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ABSTRACT

Post-fire analysis of a six-story square steel building under the action of
static and dynamic wind forces in the south of Iraq is presented. The nonlinear
time-history analysis using direct integration method is accomplished by SAP
2000 V16 program while geometric nonlinear parameters are included via P-
delta effect.

The post fire deformations values and their configurations along building
are based on available literature that related to post fire deformations of steel
buildings at 550°C, in which maximum beam deflection is L/60 and maximum
column lateral displacement is L/40. With reducing of yield stress and modulus
of elasticity) by 10% due to fire than its value before fire. In this study two post
fire scenarios are considered, i.e., CaseF1 and CaseF2.

The static wind load on steel building is calculated by ASCE7-02
procedure in which different coefficients and parameters that are suitable for
southern Irag conditions are selected. The deterministic time-domain dynamic
approach is used to estimate the dynamic wind loads on the building in which
the wind velocity time history records are obtained from the literature and then
scaled via design wind speed for south of Irag. Two wind speeds are used for
scaling the time histories of wind velocities, strong and moderate winds in
which the wind speeds are 42 m/s and 21 m/s respectively. The objective of this
study is to investigate the post-fire dynamic behavior of a multi storey steel
moment-resisting building subjected to along wind loads and compare the
different responses of the building and members before and after fire for
different fire scenarios according to standards limitations for these responses.

It is concluded that, the similarity in natural frequencies and mode shapes
in the free vibrations after and before the fire, as well as there is no resonance
phenomenon because w,# @ for all modes. And found that base shear, base
moment, from post-fire states (Case F1 and Case F2) are larger than before fire
state (CaseF0Q) by 12% and 15% respectively, under the effect of strong wind
load while the drift ratio and displacement from post-fire states (Case F1 and
Case F2) are large than before fire state (CaseF0) by 20% and 5% respectively,

v



under the same conditions due to fire deformations and their configurations, but
there are considerable differences at stories affected by temperature. The
bending stress, shear stress, bending moment and shear force from post-fire state
Case F2 are larger than before fire state by 33%, 70%, 30% and 0%
respectively, under the effect strong wind load while due to moderate wind load
26%, 70%, 23% and 0% respectively, but there is large differences at first,
second and third stories which are affected by fire. While it can be seen that
there is a similarity between CaseF(0 and Case 0.25AF1, this means that if the
maximum deflection in beams does not exceed L/160 and the columns drift is
not exceeding L/240, the fire deformations may be neglected or the maximum
deflection in beams is equal to L/120 and the columns drift is equal to L/80, the
fire deformations may be critical and the structural decision for the building
safety should be done structural analysis of the building taking into
consideration different issues related to post fire effects.
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CHAPTER 1
INTRODUCTION

1.1 General

Steel and concrete are the two main materials used for building in high
rise structures. Structural steel is generally used to build larger buildings due to
the cost of material and labor, steel has been used for the framework of
buildings sine almost 200 years. Fire can attack all buildings, hence the
engineer may encounter a variety of materials in fire damaged frameworks
which are in a suitable condition for reinstatement. The occurrence of a fire in a
steel structure would, lead to a significant deterioration in material strength and
stiffness as shown in Fig. (1-1) . Consequently the fire cause large losses both in
lives and property because the physical properties of steel are temperature
dependent [1].

When steel is heated the material softens and undergoes thermal
expansion, which in the case of a beam leads to bending and extension. Both of
these phenomena are however resisted by the adjacent cooler structure, leading
to permanent deformations, often including shortening of the heated members.
When the steel members then cool down, they regain their strength and contract,
resulting in residual forces. After a fire event, the member exposure to extreme
temperature variations could have reduced the section and their load bearing
capacities. The main reason for this is the reduction in post-fire mechanical

properties (yield strength, elastic modulus) of steels.

Fire has always been a very destructive natural phenomenon. Its severe
damaging effects on structures, which could range from a building being

functionally disabled up to its collapse, have been known for centuries [3].



Chapter One Introduction

Figure (1-1): Deformation shape after fire [1].

Naturally, people tried to protect their construction either by transitioning
to more fire-resistant materials, such as stone, or by improving their fire

suppression mechanisms or protection the structures.

However, recent appraisals of the cost of steel construction carried out in
the UK in 1982 showed that fire protection of a steel structure accounts for

around 30% of the total cost of the structure [2].

Nowadays fire still poses a great threat to structures. If not dealt with
properly, it can lead to loss of property and most importantly to loss of human
lives. Modern construction very often uses steel structural framing to carry the
structural loading, making, therefore, the study of its response to fire effects a

necessity [3].
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1.2 Structural Collapse and Distort in Fire

All structural materials can suffer from damage as a result of a severe
fire, because they all lose strength and expand when heated to elevated
temperatures. When steel structures are exposed to fire, strength and stiffness
are decreased with increasing temperature. The structure is then deformed and
the deformation depends upon the applied load and support conditions.
Unprotected steel members show large deformation due to fire as shown in Fig.
(1-2). Whereas well protected members can be reused without further
investigation if they do not show any deflection after cooling members usually
exhibit no damage [1].In many situations structural steelwork remains
undistorted the building has involved in fire frequently engineers are concerned
that the steel may have suffered permanent metallurgical damage as a result of
the fire. Very little information has been published to advise engineers when
deciding which members can be safely used again or require replacement [1].
Often only small areas of the building are involved in the fire, required to
decide on the basis of a visual inspection, which parts be reinhabited so that the
original use may be continued after suitable refurbishing of fire damaged
materials. It is frequently very convenient to reuse the structural members to
avoid consequential losses and the inevitable inconvenience which is when

parts of an otherwise sound structure are replaced [1].

Figure (1-2): Steel structural failure due to fire [1].
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1.3 The Fundamental Stages of A Fire

There are four fundamental stages in a natural fire. These stages are
schematically illustrated in Fig. (1-3). The first stage is the incipient ignition
phase, wherein heating of the potential fuel source takes place. The second
stage is the growth stage, which involves ignition with visible flaming
combustion. As the fire grows and reaches sufficiently high temperatures about
1,100 °F (600 °C), it may become fully developed within the compartment and
reach the so-called flashover which is the abrupt transition from relatively light
burning of a small number of combustibles in the room, or a small portion of the
room, to full-room involvement in fire. Generally marks the beginning of the
third stage called the burning period. The temperatures and heat flux are so
great within the fire compartment that all exposed surfaces are burning and the
available ventilation will govern the rate of heat release. This most severe stage
of the fire causes has the greatest effects on the building elements. Eventually,
the fuel for the fire in the given compartment becomes exhausted, and the fire
will start to die out during the fourth stage called the decay period. The decay
phase is generally begins when about 70 percent of the combustible materials in

the compartment have burned [1].

4
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Figure (1-3): Stages of Fire Development (Buchanan, 2001) [1].
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1.4 Steel Behavior at Elevated Temperature

Like all materials, steel weakens with an increase in
temperature. Strength loss for steel is generally accepted to begin at about
300°C and increases rapidly after 400°C. By 550°C steel retains about 60% of
its room temperature yield strength. However, at temperatures below about
600°C, if the steel is cooled it returns to its original strength, stiffness and

ductility.

At temperatures above approximately 600°C, structural steel may suffer
some deterioration in residual properties after cooling. For normal grade steel
(yield strength 250MPa to 275 MPa), however, in no situation, whatever the fire
temperature, will the room temperature yield stress or tensile strength fall
further than 10% below their original values. Thus, where it can be assumed
that the steel members will be utilized to less than 90% of their maximum load
bearing capacity, replacement of the member should not be considered
necessary, provided other performance characteristics, such as straightness,

have not been compromised [4].

1.5 The Wind

Wind is essentially the large scale horizontal movement of free air or it
means the motion of air in the atmosphere. It plays an important role in design
of tall structures because it exerts loads on building .The response of structures
to wind depends on the characteristics of the wind. Wind is caused by air
flowing from high pressure to low pressure. Since the earth is rotating, however,
the air does not flow directly from high to low pressure, but it is deflected to the
right (in the northern hemisphere; to the left in the southern hemisphere), so that

the wind flows mostly around the high and low pressure areas [5]. Tall buildings
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are critically affected by wind loads. Wind exerts forces and moments on the
structures. Hence, it has become of utmost importance to study the effect of

wind and air flow on the building.

1.6 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.

. 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
corresponding wind in the southern hemisphere is called the southeast trade

wind.

. 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.

. 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.

However, for the purpose of evaluating wind loads, the characteristics of the
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prevailing and seasonal winds are analytically studied together, whereas those
of local winds are studied separately. This grouping is to distinguish between
the widely differing scale of fluctuations of the winds; 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 [6].

Maysan province climate is warm to hot so there is no any snow may
effect on structures. There are two main winds in south of Iraq, North and
North-Western winds and South and south-Eastern winds. The North winds
prevail in south of Irag during all seasons of the year and its dry and hot at
summer while dry and cool at winter. The East winds are relatively warm and
with high humidity. In additional to above two common winds, Irag as a whole
be under the effect of 120 weak cyclones per year, these cyclones disturb the
flow air and lead to winds with variation directions. There are no good
understand whether these weak winds in different directions have any effects on
structures, thus for very dynamic sensitive structures or the structures that may
suffer from resonance phenomenon these weak cyclones may need to be
checked [7].

1.7 Nature 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
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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. Therefore, how wind effects are felt within this zone is of great
concern. Structures no doubt experience the constant flow of wind, but
intermittently it will experience sudden gusts of rushing air. This sudden
variation in wind speed, called gustiness or turbulence, plays an important part

in determining building oscillations [5].

1.8 Wind Turbulence

Motion of wind is turbulent. A concise mathematical definition of
turbulence is difficult to give, except to state that it occurs in wind flow because
air has a very low viscosity about one-sixteenth that of water. Any movement of
air at speeds greater than 2 to 3 mph (0.9 to 1.3 m/s) is turbulent, causing
particles of air to move randomly in all directions. This is in contrast to the
laminar flow of particles of heavy fluids, which move predominantly parallel to

the direction of flow.

For structural engineering purposes, velocity of wind can be considered
as having two components: a mean velocity component that increases with
height, and a turbulent velocity that remains the same over height. Similarly, the
wind pressures, which are proportional to the square of the velocities as shown
in Fig. (1.4). [5]
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Figure (1-4): Variation of wind velocity with time [5].

1.9 Effects of Static and Dynamic Winds on Structures

Effects of wind on structures can be classified as ‘static’ and ‘dynamic:

1. Static wind effect primarily causes bending and twisting of structure(mean
velocity).

2. Dynamic For tall, long span and slender structures a dynamic analysis of the
structure is essential .Wind gusts cause fluctuating forces on the structure
which induce large dynamic motions, including oscillations change with

time_(Turbulence velocity).

The wind is the most powerful and unpredictable force affecting tall
buildings causing movement, known as wind drift, which should be kept within
acceptable limits. Wind on buildings increases considerably with the increase in
building heights. Furthermore, the speed of wind increases with height, and the
wind pressures increase as the square of the wind speed. Thus, wind effects on a
building is compounded as its height increases. Despite all the engineering
sophistication performed with computers, wind is still a complex phenomenon.

Unlike dead loads and live loads, wind loads change rapidly and even abruptly,
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and if creating effects much larger than when the same loads were applied
gradually. If the wind loads are greater than the structural capacitance, the

collapse of the building will occur, as shown in Fig. (1-5) [8].

Figure (1-5): Building collapse due to wind load [8].

1.10 Forms of Steel Buildings Resistance

The main structural forms suitable for earthquake and wind resistance are [8]:
(1) Moment-resisting frames.

(2) Framed tube structures.

(3) Staggered truss system.

(4) Concentrically braced frames.

(5) Eccentrically braced frames.

(6) Hybrid structural systems.

1.10.1 Moment-Resisting Frames (Rigid Frames)

A frame is considered rigid when its beam to column connections have

sufficient rigidity to hold virtually unchanged the original angles between

10
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intersecting members. In this system, as shown in Fig. (1-6), lateral loads are
resisted primarily by the rigid frame action; that is, by the development of shear
forces and bending moments in the frame members and joints. The continuity at
both ends of beams also assists in resisting gravity loads more efficiently by

reducing positive moments in beam spans [5].

Figure (1-6): Moment-resisting frame [5].

1.10.2 Framed Tube Structures

The framed tube system is a special case of the moment resisting frame,
which usually consists of closely spaced wide steel columns combined with
relatively deep beams. These frames are usually, but not only located on the
perimeter of the structure, and introduce more stiffness to overcome the
problems of excessive horizontal deflection of the common moment-resisting

frames, shown in Fig. (1-7) [6].

11
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Figure (1-7): Framed tube [6].

1.10.3 Staggered Truss System

Acts as a diaphragm transferring lateral loads in the short direction to the
trusses. Lateral loads are thereby resisted by truss diagonals and are transferred
into direct loads in the columns. The columns therefore receive no bending
moments. The truss diagonals are eliminated at the corridor locations to allow
for openings. Since the diagonal is eliminated, the shear is carried by the
bending action of the top and bottom chord members at these locations. Because
the staggered truss system resists a majority of gravity and lateral loads in direct
stresses, it is quite stiff. In general, additional steel tonnage required for
controlling drift is quite small. Therefore, high-strength steels may be used
throughout the entire frame. The system has been used for buildings in the 35-
to 40-story range. Transverse spans must be long enough to make the trusses
efficient, with 45ft (13.72 m) considered the minimum practical limit [5], as

shown in Fig. (1-8).

12
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Figure (1-8): Staggered truss system [5].

1.10.4 Concentrically Braced Frames

Concentrically braced frames (CBF) are those where the centre-lines of
all intersecting members meet at a point, Fig. (1-9a). This traditional form of
bracing is, of course, widely used for all kinds of construction such as towers,
bridges, and buildings, creating stiffness with great economy of materials in
two-dimensional trusses or three-dimensional space frames. Traditional design
of trussed structures lays great importance on keeping the forces in the structure
to axial only, avoiding moments by ensuring that the centre-lines of all

intersecting members meet at a point [6].

1.10.5 Eccentrically Braced Frames

An eccentrically braced frame (EBF) is a brace frame system in which
one end of the brace is connected to the beam instead of a frame node, Fig. (1-

9b). In eccentrically braced frames the axial forces in the braces are transmitted

13
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to the columns through bending and shear in the beams, and if designed
correctly, the system of bracing possesses more ductility than concentrically

braced frames [6,9].
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Figure (1-9): Concentrically and eccentrically braced frames [10].

1.10.6 Hybrid Structural Systems

Structures are often built in which the lateral resistance is provided by

more than one of the above methods [6].

1.11 Objective of Research

The objective of this research is to study the post-fire dynamic analysis of
a multi-storey steel moment-resisting building subjected to along wind loads
and determination of static and dynamic wind loads on building and estimate
the parameters that are suitable for southern Iraq conditions and show if the
building is safe after effect the fire according to limitations in codes and effects
of measurements on the building after fire with winds influence. These

objectives are studied by following items.

14
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1.

Investigating the mechanical properties after fire, namely reduction in yield
stress and the modulus of elasticity (Fy, E) after fire.

Investigating the deformation scenario or configuration of steel building due
to fire.

Investigating difference imperfection in steel building due to fire.
Estimating the suitable values for design wind speed in southern lIraq,
namely design wind speed according to Iraq codes and prevailing wind
speed for the past 30year.

Performing the nonlinear dynamic analysis for post-fire building by using
finite element method via SAP v2000 software.

Studying the difference ranges of post-fire deformations to reflect the
difference degree of temperature or fire duration.

Specifying if the building is safe or not according to standards limitations.

1.12 Thesis L ayout

After this introductory chapter, review of the main research papers

concerned with the subject are discussed in chapter two. Chapter three

investigates the steel building via effect of fire. Chapter four deals with the

effects of wind load on building and mathematical formulation of the nonlinear

finite element analysis due to wind load. Chapter five presents the applications,

results and discussions. Chapter six gives the main conclusions and

recommendations for future work.
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CHAPTER 2
LITERATURE REVIEW

2.1 General

The present study deals with two topics; they are fire and wind
engineering.
In the past decades, the post-fire performance of structural steel elements had
attracted many researchers. Although the fire safety of a structure is of
paramount importance, the reinstatement of fire damaged structures is the center
of interest nowadays. Since 1960s, the research is focused on the mechanical
properties of the material. Exposure to fire will subject structural steel to
thermally induced environmental conditions that may alter its properties.
Assessing these altered properties requires a combined knowledge of
metallurgical and structural behavior as the fire raises the steel temperature and
the steel later cools. Knowledge of steel properties and behavior developed from
basic steel production, thermal cutting, thermal or mechanical straightening (or

curving), heat-treating and welding provides the requisite information.

Fire represents a transfer of energy from a stable condition to a transient
condition as combustion occurs; examples are the burning of warehouse
contents, office furniture, books, filing cabinet contents, or other material.
During this process, the steel temporarily absorbs a significant amount of
thermal energy. Subsequently, the steel structure returns either to a stable or
unstable condition after cooling to ambient temperatures. During this cycle,
individual members may become badly bent or damaged without affecting the
stability of the whole structure. It is possible to predict the range of temperatures

that a particular steel member of a building experienced during a fire using
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current heat transfer theories. Damaged members are indicative of energy
redistribution within the member itself and possibly the whole structure.
Assessing overall structural stability can proceed after the condition of the
individual members has been established. And through the study of research has
been found some studies that are close to this research and benefit from them as

follows.

2.2 Literature of Post-Fire Structure

Smith et al. 1981 [11], studied the factors which can cause steelwork to
distort and collapse during fires. Laboratory based experiments were described
in which the strengths of various grades of steel were determined at elevated
temperatures. The effects on mechanical properties of heating steelwork to
temperatures in the range 100 - 1000 °C and cooling back to ambient

temperature have been assessed.

They concluded that relatively small changes in mechanical strength
occur to steelwork after heating in a fire. The building codes used in the design
of steel frame buildings incorporate large safety factors which permit the
framework of buildings was heated to around 550 °C before the flow stress falls
to the design stress. If steelwork was heated above that temperature then some
expansion effects and distortion will normally was visible. The laboratory
simulations have indicated that little change in room temperature strength occurs
after cooling until fire temperatures in excess of 650 °C were achieved, and in

this situation the structure was liable to have collapsed.

Kirby et al. 1986 [1], studied the possibilities of reinstatement of fire
damaged steel and iron framed structures. Two mild steels were tested. The tests

were carried out by heating the material in a furnace at temperatures between

17
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100 °C and 1000 °C for 1 h and 4 h periods. After the heat treatment, the
material was cooled in air and tested according to BS18 Part 2. Two Grade 43A,
which largely corresponds to S275, mild steels were studied; one with a high
room temperature yield (335 N/mm2), and one with low strength (238 N/mm?).
The tests showed that exposure to temperatures up to 600 °C had virtually no
effect on the strength of the steel, regardless of exposure time. With higher
temperatures the strength started to decrease and also the exposure time had an
effect on the strength; the longer the exposure, the more the strength decreased.
The high strength mild steel was also more affected than the low strength mild
steel. They concluded that regardless of exposure temperature and time, the

strength properties were unlikely to fall more than 10 % of the specified value.

