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ABSTRACT

COMPARISON AND EVALUATION OF THE CURRENT BUILDING
CODES FOR EARTHQUAKE RESISTANT STEEL STRUCTURES

In the last years, earthquake design of structures becomes an important
phenomenon due to the disastrous earthquakes. Accurate modeling of the seismic action is
really important to observe the real behaviour of the structure under earthquake forces.
“Specification for Buildings to be Built in Seismic Zone” is used for the earthquake
resistant design of structures which is published at 2007 by The Ministry of Public Works
and Settlement. The code used in Turkey is compared theoretically to Eurocode 8 which is

published at 2003 by European Committee for Standardization in this study.

The national building codes used in Turkey for design of steel structures are
described to be insufficient by academicians and structural engineers. Eurocode 3 will be a
good alternative for the design of steel structures in Turkey in the entry process to
European Union. The differences and similarities of Eurocode 3 and TSE 648 are

presented in this thesis.

During the theoretical compression of the codes, the ground conditions, the
definition of seismic action, the design conditions for earthquake resistant structures,
calculation methods for the seismic action and the main design rules of the steel structures

are mentioned by comparison of the codes in the thesis.

This study ends with a comparative example using the “Specification for Buildings
to be Built in Seismic Zone” for the calculation of seismic action and Eurocode 3 and TSE

648 for the design of steel structure.



OZET

DEPREME DAYANIKLI CELIK YAPILAR ICIN MEVCUT
YONETMELIKLERIN KARSILASTIRILMALI
DEGERLENDIRILMESI

Son yillarda yikici depremlerden dolay1 depreme dayanikli yap1 tasarimi 6nemli bir
olgu olmustur. Deprem hareketinin dogru modellenmesi yapinin deprem yiikleri altinda
gercek davraniginin incelenmesi agisindan dnemlidir. Depreme dayanakli yap1 tasarimi i¢in
2007 yilinda Bayimndirlik ve iskdn Bakanlig: tarafindan yaymlanan Deprem Bolgelerinde
Yapilacak Binalar Hakkinda Yonetmelik kullanilmaktadir. Bu g¢alismada Tirkiye ‘de
kullanilan bu yonetmelik CEN tarafindan 2003 yilinda yayimlanan Eurocode 8 ile teorik

olarak karsilagtirllmaktadir.

Tiirkiye ‘de c¢elik yapilarin boyutlandirilmasinda yararlanilan sartnameler
akademisyenler ve proje miihendisleri tarafindan yetersiz olarak nitelendirilmektedir.
Avrupa Biriligi ‘ne giris siirecinde, Eurocode 3 Tiirkiye © de ¢elik yapilarin tasarimi igin
giizel bir alternatif olacaktir. Bu tezde Eurocode 3 ile TSE 648 arasindaki farkliliklar ve

benzerlikler sunulmustur.

Bu tezde teorik olarak sartnamelerin karsilastirilmasi yapilirken, zemin kosullari,
deprem hareketinin tanimi, depreme dayanikli tasarim kriterleri, yapinin deprem analizi
icin kullanilacak hesap yoOntemleri ve celik yapilarin temel tasarim kurallarindan

bahsedilmistir.

Bu calisma deprem hareketinin hesabi i¢cin Deprem Bolgelerinde Yapilacak Binalar
Hakkinda Yonetmelik ve c¢elik yapinin boyutlandirilmasi i¢in Eurocode 3 ve TSE 648

kullanilarak yapilan karsilastirilmali 6rnek ile tamamlanmastir.
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1. INTRODUCTION

In the last years earthquake design of structures becomes an important phenomena
due to the disastrous earthquakes which cause a big human tragedy all around the world.
These earthquakes show that the buildings have low seismic performance due to the usage
of low quality material, low quality of workmanship and inadequacy of the design codes.
Since then, many new codes detailing requirements have been introduced to ensure seismic
resistance. For example, the provisions have been added to the Turkish Earthquake Code

after the Marmara and Bolu-Diizce Earthquakes.

Earthquake resistant design of steel structures has been developing in the last years
by means of analytical and experimental results. Although structural steel is in many ways
an ideal material for earthquake resistance, care should be taken in design and detailing of
framing systems and connections. In addition different structural systems are used in order
to absorb dissipated energy during earthquake which are, concentrically braced frames,

moment resisting frames and eccentrically braced frames.

In the design of steel structures, both of the earthquake codes and steel design codes
should be followed simultaneously. Since the steel is a widely used structural material in
European countries, there is a developed and sophisticated structural steel design code
prepared by European Committee for Standardization (CEN) which is called Eurocode 3
and 8. These structural codes are frequently used between countries member of European
Union. The main objective of this thesis is to present the difference and similarities
between the TS648-TEC2007 and Eurocode 3-Eurocode 8 which are likely to be used in

Turkey in the European Union entry process in the future.



2. GENERAL RULES OF EARTHQUAKE DESIGN

2.1. General Rules

In the following sections, the definition of seismic loads and analysis requirements to
be applied to earthquake resistant design according to EC8 and TEC2007 are explained in

details.

2.1.1. General Rules of ECS

Structures in seismic regions shall be design and constructed in such a way that the

following requirements are met.

e No-Collapse Requirement: The structure shall be designed and constructed to
withstand the design seismic action without local or global collapse, thus retaining its
structural integrity and residual load bearing capacity after seismic events.

e Damage Limitation Requirement: The structure shall be designed and constructed to
withstand a seismic action having a larger probability of occurrence than the design
seismic action, without the occurrence of damage and the associated limitations of
use, the costs of which would be disproportionately high in comparison with the

costs of the structure itself. [1]

In order to satisfy the fundamental requirements of seismic design stated in ECS,
the ultimate limit stated and damage limitation state should be checked. It shall be verified
that the structural system has the resistance and energy dissipation capacity. The balance
between resistance and energy dissipation capacity is characterized by the values of the
behaviour factor “q” and the associated ductility classification. As a limiting case, for the
design of structures classified as non-dissipative, no account is taken of any hysteretic

energy dissipation and the behaviour factor may not be taken.



An adequate degree of reliability against unacceptable damage shall be ensured by
satisfying the deformation limits or other relevant limits. In structures important for civil
protection the structural system shall be verified to ensure that it has sufficient resistance
and stiffness to maintain the function of the vital services in the facilities for a seismic

event associated with an appropriate return period.

2.1.2. General Rules of TEC2007

The general principal of earthquake resistant design to this Specification is to prevent
structural and non-structural elements of buildings from any damage in low intensity
earthquakes, to limit the damage in structural and non-structural elements to repairable
levels in medium-intensity earthquakes, and to prevent the overall or partial collapse of

buildings in high intensity earthquakes in order to avoid the loss of life.

The design earthquake considered in this Specification corresponds to high intensity
earthquake defined above. For buildings with Building Importance Factor of I = 1 the
probability of exceedance of the design earthquake within a period of 50 years is 10%.

The building structural system resisting seismic loads as a whole as well as each
structural element of the system shall be provided with sufficient stiffness, stability and
strength to ensure an uninterrupted and safe transfer of seismic loads down to the
foundation soil. In order to dissipate a significant part of the seismic energy fed into the

structural system, ductile design principals should be followed. [2]

2.2. Site Conditions

2.2.1. Site Conditions According to EC8

Appropriate soil investigations should be carried out to identify the ground
conditions in accordance with the local site class. The supporting ground at the
construction site should be excluded from ground rapture, slope instability and permanent

settlements due to the liquefaction or densification. The soil investigations and geological



studies can be omitted for the structures with a low building importance factor and low

earthquake hazard.

Ground Types:
Five kind of ground types are described by taking into account the influence of local
ground conditions on the seismic action.

e Ground Type A: Rock or other rock like geological formation with shear wave
velocity greater than 800 m/sec. Weaker material can be acceptable up to 5 m from
the surface.

e Ground Type B: Deposits of very dense sand, gravel, or very stiff clay with shear
wave velocity between 360 m/sec and 800 m/sec. The thickness of deposits varies at
least several tens of meters.

e Ground Type C: Deep deposits of dense or medium dense sand, gravel or stiff clay
with thickness from several tens to many hundreds of meters. The shear wave
velocity is between 180 m/sec and 360 m/sec.

e Ground Type D: Deposits of loose to medium cohesionless soil or predominantly
soft to firm cohesive soil with shear wave velocity lower than 180 m/sec.

e Ground Type E: A soil profile consisting of a surface alluvium layer with shear
wave velocity values of type C and type D. The thickness of deposits varies between

about 5 m and 20 m. [1]

2.2.2. Site Conditions According to TEC2007

Soil groups and local site classes to be considered as the bases of determination of
local soil conditions are given in Table 2.1 and Table 2.2, respectively. Values of soil
parameters in Table 2.1 should be considered as standard values given for the guidance in

determining the soil groups.

Soil investigation based on appropriate site and laboratory tests are mandatory to be
conducted for below given buildings with related reports prepared and attached to design
documents. Soil groups and local site classes to be defined in accordance with Table 2.1

and Table 2.2 should be clearly indicated in reports.



e All buildings with total height exceeding 60 m in the first and second seismic zones,

e Irrespective of building height, buildings in all seismic zones with Building

Importance Factor of [=1.5and I =1.4.

Table 2.1. Soil groups

Unconf. Shear
Soil Description of Stand | Relative | Compres. Wave
Group Soil Group Penetr. | Density | Strength Velocity
(N/30) (%) (kPa) (m/s)
1. Massive volcanic rocks,
unweathered sound
(A) metamorphics rocks, stiff
cemented sedimentary rocks — — > 1000 > 1000
2. Very dense sand, gravel....... > 50 85-100 — > 700
3. Hard clay, silty lay............... > 32 — > 400 > 700
1. Soft volcanic rocks such
as tuff and agglomerate,
weathered cemented
sedimentary rocks with
(B) planes of 500 -
discontinuity.............. — — 1000 700 - 1000
2. Dense sand, gravel.............. 30-50 | 65-85 — 400 - 700
3. Very stiff clay, silty
clay........ 16 - 32 — 200 - 400 | 300 - 700
1. Highly weathered soft
metamorphic rocks and
cemented sedimentary rocks
(©) with planes of discontinuity — — <500 400 - 700
2. Medium dense sand and
gravel 10-30 | 35-65 — 200 - 400
3. Stiff clay, silty
clay.....c........ 8-16 — 100 - 200 | 200 - 300
1. Soft, deep alluvial layers
D) with high water table............... — — — <200
2. Loose sand..........cccoeeunnee <10 <35 — <200
3. Soft clay, silty clay.............. <8 — <100 <200




Table 2.2. Local Site Classes

Local Site | Soil Group according to Table 12.1 and
Class Topmeost Layer Thickness (h;)
71 Group (A) soils
Group (B) soils with h1< 15 m
72 Group (B) soils with hy > 15 m
Group (C) soils with h; <15 m
73 Group (C) soils with 15 m <h; <50 m
Group (D) soils with h; <10 m
7.4 Group (C) soils with h; > 50 m
Group (D) soils with h; > 10 m

Regarding the buildings outside the scope of above given, in the first and second
seismic zones, available local information or observation results should be included or
published references should be noted in the seismic analysis reports to identify the soil
groups and local site classes in accordance with Table 2.1 and Table 2.2. Also, in the first
and second seismic zones, horizontal bedding parameters as well as horizontal and vertical
load carrying capacities of piles under seismic loads in Group (C) and (D) soils according
to Table 2.1 should be determined on the basis of soil investigation including in-situ and

laboratory tests. [2]

2.3. Seismic Design

2.3.1. Definition of Seismic Action According to EC8 and TEC2007

Representation of Seismic Action in ECS8: National territories shall be subdivided by
National Authorities into seismic zones depending on the local hazard. The hazard within

the each zone is assumed to be constant.

