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Abstract

In tall buildings where the design is extremely affected by the lateral loads, wind
and seismic, which could result excessive drifts and cause damage of nonstructural
components. The challenging of designing tall building is how to create and optimize

lateral loads resistant systems with economic considerations.

There is a lot of lateral loads resistant systems has been used for different height
of buildings, and each one has economical limit, above that limit the controlling of

serviceability limits is highly expensive.

The selection of lateral loads resistant system for particular building, is not
enough, another effort should be done to optimize the selected system as the location
and configuration of that system (i.e. shear walls location, and configurations of a

rigid frame).

In this research, computerized models for different lateral loads resistant
systems has been developed. Each system with variable configurations such as shear
walls system which was configured for different locations with respect to the center
of mass, and the results compared with each other’s, it was found that the optimum
location of shear walls is near to (C.M). For rigid frame the drift affected extremely
by major axes of edge columns. For outriggers it’s found that the optimum location

ranges from 0.4H to 0.6H without significance change in drift.

The drawn recommendations for shear walls to be near the center of mass, with
respect to the rigid frame is highly recommended to locate the major axes of edge
columns with respect the lateral load. For the outrigger system it is better to use

where the wind load governing the lateral loads design.
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Chapter One Introduction

Chapter One
Introduction

1.1General

Tall building and towers have fascinated the mankind from the begging of
civilization, their construction being initially for defense and subsequently for
ecclesiastical purposes, the growth of modern tall buildings has been largely for
commercial and residential purpose, but various other social and economic factors,
Such as increase in land values and higher density of population, have also
contributed to an increase in the number of tall buildings, and in some cities due to
topographical restrictions make the tall building the only feasible solution for
housing needs.

It is difficult to distinguish the characteristics of a building which categorize it
as tall. After all, the outward appearance of tallness is a relative matter. In a typical
single-story neighborhood, a five-story building may appear tall. A 50-story building
in a city may be called a high-rise, but the citizens of a small town may point proudly
to their skyscraper of six stories.

From the structural design point of view, it is simpler to consider a building as
tall when its structural analyses and design are in some way affected by the lateral
loads (wind and earthquake), particularly the sway caused by such loads. Sway or
drift is the magnitude of the relative lateral displacement between a given floor and
the one immediately below it. As the height increases, the forces of nature
particularly due to wind, begin to dominate.

The effect of lateral load is increase with height linearly due to the nature of wind
loads (velocity profile), it could cause excessive drift which will cause damage for

nonstructural elements (cladding, doors, and windows) and structure does not meet
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the serviceability requirements, human comfort, the second effect due to lateral loads
Is when flexible structures are subjected to lateral forces, the resulting horizontal
displacements lead to additional overturning moments because the gravity load is
also displaced, it’s called P-A Effect and it was considered as one of modes of
collapse.

A lot of lateral load resistance systems has been developed to provide
conservative design, with relative goals as in seismic design, the codes provision
require that structures should be able to resist minor earthquake without any damage,
moderate earthquake with negligible structural damage and some nonstructural
damage, major earthquake with some structural and nonstructural damage but
without collapse, Mainly there are two types of lateral load resistance systems, first
the shear wall system, second the moment resistant frame which the resistance
provided by the beams and columns and their connections, the others systems called
dual systems, because the lateral load is resisted by shear walls and moment frame

at the same time.

1.2 Research Problem

The optimization process focusing in some objectives as minimum weight, and
optimal sizing of structural sections (minimum stiffness required), and minimum
cost and so on. These objectives were subjected to a lot of constrains; the maximum
permitted stress (Ultimate Limits State), the permitted deflections (vertical
movements), the lateral allowed drift (horizontal movement), and other design codes
requirements.

There is a lot of factors affects the optimization process if one is going to consider
the construction stage, the cost and other factors (availability of resources),

construction ability (common practice, not common practice, limited contractors)
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which will vary from country to another, and make the optimization process relative
matter, The optimization from the structural point of view will only be considered.
In the tall building due to dominate of lateral loads, the main objective is to find
optimum lateral load resistance system for structures under consideration which will
be subjected to lateral drift limits and inter-story drift limits (the story drift relative
to the below one), the other objective is to minimize the gravity load as possible.
This research concern in to find which is optimum the shear wall system or the
moment frame, study and investigate the choices in materials and some techniques
to minimize the self-weight , for shear wall try to find the optimum location and
shape.
Study and investigate the optimum systems (configuration, location) for irregular

structures.

1.3 Research Objectives

1. To find the optimum location of shear walls for regular structures.

2. To find applicable configuration of columns layout for rigid frames.

3. To compare between shear walls system and rigid frame.

4. To evaluate the efficiency of outrigger system and to find the optimum
location of the outrigger system for vertical irregular structures due to
difference in masses (located on top).

5. To find the optimum location of outrigger system for vertical irregular

structures due setback.

1.4 Research Methodology

In this research the structural aspect only will be considered , the modeling of
the structures under consideration has been made by using sophisticated computer
package ETABS (Extended Three Dimensional Analysis of Building System) which
Is based on a finite element method, the assumptions of materials densities and load
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intensity will be according to the British standards, the preliminary sizing of beams
and slabs would be chosen to satisfy the serviceability limits, and sizing of columns
according to tributary area.

For earthquake analysis due to presence of irregularity; the modal response
spectrum will conduct according to Uniform Building Code (UBC-97), to check the
validation of the program. Another program called SAP 2000 v 16 has been used to
check some results randomly.

Iterative method will be adopted to find the optimum configuration and location
of lateral loads resistance systems (shear walls, outriggers), for shear walls will start
from location very near to center of mass and far away. For rigid frame; several
models would be examined some with square columns and another with rectangular
columns with different layouts. For outriggers start from optimum theoretical
location for regular structures.

For comparison requirements the lateral drift, inter-story drift ratio, and the
structural plan density index ( which is define as the total area of vertical structural
elements divided by gross floor area of footprint of the building) at ground level-

will be used .

1.5 Research Organization
This research has been organized as follows:
1. Chapter one presents the general introduction, research problem, the
objectives & methodology.
2. Chapter two contains literature review for loads, floor systems, special
provisions for wind and seismic loads and lateral loads resistant systems.
3. Chapter three contains the cases study for shear walls, the rigid frame and the

outriggers.
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4. Chapter four presents the comparison and the discussion between results
obtained.

5. Chapter five presents the conclusions and recommendations.
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Chapter Two
Literature Review
2.1 Forward
Safety, functionality, economy, and nowadays, satisfying the design
requirements are the principal design objectives. Safety is established by

demonstrating that the designed system can withstand the code stipulated loads

without collapse and serves as a guarantee of a defined level of performance within
the range of loading specified in the applicable code. To establish “safety,” it is
sufficient to demonstrate that under the code-stipulated loading conditions, the

structure can develop an uninterrupted load path—from the point of load application

to the foundation—capable of sustaining the applied load and all corresponding
actions generated in the structure. Toward this effort the common design procedure
for safety aims to ensure two criteria—that an envisaged load path is adequate, and
that on demand it would be mobilized. [1]

The adequacy of a load path is implemented by ensuring that, at any point
along its path, it can withstand the actions occurring at that point. In design practice,
adequacy is determined for only one engineer-selected load path, generally referred
to as the “structural system.” The engineer selected load path is a “designated
path,” meaning that the natural load path of the loads may be different from the
path selected by the engineer. The designated load path design provides an
acceptable design, as long as the engineer can demonstrate that it is adequate.

A structures natural load path is generally more economical than other load

paths, because the load always tries to follow a path of least resistance. [1]
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2.2 The Floor Systems

The desire to minimize dead loads is not unique to concrete floor systems
only but is of greater significance because the weight of concrete floor system tends
to be heavier than steel floors and therefore has a greater impact on the design of
vertical elements and foundation systems. Another consideration is the impact of
floor depth on the floor-to-floor height. Thus it is important to design a floor system
that is relatively of lightweight without being too deep. [1]

However there is a lot of floor systems used, the one way solid slab, the two way
solid slabs, the flat slab, the flat slab with column head, the flat slab with drop panels,
the ribbed slab, the waffle slab, and the pre- stressed slabs. The selection of the
system for a particular building depends on several factors, architectural
considerations, the length of spans, and other requirements adopted by design codes
like limitation of live loads intensity.

2.2.1 The Solid slab

This system also called the slab with beam —sometimes rested on walls, it has
the ability to withstand heavy live loads, the loads transfer from the slab to the beam
according to the ratio of the long span to the short, if the ratio exceeds the two the
slabs classified as one way slab and the loads transfer directly to the long beams
where the others received the loads as reactions from the first ones, the design will
consider one way and providing minimum area of steel for the other way. If the span
ratio is less than two then the slab is classified as a two way slabs, the design must
consider the two way.[2]

From the construction point of view the solid slab is un-favor choice, due to the
relative high cost of form work, time of construction, also from the structural point
of view due to the increase in the story height which will lead to gathering a lot of

wind loads. Figure 2.1 show the solid system.
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\\

(@) The One way

8| d

(b) The Two way . <
Figure (2.1): The solid slab

2.2.2 The Flat slab

The Concrete slabs are often used to carry vertical loads directly to the walls
and columns without the use of beams and girders. Such a system is called a flat slab
(Figure2.2) and it is used where spans are not large and loads are not heavy as in
apartments and hotel buildings.

The Flat slab is the term used for a slab system without any beams, although
column patterns are usually on a rectangular grid. Flat slab can be used with
irregularly spaced column layouts. They have been successfully built using columns

on triangular grids and other variations.
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The critical issue in design of flat slab is the punching shear, to overcome this
problem drop panels and column heads (capitals) are used to reduce the effective
spans which will lead to minimize the bending moment, increase the effective depth
and the effective perimeter.

The flat slabs have some structural advantage it was always provide the concept
of the strong column - weak beam which is required by most of design codes (ACI
stated that the stiffness of all beams in connection must be less the 80% of the
column stiffness).

From construction point of view, it’s easy to make the formwork, repeating the
same layout from bay to bay for each floor, and from floor to floor to roof, permits
a production line work flow and optimum labor productivity. The same equipment

can be recycled quickly from one finished area to begin another floor. [1]

[N [0

&) B

TS )
L £l

< <\ (@) The flat slab without drop

il n
AN m

(b)The flat slab with drop g uu
Figure (2.2): The flat slab
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2.2.3 The One-way concrete ribbed slabs

This system also referred to as a one-way joist system it is one of the most
popular systems for high rise office building construction. The system is based on
the well founded premise that concrete in a solid slab below the neutral axis is well
in excess of that required for shear and much of it can be eliminated by forming
voids. The resulting system shown in Figure (2.3) has voids between the joists made
with removable forms of steel, wood, plastic, or other material. The joists are
designed as a one-way T-beams for the full-moment tributary to its width. It is a
standard practice to use distribution ribs at approximately 3.0 m centers for spans
greater than 6 m. For maximum economy of formwork, the depth of beams and

girders should be made as the same as for joists.[1]
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(b)
Figure (2.3): (a) Plan (b) Section show the ribs (joist)

2.2.4 The Waffle slab

This system also called a two-way joist system (Figure 2.4) is closely related to
the flat slab system.To reduce the dead load of a solid slab construction, metal or
fiberglass domes are used in the formwork in a rectilinear pattern, as shown in Figure
(2.4). Domes are omitted near columns resulting in solid slabs to resist the high
bending and shear stresses in these critical areas.

In contrast to a joist which carries loads in a one-way action, a waffle system
carries the loads simultaneously in two directions. The system is therefore more
suitable for square bays than rectangular bays. The overall behavior of the system is
similar to a solid slab. However, the waffle is more efficient for spans in the (10-15
m) range, because it has greater overall depth than a flat slab without the penalty of
added dead weight. [3]

Solid head

Figure (2.4): The waffle slab The waffle domes

11
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2.2.5 The Haunched girder and joist system

A floor-framing system with girders of a constant depth crisscrossing the interior
space between the core and the exterior often presents nonstructural problems
because it limits the space available for the passage of air-conditioning ducts,
achieves more headroom without making undue compromises in the structure.

The basic system shown in (Figure 2.5.a) consists of a girder of variable depth.
The shallow depth at the center facilitates the passage of mechanical ducts and
reduces the need to raise the floor-to-floor height. Two types of haunched girders
are in vogue. One uses a tapered haunch (Figure 2.5.b) and the other a square haunch
(Figure 2.5.¢).[1]
10 m haunch girders

(a) A Plan show haunched girder
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(c) The Hammerhead haunched girder (square haunch)

Figure (2.5): a,b,c showed the haunch girders system
2.2.6 Analysis and design methods
The floor system analyzed and design mainly for gravtiy loads (dead-live), the
loads are shared by the structral members propotinal to their relative stiffnesses,
there is some methods to analyze the floor system, direct design codes factors which

Is restrianed by some conditions.
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Equivelant frame method, It is currently the most common method of analysis
in designing concrete floor systems, including post-tensioned floors. It is flexible
and efficient, equally suited for both regular and irregular floor systems. This method
involves modeling of the three dimensional slab system as a series of two-
dimensional frames which are independently analyzed for loads assumed to act in
the plane of each frame. Although similar to the direct design method, this method
uses approximations that more accurately capture the actual behavior of the slab.

Yield line method, this method is an excellent tool to justify moment capacity
of existing slab systems that are functioning satisfactorily for serviceability
requirements, the method is based on the principle that in a slab failing in flexure
under overload conditions, the reinforcement will yield first in a region of highest
moment. When this occurs, the slab in this region hinges along a line commonly
referred to as a yield line.

Finite element methods are commonly used by computer software pakage, it is
accurate and saving time.

2.3 Lateral loads
2.3.1 Wind loads
Windstorms pose a variety of problems in buildings—particularly in tall

buildings—causing concerns for building owners, insurers, and engineers like.

Hurricane winds are the largest single cause of economic and insured losses due to
natural disasters in many contureis, designing for wind, a building cannot be
considered independent of its surroundings.[1]

The influence of nearby buildings and land configuration on the sway response of
the building can be substantial. The sway at the top of a tall building caused by wind
may not be seen by a passerby, but may be of concern to those occupying its top

floors. However, a modern skyscraper, with lightweight curtain walls, dry partitions,
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and high-strength materials, is more prone to wind motion problems than the early
skyscrapers, which had the weight advantage of masonry partitions, heavy stone
facades, and massive structural members.

Structural innovations and lightweight construction technology have reduced the
stiffness, mass, and damping characteristics of modern buildings. In buildings
experiencing wind motion problems, objects may vibrate, doors and chandeliers
may swing, pictures may lean, and books may fall off shelves. If the building has a
twisting action, its occupants may get an illusory sense that the world outside is
moving, creating symptoms of vertigo and disorientation. In more violent storms,
windows may break, creating safety problems for pedestrians below. Sometimes,
strange and frightening noises are heard by the occupants as the wind shakes
elevators, strains floors and walls, and whistles around the sides.

Following are some of the criteria that are important in designing for wind:

1. Strength and stability.

2. Fatigue in structural members and connections caused by fluctuating wind
loads.

3. Excessive lateral deflection that may cause cracking of internal partitions
and external cladding, misalignment of mechanical systems, and possible
permanent deformations of nonstructural elements

4. Frequency and amplitude of sway that can cause discomfort to occupants of
tall, flexible buildings.

5. Possible buffeting that may increase the magnitude of wind velocities on
neighboring buildings.

6. Wind-induced discomfort in pedestrian areas caused by intense surface winds.

7. Annoying acoustical disturbances.

8. Resonance of building oscillations with vibrations of elevator hoist ropes.[3]
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2.3.1.1Nature of wind
Wind is the term used for air in motion and is usually applied to the natural
horizontal motion of the atmosphere. Motion in a vertical or nearly vertical direction
is called a current. Movement of air near the surface of the earth is three-
dimensional, with horizontal motion much greater than the vertical motion. Vertical
air motion is of importance in meteorology but is of less importance near the ground
surface. On the other hand, the horizontal motion of air, particularly the gradual
retardation of wind speed and the high turbulence that occurs near the ground
surface, are of importance in building engineering. In urban areas, this zone of
turbulence extends to a height of approximately one-quarter of a mile aboveground,
and is called the surface boundary layer. Above this layer, the horizontal airflow is
no longer influenced by the ground effect. The wind speed at this height is called the
gradient wind speed, and it is precisely in this boundary layer where most human
activity is conducted.[3]
Therefore, how wind effects are felt within this zone is of great concern. Although
one cannot see the wind, it is a common observation that its flow is quite complex
and turbulent in nature.
The sudden variation in wind speed, called gustiness or turbulence, plays an
important part in determining building oscillations.
2.3.1.2 Types of wind
Winds that are of interest in the design of buildings can be classified into three
major types: prevailing winds, seasonal winds, and local winds.
1. Prevailing winds. Surface air moving toward the low-pressure equatorial belt
is called prevailing winds or trade winds. In the northern hemisphere, the
northerly wind blowing toward the equator is deflected by the rotation of the

earth to become northeasterly and is known as the northeast trade wind. The
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corresponding wind in the southern hemisphere is called the southeast trade
wind.

2. Seasonal winds. The air over the land is warmer in summer and colder in
winter than the air adjacent to oceans during the same seasons. During
summer,the continents become seats of low pressure, with wind blowing in
from the colder oceans. In winter, the continents experience high pressure
with winds directed toward the warmer oceans. These movements of air
caused by variations in pressure difference are called seasonal winds. The
monsoons of the China Sea and the Indian Ocean are an examples.

3. Local winds. Local winds are those associated with the regional phenomena
and include whirlwinds and thunderstorms. These are caused by daily
changes in temperature and pressure, generating local effects in winds. The
daily variations in temperature and pressure may occur over irregular terrain,
causing valley and mountain breezes.

