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2.2.6. INTERSECTION OF PERPENDICULAR WALLS

Damage often occurs at the intersection of perpendicular walls. One wall can rock out of
plane while the perpendicular in-plane wall remains very stiff. Damage at these locations is
inevitable during large ground motions and can result in the development of gaps between
the in-plane and out-of- plane walls (Figure2-23a) or in vertical cracks in the out-of-plane
wall (Figure 2.23 (b)). Damage may be significant when large cracks form and associated
damage occurs to the roof or ceiling framing. Anchorage to the horizontal framing system
or other continuity elements can greatly reduce the severity of this type of damage.

Damage at the intersection of perpendicular walls is normally not serious from a life-safety
perspective. However, in the same way that corner damage occurs, adjacent walls can
become isolated and behave as freestanding walls. When they reach this state, the possibility
of collapse or overturning is greatly increased, and a serious life-safety threat can arise. In
addition, if significant permanent offsets occur, repair may be difficult and expensive.

()

Figure 2.22 Lllustration of cracks originating at stress concentration locations: (a) cracks appearing first at
upper corners of window opening followed by lower corner cracks; and (b) cracks at upper corners
of door opening.

(Source: Manual of The Getty Conservation Institute)

(@) (b) ?

Figure 2.23 llustrations showing (a) how separation can occur between in-plane and out-of-plane walls, and

(b) how vertical cracks develop in out-of-plane walls at the intersection with perpendicular, in-plane walls.
(Source: Manunal of The Getty Conservation Institute)

Figure 2.24 Some examples of Cracks at opening
(Sonrce: CoRD)
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Continuous band /
around all bends Overlapping
length

Welded steel mesh tied
to the wall by nails

Figure 4.5 a) Seismic belts around various locations(source: UNDP, UNESCO & GOI, 2007)
b) Additional reinforcement (source: R. Desai and GOM 1998)

Steps for construction of the belts:
Mark the location of belts and remove plaster in the marked places

iv.
V.

Rake out mortar joints

Clean the surface and wet it with water

Apply neat cement slurry and apply first coat of 12 mm thickness. Roughen its
surface after initial set

Installing mesh with bars to walls nailing at about 300 mm apart.

Apply second coat of plaster of 16 mm thickness.

42.1.1 Gable-wall bands

Gable walls are typically non-load bearing, and the roof, attic, and/or floor framing provides
little restraint against outward motion. The walls are taller than others in the building, but
are usually of the same thickness. This makes the gable wall more susceptible to collapse.
Hence it should be securely anchored to the building at the roof and the attic floor levels for
out-of- plane stability. In case of new structure, it is compulsory to provide gable band and
roof band. In existing structures however, this can be achieved by cross bracing two gables.
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Figure 4.6 Gable band

4.2.1.2 Vertical Reinforcing

Due to the weaknesses in brick or stone masonry walls, poor storey-to-storey bonding, Poor
wall-to-roof bonding and inadequate resistance to vertical bending in masonry, adobe and
stone masonry buildings have horizontal cracks’, collapse of walls, and sliding of roof with
respect to the lower storey. Vertical reinforcement within the masonry wall will help to
prevent such failures. It improves the bending strength of the wall to control the horizontal
cracks, reducing the possibility of the walls going out of plumb or collapsing. It helps bond
the roof to the walls, providing support to the wall and controlling its shaking in an
earthquake. It helps to improve the bond between adjacent storeys, which also strengthens
the walls.

There are three effective ways to retrofit the wall using vertical reinforcement in the
masonry walls

1 Single vertical reinforcement
il. Reinforcement with welded wire mesh, and
1. Post-tensioning

Generally 10 -12 dia TOR bar and 13 gauge WWM are used in the first and second option
of the retrofitting as specified in National Disaster Management Division, Govt. of India
Guidelines for J&K. For third option 12 — 16 dia TOR bar are used.

Single vertical bars must be installed at the inside corner of a wall-to-wall ‘L.’ type junction.
In the case of a “I” junction it may be installed on either side of the junction as shown in the
following figures.

The shear connectors are installed in both walls, starting on one wall at 150 mm (6") from
the floor, with successive holes at approximately every 600 mm (2') but in alternate walls,
and the last hole150 mm below the ceiling level or 150 mm below eave level.

* Horizontal cracks are reduced by increasing horizontal bands (reducing distance between horizontal bands), vertical rebars are considered for
shear strength.
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Figure 4.7 Vertical bar in corner
(Adapted from: UNDP, UNESCO = GOI, 2007)

Shear connector

same as wall thickness -~
1

Shear connector bar

b~ 400 mm - H

Figure 4.8 Shear connector with vertical bar details
(Sourse: UNDP, UNESCO ¢ GO, 2007)

Slab reenforcing

— Vertical rod bent
at top and tied
to slab bar

connector

Figure 4.9 Connecting top bent end of vertical rod to slab
(Source: UNDP, UNESCO &> GOI, 2007)

The reinforcement with WWM is installed in an ‘L.’ configuration on the outside of I’ type
wall-to-wall junction and in a flat configuration on the outside of a “I” type junction as
shown in the following figures. The belt will start from 300 mm below plinth level and
continue up to the top of wall at roof level.

In case of rubble walls, cast in situ RC shear connectors are used with ‘L’ shaped dowel bar
for greater reliability. Shear connectors are to be installed starting at 150 mm (6") above
floor level with a spacing of 600 mm (2'). Successive connectors ate to be placed on

different walls in the cornet.
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Wall plaster

WWM

vertical belt Random

rubble stone

Figure 4.11 Plastering vertical WWM belt

using cement plaster
(Adapted from: UNDP, UNESCO ¢ GOI, 2007)

Figure 4.10 Anchoring WWM to random rubble

wall with shear Connector
(Source: UNDP, UNESCO & GOI, 2007)

Top of wall Inside splint

Anchors at 600 mm
horizontal and
1,000 mm vertical
spacing r

#1600 mm

Remove the earth be
low the ground level
approx. depth 700 mm

Figure 4.12 Vertical reinforcement with WWM
(Source: GOM 1998)

Post-tensioning vertical reinforcement is another effective method for increasing strength of
masonry walls. The post-tensioning may be applied externally or be installed internally by
drilling vertical cores through the middle of a wall and then inserting steel rods into these
cores. The rods may or may not be set in grout, and are then tensioned, which provides an
additional compressive force in the wall. This loading modifies the stress behavior of the
masonry in bending (i.e. the result of out-of-plane loading). It also increases the shear
capacity of the wall.
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4.2.1.3 Encasement belt around opening

A typical masonry wall consists of piers between openings, plus a portion below openings
(sill masonry) and above openings (spandrel masonry). When subjected to in-plane
earthquake shaking, masonry walls demonstrate either rocking or diagonal cracking started
from the opening corners. Rocking is characterized by the rotation of an entire pier, which
results in the crushing of pier end zones. Alternatively, masonry piers subjected to shear
forces can experience diagonal shear cracking (also known as X-cracking. Diagonal cracks
develop when tensile stresses in the pier exceed the masonry tensile strength, which is
inherently very low.