For most of the applications of EC, the hazard is described in terms of a single
parameter, the value of the reference peak ground acceleration on type A ground, agg. The

reference peak ground acceleration corresponds to the reference return period of the



seismic action for the no-collapse requirement or the reference probability of exceedance

in 50 years. An importance factor y; equal to 1,0 is assigned to this reference return period.

In cases of low seismicity where the design ground acceleration is not greater than
0,1 g, reduced or simplified seismic design procedures for certain types or categories of
structures may be used. In cases of very low seismicity where the design ground

acceleration is not greater than 0,04 g, the provisions of EC need not be observed.

Basic Representation of the Seismic Design: The earthquake motion at a given point
on the surface is represented by an elastic ground acceleration response spectrum which is
called “elastic response spectrum”. The horizontal seismic action is described by two
orthogonal components as being independent and represented by the same response
spectrum. When the earthquakes affecting a site are generated by widely differing sources,
the possibility of using more than one shape of spectra should be considered to represent
the design seismic action adequately. Topographic amplification effects should be taken

into account for important structures at high seismicity zones.

Horizontal Elastic Response Spectrum: As seen in Figure 2.1, the elastic response
spectrum S,(7) is defined by the following expressions for the horizontal components of

seismic action.

0ST<Ty:5,(N=a,.5. |1+ (7.25-1)] (2.1)
Tp
Ty ST<T, :Se(T)=ay.S.7.2,5 (22)
Tc
Te ST STy i Se(T) =a,.S.7.25.| ] (2.3)
Ty ST <4s5:5,(T)=a,.5.7.25.| 52| (2.4)

S¢(T) : Elastic response spectrum
T  : Vibration period of a linear single degree of freedom system

a;  :Design ground acceleration on type A ground



Tg
Tc
Tp

: Lower limit of period of the constant spectral acceleration branch
: Upper limit of period of the constant spectral acceleration branch

: Value defining the beginning of the constant displacement response range of

spectrum

: Soil factor

: Damping correction factor with a reference value of n =1 for 5% viscous damping

2,581

Ty Te Tp T

Figure 2.1. Elastic Response Spectrum

The values of the periods Ty, T¢, Tp and the soil factor S describing the shape of the

elastic response spectrum depend on the ground type. The values of parameters are stated

in Table 2.3 below.



Table 2.3. Elastic Response Spectra Parameters

Ground Type S Tg (s) Tc(s) Tp (s)
A 1.0 0.15 0.4 2.0
B 1.2 0.15 0.5 2.0
C 1.15 0.20 0.6 2.0
D 1.35 0.20 0.8 2.0
E 1.4 0.15 0.5 2.0

Iy

Figure 2.2. Elastic Response Spectrum for Ground Types A to E with 5% damping

The value of damping correction factor 1 is determined by the following expression.

n = J10/(5+%) > 0,55

(2.5)

& : viscous damping ratio of the structure expressed as a percentage. A viscous damping

ratio may be used different from 5% for special cases.
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Design Spectrum for Elastic Analysis: The capacity of structural systems to resist
seismic actions in the non-linear range generally permits their design for resistance to

seismic forces smaller than those corresponding to a linear elastic response.

Instead of inelastic structural analysis in design, the energy dissipation capacity of
the structure through mainly ductile behaviour of its elements is taken into account by
performing an elastic analysis based on a reduced response spectrum which is called
“design spectrum”. This reduction is fulfilled by the behaviour factor g. The behaviour
factor q is an approximation of the ratio of the seismic forces that the structure would
experience if its response was completely elastic with 5% viscous damping, to the seismic
forces that may be used in the design with a elastic analysis model. The values of a
behaviour factor q, which also account for the influence of the viscous damping different
from 5%, are given for various materials and structural systems according to the relevant

ductility classes. [1]

The design spectrum Sy(7) for the horizontal components of the seismic action shall

be defined by the following expressions.

2 T 2,5 2
OSTSTB:Sd(T)zag.S.[§+E.(7—5)] (2.6)
TBSTSTC:Sd(T)zag.S.ZC’I—S (2.7)

2,5 Tc
=a,.S. —. |=
Te <T<Tp :S4(T) = 9 q [T] (2.8)
=B .ag
2,5 TcTp
=a,.S. —
Tp <T:54(T) = g q [Tz] (2.9)
=B .a4

S4(T) : Design spectrum
q : Behaviour factor

B : Lower bound factor for the horizontal design spectrum may be used as 0,2
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a;  : Design ground acceleration on type A ground

T : Vibration period of a linear single degree of freedom system

Tg : Lower limit of period of the constant spectral acceleration branch

Tc  : Upper limit of period of the constant spectral acceleration branch

Tp : Value defining the beginning of the constant displacement response range of
spectrum

S : Soil factor

Building Importance Factor: Buildings are classified in 4 importance classes,
depending on the consequences of collapse for human life, on their importance for public
safety and civil protection in the immediate post earthquake period, and on the social and
economic consequences of collapse. The definitions of the important classes are given in

Table 2.4.

Table 2.4. Important Classes for Buildings

Important A Importance
Cl;)ss Buildings Faftor
Building of minor importance for public safety, e.g.
I . o 0.8
agricultural buildings, etc.
I Ordinary buildings, not belonging in the other 1
categories.
Building whose seismic resistance is of importance
in view of the consequences associated with
11 collapse, 1.2
e.g. Schools, assembly halls, cultural institutions
etc.
Buildings whose integrity during earthquakes is of
v vital importance for civil protection, e.g. Hospitals, 1.4
fire stations, power plants, etc.

Representation of Seismic Action in TEC2007: The spectral acceleration coefficient,
A(T), to be considered for determining seismic loads is given by Eqn. 2.10. The elastic
spectral acceleration S,.(7), which is defined as the ordinate of 5% damped elastic design

acceleration spectrum is equal to spectral acceleration coefficient times the acceleration of

gravity, g.
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A(T) = A, 1S(T) (2.10)

Sae (T) = AT g (2.11)

Effective Ground Acceleration Coefficient: The effective ground acceleration

coefficient, 4,, given in Eqn. 2.10 is stated in Table 2.5.

Table 2.5. Effective Ground Acceleration

Seismic Zone Ao
1.00 0.40
2.00 0.30
3.00 0.20
4.00 0.10

Building Importance Factor: The building importance factor, 7, given in Eqn. 2.10 is

stated in Table 2.6.
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Table 2.6. Building Importance Factor

Purpose of Occupancy or Type Importance
of Building Factor (1)
1. Buildings to be utilized after the earthquake and buildings

containing hazardous materials
a) Buildings required to be utilized immediately after the
earthquake

(Hospitals, dispensaries, health wards, fire fighting buildings and

facilities, PTT and other telecommunication facilities,
transportation 1.5

stations and terminals, power generation and distribution facilities;
governorate, country and municipality administration buildings,
first

aid and emergency planning stations)
b) Buildings containing or storing toxic, explosive and flammable

materials, etc.

2. Intensively and long-term occupied buildings and

buildings preserving valuable goods

a) Schools, other educational buildings and facilities, dormitories 1.4
and hostels, military barracks, prisons, etc.

b) Museums

3. Intensively but short-term occupied buildings 12
Spor facilities, cinema, theatre and concert halls, etc

4. Other buildings

Buildings other than above-defined buildings. (Residential and 1.0

office buildings, hotels, building-like industrial structures, etc.)

Spectrum Coefficient: The spectrum coefficient, S(7), given in Eqn. 2.11 and seen in
Figure 2.3 shall be defined by following expressions. The spectrum coefficient depends on

local site conditions and the building natural period, T.

ST =1+15— 0<T<T,) (2.12)
A

S(T) =25 (T, <T <Ty) (2.13)
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S(T) =25 (T?B)O'8 (Ts <T) (2.14)

_ s(n=25(1s/T)"¢

L0 —

Figure 2.3. Design Acceleration Spectrum

Spectrum characteristic periods, Ta and Ty are specified in Table 2.7 depending on

local site classes.

Table 2.7. Spectrum Characteristic Periods

Local Site Ta Tb
Class (second) | (second)
Z1 0.10 0.30
72 0.15 0.40
73 0.15 0.60
74 0.20 0.90

Special Design Acceleration Spectra: Elastic acceleration spectrum may be
determined through special investigations by considering local seismic and site conditions.

However spectral acceleration coefficient corresponding to acceleration spectrum ordinates
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shall not be less than those determined by Eqn. 2.10 based on relevant characteristic

periods given in Table 2.7.

Reduction of Elastic Seismic Loads: Elastic seismic loads determined in terms of
spectral acceleration coefficient shall be divided to below-defined Seismic Load Reduction
Factor to account for the specific nonlinear behaviour of the structural system during
earthquake. Seismic Load Reduction Factor, R,(T), shall be determined by Eqn. 2.15 and
Eqn. 2.16 in terms of Structural Behaviour Factor, R, defined in the following chapters for

various structural systems, and the natural vibration period T. [2]

Ry(T) = 1.5 + (R-1.5) T/T4 (0<T<Ty) (2.15)

R(T)=R (Ta<T) (2.16)

2.3.2. Definition of Load Combinations According to EC8 and TEC2007

Combination of the Seismic Action with Other Actions According to ECS8: The
design value E4 of the effects of actions in the seismic design situation shall be determined

in accordance with the following combination; [3]

2 Gyj+V1Apa + X 02 Qi (2.17)

Where;

Gy : Characteristic values of dead loads j

v1 : Importance Factor

Agq : Design value for return period of specific earthquake motion
¢2;i : Combination coefficient of live loads

Qi : Characteristic value of live loads

The inertial effects of the design seismic action shall be evaluated by taking into
account the presence of the masses associated with all gravity loads appearing in the

following combination of actions;
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X G+ X VEiQi (2.13)

Where;

Yg; : The combination coefficient for variable action /

The values of variable action are stated in the calculation of base shear due to the

seismic action in the further chapters.

The combination coefficient Wg; take into account the likelihood of the loads Qy;
not being present over the entire structure during the earthquake. These coefficients may
also account for a reduced participation of masses in the motion of structure due to the

non-rigid connection between them. [4]

Combination of the Seismic Action with Other Actions According to TEC2007: The
design value E4 of the effects of actions in the seismic design situation shall be determined

in accordance with the following combination; [2]

G+Q=+E;+0.3E, (2.19)

G+Q=E,+03E (2.20)
or in the case of unfavorable results,

0.9G + Ex + 0.3E, (2.21)

0.9G + Ey + 0.3Ey (2.22)

The seismic weight of the structure shall be determined by Eqn. 2.23.