Outinen et al. 2004[12], studied the mechanical properties of structural
steel member that exposure to the rise of temperature, namely: (a) the yield
stress Fy and (b) Young’s modulus of elasticity E which obtained after a specific
number of fire tests. The procedure of these tests was to test at least one
specimen for each temperature gradient starting from 20 °C and using an
increment of 100 °C or 50°C, up to 1000°C. From the obtained stress-strain curve
the properties of interest (E, Fy) were measured. They concluded that the values
of the yield stress and the modulus of elasticity decreases gradually up to about
400°C and then drops rapidly to zero at approximately 1000°C. At approximately
1000°C.The modulus of elasticity and yielding strength were both zero at
temperature 1000 °C .

lua,et al. 2005[13], studied an eight-storey composite frame that was
designed as a three bay-deep and five-bay-wide structure at the Cardington fire
test in the UK. All of the out-of-plane degrees of freedom of this frame were
restrained and all connections were designed as rigid in the computer modelling.

A distributed load of 5.48kN/m2, corresponding to the mean dead and imposed

18
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loading of the test, was applied. The maximum temperature was approximately
800°C and the frame cools to ambient temperature. They concluded that the
structure after cooling to ambient temperature, the lateral displacement increases
inward to 155.28mm in column and 220.17 mm in mid beam while 192.01mm
in edge beam, this fire analysis due to the thermal contraction force of the beam

member under cooling.

Maraveas, 2014 [14], studied the mechanical properties of structural
steel exposed to fire and cooled down. He presented the lack of satisfactory
recommendations concerning the post-fire properties of steel or the post-fire
performance of a steel member, which shows the need for further research on

the topic.

He investigated a total of 128 test results from six studies, the initial
yield strength (Fy) at ambient temperature while the values of (Fy) were in the
range of 231 to 1045 MPa and 100 to 1000°C. The residual properties were
obtained from tension tests on steel specimens after heating and cooling to room

temperature via different cooling methods.

He noted that the post-fire behaviour of structural steel was hardly
influenced hardly after exposure to temperatures up to 600°C. In addition, the
residual ultimate strength of mild steel was found greater than 90% of the initial
one, whereas none of the properties of hot- rolled steel was reduced more than
75%.

The distinguish between mild steel and high strength steel (HSS) in
which his conclusions were agreed  with British Standard 5950-8 in
Appendix(B) recommended the reuse of S235 and S275 reduced by 10% of the
initial strength, whereas for S355 at least 75% of the strength was regained on

cooling from temperatures above 600 °C.
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2.3Literature of Wind Loadings

The wind action on building is studied by many researchers and they deal
with different topics of this subject, in this section only previous works related

to the present study were reviewed.

Zhou et al. 2002[15], presented a comprehensive assessment of the source
of the scatter that exists among the wind effects predicted by the various codes
and standards under similar flow conditions, through a comparison of the along-
wind loads and their effects on tall buildings recommended by major
international ASCE 7-98, AS1170.2-89, NBC-1995, RLB-AIlJ-1993, and
Eurocode-1993. They noted that the scatter in the predicted wind loads and their
effects arises primarily from the variations in the definition of wind field

characteristics in the respective codes and standards.

Holmes et al. 2009 [16], described a comparison of wind load calculations
on buildings using fifteen different wind loading codes. Three buildings were
studied the low rise building (steel portal-framed industrial warehouse building),
the medium-height building (a 48-metre high office building) and the high-rise
building (183 meters high). The comparisons showed varying degrees of
agreement between codes, in which ASCE7-05 procedure gave reasonable

results in comparison with the other codes.

Kumarand Swami, 2010 [17], studied the differences of heights buildings
analysis wind loads static pressure and gust pressure along wind load on tall
buildings, multistory frames ranging from 20 to 100 storeys were considered. He
concluded that the gust pressures method increase with the height of building
and they were more critical than static pressures and the difference in the values

of gust pressures computed for single and two bays was small, however for
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exact determination of internal stresses, the size effect given by number of bays

is to be considered.

Bakhshi and Nikbakht, 2011 [18], studied the distribution of dynamic
wind and earthquake load, to investigate the height beyond which the wind load
would be dominant over the seismic loading condition. In this study, 5 tall steel
frames buildings with various lateral resisting systems were investigated via
three-dimensional models. The effect of dynamic time history wind load was
considered and when it’s applied along the height of tall buildings, the
fluctuating wind speed was simulated as multivariate stochastic process, and the
fast Fourier transform was needed to estimate the fluctuating wind speed
components acting on the structure. For two basic wind speed (47 m/s and 76
m/s) according to ASCE7-05, mean wind speed along the height was calculated
and with accumulating this component with fluctuation wind speed component,
wind speed along the height at each level can be computed Fig. (2-1), for the
nonlinear dynamic analysis. They concluded that peak drift and displacement
were two important parameters for comfort criteria that affect human perception
to motion in the low frequency range of 0-1 Hz encountered in tall buildings and
peak displacements derived from dynamic wind and seismic load, separately, the
structures with bracing system were more flexible that ones with shear wall

system.

Figure(2-1): Procedure of applying time history along-wind load along the height on
exterior side of tall building [18].
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Ambadkar and Bawner, 2012 [19],presented the analysis of (G+11) multi story
building for different terrain category in significant relation of moment, forces
and displacement. The modelling and analysis was done by using STAAD Pro.
software. For the analysis basic wind speed were taken 44 m/s, 47m/s, and
50m/s. They concluded that wind speed increases bending moment values also

increases according to category.

Suresh et al. 2012 [20], studied rigid and flexible structures. His
investigation deals with the calculation of wind loads using static and gust factor
method for a sixteen storey high rise building and results were compared with
respect to drift. Structure was analyzed in STAAD Pro.With wind loads
calculated by gust factor as per IS 875-Part 11l with and without X- bracings at
all the four corners from bottom to top. They concluded that axial loads in the
external frame exterior columns in braced structure were high when
compared with unbraced structure, reduced gradually and at top floor both

were almost same.

Prajapati,2013 [21], discussed the analysis and design procedure that may
be adopted for the evaluation of symmetric multi-storey building under effect of
wind and earthquake forces. Structures were designed to resist moderate and
frequently occurring earthquakes and wind and must have sufficient stiffness
and strength to control displacement and to prevent any possible damage. It was
found that it was inappropriate to design a structure to remain in the elastic
region, under severe earthquakes and wind lateral forces, because of the
economic constraints. The inherent damping of yielding structural elements can
advantageously be utilized to lower the strength requirement, leading to a more
economical design. This yielding usually provides the ductility or toughness of

the structure against the sudden brittle type structural failure.
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Rehan and Mahure, 2014 [22], Presented the analysis and design of (G+15)
Storeys under the effect of earthquake and wind for Composite, Steel and RCC
structure. The modelling and analysis was done by using STAAD Pro. They
compare the result of Composite, RCC and steel building such as story
displacement, story drift and maximum bending moment and shear forces. They

suggest that composite structure was better option compare to RCC and Steel.

Mohammadi, 2016 [23], studied three height of buildings (47, 40 and
30story) steel moment frame high-rise buildings. In this study, using time-
history method for analysis as shown in Fig. (2-2).The nonlinear dynamic
responses of the buildings to different wind hazard levels were evaluated by
developing 3D nonlinear finite element models and utilizing a wind incremental
dynamic analysis (IDA) approach.. He concluded that minor building shape
details may locally affect on the local wind pressure of interest for cladding
design. But they did not affect the overall wind loads very significantly and the
47-story building’s shape details did not significantly affect the mean and

fluctuating components of the wind force.
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Figure(2-2):Wind time-history loading typical point load [23].
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2.4 Concluding Remark

The pervious literature review reveals the following points:

1. Dynamic wind load data significantly influence the behavior of the structures.

2. Most studies considered the base shear, roof displacement, natural frequency,
mode shapes, story drift ratio, axial forces and moments in members as main
parameters to compare the performance of buildings.

3. The mechanical properties (yield strength Fy, elastic modulus E) of steels
after fire is about 90% of that before fire.

4. The time history method along-wind load will be imposed at the location of

perimeter beam-column joints (major joint of each floor).

Consequently, in this research work different types of wind loads (static
and dynamic(strong, moderate) are used including after fire deformation for six
story moment resistant building, taking into consideration reduction in steel
strength due to fire. The time history analysis method is used with SAP2000
program. The present study used available deformed steel building due to fire as
start point including deformation quantities, deflected shape reduction in
material properties, and then apply static and dynamic wind loads for southern

Irag conditions.
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CHAPTER 3
POST FIRE INVESTIGATION

3.1 Introduction

Post-fire performance of a structural element has gained considerable
attention recently, apart from the fire safety of a structure, the reinstatement of
fire damaged structures is at the centre of interest nowadays. The present study
Is focused on whether, it is possible to reuse (reinstatement) the structural
element after fire when subjected to wind dynamic loads based on deformation
limitations, and taking into consideration after fire process effect like, reduction
in steels strength (the yield stress and the modulus of elasticity (Fy, E) the

Imperfection in structure elements.

Despite the significance of fire design of steel structures, no specific
guidelines have been established by the current design codes for the
determination of the remaining capacity of steel members after fire, with the
exception of some recommendations by the British standard, which is no longer
in use. It is founded that contributes to the assessment of fire damaged steel and

Its subsequent reuse.

The steel is subjected to several effects after fire to cooling process
where the yield stress and modulus of elasticity values are reduced in member
due to fire in the steel building, then the deformities begin to appear in the
building the result of these effects are displacements in column and deflection
on beam also some of buckling occurred on beam and column and elongation of

member due to fire all these deformations are called the imperfections.
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3.2 Types of Imperfections

3.2.1 Geometrical Imperfections

Meaning the variance of dimensions of a structure or a_member (b + A)
or lack of verticality of a structure and straightness [24] (erection out-of-

plumbness, member out-of straightness) as shown in Figs. (3-1) and (3-2).
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Figure (3-1): Variance of dimensions [24].
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Figure (3-2): Out-of-plumbness and straightness [24].
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3.2.2 Material Imperfections

The variance of material properties or residual stresses (distribution in a
cross section usually considered uniform along the member) is called material

imperfections, as shown in Figs. (3-3) and (3-4).

26



Chapter Three Post Fire Investigation

Figure (3-3): Variance of material properties [24].

Figure (3-4): Typical residual stress pattern for I-shaped steel member [24].

3.2.3 Structural Imperfections

It is Mean the variance of boundary conditions, eccentricities in joints as

shown in Figs. (3-5).

Figure (3-5): Eccentricities in joints [24].
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When steel structures are exposed to fire, strength and stiffness are decreased
with increasing temperature. The structure then deteriorates and the
deformations that happen after the cooling process will be composed as
imperfections, appropriate allowances shall be incorporated in the structural
analysis to cover the effects of imperfections. This study takes into
consideration material  imperfections which include residual stresses by
changed stiffness (EI) meaning reducing E to 90% and material mechanical
properties such as (Fy, E) reducing same value [25] while geometrical
imperfections such as lack of verticality (erection out-of-plumbness) and
elongation are represented as displacement deformation value in story after fire
while out of straightness and buckling (local buckling ,lateral-torsional
buckling) are not considered in this study because SAP V2000 software is
unable to represent these cases and also minor eccentricities presented in joints

of the structure are not considered here.

3.3 Residual Stresses

Residual stress evaluation is measured by removing instrumented areas or
coupon samples from the fire exposed steel member. Prior to coupon removal,
either mechanical or electrical strain gages are attached and calibrated with an
initial reading taken. The coupon is then carefully removed from the member
and the strain is measured until the recorded strain data stabilizes. The
difference between initial and final readings indicates the internal member
strain at the gage location. Placing gages at carefully chosen locations permits a

reasonable prediction of the resultant stress distribution in the member [26].

Although residual stresses influence on the steel member capacity, Tide
[26], plastic design research summarized by Lehigh [27] and ASCE [28]

indicates design specifications accurately predict steel member behavior. The
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combination of externally applied forces and internal residual stresses are
accommodated by redistribution when plastic hinges form. Residual stresses
will increase deflections above those theoretically predicted for residual stress
free members. The deflections can become significant as the applied load
approaches the member's ultimate capacity. However, the deviation from
theoretical behavior is not significant at or below service loads, and usually
cannot be detected. In the present study the residual stresses after fire are
included by changed stiffness (EI) [25], for this study reducing to 90% from the
modulus of elasticity before fire in order to take into consideration effect of

residual stresses.

3.4 Buckling and Other Visible Deformation Due to Fire

Due to the thermal elongations coupled with reductions in steel strength
and stiffness that occur at elevated temperatures, even minor member end
restraint, imperfections, crookedness, or force eccentricity can initiate visible
local flange and/or web buckling, or overall member buckling, above about 600
°F (315 °C). With complete restrain from thermal expansion, these may occur at
temperatures as low as 250 °F (120 °C). Buckling is very likely to occur at
temperatures in the range 1,200 to 1,400 °F (650 to 760 °C), when the strength
and stiffness are less than 50 percent of their nominal ambient values. Past
experience from flame curving and straightening indicates that local buckling

often can occur quite suddenly at, and above, this temperature range [26, 29].

In addition to these buckling distortions of the member, the steel will
experience increasing end rotation and vertical deflections during the fire from
the existing dead and live loads. Under fire conditions, both for uncontrolled

natural exposures and in standard tests, the temperature-induced deflections of
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fire-resistive steel beam/concrete floor systems can be large. Actual fires have
produced deflections ranging from several inches up to, in extreme cases, 0.9 to
1.2 m, which are an order of magnitude greater than the normal serviceability

limits that are anticipated for buildings.

In this sense, it must be remembered that the intended structural outcome
of fire safety design is to maintain building integrity and prevent (or delay)
catastrophic collapse, Fig.(3.6) shows a UL(Underwriters Laboratories) test of a
roof assembly in the furnace after a successful fire test. Steel deck sag and beam

buckling are visible as shown in Fig.(3-7) [29].

It should be noted again that visible deformations are not by themselves
indicators that the steel had been heated to temperatures beyond 1,300 °F (700
°C), given the possibility of steel buckling even at lower temperatures,

depending on the magnitudes of the actual applied loads.

However, and very importantly, the converse is also true - steel that is
not grossly deformed and is deemed to be repairable probably did not
experience temperatures beyond 1,300 °F (700 °C). When heated to high levels,

steel is also likely to change its external appearance and color.

If the steel temperatures have not exceeded about 1,300 °F (700 °C),
tightly adherent mill scale will remain, and the color will look normal. At steel
temperatures hotter than 1,300 °F (700 °C) for more than about 20 minutes, the
steel surface will become noticeably oxidized and possibly pitted, with some

accompanying erosion and loss of cross-sectional thickness.

The appearance of significantly “burned” steel is ordinarily light gray or
white, but it also could assume the color of the fuel contents in the room, such

as black from the combustible residues[29].
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Figure (3-6): UL steel roof assembly after successful ASTM E119 fire test (courtesy of

underwriters laboratories, Inc.) [29].

Figure (3-7): One meridian plaza in Philadelphia after Feb. 23-24, 1991 fire [29].
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3.5 Categories of Post-Fire Steel Damages

The steel must be heated above the lower phase transformation
temperature of 1330 °F (721°C) before any temperature induced residual stress
increase can occur. At lower temperatures, stress relieving may occur,
especially if the steel is protected. Restraint induced forces are more likely to
cause Yyielding resulting in a change and rearrangement of residual stresses. For
the usual loading conditions associated with steel-framed buildings, the effect
of residual stresses at service loads is innocuous. Shakedown theory and testing,
Eyre (1970) [49], indicated after a few cycles of loading that causes yielding,
the effect of the residual stresses is essentially eliminated. The deflection
behavior of the structure during any subsequent loading is based on elastic

behavior.

Steel members having noticeable distortions are categorized separately in
terms of their metallurgical and structural properties. Test data reported by
Kirby (1986) [1], Saul [31], Dill [32], Smith [33], and Wright [34] indicate that
severely distorted steel may remain metallurgically unchanged because buckling
and large deflections probably occurred at temperatures well below 1200°F
(650°C). Experience gained from heat straightening Saul [31], Stitt [35], Pattee
[36], Holt [37], Stewart [38], and Avent [39] reinforces the following statement
made by Dill [32]: "Steel which has been through a fire but which can be made
dimensionally re-usable by straightening with the methods that are available
may be continued in use with full expectance of performance in accordance

with its specified mechanical properties.”

Wright [34], Avent [39], confirms that this statement is as true and
suggested that the criteria for evaluating fire exposed and damaged steel is a

function of reparability, rather than inconsequential metallurgical changes.
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A recent and more detailed discussion of these issues is provided by Tide [26].

He recommended that a fire damaged structure be assessed in one of three

categories:

A. Category 1: Straight members that appear to be unaffected by the fire,
including those that have slight distortions that are not easily visually
observable, (Within 4 or 5 times ASTM AG6 rolling tolerances).

B. Category 2: Members that are noticeably deformed but that could be heat

straightened, if economically justified.

C. Category 3: Members that are so severely deformed that repair would be

economically unfeasible when compared to the cost of replacement.

Category 1 and 2 members are unlikely to have exceeded 1,300 °F (700
°C) for any appreciable length of time during the fire. Hence, it can be reasoned
that they did not suffer any permanent changes in their properties after cooling
back to ambient temperatures. Smith et al [33], gave further information on steel

properties after heating and cooling.

The relative economies of straightening versus replacement are
particularly relevant for Category 2 since, from a structural performance
perspective, these members can be repaired by straightening and remain in

service.

The severe fire damage representative of the category 3 designation
usually favors replacement of the member, both due to the higher repair cost
and possible adverse residual properties. Such members have probably
experienced temperatures in excess of 1,300 °F (700 °C) for a prolonged time,
and consequently, may have suffered noticeable, adverse, and permanent

external and internal changes during the fire. Once the condition of each

33



Chapter Three Post Fire Investigation

individual member is determined, the safety of the whole structure can be
established. A member inventory should be performed before an assessment of
repair or replacement can begin. The biggest challenge often encountered with
this evaluation is convincing the interested parties that the basic steel properties
of category 1 and 2 members were unaffected by the fire. Camber and sweep of
each fire exposed, structural steel member should be determined using
appropriate  measurement techniques (plumb bob, string line, laser or
theodolite). A category 1, 2 or 3 designation should then be assigned to each
member. Most often, the category 2 or 3 designations can be assigned without
measuring because of severe local buckles or excessive deflections. Illustrative
examples of member categorization are presented in Figs.. (3-8) to (3-10). In
Fig.(3-8), the two twisted steel beams would be classified as category 2.
Members like this would usually be discarded for economical reasons even
though heat straightening is possible. Similarly, the buckled beam shown in

Fig.(3-9) would probably be replaced for economical reasons [26].

Figure (3-8): Considerable thermally induced beam [26].
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Figure (3-9): Severe local buckle in beam [26].

In comparison, the severe local buckling in the column shown in Fig.(3-
10) would normally be repaired under loaded conditions. Because of supported
load above and the location, the cost to replace the column justifies in-place
repair by either reinforcing plates, heat straightening, or both. However, for this
particular case there was unacceptable vertical displacement, and therefore the
column was replaced after jacking up the column shaft so that the floor grade

could be reestablished.

Earlier studies demonstrate that category 1 straight members require only
minimal consideration, Kirby [1], Dill [32], Smith [33], Avent [39] and others.
Metallurgical or structural degradation does not occur with a category 1
appearance. For any significant metallurgical degradation to occur,
temperatures would have to exceed 1330 degrees F (721°C). Prior to reaching

this elevated temperature level, buckling or large deflections would certainly
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occur. Slightly deformed category 1 members, with deformations greater than
rolling tolerances, must be analyzed to determine the repair level. Depending on
individual circumstances, the analysis will determine if these members can be
accepted unconditionally, heat straightened, stabilized with supplemental

braces, or reinforced with plates and shapes.