To prevent such damages, it is necessary to strengthen the boundary around the opening,
especially at the corners where concentration of tensile stresses occurs. Encasement helps
resist the tearing action that occurs at opening corners. Likewise wrapping of the pier which
has very weak resistance to shearing and bending is greatly strengthens it against these
forces and prevents the cracks and crushing of piers.

Figure 4.13 Encasing around window and door openings
(Source: UNDP, UNESCO &> GOL, 2007)

Generally 280 to 300 mm wide encasement belts are used around the openings underneath
of lintel bands, on the sides of the openings, and under the windows and ventilations. The
construction procedure is same as that used for horizontal and the horizontal and vertical
seismic belts.

422  STIFFENING WALL/ WALL JACKETING

Aim: Provide ont-of-plane stability to unreinforced adobe walls resisting out-of-plane flexure; provide in-
plane continuity limiting the relative displacement of cracked walls section preventing extensive wall
deterioration.

Adobe walls are weak when subjected to forces other than compression. Even when fully
secured to floors at each level, out-of-plane forces can cause significant wall bending that is
governed by the ratio of the height between levels of support to the thickness of the wall.
Some walls have sufficient thickness or have cross-walls or buttresses which enable them to
withstand these out-of-plane forces without modification, however many walls will require
seismic improvement. There are a number of approaches to combat this problem as
described below:

4.2.2.1 Polypropylene (PP) bands

PP-band retrofitting is a simple and low-cost method that consists of confining all adobe
walls with a mesh of PP-bands. PP-bands are an inexpensive, durable, strong, and widely
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available material, commonly used for packing. PP-band meshes increase the structure
ductility and energy dissipation capacity through controlled cracking. It has had practical
application in Nepal, Pakistan and Peru with positive reception from the communities.

Shake table tests were performed to verify the efficiency of this technique. Figure shows a
tull-scale adobe model reinforced with PP bands after a shake table test (Meguro 2008). The
scheme was developed in Japan.

Static and dynamic testing by Macabuag (2009), shows that this method extended the
collapse time of unreinforced masonry buildings and also provided confinement. The PP-
bands are able to prevent brittle collapse, since loads can be maintained even after initial
failure of walls.

Figure 4.14 Full scale adobe Figure 4.16 PP band retrofitted honse

model reinforced with pp band Figure 4.15 PP band before mortar laying

(Source: Megura and Mayorca)
éﬁé‘i" a shake table test mesh (Source: Megura and Mayorca)

Design Methodology:®

1. Determine the original structure strength, V, and natural period, T.

2 Calculate the elastic base shear, V, according to the regional seismic code.

3. From the relation between V and V, estimate the strength reduction factor, R,

4 Choose a certain PP-band mesh density, D, and determine the ductility demand,

Wiems from the py. versusR, graph and also the maximum displacement, A =l
X first cracking displacement.
5. Assess A,
If A, is acceptable, proceed with out-of-plane verification.
If A, is unacceptable, reduce the .. Repeat the calculation.

0. Verify that out-of-plane deformations do not cause instability

5 A Step Towards The Formulation Of A Simple Method To Design Pp-Band Mesh Retrofitting for Adobe/ Masonry Houses,P. Mayorca and
K. Meguro
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Figure 4.17 Flow chart of Design of PP band (Wall Jacketing)

4.2.2.2 Bamboo Reinforcing:

In this system adobe wall is reinforced by bamboo straps with internal chicken wire mesh.
The bamboo is placed horizontally and vertical on adjacent (inside and outside) to the main
external wall to encase adobe walls which will prevent both collapse and the escape of
debris during earthquake. The retrofitting techniques has been developed and tested at the
University of Technology, Australia (Dowling et al. 2005).The test results shows that this
method has significantly improved seismic resistance of the adobe structures. A timber ring
beam is also included in this structure.’The vertical bamboos reinforcements are nailed to
the ring beam, thus it ensures the complete support of the wall. Since the technique is fairly
simple and less invasive in design, this retrofitting technique is simple and suitable for local
builders and is an affordable option for buildings in developing countries.

6Seismic Resistant Retrofitting For Buildings, Aimi Elias for Practical Action
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A simple construction procedure of this technique is presented below:

Wire {o tis bamboa Bambon Strips @ ¢°
[l JlakiddF
L1/

Bamboa Swips @ ¥

-

|
Rubber Tle \— Wire to the bamboo Bambaon Strips & 8"

Figure 4.19 Plan showing bamboo Figure 4.18 Wall section showing bamboo reinforcing
reinforcing
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Figure 4.20 Construction procedure of bamboo reinforcement
(Source: www.wuakesafeadobe.net)
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4.2.2.3 External cane and rope mesh

An external reinforcement system consisting of vertical
cane tied with horizontal ropes forming an
approximately 450 mm square mesh can be used to
wrap adobe walls, as shown in Figure 4-20. An adobe
building model with this reinforcement system was
tested on the PUCP shake table (Torrealva 2005) and
even though severe cracking occurred, this
reinforcement scheme successfully prevented collapse.

Figure 4.21 Cane reinforcement
4.2.2.4 External wive mesh }"einforcement Source: Photos by Hari. D. Shrestha Other than stated

This technique consists of nailing wire mesh bands against the adobe walls and then
covering them with cement mortar. The mesh is placed in horizontal and vertical strips,
following a layout similar to that of beams and columns.

Figure 4.22 Placing the mesh on the wall Figure 4.23 Reinforced house
(Source: M. Blondet et al 2003, EERI) (Pisco Earthquake 2007)

4.2.2.5 External polymer mesh reinforcement

This technique uses polymer mesh (geomesh) commonly used for geotechnical applications.
The advantage of this material lies in the compatibility with the earthen wall deformation
and its ability to provide an adequate transmission of tensile strength to the walls up to the
final state.” The mesh is attached to adobe walls by plastic or nylon forming a confinement
and consequently preventing the total collapse.

The researchers found that it is possible for the walls to disintegrate into large blocks during
severe ground shaking, however the mesh prevents the walls from falling apart, and collapse
can be avoided (Blondet et al. 2000).

Figure 4.24 Reinforced house with geomesh

(Source: World housing tutorial)

"Earthquake Resistant Design Criteria and Testing of Adobe Buildings at Pontificia Universidad Catilica del Peri, Daniel Torrealva, Julio
Vargas Neumann, and MarcialBlondet
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A polymeric mesh was selected due to its following characteristics:

. Commercial product with high availability in the market;

° Low-cost when compared with other available meshes;

o Non-corrodible;

. No polished exterior texture;

. Opening size of 15 x 20 mm’, which is an area considered to provide an adequate
distribution of stresses and deformations without making the plaster difficult to apply;

. Easily flexible, with a small mesh thickness (0.8 x 0.6 mm?), which can provide a

high malleability and good adjustment to all of the wall’s irregularities.