W=XGy+XnQiy (2.23)

Live Load Participation Factor, n, is given in Table 2.8. In industrial buildings, n=1

shall be taken for fixed equipment weights while crane payloads shall not be taken into
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account in the calculation of storey weights. In the calculation of roof weights for seismic

loads, 30% of snow loads shall be considered.

Table 2.8. Live Load Participation Factors

Purpose of Occupancy of Building n
Depot, warehouse, etc. 0.80

School, dormitory, sport facility, cinema, concert hall, 0.60
car park, restaurant, shop, etc. '

Residence, office, hotel, hospital, etc. 0.30
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3. GENERAL RULES FOR BUILDING STRUCTURAL SYSTEM

3.1. Criteria for Structural Regularity According to EC8

The building structures are categorized into being regular or non-regular for the
purpose of seismic design. This distinction has implications for the following aspects of the

seismic design.

e The structure model, which can be either a simplified planar model or a spatial
model.

o The method of analysis, which can be either a simplified response spectrum analysis
(lateral force procedure) or a modal one.

e The value of the behaviour factor q, which shall be decreased for buildings non-

regular in elevation.
Separate consideration is given in Table 3.1 to the regularity characteristics of the

building in plan and in elevation in terms of the implications of structural regularity on

analysis and design.

Table 3.1. Structural Regularity

Regularity Allowed Simplification Behaviour factor

Plan | Elevation | Model | Linear - elastic Analysis | (for linear analysis)

Yes |Yes Planar |Lateral force Reference value
Yes |No Planar |Modal Decreased value
No |Yes Spatial | Lateral force Reference value

No |[No Spatial | Modal Decreased value
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3.1.1. Criteria for Regularity in Plan

The building structure shall be approximately symmetrical in plan with respect to
two orthogonal axes in terms of the lateral stiffness and mass distribution. The plan
configuration should be compact. For instance, each floor should be delimited by a
polygonal convex line. If re-entrant corners or edge recesses exist in plan, regularity in
plan may still be considered as being satisfied that these setbacks don not affect the floor in
plan stiffness and the area between the outline of the floor and a convex polygonal line
enveloping the floor does not exceed 5% of the floor area. The L, C, H, I, and x plan
shapes should be carefully examined with respect to the rigid diaphragm condition. The in-
plan stiffness of the floors should be sufficient in comparison with the lateral stiffness of
the vertical structural elements. The slenderness A = L4y / Ly 0of the building shall not be
higher than 4, where L,,,, and L,,;, are respectively the larger and smaller dimensions of the
buildings in plan. The structural eccentricity in the direction of analysis considered shall
not be greater than 30% of the torsional radius which is defined as the square root of the

ratio of the global torsional stiffness to the lateral stiffness.

3.1.2. Criteria for Regularity in Elevation

All lateral load resisting systems, such as cores, structural walls, or frames shall run
without interruption from their foundations to the top of the building. Both the lateral
stiffness and the mass of the individual stories shall remain constant or reduce gradually,
without abrupt changes, from the base to the top of a particular building. In framed
buildings, the ratio of the actual storey resistance to the resistance required by the analysis
should not vary disproportionately between adjacent stories. For the structures with

setbacks in elevation, the following conditions should be considered.

o The setbacks at any floor shall not be greater than 20% of the previous plan

dimension in the direction of the setback. (See Figure 3.1.a and 3.1.b)

o For a single setback within the lower 15% of the total height of the main structural
system, the setback shall not be greater than 50% of the previous plan dimension. In

this case the structure should be designed to resist at least 75% of the horizontal
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shear forces that would developed in that zone in a similar building without the base

enlargement. (See Figure 3.1.c)

o If the setbacks do not preserve symmetry, in each face of the sum of the setbacks at
all stories shall be not greater than 30% of the plan dimension at the ground floor

above the foundation or above the top of a rigid basement, and the individual

setbacks shall be not greater than 10% of the previous plan dimension. (See Figure

3.1.d) [1]

(b} (setback occurs above 0.15H)
A

L. L

I —»‘ - - }4—‘
.—ﬂ.JSH
v | i —

o

L,-L
Criterion for (a): ———= =0.20 o I.+1.
L Criterion for (b): — I ~=0,20
(c) (setback occurs below 0,15H) d)
A

— L_'% LI
- \—n—( - - -
0,15 H :
. ,
v | ] «
’4 L o Criteria for (d): ——2 < 0.30
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Criterion for (c): T =030

Figure 3.1. Criteria for regularity of buildings in elevation
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3.2. Criteria for Structural Regularity According to TEC2007

Regarding the definition of irregular buildings whose design and construction should
be avoided because of their unfavorable seismic behaviour, types of irregularities in plan

and in elevation are given below.

3.2.1. Criteria for Regularity in Plan

A1- Torsional Irregularity: The case where Torsional Irregularity Factor ny; which is
defined for any of the two orthogonal earthquake directions as the ratio of the maximum
storey drift at any storey to the average storey drift at the same storey in the same direction,

is greater than 1.2.

1ﬂ|bi = (Ai)max/ (Ai)ort > 12 ( 31 )

Storey drifts shall be calculated by considering the effects of = 5% additional

eccentricities.

A2- Floor Discontinuities: In any floor;

e The case where the total area of the openings including those of stairs and elevator
shafts exceeds 1/3 of the gross floor area.

o The case where local floor openings make it difficult the safe transfer of seismic
loads to vertical structural elements.

e The cases of abrupt reductions in the in-plane stiffness and strength of floors.

A3- Projections in Plan: The cases where projections beyond the re-entrant corners in
both of the two principals directions in plan exceed the total plan dimensions of the

building in the respective directions by more than 20%.
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3.2.2. Criteria for Regularity in Elevation

B1- Interstorey Strength Irregularity (Weak Storey): In reinforced concrete buildings,
the case where in each of the orthogonal earthquake directions, Strength Irregularity
Factor n., which is defined as the ratio of the effective shear area of any storey to the
effective shear area of any storey to the effective shear area of the storey immediately

above, is less than 0.80.

Nei = (ZAe)i / (ZAe)iH <0.80 ( 3.2 )

Definition of effective shear area in any storey:

SA.=TAy + ZA, +0.15 ZA, (3.3)

B2- Interstorey Stiffness Irregularity (Soft Storey): The case where in each of the two
orthogonal earthquake directions, Stiffness Irregularity Factor ni;, which is defined as the
ratio of the average storey drift at any storey to the average storey drift at the storey

immediately above or below, is greater than 2.0.

Nki = (Ai/h)ort / (Aix1/hit1)ore > 2.0 (3.4)
Mki = (Ao / (Ai/hi)or > 2.0 (3.5)

Storey drifts shall be calculated by considering the effects of = 5% additional

eccentricities.

B3- Discontinuities of Vertical Structural Elements: The cases where vertical
structural elements (columns or structural walls) are removed at some stories and
supported by beams or gusseted columns underneath, or the structural walls of upper

stories are supported by columns or beams underneath. [2]
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3.2.3. Conditions for Irregular Buildings

In buildings with irregularity types A2 and A3, it shall be verified by calculation in
the first and second seismic zones that the floor systems are capable of safe transfer of

seismic loads between vertical structural elements.

In buildings with irregularity type B1, if total infill wall area at i’th storey is greater
than that of the storey immediately above, then infill walls shall not be taken into account
in the determination of 1. In the range of 0.60 < (1) < 0.80, structural behaviour factor
shall be multiplied by 1.25 (Mci)min Which shall be applicable to the entire building in both
earthquake directions. In no case, 1n¢; < 0.60 shall be permitted. Otherwise strength and

stiffness of the weak storey shall be increased and the seismic analysis shall be repeated.

Conditions related to buildings with irregularities of type B3 are given below :

e In all seismic zones, columns at any storey of the building shall in no case be
permitted to rest on the cantilever beams or top of or at the tip of gussets provided in
the columns underneath.

e In the case where a column rests on a beam which is supported at both ends, all
internal force components induced by the combined vertical loads and seismic loads
in the earthquake direction considered shall be increased by 50% at all sections of the
beam and at all sections of the other beams and columns adjoining to the beam.

e Inno case the walls shall be permitted to rest on columns underneath.

o Structural walls shall in no case be permitted in their own plane to rest on the beam

span at any storey of the building. [2]
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3.3. Selection of Analysis Method

3.3.1. Structural Modeling & Analysis According to EC8

The model of the building shall adequately represent the distribution of stiffness and
mass in it so that all significant deformation shapes and inertia forces are properly
accounted for the consideration of seismic action. The structure may be considered to
consist of vertical and lateral load resisting systems connected by horizontal diaphragms.
When the floor diaphragms of the building may be taken as being rigid in their planes, the

masses and the moments of inertia of each floor may be lumped at the center of gravity.

The structural analysis may be performed using two planar models for each main

direction in the buildings conforming to the criteria for regularity in plan.

Accidental Torsional Effects: In order to account for uncertainties in the location of
masses and in the spatial variation of seismic action, the calculated centre of mass at each
floor shall be considered as being displaced from its nominal location in each direction by

an accidental eccentricity.

eq = +0.05L; (3.6)

where
€, . The accidental eccentricity of storey mass i from its nominal location, applied in the
same direction at all floors.

Li : The floor dimension perpendicular to the direction of seismic action.

Methods of Analysis: The seismic effects and the effects of the other actions
included in the seismic design may be determined on the basis of the linear elastic
behaviour of the structure. One of the following reference method for determining the
seismic effects should be selected depending on the structural characteristics of the

building.

e Lateral force method of analysis
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e Modal response spectrum analysis

As an alternative to a linear method, a non-linear method may also be used such as
non-linear static (pushover) analysis, non-linear time history (dynamic) analysis.
Depending on the importance class of the building, linear elastic analysis may be
performed using two planar models, one for each main horizontal direction, even if the
criteria for regularity in plan are not satisfied, provided that all of the following special

regularity conditions are met. [1]

e The building shall have well-distributed and relatively rigid cladding and partitions.

e The building height shall not exceed 10 m.

e The in-plane stiffness of the floors shall be large enough in comparison with the
lateral stiffness of the vertical structural elements, so that a rigid diaphragm
behaviour may be assumed.

e The centers of lateral stiffness and mass shall be each approximately on a vertical

line and in the two horizontal directions of analysis satisfy the conditions:
1 > 12 + ey’ (3.7)
1, > 17+ eoy” (3.8)

where
I is the radius of gyration.
1y and ry are the torsional radius.

€ox and e,y are the natural eccentricities.

Lateral Force Method of Analysis: This type of analysis may be applied to buildings
whose response is not significantly affected by contributions from modes of vibration
higher than the fundamental mode in each principal direction. And also, the structure

should satisfy the criteria for regulation in plan and elevation and the following condition.

e The fundamental periods of vibration T, in the two main directions which are smaller

than the following values;
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4T,

2.0s (3.9)

T1S{

Tc: Upper limit of period of the constant spectral acceleration branch.