All three types of wind are of equal importance in design, prevailing and seasonal
wind speeds fluctuate over a period of several months, whereas the local winds vary
almost every minute, The variations in the speed of prevailing and seasonal winds
are referred to as fluctuations in mean velocity. The variations in the local winds, are
referred to as gusts.[3]
2.3.1.3 Characteristics of wind

Wind flow is complex because numerous flow situations arise from the interaction
of wind with structures. However, in wind engineering, simplifi cations are made to
arrive at the design wind loads by distinguishing the following characteristics:

1- Variation of wind velocity with height (velocity profile) The roughness of the

earths surface which causes drag, converts some of the winds energy into
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mechanical turbulence. Since turbulence is generated at the surface, surface
wind speed is much less than wind speed at high levels

Wind turbulence

Any movement of air at speeds greater than 2-3 mph (0.9-1.3 m/s) is

turbulent, causing particles of air to move randomly in all directions. Every
structure has a natural frequency of vibration. Should dynamic loading occur
at or near its natural frequency, structural damage, out of all proportion to size
of load, may result, it is well known, for example, bridges capable of carrying
far greater loads than the weight of a company of soldiers may oscillate
dangerously and may even break down under dynamic loading of soldiers
marching over them in step.

Probabilistic approach

In many engineering sciences, the intensity of certain events is considered to
be a function of the duration recurrence interval (return period). For example,
the fastest mile wind 33 ft (10 m) aboveground in Dallas, Texas,USA
corresponding to a 50 year return period, is 67 mph (30 m/s),compared to the
value of 71 mph (31.7 m/s) for a 100 year recurrence interval, However, in
structural engineering practice it is believed that the actual probability of
overstressing a structure is much less because of the factors of safety and the
generally conservative values of wind speeds used in design. Wind velocities
(measured with anemometers usually installed at airports across the country)
are averages of the fluctuating velocities measured during an infinite interval
of time.

Vortex shedding

In general, wind buffeting against a bluff body is diverted in three mutually

perpendicular directions, giving rise to these sets of forces and moments, in
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Wind

structural engineering the force and moment corresponding to the vertical axis
(lift and yawing moment) are of little significance. Therefore, aside from the
effects of uplift forces on large roof areas, flow of wind is considered two-
dimensional, as shown in Figure (2.6.a), consisting of along wind and
transverse wind. the term along wind—or simply wind—is used to refer to drag
forces while transverse wind is the term used to describe crosswind. generally,
in tall building design, the crosswind motion perpendicular to the direction of
wind is often more critical than along-wind motion, Consider a prismatic
building subjected to a smooth wind flow. the originally parallel upwind
streamlines are displaced on either side of the building, as illustrated in Figure
2.6.b. This results in spiral vortices being shed periodically from the sides into

the downstream flow of wind. at relatively low wind speeds of, say, 50-60
mph (22.3-26.8 m/s), the vortices are shed symmetrically in pairs, one from

each side. when the vortices are shed, that is, break away from the surface of
the building, an impulse is applied in the transverse direction.
/1(1011g
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Figure (2.6):(a) (b) wind actions (b)vortix shedding
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5- Daynamic nature of wind

Unlike steady flow of wind, which for design purposes is considered static,
turbulent wind associated with gustiness cannot be treated in the same
manner. This is because gusty wind velocities change rapidly and even
abruptly, creating effects much larger than if the same loads were static. Wind
loads, therefore, need to be studied as if they were dynamic, some what similar
to seismic loads. The intensity of dynamic load depends on how fast the
velocity varies and also on the response of the structure itself. Therefore,
whether pressures on a building due to wind gust, is dynamic or static entirely
depends on the gustiness of wind and the dynamic properties of the building
to which it is applied, when we considering building vibrate The time it takes
a building to cycle through a complete oscillation is known as the period of
the building If the wind gust reaches its maximum value and vanishes in a
time much shorter than the period of the building, its effects are dynamic. On
the other hand, the gusts can be considered as static loads if the wind load
increases and vanishes in a time much longer than the period of the building.

2.3.1.4 Pressures and suctions on exterior surfaces
Detailed measurements of pressures and suctions on exterior surfaces of
buildings are made in wind tunnel tests using a rigid models. The model contains

numerous (typically 300-800) ports or “taps” which are connected via tubing to

pressure transducers. The transducers convert the pressure at the point where the tap
Is located to an electrical signal which is then measured simultaneously for a
particular wind direction. Measurements are usually made at 10° intervals for the
full 360° azimuth range.

These aerodynamic measurements made in the wind tunnel are subsequently

combined with the statistics of the full-scale wind climate at the site to provide
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predictions of pressures and suctions for various return periods. This information is
used in the design of cladding.
2.3.1.5 Internal pressures and differential pressures

Estimates of internal pressures are needed in determining net wind loads for the
design of the cladding and glazing of buildings. These may be obtained from
building code specifications, or from wind-tunnel studies.

Although the importance of determining internal pressures is clear, it is not a
guantity which can be determined exactly. In fact, internal pressures are influenced
by many factors, which are uncertain in themselves, such as the character of the
leakage paths and windows or other exterior openings being left open or being
broken during windstorms. The complex distribution of exterior pressures and their
influence on the internal pressures must also be taken into account.

In spite of these difficulties, reasonable estimates of the internal pressure can be
made by expressing the uncertainties in statistical terms.[3]
2.3.1.6 The Uniform Building Code, 1997: Wind Load Provisions

Wind load provisions of UBC 1997 are based on the ASCE 7-88 standard
with certain simplifying assumptions to make calculations easier. The design wind
speed is based on the fastest-mile wind speed as compared to the 3-sec gust speeds
of the later codes. The prevailing wind direction at the site is not considered in
calculating wind forces on the structures: The direction that has the most critical
exposure controls the design. Consideration of shielding by adjacent buildings is not
permitted because studies have shown that in certain configurations, the nearby
buildings can actually increase the wind speed through funneling effects or increased
turbulence. Additionally, it is possible that adjacent existing buildings may be
removed during the life of the building being designed. [3]

To shorten the calculation procedure, certain simplifying assumptions are made.
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These assumptions do not allow determination of wind loads for flexible buildings
that may be sensitive to dynamic effects and wind-excited oscillations such as vortex
shedding. Such buildings typically are those with a height-to-width ratio greater than
5, and over 400 ft (121.9 m) in height. The general section of the UBC directs the
user to an approved standard for the design of these types of structures. The ASCE
7-02, adopted by IBC 2003, is one such standard for determining the dynamic gust
response factor required for the design of these types of buildings.

UBC provisions are not applicable to buildings taller than 400 ft. (122 m) for
normal force method, Method 1, and 200 ft (61 m) for projected area method,
Method 2. Any building, including those not covered by the UBC, may be designed
using wind-tunnel.[4]

(1) Design Wind Pressures
The design wind pressure p is given as a product of the combined height, exposure,
and gust factor coefficient Ce; the pressure coefficient Cq; the wind stagnation

pressure gs; and building Importance Factor I,.
p = CeCqyQslw (2.1)
The pressure gs manifesting on the surface of a building due to a mass of air with

density p , moving at a velocity is given by Bernoulli’ s equation
Qs % pv? (2.2)

The density of air p is 0.0765 pcf, for conditions of standard atmosphere, temperature
(59 F), and barometric pressure (29.92 in. of mercury).

Since velocity given in the wind map is in mph, Eq. (2.2) reduces to
[ 0765pcf] [5280ft 1hr ] 2 (2 3)

32.2 ft/s2 mile 3600s

s=0.00256 v>  (psf) (2.4) [4]
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2.3.1.7 The British standard code provition for wind

BS 6399-part 2-1997 gives methods for determining the gust peak wind loads on
buildings and components thereof that should be taken into account in design using
equivalent static procedures. Two alternative methods are given:
a) a standard method which uses a simplified procedure to obtain a standard effective
wind speed which is used with standard pressure coefficients to determine the wind
loads for orthogonal design cases,(This procedure is virtually the same as in
CP3:Chapter V:Part 2).[5]
b) a directional method in which effective wind speeds and pressure coefficients are
determined to derive the wind loads for each wind direction.
Other methods may be used in place of the two methods given in this standard,
provided that they can be shown to be equivalent. Such methods include wind tunnel
tests.

The methods given in this Part of BS 6399 do not apply to buildings which, by
virtue of the structural properties, e.g. mass, stiffness, natural frequency or damping,
are particularly susceptible to dynamic excitation. These should be assessed using
established dynamic methods or wind tunnel tests. For all structures where the wind
loading can be represented by equivalent static loads , the wind loading can be
obtained either by the standard method or by the directional method,we will stated
the standard method only.

(1) standard method
standard method requires assessment for orthogonal load cases for wind directions
normal to the faces of the building, The value of the dynamic pressure gsas belw
0s=0.613 v, 2 (2.5)
where

0s is the dynamic pressure (in Pa,N/m?)
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Ve is the effective wind speed (in m/s).
Ve=V;s X Sy (2.6)
Where Sy is the terrain and building factor
V; s site wind speed which is obtained by the below equation
Vs =V XSz XSy XSs XS (2.7)

where
Vy is the basic wind speed

Sa is an altitude factor
Sq is a direction factor
S is a seasonal factor
Sp s a probability factor
The pressure acting on the external surface of a building pe is given by
Pe = 0sCpeCa (2.8)
where
gs is the dynamic pressure
Cpe IS the external pressure coefficient for the building surface
Ca Is the size effect factor for external pressures.
The pressure acting on the internal surface of a building, p;, is given by

Pi = QSCpiCa (29)
where

gs is the dynamic pressure
Cyi Is the internal pressure coefficient for the building
Ca Is the size effect factor for internal pressures.[5]
2.3.1.8 The Wind Tunnel Test Method
ASCE standard is American Society of Civil Engineers Minimum Design
Loads for Buildings and Other Structures wind-tunnel test procedure is

recommended for buildings that possess any of the following characteristics:
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1- Have nonuniform shapes.

2- Are flexible with natural frequencies less than 1 Hz.

3- Are subject to significant buffeting by the wake of upwind buildings or other
structures.

4- Are subject to accelerated flow of wind by channeling or local topographic
features.

Wind tunnels such as those shown in Figures (2.7) are used, among other things,

to provide accurate distributions of wind pressure on buildings as well as investigate

aeroelastic behavior of slender and light weight structures.[3]

(b)

Figure (2.7): (a) wind tunnel (b) Photographs of Rigid model
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Services provided by a wind tunnel typically offer the following benefi ts:
1- Provides an accurate distribution of wind loads, especially for structures -

in a built-up environment by determining directly the impact of
surrounding structures.

2- Provides predictions of wind-induced building motions (accelerations and
torsional velocities) likely to be experienced by occupants of the top floors,
and compares the test results to available serviceability criteria.
Complaints by building occupants of excessive motion can compromise
the value of a development. Information provided by tests enables the
design team (structural engineers, architect, and developer) to make timely
and appropriate modifi cations, if required, to architectural and structural
design.

3- Pretest estimate of cladding pressures and overall loads by a wind
engineer, based on a review of similar buildings, with appropriate
consideration of the local meteorological data can help the engineer, the
architect, and the facade engineer to develop a preliminary foundation
design and initial cost estimate for the curtain wall.

There are three basic types of wind —tunnel modeling techniques :

1. Rigid pressure model (PM) provide local load pressures for design of clading
elements and mean pressures for the determination of overall mean loads

2. Rigid high-frequency base balance model (HFBB/HFFB), measures overall
fluctuating loads for the determination of dynamic responses

3.Aeroelastic model (AM) is used for direct measurement of responses such as,
deflections, and accelerations, and is deemed necessary, when the lateral motions
of a building are considered to have a large infl uence on wind loading, and for

measuring effects of higher modes.[1]

26



Chapter two Literature Review

2.3.2 Seismic loads

Earthquakes are catastrophic events that occur mostly at the boundaries of
portions of the earth crust called tectonic plates. When movement occurs in these
regions, along faults, waves are generated at the earth’ s surface that can produce

very destructive effects Some of the most destructive effects caused by shaking as a
result of the earthquake are those that produce lateral loads in a structure. The input
shaking causes the foundation of a building to oscillate back and forth in a more or
less horizontal plane. The building mass has inertia and wants to remain where it is
and therefore, lateral forces are exerted on the mass in order to bring it along with
the foundation.[3]

For analysis purposes, this dynamic action is simplified as a group of horizontal
forces that are applied to the structure in proportion to its mass and to the height of
the mass above the ground.

In multistory buildings with floors of equal weight, the loading is further simplified
as a group of loads, each being applied at a floor line, and each being greater than
the one below in a triangular distribution (see Figure 2.8). Seismically resistant
structures are designed to resist these lateral forces through inelastic action and must,
therefore, be detailed accordingly. These loads are often expressed in terms of a
percent of gravity weight of the building and can vary from a few percent to near
50% of gravity weight. There are also vertical loads generated in a structure by
earthquake shaking, but these forces rarely overload the vertical load-resisting
system. However, earthquake-induced vertical forces have caused damage to
structures with high dead load compared to design live load. These vertical forces
also increase the chance of collapse due to either increased or decreased compression

forces in the columns. Increased compression may exceed the axial compressive
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capacity of columns while decreased compression may reduce the bending strength
of columns.[1]

Gravity
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structural design for seismic loading is primarily concerned with structural
safety during major earthquakes, serviceability and the potential for economic loss
are also of concern. As such, seismic design requires an understanding of the
structural behavior under large inelastic, cyclic deformations. Behavior under this
loading is fundamentally different from wind or gravity loading. It requires a more
detailed analysis, and the application of a number of stringent detailing requirements
to assure acceptable seismic performance beyond the elastic range. Some structural
damage can be expected when the building experiences design ground motions
because almost all building codes allow inelastic energy dissipation in structural
systems

The seismic analysis and design of buildings has traditionally focused on
reducing the risk of the loss of life in the largest expected earthquake. Building codes
base their provisions on the historic performance of buildings and their deficiencies
and have developed provisions around life-safety concerns by focusing their
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attention to prevent collapse under the most intense earthquake expected at a site
during the life of a structure.[1]
There are three goals for new structures subjected to ground motions:
1- minimize the hazard to life from all structures.
2- increase the expected performance of structures having a substantial
public hazard due to occupancy or use.
3- improve the capability of essential facilities to function after an
earthquake.
In general, most earthquake code provisions implicitly require that structures be
able to resist:
1. Minor earthquakes without any damage.
2. Moderate earthquakes with negligible structural damage and some
nonstructural damage.
3. Major earthquakes with some structural and nonstructural damage but
without collapse.
An idea of the behavior of a building during an earthquake may be grasped by

considering the simplifi ed response shape shown in Figure (2.9)
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Figure (2.9): Building behavior
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As the ground on which the building rests is displaced, the base of the building
moves with it. However, the building above the base is reluctant to move with it
because the inertia of the building mass resists motion and causes the building to
distort. This distortion wave travels along the height of the structure, and with
continued shaking of the base, causes the building to undergo a complex series of
oscillations.

Both wind and seismic forces are essentially dynamic, there is a fundamental
difference in the manner in which they are induced in a structure. Wind loads,
applied as external loads, are characteristically proportional to the exposed surface
of a structure, while the earthquake forces are principally internal forces resulting
from the distortion produced by the inertial resistance of the structure to earthquake
motions, the magnitude of earthquake forces is a function of the mass of the structure
rather than its exposed surface. Whereas in wind design, one would feel greater
assurance about the safety of a structure made up of heavy sections, in seismic
design, this does not necessarily produce a safer design.

An increase in mass has two undesirable effects on the earthquake design.
First, it results in an increase in the force, and second, it can cause buckling or
crushing of columns and walls when the mass pushes down on a member bent or
moved out of plumb by the lateral forces. This effect is known as the PA effect and
the greater the vertical forces, In general, tall buildings respond to seismic motion
differently than low-rise buildings. The magnitude of inertia forces induced in an
earthquake depends on the building mass, ground acceleration, the nature of the
foundation, and the dynamic characteristics of the structure. If a building and its
foundation were infinitely rigid, it would have the same acceleration as the ground,
resulting in an inertia force F = ma, for a given ground acceleration, a. However,
because buildings have certain flexibility, the force tends to be less than the product
of buildings mass and acceleration. Tall buildings are invariably more flexible than
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low-rise buildings, and in general, they experience much lower accelerations than
low-rise buildings. But a flexible building subjected to ground motions fora
prolonged period may experience much larger forces if its natural period is near that
of the ground waves. Thus, the magnitude of lateral force is not a function of the
acceleration of the ground alone, but is influenced to a great extent by the type of
response of the structure itself and its foundation as well. This interrelationship of
building behavior and seismic ground motion also depends on the building period as
formulated in the so-called response spectrum.[1]

As a building vibrates due to ground motion, its acceleration will be amplified
if the fundamental period of the building coincides with the period of vibrations
being transmitted through the soil. This amplified response is called resonance.

Natural periods of soil are in the range of 0.5-1.0 s. Therefore, it is entirely possible

for the building and ground it rests upon to have the same fundamental period. This
was the case for many 5- to 10-story buildings in some earthquake. An obvious
design strategy is to ensure that buildings have a natural period different from that
of the expected ground vibration to prevent amplification.
2.3.2.1 Damping

Buildings do not resonate forever, because they are damped; the extent of
damping depends upon the construction materials, the type of connections, and the
influence of nonstructural elements on the stiffness characteristics of the building.
Damping is measured as a percentage of critical damping. In a dynamic system,
critical damping is defined as the minimum amount of damping necessary to prevent
oscillation altogether, the damping of structures is influenced by a number of
external and internal sources, external viscous damping caused by air surrounding
the building (negligible), internal viscous damping associated with the material

viscosity, Friction damping, also called Coulomb damping, occurring at connections
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and support points of the structure and Hysteretic damping that contributes to a
major portion of the energy absorbed in ductile structures.
For analytical purposes, it is a common practice to lump different sources of
damping into a single viscous damping, damping ratios used in practice vary
anywhere from 1% to 10% of critical(for steel building 2% and 5% for concrete).[1]
2.3.2.2 Load path and diaphragm
Buildings typically consist of vertical and horizontal structural elements. The

vertical elements that transfer lateral and gravity loads are the shear walls and
columns. The horizontal elements such as floor and roof slabs distribute lateral
forces to the vertical elements acting as horizontal diaphragms (rigid or flexible), if
there is a discontinuity in the load path, the building is unable to resist seismic forces
regardless of the strength of the elements.

