
BASE ISOLATION

Introduction: The conventional approach to earthquake resistant design of buildings depends upon
providing the building with strength, stiffness and inelastic deformation capacity which are great enough to
withstand a given level of earthquake generated force. This is generally accomplished through the selection of
an appropriate structural configuration and the careful detailing of structural members, such as beams and
columns, and the connections between them. The basic approach underlying more advanced techniques for
earthquake resistance is not to strengthen the building, but to reduce the earthquake generated forces acting
upon it. Among the most important advanced techniques of earthquake resistant design and construction are
base isolation and energy dissipation devices.

Base Isolation

It is easiest to see this principle at work by referring directly to the most widely used of these advanced
techniques, which is known as base isolation. A base isolated structure is supported by a series of bearing pads
which are placed between the building and the building's foundation.(See Figure 1) A variety of different types
of base isolation bearing pads have now been developed. For example, lead–rubber bearings. These are
among the frequently used types of base isolation bearings. (See Figure 2) A lead–rubber bearing is made from
layers of rubber sandwiched together with layers of steel. In the middle of the bearing is a solid lead 'plug.' On
top and bottom, the bearing is fitted with steel plates which are used to attach the bearing to the building and
foundation. The bearing is very stiff and strong in the vertical direction, but flexible in the horizontal direction.

Earthquake Generated Forces



To get a basic idea of how base isolation works, first examine Figure 3. This shows an earthquake acting on
both a base isolated building and a conventional, fixed–base building. As a result of an earthquake, the ground
beneath each building begins to move. In Figure 3, it is shown moving to the left.

Each building responds with movement which tends toward the right. We say that the building undergoes
displacement towards the right. The building's displacement in the direction opposite the ground motion is
actually due to inertia. The inertial forces acting on a building are the most important of all those generated
during an earthquake. It is important to know that the inertial forces which the building undergoes are
proportional to the building's acceleration during ground motion. It is also important to realize that buildings
don't actually shift in only one direction.

Because of the complex nature of earthquake ground motion, the building actually tends to vibrate back and
forth in varying directions. So, Figure 3 is really a kind of "snapshot" of the building at only one particular point
of its earthquake response. In addition to displacing toward the right, the un–isolated building is also shown to
be changing its shape from a rectangle to a parallelogram (the building is deforming). The primary cause of
earthquake damage to buildings is the deformation which the building undergoes as a result of the inertial
forces acting upon it.







STRUCTURAL SYSTEMS

Structural systems are categorized based on the material of construction (e.g.,
concrete, masonry, steel), by the way in which lateral forces induced by
earthquake shaking are resisted by the structure (e.g., by walls or frames), and by
the relative quality of seismic-resistant design and detailing provided.

The Provisions recognizes four broad categories of structural system:
• Bearing wall systems,
• Building frame systems,
• Moment-resisting frame systems
• Dual systems,
In bearing wall systems, structural walls located throughout the structure provide
the primary vertical support for the building’s weight and that of its contents as
well as the building’s lateral resistance. Bearing wall buildings are commonly used
for residential construction, warehouses, and low-rise commercial buildings of
concrete, masonry and wood construction.

Building frames are a common structural system for buildings constructed of
structural steel and concrete. In building frame structures, the building’s weight is
typically carried by vertical elements called columns and horizontal elements
called beams. Lateral resistance is provided either by diagonal steel members
(termed braces) that extend between the beams and columns to provide
horizontal rigidity or by concrete, masonry, or timber shear walls that provide
lateral resistance but do not carry the structure’s weight. In some building frame
structures, the diagonal braces or walls form an inherent and evident part of the
building design as is the case for the high-rise building. In most buildings, the
braces or walls may be hidden behind exterior cladding or interior partitions.

Moment-resisting frame systems are commonly used for both structural steel and
reinforced concrete construction. In this form of construction, the horizontal
beams and vertical columns provide both support for the structure’s weight and
the strength and stiffness needed to resist lateral forces. Stiffness and strength are
achieved through the use of rigid connections between the beams and columns
that prevent these elements from rotating relative to one other. Although

somewhat more expensive to construct than bearing wall and braced frame
structural systems, moment-resisting frame systems are popular because they do
not require braced frames or structural walls, therefore permitting large open
spaces and facades with many unobstructed window openings.









Damping
Buildings set to oscillation by earthquake shaking eventually come back to rest

with time. This is due to dissipation of the oscillatory energy through conversion to
other forms of energy, like heat and sound. The mechanism of this conversion is called
damping.

In normal ambient shaking of building, many factors impede its motion, e.g.,
drag from air resistance around the building, micro-cracking of concrete in the
structural members, and friction between various interfaces in the building (like
masonry infill walls and RC beams and columns). This damping is called structural
damping.

But, under strong earthquake shaking, buildings are damaged. Here,
reinforcement bars and concrete of the RC buildings enter nonlinear range of material
behaviour. The damping that arises from these inelastic actions is called hysteretic
damping; this further dampens oscillations of the building.

Another form of damping is associated with soil. This damping occurs when
the soil strata underneath the building is flexible and absorbs energy input to the
building during earthquake shaking, and sends it to far off distances in the soil
medium. This is called radiation damping.



 What are the Seismic Effects on Structures? 
 

 

Inertia Forces in Structures  
Earthquake causes shaking of the ground. So a 

building resting on it will experience motion at its 
base. From Newton’s First Law of Motion, even though 
the base of the building moves with the ground, the 
roof has a tendency to stay in its original position. But 
since the walls and columns are connected to it, they 
drag the roof along with them. This is much like the 
situation that you are faced with when the bus you are 
standing in suddenly starts; your feet move with the bus, 
but your upper body tends to stay back making you fall 
backwards!! This tendency to continue to remain in the 
previous position is known as inertia. In the building, 
since the walls or columns are flexible, the motion of 
the roof is different from that of the ground (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consider a building whose roof is supported on 

columns (Figure 2). Coming back to the analogy of 
yourself on the bus: when the bus suddenly starts, you are 
thrown backwards as if someone has applied a force on the 
upper body. Similarly, when the ground moves, even 
the building is thrown backwards, and the roof 
experiences a force, called inertia force. If the roof has a 
mass M and experiences an acceleration a, then from 
Newton’s Second Law of Motion, the inertia force FI is 
mass M times acceleration a, and its direction is 
opposite to that of the acceleration. Clearly, more mass 
means higher inertia force. Therefore, lighter buildings 
sustain the earthquake shaking better. 
 