Base Shear Force: The seismic base shear force Fy, for each horizontal direction in

which the building analyzed shall be determined using the Eqn. 3.10.
Fb:Sd(T1)m7\. (310)

S4a(T;) : Fundamental period of vibration of the building for lateral motion in the
considered earthquake direction.

m : The total mass of the building above the foundation or above the top of a rigid
basement computed as XGy; + ZWg; * Qi ( where Wg; is the combination coefficient for
variable action)

A : The correction factor, the value of which is equal to the A = 0.85 if T; < 2T¢ and

the building has more than two stories or the A = 1.0 otherwise.

The combination coefficients Wg; for the calculation of the effects of the seismic actions

shall be computed from the Eqn. 3.11.
WEi= ¢ Y (3.11)
P,; : The combination coefficients for variable actions

The values of ¢ are given in Table 3.2.
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Table 3.2 Values of ¢ for calculating W ;

Type of variable action | Storey [0)
Categories A-C* Roof 1.0
Storeys with correlated
occupancies 0.8
Independently occupied storeys 0.5
Categories D-F* 1.0
and Archives '

Rayleigh method may be used for the determination of the fundamental period of
vibration period T; of the building. For the buildings with heights of up to 40 m, the value
of T may be approximated by the Eqn. 3.12.

T,=C.H" (3.12)

C; : 0.085 for the moment resistant space steel frames.

0.075 for the moment resistant space concrete frames and eccentrically braced steel

frames.
0.050 for all other structures.
H : The height of the building from the foundation or from the top of a rigid basement.

Alternatively, the estimation of T; may be made by using the Eqn. 3.13.

T, =2Vd (3.13)

d : The lateral elastic displacement of the top of the building due to the gravity loads

applied in the horizontal direction.

Distribution of the Horizontal Seismic Forces: The seismic action effects shall be
determined by applying horizontal forces F; to all stories. The horizontal force acting on

storey i ;
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Sim;
Fi =F — .14
"S5 m; (3.14)
Fy : The seismic base shear in accordance with Eqn. 3.10.

si, sj : The displacements of masses m;, m; in the fundamental mode shape.

m;, m; : The storey masses computed

When the fundamental mode shape is approximated by horizontal displacements
increasing linearly along the height, the horizontal forces F; should be computed by using
the heights of the masses instead of the displacements of masses.

zZi my

F,=F, —~ (3.15)

Xzjm;j

zi, z; : The heights of the masses mj, m; above the level of application of the seismic

action.

Torsional Effects: If the lateral stiffness and masses are symmetrically distributed in
plan and unless the accidental eccentricity is taken into account by a more exact method,
the accidental torsion effects may be accounted for by multiplying the action effects in the

individual load resisting elements by a factor 3.

6=1+0.6Li (3.16)

e

x : The distance of the element under consideration from the centre of mass of the building
in plan measured perpendicularly to the direction of the seismic action considered.
L. : The distance between the two outermost lateral load resisting elements measured

perpendicularly to the direction of the seismic action considered.

If the analysis is performed using two planar models, torsional effects may be
determined by doubling the accidental eccentricity e,; of Eqn. 3.6 and applying Eqn. 3.16
with factor 1.2 instead of 0.6.
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Modal Response Spectrum Analysis: This type analysis shall be applied to buildings
which do not satisfy the criteria for regulation in plan and elevation. The response of all
modes of vibration contributing significantly to the global response shall be taken into
account. The sum of the effective modal masses for the modes taken into account amounts
in dynamic analysis of structure shall be more than 90% of the total mass of the structure.
Beside to this, all modes with effective modal masses which are greater than 5% of the
total mass shall be taken into account. When using a spatial model, the above conditions
should be verified for each relevant direction. If torsional modes make a significant
contribution for the modes with effective modal masses in buildings, the minimum number
of “k” of modes to be taken into account in a spatial analysis should satisfy both the

following conditions.

k>3vn and T, <0.20 sec

k : The number of modes taken into account
n  : The number of storeys above the foundation or the top of the a rigid basement
Tk : The period of vibration of mode k
Combination of Modal Responses:

The response in two vibration modes i and j including both translational and torsional
modes may be taken as independent of each other, if their periods T; and T; satisfy the
following conditions.

Tj <009T; and Tj <T;

Whenever all relevant modal responses may be regarded as independent of each other, the

maximum value Eg of a seismic action effect may be taken as the following Eqn. 3.17.

EE:,/ZEEiZ (3.17)

Eg : The seismic action effect under consideration (Force, displacement, etc.)
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Eg;  : The value of seismic action effect due to the vibration mode i

If the modes are not independent of each other, more accurate procedure for the
combination of the modal maxima, such as “Complete Quadratic Combination” (CQC)

shall be adopted.

Torsional Effects: Whenever a spatial model is used for the analysis, the accidental
torsional effects may be determined as the envelope of the effects resulting from the
application of static loadings, consisting of sets of torsional moments M,; about the vertical

axis of each storey i. M,; shall be defined as the following Eqn. 3.18.

M, =€, . F; (3.18)
Ma.i : The torsional moment applied at storey i about its vertical axis
€4 : The accidental eccentricity of storey mass 1
Fi : The horizontal force acting on storey I

The effects of loadings should be taken into account with positive and negative signs.

Combination of the Effects of the Components of the Seismic Action: The horizontal
components of the seismic action shall be taken as acting simultaneously. The structural
response to each component shall be evaluated separately, using the combination rules for
modal responses as previously explained in modal response spectrum analysis. Another
method is that the square root of the sum of the squared values of the action effect due to
each horizontal component. Beside to these, the action effects due to the combination of
the horizontal components of the seismic action may be computed using both of the two

following combination as an alternative method.

Eggx + 0.30Eq,
0.30 Eggx + EEdy

Ekdx : The action effects due to the application of the seismic action along the chosen

horizontal axis x of the structure
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Ergy @ The action effects due to the application of the seismic action along the chosen

horizontal axis y of the structure

If the structural system or the regularity classification of the building in elevation is
different in different horizontal directions, the value of the behaviour factor q may also be
different. For the buildings satisfying the regularity in plan and in which walls or
independent bracing systems in the two main horizontal directions are the only primary
seismic elements, the seismic action may be assumed to act separately and without

combination along the two main orthogonal horizontal axes of the structure.

Vertical Components of the Seismic Action: The vertical component of the seismic

action should be taken into account in the cases listed below.

For horizontal or nearly horizontal structural members spanning 20 m or more

For horizontal or nearly horizontal cantilever components longer than 5 m

For horizontal or nearly horizontal pre-stressed components

For the beams supporting columns

In base isolated structures

The effects of the vertical component shall be taken into account only for the
elements under consideration stated above and their directly associated supporting
elements or substructures. If the horizontal components of the seismic action are also
relevant for these elements, the following combinations may be used for the computation

of the seismic action effects.

Erax + 0-30EEdy + 0.30Eg4,
0.3OEEdX + EEdy + O3OEEdz
0.30Eg4x + 0.3OEEdy + Eg4,

Ekdx : The action effects due to the application of the seismic action along the chosen
horizontal axis x of the structure
Ersy  : The action effects due to the application of the seismic action along the chosen

horizontal axis y of the structure
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Erez  : The action effects due to the application of the vertical component of the design

seismic action
3.3.2. Structural Modeling & Analysis According to TEC2007

Methods to be used for the seismic analysis of buildings and building-like
structures are Equivalent Seismic Load Method, Mode Combination Method and other
non-linear methods. Buildings for which Equivalent Seismic Load Method is applicable

are listed in Table 3.3. [2]

Table 3.3. Application Limits of Equivalent Seismic Load Method

Seismic Type of Building Total Height

Zone Limit

Buildings with torsional irregularity coefficient

1,2 Hy<25m

satisfying the condition ny,; < 2.0 at every storey

Buildings with torsional irregularity coefficient
1.2 Ziltisfying the condition ny,; < 2.0 at every storey and Hy <40 m

the same time without type B2 irregularity
3,4 | All buildings Hy<40m

Equivalent Seismic Load Method: Total base shear calculated by means of
Equivalent Seismic Load Method, V,, acting on the entire building in the earthquake
direction considered shall be determined by Eqn. 3.19.

Vi = WA(T}) / Ry(T1) = 0.10A0IW (3.19)

The fist natural vibration period of the building, T, shall not be greater than the
value calculated by Eqn. 3.20.

T, = 275[ Ma(md3) /Z?Izl(Ffidfi)]m (3.20)
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Regardless of value calculated by Eqn. 3.20, natural period shall not be taken longer

than 0.1 in buildings with N > 13 excluding basements.

Total weight of the building, W, to be used in Eqn. 3.19 as the seismic weight shall
be determined by Eqn. 3.21.

W=3Lw, (3.21)
Storey weights w; of Eqn. 3.21 shall be calculated by Eqn. 3.22.

Wi =gi+nqj (3.22)
Determination of Design Seismic Loads Acting at Storey Levels: Total equivalent

seismic load determined by Eqn. 3.19 is expressed by Eqn. 3.23 as the sum of equivalent

seismic loads acting at storey levels. (Figure 3.2(a))
Vi=AF,+ YN F (3.23)

The value of additional equivalent seismic load, AF,, acting at the N’th storey (roof)

of the building shall be determined by Eqn. 3.24.
AF, =0.0075 N V, (3.24)

Excluding AF,, , the remaining part of the total equivalent seismic load shall be

distributed to stories of the building (including N’th storey) in accordance with Eqn. 3.25.

WiH;
F,= (V= AF\) =—==—— 3.25
(Vi N)ZlivzleHj ( )

In buildings with reinforced concrete peripheral walls at their basement being very
rigid relative to upper stories and basement floors behaving as rigid diaphragms in
horizontal planes, equivalent seismic loads acting on the basement stories and on the upper

stories shall be calculated independently as in the following. These loads shall be applied
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together to the combined structural system. In determining the total equivalent seismic load
and equivalent storey seismic loads, appropriate R factors shall be selected without
considering the rigid peripheral basement walls and seismic weights of the upper stories
only shall be taken into account. In this case, foundation top level considered in the
relevant definitions and expressions shall be replaced by the ground floor level. Fictitious
loads used for the calculation of the first natural vibration period shall also be based on
seismic weights of the upper stories only (Figure 3.2(b)). In calculating equivalent seismic
loads acting on rigid basement stories, seismic weights of basements only shall be taken
into account and calculation shall be independent of upper stories. For such parts of the
building, spectrum coefficient shall be taken as S(T) = 1 without calculating the natural
vibration period. In determining equivalent seismic loads acting on each basement storey,
spectral acceleration shall be multiplied directly with the respective weight of the storey
and resulting elastic loads shall be reduced by dividing them to R,(T) = 1.5 (Figure 3.2(c)).
In-plane strength of ground floor system, which is surrounded by very stiff basement walls
and located in the transition zone between upper stories, shall be checked according to the

internal forces obtained from the analysis. [2]

(a) (b) ©
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Figure 3.2. Design Seismic Loads Acting at Storey Levels
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Displacement Components to be Considered and Application Points of Seismic
Loads: In buildings where floors behave as rigid horizontal diaphragms, two lateral
displacement components and the rotation around the vertical axis shall be taken into
account at each floor as independent static displacement components. At each floor,
equivalent seismic loads shall be applied to the floor mass center as well as to the points
defined by shifting +5% of the floor length in the perpendicular direction to the earthquake

direction considered in order to account for the additional eccentricity effects (Figure 3.3).