4.2.2.6 Used car tive straps

This method uses circumferentially cut straps from the treads of used car tires for tension
reinforcement to improve the seismic safety of earthen wall construction. Continuous straps
pass through holes drilled in the adobe walls to wrap them horizontally every 600 mm and
vertically every 1.2 m approximately. This reinforcement enhances the in-plane and out-of-
plane resistance of adobe walls to seismic effects. Vertical straps pass underneath or through
the foundations, then rise up the walls, wrap over them and are nailed to the timber wall top
plate. The main purpose of this strengthening method is to improve life safety rather than
preventing economic loss of property during an earthquake.

Figure 4.25 Steps in the process of reinforcing an earthen (adobe) house with tire straps.
Step (a) is performed in a workshop or factory and (b) to (d) on site.

(Source: Courtesy Matthew French)

This type of reinforcing pattern is designed so as at least one pair of straps, either vertical or
horizontal, cross every large potential crack that will open during an earthquake (Figure 4-
25).8 The reinforcement provides structural strength and tying-action after the earthen wall
material has failed.

0 0o _— Potential crack
L A - - ‘h L1 ] s
. T, ey — Horizontal straps
= - = — Vertical straps

Elevation

Figure 4.26 An elevation of a typical wall showing positions of expected cracks and strap
(Source: Seismic Strengthening of Earthen Houses Using Straps Cut from Used Car Tires: A Construction Guide, Andrew Charleso)

8Seismic Strengthening Of Earthen Houses Using Straps Cut From Used Car Tires: A Construction Guide, Andrew Charleson
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4.3 STRENGTHENING OF FLOOR/DIAPHRAGM

431  STIFFENING FLOOR/ DIAPHRAGMS
Aim: Increase in-plane stiffness of horizontal diaphragms (floors and roof) so the seismic forces can be
efficiently transferred to masonry shear walls

In Nepal most of the adobe buildings has the timber horizontal flooring, typically consisting
of timber joists with covered with wooden planks, ballast fill, and tile flooring (see Figure 4-
20), is termed a flexible diaphragm. A timber floor structure overlaid by planks and bamboo
strips is also common. In most cases, timber joists are placed on top of walls without any
positive connection; this has a negative effect on seismic performance. The flexible
diaphragm amplifies and redistributes seismic forces to the load bearing walls. Inadequate
diaphragms are often encountered in larger seismic force amplification. However, this
problem can be solved by stiffening the existing the floor structure, and enhancing the
connections between floor and walls for ensuring safe transfer of force to and from
stiffened diaphragms. Some common techniques are as follows”

a) Installing new steel straps:

New steel straps can be installed to connect the exterior walls to a timber floor, as shown in
Figure 4.27 (a) (UNIDO, 1983). This is convenient when the floor beams are perpendicular
to the exterior wall, and the connection can be achieved using bolts rather than nails.
However, when the floor beams are parallel to the exterior walls, V-shaped straps need to
be attached to the floor and anchored to the wall, as shown in Figure 4.27 (b). It is
important that straps are sufficiently long and that the timber floor has an adequate tension
capacity. The strap thickness should be 3 to 5 mm.

b) Casting a new RC topping atop the existing floor:

A thin RC topping (with a minimum thickness of 40 mm) reinforced with reinforcement
mesh can be placed atop an existing floor or roof, as shown in Figure 4-27. The connection
between the concrete topping and the existing timber floor should be adequately secured
using a sufficient number of well-distributed nails. The RC topping has to be anchored to
the walls (similar to Figure 4.28 b).

) Installing new timber planks:
A layer of new timber planks can be laid perpendicular to the existing planks and nailed to
the floor, as shown in Figure 4.29.

d) Diagonal bracing:

Floor structure can be stiffened by providing new diagonal braces made of timber or steel
underneath the existing floor or roof. The braces must be anchored to the walls, as shown
in Figure 4-28.

2 A Tutorial: Improving The Seismic Performance Of Stone Masonry Buildings, Jitendra Bothara, Svetlana Brzev
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Figure 4.27 Steel straps for wall-to-floor anchorage: a) floor beams perpendicular to the wall,

and b) floor beams parallel to the wall
(Source: UNIDO 1983)

Figure 4.28 Stiffening the floor structures: a) RC topping, and b) new timber planks
(Source: UNIDO 1983)
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Figure 4.29 Retrofitting the floor and roof structures: a) diagonal brace
(Adapted from: Tomazevic 1999)

4.3.2  STIFFENING ROOF
Aim: Increasing in plane roof stiffness allows loads to be transferred more efficiently and evenly to the walls
to which they are connected, enbancing wall to roof connection.

4.3.2.1 Stiffening the flat wooden roof

Many of the damaged houses have flat floor or roof made of wood logs or timber joists
covered with wooden planks and earth. Very often, the framing is not actually attached at all
and just rests on top of the wall. Thus, the roof framing can slide relative to the wall or can
dislodge bricks at the top of the wall. It also makes the flat roofs a non rigid diaphragm.
Thus for making such roof/floor rigid, long planks 100mm wide and 25 mm thick should
be nailed at both ends of the logs/joists from below. Additionally, similar planks or
galvanized metal strips 1.5 mm thick 50 mm wide should be nailed diagonally also. See
tigure 4-30.

1—Wall

2—Wood Joist

3—Wood Plank

4— Tie Plank under end of joist

5— Diagonal Tie

6— Joirt; nailing through 3mm flat iron

Brick building

Figure 4.30 Stiffening flat wooden roof

Figure 4.31 Roof to wall connection

SEISMIC RETROFITTING GUIDELINES of Buildings in Nepal
ADOBE STRUCTURES




4.3.2.2 Stiffening the sloping roof surface

Most of the sloping roof are usually made of timber rafters, purlins with covering of burnt
clay tiles or corrugated galvanized iron (CGI) sheets on top. Such roofs push the walls
outward during earthquakes. Timber roofs must be braced in plane. The integrity of a
timber roof can be improved by tying roof components with straps and nailing them. The
rafters should be tied with the seismic belt as in Note 1 below, and the opposite rafters, on
both sides of the ridge need to be connected near about mid-height of the roof through
cross ties nailed to the rafters (Figure 4.32). Also the collars should be provided to prevent
roof spreading (Figure 4.33). The important point in retrofitting is the provision of seismic
belts just below eave level and the gable level.

Note-1

1) The mesh should be continuous with 200mm overlap at the corner or
elsewhere.

2) Using galvanized binding wire, tie up the roof rafters with the nails of the eave
level belt before applying the plaster over the mesh.

3) In brick and stone walls, it will be easy to drill or chisel out holes of 75 mm dia.
In that case, instead of the nails, use 3 mm galvanized mild steel wires through
the holes to hold and clamp the longitudinal wires every 450 mm c/c.

