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1.

Preamble

Delhi, the capital city of India, is located in Seismic Zone IV as per IS 1893(Part 1)-2002.
This implies that the city is likely to experience Intensity VIII shaking. Delhi is bounded by
the Indo- Gangetic alluvial plains in the north and in the east, by Thar desert in the west
and by Aravalli hill ranges in the south. This region is characterized by several dominant
features such as the Delhi–Hardwar ridge, Delhi–Lahore ridge, the Aravalli–Delhi fold, the
Sohna fault, the Mathura fault and the Moradabad fault.(Verma et al. and Chouhan et al.).
Furthermore, the city faces severe seismic threats from the Central Himalayan seismic gap,
which is approximately 300 km away from it (Bilham, 1995; Khattri, 1999; Rajendran and
Rajendran, 2005).
The Building Materials and Technology Promotion Council (BMTPC) has initiated a school
safety programme within the Municipal Corporation of Delhi school system wherein
twenty schools will undergo seismic retrofitting to render them safer against future
earthquakes. In 2010, as a pilot for a comprehensive school retrofit programme, BMTPC
started retrofitting two schools within the MCD School system. This furthers the retrofit
work already undertaken in the Ludlow Castle School as part of the Delhi Earthquake
Safety Initiative Project begun in 2004 and covering five lifeline buildings in the capital
with technical support from GeoHazards International.
2.

Retrofit Pilot Case Studies

This report will present a documentation of the retrofit process undertaken in the two
schools, namely, the MC Primary Model School in Lajpat Nagar III and MC Primary Model
School, Vivek Vihar, C Block, Delhi. Both schools are unreinforced brick masonry
buildings with moderate level of maintenance. Construction drawings or as built drawings
of the buildings were not available and were prepared by the contracting agency. All
construction drawings thus prepared have been included in Appendices I and II.
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3.

MC Primary Model School, Vivek Vihar, C Block, Delhi

3.1

Building Description

The building is a two story masonry building located near Balaji Mandir, C Block, Vivek

Ghazipur Road

Vihar in East District of Delhi. The location of the building is shown in Figure 1.

Balaji
Temple

Figure 1: MC Primary Model School, Vivek Vihar, C Block-Location Map

The building is a two storeyed brick masonry structure, C shaped in plan with two
long main wings and one perpendicular wing making up the arms of the C shape. The two
parallel arms of the C are 30.26 m in length while the connecting block, perpendicular to
the two parallel arms is nearly 35m in length. Enclosing the C shape at the side opposite to
the 35 m block is a single storey assembly hall that is connected with the main C shaped
building through interconnecting corridors. No expansion joints have been provided at the
intersection zones between the arms and the perpendicular block of the main C shaped
building, though the lengths of the blocks require provision for expansion joints to allow
for thermal expansion. The change in geometry wherein re-entrant corners are created, also
warrant seismic gaps to mitigate earthquake induced torsional effects that are quite
common with such geometrical configurations. The Assembly Hall block is separated from
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the main C block through expansion joints. The total covered area on all floors adds up to
2058 sq m with the ground coverage being 1255 sqm. The structural system is load bearing
un- reinforced masonry.
The soil type is light grey silty sand/fine sand to the final explored depth of 8.0m.
Bulk density values vary from 1.60 to 1.65 gms/cc whereas dry density values vary from
1.51 to 1.54 gms/cc in the single borehole. In sand strata, average cohesion is 0.00kg/sqcm
and the angle of shearing resistance varies from 28 to 30 degrees. As per IS 1893:2002,
liquefaction takes place in fine sand below water table for SPT values less than 15 up to 5m
depth, and less than 25 for depth greater or equal to 10.0m. As per the stratigraphy, silty
sand/fine sand is met at the site. Groundwater is not met during field investigation. The
SPT values generally range from 7-22 to 8.0m depth. On review of all the soil parameters
like SPT values, soil gradation, etc., it was concluded that the site was not likely to
experience liquefaction.
The walls are 380mm in thickness with cement sand mortar. The floor and roof
diaphragms are of 125mm thick RC slabs. The original
structure had no vertical reinforcement bars located at
corners, T junctions or door/window jambs. The
building does not have horizontal seismic bands at plinth,
sill, and lintel or roof level.