For analytical purpose, these are assumed to behave as deep beams. The slab is
the web of the beam carrying the shear, and the perimeter spandrel or wall, if any, is
the flange of the beam-resisting bending. In the absence of perimeter members, the

slab is analyzed as a plate subjected to in-plane bending.

Diaphragm deflection Ap,

Building deflection Ag
. /

Seismic force Frame or wall

Figure (2.10): show floor acting as diaphragm
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2.3.2.3 Ductility & redundancy

All structures are designed for forces much smaller than those the design ground
motion would produce in a structure with completely linear-elastic response. This
reduction is possible for a number of reasons. As the structure begins to yield and
deform in-elastically, the effective period of the response of the structure tends to
lengthen, which for many structures, results in a reduction in strength demand.

Ductility is the capacity of building materials, systems, or structures to absorb
energy by deforming into the inelastic range. The capability of a structure to absorb
energy, with acceptable deformations and without failure, is a very desirable
characteristic in any earthquake-resistant design. Concrete, a brittle material, must
be properly reinforced with steel to provide the ductility necessary to resist seismic
forces. In concrete columns, for example, the combined effects of flexure (due to
frame action) and compression (due to the action of the overturning moment of the
structure as a whole) produce a common mode of failure: buckling of the vertical
steel and spalling of the concrete cover near the floor levels. Columns must,
therefore, be detailed with proper spiral reinforcing or hoops to have greater reserve
strength and ductility.

Redundancy is a fundamental characteristic for good performance in
earthquakes. It tends to mitigate high demands imposed on the performance of
members. It is a good practice to provide a building with a redundant system such
that the failure of a single connection or component does not adversely affect the
lateral stability of the structure. Otherwise, all components must remain operative
for the structure to retain its lateral stability.
2.3.2.4 The Irregular buildings

The seismic design of regular buildings is based on two concepts. First, the

linearly varying lateral force distribution is a reasonable and conservative
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representation of the actual response distribution due to earthquake ground motions.

Second, the cyclic inelastic deformation demands are reasonably uniform in all of
the seismic force-resisting elements. However, when a structure has irregularities,

these concepts may not be valid, requiring corrective factors and procedures to meet
the design objectives.[1]
Typical building configuration deficiencies include an irregular geometry,

a weakness in a story, a concentration of mass, or a discontinuity in the lateral force-
resisting system. Vertical irregularities are defined in terms of strength, stiffness,
geometry, and mass. Although these are evaluated separately, they are related to one
another, and may occur simultaneously. For example, a building that has a tall first
story can be irregular because of a soft story, a weak story, or both, depending on
the stiffness and strength of this story relative to those above.

Because the major effects irregulaty on the structural response the design codes

stated that dynamic analysis must be conducted.

(a)

«CR « CM

Vertical components of seismic-resisting ]
(b) system

Figure (2.11): Plan irregularities: (a) geometric irregularities, (b) irregularity due to
mass-resistance eccentricity
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|
(a)

~ Heavy mass

(b)

(c) Shear walls

Figure (2.12): Elevation irregularities: (a) abrupt change in geometry, (b) large
difference in floor masses, and (c) large difference in story stiffnesses
2.3.2.5 The Overall building torsion

To avoid excessive lateral displacements torsional effects should be minimized
by reducing the distance between the center of mass (CM), where horizontal seismic
floor forces are applied, and the center of rigidity (CR) of the vertical elements
resisting the lateral loads. A conceptual explanation of center of mass, during
earthquakes, acceleration-induced inertia forces will be generated at each floor level,
where the mass of an entire story may be assumed to be concentrated. Hence the
location of seismic force at a particular level will be determined by the center of the
accelerated mass at that level. In regular buildings, the positions of the centers of

floor masses will differ very little from level to level.
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Center of rigidity defined as the center of rigidity or center of stiffness, locates
the position of a story shear force V;, which will cause only relative floor translations
and no torsion Hence the seismic requirement that allowance be made in all buildings
for so-called accidental torsion, an accidental torsion caused by an assumed
displacement of center of mass by a distance equal to 5% of the dimension of the
building perpendicular to the direction of force be included. However, the specified
accidental torsion need not be applied simultaneously in two directions.
2.3.2.6 Methods of analysis
(1) Equivalent lateral-force procedure (static)

Based on the approximation that the effects of yielding can be adequately
accounted for by the linear analysis of the seismic force- resisting system for the
design spectrum. The distribution of the seismic lateral forces over the height of the
building based on simplified formulas that are appropriate for regular structures,
more details will discuss later in this research.

(2) Dynamic analysis

Symmetrical buildings with uniform mass and stiffness distribution behave in a
fairly predictable manner, whereas buildings that are asymmetrical or with areas of
discontinuity or irregularity do not. For such buildings, dynamic analysis is used to
determine significant response characteristics such as (1) the effects of the
structures’ dynamic characteristics on the vertical distribution of lateral forces; (2)
the increase in dynamic loads due to torsional motions; and (3) the influence of
higher modes, resulting in an increase in story shears and deformations.

Static methods specified in building codes are based on single-mode response
with simple corrections for including higher mode effects. While appropriate for
simple regular structures, the simplified procedures do not take into account the full

range of seismic behavior of complex structures.
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Therefore, dynamic analysis is the preferred method for the design of buildings with
unusual or irregular geometry.

Two methods of dynamic analysis are permitted:

(1) Elastic response-spectrum analysis.

(2) Elastic or inelastic time-history analysis.

Buildings are analyzed as multi-degree-of-freedom (MDOF) systems by
lumping story-masses at intervals along the length of a vertically cantilevered pole.
During vibration, each mass will deflect in one direction or another. For higher
modes of vibration, some masses may move in opposite directions. Or all masses
may simultaneously deflect in the same direction as in the fundamental mode. An
idealized MDOF system has a number of modes equal to the number of masses. Each
mode has its own natural period of vibration with a unique mode shaped by a line
connecting the deflected masses. When ground motion is applied to the base of a
multi-mass system, the deflected shape of the system is a combination of all mode
shapes, but modes having periods near predominant periods of the base motion will
be excited more than the other modes.[1]

Each mode of a multi-mass system can be represented by an equivalent single-
mass system having generalized values M and K for mass and stiffness, respectively.
The generalized values represent the equivalent combined effects of story masses

ml, m2,--- and k1, k2,---. This concept, shown in Figure (2.13), provides a

computational basis for using response spectra based on single-mass systems for
analyzing multistoried buildings. Given the period, mode shape, and mass
distribution of a multistoried building, we can use the response spectra of a single-
degree-of-freedom (SDOF) system for computing the deflected shape, story

accelerations, forces, and overturning moments. Each predominant mode is analyzed
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separately and the results are combined statistically to compute the multimode

response.[3]
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(a) (b)

Figure (2.13): (a) mode of multi-mass system (b) equivalent single mass
(a) Response spectrum method.

Theword “spectrum” in seismic engineering conveys the idea that the response
of buildings having a broad range of periods is summarized in a single graph. For a
given earthquake motion and a percentage of critical damping, a typical response
spectrum gives a plot of earthquake-related responses such as acceleration, velocity,

and deflection for a complete range, or spectrum, of building periods.

Acceleration

Max - R Acceleration
"»#  response spectrum

>

Ground accelerogram

Time
T period

System response

for T,

Figure (2.14): Graphical description of response spectrum
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Earthquake response spectrum gives engineers a practical means of characterizing
ground motions and their effects on structures. Introduced in 1932, it is now a central
concept in earthquake engineering that provides a convenient means to summarize
the peak response of all possible linear SDOF systems to a particular ground motion.
It also provides a practical approach to apply the knowledge of structural dynamics
to the design of structures and the development of lateral force requirements in
building codes.

A plot of the peak value of response quantity as a function of the natural vibration
period T, of the system (or a related parameter such as circular frequency w, or cyclic

frequency f,) is called the response spectrum for that quantity.
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Figure (2.15) Response Spectrum curve
This method is used conjunction with the modal analysis which a lumped mass
model of the building with three degrees of freedom at each floor is analyzed to
determine the modal shapes and modal frequencies of vibration. The purpose of
modal analysis is to obtain the maximum response of the structure in each of its

Important modes, which are then summed in an appropriate manner. This maximum
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modal response can be expressed in several ways. In practice, the SRSS (square root
of sum of squares) or the (complete quadratic combination) is used for this purpose.
Once the story shears and other response variables for each of the important modes
are determined and combined to produce design values. The most common
combination by the use of the SRSS but un-conservative occurs when two modes
have very nearly the same natural period. In this case, the responses are highly
correlated and the designer should consider combining the modal quantities more
conservatively. The CQC technique provides somewhat better results than the SRSS
method for the case of closely spaced modes.

The modal participation factor for each mode may be defined as a constant
always less than unity, by which the actual masses of the system are multiplied to
give the effective masses for the mode under consideration. Simply stated, model
participation factor defines the degree to which that mode participates in the total
vibration, most codes make a general statement that all modes having a significant
contribution to the total structural response should be included in the analysis. This
requirement is deemed satisfied if the sum of the participation factors for the modes
considered is at least equal to 90% of unity.

A response spectrum for specific earthquake ground motion does not reflect
the total time history of response, but only approximates the maximum value of
response for simple structures to that ground motion. The design response spectrum
is a smoothed and normalized approximation for many different ground motions,

adjusted at the extremes for characteristics of larger structures.
(b) Time history method.

There is to types of time history analysis, linear and nonlinear, linear response
history analysis, is a numerically involved technique in which the response of a

structural model to a specific earthquake ground motion accelerogram is determined
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through a process of numerical integration of the equations of motion. The ground
shaking accelerogram, or record, is digitized into a series of small time steps,
typically on the order of 1/100th of a second or smaller. Starting at the initial time
step, a finite difference solution, or other numerical integration algorithm is followed
to allow the calculation of the displacement of each node in the model and the forces
in each element of model for each time step of the record, The principal advantages
of response history analysis, as opposed to response spectrum analysis, is that
response history analysis provides a time dependent history of the response of the
structure to a specific ground motion, allowing calculation of path-dependent effects
such as damping. It also provides information on the stress and deformation state of
the structure throughout the period of response. A response spectrum analysis on the
other hand, indicates only the maximum response quantities and does not indicate
when during the period of response these occur, when response history analyses are
used in designs, it is necessary to run the analysis using a suite of ground motion
records.

Nonlinear response history procedure, very similar to linear response history
analysis, except that the mathematical mode is formulated in such a way that the
stiffness and even connectivity of the elements can be directly modified based on

the deformation state of the structure.
2.3.2.7 The Uniform building code, 1997: seismic provisions

The following key ideas are contained in the 1997 UBC.:

|

. Earthquake loads are specified for use with strength or load factor resistance
design (LFRD), although allowable stress design (ASD) is also permitted.[4]

N

. The structural system coefficient, R, which is a measure of the ductility and

over strength of the structural system, has been adjusted to provide a strength
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level base shear. It is essentially equal to Ry, the seismic coefficient specified
In previous edition, divided by 1.4.

3. Two near-source factors N, and N,, new for the 1997 UBC, have been
incorporated in seismic zone 4 to amplify ground motions that occur at close
distances to the fault.

4. A redundancy-reliability factor, p, also new in the 1997 UBC, has been
incorporated to promote redundant lateral-force-resisting systems. No
redundant systems are penalized through higher lateral load requirements,
while super-redundant systems are not rewarded with less stringent seismic
design requirements.

5. A set of soil profile categories, Sa through Sg, have been incorporated. These
are used in combination with seismic zone factor Z, and near-source factors
Na. and Ny, to provide the site-dependent ground motion coefficients C;and C;,
(hard rock (SA), rock (SB), very dense and soft rock (SC), stiff soil (SD), and
soft soil (SE). Soil categories are based on the average shear wave velocity in
the upper 30m (100 feet) or below count of a standard penetration test). They
are used in combination with the seismic zone factor Z, and the near-source
factors N,and Ny, to determine the site-dependent coefficients Caand Cy. Ca
and Cy define ground motion response within the acceleration and velocity-
controlled range of the response spectrum.

Design Base Shear, V The strength level design base shear is given by the formula

_Cvl

V =
RT

/4 (2.10)
Where
T = fundamental period of the structure in the direction under consideration

| = seismic importance factor
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Cy = a numerical coefficient dependent on the soil conditions at the site and the
seismicity of the region, (UBC Table 16-R)

W = seismic dead load

R = a factor that accounts for the ductility and over strength of the structural
system, (UBC Table 16-N)

Z = seismic zone factor, (UBC Table 16-1). Note that Z does not directly appear
in the base shear formula. It does, however, affect the seismic coefficients
Ca.and C..

The base shear as specified by Eq. (2.10) is subject to three limits:

1. The design base shear need not exceed

\Y

_ 2.5Cql

T (2.11) (UBC Eq. (30.5))

2. It cannot be less than
V =0.11C.IW (2.12) (UBC Eq. (30.6))
Where C, is a seismic coefficient dependent on soil conditions at the site and
on regional seismicity.
3. In the zone of highest seismicity (zone 4), the design base shear must be

equal to or greater than

= O8ZNvI (2.13)

R
Five seismic zones—numbered 1, 2A, 2B, 3, and 4—are defined. The zone for a

particular site is determined from a seismic zone map. The map accounts for the
geographical variations in the expected levels of earthquake ground shaking, and
gives an estimated peak horizontal acceleration on rock having a 10% chance of

being exceeded in a 50-year period.
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Table (2.1): seismic zone factor
Zone 1 2. 2B 3 -+
et 0.075 0.15 0.2 0.3 0.4
(From Table 16-I. UBC 1997.)

The importance factor I is used to increase the margin of safety against collapse.
For example, | = 1.50 for essential facilities, | = 1.25 for hazardous facilities, and |
= 1.15 for special occupancy structures. Essential structures are those that must

remain operative immediately following an earthquake such as emergency treatment

areas and fire stations. It can be obtained from (Table 16-K, UBC 1997).

The building period T may be determined by analysis or by using empirical
formulas. It is denoted T4 if determined by empirical formulas, and Tg if determined
by analysis. The following single empirical formula may be used for all framing

systems:

Ta= C,h3* (2.14)
Where
C; = 0.035 (0.0853-for m) for steel moment frames

=0.030 (0.0731) for concrete moment frames
= 0.020 (0.0488) for all other buildings
hn = the height of the building in feet or meter.

And the period can be obtained from method (B) using the following equation

T = 2n \/(i 1"';"5r'1) : (g Eﬁhf)
i=1 i=1 (2.15)

The coefficient R is a measure of ductility and over strength of a structural system,

based primarily on performance of similar systems in past earthquakes. A higher
value of R has the effect of reducing the design base shear, (see the appendix).
The dead load W, used for calculating the base shear, includes the total dead

load of the structure, the actual weight of partitions, and 25% of the floor live load
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In storage and warehouse occupancies. The total seismic load W represents the total
mass of the building and includes the weights of structural slabs, beams, columns,
and walls; and nonstructural components such as floor topping, roofing, fireproofing
material, fixed electrical and mechanical equipment, partitions, and ceilings.

The seismic coefficients C, and C,, given in Tables (2.2) and (2.3), are site-
dependent ground motion coefficients that define the seismic response throughout
the spectral range. They are measures of expected ground acceleration at a site
additionally, in seismic zone 4, they also depend on the seismic source type and near-
source factors N, and N..

Table (2.2): Seismic Coefficient C,,

) A Seismic zone factor, Z
Soil profile

type Z=0.075 Z=0.15 Z=02 Z=03 Z=04
S, 0.06 0.12 0.16 0.24 0.32N,
Sg 0.08 0.15 0.20 0.30 0.40N,
Sc 0.13 0.25 0.32 0.45 0.56N,
Sp 0.18 0.32 0.40 0.54 0.64N,
Sk 0.26 0.50 0.64 0.84 0.96N,
Se Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil type .

(From UBC 1997, Table 16-R.)

Table (2.3): Seismic Coefficient C,,

o i Seismic zone factor, Z
Soil profile

type Z=0.075 Z=0.15 Z£=0.2 Z=03 Z=04
S, 0.06 0.12 0.16 0.24 0.32N,
S 0.08 0.15 0.20 0.30 0.40N,
Sc 0.09 0.18 0.24 0.33 0.40N,
Sp 0.12 0.22 0.28 0.36 0.44N,
Sg 0.19 0.30 0.34 0.36 0.36N,,
S Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil profile S,.

(From UBC 1997, Table 16-Q.)
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Distribution of Lateral Force F«is the base shear V distributed over the height of
the structure as a force at each level F;, plus an extra force F;at the top
V=Fr+ X}, Fi (2.16)

The extra force at the top is
Ft=0.07TV <0.25V if T>0.7 sec
Fe=01f T<0.7 sec
F: accounts for the greater participation of the higher-mode responses of longer-
period structures.

The remaining portion of the total base shear (V - Ft) is distributed over the height,

including the top, by the formula

_ (V_Ft)(thx)
Fx=———
Yi= Wi hi

(2.17)

where w is the weight at a particular level, and h is the height of that level above the

shear base.