Effect of Deformations in Structures 
The inertia force experienced by the roof is 

transferred to the ground via the columns, causing 
forces in columns. These forces generated in the 
columns can also be understood in another way. 
During earthquake shaking, the columns undergo 
relative movement between their ends. In Figure 2, 
this movement is shown as quantity u between the 
roof and the ground.  But, given a free option, columns 

would like to come back to the straight vertical 
position, i.e., columns resist deformations. In the 
straight vertical position, the columns carry no 
horizontal earthquake force through them. But, when 
forced to bend, they develop internal forces. The larger 
is the relative horizontal displacement u between the 
top and bottom of the column, the larger this internal 
force in columns. Also, the stiffer the columns are (i.e., 
bigger is the column size), larger is this force. For this 
reason, these internal forces in the columns are called 
stiffness forces. In fact, the stiffness force in a column is 
the column stiffness times the relative displacement 
between its ends. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Horizontal and Vertical Shaking 

Earthquake causes shaking of the ground in all 
three directions – along the two horizontal directions 
(X and Y, say), and the vertical direction (Z, say) (Figure 
3). Also, during the earthquake, the ground shakes 
randomly back and forth (- and +) along each of these X, 
Y and Z directions. All structures are primarily 
designed to carry the gravity loads, i.e., they are 
designed for a force equal to the mass M (this includes 
mass due to own weight and imposed loads) times the 
acceleration due to gravity g acting in the vertical 
downward direction (-Z). The downward force Mg is 
called the gravity load. The vertical acceleration during 
ground shaking either adds to or subtracts from the 
acceleration due to gravity.  Since factors of safety are 
used in the design of structures to resist the gravity 
loads, usually most structures tend to be adequate 
against vertical shaking.  

Figure 1: Effect of Inertia in a building when  
                shaken at its base 

Figure 2: Inertia force and relative motion within 
                a building 
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However, horizontal shaking along X and Y 

directions (both + and – directions of each) remains a 
concern. Structures designed for gravity loads, in 
general, may not be able to safely sustain the effects of 
horizontal earthquake shaking. Hence, it is necessary 
to ensure adequacy of the structures against horizontal 
earthquake effects.  
Flow of Inertia Forces to Foundations 

Under horizontal shaking of the ground, 
horizontal inertia forces are generated at level of the 
mass of the structure (usually situated at the floor 
levels). These lateral inertia forces are transferred by 
the floor slab to the walls or columns, to the 
foundations, and finally to the soil system underneath 
(Figure 4). So, each of these structural elements (floor 
slabs, walls, columns, and foundations) and the 
connections between them must be designed to safely 
transfer these inertia forces through them.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Walls or columns are the most critical elements in 

transferring the inertia forces. But, in traditional 
construction, floor slabs and beams receive more care 
and attention during design and construction, than 
walls and columns. Walls are relatively thin and often 
made of brittle material like masonry. They are poor in 
carrying horizontal earthquake inertia forces along the 
direction of their thickness. Failures of masonry walls 

have been observed in many earthquakes in the past 
(e.g., Figure 5a). Similarly, poorly designed and 
constructed reinforced concrete columns can be 
disastrous. The failure of the ground storey columns 
resulted in numerous building collapses during the 
2001 Bhuj (India) earthquake (Figure 5b).  
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Figure 4: Flow of seismic inertia forces through 
                all structural components. 
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(a) Partial collapse of stone masonry walls 
     during 1991 Uttarkashi (India) earthquake 

(b) Collapse of reinforced concrete columns (and  
      building) during 2001 Bhuj (India) earthquake 

Figure 5: Importance of designing walls/columns 
   for horizontal earthquake forces. 
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Figure 3: Principal directions of a building 



 

 

Behaviour of Brick Masonry Walls 
Masonry buildings are brittle structures and one of 

the most vulnerable of the entire building stock under 
strong earthquake shaking. The large number of 
human fatalities in such constructions during the past 
earthquakes in India corroborates this. Thus, it is very 
important to improve the seismic behaviour of 
masonry buildings. A number of earthquake-resistant 
features can be introduced to achieve this objective.  

Ground vibrations during earthquakes cause 
inertia forces at locations of mass in the building. 
These forces travel through the roof and walls to the 
foundation. The main emphasis is on ensuring that 
these forces reach the ground without causing major 
damage or collapse. Of the three components of a 
masonry building (roof, wall and foundation) (Figure 
1a), the walls are most vulnerable to damage caused   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

by horizontal forces due to earthquake. A wall topples 
down easily if pushed horizontally at the top in a 
direction perpendicular to its plane (termed weak 
direction), but offers much greater resistance if pushed 
along its length (termed strong direction)  (Figure 1b). 

To ensure good seismic performance, all walls 
must be joined properly to the adjacent walls. In this 
way, walls loaded in their weak direction can take 
advantage of the good lateral resistance offered by 
walls loaded in their strong direction (Figure 2b). 
Further, walls also need to be tied to the roof and 
foundation to preserve their overall integrity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2: Advantage sharing between walls – 
only possible if walls are well connected. 

(b) Wall B properly connected to Wall A (Note: roof  
     is not shown): Walls A (loaded in strong direction)
     support Walls B (loaded in weak direction) 
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Figure 1: Basic components of a masonry 
building – walls are sensitive to direction of 
earthquake forces. 
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(a) Basic components of a masonry building 

 Seismic Behaviour of Unreinforced Masonry during Earthquakes

The ground shakes simultaneously in the vertical
 and  two  horizontal  directions  during 
earthquakes However, the horizontal vibrations are
 the  most  damaging  to  normal  masonry  buildings. 
Horizontal  inertia  force  developed  at  the  roof 
transfers to the walls acting either in the weak or 
in  the  strong  direction.  If  all  the  walls  are  not  tied 
together  like  a  box,  the  walls  loaded  in  their  weak 
direction tend to topple (Figure 2a).  