- Principal rafter

= Purlin

- Horizontal tie

= Seismic belt below roof
- Seismic belt on gable

= Tying wire

- Detail of tie

= Tie rod

- Concrete filled in hole

DONOON &GN -

Figure 4.33 Roof rafters tying to ceiling joist

Figure 4.34 Example

(Soutce: Santosh Shrestha)
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44  STRENGTHENING OF FOUNDATION
441 STRENGTHENING FOUNDATION"

Strengthening existing foundations is a difficult and expensive task. A special investigation is
recommended before any such intervention.

A foundation structure which has experienced differential settlement can be supported by
underpinning. Underpinning can be carried out in phases by placing concrete blocks, as
illustrated in Figure 4.35 a.

Sliding movement of a foundation structure can be prevented by constructing new RC
supporting beams. This method is especially feasible in sloping ground areas. These beams
are constructed deep in the soil, toward the downward sloping side of the foundation. In
this way, the foundation is supported sideways and also underneath. Sliding movements can
also be prevented by providing RC belts (tie beams) around the building at the foundation
level, or by installing a tie beam along the inner side of the foundation (similar to an RC
plinth band), as shown in Figure 4-35 b.

The continuity of longitudinal reinforcement bars should be ensured in all the above
schemes. Foundation capacity can also be improved by providing a drainage apron around
the building to avoid water seepage directly into the soil beneath the foundation.

Bricks or stones to be removed at 2.5
m spacing to provide anchorage for
the belt in concrete-filled “chases”

b) 49 10mm ]

Figure 4.35 Strengthening existing foundations: a) underpinning the foundation, and b) external RC belt
(Adapted from: GOM 1998 and UNIDO 1983)

10 A Tutorial: Improving The Seismic Performance Of Stone Masonry Buildings, Jitendra Bothara, Svetlana Brzev
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44.2 CONTROL ON DOOR AND WINDOW OPENINGS IN MASONRY WALLS
4.4.2.1 INFILL OPENINGS"

A simple method to strengthening a shear wall in-plane is to infill unnecessary window and
door openings. This prevents stress concentrations from forming at the corners of openings
that initiate cracks. The important thing to consider when infilling an opening is to interlace
the new units with the existing or to provide some type of shear connection between the
two. This ensures that the existing wall works compositely with the new infill.

4.4.2.1.1 Seismic belts around door / window opening"”
The jambs and piers between window and door openings require vertical reinforcement as
in table 6-3:

The following mesh reinforcement is recommended to be used for covering the jamb area
on both sides of an opening or for covering the pier between the openings.

Table 4-1 Mesh and reinforcement for covering the jamb area

Reinforcement
No. of Storey| Storey Shirello B, v - Mesh
One One 10 20 500
Two Top 10 20 500
Bottom 12 28 700
Three Top 10 20 500
Middle 12 28 700
Bottom 12 28 700

* N = Number of longitudinal wires in the mesh.
B = Width of the micro concrete belt, half on each all meeting at the corner of T~junction.

443 ENHANCING THE ILATERAL LOAD RESISTANCE OF STONE MASONRY
WALLS

4.4.3.1 Cast in situ Reinforced Concrete Bond Elements/ Through-stones

During earthquakes, it shows that the wythes in stone masonry walls bulges outward and
delaminate (separate)vertically down the middle due to the absence of through-stones,
thereby causing disintegration of the interior and exterior wall wythes as shown in the
photo. In an extreme case, collapse of the entire building may occur. Chances of bulging of
wall and its delamination can considerably be reduced by stitching wall wythes together by
means of through- stones.

Figure 4.36 Bulging of wall wythes Figure 4.37 Delamination
(Source: UNDP, UNESCO & GOI, 2007)

11 A Performance Based Approach to Retrofitting Unreinforced Masonry Structures for Seismic Loads by Keith Bouchard, 2006
12 Gutidlelines For Repair, Restoration And Retrofitting Of Masonry Buildings In Kachobl Earthquake Affected Areas Of Guyjarat, Guyarat State Disaster
Management Authority Government Of Gugjarat, March - 2002
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Installing cast in-situ reinforced concrete bond element:

1)

11T I\Y

TR L
P

) 8 mm @ bar
-
s:,
ViF
1:2:4 Concrete !
1:3 Cement -
sand mortar

Figure 4.42 Cross section of throngh-stone
(Source: UNDP, UNESCO, GOI, 2007)

The installation of through-stones is labor-intensive, but it may be a feasible retrofit option
for stonemasonry walls provided that the wall thickness is not excessively large. First, points
spaced horizontally and vertically 1m apart, with a horizontal stagger of 500 mm should be
marked. A hole at each point needs to be created in the wall by removing stones. To create a
hole, stones need to be loosened by yanking gently sideways, upward and downward using a
small crowbar or rod, so that the other stones in the wall are not disturbed. The hole should
be dumbbell-shaped, that is, it will be larger on the wall surfaces than in the interior. A
hooked steel bar needs to be installed and the hole should be filled with concrete. Finally,
the exposed surface should be covered with a rich cement and sand plaster coating and
cured for at least 14 days. Through-stones should be carefully installed, otherwise
surrounding portions of the wall may be damaged. Examples of through-stone applications
are shown in Figures 4.38 through 4.43.
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Figure 4.43 Examples of through-stone installation in Maharashtra, India: a) removing stone from the

excisting wall, and b) surface of a through-stone covered with a plaster
(Source: UNDP, UNESCO & GO, 2007)

4.5 RESTORATION OF DAMAGED STRUCTURES

451 GROUTING

Typically the degradation of earth structures results in the formation of cracks, loss of
material, loss of cohesion, loss of strength or even collapse of the construction.” Repairing
those cracks is fundamental in order to obtain an improved structural behavior or to re-
establish the structural integrity and monolithic behavior that the construction had before.
Crack repair also prevents further decay caused by other agents, like water infiltration and
plant growth. The traditional techniques for repairing cracks in earth constructions require
the removal of parts of the original walls, in order to create a key pattern around the crack
and in some cases it requires the enlargement of the crack, which may destabilize the
construction. The removed material is then replaced by new materials, which have to assure
the bond between the two faces of the crack.'* These techniques are very disturbing and
intrusive, which makes the grout injection a more practical and less intrusive solution. Thus,
grout injection seems to be a promising solution for repairing earth constructions. However,
an overall design methodology for grout injection of earth constructions is not available yet.
The methodology used for masonry can be adopted.

Methodology for Grouting of cracks”

a) Minor Cracks: (Hair cracks less than Smm)

Procedure:

Step-1  Make a “V’ notch along the crack by chiseling out.

Step-2  Clean the crack with a wire brush.

Step-3  Fill the gap with 1:3 cement mortars (1-cement: 3-coarse sand). Finish the restored
parts to match the surrounding wall surface.