Category 2 members require additional attention because the decision to
repair or replace is often a function of the nearby members' condition. A beam
Is easy to replace when compared to a column supporting several floors (see
Fig.(3.10). If a category 2 member is heat straightened, the change in
metallurgical and structural properties will be inconsequential. Rehabilitation or
replacement of category 2 members is usually dependent on expediency,
economics or overcoming the human psychological rejection of what appears to
be damaged steel. In the present study the members are considered exceeded
category 1 that have slight distortions and category 2 that are noticeably
deformed but could be heat straightened thus the categories 1 and 2 can be re-
used again while category 3 can’t be reused because a better solution is to

replace members which yield less expensive and more resistant than its repair.

Figure (3-10): Severe local buckle in column [26].
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3.6 Connection

Connection behavior is different than main member behavior when the
temperature increases because of their relative compactness. The axial force
developed by a restrained member will impose large forces on the end
connections. Generally, the beam will buckle or deform to accommodate the
axial force. Under these conditions, connection distress is easy to identify when
a category 1 steel beam cools, if the connection has fractured, the steel beam

will pull away from the adjacent member revealing the damage.

It is common to see fractured connections at the ends of buckled beams.
As the buckled beam cools and shortens, the connection material, bolts or
welds, will be torn apart similar to the connection of Fig.(3-11) this type of
bracket failure behavior occurs because the AISC specifications contain a
higher safety factor or reliability for bolts and welds than plain steel. Bolts
heated to the tempering temperature and held there for several hours will
generally have a reduced pretension force once they return to ambient

temperatures[26].

Figure (3-11): Connection failure at end of buckled beam [26].
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because of the variability of bolt installation procedures and quality control, it is
impossible for a visual inspection to determine temperature effects on high
strength bolts. Changes in metallurgical properties of high strength bolts can
only be determined by non-destructive or destructive testing. Destructive bolt
tests by Kirby [1], provide guidance on testing procedures that can be
considered.

In the present study post-fire investigations of connection is not

considered because its representation needs complex operations.

3.7 Steel Behavior with Temperature Increasing

For most hot rolled shape production, final rolling occurs when the steel
is at about 1,600 °F (870 °C) or higher. Intentionally reheating steel to higher
temperatures is also well known for special material treatments, with stress
relieving done at temperature range of 1,100 °F to 1,200 °F (590 °C to 650 °C),
and annealing and normalizing temperatures reaching 1,500 °F to 1,600 °F (820
°C to 870 °C). Likewise, the traditional and successful heat straightening and
curving practices for fabrication of steel members are done at temperatures up
to 1,200 °F (650 °C). ASTM E119 fire test standard specifies a limiting average
temperature of 1,100 °F (593 °C) and a limiting maximum temperature of 1,300

°F (704 °C) for unrestrained ratings for steel beams and steel framed floors [26].

Therefore, if the temperatures in the steel do not exceed the
transformation temperature of 1,300 °F (700 °C) for a measurable amount of
time, the steel can be expected to have acceptable metallurgical properties upon

cooling back to ambient conditions.

Its residual properties will be the same, or perhaps better, than in the
original pre-fire condition. Smith et al [33] provides further confirmation data

on steel properties after heating and cooling. The mechanical properties of the
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steel continue to degrade with increasing temperatures, until near total strength
and stiffness depletion occurs around 2,000 °F (1,100 °C). The actual melting
point of steel is in the range of 2,500 °F to 2,700 °F (1,370 °C to 1,480 °C),
which can vary with the particular chemistry and accompanying phase changes.
However, for practical purposes, relatively little strength and stiffness of steel
are retained beyond about 1,300 °F (700 °C), less than 20 percent of the
ambient values. Beyond 1,600 °F (870 °C), steel’s metallurgical microstructure
undergoes a permanent transformation relative to. its original chemical
composition that will result in grain coarsening and hardening, which, with the
subsequent cooling, will adversely affect its residual mechanical properties
[26].

Steel contracts as it cools. When inelastic deformations occur during a
significant fire due to applied service loads and existing thermal restraint, the
steel will experience permanent set and will not return to its original shape upon
cooling. These geometric changes from fire and subsequent cooling have caused
several instances of steel beam connections that were reported to have failed in
tension [26].

3.8 Post-Fire Tolerances

3.8.1 Tolerance for Beam

The permissible limits for beam deflection based on American
specifications, is (L/360) (for beams that have not been subjected to other or

deflection distortions such as twisting and no change in steel properties).

For any deflection less than or equal to that ratio is considered to be acceptable,
but if the deflection exceeds this percentage, it is considered to have been

subject to major deformities not acceptable constructively.
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However, if it is exposed to other deformation other than deflection such as
twisting, the limits have been adopted deviation in ASTM A6, which does not
exceed the difference between the flange ends of 3 mm where the element is
safe if the deformation caused by the fire is (4 to 5) of the deviation limits
permitted in ASTM A6 [26].

3.8.2 Tolerance for Column

The deviation limits are in ASTM A6 and AISC which do not exceed the
displacement between up and down the shaft (L / 500) where the element is safe
If the deformation caused by the fire is(4 to 5)t he permissible deviation limits
in ASTM A6 and AISC [26], the straightness tolerance permitted is Imm/m of
the length [1].

3.9 Post-Fire Reduction of Yield Stress of Steel

The idea of reducing the mechanical properties of steel was based on the
researcher Maraveas, 2014 [14] which investigated the mechanical properties of
structural steel exposed to fire and cooled down where mechanical properties
were reduced by 10% of The initial strength before the fire for normal strength
steel under the temperature of 600 °C. While if the temperature greater than 600
°C the steel will lose more than 10% , so this ratio depended on types of steel
strength and also value of temperature that building arrived to it. In the present

study the yield stresses after fire is reduced about 10% from before fire.

3.10 Post-Fire Configurations

The concept of post-fire investigation in the present study is based on

scenarios or configuration of steel frames deformation due to fire after cooling
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phase which are available in literature. Thus the present procedure for post fire

analysis of steel frame is applicable to any damage scenario due to fire.
In this study two scenarios are considered namely, lua et al. and Lien et al.

1- luaetal. 2005 [13], studied an eight-storey composite frame was designed as
a three bay-deep and five-bay-wide structure at the Cardington fire test in the
UK. The geometry and member section of a typical plane frame and fire place

are also displayed in Fig.(3-12).

The results and the deformation shapes of the plane frame for the heating

sequence of 650°C , 800", and C 20°C are displayed in Figs. (3-13) to (3-15).

They were found that after the structure cooling to ambient temperature,
the lateral displacement increases inward to 155mm in column and 220mm in
mid beam while 192mm in edge beam, the values of displacement in column
and deflection in beam after cooling back are 155mm, 220mm respectively,

these values of deformations through 800°C and cooling back to 20°C ambient

temperature.

In the present study the maximum deformation considered for this

scenario are L/40, L/60 for column and beam respectively, which reflect steel

building subjected to a temperature of 550°C.

After the cooling phase, the deformation shape is shown in Fig.(3-15). It
is clearly noticed that the columns displaced to inside and the beams sag
downward, and assuming these values are reduced from bottom in place of fire

to top of building
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Figure (3-12): Geometry and section of the eight-storey plane frame [13].
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Figure (3-14): Deformation shape at 800°C during the heating phase [13].
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2- Lien et al. 2009 [40], studied the nonlinear structural behavior of steel
structures during the cooling as well as the heating phases of fire. The geometry
and member section of a typical plane frame and fire place are also displayed in
Fig.(3-16). the column become out of plain during the process of fire and during
an increase in temperature due to the expansion of the beam to the outside,
which leads the column to outside either during the process of cooling back was

shrink beam to pulls up with the column to inside.

From this study, the benefit is knowing the deformed shape after fire, the

columns displayed to inside and the beams sag down. As shown in Fig.(3-17).
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Figure (3-16): Geometry and section of the five-storey plane frame [40].
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CHAPTER 4
WIND ANALYSIS

4.1 Introduction

The lateral loadings due to wind and earthquakes are the major factor that
causes the design of high-rise buildings to differ from those of low-rise
buildings. For many countries, the action of wind forces on structures has been
classified as one of the important forces that cause structural failures. Two
methods have been made to measure wind action, first the speeds of winds, and
second the wind forces on structures. The development of modern materials and
construction techniques has resulted in the emergence of a new generation of
structures. Such structures generally, display an increased susceptibility to the
action of wind. The dynamic wind problems arise from periodic variations in

the pressure distribution on the shell of the building.

For purpose of analysis, it is common to split the response into static and
dynamic approaches. The calculations of the wind load acting on a structure and
the response of the structure to this load have numerous shapes. These include
the description of the wind field, the dynamic characteristics of the structure
and the wind structure interaction. Due to the inadequacy of information on one
shape or the other and also in order to simplify the analysis, suitable

assumptions have to be made for the analysis of structures under the wind[58].

There are no universally accepted definitions for these terms, proposes
the classification of buildings by number of storeys (low-rise = 1-5 stories, mid-
rise = 6-12 stories and high-rise = 13 stories and above) these definitions are

useful for explain the effect of wind [7].
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4.2 Variation of Wind Velocity with Height

The viscosity of air reduces its velocity adjacent to the earth’s surface to
almost zero, as shown in Fig. (4-1). A retarding effect occurs in the wind layers
near the ground, and these inner layers in turn successively slow the outer
layers. The slowing down is reduced at each layer as the height increases, and
eventually becomes negligibly small. The height at which velocity ceases to
increase is called the gradient height, and the corresponding velocity, the
gradient velocity. This characteristic of variation of wind velocity with height is
a well-understood phenomenon, as evidenced by higher design pressures
specified [¢V].

Near the earth’s surface, the motion is opposed, and the wind speed
reduced, by the surface friction. At the surface, the wind speed reduces to zero
and then begins to increase with height, the motion may be considered to be free
of the earth’s frictional influence, and the important characteristic of wind is the
variation of its speed with height. The wind speed increase follows a curved line
varying from zero at the ground surface to a maximum at some distance above
the ground [£V].

For example a heights of approximately (366 m) aboveground, the wind
speed is virtually unaffected by surface friction, and its movement is solely

dependent on prevailing seasonal and local wind effects [°].

The height through which the wind speed is affected by topography is
called the atmospheric boundary layer. The wind speed profile within this layer

is given by

1

Vz = Vg x (Zig)a (4.1)

48



Chapter Four

Wind Analysis

Where ;

Vz = mean wind speed at height Z aboveground

Vg = gradient wind speed assumed constant above the boundary layer

Z = height aboveground

Zg = nominal height of boundary layer, which depends on the exposure

(values for Zg are given in Fig. (4-1).

a = power law coefficient

.
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Figure (4-1): Influence of exposure terrain on variation of wind velocity with height [¢].

with known values of mean wind speed at gradient height and exponent

a, wind speeds at height Z are calculated by using Eq. (4.1). The exponent 1/a

and the depth of boundary layer Zg vary with terrain roughness and the

averaging time used in calculating wind speed. The factor a ranges from a low

of 0.087 for open country and of 0.20 for built-up urban areas, signifying that
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wind speed reaches its maximum value over a greater height in an urban terrain

than in the open country [1].

An instantaneous picture of the along-wind variation of the wind field
with the height z is shown in Fig. (4-2). Where v (z) is the mean wind velocity
and Vx(x, v, z, t) is the turbulence of the wind field considered as weakly

stationary stochastic processes [£V].

z, height

| Us(z, 9, 2, 1)y

v(z)

Mean wind velocity

u,(z W g t)
Turbulence component
{ay in the wind direction

& X
Y Wind direction

Figure (4-2): Variation of wind velocity with height [¢1].

4.3 Wind Loadings

The wind movement is free air caused, on a large scale, by thermal
currents from areas of high pressure to areas of low pressure. As the air mass
moves over the ground there is a boundary layer several hundred meters thick,
near the bottom of which the wind speeds are measured [42]. When dealing
with high rise building, an important consideration is the variation of wind
speed with height. It is well known that roughness of the terrain retards the
wind near the ground. The lower layers of air then retard those above them,

resulting in deferent wind speeds from the ground level until the retarding
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forces are diminished to zero. Therefore, several approximate equations have
been developed to provide a better understanding of the wind gradient. One
such equation is the power law wind formula [43, 44]. This equation is
frequently used to calculate the wind speed at a height other than that at which

the wind is measured:

YLy (4-2)
V2 ZZ
Where:

Zy, Z,: heights (m)
V1, V,: wind velocities (m/sec)

o power law coefficient

The force on a structure is proportional to the square of wind speed;
therefore, the design wind speed used for analysis is very important to
determine the values of wind forces. These forces can be defined by the use of

the general force function:
F=05p V'CA (4-3)

Where

F: Wind force (N)

p : Density of air (kg/m®)

V: wind speed (m/sec)

C: shape factor or force coefficient (Cy)
Cq: Is drag force coefficient

A: area upon which wind acts (m?)

The wind velocity can be determined using the Beaufort Wind Scale

presented in Table (4-1), which estimates wind velocity by observing the wind's
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effects on its surrounding environment; this is also a qualitative scale of wind

forces [42, 44].
Table (4-1): Beaufort scale of wind force [42].

Beaufort force Wind speed m/sin 10 m Type of wind
above ground

0 Less than 0.277 Calm
1 0.277 - 1.666 Light air
2 1,666 - 3.333 Light breeze
3 3.333 - 5.555 Gentle breeze
4 5.555 - 8.055 Moderate breeze
5 8.055-11.111 Fresh breeze
6 11.111 - 14.166 Strong Breeze
7 14.166 - 17.222 Near gale
8 17.222 - 20.833 Gale
9 20.833 - 24.722 Strong gale
10 24.722 - 28.611 Storm
11 28.611 - 43.000 Violent storm
12 more than 43.000 Hurricane

4.4 Design Wind Speed

In this study, along wind component is considered in the analysis. In the
along wind direction, the wind speeds are obtained from Iragi Code 1QS.301
(Iragi Code for forces and loadings) [45], which corresponds to the 3 second-
Gust speed at 10 m above ground in open terrain. The basic design wind speeds
for Irag is shown in Fig. (4-3) from which it’s clear that basic wind speed for

example (Misan Province) is 42 m/sec.

The data for wind speed in Misan province for period from 1986 to 2016
Is obtained from (Iragi meteorological organization and seismology) and shown
the Table (4-2). The maximum wind speed for 30 years period is 5.70 m/s which
IS much smaller than design wind speed presented by 1QS.301. Thus using

1QS.301 values for calculate wind loading on structures
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Note: Wind speed zoning in IRAQ based
on 3-sec Gust speed measured at 10m
height in open level country with few
obstructions associated with an annual
probability of 0.02. The Gust speeds are
modified i accordance with the
recommended Gust speeds for stations 1
IRAQ given in Table 7 Ref. 12.

Figure (4-3): Contour map for basic wind speeds m/s of Iraq [¢°].

Table (4-2): Moderate wind speeds m/s Iragi meteorological organization and

seismology.

By Iragi meteorological organization and seismology at 10 m above ground (2016-1986)

South Of Irag / Months
January February March  Apri May  June July  August September  October  November December
Al-Hayy 350 400 410 460 440 490 550 480 420 370 350 350
Qadisiyah 230 240 320 350 3.30 380 420 3.60 320 180 1.09 190
Nasiriyah 330 380 440 460 480 570 530 5.00 430 3.00 3.00 3.00
Salman 290 320 360 350 360 450 510 410 300 290 210 2.10
Basra 320 360 390 390 380 510 540 460 370 270 290 290
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Can be observed there is clear difference between recorded wind speeds and
recommended speed by 1QS 301. so the most effect was used in speed and

speed was 42 m /s.
In present study two wind speeds are considered.

1. Strong wind speed: which use the values of wind speeds presented by 1QS

301. Namely for Misan province strong wind speed equal to 42m/s.

2. Moderate wind speed: which represent the commonly faced wind speed
according to actual readings and it value assuming considered half of 1QS
301 values to take into account fluctuations of wind as in section 4.2, namely

for Misan province moderate wind speed is 21 m/s.

4.5 Methods of Analysis

Under the action of the wind flow, structures experience dynamic forces
that include the drag (along-wind) force acting in the direction of the mean
wind [6]. The wind load is presented either by using a dynamic approach or an
equivalent static approach. The methods for determining the response of

structures to wind loading can be classified into two kinds:

4.5.1 Dynamic Analysis

For the dynamic analysis there are four main techniques [1], which are:
1-Direct integration of the equation of motion, which is based on a
Step-by-step procedure.

2-Normal mode analysis.

3-Response spectrum technique (Frequency domain analysis).

4-Time history, In this study, the Time history analysis is used.
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4.5.2 Equivalent Static Analysis

The equivalent static analysis converts the dynamic wind pressure into an
equivalent static pressure for the sake of analysis. The procedure of this
technique commonly presented in Standard codes and specifications like ASCE,
UBC, EURO CODE.. .etc.

4.6 Wind Loading Simulation

4.6.1 Dynamic Approach

Because the wind forces are time-dependent, the methods of structural
dynamics may have to be employed to determine the response. In some cases
the dynamic force may be small compared to the static force, however, it can be
potentially more dangerous depending on the dynamic characteristics of the

structure, particularly if resonance conditions are approached.

The velocity at any height can be estimated by using equation (4-1)

depending on the measured velocity at 10 m above the ground as:

1 -
() = v10(t) X (—=)a (4-3)
10
where ;
X: distance from ground level in a meter.

v1o(t): reference velocity, at 10 m above the base in m/sec.
vx(t): the wind velocity at any height (x) in m/sec.

a: power-law coefficient commonly 0.143 [£V].
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In the present study along wind component is used. Estimation of the magnitude
of the wind-induced loading (drag force) on buildings provides information

vital for the design.

4.6.1.1 Wind Pressure Coefficients

The pressure coefficient is used to transform the stagnation pressure to a

pressure which accounts for site exposure and building geometry. Pressure
coefficients are dimensionless quantities that define pressure or suction acting

normal to the surface of a building.

A positive value indicates that the wind pressure acts inward, and a
negative value indicates that the wind pressure acts outward, the latter is
referred to as suction. Pressure coefficients are dependent on shape and size of
the building, location on the building surface and angle of attack of the wind.
For rectangular buildings, they depend on the ratio of the two plan dimensions
and on the ratio of the height to each plan dimension. It is not possible to obtain
pressure coefficients using theoretical procedures. In general, the pressure

coefficients increase with increase in relative height of the structure.

To calculate wind load acting on a building frame, the total wind pressure
per unit area will be the sum of pressures acting on the windward side and the
leeward side. This is obtained by multiplying the stagnation pressure by a drag
coefficient, C4 which can be considered as a cumulative pressure coefficient by
taking proper signs of pressure coefficients into account. For instance, if the
pressure coefficient value at a point on the windward face of a building is +0.8
(positive sign means pressure acting toward the surface) and the pressure
coefficient value at an identical location on the leeward face is -0.5 (negative
sign means pressure acting away from the surface), then the drag coefficient
value will be +0.8 - (-0.5) = 1.3.
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4.6.1.2 Time-History of Wind Loading

The time-histories of the wind loads acting on a shear building during the
passage of a wind storm are obtained by summing the mean and the fluctuating
wind loads, and by multiplying the wind pressures by the appropriate tributary
areas. Wind-induced loads on a structure are a function of wind parameters as

well as shape and size of the structure.

Although many studies have been carried out to evaluate turbulent wind-
induced forces on buildings, it is common practice to assume that the wind-
induced drag force increases linearly with increase in wind fluctuating speed,
neglecting the higher order term of the force which is proportional to the square

turbulent wind speed.