The building has

freestanding masonry parapets which pose a falling
hazard even in smaller intensity earthquakes.
3.2

Evaluation as per IS13935

As per procedures laid down in IS13935, the first step in
the evaluation was to conduct a Rapid Visual Assessment
Figure 2: Rapid Visual Screening

based on Annexure I Rapid Visual Screening of Masonry

Buildings for Seismic hazards in

IS13935 (Figure 2). This was done by NCPDP. The

building is classified as an “Important’ building. The building is not exposed to any special
hazard as per the RVS format. As per the evaluation format, the building is classified to
have Damageability Grade in Zone V since this is a lifeline building in Zone IV as C.
Recommended action is (1) detailed evaluation for need to retrofit to achieve grade C+,
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and (2) removal or strengthening of falling hazards. Both aspects have been addressed in
the retrofit solution for the building.
4.

The Retrofit Solution

Retrofit solutions are based on IS13935-2008, IS4326, and IS13928. According to the
provisions in the code, the building is a category E building which is the classification for
important buildings in Seismic Zones IV and V and all buildings in Seismic Zone V. The
recommended retrofit solution with regard to inclusion of seismic features and
strengthening of existing elements, is based on the recommendations in IS13935 (Appendix
I). These are summarized in the following section.
4.1

Foundation

There is no recommendation for plinth band since the foundation rests on “soil that is not
soft”. The building has load bearing walls in both orthogonal directions resting on
continuous strip foundations.
4.2

Configuration

The C shaped plan is unsymmetrical resulting in a global deficiency. Reentrant corners are
evident in the building plan.

Expansion Joints

Re entrant Corners

(a) Ground Floor Plan
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Expansion Joints

Re entrant Corners

(b) First Floor Plan
Figure 3: (a) Ground Floor Plan and (b) First Floor plan

4.3

Introduction of seismic features
The seismic features recommended in the retrofit solution include:
1. Lintel level seismic belt in all walls on both faces (Figure 4a)
2. Sill level seismic belt at window sill level on one face of the walls (Figure 4b)
3. Vertical single seismic rods at wall corners (Figure 4c)
4. Door and window encasements, where three windows exist in a wall of a
classroom (Figure 4d)
5. Connections between seismic belts (Figure 5)
6. Masonry pier encasement (Figure 6)
7. Vertical seismic strap
8. Introduction of 2 storey RC frame (Section 5.1)
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a. Lintel level seismic belt
in all walls on both
faces
b. Sill level seismic belt at
window sill level on
one face
c. Vertical single seismic
rods at wall corners
d. Door
and
encasements

window

Figure 4: Seismic bands and door and window encasements

Figure 5: Connection details between seismic belts on two wall surfaces
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4.3.1

Seismic belts
The overall lateral strength and stability of bearing wall buildings is very much

improved, if the integral box like action of room enclosures is ensured. This can be
achieved by providing horizontal bands. Hence, lintel level seismic belt are to be provided
on both faces of all walls except those having continuous RC lintel or sunshade. Sill level
belts are also required on both faces of every wall. The first step involves marking these
bands on the wall surfaces both outside and inside the building.

1. Marking and groove cutting is done in the in the interior and exterior faces of the walls
as per the retrofit solution, for placing of seismic bands. The lintel level seismic belt is
300 mm in width while the sill level seismic belt is 250 mm wide.

350 MM WIDE
SEISMIC
LINTEL BAND

200 MM WIDE
SEISMIC
SILL BAND

Figure 6: Marking and groove-cutting of horizontal bands at sill and levels

2. Removal of plaster on walls around the openings, lintel and sill levels for surface
preparation of seismic bands.
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Figure 7: Surface preparation of the existing walls for insertion of seismic bands

3. After removal of old plaster from on the marked panels, 30 mm diameter holes are
drilled through the walls to insert GI wires to hold the GI welded mesh on the panel
surfaces on both sides of the wall. Blowers are used to clean the freshly drilled holes.

