
a. Which factors shall be taken into account?

b. What will be outcome of Risk evaluation?

What are the four main stages of Disaster Management?

Which works are taken up during Mitigation?

Which works are taken up during Preparedness?

Which works are taken up during Response?

Which works are taken up during Recovery?

What is the primary role of a building engineer?

Which districts of Bihar fall in Seismic Zone V and Seismic Zone IV?
In which year the most violent Earthquake occurred in Bihar.

In which year an Earthquake occurred when the areas in north Bihar were under floods.
What was the intensity of earthquake in 1934 around Sitamarhi and Madhubani?
What will be the probable damages, if a violent earthquake occurs in Bihar?

What are the gaps in management of earthquakes?



fTeR TReR
fdeR TS 31ueT waa yierepeor

(31T wEEE famT)
o Ha, fgdter aer, gear—1

(6) Pt a7 R Fret # sfF=arsy o wikrar

(2)
ENGINEERING SEISMOLOGY
TYPES OF SEISMIC HAZARDS

90 min

CONVECTION CURRENTS IN VISCOUS MANTLE

= Radioactive Elements Decay in Core.

= Enormous heat is generated.

= I} ATET BT U 3BT UG IgHAl BT A1 SAThe TATI
= Convection currents in Mantle.

= Movement of Crust & Mantle plates (Tectonic Plate)

Divargent Convergeﬁ?}
Plate Pate "%

ma neration
eﬁw ng heat wfrmo‘:almhing

m MANTLE: Viscous

s CORE

LAYERS OF THE EARTH

m SURFACE: density 1.5 gm/cc, 25°C
m CRUST: brittle, density 2gm/cc

m Continental : 25-40 km g _Crust
= Oceanic ~6 km & o

= Upper : 650 km ‘

= Mostly Earthquake
occurs here

= Lower : 2235 km

= Quter liquid : 2270 km
= Inner solid : 1216 km,
m 2500°C, Pressure 4000000, density 13.5 gm/cc
m Radio active decay, enormous heat generated

TECTONIC PLATES

Mantle @ convection currents @ IRUT, Crust U9
Mantle & @8 9FT (lithosphere), &t 7Tfer | TRehd
T&d &1 3 Tectonic Plate ®ad &1

gRdl Pt Tde Hed 70-100 TFAt. @i @G fReme
Tectonic Plate U9 &® BIC ©cl | 1 31

¥ we Ay Remst & [{fft= s ¥ gom=mE €
AT Up a9 H 10 cm B ITHUTH e giar 21

SITETdR, Tectonic Plate @t HHT W= Wb 31 71

9 g @I Uh @R Pl gheldl ¥, al UgTs I ¥; 99
Th R A §F AT 7, d RR §7d §; 9 PA-FTA
erdt 8, d Jdg uRafdd 8 St 21
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Main Central Thrust,
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ELASTIC REBOUND THEORY
Brittle IgT9 elastic material & €7 1

Tectonic plate & @& || | 3y@™3 a1 / shock wave
Lithosphere & == # ® w4 7, Tt RRemsi &,
stain energy &1 dI= 3ait @1 radiation

| 1

Crushing strength Fault Eﬁ =t e ﬁuﬂﬁ.

s stain ugeq w® ﬁmﬁ.””“w”"”

[ — srain 3sif @t gfFT
&1 & Qe @ dt
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FOCUS / HYPOCENTER
gRet & 3iqe, ST I A fAhlc & PRI JBU I~ 3T

EPICENTER:
Hied & T 3w, trdt B Tdg = &1 Himfer =)

Seismic Waves

m Surface waves are generated
in epicentre area.

Structure

= Body Waves are generated by Fault rapture.
* P-Wave (Longitudinal wave) : 3-8 km/sec
* S-wave (Transverse wave) : 2-5 km/sec

Focus @ =+t f@emat & P-Wave v S-wave &1 propagation

i

Wave front

Fault

Bujuea voswoy) - HOHSH00H 10029

Seismic Waves: Body Waves: P-Waves

X Direcrss,,

P-Waves pysh and Pull Lndistarbed
>
Extension

Compression

e
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Seismic Waves: Body Waves: S-Waves

S-Waves :
~— ___  Upand Down “”%ség{ged
amplitude =~ Wavelength e

Seismic Waves: Surface Waves: Rayleigh Waves

Rayleigh Waves Elliptic in vertical plane

s B R BT N S S

Seismic Waves: Surface Waves: Love Waves

-
B

S

1
.
{
1
Vi
y

anmnEmEREn

SEISMIC WAVES
Vamae agE & <ed d Y™ a2 (shock wave) =t
Reemmant & °et usdt 21
Ve gat, P-Wave 9gadt §, I8 Vertically $IeehT ool 7,
3 aRpEsd & TS o, YU | g Bidt §1
V3a® 9, S-Wave horizontal em & w1t siewr 2ar @
3T 9gl BT T g eraT Bl
¥ Epicentral area ® Surface Waves 3@ &ldt 8, o=
STHIT @ Tdg BT horizontal T Vertical gfe= gdT &1
e Taifs &@fd S-Waves ¥d Surface Waves THerse
agadt &:
o ERCl B IR B IUAT Hdg YT SAQT HHF eIl B
e 1956 H 19 # b A 8 SIRA Nl W TR |
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Seismometer
T & R, el we =, avdt & =nft swniRa s
97 ReplE e qTeT TF | HUST A FUeT g3 §H 15 e #
T IR gH ST & 3 A 9 srer Reard wear g1

Horizontal Earth Motion
Support

I ‘J ‘_..4
3 +_, Damping
- ',—,.':‘.;3 mayl“

MAGNITUDE SCALE
W fAewie &1 3R ; Seafeid energy T iRATT|
seismogram @ Iu=T gRT FeifRal

= Charles Richter grT fd&®f&a magnitude scale 1 &
10 @6 81 M3 & &H &T & & Heee el Hed |

= gRATT Wbt logarithmic g1 aR&Amr # 1 &t seiadt &
S&fia eIt 31 AT @A wave amplitude 10 AT
STt B

" 5 el R Rt 7 1960 # M9.5 d% e Ris et
T §1 30.9.1993 &, HRIE B AR A, M6 & Y™ o
10000 AR T |

* S8R & 1934 B YHU M8.4 ERT IAId 3ot fRRIfemr
9= PRI 99 4000 T[UIT ATI

, SEISMOGRAM:
SEISMOGRAPH ERT UTW, ¢R<T & &9 & AHIGE
Rafe |

Bady waves

sufface waves

TIME (Later)
gedt g ufd aof siteEaT g

qH I Magnitude Ja S vfd ad
Great 8 and higher 0-1
Major 7-7.9 18
Strong 6-6.9 120
Moderate |5-5.9 800
Light 4-49 6,200 (estimated)
Minor 3-39 49,000 (estimated)
Very Minor | <3.0

M2-3;; ~1,000/day

M1-2: ~8,000/day
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INTENSITY SCALE

HT, RAT AR TG AT G Jh™ Fch] B THIG B
IR 1=, fheft et faey &t Jeb dtadr o1 3reherT
frar StTaT B

FrEER, MSK-scale

(Medvedev-Sponheuer-Karnik) "

R A9 3p H, | ¥ Xl db e
right

W fear qertlt STt g1 (160 mens) :

Epicentre &5 ® 31f&rpan Normal

o vt & wft oA A
& gidt St R

100 Watt Bulb

INTENSITY OF SHAKING DEPENDS ON
= Ground motion characteristics
Magnitude of earthquake
Focal depth, mostly 10-100 km
Direction of fault rupture
Propagation path
Epicentral distance
Shear-wave velocity
Frequency of shaking
Aftershocks
haracteristics of soil
Surface topography
Thickness of soil above the base rock
Soft sedimentary sites amplify
Density and elastic properties of soil
Liquefaction/ subsidence
Slope instabilities (landslides)
= Characteristic of structures
o Type of building
o Strong lateral discontinuity

]
OO0OO0O0O00 OOOOOOOO

II
III
v

VII
VIII

IX

XI

XII

MODIFIED MERCALLI SCALE OF INTENSITY

Barely felt

Felt by only few people

Felt noticeably, standing autos rock slightly

Felt by many, windows and walls creak

Felt by nearly everyone, some dished and windows

broken

Felt by all, damaged plaster and chimneys

Damage to poorly constructed buildings

Collapse of poorly constructed buildings,
slight damage to well built structures

Considerable damage to well constructed buildings,
buildings shifted off foundations

Damage to well built wooden structures, some masonry
buildings destroyed, train rails bent, landslides

Few masonry structure remain standing, bridges
destroyed, ground fissures

Damage total

SEISMIC HAZARDS

PRIMARY HAZARDS EARTHQUAKE DAMAGE
oFault displacement |o#Ta FAfda a0
O3ATD T OATATAT /AT
SECONDARY © .
HAZARDS oHlST HTH
oGround failure

olLiquefaction e

ST oHouse collapse
oFTg, AT olnaccessibility
O3 el T oloss of property
oChemical spills oCasualties
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ENGINEERING SEISMOLOGY

To estimate the parameters, seismologists need:
» Catalogues of past Earthquakes
» Structure and properties of soil at the site

» Structure and properties of path between
epicentre and the site

» Records of earthquakes near epicentral region
» Results of geological surveys

Hard Rock Site Soft Soil Site

SITE EFFECTS

Amplification of motion at Soft soil site

Surface topography

Thickness of soil above the base rock
Soft sedimentary sites amplify
Density and elastic properties of soil
Liquefaction/ subsidence

Slope instabilities (landslides)

O O O 0O O O

STRONG MOTION ACCELEROGRAPH

T YU B M, epicentral &5 #, HUT GRT AT
@R &1 Time-History Re&ig & arer a1

Accelerograph is accelerometer & accelerogram

* qRt g B N  camrmn
acceleration & . '
i component
P Repis wear 1 -

* YHH B CRM e
TagTferd & ST 21

* Analog / digital
T NI ST 81 e

- Ontion Capley

N s
Ot EPS

N T EPS

N e Ry By

amg N
—_— Quor Mg Box g

ACCELEROGRAPH
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ACCELEROGRAM:
ACCELEROOGRAPH ERT UId, {e&® @ acceleration T
Rt
EARTHQUAKE GROUND MOTION TIME HISTORY
1985 Mexico Earthquake (SCT 1A; N9OE)

| ‘ 1940 Empen'a! Valley Earthquake (Bl Centro; SO0E)

1971 San Fernando Earthquake (Facaima Dam: N76W)

30 40 50 60

Time (sec)

l| ||| 1991 Uttarkashi Earthquake (Uttarkashi, N75E)

fER Wy &1 Yo WE kA W*E

- EE v, waiE af FeErar
T e v, e sfy et
E A 0, e e s 8

Zis Peak ground acceleration in MCE

CHARACTERISTICS OF EQ GROUND MOTION
PEAK GROUND ACCERATION (PGA)
= The changes in PGA is influenced by intervening
media, topography & geology.
= Horizontal component of PGA can be related to
the force on a short-period building.
FREQUENCY CONTENTS
= Ground motion frequency: 1to 15 Hz
* Frequency range gradually reduces with
increasing distance
EFFECTIVE DURATION
= Duration when the ground acceleration remain
above a certain threshold level
= |t has significant effect on inelastic deformation
and energy dissipation demand of structure

SEISMIC HAZARD INTENSITIES

AAF HFTT BT SRRFAAT (Vulnerability) @t diear
U9 Sifed & FEfEa w1 et diaar se1 § et
SRaH dadt 2 3 wal @1 SRERaar 98 St 31

YW S PGA ot diaar et siifRaw
Vv 0.36g MSK IX or more g 3iferp

v 0.24g MSK VIl e

1 0.16g MSK VII e
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3.0 T

= Find time period of a building

= Read Sa/g corresponding to periods.

= Multiply Sa/g with zone factor to get
lateral force on the building.

25t

2.0

.. Type | - (Rock & Firm Soi)

1.5 . ./ Type Il- Medium Soil
N /4 Type - Soft Soil

Spectral Acceleration Coefficient (S,/g)

1.0 |
05 \.-.-\.."""--»::'_','_':__‘_‘:-__
RESPONSE SPECTRA ~  ———— el
0.00.0 05 1.0 1.5 2.0 25 3.0 35
Pariod(s)

YhH ht Hiq<Qmoft : wa? wE(?  Fhaar?

4.0

® AT Y B HATBR B AFDRI SARER fard gt &

Toerdt &1

" e FI9 Ju AnfEs diear (@eE1? feaar?) @t SEeRt dar

zl

B Seismologists TSI ¥ gATH T TIT UG -7 3ETT P a=I bl

=R B | &l

" gl F Serwae, ®is vd dawdid i FreEeer @ sl

3feretieh T SUHNT T=IT R

B odt I, =9 A1 fIeaR @ e @ s fault @
g a8 e @t dfdeEmft, (@G9?), 3@ de wnE T8l

Bl
HHH—HTYGT ATl 9gcR feheq 31

SEISMIC MICROZONATION

Estimates local site specific hazards
likely to be caused by

» Local soil condition

= Topography

= Proximity to fault etc.

The quantifiers of ‘Ground Shaking’
may be used for Seismic Regulation
(Land use planning and design of
critical facilities)

Thank You
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Engineering Seismology and Types of seismic hazards
POINTS FOR CONSIDERATION AND DISCUSSION

Why convection currents are generated in the mantle?
What is the reason for movement of tectonic plates?
What is approximate thickness and movement per year of tectonic plates?
What are the reason for earthquake hazard in the area of Bihar?
What message do you get from the ‘Elastic Rebound Theory’?
What is the difference between Epicentre and Focus of an earthquake?
Which seismic waves damage the building structures most?
Where is the shaking more severe: on the earth surface or within the earth?
What is the difference between seismogram and accelerogram?
What is the difference between magnitude and intensity of an earthquake?
What will be the ratio of the energy released between M 6.3 and M 7.3 earthquakes?
Approximately, how many M6.5 earthquakes appear annually on the earth?
What will be the intensity of earthquake, if considerable damage is seen in well-constructed buildings?
Name the three main factors on which the Intensity of earthquake shaking depend on.

During an eartquake, what does an accelerogram measure? Acceleration or Acceleration vs time
interval?

Soft soil layer exists below the foundation. Will earthquake shaking be amplified at the site?
Name the three important characteristics of Earthquake Ground Motion.

How can you relate a seismic zones with the peak ground acceleration in the zone?

How Response Spectrum is used to determine lateral seismic forces?

Why seismic microzonation is needed?
26
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Ground failure, Soil liquefaction,

P N\ faEre wePrR %Tﬁ;-g
f_ TaeR T5g HATURT wEEE UTfeepeer meff

Sub surface Investigations,
Land Zone Plan, Site Selection,
Construction of Foundations

90 min

GROUND FAILURES DURING EARTHQUAKE

Surface fault rupture Landslide

GROUND FAILURES DURING EARTHQUAKE
» Surface fault rupture
Large-scale relative displacements on
opposite sides of the fault extending to the
ground surface
= Liquefaction
Transformation of granular soil from a solid
state to a liquefied state
= Landslides
Permanent shear deformations within the
slope materials
= Ground settlements and movements
Ground surface settlements and lateral
movements (especially in artificial fill soils)

March 11, 2011 EQ M9.1 Tsunami in Japan

| BEFORE
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LIQUEFACTION

Instantaneous transformation of soil of solid consistency into
a liquefied state, during earthquake vibrations.

Normal Conditions Earthquake Shaking
water fills the spaces Pressure in water-filled pores
between sand grains, the increases, water pressure breaks
grains touch and friction the grain friction, the grains flow
holds the grains together. like a liguid.

TILTING AND SINKING DUE TO LIQUEFACTION

= ¥ #
|

Settlement
about 1 m,

= bulge in the
]
road.

TYPES OF LIQUEFACTION FAILURES

1. Loss of bearing capacity to support structures
(shear failure)

1. Settlement of soils (settlement failure)
2. Lateral spreading of soils  (soil flow failure)
3. Instability of ground slopes (slope failure)

Loss of soil bearing capacity due to liquefaction:

Soil in a liquefied state have no shear strength and
reduced capacity to support the structures. Hence the
buildings settle (sink), tilt or overturn.

2001 BHUJ EARTHQUAKE
BUILDING AT KANDLA PORT

LIQUEFACTION OF SOIL
ONLY MINOR CRACKS IN THE WALLS,
BUT SETTLED DOWN BY ABOUT 70MM.

28



LIQUEFACTION AND ITS EFFECT

Before the earthquake:
Flat & Low lying area, Ground
water at shallow depth

Road

Sand, Silt and During and after the earthquake:
Water erupts Fine sand, Silt and water moves under pressure up to the
upward. Heavy ground. Ground moves sideways into the river.
objects can sink. Electric Poles are pulled by their wires. Underground cables are

pulled apart.
River banks move toward each other.
Cracks along the banks can extend into
properties like houses.

SLUMP BELT IN 1934 EARTHQUAKE

== = " i
3 - o g‘! "

| ISOSEISMAL BASED ON MERCALL! ||
| sCALE |

POTENTIAL
SITES FOR
»*  LIQUEFACTION

= River
deposited
" sediments

* Reclaimed

lands over
w ponds, lakes.

= Flood plains

%Hm

,r - SLUMP GELT

Affectad area and | ismats of M pal— f Jan15,1034

FACTORS AFFECTING LIQUEFACTION

* Loose, Fine & uniform size granular sediment

SP - poorly graded sand
SM - silty sand
SC - clayey sand

+ Grain size 0.02- 0.2 mm > 50%, (sand, silt)

+ Relative density (void ratio) < 50%, (loose soils)
« Water saturated soil mass below foundation

« Intense Ground shaking, PGA = 0.1 g or more

« Duration of shaking: for some time

+ No drainage can occur during shaking

LIQUEFACTION MITIGATION MEASURES

!

Appropriate
foundation selection
& structure design

* Pile foundations
= Raft foundations

Ground improvement techniques
¢ Excavation & removal of
liquefiable soils
* Soil stabilization methods
* Soil densification methods
1. Dynamic compaction
2. Vibro-floation
3. Compaction grouting
4. Compaction piles
* Drainage techniques

29



BUILDING FOUNDATION FAILURE

Damages due to differential settlement

TILTING

Sannomiya

CRACKING

Saturated Loose Expansive
fine sand silt clay

Filled u SELECTION OF SITE W
IS: 3370 P1 cl.4 |=>
logging

Extra Precaution

Sloping ground Chemically
injurious soil

SITE SELECTION

¢ Shape of the plot: construction can be easily
made with lower cost

+ Location of the plot with more routes

+ Good foundation soil available at reasonable
depth

¢ Sites: Elevated, leveled
4+ Uniform slope for sewerage disposal
+ Water table at deeper depth

+ Provide seismic gap for different soil types

SOIL INVESTIGATION : WHY?

Hard Rock Site Soft Soil Ste

e

Sy
A

C, ®. Settlement ‘ " Hard, Medium or Soft (IS 1893
1S:1892- 1979 PART 1) |
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MINIMUM DEPTH
OF BOREHOLE

Protecting coat against
injurious soils
(asphalt, chlorinated rubber,
epoxy or polyurethane)

1S:1892- 1979
e
I
| 0
||+
| .=
o
0 n
| 5
irQ
ADDITIONAL EXPLORATION
1S:1892—- 1979
o
Chemical
Chemicall analysis

injurious of soil 0

soil & water P

a

@

o

1S: 3370 Part | i

Soft [T PS
soil

Very: g
soft |-
soil Q
Hardlé] !
soil g]

To carry loads

HFL

UG_WT
before

and after
monsoon

Soil Investigation : Depth of Exploration

IS 1892 Guidelines

= Depth of Exploration should be 1.5 x width of foundation (B)
below foundation level.

= |f foundations of adjacent column are closer, then Depth of
Exploration should be 1.5 x width of building below
foundation level.

= |n weak soil, exploration should be continued to depth at
which loads can be carried by the stratum without
undesirable settlement and shear failure.

IS 2911 (Part 1/Sec2)

= For pile foundation Depth of Exploration should be equal to
pile depth + 10.0m

NECESSARY SOIL TESTS OF DIFFERENT LAYERS

« Standard Penetration Test (IS 2131-1981)

+ Visual classification q (IS 1498 - 1970)
» Grain size analysis (IS 2720 Part IV)

+ Unit weight and Specific gravity (IS 2720 Part 1li)

« Natural moisture content 2720 Part Il)

+ Plastic and Liquid limits 2720 Part V)

* Unconfined compression S 2720 Part X)

+ Tri-axial compression, C, @ 2720 Part XI)

» Direct Shear test (sandy soil) (IS 2720 Part XIII)

» Consolidation test for Cohesive soil (IS 2720 Part XV)

* Chemical analysis and pH (IS 2720 Part XXVI)
|+ Chlorides and sulphates (IS 2720 Part XXVII)
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SUB SURFACE INVESTIGATIONS

SOIL DEPOSIT IN BIHAR
|
| } |
2 Black
Alluvial i Rock Cotion
| l

Sand, Silt, Clay Clay

IS 1498:1970 — SOIL CLASSIFICATION

PROPERTIES OF SOIL AS LOAD BEARING STRATA

Soil particles
* Soil particles: Size & Properties
* Loose, medium, dense.

* Dry, partial saturation, fully
saturated

* Position of water table

Soil deformations under load

ENGINEERING CLASSIFICATION OF SOILS

Classification | Symbol Grain size
Gravel G 75mm - 4.75mm
Sand S 4.75mm - .075mm
Silt M .075mm-0.002mm
Clay C <0.002mm

COHESIONLESS SOIL COHESIVE SOILS

GW - well gradedI + ML - silt with low plasticity
grave + CL - clay with low plasticity
* BR 'geg\?;‘y graded + OL - organic silt & clay with
+ GC -clayey gravel low plasticity
+ GM -silty gravel = MI - silt with medium
* SW - well graded plasticity
sand + Cl - clay with medium
+ SP 5 gggrly graded plasticity
+ SM - silty sand + Ol - organic silt/clay with
+ SC -clayey sand medium plasticity

* MH = high plastic silt

+ CH - high plastic clay

» OH - organic silt & clay of
high plasticity
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CLASSIFICATION VS STRENGTH

sSw Good Bearing capacity

SP,SM,SC Good to Poor Bearing capacity,
susceptible to Liquefaction

CL,Ci Good to Poor Bearing capacity

MI,ML Very poor ,susceptible to
Liquefaction

MH,CH Not suitable For Foundation

SOIL TEST REPORT

[ Field and Lab Test Result ] Liquefaction ?

| Reccommendations
Type and Depth of
Calculation Foundation

On shear failure criteria: IS: 6403 - 1981,Relevant part of IS 2004

Safe bearing capacity of open/Pile foundation:-
On settlement criteria: 1S: 8009 (Part and Part Il) - 1976

l Check by Plate/Pile Load Test 1S 1888 — 1982/1S 2904 (Part IV)

SOIL EXPLORATION
Position of water table

SPT or CPT

Soil classification in various layers

L

Grain size distribution
Unit Weight, Specific Gravity

* & & 2

*

Plastic and liquid limits

*

Angle of internal friction and cohesion

&

Coefficient of consolidation of cohesive soils

¢ Chemical Tests

LAND ZONE PLANNING

SOIL SURVEYS
Classification of the soils
= Outline boundaries of soils on a map
Predictions of behaviors of the soils

SOIL SURVEY REPORTS
Physical & chemical properties
Soil & water features
= Chemical analysis
Clay mineralogy
Engineering index data
Soil classification



LAND ZONE PLANNING

ZONES
+ Engineering construction
¢ Urban / Rural / Historic / Others Zones

+ Residential / Commercial / Institutional / industrial
Zones

¢ Open Space / Restricted Parking / Watershed
+ Arts and Crafts / Resort and Recreation

« Quarries (sand and gravel)

¢ Forests

+ Irrigation

CONSTRUCTION OF FOUNDATION
|

]
Deep Foundation

|
Shallow Foundation

1
Isolated | Raft
; Slab & beam
Untied
Tied Seismic gﬂl‘_‘s":fﬁl Type
Seismic _| Zone ll & & unifon For large &
Zone IV Il and unifo unequal
&V rock column column
strata Spacing spacing

BIS CODES FOR PROTECTION OF FOUNDATION

1S:1892 — 1979 Subsurface investigation for foundations: Code
of Practice

I1S: 2131-1981 Method of Standard Penetration Test for soils
(First Revision)

I1S: 1498-1970 Classification and identification of soils for
engineering purposes

IS 1904 - 1986 Foundations in Soils: Code for General
Requirements

IS 6403 — 1981 Determination of bearing capacity of Shallow
foundations. Code

IS 2950 Part 1-1981 Design and Construction of Raft
foundations: Code of Practice

SHALLOW AND DEEP FOUNDATIONS

COLUMN

50 - 200 MM

PILE CAP
LEVEL

"~

Shallow foundations

Good soil strata available at
shallow depths (2 - 3m)

PILE DiA

Pile foundations

Good bearing strata
available at deeper depths
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Shallow foundations

= |solated footings (spread
foundations)

= Combined footings

= Raft/mat foundations
oFlat Plate Type
o Flat Slab Type
o Beam-Slab Type
o Cellular Type
o Rigid Frame Type
o Piled Raft

ISOLATED FOOTINGS UNDER

EARTHQUAKE LOADS

TIED COLUMNS

Pile foundations

= Piles/pile caps
under columns

= Raft supported on

piles

P

~

/" TIE BEAM
a2

A—

150 mm é

R

]

All tie shall be designed for additional axial force =

Ah/4 x Larger Column load

COMMON FOUNDATIONS FOR BUILDINGS

WALL

(o) WALL FOOTING

(d ) SLOPED FOOTING
@ s
{g) MAT OR RAFT
FOUNDATION

@OLUMN

(o) SlMPl...E SPREAD
FOOTING

COLUMN

PEDESTAL
OR STEP

1:)'ST‘EF'PED G!

coLumMN COLUMN
| i!l @TRAP

(e) COMB#NED

PILE CaP
PILES

(h)PILE FOUNDATION (i QMILLED BELLED

(1) STRAP FOOTING

T

BUILDINGS WITH COMBINED FOOTINGS

| | & [ [ | ] = D
7.5m

| | (] | O 1] O |
2.5m

| 1] o | 0} [ 0] |
7.5m

| 1 (] | (0] | ] (]
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BEAM - SLAB TYPE RAFT - ~ FLAT PLATE TYPE RAFT

'4.* - -""'i'i‘

FLAT SLAB TYPE RAFT CELLULAR RAET
P::::L TOP SLAB
EXTRA THKNESS B B b
::n;s::::wu T T:—CDLUMN T
I UNIFORM THIKNESS. -
. " ILI IL] lLl |L| * 1
I EEEE E | i
BOTTOM SLAB
(] [«] [¢] [=] [=] [ v
CELLULAR RAFT

[2]_[e] [] [=] [s] [s]

FLAT SLAB TYPE RAFT

DEPTH OF
RAFT

36



PILED RAFT (RAFT SUPPORTED ON PILES)

WATER TABLE

.

RAFT

T[T

TIT([TTT{ITT

(i)

(il

Lul Ul

PILED RAFT

UNIFORM DIA PILES WITH OR
WITHOUT UNDER REAMS

EFFECT OF EARTHQUAKE ON PILE FOUNDATIONS:

o0 oo (=X -I -] oo o0
L ] ]
o0 oo oo oo oo oo
o0 o0 oo oo o0 o0
|| | L
o0 00 o0 00 o0 o0
o0 oo oo oo oo oo
= ] o
o0 oo oo oo o0 o0

= Tie all pile caps by
stiff beams to ensure
integral action of
piles under
earthquake forces.

* Total earthquake
base shears equally
shared by all piles.

E0)

EFFECT OF EARTHQUAKE ON PILE FOUNDATIONS:

* Due to heavy overturning
moments under

earthquake conditions.
Piles may be subjected to

tensile forces/

compressive forces
o alternatively {|Oad

reversal).

~ 1L

+ Additional axial loads on
piles due to earthquake
l l forces.

PILECAPS AND STICHING SLAB SYSTEM

» group of piles

provided under
columns

pile caps bottom
connected through
stiching slab to
provide continuous
base

» stiching slab systen

span between pile
caps and resist
uplift pressure

FETAINING WALLS
PILE CAPS

PILE CAP AND STICHING SLAB TYPE
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FOUNDATION FOR MASONRY BUILDING
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WALL FOOTING

* 3ydel | 0.6 Hiez F14
S gt gea Suerer &,

* 98 oI A e T @

o g #, geteor @t oft
TREAT T4 g

iﬁ;ﬂiﬁ 150 ﬁnﬁyq’m
R dEaR & A9 g Aia

FOUNDATION FOR MASONRY BUILDING
RCC COLUMN FOUNDATION

Cohesive soils (clayey,
silty clayey or clayey
silty)

=Safe bearing capacity
of 7 to 9 tim2.

»Foundation depth of
1.5m

=if scouring depth is
more, increase depth
till clay soil is reached.

FOUNDATION FOR MASONRY BUILDING
BRICK PEDESTAL FOUNDATION

Cohesive soils

(clayey, silty

clayey or clayey

silty)

=Safe bearing
capacity of 7to 9
t/m2,

= Foundation depth
of1.5m

= Suitable for one
storey buildings

Plinth { Ground
Level Beam

Steel Bar from
foundation to —>
Plinth Beam

Brick

Pedestal Plain Cemant

Cancrete

one Brick
l}sl soling

_150.mm thick
-—="5and filling

BRICK PEDESTAL FOUNDATION

FOUNDATION FOR MASONRY BUILDING
PILE FOUNDATION

IR 98d I = we Bt a7 FEt @ gdfteeor Ft TwmEET 8
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FOUNDATION TYPE IN DIFFERENT SUB SOIL

FOUNDATION TYPE IN DIFFERENT SUB SOIL

Soil Profile

Foundation type

Dense sand up to great
depth

Spread Footings,
Piles (if uplift)

Stiff clay or stiff silt and clay
up to great depth

Spread Footings.
Piles (if special condition)

Upper firm clay followed by
soft clay

Spread Footings for small
loads,

otherwise Pile foundation

Soil Profile Foundation type
Loose sand up to great depth Raft, driven piles
Soft clay with increasing stiffness with Raft, piles
depth
Compact sand followed by medium soft Deep piles

clay followed by hard clay

Upper layer poor soil followed by loose
sand followed by dense soil

Driven or cast in situ
Pile Foundation

Upper layer soft clay
followed by firm or rock

Pile Foundations

Fill followed dense sand followed by clay

Remove top layer or
provide piles

Upper layer soft clay
followed by deep layer of
dense sand

Pile Foundations

Soft clay, followed by dense sand followed
by soft clay

Driven / cast in situ
Piles or Raft

THANK YOU

Fill followed by rock

Piles / Shallow
foundation placed on
rock
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Ground failure, Soil quuefactioa, )Land Zone Plan, Site Selection,
Sub surface Investigations, Construction of Foundations
POINTS FOR CONSIDERATION AND DISCUSSION

What are the types of ground failure, observed during a severe earthquake?
What are the types of ground failure, due to liquefaction?
What are the factors, which affect the liquefaction?
What are the potential sites, where liquefaction may occure?
What are the methods, used to mitigate the liquefaction?
What are the important points, which need to be considered, during selection of a building site?
What are the two main reasons, which requre soil investigation for a building site?
What will be minimum depth of a borehole, to be adopted during a soil test?
What are the defined sizes of particles of sand, silt and clay?
What do you understand from soil classification SP and ML?
What are the tests to be conducted during a soil exploration?
What are important information, a Soil Test Report must contain?
Which IS code is used to determine the bearing capacity of Shallow foundations?
What are the considerations, taken up during Land Zone Planning?
What are the common foundation types adopted for buildings?
Which types of foundation need tie beam connectivity at ground level?
What are the types of foundation, normally used for masonry buildings?
What is the difference between plain pile and under reamed pile?
What will be the type of foundation for soft clayey silt formation?
What will be the type of foundation for loose sand up to 8 m depth?
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BIS CODES FOR STRUCTURAL SAFETY

_ 1S: 456 - 2000 “Code for PCC & RCC”
(¥TET W e
e e, et e, e IS: 875 Part 1 “Unit weights of materials”
s) Aelt s v il o Tl i wl I1S: 875 Part 2 Imposed Loads
IS: 875 Part 3 “Wind Loads”
(4) 1S: 1904-1987 “Safety of Foundation”
- - . 1S: 1905-1987 “Masonry Buildings”
PrInCIples lof _Earthquake Re5|stant NBC “National Building Code of India”
BUIIdlngs (lS: 1 893) IS:1893 (P 1-5) EQ resistant design of structures
and IS : 4326 EQ resistant Masonry buildings
. i - 1S : 13920 Ductile detailing of RCC structures
Architectural Considerations S:13935 RVS & Retrofitting of Masonry buildings

p—— 1S :15988 Evaluation & Retrofitting of RC buildings
min

EARTHQUAKE & WIND EFFECTS ON BUILDINGS EARTHQUAKE
Aroot

—_— a sudden, rapid shaking of the Earth caused by
— the release of strain energy stored in rocks
" —_—
N End Ground vibrations at any
— location depends on:
- 1. magnitude of earthquake
2. depth of focus
agt) —— 3. distance from epicenter
Earthquake 4. characteristics of path
wlHaiila Eakes Wind travelled by seismic waves
= Magnitude and Duration * External Force 5. soil strata beneath the
=Properties of the Structure; * Intensity of wind structure
a. Stiffness Distribution *Area Of Exposure

b. Mass Distribution * Surrounding Structure



CHARACTERISTICS OF EQ GROUND MOTION

+ Peak ground motions:
Acceleration, velocity and displacement primarily
influence the vibration amplitudes.

¢ Periods of vibration of a structure:
Amplified motion due to Resonance conditions

¢ Duration of motion:
A ground motion with moderate peak acceleration
and a long duration may be more damaging than
a ground motion with a larger acceleration and a
shorter duration.

EARTHQUAKE SHAKING
« Complex horizontal & vertical shaking of earth surface
* Random oscillations induced in the structures
+« Random oscillations in magnitude and direction

Seismic vibration of building
normally adopted in design
Translation in X and Y direction

and rotation about Z

Seismic shaking of a building in
X, Y and Z direction

Buildings are the main
source of damage to life
and cause disruption after

earthquakes

RESPONSE OF STRUCTURES

Stiffness
Stiff members have less deflection

Strength
Load carrying capacity of a member
Ductility
Large inelastic deformations without
breaking
Damping
Ability of structures to dissipate energy
during dynamic response
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EARTHQUAKE-RESISTANT DESIGN PHILOSOPHY
(dual design philosophy)

. Safety-level design: Safety of structure (or its
occupants) should not be compromised under
extreme earthquake events

. Serviceability-level design: Serviceability (utility) of
structure should not be unexpectedly disrupted
under more regularly occurring earthquake events

Design codes satisfies both  performance
requirements through a combination of analysis,
design and detailing specifications.

EQ RESISTANT DESIGN PHILOSOPHY
* gRAR AT 7ivr & (< DBE) & giRr:
g afer : 7 [0 ]
e—egr afer - =4 :

* Jg-&al AHaTe Hegd Hhw (= DBE) & gRi:
M-I &fer : B, T AT

* TR STieet Y& ( MCE) & dRr:

Y=, WA gel el gifev | H

MCE & DBE

< Extreme earthquake event, PGA, Z
» Maximum Considered Earthquake (MCE)
= Has very low probability of occurrence
= Must not result in excessive casualties or damages
= 2% probability to exceed in 50 years
= Return period 2500 years,

< Moderate earthquake event, Z/2
» Design Basis Earthquake (DBE)
= Has moderate probability of occurrence
= Must result in moderate and repairable damage
= Must result in very few casualties
= 10% probability to exceed in 50 years
= Return period 475 years,

fasr wsa &1 Y@\ o= aElEE W*E

= S[FW Wi v, wEifs s sea
o E W v, SfEs S s
sgaEg Gt N, e R AT s

Zone Factor, Z is Peak Ground Acceleration
in Maximum Considered Earthquake (MCE)
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FUNDAMENTAL TIME PERIOD OF A BUILDING
(un-damped free vibration)

IS 1893 Clause.7.6

— 1

First mode Second mode Third mode

1. Calculate Time Period

T,= 0.075 h%4, g1t feenant #, AT RCC WA & ford,
T, = 0.09h/Nd, x e #, wafer darare wa @ o,
T,, = 0.09h/\b, z féer &, vafa darearst wa & ford

IMPORTANCE FACTOR, | (IS 1893 p1, Clause 6.4.2)
Importance services and community Buildings 1.5
All other Buildings. 1.0

RESPONSE REDUCTION FACTOR, R (/S 1893 Table 7}

S.N. Lateral loading Resisting System

Ordinary RCC Moment Resisting Frames (OMRC) 3.0

1.
2. Special RCC Moment Resisting Frames (SMRF) 5.0
3. Load Bearing Masonry Walls Buildings

(a) Unreinforced 1.5

(b) Reinforced with RC Band and vertical reinforced
s 3.0
ends and joints.

4. Ductile Shear walls with SMRF 5.0

3. Select Importance Factor, | and
Response reduction factor, R

25

2.0

1.5

Salg

1.0

0.5

0.0

'RESPONSE SPECTRUM
—Rock or Hard Soil
e Meditim Soil

oy aa -'. -&ﬂsdl- PR

2. Read Salg
- corresponding to
the time period, and
the soil type

o
0
N
w
5
"

4. Compute Design Horizontal Seismic Coefficient, Ah

A= = pl S 58 (1S 1893 Clause 6.4.2)
2 R g

Ah is acceleration of structure.
Z is ground acceleration.
Salg converts Z into Ah.