B,
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Figure 3.3. Accidental Eccentricity

In buildings where type A2 irregularity exists and floors do not behave as rigid
horizontal diaphragms, sufficient number of independent static displacement components
shall be considered to account for the in-plane deformation of floors. In order to consider
additional eccentricity effects, each of the seismic loads acting on the individual masses
distributed over each floor shall be shifted by +5% of the floor length in perpendicular
direction to the earthquake direction considered (Figure 3.4). [2]
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0 ejx = 0.05 B,
i

* Actual mass centre of the 1"th floor segment
o Shifted mass centre of the 1"th floor segment

Figure 3.4. Accidental Eccentricity with A2 irregularity

In the case where type Al irregularity exists at any 1’th storey such that the condition
1.2 < mwi < 2.0 is satisfied, +5% additional eccentricity applied to this floor shall be
amplified by multiplying with coefficient D; given by Eqn. 3.26 for both earthquake

directions.

D= (M)Z (3.26)

1,2

Internal Forces in Element Principal Axes: Under the combined effects of
independently acting x and y direction earthquakes to the structural system, internal forces
in element principal axes a and b shall be obtained by Eqn. 3.27 and Eqn. 3.28 such that

the most unfavorable results yield (Figure 3.5).
By =+ Bax £ 0.30 B,y or B, =+ 0.30 Byx + Byy (3.27)

By =+ Bpx £ 0.30 Bby or B,=+0.30 By £ Bby (3.28)
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Figure 3.5. Combined Effects of Independently Acting x and y Direction Earthquakes

Mode Combination Method: In this method, maximum internal forces and
displacements are determined by the statistical combination of maximum contributions

obtained from each of the sufficient number of natural vibration modes considered.

Acceleration Spectrum: Reduced acceleration spectrum ordinate to be taken into

account in any n’th vibration mode shall be determined by Eqn. 3.29

Sar(Th) = Sae(Tn) / Ra(Th) (3.29)

In the case where elastic design acceleration spectrum is determined through special

investigations, relevant spectrum ordinate shall be considered in the above Eq. in lieu of

Sae(Th).

Dynamic Degrees of Freedom to be Considered: In buildings where floors behave as
rigid horizontal diaphragms, two horizontal degrees of freedom in perpendicular directions
and a rotational degree of freedom with respect to the vertical axis passing through mass
center shall be considered at each storey. At each floor, modal seismic loads shall be
determined for those degrees of freedom and shall be applied to the floor mass center as
well as to the points defined by shifting it £5% of the floor length in the perpendicular

direction to the earthquake direction considered in order to account for the additional
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eccentricity effects (Figure 3.3). In buildings where type A2 irregularity exists and floor do
not behave as rigid horizontal diaphragms, sufficient number of dynamic degrees of
freedom shall be considered to account for the in-plane deformation of floors. In order to
consider additional eccentricity effects, each of the modal seismic loads acting on the
individual masses distributed over each floor shall be shifted by +£5% of the floor length in
perpendicular direction to the earthquake direction considered (Figure 3.4). In such
buildings, internal force and displacement quantities due to the additional eccentricity
effects alone may also be calculated in accordance with Equivalent Seismic Load Method.
Such quantities shall be directly added those combined in accordance with modal

combination without taking into account additional eccentricity effects.

Sufficient Number of Vibration Modes to be Considered: Sufficient number of
vibration modes, Y, to be taken into account in the analysis shall be determined to the
criterion that the sum of effective participating masses calculated for each mode in each of
the given x and y perpendicular lateral earthquake directions shall in no case be less than

90% of the total building mass.

2
an

n=1 Min = Zyoa 2 2090 BiLymy (330)
Lz
n=1Myn =Tn=17~ 2090 XL, m; (3.31)

The expressions of Ly,, Ly, and modal mass M, shown in Eqn. 3.30 and Eqn. 3.31

are given below for buildings with rigid floor diaphragms.

an = ?’:1 mi(pxi'n_ ( 332 )
Lyn = 2iL1 Mi@yin (333)
M= X (@2 + Mu@si, + M) (3.34)

In buildings with reinforced concrete peripheral walls at their basement being very
rigid relative to upper stories and basement floor behaving as rigid diaphragms in
horizontal planes, it may be sufficed with the consideration of vibration modes which are

effective in the upper stories only. In this case, in the analysis performed by the Mode
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Combination Method which corresponds to the analysis by Equivalent Seismic Load
method, the coefficient R shall be selected without considering the rigid peripheral

basement walls whereas the upper storey masses only shall be taken into account.

Combination of Modal Masses: Rules to be applied for the statistical combination of
non-simultaneous maximum contributions of response quantities calculated for each
vibration mode, such as the base shear, storey shear, internal force components,
displacements and storey drifts, are specified in the following provided that they are

applied independently for each response quantity:

In the case where natural periods of any two vibration mode with T,, < T, always
satisfy the condition T,, / T;, < 0.80, Square Root of Sum of Squares (SRSS) Rule may be

applied for the combination of maximum modal contributions.

In the case where the above given condition is not satisfied, Complete Quadratic
Combination (CQC) Rule shall be applied for the combination of maximum modal
contributions. In the calculation of cross correlation coefficients to be used in the

application of the rule, modal damping factors shall be taken as 5% for all modes.

In the case where the ratio of the base shear in the given earthquake direction, Vg,
which is obtained through modal combination, to the base shear V,, obtained by Equivalent
Seismic Load Method is less than the below given value of B (Vg < V)), all internal force
and displacement quantities determined by Mode Combination Method shall be amplified
in accordance with Eqn. 3.35. [2]

Vi
By=EVtp, (3.35)
Vip
Bs : Any response quantity obtained by modal combination in the Mode Superposition

Method
Bp : Amplified value of B
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If at least one of the irregularities of type Al, B2 or B3 exists in a building f = 0.90,
whereas none of them exists 3 = 0.80 shall be used in the Eqn. 3.35.

Internal Forces in Element Principal Axes: Under the combined effects of
independently acting x and y direction earthquakes to the structural system, the directional
combination rule given in the Equivalent Seismic Load Method shall be additionally
applied to the internal forces obtained in element principal axes by modal combination.

3.3.3. Serviceability Conditions

3.3.3.1 Limitation of Displacements. If linear analysis performed the displacements

induced by the design seismic action shall be calculated on the basis of the elastic

deformations of the structural system by means of the following simplified expression.

dszqd de (336)

ds : The displacement of a point of the structural system induced by the design seismic
action.

da : The displacement behaviour factor, assumed equal to the q unless otherwise
specified.

d. : The displacement of the same point of the structural system, as determined by a

linear analysis based on the design response spectrum.

The value of ds does not need to be larger than the value derived from the elastic
spectrum. When determining the displacements d., the torsional effects of the seismic
action shall be taken into account.

The following limits of interstorey drifts shall be observed as stated below:

e For buildings having non-structural elements of brittle materials attached to the

structure.

dv < 0,005h
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e For buildings having ductile non-structural elements.

dwv < 0,0075h

¢ For buildings having non-structural elements fixed in a way so as not interfere with

structural deformations, or without non-structural elements.

div<0,010

d; : The design interstorey drifts, evaluated as the difference of the average lateral
displacements ds at the top and bottom of the storey under consideration.

h  : The storey height

\Y% : The reduction factor which takes into account the lower period of the seismic action

associated with the damage limitation requirement.

The value of the reduction factor v may also depend on the importance class of the
building. Implicit in its use is the assumption that the elastic response spectrum of the

seismic action under which the “demage limitation requirement” should be met. [1]

Calculation and Limitation of Effective Storey Drifts According to TEC2007: The
reduced storey drifts A;, of any column or structural wall shall be determined by the

following Eq. as the difference of displacements between the two consecutive stories.
Ai=d;—di (3.37)
di : Displacement calculated at 1’th storey of building under design seismic loads
d; and d;.; represent lateral displacements obtained from the analysis at the ends of
any column or structural wall at stories i and i-1 under reduced seismic loads. Effective

storey drift, d;, of columns or structural walls at the i’th storey of a building shall be

obtained for each earthquake direction by Eqn. 3.38.

8; =R A (3.38)
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The maximum value of effective storey drifts, (8i)max, Obtained for each earthquake
direction at columns or structural walls of a given 1’th storey of a building shall be satisfy

the condition given by Eqn. 3.39.

éi—;'l‘_ﬂfo.oz (3.39)

2

The limits may be exceeded by 50% in single storey frames where seismic loads are
fully resisted by steel frames with joints capable of transferring cyclic moments. In the
case where the condition given by Eqn. 3.39 is not satisfied at any storey of the building,
the seismic analysis shall be repeated with increased stiffness of the structural system.
However, even if the condition is satisfied, serviceability of nonstructural brittle elements

(e.g. facade elements) under effective storey drifts shall be verified by calculation. [2]

3.3.3.2 Second Order Effects. Second order effects (P-A effects) according t EC8 need not

be taken into account if the following condition is fulfilled in all storeys.

o =2rtdr < 10 (3.40)
Vtoth
0 : The Interstorey drift sensitivity coefficient

Pi: : The total gravity load at and above the storey considered in the seismic design
situation.

d: : The design Interstorey drift, evaluated as the difference of the average lateral
displacements ds at the top and bottom of the storey under consideration.

Vit : The total seismic storey shear

h  : The Interstorey height

If 0.1 <6 <0.2, the second order effects may approximately be taken into account by
multiplying the relevant seismic action effects by a factor equal to 1/(1-0). The value of the

coefficient 0 shall not exceed 0.3. [1]
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Second Order Effects According to TEC 2007: Unless a more refined analysis
considering the nonlinear behaviour of structural system is performed, second-order effects

may be taken into account.

In the case where Second Order Effect indicator, 0;, satisfies the condition given by
Eqn. 3.41 for the earthquake direction considered at each storey, second order effects shall
be evaluated in accordance with the currently enforced specifications of reinforced

concrete or structural steel design.

N
_ Ajort Xj=iWj

0; <0.12 (3.41)

i

(Ai)ort shall be determined as the average value of reduced storey drifts calculated for
1’th storey columns and structural walls. In the case where the given condition is not
satisfied, seismic analysis shall be repeated with sufficiently increased stiffness of the

structural system. [2]

3.3.3.3 Seismic Joints. Buildings shall be protected from earthquake induced pounding

from adjacent structures or between structurally independent units of the same building.
For buildings, or structurally independent units that do not belong to the same property, the
distance from the property line to the potential points of impacts is not less than the
maximum horizontal displacement of the building at the corresponding level. And also, for
buildings, or structurally independent units, belonging to the same property, the distance
between them is not less than the square root of the sum of the squares (SRSS) of the
maximum horizontal displacements of the two buildings or units at the corresponding
level. If the floor elevations of the building or independent units under design are the same
as those of the adjacent building or unit, the above referred minimum distance may be

reduced by a factor of 0.7. [1]

Seismic Joint Conditions According to TEC2007: Excluding the effects of
differential settlements and rotations of foundations and the effects of temperature change,

sizes of gaps to be retained in the seismic joints between building blocks or between the
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old and newly constructed buildings shall be determined in accordance with the following
conditions:

Unless a larger value is obtained, sizes of gaps shall not be less than the square root of sum
of average storey displacements multiplied by the coefficient a specified below. Storey
displacements to be considered are the average values of reduced displacements d;
calculated within a storey at the column or structural wall joints. In the cases where the
seismic analysis i1s not performed for the existing old buildings, the storey displacements

shall not be assumed to be less than those obtained for the new building at the same stories.

e o = R/4 shall be taken if all floor levels of adjacent buildings or building blocks are
the same.
e o = R/2 shall be taken if any of the floor levels of adjacent buildings or building

blocks are not the same.