 

How to Improve Behaviour of Masonry Walls 
Masonry walls are slender because of their small 

thickness compared to their height and length. A 
simple way of making these walls behave well during 
earthquake shaking is by making them act together as 
a box along with the roof at the top and with the 
foundation at the bottom. A number of construction 
aspects are required to ensure this box action. Firstly, 
connections between the walls should be good. This 
can be achieved by (a) ensuring good interlocking of 
the masonry courses at the junctions, and (b) 
employing horizontal bands at various levels, 
particularly at the lintel level. Secondly, the sizes of 
door and window openings need to be kept small. The 
smaller the openings, the larger is the resistance 
offered by the wall. Thirdly, the tendency of a wall to 
topple when pushed in the weak direction can be 
reduced by limiting its length-to-thickness and height-
to-thickness ratios (Figure 3). Design codes specify 
limits for these ratios. A wall that is too tall or too long 
in comparison to its thickness, is particularly 
vulnerable to shaking in its weak direction (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Choice and Quality of Building Materials 
Earthquake performance of a masonry wall is very 

sensitive to the properties of its constituents, namely 
masonry units and mortar. The properties of these 
materials vary across India due to variation in raw 
materials and construction methods. A variety of 
masonry units are used in the country, e.g., clay bricks 
(burnt and unburnt), concrete blocks (solid and 
hollow), stone blocks. Burnt clay bricks are most 
commonly used. These bricks are inherently porous, 
and so they absorb water. Excessive porosity is 
detrimental to good masonry behaviour because the 
bricks suck away water from the adjoining mortar, 
which results in poor bond between brick and mortar, 
and in difficulty in positioning masonry units. For this 
reason, bricks with low porosity are to be used, and 
they must be soaked in water before use to minimise 
the amount of water drawn away from the mortar.  

Various mortars are used, e.g., mud, cement-sand, 
or cement-sand-lime. Of these, mud mortar is the 
weakest; it crushes easily when dry, flows outward 
and has very low earthquake resistance. Cement-sand 
mortar with lime is the most suitable. This mortar mix 
provides excellent workability for laying bricks, 
stretches without crumbling at low earthquake 
shaking, and bonds well with bricks. The earthquake 
response of masonry walls depends on the relative 
strengths of brick and mortar. Bricks must be stronger 
than mortar. Excessive thickness of mortar is not 
desirable. A 10mm thick mortar layer is generally 
satisfactory from practical and aesthetic 
considerations. Indian Standards prescribe the 
preferred types and grades of bricks and mortars to be 
used in buildings in each seismic zone. 

Figure 3: Slender walls are vulnerable – height 
and length to be kept within limits. Note: In this 
figure, the effect of roof on walls is not shown. 
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Planning Considerations as per IS 4326: 1993 In order to minimize torsion and stress concentration, provisions given
below

1. The building should have a simple rectangular plan and be
symmetrical both with respect to mass and rigidity so that the
centres of mass and rigidity of the building coincide with each
other in which case no separation sections other than expansion
joints are necessary. For provision of expansion joints reference
may be made to IS 3414: 1968.

2. If symmetry of the structure is not possible in plan, elevation or
mass, provision shall be made for torsional and other effects due
to earthquake forces in the structural design or the parts of
different rigidities may be separated through crumple sections.
The length of such building between separation sections shall not
preferably exceed three times the width.

























 
 
 
 
 
 

 How Architectural Features affect Buildings during Earthquakes? 
 

 

Importance of Architectural Features 
The behaviour of a building during earthquakes 

depends critically on its overall shape, size and 
geometry, in addition to how the earthquake forces are 
carried to the ground. Hence, at the planning stage 
itself, architects and structural engineers must work 
together to ensure that the unfavourable features are 
avoided and a good building configuration is chosen.  

The importance of the configuration of a building 
was aptly summarised by Late Henry Degenkolb, a 
noted Earthquake Engineer of USA, as: 

“If we have a poor configuration to start with, all the 
engineer can do is to provide a band-aid - improve a 
basically poor solution as best as he can. Conversely, if 
we start-off with a good configuration and reasonable 
framing system, even a poor engineer cannot harm its 
ultimate performance too much.” 

Architectural Features 
A desire to create an aesthetic and functionally 

efficient structure drives architects to conceive 
wonderful and imaginative structures. Sometimes the 
shape of the building catches the eye of the visitor, 
sometimes the structural system appeals, and in other 
occasions both shape and structural system work together 
to make the structure a marvel. However, each of these 
choices of shapes and structure has significant bearing 
on the performance of the building during strong 
earthquakes. The wide range of structural damages 
observed during past earthquakes across the world is 
very educative in identifying structural configurations 
that are desirable versus those which must be avoided.  

Size of Buildings: In tall buildings with large 
height-to-base size ratio (Figure 1a), the horizontal 
movement of the floors during ground shaking is 
large. In short but very long buildings (Figure 1b), the 
damaging effects during earthquake shaking are 
many. And, in buildings with large plan area like 
warehouses (Figure 1c), the horizontal seismic forces 
can be excessive to be carried by columns and walls. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vertical Layout of Buildings: The earthquake 
forces developed at different floor levels in a building 
need to be brought down along the height to the 
ground by the shortest path; any deviation or 
discontinuity in this load transfer path results in poor 
performance of the building. Buildings with vertical 
setbacks (like the hotel buildings with a few storeys 
wider than the rest) cause a sudden jump in 
earthquake forces at the level of discontinuity (Figure 
3a). Buildings that have fewer columns or walls in a 
particular storey or with unusually tall storey (Figure 
3b), tend to damage or collapse which is initiated in 

Figure 1: Buildings with one of their overall sizes  
     much larger or much smaller than the other  
     two, do not perform well during earthquakes. 