5. Compute Seismic Force = mass x acceleration

Vg = Mass of structure x Ah

6. Compute Seismic Force at each Floor, Q,

W, h}
Q=Va g 5 W, is mass of it" floor.
D W, h; s height of it floor.
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For R=5 and Ah is only 10 % of MCE

z Sa
Ah_i'

1 Sa
5 g

All possible safety margins have already been used by IS
code during earthquake-resistant design

Violation of any analysis, design, detailing or construction
specifications may result in catastrophic conseguences since
the building does not have “hidden” margins, now

The gap between the actual forces and the Design forces is

to be filled up by the provisions of Ductile detailing as per
1S:13920

i sgrfrett ame =t =t B T w

Yt weTg & fecivor ot f/fet
| STATIC ANALYSIS | DYNAMIC ANALYSIS

~ Time History Analysis
~ Response Spectrum Analysis
» Free vibration analysis
| ~ Modal Analysis

LIMIT OF STATIC ANALYSIS
AT Zone Il Zone IV Zone V
Frafaa qa= 90 m 40m 40 m
A afEa waq a0m 12m 12m

DUCTILITY
Ability of a member or structure
to deform beyond its elastic limit without failure
Ductile
Member

LOAD

Ensure ductile
element(s) yield
prior to failure of
brittle elements

Brittle Member

Elastic Limit

DISPLACEMENT

+* Ductile detailing provisions in 15:13920
* Minimum sizes RCC members
* Confinement of concrete in critical zones
* Minimum and maximum reinforcement
= Distribution of longitudinal and transverse steel
= Relative capacity of members meeting at a joint

++ Utilize Response reduction factor, R to design for lower
earthquake forces

EARTHQUAKE RESISTANT BUILDINGS
1. Seismic strengthening
2. Energy absorbing devices
3. Base isolation technique

Seismic Resistance Vibration Control Base Isolation
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URBAN PLANNING FOR DISASTER RESILIENCE

Buildings
» slum houses/unauthorized: maximum damage

ARCHITECTURAL CONSIDERATIONS

« Seismic vulnerability

- Functional requirements of site
» Architectural programming * Build-ability
+ Urban Planning norms * Sub surface

» Masonry buildings » Urban Design requirements Seismic conditions
» Framed structures « Site characteristics design + Geotechnical
> Heritage Buildings: restoration & retrofitting + Size, Shape, Topography principles parametors =
* Other Considerations

Open spaces: Key to safety during earthquakes
Electricity: damage in supply network
Information and Communication services:
Transportation systems:
» Streets, Roads, Bridges & Flyover, Railway & Metro
Water supply lines: leakage and contamination
Drainage systems: water logging on streets
Sewage systems: contaminate ground water
Dams: may cause subsequent disaster

SEISMIC RESISTANCE
Primary requirements
Structural configuration : plan / elevation layout
(Simple, symmetric & integrated)
Lateral stiffness :
Uniform in both direction, floor wise less deviation
Lateral strength :
Sufficient load carrying capacity
Ductility
Large inelastic deformations without breaking

~
BUILDING CONCEPT :D

DESIGN PROCESS

~
ARCHITECTURAL CONFIGURATION
+ Plan, Shape, Size and Proportion
+ Elevation, shape, Size and Proportion
* Floor Heights
+ Mass distribution
Load paths to ground

BUILDING CONFIGURATION
Overall size : Poor

oodoooooooooooooooon
LAOOO0000000000000000C0¢ ",

EEEEEREEEERERE
e e

Good Structural configuration is ensured by: P

® Simple regular geometry & AT o

@ Uniformly distributed mass & stiffness LTI r ikt
in both plan and elevation Too tall




COMPACT SYMMETRICAL PLAN
good seismic performance

R
oL

@ Undergoes predominantly bending deformation under
Earthquake loads
@ Less torsion or twisting behavior about vertical axis.

TEAD e

BUILDING CONFIGURATION
Indirect load path: Poor

AEEE 1
i L

Cb

VALY o G e

Fig.:-Floating columns

Fc= Floating Columns

| Hanging or Floating Columns | Ghm Cantiianver Basrms

BUILDING CONFIGURATION
Overall size

BUILDING CONFIGURATION
Gap between buildings
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BUILDING CONFIGURATION

A &

X
x \

/
\ /

Enlarged top stories

Problematic
+ High Centre of gravity
» Heavy overturning moments

Problem of stability
Uneven foundation pressure
Foundation tilting

+ Avoid in high seismic zone

f; \
/ i
/ \

\

TS T T

Pyramid Elevation

« ldeal shape

= Low center of
gravity

« Symmetry

IRREGULAR FORM AND CONFIGURATION
PLAN IRREGULARITIES

. TORSION IRREGULARITY

Eccentricity between centers of
mass and stiffness increase
effects of torsion

Inertia Force

RELATIVE STRENGTH OF BEAM & COLUMN

IM:21.4 IM,

Strong Beam

Weak Beam

t

Strong

i

Weak

Column Column
9 J

IRREGULAR FORM AND CONFIGURATION
PLAN IRREGULARITIES

2. RE-ENTRANT CORNERS

k.

A
4. 0.15-020
i3
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IRREGULAR FORM AND CONFIGURATION IRREGULAR FORM AND CONFIGURATION

PLAN IRREGULARITIES PLAN IRREGULARITIES
3. DIAPHRAGM DISCONTINUITY
Floor diaphragm is a horizontal system that 2 4. NON-PARALLEL SYSTEMS

floar:

connects together the vertical elements o A Vr?rtical _elemenrfs resistilng lateral f|o1rcsl.' are nlo:: parallel to
and transfers the lateral forces to the ] the major orthogonal axes or the lateral force

columns and shear walls. Large openings resisting elements
/ X

in the diaphragm limits its ability in A
transferring forces. -y

Irregular Diaphragms have cut-out or
open areas > 50 % of the gross
enclosed diaphragm area

Flexible Dpening | I e /
IRREGULAR FORM AND CONFIGURATION IRREGULAR FORM AND CONFIGURATION
VERTICAL IRREGULARITIES VERTICAL IRREGULARITIES
1. STIFFNESS IRREGULARITY 2. MASS IRREGULARITY

Soft Storey Heavy mass

Intermediate sift storey -

Extreme Soft Storey :
+— J: Heavy(




IRREGULAR FORM AND CONFIGURATION

VERTICAL IRREGULARITIES

3. VERTICAL
GEOMETRIC
IRREGULARITY
A
A A
A
L L
ﬁ R R
i >0.15-0.20
L
H-HfoTeT UT AT IR aTed HaT
& AR W oW T daRt @ e, 39 Eehaussy Qoclion
wiSrert Bt e, sl we stiffness # Wit wl s

TEdt 81 gD Ferd, YT B R I Ao v
A ST &ed &, AR e @ diee § derfs

e BT 8, E T B G @ A G M e

TRIEAT FH 1 @l 21

L& = K

RCC Shear Wall

LV

agiforer a2 fedt &

die drae

IRREGULAR FORM AND CONFIGURATION
VERTICAL IRREGULARITIES

4. IN-PLANE DISCONTINUITY OF VERTICAL ELEMENTS
Interruption of vertical members, Abrupt changes in
stiffness ratio

SEISMIC SEPARATION JOINTS
Dissimilar Buildings vibrate in different phase during earthquake
shaking and they may collide with each other. Hence provide
seismic gap between two adjacent buildings.

Provide Seismic gap —||=
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SEISMIC SEPARATION JOINTS

X v

L>3B L<3B  L<3B  L<3B

Long rectangular blocks

X v’
3

=| [

4

Floor with large opening

SELECTION OF APPROPRIATE STRUCTURAL SYSTEM

1. Load Bearing wall systems (Brick or Concrete Masonry)
— Small span low rise residential buildings
— Up to 2 storey (High Seismic Zones)
— Upt o 4 storey (Moderate Seismic Zones)

2. R.C.C Framed Buildings
— More suitable for Seismic zones

3. Steel Buildings
— Large span Industrial Structures
— Large span Roofs

4. Composite Buildings
— Steel & in situ concrete
— In-situ concrete & Pre-stressed concrete
— Steel & Precast elements

SEISMIC SEPARATION JOINTS

~
o X X
Separuton Jont ""u—i
O M
TR R R R
v v
i i
" THE
BRI B T
MW W LR

SELECTION OF STRUCTURAL SYSTEM

R.C.C Framed Construction

!

FLOOR SYSTEM FRAMING SYSTEM FOUNDATION SYSTEM

| }

Flat Plate Shear wall-slab system Isolated/
Flat Slab Moment resisting Combined
Beam & Slab Frames (Beam-Column) footings
Waffle Slab Braced Structures Raft
Grid Floors Staggered wall system Piles
Ribbed Slab Framed Tube Structures Piled-Raft
Shallow wide beam Hybrid Structures
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SELECTION OF STRUCTURAL SYSTEM

ZQ.__l

basic types
. P -
|
l - - o L 3 - E i
shear walls. moment_frame raced ram
L ] - . :
[ kL - - - .

Shear walls are very stiff.

Moment resistant frames are flexible.
Braced systems are in between.

L

.—.

IL:

ADEQUATE MEMBER SIZES, why?

L‘[ (
;I . Beam |

Column

Structural member sizes usually depend on

- Moments / Shear considerations

- Deflection (Stiffness consideration)
But, the sizes important for

- Beam - column joint design

- Reinforcement anchorage

- Confinement of joints

- Reduce reinforcement congestion

Desirable Structural Framing Arrangements

» Square Grids with Square columns = R
+ Beams Concentric to columns LI
* No Abrupt Changes in Columns sizes L"H“

Column Orientations Planned to Provide Adequate
Stiffness in Both Directions

It
|

All the upper floors weak
in long direction (lzmit,

Turkey 1999) f "L

COLUMN AND BEAM SIZES IN RCC FRAME
sizes in preliminary design

bar dia db _ | D |
Column =
o
A - b |-
b > 300 mm b > 200 mm
ELEVATION. b>0.45D b >0.3D
BEAM - COLUMN FRAMING D>15ds D>L/4
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STRUCTURAL

CONSIDERATIONS FOR

SEISMIC RESISTANCE

FLOATING COLUMN

PROBLEMATIC FRAMING ARRANGEMENT

Column
Beom Beom
Beom

Non-concentric Discontinuous Beam
(Reinforcement Congestion in columns)

Coliunn

-
= I]X

Beom P I 5

Beam

Discontinuity and change in beam level
(reinforcement congestion in column)

PROBLEMATIC FRAMING ARRANGEMENT

Column Fco}m“ | Gotamn Column
1 ! 1
Beam b3 |
| Beam Beam Beam
Eccentric Beam (Torsion) Increased column size to

connect Beam

beam
?
I lhllﬂr.mbeu'n
T T
Untied Column Tied Column

BEAM-COLUMN SYSTEM: (CHECK LIST)
v Column orientations in both directions
v Completeness of frames
v Adequate Beam-column sizes
v Concentric beam alignment
v Avoid abrupt change in column sizes
v Avoid floating columns
v Avoid strong beam-weak column
¥v"Square / circular column (most preferred)
v Well tied free standing staircase cores
v Design by competent structural engineer
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FRAME-SHEAR WALL COMBINATION

Height range 30-35 Storey.

Shear walls provides lateral stiffness

Shear walls predominantly carry earthquake loads.
Frames require to carry 25% of earthquake forces.

Other aspects of Seismic resistance

+« Projecting parts
= Avoid as for as possible

+ Continuity of construction:
= All elements tied together

+ Redundancy
= At least 3 columns in a row

+ Protection of Building contents
* Non structural components
* Architectural elements
= Building services

+ material properties:
= High strength to weight ratio
= Ductility

SHEAR WALL LOCATION

Unsymmetrical placement causes torsion

Place Symmetrical along both axes

THANK YOU
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(4)
Principles of Earthquake Resistant Buildings (1S:1893)
and Architectural Considerations

POINTS FOR CONSIDERATION AND DISCUSSION
What are the BIS Codes, for earthquake resistant design of buildings?
What is the basic difference between Wind load and Seismic Load?
What are the main four responses of a building structure to earthquake shaking?
What is the difference between Maximum considered earthquake and Design basis earthquake?
What is the ‘Earthquake Resistant Design Philosophy’?
What message does seismic zone factor z=0.36 convey?
How Design Horizontal Seismic Force is computed for a building structure?
What percentage of MCE is taken up during the design, in case of SMRF?
How ductility of a structure can help during occurrence of MCE?
What are the considerations, while planning an urban area for disaster resilience?
At what stage of architectural planning, structural irregularities must be considered?
What are good structural configurations for seismic safety of buildings?
What do you mean by ‘Strong column and Weak beam design’?
What are the types of ‘Plan irregularities’ and ‘Vertical irregularities’?
How the issue of open ground parking (extreme soft storey) is resolved at planning stage?
What is the basic reason for pounding between adjacent buildings?
What is the limiting length of a building with respect to its width?
How a seismic separation gap is provided to improve an irregular building?
What are the ideal ‘Structural Framing Arrangements’?
What are the considerations to achieve a rigid RCC beam-column joint?
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Masonry Buildings:

Failures vs Integrity

90 min

TYPES OF MASONRY CONSTRUCTION IN BIHAR VARIOUS

-

CGl sheet roof RCC slab roof

TYPES OF MASONRY CONSTRUCTION IN BIHAR

Foundation
* Open foundation:
o Continuous wall footing
o lIsolated footing with tie
beams
* Pile foundation with tie
beams

Wall materials
* Unpacked Stone (rare)
* Packed Stone (rare)
* Un-burnt brick
Burnt brick

Masonry mortar
« Mud
* Lime-sand
* Lime-surkhi
+ Cement-sand

Inclined Roof
« Grass/ Thatch over
Bamboo/ Wood rafters
* Burnt clay tiles
* Metal/ Asbestos sheets

Flat Roof
* Burnt brick over wooden
beam
* RCC beam-slab

POOR PERFORMANCE OF MASONRY BUILDINGS

» Non adherence to building codes and byelaws
» Inadequate structural system

o lrregular plan and configuration
o Heavy dead weight and very stiff buildings

» Deficiencies in design/detailing

o Inappropriate sizes and positions of openings
o Very long walls, unsupported cross walls
o Very low tensile and low shear strength mortars

# Deficiencies in Construction

o Weak connection between walls
o Weak connection between roof and wall
= Sub-standard materials, lack of skill & workmanship

» Foundation: Improper site/design/construction

Lack of maintenance: aging, corrosion & cracking
Alterations/ extensions: not considering EQ effects
Old decaying buildings: without seismic strengthening
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TYPICAL DAMAGES IN MASONRY BUILDINGS
during earthquake shaking

= Roof tiles dislodge
= Walls:
o Diagonal / vertical / horizontal cracks
o Diagonal Cracks near openings
o Walls Tear apart
o Corner failure
= Failure of connections:
o Wall with roof
o Parapet with roof

73 &1 e
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FAILURE MODE OF MASONRY BUILDINGS

Load Transfer Mechanism
In-plane failure: Bending, shear
Out-of-plane failure:

Bending

Failures at Corners

Thin and tall walls to topples

Longer wall bending

Gable end wall
Roof on Two Walls
Roof on complete Wall Enclosure
Diaphragm Failure
Long Building with Roof Trusses
Influence of Openings
Unsymmetrical plan
Seismic zone and risk of damage to house types
Sum up the reasons of failure
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MASONRY BUILDING; LOAD TRANSFER MECHANISM IN-PLANE & OUT-OF-PLANE FORCES

three basic components of masonry builduﬂ.g Direction of EQ shaking Direction of EQ shaking
parallel to Wall perpendicular to Wall

= Ground motion
Inertia forces generates Inertia
forces at the
location of mass

= |Inertia forces has

to reach the In-plane push s
ground through — as ::Sp':ane
walls
= Walls are most Strong Weak
vulnerable to Divestion Direction
- damage TSR I: 3’
Direction of EQ shaking Direction of EQ shaking i;;zctiﬁn of EQ shaking
IN-PLANE SHEAR OF WALLS
In-plane push
| p! p
Strong
Direction
IN-PLANE PUSH
ACTl NG ALONG Direction of EQ shaking

horizontal inertia forces and
act as brick Shear Walls

Diagonal Tension Cracking of y e
masonry walls due to ' i
excessive shear 2

In-plane Shear Failure of Wall
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IN-PLANE BENDING OF WALLS

In-plane push

Strong
Direction

Direction of EQ shaking

TENSION CRACK —> TENSION CRACK
— r." y N . b
= Y ) W =
— /o~ T A _\ -
= /e Al — NE
== f ] % fo=
::J'II. \- ::
o - s - o~
C = Compression Face ; T = Tension Face

OUT-OF-PLANE BENDING OF WALLS
Wall Enclosure without Roof or flexible roof

Weak
connection
between walls
at vertical
@ joints

li f B
due to Horizontal
inertia force

OUT-OF-PLANE PUSH
ACTING ALONG
WEAK DIRECTION OF WALL

SEPARATION OF WALLS AT THE CORNERS

Wall B tends to tear apart from A

FAILURE AT CORNER
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Masonry walls: Out-of-plane response

> 2 2

Direction of Internal resistance Excessive Excessive bulge
Out-of-Plane against Out-of- bending of the and Formation of
Lateral Load Plane force. masonry panel Horizontal cracks

A

Push-Out I3'|19“0"""‘-“1""I Internal resistance induces

due to excessive excessive bulge and Formation of
Flexural stresses Vertical cracks

LONGER WALLS ARE PRONE TO BENDING

Walls in weak direction gets

lateral resistance of cross
walls. Thickness Ratios

Limit the Length-to-

THIN AND TALL WALLS TEND TO TOPPLE

Out-of-plane
push

IERes
23
fiose?
¥
25

3 Weak
Direction

9_ Smr 'amar-m

-Direction of EQ shaking

Taill Waf! |' nck)

Limit the Height-to-Thickness Ratios

COLLAPSE AND DAMGE OF GABLE WALLS

Gable Masonry

Gable walls in sloping
roofs are not supported by
cross walls and may have
out-of-plane bending
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Out-of-plane failures of
gable wall

EFFECT OF ROOF
PLACED OVER WALLS

R. C. SLAB ON TWO WALLS RIGID R.C. ROOF ON
COMPLETE WALL ENCLOSURE

The Horizontal Rigid
Diaphragm
distributes Roof
Inertia Force to the
four walls in
proportion to their
stiffness

Inertia will almost
entirely shared by
walls B.

DIAPHRAGM ACTION:

RC slabs have enough strength
in bending in the horizontal
plane to transfer inertia force
to walls.

Timber with brick tile covering
is very flexible.

The walls B may shear

o ’ Enclosure will act as a The bending of walls
If ground motion is perpendicular to the plane of box for resisting the A will reduce

wall B, it may collapse very easily. lateral loads



DIAPHRAGM FAILURE

No shear

) Shear failure of
Direction of 4 masonry wall
ground motion 4

ground motion
Perpendicular to Wall B

the inertia forces will be
transmitted from sheeting
to purlin to trusses and
from trusses to wall B.

= Trusses may slide on walls unless properly anchored

= Horizontal force is not transmitted to end walls A due to
lack of horizontal bracing between trusses.

= Long Wall B does not get much support from the walls A.
= Wall B may overturn in bending as a cantilever

FLEXIBLE ROOF ON
COMPLETE WALL ENCLOSURE

The roof inertia will go to the Walls A has little out-
wall on which it is supported. of-plane bending
strength and may
overturn

gable wall

SR
-

Kerinci 1995 Flores 1992

Roof truss slides from its supports
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EFFECT OF OPENINGS
IN WALLS

ELEMENTS IN THE MASONRY WALL
Roof

OPENING __

e
E.--.--f-f_um._- it e
& EEEEELY SLlndis
- oL ey Ly

et ! SRR
\ l' d'm' L Lt =

.\--\.-umn-u- i

Durlng earthquake shaklng, Openmgs dlwde the
masonry walls into 3 discrete units.

.. )
e

Inertia force

frowm roof

INFLUENCE OF OPENINGS IN MASONRY WALLS
Wall Enclosure without Roof or flexible roof

Inertia force
from roaf

Walls B1, B2 seek
support from walls A1,
A2 during seismic
shaking.

Opening in wall A1, A2
reduces shear capacity

Opening in wall B1, B2
reduces bending
wdiny  capacity

T—  fransfer

earrnr.rua—se e
ang lﬂ*f‘,‘.‘b e =
Wil 1o
another

INFLUENCE OF

OPENING IN

Lintel [= P z
Band | e

Pf;;;tr;- ssisistasnamstas 3 E Aoy

¥ \ STRONG WALL
5

When the ground

/ —“' \"\ shakes:

The wall piers
disconnects from
the masonry at
the opposite
diagonals

W: IEE .__ .

X (_"r.u(.kn?u af Masohry Piers

The masonry piers
develop diagonal
shear cracks.

Fostarvadatioon

64



LOCATION AND SIZE OF OPENINGS

Openings near the
wall corners hamper
the flow of forces

from one wall to
another.

Large openings
weaken walls from
carrying the in-plane
inertia forces

FAILURE OF UNSYMMETRICAL PLAN BUILDINGS

FAILURE AT CORNERS
OF OPENINGS

Weak Connection
Between wall and roof

Weak Connection
between wall and wall

Poor construction material / workmanship
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BOX ACTION IN MASONRY BUILDINGS
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Diagonal bracing Tie for rafter &
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BOX ACTION IN MASONRY BUILDINGS

Good connection Roof stays together
between roof and as an integral unit

walls /
! _ Walls with small
- —/openings

S 2 0 e —

& FE T T T ET T L " Proper
Lintel Band e =Pt L. masonry
L1 = U IS O 1T {2 i % - .
5 o= /;ﬁmuﬂﬁ!mmﬂﬂ-ﬂn s unit and
oo |l e : mortar
=== i
Stiff Foundation X" Good connection
e s between walls and
e foundation

Good connection at wall corners

BAND REINFORCEMENT DETAILING

Vertical .
reinforcement _J_

¢ Bands hold all walls together
@ Main types Bands in masonry buildings
4 Lintel band Provided in all buildings
4 Plinth band resists uneven foundation settlement
4 Sill band for large openings
4 Roof band required if RCC roof is not provided
4 Gable band-used in pitched or sloped roof building

LINTEL BANDS UNDER EARTHQUAKE SHAKING

Bending of Pulling of
Lintel Band

Direction of earthquake shaking
Lintel band reduces out-of-plane deflection of wall to 1/5t

VERTICAL REINFORCEMENT IN MASONRY

Vertical bars anchored into foundation and into roof:
@ prevents from sliding or rocking
@ Causes bending of wall
W Delays the shear-cracking
W Protect from sliding
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PROTECTION OF OPENINGS IN WALLS

Earthquake induced inertia forces

Cracking Iif:,t,%l —

-Reinforcement

: bars
silll =
band
,L\:\-}Eg_ 3 B e

Ground shaking

Diagonal cracks at corner of Lintel band, sill bands and
opening, in wall without vertical steel provide
reinforcement protection

The cracks are bigger when the

= = Provi mall nin
opening sizes are larger. ovide small openings

Gable-roof
connectio D¢ ) L= N
55, = i
Roof Band Truss-wall
— connection
—

Lintel Band
Floor-walls = I;ntedl
connection an

- LRI
Lk === agPeripheral wall connection
iy Ty Ee

BANDS IN HIPPED ROOF BUILDING

/ Roof : Roof
e B Band
Lintel 1 L T
Band [fis.:| Door f=0e ks e o] VI CIOVY o v

=== =Dpening| ] I | Opening ===

CONFINED MASONRY WALL BUILDING
Provision of :

TIE COLUMNS: Vertical RCC
Bands at openings and at
corners of walls, anchored
into foundation and
anchored into Roof / Roof
band

TIE BEAMS: Horizontal RCC
Bands at Lintel Level, Sill
Level, Plinth Level, Roof
Level

INCLINED BANDS: at Gable
Ends
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GENERAL PRINCIPLES FOR IMPROVING

EARTHQUAKE RESISTANCE et s 1 Fior
= LIGHT WEIGHT: " WG B oIS, FUA GISE B o T F BH
Particularly roof and upper storeys " @ dfder Rt &, v B R R a%
= SYMMETRY:
symmetrical plan & elevation: " S ST o g e
Symmetrical with respect to mass and stiffness * gEarell vd Rasfeat & féfed v dt ac U=
= RECTANGULARITY: in plan and in elevation = TSl vd Rasfeat & s Hifba
= INTEGRITY: all portions of building tied together ' Fed gt & e JiEE
= LOAD P{ﬂ\TH: simple & shortest, from top to ST ST GaET Gt arel AT shed de
foundation =

TR Ha Y AeTThd e SeTeRT
= REDUNDANCY: Extra Structural members <

= FOUNDATION: on firm and uniform ground

EARTHQUAKE PROTECTION MEASURES
Maximum height of building 10 to 15m
Well burnt bricks, crushing strength > 3.5 Mpa
Cement Mortar: Cement-sand 1:6 to 1:4 or richer
A toothed joint for perpendicular walls, alternatively in lifts

of about 450 mm
Vertical joints in the masonry broken properly from course
an ou

RCC bands in horizontal direction

Vertical steel at corners: Foundation to roof
Reinforce larger door & window openings
Horizontal dowel bars at wall junction

Tie level cross bracing for inclined roofs
Use steel ties with arches
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Masonry Buildings: Failures vs Integrity
POINTS FOR CONSIDERATION AND DISCUSSION

What are the types of masonry construction in Bihar?
Enumerate the reasons for poor performance of masonry buildings in Bihar.
Why the wall of a masonry building is most vulnerable, during earthquake shaking?
What are the types of damages seen in masonry building, during earthquake shaking?
What are the two types of In-plane failure in masonry building, due to earthquake shaking?
What are the the types of Out-of-plane failures in masonry building, due to earthquake shaking?
What is effect on a thin wall and a long wall during earthquake shaking?
In what condition a building having ‘Roof on Two Walls’ may fail during earthquake shaking?
How a ‘Roof on complete Wall Enclosure’ behave during earthquake shaking and why?
Which part of a ‘Long Building with Roof Trusses’ is most vulnerable?
Why diagonal cracks in wall piers are generated during earthquake shaking of masonry buildings?
Why symmetrical plans are recommended for masonry buildings?
What will damage of a 3 story building without horizontal band and vertical steel in Seismic zone IV?
What are the twelve irregularities in masonry buildings?
What do you mean by ‘Box action in masonry buildings’?
What are the two important responses of the lintel bands during shaking of masonry buildings?
What are the responses of vertical steel during earthquake shaking of masonry buildings?
How can you protect of the openings against earthquake shaking?
What are the general principles for improving earthquake resistance of masonry buildings?
Name important points to be incorporated in Construction of earthquake resistant masonry buildings?



fier TwErR

T A~ INTRODUCTION
(e s ) T = |S 1893 - 2016

i Main IS Code for Earthquake resistant
design of structures
= |S: 4326- 1993 (Reaffirmed 2003)

(5) Wewaeiedt Wa wr forel & siftrgansit ot witreor

(6) Earthquake resistant design of
s Masonry buildings
Masonry Buildings: . IS 13827
EQ Resistant Design ( 15:4326) Improving earthquake resistance of
. earthen buildings
& Confined Masonry e
Improving earthquake resistance of
pe— Low strength masonry buildings

IS 4326 : 1993 (Reaffirmed 2003)
GENERAL PRINCIPLES
= Lightness : Particularly roof and upper storeys
= Continuity of Construction :

o Tie all portions of building as one integral unit,

o Use crumple sections to separate parts of buildings, or
new and the existing structures, and parts of different
rigidities. -

= Use thin ceiling plaster torsion due to torsion due to
unsymmetrical plan unsymmetrical loads

= Avoid false ceiling or provide light, framed & secured

= Connect non-structural parts with the structure

= Foundation not to be placed on loose soils, it may subside
or liquefy, resulting in large differential settlements

= Buildings shall be fire resistant in accordance with the
provisions of BIS codes.
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GENERAL PRINCIPLES continued.....

Building configuration to minimize torsion:

# Keep symmetrical plan & elevation with
respect to mass and stiffness;

# provide separation joints as necessary,
design for torsion effect if asymmetry.

T TY ¥ &

L - SHAPE T-SHAPE Y -SHAPE ¥ -SHAPE E-SHAPE

Building Plan Shapes

GENERAL PRINCIPLES continued.....
adopt simple rectangular shapes

s
|
|

H < 4xB

GENERAL PRINCIPLES continued.....
length of plan projection < 15 = 20% of total length

ASL = 015 TO 0-2d0 AfL > 0 15 TO 029 qi I ‘
T 1—1 ) aAfL > 01570 0-20
) "
. i <
- T ]
. i
i "
- -

PLAN IRREGULARITIES

A A

AfL > 0 25 A > 013 AL > 010

L L L B

VERTICAL IRREGULARITIES

GENERAL PRINCIPLES continued.....

LENGTH < 3 x WIDTH = i,_}*%iﬂ_f >~ 5

="

PROVIDE
SEISMIC
GAP
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GENERAL PRINCIPLES continued.....

PROVIDE THICK PARTITIONS

SPECIAL CONSTRUCTION FEATURES
Seismic Gap to avoid pounding

Sl Type of
No. | Constructions

Gap / Storey, (d
Forah=0.12

1 |Box system or
frames with
shear walls

15 mm

2 |Moment
resistant
reinforced
concrete frame

20 mm

3 |Moment
resistant steel
frame

minimum gap
15 mm.

30 mm ‘

GENERAL PRINCIPLES

continued.....

T

L e B
= x

Improper load path

Avoid cantilevers, or tie firmly

Improper load path

SPECIAL CONSTRUCTION FEATURES continued ....
DETAILS OF SEPARATION JOINT

SHEET METAL
FLASHING
MASTIC
w%ﬁ%g ANCHOR
" BARS
7
/

— -:- &
I‘_L;CLEAR
7

FRAGILE COVER
METAL TRIM

BRICK WALL

SHEET METAL ke
FLAT
FLASHING e

SIS RERIREN] l]l[l'.'

FRAGILE COVER

CONCRETE WALL
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SPECIAL CONSTRUCTION FEATURES continued ....
DETAILS OF SEPARATION JOINT

FIRST LAYER OF BITUMEN
FELT FREE FROM BASE

BITUMEN FELTY

RCC SLaB
GRAVEL

BITUMEN
o )
] 'y . = ' & " . v, & 2
> '--,’ » & 5" ; "__ g .v-.‘° :
FRAGILE COVER Lol cover
RCC SLAB ON ROOF SURFACE

SPECIAL CONSTRUCTION FEATURES

DETAILS OF SEPARATION JOINT
PRECAST SLAB/TILES
RUBBERISED PAD
FLOORING

SHEET METAL FLASHING
BITUMEN

RECTANGULAR BAR

FLAT BAR SET IN FORMS

AL SHEET RAWL PLUG WITH

OVAL SHAPED SLOT

AT FLOOR LEVEL

SPECIAL CONSTRUCTION FEATURES continued ....
DETAILS OF SEPARATION JOINT

RLC.COPING
BITUMEN PAINTING

~LIME TERRACINGT
MUD FUSKA
BRICK TILES
£y - 5 S
SR s ;
o il BT - RCC SLAB
FILLED UP WITH Senel vl CEILING PLASTER
aitumen FLer—f. o T P e S
R LA L METAL CRADLE
RCC BEAM —a # 0 e
i el | et

' i L gar
G““—I Lmt. PLUG WITH
OVAL SHAPED SLOT
AC SHEET

AT ROOF LEVEL

SPECIAL CONSTRUCTION FEATURES continued ...
DETAILS OF SEPARATED STAIR

T‘I’HE&D PLATE

= + DETAILS OF
SOt SEPARATED STAIR

J JOINT

COLUMN—]
d- DN —
x' ..—FI
2
<l él GAP—]

F

COLUMN —1

DETAIL AT a
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SPECIAL CONSTRUCTION FEATURES continued ...

RIGIDLY BUILT IN STAIR
COoOLUMN —
RIGID WALL

e

1 o LE
x—!-— | = = 19’!9 —r‘

g ¥

WALL M
ELE VATION

e

SECTION ¥ ¥

BUILDING CATEGORIES
for Earthquake Resisting Features

BOX TYPE CONSTRUCTION

Masonry wall along both the axes ot the building.

All portions of building as one integral unit

Walls support vertical loads

Walls act as shear walls for horizontal loads acting in
its plane.

Ensure connections between wall panels to transfer of
shear.

The bearing walls in both directions shall be straight
and symmetrical in plan.

Limit length, width & thickness of walls.

Limit the size and location of opening

Reinforce with horizontal RCC band and vertical steel
at every corner of rooms

RCC roof is preferable.

BRICK & MORTAR

Well burnt bricks conforming to (IS 1077 : 1992)
Crushing strength of masonry unit > 3.5 Mpa

Importance factor Seismic zones
I L] v v
1.0 B C D E
1.5 C D E E

MORTAR MIXES USED IN MASONY
(Clauses & 1.2.1 and 8.2.6)

Low strength masonry shall not be used for category E

Category of Construction |Proportion of Mortar

B, c Cement-lime-sand 1:2:9 or

Cement-Sand 1:6 orricher

Cement-lime-Sand1:1:6 or
D,E :

Cement-sand 1:4

Use cement-sand mortar 1:3 with Clear cover of
[ 10 mm for steel bars provided in masonry
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E.Jr

MASONRY BOND

first make a stepped joint at corners to a height of 600
mm and then building the wall in between them. Or,
the toothed joint should be made in both the walls
alternatively in lifts of about 450 mm

1

LIMITING LENGTH & HEIGHT OF
LOAD BEARING WALLS

SIZE AND POSITION OF OPENING IN BEARING WALLS
(Clause 8.3.1 and Fig. 7)

|
§ = 0 -
2 I " | 7
L: || !
N 1 |
: -1 b _;.hl :! BLY S i
|
i Iy 1 |
( 2 "f 2 f=-U ¢ bl 2 |
4
" e 1 ; :
habe | PR | et
— -
“ =: :
| l .
1. Door 3. Ventilator 2. Window 4. Cross wall

Sl Position of Opening Details of Opening for Building
No. Category
B B C Dand E
1. | Distance bs from the inside corner | Zero mm 230 mm 450 mm
of outside wall, Min
2. | For total length of openings, the
ratio (b, + b, + b3} /1, or
(bg + b;)/l, shall not exceed.
a)one-storey building 0.60 0.55 0.50
b)Two-storey building 0.50 0.46 0.42
c)3 or 4 storey building 0.42 0.37 0.33
3. | Pier width between consecutive 340 mm 450 mm 560 mm
opening b, Min
4. | Vertical distance between two 600 mm 600 mm 600 mm
openings one above the other h;
Min
5. | Width of Ventilator b, Max 900 mm 900 mm 900 mm




STRENGTHEN OPENINGS
IF NOT COMPLYING WITH THE CODE

6 feisfiey ame &

sl 3R g@ aral e

SEISMIC STRENGTHENING

ﬁlﬁ‘c"cﬁ‘:ﬁtkﬁ&ﬂr

@
ERAR AR

oy

t UY HSIHE

continued ...

SEISMIC STRENGTHENING

| | et e | i e | e i v e e and
e o | st 4 @ vE
erd
s TR | ot enfi ot e
V |02 fieed| Releamp- 14 | oo o Hee & 73 g o
- pon RegPrat & 2t e
| i Tt & woft st 7 aur
IV | (15 dlez & | e - 16 e 2
&) - 1.5 ice a3 & gt @ & e
| (5 dlee & | Refeamwr - 16 R gz | O AR R 3w B T B
It st o
= o Az

truss connection

3

integrating door lintel

|#%

with wall

REINFORCING PITCHED
?

with band

2500 mm

ROOF MASONRY BUILDING

<
N — r "
Pa— !

2 1. Lintel band
. Eave level ( Roof )

]

B band

. Gable band

Door

. Window

. Vertical steel bar
Rafter

. Holding down bolt
. Brick/Stone wall
0.Door lintel
integrated with
band
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HORIZONTAL RCC SEISMIC BAND IN WALLS
W HBTT W, PLINTH BAND UG LINTEL BAND 3TG¥I6H &1
STel GLAT PLUZ RCC BEAM &I, T&f PLINTH BAND 319 T8l
2l

PRECAST RCC BEAM (JT PLANK) & S1g&he §Td 19 &l & a1
el Bd dTet Al |, Bd © Fael 2 1% (EAVES WR)
HORIZONTAL ROOF BAND 3TT¥I® &1

* U IT &l a6 Sol dTel HebrAl ¥ FPRfiehe 31T 92 SLOPING
GABLE BAND a9 & |

- RCCUTRB® HORIZONTAL BeidTet HBTAI #, T8l Bd SR &
0z, dlarR & 2/3 HicrE d% dad! &, ROOF BAND 31a¥dd el
2l

* 3MET g At dlart # Tt w7 Rasfaat @ siLL BAND
CLEY]

DETAILS OF HORIZONTAL RCC SEISMIC BANDS

L-Junction ] L-Junction : (i}
alternative- jz alternative- T-Junction 5]
mnc==2 |l s !llllllj
dlare =t @i mal
afersT =
- \%w
100 F|
faf |
T e

Cross Section
150 mm thick RCC Band

gY et @ oiw g2, ¥ ¥ oz 9fas o =98 adier

Cross Section
100 mm thick RCC Band

LONGITUDINAL STEEL IN RC BANDS

Span | Build.Categ. B | Build.Categ. C | Build. Categ. D | Build.Categ. E

m No.of | Dia | No.of | Dia | No.of | Dia No.of | Dia

Bars mm Bars mm Bars mm Bars mm

<=5 2 8 2 8 2 8 2 10

6 2 8 2 8 2 10 2 12

7 2 8 2 10 2 12 4 10

8 2 10 2 12 4 10 4 12
NOTES:

= Span of wall = centre lines of its cross walls or buttresses.

* Insert pilaster or buttress if span>8m

= Bars given above are high strength deformed bars

» Width of R.C. band is same as the thickness of the wall.