Minimum size of gaps shall be 30 mm up to 6 m height. From thereon a minimum 10
mm shall be added for every 3 m height increment. Seismic joint shall be arranged to allow

the independent movement of building blocks in all earthquake directions. [2]
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4. SPECIFIC RULES AND GUIDELINES FOR STEEL BUILDINGS

4.1. Rules According to EC8

4.1.1. Design Concept

Earthquake resistant steel buildings shall be designed in accordance with one of the

following concept.

e Low-dissipative structural behaviour

e Dissipative structural behavior

The action effects may be calculated on the basis of an elastic global analysis
without taking into account a significant non-linear behaviour for low-dissipative
structures. When using the design spectrum, the upper limit of the reference value of the
behaviour factor g may be taken between 1.5 and 2. The capability of parts of the structure
to resist earthquake actions through inelastic behaviour is taken into account for dissipative
structures. Structures designed in accordance with dissipative structural behaviour shall
belong to structural classes medium or high (DCM or DCH). These classes correspond to
increased ability of the structure to dissipate energy in plastic mechanisms. Depending on
the ductility class, specific requirements such as class of steel sections, rotational capacity

of connections shall be met.

4.1.2. Material Conditions and Material Safety Factors

Structural steel shall conform to standards referred to in EC3. The distribution of
material properties, such as yield strength and toughness, in the structure shall be such that
dissipative zones form where they are intended to in the design. Dissipative zones are
expected to yield before other zones leave elastic range during the earthquake. In bolted
connections of primary seismic members of a building, high strength bolts of bolt grade 8.8

or 10.9 should be used. In the capacity design checks of dissipative structures, the
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possibility that the actual yield strength of steel is higher than the nominal yield strength

should be taken into account by a material overstrength factor yy.

4.1.3. Classification of Steel Structural Systems

Steel buildings shall be assigned to one of the following types according to the

behaviour of their primary resisting structure under seismic actions. [1]

e Moment resisting frames: The horizontal forces are mainly resisted by members
acting in an essentially flexural manner. The dissipative zones should be mainly
located in plastic hinges in the beams or the beam column joints so that energy is
dissipated by means of cyclic bending. The dissipative zones may also be located at
the base of the columns, at the top of the columns in the upper storey of multi-storey
buildings, or at the top and bottom of columns in single storey buildings in which

NEgq in columns conform to the inequality, Ngq / Npira < 0.3 (Figure 4.1).

Figure 4.1. Moment Resisting Frames with Default Values of a,/0,

e Frames with concentric bracings: The horizontal forces are mainly resisted by
members subjected to axial forces (Figure 4.2(a)). The dissipative zones should be
mainly located in the tensile diagonals. The bracing may be active tension diagonal
bracing, in which the horizontal forces can be resisted by the tension diagonals only,
neglecting the compression diagonals. The bracing may be in V shape, in which the
horizontal forces can be resisted by taking into account both tension and compression

diagonals (Figure 4.2(b)). The intersection point of these diagonals lies on a
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horizontal member which shall be continuous. K shape bracing, in which the

intersection of the diagonals lies on a column, may not be allowed (Figure 4.2(c)).
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Figure 4.2. Frames with Concentric Bracings

e Frames with eccentric bracings: The horizontal forces are mainly resisted by axially
loaded members, but where the eccentricity of the layout is such that energy can be
dissipated in seismic links by means of either cyclic bending or cyclic shear. Bracing

configurations should be used that ensure that all links will be active (Figure 4.3).
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Figure 4.3 Frames with Eccentric Bracings with Default Values of a,/a,

e Inverted pendulum structures: Dissipative zones are located at the bases of columns

(Figure 4.4).
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Figure 4.4. Inverted Pendulum with Default Values of a,/a,

e Structures with concrete cores or concrete walls: The horizontal forces are mainly

resisted by these cores or walls (Figure 4.5).

O
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Figure 4.5. Structures with Concrete Cores or Concrete Walls

e Moment resisting frames combined with concentric bracings (Figure 4.6).
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Figure 4.6. Moment Resisting Frames Combined with Concentric Bracings with Default

Values of a,/0;

e Moment resisting frames combined with infills (Figure 4.7).

#

Figure 4.7. Moment Resisting Frames Combined with Infills

Behaviour Factor: The behaviour factor q, accounts for the energy dissipation
capacity of the structure. For regular structural systems, the behaviour factor q should be

taken with upper limits to the reference values which are given in Table 4.1. [1]
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Table 4.1. Upper Limit of reference values of behaviour factors for systems regular in

elevation

Ductility Class
STRUCTURAL TYPE
DCM DCH
a) Moment resisting frames 4 So0,/0
b) Frame with concentric bracings
Diagonal bracings 4 4
V-bracings 2 2.5
¢) Frame with eccentric bracings 4 S0,/0
d) Inverted pendulum 2 20,/0,
e) Structures with concrete cores or concrete walls See section 5
f) Moment resisting frame with concentric bracing 4 4o,/01)
g) Moment resisting frames with infills
Unconnected concrete or masonry infills, in ) )
contact with the frame
Connected reinforced concrete infills See section 7
Infills isolated from moment frame (see
4 So, /0,
moment frames)

If the building is non —regular in elevation, the upper limit values of q listed in Table
4.1 should be reduced by 20%. For the buildings that are regular in plan, if the calculations
to evaluate ay,/a;, are no performed, the approximate default values of the ratio o,/o; may

be used.

a; : The value by which the horizontal seismic design action is multiplied in order to first
reach the plastic hinges in a number of sections sufficient for the development of overall
structural instability, while all other design actions remain constant.

a, : The value by which the horizontal seismic design action is multiplied, in order to
form plastic hinges in a number of sections sufficient for the development of overall
structural instability, while all other design actions remain constant. The factor o, may be

obtained from a nonlinear static (pushover) global analysis.

For the buildings which are not regular in plan, the approximate value of a,/a,; that

may be used when calculations are not performed for its evaluation are equal to the
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average of 1.0 and the given a,/0; values in the above figures. The higher values of a,/o;
can be allowed if they are confirmed by calculation of a,/a; with a nonlinear static global
analysis. The maximum value of a,/a; that may be used in a design is equal to 1.6, even if

the nonlinear analysis indicates higher potential values.

4.1.4. Design Criteria & Detailing Rules for Dissipative Structural Behaviour

Common to All Structural Types

The earthquake resistant parts of structures shall be designed in accordance with the
concept of dissipative structural behaviour and the detailing rules given in following

chapters should be satisfied.

Structures with dissipative zones shall be designed such that yielding or local
buckling or other phenomena due to hysteric behaviour do not affect the overall stability of
the structure. Dissipative zones shall have adequate ductility and resistance. The resistance
shall be verified in accordance with EC3. Dissipative zones may be located in the
structural members or in the connections. If dissipative zones are located in the structural
members, the non-dissipative parts and the connections of the dissipative parts to the rest
of the structure shall have sufficient overstrength to allow the development of cycling
yielding in the dissipative parts. When dissipative zones are located in the connections, the
connected members shall have sufficient overstrength to allow the development of cycling

yielding in the connections.

Dissipative Elements in Compression or Bending: Sufficient local ductility of
members which dissipate energy in compression or bending shall be ensured by restricting
the width — thickness ratio b/t according to the cross-sectional classes specified in EC3,
chapter 1-1. Depending on the ductility classes and the behavior factor q used in the
design, the requirements regarding the cross sectional classes of the steel elements which

dissipate energy are indicated in Table 4.2.
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Table 4.2. Reference Behaviour Factor Depending on Ductility Class

. Reference value of | Required cross-
Ductility class : )
behaviour factor q | sectional class
DCM 1.5<q<2 class 1,2 or 3
2<q<4 class 1 or 2
DCH q>4 class 1

Connections in Dissipative Zones: The design of connections shall be such as to limit
localization of plastic strains, high residual stresses and prevent fabrication defects. Non
dissipative connections of dissipative members made by means of full penetration butt
welds may be deemed to satisfy the overstrength criterion. For fillet weld or bolted non

dissipative connections, the following expression should be satisfied.

Ra> 1.1y Rey (4.1)

Ry : The resistance of the connection
Ry : The plastic resistance of the connected dissipative member based on the design yield
stress of the material

Yov : The overstrength factor

Categories B and C bolted joints in shear in accordance with EC3, chapter 1-8 and
category E of bolted joints in tension in accordance with EC3, 1-8 should be used. Shear
joints with fitted bolts are also allowed. Friction surfaces should belong to class A or B as
defined ENV 1090-1. For bolted shear connections, the design shear resistance of the bolts
should be higher than 1.2 times the design bearing resistance. The adequacy of design
should be supported by experimental evidence whereby strength and ductility of members
and their connections under cycling loading should be supported by experimental evidence,

in order to conform to the specific requirements.
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4.1.5. Design and Detailing Rules for Moment resisting Frames

Design Criteria: Moment resisting frames shall be designed so that plastic hinges
form in the beams or in the connections of the beams to the columns, but not in the
columns. This requirement is waived at the base of the frame, at the top level of multi

storey buildings and for single storey buildings.

Beams: Beams should be verified as having sufficient resistant against lateral and
lateral torsional buckling in accordance with EC3, assuming the formation of a plastic
hinge at one end of the beam. The beam end that should be considered is the most stressed
end in the seismic design situation. For plastic hinges in the beams it should be verified
that full plastic moment of resistance and rotation capacity are no decreased by
compression and shear forces. To this end, for sections belonging to cross sectional classes
1 and 2, the following inequalities should be verified at the location where the formation of

hinges is expected.

M
—Ed <10 (42)
MpiRrd
N
—24 < 0.15 (43)
NpiRd
v
—EL <05 (4.4)
VpiRd
Where
VEid = ViaG + VEam (4.5)

Nga : The design axial force

Mgg : The design bending moment

Vg : The design shear

Npird,A» Mpird » Vpira @ Design resistance in accordance with EC3

Veac : The design value of the shear force due to the non seismic actions
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Veim : The design value of the shear force due to the application of plastic moments

M;1ra,a and M, rq g With opposite signs at the end sections A and B of the beam.

Vieam = Mpiraa + Mpiras ) / L (4.6)

For sections belonging to cross sectional class 3, expressions stated above should be

checked replacing Ny ra,a, Mpird > Vpird With Nejraa, Meird > Velra.

Columns: The columns shall be verified in compression considering the most
unfavorable combination of the axial force and bending moments. In the checks, Ngg, Mgy,

Vg4 should be computed as:

Niq = Negg + 1.170vQ2Ngg E (4.7)
Megg = Mg + 1.170vQ2MEg g (4.8)
Vid = Vg + 1.170Q2VEdE (49)

NedG, MedG, Vedg are respectively compression force, bending moment and shear
force in the column due to the non-seismic actions included in the combination of actions
for the seismic design situation.