The net drag force consists of the resultant over a given body surface of
all components of elemental forces that are aligned with the drag, or along the
wind, direction. The time-varying drag on a body completely enveloped by a
flow is conventionally given by the formula of the along-wind forcing function
[42, 43 and 48].

F=0.5p (V(1)) C; A (4-4)
The wind loading on buildings or buildings at level (x):

F=05p (V(x1)! Cs A (4-5)
where ;

F: dynamic wind load(N)

A: area upon which wind acts (m?)

Cyq: drag coefficient (equal to 1.3 [49])

V (X, t): velocity of the wind at any level (x), at any time (t) (m/sec)
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Consider the difficulty of representing dynamic along wind load in the
Stochastic and random analysis techniques. The best solution is to represent it
in time history method where this method is considered an easy and simplified

deterministic method.

Time history was taken from Krauthammer [1Y] to represent along wind
speed for strong and moderate wind speed shown in Figs. (4-4) and (4-5), the
velocity at any level can be found by using the power law wind formula

equation (4-3). In the present study, part of a recorded strong wind velocity data

(44 sec.) and moderate wind velocity data (47 sec.) are considered.

0r

%)

WIND SPEED (mph)

()L R [ ——— S R
0 10 20 30 4

TIME (Seconds)

Figure (4-4): Digitized strong wind velocity data [43].
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Figure (4-5): Digitized moderate wind velocity data [ £ ¥].

Then these data presented by Krauthammer [£Y] are used to find
equivalent wind time-history in south of Iraqg for both strong and moderate wind

speeds by scaling the maximum wind velocity as shown in Figs. (4-6) and (4-7).
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Figure (4-6): Equivalent time history for strong wind velocity at 10m in south of Irag.
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Figure (4-7): Equivalent time history for moderate wind velocity at 10m in south of Irag.

4.6.2 Static Approach

In this approach wind force is replaced by equivalent static force, in

which two methods could be used:

Method 1: Simplified Procedure (ASCE7-05 section 6.4)
Method 2: Analytical Procedure (ASCE7-05 section 6.5)

Choice of any one from above methods depends on the structural
properties and surrounds environment characteristics. In general, static
approaches are appropriate for all buildings and structures except for buildings
or structures that have geometrically complex shapes, or slender or vibration-

prone or subjected to severe environment conditions [50, ©Y and ©Y].

Here with common shapes steel buildings and with southern Iraq
environment, the static approaches are adequate to determine design wind loads.
In static approaches, the dynamic effect is accounted through the use of gust
factor. Thus analytical approach (method 2) is the most suitable approach to
determine the design wind loadings on high-rise buildings in the south of Iraq,

as method 1 is limited to low rise buildings only.

60



Chapter Four Wind Analysis

4.6.2.1 Validation of South of Irag Conditions for ASCE7-05 Parameters

A. Exposure categories
ASCE7-05 classifies the exposure into three categories B, C, and D depending
on ground roughness and surrounding obstructions. These categories are

summarized in Table (4-3), with their applicability for south of Iraq exposures.

Table (4-3): Exposure categories and their applicability for south of Iraq [7].

Exposure (ASCE7-05) definitions Category Applicability in Misan province

Urban , dense sub-urban and Cities and towns only.

wooded areas, that satisfy : 792 m B Palm trees seldom satisfy the conditions

or 20 H continuous roughness of this category due to their distribution

H: height of building as narrow width lines parallel to rivers
Open terrain C Marshes lands, open country, villages,

grassland and agriculture lands.

B. Buildings Categories

The buildings in south of lIraq can be classified directly into four
categories I, 11, 11l and 1V according to the nature of occupancy as presented by
ASCE?7.

C. Enclosure Classifications

For the purpose of determining pressure of wind (internal pressure
coefficients) all buildings should be classified as enclosed, partially enclosed or
open as follows (ASCE7-05 section 6.5.9):

I. Open building: a building having each wall at least 80 % open, namely:
A, > 0.8 X Ay (4-6)

Where

A,: Total area of openings in a wall receiving positive external pressure

Ay The gross area of that wall in which A, is identified.
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ii. Partially Enclosed Building: A building that compiles with the two following

conditions:

A.>11 X AjorA,>037m?> or A,>0.01 A, smaller (4-7)
And (Aw/Ag) <0.2 (4-8)
Where ;

Aoi: The sum of areas of openings in the exterior walls and roof
(Building Envelope) not included A..
Ag: The sum of gross surface areas of the exterior walls and roof (building

envelope) not included A,.

ii. Enclosed Buildings: A building that does not comply with the requirements

for open or partially enclosed buildings.

D. Height of Buildings

The buildings classified according to their heights to:

1- Lowe-rise Buildings: which satisfy the following two conditions.

a- Mean roof height, h is less than or equal to 18 m (60 ft)

b- Mean roof height, h does not exceed least horizontal dimension (width)

2- High-rise Buildings: all other buildings.

4.6.2.2 Determination of Wind Design Loads by Analytical Procedure of
ASCE7-05 (Method 2)

The wind loads determined by equivalent static methods are based on the
assumption that structural frames and components/cladding behave elastically

in strong winds.
To use this method there are two limitations that should be satisfied:

I. Regular shape buildings
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1. No dynamic wind effects (like vortex shedding or across wind effects)
These conditions are applicable for common buildings and wind characteristics
in the south of Irag. In all codes, wind speed is used to calculate the pressure of

wind on structures by using Bernoulli's equation [50, 51 and 52].
g=0.5p V? (4-9)

Where g = wind pressure, p = mass density of air, v = velocity of air, thus
with p =1.225 kg /m® which corresponds to a temperature of 15 C, Eq. (4-4) is

rewritten as
q=0.613 V* (4-10)

The above pressure is called velocity pressure or dynamic pressure or

stagnation pressure, in ASCE7 and here it will be called velocity pressure.

For design purposes, the velocity pressure at any height z is calculated by
the following equation (ASCE7-05 section 6.5.10):

0, = 0.613 K, Ky Kq V1 (N/m?) (4-11)
where ;

K, = Velocity pressure factor

K, = Topographic effect factor

Kq = Wind directionality factor

Kgq = 0.85 for all buildings

| = Importance factor

These factors are determined as follow:

A. Importance Factor, |

This factor accounts for the degree of hazard to human life and damage to
property. Importance factor is determined from Table (4-5) (Table 6-1 of
ASCE7-05) which depends on building category that defined in Table (4-4)
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Table (4-4): Importance factor, | (Table 6-1 of ASCE7-05).

Non-Hurricane Prone Regions

Category | and Hurricane Prone Regions with Hurricane Prone Regions with V

V = 85-100 mph > 100 mph
| 0.87 0.7
I 1.00 1.00
I 1.15 1.15
v 1.15 1.15

B. Topographic Factor, Kzt

This factor accounts for greater wind speed if the structure is located on a

hill (elevated site). It’s computed by the following equation:
Ka=(1+Ky+Ka+Ks)* (4-12)

Where Ky, K, and Kj; are determined from Fig. (6-4) of ASCE7-05

Kzt = 1.0 for structures located on level ground. (4-13)
As the south of Iraq mostly flat terrain, thus always Kzt= 1.0, except for elevated
ground or hills at the east (Humreen Hills) parallel to Irag-Iran borders, which

may have oil or industries activities in future.

C. Velocity Pressure Factor, Kz

This factor depends on building height and exposure category as in Table
(4-2), which reflects the variation of wind speed with elevation and with a
roughness of site ground. Kz factor could determine using Table 6.3 of ASCE7-

05 or use the following equations:

For4.6m<Z<Z, — K,=2.01 (Z/Zy) ** (4-14)
Forz<46m — K,=2.01(4.6/Z)*" (4-15)

Kh = Kz at z = h, where h is mean roof height. Where zg and o are

determined from Table (4-5) depending on exposure category. zg is called
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gradient height and represent the height after which the wind speed does not

affect by distance (height) from the ground.

Table (4-5): Values of z; and o for each exposure category [7].

Exposure Category Zg,m a
B 366 7

274 9.5

213 115

D. Gust Effect Factor, G

Gust factor accounts for the additional loading effects of wind turbulence
over the basic wind speed and dynamic amplification of structures. As the basic
wind speed is based on a 3-second gust, thus these gust adjustments (gust

factor) reduce the effect of an assumed distributed load over a large surface.

The gust factor is applied to account the dynamic effects of winds, thus to

compute this factor G it should be specified if the structure is rigid or flexible.

Flexible structures are dynamic sensitive structures with a fundamental
natural frequency less than 1 Hz (or time period, T > 1 sec). This analytical
procedure is applicable for regular shapes flexible structures, but irregular
shapes flexible structures and severe wind conditions should be designed by
wind tunnel procedure [52, 53]. Rigid structures are structures with a
fundamental natural frequency greater than 1 Hz (or time period, T < 1 sec),
which mean that rigid structures are away from resonance phenomenon,

massive structures are a clear example.

For design calculations, the structure is assumed rigid if the ratio of height to
least horizontal dimension (width) not exceeding 4 [7] i.e.

H (Height)

_ — Rigid Structure (4-16)
B (Width)
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thus most multi story steel buildings in south Iraq could be considered as rigid
structures. Thus for Rigid Structures gust factor is:
Gust Factor = G = 0.85 according to ASCE7-05.

4.6.2.3 Wind Pressure, P

For rigid buildings the wind pressure is determined from the following

equations:
1- For Windward Side:
P=gz x G x Cp - gh x GCpi (4-17)

2- For Leeward Side:

P=gh x G x Cp - gh x GCpi (4-18)
For all cases

p > p min, p min =0.48 KN/m (4-19)
Where

gz = Velocity pressure height (z)

gh = Velocity pressure height (h)

gh = gz evaluated at z= h. (4-20)
G: Gust effect factor.

Cp: External Pressure Coefficient.

GCpi: Internal pressure Coefficient.

The above coefficients are determined as follows:
A. Internal Pressure coefficient (GCpi)

This factor is determined from Table 6-5 of ASCE7-05, GCpi = £18 for

enclosed buildings.
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B. External pressure coefficients (Cp)

This factor is determined from Fig. (6-6) of ASCE7-05, in which fives

values for Cp are presented: Cp for Windward walls, Cp for Leeward walls.

4.6.2.4 Wind Force (F) on Structural Frames

For analysis purposes the wind pressures assumed to be applied to the
gross area of the vertical projection of walls, in general the wind pressures are
assumed to be applied to projected area of building perpendicular to the wind

direction. Thus wind force is calculated from the following equation:

F=PXA —— (4-21)
Where
A: is the projected area perpendicular to the wind direction.

The analysis of multi-Story building is accomplished by computer
structural programs, we use software (SAP), this software is commonly based
on finite element method to idealize the structure in which all forces should be
subjected at nodes or members (or elements) by transformed to forces through

multiplying by area upon which wind acts on the building.

4.6.2.5 Summarized Steps of Analysis Static Wind Loads Calculation

Procedure
The steps of calculation wind speed on steel building are listed below [V].

1- Determine the exposure category B, C or D according to Table (4-3).
2- Determine building classifications I, 11, 111 or IV according to ASCE7-05.

3- Determine enclosure classification open, enclosed or partially enclosed Egs.
(4-6) to (4-8).

4- Determine the basic wind speed.

5- Determine the velocity pressure (gz or gh) from Eq. (4-11) in which the
factors are determined from:
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a- Directionality factor, Kd =0.85

b- Importance factor I, from Table (4-4).

c- Topography factor, Kzt =1.0

d- Velocity pressure coefficients Kz and Kh from Eq. (4-14) and
Eq. (4-15)

6- Determine whether the building rigid or flexible, from Eq. (4-16)
7- Determine Gust effect factor G, for rigid building G = 0.85

8- Determine design wind pressure, p from Eqgs. (4-17), (4-18) and (4-19), in
which the pressure factors are determined as follow:

a- Internal pressure factor, GCpi.

b- External pressure factor, Cp (for windward sides, leeward sides,) from Fig.
(6-6) of ASCE7-05.

9- Determine the force, F on building, from Eqg. (4-21).

10- Apply the wind forces on members and transformed to nodes of members or
elements by using software (SAP).

4.7 Dynamic Wind Load Calculations

Based on scaled time-histories of wind velocities for both strong wind
(42m/s) and moderate wind (21 m/s), The dynamic wind loads on building are
calculated by equation (4-5) in which the time-histories amplitudes change
with height on each level of storey via equation (4-3), namely for each story

then is specified time history.

Thus according to equation (4-5) the wind velocities are converted to
forces by multiplying by projected area for each story, then the calculated per
story is divided equally along nodes of projected face and modeled it as joint.
Time-history load in SAP V2000 software. The dynamic wind analysis is based
on the following data: Cq: drag coefficient 1.3 [49], a: power-law coefficient,

commonly 0.16 [47], time step for load application 0.01. The variation of static
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strong wind speed with height of the building, 19m is shown in Fig. (4-8).
While the time-history of wind forces due to strong and moderate speeds at
third story showed Figs. (4-9) and (4-10) respectively. Which showed that the
shape of time-histories of wind velocities and forces are slightly different due to

nonlinear variation of velocity with height according to power law.
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Figure (4-9): Dynamic strong wind loads for third floor.
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Figure (4-10): Dynamic moderate wind loads for third floor.

4.8 Static Wind Load Calculations

The results of the static wind pressure are obtained from Dawood [V].
Wind load along the building is summarized in Fig. (4-11) as pressure units for
south of Iraq, which can be easily to transformed to forces through multiplying
by area upon which wind acts, then divided to numbers of nodes to become
forces distribution on nodes. These pressures for 19m height (six stories), the
static wind analysis pressures quantities is based on the following data:

1- Exposure: The building is located in Amarah City (Urban area) so Exposure
B is used.

2-Importance factor, 1=1.0

4- Basic wind speed, V =42 m/s

5- The buildings are considered rigid building, namely H/B<4. Since the ratio of
height to least horizontal dimension is less than 4, the fundamental natural is is
judged to be greater than 1Hz, G = 0.85

6-Topography factor, Kzt = 1.0

7- Directionality factor, Kd = 0.85
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Figure (4-11): Static wind pressures data [V].

4.9 Structural Tolerances for Wind Load

According to BS 8110-Part 2: 1985 [54] the maximum allowable
displacement is calculated as h/500, where h is the storey height for single story
building. h=19m, h/500=38mm, should be the maximum top displacement (drift

story) less than from this limitation, building is safe from wind load.
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CHAPTER 5

APPLICATIONS, RESULTS AND DISCUSSION

5.1 Introduction

This chapter, modal, static and dynamic (time-history) analysis
techniques are used to analyze the steel building models by using SAP2000 V16
software. In time-history analysis method, the numerical model is subjected to
full range of loads patterns for the entire duration of wind by using wind

dynamic records that represent the expected wind in south of Irag.

The critical values of results are obtained by some operations between
Sap and Microsoft Excel programs. As the loads are time-dependent which
changes abruptly and the response of the structure is required at specific time,

therefore, the solution is analyzed in multiple load steps.

SAP V2000 is high-quality structural analysis program which provides
powerful analysis capabilities targeted at structural applications. SAP2000 is a
general purpose finite element program which performs the static or dynamic,
linear or nonlinear analysis of structural systems and design program for three

dimensional structures.

The application has many features for solving a wide range of problems
from simple 2-D trusses to complex 3-D structures. Creation and modification
of the model, execution of the analysis, and checking and optimization of the
design are all done through this single interface. Graphical displays of the
results, including real-time animations of time-history displacements, are easily
produced [55].
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5.2 Verification Strategy

Three steel buildings of 3, 9 and 20-storey were designed by Brandow
and Johnston Associates for SAC Phase Il Project. Although not actually
constructed, these structures meet seismic code and represent typical low-
medium steel buildings designed for Los Angeles, California region Khalaf [¢7]
and Ohtori [°Y].The specifications for each of these buildings can be found in
many references Luco [°A] and Gupta [¢%]. The 3-storey benchmark steel
structure is chosen for verification the performance of used analysis software

and modeling validity for steel structures.

The three-storey benchmark steel building (SAC3) contains four bays in
the N-S and six bays in E-W directions. The bays are 30 feet (9.15m) from
center to center, in both directions, and then the total dimensions of the building
are 36.58m by 54.87m in plan. Typical floor-to-floor heights measured from
center of beams are 13 feet (3.96m), and then the total height of the building is
11.89m. The column bases are modeled as fixed at the ground level. The
columns of the moment-resisting frame (MRF) are wide-flange of different
sections. The seismic mass of the structure is due to various components of the
structure, including the steel framing, floor slabs, ceiling/flooring,
mechanical/electrical, partitions, roofing and a penthouse located on the roof.
The seismic mass of the first and second levels is 9.57*10° kg and the third level

is 1.04*10° kg. The structural details are summarized in Fig. (5-1).

The building is modeled and analyzed using SAP 2000 V16 program. The
obtained result from analysis for fundamental natural time period is 0.97979
sec. This value is compared with the results of Ohtori [57] and Luco [58], which
are 1.02 and 1.03 sec respectively. The ratio of result of worked study to result

of Luco [58] (which is outmost value, i.e.1.03) is 0.95. The results show that
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there is a good coincidence between the results of the considered references and

the used program.

# NOTES A

Beams (248 MPa):
beam sizes as indicated in figure.

Building Plan
Columns (345 MPa):
column sizes same throughout elevation. I—‘ ——
Restraints:

columns fixed at base. I

Connections:
~ ) indicates a moment resisting connection; I

- - indicates a simple (hinged) connection. E a | N I
Dimensions: I I

all measurements are center line. -
floor- to - floor heights 3.96m (13 - 0);

bay widths (all) 9.15m (30 -0).

Seismic Mass:
including steel framing, for both N-S MRFs;
nL

1 st - 2nd levels 0.57%10” kg; —H— I
3rd level 1.04*10 kg A
9 entire structyre 2.95%10 kg. y
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(b) N-S elevation.
Figure (5-1) Structural details of the three-storey (SAC3) steel building [56].
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5.3 Structural Modeling

5.3.1 Structural Configuration

The structural frame model from Rackauskaite et al. [60] is used in this
study. The AISC standard is considered in the design of the steel structure and
ASCE/SEI 7-10 used to evaluate the applied live load.

The studied models are analyzed by linear and nonlinear time-history
analysis using direct integration solution while geometric nonlinear parameters

are included via P-delta effect.

In this study six storey steel building with 19m height is considered. Thus
has similar plan dimensions in xy plane of 30x30m. The building has six bays in
both x-direction and in y-direction each bay is (5 m x 5 m) center to center as
shown in Fig. (5-2).

Assuming steel sheet deck with w-shape beam resting on the steel beams.
Deck and beam structural system is supported on the steel columns. Typical
floor to floor heights measured from centers of beams, is 4 m for the ground
floor and 3m for the other storeys as shown in Fig. (5-3). The column bases are

modeled as fixed at the ground level.

The mass of each element is assumed to be concentrated at the nodes. The
distribution of element mass is equally divided between nodes. The mass of the
structure includes the applied dead load, including the self-weight, and live
load. The mass is equal to the weight defined by the dead and live load divided
by the gravitational acceleration (g). Assuming all the dead load and only 50%
of the live load are considered. All the beams and columns members in the

studied buildings are W-shape shown in Table (5-1).
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Table (5-1): Cross section properties of building members.
NO. level Z(m) beam section | column section
1 4 W 14x38 W 18x106
2 7 W 14x39 W 18x106
3 10 W 14x40 W 18x106
4 13 W 14x41 W 16x36
5 16 W 14x42 W 16x36
6 19 W 14x43 W 16x36
|—{5 = (&) o) :
=

Figure (5-2): X-Y Plan diagram of steel framed building.
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Figure (5-3): X-Z Plan diagram of steel framed building.