= Wall thickness shall be 200 mm minimum.

= A clear cover of 20 mm from face of wall

= Thickness of RC band 75 mm minimum, if two bars are specified.
= Thickness of RC band 150 mm if four bars are specified,

= Concrete mix shall be of Grade 20, 1:1.5:3 by volume.

= links or stirrups 6 mm dia spaced at 150 mm

STEEL DOWEL BARS

In category D and E buildings
at the sill level of windows
« at corners and T-junctions of walls

length of 900 mm from the inside
corner in each wall

* in the form of 8 mm dia U stirrups.
laid in cement-sand-mortar1 : 3
minimum cover of 10 mm on all sides
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VERTICAL STEEL REINFORCEMENT IN MASONRY WALLS ft Rt @ FEL 9T Fhle o | B
] ] r
No. of Stor Diameter of Single Bar in mm
Storeys ® ["Categ.B | Categ.C | Categ.D Categ. E ~ 309 fhrft.
One - Nil Nil 10 12 B 4
Top Nil Nil 10 12
™wo | Bottom Nil Nil 12 16
Top Nil 10 10 12
Three | middle Nil 10 12 16
Bottom Nil 12 12 16
Top 10 10 10
o [T |0 ||| Foustoro Sor s Aot
g?):t?r: 13 :g ;g permitted et @ Tl BT o et a% w3 B3
NOTES-- « It FRY @ B U, Bwle ee & ford, izamﬁ#aﬁ-ﬁn‘riﬁzml
1. H. Y. 8. D. bars * Uidhe ¥ B WSl Hheth dhehic gl |
2. Cover the vertical bars with concrete M20 or mortar 1 :3 in suitably created . F
Dok 4 w2 we v 3 urwr @, wft st ¥ aee, AT ua @t oo

@ 3z 300 fiefidter gg s+t 21

FRAMING OF THIN LOAD-BEARING BRICK WALLS
PRECAUTION IN CONSTRUCTION OF RCC

e I_E_!Jl_l_l_lfl_l_in‘t_ 18500 max -_i i 114
! = il = =
STIFEFENERS IN BRICK MASONRY Y7777 7777 77 V777 7 7 AT |7 gi/// Leg :E//
:; 5 : /:: /J:: :g 1900
W ZZ177 10!
@ Make 40 mm toothed Joint in ¥ % :% f W -
the brickwork window ;) x E;/E: s N7 :iﬁ
@ Casting of stiffener should %; v il/ii H/ﬂ? 2000
not be more than 1.2 m high, Tﬁ ﬁ 1 /:; ;/ Hg
so that concrete may be " F—— i ii AL
e e o L  Loadbeeingwi e mmdik =
@ Cast the Stiffener during ¥ "iﬂ g - tg % R o
curing period of the brickwork s e e
so that concrete water is not 2 I3 = Maximum spacing of columns 1.5 m
absorbed by brick masonry 75 T Horizontal band at sill, lintel and floor level
T T * Limited up to two storey.
* Maximum length of walls 7 m
DETAILX . =

Storey heightto 3 m




EARTHQUAKE RESISTANCE
OF EARTHEN BUILDINGS
AS PER IS 13827

GENERAL PRINCIPLES

Lightness : Particularly roof and upper storeys
Simple Rectangular and symmetrical shape
Avoid L and T shape plan

Single storey building in zone IV &V

Double storey in zone lll

Load bearing walls continuous in both directions
Precautions against rains / floods

Roof projections and water proof mud plaster
Buildings for I1= 1.5 not to be constructed

AVOID IN SEISMIC ZONE IV & V

+ Earthen wall
+ Unburnt bricks
< Burnt brick with mud mortar

CONSTRUCTION OF EARTHEN WALLS

Built by hand formed layers using mud lumps/ sun-
dried blocks or adobel using rammed earth/ using
wood, bamboo or cane with mud plastering.
Thickness, t > 300 mm at top , a batter of 1:12
Height,h <81t; Length of wall<10t

Longer walls to have intermediate vertical buttresses.

Width of opening < 1.2 m
distance between outer corner & opening<1.2m

Sum of widths of openings < 33.3 % of length of wall
inzone Vand 40 % in IV

Bearing of Lintels on each side to be 300mm or more
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CONSTRUCTION OF EARTHEN WALLS CONSTRUCTION OF EARTHEN WALLS & i

- g
] N CROSS WALL
' =10t
WorV WorV J, .' L=
D £ 1200w ' - . TAPERED WALL
W < 1200 mm ,' S i
w D V £ 1200 mm I Mg P
JL =10t ' 1. AT ,,‘[
r X 21200 mm 1, o | \: fz_(.
0 Y Tl | === |ikdil]
\ ‘I : I ES |
o S e | e |
L — pillaster . 3{\‘ _ \buttress
t = N
PLAN : WALLS AND BUTTRESSES A i ESSING_ .

CONFINED MASONRY
BUILDING
CONSTRUCTION




STRUCTURAL COMPONENTS OF A BUILDING
USING CONFINED MASONRY

= Floor and roof slabs — transmit both vertical gravity and
lateral loads to walls, acts as diaphragm

= Masonry walls — bears vertical load and lateral shear

= Confining elements — provide the necessary tensile strength
and ductility to the walls

= lintel level bands (as per 1S 4326) — resist out of plane
bending and improves connection with cross walls.
Stronger lintel will be required for very wide windows

= Plinth band or tie-beam — transmit vertical arend horizontal

loads from the walls to foundation, protects from
settlements

* Foundation - transmits loads from the structure to the
ground.

CONFINED MASONRY CONSTRUCTION

An alternative to RC Frame Construction
for low rise buildings

‘RC confining members’

built on all four sides of all
masonry wall panels

« Vertical members are ‘tie-
columns’ or ‘practical
columns’

« Horizontal elements are ‘tie-
beams’

= Confining members are
minimally reinforced and
casted along with masonry Tie-Beams
work

Tie-Columns and

T8 dieR 1 e R B
@3@4’4’13'\" e 115 fr .

Raea!

Building Categories for Earthquake Resisting
Features In Masonry and Earthen Buildings

Importance Seismic Zone
Factor
Il 1] v ")
1.0 B C D E
15 c D E E
Note:- Category A is now defunct as zone | does
not exist now.

Importance of Building

Important buildings and structures Is defined in IS 1893 and

should have higher strengthening provisions..
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HEIGHT OF BUILDINGS

Depending on the crushing strength of the building unit,
confined masonry buildings may be constructed up to
five stories in height for various Building Categories as
suggested below:

HHHE D PR HfSrer
B o9 {fore
C TR HiTe
D TR Hforer
E o= wirer

MASONRY UNITS

= burnt clay bricks

* hollow clay tiles

* Hollow concrete blocks

* Solid concrete blocks

* Dressed rectangular stones

* Usually, no reinforcement in masonry walls

« At least two fully confined continuous panels at the
periphery of the building, in each horizontal
direction.

« Walls may be connected with the confining
elements using steel dowels

CONFINING ELEMENTS
> TIE-BEAMS
= At plinth level and every floor level
= Maximum Vertical spacing 3 m
» TIE-COLUMNS
= Maximum spacing:
o 4 min 200 mm or thicker walls
< 3 min 100-114 mm thick walls
= | ocations:
o at the corners of rooms and all
wall-to-wall intersections
o at the free end of a wall

o at the jambs of doors / windows
of 900 mm or wider openings

WALL THICKNESS AND MORTAR

» WALL THICKNESS

=  Minimum thickness 100 - 115 mm up to 2 storied
residential buildings

= 200 - 230 mm for more than 2 storied and for all
important buildings

=  height to thickness ratio less than 30

» MORTAR as per IS 4326:

Category of Building Mortar
B, Cement: Sand - 1:6, or richer
D, E Cement: Sand - 1:4, or richer
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WALL DENSITY

Wall density can be defined as the total cross sectional
areas of all confined wall panels in one direction divided
by the sum of the floor plan areas of all floors in a

building.
Wall density in each of two orthogonal directions
Seismic Zones Suggested Wall density
m 2%
v 3%
v 4.5%
e s
smmms | | ssssessmes | | s =
B iE==rE=n = e Pl e = ==
(T T T T Wepud@ [ 1 T T T [ [ | Bepmd [ 1
i A SOl {— | il A RO Wil SR | —| St et
= T T C T T T T 1T 71 1]
I —— | — ———— | EEmEms CTE 419
EEEEmEeEs | | EmEm C T W T T T T
PR [, e — ] E——
L g S = S I e e
I — — — 1 —— ]
[ T=T ] FEr ] =i b= == ]
o [l Bt == | — T T EEGRCE
O R 1| e 1 e s e ) e e e [ e B .
Eel=ies T e e |
R = TE=D ) T S ] D =
T T T T B T [ T T T 1 [ T Beemd T | ]
1 S | || I I I— —— | £
rirr-1|1r111r—-1111wm
H ' e e @ H e
e = a :: N, F:"W__\__, -: S % AN
< BERIEH 3=

* Toothed edges should be left on each side of the wall; the
tooth projection may be kept £ 40 mm to achieve full
concrete filling in the teeth space.

* Instead of teething or in addition to teething, horizontal

CONSTRUCTION OF WALLS

* Good quality building materials and good quality
workmanship is required

dowels may be used, at the wall-column interface.

* Concrete is
completion of desirable wall height.

to be poured in the tie-columns upon

« Bricks must be wetted before casting of concrete.

TIE-COLUMNS
dar 1 21§ dIoR & A9 ATHR
wiers dlar @ Rget w3 daR & FHf W
115 mm. 115 mm X 1156 mm 230 mm X 230 mm
230 mm 150 mm X 230 mm 230 mm X 230 mm

w1 @ Wl Bl W, TR e § R B vY

qHHE B ,

| MR- P @ TS 7

— IR AT g A & o~ s udlE Aot § SUd v el
dadfed | 10 AdL @ 9 o R ™ 500 mm ©F, 6 mm

- @ A | 10 B @ an e | @E A FE 100 mm @ W
T AT 12 A, @ 9R Be @1 AT # 200 mm 9
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Tie Columns at jambs of windows / doors

Wall thickness

Minimum size of tie pillar

115 mm

115 mm X 100 mm

230 mm

230 mm X 100 mm

Reinforcement in Tie Columns at jambs

Type of Reinforcements Ties
building

B andC 2 nos 8 mm bars 6 mm bar @150 mm
DandE 2 nos 10 mm bars 6 mm bar @150 mm

Vertical bars should be lapped by a minimum of
50 times the longitudinal bar diameter.

TIE-COLUMN CONSTRUCTION

» Formwork on two sides of

the wall.

« Masonry fully wetted
before placing concrete.

= Concrete vibrated to fill

the teeth space
thoroughly.

TIE COLUMNS
Continued. ..
s Bt ug
200 fasft ov
Reinforcement for
the ground storey ot
tie-columns should ¢ P93
be assembled 1
before the e
foundation {
construction takes 2w "
place. 1
. =, | erd e @ wel w A
g frow & wel &1 fawor
TIE-BEAMS
TIE BEAM SIZES
R FY AeE T 99 B <9 ATPR
115 mm 115 mm X 100 mm
230 mm 230 mm X 150 mm
REINFORCEMENT IN TIE BEAMS
HHE & YR - e v g8
B uiC 8 mm & IR B9 6 mm B$ 150
D WGE 10 mm 3 IR 5% mm W

= Lintel level bands as per IS 4326
= Stronger lintel for very wide windows
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TIE-BEAM & TIE-COLUMN JUNCTION

Proper detailing of the tie-beam and tie-column junction is a
must for satisfactory earthquake performance.

RIS g 99 9 v

4R P WIs W T8 €9 P! B8

CONFINED MASONRY & RC FRAME

Similarity in Appearance of finished constructions

INFILL TIE[EAN

WALL - WALL
| PANEL « PANEL
~ COLUMN . TIE

ED MASONRY CONSTRUCTION

By

- ' ‘FOO‘HNG. I . 5 e
RC FRAME CONSTRUCTION CONFIN

PLINTH CONSTRUCTION

A plinth band should be constructed on top
of the foundation (as per IS 4326).

Instead of plinth band, tie beam will be
preferable for proper confinement of
masonry panel.

CONFINED MASONRY & RC FRAME

Differences resisting gravity and lateral loads

= RC Framed Columns and Beams carry the loads,
masonry in-fills are not considered to contribute.

= Confined masonry wall panels carry the loads, the
confining elements resist tensile forces.

— R334 33403340
——p fR222222888

| — ot
/ . \ f?l ;' Confined wall
| [ ntill wal L{ | &~

RC FRAME t CONFINED MASONRY
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FAILURE OBSERVED IN CONFINED MASONRY
P

ends of Tie column Tie column: Bar Buckling

CONCLUDING REMARKS

Confined masonry buildings, constructed using good
quality building units, specified strong mortar and control
on quality of construction technology (providing teething
in masonry units and wetting of masonry walls before
casting of tie-column concrete with proper vibration for
compaction), the building shows excellent performance
during high intensity earthquakes.

But if the quality of construction is not appropriate,
confined masonry buildings may collapse and result in
injury, even loss of life due to the collapse of the building.

FAILURE OBSERVED IN CONFINED MASONRY

Out of plane effects in Confined Masonry panels

THANK YOU
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(6)

Masonry Buildings: EQ Resistant Design (IS: 4326, IS: 13927), & Confined Masonry

P RN R DS

N = ok ok ek omk omk omk ok omk ek
SEaNGMEPBNMAD

POINTS FOR CONSIDERATION AND DISCUSSION
What are the general principles for earthquake resistant design of masonry buildings?

Why torsion is produced in masonry buildings?

What is limiting height of a masonry building?

What do you mean by improper load path?

Why Seismic separation gap is needed?

What provisions are necessary in a rigidly built stair?

What are the ingradients of box type construction of masonry buildings?

What is limiting Length and Height of a wall in a masonry building?

What will be the size of door and window, in a 3 m long wall in 3 storey masonry building of type E?
What will be the size of RCC Band, in a 7 m long wall of a masonry building?

Specify the vertical steel at corners, in a 3 storey masonry building in seismic zone V?
What precaution will you take, if RCC stiffeners are constructed in masonry walls?

What provisions are needed in a double storey masonry building with 125 mm thick wall?
What will be minimum thickness of wall of 3 m x 4 m room, in an earthen building?

How do you confine a wall, in a confined masonry building?

What are the functions of different structural components in confined masonry buildings?
What will be maximum spacing of tie columns in confined masonry buildings?

Where will you provide tie beams in a confined masonry walls?

Define Wall density in the perspective of a confined masonry buildings?

How Confined Masonry and RCC frame behave differently under gravity and lateral loads?
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(7)
Inclined Roof Buildings,
Bamboo housing,
Hazard Resistant housing

30 min
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& IR WHE

SAFETY OF
INCLINED ROOF BUILDINGS
AGAINST
CYCLONIC WINDS
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Ha-l & 3hIT Al B SA3TSE

TYPE OF ROOF STRUCTURE

* Single Roof: span <5
P o string course = Rafters at 600 mm to 800 mm spacing
2 "_ wall plate = Battens run over rafters to support tiles

/“\ rldge cover
,/é_ ~_¢ roof sheet
A g\x 'batuns

ﬁ"‘ gutter /‘/p | ﬂdga piece ..
f"_ '_:J,.'f_f/ | ratters uﬂ:nl‘;‘ ™~ “::-\,
/41.—%”2:'!3_-.%" : g:g;; N?ﬁ wall plate  wall plate Z 4 gr
Lean to roof % Coupledroof v gaves
/’ P ’t\ _ridge piece
/ridne pi I 4Cmi'mnls 2
?4‘2’/14"" pl:t:r:r\:'ll pli\ 1:*3 E//;fé glate “J"" Dlaal::g:“.%
§ Z
VA tie beam ﬁ( 4“".“

Coupled close roof board Collar beam roof  board

Sletdl B T AThIT

* Rl 2w e Ba Tataa|

/ * 3R g 3% Siadiel Bd & g9 8 al 39
AT e dar &t 9y wEEr & Ty
gEaTgdes Aty &1 B FT IATT ST TR |

* T € TRE FeraTe B gt 2

IRy guUT B FAd B BT
aaﬂ@ﬁlﬁiﬁfaﬁ wd Bl
gwra 225 feft & so0 R

- gEd
< _-_" AT
T & e - — "
T e S
2:1 T 450 fo o).

STRUCTURE OF HIPPED ROOF

Pitch 25°40°
ROOF SLOPE
Common Rafters
Facia T T
ROOF MEMBERS Board 1\ | | ‘ | | |
7 |
_ |
Hip 1
Rafters | |
Ridge Board — Jack Iﬂ.ﬂ.m
ROOF PLAN ROOF PLAN



PITCHED ROOFS WITH TRUSSES
Diagonal bracing of roof trusses

Tie level bracing and gf R
rafter level bracing
integrate the trussed
structure.

f = = 1 < \ " Tie Level W%
T‘H Bottom Runner fosT awH

gH (@) FT Tie level T4 Rafter level T W=

PITCHED ROOFS WITHOUT TRUSSES
Roof Rafter Bracings

=)t

& e ~a e
:::I:}:E‘.: :-‘b e

tie g1

L s tatae (@) w
Gol U NG GoT dlel B A aeml

PITCHED ROOFS WITHOUT TRUSSES

Use collar tie with roof rafters
to reduce horizontal thrust on walls

Bd Ug SR HegAr
it T1ez 1ol Bal @ AT of #, d1 @t 4RI
w3t 600 A, T T W ==H)

wUew & Bal A, 7§ wet 300 T ot FF o
TH

* WRE B Bl ¥ arR F o Add W ERer et

« Faa Frae afef & aedt s @ @t s @
T HeEehe qid |

* B AT T AR & TR TEIT T
* mep B I 3T BT U @ F HUT Y
» T2 o U2, oo dlar va eq Seaar @ i ERer gt
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STRENGTHENING RIDGE-RAFTERS JUCTION

- i - 2

/ Hdl BT Bicie eF h

ROOF COVERINGS

Clay Tiles

¢ Locally manufactured various types

+ Tiles are supported over battens,
Battens are supported by rafters

+ Allahabad tiles, Mangalore tiles are
excellent inter-locking tiles

Cement Sheets

o Width1.0-1.2m,

o Length from 1.75 - 3.0 m,

o Fixed to purlins by J-bolts,
o Not thermal resistant

# False ceilings are needed

G.l. Sheets
+1.0 -1.2 m wide & 1.65 m length, Galvanized

+ Fixed to steel purlins using J-bolts and washers
+ Durable, Fire proof, Lightweight

ROOF COVERINGS

Roof Cover material for pitched roofs

+ Use CGIl or cement sheets, Avoid clay tiles
+ Avoid loose or heavy roofing units

++ Roofing units shall be tied to rafters/purlins

Roof coverings Types Thatch Covering:

= Thatch « For small spans, village housing
= Clay tiles + Thatch thickness 150 -300 mm
= Slates « Thatch tied with thin ropes with
- bamboo batti
. gelmsehn;est:eets + bamboo rafters spaced at 200
o mm to 300 mm
Slates + Advantage: cheap, built by

450 - 600 mm wide, 300 semi-skilled worker
mm long and 4 - 8 mm + Disadvantages : poor fire

thick, do not absorb resistant, insects attack
water

Bd & e 0T &6,
® 24 77 T 0.4 A Her wie & IwET W)
® HHEFT it &1 TN 7 He |
® BF U4 & Tera-iad e =ier|
® T W AT Hict B Ul @ A 7 g
B 92 BRI B IRR T SHigR 6 e S wewe I A g9 B
®» 5 & B, RN W= g vF 6 0 g w =)

p— "‘IE'

LD m EE sn@m

% ara?’faiﬁ e “
ﬂ k qTee

o WH, ol ehict qTeAT el U bolt J bolt
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B & 6T Bl I3 | U B U™ Bd & 3fte &1 Ig7 A UM B IUuTT
- Gl ¥fle @ giee @1 97 & TER

. 05 . -
L Ee 450 THHI.
™ i;}f:f\p 2 e T @ v

91, et va wewT 9T it oee U e &t
ufef & = i 2, oy F ol 2 e W

HIET vg Rt w, sftie &1 ufelr & Ty oy ROOF TRUSSES

% Fix the trusses or rafters into horizontal RCC bands
< Provide holding down bolts of adequate length

%+ Purlin to be secured into RCC band at gable end

< Provide diagonal braces in plan at tie level

MAINTENANCE
» 93 wizal va 9T @ age
" Fg @ offe, o, diee @1 ST W & FEE
= diet 7e, diee B FIAT AT GG
= yferfRea J a1 U & e
» ffte R & gice & U=, &R it yedt @A
" B9 B HHAT & FARF @ S
" B @ Tt AN B EaR D i afaer
" g 9 dlal # frer guet s
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KOSI REHABILITATION

MULTI HAZARD RESISTANT HOUSING
FOR
KOSI FLOOD 2008 AFFECTED PEOPLE

DESIGN CONSTRAINTS

1. Financial resources
- Max Govt. assistance Rs. 55,000/-
- Min Plinth area 20m?
(Living RM = 14m?, verandah 6m?2)

2. Must be safe under
- Earthquake Zone IV and V;
- Flooding
- Wind speed 47 m/s

i)

EXISTING BUILDING PRACTICES

Depending on Socio-Economic Condition &
Available Building Materials

1) Rich People
Country kiln burnt clay brick
No EQ Safety

2) Poor People

. Bamboo and thatch, Wattle and Daub
« Risky to Flood and high winds

+ Use of marchans

SITE SOIL CONDITIONS
Safe bearing capacity at 1.5 to 2 m depth
adopted for design of footings

Silty clay with cohesion C = 0.2 — 0.4 range &
®=6°- 10° range.

6 to 7 t/m2 for strip and 7 to 9 t/m2 for square
footing.

Silty sand with C= 0, & ® = 27°- 28° range

Safe bearing capacity as 7 — 8 t/m2 for strip and 8
- 9 t/m2 for square footing.
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FLOODING IMPACT ON SOIL & FOUNDATION

The bearing capacity of the soil gets reduced
because of saturated soil condition

The soil can be eroded under the action of flowing
water

Siltation can take place around the buildings when
the flood water recedes away from the site.

EARTHQUAKE IMPACT ON SOIL

The phenomenon of soil liquefaction can take place
in Zone IV or Zone V

FOUNDATION AND PLINTH

® Available stiff soil below GL,
Adopt Wall footing at 75-90 cm depth

e Available cohesive soils (clayey, silty clayey)
Adopt square pedestal piers at 1.5 m depth

If scouring depth is more, increase depth for
pedestal footings till silty clay soil is not
reached or use pile foundations

SITE SELECTION

* High Ground, above the normal
annual average flood level in the area.

* Where it is not feasible, action is
needed to raise the ground so that the
plinth level is at least 300 mm above
the flood level.

FOUNDATION AND PLINTH Contd...

® Use reinforced concrete beam at the plinth
level to support the super structure wall

® Reinforcement from the piles and piers shall
be anchored in the plinth beam

e The distance between two pedestal footings/
piles shall not be more than 1.5-1.8 m.
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Detailed Estimate for proposed construction of

Mass Housing in Flood affected Areas of Bihar

sl. Alternative constructions Cost (Rs)

Alternative-A : RCC roof, Brick pedestal foundation,
Verandah up to Plinth Level; Area 20 sgm

Aa [250 mm thick Brick wall in Rat Trap Bond 74,210
Ab [125 mm thick Brick wall 68,981
Alternative-B : RCC roof , RCC Post foundation in room,
ALTERNATIVE OPTIONS OF BUILDINGS Verandah up to Plinth Level; Area 20.64 sqm
Ba [250 mm thick Brick wall in Rat Trap Bond 81,628
Bb [125 mm thick Brick wall 73,505

Alternative-C : Bamboo frame CGl sheet roof, Attic floor,
Brick pedestal foundation, Verandah up to roof; Area 20.64

sgm
Ca [250 mm thick Brick wall in Rat Trap Bond 76,603
Cb [125 mm thick Brick wall 73,272
Notes : - SOR BCD Nov 2009, Cost without Contractor's Profit
Flooring, Plaster, Finishing, parapet and stair excluded
s 1 E 4000 =
- % o AL A . B AT ]
Alternative-A : 7 T Alternative-A Tk I e s e i SO
| | | L
JL ® | | ® J[ w i I @
RCC roof, W . 7 KA ROOM SRl
Brick pedestal [ wal ROOM | o 4 A | ! 3500 x 3000 -
foundation (7| |~ 3500x3000 Lo i !
: . P Pl .
Verandah up to 4 B - ! / AT i
Plinth Level; 7 — . e 1|
I, 15 i . g f Iz [ g
Area 20 sgm [ ¥ g b
[ N\ - N . ¢
(277 LI - Wl . o, L Vo e e
| [ [r— ——a00—— Vortcal Bar
4wm  VERANDAH 5 4w VERANDAH
’ 4000 x 1500  § i % 4000x 1500 g
Alternative-Aa : = ] | Alternative-Ab : i
250 mm thick wall (g l, = —iy 125 mm thick wall {,fi-c,

— . s —
Hrais » bt ND PLAN



B T e Alternative-A :
for fing bemboo runer — o _ - —
Raliing mace of bamboo/ % :
Brick work 150 mm high A = i g — I
?c) ! A HEFER o : . f%
Cormugated Gi sheeting Lintel Band 280 x 75 with e
mﬁ;@;%ggj L i::-':'.":'-‘.::ﬁ”&': m-ﬂ-{m i RCC Roof siab
:P—;:;::_ i by trphay I 1iE
LA mm
~300~ P’/ 0 | [ mirsncom
E wail with 2 # 10 bars
¢ 200 x 200 brick and Links B mm @
V] pillar in 125 th 150 mm ol
Bamboo a LTb Brick wall ————|__ g i -—ré
Pilar * b3z : i
2 o A
| {/TIE  Compacted mud
[ e $ 1 ? T p 4'u.-wu
ol F AN AN By V.
[ e =)
i SECTION - AA e . 1o ved e por st condtrn

- =
Alternative-B : e _.;_;_".‘.'.’ —
RCC roof , - a0 J
RCC Post Foundation | | | *11
in room, o | ROOM LA
Verandah up to - 3800x2800 &
Plinth Level; 7 p
Area 20.64 sqgm 3 . A
‘ e\ 77, Z .
' i VERANDAH
1500 x 4300
Alternative-Ba : e}'"“"" . L
250 mm thick wall ' o
<.d

Alternative-A :

: i ? 250 x 250 BRICK PIER
— e PL 1A WITH 100 x 100 RCC
l — # 250X 200 RCC
Ly L i3 TIE BEAM
| 3500 P ONE NO. 12 MM TOR
o Mg 2 VERTICAL STEEL
Alda e - o 75 THICK BRICK WORK
k=15 ALl T s
L L (4.
| e (e
! | S i - Y '..: I
!! @ @ __E__ fi4 £ :1: 375 % 378 x 78 THICK.
i o i UL T amxamsatsTHOK
J’ "\' if_— T X T80 x 1 THICK
¢ 1 [ 4 78078078 THOK
575~ g 378 —TR0x70—_ coupacten earmi
TION PLAN SECTION
BRICK PEDESTAL FOR ROOM AND e
WALL FODTING FOR VERANDAH
- =
Alternative-B rr — = -
Il — 3a00 b ok
w w
v [P
no“ ROOM o
12 ot 3800 x 2800 L5
g : Ay Lol »amn
v = I = s S S 7~
T ———we—— 1
| - VERANDAH
! 1500x4300 g
Alternative-Bb : | e
125 mm thickwall ¢ o £ [ o
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Alternative-B
1380

. = =

i——1350 i 1350
L |

250 WIDE x LONG
=— 150 DEEP  RCC POST WITH 500
TIE BEAM % 500 x 150 FLANGE

(m 1l % “—m

I

F4 F4 i
A A ROOM g __i
150 x 150 x 3300
PRECAST

375~

FOUNDATION PLAN
R.C.C POST FOR ROOM AND
WALL FOOTING FOR VERANDAH

. D — b [
Alternative-C : W s TS T T Alternative-C R s - - =
. A, L 2L AL L L) M == T u ¥
Bamboo frame CGI sheet (e N mer | /@ W‘" . o ‘
roof, 74— P 5 J3 sgc::osngm e wen i
Attic floor, : 3500 x 3000 | x l ) 4
brick pedestal foundation, (% X ; L B
Verandah up to roof; Area | Lot : /| = |
20.64 sqm =T - § [ v |
LN i
[s7Ad @ |} 7 77 7 @ 07 ] ® | g 131]
- 00 % Vertios Bar -— = PRI
sum  VERANDAH suwm  VERANDAH
vinean 4000 x 1500 § | retvews 4000 x 1500 §
waing bamboo | using Bamnboo
Alternative-Ca : - L [ Alternative-Cb : |- _ |
250 mm thick wall L 18 ? - 2 250 mm thick wall @ = :
< GROUND FLOOR PLAN Lt GROUND FLOOR PLAN
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Alternative-C / Rﬁ\&\a
1 As Fioor maxde up of L}‘R:F?
SaEE
[#) EI )| z
T R S A e et
&l
T |
Bamboo : E‘EE’:;. § Lol
Prlar — E Y
e ladateony
250 % 78 BEAM Y
’:‘ S i F.mlm!”
7 i + - +_’/’ma-
Ez_ﬁ.é‘:}? TS g:ﬁzm%
SECTION - AA

SAFETY OF
BAMBOO HOUSES
AGAINST
CYCLONIC WINDS & RAINS

Bamboo Description Culm Dia. |Inter Wall
species height nodes |thickness
HAROT Tall; grayish green; nodes 12-20m | 8-15 | 20-40 | Thick-

thickened with a whitish ring cm |cm wall:-
above, hairy below; about one
branches from the lower third of
nodes leafless and hard culm
diameter

Evergreen; almost un- 7-23m | 5-10 | 40-70 Thin-
branched below; white ring cm |cm walled
below the nodes slightly
thickened, lower ones have
fibrous roots

MAKHAUR | Medium sized, much- 6-15m |5-10 | 25-45 | Thick-
branched above, straight, cm |cm walled

green, smooth, not shining,
nodes often hairy, lower
nodes bearing rootlets.
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Chemical Treatment of Bamboo using Boron
For.protection from insects attack P

* STHIE # precast
Hehic BT el M AT
ge diere &1 s
T

s g W B Faa @
@ et a1 dor &
&g ¢

Chemical Treatment

Shear key (split bamboo)

4 X

»=<
i
i-@:b «

Plan

FIXING DETAIL OF

BAMBOO POST INTO rf-'-/
PLINTH MASONRY |
T
‘{ "
i
|
N

'I .
|
Perspective

100 mm dia. Hole in plinth
beam and foundation
pile/pier

-Bamboo post

— Sand

g,

M 23 emx 10 em RCC

plinth Beam

-Bamboo Pin

156 cm x 15 em RCC M20
Precast Pile
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FIXING DETAIL OF BAMBOO POST INTO PLINTH MASONRY

Bamboo post —————|

Steel angle Bracket

Threaded rod used as ——__
Dowels for grid fixing

Fi
[ . .* «ld—— Anchorbolts —L—up’ 4 -
d, oaw :
oft e :
Wy o U. -
i’ .
5 s« | Groundlevel
A
Foundation Detail Partial cut-away section at A
@ w
dieT ohl dfaa &t et

* i va qfcaal # @ict 7d 91D, Ig We ST 2l

o gl ¥ BE XD, Q! BIX U Beell ol dlee BT ITANT
Hel

* SE AT AR T B gt 37D YHR B AR
Tt 31gar Gl AR T IANT B |

e 3 g9 & o frer st -
- i & wEl ® 19 dlare 7
— eAdt e T eI 9 & §ig

'mﬁmmm'mﬁaﬁﬁmmm
49 & G 2 @ w©nfia @ ol
AR Bos! ¥ W & 9 vt I S SuanT

TiemAare! 979 & W™ & |1 J6s S|

ufefq ot &gt &
T[T 30T HI FY
W B IuLT RN
& Fiemaret sie
D T SThs 2|
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CONCLUSION

Any post disaster reconstruction
programme provides an opportunity of
building-back-better and adoption of
disaster resistant technology in all future
constructions in the disaster prone
areas.