The story shear at level x is the sum of all the story forces at and above that level
Vy=F+XY", Fi (2.18)

The overturning moment at a particular level My is the sum of the moments of

the story forces above, about that level. Is given by:
Mx = Ft (hn — hx)+ > Fi(hi — hx) (2.19) [4]

2.4 Lateral Loads Resisting Systems
Structural engineering of tall buildings requires the use of different systems for
different building heights. Each system, therefore, has an economical height range,

beyond which a different system is required. The requirements of these systems and
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their ranges are somewhat imprecise because the demands imposed on the structure
significantly influence these systems. However, knowledge of different structural
systems, their approximate ranges of application would be useful for structural
engineer to make the preliminary design and the alternatives for new project.
Different Structural systems for concrete buildings are listed in table 2.4

Table (2.4): lateral Structural systems for concrete buildings

Structural systems for concrete buildings

Number of stories Ultra-tall buildings
0 10 20 30 40 50 60 70 80 90 100 110|120-200 stories

z
o

System

Flat slab and columns

Flat slab and shear walls

Flat slab, shear walls and columns
Coupled shear walls and beams
Rigid frame

I
Widely spaced perimeter tube —
Rigid frame with haunch girders ——

Core supported structures

OO0 =1 v = W

Shear wall—frame

—
o

Shear wall—Haunch girder frame

—
==

Closely spaced perimeter tube

Perimeter tube and interior core walls

f—
b

—
9%}

Exterior diagonal tube

-
=

Modular tubes, and spine wall systems
with outrigger and belt walls

The principles of efficient tall building structural design, known for some time, are
quite simple:
1. Resist overturning forces due to lateral loads by using vertical elements placed
as far apart as possible from the geometric center of the building
2. Channel gravity loads to those vertical elements resisting overturning forces
3. Link these vertical elements together with shear-resisting structural elements
that experience a minimum of shear lag effects such that the entire perimeter

of the building resists the overturning moments
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4. Resist lateral forces with members axially loaded in compression rather than
those loaded in tension due to overturning.[1]

2.4.1 The Flat slab-frame system

Perhaps one of the simplest framing techniques for a concrete building consists
of a two-way floor slab framing directly into columns without beams lateral drift
requirements limit their economical height to about 10 stories, The term flat slab-
frame signifies that the flat slab behaves as a beam, responding to lateral loads by
developing bending moments and shear forces, The slab system has two distinct
actions in resisting lateral loads. First, because of its high in-plane stiffness, it
distributes the lateral loads to various vertical elements in proportion to their
stiffness. Second, because of its significant out-of-plane stiffness, it restrains the
vertical displacements and rotations of columns and walls as if they were
interconnected by a shallow wide beam.

The partitions and other non -structural element stiffness are neglected in lateral
stiffness considerations (it is known that the partitions act as struts and contribute in
lateral resistance in the moments frame) due to many reasons as it will be removed
in future.[1][6][7]

2.4.2 The Shear walls

A shear walls structure is considered to be one which resistance to horizontal
loading is provided entirely by shear walls, the wall may be act as the service core
(double function, structurally as shear wall, architect for service as elevator) or may
act as partitions, their high in plane stiffness make it well suited for bracing building
of up to 40 stories, it can be categorize it to:

e Proportionate system which the ratios of the flexural rigidities of walls

remain constant throughout the height
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e Non Proportionate system which the ratios of the flexural rigidities of walls

are not remain constant throughout the height
A system of interconnected shear walls (see Figure 2.16), exhibits a stiffness that
far exceeds the summation of the individual wall stiffnesses. This is because the
interconnecting slab or beam restrains the cantilever bending of individual walls by

forcing the system to work as a composite unit it’s called coupled shear walls.[1][6]
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Figure (2.16): coupled shear wall

2.4.3 The Rigid frame

A rigid frame is characterized by flexure of beams and columns and rotation at
the joints, the connection is subjected to large shear forces, the advantages of a rigid
frame are the simplicity and convenience of its rectangular form. Its unobstructed
arrangement, clear of structural walls, allows freedom internally for the layout and
externally for the fenestration. Rigid frames are considered economical for buildings
of up to about 25 stories.

However, if a rigid frame is combined with shear walls, the resulting structure is
very much stiffer so that its height potential may extend up to 50 stories or more.
The horizontal stiffness of a rigid frame is governed mainly by the bending resistance
of the girders, the columns, and their connections, and in a tall frame, also by the
axial rigidity of the column. The rotational deformations of the columns and girders

result in shear deflection, often referred to as frame racking, greatly contributing to
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the horizontal deflection. The deflected shape of a rigid frame due to racking has a
shear configuration with concavity upwind that has a maximum inclination near the
base and a minimum at the top.

The overall external moment is resisted at each level by a couple resulting from
the axial tensile and compressive forces in the columns on opposite sides of the
structure. The extension and shortening of the columns cause overall bending and
associated horizontal displacements due to curvature of the structure. Because of the
cumulative rotation up the height, the story drift due to overall bending increases
with height, while that due to racking tends to decrease.

To avoid progressive collapse, the principle of strong column-weak beam is
applied (This is specified in the ACI 318 by requiring that the sum of the column
flexural strengths exceed the sum of beam flexural strengths at each beam-column
connection by at least 20%).[1]

2.4.4 The Tabular systems

The term tube, in usual building terminology, suggests a system of closely spaced
columns (2.43-4.57 m), tied together with a relatively deep spandrel. However, for
buildings with compact plans, it is possible to achieve tube action with relatively
widely spaced columns interconnected with deep spandrels. The economy of the
tube system therefore depends on factors such as spacing and size of columns, depth
of perimeter spandrels, and the plan aspect ratio of the building. This system should,
however, be given serious consideration for buildings taller than about 40 stories.

It can be consider as hollow tube, the direction which facing the loads is called
the flange and the other is web, it is subjected to the effects of shear lag, which has
a tendency to modify the axial distribution in the columns. The influence of shear

lag, considered presently in the following section, is to increase the axial stresses in
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However to overcome the shear lag problem and improves the efficiency of the
floor framing

spacing between the columns. This is achieved by adding diagonal bracing at the
faces of the tube to virtually eliminate the shear lag in both the flange and web frames
and the result system called braced tube. There is another type called a bundled tube
response is to connect two or more individual tubes into a single bundle, The main
purpose is to decrease shear lag effects, The cells can be stopped at selected heights

the corner columns while simultaneously reducing the same in the inner columns of
framed tube by increasing its potential for use in taller buildings and allowing greater

without diminishing structural integrity.

the flange and the web panels.[1]
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Figure (2.17): (a) tube system (b) shear lag (c) braced tube
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2.4.5 The Core supported structures

Shear walls placed around building services such as elevators and stair cores can
be considered as a spatial system capable of transmitting lateral loads in both
directions. The advantage is that, being spatial structures, they are able to resist shear
forces and bending moments in two directions and also torsion particularly so when

link beams are provided between the openings.[6]
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Figure (2.18): core structure

2.4.6 The Outrigger and belt wall system

The structural arrangement for this system consists of a main concrete core
connected to exterior columns by relatively stiff horizontal members such as a one
or two-story deep walls commonly referred to as outriggers. The core may be
centrally located with outriggers extending on both sides (Figure 2.19), or it may be
located on one side of the building with outriggers extending to the building columns
on one side. Structural response of the system is quite simple, when subjected to

lateral loads, the column-restrained outriggers resist the rotation of the core, causing
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the lateral deflections and moments in the core to be smaller than if the freestanding
core alone resisted the loading. The external moment is now resisted not by bending

of the core alone, but also by the axial tension and compression of the exterior

columns connected to the outriggers.[1][6]

a
Shear ( )
core
Outrigger
Exterior
columns
.~ Shear wall Truss core
core
L/
A = Qulriggers Outriggers
Exterior Exterior
columns columng

(b)
Figure (2.19): (a) wall acting as outrigger (b) truss as outrigger (central core on left

offset in right)
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In addition to those columns located at the ends of the outriggers, it is usual to
also mobilize other peripheral columns to assist in restraining the outriggers. This is
achieved by including a deep Spandrel Girder, or a Belt Truss, around the structure
at the levels of the outriggers. Here, it should be noted that while the outrigger system
Is very effective in increasing the structure’s flexural stiffness, it doesn’t increase its
resistance to shear, which has to be carried mainly by the core.
2.4.6.1 The Optimum location

Many studies has been done in this field, in 1974, Taranath examined the
optimum location of a belt truss which minimized the wind sway and discussed a
simple method of analysis (with several assumptions, lateral loads is constant over
building and cross sectional area of columns and shear wall are fixed over height),
he found the optimum location is H/2 from the top for one outrigger, for tow
(H/3,2H/3), for three outrigger is (H/4, H/2, 3H/4) from the top .[1]

McNabb (1975) extended their analysis to two outriggers and investigated
governing factors in drift reduction. McNabb (1975) verified the Taranath’s
optimum outrigger location result and showed that the optimum locations for two
outriggers to be 0.312 and 0.685 of the total height from the top of the building. In
1985, Moudarres (1985) investigated the free vibration of high rise structures using
dynamic analysis and this treatment took into account the effects of shear
deformation and rotatory inertia of the core and included the inertia of the outrigger.

Chan and Kuang (1989a, 1989b) conducted studies on the effect of an
intermediate stiffening beam at an arbitrary level along the height of the walls and
indicated that the structural behavior of the structure could be significantly affected
by the particular positioning of this stiffening beam. For preliminary analysis of
outrigger braced structures, simple approximate guidelines for the location of the

outriggers were given in Smith (1991). [8]
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Moudarres conducted the study of a pair of coupled shear walls stiffened at
the top by a flexible outrigger, and investigated the outrigger's influence on the
behavior of the walls. The treatment of coupled shear walls stiffened at the top by
an outrigger is approached by considering the un-stiffened walls under the influences
of external loads and internal forces, respectively. The vertical axial forces and the
concentrated moments imposed at the top of the walls are internal forces due to the
influence of the stiffening outrigger. [8]

Alex Coull and W. H. Otto Lau conducted a study of a multi outrigger-braced
structure based on the continuum approach in which the set of outriggers is smeared
over the height to give an equivalent uniform bracing system. After their detail
analysis they concluded that, Continuum analysis can give reasonably accurate
results for even a very small number of Outriggers. They also presented Design
Curves for assessing the lateral drift and the core base moments for any structural
configuration defined in terms of two controlling structural parameters. The curves
allow a direct assessment of the effectiveness of any number of outriggers.

R. Shankar Nair presented a paper on the detail study of various types of
outriggers and their relative behavior and performance subjected to lateral loading
along with their advantages and disadvantages. He also conducted an analysis for a
typical steel structure employing various types of outriggers.[8]
2.4.6.2 Problems with Outriggers

There are several problems associated with the use of outriggers, problems that
limit the applicability of the concept in the real world:

1. The space occupied by the outrigger trusses (especially the diagonals)
places constraints on the use of the floors at which the outriggers are
located. Even in mechanical equipment floors, the presence of outrigger

truss members can be a major problem.
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2.

Architectural and functional constraints may prevent placement of large
outrigger columns where they could most conveniently be engaged by
outrigger trusses extending out from the core.

The connections of the outrigger trusses to the core can be very
complicated, especially when a concrete shear wall core is used.

In most instances, the core and the outrigger columns will not shorten
equally under gravity load. The outrigger trusses, which need to be very
stiff to be effective as outriggers, can be severely stressed as they try to
restrain the differential shortening between the core and the outrigger
columns. Elaborate and expensive means, such as delaying the
completion of certain truss connections until after the building has been
topped out, have been employed to alleviate the problems caused by

differential shortening.[8]
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Chapter Three
The Problem Statements and Analysis
3.1 General

Based on the wisdom says “(if you find that you are spending almost all your
time on theory, start turning some attention to practical things, it will improve your
theories, and If you find that you are spending almost all your time on practice, start

turning some attention to theoretical things, it will improve your practice)”.

In theory, there has been much research on topic of structural lateral loads
resistant system optimization, however, additional investigation should be done on
its practical application. In this chapter we will observe the study of several cases to
achieve the research objectives, structures cases has been modeled by using
sophisticated computer program packages named ETABS and SAP 2000, and the

results will be shown in term of figures and tables.
3.2 Description of ETABS program

Extended Three dimensional Analysis of Building System (ETABS), is based
on finite element methods, for structural analysis and design. The package is a fully
integrated system for modeling, analyzing, designing, and optimizing structures of
tall buildings, the program utilize graphical user interface (GUI) as shown in figure
(3.1). its provide multiple units systems, preferences for most codes of design such
as (ACI,BS, UBC,IBC and Euro code) are included, automated lateral loads- wind,
seismic- and provide static and dynamic analysis (response spectrum & time
history), linear and nonlinear analysis (time history & push over), with features of
importing from other programs ( plan, three dimensional frame from AutoCAD) ,
exporting the objects and results for other program (i.e. floor to SAFE, reactions for
designing raft) for more process , and export to the spread sheets (excel).
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Figure (3.1): ETABS graphic user interface

3.3 Study of Shear walls cases
3.3.1 Problem description

The objective of the present work is to find the optimum location of shear walls
interim of the distance from the center of mass, The model considered for this study
is a 30 m reinforced concrete building frame , the plan is 25x25m with columns
spaced about 5m from center to center in each direction, the typical height of story
is 3 m, the floor system is assumed to be typical, to avoid twisting moment the center
of rigidity coincide as possible with center of the mass, the assumptions of analysis
(materials density and properties ,loading intensity) based on British standard code
except the seismic loads which will be done according to UBC 97. The ETABS
software program is selected to perform analysis, the analysis would perform for

three models, model (A); with shear walls very close to the CM , model (B); shear
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walls located at mid distance between the CM and the perimeter and model (C); the
shear walls located in perimeter of the building,
3.3.2 Model (A): shear walls near the center of building

The model consist of 10 stories with story height equal to 3 m, it’s proposed to
be used as office building, the shear walls located near mid plan as shown in figure
(3.2), the center of rigidity (C.R) coincide with center of mass (C.M), the building

assume to be lied in medium seismic zone, zone 2A and the soil type is very dense.
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Figure (3.2): Plan of Model (A)
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3.3.2.1 Loading

e The dead load calculated from the self-weight of reinforced concrete

members based on density 24 KN/m?®
Floor finish screed = 1.8 KN/m?

2.5 KN/m?

Block work partition

e Live loads according to BS 6399- part 1 from Table 1 (Minimum imposed
floor loads) is 2.5 KN/m?

e The loads combinations considered as following:

1- 14D.L (3.1)
2- 1.4D.L+16L.L (3.2)
3- 1.2D.L+1.2 L.L+ 1.2W.L (or E.L) (3.3)
4- 1D.L+1.4W.L (or E.L) (3.4)
5- 1.4D.L+1.4W.L (or E.L) (3.5)

Where D.L =dead load, L.L = live load, W.L =wind load & E.L = earth quake loads
3.3.2.2 Materials properties

Table (3.1): Materials Properties

Parameter description | Strength N/mm? | E KN/mm? | Remarks
Reinforcements Fy 460 460 200 All members
f,v250 250 200 As shear rein.
concrete C25 25 25 slabs
C30 30 26 Walls/columns

60



Chapter Three

The Problem Statements and Analysis

3.3.2.3 Preliminary sizing of members

According to the Manual for the design of reinforced concrete building structures,
the depth of the flat slab controlled by the deflection (SLS), from table 3; Span /

effective depth for final design = 26. From figure (3.2) the maximum span =5 m,

slab thickness = 5/26 = 0.192m so use 20 cm. For columns, the initial size was

evaluated for three columns (interior, edge, and corner) using tributary area for

evaluating the load carried by each column from the gravity load only , the concept

of design repetition is applied, then the sections will be constant every three storey,

and the live loads reduction factors applied according to BS 6399-1

Table (3.2): Evaluating of ultimate loads carried by columns

Column Location Dead load Live load tributary | Load
type KN/m? After reduction | area m? KN
Gr — 3" floor | Slab,0.2*24=4.8 | = 2.5*0.5*10 o5 3685
Finish =1.8 | =12.5
Partitions =2.5
) Total =91
Interior Design = 127.4 Design = 20
column 4% 6" floor | Design=76.44 |=25*6*6=9 o5 2971
Design =14.4
7"- 9th Design =32.22 | =2.5*.8*3 =6 25 10455
Design = 9.6
Edge Gr — 3" floor | Design = 127.4 | Design =20 12.5 1842.5
column | 4" -6" floor | Design=76.44 | Design=14.4 12.5 1135.5
7"- 9th Design =32.22 | Design = 9.6 125 522.75
Corner | Gr — 3" floor | Design = 127.4 | Design =20 6.25 921.25
column | 4" -6" floor | Design=76.44 | Design=14.4 6.25 567.75
7"- 9th Design =32.22 | Design = 9.6 6.25 261.4
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Referring to the design code (BS 8110-1-97) formula which is used to determine

the ultimate capacity of columns;

Ny = 0.35f Ac + 0.7Af, (3.6) (BS8110eq39)
By assume the As. = 1% A. (optimum percentage)

N = 0.35%30xA; + 0.7x0.01 A; x460

N=105A;+3.22 A,
Ac Req: - (37)

Table (3.3): Columns cross sections

column load N Ac reg Breg | Ben | ACcn Asc
type | Location kN KN mm?2 mm | mm | mm? | mm?
Gr —3rd
floor 3685 | 4053.5| 268586.01|518.3| 550 | 302500 | 3025
interior | 4th -6th
floor 2271 | 2498.1 16524.78 | 406.8 | 450 | 202500 | 2025
7th- 9th 1046 | 1150.6| 76239.067 | 276.1| 300 | 90000 900
Gr — 3rd
floor 1843 | 2027.3| 134329.45|366.5| 400 | 160000 | 1600
edge | 4th -6th
floor 1136 | 1249.6| 82798.834 |287.7| 300 | 90000 900
7th- 9th 522.8| 575.08| 38104.956 |195.2| 200| 40000 400
Gr —3rd
floor 921.3| 1013.43| 67150.146 | 259.1 | 300 | 90000 900
corner | 4th -6th
floor 567.8| 624.58 41384.84 | 203.4 | 250 | 62500 625
7th- 9th 261.4 | 287.54| 19052.478|138.0| 200 | 40000 400

Note: the cross-section assumed to be square

Ac reg determined by using Eq (3.7)
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Table (3.4): Reinforcement details of columns

column /A BAR As BAR act
type Location mm2 | dia/mm | BAR/mm2 | NO | BAR
Gr—3rd floor | 3025| 20 314 963 | 10
INterior | 4ty -6th floor | 2025| 20 314 645 | 8
7th- 9th 900 12 113 7.96 8
Gr—3rd floor | 1600 16 201 7.96 8
edge | 4th -6th floor 900 16 201 4.48 6
7th- 9th 400 12 113 3.54 4
Gr — 3rd floor 900 16 201 4.48 6
COMNET | 4th -6th floor 625| 16 201 311 | 4
7th- 9th 400 12 113 3.54 4

3.3.2.4 ETABS Inputs

The evaluated loading in clause (3.3.2.1) will be used as gravity loads, the cross
sections of columns which determined in Table (3.3) and (3.4) are used as inputs.
The slab and walls thickness is 200mm, and the inputs for wind loads and seismic

were tabulated below.