5.3.2 Applied Loads

The steel buildings are analyzed for dead, live, and static and dynamic

wind load:
A. Dead load:

The dead load includes the weights of materials, equipments or
components that remains constant throughout the structure's life. In addition to
the self —weight, the roof dead load is taken as (4kN/m?2). Assuming steel deck

slab resist on W-shape beams.
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B. Live load:

The live load includes any weight which is superimposed on, or
temporarily attached to a structure (people, machinery and equipment, furniture,
appliances, etc. From ASCE/SEI 7-10, live load is taken as (6kN/m?) for

industrial building.

C. Static wind load:

The static wind loads on the building is obtained from Dawood [Y], which
presented in design table static wind pressures on buildings in south of Irag. He
calculated wind loads according to ACSE 7-10 standards and the present

building static wind loads per elevation is shown in Table (5-2).

Table (5-2): Static wind load on building per elevation [V].

NO. level | Z(m) Pressure (kN/m?) | Area (m?) | Force (kN) | Nodel Force (kN)
1 4 0.6 105 63 9
2 7 0.738 90 66.42 9.49
3 10 0.78 90 70.2 10.03
4 13 0.818 90 73.62 10.52
5 16 0.848 90 76.32 10.90
6 19 0.88 90 79.2 11.31

d. Dynamic wind load:

As mentioned in chapter 4, two dynamic wind records are used in the
present study ,the strong wind of maximum wind speed 42m/s ,and the moderate
wind speed 21m/s. These winds represented by time history method as applied
loads on nodes for each storey in x- direction during 50 and 45sec for moderate

and strong dynamic wind loads, respectively.
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5.3.3 Material Properties

The properties of material of steel before fire used for both beams and
columns is presented in Table (5-3) while the steel properties after fire
presented in Table (5-4) in which there is reduction in yield stress and modulus
of elasticity due to fire as mentioned in chapter 3 section 3.10. Constant
damping ratio of ({ = 0.02)[4] is assumed o and p are coefficients representing
mass and stiffness proportional damping 0.046 and 0.008 respectively [61]. The

stress-strain curve for steel after fire is shown in Fig. (5-4).

Table (5-3): Steel properties before fire.

Item Description Unit Value

Fy Minimum yield stress Ksi / Mpa 36 /250

Es Modulus of elasticity GPa 210
ps Density KN/m3 77
VS Poisson’s ratio _— 0.3

Strain (infin)

RE.0

440 ‘ v \

330_: /

22IEI_§ \
11.EI; \
\

-1‘IIEI \
. \

22072 \

Stress (Kip/in2)

-33.0‘5 \ P /
44,0 o

_55 [ I I | IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-2%1 76, 1320 83 44 0. 44, 88 132 176 220, #10°3

Figure (5-4): Stress-strain curve after fire reduced 10% from original.
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Table (5-4): Steel properties after fire.

Item Description Unit Value
Fy Minimum yield stress Ksi / Mpa 32.4 1225
Es Modulus of elasticity GPa 189
ps Density KN/m3 77
VS Poisson’s ratio _ 0.3

5.3.4 Post-Fire Buildings Configurations

Three cases were studied, Case FO is the state of the building before being
exposed to fire but within the influence of gravity and wind loads. While the
cases (Case F1 and Case F2) states of the building after fire occurred, namely
cool back Case F1 the fire was on storeys third to sixth in the center four bays
as shown in Fig. (5-5), while Case F2 a fire was from the first to the third in the
corner of the building, as shown in Fig. (5-6). The data of the deformations
were taken from lua, et al. ['Y] which is for approximately 550°C temperature
and these values are reduced from bottom in place of fire to top of building. In
the present study a fully, half and quarter deformations is used to know the

behavior of the building after a fire. The fire deformations divided into two

Table (5-5): Deformations after fire [13].

Member Types | Quantity | Deformation Types Value
Column Fully (A) Displacement L/60
Column A2 Displacement L/120
Column A/4 Displacement L/240

Beam Fully (A) Deflection L/240
Beam A2 Deflection L/80
Beam A/4 Deflection L/160

component the first is deflection that is including the bent of beam after fire at

the building on the fire area in the storeys that included fire while the second
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component after fire is call a displacement of column under the effect of fire

and they values of these deformations are presented in Table (5-5).

Y Plane | v | [ xZPane | v

o 9 6 ¢ 0 ¢ 9
¢ ¢ 8 8 8 ¢ 4§

e

Figure (5-5): Fire in Case F1.
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Figure (5-6): Fire in Case F2.
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5.3.5 Measurements

In the present study the following quantities are used for the sake of the
comparison between different cases in this study.
1. Maximum base shear x-direction.
2. Maximum base bending moment y-direction.
3. Maximum drift ratio x-direction: Relative difference of design displacement
between the top and bottom of a storey, divided by the storey height.

4. Maximum stresses, axial stress (Si1), bending stress (S12) and shear stress
(S13) (beam and column).
5. Maximum bending moment (M33), Maximum axial force (P), shear force

(V2) and displacements x-direction (Ux).

5.4 Analysis Metrology

The Multi-storey steel buildings of 19m height under the action of wind
static and dynamic forces are analyzed before and after fire for three cases
(Case F1 and Case F2) with different bays and stories fire (Case F1 and Case
F2).

The static wind load obtained from Dawood [7] which includes static
wind pressures for each floor in south of Iraqg, while the dynamic wind load
using time-history analysis technique which includes two types of wind (strong

and moderate wind load).

Analysis is adopted, using linear and nonlinear direction integration with

p-delta effect using the finite element analysis of SAP v2000 16 software.

The response of buildings are investigated through several measurements
such as the storey displacement, maximum joint displacement in x direction,
storey drift, maximum base shear in x-direction and the fundamental natural

frequency etc.
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5.5 Analysis Cases

To investigate the behavior of steel building before and after fire and also
to study the effect of wind on structure, the following cases are considered:
1: Casel Free vibrations analysis.
2: Case2 Static versus dynamic analysis.
3: Case3 Wind speed effect on dynamic response strong versus moderate.
4. Case4 Linear and nonlinear dynamic analysis effect.
5: Case5 Post-fire analysis, fully deformation (A).
6: Case6 Post-fire analysis fully deformations (A) versus quarter of deformities
(0.25 A), Case F1.
7: Case7 Post-fire analysis fully deformations (A) versus half of deformities
(0.5 A), Case F1.

5.5.1 Casel Free Vibrations Analysis

The free vibration analysis of any structure is very important to predict
the natural frequencies and mode shapes of the structure. The free vibrations
analysis is based on comparison the results of three cases (Case FO, Case F1 and
Case F2). The results of natural frequencies are presented in Table (5-6) while
the mode shapes of the first and second modes for the three cases are presented
in Figs. (5-7) to (5-10). It's found that there is slightly difference between the

natural frequency and mode shapes of the buildings, (wn, @n) for the three Cases

(Case FO, Case F1 and Case F2). The natural vibrations properties o, and T,
depend only on mass and stiffness of structure. The mass consists of dead load
and 50% live load before and after fire are the same, while the stiffness EI is
slightly changed due to slight reduce in modulus of elasticity E after fire by
90% of that before fire which explain the slightly differences be natural

frequency before and after fire.
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Table (5-6): Natural frequency for first 10 modes before and after fire.

Analysis Type StepNum Case FO Case F1 Case F2

OutputCase Model CircFreq | CircFreq CircFreq
Text Unitless Hertz Hertz Hertz
Free vibrations model 1 0.272 0.289 0.269
Free vibrations model 2 0.318 0.313 0.329
Free vibrations model 3 0.403 0.399 0.397
Free vibrations model 4 0.506 0.461 0.473
Free vibrations model 5 0.511 0.500 0.490
Free vibrations model 6 0.553 0.518 0.517
Free vibrations model 7 0.620 0.586 0.580
Free vibrations model 8 0.622 0.608 0.600
Free vibrations model 9 0.675 0.663 0.650
Free vibrations model 10 0.699 0.679 0.661

A R T R A
VAN AR AR AN AN AN

Figure (5-7): First mode shapes @n Case FO.
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Figure (5-8): First mode shapes @n Case FL1.

Figure (5-9): First mode shapes @n Case F2.

85



Chapter Five Applications, Results and Discussion

Figure (5-9): Second mode shapes @n Case FO.

Figure (5-10): Second mode shapes @n Case F1.
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Figure (5-10): Second mode shapes @n Case F2.

The wind force frequency could be approximately obtained from time-
history of wind, similar to that shown in Fig. (5-11) using the following

equation (5-1).

27

U =—
T

(5-1)

Figure (5-11): Sine wave properties.
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The average natural Force frequency w obtained is about 0.360 (Hertz) which
lies between mode 2 and mode 3, so the building may face critical deformation
that follow mode 2 or 3 especially in Case F2 which natural frequency is 0.329

Hz for mode 2 and 0.397 Hz for mode 3. But in all cases there is no resonance

phenomenon because m, # @ for all modes.

5.5.2 Case? Static versus Dynamic Analysis

In this case, the effect of dynamic wind loads (strong) was studied and
compared with the effect of static wind loads for Case FO for nonlinear analysis
with P-Delta effect. The similarity face of the comparison was dependent on
both strong and static wind based on basic wind speed, V = 42 m/s at 10m

above ground.

5.5.2.1 Base Shear in X-Direction for Case FO

From the Fig. (5-12) and Table (5-7) it can be seen clearly that the
maximum base shear of Case FO due to dynamic strong wind that equal to
763kN while the maximum under the effect of static wind is equal to 429kN
from summation forces of wind in x direction, the difference between them is

44% because the strong wind loads in specific time greater than static wind

loads.
TIME Legend

o

-80.
160, Iﬁ
240, A
\1 2
400, i ’ ¥ E
w -
s WAL T
6404 v IYAWN
7207 YV [N [ (37.02.-76207)

50 100 150 200 250 300 350 400 450 500 BT

Figure (5-12): Base shear x-direction strong wind for Case FO.
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Table (5-7): Base shear x-direction for Case FO.

Output Case Base shear x Case FO
Text kN
Strong wind (dynamic) 763
Static wind 429

5.5.2.2 Base Moment in Y-Direction for Case FO

In Table (5-8) and Fig. (5-13) show the results of the base moment in y-
direction, the maximum value under the effect of strong dynamic wind load is
equal to 10170kN.m while the maximum value due to static wind load equal to
5598.4kN.m for Case FO, the difference between them is 44% because the

dynamic characters of strong wind loads which same impulses its.

Table (5-8): Base moment y-direction for Case FO.

Output Case Base moment y Case FO
Text kN.m
Strong wind (dynamic) 10170
Static wind 5598
P TIME Legend-
12
0.0
127
247 o
367 ﬁ E
367 " g
487 | 2
3 ¥ Qo
so7[h I &
7270l A / Al
28 VIMWASNAS
96 YV N ¥ | (0.00,42414)
50 100 150 200 250 300 350 400 450 500 ok |

Figure (5-13): Base moment y strong wind for Case FO.
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5.5.2.3 Maximum Drift Ratio in X-Direction for Case FO

The comparison between static wind load and dynamic strong, wind load
for Case FO in drift ratio x-direction for six storeys give the results shown in
Fig. (5-14), these results showed that the maximum values due to strong
dynamic wind load is 1.4% in last storey while the maximum value under the
effect of static wind load equal to 0.57% in last storey, the difference between
them is 56% because the dynamic characters of strong wind loads which same

impulses its.

4 6 A

Story NO.

=4—Strong wind

--Static wind

1 i i i | i i i i | i i i i |
0.00 0.50 1.00 1.50

Drift ratio (%)

Figure (5-14): Drift ratio % vs. storey no. for Case FO.

5.5.2.4 Maximum Stresses (S11, S12 and S13) for Case FO

The stresses results from this analysis shown in Table (5-9), The
maximum axial stress (Si1) under the effect of dynamic strong wind occurred
on the fourth storey equal to 231164kN/m? and the same storey for maximum

static wind but the value is 218749.8kN/m2. Namely the difference is 5% .The
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maximum bending stress (S12) of 56883kN/m? due to dynamic strong wind
occurred on the last storey also approximately the same values and location for
static wind. And the maximum shear stress (S13) under the effect of strong wind
happened on the last storey equal to 13515kN/m2 same storey for maximum
static wind but the value is 13446.8kN/m?, the difference between them is 0.5%.
It’s found that there is very little difference between dynamic and static in

stresses.

Closed values for axial stresses (Si1) between static and dynamic is
observed due to the axial stress depend on gravity load in column, as shown in
Fig. (5-15) while the maximum distribution of bending and shear stresses (S12
and Si13) are similar between dynamic strong and static wind load in the fourth,
fifth and sixth storeys but slightly difference on the first, second and third
storeys as shown in Figs. (5-16) to (5-17).

The maximum (S11) happened in column while maximum of (S12 and S13)
occurred in beam. When the stress becomes equal or greater than to the yield
stress of the material Fy, yielding of the material will occur (failure) (i.e. S <
Fy). According to Table (5-9), the maximum stresses is axial stress (S11) for
Case FO equal to 231164kN/m? is less than yield stress (Fy) before fire, so

building is safe.

Table (5-9): Maximum stresses for Case FO.

Strong Wind CaseF0 Static Wind CaseF0
Story NO. S13 S12 S11 S13 S12 S11
Text kN/m? | kN/m? kN/m? kN/m? kN/m? kN/m?
1 12630 | 53643 | 149880 12350 52428 144267

12895 | 54749 | 133057 12593 53471 125043
12915 | 54890 | 134090 12629 53670 130634
13245 | 55923 | 231164 13211 56066 218749
13118 | 55283 | 221303 13062 55356 210521
13515 | 56882 | 202866 13447 56925 196129

SOl lWIN
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Story NO.

=4—Strong wind
~-Static wind

1 | | | |
112000 142000 172000 202000 232000 262000

Axail stress, $11 (kN/m?)

Figure (5-15): Axial stress vs. storey no. for Case FO.

Story NO.

=—Strong wind

-f-Static wind

52000 53000 54000 355000 56000 57000 58000
Bending stress, S12 (kN/m?)

Figure (5-16): Bending stress vs. storey no. for Case FO.
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Story NO.

3 —4—Strong wind

--Static wind

1 1 1 1 |
12000 12500 13000 13500 14000

Shear stress, S13 (kN/m?)

Figure (5-17): Shear stress vs. storey no. for Case FO.

5.5.2.5 Maximum Bending Moment, M33 for Case FO

It can be seen the results of bending moment in Table (5-10), the
maximum bending moment under the effect of dynamic strong wind load in the
third storey on beam equal to 136kN.m while the maximum bending moment
due to static wind load in the same storey on beam equal to 128kN.m as shown

in Fig. (5-18), the difference between them is 6% namely slightly differences.

Table (5-10): Bending moment per storey no. for Case FO.

Case FO Strong Static
Story No. M33 M33
Text kN.m kN.m

1 129 121

2 136 127

3 136 128

4 130 123

5 132 128

6 112 112
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Story NO.

3 ——Strong wind

—-Static wind

1 E | | | |
100 110 120 130 140

Bending moment, M33 (kN.m)

Figure (5-18): Bending moment vs. storey no. for Case FO.

5.5.2.6 Maximum Axial Force and Shear Force for Case FO

The maximum axial force and shear force results from this analysis are
shown in Table (5-11), the maximum axial force (compression) in column under
the effect of both dynamic strong wind loads and static wind loads is occurred
in the first storey with value of 3120kN, namely there is no difference between
them due to the axial forces depending on gravity load. It noted the axial forces
decreasing with increasing number of storey because the axial force in specific
storey is result from summation axial forces in all upper storeys, so the

maximum happened in first storey as shown in Fig. (5-19).

The maximum shear force in beam under the effect of both dynamic
strong wind loads and static wind loads in sixth storey equal to 144.5KN,
namely there is no differences between them. But it is found that shear forces

due to dynamic strong and static wind loads approximately are the same in the
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fourth, fifth and sixth storeys but there is simple variation on the first, second
and third storeys as shown in Figs. (5-20), because the similarity and difference
of the forces of the dynamic strong wind at a specific time with a static wind

when both types of wind are maximum.

Table (5-11): Maximum axial force and shear force for Case FO.

Case FO Strong wind Static wind
Story No. V2 P V2 P
Text KN KN KN KN
1 136 3120 133 3121
2 139 2602 135 2603
3 139 2091 136 2092
4 142 1575 142 1576
5 140 1050 140 1051
6 144 528 144 528
B Strong wind O static wind
3500
3000
2500
3
2000
g
£
= 1500
£
1000
) I
0 ]
& 5 4 3 2 1
Story NO.

Figure (5-19): Axial force vs. storey no. for Case FO.
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( A

Story NO.
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x ~-Static wind

130 135 140 145

Shear force, P (kN)

Figure (5-20): Shear force vs. storey no. for Case FO.

5.5.2.7 Maximum Displacements in X-Direction for Case FO

It's found that the displacement in x-direction is increasing with
increasing height under the effects of wind loads. The maximum displacement
under the effect of dynamic strong wind loads happened in last storey equal to
19.5mm while maximum displacement due to static wind loads for the same
storey 7.9mm with 60% difference because the dynamic characters of strong
wind loads which same impulses its as shown in Fig. (5-21). The results shown
in Table (5-12).

According to BS 8110-Part 2:1985 the maximum allowable deflection is
calculated as h/500, where h is the total height of building. Therefore, maximum
allowable displacement value for building height of 19m is 38mm. The

maximum value of displacement in serviceability limit condition obtained for
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dynamic strong wind loads from the finite element 3-D model of SAP 2000.Pro
IS 19.5 mm is less than allowable (38 mm) for criteria failure, so the building in

safe in both cases.

Table (5-12): Maximum displacement in x-direction for Case FO.

Case FO Strong Static
Story No. Ux Ux
Text mm mm
1 sl 1.48
2 6.78 2.78
3 10.57 4.34
4 14.37 5.63
5 17.25 6.65
6 19.50 7.89
4 6 N\
5
o 4
4
e
§ 3 —4—Strong wind
- Static wind
2
1 |
0 5 10 15 20 25
Displacement, Ux (mm)
_ J

Figure (5-21): Maximum displacement vs. storey no. for Case FO.
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5.5.3 Case3 Wind Speed Effect on Dynamic Response Strong Vversus

Moderate

In this case, the effect of speed and its time history configurations on
dynamic response of building is considered via strong and moderate wind effect
on a building Case F2 using nonlinear analysis with P-Delta effect where strong
and moderate wind based on basic wind speed of V =42 m/s and V = 21 m/s

respectively at 10m above ground.

5.5.3.1 Base Shear in X-Direction for Case F2

The maximum base shear due to strong wind loads arrived to 847.2kN
while for moderate wind loads equal to 287.7kN as shown in Table (5-13), the
difference between them is 65% because the greater strong value of speed,
compared to moderate wind speed. It's found that the moderate wind time-
history has a high oscillation and less time period in cycles also the top of the
cycle is sharp and compared with strong wind time-history as shown in Figs.(5-

22) and (5-23). This reflects the importance of estimation accurate dynamic

wind speed.
Table (5-13): Maximum base shear in x-direction for Case F2.
Output Case Base shear x
Text kN
Strong wind 847
Moderate wind 288
TIME Legend
100. 3
0.7
00, 3§
-200. _ 3 = 7 ] i E i T b B S A o >:
- e s [ 2
soo. IR A TR R L AA 3 Y, 2
-600._3 ¥ ‘M‘\JV\{V\F Arh e 7 v
4800:_2 = o =l [ (S013E-01 _1638]
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Figure (5-22): Maximum base shear due to strong wind for Case F2.
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Figure (5-23): Maximum base shear due to moderate wind for Case F2.