3T | w= Fafor & smevws fg
gfReers e Ju=R (Chemical preservative)
d % WH 1.5 Hier & 1.8 Hiew & @ W T+ |
§i W &I Hepic S AT g¢ dleR R T
& & g o Ba Seaen #, frer st e
ereal Ba & TR wEE & Fafor w2
AT AT 3T fetarfiad arR &1 ST H
ARI (R Siedid B &l FEor & |
B TedaT & ST &l gl | ihs &1
Gl Sheet Bd &I & dleg & TR Fal & Ihs 2|
Tfie-Tagt T dle—die e 3=t St a1

THANK YOU
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7
Inclined Roof Buildings, Bamboo(hzausing, Hazard Resistant housing
POINTS FOR CONSIDERATION AND DISCUSSION
Which portions of an inclined roof are affected most, during cyclonic wind?
What are the types of damages to inclined roof buildings, during cyclonic wind?
What precautions will you take, during site selection and layout of pitched roof buildings?
Which shape of inclined roof is most suitable? Specify the slope of pitched roof?
Explain the structure of a hipped roof.
How tie level bracing and rafter level bracing improve the behavior of a trussed roof?
What are the methods used to integrate the roof rafters, in the pitched buildings without roof trusses?
How will you integrate the roof structure with the supporting wall, in a rafter roof building?
Which roof covering will you suggest for pitched roof buildings?
What are the materials used and precautions taken, while fixing the roof sheets?
What was the bearing capacity of open foundation, adopted for footings in Kosi rehabilitation?
Name the three types of foundations, suggested for single storey housing.
Name the three options taken up, while suggesting housing, for Kosi flood affected people.
What option had a minimum cost, while suggesting housing for Kosi flood affected people?
What are the common bamboo species available in Bihar?
How will you protect bamboo from insects attack.
How will you safeguard bamboo post foundation from the ground moisture?
How will you improve the resistance of wall structure during cyclonic wind?
What are the materials available for jointing bamboos? Which is best?
Explain the Shape and size of a bamboo house and specify the spacing of bamboo posts?
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faETe Trod HTIET e Wi il e o
(3TIET WHEET TR
wa W, Rt aw, ge-

Foret % sifirganst
(5) el waT W V- v 1S 13935: 2009- Annex A

(8) v TRATE arer weet @t RVS Anfefife
RVS of Masonry Buildings

(DAMAGEABILITY ASSESSMENT OF EXISTING BUILDINGS)

90 min

DAMAGE GRADES OF MASONRY BUILDINGS DAMAGE GRADES OF MASONRY BUILDINGS
G1: Structural Damage : (Nil) G2 : Structural Damage : (Slight)
Non-Structural Damage : (slight) = Hair-line Cracks in many walls
= Hair-line cracks in very few walls Non-Structural Damage : (moderate)
= Fall of small pieces of plaster only = Fall of fairly large pieces of plaster
[Restoration] [Restoration]
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DAMAGE GRADES OF MASONRY BUILDINGS

G3: Structural Damage : (moderate)
= Large & extensive cracks in most walls
= Roof tiles detach

Non-Structural Damage : (heavy)

= Chimneys fracture at the roof line;

= Failure of individual partitions, gable walls
[Restoration & Retrofitting]

DAMAGE GRADES OF MASONRY BUILDINGS

G5: Structural Damage : (very heavy)
= Total or near total collapse of the building.
[Debris removal & Reconstruction]

DAMAGE GRADES OF MASONRY BUILDINGS

G4 : Structural Damage : (heavy)
= Gaps in walls, Inner walls collapse;
= Partial structural failure of roofs & floors

Non-Structural Damage : (very heavy)
= Non-Structural elements collapse.
[Restoration with partial Rebuilding / Retrofitting]

DAMAGE GRADE :
Directly observed after an EQ

DAMAGEABILITY GRADE

Assess Vulnerability of
existing building
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VULNERABILITY ASSESSMENT and SEISMIC

RAPID VISUAL SCREENING RETROFITTING
¥ vitaar & aduar waT &1 Pt
3 Bt a1 et veld RAPID VISUAL DAMAGE DETAILED
» WS : ®t : e SCREENING G4, G5 EVALUATION
» Y&9: Maximum Considered Earthquake sfierar & W it | =========) By Professional
*  AfeST et HRer TEEAT A @t uEET sl T Engineer
" AT ATHR YHR Dl ggarT HeAr DAMAGE G1, G2 DAMAGE Cost o
" HHSIIR HIGATHD I Bl g HeAT Restoration G35 permits Opt::f,zs
" e AT B b Seismically
v et efemrRdeT &1 el po— Seismic Retrofitting
. o Safe for MCE R B gREBIOT & TEdBeOr
RVS gRorAl &1 Iu=ir
" T B BT T SRIAdT BT Meher RVS Guidelines for

" T & A SChIeT AEvashdl B IgdrT

» FHSIR® YauRid] qafe Saeaendrsii &1 auffeeor
» Wyt FRTH UaeaT ST St TWIRT FATAT

" T & i Haq FEREAar B SEHRT qSHT

Masonry Buildings

IS: 13935
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SEISMIC | BUILDING
ZONE TYPE

\ “

DAMAGEABILITY

\ GRADE
- IMPORTANCE SPECIAL
FACTOR HAZARDS
LOAD BEARING MASONRY %@+l & W&
SEISMIC HAZARD INTENSITIES s S———
adar Wt @t sERfEaT (Vulnerability) @t dfigar va At weedl & = e flt e & qpiee
Siftr @ wefta §1 q@efta dlaar et | qedta s A+ Pt R A weft de ot e
Fodft & 3t watt @t sreRfdaar s St 8 B TN @ehEl @t BAl @ T UN-REINFORCED BRICK WALLS
B+ =T & #aTel # UN-REINFORCED BRICK WALLS
ET AT PGA eRffr offar sepefter S C @) s fide momet #, uat ge ¥ Fffa UN-REINFORCED BRICK
WALLS : HORIZONTAL RCC ROOF AT HORIZONTAL SEISMIC EAVES BAND
v 0.36g  MSK IX or more a5 st et arerlt B &
(zT) B 1 26, HORIZONTAL SEISMIC BANDS & &I
v 0.24g MSK VIII 3tfrE C+ C () w1 @8, 92 HORIZONTAL SEISMIC LINTEL BAND & &1
D C (@) = @, Wq HORIZONTAL SEISMIC BANDS Td VERTICAL
m 0.16g MSK VII e REINFORCEMENT & 12T 372/aT REINFORCED CONFINED MASONRY
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g wat & woR vd afowaar i ¥ Ty

Wehl? |WedH WehW 1 oilaar | Jea ety diadar agd I= dtadr
MsKVI)  Zone Il (MSK vii) Zone IV (MSK IX AT 31ferR)
A G4 few G5: few
vd | 63:most G4 : most g:s} é?ras
A+ Rest G2/ G1 Rest G3/ G2
B G3: few G4 : few G5: few
@ | G2:many G3: most G4 : many
B+ Rest G1 Rest G2 Rest G3
€ G2:few G3: few G4 : few
T G1: many G2: most G3 : many
C+ Rest G1/ G0 Rest G1 Rest G2
D G3:few
™ G1: few G2 : few G2: many
D+ Rest G1

few = (5+5)%, many = (50 5)%,

most= (75 + 5)%

SPECIAL HAZARDS

gt IufRfd & wal &
Yt SRaw 98 Sid

1. LIQUEFIABLE CONDITION
2. LAND SLIDE PRONE AREA

3. IRREGULAR BUILDINGS

HaT | ST BT 78 : Importance Factor

* HEAUUl 9aT: Thel, AT SARG WA, AN Bg, AT

et @ farer, |meTie gler, 1000 & 3fEes & aret
®Ig Ht Ja=

* Fferpan W & forersT &, 15:1893 (Part-1) — 2002 &

IR, JHH dirar s n v Vv

W S T[0T 0.16 0.24 0.36
WP S B UH deladt |, S U A HEE 1.5 AT 9%
ST Bl

« gofere, feft e ST @ weaqof wal @t e,

e 3= o9 o Tow st st iR

SPECIAL HAZARDS

geftaeor (Liquefaction) feifer

SHE & 1 &H TEE U, SeHE, THE MTHR $ HUETd,
fer, www, wél aiel, wa &1, Hew T I e @ |
gafeneuT B Hehar &, Forere WaT HfW # o9 "dar & 91 9%
TehaT 81§ WHR Pt i ¥ wifta weAl & ey gene
3fie IgaR St amaTISHar gt

yE@e (Landslide) waor &

A HaT UBTSt Sl W 8 Ud WA AT H B, e
=T B, a1, T f@eiy &1 @it yae-ie] Jedie &

T, Y99 &t vy Iugr wi anggasar gt
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SPECIAL HAZARDS
3= 999 © PLAN IRREGULARITY  (1S:1893)

» Torsion Irregularity
= Re-entrant Corners
* Diaphragm Discontinuity
= Qut of Plane Offsets
* Non - Parallel Systems
g ATt & wRor, T afdusaar # v U3 @1 g 8

Tl 81 0 wal @ ford, Rsqa qeaie a1 Hgdleeor &
foru srerar @t @i Hendt §1

SPECIAL HAZARDS
37f*=If?d Wa= : VERTICAL IRREGULARITY  (1S:1893)

= Mass Irregularity

= Vertical Geometric Irregularity

= |n-Plane Discontinuity
Ife g7 sFafEEEy § w5 off fowm &, at, 19T %t
sftes wfle @ftr @5 4 | 5 a®) & wadl ¢ 3 feqa
HAITeh NIaT Hfoueaar & Uh U3 Bt Jha Pt ST et
2l

L } - }&Dj

Al/L=0.15
PLAN IRREGULARITIES : RE-ENTRANT CORNERS

A

Al <o 010

A/L>0.25 |[A/L>0.25

I L (] I L i I L |
VERTICAL GEOMETRIC IRREGULARITIES

SPECIAL HAZARDS
AT AT &1 Wae

I WAl W @fmRddr wfRd @ aidt ¥ R I
U @R Hisg #, af, weeer Rufe #, 37 @z @ e
@t ST HAT AR |

g & o Rea 53 @ dor

THFEA: BH GiAT 3G (T < 0.4 second) ITet 3@l &
fEoes Waer ¥ A @ yr &1 HE g TE Rwaar,
e, emnr @it g wa= a3 = §)

ue, e gt Rerfa A, efausadr &t v ds & 9er oAr

eyt ghmi
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B B NROARK KKK

RVS withar & ©delss &1 =T HeAT & -

Ycdeh qHW ST B o0, enT Faaor Bid
vitaar & w7 o1 Fteror

& sor eIt 3 @ g

forely wa=l &t ugar

Frmfor geamast 5t aefter

RVS Forums U2 3ider 3ifdha &eAT
TAreyor IoMET MavaE FE T
gferreaar As @1 Frafzor

RVS Forums U2 3i&T 3iféha eAr

RVS FORM

3feheT Sug

TP D T IR

= faforee duer
TTdt 3 2

g & T ST uret
9, 9T, wu

i Ie=T W RVS BIH
Rvs Anfefdfer w5t ufer

= REE waAt & ueR
* g & UBR
* IUE BT 9T wef
* BIEGIR Bd @t AdPe J=AT
* TEIEIR Bd &l AJTSIET
* Rl & uHR
o &R ¥ TRy / "B
+ 2Rt T P

+ wft St ¥ AT it ot
« dart ¥ safae wEer ot 62
= faely SfRaw @t st
= et & fe—vaETeEs T
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W S IV B Tft waA v S 1@ weegef wael @ R
g fmm ot wet @ st SifRa seerT @ forr RVS form

1.0
11
1.2
1.3

14

1.5
1.6
1.7
1.8
1.9

T SRRt
HHH A

HAT & A

[qanT e o wEteE o e O

o

AT O R |
Tar

I qEE

el @ W

femfor &

of aresTfen érawe, T @@t & (@A)
wae W gl S (@ )

110 +ia # ¥ &1 WER

RVS form continued ....

2.3 TEER Ba $i Alakes Wear

231 99 B gH/ TS/ R 8o 7o
232 UFY P TH/FE /WM Blo T o
233 TEW # TH,/ WM gto o

234 B1E Iy (a0 =)

2.4 TG B W TSR

241 WIT TER

242 3 ¥ g R Y eEA gto =dio
243 TEGR Wwl @ A des 8o WHo
2.4.4 THIHed die # b gto =dio
245 YiER ¥ie sto o

246 @ A (qU Y

RVS form continued ....

2.0 T we=l @ woR

2.1 g @ wer

241 AR & Fre. v amR gfo =dio
212 YUHEYUE W AER gio T@o
213 I DIE (T )

2.2 9E B4 AT Bl
221 WHY F Bredi W fed W 2o o
222 SOMOF W URN @ WY &fo T&io
223 Oo YEWE @ B 1 B & o TEo
224 SRAH. /FA 8o =dio
225 Wi @ AeE

226 B a=g (@i w9

RVS form continued ....

2.5 dlRf® vor

251 @ T @ San gfto T8fo
252 wedt g A dEn o wEio
253 W D TEd @ AN 8o Téo
254 wHS B AN g0 8o
255 3Te TRt 3 A 8o TEo
256 ¢ wenf @t fFETE o WEno
257 9@ i @t R go TEo

258 Wi Tc e & fimE &fo o
259 AN @I A

25.10 B3 3 (qvf TN)
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RVS form continued .... RVS form continued ....

2.6 dlare # mmer [ W 3.0 H{EW HRET WEaEl #1 oty ¢
261 faedt o1 TRy o TE O 31 gl vd aredt, wedt diarel F dfter sefler ot
262 T P HEwE go o 311 T "R W gt o 7 o
283 ¥ &1 a9 go =#o 312 fasd & Frad TR ™ gto=@ o
2.7 €S w1 Pafor * 313 foiea (WREd) ¥R W 8f o =d O
271 =7 oS drant @ dra, <R A 9w, 314 WU 5¥/5d @ Faa wrw 8f o 7 o
A S AT & ? g o 7@ o 345 orodl Bal @ AN WR W @0 T O
272 4Rl ¥ g, Svamn wE Rewe & e o, 316 f@M @ER W grEEr 1@ gt o 7d o
AFE & ATOT & ? 8o w8 o 317 o daR & IR g o7 o
273 ¥R @ A sl A o1 e, 3.2 et ¥ wafer veer ot 53
S & AT & ? #f o =df o 321 FH B BT W g o=do
274 TeR # AR 1 AeE § aR-UR Ter 322 @A™ @ T-wrel =® & o =8 o
N BT T A9 ver fag v 8?7 8t o T o 323 <amil o Resfidl & ol W 8 o 78 o

* a7 15:4326 v9 1S:13828 < |
* adtg e 15:4326 19 15:13828 2

RVS form continued .... RVS form continued ....
5.0 WA ® NR-FHTTTows AT
v 7 Aig § &k Yo @ fieg fem d ?

4.0 Ty Sifew ot wte 51 @ e u e # e dar A P & ? o ¥

. . T & faeg ferar 2 ? gfto =&o

41 ?m'was”m(‘ﬁf%:‘mjm)“qmm 52 @ed Wos W womae! facade srarwREA 2 ? 8o T8O
T . gio o Y @ ey Remar & ? o o

¥ ?

o2 ¥ R e s # oo s gmgﬁ%? e
42w I o ERE gl ikt A
55 wal W RmPaidadd? #o wdio
“* ¥ i iidial] so o TF B foeg fema 2 ? o TEo
56 BoWRIRWH /FrEd s d? &fo o
Y @ feg Rema & ? o wdo
57 Hoa,/wqd 91S anfy ot & ? g o =do
e B foeg fema 2 ? o T o
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6.0 TV I B3 U8 W1 | Twilea gfcmreaar

g ot &
bR (ATfeTahT 1 A B | B+ | C | C+
<)

Jr o IV A
gfausaar IS,
e fradr

(arferaT—2 <)

G5 | G4 | G3 | G3 | G2

G2

Al gderd Yaq B UBR BT UsaH R U9 F e

AR BR <3 SR deIwy SfRRaar I &1 1 BR < |

7.0 TSIIHT B FEF B ATIAT

9% erfcrreaar U3 & :
» G1/G2 : waT Y yEulta gfe F FREm 7T a1 Hehar ¢
> G3 . WG B g B JAHEAT Al enil, sifehT 9 3w

H 9T afd & Ihdt 21 0 e ®, yau &
MbiE (wgdieem @t Teng & ST Hedt 1
> G4IG5 .  wET IR B, §9 I Yol 3R IHS 491G
e @t sreezrsar ghft
ofe ®Ig siPay g
> Tavy SaxT (SEET 4.0) T A W IH ST AT BERT AT
TriRv|
¥ A f-wearers AR ST (@fEE 5.0) e & af 7= ger
AT TTfer °r fRer we 3T Tmfdv)
» i dart @ Fmfor @R 2.7) Fiz @ argee =& &, at,
itz afd B arve, W #t smavawar #hft

* HHET AER1T 74T : 50% qTelT Ug

* Foe™ ve g w9 : A US

* HEaqel Ha : STEAT S S

* WHW A VUG IV |, VERTICAL IRREGULARITY TTel #aT :
i faely ®0 & Fofta T &« v ds Sumer afd

+ IRREGULAR PLAN T4 G4 AT G5

+ B, CTd DYHR & ot #forer

syt @ afdueaar 95 @ sR & Aavas Al

SV, IV U9 117 R IRREGULAR PLAN dTet Ha+ :

AT A+ UHhIR @ g "ol

9 figt uv fia

GATeheUT AT WA WUl TeT

: U Us ST &
: Qe

. U U SEmer afar
: U UE Ser afd
: U Us SeT &

: Ty Hewrich

8.0 3Rl & =y, Ffda wa= &1 Farfs a1

MRTAT AT ¥ BT Bic! e &2 |

W BT Bier
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0 Nm ok R

S =
N

8
RVS of masgn)ry buildings

POINTS FOR CONSIDERATION AND DISCUSSION
Define Damage Grades (G1, G2, G3, G4 and G5) for masonry buildings.
Differentiate between damage grade and damageability grade.
Narrate the activities taken up during Rapid Visual Screening.
Explain the types of load bearing masonry buildings, specified for RVS surveys.
How will you find damageability grade from the specified seismic zone and building type?
How to incorporate the effect of Importance Factor in RVS surveys?
How the damageability grades are increased in case of different Special hazards?
What are the action taken by surveyors during RVS surveys?
Whick equipments help the surveyors, while performing RVS surveys?
Does falling hazard affect the damageability grade of a building?
Specify your recommendations for different damageability grades of masonry buildings.
Which type of sketches and phographs will be suggest for RVS surveys?

(9)
Practical RVS of a masonry building
POINTS FOR CONSIDERATION AND DISCUSSION
Participants will find out damageability grade of an existing masonry building after performing Rapid
Visual Screening survey.
Participants will present the findings of survey, explain the reason for the damageability grade
specified by them and their recommendations.
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1.1

1.2

1.3

fFTs dTel WdHl &I RVS ANGI3dT
(@reudrel, faemeral vd Smaral & YHHiIg Afuwdr &1 AThel-)
gl. U. U9, o g7 fasfid fafy vd Arfesi=

WEATTAT

YT HelehT bl ATaeIehal
A RS 99, H BROT A, YHERET Bre Y] BT AT T8l Hd, o & —

i) aﬁﬁa%aﬁﬁuﬁﬁﬁﬂaﬁaﬂﬁmﬁﬁmwwﬁﬁmﬁwaﬁﬁﬁwﬁw
T &, AT BlE &b I D AMdc[a SHD Y] BT SUANT Al fHar 1 &1 |

i) UR™ W, PIE & IFER, I YHrREN ffor fear off wan g, ar ), 9 # $is & HeieE
D AU, HH IR BT 9¢1 58 AALIHAT I FHAY el B U B |

iii) W9T BT TR gad AT B, FOTEH 31F qHH RN © Ied WR DI IATLIET B |
iv) auf @, Sfud waRwEE & 39 ®, a9 o1 Reft wwre 8 Tl 2
HedTeh B °LOT

FHAM a9 D ford, v R i & eforRad aror & —

UEolT : RAPID VISUAL SCREENING (RVS) Ufshdll ERT U @Rd 3Mbad | 39 Uihar &, 9a9 &
PHASIR UG IRGRMET 37 &1 ygene & forg, oferdr | waq &1 Aevr sk waq & @i,
o1 {9, e IEREg SHER] | Wael RPIe B STMGRT Thid B A & |

IR ¢ IfG a9 BT UBAM FAGIR AT SRRAT & ®I H Bl 8, qI, FTAT HH, 79
@ BN A TERT ST U &R, fARgd qodided w3 Enfl, e, erRE)
VSIBET (GGEIBRYT AT HSIgLIBRYI) §RT Ha+ Bl IUAR {HAT I 4 |

AnfefT & U=

9 AERI® &1 ST [98R & ol 4 A= 9oR @ 980 ¥R MR wa+l & RVS Hfshan
Dl GIAdg BT 8, NEY vaq W & S SF B (ol Ioolldgd Yebd dlgar 4, Fifdd
g A7 Afquwaar I & a8 H URME sEad fHar o 96 |

P S R g @1 e W= aERE ¥
e o i & smmmamm e

W@E Sl i, T iy s 8

YW S| H dfer
2 P SF I B

fRra & gwifar war 2

AR RieT gy d=@r — 117



3.2

3.3

3.4

3.5

RVS wufshar

RVS WHIT T TR

(i) Bre AENRT YHAg fedr s+

(i) I D UPR

(iiiy eIferreTar I (qF Bl H afy TAT MSK / JRIUTT Hehl <eaT Wbl H gRMIN)

RVS qfRormst 1 Sy=hT
ANIET 99l @ SR qedidd iR W9Ifad S+ @ Wed ¥, 39 ufshar &1 5= U &

(iy TP HIS[ET 9aT DI YA IFGRAT B edihd & AU, SR bel- DI AELIDl &
g1 el g8 ysdH BNl |

(i) Freun &g FRRE qed dgar & <RM, Aiser w9 @ Jer il (Raes
ITGRETT) BT JATH |

(i) WA B IR—TFATHD I Bl U q7 S RNIBROT DI MIIHAT BT ATl |

RVS Form ¥ Y™t SAIRaA (hazard) W fER
I W R g Sifed & daar &1 faar B o e & o 6 fafafad @ -

HHH S YEAGIES YHHIIT SR
v IX TT 3Nferh CECRCIEES
vV VI 3IfeE
] Vi HEgH

e, yHH Sifem @ ve R dgar afea 8 2, 1 R ger & waq § ffa
et & oy, aft & A= R ywe 8 9 2|

RvS ufeham # #al & gohR R faaw

IR & e AR Jrior et ¥, oFal geR @ w9 fmfor Rfedf ok ffor amfit @
SUINT o Sar 8 (@Ra.2. & arferr-1, o) | FHior 9@t € o B, R |
S WQl, 99 Ud ddbel; aa‘siﬁﬁaﬁaﬁﬂmzﬁ Gﬁﬁqaﬁééaﬂ?ﬁfﬁr—rrn—%tr@?aw
SR AEdT : SN Bble @l | Wb e gl sk fFEier deie @ g W,
WW%WH%WHW&TWW%IWW SolifFRfeT aeiife & o,
I Al & SUANT W, 98 SUTST SRIRET © 3R AaErdl BIYe & A1, golmaN) |l
@ SUANT HRA H, qad T B |

fEdfl T FPR & wau @1 g gRRTd, 99 YR B Haq DI Iufad Siid e
weeE W, R oxdl 8| @Ra.2. @ arferer-1 #, W 9991 $T <Y A 9 odx <RY D 96
famfora fosar = 2, S f6 R A Yl W (EMS-98) SIRIAT WR SIRd 2| <18y
A D 9T H A SUTET YHHII e B, Sdfh TISY D @ WAl H qaW A | Blallid, fbdl
Al UPR & 9= BT U STRIErTar, gl IRAINT SI8Y ¥ 3felT &1 Adxil & Jalfd 9ad
B AAwRM, YHENE] Il B IuRfy, Irgfdedra faRvdd, dol @ g@r anfe WAl
srgeferaar fik wwell 2| swfelt 98 999 & &, & & SR, w9 & Gefad ueeiE &l
AT B a1l BRPI DI & H W@ §U, TAD YPR DI &fRaar A9 R 31 o |
AV, Haq B UbR d Fo AWK, Jo07 : A+, B+, C+ D+ & ®U 4, d@d gRI uR¥idd fxa
T §| 9aT B Al R YU dgdl P UHIG Bl BE H @R, HIAl Bl GEIAd &l bl
=T I % afiga far T € |

&ierudar Js

MSK 3R RIYII dfigdl wbel 4, G1 9 G5 O, &fuEial @ uid IS &l Sead & I, e
o+ & forg, @Ra.3. & arferer-2 #, # aftid 2|

ArtefRfer g dw=m — 118



3.6

3.7

3.8

3.9

3.921

Weprite dlerdr, ¥aeT & bR AR @fcuedar 33 #§ Jey

HfEdr 3.3 ¥, YR WiEw o9 # aftl, yerim dgar afed 89w, fomg va=t &
qeifad ugeH @ Hay ¥, @fRd.4. &1 aferer-3 ArieE UeH Sl 2| a9 wderor # afd
P TS P UgaE B oy, RvS B IEifed & H, 9 SIHGR) &1 IUART fhar 7T 2|
YHHT eIl DI AR BN T © forg f $HGT STANT a1 ST wehar @ ud
AR 9ol & fY Wl YIIaR0T dab-ld & Fells o7 & ford, o@l, @d & gfiesprr |
31 favaga e wasr w8t 8|

RURE Tl ool 4, Fabfid 9N 30T 68, B8 3R 9ga, 7+ oR ¥ gR\ifia € —
FTO: (15+5)% A B, Hg : (15+5) % (55+5)% & s1d; qgd : (55+5) W 100% & 4 |

MSK Tadl ®bdl & AR, $1 Heblad AFRI BT iHd A9 36 YHR o1 S Favall & —
HB 1 A5 %, ®E AT 50 %; FEd : AT 75 %
@Rd.4. & dlferr-3 FHRIG:, MSK faeror or amenfa 2 |

RVS Trdeer wif - ey fig

TAF YHAUR ARGH daar 9 & eIy, e RVS HAeUT BiH g97aT 4T 8| €I5U A 9 o
TIEY D & WIAl & UdIR Ud G1 d G5 dd &fadadl IS SHu¥ afoid 8| 9P FaTd, Bid
H, f=faRed o g aRRufrl @1 enfia fear ar 28—

g+ | ST BT Agd
JHYHR YHH BIS H, 99 S Hgd BT U (importance factor, 1) IRHINT f&Har war & < f&
T 3R AR @) Forge! d gfg B MavgHar AT § | HEqel HaHl @ Son # wifie
AR H Whdd SR UM B WaH A B | 3 HE@YUl Had ®, JAT : WRD HAH;
JAMUTAPBICA HAR HIA S— AT &g, callfdord Ud Sl &, Sl @r 9a- sid— Yerd
W, TAh Bg; 98 GHEIIS Bid oo— RIFAER, 9 9aq 3R 9 Y AF )
faoreiier; afdeayel afdqal & fam iR smuraera § Fere deayel Afel & e |
fas ar w1 4, f 1 993, 1000 9§ 31t SR arel fRHT 1 was #1 Rvs & fory, Agcayot
wY H A AT FHAT & |
S Fewqel waAl @ forg, 1 @1 A, faft wfearett § SfealRad 21 15:1893 (Part-1) — 2002 @
AR 1T A 1.5 o1 &, o qeayol 9ai & {00 4 4y aof 1.5 o7 gfE 8l
STl # |
Fftmad qd & e 4, 15:1893 (Part1) — 2002 & AR, A= sbw S U@
f=fafad 8 — HHHR Maam =l v Vv

Y™ S 06 016 024 036
s IR e & Faar & 6 @ SF & Ue aeiaN 9, S s H BRg 15 AT 96 ST
2| gafey, 98 Hu1 o1 Aol & 5, 5 e 99 @ AEaget w9t @ eftoRadn, o e
Sed S B fay Sl ST =@y | Rvs @ fog, @ 3.3 H 9 T, S v, VIR @
IR b+ SIRGH AT ST Al & |

Yt SR qeMaTd, Yo & IR/

FB Ry TR Raftdl faR amg -

geteneoT RRafer

S @ e BH TEIE W OSIAH, A AHR B HuErd faved TR w9 916 W @,
HegH 3R ST YFHW TR H GAIHR0 B GhHal 8, o Had i # 99 Al § A1 gD
AHA & | 9 TR DI A TR RAUT 91 B €y i iR IUR DI Saegdham sH1 |

ArefRier go wwem — 119



3.9.2

3.93

3.9.4

T JauT &

I 9a- UBTS! T W Bl UG AMYGA @7 YHH H, I I1 @Rl & A &1 @awT g,
ql, Wi 1 faery Y= g qadb-ile] Jedih- & e, ¥+ B a2 IuaR B1 SATaredehl
BT |

If=faa v

a1 fedmeil ®, et @ afafiaan fefalaa sg ofimt & ofenfya 8-

o AT (@, @fRa.s. & RE-1)

= aHa: 9 w9 oRafta fear e &—

a) Uod S~ dRarell Srfrafiaan (Torsion Irregularity)

b) HdA P el | ) g PEEIRGA] (Re-entrant Corners)

c) f&dl #foter & & |, 99 9 el 97 (Diaphragm Discontinuity)

d) SeareR &R § YHEREN Ay AR A8l (Out of Plane Offsets)

e) YHERE ayd &Sl el & AR (Non — Parallel Systems)

T & @IF @1 SATAa Sf=affaanst @l Re—1 gRT a1 & Uga=T ST bl © |

& IR & R, THY SfIRadr # U I @I gfg & Fadl 8 | (31, g Jasf S
@ BRI, SIS TS H gig) | U HaAl & ford, favqgd qedio a1 geid=vl & oy AT
B ST FHAl 2 |

SFeEtae Af=aHaar

g waat #, ffaRaa Seafer sivrafiaar <l o Wad! & (@W, @Ra.s. &1 fe-2)
a) frdewer #dl © g § AR ST (Mass Irregularity)

b) Wﬁﬁ @@ T @ &ifrst A1 § 9T uRad+ (Vertical Geometric Irregularity)
c) AT TR Wﬂ‘fﬂ @@ I BT SrfeReaRdT (In-Plane Discontinuity)

gfe g aifrafiamet 4 @18 A fegas &), @), w99 @1 afte TR af (@ 4 4 5 d®) 8
ol B 3R g qeaie siear afduRdar & U U &1 9 & o S gl 2 |

FrAge &1 WaR
faRrax g @ doaar eE # At 0 @ Agg 8, o), gdenr Rafe @ s # g
ARl Bl geM BT 576 811 4120 |

g & i fee Ad & gor

HARIG: JHRET 999 AR 9 JHR B TSl aRAINT w=dl 86— $HoR, FeuH AR =4 |
BH Sl J7afS (T < 0.4 second) ATl WAl & Sz Wagl # Al & UHR &1 BIg Y9G el
fegar, o, e it fFTg wa= o oira & | safery, o wadl | gl @ 9eR &1 uva
ggd AEayYl T 8 | _q A=A EY Refq # aftiaar & v I 9 991 <A1 fadwyut gh |

RVS Wi T4 HihsT S8

SR feen el &1 SuanT = ge, R ordia 99 & forg, Rvs wid IR 5 ™
2| oudr | w99 FdeTor R, RVS B H WaT @ s THiaa fhy Wd § T a1 @
FEAT ¥ 9q9 & UHR B! Uga B4 o | alfershi-2 Td drferbr-3 31 Ferddl ¥, S a3
P SR daar & ey afcuad 3 FuiRa a=d €1 Rvs B &1 Ifa arfersdr o, wam
@ UBR BI, U1 A T IR BR Id & IR degey dfueadr d€ &1 ff 3R 3 8|

RVS WfthaT &1 |9s™ & forg, o “@Rd Tss” fAefia fear mar & a3l e
qiferdTd SR e U 2 | TWERT YR S 61 RVS B R RVS &1 & IR ARTEH g
"@Rd Mg, FdeTh BT T AT o ST 1Ry |
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RVS ®if IuANT & aq @iRd ss

@Rd.1. Td&H B HTT IUHI:

1) fSfea dawr 4) UF (@ren), Ui, @S
2) HYI g U 5) TITC T H RVS BIH
3) fa @ ey I gl 6) RVS ANGRIHT &) Th ufy

7) WRA MEE (R—IR IYINT B AT BT )

wfRa.2. RATE &t YRaEs dar gt 9aq @ dTfetedr 1@ Ha|l @ UhR

A
A+

B+

D+

Haq &1 feRm
(@) SHI IR Fuer Wg & 9 AE e § AfEa an
(@) MY Teldl dTps] & Bd & el fAcd) & TR A

4T AT AT &, S (@F1) TR @ AN
() TIT ‘IR—IR TR B 37 e TRl @ wRfed S
(&) el geeRi ® Wy TS
(@) A IR § P e B DA
IR-TN TRRI' Td Dl TR o TRl & I, 3@ T (I STe) Ry B Wl H (OIS TRRORTT e
mﬁwﬁ,mﬁﬁﬁaﬁﬁaﬁ;ﬁﬁmmwzﬁ HHGIN AT ¥, avaferd e ddle «fd oF
(@) dHS & TS ARl a7 dAxS! & Afa ST a1 FHe & by ds (IS: 13828)* @ wr, g TR A
arvafera gef @ famrg
(@) g1 & A9 H, avEfora def &t g
(@) WOTe IR B /B Ferdr Mo WX oY Afo g a1 YHEE ufedl drel grelat B & W
guie: e TRl a1 RPfe bl <id Aar ares R 7l 4, us) g § ifa swafaa foerd @ <ar
(@) B+ 31 @ve, &fter gy ufgar (IS: 13828)* &
C () @ T8, U= axami iR Rasfral & fofea R W afoet waafy ufgat (IS: 4326)* & wrr
C @) @ we fffa, =g &t Yo oftal ok @e wei sy (IS: 4326)* & wrr wafera g
arerar &ftrer iR SreateR RATHY. i g vafera uRafa faers
g@l g W foaE @ T yeferd AR

I§:13828-1993, “Improving Earthquake Resistance of Low Strength Masonry Buildings --- Guidelines ™.
IS:4326-1993, “Earthquake Resistant Design and Construction of Buildings — Code of Practice BIS 2005

@Rd.3. &faquzaar 3 : drierer 2: RAE 9e=T @ gfdusaar ds & gy

PE
G1

G2

G3

G4

G5

fag=er

o | Foebt @Al (TRETEr @i @, ot IR—TTaTas &)

TegaTEep: $1 [ ARl # aRd &vR

TR-TegATHH: Dl @R b BIC ghsl Bl AT | VD Wl W) 9o+l & HW 2edl I dlei—arel 3w
BT AT |

eI &l (BBl weaeash &, FeE fR- SeaeIs &)

TEGTD: G801 ARl § GYR, ARATH] Wid U9 gHawed Wie # aNa avN

R-TeIATHE: WREY B gS—g¢ ohsl I [, Bdl W garT At &1 AifE god, ¥ 3R uoull o
&fer, dE 10 U B B T BT [9@=A1, gredl Bl B awd] Aol B A & |

9 aftr (e S gfd, ARt e af)

TegeTaeh: SUIEIR SIIRI # aus €] aXR, WY iR Yok § fawgd avn |

R—eeTens: B TIsa @ AW 8 9, Ba R foAE FT 9 W g, 9Us IR—GRaAHs S
(fvrore SlaR fae dan) @ fawa

5q HRT @ (RT Seeees &fd, 9ga 9RT R-eaers afd)

HTATHD: aﬁaﬂaﬁmﬁvﬁm&w(ﬁmﬂﬁﬁn}mﬁﬁa@wmwﬁsﬁvﬁaﬁm
GeEATHS famer

famrer (@ Wt weaAeTs @fd) - B 1 dbRIEd gUl w9 W HaT BT el

@RT TEs U= H&AT — 121



@f¥d.4.

@fRd.6.

@fRd.7.
1)

2)
3)

4)

5)

6)

7)
8)

g & UhR, Y ST dfear qr gfau=aar 9 ¥ ey

drferest 3: 8 o=l & @fau=adar 3o &1 3ha

qgq B | HeAH YHHY digar iz c I UESIERT ggd Ied B cferdn
PR | (MSK VII) (MSK VIII) (MSK IX a1 a1fdrep)
A qEqT IS 3 D T IS 4D TS TS 5D
NGl FO US4 D O US5D (TP IS 4AT3F )
A+ (T de2aT 1 ) (T Je 3 AT 23 )
B Pz Ts2d g0 IS 3 D T3 US4 D
wd B TS 3D B US4 D B TS 5D
B+ |(F@ids1d) (TS 2D ) (s 3 @ )
G Py Us1D qgd Us 2 @ Pz US 3D
NG| B Ts2D TO TS 3D O TS 4B
C+ |(T@RTS1T0D) (T TS 1D ) (I s 2 &)
D O US 1 B US2 D HY US2®
G] o TS 3D
D+ (ara 48 1 D )
o= ¥ arfafiaar (o 1) Seater srfafiaar (R 2)
—l = = = i A -Al
VA | | A | A
]L ]L | I Py £ 8

e 1 YR 1 AIL>0.2 IL>0.1

PLAN IRREGULARITIES : RE-ENTRANT CORNERS e b e |

fira—2

VERTICAL GEOMETIC IRREGULARITIES

dlaret # afdsr syt et =ft. ugt =t aedt v sfcedt dlart # smavas 2
Ud HHT A, foied (WRed) WR W U9 Gl ®WR W, Ug JEgd & | 96l gul «R W) AR 9F
fear ar 81, g8l SR WR W ULl Aaed T8l 2| EiHfAd (g 8 erear dur 53 ) s 9
(T ) ¥ Seex g9 T wdl d 9T @ dld "AbEl A, B @ fdel R W @ W)) od el
HETSH & | U AT &1 TRE T Al A H BYSTOR AR W IIAGR 4 ULl AR & | FuIe AR,
WA ar IR €1 Badel "HHT H WEl B AR & SW, TAR B 2/3 AR a® dedl &, vd Ug
AT H el B |
dlarl ¥ SR yaeT @t B2

YD AHE H, T TR D PHI U, PHIC D A SR—IA D B AGWF & |
Y& oiF V¥, t& Aiex ¥ 98 gxanll (@ Rasfdal & qF v, Y& oF 1V # 25 #1er 9 9 gRT &
TFEI T, BHIE B AR SR—LIA D B8 @l ] ey Vg Ragd] & Fad R ) Ried d8 mawas
2

gfiuaar 48 & R A JEvaS qle

MSK el bl & AR, FB, B3 Td ggdl bl AHd 7 39 YBR fordm 57 -

TO : A5 %; PE T 50 %; &I T 75 %

HA AT wae a1 afooa s FuiRa o= w93, © o8 @ o) <fan mar 35 g 9|
e vd sruard WAl & efoRRadr ¥ MR oxa 9w, svR ¢ @p ¢ afa gwifar o7 @ 8, a9 o,
e IS € YAl O | 1Y 81, Fecyul Wad E1F @ DRV, 3Tel bR Tadl SiiF Bl AT S |
Fealer Afafiaar arel waal &1, afe ey wu 9 fasfa =81 fear mar &), o1, 9= y@eig daar g
dgd S YA lEdr (MSK Vil and IX or more) § Ut U SATET &fd &1 Aabell 2 |

I AAAHTA arel WAl @I, qegH, S=d U4 g9gd Seod ofgar (MSK VI, VIl and IX or more) # U
%Tmaméluﬁﬁmﬁ@m T SAET B, I, FaEd GTedihT $I S B
HFHd 2 |

() ATE A+UBR D <l Aot 99 REE w99 &) e I e afty 8 gadl 2

(i) B,CUdDUSR & o #fTer S g Wad &) v T e afd & dadl 2

1 ) ) sl g aret RErE 997 & v I warer afdy 8 gl 2 |

YHHUR GRET @ ford, GAIHNYT al A Yau wiel W Red 9aE] @ O geidd &1 Adedddn g |

@R TS IS H&T — 122



W ST v T WaAl vF S IV & He@yul Hadl & T

gefAfa g aret wal @ et SR el & 10 RVS form (@rwsdt =1, U, v, Rf gR1)
1.0 MR SFDIEL

11 B S

12 999 BT A

13 QYT JqEE o0 dEfEd O el O

ronic e a0
14 9dl
o

15 39 UgEH

16  cll @I G

1.7 fo=for o

1.8 Ul TTEIed &Ahd, W adl &1 (@ #)

19 ¥dd W FAl &% (9 A1)

110 g 7 BE B yER

2.0 FEE yat & yor

2.1 g @ udr
211 QOR & F. UST MR o 8o
21.2 JUH—YUYH T AR go T8O
213 I DI (@ )

2.2 HUE Bd AT Bl
221 AP B BeA W et wma B o T o
222 ST R W URR & g glo 9E8io
223 UiH HEVE & B a1 BI o W8iO
224 R /AR B0 A8 O
225 WoIg @I HiTs
226 PIg 3 (@ W)

2.3 TR B Pt Adieeh HedT
231 99 & g9/ FHe /Wi g8lo 8o
232 Wbl B U/ BS /Wem B o FEo
233 T @ oH /R 8o 980
234 BIS Y (@ )

2.4 TSR B BT HTBET
241 wWIT UER
242 W # ydg BE) @) end BO 8O
243 AR W&l dig @1 9 8o 98O
244 YHdECH WHC @ e B0 T8O
245 9ER Hie glo 98O
246 Py Y (@ IN)

2.5 ARl & werR
251 THE! TR BT SaN o WEio
252 ®edl 3¢ B AR 8o T8
253 919 B g9 B SR g o 98 o
254 dAHS! DI GAN 8o T8O
255 IS TRl P R o F€io
256 ¢ UeRl @ fErE glo 98 o
257 T®I gcl @ foATs g o "o
258 WiHe dae <lied B A 8o 98O
259 AR BT Heg
2510 BIg A (@ TN)

2.6 dfare § 7R / "
261 fAEdl &1 TRy g o "8 O

3.0

4.0

5.0

262 T BT FATAT go 8 o
263 Upie &1 79T go 8 o
2.7 dlart & Fmfor
271 3 A dant B 9, IR B A=,
AP B AT 2 ? g O T8 O
272 AR ¥ R, SxaTe Ud Rasdl & ol A,
HqHH @ 6T & ? 8 0 78 O
273 AR P oS AR AIES HI U,
Hh B AR B 7 g O T8 O
27.4 UERR ® AR P AR H IR-UR URR'

AT BHET R dd ger fav v Y B o T o

e SR WauTl @t s

31

3.2

et va aredt, it et F dfder et ugt

311 H{AT ®WR W g O 7El O
312 Rasadl & e W W g O 98l O
313 fofed (TReel) TR W g 0 El O
314 U B3 /B9 & fad WR W) & o0 98 O
315 Tldl Bl @ A TR WX 8 o F8l O
316 fem AR &) geer 98 & O A8l O
317 9 AR @& 9w g O "8l O
dart ¥ FwafuR veaaT #t 63

321 BRI P DI W B o098 o
322 AR & T—urSl WX 8 o8 O

3.23 SO 3R Resferal & ol ) 8 o 781 o

¥ gw g R HE 15:4326 U9 1S:13828 9 |

ooty iR &6t @t

41 T TORR (O W 3 AL D 3ER) ¢ Ioeer g
B, 1, I ST e 8 o8 O
(are &F o erferedar 2 U 9, aferead G5 OF 981 ©)

42 Waq ¥ TR SRAteR Afafiaar 8 O 8 O
(a7 Ef O7 efferRadT 2 U 9, aftrehad G5 T FaT ©)

43 a9 ¥ ™R @ e g8 o078 O
(arerv €f o eftrraar 1 e &, af@@dd G4 de 92 )

44 IIAT FAoT Wl gl o8l O
(ar & @t arfeal e G5 & Wanan &)

WAl B Ie—HeaAeH® 30T

IN—TETAS 3T AI9E & IR Yo & fAeg Rer € 7
51 HHR 3¢ U AP B Udel AR @ farfog € ?