5%
TR

Figure 4.44 Making 1 aoteh | Figunre .45 C/eam'ng crack with | Figure 4.46 Sealing crack with
wire brush cement mortar

W

(Source: UNDP, UNESCO & GOI, 2007)

3Grouting as a repair] strengthening solution for eartheonstructionsRaui A. Silva, L e Schueremans, Daniel V. Oliveira
141, Keefe: Earth Building: Methods and materials, repair and conservation, Taylor &Trancis, 2005, London, UK.
15 Adapted from Manual for Restoration and Retrofitting of Rural Structures in Kashmir, UNESCO New Delbi Office, UNDP India
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b) Medium Cracks (crack width upto Smm)

Procedure:

Step-1  Make a “V’ notch along the crack, clean it with a wire brush.

Step-2  Fix grouting nipples in the V’ groove, projecting 50 mm from the crack on both
faces of wall, at a spacing of 150 mm to 200 mm.

Step-3  Clean crack with compressed air through nipples to remove the fine, loose
particles inside the crack. (if available).

Step-4  Seal the crack with 1:3 cement mortar, with nipples still projecting, and allow it to
harden for some time.

. . . ol Figure 4.49 Injecting
4.4
Fagure . 7 .szmg Figure 4',48 Sealing cement slurry Figure 4.50 Cutting off
grouting nipples crack with cement ol
mortar rpples

(Source: UNDP, UNESCO, GOI, 2007)

Step-5  Inject water into crack through the topmost nipple, and then repeat with the lower
nipples in succession.

Step-6  Make cement slurry with 1:1 (non-shrink cement: water) and begin injecting it into
the nipple, starting with the lowest nipple until the slurry comes out of the next
higher nipple. Next inject into the successively higher nipples, one after the other.

Step-7  Cut off the nipples, seal the holes with 1:3 cement mortar and finish the surface to
match the adjacent surface.

¢) Major Cracks (Crack width between Smm and 10 mm)
Procedures:

1

fEhizagid. &5
Sip

Figure 4.51 Making V" notch | Figure 4.52 Fixing WWM with | Figure 4.53 Ferro cement uy)/z:cex
wire nails across cracks

(Source: UNDP, UNESCO, GOI, 2007)

Step-1  Make a “V’ notch along the crack, clean it with a wire brush.
Step-2  Clean crack with water to remove the fine, loose particles inside the crack.
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Step-3

Step-4

Step-5

Step-6
Step-7

4.5.2

Prepare masonry
surface on both faces 4 o 5
of the wall for fixing |

200 mm wide ferro-
cement splices across
the crack as shown in
the  diagram, by
removing the plaster,
raking the joints up to
12 mm depth, and
cleaning it with water,
CXtCﬂdiﬂg on both (Source: UNDP, UNESCO, GOI, 2007)

sides of the crack to a

minimum of 450 mm length.

Fill the crack with 1:3 cement mortar (non-shrink cement: fine sand) with just
enough water to permit pushing in of mortar as far in as possible, from both faces
of the wall.

Install the 150 mm wide 25x25 14 gauge galvanized welded wire mesh (WWM)
(2.03 mm diameter) with 100 mm long wire nails inserted at spacing no greater
than 300 mm in a staggered manner.

A gap of 10 mm must be maintained between the mesh and un-plastered wall.
Plaster over the mesh with two 12 mm coats of 1:3 cement plaster.

T
Figure 4.54 Applying cement Figure 4.55 Curing
plaster on splices

SEALING OF FINE CRACKS"

In adobe, cracks are generally quite visible, but their causes may be difficult to diagnose.
Some cracking is normal, such as the short hairline cracks that are caused as the adobe
shrinks and continues to dry out. More extensive cracking, however, usually indicates
serious structural problems. In any case, cracks, like all structural problems, should be
examined and should be treated with timely concern so as to prevent them from further
propagation.

Procedure:

—— —— — —— — e ——

Figure 4.56 Cracks

(Source: UNDP, UNESCO, GOL 2007) Figure 4.57 Sealing cracks with M-seal

(Source: UNDP, UNESCO, GOI, 2007)

B .

iv.

Rake the crack with chisel and widen the crack

Clean the crack with a wire brush

Seal crack with M- seal. Before applying the M-seal, make sure the crack is absolutely
dry.

Apply M-seal with thumb pressure so that no space is left out. Remove excess sealant
and let it harden.

16 Adapted from Manual for Restoration and Retrofitting of Rural Structures in Kashmir, UNESCO New Delbi Office, UNDP India
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ANNEXI:
SEISMIC VULNERABILITY EVALUATION GUIDELINE
FOR PRIVATE AND PUBLIC BUILDING

AL1INTRODUCTION

General

This guideline is for assisting professionals and the authorities in Nepal to implement
qualitative and quantitative assessment of structural earthquake vulnerability of public and
private buildings in Nepal. It is based on the experiences gained in Nepal in conducting
visual qualitative as well as quantitative assessment of structural vulnerability of about at
house and buildings including about 20 major hospitals and about 600 schools. This guide
line is rather based on the adaptation of different available methodologies to the local
conditions of Nepal, than on the fundamental research. Efforts have been made to simplify
the procedures described in this guideline. It provides step by step suggestions on the
procedure of carrying out the seismic vulnerability assessment.

Basis and Scope

This Guideline is targeted mainly for the civil-engineers and technicians who are involved in
seismic vulnerability assessment of buildings. However, the government authorities, disaster
risk managers and the policy makers, who are concerned with the safety of public and
private buildings, may also use this guide line.

There are two phases of seismic vulnerability assessment. The gualitative assessment is for
planning purpose and for identifying the priorities of intervention in the single building or
the buildings complex. The quantitative assessment is for identification of retrofitting option
and to examine the extent of intervention that would require in the building with
consideration of technical, economic and practical feasibility. This guideline includes only
some methods of detailed assessment and it is not meant to replace other method so
detailed structural vulnerability assessment.

Guide line Dissemination

The guideline has the potential to improve the current situation of earthquake vulnerability
of our community if appropriately implemented by concerned authorities. This guideline
should reach to engineers and practitioners who are working in the construction field. They
should use this document effectively and efficiently.

Guidelines are more likely to be effective if they are disseminated by an active tutoring. The
distribution of printed guide lines alone is found to be ineffective in achieving expected
change in practice. Hence, to ensure better understanding and best use of the guideline,
training for the users is recommended.

Guidelines must obviously be made as widely available as possible in order to facilitate
implementation. It is necessary to have wide circulations among engineers and practitioners
working in the field of earthquake engineering. It thus requires an integrated effort by the
concerned authorities like local government, municipalities, NGO's, INGO's and other related
organizations towards dissemination of publication in wider range.

Further, dissemination and implementation of a guideline should be monitored and
evaluated. The guideline also needs thorough review by experts in the field. This should
undergo mandatory updating procedure to transform it in to pre-standard and then to
building standard.
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A2 APROACHES FOR DATA COLLECTION FOR VULNERABILITY
ASSESSMENT

Physical Surveys

Acquisition of building data pertaining to the building is the first step in the evaluation
process. The data shall be obtained preferably prior to the initial site visit and confirmed
later during the visit. Construction documents like as-built drawing and Structural drawing
shall be required for preliminary evaluation. Site condition and soil data shall also be
collected if possible.