Table (3.5): Wind loads inputs (BS6399)

Load case | Ve(mis) Ca Cr Direction angle
Wy 30 1 0.25 0

Wy 30 1 0.25 90
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Table (3.6): Equivalent lateral loads parameters for seismic (UBC97)

Parameter Value Remarks
Soil profile SC UBC table 16-J
Seismic zone factor 0.15 From Table 2.1
Time period 0.6255 sec Eq 2.14
Importance factor | 1 UBC table 16-K
Over strength factor R 55 UBC table 16-N

The program will calculate the others factors required to calculate the base shear
and story shears automatically, and will distribute the shear over structure. To

consider the accident torsion eccentricity of £5% apply to each direction

Table (3.7): Equivalent lateral loads cases

Load Case Name Direction and % Eccentricity
Eccentricity
EQXA X Dir + Eccen. Y 5
EQXB X Dir - Eccen. Y 5
EQYA Y Dir + Eccen. X 5
EQYB Y Dir - Eccen. X 5

Table (3.8): Loads combinations

Name description Name description
ULT1 1.4D+1.6 L ULT4 1.2D+1.2L£1.2 EQXA
ULT2 1.2D+1.2L£1.2Wx ULTS 1.2D+1.2L£1.2 EQXB
ULT3 1.2D+1.2L£1.2Wy ULT6 1.2D+1.2L£1.2 EQYA
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Table (3.8): (continue)

Name description Name description
ULTY7 1.2D+1.2L+1.2 EQYB | ULTWXD 1.4Dx1.4WX
WDX 1D+1.4WX EXAD 1D+1.4 EQXA
UEXAD 1.4D+1.4 EQXA EYAD 1D+£1.4 EQYA
EXBD 1D+1.4 EQXB EYBD 1D+£1.4 EQYA
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Figure (3.3): 3D view and side elevation
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3.3.3 Model (B): shear walls at mid distance from the center

All inputs to the model as same as for model (A) except the following plan
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Figure (3.4): Model (B) Plan show the shear walls location

3.3.4 Model (C): shear walls at the perimeter
All inputs to the model as same as for model (A) except the following plan, the
analysis results (reactions, drifts, and members forces) for the three models would

be mentioned in chapter four.
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Figure (3.5): Model (C) Plan show shear walls Location

3.4 The study of rigid frame cases
For comparison reasons the same plan and inputs which used in the shear walls
models, except small modification the Shear walls cross sections are distributed on
edge and corner columns , and beams added with sizing shown below.
e Effective depth = (Max span / 15) = (5000/15) = 333 mm use 400 mm
Width = 0.6xh = 0.6x400 = 240 use 250 mm as width (f., grade 25)
e Slab thickness is 150 mm. and Table (3.27) show the different inputs which

will be used in the rigid frame model.
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Table (3.9): Inputs for Rigid Frame Model

Parameter Value Remarks
Building time 0.937 Eq2.14
Over strength factor R 3.5 UBC table 16-N

Three models would be observed, model (D): the rigid frame with square
columns, model (E): the rigid frame with rectangular columns and the major axis of
edge columns located with respect the gravity loads and model (F): rectangular
columns with edge columns configured in proposed loop. And the best one will be

selected and remodeled with beam depth 0.5 m.

3.4.1 Sections properties
Table (3.10): Columns properties

Model D Model E & F = £
location cu y
e Bmm |Hmm | Bmm | Hmm NI | M
Interior | 550 550 350 900 30 460
GF_3RD
edge 500 500 350 750 30 460
corner | 450 450 300 700 30 460
Interior | 450 450 350 600 30 460
4th_ 6th
edge 450 450 300 700 30 460
corner | 400 400 250 650 30 460
Interior | 400 400 250 550 30 460
7-9™ 1 edge | 350 | 350 | 250 | 550 | 30 460
corner | 350 350 250 550 30 460
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Figure (3.6): Models layout
3.5 Study of the Outrigger Cases
In this the efficiency of the outrigger system would be evaluated for regular
system so as to investigate the optimum position in presence of vertical irregular due
to mass located in the top of building (i.e. swim pool, heavy mechanical equipment,
etc.) and irregular due to setback. The dynamic analysis would be adopted by using

response spectrum method to evaluate the seismic loads for irregular building.

The following models would be investigated:
(@) For regular models to evaluate the efficiency of system we will investigate:

1- Model without outrigger

2- Models with One outrigger at (0.45, 0.5, 0.55 and 0.6 H).
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3- Model with two outriggers (1/3H & 2/3H).
(b) For irregular models due to heavy mass at top (with additional load=15 KN /m?):
1- Model with one outrigger at 0.4 H.
2- Model with one outrigger at 0.5 H.
3- Model with one outrigger at 0.6 H.
(c) For irregular models due to setback at 0.7 H:
1- Model with one outrigger at 0.5 H.
2- Model with one outrigger at 0.6 H.

3- Model with one outrigger at 0.7 H.

3.5.1 Data Inputs

All models has the same plan as shown in figure (3.15.a), the overall height is
90m with 30 stories, each storey has a 3 m height, the building is intended to be used
as offices, and for the seismic analysis the building was categorized in zone 3
according to UBC 97.

EGN

(@) Model plan
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the live loads has been taken as 2.5 KN/m? for offices.
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The dead load is calculated from the self-weight of different members with a
Load case

w

Wy

(1) Loading
density of concrete equal to 24 KN/m?® and additional loads 1.8 KN/m? for block

Table (3.11): Automated BS

partitions
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Table (3.12): Automated UBC 97 Seismic loads parameters

Parameter Value Remarks
Soil profile SC UBC table 16-J
Seismic zone factor 0.3 From Table 2.1
Time period 1.4246 sec Eq 2.14
Importance factor | 1 UBC table 16-K
Over strength factor R 55 UBC table 16-N

* Mass source from dead loads

Table (3.13): UBC 97 Response spectrum parameters

Parameter Value Remarks

Ca 0.33 UBC 97 Table 16-Q

Cy 0.45 UBC 97 Table 16-R

Scale factor Variable Equivalent static/ response spectrum

Table (3.14): loads cases and combinations

Load case description Load combination | description
D.L dead WXD 1D.L+1.4 WX
L.L live EXD 1 D.L+1.4EQX
Wx- Wy Windin X & Y EYD 1 D.L+1.4EQY
EQx - EQy Static seismic x &y SXD 1D.L+1.4 SX
Sx - Sy Response spectrum x-y | SYD 1D.L+14SY

(2) Members properties
The slab is a solid with 0.15 m thickness with f., 30N/mm?, the beams are 0.25

m width 0.4 m depth with f,, 35N/mm?, the shear walls is 0.35 m thickness constant
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throughout the height with concrete strength f., 40N/mm?, the evaluation of modulus

of elasticity for different concrete grades based on- BS 8110-97 part2:

Eczgz 20 + 02 FCU (KN/mmz) (31)
Table (3.15): Columns properties for models
column column
storey type |feu| fy | B | H | storey type |feu| fy | B | H
interior 60 | 460 | 800 | 800 oy interior 50 | 460 | 650 | 650
grd-5th | edge 60 | 460 | 600 | 600 | oouy | €dge 50 | 460 | 450 | 450
corner 60 | 460 | 400 | 400 corner 50 | 460 | 350 | 350
interior 60 | 460 | 750 | 750 interior 35460 | 600 | 600
21th-
6th-10th | edge 60 | 460 | 550 | 550 | oe4p, | edge 35 | 460 | 450 | 450
corner 60 | 460 | 400 | 400 corner 351460 | 300 | 300
interior 50 (460 | 700 | 700 interior 35460 | 450 | 450
Pl . 50 | 460 | 500 | 500 | 221" | e 35 | 460 | 300 | 300
15th |BU9€ 30th | EU9€
corner 50 | 460 | 350 | 350 corner 351460 | 250 | 250

For the outrigger system the shear walls has 0.25 m thickness and f., equal to

35N/mm? and are used to connect the core (main shear walls) with mega columns -

1.2m depth 0.55 m width and fe, equal to 60 N/mm?- located at the perimeter of

building and stopped at storey 14 as shown in figure (3.16) later.

The analysis of all models would include dynamic modal analysis to comply

with code requirements (UBC 97) which was stated that any structures has a height

exceeds 73.15m the seismic loads should be calculated by dynamic method with

effective mass participation not less than 90 percent.
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Figure (3.8): the outriggers system
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Chapter Four
Results comparison and Discussions
4.1 General

In this chapter the results of the analysis would be introduced, for the shear walls
results would be stated for every model and the vertical elements would be designed.

Also for the rigid frame and for the outriggers models the results would be stated.

4.2 Shear Walls Results
4.2.1 Model (A) Analysis Results & design

(1) Reactions and moments at foundation

The reactions and moments at the base will be used to design the vertical elements
at footprint to make structural plan density index, thus any column has three
combinations to introduce (maximum loads with related biaxial moments, max

My ....etc.), and the results obtained to plan shown in figure (3.4).

'_T \T_ _C[( [ I? 1| -El_ ] [

(e —
e 27 13 14 15 186 26

O

z2a 1 2 3 = 20

4
30 12 35 667 660 3a 7 18

2
-+
i —
-+—1-

666 661
665 662

L3 — ——
33 11 24 "s64 663 21 6 18

BT 21 22 23 24 25

Figure (4.1): ETABS Labeled Columns
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Table (4.1): Reactions at foundation.

Results comparison & Discussions

Point | Load FZ MX MY Point | Load FZ MX MY
Label | comb KN KN.M KN.M | Label | comb KN KN KN
1 ULT1 4933.5 -2.7 -2.7 13 ULT1 2055.0 164 -1.3
1 EYBD 2769.1 144.3 -28.6 13 UEYBD 1710.3 55.5 -14.5
1 UEXAD 37534 25.1 -147.8 13 UEXAD 1609.1 20.6 -49.3
2 ULT1 4424.6 -39 -0.7 14 ULT1 1969.8 15.5 0.2
2 EYBD 27294 126.8 -27.3 14 UEYBD 1621.9 49.4 -13.3
2 UEXAD 3318.6 5.5 -146.0 14 EXAD 1100.8 111 -48.3
3 ULT1 4424.6 -39 0.7 15 ULT1 1969.8 15.5 -0.2
3 EYAD 2729.4 126.8 27.3 15 UEYAD 1621.9 49.4 13.3
3 EXAD 2542.8 -10.6 -145.0 15 UEXAD 1511.4 9.1 -48.5
4 ULT1 4933.5 -2.7 2.7 16 ULT1 2055.0 164 1.3
4 EYAD 2769.1 144.3 28.6 16 UEYAD 1710.3 55.5 14.5
4 EXAD 2769.1 -28.6 -144.3 16 EXAD 1114.8 0.8 -47.6
5 ULT1 4933.5 2.7 2.7 17 ULT1 2055.0 1.3 -16.4
5 UEYAD 37534 147.8 -25.1 17 UEYAD 1609.1 49.3 -20.6
5 EXBD 2769.1 28.6 -144.3 17 UEXBD 1710.3 14.5 -55.5
6 ULT1 4424.6 0.7 3.9 18 ULT1 1969.8 -0.2 -15.5
6 UEYAD 3318.6 146.0 -5.5 18 EYAD 1100.8 48.3 -11.1
6 EXBD 2729.4 27.3 -126.8 18 UEXBD 1621.9 133 -49.4
7 ULT1 4424.6 -0.7 3.9 19 ULT1 1969.8 0.2 -15.5
7 EYAD 2542.8 145.0 10.6 19 UEYAD 1511.4 48.5 9.1
7 EXAD 27294 -27.3 -126.8 19 UEXAD 1621.9 -13.3 -49.4
8 ULT1 4933.5 2.7 -2.7 20 ULT1 2055.0 -1.3 -16.4
8 UEYBD 37534 147.8 25.1 20 EYAD 1114.8 47.6 -0.8
8 UEXBD 37534 -25.1 -147.8 20 UEXAD 1710.3 -14.5 -55.5
9 ULT1 4424.6 3.9 -0.7 21 ULT1 2055.0 -16.4 -1.3
9 UEYBD 3132.0 131.9 26.4 21 EYBD 1013.7 34.2 12.8
9 UEXBD 3318.6 -5.5 -146.0 21 UEXBD 1609.1 -20.6 -49.3
10 ULT1 4424.6 3.9 0.7 22 ULT1 1969.8 -15.5 0.2
10 UEYAD 3132.0 131.9 -26.4 22 EYBD 990.3 29.2 13.5
10 EXBD 2542.8 10.6 -145.0 22 EXBD 1100.8 -11.1 -48.3
11 ULT1 4424.6 0.7 -3.9 23 ULT1 1969.8 -15.5 -0.2
11 UEYBD 3318.6 146.0 5.5 23 EYAD 990.3 29.2 -13.5
11 UEXBD 3132.0 -26.4 -131.9 23 UEXBD 1511.4 9.1 -48.5
12 ULT1 4424.6 -0.7 -3.9 24 ULT1 2055.0 -16.4 1.3
12 EYBD 2542.8 145.0 -10.6 24 EYAD 1013.7 34.2 -12.8
12 UEXAD 3132.0 26.4 -131.9 24 EXBD 1114.8 -0.8 -47.6
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Table (4.1): Continued

Point | Load FZ MX MY Point | Load FZ MX MY

Label | comb. KN KN.M KN.M | Label | comb. KN KN.M KN.M
25 ULT1 927.9 -6.1 -6.1 30 ULT1 1969.8 0.2 15.5
25 EYAD 467.8 12.9 -7.8 30 UEYBD 1511.4 48.5 9.1
25 UEXBD 769.8 -0.2 -20.9 30 EXAD 990.3 135 -29.2
26 ULT1 927.9 6.1 -6.1 31 ULT1 927.9 -6.1 6.1
26 UEYAD 769.8 20.9 -0.2 31 EYBD 467.8 12.9 7.8
26 UEXAD 769.8 0.2 -20.9 31 EXBD 467.8 -7.8 -12.9
27 ULT1 927.9 6.1 6.1 32 ULT1 2055.0 1.3 16.4
27 UEYBD 769.8 20.9 0.2 32 UEYBD 1609.1 49.3 20.6
27 EXAD 467.8 7.8 -12.9 32 EXBD 1013.7 -12.8 -34.2
28 ULT1 2055.0 -1.3 16.4 33 ULT1 1969.8 -0.2 15.5
28 EYBD 1114.8 47.6 0.8 33 EYBD 1100.8 48.3 11.1
28 EXAD 1013.7 12.8 -34.2 33 EXBD 990.3 -13.5 -29.2

These results are checked by another structural program called SAP 2000, and
Table (4.2) shows the comparison between results obtained by ETABS and SAP

2000 for selected columns reactions.

Table (4.2): Comparison between SAP 2000 and ETABS.

Column Loads

type program Label comb N Mx My
ETABS 1(B,5) ULT1 |4934 -2.7 -2.7

SAP 2000 | 1(B,5) ULT1 |4935 -2.7 -2.7

Interior ETABS 1(B,5) | EYBD | 2769 144 -28.6
SAP 2000 |1(B,5) |EYBD 2769 148 -29.4

ETABS 1(B,5) | UEXAD | 3753 25.1 -148

SAP 2000 | 1(B,5) | UEXA | 3755 25.9 -151
ETABS | 14(C,6) | ULT1 | 1970 15.5 0.172
Edge SAP 2000 | 14(C,6) | ULT1 | 1970 15.5 0.172
ETABS | 14(C,6) | UEYBD | 1622 49.4 -13.3

SAP 2000 | 14(C,6) | UEYBD | 1625 50.2 -13.7
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Column Loads

type program Label comb N Mx My
Edge ETABS 14(C,6) | EXAD | 1101 11.1 -48.3
SAP 2000 | 14(C,6) | EXAD | 1101 11.2 -49.4
ETABS 26(F,6) ULT1 | 9279 | 6.12 -6.12
SAP 2000 | 26(F,6) ULT1 |[9279| 6.12 -6.12
corner ETABS 26(F,6) | UEYBD | 769.8 | 20.9 -0.23
SAP 2000 | 26(F,6) | UEYBD | 770.8 | 21.3 -0.1
ETABS 26(F,6) | UEXAD | 769.8 | 0.23 -20.9
SAP 2000 | 26(F,6) | UEXAD | 770.8 0.1 -21.3

(2) Shear walls forces

Table (4.3) shows the analysis results for the shear walls which is labeled in the
program as piers & spandrel (SW1...SW4), the combination shown maximum axial

load, biaxial moments and torsion.

Table (4.3): Shear Walls Forces

Wall Load P My My
No Comb. KN KN.M KN.M
SW1 UEYBD -7979.5 1862.0 108.0
SW1 EYBD -6769.2 1865.7 104.1
Swi UEXAD -492.6 83.1 1886.3
SW2 UEYBD -7979.5 1720.0 35.2
SW2 EYAD -6769.2 1865.7 -105.2
SW2 EXAD -6769.2 105.2 1865.7
SW3 UEXBD -7979.5 1769.5 34.0
SW3 UEYAD -492.6 1886.3 83.7
SW3 EXBD -6769.2 105.2 1865.7
SW4 ULT1 -7979.5 15.8 15.8
SW4 UEYBD -492.6 1886.3 -83.7
SW4 UEXBD -492.6 83.7 1886.3
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The next figures the shows comparison between the total loads for every load case,
and shows clearly that the lateral loads for the worst case can be about 30 % of the
total loads acting on the building.