(b) too long 

(c) too large in plan(a) too tall 

Figure 2: Simple plan shape buildings do well  
     during earthquakes. 

(a) Simple Plan 
     ::good  

(b) Corners  
     and Curves
     :: poor 

(c) Separation joints make complex plans 
     into simple plans 

Horizontal Layout of Buildings: In general,
 buildings with simple geometry in plan (Figure
 2a) have performed well during strong 
earthquakes. Buildings with re-entrant corners, like 
those U, V, H and + shaped in plan (Figure 
2b), have sustained significant damage. Many 
times, the bad effects of these interior corners 
in the plan of buildings are avoided by 
making the buildings in two parts. For example, 
an L-shaped plan can be broken up into two 
rectangular plan shapes using a separation joint at the 
junction (Figure 2c). Often, the plan is simple, but the
 columns/walls are not equally distributed in 
plan. Buildings with such features tend to 
twist during earthquake shaking.  



 

 

that storey. Many buildings with an open ground 
storey intended for parking collapsed or were severely 
damaged in Gujarat during the 2001 Bhuj earthquake.  

Buildings on slopy ground have unequal height 
columns along the slope, which causes ill effects like 
twisting and damage in shorter columns (Figure 3c). 
Buildings with columns that hang or float on beams at 
an intermediate storey and do not go all the way to the 
foundation, have discontinuities in the load transfer 
path (Figure 3d). Some buildings have reinforced 
concrete walls to carry the earthquake loads to the 
foundation. Buildings, in which these walls do not go 
all the way to the ground but stop at an upper level, 
are liable to get severely damaged during earthquakes.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adjacency of Buildings: When two buildings are 
too close to each other, they may pound on each other 
during strong shaking. With increase in building 
height, this collision can be a greater problem. When 
building heights do not match (Figure 4), the roof of 
the shorter building may pound at the mid-height of 
the column of the taller one; this can be very 
dangerous.  

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

 

Figure 4: Pounding can occur between adjoining 
      buildings due to horizontal vibrations of the 
      two buildings. 

Figure 3: Sudden deviations in load transfer path 
     along the height lead to poor performance of 
     buildings. 
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The engineers do not attempt to make earthquake-
proof buildings that will not get damaged even during 
the rare but strong earthquake; such buildings will be 
too robust and also too expensive. Instead, the 
engineering intention is to make buildings earthquake-
resistant; such buildings resist the effects of ground 
shaking, although they may get damaged severely but 
would not collapse during the strong earthquake. 
Thus, safety of people and contents is assured in 
earthquake-resistant buildings, and thereby a disaster 
is avoided. This is a major objective of seismic design 
codes throughout the world. 
Earthquake Design Philosophy 

The earthquake design philosophy may be 
summarized as follows (Figure 1): 
(a) Under minor but frequent shaking, the main 

members of the building that carry vertical and 
horizontal forces should not be damaged; however 
building parts that do not carry load may sustain 
repairable damage. 

(b) Under moderate but occasional shaking, the main 
members may sustain repairable damage, while the 
other parts of the building may be damaged such 
that they may even have to be replaced after the 
earthquake; and 

(c) Under strong but rare shaking, the main members 
may sustain severe (even irreparable) damage, but 
the building should not collapse. 

Thus, after minor shaking, the building will be 
fully operational within a short time and the repair 
costs will be small. And, after moderate shaking, the 
building will be operational once the repair and 
strengthening of the damaged main members is 
completed. But, after a strong earthquake, the building 
may become dysfunctional for further use, but will 
stand so that people can be evacuated and property 
recovered. 

The consequences of damage have to be kept in 
view in the design philosophy. For example, important 
buildings, like hospitals and fire stations, play a critical 
role in post-earthquake activities and must remain 
functional immediately after the earthquake. These 
structures must sustain very little damage and should 
be designed for a higher level of earthquake 
protection. Collapse of dams during earthquakes can 
cause flooding in the downstream reaches, which itself 
can be a secondary disaster. Therefore, dams (and 
similarly, nuclear power plants) should be designed 
for still higher level of earthquake motion.  
Damage in Buildings: Unavoidable 

Design of buildings to resist earthquakes involves 
controlling the damage to acceptable levels at a reasonable 
cost. Contrary to the common thinking that any crack 
in the building after an earthquake means the building 
is unsafe for habitation, engineers designing 

 
earthquake-resistant buildings recognize that some 

Minor Shaking

Moderate Shaking 

Strong Shaking 

Figure 1: Performance objectives under different 
intensities of earthquake shaking – seeking 
low repairable damage under minor shaking and

      collapse-prevention under strong shaking. 
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damage is unavoidable. Different types of damage 
(mainly visualized through cracks; especially so in 
concrete and masonry buildings) occur in buildings 
during earthquakes. Some of these cracks are 
acceptable (in terms of both their size and location), 
while others are not. For instance, in a reinforced 
concrete frame building with masonry filler walls 
between columns, the cracks between vertical columns 
and masonry filler walls are acceptable, but diagonal 
cracks running through the columns are not (Figure 2). 
In general, qualified technical professionals are 
knowledgeable of the causes and severity of damage 
in earthquake-resistant buildings. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Earthquake-resistant design is therefore concerned 

about ensuring that the damages in buildings during 
earthquakes are of the acceptable variety, and also that 
they occur at the right places and in right amounts. 
This approach of earthquake-resistant design is much 
like the use of electrical fuses in houses: to protect the 
entire electrical wiring and appliances in the house, you 
sacrifice some small parts of the electrical circuit, called 
fuses; these fuses are easily replaced after the electrical over-
current. Likewise, to save the building from collapsing, 
you need to allow some pre-determined parts to 
undergo the acceptable type and level of damage.  
Acceptable Damage: Ductility 

So, the task now is to identify acceptable forms of 
damage and desirable building behaviour during 
earthquakes. To do this, let us first understand how 
different materials behave. Consider white chalk used 
to write on blackboards and steel pins with solid heads 
used to hold sheets of paper together. Yes… a chalk 
breaks easily!! On the contrary, a steel pin allows it to be 
bent back-and-forth. Engineers define the property that 
allows steel pins to bend back-and-forth by large 
amounts, as ductility; chalk is a brittle material. 