500 MM

30 MM DIA
HOLES THRU
THE WALLS AT
500 MM C/C

Figure 8: Holes drilled through the walls at 500 mm spacing
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4. After cleaning the holes, GI twisted wires are inserted into the holes of diameter 30 mm
so as to pass through the wall section. Each hole has four GI wires, of 3mm diameter
and 670 mm length which are twisted and then inserted through the holes in the walls.
The holes are filled with micro concrete (with heavy strength free flow non shrink grout
of self expansion >20%) to secure the twisted GI wires in position (Figure 9).

Figure 9: Placement of twisted GI wires in holes drilled through and through the walls to
hold the wire mesh of the seismic bands in place in verandah parapet wall

5. After placement of the twisted GI wires, the holes are filled with micro-concrete filling.
Subsequently, a bond coat (application of bonding agent to ensure better bonding
between the old surface and the new plaster) and base coat of plaster (15 mm thick 1:3
plaster in coarse sand) are applied on the grooves cut for the seismic bands (Figure 10).
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Figure 10: Bond coat and base coat of plaster on lintel level seismic bands and encasement
around ventilator

6. After application of the first coat of plaster, the seismic belts at sill and lintel levels are
placed over the plaster. The seismic belts are made up of 10 gauge galvanized welded
wire mesh made up of longitudinal and transverse members. For the lintel level belt,
for walls up to 6m in length, 10 nos. longitudinal wires are placed at 25mm centre to
centre while for walls of 6-7m in length, 13 wires are used for the same width of belt
(Figure 11a). In case of sill level seismic belt, for walls up to 6m, 5 nos. longitudinal
wires are used at 25mm centre to centre while for the 6-7m long walls (Figure 11b) 7
such wires are used in the longitudinal direction for the same 250mm width of seismic
belt (Figure 11c).
7. The welded GI wire mesh is held in place by tying with the twisted GI wire bundles
that had been inserted through the wall earlier. The GI mesh is fixed around the door
openings, lintels, and at sill level in accordance with the recommendations of the
retrofit solution (Figure 12, 13, 14).
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A

B

(a)

(b)

(c)

Figure 11: (a) Longitudinal wires at lintel and sill level, details of wires for (b) lintel level
seismic band and (c) sill level seismic band
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WWM ANCHOR AT 500MM C/C
SPACING CONSISTING OF TWISTED
CABLE MADE OF 4-3MM GI WIRES PUT
THROUGH 50MM DIA HOLE THAT IS
GROUTED WITH NON-SHRINK GROUT

A

10 GAUGES GALVANIZED WELDED
WIRE MESH (WWM) BELT WITH
LONGITUDINAL AND TRANSVERSE GI
WIRES @ 25MM C/C AS SPECIFIED FOR
SILL AND LINTEL BANDS

GALVANIZED SCREWS @ 300MM C/C
FOR HOLDING WWM

A

Figure 12: Welded GI wire mesh details of the seismic belts

1. EXISTING PLASTER

1

2. WWM ANCHOR AT 500
MM C/C SPACING
CONSISTING OF TWISTED
CABLE MADE OF 4 NOS.
3MM GI WIRES PUT
THROUGH 30 MM DIA
HOLE THAT IS GROUTED
WITH NON SHRINK GROUT

2

3. GALVANIZED WELDED
WIRE MESH

3

4. PLASTER AS PER
SPECIFICATION
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Figure 13: Section through AA
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2
3

1
4

Figure 14: Welded wire mesh seismic sill bands (1), encasement around ventilator
openings (2) showing the overlap between the vertical and horizontal seismic straps (3)
and tying details of twisted GI wires with the welded wire mesh (4).

8. After placing the wire mesh and securing it in position the second coat of 1:3 plaster in
coarse sand 12mm thick is applied to cover the wire mesh. Curing compound is applied
on the finished plaster coat to form a watertight barrier that prevents water from
evaporating from the concrete.