5.5.3.2 Base Moment in Y-Direction for Case F2

Similar to base shear, the maximum base moment due to the strong wind
Is 12302kN.m while 3097.7kN.m under effect of moderate wind as shown in
Table (5-14), the difference between them is 75% because the strong wind
speeds greater than moderate wind speeds. So the differential between them a
clearly in Figs. (5-24) and (5-25) below. This also reflects the importance of

estimation accurate dynamic wind speed.

Table (5-14): Maximum base moment in y-direction for Case F2.

Output Case Base moment y
Text kN.m
Strong wind 12302
Moderate wind 3098
AT TIME Legend
152
0.07
157
- . N 2
=21 1ahy a Al : / -
25 T INAN ARAA T, ﬂ\/'\' NI E
=0 YNY Y TTVUNAR VA AN
105 | R u L Bl T
1207 - [ (3793.143534)
"'s0 100 150 200 250 300 350 400 450 500 [ ok__|

Figure (5-24): Maximum base moment due to strong wind for Case F2.
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Figure (5-25): Maximum base moment due to moderate wind for Case F2.

5.5.3.3 Maximum Drift Ratio in X-Direction for Case F2

From Fig. (5-26) the drift ratio for Case F2 in x-direction after fire due to
strong wind load is 1.41% in last storey while the maximum value of moderate
wind load equal to 0.36% in the same storey, the difference between them is
70% because the strong wind speeds greater than moderate wind speeds. It can
be seen that the drift ratio on the first and second storeys are increased as

compared with upper storey due to the fire deformation.

/

6 /
5 /
o 4
= /
oy
§ 3 ——Strong wind
—i— Moderate wind
2
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0] 1 2
Drift ratio (%)
e _/

Figure (5-26): Maximum drift ratio due to strong and moderate wind for Case F2.
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5.5.3.4 Maximum Stresses (S11, S12 and S13) for Case F2

From stresses results shown in Table (5-15), The maximum axial stress
(S11) due to strong and moderate wind occurred on the fourth storey is equal to
266897, 252792.5kN/m? respectively, the difference between them is 5% while
the maximum bending stress (S12) for effect of strong and moderate wind
occurred on the first storey with 75416.66, 71571kN/m? respectively, the
difference between them is 5%. The maximum shear stress (S13) due to strong
and moderate wind occurred in the first storey equal to 46929, 44787kN/m?

respectively, the difference between them is 5%.

It’s found that there is slightly difference between strong and moderate
wind after fire in all stresses as shown in Figs. (5-27), (5-28) and (5-29). But
there is less agreement between results in first three storeys due to post-fire

deformation in there storeys.

The maximum stresses are the axial stress (S11) due to both strong and
moderate wind loads obtained from the finite element 3-D model of Sapv2000
software namely 266897,252792kN/m? respectively, are more than yield
stress(Fy) after fire, so building is not safe. Also It’s found that the stresses for
both of winds strong and moderate wind in the same direction of wind effect

grater then fy in fourth, fifth and sixth storey on beam.

Table (5-15): Maximum stresses for Case F2.

Strong Wind CaseF2 Moderate Wind CaseF2
Story NO. S13 S12 S11 S13 S12 S11
Text KN/m2 | KN/m2 KN/m?2 KN/m?2 KN/m2 KN/m?2
1 46929 | 75416 223839 44787 71571 199235

41862 70159 177228 41865 69841 172401

40310 | 69476 163327 39073 67138 149731

13287 56212 266897 13249 56067 252792

13166 | 55543 250315 13127 55494 237787

oo bl

13528 | 56968 229953 13503 56952 222972
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Story NO.
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i =-Moderate wind

1 E | | | |
112000 147000 182000 217000 252000 287000
Axail stress, S11 (kN/m?)

Figure (5-27): Maximum axial stress due to strong and moderate wind for Case F2.

Story NO.

3 ~4—Strong wind
- -3 Moderate wind

1 E | |
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Bending stress, $12 (kN/m?)

Figure (5-28): Maximum bending stress by strong and moderate wind for Case F2.
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Figure (5-29): Maximum shear stress due to strong and moderate wind for Case F2.

5.5.3.5 Maximum Bending Moment, M33 for Case F2

The results of bending moments are listed in Table (5-16). The
maximum bending moment under the effect of strong wind load is located in
first storey on a beam equal to 174.5kN.m while the maximum bending
moment negative due to moderate wind load is in the same location equal to
155kN.m as shown in Fig. (5-30), the difference between them is 11%. It's
show slight difference between them due to the strong wind loads in specific

time greater than static wind loads.

Table (5-16): Maximum bending moment for Case F2.

Case F2 Strong Moderate

Story No. M33 M33
Text kN.m kN.m

1 175 155

2 145 135

3 143 122

4 135 119

5 134 126

6 113 112
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Figure (5-30): Bending moment due to strong and moderate wind for Case F2.

5.5.3.6 Maximum Axial Force and Shear Force for Case F2

The maximum axial force and shear force results from this case is shown
in Table (5-17) the maximum axial force (compression) under the effect of
strong wind loads is in column of the first storey with value of 3122.7kN while
the maximum axial force (compression) for column in same storey due to
moderate wind loads equal to 3123.4kN, the difference between them is
negligible 0% as shown in Fig. (5-31). It's found that negligible difference

between them due to the axial forces depending on gravity load.

The maximum of shear force under the effect of dynamic strong wind
loads on beams of last storey equal to 144.7kN which equals 144.66kN due to
moderate wind load in same location, so the difference is negligible. But the

distribution along building much diverge in first three storeys due to fire
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deformation at first three storeys while the fourth, fifth and sixth storeys not

subjected to any fire deformation as shown in Fig. (5-32).

Table (5-17): Maximum axial and shear force for Case F2.

Case F2 Strong wind Moderate wind
Story No. V2 P V2 P
Text KN KN KN KN
1 142 3123 133 3123
2 143 2603 133 2603
3 142 2092 134 2093
4 143 1576 142 1576
5 141 1053 141 1053
6 145 529 145 529
B Strong wind OmModerate wind
3500
3000
2500
z
=
2000
g
£
= 1500
£
1000
0
B 5 4 3 2 1
Story NO.

Figure (5-31): Axial forces due to strong and moderate wind for Case F2.
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Figure (5-32): Shear forces due to strong and moderate wind for Case F2.

5.5.3.7 Maximum Displacements in X-Direction for Case F2

The displacement along building height due to strong and moderate
winds are listed in Table (5-18) .The maximum displacement under the effect of
strong wind loads occurred in sixth storey and equals to 20mm while maximum
displacement due to moderate wind loads for the same storey is 5mm as shown
in Fig. (5-33). The difference between them is 75% because the strong wind
speeds greater than moderate wind speeds. It's found that the displacement in x-
direction in the first, second and third storeys due to moderate wind is large
than the displacement in upper storeys due to the presence of deformations after

the fire and reduced 10% of yield stress after fire.

According to BS 8110-Part 2: 1985 the maximum allowable
displacement is calculated as h/500, where h is the total height of building.
Therefore, maximum allowable displacement value for building height of 19m

Is 38mm. The maximum value of displacement in serviceability limit condition
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obtained for dynamic strong wind loads from the finite element 3-D model of
SAP 2000.software is 20 mm is less than allowable (38 mm) for criteria failure,

so the building in safe in both cases.

Table (5-18): Maximum displacement in x-direction for Case F2.

Case F2 Strong Moderate
Story No. Ux Ux
Text mm mm
1 8.56 5.92
2 10.83 4.80
3 11.75 2.90
4 15.10 3.26
5 17.17 3.91
6 20.05 5
e N
6
5
o 4
2
Z F
g 3 F —e—Strong wind
: ——-Moderate wind
2
1 E I I I I ]
0 5 10 15 20 25
Displacement, Ux (mm)
AN /

Figure (5-33): Displacement per storey strong and moderate wind, Case F2.

5.5.4 Case4 Linear and Nonlinear Dynamic Analysis Effect

In this case the study of the effect of linear behavior without P-Delta

effect compared with nonlinear behavior with P-Delta effect for building Case
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F1 under the effect of dynamic strong wind load that based on basic wind

speed, V = 42 m/s at 10m above ground is presented.

5.5.4.1 Base Shear in X-Direction for Case F1

The maximum base shear of Case F1 under the effect of strong wind for
linear analysis is equal to 814.3kN while due to nonlinear analysis is equal to
868.7kN, as shown in Table (5-19) the difference between them is 6% ,namely
base shear less effected by P-Delta effect, and the material behavior is linear
below yield stress. In addition there is slightly difference in time-history for

linear and nonlinear behavior as shown in Figs. (5-34) and (5-35).

Table (5-19): Base shear x-direction for Case F1.

Output Case Base moment y
Text kN
Linear strong wind 814
Nonlinear static wind 868
TIME -Legend
100,73
0 :
-100.
200, x
300, f
400, f 2
11 A 0
500,
J/\ AN AL L L] s
s0 7 FYVAIY n/ A N
700, /N "‘JV
00 | | [ [ [B.073E-01,100.00]
L L I L I B R N | II|I|IIII|III| trerprreeprreepreed
50 10.0 150 200 250 300 350 40.0 450 500

Figure (5-34): Base shear x-direction strong wind for Case F1 by linear analysis.
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Figure (5-35): Base shear x-direction strong wind for Case F1 by nonlinear analysis.

5.5.4.2 Base Moment in Y-Direction for Case F1

Similar to base shear, the maximum base moment in y-direction due to
the strong wind linear and nonlinear analysis is 10012, 12157.7kN.m
respectively, under effect of strong wind analysis as shown in Table (5-20), the
difference between them is 20% due to although linear elastic behavior of
steel below vyield stress, but geometric nonlinear effect is greater due to
additional bending moment due to P-Delta effect, in addition there is identify
in time-history for linear and nonlinear behavior as shown in Figs.(5-36) and
(5-37). These reflect the importance of estimation accurate configuration of

building after fire.

Table (5-20): Base moment y-direction for Case F1.

Output Case Base moment y
Text kN.m
Linear strong wind 10012
Nonlinear strong wind 12157
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Figure (5-36): Base moment y-direction strong wind for Case F1 by linear analysis.
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Figure (5-37): Base moment y-direction strong wind for Case F1 by nonlinear analysis.

5.5.4.3 Maximum Drift Ratio in X-Direction for Case F1

From results of drift ratio in x-Direction as shown in Fig. (5-38). These

results show the maximum ratio in third storey for linear analysis and fourth

storey nonlinear analysis are 0.19%, 0.20% respectively, the difference between

them is 5% also it's found that slightly difference between them on the first,
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second and third storeys but clear difference on the fourth, fifth and sixth
storeys where fire occurred which reflect that post-fire behavior of steel
building is nonlinear behavior and the linear analysis can not match the accurate

behavior of the building especially for storey subjected to fire damage.

Story NO.

——o—Linear strong wind

=-Nonlinearstrong wind

0.00 0.50 1.00 1.50 2.00

Drift ratio, (%)
N\ J

Figure (5-38): Drift ratio for linear and nonlinear analysis, strong wind for Case F1.

5.5.4.4 Maximum Stresses (S11, S12 and S13) for Case F1

The maximum stresses results obtained by both linear and nonlinear
analysis are shown in Table (5-21), The maximum axial stress (Si1) under the
effect of strong wind occurred on the fourth storey equal to 234198kN/m? for
nonlinear and maximum strong wind linear but the value is 225450kN/m2. The

difference between them is 4%, namely negligible difference.

The maximum bending stress (S12) due to strong wind occurred on the
fourth storey are 66420kN/m? and 32181kN/m?for nonlinear and linear analysis,

respectively. The difference between them is 50% which reflect sensitivity of

111



Chapter Five Applications, Results and Discussion

bending stress to nonlinear effects especially P-Delta effect. The maximum
shear stress (S13) under the effect of strong wind happened on the fourth storey
Is 37292kN/m? and 32181kN/m? for nonlinear and linear analysis respectively,
the difference between them is 13% namely little difference between linear and

nonlinear behavior in shear stresses.

The axial stress (S11) is little effected by linear or nonlinear analysis due
to the axial stress depend on gravity load, as shown in Fig. (5-39) while the
shear stresses (S13) is approximately similar between linear and nonlinear
behavior on the first, second and third storeys but clear difference on the fourth,
fifth and sixth storeys as shown in Fig. (5-41), because reducing of (Fy and E)

10% after fire making steel loses strength and stiffness.

Bending stress (S12) is much effected to analysis type due to additional
bending moment produced from P-Delta effect as shown in Fig. (5-40). All

maximum types of stress occurred in beam.

The maximum stresses is axial stress (S;;) equal to 234198kN/m? in
nonlinear behavior is more than yield stress (Fy) after fire, so building is not
safe and 225060 kN/m2 in linear behavior is approximately equal from yield

stress (Fee) after fire, so building is critical.

Table (5-21): Maximum stresses for Case F1.

Linear strong Wind CaseF1 Nonlinear moderate Wind CaseF1
Story NO. S13 S12 S11 S13 S12 S11
Text KN/m2 | KN/m?2 KN/m? KN/m? KN/m? KN/m2
1 11968 5395 140495 13015 55290 144175
2 12282 7888 128000 13393 56880 134761
3 11984 | 45829 132405 13517 57381 137549
4 32181 | 41539 225059 37292 66420 234198
5 25719 | 37377 204109 31262 61768 204418
6 21508 | 34899 189356 26780 58817 187458
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Figure (5-39): Axial stresses for linear and nonlinear analysis for strong wind, Case F1.

4 A

=4—linear strong wind

Story NO.

=#-Nonlinear strong wind

1 | | | |
3000 23000 43000 63000 83000

Bending stress, $12 (kN/m?)
N J

Figure (5-40): Bending stresses for linear & nonlinear analysis for strong wind, Case F1.
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Figure (5-41): Shear stresses for linear and nonlinear analysis for strong wind, Case F1.

5.5.4.5 Maximum Bending Moment, M33 for Case F1

From the Table (5-22) and Fig. (5-42) for Case F1, it can clearly be seen

that the maximum bending moment occurred in beam of the third storey is equal

to 152.2kN.m and 132kN.m for nonlinear and linear analysis respectively, the

difference between them is 13% due to P-Delta effect on nonlinear behavior.

Also it found that grater values in the third storey because of the solution

techniques for linear analysis and start of effect fire in this story.

Table (5-22): Maximum bending moment for Case F1.

Strong Linear Nonlinear
Story No. M33 M33
Text kN.m kN.m
1 84.69 139.24
2 80.45 149.80
3 131.81 152.22
4 105.25 14451
5 92.84 139.84
6 102.80 112.96
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Figure (5-42): Bending moment for linear, nonlinear analysis for strong wind, Case F1.

5.5.4.6 Maximum Axial Force and Shear Force for Case F1

The maximum axial force and shear force results for this case is shown in
Table (5-23), the maximum axial force (compression) under the effect of strong
wind load is occurred in the first storey columns are 3131kN and for nonlinear

and linear analysis respectively.

The difference between them is approximately 0.9% namely negligible

difference as shown in Fig. (5-43).

The maximum shear force under the effect of strong wind load on the
third storey beams is equal to 70.4kN for linear analysis and 144.9kN nonlinear
on sixth storey beams, so the difference is equal to 51% due to reduced 10% of

yield stress after nonlinearity effect fire as shown in Fig. (5-44).
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Table (5-23): Maximum axial and shear force for Case F1.

Case F1 | Linear strong wind Nonlinear strong wind
Story No. V2 P V2 P
Text kN kN kN kN
1 34 3158 137 3131
2 50 2640 140 2613
3 73 2126 141 2102
4 70 1604 144 1581
5 67 1070 143 1053
6 65 538 145 529
B stronglinear [ Strong nonliear
3500
3000
2500
z
=
E 2000
i
‘w1500
g
: I
5 4 3 2 1

500
0 ]
b

StoryNO.

Figure (5-43): Axial forces for linear and nonlinear by strong wind, Case F1.
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Figure (5-44): Shear forces for linear and nonlinear by strong wind, Case F1.

5.5.4.7 Maximum Displacements in X-Direction for Case F1

The displacement along building height due to strong wind loads in x-
direction obtained by linear and nonlinear analysis is shown in Table (5-24),
these results showed that the maximum displacement in last storey for linear

and nonlinear behavior is 19, 25mm, respectively.

The difference between them is 25% because of the solution techniques
of analysis for both behaviors and it's found that identify between them on the
first, second and third storeys but clear difference on the fourth, fifth and sixth

storeys where fire occurred, as shown in Fig. (5-45).

According to BS 8110-Part 2: 1985 the maximum allowable deflection is
calculated as h/500, Therefore, maximum allowable displacement value for
building height of 19m is 38mm. The maximum value of displacement in

serviceability limit condition obtained for strong wind load nonlinear behavior
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Is 25 mm is less than allowable (38 mm) for criteria failure, so the building in

safe in both cases.

Table (5-24): Maximum displacement in x-direction for Case F1.

Strong Linear Nonlinear
Story No. Ux Ux
Text mm mm
1 3.01 3.739
2 7.19 7.87
3 12.96 13.38
4 15.50 19.50
5 17.47 22.41
6 19.05 24.96
e N
6
5
o 4
=
e
§ 3 ——Stronglinear
——Strong nonlinear
2
1 |
0 5 10 15 20 25 30
Displacement, Ux (mm)
(N _/

Figure (5-45): Maximum drift storey for linear and nonlinear analysis for strong wind,
Case F1.

5.5.5 Case5 Post-Fire Analysis, Fully Deformation (A)

In this case, the post-fire behavior of steel building is studied via
comparison the results with that before fire for building cases (Case FO and

Case F2) using nonlinear analysis with P-Delta effect, where both strong and
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moderate winds based on basic wind speed, V = 42 m/s and V = 21 m/s

respectively at 10m above ground are used.

5.5.5.1 Base Shear in X-Direction for Case FO and Case F2

The maximum base shear before and after fire under the effect of strong
wind loads equal to 763, 847kN respectively, the difference between them is
40% while the maximum before and after fire due to moderate wind loads equal
to 203, 287kN respectively, the difference between them is 11% as shown in
Table (5-25) there is slightly difference in time-history where there is sharply
of oscillation in both of winds after fire as compared with before fire due to the
fire that making reduced on yield stress and modulus of elasticity 10% from
before fire as shown in Figs.(5-46) to (5-49).

Table (5-25): Base shear x-direction before and after fire.

Output Case | Base shear x Case FO | Base shear x Case F2

Text kN kN
Strong wind 763 847
Moderate wind 203 287
TIME -Legend
0.3
40,7
160, 7
240, A
320, g
-400. \VHI %
5 -}
. | @
:EE A aladl | &
o | LAVRELVALY NP
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Figure (5-46): Base shear in x-direction due to strong wind, Case FO.
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Figure (5-47): Base shear in x-direction due to strong wind, Case F2.
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Figure (5-48): Base shear in x-direction due to moderate wind, Case FO.
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Figure (5-49): Base shear in x-direction due to moderate wind, Case F2.
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5.5.5.2 Base Moment in Y-Direction for Case FO and Case F2

The maximum base moment before and after fire under the effect of
strong wind loads equal to 10170, 12302kN.m respectively, the difference
between them is 20% while the maximum before and after fire due to moderate

wind loads equal to 2865, 3097.7kN.m respectively.

The difference between them is 8% as shown in Table (5-26) and there is
slightly difference between them same of effect of base shear as shown in
Figs.(5-50) and (5-53).