Earthquake-resistant buildings, particularly their 
main elements, need to be built with ductility in them. 
Such buildings have the ability to sway back-and-forth 
during an earthquake, and to withstand earthquake 
effects with some damage, but without collapse 
(Figure 3). Ductility  is one of the most important 

factors affecting the building performance. Thus, 
earthquake-resistant design strives to predetermine 
the locations where damage takes place and then to 
provide good detailing at these locations to ensure 
ductile behaviour of the building. 

 
 

 

(a) Building performances during earthquakes: 
two extremes – the ductile and the brittle.  
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Figure 3: Ductile and brittle structures – seismic 
design attempts to avoid structures of the latter 
kind.  

(b) Brittle failure of a reinforced concrete 
column 
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Figure 2: Diagonal cracks in columns jeopardize 
vertical load carrying capacity of buildings - 
unacceptable damage.  







 

 

Reinforced Concrete Buildings 
In recent times, reinforced concrete buildings have 

become common in India, particularly in towns and 
cities. Reinforced concrete (or simply RC) consists of 
two primary materials, namely concrete with reinforcing 
steel bars. Concrete is made of sand, crushed stone (called 
aggregates) and cement, all mixed with pre-determined 
amount of water. Concrete can be molded into any 
desired shape, and steel bars can be bent into many 
shapes. Thus, structures of complex shapes are 
possible with RC.  

A typical RC building is made of horizontal 
members (beams and slabs) and vertical members 
(columns and walls), and supported by foundations that 
rest on ground. The system comprising of RC columns 
and connecting beams is called a RC Frame. The RC 
frame participates in resisting the earthquake forces. 
Earthquake shaking generates inertia forces in the 
building, which are proportional to the building mass. 
Since most of the building mass is present at floor 
levels, earthquake-induced inertia forces primarily 
develop at the floor levels. These forces travel 
downwards - through slab and beams to columns and 
walls, and then to the foundations from where they are 
dispersed to the ground. As inertia forces accumulate 
downwards from the top of the building, the columns 
and walls at lower storeys experience higher 
earthquake-induced forces (Figure 1) and are therefore 
designed to be stronger than those in storeys above.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Roles of Floor Slabs and Masonry Walls 
Floor slabs are horizontal plate-like elements, 

which facilitate functional use of buildings. Usually, 
beams and slabs at one storey level are cast together. 
In residential multi-storey buildings, thickness of slabs 
is only about 110-150mm. When beams bend in the 
vertical direction during earthquakes, these thin slabs 
bend along with them (Figure 2a). And, when beams 
move with columns in the horizontal direction, the 
slab usually forces the beams to move together with it. 

In most buildings, the geometric distortion of the slab 
is negligible in the horizontal plane; this behaviour is 
known as the rigid diaphragm action (Figure 2b). 
Structural engineers must consider this during design.  

 
 
 
 
 
 
 
 
 
 
 
After columns and floors in a RC building are cast 

and the concrete hardens, vertical spaces between 
columns and floors are usually filled-in with masonry 
walls to demarcate a floor area into functional spaces 
(rooms). Normally, these masonry walls, also called 
infill walls, are not connected to surrounding RC 
columns and beams. When columns receive horizontal 
forces at floor levels, they try to move in the horizontal 
direction, but masonry walls tend to resist this 
movement. Due to their heavy weight and thickness, 
these walls attract rather large horizontal forces 
(Figure 3). However, since masonry is a brittle 
material, these walls develop cracks once their ability 
to carry horizontal load is exceeded. Thus, infill walls 
act like sacrificial fuses in buildings; they develop 
cracks under severe ground shaking but help share the 
load of the beams and columns until cracking. 
Earthquake performance of infill walls is enhanced by 
mortars of good strength, making proper masonry 
courses, and proper packing of gaps between RC 
frame and masonry infill walls. However, an infill wall 
that is unduly tall or long in comparison to its 
thickness can fall out-of-plane (

 
 
 
 
 
 
 
 

 
 

Figure 1: Total horizontal earthquake force in a 
building increases downwards along its height.
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Figure 3: Infill walls move together with the 
columns under earthquake shaking. 

Compression 
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Figure 2: Floor bends with the beam but moves 
all columns at that level together. 
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(a) Out-of-plane  
      Vertical Movement 

(b) In-plane Horizontal Movement 

i.e., along its 
thin direction), which can be life threatening. Also, 
placing infills irregularly in the building causes ill 
effects like short-column effect and torsion). 
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Horizontal Earthquake Effects are Different 
Gravity loading (due to self weight and contents) on 

buildings causes RC frames to bend resulting in 
stretching and shortening at various locations. Tension 
is generated at surfaces that stretch and compression 
at those that shorten (Figure 4b). Under gravity loads, 
tension in the beams is at the bottom surface of the 
beam in the central location and is at the top surface at 
the ends. On the other hand, earthquake loading causes 
tension on beam and column faces at locations 
different from those under gravity loading (Figure 4c); 
the relative levels of this tension (in technical terms, 
bending moment) generated in members are shown in 
Figure 4d. The level of bending moment due to 
earthquake loading depends on severity of shaking 
and can exceed that due to gravity loading. Thus, 
under strong earthquake shaking, the beam ends can 
develop tension on either of the top and bottom faces. 
Since concrete cannot carry this tension, steel bars are 
required on both faces of beams to resist reversals of 
bending moment. Similarly, steel bars are required on 
all faces of columns too. 
Strength Hierarchy 

For a building to remain safe during earthquake 
shaking, columns (which receive forces from beams) 
should be stronger than beams, and foundations 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(which receive forces from columns) should be 
stronger than columns. Further, connections between 
beams & columns and columns & foundations should 
not fail so that beams can safely transfer forces to 
columns and columns to foundations. 