However, if these documents are not available prior to the visit, all necessary information
shall be collected during the site visit. The general information required is about building
dimensions, construction age, and description of structural system (framing, later all load
resisting system, diaphragm system, basement and foundation system).

During the visits, the investigation of the interior of the structural members may require. In
many buildings the structure is concealed by architectural finishes, and the inspector may
need to get into attic, crawl over the spaces, and plenums to investigate. Some intrusive
testing may require for determining the quality of material and allow able stresses. Even if
structural drawings are available, some exposure of critical reinforcement may be necessary
to verify conformity with the drawings. Photographs of building exterior and interiors may
also be useful for the evaluation.

The evaluation should be based on facts, as opposed to assumptions, to the greatest extent
possible. However, prudent engineering judgment may avoid huge efforts and cost of
detailed investigation.

Interaction with Public Building Staff and Building Owners

Generally it 1s difficult to obtain as built or design drawings for most of the public
buildings. For the private buildings also, the structural drawings are generally not prepared
or are not available. Therefore, it is necessary to interact with the public buildings
authorities and other staff for the public buildings and to the house owner for private
buildings. It is also necessary to involve the min the process to get their buy-in on the
outcome of the assessment and, more importantly, on the proposed mitigation actions, in
case of public buildings. This approach will also help in sensitizing authorities and raising
awareness of staff on the seismic safety issue. This is very important, as there is general lack
of awareness and commitment on the issue. The approach with following considerations is,
thus, suggested for effective evaluation, which induces the development and
implementation of doable mitigation actions.

* The assessment shall not solely rely on secondary in formation and shall
involve primary data collection and confirmation of available information with
the active participation of the authority and owners. The authority shall also be
involved in the process of identification of mitigation options.

»  The assessment work shall be taken as an awareness raising and educative tool
to promote over all earthquake safety of buildings as well as collective safety of
personnel.

A3 QUALITATIVE STRUCTURAL ASSESSMENT

Introduction

This chapter describes the preliminary evaluation processing general terms. Seismic
Evaluation of an existing building shall be conducted in accordance with the process
outlined below. This evaluation process is performed to determine whether the building, in
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its existing condition, has the desired seismic performance capability. A method basically
involves review of available drawings and visual evaluation of the building for potential
damage it could suffer in the even to fan earthquake. It checks the code compliance for
seismic design and detailing. The process is basically a qualitative measure to identify the
areas of seismic deficiencies in a building before a detailed evaluation. This will help in
deciding the retrofitting requirements for the building.

Assessment of the Building

Qualitative structural assessment of the building shall be done based on review of all
available documents and drawings pertaining to the design and construction, design details
and visual observation during site visit. If no documents are available, an as built set of
drawing shall be prepared indicating the existing lateral force resisting system. If there cords
are not available, an attempt can be made to obtain some in formation based on interviews
with those who were involved in the design and construction of the building or familiar
with the contemporary method so construction, and the owners/residents. Different
seismic vulnerability factors are checked and expected and performance of the building is
estimated for different earthquake intensities. Different steps of the assessment process and
their outcomes are described in this section.

Ldentification of Seismicity of the Region

The region of seismicity of the building shall be identified. This is done locating the
building in seismic hazard map of the region in which the building stands. The zone map of
Nepal is provided in Nepal National Building Code NBC105:1994.

Establish Setsmic Target Performance Level
Desired performance level of protection is established prior to conducting seismic
evaluation and strengthening. These are classified as:

. Operational

. Immediate occupancy
. Life safety

. Collapse Prevention

A wide range of structural performance level could be desired by individual building
owners. The basic objective should be to increase Life Safety Performance Level-reducing
the risk of life loss in the largest expected earthquake. Buildings meeting the Life Safety
performance level are expected to experience little damage from relatively frequent,
moderate earthquakes. But significantly more damage and potential economic loss from the
most severe and infrequent earthquakes could affect them. Only the buildings classified as
essential facilities (such as hospitals or other medical facilities, fire or rescue and police
stations, communication centers, emergency preparedness centers, etc.) should be evaluated
for Immediate Occupancy Performance Level.

Obtain As-Built Information

Available as-built information for the building shall be obtained and site visit shall be
conducted. Information of the building such as age of building, use, soil type and
geological condition, structural system, architectural and structural characteristic, presence
of earthquake resistant elements and other relevant construction data are to be collected
from the archives. Standard checklists shall be prepared for this purpose.
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If architectural and structural drawings are not available, evaluation may become difficult as
the building structure is usually concealed by architectural finishes. Even if the drawings
and structural details are available, it is necessary to verify conformance to the details at site.
The structural design engineer, the contractor and the house owner should be consulted, if
possible. Building information can be obtained by any of the following processes.

Site Visit: A site visit shall be conducted by the evaluating design professional to verify
existing data or collect additional data, determine the general condition of the building and
verify or assess the site condition.

Interview: Interviews should be conducted with knowledge able people residing in or
nearby the buildings, with those who were involved in the design and construction of the
building or with older engineers who have knowledge of contemporary method so
construction in the community or region to understand the building history, used
construction materials, construction technologies, and alterations in the buildings as well as
general aspects of the building.

Material exploration: For a proper evaluation, the actual condition of the building is to be
assessed. The lateral force resisting system should be established. This can be done by
implementing non-destructive test such as the use of bar scanner, test hammers and
Ultrasonic testing instruments or by destructive tests as drilling in walls, scrapping of
plasters and making inspection holes, if necessary, to determine the structural system and
the expected strength of structural elements.

Building Typology ldentification

The building being evaluate dis-identified by type of structural system listed in tabular form
below. This is based on the lateral force resisting system and the type of diaphragm. A
building with more than one type of lateral-force-resisting system shall be classified as a
mixed system. A fundamental to this analysis is the grouping of buildings in to sets that
have similar behavioral characteristic.

TableA.1.1: Common Building Types in Nepal
Building Types in

Kathmandu Valley Description
1 Adobe, stone in mud, Adobe Buildings: These are buildings constructed in
brick-in-mud (Low sun-dried bricks (earthen) with mud mortar for the
Strength Masonty). construction of structural walls. The wall thickness

is usually more than 350 mm.

Stone in Mud: These are stone-masonry buildings
constructed using dressed or undressed stones with
mud mortar. These types of buildings have generally
flexible floors and roof.

Brick in Mud: These are the brick masonry buildings
with fired bricks in mud mortar

2 Brick in Cement, Stone These are the brick masonry buildings with fired

in Cement bricks in cement or lime mortar and stone-masonty
buildings using dressed or undressed stones with
cement motrtar.

3 Non-engineered These are the buildings with reinforced concrete
Reinforced Concrete frames and unreinforced brick masonry in fill in
Moment-Resisting- cement mortar. The thickness of in fill walls is
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Building Types in
Kathmandu Valley
Frame Buildings

Description

230mm (9") ot 115mm (41/2") and column size is

pre dominantly 9"x9". The prevalent practice in
most urban area of Nepal for the construction of
residential and commercial complexes generally falls
under this category. These building

These Buildings are not structurally designed and
supervised by engineers during construction. This
category also includes the buildings that have
architectural drawings prepared by engineers.