Table (5-26): Base moment y-direction before and after fire.

Output Case | Base momenty Case FO | Base momenty Case F2

Text kN.m kN.m
Strong wind 10170 12302
Moderate wind 2865 3097
P TIME Legend-
123
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Figure (5-50): Base moment in y-direction due to strong wind, Case FO.
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Figure (5-51): Base moment in y-direction due to strong wind, Case F2.

2

TIME

Legend——

2.00

Base Mom Y

1.50

1.00

0.50

0.00
-0.50
-1.00
-1.50
-2.00

-2.50

iy

¥

Base Moment Y

| [4250.1892.24)

B0 120 180 240 300 360 420 480 540 600

Figure (5-52): Base moment in y-direction due to moderate wind, Case FO.
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Figure (5-53): Base moment in y-direction due to moderate wind, Case F2.
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5.5.5.3 Maximum Drift Ratio in X-Direction for Case FO and Case F2

The drift ratio obtained from the numerical model for Case FO compared
with Case F2 results as shown in Fig. (5-54). The maximum drift ratio in last
storey before and after fire under the effect of strong wind loads equal to 1.37%,

1.41% respectively, the difference between them is 3% ,

While the maximum drift ratio before and after fire due to moderate wind

loads is equal to 0.41%, 0.42% respectively, the difference between them is 3%.

Although there is slightly difference in maximum drift ratio before and
after fire in sixth storey for both strong and moderate wind, but there is clearly
difference in the first and second storeys between cases Case F1 and Case FO
due to the fire damage in the first and second storeys which led to reduced 10%

of Fy and E after fire.

p
6 4 )
5 //
g 4 ¢
E —4—Strong wind caseF0
§ Strong wind caseF2
a 3 ;
-~ Moderate wind caseF0
) =—\oderate wind caseF2
1 | |
0.00 1.00 2.00
Drift ratio (%)
. J

Figure (5-54): Drift ratio % vs. storey no. for Case FO and Case F2.
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5.5.5.4 Maximum Stresses (S11, S12 and S13) for Case FO and Case F2

The maximum stresses results from this case are shown in Table (5-27).
The maximum axial stress (Si1) on the fourth storey before and after fire under
the effect of strong wind loads equal to 231164.2, 232200.5kN/m?, respectively,
the difference between them is 0.5% while the maximum before and after fire
due to moderate wind loads for the same storey equal to 217760.7,
219929.5kN/m? respectively, the difference between them is 0.1%.

The maximum bending stress (S12) on the last storey before fire and the
first storey after fire under the effect of strong wind loads equal to 56883,
75417kN/m? respectively, the difference between them is 33% while the
maximum before and after fire due to moderate wind loads for the same storey
location is equal to 56880.63, 71571.35kN/m? respectively, the difference

between them is 26%.

The maximum shear stress (S13) on the last storey before fire and the first
storey after fire under the effect of strong wind loads equal to 13515.38,
46929.45kN/m2 respectively, the difference between them is 70% about strong
wind after fire while the maximum before and after fire due to moderate wind
loads for the same storey location is equal to 13464.37, 44787.12kN/m?2

respectively, the difference between them is 70%.

It's found that there is clearly difference between before and after fire for
both strong and moderate wind in stresses. The axial stress (S11) is little effected
with more differences in the first and second storeys due to the fire
deformations as shown in Figs. (5-55), due to depend on gravity loads .The
bending and shear stresses (Si2 and Si3) are considerable effected by fire
damage under the action of strong and moderate wind loads it can be seen that

the bending and shear stresses on the first and second and third storeys are
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increased as compared with Case FO due to reducing (Fy and E) 10% after
cooling back. As shown in Figs. (5-65) and (5-66).The maximum (S11, S12 and

S13) occurred in beam in Case F2.

When the stress becomes equal or less than to the yield stress of the
material Fy, yielding of the material will occur (failure) (i.e. S < Fy). The
maximum axial stresses (S11) due to strong and moderate wind loads before fire
are 231164,217761kN/m? respectively are less than yield stress (Fy) before fire
so, Case FO due to strong and moderate wind are safe. The maximum axial
stresses (S11) due to strong wind loads after fire is 232200 kN/m2 more than
yield stress (Fy) after fire, so Case F2 under effect of strong wind is not safe,
but axial stress (S11) due to moderate wind loads after fire is 219929 kN/m? less

than yield stress (Fy) after fire, so the Case F2 under effect of moderate wind is

safe.
Table (5-27): Stresses before and after fire.
Strong Wind CaseF0 Moderate Wind CaseFO0
Story NO. S13 S12 S11 S13 S12 S11
Text KN/mz | KN/m2 KN/m?2 KN/mz2 KN/m?2 KN/m?2
1 12629 | 53643 149880 12280 52133 139812
2 12894 | 54748 133057 12354 52522 122304
3 12914 | 54889 134090 12425 52822 128992
4 13245 55923 231164 13196 55916 217760
5 13118 | 55284 221303 13066 55279 211585
6 13515 56882 202866 13464 56880 197212
Strong Wind CaseF2 Moderate Wind CaseF2
Story NO. S13 S12 S11 S13 S12 S11
Text KN/m2 | KN/m?2 KN/m2 KN/m2 KN/m2 KN/m2
1 46929 75416 194740 44787 71571 173335
2 41862 70159 154188 41864 69841 149989
3 40310 69478 142094 39073 67138 130266
4 13287 56212 232200 13249 56067 219929
5 13166 55543 217774 13127 55494 206875
6 13528 | 56969 200059 13503 56952 193986
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Figure (5-55): Axial stress vs. storey no. for Case FO and Case F2.
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Figure (5-56): Bending stress vs. storey no. for Case FO and Case F2.

126




Chapter Five Applications, Results and Discussion

p
6 A
5
o 4
E_ Strong wind caseF ()
g 3 - Strong wind caseF2
———Moderate wind caseF0
2 —<—Moderate wind caseF2
1 E ’ ] ] L ¥ ]
3000 13000 23000 33000 43000 53000
Shear stress, $13 (kN/m?)

Figure (5-57): Shear stress vs. storey no. for Case FO and Case F2.

5.5.5.5 Maximum Bending Moment, M33 for Case FO and Case F2

From the Table (5-28), the maximum bending moment (M33) in the third
storey before fire and in the first after fire under the effect of strong wind loads

equal to 136, 174.5kN.m, respectively.

the difference between them is 30% while the maximum before fire in
the fifth storey and after fire in the first storey due to moderate wind loads equal
to 125, 154kN.m, respectively.

The difference between them is 23%. All maximum bending moment
occurred in beam. It found that the bending moment on the first and second and
third storeys are increased as compared with Case FO due to reducing (Fy and
E) 10% after cooling back, as shown in Fig. (5-58).
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Table (5-28): Bending moment before and after fire.

Case FO Strong Moderate
Story No. M33 M33
Text kN.m kN.m
1 129 115
2 136 122
3 136 123
4 130 119
5 132 126
6 112 112
Case F2 Strong Moderate
Story No. M33 M33
Text kN.m kN.m
1 174 155
2 145 135
3 143 122
4 135 119
5 134 126
6 113 112
4 N\
6 r
5
G 4 -
E_ —o—Strong wind caseF0
g 3 - —4—Strong wind caseF2
~-Moderate wind caseF0
) —=—Moderate wind caseF2
1 E
100 140 160 180
Bending moment, M33 (kN.m)
L J

Figure (5-58): Bending moment vs. storey no. for Case FO and Case F2.
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5.5.5.6 Maximum Axial Force and Shear Force for Case FO and Case F2

The maximum axial force and shear force results for this analysis shown
in Table (5-29) and Table (5-30), the maximum axial force (compression) on the
first storey before and after fire under the effect of strong wind loads equal to
3120, 3123kN respectively, the difference between is negligible while the
maximum axial force before and after fire due to moderate wind loads in the
same location equal to 3120, 3123kN respectively, as shown in Fig. (5-59), the
difference between them is also negligible. The effect of the wind makes the
axial force in the columns different where they are exposed to compression and
others to tension as well as fire distortions, so there is a possibility formation the

buckling in the columns.

The maximum shear force (V2) on the last storey before and after fire
under the effect of strong wind loads equal to 144, 144kN respectively, the
difference between them is negligible .While the maximum before and after fire
due to moderate wind loads in same location is equal to 144, 144kN
respectively, the difference between them is also negligible. Although there is
negligible difference in maximum values of shear forces at fourth ,fifth and sixth
storeys , but there is large difference at first ,second and third storeys due to

reduced 10% of yield stress after fire as shown in Fig. (5-60).

Table (5-29): Axial force and shear force before fire.

Case FO | Strong Wind Case FO | Moderate Wind Case FO
Story No. V2 P V2 P
Text kN kN kN kN
1 138 3120 132 3120
2 139 2602 133 2602
3 139 2091 134 2091
4 142 1575 142 1575
5 140 1051 140 1051
6 144 528 144 528
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Table (5-30): Axial force and shear force after fire.

Case F2 | Strong Wind Case F2 | Moderate Wind Case F2
Story No. V2 P V2 P
Text kN kN kN kN
1 141 3123 135 3123
2 143 2603 136 2603
3 142 2092 137 202
4 142 1576 143 1576
5 141 1053 141 1053
6 145 529 145 529

B ModeratespeedcaseF2  WStrongspeedcaseF0  WStrongspeedcasef? O Moderate speedcase FO

3500
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2000

Axail Force (kM)

1000

B

& 5 4 3 2 1
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Figure (5-59): Axial force vs. storey no. for Case FO and Case F2.

130



Chapter Five Applications, Results and Discussion

-
6 / )
5 _
o 4
E =——Strong wind caseF0
§ 3 Strong wind caseF2
[75]
( =-Moderate wind caseF0
2 - Moderate wind caseF2
1 / V/ 1 1 |
130 135 140 145 150
Shear force, P(kN)
N\ J

Figure (5-60): Shear force vs. storey no. for Case FO and Case F2.

5.5.5.7 Maximum Displacements in X-Direction for Case FO and Case F2

The maximum displacement on each level is listed in Table (5-30). The
maximum displacement in last storey for displacement before and after fire
under the effect of strong wind loads equal to 19.5, 20mm respectively, the
difference between them is 8% while the maximum displacement before and
after fire due to moderate wind loads equal to 5.6, 5.8mm respectively, the

difference between them is 4%.

It's found that is slightly difference in maximum displacement due to the
maximum occurred in last storey that is not included fire but there is clearly
difference in the first and second storeys are increased as compared with Case
FO due to the fire which making to reduced 10% of Fy and E after fire as
shown in Fig. (5-61). According to BS 8110-Part 2: 1985 the maximum

allowable deflection is calculated as h/500,therefore, maximum allowable
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displacement value for building height of 19m is 38mm. The maximum value
of displacement in serviceability limit condition obtained for dynamic strong
wind loads are less than allowable (38 mm) for criteria failure, so the building

in safe in all cases.

Table (5-31): Maximum displacement before and after fire.

Case FO Strong Moderate
Story No. Ux Ux
Text mm mm
1 3.31 0.95
2 6.78 1.69
3 10.57 2.68
4 14.37 3.72
5 17.25 4.59
6 19.50 5.67
Case F2 Strong Moderate
Story No. Ux Ux
Text mm mm
1 8.56 5.92
2 10.83 4.80
3 11.75 3.20
4 15.10 3.80
5 17.71 4,70
6 20.05 5.80
4 ™
6
5
o 4
E =—&—Strong wind caseF0
§ 3 Strong wind caseF2
vy
—-Moderate wind caseF0
2 —<Moderate wind caseF2
1 |
0 5 10 15 20 25
Displacement, Ux (mm)

g J
Figure (5-61): Maximum displacements vs. storey no. for Case FO and Case F2.
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5.5.6 Case6 Post-Fire Analysis Fully Deformations (A) versus Quarter of
Deformities (0.25 A), Case F1

In this case, the same fire deformation configurations are used but with
quantities divided by four (0.25 A), or quarter values which reflected that the
building subjected to lower temperature or small fire duration considered as
shown in Table (5.31). Thus quarter values of deformations of Case F1 are
compared with before fire cases (Case F0O) under the effect of dynamic strong

wind in which nonlinear analysis included P-Delta effect is considered.

Table (5-32): Case 6 deformations for Case F1 configuration.

Member Types Quantity Deformation Types Value
Column Fully (A) Displacement L/60
Column A/4 Displacement L/240

Beam Fully (A) Deflection L/240
Beam A/4 Deflection L/160

5.5.6.1 Base Shear in X-Direction for Case 6

From Table (5-32) it can clearly be seen that the maximum base shear of
Case FO under the effect of strong wind equal to 763kN while the maximum
due to the same wind for Case 0.25A and Case F1 are equal to 784.5, 868.7kN
respectively, the difference between Case FO and Case 0.25A are 3%, the
difference between Case F1 and Case 0.25A are 10%. It's found that slightly
difference for Case 0.25A as compared with Case FO while clear difference
between fully and quarter of deformations, it's can be said clearly there is

slightly difference between before fire and building's deformations of 0.25A.

Table (5-33): Maximum base shear in x-direction.

Case Type Case 0.25 F1 Case F1 Case FO
Output Case Base shear x Base shear x Base shear x
Text kN kN kN

Strong wind 784 869 763
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5.5.6.2 Base Moment in Y-Direction for Case 6

The maximum base moment of Case FO under the effect of strong wind
Is equal to 10170kN.m while the maximum due to the same wind for case
0.25A and Case F1 are equal to 10665, 12157.7kN.m respectively as shown in
Table (5-33), the difference between Case FO and case 0.25A are 5%, the

difference between Case F1 and case 0.25A are 12%.

It's found that slightly difference for case 0.25A as compared with Case
FO while clear difference between fully and quarter of deformations, it's can
said be clearly there is also similarity between before fire and after fire for

building's deformations equal to quarter values.

Table (5-34): Maximum base Moment in Y-Direction.

Case Type Case 0.25F1 Case F1 Case FO
Output Case Base momenty | Base momenty Base moment y
Text KN.m kN.m kN.m

Strong wind 10665 12158 10170

5.5.6.3 Maximum Drift Ratio in X-Direction for Case 6

The maximum drift ratio of Case FO due to strong wind is equal to 1.37%
while the maximum under the effect of the same wind for Case 0.25A and Case
F1 are equal to 1.54, 1.75% respectively, the difference between Case FO and
Case 0.25A are 12%.

The difference between Case F1 and Case 0.25A are 12%. It’s found that
the maximum of drift ratio for Case 0.25A is lies between before and after fire,
so clearly difference for case 0.25A as compared with Case FO due to fire effect.
The results in Fig. (5-62).
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Figure (5-62): Maximum drift ratio due to strong wind.

5.5.6.4 Maximum Stresses (S11, S12 and S13) for Case 6

The stresses results from Case 6 shown in Table (5-34). The maximum
axial stress (S11) on column of the fourth storey of Case FO due to strong wind
equal to 231164 kN/m2 while the same location for Case 0.25A and Case F1 are
equal to 230685, 234199kN/m? respectively, the difference between Case FO
and Case 0.25A are 0.2%, the difference between Case F1 and Case 0.25A are
1.5%. It’s found that slightly difference between them due to (S11) depend on
gravity load. As shown in Fig. (5-63).

The maximum bending stress (S12) on beam of the last storey for Case FO

due to strong wind is equal to 56883 kN/m2 while for Case 0.25A on the last
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storey and Case F1 on the fourth storey are equal to 56946, 66420kN/m?
respectively, the difference between Case FO and Case 0.25A are 0.1% while the
between Case F1 and Case 0.5A are 14%. It's clearly that maximum bending
stresses are slightly difference for the three cases (Case FO ,Case F1 and
Case0.25A), but Case F1 considerably greater than Case FO and Case 0.25A in
fourth and fifth storeys due to fire deformation in these storeys, but Case FO and

Case 0.25A are closely for all storeys shown in Fig. (5-64).

The maximum shear stress (S13) on beam of the last storey for Case FO
due to strong wind equal to 13515kN/m? while for Case 0.25A on the last
storey and Case F1 on the fourth storey are equal to 13523, 37293kN/m?
respectively for same conditions, the difference between Case FO and Case

0.25A are negligible.

The difference between Case F1 and Case 0.25A are 64% similar to
bending stresses there is considerable differences between Case F1 compared
to Case FO and Case 0.25A in fourth, fifth and sixth storeys due to fire
deformations in three storeys, which cases Case FO and Case 0.25A are closed

for all storeys. As shown in Fig. (5-65).

It's found that slightly difference in all stresses for Case 0.25A as
compared with Case FO while clear difference between fully and quarter of
deformations, it's can said be clearly there is also similarity between before fire

and after fire for building's deformations equal to quarter values.

The maximum stresses is axial stress (S11) due to strong wind loads for
Case 0.25A and Case F1 are equal to 230685 and 234199kN/m? respectively are
more than yield stress (Fy) after fire, So these cases are not safe. While Case FO
the maximum axial stress is 231164 kN/m2 is less than yield stress (Fy) before

fire, so this case is safe.
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Table (5-35): Maximum stresses under strong wind load.

Strong CaseF1 Case 0.25F1 CaseF0

Story

NO S S12 S11 S13 S12 S11 S13 S12 S11

Text | KN/m?2 | KN/m2 | KN/m2 | KN/m? | KN/m? | KN/m? | KN/m? | KN/m? | KN/m?

1 13015 | 55290 | 144175 | 12751 | 54169 | 152855 | 12629 | 53643 | 149880

2 13393 | 56880 | 134762 | 13074 | 55558 | 138174 | 12894 | 54748 | 133057
3 13517 | 57381 | 137549 | 13174 | 56002 | 140691 | 12914 | 54889 | 134090
4 37292 | 66420 | 234198 | 13300 | 56227 | 230684 | 13245 | 55923 | 231164
5 31262 | 61768 | 204418 | 13143 | 55415 | 217802 | 13118 | 55283 | 221303
6 26780 | 58817 | 187458 | 13523 | 56946 | 200175 | 13515 | 56882 | 202866
4 3\
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z
g Strong wind caseF1
-
5 3 ~i-5trong wind case0.25F1
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1
100000 130000 160000 190000 220000 250000
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\ J

Figure (5-63): Maximum axial stress S11 under strong dynamic wind load.
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Figure (5-64): Maximum bending stress S12 under strong dynamic wind load.
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Figure (5-65): Maximum shear stress S13 under strong dynamic wind load.

5.5.6.5 Maximum Bending Moment, M33 for Case 6

From Table (5-35) it can clearly be seen that the maximum bending

moment on beam of the third storey for Case FO under the effect of strong wind
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equal to 136.2kN.m while in same storey for Case 0.25A and Case F1 are equal
to 143,152kN.m on beam respectively, the difference between Case FO and
Case 0.25A are 5%, the difference between Case F1 and Case 0.25A are 6%, as
shown in Fig. (5-66). It's found that the maximum bending moment for Case
0.25A is lies between before and after fire, so clearly difference for Case 0.25A

as compared with Case FO due to fire effect.

Table (5-36): Bending moment due to strong wind load.

Strong Case F1 | Case 0.25 F1 | Case FO
Story NO. M33 M33 M33
Text kN.m kN.m kN.m
1 139 132 129
2 150 141 136
3 152 143 136
4 144 137 130
5 139 135 132
6 113 112 112
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g C Strong wind caseF1
& 3 =#—Strong wind case0.25F1
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2
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Bending moment, M33 (kN.m)

Figure (5-66): Maximum bending moment due to strong wind load.
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5.5.6.6 Maximum Axial Force and Shear Force for Case 6

The results of axial and shear forces for Case 6 shown in Table (5-36).
The maximum axial force (compression) on column of the first storey of Case
FO due to strong wind equal to 3120kN while for the same conditions for Case
0.25A and Case F1 are equal to 3127, 3130kN respectively.