Total Loads
70000

62010

60000

50000

N

> 40000

ad/

S 30000

L

20000 15625

12006.4 12006.4 12006.4 12006.4

—
1

Load Type

10000

B DEAD ®mLIVE mWX mWY BEQXA EMEQXB EBEQYA EEQYB

(a) Total loads for each case

worst case for lateral load

m DEAD
HEQXA

(b) Worst case for lateral loads

Figure (4.2): Loads Acting on the Model
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(3) Drifts

The maximum drift in each directions is shown in Table (4.4) with the limits value,

and the maximum inter-storey drift for each storey shown in table (4.5)

Table (4.4): The Maximum Lateral Building Drift

Prog. Load Max drift load | max drift
comb | driftx(m) | limits | status| comb y(m) status
ETABS EQXAD 0.061692 0.6 | Ok EYAD 0.061692 | Ok
SAP EQXAD 0.06319 0.6 | Ok EYAD 0.06319 | Ok
ETABS | WXD 0.00652 0.06 | Ok WYD 0.00652 | Ok
Note: the drift limits for seismic obtained by 0.02H (for wind H/400).
Table (4.5): Maximum Inter-storey Drift Ratio
Load Max Load Max
story comb driftx | limits | Status | comb drifty | Status
9TH EXAD 0.001766 0.02 | ok EYAD |0.001766 | Ok
8TH EXAD 0.00201 0.02 | ok EYAD 0.00201 | Ok
7TH EXAD 0.00224 0.02 | ok EYAD 0.00224 | Ok
6TH EXAD 0.002317 0.02 | ok EYAD |0.002317 | Ok
5TH EXAD 0.002449 0.02 | ok EYAD | 0.002449 | Ok
4TH EXAD 0.002506 0.02 | ok EYAD |0.002506 | Ok
3RD EXAD 0.002393 0.02 | ok EYAD |0.002393 | Ok
2ND EXAD 0.002209 0.02 | ok EYAD |0.002209 | Ok
1ST EXAD 0.001787 0.02 | ok EYAD |0.001787 | Ok
GF EXAD 0.000889 0.02 | ok EYAD |0.000889 | Ok
stories shear
4000
3000
2000
1000
0
9TH 8TH  7TH  6TH  5TH  4TH  3RD  2ND  1ST GF

FX static force Cumulative story shear

Figure (4.3): Stories static force & cumulative shear from seismic loads
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(4) Final design for columns and shear walls

The final and optimized design will be done in the footprint level (reactions), the
next details statements for design of the interior column labeled by (1) in ETABS
which lies in the intersection of main grids B-5, to find the final cross sections of
this column based on the case of maximum vertical load with reinforcement area
ratio equal to one percent of concrete cross section, and the cases of maximum
moment in each direction will be checked by using another program called CSI
COLUMN specialized in columns and shear walls design. The below data will be

used:

Load combinations mentioned in Table (3.9)

Column height L = 2.8m,

Effective height = XL (when the slab depth will be less than column width or height

B will be 1 at top and bottom ) it’s clearly this column is short

4935.41x1000

Final cross-section = = 359723.76 mm?
13.72

The new width = v/359723.76 = 599.76 mm  use 600 mm

3600

A = 0.01* 6002 = 3600 mm?, use T20 (As =314 mm?), No of Bars = <= 11.46

14
use 12 T20 with Ag, = 3768 mm?

|
I 1
o o o -
=
=
g
8
- =)
g
F. ril
344 fmm 2
o o
=
=1
g
g
;e © o )

Figure (4.4): Column cross-section details
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1-

Check for other combinations:
Case of Max My: (N = 2769.1, My = 144, My= -28.6)

h'=b"=600—-8 - 10 -25 =557 mm
M,/h" =144000/557 = 258.5 M,/b’" = 28600/557 = 48.8

N _  2769.1x103
bhf,, 30%6002—(3768)

My’ = My + B = My, from BS 8110-97 table (3.22) with

= 0.26 and with interpolation f = 0.722

x'=144 + 0.722x1x27.2 = 164.6 KN.M

N  2769.1x103 d 557
— =2 =769, -=>-=0.93
bh 6002 h 600

Use BS 8110: part 3, design chart 30, where d/h = 0.95

Mux'
=4
bh?

100 A/ bh = 1.05 = 3768 mm?,

Mux = 4x600%x6007 /10° = 864 KN.M, then section satisfactory

Case of Max My (N = 3753.4, My = 25.1, My= -147.8)
My/h"=25100/557 =45.1 My/b’ = 147800/557 = 265.4

N _  3753.4x103

= l - | -
My’ =My + B — My, from BS 8110-97 table (3.22) with bhfm  3076002—(3768)

= 0.35 and with interpolation 3 = 0.59
M,/'= 147.8+ 0.59%x1x25.1 = 162.61KN.M
d _ 557

N _ 3753.4%10% _ _
T o0z 1043 200" 0.93

Use BS 8110: part 3, design chart 30, where d/h = 0.95
100 A/ bh = 1.05 = 3768 mm?, =22 = 2.85
Muy = 2.85x600x600% /10° = 615 KN.M, then section satisfactory.
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These results has been checked by CSI COLUMN, the capacity ratio for every

combination and interactions diagrams introduced in Table (4.6) below.

Table (4.6): Capacity Results for column (1) obtained from CSI column

LoadN MeMy | Load | Capacity | Capacity | N/AAngle | NA& Depth| Capaciy

Load Conb (kN) M) | My ko) | ey kN Angle(Deg)| Vector | Veclor | Rato | (dea) | (mm) | Method Remaks
ULT 835 27 21 38 250 N/A N 077 1%2 @ 6932 4 0K
EYBD Q631 1443 286 171 488 N4 N 053 156 4315 4 0K
UEXAD X N 1478 0 1433 2796 N/A N/ 068 790 4984 4 0K

7000.0

6000.0 3.

=
3

5000.0 p4

4000.0

3000.0

DC002 (Bot)
2000.0
P =27846 kN, M = 1476 kN-m|

1000.0

0.0 Angle = 15.52208 Deg wrt X

-1000.0

20000 Mu (kN-m)

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0

Figure (4.5): Interaction diagram for column (1) N and My, for EYBD comb.

By the same manner the columns design are tabulated in table (4.7).
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Table (4.7): Details of Columns Design

Load Fz Ac Breq B ch Ac ch Asc | dia | BAR
Point | comb KN mm?2 mm mm mm?2 mm2 | mm | NO

1 | ULT1|4933.5|359581.633 | 599.651 | 600 | 360000 | 3600 | 20 | 12
ULT1 | 4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
3 | ULT1 | 4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
4 | ULT1|4933.5|359581.633 | 599.651 | 600 | 360000 | 3600 | 20 | 12
5 | ULT1|4933.5|359581.633 | 599.651 | 600 | 360000 | 3600 | 20 | 12
6 | ULT1 |4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
7
8
9

ULT1 | 4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
ULT1 | 4933.5 | 359581.633 | 599.651 | 600 | 360000 | 3600 | 20 | 12
ULT1 | 4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
10 | ULT1|4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
11 | ULT1 | 4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
12 | ULT1 | 4424.6 | 322490.525 | 567.882 | 600 | 360000 | 3600 | 20 | 12
13 |ULT1| 2055 |149781.341 | 387.016 | 400 | 160000 | 1600 | 16
14 | ULT1 | 1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
15 | ULT1 | 1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
16 |ULT1| 2055 |149781.341 | 387.016 | 400 | 160000 | 1600 | 16
17 |ULT1| 2055 |149781.341 | 387.016 | 400 | 160000 | 1600 | 16
18 | ULT1 | 1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
19 | ULT1 | 1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
20 | ULT1| 2055 |149781.341|387.016 | 400 | 160000 | 1600 | 16
21 | ULT1 | 2055 |149781.341 | 387.016 | 400 | 160000 | 1600 | 16
22 | ULT1 |1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
23 | ULT1 | 1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
24 | ULT1| 2055 |149781.341 | 387.016 | 400 | 160000 | 1600 | 16
25 | ULT1|927.85| 67627.551 | 260.053 | 300 | 90000 | 900 | 16
26 | ULT1|927.85| 67627.551 | 260.053 | 300 | 90000 | 900 | 16

27 | ULT1|927.85| 67627.551 | 260.053 | 300 | 90000 | 900 | 16
28 |ULT1| 2055 | 149781.341 | 387.016 | 400 | 160000 | 1600 | 16
30 | ULT1 |1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16
31 |ULT1|927.85| 67627.551 | 260.053 | 300 | 90000 | 900 | 16

32 | ULT1| 2055 |149781.341 | 387.016 | 400 | 160000 | 1600 | 16
33 | ULT1 | 1969.8 | 143567.784 | 378.903 | 400 | 160000 | 1600 | 16

0000 O |00 (0O (O |OO|O) (00|00 00|00 |00 |00 00|00 |00 |00|00 |00
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The design of shear walls (walls) by assume the area of reinforcement equal 1%

of area of concrete and check for loads combinations conducted by CSI COLUMN

SW1 Shear walls height is 2.8 m

the walls classified as braced walls

The effective height = BXL = 1x2.8 =2.8/0.2 = 14 < 15 wall is stocky

Ac = 800,000 mm?

Asc=0.01 x 800,000 = 8,000 mm?

N.= 0.35%30x (800000 - 8000) + 0.7x460x8000 = 10892000/1000 = 10,892 KN
N, > 7979 OK

The section has been checked for the other combinations and the results is below

LoadN MeMy | Load | Capacty | Capaciy | N/AAnge | N/ Depth| Capacity
Load Corb (kN) MWt | My ko) | Moy e Ange(Degl| Vector | Vector | Ratio | (dea) | (mm) | Method Renaks
UEYBD 79795 18620 1080 18R] 33 N/A N/ 070 06 10864 4 0K
EYBD 7632 18657 1041 18686 32 N/A N/ 061 21 1.0 4 0K
LEXAD 4926 831 18863 18881 875 N/ N/ 070 264 B862 4 1§
18000.0
150000 |2

Z
12000.0
9000.0 [P= 11,5414 kN, M = 24147 kN-m

DCO001 (Bot)
6000.0
3000.0
0.0 ngle = 30.59131 Deg wrt X
-3000.0
0.0 700.0 1400.0 2100.0 2800.0 3500.0 4200.0

Figure (4.6): Show the interaction diagram for worst case (UEYBD) SW1
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The Check of capacity ratio for SW2, SW3 & SW4 has been performed by the

same criteria, the capacity ratios was found satisfactory.

Table (4.8): (a) Capacity Ratio Results for SW2

LoadN MeMy | Load | Capacty | Capacty | N/ Angle | N/ADepth| Capacity
Load Cond g | Mo | My My e el Vo | Ve | Reio | [deg) | () | Method | TEMEKS
UEYBD 19735 100 0 B2 1704 12 N N/ 070 282 0 10933 4 0K
EYAD 67632 18657 1062 18687 368 N/ N/ 061 3035 918 4 0K
EXAD 67692 1052 | 18657 18687 68 N/A N/ 062 05 9754 4 0K
Table (4.8): (b) Capacity Ratio Results for SW3

Load MeMy | Load | Capacty | Capacty | N/AAngle | N/ADepth| Capaciy
Load Conb (kN) Mkt | My k)| Moy e Ange(Deg)| Vector | VYector | Rato | (deg) | (vm) | Method Renaks
UEYBD 19795 1700 0 B2 17204 12 N/ N/& 084 178 17806 4 0K
EYAD 7632  186h7  10R2 18687 3568 N/ N/& 079 A7 14394 4 0K
EXAD 67632 102  186R7  18RB7 @68 N/ N/& 061 A3 9B 4 0K
Table (4.8): (c) Capacity Ratio Results for SW4

Load MyMy | Load | Capacty | Capachy | NAAngle  N/ADepth| Capacty
Lo Cont (] M | Wy e oy bngeDeg)| Veclw | Veclor | Rao | (deg) | [mm) | Method sk
LT RI6S B8 1|/ 23 B0 N NA O 0% 0 NB0 BT 4 0K
UEYBD 16 18863 87 18w  Wh o NM o NK O 05T 364 B2 4 0K
UEXED 6 87 16863 19882 &5 NA O N 089 BT B2 0K

It can be observed that the cross section of shear wall is more safe and the

maximum capacity ratio for the worst case is 84%.
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4.2.2 Model (B) Analysis Results & design

(1) Analysis results; the maximum drift in each directions shown in table (4.9) with

the limits value, and the max inter-story drift for every story shown in table (4.10).

Table (4.9): Maximum Lateral Building Drift

Prog- Load Max drift load | max drift

gram comb | driftx(m) | limits | status| comb y(m) Status
ETABS EXAD 0.085243 0.6 | Ok EYAD 0.085243 | Ok
SAP EXAD 0.08649 0.6 | Ok EYAD 0.08649 | Ok

Table (4.10): Maximum inter-storey Drift Ratio
Load Max Load Max
story comb drift x limits SIEUE comb drifty Status

9TH EXAD 0.00274 0.02| Ok 0.00274 | Ok
8TH EXAD 0.002975 0.02| Ok 0.002975 | Ok
7TH EXAD 0.003209 0.02 Ok 0.003209 Ok
6TH EXAD 0.003318 0.02| Ok 0.003318 | Ok
5TH EXAD 0.003446 0.02| Ok 0.003446 | Ok
4TH EXAD 0.003456 0.02| Ok 0.003456 | Ok
3RD EXAD 0.003247 0.02| Ok 0.003247 | Ok
2ND EXAD 0.002875 0.02| Ok 0.002875 | Ok
1ST EXAD 0.002173 0.02| Ok 0.002173 | Ok
GF EXAD 0.02| Ok 0.000976 | Ok

0.000976 |

=E0ce

- > 3¢ .

Figure (4.7) Show Deflected Shape (elevation) due to Seismic Load
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Table (4.11): Shear Walls Forces for Model (B)

Wall Load P My My
No comb KN KN.M KN.M

Swi ULT1 -7753 12.059 12.059
Swi EYBD -4874.87 2424.3 126.071
Swi UEXAD -5554 115.07 2435.3
SW2 ULT1 -7753 12.059 12.059
SW2 EYAD -4875 2424.3 126.07
SW2 EXAD -4875 126.07 2424.3
SW3 ULT1 -7753 12.059 12.059
SW3 UEYAD -5554 2435.3 115.07
SW3 EXBD -4875 126.07 2424.3
Swi4 ULT1 -7753 12.059 12.059
Swi4 UEYBD -5554 2435.3 115.07
Swi4 UEXBD -5554 -115.1 2435.3

Note: tabulated columns forces stated in appendix

(2) Final design for columns & shear walls

By the same manner followed in model (A) the designed columns are shown in

table (4.12).

Table (4.12): Final Design of Columns

Point | Load FZ Ac Breg Be | ACeh A | dia | Bar
Label | comb KN mm2 mm mm | mm2 | mm2 | mm | NO
2 ULT1 | 3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
3 ULT1 | 3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
6 ULT1 | 3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
7 ULT1 | 3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
9 ULT1 | 3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
10 | ULT1 |3775.39 | 275174 | 524.57 | 550 |302500 | 3025 | 20 10
11 | ULT1 |3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
12 | ULT1 |3775.39 | 275174 | 524.57 | 550 | 302500 | 3025 | 20 10
13 | ULT1 |1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
14 | ULT1 |1888.35|137635|370.992 | 400 | 160000 | 1600 | 16 8
15 | ULT1 |1888.35|137635|370.992 | 400 | 160000 | 1600 | 16 8
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Point | Load FZ Ac Breg Bew | ACch | Asc | dia | BAR
Label | comb KN mm?2 mm mm mm2 | mm2 | mm | NO
16 |ULT1|1903.06 | 138707 | 372.434| 400 | 160000 | 1600 | 16 8
17 | ULT1|1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
18 |ULT1|1888.35| 137635 | 370.992 | 400 | 160000 | 1600 | 16 8
19 |ULT1|1888.35| 137635 | 370.992 | 400 | 160000 | 1600 | 16 8
20 | ULT1|1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
21 | ULT1|1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
22 | ULT1|1888.35| 137635 | 370.992 | 400 | 160000 | 1600 | 16 8
23 | ULT1|1888.35| 137635 | 370.992 | 400 | 160000 | 1600 | 16 8
24 | ULT1|1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
25 |ULT1| 964.17 | 70274.8 | 265.094 | 300 | 90000 | 900 16 6
26 | ULT1| 964.17 | 70274.8 | 265.094 | 300 | 90000 | 900 16 6
27 |ULT1| 964.17 | 70274.8 | 265.094 | 300 | 90000 | 900 16 6
28 | ULT1|1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
30 | ULT1|1888.35| 137635 | 370.992 | 400 | 160000 | 1600 | 16 8
31 |ULT1| 964.17 |70274.8 | 265.094 | 400 | 160000 | 1600 | 16 6
32 | ULT1|1903.06 | 138707 | 372.434 | 400 | 160000 | 1600 | 16 8
33 | ULT1|1888.35| 137635 | 370.992 | 400 | 160000 | 1600 | 16 8
35 | ULT1 |4225.95| 308014 | 554.99 | 600 |360000| 3600 | 20 12
38 | ULT1|4225.95| 308014 | 554.99 | 600 |360000| 3600 | 20 12
41 | ULT1|4225.95| 308014 | 554.99 | 600 |360000| 3600 | 20 12
44 | ULT1 | 4225.95| 308014 | 554.99 | 600 |360000| 3600 | 20 12

For shear walls it’s clearly that the existing cross section with 1% reinforcement

ratio is satisfactory to withstand the all combinations, and the check for wall 1 show

the results below

Table (4.13): Capacity Ratio for SW1.