5.2

53

5.4

5.5

5.6

57

g 0 W@ D
T @ fong ReRar & ? 8O0 78O
T8 Ha8 IR Gollae] facade BT ATEBG & ?

8 O 78l O
4bu & feg Rerdr 2 ? g O 78 O
Hled fafef ot & ? g8 O 78 O
Yo & [d6g Rerar g 7 g8 o 78l o
get #Y qev /e 9 & ? g o 7€ o
Yo B feg Rerar 2 ? g8 o € o
wal R fafrar § ad & ? g o Eio
¥ @ g Rerar g ? 8O0 T8O

B W AR, /g b ouriids @ ?

8 0 A8 O
o o [eg Rerar 8 ? g o € o
Haa/veRF e Mk AT & 7 & o T8 O
oY & f[Iog Rerdr g ? gl o ¥ o
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6.0 B IT B a8 wa1 § Fuifaa afemreaar

(crferapT 1 ég) A At B o ¢ Gt .
Y Wi V A afemrdar

us, 98d s dgar G5 G5 G5 G4 G4 G3 | G3
(qiferpT—2 <)

Al : + foFE ofIST 9e1 831 wfd Il oSl A &fauwar <eIiar & | |1 81, U I
R, U & YPR & Ha9 @ ford, SR T Ty F=Ifad afquadr &f 1 IS 9 &H
fhar ST WobdT B | UdeTd W & UBN BT Usdd BY U9 H Tl g91he ER 27 3R
AeTod &fuRaar 98 & W 8% 9 |

7.0 HeHihT & SR Pt AT
Ife gfdoaar us ¢ ¢

>G1/G2 : 9 P! Y™ gfc | YRIT JFT O Fhell 2 |
>G3 :WgH P B DI GUIGAT T8l BIY, fbT Ig HewH | 9 &fd 81 ghdl 81 U HH

#, g & ISIBET (YSEIH0N) B Felrg &1 o Faal & |
> G4/G5 : Wa IRIREATT 8, 39 YA odIdhA IR SHD q1§ GBI Y JTaeavar arfl |
afe o R & :
> faRly GRT (BFSHT 4.0) T TH W A AHT T ESAT ST <A1 |
;a%qﬁ?—ﬂﬁmmaﬁmw(Eﬁ%ﬁao)ﬁqaa‘ra‘rgﬁwémaﬁ%nmﬁwww
|
> I ARt @ Fafo (@@t 27) @rs & IgHT ol 8, a1, TR afd 8F a/ayd, YgIfhfeT o
AR BT |
Me:
1) 50 &I ATHed a4 & ACRRAAT TS Bl JANAT T8I HRAT, diod ANLR IR—AGHAS 3T
ATl BT B ugar dadl & |
2) Wféi< WU RVS: Rapid Visual Screening, 3TR.1L.H1.: Yafera Rie @wie, R4l vafed sc

8.0 e & T, A wa= &1 IWTR—T AT IRTT TAT WG BT BIeT Hol T P |

TdEH PT TR

CILH

FHrAUTETS JHIT BT TEATE:
Tdeor @t fafen:
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W S IV S FHT 7aAl U9 S 11 D Wt wael @ fore

gefAfa g aret wat & qerdter SiRew et & 31U RvS form (@rwsdt =1, U, v, Rf gR1)
1.0 MR SFDIEL

11 B S

12 999 BT A

13 QYT JqEE o dEfEd o el O

ronic e a0
14 9dl
o

15 39 UgEH

16  cll @I G

1.7 fo=for o

1.8 Ul TTEIed &Ahd, W adl &1 (@ #)

19 ¥dd W FAl &% (9 A1)

110 g 7 BE B yER

2.0 FEE yat & yor

2.1 g @ udr
211 QOR & F. UST MR o 8o
21.2 JUH—YUYH T AR go T8O
213 I DI (@ )

2.2 HUE Bd AT Bl
221 AP B BeA W et wma B o T o
222 ST R W URR & g glo 9E8io
223 UiH HEVE & B a1 BI o W8iO
224 R /AR B0 A8 O
225 WoIg @I HiTs
226 PIg 3 (@ W)

2.3 TR B Pt Adieeh HedT
231 99 & g9/ FHe /Wi g8lo 8o
232 Wbl B U/ BS /Wem B o FEo
233 T @ oH /R 8o 980
234 BIS Y (@ )

2.4 TSR B BT HTBET
241 wWIT UER
242 W # ydg BE) @) end BO 8O
243 AR W&l dig @1 9 8o 98O
244 YHdECH WHC @ e B0 T8O
245 9ER Hie glo 98O
246 Py Y (@ IN)

2.5 ARl & werR
251 THE! TR BT SaN o WEio
252 ®edl 3¢ B AR 8o T8
253 919 B g9 B SR g o 98 o
254 dAHS! DI GAN 8o T8O
255 IS TRl P R o F€io
256 ¢ UeRl @ fErE glo 98 o
257 T®I gcl @ foATs g o "o
258 WiHe dae <lied B A 8o 98O
259 AR BT Heg
2510 BIg A (@ TN)

2.6 dfare § 7R / "
261 fAEdl &1 TRy g o "8 O

3.0

4.0

5.0

ﬁm T8l O
8 O 98l O

262 T B FEIA
263 WMT &1 HATA

2.7 &t @ fFmfr *

3l el Rl @ 49, AR B T,

AE B ATEY & 7 g o T O
ARl ¥ gR, Ixawn wd Rasa & o |,
AP B AT 8 7 8 O &8 O
TR @7 $ars 3R AITTS BT U,

AP B 6T & ? 8 O 78 O
R @) ARl @I Al # 3IR-UR Uer
AT BIFI W @d geer fav v 87 &f o 98 o

2741

27.2

27.3

274

e @ UrauT @t St ¢

3.1

3.2

sieeft v aTedt, enft dlaret # dférer it gt

311 HHI ®WR W 8 O 7l O
312 fRasd & ffgd W W 8 O 98l O
313 fofed (E6e) &R W 8 O 78l O

3.1.4 WUC BY /Bd & del WK W 8 O 78l O
315 Qlodl Bal @ e WX R 8 078l O
3.1.6 M faR W IrAER UE g O 98l O
317 RS dOR & I g O 98 O
dart ¥ Safur veaT ot 63

321 TR D DIl W 8f O 98l O
322 TARI & T—ollel W gf O 98l O

323 exgrel 3N Resfeal @ oaf v & o 981 o

* gw & AR S 1S5:4326 UF 15:13828 S |

ferety if¥aw &t ST

41 9= SRR (el ¥ 3 Al @ 3ex) U4 aogenel A
B IRE CRRECIE AL I P g o7& o
(e Ef o afennear 2 e @, frFad G5 OF 931 ©)

42 99 # TR SR arfrafed 8 Ol O
(arTe 2 a1 et 2 9% ¥, Sifdrad G5 9@ daT ©)

43 Waq # TR @A srafiaar 8 08 O
(aTe 2 a7 effoueaar 1 Ue W, Siftead G4 T 99T ©)

44 R 9T WIS B O 98l O
(v 2 o1 efferoaar ¥ G5 B Wehall )

Hal & Ae—HedaTe 1D 3T

IR—GETHS 3T AN & 3R

Y& & fawg Rer § ?

51 BN I U AHS! ] Udel SaR ¥ o g ?

52

53

54

5.5

5.6

5.7

8 O ¥98 O
Yo & faeg Rerar 2 7 g o T8l o
8% A8 UN Guld] facade T ACBIET & 7

80 7®li O
o & [eg Rerar 8 ? 8o 98O
Hred fafe ot & ? g8 o 7@l o
Y& & fawg fRerar g ? g o Wd o
gl @Y Hv/wifed a1 8 ? g o 78 o
o & [d6g Rerar & ? 8 o0 @8O
wdl W femfat & 7€ & ? g o 78 o
Y& & faeg Rerar 2 7 g o F8 o
Bd N RGN /e & geids 8 °?

g o &l o
o @ [eg ReRar g ? 8o 'O
Tl /veel 918 anfe o & 7 g8 O T8l O
Yo @ faeg Rerdar g ? g o 98 O
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6.0 B AT g T8 Wal § Juifad efauzaar

i(%:'fc mfag)m A B B+ c c+ | D
b S IV H afemrdar

g, 3fferd agar G5 G4 G3 G2 G2 G2
(eforaT—2 o)

qle : + [ dreT 9@ gl Iad I ATel HH &SldUwidl quidl & | 9 &, Udh I
R, TH 8 YHR $ 9o+ & ford, IW A T gefad efdusaar & 1 98 4 &4
fhar ST GobaT & | Tdeldh ¥ P YbR BT Tgar B U9 H Tl a9dy BR 23 3R
TEIHY SRl U8 &I W 8% 4 |

7.0 HSATHT B QR Bt AT
It efaar as ® ¢
> G1/G2 : a1 &Y YHHY gfie § [RET A1 7 9ot 2|
>G3  :9gd P gad DI gUrEHr A81 8rfl, Afed g7 gemw 9 9n) afy 8 9ad! 2 U A
¥, 9a9 & RGBT (GIIHR0T) P HeAl8 a1 Sl Fehall o |
> G4/G5 : WaT IR &, $H T JodIdbd 3R IUD qI8 GBS DI aeIdHdl 811 |
Ife g AfRaw 8 -
> fady @aRT (BEHT 4.0) U M WX S BT IT TSHAT FET A11RY |
> A IR—ERTATH® SRR 3T (BEHT 5.0) GG & A g9 8T o1 ARy AT ReR &R 37
12T |
> afe dart & i (@fesr 27) dIe & sy 781 &, a1, ™R afy 2R emye, Rkl &
JaTadHar 8|
e
1) 5.0 FT AHad Haq & UK U S yvifdd 81 Fval, dfews ReR IR—AT=- TS 3T
IR ®1 B Ugen Hahdl @ |
2) <fdTd w9 RVS: Rapid Visual Screening, TR Uaferd R ®olc, R vafera e

8.0 IRIpre & arer, Fffla wa &1 Fafs ar JARET a7 Ya= &7 Bet e T B |

a'aﬁa‘tﬂa‘mma%mmaﬂmﬁﬁ | T HT Bier

TdeTh P FHAER:

1A

HrATes JRIT &1 gxTeR:
deror @t fafer:
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S S 1 & =t wa vd S 1 B Aot W @ forw

AT g aret wael @ qeprdter SR sreber & U RVS form (@rsft 1. U. v, AR gR1)
1.0 MR SFDIEL

11 B S

12 999 BT A

13 QYT JqEE o0 dEfEd O el O

ronic e a0
14 9dl
ot

15 39 UgEH

16  cll @I G

1.7 fo=for o

1.8 Ul TTEIed &Ahd, W adl &1 (@ #)

19 ¥dd W FAl &% (@ A1)

110 g ¥ B B ueN

2.0 FFEE ya & yor

2.1 g @ udr
211 QOR & F. UST MR o 8o
212 UIH—JUFR W AER g0 FEio
213 I DI @ W)

2.2 HUE Bd AT Bl
221 AP B BeA W el wma o T o
222 SWITERA WURR @ wig 80O \8io
223 OiH HEVE @ B a1 BI o W8iO
224 R /AR B0 A8 O
225 WoIg @I HiTs
226 PIg 3 (@ W)

2.3 SIeGR B P Hidfes Jear
231 99 & g9/ FHe /Wi g8lo 8o
232 Wbl B U/ BS /Wem B o FEo
233 T @ oH /R 8o 980
234 BIS Y (@ )

2.4 TSR B BT HTBET
241 wWIT UER
242 W # ydg BE) @) end BO 8O
243 AR W&l dig @1 9 8o 98O
244 YHdECH WHC @ e B0 T8O
245 9ER Hie glo 98O
246 Py Y (@ IN)

2.5 ARl & werR
251 THE! TR BT SaN o WEio
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ASSESSMENT OF BUILDING

>
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(10)
Masonry Buildings:
Seismic Retrofitting

90 min

RETROFITTING
> Buildings condition
= Seismically deficient
= Earthquake damaged
» Techniques
= Conventional
= Non-conventional

Rapid Visual Screening
Study of Drawings, Simple
calculation

Detailed Analysis as per
Current Seismic Codes
Testing (NDT- hammer test,
Ultrasonic Pulse Velocity test
& Core Cutting)

RETROFITTING vs RECONSTRUCTION
& Cost of reconstruction vs cost of retrofitting:
Retrofitting is adopted, if the cost of repair &
retrofitting < 30 % of reconstruction,.
@ Preservation of historical architecture, and

& Maintaining functional, social, and cultural
environment

EXISTING MASONRY BUILDINGS

> Masonry buildings are common type of
construction used for housing
> Low seismic resistance has resulted in
extensive damage during earthquakes
> Recommended seismic resistant measures
may save life and property.
Non Engineered Buildings
Traditional buildings with locally available material :
Buildings in field stone, fired brick, concrete blocks,
adobe or rammed earth, wooden, or a combination of these
Engineered Buildings
normally designed by Architects and Engineers working

together or Civil Engineers: Reinforced Masonry Buildings,
Reinforced concrete and steel buildings

Repair (w=fe)
is done to resume the functions quickly
» Repair of non-structural members
= Patching up minor cracks & plaster
* Repairing doors, floors, plumbing

Restoration / Structural Repairs (Sfluifgr
to restore original shape and strength
= Repair cracks / voids in RCC members
= Strengthening a portion of wall
* To strengthen damaged beam/column

Seismic Retrofitting (1 & gftemior & wgdieem)
to make buildings stronger than before,
Efficiency up to level of recent code

= Correction of structural form

* To unify the components of building
* To increase lateral strength

= Provisions to avoid brittle failure

* To reduce weight of storey
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DAMAGE / DAMAGEABILITY ASESSMENT & SUGGESTIONS

___________________________

DAMAGE

GRADE
272

Material Strength
: and Analysis of
) Structure capacity

EVALUATION

G1,G2

L

RETROFITTING
NOT NEEDED

STRENGTHENING COSTNOT
REQUIRED FEASIBLE

REPAIR / | OTHER OPTIONS
RESTORATION

Strengthening / Retrofitting
Details (I1S: 13935 — 1993),
Revised 2009

o
I

Basic Data for
Retrofitting of Masonry Buildings
+ Existing structural scheme
» Understanding structural behavior
+ Building material used
+ Strength of wall
* Integrity of members

By Retrofitting Improve
+ strength of existing masonry
+ in-plane strength of the wall
 out-of-plane strength of wall
= structural integrity of structure

RETROFITTING MATERIALS
~ _—

Cement mortar Cement Concrete Admixture for Non-

shrink-age / Bond

&£
& bolts expanded welded wire™ Chicken
rods, angles, metal fabric Mesh
beams,
channels Various forms of Steel
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RETROFITTING MATERIALS ...contd

# Cement Grout :
= water, cement and optional materials like sand, water
reducing admixtures, expansion agent and pozzolana,
Fine sand is used to avoid segregation
= water to cement ratio is around 0.5

< Polymer grout and Epoxy grout

+ The desirable properties of grout :
= Fluidity
= Minimum segregation Non-Shrink
* Low shrinkage
= Adequate strength after

Good bond with the subs

No detrimental compoun

Durable Non-shrink Grouts: Repair
small / medium cracks

RETROFITTING MATERIALS ...contd
EPOXY RESINS
Excellent binding agents with high tensile strength
Epoxy components are mixed just prior to application
Compositions of can be changed as per requirements
Low viscosity can be injected in fine cracks
For gluing steel plates to the distressed members.

Higher viscosity epoxy resin can be used for surface
coating or filling larger cracks or holes

* ¢ & YV Y Y

] Epoxy Glue Gun
' Dispenser

Epoxy Resins Gluing steel plates to RCC

RETROFITTING MATERIALS ...contd
Quick-setting cement mortar q
Non-hydrous magnesium phosphate g

cement with a liquid and a dry powder .

components, mixed in a manner similar

to cement concrete. Polymer concrete

Polymer binder +

Agﬂ;egates (silica, q
ua} , granite, limesto
ne

Micro Concrete (dry
powder bagged) + water

for repairs to all kinds of Shotcrete: Repair concrete

concrete structures surfaces
RETROFITTING MATERIALS ...contd
EPOXY MORTAR
» epoxy mortar = epoxy resins + sand
» for larger void spaces in RCC

mortar is forced up to the end of the crack
Higher compressive and tensile strength

v v

Fine crack Large cracks medium cracks
Repairs by epoxy mortar
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RETROFITTING MATERIALS ...contd
Anchors provide both shear and tension resistance

e Y\gr———

Chemical Anchors: To Add / Connect new men-'lbers
Bonded in drilled holes through polymer adhesives

Mechanical Anchors To Add / Connect new members

RESTORATION OF MASONRY
BUILDINGS
Cracks in masonry load bearing members
reduce their resistance. All cracks must be

located and repaired by one of the following
technique:

* Pressure injection into medium cracks
= Filling concrete into wide cracks

= Repairing wide cracks by grouting and
steel mesh

RETROFITTING MATERIALS ...contd

STRUCTURAL OVERLAY / ADHERED FABRIC
+ Fiber Reinforced Plastic (FRP)
« High strength to weight ratio
» High stiffness to weight ratio
* High corrosion and fatigue resistance
++ fabric sheet materials
« Carbon Fiber Reinforced Plastic (CFRP)
« Glass Fiber Reinforced Polymer (GFRP)

FRP: Strengthening FRP bars being used in a
Beam and Columns bridge deck

RESTORATION OF MASONRY WALLS
Repair of Minor and Medium Cracks (0.50-5 mm)

Pressure injection of non-shrink grout

EPOXY GROUT

= Applicable to :
beams, columns,
walls and RCC
floor units

= prior to injection of 1 Plaste: removed
ﬁ:::g’ngn:? ::e el 2 Cracks sealed after cleaning
3 Grout points
bar and is rout poin
necessary cement polymer grout
for brick walls
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Pressure injection for cracks (0.50 - 5 mm)
continued ...
Plastic / Aluminium Grout ports placed on both sides of
cracks and secured in place with 1:3 cement mortar
C/C of ports = thickness of the element to be repaired
Low viscosity grout injected into one port at a time

Smaller the crack higher is the pressure or the ports more
closely spaced

Injection begins at the lowest part of vertical crack, or at
one end of horizontal crack.

The resin is injected till it flows from the opposite sides or
from the next higher port.

Port is closed and equipment moved to the next port.

RESTORATION OF MASONRY WALLS

Repair of cracks wider than 5 mm
and Crushed Concrete

[ 1 i y
(- -
4 L1 J;“:' T I i L -“—“ 4 V groove joints
E A B S, — 5 Cement mortar &
I

I i I - flat stone chips

= Remove loose material & fill quick setting
expansive cement mortar & flat stone chips

= Add shear / flexural bars if necessary & covered
by mortar

= Replace the member or portion of member, if
very severe damage

Pressure injection for cracks (0.50 - 5 mm)
continued ...

Grout Ports Grouting Machine

REPAIRING WIDE CRACKS (> 5mm)
BY GROUTING AND STEEL MESH

Repairing walls and floors

i | 7 2 Cracks sealed
;Ar'.&/a after cleaning
— - Sl 3 Grout ports
H I 6 Wire mesh on
AT both surface
1 7 Clamps
=i 8 Wire mesh on
H 5 back face
i 9 Cement plaster
h’; 10 Crack in wall

* Provide steel mesh on the outside surface
and nail to the wall / roof slab
= Cover with plaster or micro-concrete
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REPAIRING WIDE CRACKS
BY GROUTING AND STEEL MESH

Repairing walls and floors

Replace the old portion of steel with new
steel using butt welding or lap welding.

Add stirrup ties in the damaged portion

If additional steel needs anchoring into
existing concrete:-

o A hole larger than the bar is drilled.

o The hole is filled with epoxy, expanding
cement or other high strength grouting
material.

o The bar is pushed into place and held
there until the grout has set.

BUILDING CATEGORIES

DAMAGEABILITY GRADES AND RETROFITTING ACTIONS

Dg:::ge suggested actions regarding retrofitting
G1 Retrofitting not needed
Retrofitting not needed,
G2 Perform restoration.

Stabilize unstable non-structural elements

G3 |a) Restore & Retrofit Structural and non-structural

or

elements

G4 b)Evaluate global and local element deficiencies.
Design the retrofitting suitably

GS

Actions similar to G4

OR,

Replace the existing damaged building with
a new earthquake resistant building

Provision in IS 4326 & Actions for Retrofitting of walls

{15 13935 Clause 8.1)

Building Use

Building Category in
Seismic Zone

sl| Iltem of

Requirement as per IS 4326

Action for Retrofitting,

I 1] v Vv

Ordinary (I = 1.0) B C D

Important (1=15) | C D E E

Masonry for if Code Requirement
Building category not Found Satisfied
AEIE:S E
i) |Mortar CLS CLS Change of mortar not
1:2:9 1:1:6 feasible. Hollowness
to be filled by
or or grouting;
CS1:6 CS1:4 Walls strengthened by

ferro-cement plating /
fibre-wrapping
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IS 4326 & Actions for Retrofitting of walls cont...
sl | Iltem of Masonry | Requirement as per IS 4326 for | Action for Retrofitting,
Building category if Code is not Satisfied
B c D
ii) |Door, Window
opeinings: Increase piers by build-
1) bs minimum 0.0 | 230 | 450 450 mm  |up or reinforce with
(by+b+.b3)/1, mm | mm belt
Max:
a) one storey 06 | 055 | 05 0.5 Attain the limit by
b) two storey 0.50| 0.46 | 0.42 0.42 closing / narrowing an
c) three storey |0.42| 0.37 | 0.33 0.33 opening or reinforce
d) four storey 0.42| 0.37 | 0.33 |4 storey not|the opening by seismic
allowed in |belting
Zone V

IS 4326 & Actions for Retrofitting of walls cont...
sl. Item of B C D E Action for
Masonry Retrofitting, if Code
is not Satisfied

2) b4 340 mm |450 mm 560 mm 560 mm |Increase by build-up
minimum or reinforce with belt

iii) | Length of wall - Maximum length = 35 times If length more,
between thickness or 8 m whichever less |provide pilaster or
cross walls buttress

iv) |Height of wall - Maximum = 15 times thickness or 4|If height more, add
from floor to m whichever less pilaster to increase
ceiling effective thickness

v) |Random — ‘Through’ or Header stones, 1 eachin 0.72m? |Install RC Headers in
Rubble walls |surface area of wall holes made by

Long stones at corners of walls, in every
alternate course

removing stone

IS 4326 & Actions for Retrofitting of walls cont...
ol \ | \ 1
I ! ] 4 2
[ b3 P .
o it i
i i :
b b, M3 b 1 b b !
e e e R e W O
. g iy, i 3 [
t 2 ("212 =l ha| 2| |
R 4 l} i ]
I
~{b b I ! . 3
-4F{h~— ' "l.-“i-— 1 ‘b4|—"'¥h'-"[""
| 1 |
1 1l L
-'k" T 777 77 TEETT !:55
1. Door 3. Ventiilator 2. Window 4, Cross wall

IS 4326 & Actions for Retrofitting of walls

cont...

sl. | Item of Masonry

G

D

Action for Retrofitting,
if Code is not Satisfied

i

Horizontal
seismic Bands:
a) Plinthlevel

Needed if soft (Type I} soil at base

Provide seismic belt, if
plinth height > 90cm

b) Door Needed in all cases with varying reinforcement & Provide seismic belt of
window thickness specified in each case equivalent strength on
lintel level both sides of walls

¢} Ceiling or Needed in sloping roofs or floors or roofs of prefab, -do-
eave level materials

d) Gableor Needed in case of pitched roofs -do-
ridge wall

e} Windowsill | Not required [ Not Requiredin |Requiredin | -do-
level or required 384 all
dowels storeyed buildings

buildings
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IS 4326 & Actions for Retrofitting of walls cont...
sl Item of B c D E Action for
Masonry Retrofitting, if
Code is not
Satisfied
vii) |Vertical bar|Needed |Needed |Needed |Needed in |Install equivalent
at each inonly4 |in3&4 [inall all bars or vertical
corner and |storey storey |building |buildings, |belts at corners
T-junction |building |building |s (4 storeys |and T-junctions
of wal s not
permitted)
Viii) |Vertical bar|Not -do- -do- -do- Install equivalent

at jambs of |needed
windows
and doors

seismic belts
around the
opening

IS 4326 & Actions for Retrofitting of roofs and floors

sl |ltem of Roof/Floor

B C D E

Action for
Retrofitting, if Code
Requirement not
Found Satisfied

i) |Roof/floor with
prefabricated/pre-
cast elements

Tie beam all|All round tie
round beam and RC
screed

Provide RC screed”
and seismic belt or
band around

ii) |Roof/floor with

wooden joists,
various covering
elements (brick,
reeds, etc.) and
earth fill

- | All round seismic band
and integration of units
as a rigid horizontal
diaphragm

Provide seismic belt
around, interconnect
beam ends through
blocking

Improvements Against Global Deficiencies

Actions for Retrofitting of roofs and floors cont...
sl Item of B c D E Action for Retrofitting, if
Roof/Floor Code Reguirement not
Found Satisfied
iii) |Sloping roofs with| - |i) Horizontal x-bracing at level|Install the x-bracings,

sheet or tile of ties of the trusses anchor trusses into walls
ii) X-bracing in the planes of the|and rafters into sei
rafters and purlins belt Eave.
iv} [Jack arch - |Connect the steel joist by|install steel flats as ties
roof/floor horizontal ties at intervals to|by welding them to the

prevent spreading and cracking
of the arches. Provide seismic
band all around.

steel joists and provide
seismic belt

1RC screed — RC screed consists of minimum 40 mm concrete reinforce with 6 mm
dia bars @ 150 mm ¢/c both ways (single layer), covering the whole roof/floor.

(Clause 8.1)
sl Item B c D E Retrofitting Action
if Code Provision
not Satisfied
i) |Sloping Preferably, use full Covert rafters into
raftered trusses A-frames or full
roofs trusses to reduce

thrust on walls

ii) |Unsymmetric

Symmetrical plans are

Inserting new walls

rwalls not
connected at
corners and
T-junctions

al plans suggested to reduce
dissymmetry
iii) |Perpendicula Perpendicular walls Stitch the

should be integrally
constructed

perpendicular walls
using tie rods in
drilled holes and
grouted, or, with
seismic belts
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STRENGTHENING OF EXISTING WALLS

@ Walls of masonry buildings are most vulnerable during
earthquake. Failure of walls are the main reason for
collapse of masonry buildings.

@ To improve lateral strength of buildings, increase the
strength and stiffness of individual cracked or un-
cracked walls.

@ Methods are :
= Grouting,
= Adding wire mesh and mortar
= CFRP sheet overlays
= Confining with RC / steel elements
= Add bars into walls by center core method
= Shotcrete

GROUTING THE EXISTING WALLS  continued

SECTION A A

1 Brick or Brick wall, 2 Injection Hole 3 Grout Mixture

STRENGTHENING OF EXISTING WALLS
By GROUTING

* Holes @ 2-4 per sqm are drilled in the wall.
= Water is injected in order to wash the hole and to improve

the cohesion between the grouting mixture and the wall.

* Cement water mixture (1 : 1) is grouted at low pressure

(0.1 to 0.25 MPa) in the holes starting from the lower holes
and going up.

* Polymeric mortars may be used in stead of cement water

mixture for grouting.

* Pressure need for grouting can be obtained by gravity flow

from super-elevated containers.

Grouting can not be relied to improve
connection between orthogonal walls.

STRENGTHENING OF EXISTING WALLS
with WIRE MESH and MORTAR

Multiple cracks appearing on both sides on the wall
or weak wall regions

o Provide 50 mm x 50 mm galvanized steel wire

fabric on both sides of wall.

o Cover the fabric with 20 - 40 mm thick layer of

cement mortar or micro concrete

o Connect the both fabric on either side of the wall

by galvanized steel rods at 300 to 400 mm c/c
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STRENGTHENING with WIRE MESH and MORTAR STRENGTHENING WALLS BY

continued.. CFRP SHEET OVERLAYS
1 50 x 50 mm Welded wire mesh

2 Mortar or micro-concrete > /

3 Concrete roof band CFRP Sheet / — Masonry
4 Cross ties @ 300-400 mm clc

5 Corner bar dia 8 mm / d

“ 3 Steel Plate

Epoxy

%

I‘concrete slab

Bolts

STRENGTHENING WALLS BY STRENGTHENING WALLS BY
CONFINING WITH RC ELEMENTS CONFINING WITH STEEL SECTION
2 Existing R/C tied beam z o A AA .
£l A+ 2 T
(3] :E = - -
[ - 5 E '
™ : Q b 50 N
G o : ! bored hole
% o i { C I
: a 2 S & —
H o ] ¢ JB
2 - E steel profiles
b @ ~
¥ L 7 '—'-1 <2 E v
z
-

LAY

2 3 " u ~ steel tie
l'-.
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REINFORCEMENTS

ADD BARS INTO
- WALLS BY
21 ROOF
' CENTER CORE
l'l.:l:l I JI l: |':'|'::I:FREINFORCEMENT
o IN GROUTED
<O oo GORES
CEror e oo CONFINED
e INFILL
1l 1 —} CONCRETE
50" FOOTING
CORE SPACING
WALL ELEVATION
e T R
STEEL REINFORCEMENT CROUTED CORE

WALL SECTION

STRENGTHENING OF EXISTING STONE WALLS
Connection between existing thick walls

Stone buildings of historic
importance, having wall
masonry in good mortar

Sewing Transverse Walls with
Inclined Bars

= Drilling inclined holes

= |nserting steel rods and

= Injecting cement grout

1 Transverse wall

2 Longitudinal wall

3 Holes drilled through the
junction of the two walls

-

l.a— RCC

17T DOWEL IN
OV?:SAYS L N S — —DRILLED HOLE
— EPOXY
TO MASONRY P00 11 GRIOUTED
WALLS — 71T -MASONRY
(shotcrete) - —— WALL

MASONRY ARCHES
_— arch ﬁ‘ﬂr (=)

qd €S Iil/ I
(bearing) J\
B e g g™ : | s
(=) o= fEazo

o FErE 1 9wk (Flat) 4 B8
(M) s¥aTa @ A (ties) STET HEVE HT Hed | dEre

> feiest (avas) .. stoel
— beam 2
4 ”f‘_!?‘
I I bt = ___il -
I arch BT
s -y
‘—arch 2 _\\masonr;r e
{ﬁ} ﬁ%"ﬂ? v SgTd HeT %E iR

{1 #E¥E (Masonry Arches) & HOTgT R0
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REINFORCING AROUND OPENING
Restoring strength of wall piers in masonry building

m In category D and E buildings,
Use |
* Mesh of gauge 10 with 8
wires @ 25 mm c/c in
longitudinal direction, and 1
* belt width 200mm | 1 b

® In category C buildings,Use | |

mﬁﬂaﬁt{%{ﬁiwa—c{m

H

* Mesh of gauge 13 with10 | =~ T
wires @ 25 mm cl/c in
longitudinal direction, and
= belt width 250 mm

ACHIEVING INTEGRAL BOX ACTION

The overall lateral strength and stability of load
bearing wall buildings is improved, if the integral
box like action of room enclosures is ensured.

This can be achieved by
(a) Use of pre-stressing
(b) Providing horizontal belts.

Bending Strength of shear walls is achieved by
providing vertical steel at T and L junction of walls.

ACHIEVING
INTEGRAL BOX ACTION

ACHIEVING INTEGRAL BOX ACTION
USE OF PRE-STRESSING

3 e (and'lor}' e
et g ARt &1 s
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ACHIEVING INTEGRAL BOX ACTION ACHIEVING INTEGRAL BOX ACTION
EXTERNAL BINDING USE OF SEISMIC BELTS

Splint and Bandage Strengthening Technique R w3 R

Provide steel mesh and mortar /
micro-concrete on

* THF ATIATPR B

* g2 FISIE YRAES R U & FUT U AT ed B
THABT T I7 2

o FHRY Bl dAEE vd GISE duT dlar Bt Ju9E va Alers
31k $e vd HATAT i wlRT IS 4326 B WEHET B AR
T 1

* 1S 4326 & WEY] & FTAR AfdS Rt §5 & q9r
& aur dar ¥ wia @ ve W T F ™

» Outside surface of external walls

# Vertical splints located between the
openings

» Horizontal ‘bandages’ formed over
spandrel walls

» Splints | Bandages made
maintaining continuous steel at the
corners

» WIRE MESH WITH WIDTH > 400 MM

qepufter ugl el T 87

Tt Rl 97, JmA-aE Al Jasl T
* gifersT yardtr ugt

Vet TR w®

v et @ Iu®
* SefeR (@3T) qepedter ugt

V&t @ @t et el w
* TATT B gret ¥a1 ¥ sffafRad ugt

v aedt TR w®

v BRI e 1R
Hu ¥, dlar THt S U B8 WS HAT B

ware dforer sewd. va aret waa § g@edg g2

141



IEN & WY

P T4 (collar tie)

yeaftar ggt s S ?
yeedter afgar o,
teT dR B STTeit sTerd B
AR BT STt STAT A YA Pl AR B2
v T gen
v i B8 I
v Ul ©eT &
el dIR i SATAT Ache
3 B @eer ded, Yhita ugt g

MESH REINFORCEMENT IN HORIZONTAL SEISMIC BELTS

Length
of Wal | Category B Category C Category D Category E

M Gauge | N[ H |Gauge| N | H | Gauge | N H | Gauge | N H

<5.0 G14 | 9 |250| G13 |9 |250| G12 | 9 | 250 | G10 | 10 | 280

6.0 H13 | 9 |250| G12 | 9 |250| G10 |10 | 280 | G10 | 14 | 380

7.0 G12 | 9 (250 G10 [10|280| G10 |14 | 380 | G10 | 18 | 460

8.0 G10 | 9 (250 G10 |14|380| G10 |18 | 460 | G10 | 23 | 580

NOTES:

1. Guages : g 10 =325 mm, g 11 =295 mm, g 12 =264 mm, g 13 =234 m, g 14 =
2.03 mm.

2. N = Number of longitudinal wires in the belt at spacing of 26 mm.

3. H=Height of belt on wall in micro-concrete, in mm,

4. The transverse wires in the mesh could be spaced upto 150 mm.

5. The mesh should be galvanized to save from corrosion.
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VERTICAL BAR OR MESH REINFORCEMENT
IN VERTICAL BELT AT CORNERS OF ROOMS

No. of | Storeys Category C Category D Category E
Storeys Single | Mesh | Single| Mesh | Single | Mesh
Bar (g 10) Bar (g 10) Bar (g 10)
Mm N| B mm N B mm N B
One One - - 10 |10 300 12 14 | 400
Two Top - - 10 |10] 300 12 14 | 400
Bottom - - | - 12 |14 400 16 - -
Three Top 10 |10|300| 10 |10] 300 12 14 | 400
Middle 10 |10[300| 12 |[14| 400 16 25 | 650
Bottom 12 |14 400| 12 |14/ 400 16 25 | 650
NOTES:

1. Galvanized wire mesh, Guage10=3.25 mm dia, spacing 25

mm.

2. N = Number of longitudinal wires in the mesh.
3. B = Width of the micro concrete belt

4. Transverse wires: spacing 150 mm.

VERTICAL
SEISMIC BELTS
AT CORNER
& JUNCTIONS
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Vertical Bar at
Inside Corner
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MODIFICATION OF ROOFS OR FLOORS

= Replace Brittle roofing tiles by GCI f sheeting.

= Substitute false ceilings by non-brittle material, like
hessian cloth, bamboo matting or light foam
substances.

= Brace the roof truss frames diagonally by welding
or clamping in both vertical & horizontal planes.

= |Improve the anchors of roof trusses to supporting
walls.