When this strategy is adopted in design, damage is 
likely to occur first in beams (Figure 5a). When beams 
are detailed properly to have large ductility, the 
building as a whole can deform by large amounts 
despite progressive damage caused due to consequent 
yielding of beams. In contrast, if columns are made 
weaker, they suffer severe local damage, at the top and 
bottom of a particular storey (Figure 5b). This localized 
damage can lead to collapse of a building, although 
columns at storeys above remain almost undamaged. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Two distinct designs of buildings that 
result in different earthquake performances –
columns should be stronger than beams. 
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Figure 4: Earthquake shaking reverses tension 
and compression in members – reinforcement is 
required on both faces of members. 
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Refer IS code 1893 (Part-1):2002, page no. 18 to 22. (Different types of
irregularities with figures).





 

 

Basic Features 
Reinforced concrete (RC) frame buildings are 

becoming increasingly common in urban India. Many 
such buildings constructed in recent times have a 
special feature – the ground storey is left open for the 
purpose of parking (Figure 1), i.e., columns in the 
ground storey do not have any partition walls (of 
either masonry or RC) between them. Such buildings 
are often called open ground storey buildings or buildings 
on stilts.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
An open ground storey building, having only 

columns in the ground storey and both partition walls 
and columns in the upper storeys, have two distinct 
characteristics, namely: 
(a) It is relatively flexible in the ground storey, i.e., the 

relative horizontal displacement it undergoes in the 
ground storey is much larger than what each of the 
storeys above it does. This flexible ground storey is 
also called soft storey.  

(b) It is relatively weak in ground storey, i.e., the total 
horizontal earthquake force it can carry in the 
ground storey is significantly smaller than what 
each of the storeys above it can carry. Thus, the 
open ground storey may also be a weak storey. 

Often, open ground storey buildings are called soft 
storey buildings, even though their ground storey may 
be soft and weak. Generally, the soft or weak storey 
usually exists at the ground storey level, but it could 
be at any other storey level too. 
Earthquake Behaviour 

Open ground storey buildings have consistently 
shown poor performance during past earthquakes 
across the world (for example during 1999 Turkey, 1999 
Taiwan and 2003 Algeria earthquakes); a significant 
number of them have collapsed. A large number of 
buildings with open ground storey have been built in 
India in recent years. For instance, the city of 

Ahmedabad alone has about 25,000 five-storey 
buildings and about 1,500 eleven-storey buildings; 
majority of them have open ground storeys. Further, a 
huge number of similarly designed and constructed 
buildings exist in the various towns and cities situated 
in moderate to severe seismic zones (namely III, IV 
and V) of the country. The collapse of more than a 
hundred RC frame buildings with open ground 
storeys at Ahmedabad (~225km away from epicenter) 
during the 2001 Bhuj earthquake has emphasised that 
such buildings are extremely vulnerable under 
earthquake shaking.  

, they may be severely 
damaged (Figure 3a) which may even lead to collapse 
of the building (Figure 3b).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Upper storeys of open ground storey 
buildings move together as a single block – 
such buildings are like inverted pendulums. 

Stiff upper storeys: 
Small displacement between 

adjacent floors

Soft  ground storey:
Large displacement between 

foundation and first floor

Figure 1: Ground storeys of reinforced concrete 
buildings are left open to facilitate parking –
this is common in urban areas in India. 
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 Open-Ground Storey Buildings (Soft Storey effects) 

The presence of walls in upper storeys 
makes them much stiffer than the open ground 
storey. Thus, the upper storeys move almost 
together as a single block, and most of the 
horizontal displacement of the building occurs in 
the soft ground storey itself. In common 
language, this type of buildings can be 
explained as a building on chopsticks. Thus, 
such buildings swing back-and-forth like inverted 
pendulums during earthquake shaking (Figure 
2a), and the columns in the open ground 
storey are severely stressed (Figure 2b). If the 
columns are weak (do not have the required strength 
to resist these high stresses) or if they do not have
 adequate ductility 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Problem 
Open ground storey buildings are inherently poor 

systems with sudden drop in stiffness and strength in 
the ground storey. In the current practice, stiff masonry 
walls (Figure 4a) are neglected and only bare frames are 
considered in design calculations (Figure 4b). Thus, 
the inverted pendulum effect is not captured in design.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Improved design strategies 
After the collapses of RC buildings in 2001 Bhuj 

earthquake, the Indian Seismic Code IS:1893 (Part 1) -
2002 has included special design provisions related to 
soft storey buildings. Firstly, it specifies when a 
building should be considered as a soft and a weak 
storey building. Secondly, it specifies higher design 
forces for the soft storey as compared to the rest of the 

structure. The Code suggests that the forces in the 
columns, beams and shear walls (if any) under the 
action of seismic loads specified in the code, may be 
obtained by considering the bare frame building 
(without any infills) (Figure 4b). However, beams and 
columns in the open ground storey are required to be 
designed for 2.5 times the forces obtained from this 
bare frame analysis. 
 For all new RC frame buildings, the best option is to 
avoid such sudden and large decrease in stiffness 
and/or strength in any storey; it would be ideal to 
build walls (either masonry or RC walls) in the ground 
storey also (Figure 5). Designers can avoid dangerous 
effects of flexible and weak ground storeys by 
ensuring that too many walls are not discontinued in 
the ground storey, i.e., the drop in stiffness and 
strength in the ground storey level is not abrupt due to 
the absence of infill walls.  

The existing open ground storey buildings need to be 
strengthened suitably so as to prevent them from 
collapsing during strong earthquake shaking. The 
owners should seek the services of qualified structural 
engineers who are able to suggest appropriate 
solutions to increase seismic safety of these buildings. 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Consequences of open ground storeys 
in RC frame buildings – severe damage to 
ground storey columns and building collapses. 

(a) 1971 San Fernando Earthquake 

Photo Courtesy: The EERI Annotated Slide Set CD, Earthquake 
Engineering Research Institute, Oakland (CA), USA, 1998. 

(a) Actual building Building being assumed 
in current design practice

Figure 4: Open ground storey building – 
assumptions made in current design practice 
are not consistent with the actual structure.