Load Comb

LoadN
[kN)

M (kN-m)

My (kN-m)

My (kN-m]

M-y
Angle (Deg)

Load
Vector

Capacity
Ratio

Capacity
Vector

N/4 Angle
(deg)

N/4 Depth
(ram)

Capacity
Method

Remarks

ULT1
EYBD
UEXAD

77930
48749
5554.0

121
24243
1151

121
126.1
U433

171
2276 30
24380

450

87.3

89

N/A
N/A
N/A

N/A
N/A
N/A

055
068
083

2787
22
2455

23437
6837
14006

4
4
4

1]8
1]8
1]8
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4.2.3 Model (C) Analysis Results & design

The maximum drift in each directions shown in Table (4.14) with the limits

value, and the max inter-story drift for every story shown in Table (4.15)

Table (4.14): Maximum Lateral Building Drift

Prog- | Load Max drift load max
gram | comb | Drift x(m) limits | S2M | comb drift y(m) status
ETABS | EXAD 0.110595 0.6 Ok EYAD 0.0110595 Ok
ETABS | WXD 0.013613 0.075 Ok WYD 0.013613 Ok
Table (4.15): Inter-storey Drift Ratio
S Load Max Drift S Load Max —
comb drift x limits comb drifty
9TH EXAD |0.004067 | 0.02 Ok |EYAD |0.004067| Ok
8TH EXAD | 0.004258 0.02 Ok |EYAD |(0.004258| Ok
7TH EXAD |0.004428 | 0.02 Ok |EYAD |0.004428 | Ok
6TH EXAD |0.004415| 0.02 Ok |EYAD |0.004415| Ok
5TH EXAD |0.004446| 0.02 Ok |EYAD |0.004446| Ok
4TH EXAD |0.004332| 0.02 Ok |EYAD |0.004332| Ok
3RD EXAD |0.003955| 0.02 Ok |EYAD |[0.003955| Ok
2ND | EXAD |0.003405| 0.02 Ok |EYAD |0.003405| Ok
1ST EXAD |0.002492| 0.02 Ok |EYAD |0.002492| Ok
GF EXAD |0.001067| 0.02 Ok |EYAD |0.001067 | Ok
Table (4.16): Shear Walls Forces for Model (C)
Wall Load = My My
No comb KN KN.M KN.M
SW1 ULT1 -2998 2728.2 115.3
SW1 UEYBD -2998 2728.2 115.3
SW1 EXAD -1035 122.05 2704.2
SW2 ULT1 -2998 2728.2 115.3
SW2 UEYAD -2998 2728.2 115.3

90




Chapter Four

Results comparison & Discussions

Table (4.16): continued

Wall Load P My My
No comb KN KN.M KN.M
SW2 UEXAD -2998 115.3 2728.2
SW3 ULT1 -2998 115.3 2728.2
SW3 EYAD -1035 2704.2 122.05
SW3 UEXBD -2998 115.3 2728.2
Sw4 ULT1 -2843 18.437 18.388
Swi4 EYBD -1035 2704.2 122.05
Swi4 EXBD -1035 -122.1 2704.2

Moreover, the detailed designed columns for model (c) shown in Table (4.17)

Table (4.17): Final Design of Columns for Model (c)

Point | Load FzZ Ac Breg B | ACch Asc dia Bar
Label | comb | KN mm?2 mm mm mm2 | mm2 | mm NO
1 ULT1 | 4638.5 | 338085 | 581.5 600 360000 | 3600 20 12
2 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
3 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
4 ULT1 | 4638.5 | 338085 | 581.5 600 360000 | 3600 20 12
5 ULT1 | 4638.5 | 338085 | 581.5 600 360000 | 3600 20 12
6 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
7 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
8 ULT1 | 4638.5 | 338085 | 581.5 600 360000 | 3600 20 12
9 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
10 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
11 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
12 ULT1 | 4690.6 | 341881 | 584.7 600 360000 | 3600 20 12
13 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
14 ULT1 | 1969.1 | 143523 | 378.8 400 160000 | 1600 16 8
15 ULT1 | 1969.1 | 143523 | 378.8 400 160000 | 1600 16 8
16 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
17 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
18 ULT1 | 1969.1 | 143523 | 378.8 400 160000 | 1600 16 8
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Table (3.17) continued.

Point | Load | FZ Ac Breg Ben | ACoh | Ax dia Bar
Label | comb | KN mm?2 mm mm mm2 | mm2 | mm NO
19 ULT1 | 1969.1 | 143523 | 378.8 400 160000 | 1600 16 8
20 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
21 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
22 ULT1 | 1969.1 | 143523 | 378.8 | 400 | 160000 | 1600 16 8
23 ULT1 | 1969.1 | 143523 | 378.8 | 400 | 160000 | 1600 16 8
24 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
28 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
30 ULT1 | 1969.1 | 143523 | 378.8 | 400 | 160000 | 1600 16 8
32 ULT1 | 1516.7 | 110545 | 332.5 | 350 | 122500 | 1225 16 8
33 ULT1 | 1969.1 | 143523 | 378.8 | 400 | 160000 | 1600 16 8
35 ULT1 | 4385.7 | 319658 | 565.4 | 600 |360000 | 3600 20 12
38 ULT1 | 4385.7 | 319658 | 565.4 | 600 |360000 | 3600 20 12
41 ULT1 | 4385.7 | 319658 | 565.4 | 600 |360000 | 3600 20 12
44 ULT1 | 4385.7 | 319658 | 565.4 | 600 |360000 | 3600 20 12

A simple check for capacity of SW1 has been done, the result are shown below
Table (4.18): Capacity Ratio for SW1(c)

Load Comb

LoadN
[kN]

M (kN-m)

My (kN-m)

Wy (KN-m]

MMy
Angle (Deg)

Load
Vector

Capacity
Vector

Capacity
Ratio

N/& Angle
(deg)

N/4 Depth
(]

Capacity
Method

Remarks

ULm
UEYED
EXAD

4.3 The rigid frame results

20426
2997.6
10347

184
21282
1221

184
1153
2704.2

260
27306
2707.0

443
24
874

N/
N/
N/&

N/A
N/
N/A

0.20
0.86
0.63

88.3
154
2366

2N.0
4706
7581

4
4
4

(1) Drifts: The maximum building drift in each directions shown in table (4.19)
Table (4.19): Maximum Building Drift

1§
1]
0K

Model Drift (m)
EXAD EYAD WXD WYD
0.081891 0.081891 0.009731 0.009731
0.084687 0.08247 0.010604 0.010047
0.079307 0.07783 0.010045 0.00967
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Moreover, the static equivalent force in each story with cumulative story shear

shown below
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Figure (4.8): Static Equivalent force & cumulative shear

3317.42

Due to previous knowledge that the beam has a major contribution in joints

rotation (frame racking) and the total drift in the building, Model (F) has been

selected to remodeled with beam depth increased to 0.5 m and table (4.20) show the

drifts.
Table (4.20) Drifts of Model (F) with 0.5 Beam Depth
Prog- | Load Max drift load max
Drift . status _ status
gram | comb il limits comb | drift y(m)
ETABS | UEXBD | 0.058802 0.6 Ok EYAD 0.05833 Ok
ETABS | WXD 0.007373 0.075 Ok WYD 0.006976 Ok
Table (4.21): Maximum inter-storey Drifts
stor Load Max limits Status Load Max Status
y comb drift x comb drift y
9TH UEXBD | 0.0011 0.02 Ok | UEYAD 0.001| Ok
8TH UEXBD | 0.0017 0.02 Ok |EYBD 0.0016 | Ok
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Table (4.21): continued

story Load Max limits Status Load Max Status
comb drift x comb drifty
7TH UEXBD | 0.0022 0.02 Ok |EYBD 0.0021| Ok
6TH UEXBD | 0.002 0.02 Ok |EYBD 0.002 | Ok
5TH UEXBD | 0.0022 0.02 Ok |EYBD 0.0022 | Ok
4TH UEXBD | 0.0024 0.02 Ok |EYBD 0.0024 | Ok
3RD UEXBD | 0.0023 0.02 Ok |EYBD 0.0023 | Ok
2ND UEXBD | 0.0023 0.02 Ok |EYBD 0.0024 | Ok
1ST UEXBD | 0.0021 0.02 Ok |EYBD 0.0022 | Ok
GF UEXBD | 0.0012 0.02 Ok |EYBD 0.0012 | Ok

4.4 The outriggers analysis results

(a) For regular models; the acting of lateral force on the building for model with

outrigger at 0.5H was shown in table (4.22).

Table (4.22): lateral force in the building (KN)

Story Fx Fx Sx Story Fx Fx Sx
NO Wind (static) (dynamic) NO Wind | (static) | (dynamic)
29 76.41 | 1563.92 984.3 14 152.82 | 246.84 220
28 152.82 | 418.47 825.7 13 152.82 | 223.81 179
27 152.82 | 404.04 634 12 152.82 | 207.82 138
26 152.82 | 389.61 465 11 152.82 | 191.83 109
25 152.82 | 375.18 334 10 152.82 | 175.85 96
24 152.82 | 368.21 254 9 152.82 | 161.03 109
23 152.82 | 361.15 222 8 152.82 | 146.01 144
22 152.82 346.1 216 7 152.82 | 129.79 195
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Table (4.22): continued

Story Fx Fx Sx Story Fx Fx Sx
NO Wind | (static) (dynamic) NO Wind | (static) | (dynamic)
21 152.82 | 331.06 226 6 152.82 | 113.57 246
20 152.82 | 316.01 231 5 152.82 | 97.34 278
19 152.82 | 302.42 230 4 152.82 | 80.61 283
18 152.82 | 288.7 223 3 152.82 | 64.96 254
17 152.82 | 27351 263 2 152.82 | 49.36 192
16 152.82 | 258.31 282 1 152.82 | 32.91 114
15 152.82 | 285.67 256 GF 152.82 | 16.45 42

Table (4.23): Building drift for regular models (m)
Model WxD WyD ExD EvD SxD SyD
without outrigger | 0.143953 | 0.145311 | 0.292622 | 0.297011 | 0.196492 |0.203358
outrigger at 13 0.086933 | 0.08662 | 0.183024 | 0.183823 | 0.145535 | 0.14718
outrigger at 14 0.087303 | 0.087015 | 0.183198 | 0.182503 0.148 | 0.143537
outrigger at 15 0.087449 | 0.087293 | 0.180162 | 0.180982 | 0.148454 | 0.14307
outrigger at 17 0.089072 | 0.089215 0.17964 0.18077 0.14514 | 0.141488
two outrigger 0.062887 | 0.062136 | 0.132365 0.13181 0.112302 | 0.103132

Notice: the static combination (ExD& EvyD) shown for comparison only

(b) The building drift for irregular models: due to huge mass located on the

top was shown below:

0.16

0.155

0.15

0.145

0.14

SXD
SyD

outrigger at 0.4 H
0.152178
0.148139

Irregular Models Drift

outrigger at 0.5H
0.157479
0.15394

SXD SyD

outrigger at 0.6H

0.158562
0.155271

Figure (4.9): Irregularity due to mass difference models drift
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Chapter Four
(@) The deflected shape of a setback model was shown in figure (4.10)
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Figure (4.10): Deflected shape due to wind

Table (4.24): The Setback Models Drift (m)

Setback model SxD SyD WxD WyD
outrigger at 0.5 H 0.110595| 0.109284 | 0.072485 0.071222
outrigger at 0.6H 0.107173| 0.105716| 0.073564 0.07271
outrigger at 0.7H 0.108661 | 0.107838| 0.077129 0.076742

4.5 Results comparison.
The comparison between the models would be introduced interim of figures and

tables, the variables which were increase or decrease such as drifts, forces and plan
density index. The shear walls results would be compared with each other’s to find

the optimum position, and the model which would gave the optimum position would

be selected to compare with the selected rigid frame. The results of outrigger systems
would discussed in three level, first; to evaluate the efficiency of the outrigger,

96



Chapter Four Results comparison & Discussions

second; optimum position for irregular due to mass, third; the optimum position due
to setbacks.

4.5.1 Shear walls comparison

The Tables and figures introduce the comparison between the shear walls model for

observed, Table (4.25) shows the forces in SW1 obtained from three models.

Table (4.25): Forces in SW1 for all models.

wall Load P My My
Model
No Comb. KN KN.M KN.M
SW1| UEYBD -7980 1862 108
A SW1 EYBD -6769 1865.7 104.1
SW1| UEXAD -492.6 83.1 1886.3
Swi ULT1 -7753 12.059 12.059
B SW1 EYBD -4875 2424.3 126.071
SW1| UEXAD -5554 115.07 2435.3
SW1| UEYBD -2998 2728.2 115.299
C SW1| UEYBD -2998 2728.2 115.299
Swi EXAD -1035 122.05 2704.21

Forces in SW1 in All ModelS

8000
7000
6000
5000
4000
3000
2000
1000

=17

Max P Max MX Max MY

mA mB mC

Figure (4.11): Results Comparison between the Forces in SW1.
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Table (4.26): The Forces as percentage of model (A)

Model wall Load P My My
SW1 ULT1 97.2%
B SW1 EYBD 72.0% 129.9% 126.07
Sw1 UEXAD | 1127.5% 129.1%
Sw1 UEYBD | 37.6%
C Sw1 UEYBD | 44.3% 146.2%
SW1 EXAD | 210.1% 143.4%

Moreover, Table (4.27) shows the forces for the edge column which is labeled as
(13) and interior column is labeled as (12).

Table (4.27): The Forces in columns.

Model
Column Force A B c

P 4443 3775 4690

Interior (12) Mx 145 176 179.3
My -131.9 -158.8 -177.8

P 2055 1917 1743

Edge (13) Mx 55.5 62.6 63.22
My -49.3 -51.5 -55.31

For drift and drift ratio comparisons. Figure (4.12) showed the building drift due

to seismic loads for all models

Max Drift IN Models

0.15
e 0.1
0
A B C
B Max Drift 0.061692 0.085243 0.110595
model

Figure (4.12): Models Drift: A, B & C.
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Drift Ratio Comprison

0.012
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0.008

0.006
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story
=@ [\ el B C

Figure (4.13): Comparison of drift Ratios.

Also table (4.28) showed the plan density index (PDI) - prepared by using the
cross sections as obtained from columns design for each model- in the footprint for

all models.

Table (4.28): The Plan Density index.

Model Elements area (m) Plan Area(m) PDI
A 10.44 625 1.67%
B 10.05 625 1.61%
C 11.22 625 1.80%
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4.5.1.1 The final observations

From the figures and tables mentioned above it could be observed the following:

1-

The position of shear walls in lateral loads combinations (dead+ seismic) in
model (A) make it gathering a minimum overturning moments (Mx =1865.7&
M,=1886.3), where in model (B) the My is increased about 30% and My
increased by 29.1%, and in model (c) the My is increased by 46% and My
increased by 43.5%, and generally the axial loads was maximum in (A) and
tend to decrease in the other models.

It should be noted that the columns has small contributions in resistance of
lateral forces according to their lateral stiffness (is more realistic than the other
assumptions), then could observe from table (4.27) for interior column (12)
the minimum moments carried by column are M,=145 & M, 131.9 KN.M in
model (A), where in model (B) are increased by 21% & 20% respectively, and
in model (C) are increased by 23.6% and 35% respectively. For the edge
column (13) the moments also yielded in model (A), where are increased in
model (B) by 13% & 10.5% My and My respectively and increased by 14%
and 12% in model (C).

Figure (4.12) showed clearly that the minimum building drift are obtained in
model (A) and increase linearly with shifting the shear walls far away from
the center of mass, and the drift increased by 39.6% and 79.2% in model(B)
and (C) respectively.

From the observed structural cases It could be drawn that the optimum
position of shear walls is near to center of mass, because it would yield
minimum overturning moments on vertical elements (shear walls, columns),
and less lateral drift, while the minimum plan density index was obtained from

model (B), but the difference in very small (0.06%) and it could be sacrificed.

100



Chapter Four Results comparison & Discussions

5- Model (A) will be selected for the comparison with the rigid frame results.

4.5.2 The Rigid Frame Results comparisons

For comparison purposes figure (4.14) showed the models drifts for seismic loads

SEISMIC DRIFTS COMPARISON

—4— EX combo. EY combo.

0.1

0.09
0.08 o T—

0.07 \
0.06 _

=
= 0.05
g 0.04
0.03
0.02
0.01
0
b £ E F with 0.5 beam
depth
—&—EX combo. 0.081891 0.086077 0.079307 0.058802
EY combo. 0.081891 0.086576 0.07783 0.05833
MODLE

Figure (4.14): Comparison between Drifts.
From the previous figure the following points could be observed:

1. The rectangular columns which has a large stiffness - when compared with
square- could produce higher drift than the square columns if the applicable
layout did not followed as in model (E) when compared with (D).

2. When the beams depth increased by 0.1 m the drift was reduced by 26%.

3. Model (F) with 0.5 beams depth has been selected for comparison with the

shear walls model.
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4.5.3 Shear Walls vs Rigid Frame

In the following figures the comparison between would be introduced the shear
walls and rigid frame with some parameters such as time period, drift and the plan
density index.

Drift (m)

0.062 0.061692
0.061
0.06

0.059 0.05833

shear walls Rigid frame

0.058

0.057

0.056

Figure (4.15): Comparison between shear wall and rigid frame drift.

Table (4.29) The Plan density index and buildings periods

MOdeI Ta Tused PDI
Shear walls 0.625 0.875 1.67%
Rigid frame 0.9375 1.3124 1.66%

From the previous figures and tables the following points could be observed:

1- The code (UBC 97) provision consider the shear walls system having more
rigid than the rigid frame, because the time period used (T seq) in shear walls
is less than 1 second, while in the rigid frame it is greater than 1 sec, and then
in the case of rigid frame the model will be classified as a flexible structure.

2- The rigid frame with applicable layout produce a minimum lateral drift while
in the case of the shear walls the drift was increased by 6 %, where the

difference in (PDI) is very small and could be neglected.
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3- The rigid frame was categorized as ordinary moment frame with over strength
factor R equal to 3.5, with special detailing, could be categorized as a special
moment resistant frame (SMRF) with R equal to 8.5, which mean the system

will examine less forces (about two third less than the first situation).