Ngd, Mgg, Vg are respectively compression force, bending moment and shear force
in the column due to the design seismic action.

Yov 18 the overstrength factor.

Q is the minimum value of €; = Mpira;i / Mgq; of all beams in which dissipative
zones are located. Mgq; is the design value of the bending moment in beam i in the seismic
design situation and My, rq;; is the corresponding plastic moment.

The column shear force Vgq resulting from the structural analysis should satisfy the

following equation.

—£2. <05 (4.10)
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The transfer of the forces from the beams to the columns should conform to the

design rules given in EC3.

The shear resistance of framed web panels of beam-column connections should

satisfy the following equation (Figure 4.8).

14
2B 10 (4.11)
pr,Rd

Vuped : The design shear force in the web panel due to the action effects, taking into

accounts the plastic resistance of the adjacent zones in bemas or connections.

Vuprd : The shear resistance of the web panel in accordance with EC3, chapter 1-8.

It is not required to take into account the effect of the stresses of the axial force and

bending moment on the plastic resistance in shear.

\

Figure 4.8. Web Panel Framed by Flanges and Stiffener

The shear buckling resistance of the web panels should also be checked to ensure

that it conforms to the following expression.
pr,Ed < Vwb,Rd ( 4.12 )

Vibra : The shear buckling resistance of the web panel.
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Beam to Column Connection: If the structure is designed to dissipate energy in the
beams, the connections of the beams to the columns should be designed for the required
degree of overstrength taking into account the moment of resistance M, rq and the shear
force (Vea.g + Veam). Dissipative semi rigid and partial strength connections are permitted,

provided that all of the following requirements are verified.

¢ The connections have a rotation capacity consistent with the global deformations.

e Members framing into the connections are demonstrated to be stable at the ultimate
limit state.

e The effect of connection deformation on the global drift is taken into account using
singular nonlinear static (pushover) global analysis or nonlinear time history

analysis.

The connection design should be such that the rotation capacity of the plastic hinge
region 0, is not less than 35 mrad for structures of ductility class DCH and 25 mrad for
structures of ductility class DCM with q > 2. The rotation 0, is defined as the following

expression.

0,=06/0.5L (4.13)
0 : The beam deflection at midspan
L : The beam span
® I ®
i
=]
|l 0.3 L - [.s L -

Figure 4.9. Beam Deflection for the Calculation of 0,
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The rotation capacity of the plastic hinge region 6, should be ensured under cyclic
loading without degradation of strength and stiffness greater than 20%. This requirement is

valid independently of the intended location of the dissipative zones.

In experiments made to asses 0, the column web panel shear resistance should
conform to Eqn. 4.13 and the column web panel shear deformation should not contribute
for more than 30% of the plastic rotation capability 0,. The column elastic deformation
should not be included in the evaluation of 6,. When partial strength connections are used,

the column capacity design should be derived from the plastic capacity of the connections.

4.1.6. Design and Detailing Rules for Frames with Concentric Bracing

Design Criteria: Concentric braced frames shall be designed so that yielding of the
diagonals in tension will take place before failure of the connections and before yielding or
buckling of the beams or columns. The diagonal elements of bracing shall be placed in
such a way that the structure exhibits similar load deflection characteristics at each storey
in opposite senses of the came braced direction under load reversals. To this end, the

following rule should be met at every storey.

|At—A7|
AT+A-

<0.05 (4.14)

A" and A are the areas of the horizontal projections of the cross sections of the
tension diagonals, when the horizontal seismic actions have appositive or negative

direction respectively (Figure 4.10).
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Figure 4.10. Concentric Braced Frames

Upper gravity load conditions, only beams and columns shall be considered to resist
such loads, without taking into account the bracing members. The diagonals shall be taken

into account as follows in an elastic analysis of the structure for the seismic action.

e In frames with diagonal bracings, only the tension diagonals shall be taken into
account
e In frames with V shape bracing, both tension and compression diagonals shall be

taken into account.

Taking into account of both tension and compression diagonals in the analysis of any
type of concentric bracing is allowed provided that all of the following conditions are

satisfied.

e A nonlinear static (pushover) global analysis or nonlinear time history analysis is
used.

e Both pre-buckling and post-buckling situations are taken into account in the
modeling of the behavior of diagonals.

e Background information justifying the model used to represent the behavior of

diagonals is provided.
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Diagonal Members: In frames with X diagonal bracings, the non-dimensional
slenderness A as defined in EC3, chapter 1-1, should be limited to 1.3 <A <2.0. In frames
with diagonal bracings in which the diagonals are not positioned as X diagonal bracing, the
non-dimensional slenderness A should be less than or equal to 2.0. In frames with V
bracings, the non-dimensional slenderness A should be less than or equal to 2.0. In
structures up to two storeys, no limitation to A. The yield resistance N, rq of the gross cross
section of the diagonals should be such that Ny rg > Ngg. In frames with V bracings, the
compression diagonals should be designed for the compression resistance in accordance
with EC3. The connections of the diagonals to any member should satisfy the design rules
of dissipative structures. In order to satisfy a homogeneous dissipative behavior of the
diagonals, it should be checked that the maximum overstrength Q; does not differ from the
minimum value Q by more than 25%. Dissipative semi-rigid and partial strength

connections are permitted, provided that all of the following conditions are satisfied.

e The connections have an elongation capacity consistent with global deformations.
e The effect of connections deformation on global drift is taken into account using

nonlinear static (pushover) global analysis or non-linear time history analysis.

Beams and Columns: Beams and columns with axial forces should meet the

following minimum resistance requirement.

Npird(MEed) 2 NEgg + 1.170vQNEd E (4.15)

Npird(MEq) is the design buckling resistance of the beam or the column in accordance
with EC3, taking into account the interaction of the buckling resistance with the bending
moment Mgq4, defined as its design value in the seismic design situation.

Nk, 1s the axial force in the beam or in the column due to the non-seismic actions
included in the combination of actions for the seismic design situation.

Nkq 1s the axial force in the beam or in the column due to the design seismic action.

Yov 18 the overstrength factor.

Q is the minimum value of €; = N rq; / Ngq; over all the diagonals of the braced
frame system.

Npird,i 1s the design resistance of diagonal i.
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Nkg; is the design value of the axial force in the same diagonal i in the seismic design

situation.

In frames with V bracings, the beams should be designed to resist:

e All non-seismic actions without considering the intermediate support given by the
diagonals.

e The unbalanced vertical seismic action effect applied to the beam by the braces after
buckling of the compression diagonal. This action effect is calculated using Ny rq for

the brace in tension and y,pNpi rg for the brace in compression.

Ypb 1s equal to 0.3.

In frames with diagonal bracings in which the tension and compression diagonals are
not intersecting, the design should take into account the tensile and compression force
which develop in the columns adjacent to the diagonals in compression and correspond to

compression forces in these diagonals equal to their design buckling resistance.

4.1.7. Design and Detailing Rules for Frames with Eccentric Bracing

Design Criteria: Frames with eccentric bracing shall be designed so that specific
elements or parts of elements called seismic links are able to dissipate energy by the
formation of plastic bending and plastic shear mechanism. The structural system shall be
designed so that a homogeneous dissipative behavior of the whole set of seismic links is

realized. Seismic links may be horizontal or vertical components (Figure 4.3).

Seismic Links: The web of a link should be of single thickness without doubler plate
reinforcement and without a hole or penetration. Seismic links are classified into 3

categories according to the type of plastic mechanism developed.

e Short links, which dissipate energy by yielding essentially in shear.
e Long links, which dissipate energy by yielding essentially in bending.

e Intermediate links, in which the plastic mechanism involves bending and shear.



61

For I sections, the following parameters are used to define the design resistance and

limits of categories.
Mp,link = fy b te (d'tf) ( 4.16 )
Viink = (£ 3') tw (d-t9) (4.17)
b : The width of flange of I sections
d : The height of th I sections
tr : The thickness of flange of I sections

tw : The thickness of web of I sections

If Niq / Npira < 0.15, the design resistance of the link should satisfy both of the
following relationships at both ends of the link:

VEd < Vplink (4.18)
MEq < My jink (4.19)

Nk4, Mg4, Vg are the design action effects, respectively the design axial force, design

bending moment and design shear, at both ends of the link.

If Ngq / Npi,ra > 0.15, expressions stated above should be satisfied with the following

reduced values Vi jinr and M jinkr used instead Vo, jink and M jink.

Vptinkr = Vpjtink [1-(Nga / Npira)’]™? (4.20)

M tink,r = Mp,tink [1-(NEa / Npira)] (4.21)

If NEg / Npira > 0.15, the link length e should not exceed:
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e<1.6 Mp,link / Vp,link when R <0.3 or

e< (115-05R) 1.6 Mp,link / Vp,link when R > 0.3

where

R = Ngq tw (d-2tf) / (Vgg A) in which A is the gross area of the link.

To achieve a global dissipate behavior of the structure, it should be checked that the
individual values of the ratios Q; do not exceed the minimum value Q by more than 25%
of this minimum value. In designs where equal moments would form simultaneously at
both ends of the link, links may be classified according to the length e (Figure 4.11(a)). For

I sections, the categories are stated below.

e Shortlinkse<e,=1.6 Mp jink / Vo link
e Long links e > eL = 3.0 My jink / Vp ink

e Intermediate links e; <e <ep

In designs where only one plastic hinge would form at one end of the link, the value
of the length e defines the categories of the links (Figure 4.11(b)). For I sections, the

categories are stated below.

e Short links e < e; = 0.8(1+a) Mp,link / Vp,link
e Long links e > ep = 1.5(1+a) Mp jink / Vp,link

e Intermediate links e, <e <e

a : The ratio of the smaller bending moments Mgq 4 at one end of the link in the seismic
design situation, to the greater bending moments Mgqp at the end where the plastic hinge

would form, both moments being taken as absolute values.
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Figure 4.11. Equal and Unequal Moments at Link Ends

The link rotation angle 0, between the link and the element outside of the link should

be consistent with global deformations. It should not exceed the following values:

e Short links 0, < 0,z = 0.08 radians
e Long links 0, < 0,r = 0.02 radians
e Intermediate links 0, < O,r = the value determined by linear interpolation between

the above values.

Full-depth web stiffeners should be provided on both sides of the link web at the
diagonal brace ends of the link. These stiffeners should not have a combined width of not
less than (bf — 2ty) and a thickness not less than 0.75t,, nor 10mm, whichever is larger.

Links should be provided with intermediate web stiffeners as follows:

e Short links should be provided with intermediate web stiffeners spaced at intervals
not exceeding (30t,, — d/5) for a link rotation angle 0, of 0.08 radians or (52t,, — d/5)
for link rotation angles 0, of 0.02 radians or less. Linear interpolation should be used
for values of 0, between 0.08 and 0.02 radians.

e Long links should be provided with one intermediate web stiffeners placed at a
distance of 1.5 times b from each of the link where a plastic hinge would form.