Engineered Reinforced
Concrete Moment-
Resisting-Frame
Buildings

These buildings consist of a frame assembly of cast-
in-situ concrete beams and columns. Floor and roof
framings consist of cast-in-situ concrete slabs.
Lateral forces are resisted by concrete moment

frames that develop their stiffness through
monolithic beam-column connections. These ate
engineered buildings with structural design and
construction supervision is made by engineers.
Some of the newly constructed reinforced concrete

buildings are of this type.

5 Others Wooden buildings, Mixed buildings like Stone and
Adobe, Stone and Brick in Mud, Brick in Mud and
Brick in cement etc. are other building type in

Kathmandu valley and other part of the country.

Determining Fragility of the ldentified Building Typology

The probable damage to the building structures, that are available in Nepal and the region,
at different intensities are derived based on “I'be Development of Alternative Building Materials
and Technologies for Nepal, Appendix-C: Vulnerability Assessment, UNDP/UNCHS1994” and
“European Macro-seismic Scale (EMS9S8)” http:/ | www.gfz-potsdam.de/ pb5/ pb53/ projeket/ ems/ core/
emsa_cor.him is given in TableA.L2.

Table A.1.2(a)Building Fragility: Adobe~+Field Stone Masonry Building
Shaking Intensity (MMI)

PGA(%g)
Damage Grade Weak DG4 DG5 DG5 DG5
for different Average DG3 DG4 DG5 DG5
classes of
buildings Good DG2 DG3 DG4 DG4

Table A.L2 (b) Building Fragility: Brick in Mud (General) Building
Shaking Intensity (MMI)

PGA(%g) |
Weak DG3 DG4 DG5S DG5S

Damage Grade for -
different classes of| ‘\verage DG2 DG3 DG4 DG5
buildings Gaod DG1 DG2 DG3 DG4
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PGA(%g)

Table A.L2(c)Building
Shaking Intensity (MMI)

Damage Grade for
different classes of]|

buildings

Fragility: Brick in Mud (Well Built) + Brick in Cement (Ordinary)
VI
Weak DG2 DG3 DG4 DG5
Average DG1 DG2 DG3 DG4
Good - DG1 DG2 DG3

Table A. I 2(d)Non-Engineered Reinforced Concrete Frame Butldings (Z4storey)

Shaking Intensity (MMI) VI
PGA(%g)
Damage Grade |  Weak DG DG2 DG4 DG5
for different Iy rare ; DG DG3 DG4
classes of
buildings Good i DG DG2 DG3

Table AL 2(e) Non-Engineered Reinforced Concrete Frame Buildings (<3storey) + Engineered Reinforced
Concrete Butldings + Reinforced Masonry Buildings

Shaking Intensity (MMI) VI
PGA(%g)
Damage Grade Weak DG1 DG2 DG3 DG4
for different | Ageraoe ] DGl DG2 DG3
classes of
bllﬂdlngs Good - - DGl DG2

Identification of Vulnerability Factors

Different Vulnerability factors associated with the particular type of building are checked
with a set of appropriate checklists from FEMA310, "Hand book for the Seismic
Evaluation of Buildings" and “IS Guidelines for Seismic Evaluation and Strengthening of
Existing Buildings”. Separate check list is used for each of the common building types.

The basic vulnerability factors related to Building system, Lateral force resisting system,
Connections and Diaphragms are evaluated based on visual inspection and review of
drawings. A list of deficiencies identified by evaluation statements for which the building is
found to be compliant and non-compliant shall be compiled up on completion of the
checklist. If non-compliant, further investigation is required.

The evaluation statements are based on observed earthquake structural damage during
actual earthquakes. Based on past performance of these types of buildings in earthquakes,
the behavior of the structure must be examined and understood. However, the checklists
will provide insight and information about the structure prior to quantitative evaluation. By
quickly identifying the potential deficiencies in the structure, the design professional has a
better idea of what to examine and analyze in quantitative evaluation.

Analysis performed as part of this evaluation is limited to quick checks. The evaluation
involves a set of initial calculations and identifies areas of potential weaknesses in the
building. The checks to be investigated are classified into two groups: configuration related and
strength related. The preliminary evaluation also checks the compliance with the provisions of
the seismic design and detailing codes. Quick checks shall be performed in accordance with
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evaluation statement to verify compliance non-compliance situation of the statement.
Seismic shear force for use in the quick checks shall be computed as per National building
seismic code of the region.

The factors that pose less vulnerability to the building during earth quake shaking are listed
below:
® Building should be regular in plan elevation and structural system
® Building should have sufficient redundancy
* Demand Capacity Ratio (DCR) of each structural elements as well as the whole
structure should be less than 1
e The building shall contain one complete load path
e Building shall have no damage and deterioration of structural elements and
materials it self
e There shall be no hammering between adjacent buildings
e There shall be no diaphragm discontinuity
e Structural elements and the building shall not be slender
e There shall be proper connection between each structural elements and between
structural and non-structural elements
® Building should have sufficient ductility

® Building should not be situated on liquefaction susceptible soil, steep and rock fall
areas, fault rupture surfaces and soil filled areas

e Non-structural elements should be restrained properly
Reverse of the criteria as mentioned above pose vulnerability to the building.

Rezinterpretation of the Building Fragility Based on Observed Vulnerability Factors

After thorough analysis and interpretation of vulnerability factors, the building is
categorized into weak, average or good type of that particular building typology. This
facilitates in assessing the probable performance of the building at different intensities of
earthquake in terms of damage grades viz. negligible, slight, moderate, heavy and very heavy
damage or destruction.

Conclusions and Recommendation

The probable performance of the building at large expected earthquakes is identified based
on the available information about the building, the architectural and structural information
from field visit, and implementation of limited number of destructive and non-destructive
field tests.

The evaluation helps in deciding whether the safety provided by the building is adequate. A
decision is taken whether the building needs to be repaired, retro fitted or demolished
based on the importance, target life, extent of deficiency of the building, the economic
viability, the availability of the materials and technical resources and the expected life after
retrofit. The stakeholders such as house owners, design engineers, occupants, municipality
etc. are responsible in making the decision. The action can be either of the following.

a) The safety of the building is adequate. The building needs some repair and regular
maintenance, ensuring adequate performance during a future earthquake.

b) The safety of the building is in adequate and hence, retrofit is necessary. The
proposed retrofit scheme should be technically feasible and economically viable
(Usually retrofitting is considered suitable if the cost of retrofitting is within 30% of
the cost of new construction).
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¢) The safety of the building is in adequate and the building is in imminent danger of
collapse in the even to fan earthquake. The retrofit scheme is not economically
viable or feasible. Unless the building has historical importance and is of traditional
nature, it is recommended to demolish and reconstruct the building rather than
retrofitting for better seismic performance.