4.5.4 The Outrigger Results comparisons

(1) Evaluation of the outrigger efficiency:
Table (4.30) showed the drift of each model as percentage of drift without the

outrigger.

Table (4.30): Drift as a percentage of the without outrigger case

Outrigger stor
location y WXD WYD | SXD SYD
0.467H 13 59.0% 58% 73% 72%
0.5H 14 59.2% 58.5% 74.7% 70.0%
0.53H 15 59.3% 58.6% 75.0% 69.8%
0.6H 17 60.4% 59.9% 73.3% 69.0%
two outriggers 9/19 42.7% 41.7% 56.7% 50.3%

From the previous table (4.30) the following points could be observed:

1- The loads combinations which produce the maximum drift has been selected for
the comparison purposes.

2- One outrigger: for the wind load the maximum reduction in drift is 42% occurred
at 0.467 H while for seismic load the maximum reduction in drift is 31% occurred
at 0.6 H. These differences in reductions and their outrigger location is due to
different nature of forces caused by wind which is the increment lightly and
could be represent uniform distributed along the height of building, where the
forces caused by seismic has much variation and it is represented by triangle start

from the top as illustrated in figure (4.8).
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3- Two outriggers the maximum reduction in wind is 58.3%, where in seismic is
49.7%.

4- The reduction in the considered direction is depended on the stiffness of shear
walls (core) in that direction.

5- For these models it is clear that the seismic load controlling the design.

(2) The Irregular models due to mass:
In these study we will observe the drift due to dynamic seismic loads, figure (4.16)

show the drifts comparison.

Drift Comaprison (m)

0.16

0.158 -0
0.156
0.154
0.152
0.15
0.148
0.146
0.144
0.142
outriggerat 0.4 H outrigger at 0.5H outrigger at 0.6H
—=0—SXD 0.152178 0.157479 0.158562
SyD 0.148139 0.15394 0.155271

—8—5SXD SyD

Figure (4.16): The Irregular models drifts.

It could be observe the following:
1- The optimum position of the outrigger for the irregular due to mass located
on top is 0.4 H, where for regular is 0.6 H in case of seismic load.

2- The difference between the drifts is very small — 5, 6, and 7mm — so could
be neglected.
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(3) Setbacks models: figure (4.17) A and B showing the drift for the models

Drift Due to Seismic

0.115
£ o011
= *\“: —n
‘= 0.105
a
0.1
outrigger at 0.5 H outrigger at 0.6H outrigger at 0.7H
Outrigger Position
——SXD —e—SyD
(A) Drifts due to seismic.
Drift Due to Wind
0.078
0.076
0.074
0.072
0.07
0.068
outrigger at 0.5 H outrigger at 0.6H outrigger at 0.7H

=0—=\WXD =—o=\WYD

(B) Wind drift.
Figures (4.17): (A) & (B) Setbacks Drifts

The followings could be observed:

1- The position of the outrigger which produce a minimum lateral drift in case

of wind is 0.5H, where in the case of seismic is 0.6H.
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2- The difference between drifts is very small and could be neglected, which
will give the architectural aspects more flexibility to satisfy the client

requirements.
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Chapter Five

Conclusions and Recommendations

5.1 Conclusions

The conclusions that can be drawn from the results of this study are as

follows:

1-

For the models based on shear the walls, the rigid frame and the outrigger
system are classified as a rigid structure - the aspect ratio (H/W) less than 4-
which means that it is not sensitive for lateral loads and the static approach
for winds load can be considered conservative.

The gravity loads, wind load and design of vertical elements were carried out
according to the British code, while the static and dynamic analysis for
seismic loads carried out according to UBC 97.

For shear walls in the models studied it could be drawn that the optimum
position is near to the center of mass, which will minimize the drifts and
moments on the vertical elements, and the plan density will be in the
acceptable range.

The UBC 97 provision consider the shear walls system more rigid than the
rigid frame, because the time period was used (Tysq) in shear walls is less than
1 second, while in rigid frame is greater than 1 sec.

The rigid frame system has an advantage —if the applicable layout followed-
because it is produce the minimum lateral drift while in case of shear walls
the drift was increased by 6%, but in the rigid frame must keep in mind the
concept of strong column- weak beam as critical matter and clear height of
storey.

The efficiency —in term of the reduction of drift- of the outrigger system for

regular models for one outrigger was found to be 42% for wind and 31% for
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seismic, where reduction for the two outriggers was 58.3% for wind and
49.7% for seismic, while the theoretical reduction consider as 75%.

7- For the irregular models due to mass the optimum position was found at 0.4H,
where for setbacks for wind was 0.5H and for seismic was 0.6H

8- It could be drawn that the outrigger system is more applicable for wind load
rather than the seismic.

9- The reduction of drift in particular direction affected by the shear walls (core)

stiffness in that direction.
5.2 Recommendations

These following recommendation may be made:

|
1

The position of shear walls must be near to the center of mass from the

structural point of view, unless for architectural considerations.

N
1

It is better to use the outrigger system when the wind load governing the

lateral loads design.

w
1

The expected reduction should be considered about 50% for one outrigger and

about 60% for two outriggers.

SN
1

For the rigid frame it is highly recommended to put the major axes of edge

columns in direction of lateral loads as in plan (F).
5.3 Suggestion for Future Researches.

1. The extension of analysis to include the P-delta effects, which could maximize
the drifts and members forces.

2. The extension of observation to taller buildings with different dynamic
properties.

3. The extensions of observations to dynamic effects or blast loads.
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TABLE 16-1 1987 UNIFORM BUILDING CODE
TABLE 16-K
TABLE 16-1—SEISMIC ZOME FACTOR £
Z0ONE 1 2A 2B 3 4
£ 0.075 0.15 0.20 0.30 040

NOTE: The zone shall be determined from the seismic zone map m Figure 16-2.

TABLE 16-J—S0IL PROFILE TYPES

AVERAGE S0IL PROPERTIES FOR TOP 100 FEET (30 480 mm) OF SOIL PROFILE
B Standard Penetration Test, N/ SF f i
S0IL PROFILE S0IL PR‘BEI;.{:E MAME/GENERIC Sm}ﬁlm, Ts imlgsmil |:j’;’:} {Iﬂ[m E,:&?I' Undrained Sh?ﬁ];a%m Fypst
54 Hard Rock = 5,000
(1,500
g Fock 2,500 to 5,000 -
(760 to 1,500)
Se Very Dense So1l and Soft Rock 1,200 to 2,500 = 2.000
(360 to 750) (100)
5n Stiff Soil Profile 600 to 1200 15 to 50 1,000 to 2,000
(180 to 360) (50 to 100)
Sg! Soft Soil Profile = 600 = 1,000
(180) (500
5F Sou Requrng Site-specific Evaluaton See Section 1629.3.1.

1501l Profile Type St also inchides any soil profile with more than 10 feet (3048 mm) of soft clay defined a5 a soil with a plasticity index, PT > 20, wye = 40 percent
and sy = 500 psf (24 kPa). The Plasticity Index, Pl and the moisture content, Wy, shall be deterrmined in accordance with approved national standards.

TABLE 16-K—OCCUPANCY CATEGORY

OCCUPANCY CATEGORY

OCCUPANCY OR FUNCTIONS OF STRUCTURE

SEISMIC
FACTOR. |

SEISMIL,
IMPORTANCE!
FACTOR. [,

VAND
IMPORTANCE
FACTOR, 4,

1. Essential
fambtes=

Group I, Dhasien | Oceupancies having surgery and emergency treatment
areas

Fure and police stations

Garages and shelters for emergency vehicles and emergency awcraft
Structures and shelters 1n emergency-preparedness centers

Aviation control towers

Structures and equipment in government commumecation centers and other
facilities required for emergency response

Standby power-generating equipment for Category 1 fambhes

Tanks or other structures containmg housing or supporing water or other
fire-suppression material or equipment required for the protection of Category
1, 2 or 3 structures

1.25

1.50

115

[E=]

Hazardous
facilities

Group H, Dnasions 1, 2, 6 and 7 Occupancies and structures therein housing or
supporting toxic or explosive chemicals or substances

Nonbuilding structures housmg, supporting or containing quantities of toxic or
explosive substances that, if contained within 3 bulding, would canse that
bulding to be classifiad as a Group H, Division 1, 2 or 7 Oecupancy

3. Special
OCCUpARCY
stuctures

Group A, Dnisions 1, 2 and 2.1 Occupancies

Buwmldings housing Group E, Divisions 1 and 3 Occupancies with a capacity
greater than 300 students

Buwldings housing Group B Occupancies used for college or adult educaton
with a capacity greater than 500 students

Group I, Divisions 1 and 2 Occupancies with 50 or more resident incapacitated
patients, but not meluded m Category 1

Group I, Division 3 Occupancies

All structures with an eccupancy greater than 5,000 persons

Structures and equipment In power-generating stations, and other public utlity
facilities not included in Category 1 or Category 2 above, and required for
continued operation

1.00

1.00

1.00

4 Standard
oCCuUpancy
shuctures

All structures kousmg occupancies or having functions not listed in Category
1. 2 or 3 and Group U Occupancy towers

1.00

1.00

1.00

Miscellaneous
structures

(=

Group U Occupancies except for towers

1.00

1.00

1.00

*The Limitation of I for panel connections in Section 1633.2.4 shall be 1.0 for the entire connector
“Structural observation requirements are given m Section 1702,
3For anchorage of machinery and equipment required for life-safety systems, the value of [p shall be taken as 1.5

2-30
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1997 UNIFORM BUILDING CODE

TABLE 16-L

laterzl-force-resisting system.

TABLE 16-M
TABLE 16-L—VERTICAL STRUCTURAL IRREGULARITIES
IRREGULARITY TYPE AND DEFINITION REFERENCE SECTION
1. Stiffness irregularity—soft story
A soft story 15 one in which the lateral stiffness 1s less than 70 percent of that in the story above or less than 16298 4, Ttem 2
30 percent of the average stiffness of the three stonies above.
2. Weight (maszs) irregularity
Mass nregulanty shall be considered to exist where the effective mass of any story is more than 150 percent of the 16298 4, Ttem 2
effective mass of an adjacent story. A roof that is lighter than the floor below need not be considered.
3. Vertical geometric irregularity
Vertical geometnie nregulanty shall be considered to exist where the honzontal dimension of the lateral- 16298 4, Ttem 2
force-resisting system m any story 15 more than 130 percent of that in an adjacent story. One-story penthouses
need not be considered.
4. In-plane dizcontinuity in vertical lateral-force-resizting element
Ann-plane offset of the lateral-load-resishing elements greater than the length of those elements. 1630.8.2
5. Dizcontinuity in capacity—weak story
A weak story 15 one in which the story strength is less than &0 percent of that in the story above. The story strength 162991
15 the total strength of all seismic-resisting elements sharmg the story shear for the direction under consideration.
TABLE 16-M—PLAH STRUCTURAL IRREGULARITIES
IRREGULARITY TYPE AND DEFINITION REFERENCE SECTION
1. Torzienal irregularity—to be considered when diaphragzm: are not flexible
Torsional iregulanty shall be considered to exist when the maximum story drift, computed meluding accidental 1633.1,
torsion, at one end of the structure transverse to an axis 15 more than 1.2 times the average of the story dnfis of the 163329 Item 6
two ends of the structure.
2. Re-entramt corners
Plan configurations of a structure and 1ts lateral-force-resistng system contain re-entrant corners, where both 1633.29,
projections of the structure beyord a re-entrant corner are greater than 15 percent of the plan dimension of the Items 6 and 7
struchure n the grven direction.
3. Ddaphrazm discontinuity
Diaphragms with abrupt discontimuties or variations in siffness, meluding those having cutout or open areas greater 1633.29,
than 50 percent of the gross enclosed area of the diaphragm, or changes m effective dizphragm stiffness of more Ttem &
than 50 percent from one story to the next.
4. Out-of-plane offzets
Discontimufies in a lateral force path, such as cut-of-plane offsets of the vertical elements. 1630.8.2;
1633.2.9, Ttem &;
221391
5. Nonparallel systems
The vertical lateral-load-resisting elements are not parallel to or symmetric about the major orthogonal axes of the 1633.1




TABLE 16-P—R AND €}, FACTORS FOR NONBUILDING STRUCTURES

STRUCTURE TYFE R o
1. Vessels, ncluding tanks and pressunzed spheres, on braced or unbraced legs. 11 20
2. Cast-m-place conerete silos and chimneys having walls confiuous to the foundshons. 16 20
3. Dastnbuted mass cantilever structures such as stacks, chimneys, silos and skurt-supported vertieal vessels. 15 20
4. Trussed towers (freectanding or uved). guved stacks and chimneys. 18 20
3. Cantilevered column-fype structures. 12 20
8. Cooling towers. 16 20
7. Bns and hoppers on braced or unbraced legs. 15 20
§. Storage racks. 16 20
9. Stgms and billboards. 36 20
10. Amsement sfrucfures and monuments, 11 20
11. All other self-supportms structures not otherwise covered. 15 20
TABLE 16-Q—SEISMIC COEFFICIENT G
SEISMIC Z0NE FACTOR, 2

SOIL PROFILE TYPE Z=0073 Z=013 I=01 Z=01 Z=04

5 0.06 0.1 016 0.4 032K

Sp 0.08 0.15 0.0 030 0 408,

'S 0.09 0.18 04 0.33 0405

D 0.12 19 018 0.36 0445

5 019 0.30 034 0.36 0,368

F See Foofnote |

ISite-specific zeotechmical investization and dynamie site respanse analysts shall be performed to determine seismic coeffcients for Soil Profile Type S




TABLE 16-R—SEISMIC COEFFICIENT C,

SEISMIC ZONE FACTOR, 2

S0IL PROFILE TYFE =073 2=013 Z=01 Z=01 Z=04
5 0.06 0.12 0.16 04 032N,
53 0.08 0.5 0.20 030 0408,
S 013 023 032 043 0.36N,
3 018 032 040 034 064N,
3 0.26 0.0 0.64 0.54 0.96N;
5 Sea Footnote |

Site-specific geotechmeal mvestigahion and dynamic site response analysns shall be performed to determme sersmue coefficsents for Sotl Profile Type 55




TABLE 16-N 1997 UNIFORM BUILDING CODE

TABLE 16-N—STRUCTURAL 5YSTEMS!

HEIGHT LIMIT FOR
SEISMIC ZOMES 3
AND 4 (feed)
BASIC STRUCTURAL SYSTEME LATERAL FORCE-RESISTING SYSTEM DESCRIFTION R 1y * 3048 for mm
1. Beanng wall system 1. Light-framed walls with shear panels
a. Wood structural panel walls for structures three stonies or less 55 28 65
b. All other light-framed walls 45 23 63
2. Shear walls
a. Concrete 45 18 160
b. Masonry 45 28 160
3. Light steel-framed bearing walls with tension-only bracing 28 22 63
4. Braced frames where bracmg cames gravity load
a. Steel 44 22 160
b. Concrete? 28 22 —
¢. Heavy timber 28 22 65
2. Building frame system 1. Steal eccentrically braced frame (EBE) 7.0 28 240
2. Light-framed walls with shear panels
a. Wood structural panel walls for structures three stones or less 6.5 28 65
b. All other light-framed walls 5.0 23 63
3. Shear walls
a. Concrete 5.5 28 240
b. Masonry 5.5 28 160
4. Ovdinary braced frames
a Steel 5.6 22 160
b. Concrete” 5.6 22 —
c. Heavy tunber 56 23 65
5. Special concentmcally braced frames
a. Steel 6.4 22 240
3. Moment-resisting frame 1. Spectal moment-resistng frame (SMEF)
system 2. Steal B3 28 NL
b. Concrete? 8.5 28 NL.
2. Masonry moment-resistmg wall frame (MMREWF) 6.5 28 160
3. Concrefe intermediate moment-resisting frame (IMREF) 5.5 28 —
4. Ordinary moment-resisting frame (OMEF)
1 Sealf 45 28 160
b. Concrete’ 15 28 —
3. Special truss moment frames of steel (STMF) 6.3 28 240
4. Dual systems 1. Shear walls
a. Concrete with SMEF 8.5 23 NIL.
b. Concrste with stee]l OMEF 41 28 160
c. Concrete with concrete IMBF? 6.5 28 160
d  Masonry with SMRF 5.5 28 160
e. Masonry with steel OMEF 412 23 160
f Masonry with concrete IMRF3 42 28 —
g. Masonry with masonry MMEWT 6.0 28 160
2. Stee]l EBF
a. With stee] SMEF 8.5 23 NI
b. With steel OMEF 41 28 160
3. Ordinary braced frames
a. Steel with steal SMRF 6.5 28 NI
b. Steel with steel OMEF 41 28 160
c. Concrete with concrete SIvaf;J' 6.5 28 —
d Concrete with concrete IMEF? 412 28 —
4. Special concentrically braced frames
a. Steel with steal SMRF 7.5 28 NL.
b. Steel with steel OMEF 41 28 160
3. Cantilevered coluimn bumlding | 1. Cantilevered column elements 22 35
systems
6. Shear wall-frame interaction | 1. Concrete® 5.5 28 160
systems
7. Undefined systems Ses Sections 1629.6.7 and 162992 — — —
N.L.—no lmut

I50a Section 1630.4 for combination of structural systems.

IBasic structural systems are defined in Section 1629.6.

Prohibited in Seizmic Zones 3 and 4.

4Tncludes precast concrete conforming to Section 1921.2.7.

Prohibited in Seismic Fones 3 and 4, except as permitted in Section 1634.2.

Ijl:!lrd.i.l'm.r_'f moment-resisting frames in Seismic Zone | meeting the requurements of Section 2211.6 may use a R value of 8.
7 Tatal keight of the bwlding ncluding canblevered columns.

SProhibited in Seismic Zones 24, 2B, 3 and 4. See Section 1633.2.7.
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