= Use collar ties for inclined rafters supported over
walls.
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ROOF MODIFICATION

A \3 7

COLLARTIETO
REDUCE THRUST
OF WALLS

Existing rafters
Existing outer wall
Existing inner wall
. Existing floor beam
. New planks 200 x 40
mm nailed at ends
. New planks 200 x 40
mm nailed at ends to
take rafter thrust
7. U-Steel anchor clamp
50x3mm oR bolted to existing wall
at 3 to 4 m apart
8. Nails

s wNo

2]

SECTION AA

SEISMIC STRENGTHENING TECHNIQUES
Modification of Roofs or Floors
Integration of roof / floor carrying brick tiles.
over Wooden beams

Hrogat e s dn
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NEW
BRACING
FOR
INCLINED
ROOF
RAFTERS

=

1. Existing floor

2. Existing gable wall

= 3. Steel strips bolted to
new rafters ties (5) and
wall (2)

¢ 4. New planks, diagonal

7 bracing

= = ==—5 5. New planks ties

6. Roof covering

7. Existing roof rafters

ROOF

7 2

SEISMIC STRENGTHENING TECHNIQUES

Modification of Roofs or Floors
Integration of roof carrying brick tiles, over Steel beams
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SEISMIC < ‘ SEISMIC STRENGTHENING TECHNIQUES
STRENGTHENING [ ;
TECHNIQUES ‘ ‘ 1 W Inserting New Walls

L7 s = Masonry walls are inserted to separate the parts of

a8 Tor

b R I |
O T s R ) buildings to achieve individual symmetric units.
Roofs or Floors i

B —— = Walls may be inserted either internally as shear walls or
Intearation of roof externally as buttresses.
ntegration of roo! c g - e g i i
carwging brick tlas. e o e ey = Cross wall are Inserted to provide transverse supports to
Over prefabricated longitudinal walls.
RC units g dare o M wE 160 A W gh e . ] .
I"il' | ‘ | [T [ 11 ; Connection of new walls with old walls:
: [, L l ]' b - . = Link to the old walls by means of a number of keys made
A i it i Tk in the old walls. Steel is inserted in them and concrete is
- ‘ | ] filled.
e | 1 ! A1) = 1 2 . .
i~ 'L! } Hy __{ [ = = Or, connect with a number of steel bars inserted in small
A i i o] length into drilled holes filled with fresh cement-grout.
o drave @ oA gend o aresre P-"; sfrapmy
wffe W draw A ameafoe. o
weEr A wemn W W v o Ty ol e
I 7 e dram Imﬂ,,‘“ res r‘,” e — e
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Connection of new " f Connection of new el e WY Tw o0 [ o
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STRENGTHENING OF LONG WALLS

BY BUTTRESS

g Hropar g€ ‘g g /‘Df_f:

= 5
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- §m Girars e

a 4

| AT —==rmy

§ 4 3 (buttress =T
|:1.:§ '|I & T pilaster)
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STRENGTHENING OF PARAPETS

Parapet anchor

Parapet bracing 1
]

L

< Roof diaphragm . . { 1

Ay

Roof anchor

THANK YOU
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Masonry Building(s: S)eismic Retrofitting
POINTS FOR CONSIDERATION AND DISCUSSION

Differentiate between Non Engineered Buildings and Engineered Buildings.
When should we adopt retrofitting of a damaged building in liew of its reconstruction?
Differentiate between Repair, Restoration and Seismic Retrofitting.
Enlist the materials available for retrofitting.
What is the difference between micro concrete and polymer concrete?
How will a chemical anchor is fixed into a RCC member?
What are the benefits using Fiber Reinforced Plastics in seismic retrofitting?
Explain the processes of repairing cracks< 5§ mm and cracks> 5 mm in masonry walls.
Explain the process of repairing RCC roof slab..
How can you convert an unsymmetrical plan into a symmetrical plan?
How can you strengthen the existing walls of a masonry building?
How will you strengthen a masonry arch and wall around a wide window opening?
How will you achieve box action of a masonry building?
Explain the procedure of providing seismic belts over the masonry walls.
How will you integrate seismic belts and vertical bars with the existing walls?
Explain the process to strengthen a brick pillars with RCC jacketing.
How to integrate a flat roof with walls, carrying brick tiles over wooden beams?
How to add a new wall to an existing masonry building?
How to add a butress to an existing long wall?
How to connect a masonry parapet with roof?
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RC Buildings: Failures

& Recommendations
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. / RC frame building

P
I
.

A typical RC
frame building

e\ N

B v
I

AN

=ed
i with masonry
'I %,‘ infills and its
/ m Components
I (source: CV.R.
Murty).

1. Non-adherence to BIS Codes

= Ignorance of the Architects and Structural
Engineers about

o The Contents of the relevant earthquake
resistant Building Codes.

o The earthquake shaking of the building in all
three directions; longitudinal, transverse and
vertical (not accounted for in design)

o The foundation soil, which plays critical role
in amplifying the ground motion (not properly
explored, nor considered in design).
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Recommendation:-

LM

Architect’'s and Structural engineer’s design office
should have the current copies of these standards
available in their offices and all their staff should fully
familiarize with contents of these codes:-

.1S: 456 - 2000 “Code of Practice for Plain and Reinforced

Concrete”

. 1S: 875 Part 1 “Unit weights of materials”.
.1S: 875-1987 Design loads ( other than earthquake) for

buildings and structures, Part 2 Imposed Loads

.1S: 875-1987 Design loads ( other than earthquake) for

buildings and structures, Part 3 Wind Loads

2. Softness of Base Soil:

Basic principles for the seismic design of buildings

Assess the potential for soil liquefaction!

Recommendation:- Cont. 2

5.18: 1904-1987 “Code of Practice for Structural Safety of :
Foundation”

6. IS: 1905-1987, Code of Practice for Structural Safety of
Buildings: Masonry

7. 18:1893(Part-1)-2002 "Criteria for Earthquake Resistant
Design of Structures (Fifth Revision)”.

8. 18:13920-1993, "Ductile Detailing of Reinforced
Concrete Structures subjected to Seismic Forces -
Code of Practice"

9. 1S: 4326-1993, "Earthquake Resistant Design and
Construction of Buildings - Code of Practice (Second
Revision)*

10. IS-NBC-2005: National Building Code of India.

2. Softness of Base Soil: cont...

The soft soil on which most buildings in
Ahmedabad were founded would have affected the
response of the buildings in the following ways:

(i) Amplification of the ground motion at the base of
the building;

(ii) Absence of foundation raft or piles;

(iii) Relative displacement between the individual
column foundations vertically and laterally, in the
absence of the plinth beams

(iv) Resonance or, semi-resonance of the whole
building with the long period ground waves.
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2. Softness of Base Soil:
Damages due to soil liquefaction
and differential settlement

cont...

TILTING

ONLY MINOR CRACKS IN THE WALLS,
BUT SETTLED DOWN BY ABOUT 70MM.

The building sank
evenly about 1 m
due to soil
liquefaction. The
displaced soil

caused a bulge in

the road.

The inclined building sank unevenly and leans
against a neighboring building
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The solid building tilted as a rigid body and the
raft foundation rises above the ground.

3. Soft-Ground Storey:

Open ground storey (stilt floor) used in most severely
damaged or, collapsed R.C. buildings, introduced
‘severe irregularity of sudden change of stiffness’
between the ground storey and upper storey since
they had infilled brick walls which increase the lateral
stiffness of the frame by a factor of three to four
times.

Such a building is called a building with ‘soft’ ground
storey, in which the dynamic ductility demand during
the probable earthquake gets concentrated in the soft
storey and the upper storey tend to remain elastic.

Recommendation:-

Soil exploration at the buildings site must be carried out at
sufficient points and to sufficient depth so as to give the
following data:

Soil classification in various layers and the properties
like grain size distribution, field density, angle of internal
fritting and cohesion a plastic and liquid limits and
coefficient of consolidation of cohesive soils.

. Position of water table just before and just after

monsoon.

lll. SPT values and CPT values.
IV. The output results should include liquefaction potential,

Often the columns are damaged by the cyclic displacements
between the moving soil and the upper part of the building

safe bearing capacity and the type of foundation to be
adopted such as raft, raft on piles, piles, interconnected
individual footings.

AVOID SOFT STOREY GROUND FLOORS

Basic principles for the seismic design of buildings
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Sway mechanisms with soft storey
ground floors (lzmit, Turkey 1999)

SOFT STOREY (OPEN PLINTH), VERTICAL
SPLIT BETWEEN TWO BLOCKS (BHUJ)

Soft first storey
collapsed upper
part of the
building fall onto
the ground

(Kachchh, 2001)

Recommendation:-

In view of the functional requirements of parking space
under the buildings, more and more tall buildings are
being constructed with stilts. To safeguard the soft first
storey from damage and collapse, clause

I1S: 1893-2002 (Part 1) Cl, 7.10 provides two alternative
design approaches

. The dynamic analysis of the building is to be carried
out which should include the strength and stiffness
effects of infills as well as the inelastic deformations
under the design earthquake force disregarding the
Reduction Factor R.
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Recommendation:- cont, 2

The building is analysed as a bare frame
neglecting the effect of infills and, the dynamic
forces so determined in columns and beams of
the soft (stilt) storey are to be designed for 2.5
times the storey shears and moments: OR the
shear walls are introduced in the stilt storey in
both directions of the building which should be
designed for 1.5 times the calculated storey shear
forces.

Intermediate Soft Storey

REMEDIAL MEASURES FOR SOFT STOREY

Bracings in the columns of
open ground storey

Largest size stilt
columns

Providing

R.C. Shear Wall Providing Brick infills

between columns

Some times a soft storey is
created some where at mid-
height of the multi-storey
building, for using the space
as restaurant or gathering
purposes. For such a case
also, the storey columns
should be designed for the
higher forces OR a few shear
walls introduced to make up
for the reduced stiffness of
the storey.

COLLAPSE OF ,
SOFT MIDDLE i v 13 | o

STOREY INA i B i B
BUILDING AT e B e i

BHUJ i
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4. Bad Structural System: IRREGULAR STRUCTURE OR FRAMING SYSTEMS

The structural system A. Buildings with Irregular Configuration
adopted using floating T
columns, for reasons of X
higher FSl is very Cb \ \v@ .
undesirable in earthquake N N e
zones of moderate to high T-Fe P Sl
intensity as in Zone lll, IV & \
V since it will induce large i
vertical earthquake forces
even under horizontal
earthquake ground B /) s v . >
motions due to Dverturning Fig.:-Floating columns
effects. Fc= Floating Columns
Chb= Cantilever Beams tback Multiple towers Split levels Unusually high Unusually
story low story

B. Buildings with Abrupt Changes in Lateral resistance

Recommendation:-

The structural engineer should provide for the
load path in the building from roof to the

Soft lower floors Large openings Interruption foundation.
in shear walls S e

A building with floating columns requires
transfer of the floating column loads to
horizontal cantilever beams through shear
forces. The load path, therefore, is not vertical
but changes from vertical to horizontal
members before reaching the foundation.

Interruption of

<! QOpenings in
columns p 9

: diaphragms
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5. Heavy Water Tanks on the Roof:

Heavy water tanks add large lateral inertia
forces on the building frames due to the so
called ‘whipping’ effect under seismic
vibrations, but remain unaccounted for in
the design.

Damage to overhead tanks (Bhuj)

= gy VI IR
-llulll."'-
- RERICTRIL
1 _IIETIL |

5 storey R.C., collapse of open plinth,
water tank at top dislocated (Bhuj)

Recommendation:-

All projected systems above the roof top behave like
secondary elements subjected to roof level horizontal
earthquake motions which act as base motions to such
projecting systems.

To account for such heavy earthquake forces, 1S:1893-
2002 (Part 1) clause 7.12 provides that their support
system should be designed for five times the design
horizontal seismic co-efficient Ah specified in clause
6.4.2.

Similarly any horizontal projections as the balconies or
the cantilevers supporting floating columns, the
cantilevers need to be designed for five times the design
vertical co-efficient as specified in clause 6.4.5 of IS:
1893-2002 (Part 1)
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DESIGN FOR LATERAL

6. Lack of Earthquake Resistant Design: FORCES
The structural designers ignored the seismic forces The design lateral forces
in design as specified in IS: 1893, which was in specified in the standard
existence from 1962, revised in 1970, 1976 and 1984. {IS:1§393 [P'art 1)} shall be
The applicable seismic zoning in Gujarat had considered in each of th'e g
y 5 : R orthogonal horizontal
remained the same as adopted in 1970 version. It is directions of the stvickire
the same even in 2002 version of IS: 1893 (Part I). T
Recommendation: weaw bbb b amone T T T
All buildings must be designed for earthquake > e o I
forces as per I1S: 1893, 4326 and 13920.
o Il ] ' ¥ 1 8 i 3 L8
Minimum ' '
column size
300 mm

7. Improper Dimensioning of
Beams & Columns:

= Dimension of beams and columns was
inadequate in terms of provisions in IS: 13920-
1993.

* Reinforcements at Beam-Column joints were not
installed properly in terms of provisions in [S:
456 and IS: 13920.

All the upper floors weak in long direction (Izmit,
Turkey 1999)
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Recommendation:

Column width must be greater than beam width.
Small dimension columns like 200 or 230 mm need
not be used.

Space for proper concreting should be ensured
while sizing columns in design.

Longitudinal beam bars should pass through
Vertical column bars.

Longitudinal beam bars needs to be anchored into
end column.

Local kinking of the reinforcing bars must be
avoided.

Insufficient lap length in R.C. columns,
upper columns simply pulled out

8. Improper Detailing of Reinforcement:

The stirrups detailing in the columns was not in
conformity to satisfy lateral shear requirements
in the concrete at the joint as required under IS
4326- 1976 and IS: 13920-1993.

The shape and spacing of stirrups seen in
collapsed and severely damaged columns with
buckled reinforcement was indicative of non-
conformity even with the basic R.C. Code IS: 456-
1978.

Widely spaced hoops
with 90° (instead of
135°) hooks.

Without the
unfavorable effect of
the infill walls it could
however have behaved
much better.

(Izmit, Turkey 1999)
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Recommendation:

Detailing of reinforcement in beams, columns, beam-
column joints as well as shear walls have to be
carefully understood and adopted in design as per
15:13920.

To ensure flexural hinge formation before shear
failure, beams must be over-design in shear.

The highly compressed concrete in columns must be
confined by use of properly shaped shear stirrups
with 135 degree hooks.

strong-column, weak-beam system design should be
adopted as far as practical.

10. Short Column Detailing

When a column is surrounded by walls on both
sides; such as up to the window sills and then in
the spandrel portion above the windows; but, it
remains exposed in the height of the windows.

Such a column behaves as a short column under
lateral earthquake loading, where the shear
stresses become much higher than normal
length columns, and fail in shear.

Recommendation:

Full ductility details as specified in IS: 13920
permit the use of the High Reduction Factor R=5
which would make the design economical.

But, if such ductility details are not adopted, the
Reduction Factor is permitted as only 3.0, which
means that the design force will become 1.67 times
the case when full ductile detailing is adopted
which may indeed turnout to be more expensive
and at the same time brittle and relatively unsafe.

Short Column behavior
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Recommendation:
To safe guard against
short column brittle
shear failure, special
confining stirrups needs
be provided throughout
the height of the column
at short spacing as
required near the ends
of the columns.

¥

BEAM

Special confining
reinforcement

—— Column above Wall —=

BEAM

L LT T T ]

EilnnnnEEnnnnne;

Front columns failed after twisting due to
continuous wall at the right & rear back. (Kobe,
Japan 1995)

11. Torsional Failures
Torsional failures are seen to occur where the
symmetry is not planned in the location of the lateral
structural elements.

Example : providing
the lift cores at one
end / corner of the
building; or, un-
symmetrically
planned buildings in
L shape at the street
corners.

Recommendation:

= Buildings should be planned preferably
symmetrical in space & shape, it may
be split by providing separation Joints,
if needed.

» Eccentricity of the centre of mass and
centre of stiffness should be dealt with
1S:1893, by taking torsion into account.
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12 Pounding Damage of Adjacent Building

fRftrr o S9d g ar afsel @t - Sad e o
Unsymmetrical 9 /et & faheadt W& o & SkE
AT Ut agiar # sled & 3R s Frepeadt wa
I e AR &Y, afeud o &4 &, I8l ao 6 &g g8 1|

3AUg, 99T B T30 Wsl & I yaia e (1v) sisr
ST IEvae 81 ug N9, S fFeeadt waAt @ nfeefler
yeufta @fast fEger we Pl @ear 81 sw. & =t wa
T & vt & I v X w40 fiefhdler o w=ar smr
Trfar|

Separation Gap Between Adjacent Units
1S1893 P1-Cl. 7.11.3

For Non-similar blocks,

Gap = R1.d1 + R2 d2
Where R1,d1 and R2,d2 are Risk reduction
factors and Storey drifts respectively for
the two adjacent buildings.

For equal similar blocks,
Gap = (R1d1+R2 d2)/2

.

Pounding Damage

PEIRIE Anen

13. Lack of Stability of Infill Walls:

The infill walls not properly attached either to the
column or the top beams for stability against out-of-
plane bending under horizontal earthquake forces.

Wall cracking
and falling
was
widespread.
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Recommendation:

Infill walls have their brittle failure due to the diagonal
compression in the panel or, diagonal tension
cracking; and more important is their lateral stability
under out of plane earthquake force acting on their
own mass.

While conducting the retrofitting studies of buildings,
the 114 mm thick brick infill walls have turned out to be
one of the main issues to handle. Such walls will have
to be contained with in pairs of vertical angles spaced
at1.2 - 1.5 m apart.

Therefore, while designing a new multistoried building,
the stabilization of the infill wall panels should be
properly considered.

Concluding Remarks

Seismic safety of a multistoried RCC building will depend
upon:-

Architectural and Structural configuration

Quality of the Structural design

Reinforcement detailing to achieve stability of elements
and their ductile performance under severe seismic
loading.

Proper quality of construction and stability of the infill
walls are additional safety requirements of the structure
as a whole.

Any weakness left in the structure, whether in design or in
construction will be fully revealed during the maximum
considered earthquake for the seismic zone stipulated in
the code IS: 1893.

14. Poor Construction Quality:
Bad quality of concrete in the columns just below the
floor beams and within the beam column joints.
Good quality of construction will include:-
Good quality water, sand and aggregates
Designed quantity of cement in the mix
Proper mixing of all the ingredients
Control on water cement ratio
Appropriate sampling and testing of materials
Well maintained Results of tests for inspection
Proper placement of steel
Control on the cover to steel
Adequate compaction of concrete by vibrators
Supervision of all RCC operations
Adequate curing
Inspection while striking of the form work.

THANK YOU
FOR YOUR ATTENTION
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RC Buildings: Failure(s a|)1d Recommendations
POINTS FOR CONSIDERATION AND DISCUSSION
What is the difference between a load bearing building and a framed building?
Why the architects and structural Engineers do not follow to the BIS Codes?
Which is the basic BIS code for Earthquake Resistant Design of Structures?
Which BIS code deals with Earthquake Resistant Design of Masonry Buildings?
Which BIS code deals with Ductile Detailing of RC Buildings?
Which BIS code deals with Plain and Reinforced Concrete?
Which BIS code deals with Wind Loads?
What are the problems associated with soft base Soil, during earthquake shaking?
What remedial measures will you suggest for Soft Ground storey?
What do you mean by floating column?
What precautions should we take to construct a Water Tanks on Roof?
How should we orient columns in a RCC frame building?
What do you mean by sufficient beams & columns sizes?
What type of failure may occure, if links in a RCC column is widely spaced?
How seismic force is reduced, if we select ductile detailing as per IS 13920?
What is short column in the context of seismic shaking of a RC building?
What problem may arise during earthquake shaking, if shear walls are eccentrically placed?
How much seismic gap should be provided, between adjacent buildings?
How can you improve lateral stability of Infill walls in RC buildings?
At what location in a RCC Building, concrete quality is generally poor?
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Ductile Details of RC Members
(1S:13920)
& Other essential Details

90 min

Ductility of a structure, or its members,
is the capacity to undergo large inelastic deformations

without significant loss of strength or stiffness
(often withstanding many cycles without fracture / collapse).

w i
8 Ductile =
@ Material Elongation
S g is large
d O >

Elongation of Bar

RC - multi-storey buildings

IS 456 - 2000 : General RCC
IS 1893 - 2002 : EQ Resistant Design
IS 13920 - 1993 : DUCTILE DETAILS

DUCTILITY

Actual forces that appear on structures during
earthquakes are much greater than the design
forces specified in 1S:1893 P1.

The gap between the actual forces and the
Design forces is to be filled up by the provisions
of Ductile detailing as per 1S:13920.

IS: 13920 shall be adopted for all RCC Structures
located in Zone lll, IV & V.

Ductility is Key to earthquake resistance
avoiding collapse.
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Ductility Failure of Columns in

Multistoreyed Buildings

».
i g

LACK

TIES

IS 13920 : 1993
PROVISIONS FOR DUCTILITY
» Sufficient sizes of members
» Lapping of bars, Curtailments
» Closely spaced Special confining ties in columns
» Requirement of hooks in stirrups and ties
» Confined Beam-column junctions
# Reinforcement details at joints
» Shear strength larger than flexural strengths
# Shear capacity of beam & column at joints
# Plastic hinges may form in beams, not in columns
« Under-reinforced beam design
« Proper anchorage of beam/column Reinforcement
= Treatment of Non-structural elements
+ Specific attention on Reinforcement congestion,
Construction sequence, Floor Depressions, Cutouts

HOW DUCTILITY ACHIEVED IN BUILDINGS

# Planning: Symmetry, Separation Joints, Avoid Soft Stories/
Short columns/ Eccentric framing/ Weak column/ Non-
uniformity in Mass / stiffness

» Analysis & Design: Load reversals / Avoid shear failure of
members/ Beam-Column junctions / Richer concrete mix

» Detailing: Communication of good seismic design from
Designer to construction Engineer through Clear and Well
Detailed Structural Drawings

COLUMN AND BEAM SIZES IN RCC FRAME
sizes in preliminary design

bar dia do _ | D |
I
Column o
| |
A - b |-
b > 300 mm b > 200 mm
ELEVATION. b>0.45D b>0.3D
BEAM - COLUMN FRAMING D> 15 ds D>L/4
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DUCTILE FRAMES

= =

o TR 114

& S
e ’ Z----u-u- - T ———— d::
| s

= il T ameciao < <A

Lateral Ties Provides Confinement to Concrete &
Prevents Premature Buckling of Reinforcement

fd] Confinement by
fronsverse bars

DIMENSION OF HOOK FOR LATERAL TIES
IS 13920 -1993 CI. 6.3.1

Straight Length of HOOK = 6d

N e
"4 # f’}&&

*

. o
%q’o'o,.
%

PLAN : COLUMN
TRANSVERSE REINFORCEMENT

Max. Long. Bars 4%
COLUMNS Lateral Ties as below

- - . 15:456-2000 Cl. 26.5.3.2

L L

B e
De = Bm/ 4 <= 75 mm

. < =48 Py =]
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CLOSED TIES IN COLUMNS
1S 13920 -1993 Cl. 7.3.2
he>300mmm
PROVIDE A GROSETIE

8 d ( »66mm)

MﬁME he'< 300
h SHALL BE LARGER OF he AND Be

Exposed length<300

LINKS

]

- h1 == h1 == h1 =—

]
COMPUTATION OF g
SPECIAL CONFINING = /// :
B i

b =300 mm, D =750 mm, Ag = 225,000 sgqmm

8 nos 25 mm main bar and 8 mm links of Fy 500 mpa
Ak = 236 x 686 = 161,896 sqmm, conc M25, S=75 mm
h = max of 236 or 686/3 = 236 mm

Cross section area of Links,
Ash =0.18 x 75 x 236 x 25 (225 / 162 — 1.0) / 500
= 61.95 sqmm > 50 sqmm, Hence Revise

COMPUTATION OF SPECIAL CONFINING LINKS
IS 13920 -1993 CI. 7.4.7

Cross section area of Links,

Ash=0.18 S. h. fck. (Ag / Ak—-1.0) / fy
Ag=b x D, Ak=core area (hatched)
h = max 300 mm, provide Cross tie to reduce h

STRONG COLUMN & WEAK BEAM DESIGN

Hinge in column is Hinge in beam is permitted.
not desirable. For every beam column joint
it is ensured that

IM:2 1.4 ZMp
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Vu

dtee &1 brittle shear failure, &9 & plastic moment s v
capacity & Uget &l 8l STU, 3 &q :— (IS 13920- 1.4 Mu_L 1.4 Mu_R
1993 Clause 7.3.4) T
T&® Hoter U2, ucie Siig uT, qiq afas fRemsn #, 2+ ( Beam |
=IAdH shear capacity, Vu &T YT 6T ATiev| — -
Y&h S1g U2, Al d¥h & |7 &, IS 456-2000 B ity
MR U2 0T &t =T moment of resistance & 1.4 . P
o . @ Vu
ﬂmiﬁﬂﬁﬁ,ﬂﬁiﬂfﬁaﬂlﬁﬁwaﬁtﬂﬂ?iﬁ oG, 1 AL
T Vu BT 70T Hed B N e T he '
COLUMN SHEAR BASED ON
PLASTIC MOMENT CAPACITY OF BEAM
DEVELOPMENT LENGTH OF STEEL BARS IN TENSION Anchorage of beam bars at an external joint
IS: 456-2000 Cl. 26.2.1
IS 13920 -1993 Cl. 7.4.7
Where < \ ] = 1 i
4 -
- = dia of bar, vl -
Ld=@.0s/ (4'de) os = tensile stress in bar > h %;‘ A
=0.87 x fy Da/: ;I :ﬁ'
T = design bond stress in limit state method 4 i< ‘
bd SR B
for torsteel bars in tension g .l[!]_;ﬁ_i % ]
Grada of M20 M25 mM30 m3s 40and Ba M\ ieg ~ | [N+
concrete above < Ny l". + o
Designbond 197 224 24 272 304 E < - i _ N
stress s h"l a e <
For M20 and Fe 415, Ld = 47 @ <3 4
Anchorage value of bars in tension = 4.d for each 45° bend - |
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DETAILS OF RCC COLUMN

15 13920-1993Cl.7.2,7.3,7.4

spacing = D/4

L=
—t 75 - 100 mm

COLUMN
b =lesser dimension
D = Larger dimension

£

LINKS MINIMUM

= @ b/2cl/c or 300

= Special Confining

. @75-100 mm in
Lo length

H

=Hi4 +—i+Lapping Zone-»—=-Hj4-»

LAPPING LONG. BARS |
= Central half of height &

L

-

spacing = D/4

75 - 100 mm

and 150 mm

spacing = D/2

= spacing = D/4

75 - 100 mm

L

-

= Maxm. 50% bars
to be Lapped
* Ties@ 150 clc

STEPS TO ENSURE 135°
HOOK
WITHIN THE JOINTS

STEP 1

Before binding

p— )
spacing = D/4
8

75 - 100 mm

Y
(=]
—
spacing = D/2
spacing in lap
lesser of D/2
i

Lo is the maxm of

-—'\r—-l D, H/ 6 or 450 mm
D™ Hlere & o=ttt
CROSS-TIE

F\/ﬂ

STEP 2
After binding

Depth of Foundation

SPECIAL CONFINING
TIES WITHIN JOINT

erof) y by
_L—f | & I
’ near joint

1S 13920-1993 Cl. 8 ™

.

il

= I

|_\ 2

within Joint

- r—

IO = (T
| e T —

Ties @100 clc

b

near joint

SECTION THRO COLUMN

Ties @100 c/c

.t

Beam S8 Beam
BEAM — -2 ~
COLUMN l [
JUNCTION ———7 « o’ o ———
PLAN Column
COLUMN =
JUNCTION WITH 1S 13920-1993 Cl. 7.4.2
FOUNDATION Column
7 FGL_ = ; i
L ,]L Tie Beam
W EGL ~—Vertical bars in Column
Special Confining
FOUNDATION il Moo
f = =
L=
73 _Ld o J PCC 1:3:6
L = . " == Local Sand
%' : ~_ Filling
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|1

DISCONTINUOUS
RCC WALL

IS 13920-1993 Cl. 7.4.4

BEAM

Special confining

LT T T

EilnnnnEEnnnnne;

SPECIAL reinforcement
CONEINING TES —~—— Column above Wall —=
IN COLUMNS

BEAM
Ld = development LdI SHEAR
Length of i WALL
Longitudinal bars =

LONGITUDINAL REINFORCEMENTS IN BEAMS
1S 13920-1993 Cl. 6.2.1 to 6.2.

l

7 |
> 0.25x As_Top_Sup — > 0.5 xAs Top_Sup - l

3 LONG SECTION
& | Beam Under reinforced design

Minimum Steel =0.24 (V fck / fy ) bD
l Maximum Steel = 0.025 bD

—b—l
CROSS SECTION

Beam bars through column
IS 13920-1993 Cl. 6.2.5

Column
Beam | ~—n | Beam

PLAN : BEAM COLUMN JOINT

In the internal joint, both face bars of the beam shall
be taken continuously through the column.

Lapping the longitudinal bars
IS 13920-1993 Cl. 6.2.6

« Over the entire length of lap of the longitudinal bars,
the spacing of stirrups < 150 mm

* The lap length > Ld, development length of bar in tension

| Ld i
Maximum o s
50% of bars
to be lapped
at a section - ——_1

STIRRUPS @
150 mm I
Lap splices shall not be provided
* Within a joint
* Within a distance of 2d from the joint face
* Within L/4 from column face
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MAXM. SPACING OF VERTICAL STIRRUPS IN BEAMS
IS 13920-1993 Cl. 6.3.5
|
I L

ja— /] —=
distance l—-—Ld—-1 P48+

Spacing dl'ﬂﬂf.a@"l‘_dﬂ‘—‘l"ﬁumm-l‘:ﬁﬁl'mﬂf.w*

or, 100 mm or, 100 mm

Distance of 1%t stirrup from

column face < 50mm

@ = dia. smallest longitudinal bar
d = Effective depth of beam

HOOR STIRRUPS
SECTION : BEAM

Column 12(0+1) _
A Boam B b

| L Va_ost Vb oL
Mu_as Mu_bh
(" e 1.4 (M Mu_bh|
— — ] s - (Mu_gs + Mu_bh)
) Vua=Vapsw - ——1—
Case 1 : SWAY TO RIGHT 1.4 (M Mu_bh]
Va1 Vb1 Vub = Vb_p+L + w
Mu_ah Mu_bs
_ 1.4 (Mu_ah + Mu_bs)
.\ e — — /_‘j Vua =Va p+ + i
1.4 (Mu_ah + Mu_bs
Case 2 | SWAY TO LEFT Vub = Vb _psL - Ly pb + Mu b} T L
Va2 Vb_z

Rra-as BEAM SHEAR BASED ON PLASTIC MOMENT CAPACITY OF BEAM

Bending ¥ i & plastic g 3 ugat & gehT brittle shear
failure 71 8 51, @8 ffad oA & ford:-

(IS 13920-1993 Clause 6.3.3)

(a)Gravity load @ @ruT €19 & BIX 2 shear &r 1.2 7O &

AR

(b) IS 456 & HER W TUAT & T, €iH D BRI @

moments of resistance & R #iW & BIR W shear &r
1.4 70T &,

g9 gl shear @1 9T ®es g shear capacity & fert, €ig

T TA9eT FHeAT =TiRr|

HRICT HIHed IR &I IYANT | @I stirrup BT T0ET &t ST

TehdT 21

CANTILEVER PROJECTION
IS 1893 p1-2002 Cl. 7.12.2

Seismic Force for Cantilever Projection : -
* For Vertical Projection :5 times Ah
* For Horizontal Projection : 3.33 times Ah

for a typical 10 m high building in zone 1V,
bare RCC frame on soft soil
T=0.42 sec

A, = (2/2)*(IR)*(Salg) = 0.24*0.2*2.5 = 0.12

Total Design Force, DL+LL+EL
« For Vertical Projection : 1.6 times DL+LL
* For Horizontal Projection : 1.4 times DL+LL
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CANTILEVER SLAB
CONTINUOUS OVER BRICKWORK

two way slab e e -
L% ( ]
2 S 7 u
V 10t as ks

| L2 L?l?. l Ld G‘&?d 12 | LG’:B“E;ﬂ | \
orLy or oL arLi n'i M
-o58¢ | ¢t | /=
/ Ast e = /
] . T 7~ {

TOP BARS SUPPORTING Bottom steed (1 required .
CHARS 1o duce deflection and COVER
1o resist rovorsal of BM ) BLOCK

VERTICAL PROJECTIONS ABOVE ROOF

8
=

~—COLUMN

Sl=
=
e
0
—
L ——]
@
[ =]
2900

l— MACHINE ROOM
MUMTY L‘H/C Room Lv

~—COLUMN

2500

200

—1350-+

ROOF (Terruce Lev

[-*T errace Lev

)

A
N |

Columns From Foundation to Top

RCC SLAB CANTILEVER FROM A BEAM

75
min

Beam Designed for
torsional bending
moment

PARAPET IN BRICK WORK

Lot o .
Tt [
£/ Parapetwall —— =
7 T 2
/ ';_/. RCC Terace 4 5
7 Slab / Beam s
%/ r p L Vertical Bar - 4 nos 8 Tor
f- RO _} i ey L 3 Links 6 @ @ 200 cle
T SEC C - C : STIFFENER
SECA-A SECB-B
;
- 125 thick Parapet wall (L| by c— |8
EEI’ T e 7 7 1 3000~ |
250 x 250 RCC stiffeners @ 3000 c/c Longitudinal bars - 3 nos 8 Tor
projected above terace ) binders 6 @ @ 200 c/c
pun  <| @ DETAILS OF PARAPET BAND
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CONNECTION OF BRICK INFILL

|—“'*I Connectors |—“‘*

Beam

Column

SHEAR CONNECTORS FOR FILL-IN ERICKWORK

Badly damaged
concrete
shear wall building

CONNECTION OF LINTEL
DOWEL FOR LINTEL BAND

\

RCC
Column

—— DOWEL

lintel band

75
450+

</ Lintel Level

N

SHEAR WALL
1S 13920-1993 CL. 9

[ Lw i

SHEAR WALL - UNIFORM THICKNESS

W i

Cw

L] :
11 M M P R T S P | |
e —

SHEAR WALL WITH BOUNDARY ELEMENT

Tw >= 150 mm
Minimum Steel 0.25% of gross area in both direction
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WRONG CONSTRUCTION PRACTICES

y ‘T\‘______‘r D s R i 168 T Beam .bars not anchored wrong position of
beam bars are bent at column-beam junction IR SERSS R
WRONG CONSTRUCTION PRACTICES WRONG CONSTRUCTION PRACTICES

Cutting through a structure member

discontinuous beam, Eccentric Column
huge filling load
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OTHER ESSENTIAL DETAILINGS

40‘?hD.P.C.‘Z T

d TIE

/D

.
1650

LIFT PIT

o AS/STTE

BEAM

LIFT PIT

/N‘IDTorQiSUC/C

LINTH LV.

th.D.P.C.

[ FINISHED GL
+—TIE BEAM

———10Tor@150C/C
Bothways
Bothfaces

150TH RCC WALL

+—300—+

—-—125th.R.C.C.
{—75 th. P.C.C.
i—75 th, F.B.S

-100 th. Local Sand

PILE CAP

HTar0200= /=
| BOTHWATS
|

| bl

7 =
] I
el | e 5. %
P === uh B fi
a PLAN : PILE CAP h 3
[ ]
1 S W
i < 300 SIDE FACE
MM REINFORCEMENT IN
-\ /- 4 BEAMS
. side !
> 750 face < 300
mm /bars \ LA
4' 0.05 % of
< 300 web area on
mm each face
I | A
SIDE FACE

REINFORCEMENT
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PLAN : SLAB REINFORCEMENT

STIRRUP SIZE AND
TOP COVER TO TOP LAYER BARS IN SLAB

TOP LAYER SLAB ]
REINFORCEMENT o

J e e =" ]

AL A

shuttering

INSIDE HEIGHT OF |
STIRRUPS = D-50|

e \t\\...,-.........'.....\..\, {

COVER BLOCK
SECTION : TEE BEAM

REINFORCEMENTS IN RCCSLAB

TO.SL
+0.15L
10 L1 v = Ht2

_____ T i 1

t1

-
e S —

b‘i U\

+—0251L1+—+ \MM
SECY-Y THRO TWO WAY SLAB

bi-l-bQ

INCLINED RCC SECTION
Reinforcement Details

. - . .

BENDING - TENSION AT BOTTOM
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INCLINED BEAM ALONG STAIR
A SIMPLE CANTILEVER CHAJA

EIVER IR DDIFSY WAMIADY

\/‘/
707,

4/ /

//7// —_—
¥
/

RC BAND IN MASONRY WALLS

L-Junction
alternative- T-Junction

L-Junction
alternative-

| | | —+—1—F
<r Eiaret @ SIS ue, 85 ® B 9 BT Sl aeihT

CONSTRUCTION JOINTS

_F'r ----- [H “““““ “I!:lf‘ """" 4?
!‘: Li liH ki |
\ . 0.25 L1:I‘I o
1 I Ii
t}:?:f:f::lz:{;‘*::::::::#:—.:—i‘f—::::d:
R

: : I : E_zg:ﬁ_TRUCTEON : A L] g :i
L S ]
:::ﬂ::::::::::t;’:::::::::ﬂ;:—l::::::ﬁ

Construction joints can not be provided
at the support or mid span.

THANKS FOR
1 STENNe
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Ductile Details of RC Members (IS: 13920) &other essential Details

POINTS FOR CONSIDERATION AND DISCUSSION

What do you mean by ductility of a structure, or its members?

Why the provisions for ductility is important for a RC building?

Enlist the provisions of ductility for a RC building.

What should be the minimum sizes of column and beam in RCC frame?

How much straight length of lateral ties is necessary for confinement of concrete?

Calculate area of special confining link for a RC column.

How to ensure that plastic flexural failure of beam precedes brittle shear failure of columns?
Calculate development length of steel bars in tension.

How much anchorage of beam bars is needed, at an external joint in a RCC frame?

Explain the reinforcement details of RCC column shown in the sketch.

How will you provide special confining ties within a beam-column joint?

Explain the provision of special confining ties at column- wall joint and at column- foundation joint?
Can beam bars pass within vertical bars of column, if width of column and beams are equal?
Explain the provision of reinforcements, their lapping and vertical stirrups in beams?

How to ensure that plastic flexural failure of beam precedes brittle shear failure in beams?
What are the provisions of IS code for the design of cantilever projections?

How to construct a masonry parapet, if terrace slab is under construction?

Explain the details of slab reinforcements.

Have you ever seen the layout of reinforcements at joints, in lintel band placed over brickwork?
Specify the location of construction joint, if roof casting will be continued next day?
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» Weak Structures: Why?

(5) ¥Rt waT R Rorell # sifFrdareil @1 wineor > How weak brickwork is constructed?

» What are the defects in Concrete?

(13)
Construction Materials, Precautions
in Construction, Quality Assurance
& Quality Audit

» How of RCC work should done?
» How quality of works are assured?
» What is Quality Audit?