Infill walls not 
considered in 
upper storeys

(b) 

Figure 5: Avoiding open ground storey problem –
continuity of walls in ground storey is preferred. 

Direct flow of forces 
through walls

(b) 2001 Bhuj Earthquake 



 

 

Why Beam-Column Joints are Special 
In RC buildings, portions of columns that are 

common to beams at their intersections are called beam-
column joints (Figure 1). Since their constituent 
materials have limited strengths, the joints have limited 
force carrying capacity. When forces larger than these 
are applied during earthquakes, joints are severely 
damaged. Repairing damaged joints is difficult, and so 
damage must be avoided.  Thus, beam-column joints 
must be designed to resist earthquake effects. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Earthquake Behaviour of Joints  
Under earthquake shaking, the beams adjoining a 

joint are subjected to moments in the same (clockwise 
or counter-clockwise) direction (Figure 1). Under these 
moments, the top bars in the beam-column joint are 
pulled in one direction and the bottom ones in the 
opposite direction (Figure 2a). These forces are 
balanced by bond stress developed between concrete 
and steel in the joint region. If the column is not wide 
enough or if the strength of concrete in the joint is low, 
there is insufficient grip of concrete on the steel bars. 
In such circumstances, the bar slips inside the joint 
region, and beams loose their capacity to carry load.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Further, under the action of the above pull-push 
forces at top and bottom ends, joints undergo 
geometric distortion; one diagonal length of the joint 
elongates and the other compresses (Figure 2b). If the 
column cross-sectional size is insufficient, the concrete 
in the joint develops diagonal cracks. 
Reinforcing the Beam-Column Joint 

Diagonal cracking & crushing of concrete in joint 
region should be prevented to ensure good earthquake 
performance of RC frame buildings. Using large column 
sizes is the most effective way of achieving this. In 
addition, closely spaced closed-loop steel ties are required 
around column bars (Figure 3) to hold together 
concrete in joint region and to resist shear forces. 
Intermediate column bars also are effective in confining 
the joint concrete and resisting horizontal shear forces.  

 
 
 

 
 
 

 
 
 
 
 
 
 

 
 

Providing closed-loop ties in the joint requires 
some extra effort. Indian Standard IS:13920-1993 
recommends continuing the transverse loops around 
the column bars through the joint region. In practice, 
this is achieved by preparing the cage of the 
reinforcement (both longitudinal bars and stirrups) of all 
beams at a floor level to be prepared on top of the 
beam formwork of that level and lowered into the cage 
(Figures 4a and 4b). However, this may not always be 
possible particularly when the beams are long and the 
entire reinforcement cage becomes heavy. 
Anchoring Beam Bars 

Figure 1: Beam-Column Joints are critical parts 
of a building – they need to be designed. 

Beam-Column Joint 
Overlap volume

common to beams
and columns

(a) (b) 

Figure 2: Pull-push forces on joints cause two 
problems – these result in irreparable damage in 
joints under strong seismic shaking. 
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in joint region:  
Large column width and good 
concrete help in holding the 
beam bars  

Distortion of joint: 
causes diagonal 
cracking and crushing 
of concrete 

Figure 3: Closed loop steel ties in beam-column 
joints – such ties with 135° hooks resist the ill 
effects of distortion of joints. 
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 Beam-Column Joints theory in RC Buildings to resist Earthquakes 

The gripping of beam bars in the joint region 
is improved first by using columns of reasonably 
large cross-sectional size.  Indian Standard 
IS:13920-1993 requires building columns in seismic 
zones III, IV and V to be at least 300mm wide in 
each direction of the cross-section when they 
support beams that are longer than 5m or when these
 columns are taller than 4m between floors (or beams).
 The American Concrete Institute 
recommends a column width of at least 20 times 
the diameter of largest longitudinal bar used in adjoining 
beam.  



 

columns (Figure 5), longitudinal beam bars need to be 
anchored into the column to ensure proper gripping of 
bar in joint. The length of anchorage for a bar of grade 
Fe415 (characteristic tensile strength of 415MPa) is 
about 50 times its diameter. This length is measured 
from the face of the column to the end of the bar 
anchored in the column. In columns of small widths 
and when beam bars are of large diameter (Figure 5a), 
a portion of beam top bar is embedded in the column 
that is cast up to the soffit of the beam, and a part of it 
overhangs. It is difficult to hold such an overhanging 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

beam top bar in position while casting the column up 
to the soffit of the beam. Moreover, the vertical 
distance beyond the 90º bend in beam bars is not very 
effective in providing anchorage. On the other hand, if 
column width is large, beam bars may not extend 
below soffit of the beam (Figure 5b). Thus, it is 
preferable to have columns with sufficient width. Such 
an approach is used in many codes [e.g., ACI318, 2005]. 

In interior joints, the beam bars (both top and 
bottom) need to go through the joint without any cut 
in the joint region. Also, these bars must be placed 
within the column bars and with no bends (Figure 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Figure 6: Anchorage of beam bars in interior 
joints – diagrams (a) and (b) show cross-
sectional views in plan of joint region. 

(a) Poor Practice 

Beam bars bent in joint region overstress 
the core concrete adjoining the bends 
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(b) Good Practice

Figure 5: Anchorage of beam bars in exterior 
joints – diagrams show elevation of joint region.
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(c) 

Shear failure of RC 
beam-column joint 
during the 1985 
Mexico City 
Earthquake,  
when beam bars 
are passed outside 
the column cross-
section 
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Beam bars are within column 
bars and also straight

Beam

Column

Column

Beam

(a) Stage I :  
Beam top bars are not 
placed, but horizontal 
ties in the joint region 
are stacked up. 