Figure 15: Plastered, cured and finished lintel and sill bands
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4.3.2

Encasement of openings by vertical seismic elements

In un-reinforced masonry buildings, when walls with openings are subject to earthquake
shaking, the rectangular or square openings tend to deform as opposite corners are either
pushed closer or pulled farther away resulting in cracks at the corners. Use of vertical
seismic bands all around the openings, thus encasing them, restricts the formation of
corner cracks and increases the strength of these vulnerable regions. Encasing of openings
is proposed in the inside face so as to minimize the need for scaffolding in the upper floor.
Built-in cupboards are also treated as openings and they are encased on the same faces as
the cupboards. Vertical seismic straps are used at wall corner junctions (L and T junctions).
The details of vertical seismic straps are provided in the following figures.

Figure 16: Door encasement
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Figure 17: Arrangement of seismic belt, opening encasement, and vertical bar at wall junctions and around the wall openings
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4.3.3

Vertical seismic elements at wall intersections

Strength of walls is achieved by providing vertical steel at selected locations such as the Lcorners and T-junction of walls. Hence vertical reinforcement bars are used at every wall
junction. This consists of welded wire mesh or single reinforcing bar. In case of single
reinforcing rod, the same is installed in the inside face of the T junction on only one side.
Welded wire mesh vertical straps are also used for the 2 types of wall intersections-type
and T-type.
4.3.3.1 Single vertical bar detail
First holes are drilled in the RC slabs at the
corners of all rooms to run the vertical
reinforcement

inside

the

rooms.

The

vertical reinforcements are held in place
using hooked steel connectors driven into
the wall.

After the corner vertical

reinforcement is anchored in position,
shuttering is erected along an inclined
surface

to

contain

the

vertical

reinforcement bar in its corner position at
all wall intersections. Micro concrete is
poured

into

the

corners

and

upon

completion of concreting, the shuttering is
removed and curing compound is applied
on the newly cast concrete surface. After
this concreting is done, all rooms will have
chamfered corners.
Figure 18: Details of vertical seismic strap
at L and T wall intersections

4.3.4

Parapet walls

Unrestrained parapets can pose a serious falling hazard as these can be a serious threat for
children just outside the periphery of the building. The brick parapets are unrestrained and
have been retrofitted against lateral loads to prevent collapse. For restraining these walls, a
continuous horizontal seismic band with vertical seismic straps is introduced. The
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horizontal band is strengthened through the placement of vertical seismic straps. On the
terrace side, these vertical straps are connected with the RCC roof slab. The straps are in
folded over the parapet ledge and continued vertically down along the outer face of the
building and connected structurally with the lintel bend. This ensures positive connections
between the parapet and the structural elements of the building, thus reducing its
vulnerability.

Figure 19: Horizontal seismic band and vertical seismic straps showing twisted GI wire
connections with the strap on the terrace side of the parapet wall and (b) Finished seismic
bands and seismic straps on the parapet wall.

Figure 20: Vertical seismic straps on the external surface of the parapet wall
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4.3.5

Brick Piers

The columns along the covered verandah all around the courtyard in this building were
actually brick piers which were retrofitted by introduction of vertical reinforcement bars
placed on all the four pier surfaces and connecting these with the foundations.

Figure 21: Encasing details of brick masonry pier
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4.3.6

Additional Frame
As mentioned earlier, the building has a global seismic deficiency due to its plan
configuration which is in the shape of the letter ‘C’. To overcome this deficiency it is
proposed to constructing two frames as shown in Figure
F1

2 nos. 2 storey
frames, F1 and F2,
for addressing the
global deficiency

F2

5.

Other general Improvements

5.3.1

Additional doors
In addition to the retrofitting, it is recommended that to meet the fire safety
standards, each classroom should have two doors. Since the existing classrooms
have only one door each, an additional door, opening outside is to be provided in
each classroom to meet the fire safety and evacuation norms laid down in the
National Building Code.

5.3.2

Additional Staircase
The existing staircase is not sufficient for a school building and it is proposed to
include an additional staircase.
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