90 min

WEAK STRUCTURE : why ?

3 T BRICWORK
Design ? |
Checking ? 1111 O DEFECTS IN BRICKWORK

} Details ? weak soil ? Material ? O MATERIALS FOR MASONRY

O RECOMMENDED MORTAR PROPORTION
O WATER SOAKING OF BRICKS

O LAYING CURING

O RAT-TRAP BOND

-
_—
wl

Trained ? Supervision ? Inspection ?
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DEFECTS IN BRICWORK

O POOR QUALITY OF
MATERIALS

© POOR QUALITY OF
CONSTRUCTION

Building categories AS PER IS 4326

Building categories based on importance
factors and Seismic Zone :

Importance Seismic Zone
Factor
] 1]} v '}
1.0 B C D
1.5 Cc D E F

MATERIAL FOR MASONRY

¢ Cement - sand mortar with lime is most
suitable. This stretches without crumbling at low
earthquake shaking and bonds well with bricks.

¢ The earthquake response of masonry walls
depend on the relative strength of bricks and
mortar.

¢ Bricks must be stronger than mortar.

MORTAR RECOMMENDED AS PER IS 4326

Category of |Proportion of cement-lime-sand
Building

A M, (cement:sand,1:6) or,
M, (lime:cinder,1:3) or richer

B,C M, (cement:lime:sand,1:2:9) or,
cement:sand,1:6) or, richer

D.E H, (cement:sand,1:4) or,
M, (cement:lime:sand 1:1:6) or,
richer
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SOAKING OF BRICKS BRICKWORK: LAYING, CURING
(IS 2212-1991 Clause 11, 6.4)

(IS 2212-1991 Clause 10) (IS 4326 Clause 8.2.4)
= Brick to be laid on a full bed of mortar
= Water to penetrate whole depth of bricks * When laying, slightly press the bricks -
Normally 4 to 6 hour is sufficient * Brick joints to be packed with mortar
= [t assists in removing the dirt and dust = Uniform layers, Bed joint thickness <12 mm

= Construct up to 1 m above general level
= Horizontally aligned, true to plumb

= It reduces chances of efflorescence
= |t prevents suction of water from wet mortar
= Soaked bricks to be kept on a clean place

= At the time of use, saturated but skin-dry T°Et':§‘:l;‘°i“‘ |t|° be made
In DO e walls
alternatively in lifts of

about 450 mm

RAT-TRAP BOND ars

L - Junction

Cement Mortar
1:4,1:6

Minimum 7 days
curing

T - Junction
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DEFECTS IN CONCRETE

O SEGREGATION & BLEEDING

O PLASTIC SHRINKAGE CRACKING
O HONEYCOMBING

O CORROSION

O INCOMPLETE COMPACTION

O POOR VIBRATION

= PLASTIC SHRINKAGE CRACKING
Evaporation rate > Bleeding rate-

/

Evaporation ~ Cracks

SEGREGATION
Coarse aggregates separate out from the paste

BLEEDING
Water rises to the
surface.

till the paste has
stiffened (1 hn)

Reasons:
= | ack of fines,
= Excess of water
= Non Cohesive
Mix

Drying While plastic ;1 1|
¢ BT AT, ."‘. ST [
Plastic concrete: ’ i __‘.,,-1'._ i ey ’ o ! g
>Drying
’ » Surface cracks s RiSIng V:r’ater e

“i-'tws ofbond = g

" CONTROL: _'} " Reduce evaporation

| = Wind barriers

k E;ma?f:mdw i = Polyethylene cover
/ w @ﬁe T ‘Curing compound
3 ' ~ use ice ~

HONEYCOMBING AT JOINTS

= Lack of paste & fines ST
= Rebar congestion

= Leaking form joints
= Poor compaction

CORROSION

= Low cement content
= Less Compaction

= Less cover to steel

S Reducedstrength [ o“s %

Bleed water

Depletion of |
aggregates, —f=_ - ./
Cracking S/

'_" i

N i

Bottom: Coarse  fl+,*, < '«
aggregates [|¢ ¢’ “,":
accumulate, p, ¢ 4.

. oﬂ )

Large voids, [, o 2,

INCOMPLETE COMPACTION

air voids loss of strength
5% 30% POOR
10% 60% VIBRATION
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EXECUTION OF RCC WORK
MATERIALS & PROCESSES
ASSEMBLY OF REINFORCEMENT
ENVIRONMENTAL EXPOSURE CONDITIONS
COVER TO REBARS
CONCRETE GRADE & WIC RATIO & CEMENT QTY
CONCRETE PROPORTIONING
CONCRETE MIXING
WORKABILITY AND SLUMP MEASUREMENT
CONCRETE CASTING, COMPACTION
CONSTRUCTION JOINT
CURING OF CONCRETE
REMOVAL OF FORMWORK

CEMENT
Use 43 grade OPC, Slag cement or PPC
Use within initial setting after adding water
Procure fresh, Protect from moisture

SAND FM

If you can drink,

WELL GRADED you can use, OK

AGGREGATES W) €O © © = =

Range in aggregate size to fit together well
Gives a denser and stronger concrete

Ore"—"—2a2m-HA»>»=

MATERIALS & PROCESSES

Cement » Mixing
Aggregates » Transporting
Water » Placing
Chemical » Compaction
admixtures » Finishing
Formwork » Curing

Mix design » Supervision
Batching » Inspection

SUPER PLASTICISER : IS 9103-1999

< Improves workability
< About 10 to 15 % less wa
\

»Approve with past experience & mix design
»Establish slump with & without admixtures
»Maximum weight, 2 % by weight of cement

g

STEEL REINFORCING BARS
[ Standard manufacturer }[ X Bars made from

(Tata, SAIL, etc) re-rolled steel

'Good quality of all materials
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FORMWORK
Gives concrete its shape

Materials: ste

Strong & accurate
Joints: No leakage

timber

Formwork face: (IS 456 2000 ClI. 11.2)
» Clean & apply form release agent
» Release agents not to coat rebars

Bolts to secure and align the form-work:
Don’t pass completely through walls / slabs,
unless, or, take precautions for water-
tightness

Ourr» -"aam->»=s=

ENVIRONMENTAL EXPOSURE CONDITIONS
1S:456-2000 Table 3

Environment Exposure Conditions

ASSEMBLY OF REINFORCEMENT

Prepare bar Place the bars J}/Steel bars not to
bending as shown in be re-bent
schedule the drawings Jl| Place Bars

Beam bars should pass
within column bars at joints

Welded Joints or mechanical
Connections: Test the joints for full
strength of bars

CONCRETE COVER REQUIREMENT
(IS 456 2000 Clause 26.4)

Keep bars straight

Mild Concrete surfaces protected against
weather or aggressive conditions

Moderate Concrete exposed to condensation and
rain, Concrete in contact or buried under
non-aggressive soil / ground water

Nominal cover : Depth of concrete cover to any steel bar, to
meet durability requirements

Severe Concrete surfaces exposed to severe rain,
alternate wetting and drying

Very Severe |Concrete surfaces exposed to corrosive
fumes Concrete in contact with or buried
under aggressive sub-soil / ground water.

Exposure Nominal cover
Mild 20 mm
Moderate 30 mm
Severe 45 mm
Very severe 50 mm
Extreme 75 mm

Extreme Members in direct contact with liquid / solid
aggressive chemicals

Nominal cover >= diameter of main bar
Nominal cover may be reduced by 5 mm, if,

* Mild exposure and up to 12-mm main reinforcement

* Grade M35 & above in Severe /Very severe exposure
Nominal cover < Actual cover < Nominal cover + 10 mm
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CONCRETE COVER TO REBARS

> Min. cover for
footings = 50 mm

# Min. cover to long bar
in cols =40 mm

N

BOTTOM COVER

SIDE
COVER

CHAIR
for top layer bars
inslab@1m

CONCRETE GRADE, W/C RATIO & CEMENT
IS 456 2000 Table 3/5

Adopt Moderate )
(Exposed to rain
or under water) -

Exposure conditions:
Mild, Moderate, Severe,
Very severe, Extreme

fi Max w/c max size of Min concrete
ratio< 0.5 aggregate 20 grade M25
| Use lower mm Use higher

450 < Quantity of cement in RCC, kg / cum 2 300
High cement content in thin sections
Low cement content in thick sections

CONCRETE GRADE & W/C RATIO & CEMENT QTY
Table 5 of IS 456-2000

RCC with 20 mm maximum size
Exposure aggregate
conditions Min. Max. W/C | Min.
Cement ratio Grade
kg/m3
Mild 300 0.55 M 20
Moderate 300 0.50 M 25
Severe 320 0.45 M 30
Very severe 340 0.45 M 35
Extreme 360 0.40 M 40

CONCRETE PROPORTIONING (IS 456 2000 C1.10)

Stock Materials at least a day before use

Check thetgradiﬂg of aggrs_gates fre_quent_iy
Densest concrete wi_thﬂavaiIable__gggrggates
_D_g.ign_ the rljix_di?_ign_e_zsrger 1S 10262-1982
Make allowance for moisture and bulkirlg
We_i_gh-batchir'\g_ of all irlgredients

If volume batching, Check mass / volume
frequently




CONCRETE MIXING
Always machine mixing
Mixers with water measuring devices
Maintain water-cement ratio
Pour 25% of the water into the drum
Discharge dry sand and chips into the drum
Deposit full quantity of cement into the drum
Pour balance quantity of water
Mixing till uniform colour and consistency

25 to 30 revolutions of the drum
Minimum mixing time, 2 min

C e e

Check the slump frequently

CONCRETE CASTING, COMPACTION

Maximum Proper space at Vibrate and
free fall 1.5 the joints for compact before
m | concreting initial setting

Compact around Compact by 16 mm
reinforcement & bar at corners and
fixtures edges

Use If external vibrator,
immersion design formwork for
vibrator location

Uniform & full
compaction

WORKABILITY AND SLUMP MEASUREMENT

o Easy to flow (slump) walls, columns

SLUMP MEASUREMENT 1S: 1199

Take sample: middle fraction
Fill in three layers

16 mm bar, 25 Tamping
Scrape off the surface

Lift cone vertically

Measure the subsidence
Record the result

CONSTRUCTION JOINT
IS 456 2000 Clause 13.4 g
I = ..l.

Prepare Joint Surface H i
= After initial setting of first concrete f gl

o Expose the aggregates, sound,
irregular & clean SSD surface
o Use air / water jet & wire brush
* If hardened concrete, Hacking

-

)

IS 456 CI. 7.1
WORKABILITY 50-100 mm slump for
o Easy to mix, place, heavily reinforced
compact and finish sections in slabs, beams,

Continuity
i of steel

i Prepared

joint

\ surface

| First
" placed
| concrete

« Stop curing of joint: 1 hr. before second concreting
+ Clean joint & grout a thin layer of cement-water

« No segregation along the joint & thorough compaction
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CURING OF CONCRETE
(IS 456 2000 Clause 13.5)

Prevents the loss of moisture
Maintains temperature gradients
Dry concrete = dead concrete

= Begin curing: Exposed surface hardened, 1 - 2 hrs.

= Keep surfaces wet: Ponding or cover with jute
blanket

= More curing in : Low wi/c ratio, high rate of strength
gain

= Temperature > 45°, fast setting, less durable

'Type of Formwork

'Longer Curing

QUALITY ASSURANCE

SUPERVISION

INSPECTION

@ SIEVE ANALYSIS

TESTS FOR BURNT CLAY BRICKS
ELONGATION TEST FOR STEEL BARS
TESTS FOR CEMENT

CONCRETE CUBE TEST

QUALITY AUDIT

REMOVAL OF FORMWORK

(IS 456 2000 Clause 11.3.1)
If temperature does not fall below 15°C and
adequate curing is done

Period for Striking Formwork

For OPC  For PPC
Vertical formwork to columns,
walls, beams

Props to beams and arches:
1) Spanning upto 6 m 14 days 21 days
2) Spanning over 6 m 21days 24 days

16 — 24 hrs 24 hrs

SUPERVISION (IS 456 2000 Clause 13.6)

CONSTANT & STRICT SUPERVISION :
# Formwork: sizes of elements, Levels
# Proportioning and mixing of the concrete
# Reinforcement and its placing
# Compaction, Curing, Stripping of the formwork

RECORD
Test reports of materials
Concrete mix design details
Concrete mix test reports
Record in Site order book:
v Checks: Geometry, Reinforcement
v Concrete placement Clearance
v Non-conformance reports
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INSPECTION
(IS 456 2000 Clause 17.1, 17.2)

Setup
inspection
procedure

Verify
quality of

Ensure

compliance
of design

individual
parts

~ Clear Identify
Tests and | | instructions on Workmanship,
Records inspection & Durability &
of deviations Appearance
materials

TESTS FOR BURNT CLAY BRICKS
(IS: 1077:1992)

CHECKS
» Compressive Strength > 3.5 mpa

» water absorption <15 %

» Effloresce : slight

SIEVE ANALYSIS OF SAND, STONE CHIPS & MIX
(1S: 2386 Part| clause 2)

% passing, as per
1S: 383 1970 Table 2, Table 4 & Table 5
Stone Stone
. Sand : < All in
Sieve chips chips
zone-ll 20mm 1O aggregate
40 - 100 - 100
20 - 85-100 - 95-100
12.5 - - 100 -
10 - 0-20 85-100 25-35
4.75 90-100 0-5 0-20 0-10
2.36 75-100 - 0-5 -
1.18 55-90 - - -
600 micron 35-59 - - -
300 micron 8-30 - - -
150 micron 0-10 - -
75 micron - - - -
Maximurm Force
TESTFOR @ —
ELONGATION OF - ‘i -
STEEL BARS 3 Al  Ezonton
o

Elongation of Bar

as per 1S 13920:1993 cl. 5.3:

Length of test High strength deformed steel bars
piece = 5.65 VA, produced by thermo-mechanical
where A is the treatment process of grade Fe 500 or
cross-sectional Fe 550, having elongation more than
area of the test 14.5% and conforming to other
piece requirements of IS 1786 may also be

used for reinforcement.
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Test as per IS: 4031 Part V 1988

Initial setting time > 30 min
Final setting time < 600 min

TESTS FOR CEMENT Q

Compressive strength of 70.6 mm size cube
Test as per IS: 4031 Part 6

Cement IS code 3days | 7days | 28days
33 Grade OPC  |IS 269 16mpa | 22mpa | 33 mpa
Portland Slag IS 455

Caiian 16 mpa | 22 mpa 33 mpa
PPC IS 1489 P1 16 mpa | 22 mpa 33 mpa
43 Grade OPC  |I1S 8112 23mpa | 33mpa | 43 mpa

53 Grade OPC  |IS 12269 27 mpa | 37 mpa | 53 mpa

CONCRETE CUBE : SAMPLE & TEST RESULT
IS: 456-2000 Clause 15

1 sample = 3 test specimens
Sample Result = av. of 3 specimens
Specimen variation< +15 % of av.
Test Result = 28 days strength

For quicker idea, 7 days tests | =

Concrete No of

inm® | Samples |[[ ACCEPTANCE CRITERIA
Any shift < § 1 IS 456 2000 Clause 16.1

6-15 2 ¥ Mean of 4 consecutive results
16 - 30 3 > fck + 0.825 x SD,
31-50 4 and > fck+4 mpa

51 - 100 5 v Individual result > fck - 4 mpa

100 - 150 e

CONCRETE CUBE TEST
Sampling- IS: 1199-1959 clause 3
cubes made, cured & tested- IS: 516-1959

+ 15 cm Moulds: clean, bolt, Oil
* Representative sample
+ Compact the concrete in 3

4 ‘ layers with tamping bar
= Cover the cubes with wet
hessian & polythene

+ Label the cubes and record

' ' ' + Test at 28 days

QUALITY AUDIT

An Independent process
to assess actual effectiveness
of a Construction scheme

QUALITY AUDIT PROCESS

verification and evaluation of
activities, records, processes

performed at predefined time intervals
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Types Of Quality Audits

= Pre-selection Audits: before contract

Objectives of Quality Audit

* To assess overall benefit to the end users To assess designer / supplier / contractor
= To achieve efficiency of delivered objectives = Third-Party Audits: By a hired organization
through design, execution, safety and maintenance * Internal Audits:

Inspection and test procedures Performance of
Designers/ Contractors

= Audits by the Project Managers:
All contractual requirements regarding the
quality management system

To achieve cost savings in the design process

= To reduce or eliminate the problem areas and
resolve the issues raised during the process

The Audit Report

Includes all the important information and evidences: Quality Audit Ma nagement

Planning the construction place : £
g P [ Variety of prescribed self-assessment forms

Safety d',"rmg const-ruchon O Variety of software and tools
Appropriate materials

Quality Control measures
Following points must be identified:
= QObservations : objective and factual evidence
= Nonconformities
= Improvements Corrective and Preventive Actions T H A
» Important decisions to be taken, after an audit
# Continual improvement based on
¥'not only non-conformances and corrective actions, L
v'but also highlight areas of good practice

YYVVYY
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(13)

Construction Materials, Precautions in Construction, Quality Assurance & Quality Audit

0 Nm ok R
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POINTS FOR CONSIDERATION AND DISCUSSION
What are the reasons for weak structures?

Why complete soaking of water into the ores of bricks is necessary?

What are the important steps in laying the bricks in a wall?

For how many days it is necessary to cure the brickwork with water.

How can we reduce seggregation and bleeding of fresh concrete mix?

How can we reduce plastic shrinkage cracks of fresh laid concrete?

How can we reduce honeycombing of concrete?

How can we reduce corrosion of steel reinforcements?

What are the steps involved in concrete work?

Enlist the five environmental exposure conditions stipulated in IS 456.

How cover to rebars, concrete grades, wic ratios and cement quantities are related with exposure?
How will you ensure proper proportioning, mixing and workability for concrete?
Enumerate the points to be observed during casting and compaction of concrete?
How will you start concreting at a construction joint?

What is the difference between supervision and inspection?

How to conform proper mix of aggregates after sieve analysis?

What is the minimum compressive strength of burnt clay bricks?

How much minimum elongation is required for Fe500 bars?

What is approximate 7 days strength of cube made with PPC?

How many concrete cube speciments shall be necessary for 50 cum concrete?
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NON-STRUCTURAL RISK MITIGATION
FIRE SAFETY, SAFETY OF SERVICES
GREEN BUILDING

90 min

STRUCTURAL ELEMENTS
The structural elements differ in each type of
building, but generally they include:

¢ Foundation,

e Columns,

e Slabs,

e Beams, and

e Load-bearing walls.

NON-STRUCTURAL

RISK MITIGATI
7 Ny //

ON

- 7/

W TegT

(STRUCTURE)
g1 vd Mfder |
e Pl &

CIER:|
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NON-STRUCTURAL ELEMENTS

RISK OF INJURIES
due to
BUILDING CONTENTS

Partitions

* Parapet Wall cladding

Stairways Balcony Chimneys Water ak '

195



arrerHRT iR & =l o Tear 81

NSE RISK MITIGATION
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FALLING HAZARD RISK DURING EARTHQUAKES

Non-structural elements may cause

@ Some of the deaths

@ Many or most of the injuries

@ A large proportion of economic
damage, destruction and disruption

@ Loss of building contents

Structural
40%

Injuries during earthquake

FIRE SAFETY OF BUILDINS

Earthquakes are frequently followed by fire

Buildings shall be made fire resistant

Provisions of Indian Standards for fire safety:
IS 1641 : 1988
IS 1642 : 1989

) IS 1643 : 1988

: IS 1644 : 1988 and

1S 1646 : 1986. 15 min
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COMMON CAUSES OF FIRE

= Kitchen Cooking

= Burning lamp

= Children playing with fire
= Excessive load over electric wiring
= Faulty Electric Heaters
= Fireworks, crackers

= Lighting

= Flammable materials
= Earthquakes

FIRE TRIANGLE

REQUIREMENTS OF EXITS

Exits provide safe escape of occupants
in case of fire / other emergencies

1) Lifts and escalators are not exits. .
2) Exits : | FEXITw

= ghstruction Free, clearly visible

* |ead to exterior open space of building

= lead to exterior leading to the street

= reached without passing through other occupied exits
3) Routes : signposted and llluminated.
4) Fire Fighting Equipments: clearly located / marked
5) Alarm devices : to ensure prompt evacuation

MAIN COMPONENTS OF FIRE PROTECTION
Preventing the initiation of fire
Restricting the growth and spread of fire
Containment of fire within a part of building
Means of escape for the occupants
Control of fire by devices and by active fire fighting

PASSIVE MEASURES OF FIRE SAFETY
Install fire sources away from combustible materials
 Reduce quantity & area of combustible material
= Separation of buildings to avoid spread
= Provision and design of escape routes
+ Measures for smoke control & save facilities

ACTIVE MEASURES OF FIRE SAFETY
Fire detection and warring system
= Sprinkler installation
' Fire fighting

TRAVEL DISTANCE FOR SAFE EXITS

A) max. 20 meters for residential/ educational / institutional
I hazardous occupancies

B) max. 30 meters for assembly / business/ mercantile /
industrial / storage occupancies
OTHER REQUIREMENTS OF EXITS

1) Exit doorways to open into a stairway / horizontal exits/
corridor / passageway.

2) min. width=1 m, min ht. =2 m.
3) Exit door, when opened, width not less than 0.9 m.

4) Exit doorways shall open outwards, but not obstruct
travel.

5) Exits doors shall be operable from the inside without the
use of a key.

6) Exit doors shall open into a landing and not directly into
a flight of stairs.
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FIRE DOOR
Rating 20-minutes to 3 hours

Door Entrance gate in high '
closure rise building campus
Width greater than 5 m
. Height clearance 5m
Swing
open
outwards

obstructed
fire escape stair

Maintain firé doors and shutters in
good operating condition

DO NOT BLOCK

STAIRWAYS
INTERIOR STAIRS

FIRE EXIT

. No combustible material

. Self contained, with at least one wall adjacent to an
external wall.

. Generally, shall not be arranged around a lift shaft.

4. min. width =100 cm

. min. tread = 25 cm for residential buildings; and 30
cm for other buildings.

. Treads design + construction + maintenance shall
be done to prevent slipping

STAIRWAYS

RELATION BETWEEN TREAD & RISER
Tread + 2 (rise) = between 550 to 700 mm.
Average human (horizontal) stride is ~600 mm and
vertical direction is 300 mm
ACCIDENTS
More accidents take place while descending than
ascending.
When width of tread reduces, chances of miss-steps
increases.
WALKING SPEEDS

People travel faster while moving down. trend
reverses in dense crowd.

STAIRWAYS - FIRE SCAPES/ EXTERNAL 4

1)
2)

3)
4)
5)
6)

1)

2)
3)

STAIRS
Shall be connected to the ground.
Entrance shall be separated/ remote from the |
main staircase
min. width =75 cm,
min. tread = 20 cm
max. riser =19 cm
max. riser/ flight = 16 nos.

SPIRAL STAIRCASE

Limited to low occupant load / building
heights of up to 9 m only unless connected to
platforms / balconies / terraces; which allow
evacuees to pause.

min. diameter = 150 cm

sufficient head room
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RAMPS

. maximum slope of 1:10 (can substitute for all requirement of
staircase).

. in no case slope be greater than 1:8.

. slopes of 1:10 to 1:8 allowed for height up to 2.40 m.

. for slopes >1:10, non skid materials to be used. Should not be
within minimum setbacks.

. for heights >2.40 meters, slope shall
not be greater than 1:20. 1

. Hospital ramps should not have
slopes > 1:20.

. Permitted in the basement within
minimum setback, provided it does i
not obstruct movement of the fire
engine.

FIRE FIGHTING
skilful combination of removing fuel, heat, and oxygen

Reducing Oxygen
Water, dirt, foam and
retardants

Reducing heat
water, foam, dirt, or
scattering the fuels

Removing Fuel
Removing the fuel
RE‘J:A'-::"}'#)N source

fire tetrahedron

FIRE SIGNAGE

&b [ FIRE
Fire Acti L EXIT

Bl W\ ] Operate nearest

Q fire alarm call point

&

In case of fire

Leave the building

by the nearest
available exit

DO NOT
use the lift

Report to person
in charge of
assembly point

Do not use lift
Do not take risks

Use
the stairs

iEE

CLASSIFICATION OF FIRE
based on types of FIRE EXTINGUISHERS

Class of Fire | Description Suitable suppression
Class A Combustible materials (paper, Most suppression
(A - Ash) wood, cloth, some rubber, plastic, techniques
o most kinds of trash)
Class B combustible liquids, flammable Inhibiting chemical chain
(B - Barrel) gases, greases, some rubber and reaction by water mist, dry
plastic materials chemical or Halon
Class C energized electrical equipment Nonconductive
5‘ (C - Circuit) extinguishing media. (water

0 not to be used)
Class D combustible metals (such as Specialist suppression
(D- magnesium, titanium, zirconium, required
Dynamite) sodium, lithium and potassium)
Class K Grease By removal of oxygen or
(K-Kitchen) use of water mist
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N\] PORTABLE FIRE
§ EXTINGUISHERS
.

+ Selection based on classes of anticipated fires,
size and degree of hazard

« keep at readily accessible designated place,
15-25 m

+ maintain in a fully charged and operable
condition

* Record annual maintenance check date
¢ Instruction and hands-on practice

Class K fires
Extinguisher liquid quickly
cools down the grease,
reduces the flames
forms a vapor blanket

Multi-Purpose Dry Chemical

Use on Class A, Class B, and
Class C fires

Fine powder under pressure

Pressure gauge present

FIRE EXTINGUISHER MATERIALS

Will have gauge

—

Laird e o
o]
COz

Pressurized Water Carbon Dioxide
Class A fires Class B & C fires
Pressure gauge Hard nozzle

No pressure gauge

Dry Powder
Class D fires
fire causes powder
to “cake” and form
a barrier

Fire Extinguisher Chart

Type of Fire
Solids Cooking [
fwood, Flamable Flamable Electrical Oiis & Special

paper, Liquids Gasses  Equipment Fats Notes
cloth, etc)

Dangerous if
/ x used on ‘liquid

fires” or live
Yes electricity

No
/ Not practical

for home use

Extinguisher

Colour Type

<
AL

Yes Yes Yes

x Safe use up

ta 1000v
MNo

/ Safe on high
and low

voRages

2 4RNE &,
FNiNiIx:X

3 SEIAN
i Nis

Yes
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To operate an extinguisher:

Pull
Aim

S queeze

pin

PuLL the
yols P

E—  of fire

weep (. . ____ ..:‘

s -©-5-\'NEEP nozzle

Know your extinguisher side to side
Use the correct extinguisher

(Chedk sher's label
ok oo it oy

HOSE REEL SYSTEM

TURN ON STOP TURN ON WATER

VALVE TO RUN OUT AT NOZZLE AND
RELEASE THE HOSE DIRECT THE STREAM
NOZZLE AT THE BASE OF FIRE

FIRE FIGHTING SYSTEMS

smoke

detector

fire alarm system

fire hydrant

1
AR
=)

i@ F

automatic sprinkler systems

heat
detector

B,

SAFETY OF BUILDING SERVICES

Mechanical Services
Fire fighting
Escalators and lift
HVAC Systems
(heating, ventilation,
and air-conditioning)

Electrical Services
Lighting

Cables & wires
Control devices
diesel generators
battery-based units

Plumbing Systems Data base Systems
Water tanks Security Systems
Bathroom fixtures Fire Alarm Systems
Water Supply line Public Address

Fire hydrant Systems

Rainwater pipes Cable TV Systems
Storm Drainage Data cables
Sewage pipelines Communication
Drainage of wastes network

Safety Efficiency
Security and alarm systems Facade
Fire detection and protection Gas pipelines
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DAMAGED BUILDING SERVICES

electric substation damaged circuit breaker damaged

— - ™

Ll i i 1

Damaged Transformer Light mount failure

DAMAGED BUILDING SERVICES continued...
3 2 s 3 .‘:-'._ - .

-

inkler system

m

failure of hot water system Collapsed water tank

DAMAGED BUILDING SERVICES continued..,

collapse of
transmission towers

i
\

-

- " S ar
Communication rack air-conditionin
damage ducts collapse

DAMAGED BUILDING SERVICES continued. ..

b - - 5
iy = 1 ~ 4 »

~ Gas Ieakages

Lift Door

w T
Waterline pipe joints
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DAMAGED BUILDING SERVICES continued..

Water pipe & sewer
line crossing

Fini~\-

pipe joint moved

Brocken sewer pipe

ABUSE OF NATURAL ENVIRONMENT )

A

Air Pollution

\ ater Bodles

Pollution

~Depleting
r—Water Sources

Deforestation

GREEN BUILDINGS

¢

I Gresn Buiding Caunell

‘m Cireen Mating for Integrated | Labitat Assessment

Buidginy the yap balwasn demaiid wnd wurhly of ran e nwwshle
# through erventises

WORSENING NATURAL DISASTERS

Climate Change
Implications

s

-
-

Heat Wave Hurricanes
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IMPACT ON HUMAN HEALTH WHAT IS A GREEN BUILDING

@ A building that is environmentally responsible and
resource-efficient throughout its life-cycle.

@ uses less water, optimizes energy efficiency, conserves
natural resources, generates less waste and provides
healthier space for occupants as compared to
conventional buildings.

@® Designed to reduce the adverse impact of the built
environment on hugan heaItIL& natural environment

|
A 4 v

FUNDAMENTAL PRINCIPLES FEATURES OF GREEN BUILDINGS
CONSTRUCTION NATERIALS SUSTAINABLE SITE DEVELOPMENT
Eco-friendly eMinimal disturbance to landscapes and site
RENEWABLE INDOOR QUALITY conditions

ENERGY

Solar Energy Good Health,

Reduce impact

i

WATER

Independent

eUsing native plants that survive without
extra watering)

To reduce pressure on undeveloped land.
Minimum disruption of natural ecosystem.

“ GULMOHAR

JACARANDA

BEAUTY &
FRESHNESS
Sets an example

SITE
Optimized space
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FEATURES OF GREEN BUILDINGS
MATERIALS SELECTION

MATERIALS IN CONSTRUCTION S T
o Re-use ' ,.%;

& Recyclable straw grasscrete
+» From renewable sources

« Natural - -

<+ Durable F-_ l

++ Locally available - h brick
y ash bricks

- —

== -

Timbercrete walls

FEATURES OF GREEN BUILDINGS
ENERGY EFFICIENCY Active Systems

Hydro-electric Power

Onsite generation of renewable energy through
1. solar power 2. wind power 3. hydro power
4. biomass 5. geothermal power

FEATURES OF GREEN BUILDINGS
WATER EFFICIENCY

Reduced water
consumption
Protect water
quality

Water purification
and reuse

Use of non-sewage
water for on site
irrigation

Outlet and
d Control
Manhole

FEATURES OF GREEN BUILDINGS
ENERGY EFFICIENCY: Passive Systems

Root

SOLAR wWaARM AR
emg =
WARMING

—

CONCRETE Wwall
STUCCO FINISH

— . of

' GLAZING

o

PAINTED BLAC K

u ABSORBER

Lo

COOL AIR

Flo
°'I‘ s b Iﬁudt
F ootin
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FEATURES OF GREEN BUILDINGS
ENERGY EFFICIENCY: Passive Systems

A VENTILATION
2L

-

) ol

!
|y

FEATURES OF GREEN BUILDINGS
ENERGY EFFICIENCY

Thick ATTiC
concrete Insulation

Solar shades
open

Sun space

water compartments
for heat storage

Passive solar heating
(Winter)

FEATURES OF GREEN BUILDINGS
ENERGY EFFICIENCY

closed

) & water
Sun space —_— — compartments

Passive solar cooling
(Summer)

FEATURES OF GREEN BUILDINGS
ENERGY EFFICIENCY: TREE SHADE

= -
R
N e
& i .-.,"'__.
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FEATURES OF GREEN BUILDINGS
WASTE AND TOXIC REDUCTION

| Most Sustainable

| Least Sustainable

FEATURES OF GREEN BUILDINGS
WASTE AND TOXIC REDUCTION

I' 1 i l E -
1§ PAPER

&%
* e
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- .mh - ‘-L.ﬂ.-' =

FEATURES OF GREEN BUILDINGS
WASTE AND TOXIC REDUCTION

timber sheet lid

cover -\;

food scraps "\ —— .
Y/

worm bedding 7,

shadecloth liner Y

coarse gravel TR AT It I AT Lo g
. ".‘.-f'; ‘z:*"???.: SN creen

support blocks ' outlet
or timber frame H

Vermicomposting

FEATURES OF GREEN BUILDINGS

INDOOR ENVIRONMENTAL QUALITY
Indoor air is more polluted than outdoor air

Headache

Eye or Throat Irritation

Lassitude, Fatigue

Difficulty in Concentration

Dry or Itchy Skin



FEATURES OF GREEN BUILDINGS
INDOOR ENVIRONMENTAL QUALITY

UNHEALTHY MATERIALS
» Carbon tetrachloride: highly potent liver toxin.
» Benzene: Leukemia.
» Chlopyrifos: Nervous break down.
» Phenol, Methylnaphthalene: Cancer.
» Epoxides: Damage genetics & immune system.
» Vinyl Chloride: Brain Damage.

FEATURES OF GREEN BUILDINGS
INDOOR ENVIRONMENTAL QUALITY

Sound

Quality
Visual Lighting
Quality Quality

HEALTHY INDOOR
ENVIRONMENTAL

Odour Thermal
Quality Quality

FEATURES OF GREEN BUILDINGS
SOURCES OF INDOOR POLLUTANTS

Outdaor Alr Pollutants

Chemlicals Released from
Modern Bullding &
Furnishing Materlals

Molds & Bacterla

Chemicals from
leaning Products

Cumbustion Gases
from Flreplaces &
Woodburning Stoves

Chemlical Fumes from
Paints & Sclvents

"

Gases Including Radon

- Carbon Monozide Fumes
from attached garage

GREEN BUILDING POLICY & CODES

y (A

NATIONAL ENERGY ENVIRONMENTAL
BUILDING CONSERVATION IMPACT

CODE (NBC) BUILDING CODE ASSESSMENT (EIA)
The Bureau of (ECBC) The Bureau Ministry of Environment
Indian Standards of Energy Efficiency and Forests (MoFE)
(B1S) (BEE)
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EE. INDIAN GREEN BUILDING COURNCIL

>

NEW BUILDING EXISTING BUILDING
RESIDENTIAL
INDUSTRIES
GREEN CAMPUS VILLAGES TOWNSHIPS
CITIES LANDSCAPES

EXISTING

,A

SCHOOLS

MASS RAPID
TRANSIT SYSTEM J| TRANSIT SYSTEM

LEED-INDIA & GRIHA RATING SYSTEM

different levels of certification:-
‘Certified’ to recognise best practices.
‘Silver’ to recognise outstanding performance.
‘Gold’ to recognise national excellence.
‘Platinum’ to recognise global leadership.

~ >

40-49 50-59 60-79 80+

GRIHA RATING SYSTEM
Green Rating for Integrated Habitat Assessment

1\.“. ,"r_. Iy,

v
Tarenainidy 0 Ayurvods

Based on Panchabhutas —

five elements of the nature

appllcablé to all five
climatic zones of India

- A S

10

-

AT
Perfect blend of ancient architecture & modern technology

IGBC rating have become National Choice
and Global in Performance.

LIGHTNING ARRESTER FOR BUILDINGS

77
Positive (+) *
charges o

+

Charges creating a lightening Stroke

+

THANK YOU
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14
Mitigation of Non-StruéturLl Hazards, Fire Safety,
Safety of services, Green Building,
POINTS FOR CONSIDERATION AND DISCUSSION
Differetiate between Structural elements, non-structural elements and buildinding contents.
What are the risks of injuries due to non-structural elements and building contents?
What percentage of injuries are reported due to non-structural hazards during earthquakes?
How the risks due to non-structural elements can be mitigared?
What are the commomn causes of fire?
What are the basic requirements of safe exits?
What are the minimum provisions of exterior fire scape stairs?
What do you mean by fire fighting?
Classify the fire based on the types of fire extinguishers.
What are the materials used in different fire extinguishers?
How to operate a fire extinguisher?
Enumerate the fire fighting systems.
What are the types of building services?
What is a green building?
Which type of construction material will you select for green buildings?
Explain active and passive system for energy efficiency?
How to dispose waste in a green building concept?
What are ingradients of healthy indoor environment?
What is GRIHA rating system?
How to safeguard a building from lightening?
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A Bihar Building

A — Bye-Laws,
i i 2014 "l
o W, el o, ger-1 : ,

() SRIET L A TR Ty W T =® BIHAR BUILDING BYE

Urban Development

(15) n3Fiin B LAWS 2014
ey S

BIHAR BUILDING BYE LAWS 2014 W o s
STRUCTURAL DESIGN BASIS REPORT _w./..s...m e
DRR Road Map 2015-2030 ‘H :
60 min v ’: m@ 1
INSTITUTIONAL PROVISIONS BIHAR BUILDING BYELAWS 2014
O BIHAR MUNICIPALITY ACT 2007 Applicable to places:

o Establishment and maintenance of shelters, in o All Municipal Corporations

times of disasters, and relief works ANCM G s S e
o Empowers the State Government to make building ’ ::: :agar Pa.nchayats
. - i o etropolitan areas
rules for protection against natural disasters o All Planning areas under Planning Authorities
U BIHAR URBAN PLANNING ACT AND RULE 2012, 2014 o Gram Panchayat areas covered under various
o Identify and map the facilities and human resources Development Plan
at the level of village, block, city and district; Applicable to activities:
o Mapping of vulnerable areas which are disaster = Planning, Design and Construction of building
prone and plan for pre-disaster, disaster mitigation = Removal / Demolition / Alteration of building
and post-disaster » Change of occupancy of a building

= Sub-division of land
= Change in use of land or building
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BYE-LAWS DISASTER MITIGATION PROVISIONS
1. Flood affected area demarcation during site plan
preparation. {Section (5)(3)(ii)(d)}
All major physical characteristics, size of water body,

flood-affected areas and 0.5 m contours at in case of
the site which has a slope of more than 1 in 20.