(c)
Stage III :  
Ties in the joint region are 
raised to their final locations, 
tied with binding wire, and 
column ties are continued 

(b)

Figure 4: Providing horizontal ties in the joints – 
three-stage procedure is required. 
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In exterior joints where beams terminate at 



 

 

What is a Shear Wall Building 
Reinforced concrete (RC) buildings often have 

vertical plate-like RC walls called Shear Walls (Figure 1) 
in addition to slabs, beams and columns. These walls 
generally start at foundation level and are continuous 
throughout the building height. Their thickness can be 
as low as 150mm, or as high as 400mm in high rise 
buildings. Shear walls are usually provided along both 
length and width of buildings (Figure 1). Shear walls 
are like vertically-oriented wide beams that carry 
earthquake loads downwards to the foundation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Advantages of Shear Walls in RC Buildings  
  Properly designed and detailed buildings with 
shear walls have shown very good performance in past 
earthquakes. The overwhelming success of buildings 
with shear walls in resisting strong earthquakes is 
summarised in the quote:  

 

“We cannot afford to build concrete buildings meant 
to resist severe earthquakes without shear walls.”  
:: Mark Fintel, a noted consulting engineer in USA 
 

Shear walls in high seismic regions require special 
detailing. However, in past earthquakes, even 
buildings with sufficient amount of walls that were 
not specially detailed for seismic performance (but had 
enough well-distributed reinforcement) were saved 
from collapse. Shear wall buildings are a popular 
choice in many earthquake prone countries, like Chile, 
New Zealand and USA. Shear walls are easy to 
construct, because reinforcement detailing of walls is 
relatively straight-forward and therefore easily 
implemented at site. Shear walls are efficient, both in 
terms of construction cost and effectiveness in 
minimizing earthquake damage in structural and non-

structural elements (like glass windows and building 
contents). 

Architectural Aspects of Shear Walls 
 Most RC buildings with shear walls also have 
columns; these columns primarily carry gravity loads 
(i.e., those due to self-weight and contents of building). 
Shear walls provide large strength and stiffness to 
buildings in the direction of their orientation, which 
significantly reduces lateral sway of the building and 
thereby reduces damage to structure and its contents. 
Since shear walls carry large horizontal earthquake 
forces, the overturning effects on them are large. Thus, 
design of their foundations requires special attention. 
Shear walls should be provided along preferably both 
length and width. However, if they are provided along 
only one direction, a proper grid of beams and 
columns in the vertical plane (called a moment-resistant 
frame) must be provided along the other direction to 
resist strong earthquake effects.  

Door or window openings can be provided in 
shear walls, but their size must be small to ensure least 
interruption to force flow through walls. Moreover, 
openings should be symmetrically located. Special 
design checks are required to ensure that the net cross-
sectional area of a wall at an opening is sufficient to 
carry the horizontal earthquake force. 
 Shear walls in buildings must be symmetrically 
located in plan to reduce ill-effects of twist in buildings 
(Figure 2). They could be placed symmetrically along 
one or both directions in plan. Shear walls are more 
effective when located along exterior perimeter of the 
building – such a layout increases resistance of the 
building to twisting.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Reinforced concrete shear walls in 
buildings – an excellent structural system for 
earthquake resistance. 

Figure 2: Shear walls must be symmetric in plan 
layout – twist in buildings can be avoided. 
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 Buildings with Shear Walls 
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Ductile Design of Shear Walls 
Just like reinforced concrete (RC) beams and 

columns, RC shear walls also perform much better if 
designed to be ductile. Overall geometric proportions 
of the wall, types and amount of reinforcement, and 
connection with remaining elements in the building 
help in improving the ductility of walls. The Indian 
Standard Ductile Detailing Code for RC members 
(IS:13920-1993) provides special design guidelines for 
ductile detailing of shear walls.  

Overall Geometry of Walls: Shear walls are 
oblong in cross-section, i.e., one dimension of the 
cross-section is much larger than the other. While 
rectangular cross-section is common, L- and U-shaped 
sections are also used (Figure 3). Thin-walled hollow 
RC shafts around the elevator core of buildings also 
act as shear walls, and should be taken advantage of to 
resist earthquake forces.  

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Reinforcement Bars in RC Walls: Steel 

reinforcing bars are to be provided in walls in 
regularly spaced vertical and horizontal grids (Figure 
4a). The vertical and horizontal reinforcement in the 
wall can be placed in one or two parallel layers called 
curtains. Horizontal reinforcement needs to be 
anchored at the ends of walls. The minimum area of 
reinforcing steel to be provided is 0.0025 times the 
cross-sectional area, along each of the horizontal and 
vertical directions. This vertical reinforcement should 
be distributed uniformly across the wall cross-section.  

Boundary Elements: Under the large overturning 
effects caused by horizontal earthquake forces, edges 
of shear walls experience high compressive and tensile 
stresses. To ensure that shear walls behave in a ductile 
way, concrete in the wall end regions must b

increased. RC walls with boundary elements have 
substantially higher bending strength and horizontal 
shear force carrying capacity, and are therefore less 
susceptible to earthquake damage than walls without 
boundary elements. 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3: Shear walls in RC Buildings – different 
geometries are possible. 
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Figure 4: Layout of main reinforcement in shear 
walls as per IS:13920-1993 – detailing is the 
key to good seismic performance. 
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e
 reinforced in a special manner to sustain these 
load reversals without loosing strength (Figure 
4b). End regions of a wall with increased confinement 
are called boundary elements. This special confining
 transverse reinforcement in boundary elements is 
similar to that provided in columns of RC frames. 
Sometimes, the thickness of the shear wall in
 these boundary elements is also 












	UNIT-2.pdf
	01 Base isolation.pdf
	02 Codes.pdf
	03 Structural systems.pdf
	07 Dynamics characteristics of building.pdf
	05 Seismic effects.pdf
	EQTip12 Behaviour of brick masonry.pdf
	06 failure mechanism.pdf

	UNIT-3.pdf
	007 Planning considerations.pdf
	0071 planning consideration.pdf
	07 architectural effects.pdf
	EQTip08 Seismic philosiphy.pdf
	08 seismic strengthning.pdf

	UNIT-4.pdf
	010 Seismic performance of RC buildings.pdf
	011 Damage in RC building.pdf
	012 Soft Storey.pdf
	013Beam Column Joint Theory.pdf
	015 Shear wall.pdf
	016 Ductile detailing.pdf