The difference between them approximately negligible. It's found that
no difference between them due to the axial forces depending on gravity load

on column , as shown in Fig.(5-67).

The maximum shear force on beam of the last storey for Case FO due to
strong wind is equal to 144.4kN/m? while for same conditions for Case 0.25A

and Case F1 are equal to 144.6, 144.9kN respectively

The difference between them are negligible, but there is clearly
difference at third and fourth storeys due reduced 10% of yield stress after fire

as shown in Fig. (5-68).

Table (5-37): Axial and shear force due to strong wind load.

Strong Case F1 Case 0.25 F1 Case FO

Story NO. V2 P V2 P V2 P
Text kN kN kN kN kN kN

1 137 3131 137 3127 136 3120

2 140 2618 140 2609 139 2602

3 141 2101 140 2098 139 2091

4 144 1582 143 1579 142 1575

5 143 1053 141 1052 140 1051

6 145 528 145 528 144 528
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Figure (5-67): Maximum axial forces due to strong wind load.
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Figure (5-68): Maximum shear forces due to strong wind load.
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5.5.6.7 Maximum Displacements in X-Direction for Case 6

The maximum displacement of Case FO due to strong wind is equal to
19.5mm while for Case 0.25A and Case F1 are equal to 21.6, 25mm respectively
as shown in Table (5-37), the difference between Case FO and Case 0.25A is
12% but, the difference between Case F1 and Case 0.25A is 12%. It’s found that
the maximum of displacement for Case 0.25A is lies between that of before and
after fire, so clearly difference for Case 0.25A as compared with Case FO due to

fire effect as shown in Fig. (5-69).

According to BS 8110-Part 2: 1985 the maximum allowable deflection is
calculated as h/500,therefore, maximum allowable displacement value for
building height of 19m is 38mm. The maximum value of displacement in
serviceability limit condition obtained for dynamic strong wind loads are less

than allowable (38 mm) for criteria failure, so the building in safe in all cases.
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Figure (5-69): Maximum displacements due to strong wind load.
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Table (5-38): Maximum displacement due to strong wind load.

Strong Case F1 | Case 0.25 F1 | Case FO

Story NO. Ux Ux Ux
Text mm mm mm

1 3.73 3.44 3.31

2 7.87 7.04 6.78

3 13.38 11.53 10.57

4 19.50 16.27 14.37
2251 18.83 17.25

6 24.96 21.67 19.50

5.5.7 Case7 Post-Fire Analysis Fully Deformations (A) versus Half of
Deformities (0. 5 A), Case F1

In this case, the same fire deformation configurations are used but with
quantities divided by two (0. 5 A), or half values which reflected that the
building subjected to lower temperature or small fire duration then considered
(see Table 5-38). Thus quarter values of deformations of Case F1 are compared
with before fire cases (Case FO) under the effect of dynamic strong wind in

which nonlinear analysis included P-Delta effect is considered.

Table (5-39): Case 7 deformations for Case F1 configuration.

Member Types Quantity Deformation Types Value
Column Fully (A) Displacement L/60
Column A2 Displacement L/120

Beam Fully (A) Deflection L/240
Beam A2 Deflection L/80
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5.5.7.1 Base Shear in X-Direction for Case 7

From Table (5-39) it can clearly be seen that the maximum base shear of
Case FO under the effect of strong wind equal to 763kN while the maximum due
to the same wind for Case 0.5A and Case F1 are equal to 789.2, 868.7kN
respectively, the difference between Case FO and Case 0.5A are 4%, the

difference between Case F1 and Case 0.5A are 9%.

It's found that slightly difference for Case 0.5A as compared with Case
FO while clear difference between fully and half of deformations, it's can be
said clearly there is slightly difference between before fire and building's

deformations of 0. SA.

Table (5-40): Maximum base shear in x-direction.

Case Type Case 0.5F1 Case F1 Case FO
Output Case Base shear x Base shear x Base shear x
Text kN KN kN

Strong wind 789 869 763

5.5.7.2 Base Moment in Y-Direction for Case 7

The maximum base moment of Case FO under the effect of strong wind
is equal to 10170kN.m while the maximum due to the same wind for case 0.5A
and Case F1 are equal to 10816, 12157.7kN.m respectively as shown in Table
(5-33), the difference between Case FO and case 0.5A are 6%.

The difference between Case F1 and case 0.5A are 11%. It's found that
slightly difference for case 0.5A as compared with Case FO while clear
difference between fully and half of deformations, it's can said be clearly there
is also similarity between before fire and after fire for building's deformations

equal to half values.
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Table (5-41): Maximum base Moment Y-Direction.

Case Type Case 0.5 F1 Case F1 Case FO
Output Case Base momenty | Base momenty Base moment y
Text KN.m kN.m kN.m

Strong wind 10816 12158 10170

5.5.7.3 Maximum Drift Ratio in X-Direction for Case 7

The maximum drift ratio of Case FO due to strong wind is equal to 1.37%
while the maximum under the effect of the same wind for Case 0.5A and Case
F1 are equal to 1.6, 1.75% respectively, the difference between Case FO and
Case 0.5A are 17%, the difference between Case F1 and Case 0.5A are 9%. It’s
found that the maximum of drift ratio for Case 0.5A is lies between before and
after fire, so clearly difference for case 0.5A as compared with Case FO due to
fire effect. The results in Fig. (5-70).
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Figure (5-70): Maximum drift ratio due to strong wind.
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5.5.7.4 Maximum Stresses (S11, S12 and S13) for Case 7

The stresses results from Case 6 shown in Table (5-41). The maximum
axial stress (S11) on column of the fourth storey of Case FO due to strong wind
equal to 231164 kN/m? while the same location for Case 0.5A and Case F1 are
equal to 232582, 234199kN/m? respectively, the difference between Case FO
and Case 0.5A are 0.6%, the difference between Case F1 and Case 0.5A are
0.7%. It’s found that slightly difference between them as shown in Fig. (5-71).

The maximum bending stress (S12) on beam of the last storey for Case FO
due to strong wind is equal to 56883 kN/m2 while for Case 0.5A on the last
storey and Case F1 on the fourth storey are equal to 56956, 66420kN/m?
respectively, the difference between Case FO and Case 0.5A are 0.1% while the
between Case F1 and Case 0.5A are 14%.

It's clearly that maximum bending stresses are slightly difference for the
three cases (Case FO ,Case F1 and Case0.25A), but Case F1 considerably greater
than Case FO and Case 0.5A in fourth and fifth storeys due to fire deformation
In these storeys, but Case FO and Case 0.5A are closely for all storeys shown in
Fig. (5-72).

The maximum shear stress (S13) on beam of the last storey for Case FO
due to strong wind equal to 13515kN/m? while for Case 0.5A on the last storey
and Case F1 on the fourth storey are equal to 13540, 37293kN/m? respectively
for same conditions, the difference between Case FO and Case 0.5A are
negligible, but the difference between Case F1 and Case 0.5A are 63% similar
to bending stresses there is considerable differences between Case F1 compared
to Case FO and Case 0.5A in fourth, fifth and sixth storeys due to fire
deformations in three storeys, which cases Case FO and Case 0.5A are closed for

all storeys as shown in Fig. (5-73).
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It's found that slightly difference in all stresses for Case 0.5A as compared with

Case FO while clear difference between fully and half of deformations, it's can

said be clearly there is also similarity between before fire and after fire for

building's deformations equal to half values. The maximum stresses is axial

stress (S11) due to strong wind loads for Case 0.5A and Case F1 are equal to

232582 and 234199kN/m? respectively are more than yield stress (Fy) after fire,

So these cases are not safe. While Case FO the maximum axial stress is 231164

KN/m2 is less than yield stress (Fy) before fire, so this case is safe.

Table (5-42): Maximum stresses under strong wind load.

Strong CaseF1 Case0.5F1 CaseF0
Sl\tl(gy S13 S12 S11 S13 S12 S11 S13 S12 S11
Text KN/m2 | KN/m2 | KN/m2 KN/m2 | KN/m2 | KN/m2 | KN/m2 | KN/m2 | KN/m2
1 13015 | 55290 | 144175 12779 54307 | 153239 | 12629 53643 | 149880
2 13393 | 56880 | 134762 13117 55726 | 139400 | 12894 | 54748 | 133057
3 13517 | 57381 | 137549 13197 56091 | 141432 | 12914 | 54889 | 134090
4 37292 | 66420 | 234198 13304 56248 | 232581 | 13245 55923 | 231164
5 31262 | 61768 | 204418 13155 55442 | 218739 | 13118 | 55283 | 221303
6 26780 | 58817 | 187458 13539 56955 | 202448 | 13515 56882 | 202866
4 N
6 E
5
S 4
= E
g g Strong wind caseF1
& 3 E —-Strong wind case0.5F1
5 E =—&—Strong wind caseF0
1 E | | | | |
20000 70000 120000 170000 220000 270000
Axail stress, S12 (kN/m?)
N /

Figure (5-71): Maximum axial stress S11 under strong dynamic wind load.
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Figure (5-72): Maximum bending stress S12 under strong dynamic wind load.
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Figure (5-73): Maximum shear stress S13 under strong dynamic wind load.

5.5.7.5 Maximum Bending Moment, M33 for Case 7

From Table (5-42) it can clearly be seen that the maximum bending

moment on beam of the third storey for Case FO under the effect of strong wind
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equal to 136.2kN.m while in same storey for Case 0.5A and Case F1 are equal
to 145,152kN.m on beam respectively, the difference between Case FO and
Case 0.5A are 6%, the difference between Case F1 and Case 0.5A are 5%, as
shown in Fig. (5-74). It's found that the maximum bending moment for Case
0.5A is lies between before and after fire, so clearly difference for Case 0.5A as

compared with Case FO due to fire effect.

Table (5-43): Bending moment due to strong wind load.

Strong CaseF1 | Case0.5F1 | Case FO
Story NO. M33 M33 M33
Text kN.m kN.m kN.m
1 139 134 129
2 150 143 136
3 152 145 136
4 144 138 130
5 139 137 132
6 113 113 112
4 N
6
5
o 4
z
g Strong wind caseF1
a3 == Strong wind case0.5F1
E —4—Strong wind caseF0
2
1 E 1 1 f 1 1
100 110 120 130 140 150 160
Bending moment, M33 (kN.m)

Figure (5-74): Maximum bending moment due to strong wind load.
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5.5.7.6 Maximum Axial Force and Shear Force for Case 7

The results of axial and shear forces for Case 6 shown in Table (5-43).
The maximum axial force (compression) on column of the first storey of Case
FO due to strong wind equal to 3120kN while for the same conditions for Case
0.5A and Case F1 are equal to 3128, 3130kN respectively.

The difference between them approximately negligible. It's found that
no difference between them due to the axial forces depending on gravity load

on column, as shown in Fig.(5-75).

The maximum shear force on beam of the last storey for Case FO due to
strong wind is equal to 144.4kN/m? while for same conditions for Case 0.5A

and Case F1 are equal to 144.6, 144.9kN respectively.

The difference between them are negligible, but there is clearly
difference at third and fourth storeys due reduced 10% of yield stress after fire

as shown in Fig. (5-76).

Table (5-44): Axial and shear force due to strong wind load.

Strong Case F1 Case 0.5 F1 Case FO

Story NO. V2 P V2 P V2 P
Text kN kN kN kN kN kN

1 137 3131 137 3128 136 3120

2 140 2618 140 2610 139 2602

3 141 2101 140 2099 139 2091

4 144 1582 143 1580 142 1575

5 143 1053 142 1052 140 1051

6 145 528 145 528 144 528
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Figure (5-75): Maximum axial forces due to strong wind load.
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Figure (5-76): Maximum shear forces due to strong wind load.
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5.5.7.7 Maximum Displacements in X-Direction for Case 7

The maximum displacement of Case FO due to strong wind is equal to
19.5mm while for Case 0.5A and Case F1 are equal to 23, 25mm respectively as
shown in Table (5-44), the difference between Case FO and Case 0.5A is 18%
but, the difference between Case F1 and Case 0.5A is 8%. It’s found that the
maximum of displacement for Case 0.5A is lies between that of before and after
fire, so clearly difference for Case 0.5A as compared with Case FO due to fire

effect as shown in Fig. (5-77).

According to BS 8110-Part 2: 1985 the maximum allowable deflection is
calculated as h/500,therefore, maximum allowable displacement value for
building height of 19m is 38mm. The maximum value of displacement in
serviceability limit condition obtained for dynamic strong wind loads are less

than allowable (38 mm) for criteria failure, so the building in safe in all cases.

p
6 ¢ A
5
o 4
z
g Strong wind caseF1
& 3 =-Strong wind case0.5F1
—o—Strong wind caseFQ
2
1
0 5 10 15 20 25 30
Displacement, Ux (mm)
. J

Figure (5-77): Maximum displacements due to strong wind load.
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Table (5-45): Maximum displacement due to strong wind load.

Strong CaseF1 | Case0.5F1 | Case FO
Story NO. Ux Ux Ux
Text mm mm mm
1 3.73 3.51 3.31
2 7.87 7.60 6.78
3 13.38 12.75 10.57
4 19.50 17.66 14.37
5 22.51 20.19 17.25
6 24.96 22.73 19.50

5.6 Summary of state of building after analysis with limitations.

Through the analysis of the building by using the SAP program has been

extracted values of the forces, moments, stresses and displacements where they

were compared with limitations for drift storey according to BS 8110-Part 2:
1985, (A <L/500) and yield stress according to ASCE/SEI 7-10 (S < Fy). So that

we can know the building can used again after fire or not, the Table (45-5)

explain all cases according codes standard.

Table (5-46): State of building after analysis.

State of building S_ta_te of
. building for
Type of Type of for dr.|ft story Type of yielding stress Place Story
No. ) . according to BS . . of .
wind analysis : analysis according to . failure
8110-part 2: ASCE EI 7-10 failure
1985, (A<L/500) (S<Fy)
1 CaseF0 Strong Accepted Nonlinear Accepted
2 CaseF0 Moderate Accepted Nonlinear Accepted
3 CaseF0 Static Accepted Nonlinear Accepted
4 CaseF2 Strong Accepted Nonlinear Failure Beam E?:L:;:E
6 CaseF2 Moderate Accepted Nonlinear Critical Beam Fifth
7 CaseF1l Strong Accepted Linear Critical Beam | Fourth
8 CaseF1l Strong Accepted Nonlinear Failure Beam | Fourth
9 | Case0.25F1 Strong Accepted Nonlinear Failure Beam | Fourth
10 | Case0.5F1 Strong Accepted Nonlinear Failure Beam | Fourth
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction

Post-fire analysis of six stories steel buildings of 19m height subjected to

fire of temperature equal to 550° C, under the action of wind static and dynamic

wind forces are analyzed. The finite element modeling and analysis are

accomplished by SAP 2000 V16 software. From the different cases studied the

following conclusions can be drawn.

1.

In free vibration analysis, the natural frequencies and mode shapes of the

structure are almost identical in both cases before and after the fire, and
there is no resonance phenomenon due to o, # @ for all modes. Hence the

free vibration characteristics of steel building are not affected by post fire

deformation due to fire of 550° C temperature.

Base shear and base moment from post-fire states (Case F1 and Case F2) are
large than before fire state (CaseF0) by 12% and 15% respectively, under
the effect strong wind load due to fire deformations and their
configurations. This yield the fact that base shear affected by both post fire

deformation and also their configuration along building (post fire scenario).

Drift ratio and displacement from post-fire states Case F1 and Case F2 are
large than before fire state (CaseF0) by 20% and 5% respectively, under the

effect strong wind load, but there are considerable differences at stories
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affected by temperature. Thus the drift ratio and displacement are affected
by both post fire deformation and also their configuration along building

(post fire scenario).

4. Bending stress, shear stress, bending moment and shear force from post-fire
state Case F2 are large than before fire state by 33%, 70%, 30% and 0%
respectively, under the effect strong wind load while due to moderate wind
load 26%, 70%, 23% and 0% respectively, but there is large differences at
first, second and third stories which affected by fire. Hence both velocities
gave the approximately the same ratios, which yield that the increment in

these quantities due to post fire state is less sensitive to wind speed value.

5. Bending stress, shear stress, bending moment and shear force from post-fire
state Case F1 are large than before fire state by 15%, 64%, 12% and 0%
respectively, under the effect strong wind load, but there is clear differences
at fourth, fifth and sixth stories which affected by fire. Thus based on
points 6 and 7 these quantities are affected by both post fire deformation

and also their configuration along building (post fire scenario).

6. For a given fire deformation configurations, there is a similarity between
CaseF0 and Case 0.25AF1, this means that if the maximum deflection in
beams is not exceeding L/160 and the columns drift is not exceeding L/240,
the fire deformations may be neglected.

7. For a given fire deformation configurations, there is a differences between
CaseFO and Case 0. 5AF1 are for maximum drift ratio and maximum
displacement the difference is 18%, for maximum bending moment is 6% |,

for base shear and base moment are 4% and 6% respectively, with clear
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10.

differences at fourth, fifth and sixth stories which affected by fire. This
means that if the maximum deflection in beams is equal to L/120 and the
columns drift is equal to L/80, the fire deformations may be critical and the
structural decision for the building safety should be done structural analysis
of the building taking into consideration different issues related to post fire

effects.

The increasing of wind velocity increases base shear and base moment
significantly due to wind pressure is a square function of wind velocity.
This reflect the importance of accurate estimation of design wind speeds in
Iraq taking into account the average along past 100 years in Irag and the

maximum 3-second gust and its number of occurrence in past 100 years.

Base shear, base moment, drift ratio and displacement due to strong
dynamic wind for building before fire (Case FO) is larger than static wind
load under the same conditions by 50% while for bending stress, shear
stress, bending moment and shear force by 5% in the first three stories and
approximately negligible difference in the last three stories. This conclusion
reflects the importance of select the time-history records for wind and

application duration.

Nonlinear solution techniques gave results more than linear solution
techniques for the same geometry and loading states, in which the
differences for drift ratio and displacement is 25%, for bending stress is
50%, for shear stress is 13%, for bending moment is 13%, for shear force is
51%, and base shear and base moment are 20% and 25% respectively. This

reflects that post fire analyses of steel buildings are nonlinear problems and
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the structural quantities are sensitive for nonlinear analysis aspects such as
P-Delta effect.

6.2 Recommendations

The following studies may be recommended as future work:

1. Two types of scenarios were used in this study, so its recommended to

investigate more fire scenarios in different locations of the building.

2. Examining the effect of changing the plan dimensions, number of bays in

both x and y direction and complex plan conditions.

3. Investigating more stories where medium rise building was used in this study,

so its recommended to study high rise buildings in south of Iraq.
4. Moment-resisting frame was used in this study, so its recommended
investigate to others types of steel buildings resistance system with fire under

the effect of wind.

5. Study the addition of bracing system and examining the effectiveness after

the fire under the influence of the wind in south of Irag.

6. Investigating the post-fire performance of buildings constructed from

material other than steel such as concrete building.

7. Using other methods to analyze dynamic wind loads on the building like

random dynamic analysis.
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8. Using more specialized program to represent the residual stress and others

imperfections due to fire, because SAP v2000 software unable to model this

topics.

9. Post-fire investigating of connection regions.

10. Evaluating more accurate wind time-history for southern lIrag region in

deterministic approach.

11. Obtain exact representation of wind time-history in Irag.
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