2. Compliance with Guideline on Earthquake safety
requirements during plan sanctioning process.
{Section (6){vii).}

A certificate from the registered Engineer that the
building plan and the design complies with the
Earthquake Safety requirements as stipulated in the
(fRere 2rser Jryer gatrT gifdaer, fHere &, y@afier waet &
=[Alereur @ [erd, Jaal & [Heqer v (AT T gf29) as in
Appendix A.

BYE-LAWS DISASTER MITIGATION PROVISIONS

5. Before issuing occupancy certificate {Article (16)(4)}
Municipal authority shall verify that the building complies
with the provisions of life safety as mentioned in National
Building Code 2005 . In case of multi storied building
(residential buildings greater than 15m in height) and other
special building covered area more than 500 sq.mtr.,
periodic inspection shall be made by the authority

6. Section (22)(1); Section (22)(2)
No construction or re-construction of any building, within
a strip of land of 200 m from the outer boundary of the
river of Ganges except for repair and renovation work of
heritage buildings.
other rivers 100 m

BYE-LAWS DISASTER MITIGATION PROVISIONS

3. Warning to Structural engineer for fault in design {Section

(6)(2)(2)}
Empanelled Structural Engineer shall prepare the
structural design and furnish a certificate to supervise the
structural part of the construction and shall be responsible
for any structural failure, except the owner terminates his
services.

4. Provision for preparedness against hazards {Section
(6)(2)(3)}
All structural design,, plumbing, electrical installation,
sanitary arrangements, fire protection shall adhere to the
specification, standards and code of practice
recommended in the National Building Code of India, 2005.

BYE-LAWS DISASTER MITIGATION PROVISIONS

7. Structural safety of building in areas of flood plain

{Section (29)(G)}
no permission to construct a building on a site shall be
granted: In case of areas which get flooded if the
Structural Plans are not prepared taking this into
account.

8. Demarcation of unsafe building . {Article (23)}

All unsafe buildings shall be considered to constitute
danger to public safety and shall be restored by repairs
or demolished as directed by the Authority.

9. Prohibition of Hazardous activities in Public Areas
(Residential , Commercial, Public-Semi Public
spaces, Agricultural, Forest, and Along Water Bodies)
{Section (28)(1)}
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BYE-LAWS DISASTER MITIGATION PROVISIONS BIHAR BUILDING BYELAWS 2014 : APPENDIX A

10. Provision of setback and exit way for the time of emergency
Minimum setbacks for high rise buildings.- For high-rise/ multi-
storied buildings, the open spaces around the building unless or
otherwise specified shall be as given in the Table 14. {Section
(36)(1}

In case of multi storied buildings the exterior open space around
a building shall be of hard surface capable of taking load of fire
engine weighting up to 45 tonnes. {Section (36)(3)}

Every building meant for human occupancy shall be provided
with exits sufficient to permit safe escape of occupants, in case
of fire or other emergency. {Section (42)(1)}

11. Life Safety provisions as per National Building Code
The building design shall comply to the provisions of life safety
as mentioned in National Building Code 2005(Group-1 Part-IV
Fire and Life Safety-4). {Section (56)} F> TR 7T ST g A

ity e o oy,

REFERENCE TO BIS CODES IN BYELAWS 2014
BYE-LAWS DISASTER MITIGATION PROVISIONS National Bullding Code 2005
15 456-2000 Plain and Reinforced Concrete - Code of Practice
R ; R 15 5P 16-1980 Design Aids to 15 456-1978
12. Compliance with standards of Structural safety issued by 1 800-2006 _Code of Practice for Genera Construction in steel
15 875(part 1)-1987 Unit weights of building material and stored materials: Cod
Bureau of Indian Standards in bu"dlng' Section (59)(1"} 15 E?S‘{::I‘t 2]] - 1987 i:@“:d Ii\sn:l Io::!slfcr ::ild::g::ndssol:ctumra!s:r;‘-;! =
ildi H H 1S 875 (part 3) - 1887 Wind Loads for Buildings and Structures: Code of Practice
ﬁ:l :::I_dtngs shall compty WIth the standards b mentlonEd 15 1905-1987 Standard use of Unreinforced Masonry Code of Practice
- FOR FOUNDATION SAFETY
15 1892—1979 Subsurface investigation for foundations Code of Practice
For General Structural Safety 1 2131-1981 Method of Standard Penetration Test for soil (First Revision)
. . . i . iy 15 1438-1970 Classification and identification of soil for engineering purposes
IS: 456:2000 1S: 800-1984 IS: 801-1975 15 1504-1986 Foundations In Soil Code for General Requirements
IS 875 {Pa rt 2} IS 875 {Pan 3) IS 875 {Part 4) :: ::::;:,23111931 xt.erminadti;: aLBe:jrlnz ?a;a{:u:g ofdshlallo:::un?:tior: Code
- SIEN an nstruction o loundation e O ractice
IS 875 (Part 5) 1S: 883:1966 IS: 1904:1987 15 2911{Part 1/Sec 2) Bored cast in situ Plain Concrete Pile Foundation: Code
15 2911(Part 3).1980 Bored cast in situ Under reamed Pile Foundation Code
IS 1 905:1 987 IS 291 1 {Pal‘l 1 ) 15 2911(Part 4).1985 Load Test on Pile Foundation Code of Practice
. FOR BUILDING MATERIAL
For Earthq ua ke PrOtGCtlon | -1971 Specification for coarse and fine aggregates for concrete
. e . o . by . i 151199-1959 Methods of sampling arid analysis of concrete
289.913893 20|0821 38'237. 119399320 1 993 IS'4326 1 993 IS i 1 3828 |§ Elg-la&g Meathods of tests for SII'EI'IE“'I of concrete
H w FOR EARTH QUAKE SAFETY DESIGN
: 15 1893 (Part 1)-2002 Criteria for Earthguake Resistant Design of Structures(5™ revision)
IS . 1 3935.1 993 15 13920-1993 Ductile detailing of RCC structures against EQ forces: Code
15 4326-1993 Earthguake Resistant Design and Construction of Buildings Code
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FORMS TO BE SUBMITTED
FOR ENSURING SEISMIC SAFETY

1.Necessary Environmental clearance from the appropriate
authority wherever applicable.

2.Compliance Certificate (Form Iil) from the registered
Engineer that the building plan and the design complies with
the Earthquake Safety requirements

3.Structural Stability Certificate in the prescribed Form-IV with
Design Basis Report, signed by the engineer /structural
engineer

4.Supervision Certificate in Form-V

5.A check list in Form-VI

6.Certificate of Occupancy Form-XIlII

7.Indemnity Bond for Basement Form- XV

8.Certificate of Undertaking for Hazard Safety Requirement.
Form-XVI

STRUCTURE DESIGN BASIS REPORT (SDBR)

BIHAR BUILDING BYE-LAWS
“For buildings more 15 m in height, structural stability
certificate in the prescribed Form-lV with Design Basis
Report, signed by the engineer /structural engineer and the
owner jointly shall be furnished.”

SDBR is prepared by:-
The structural designer, while initiating structure
analysis, Prior to Structural Design

SDBR is prepared for :-
« Permission from Statutory Body
+ Approval from Senior Officer in Deptt.
« Ask from Design Consultants

CONCLUSION

FOR SAFE AND SUSTAINABLE DEVELOPMENT
AND  SEISMIC SAFETY IN BUILDINGS,
ENFORCEMENT OF BUPD ACT (2012), BUPD
RULE(2014) AND BIHAR BUILDING BYELAWS
(2014) IS MANDATORY.

TO FILL UP RELEVANT INFORMATIONS
in Prescribed SDBR Form

FORM
Column 1: Description of Structure Design item
Column 2: Information of Design parameters / values
Column 3: Notes having reference to BIS Codes
v" Supplemented with Plan & Sections of buildings

CONTENTS OF SDBR FORM
= LOAD BEARING MASONRY BUILDING
= RCC FRAME BUILDING
= STEEL BUILDING
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Partl- O =lE ]

. o — sz DESIGN DATA
T
. - TYPE OF STRUCTURE
o — o Load Bearing
R o RCC Frame
T o RCC Frame and Shear Wall
g ———3 - SOIL DATA : IS 1893 Cl 6.3.5.2
|t e IS 1904
e s — o Type of Soil
s o Design Safe Bearing Capacity
DESIGN DATA ..... Continued DESIGN DATA ..... Continued
* IMPOSED LOADS : IS 875 Part 2 * SEISMIC LOADS : 15 1893 -2002
o Plaza Floor accessible to Fire Tender o Seismic Zone
o Floor Loads : Enclose Plans — A4 size o Seismic Zone Factor (2) * Table 2
o Roof Loads o Importance Factor : Table 6
: Terrace Garden — Additional Loads o Response Reduction Factor . Table 7
o WIND LOADS : IS 875 Part 3 o Fundamental Natural Period :Cl. 7.6
> Wind Speed o Design Horizontal Acceleration : Cl. 6.4.2
o Design Pressure Intensity o Expansion / Separation Joint :Cl. 7.11

: Indicate on Plans — A4 size
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1. LOAD BEARING MASONRY BUILDING 1. LOAD BEARING MASONRY BUILDING ..... continued

« BUILDING CATEGORY : 1S 4326 Cl. 7 * SIZE AND POSITION OF OPENINGS
: 1S 4326 Table 4, Fig. 7
SEISMIC ZONE * WALL : HEIGHT / THICKNESS Use separate A4 Sheets
BUILDING " n K, « WALL : LENGTH / THICKNESS for each wall

* HORIZONTAL SEISMIC BANDS
1154326 CI. 8.3, Cl. 8.4

ORDINARY B C D
IMPORTANT c D E E

m

* VERTICAL REINFORCING BARS : 1S 4326 Cl. 8.4

* TYPE OF WALL MASONRY o At Corners and T junction of walls

* TYPE AND MIX OF MORTAR o At Jambs of Door & Window openings
1154326 Cl. 8.1.2

2. RCC FRAMED BUILDING 2. RCC FRAMED BUILDING ... Continued
* TYPE OF BUILDING : 1S 1893 Cl. 7.1
o Regular Frames * HORIZONTAL FLOOR SYSTEM
o Regular Frame with Shear Wall o Beams and Slabs
o Irregular Frame o Ribbed Floor
o Irregular Frame with Shear Wall o Flat Slab with drops
o Soft Storey o Flat Plate without drops

* NUMBER OF BASEMENTS

* NUMBER OF FLOORS INCLUDING GF
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2. RCC FRAMED BUILDING ... Continued

+ SOIL DATA
o Classification of Soil : 1S 1498
o Recommended SBC of Soil : IS 6403
o Capacity of Piles : 1S 2911
o Under Ground Water Table
= Depth

= incorporated Capacity Calculations
o Chemical Analysis

= Ground Water

= Foundation Soil

2. RCC FRAMED BUILDING ... Continued

* CONC. GRADE USED IN DIFFERENT
MEMBERS : 1S456 Table 5

* METHOD OF ANALYSIS USED, Idealization

* COMPUTER SOFTWARE USED

* TORSION INCLUDED : 151893Cl. 7.9

= BASE SHEAR : 1S1893Cl. 7.5.3
a. Based on Approximate Fundamental
Period

b. Based on Dynamic Analysis
c. Ratioof a/b

2. RCC FRAMED BUILDING ... Continued
FOUNDATION RECOMMENDATION
o Type of Foundation

* |solated Footings

* Interconnected Footings

» Raft, K values (sub grade Reaction)

= Piles ( type, dia., length, capacity)
o Depth below GL
SYSTEM OF INTER CONNECTED FOUNDATION

IS 1893 Cl. 7.12.1

o Plinth Beams
o Foundation Beams

2. RCC FRAMED BUILDING ... Continued

DISTRIBUTION OF SEISMIC FORCES ALONG HEIGHT :

IS 1893 Cl. 7.7, Provide Sketch
DISTRIBUTION OF BASE SHEAR AND BASIS OF
ANALYSIS, IF SHEAR WALL & COLUMN USED
Provide Sketch
COLUMN OF SOFT STOREY SPECIALLY DESIGNED
: 151893 Cl. 7.10

SYSTEM USED TO COUNTERACT EARTH PRESSURE IF

BASEMENT USED



2. RCC FRAMED BUILDING ... Continued

2. RCC FRAMED BUILDING ... Continued * DUCTILE DETAILING OF RC FRAME
o Type of Reinforcement used : IS 456 Cl. 5.6
« MINIMUM CLEAR COVER PROVIDED IN o BEAMS
o Foundation = Minimum Dimension : IS 13920 Cl. 6.1
o Column = Min. % and Max. % of Reinforcement
o Beam 1S 13920-1993 Cl. 6.2, 7.2
o Slab = Spacing of Stirrups in 2-d length near ends
: 1513920 Cl. 6.3.5
o Wall

= Ratio of SF due to gravity load and Plastic hinge
formation / factored SF
: 1S 13920 Cl. 6.3.3

2. RCC FRAMED BUILDING ... Continued

* DUCTILE DETAILING OF RC FRAME .... Continued
o COLUMNS

o Minimum Dimension : 1S13920Cl. 7.1
o Max. % of Reinforcement : IS 456 Cl. 26.5.3.1 BIHAR DISASTER RISK REDUCTION
o Ties (dia. & spacing) near ends & within joints
. 1S 13920 Cl. 7.4 ROADMAP 2015-2030
o Ratio of shear capacity /calculated storey shear
- 1S13920Cl. 7.4 PARTNERSHIP OF ENGINEERS

30 min
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Process of Roadmap development

Decision for
Bihar
Conference on

v
a7 Warkd Disaster Risk
Conference on Reducti
Disaster Risk HEEon DRE
Reduction, Sendai (BCDRR) Roadmap
Adaptationof ¢4 qeitution of
Sendai Framework o 5 DI 2618 i DRR approved
for Disaster Risk KT ~  Draftingof  Roadmap by the
Reduction Committee First DRR Validation  Cabinet,
BCDRR Roadmap workshop GoB
14th.18th Mar-Apr- 1314t N May-Dec | 8&h-oth | 28t Apy,
Mar 2015 May, 2015 May, 2015 2015 Jan, 2016 2016

DRR Initiatives and Achievements in Bihar till 2015

Institutions cont........
s Flood Management Information System Centre (FMISC)
= Bihar Aapda Punarvas Evam Punarnirman Society
(BAPEPS)
= Bihar Inter Agency Group (BIAG)
Plans, SOPs and Financial Management
= State Disaster Management Plan (SDMP)
State Disaster Response Fund
State Disaster Mitigation Fund
Building code and Bye-Laws
SOPs for Flood, Drought, Drinking Water, Fire & Hospital
Safety
Directives and Guidelines
District Disaster Management Plans (formulating)
Departmental DM Plans / Office Disaster Management
Plans (in formulation stage)

m EH NN

DRR Initiatives and Achievements in Bihar till 2015

Poli
=
]

cies
Kosi Disaster: Rehabilitation & Reconstruction Policy
Bihar State Disaster Management Policy (2007)
Agricultural Roadmap
Bihar State Action Plan on Climate Change

Institutions

Disaster Management Department (DMD)

Bihar State Disaster Management Authority (BSDMA)
Crisis Management Group (CMG)

State Executive Committee (SEC)

Bihar Institute for Public Administration and Rural
Development (BIPARD)

National Disaster Response Force (NDRF)

State Disaster Response Force (SDRF)

District Disaster Management Authority (DDMA)

DRR Initiatives and Achievements contaua:
Infrastructure, materials and equipment

Cap

M M E NN N

H oW

Emergency Operations Centre (EOC)
District-level Disaster Management Warehouses
Communications and transportation equipment
Search and rescue equipment
SDRF base at Bihta, with search & rescue equipment
Flood Shelters
acity Building
Search and Rescue
Community Preparedness
Safe Construction
Mock Drills
Advance trauma and life support through QMRT
Earthquake resistant construction (Training of Engineers,
Architects and Masons)
Rapid Visual Screening
Training of BAS & BPS officers
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DRR Initiatives and Achievements cont........

Public Awareness and Education
= Hazard-specific Safety Weeks (Flood, Earthquake, Fire,
Road Safety)
= School Safety Fortnight and Day
= Bihar Diwas, DM related activities & Exhibitions
= IEC Materials
Risk Assessments
s Flood Hazard Atlas, Flood Management Information
s Risk Informed Development Planning - System (RIDP-S)
DRR Programs and Schemes
Kosi Flood Recovery Project
School Safety Programmes
Community Based Disaster Risk Reduction CBDRR
Shatabdi Anna Kalash Yojana (Scheme)
Bihar Scheme for Assistance to Farmers in Farm Distress

List of Notified Disasters:

Ministry of Home Affairs, Government of India (Gol)
notified list of ‘natural calamities’:

Avalanche, cloud burst, cold wave, cyclonic storms,
drought, earthquake, fire, flood, hailstorm, landslide,
tsunami, and pest-attack.

GoB notified state specific local disasters:

Lightning, Heat Wave, Excess Rainfall, Unseasonal and Heavy Rain,

Boat Tragedies, Drowning (rivers, ponds and ditches), Snake bite &
Animal attack, Human Induced Group Accidents such as Road
Accidents, Airplane Accidents, Rail Accidents, Gas Leakage and
Chemical, Biological and Nuclear (CBN) disasters

Multi-Hazard Profile of Bihar

Recurring Floods:
= 28 districts prone to floods
* 17% flood-prone area

Earthquake:

7 dist. in Seismic zone V
EQin 1934, 1988 & 2015

63 lost life in 2015 EQ in Bihar

Drought:

13 dist.) suffer from drought
drought in 2002, 2007, 2008,
2009, 2010, 2011 & 2013

Cyclonic storms:
27 dists fully affected
killed 59 people in April, 2015

Severe Cold wave, Heat Wave,
Lightning, Hailstorm

Village fires in summer:
covers all the 38 districts of
Bihar

Health emergencies i.e. Acute Encephalitis Syndrome (AES)

Climate Change showing signs

Disaster Risk Profile of Bihar: A, B, and C Districts

Il Goue ADstrcis
n High Disaster Risk Dastricts n Group A

Wl G B Dt

n High Disautar Fusk Dislricts in Group B

# Sheikhpura
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BIHAR DRR ROADMAP 2015-2030

Targets Milestones

¢ Resilient Villages

@ Resilient Livelihoods

¢ Resilient Critical infrastructure
e Resilient Basic Services

o Resilient Cities

Specific Actions, Responsible Actors, Timeline

MILESTONES:

BY 2020:
1.
2.

Baseline status for each of the four targets is developed.

Training of Engineers, Architects, Masons etc. for safe
construction of projects and buildings completed.

Structural safety audits of all government offices/ buildings and
infrastructure (such as Secretariat, Collectorates,
SDO/Block/Anchal Offices, Police Offices and Stations,
Schools, Hospitals, Panchayat Bhawans, Anganwadi centres
etc.) is completed and corrective measures initiated.

Safe construction of all major Government projects and
building is initiated.

TARGETS:
o

1. Lives lost due to natural disasters in Bihar would be reduced by
75% of the baseline level by 2030.

2. Lives lost due to transportation related disasters (viz. road, rail
and boat accidents) in Bihar would be substantially reduced
over baseline level by 2030.

3. People affected by disasters in Bihar would be reduced by 50%
of the baseline level by 2030.

4. Economic loss due to disasters in Bihar would be reduced by
50% of the baseline level by 2030.

MILESTONES:
BY 2020:
5. Emergency Support Functions are notified and made

operational with fully-functional Emergency Operations Centres
(EOCs) at state and district levels.

6. Structural safety of all commercial buildings (such as malls,
cinema halls and other public places of mass gathering) is
ensured.

7. Comprehensive multi-hazard risk analysis (current and
emerging disaster risks) and incorporating in annual plans and
PIPs of all line departments and annual plans of PRIs and
ULBs.
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MILESTONES:

BY 2020:

8. Service Delivery Continuity Plans (SDCPs) and Infrastructure
Continuity Plans (ICPs) for all basic services & critical

infrastructures - to ensure department functions return to
‘business as usual’ in the quickest time.

9. An effective Early Warning System (EWS) is established,
wherein all villages and cities in Bihar have systems for early
warning information reception, dissemination and taking up
immediate good enough pertinent action.

10.DDMAs strengthened with resources, mandates and capacities

for playing an integral role in disaster risk reduction decision
making at the district level.

MILESTONES:

BY 2025:

1. Corrective measures, including retrofitting of all govt offices
and social infrastructure are completed.

2. A system for Risk Informed Development Planning (RIDP) is
adopted and operational at all levels of planning.

3. All PRIs and ULBs are adequately empowered through funds,
functions and functionaries.

4. Communities in all villages and cities regularly monitor current
and emerging disaster risks, including underlying risks, and
assert for measures to be taken.

5. Platforms and mechanisms are institutionalized across Bihar
for effective learning and sharing on DRR planning,
implementing and drawing learning.

MILESTONES:
BY 2020: |

11.Communities understand and practice ‘do’s and don’ts’ during
disaster situations as a result of a state-wide public awareness
and education campaign launched at all levels.

12.Building bye-laws incorporating safe construction in all urban
areas are approved.

13.Communities are encouraged and a policy regime is developed
to enforce safe construction in rural areas.

MILESTONES:

BY 2030:

1. Policies and practices for agriculture and other livelihood
related risk transfer, sharing, and compensation are adopted by
agriculture and small industry based livelihoods systems in
Bihar.

2. Rural and urban habitat planning processes like land zoning,
town and city development planning take into account existing
and emerging disaster risks.

3. All existing and new public and private buildings in Bihar are
structurally safe from a multi-hazard perspective.
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SPECIFIC ACTIONS FOR DEPARTMENTS
General points for all departments/ agencies:
[E—— I 3

« Specific Actions have been arranged department/ agency wise.

* Nodal department/ agency will lead the activities whereas
supporting departments would provide requisite support

Action (State, District, Block, and Gram Panchayat or Urban
area) and the timeline (short-term, medium term and long- term)
for each specific activity has been identified.

« Each department/ agency has to make budgetary provisions for
the assigned activities in their annual budget; DMD can
supplement funds if some of the activities can’t be budgeted by
the departments/ agency.

Specific Actions for

Education Department
| i
Resilient Basic services

1. Develop a resilience index for education facilities and
determine the current status.

2. Review school building guidelines/ designs and include
structural safety elements.

3. Ensure that all new constructions of educational institutions
are green, disabled friendly, earthquake and fire resistant with
adequate escape routes.

4. Undertake corrective measures for enhancing the resilience of
the infrastructure facilities especially in Group A and Group B
districts.

5. Map schools wherein school functioning gets cut-off during
disaster situations modify the annual lesson planning /
timetable.

Specific Actions for
Health Department

Resilient Basic services

1. Undertake corrective measures for enhancing the resilience
of the infrastructure facilities (retrofitting, relocation) and
service delivery systems.

2. Ensure that all new constructions of the primary, secondary
and tertiary health facilities are green, disabled-friendly and
flood, earthquake and fire resistant.

Specific Actions for
Public Health Engineering Department

|

Resilient Basic Services

1.

2.

3.

Develop a resilience index for WASH facilities & services and
determine Current Status based on resilience index.
Undertake Corrective Measures for infrastructure facilities
(retrofitting, relocation) and service delivery systems
Exercise provision of WASH services, especially in the Critical
and Inaccessible Areas.

. Ensure that “piped water supply to every house” and “Toilet in

all houses” are disabled & senior citizen friendly, earthquake &
fire resistant.

. Ensure all the Hand Pumps installed on above the Highest

Flood Level (HFL) in category A and B districts

. Ensure construction of raised toilets and drinking water

facilities in Group A and B districts

. Preposition of mobile toilets during disasters.
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Specific Actions for

Building Construction Department
| j
Resilient Villages & Cities
1. Ensure that all new public buildings henceforth are green, and
multi-hazard resistant.
2. Conduct Safety Audit of existing public buildings from multi-
hazard perspective in all the villages.
3. Retrofitting of all existing public buildings in a phased manner
4. Provide technical assistance to community at district level for
building hazard resistant houses.
5. ldentify safe places and construct multi-hazard shelters in Gram
Panchayats in all Group A and B districts.

6. Set up 'Earthquake Safety Clinic' in all urban areas.

7. Create 'Safe Construction Resource Centres’ in partnership with
IIT, NIT and Polytechnics.

Specific Actions for
Water Resources Department

Resilient Critical Infrastructure:

1. Carry out 'risk impact' analysis of a proposed dam,
embankment, aahar & reservoir before construction frepair.

2. Effective implementation of the Flood Control SOP and
Embankment Management Guidelines of WRD.

3. Undertake a scenario based analysis of L2 & L3 scale of
disaster events and develop a contingency plan.

4. Training of PRI members and community volunteers on breach
signs, communication and immediate actions.

5. Engage neighbouring states to undertake risk impact analysis
of dams located in these States on Bihar.

6. Capacity building of departmental Engineering staff in risk
resilience designing and implementation of dams,
embankments and reservoirs

Specific Actions for
Water Resources Department
Resilient Village:
1. Identify high flood risk prone villages and develop inundation
maps.
2. Undertake flood protection measures well in advance.
4. Undertake construction & repair of embankments.
5. ldentify the areas and villages wherein land is getting eroded
due to river waters and undertake land protection.

6. Augment existing Irrigation potential by more than 100%.

Resilient Livelihoods:

1. Initiate measures for repairs and de-siltation of canals and
water bodies and increase the irrigation coverage especially in
the 13 drought-prone districts (Group C).

2. Undertake drainage development plans to reduce the risk of
flash floods.

Specific Actions for
Urban Development Department

Resilient Basic Services - Housing:

1.Carry out 'risk impact' analysis of a proposed dam, embankment,
aahar & reservoir before construction /repair.

2. Undertake a drive to analyse risk of all urban houses to
determine the current status and to encourage inhabitants to
undertake appropriate corrective measures.

3.Develop a menu of designs and manuals with varying cost slabs
for urban housing from different geo-climatic zones for Group A
and B districts.

4.ldentify and provide incentives/awards to builders who have
created models of resilient urban housing as per building bye-
laws.

5.UDD to monitor of adherence to the building codes and take
punitive actions for violations.
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Specific Actions for
Urban Development Department

Capacity Building:

1.

Engineers, architects, masons, contractors, builders, and
building artisans on disaster-resilient house construction and
manuals and ULBs on building codes.

Communication and Knowledge Building:

1.

Sensitize the citizens through citizen councils and civil society
organizations for insisting on resilient housing.

Public awareness on disaster-resilient housing.

Develop and widely disseminate the Do's and Don'ts related to
disaster-resilient houses and housing colonies.

Develop guidance material for homeowners on area, house

design, technology choice and construction specification,
quantities of different materials.

. Ensure that all new public buildings are green & resilient to

various hazards; Tax rebates for such construction

. Conduct Safety Audit and Retrofitting of of existing public and

community buildings.

. Analysis of flooding and water logging risks, land-use patterns

and existing & natural drainage systems.

. Develop scenario based inundation maps for planning

preparedness & response.

. Assess, procure and install water pumps; Construct safe

spaces / shelters; Pre-monsoon clearance of drainage / sewage
systems.
Waste water and sewage treatment / recycling plants.

. Monitor and prevent any construction of private and public

buildings inside the flood-line.

. Develop and implement a rehabilitation and resettlement policy

for houses inside the flooding zone

10.Undertake comprehensive capacity enhancement of ULB

members and UDHD officials

Specific Actions for
Urban Development Department

Resilient Cities:
1. Launch 15-year “Resilient Cities Programme”:

a.Disaster and climate change induced risk analysis

b.Develop "resilient city checklist” & a baseline status.

c.Review and refine land zoning, town planning, city
development plan, and urban settlement planning

d.ldentify all natural water bodies, plantations, wetlands and
ensure that they are not encroached upon and actions for their
restoration..

e.ldentify all hazardous industries and ensure that DM Plans are
developed, approved and practiced.

f. Make provisions for additional allocation under Grant-in-Aid to
the ULBs

11.Capacity building through ToT, Training Workshops,

Demonstrations, Learning Visits, Support Tools, etc. of:

* ULBs, UDHD, Frontline Workers, and Volunteers on risk
analysis, risk informed development planning, and
implementing initiatives

« Architects, builders, engineers, supervisors, and masons on
construction and retrofitting

+ Citizen councils, youth club, college students, teachers, shop
keepers, police personnel on (i) first aid, (ii) traffic rules, (iii)
safe driving, (iv) vehicle fitness, (v) police centres for
accident events.

12.Develop communication using different media like TV, Radio,

Newspapers, Street Plays in Malls, Grounds, Schools,
Colleges, and Demonstration Exercises.

13.Develop an annual report card based on the resilience

checklist for ULBs to review their performance.
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Specific Actions for
Rural Development Department

Resilient Villages:

1. Indira Aawas Yojana (IAY) should be hazard resistant.

2. Construction of water conservation and water harvesting
structures in the villages especially in drought prone villages
and districts under MGNREGA.

3. Undertake tree plantation in flood prone districts

Resilient Livelihood:

1. Disaster resilient agricultural practices in the Bihar State Rural

Livelihood Mission (Jeevika).

2. Availability of work to the disaster affected populace close to

their homes/ temporary shelters / camps.

3. Restoration of agricultural lands and appropriate crops.

4. Repairs and restoration of public infrastructure and community

assets.

Specific Actions for
Road Construction & Rural Works Department

Resilient Village:

1. Conduct road safety audit in terms of floods and ensure that all
village and major district roads constructed henceforth are
flood resistant in flood prone districts.

2. Conduct safety audit of all bridges and ensure that all bridges
are earthquake resistant.

3. Ensure that all MDRs and NHs passing through habitations are
pedestrian- and slow moving vehicle-friendly to prevent
accidents.

4. Ensure proper and standard signage are put on road side for
safe travel.

Resilient Basic Services:

1. Modify designs & Cost of IAY and such schemes for multi-hazard
resilience under and geo-climatic contexts

2. Create mechanisms and procedures for strict monitoring of
adherence to the building codes and safety norms

Capacity Building:

1. Disaster resilient construction choices for community

2. Engineers, architects, masons, contractors, builders, and
building artisans on disaster-resilient house construction

3. Panchayats and Vikas Mitras for resilient IAY / housing

4, Panchayats on building codes

Communications and Knowledge Building:

1. Public awareness on disaster-resilient housing

2. Develop guidance material for homeowners on area, house
design, technology choice and construction specification,
quantities of different materials.

Resilient Critical Infrastructure:

1. Develop a resilience index and / or quality standards pertaining
to roads and bridges as critical infrastructure.

2. Map the existing roads and small and large bridges, including
their GIS mapping and determine their resilience.

3. On the basis of this exercise, undertake corrective actions,
including strengthening or rerouting in selected areas,
reinforcing through specialized materials or design changes,
and such especially for Group A and B districts.

4. Ensure that an annual disaster risk analysis exercise is
conducted as part of the annual planning cycle for targeting,
resource allocation and additional measures for specific
vulnerabilities.

5. Make it mandatory to include disaster risk analysis as part of the
designing of a proposed road and bridge construction activity
before approval for construction is given.
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6. Develop coordination plans with the engineering division of the
armed forces for support in restoration, and / or temporary
alternative arrangements for the damaged roads and / or
bridges in case of disaster events.

7. Map existing road network within state along with alternate
routes' reckoner for ensuring access to disaster affected areas
for L1 & L2 category of disaster events, disseminate it widely
and develop a mobile-based and/or Web-based Application for
people to have access to this information.

8. Map the critical gateway Road routes to the State, and take
steps to ensure their functioning in case of an L3 event.

9. Capacity Building of departmental Engineering staff in risk
resilience designing and implementation of roads and bridges

EARTHQUAKE ADVISORY CELL

1. Earthquake advisory cell shall be constituted in each
district of Bihar, by the respective Executive Engineer,
Building Construction Division.

2. Advisors shall be outsourced in the advisory cell.

3. Any person having queries regarding earthquake
resistant construction / retrofitting of his / her house
can approach to the advisory cell and get suggestion.

4. This will promote earthquake safe construction in
Bihar.

Specific Actions for
Social Welfare Department

Resilient Basic Services:

. Based on this resilience index assessment and structural

safety guidelines, undertake corrective measures for enhancing
the resilience of the infrastructure facilities (retrofitting,
relocation) and service delivery systems (additional resources,
personnel, supplies, and such) especially in Group A and
Group B districts.

. Ensure that the AWC is made part of the soon to be constructed

Panchayat Bhawans and ensure that these AWCs as well as
Panchayat Bhawans are structurally resilient from a multi-
hazard context.

THANK YOU
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(15)
Bihar Building Bye-Laws 2014, SDBR, DRR Road Map,
EQ Advisory Cell

POINTS FOR CONSIDERATION AND DISCUSSION
What is the main content of Bihar municipality act and Bihar urban planning act?
Enlist the area and activities, where Bihar building byelaws 2014 is applicable.
As per building byelaws, who will certify that earthquake safety requirements will be complied?
Who will perform structural design and supervise the structural part, as per byelaws?
What are the safety provisions to be observed for issuing occupancy certificate as per byelaws?
What are the provisions of unsafe buildings as per byelaws?
What is the content of Appendix A of Bihar building byelaws 20147
Enlist the forms to be submitted for ensuring seismic safety as per byelaws.
Who will prepare the Structure Design Basis Report and when?
In which office the Structure Design Basis Report may be sumitted?
Explain the layout of SDBR Form and its Contents.
Differentiate between General data and Building Type Data, in the context of SDBR.
Explain the process of development DRR roadmap 2015-2030.
What DRR Initiatives have been taken in Bihar and achieved till 20157
Enlist A, B and C districts in view of multi-hazard profile of Bihar.
What are the targets of DRR Roadmap 2015-20307
What are the milestones to be achieved as per DRR roadmap?
What are the general points for all departments/ agencies as per DRR roadmap?
Specify the actions to be taken by BCD as per DRR Roadmap?
What is the function of Earthquake Advisory Cell in the districts?
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Qn. 1. Show RCC band and Corner Vertical
steel reinforcement in a Masonry Building

APPENDIX

(walls are 250 mmthick)

Qn.2. Create a pocket in 2 consecutive layers of
brickwork to provide vertical reinforcement at L joint.

i

Qn.3. Create a pocket in 2 consecutive layers of
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APPENDIX

Qn. 4. Show reinforcement details of a Cantilever Porch in a
Masonry Building (Counterweight Requirement and proper fixing).

|
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Qn. 5. Show reinforcement details in chajja and balcony below :-

W

A cantilever chajja from brickwork (page 2/3) A projected balcony slab

] - 1200mm ———
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APPENDIX LANDING Luv.

{

FLOOR Lv.
.l Qn. 6. Show reinforcement bending
3 details of RCC Stair First Flight.
LANDING Luv.

!

FLOOR Luv.

{

Qn.7. Show reinforcement bending
details of RCC Stair Second Flight.
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AGENDA

AGENDA

continued

Day -1

Day - 3

1000 Hrs - 1015 Hrs

Registration, Distribution of Resource
Materials

1000 Hrs - 1130 Hrs

(8) RVS of masonry buildings

1015 Hrs - 1100 Hrs

Inauguration

1130 Hrs— 1145 Hrs

Tea Break

1100 Hrs - 1130 Hrs

Necessity of and Introduction to
Training Program

1145 Hrs - 1315 Hrs

(9) Practical RVS of a masonry
buildings

1130 Hrs -1145 Hrs

Tea Break

1315 Hrs - 1400 Hrs

Lunch Break

1400 Hrs - 1530 Hrs

(10) Masonry Buildings: Seismic

(1) Disaster Management & Disaster Retrofitting
1145 Hrs - 1315 Hrs Damage Scenario 1530 Hrs - 1600 Hrs | Tea Break
1315 Hrs - 1400 Hrs |Lunch Break (11) RC Buildings: Failures and
1600 Hrs - 1730 Hrs :
1400 Hrs - 1530 Hrs | (2)Engineering Seismology and Types Recommendations
of seismic hazards Day - 4

1530 Hrs - 1600 Hrs

Tea Break

1600 Hrs - 1730 Hrs

(3) Ground failure, Soil liquefaction,
Land Zone Plan, Site Selection, Sub
surface Investigations, Construction of
Foundations

1000 Hrs - 1130 Hrs

(12) Ductile Details of RC
Members (1S:13920) & Other
essential Details

1130 Hrs— 1145 Hrs

Tea Break

Day - 2

1000 Hrs - 1130 Hrs

(4) Principles of Earthquake Resistant
Buildings (1S:1893) and Architectural
Considerations

1145 Hrs - 1315 Hrs

(13) Construction Materials,
Precautions in Construction,
Quality Assurance & Quality Audit

1315 Hrs - 1400 Hrs

Lunch Break

1130 Hrs — 1145 Hrs

Tea Break

1145 Hrs - 1315 Hrs

(5) Masonry Buildings: Failures and
Integrity

1400 Hrs - 1530 Hrs

(14) Mitigation of Non-Structural
Hazards, Fire Safety, Safety of
services, Green Building,
Lightening Arrester

1315 Hrs - 1400 Hrs

Lunch Break

1530 Hrs - 1600 Hrs

Tea Break

1400 Hrs - 1530 Hrs

(6) Masonry Buildings: EQ Resistant
Design (1S:4326) & Confined Masonry

1530 Hrs - 1600 Hrs

Tea Break

1600 Hrs - 1700 Hrs

(15) Bihar Building Bye-Laws
2014, SDBR, DRR Road Map, EQ
Advisory Cell

1600 Hrs - 1730 Hrs

(7) Inclined Roof Buildings, Bamboo
housing, Hazard Resistant housing

1700 Hrs - 1730 Hrs

Valedictory and Distribution of
Certificates
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