The seismic life safety provided by a building is judged adequate if the requirements are
met and many authorities accept this level of performance for their community. Any non-
structural elements that pose life threatening risk to the occupants may either be removed
or restrained.

Al4 QUANTITATIVE ASSESSMENT

Introduction

This Chapter describes the second phase study of seismic vulnerability assessment which is
a quantitative approach hand follows qualitative analysis. Before embarking on seismic
retrofitting, seismic deficiencies shall have to be identified through a seismic evaluation
process using a methodology described ANNEX 1. The first phase assessment is general
seismic vulnerability assessment method based on qualitative approach to identify the
seismic deficiencies in the building. If the first phase study finds seismic deficiencies in the
building and possible seismic performance is not up to the acceptable level/criteria, it
recommends either second phase assessment or concludes the evaluation and state that
potential deficiencies are identified. The second phase assessment involves a more detailed
seismic evaluation with complete analysis of the building for seismic strengthening
measures as modifications to correct/reduce seismic deficiencies identified during the
evaluation procedure in first phase. Detail information about the building is required for
this step of evaluation. Seismic retrofit becomes necessary if the building does not meet
minimum requirements of the current Building Code, and may suffer severe damage or
even collapse during a seismic event.

The most important issue when beginning to evaluate the seismic capabilities of an existing
building is the availability and reliability of structural drawings. Detailed evaluation is
impossible without framing and foundation plans, layout of preliminary lateral force
elements, reinforcing for concrete structures, and connection detailing. This chapter
assumes that sufficient information is available to perform a seismic evaluation that will
identify all significant deficiencies.

Review Initial Considerations

The design professional shall review initial considerations which include structural
characteristic of the building, seismic hazard including geological site hazards, results of
prior seismic evaluations, areas of structural deficiencies, building use and occupancy
requirements, historical status, economic considerations, societal issues, and local
jurisdictional requirements. This step of evaluation should focus on the potential
deficiencies as identified.

Seismic hazards other than ground shaking may also exist at the building site. The risk and
possible extent of damage from such geologic site hazards should be considered before
undertaking a seismic strengthening measure. In some cases it may be feasible to mitigate
the site hazard or strengthen the building and still meet the performance level. In other
cases, the risk due to site hazard may be so extreme and difficult to control that, seismic
strengthening is neither cost-effective nor feasible.
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Decide Performance Objective

The performance objective needs to be defined before analyzing the building for retrofit.
The performance objective depends on various factors such as the use of building, cost and
feasibility of any strengthening project, benefit to be obtained in terms of improved safety,
reduction in property damage, interruption of use in the event of future earthquakes and
the limiting damage states. The minimum objective is Life Safety ie. any part of the
building should not collapse threatening safety of occupants during a severe earthquake.

Design Basis Earthquake

Seismic hazard due to ground shaking shall be based on the location of the building with
respect to causative faults, the regional and site-specific geologic characteristics, and a
selected earthquake hazard level. Seismic hazard due to ground shaking shall be defined as
acceleration response spectra acceleration time histories on either a probabilistic or
deterministic basis. Seismic strengthening of buildings shall comply with the design criteria
and procedures as specified in national building codes and standards of earthquake
engineering.

A building must have been designed and constructed or evaluated in accordance with the
current seismicity of the region.

Detazled Investigation
This includes the following steps:

a) Obtaining the attributes of the structural materials used in the building.

b) Determining the type and disposition of reinforcement in structural members.

¢) Locating deteriorated material and other defects, and identifying their causes.
For evaluation of member capacities, precise values of the material strength and the
dimensions are desirable. Forth is, non-destructive and intrusive techniques are employed
for determining the strength of the material.

Non-Destructive Tests
The following are the most common types of tests that are used for seismic evaluation of

the building.

SOUNDING TEST

Description

Tapping on a wall with a dense object, such as a hammer, and listening to the vibrations
emitted from the wall can be useful for identifying voids or delaminations in concrete and
masonry walls. The sound produced from a solid wall will be different from that from a
wall with voids or delaminations close to the surface. In concrete block masonry walls,
sounding can be used to verify that the cells in the blocks have been grouted.

Equipment
The typical equipment required for sounding is a hammer. However, any hard, dense object
can be used.

Conducting Test

In areas where the visual observations indicate that the wall may have delaminations, the wall
can be sounded by tapping with a hammer. Delaminations and spalls will generally produce a
hollow sound when compared with solid material. The wall should be tapped several times
in the suspect area and away from the suspect area, and the sounds compared. It is
important to test an area that is undamaged, and is of the same material and thickness to
use as a baseline comparison. For a valid comparison, the force exerted by the tapping
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should be similar for both the suspect and baseline areas. In reinforced masonry
construction, sounding can be used to assess whether the cells in the wall have been
grouted. Near the ends of a block, the unit is solid for the full thickness of the wall. For
most of the length of the block, it is relatively thin at the faces. If the sound near the end of
the block is substantially different than at the middle of the cell, the cell is probably not
grouted.

Personal Qualtfication

Sounding of concrete and masonry walls should be performed by an engineer or trained
technician. Engineers and technicians should have previous experience in identifying
damage to concrete and masonry structures. Engineers and technicians should also be able
to distinguish between sounds emitted from a hammer strike. Prior experience is necessary
for proper interpretation of results.

Reporting Requirements
The personnel conducting the tests should provide sketches of the wall indicating the
location of the tests and the findings. The sketch should include the following information:

. Mark the location of the test on either a floor plan or wall elevation.

. Report the results of the test, indicating the extent of delamination.

. Report the date of the test.

. List the responsible engineer overseeing the test and the name of the company

conducting the test.

Limitations

The properties of the wall can influence the usefulness of sounding. The geometry of the
wall and the thickness of the wall will affect the results. Sounding is best used away from
the perimeter of the wall and on a wall of uniform thickness. The accuracy of information
from sounding with a hammer also depends on the skill of the engineer or technician
performing the test and on the depth of damage within the thickness of the wall
Delaminations up to the depth of the cover for the reinforcing bars (usually about 1 to 2
inches) can usually be detected. Detection of deeper spalls or deamination requires the use of
other NDE techniques. Sounding cannot determine the depth of the spall or delamination.

Tapping on a loose section of material can cause the piece to become dislodged and fall.
Avoid sounding overhead. A ladder, scaffold, or other lift device should be used to reach
higher elevations of a wall.

REBOUND HAMMER TEST

Description

Are bound hammer provides a method for assessing the in-situ compressive strength of
concrete. in this test, a calibrated hammer impact is applied to the surface of the concrete.
The amount of rebound of the hammer is measured and correlated with the manufacturer's
data to estimate the strength of the concrete. The method has also been used to evaluate
the strength of masonry.

Equipment
A calibrated rebound hammer is a single piece of equipment that is hand operated

Execution

The person operating the equipment places the impact plunger of the hammer against the
concrete and then presses the hammer until the hammer releases. The operator then
records the value on the scale of the hammer. Typically three or more tests are conducted at
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