¢ Intermediate links should be provided with intermediate web stiffeners meeting the
requirements stated above.

e Intermediate web stiffeners are not required in links of length e greater than 5M,/V,.
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e Intermediate web stiffeners should be full depth. For links that are less than 600 mm
in depth d, stiffeners are required on only one side of the link web. The thickness of
one-sided stiffeners should not be less than (b/2) — ty,. For links that are 600 mm in
depth or greater, similar intermediate stiffeners should be provided on both sides of

the web.

Fillet welds connecting a link stiffener to the link web should have design strength
adequate to resist a force of y,/.4y, where Ay is the area of the stiffener. The design
strength of fillet welds fastening the stiffener to the flanges should be adequate to resist a
force of y,,/,4s / 4. Lateral supports should be provided at both the top and bottom link
flanges at the ends of the link. End lateral supports of links should have a design axial
resistance sufficient to provide lateral support for forces of 6% of the expected nominal
axial strength of the link flange computed as f,bt: In beams where a seismic link is present,
the shear buckling resistance of the web panels outside of the link should be checked to
conform to EC3, chapter 1-5.

Member Not Containing Seismic Links: The members not containing seismic links
like the columns and diagonal members, if horizontal links in beams are used, and also the
beam members, if vertical links are used, should be verified in compression considering

the most unfavorable combination of the axial force and bending moments.

Nrd(MEd, Vid) = NEdG T1.170vQ2NEd E (4.22)

Nrd(Mgd, Vig) 1s the axial design resistance of the column or diagonal member in
accordance with EC3, taking into account the interaction with the bending moment Mgg
and the shear Vg4 taken at their design value in the seismic situation.

NedG 1s the compression force in the column or diagonal member due to the
nonseismic actions included in the combination of actions for their seismic design
situation.

Nkq 1s the compression force in the column or diagonal member due to the design
seismic action.

Yov 18 the overstrength factor.
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Q is a multiplicative factor which is the minimum of the followings values:

e The minimum value of Q; = 1.5 V, jinki / Viai among all short links.

e The minimum value of Q; = 1.5 M, jink; / MEq; among all intermediate and long links.

VEdi, Mgg; are the design values of shear force and of the bending moment in link I
in the seismic design situation.

Vp.iink,i» Mp.iink,i are the shear and bending plastic design resistance of link 1.

Connection of the Seismic Links: If the structure is designed to dissipate energy in
the seismic links, the connection of the links or of the element containing the links should

be designed for action effects Eq computed as follows:

Eqi>EdqG + 1.1YoQE4E ( 4.23)

Eqc : The action effect in the connection due to the non-seismic actions included in the
combination of actions for the seismic design situation.

Eqr : The action effect in the connection due to the design seismic action.

Yov . The overstrength factor.

Qi : The overstrength factor for the link.

In the case of semi-rigid and partial strength connections, the energy dissipation may
be assumed to originate from the connections only. This is allowable, provided that all of

the following conditions are satisfied.

e The connections have rotation capacity sufficient for the corresponding deformation
demands.

e Members framing into the connections are demonstrated to be stable at the ultimate
limit state.

e The effects of connection deformations on global drift are taken into account.



66

When partial strength connections are used for the seismic links, the capacity design
of the other elements in the structure should be derived from the plastic capacity of the

links connections.

4.1.8. Design Rules for Inverted Pendulum Structures:

In inverted pendulum structures, the columns should be verified in compression
considering the most unfavorable combination of the axial force and bending moments. In
the checks, Ngg, Mgy, Viq should be computed as in the columns of moment resisting
frames. The non-dimensional slenderness of the columns should be limited to A < 1.5. The

interstorey drift sensitivity coefficient 0 should be limited to 6 < 0.20.

4.1.9. Design Rules for Moment Resisting Frames Combined with Concentric

Bracings:

Dual structures with both moment resisting frames and braced frames acting in the
same direction should be designed using a single q factor. The horizontal forces should be
distributed between the different frames according to their elastic stiffness. The moment
resisting frames and the braced should conform to conditions in moment resisting frames

and braced frames. [1]

4.2. Rules According to TEC2007

4.2.1. Design Concept

Lateral load carrying systems of structural steel buildings covered in this chapter
may be comprised of steel frames only, of steel braced frames only or of combination of

frames with steel braced frames or reinforced concrete structural walls.
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4.2.2. Material Conditions and Allowable Stresses

All weldable structural steel sections defined in TS 648 and other internationally
accepted standards may be used in accordance with TEC2007. Rolling profiles with flange
thickness of minimum 40 mm, sheet iron with thickness of 50 mm and built-up sections
produced by this sheet iron should have minimum Charpy-V-Notch strength of 27 Nm at
218C°.

In bolted connections of primary seismic members of a building, high strength bolts
of bolt grade ISO 8.8 or 10.9 should be used. These bolts should be prestressed about
applicable prestress force for the moment resisting connections and half of the prestress
loads for the other type of connections. In bolted connections of non-seismic members of a

building, bolt grade of ISO 4.6 or 5.6 shall be used.

In welded connections, appropriate electrode should be used in accordance with the
material of the steel and welding method, also the yielding strength of electrode should be
greater than the connected steel materials. In the welded column-beam connection of the
moment resisting frames, full penetrated but welds or filled weld should be used. The
minimum Charpy-V-Notch strength of the electrodes used in these welds should be 27 Nm
at -298C°. In connections of primary seismic members, welded and bolted connection

cannot be used together at the same connection point.

In section design to be performed with Allowable Stress Method under the effect of
seismic and other actions, maximum 33% increase is permitted for allowable stresses in
TS-648. However, increase in allowable stresses cannot exceed 15% for joints and splices.
Beside to these, joints and splices should be checked in accordance with capacity of frame

sections and increased seismic actions.

In the calculation of capacity of steel frame section and connections, increased
yielding strength, D,c,, should be used instead of nominal yielding strength, c,. D,
coefficients used in the calculation of increased yield strength are stated in Table 4.3 in

accordance with classes of steel section and type of frame element. [2]
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Table 4.3. D, Increase Factors

Steel Section Class and Type of Frame Element D,
Rolling sections produced by Fe 37 steel 1.2
Rolling Sections produced by other steel material 1.1
Steel sheets produced by all steel materials 1.1

Increased Seismic Actions: In the design of steel frame sections and connections,
increased seismic actions shall be used. The load combination gives the increased seismic

actions is stated below.
1.0G+1.0Q+Q.E
or

09 G+ QE

Magnification factor applied for the seismic actions is given in Table 4.4 in

accordance with the type of the structural system.

Table 4.4 Magnification Factors

Structural System Q,
Systems of High Ductility Level 2.5
Systems of Nominal Ductility Level 2.0
Concentric Bracings (High or Nominal Ductility Level) 2.0
Eccentric Bracings (High or Nominal Ductility Level) 2.5

Capacity of Internal Forces and Limit Stress Values: To be used in appropriate
circumstances, capacity of internal forces of structural elements and limit stress values of

connection elements are defined below.
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Capacity of internal forces of structural elements:

Capacity of Bending Moment : M, =W, o,
Capacity of Shear Force 0 Vp=0.60 o, Ay
Capacity of Axial Compression : Np, = 1.7 Gpem A
Capacity of Axial Tension : Nep = 0a An

Limit stress values of connection elements:

Full penetrated weld . O
Partial penetrated weld and Filled Weld : 1.7 oen

Bolted Connections 2 1.7 Gem

Oem 18 the allowable stresses for the related connection element (nominal stress, shear

stress, and cru. stress).

4.2.3. Classification of Steel Structural Systems

Structural systems of steel buildings are classified into two categories as Systems of
High Ductility Level and Systems of Nominal Ductility Level in accordance with the
seismic behavior of the system. Both of the systems may be consisted of moment resisting

frames and/or frames with bracings.

General Conditions on Ductility Levels of Structural Systems: In structural systems
denoted as being high ductility level in Table 4.5, ductility levels shall be high in both
lateral earthquake directions. Systems of high ductility or mixed ductility level in one
earthquake direction and of nominal ductility level in the perpendicular earthquake
direction shall be deemed to be structural systems of nominal ductility level in both
directions. In structural systems where ductility levels are the same in both directions or
those with high ductility level in one direction and mixed ductility level in the other
direction, different R factors may be used in different directions. In the first and second
seismic zones, in structural steel buildings with building importance factor is I = 1.2 and |

= 1.0, structural system composed of only frames of nominal ductility level may be used,
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provided that the condition of Hy < 16 m is met. Otherwise, the use of structural systems of
high ductility level is mandatory for buildings with structural systems comprised of frames
only. In all buildings with building importance factor is I = 1.5 and 1 = 1.4 in the first
and second seismic zones, structural systems of high ductility level or structural systems of
mixed ductility shall be used. Structural systems of nominal ductility level without
structural walls or bracings may be permitted only in the third and fourth seismic zones if
the structural steel buildings with structural systems comprised of only frames of nominal

ductility level can be constructed with Hy <25 m. [2]

Table 4.5. Structural Behaviour Factor (R)

Nominal High
STRUCTURAL STEEL BUILDINGS Ductility Ductility
Level Level

(1) Buildings in which seismic loads are fully resisted by
frames 5 8
(2) Buildings in which seismic loads are fully resisted by 4
single storey frames with columns hinged at top o
(3) Buildings in which seismic loads are fully resisted by
braced frames or cast-in-situ reinforced concrete structural
walls
(a) Concentrically braced frames 4 5
(b) Eccentrically braced frames - 7
(¢) Reinforced Concrete Structural Walls 4 6
(4) Buildings in which seismic loads are jointly resisted by
braced frames and braced frames or cast-in-situ reinforced
concrete structural walls
(a) Concentrically braced frames 5 6
(b) Eccentrically braced frames - 8
(¢) Reinforced Concrete Structural Walls 4 7

Structural systems of nominal ductility level defined above can also be constructed in
all seismic zones as well as above height limits defined in the same paragraphs. However
in such cases it is mandatory to have concentric or eccentric braced frames of high ductility
level or nominal ductility level in structural steel buildings. Structural systems of nominal
ductility level defined above paragraphs may be used in combination with concentric or
eccentric bracings of high ductility level. Such structural systems are called mixed systems

of ductility levels satisfies the following conditions.
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e In the analysis of such mixed systems, frames and bracings shall be considered
jointly, however in all cases o > 0.40 shall be satisfied in each earthquake direction.

e When o5 > 2/3 is satisfied in both earthquake directions, R factor defined in Table 4.4
for the case where seismic loads are fully resisted by concentric or eccentric bracings
of high ductility level (R = Ryp) may be used for the entire structural system.

e In the range 0.40 < a5 < 2/3, the relationship of R = Ryc + 1.5 as(Ryp - Rnc) shall be
applied in both earthquake directions. [2]

4.2.4. Frames of High Ductility Level

4.2.4.1. Cross Section Requirement. The conditions about flange width / thickness and web

depth / thickness are stated in ~ Table 4.6 for the beams and columns of high ductile
frames. The columns should have required strength under the effects of axial force and
bending moments induced by the combination of gravity loads and earthquake. Beside to
this, the columns should have enough capacity under the effects of increased loading case
induced by the axial compression and axial tension forces regardless of bending moments.
The axial compression and tension capacity of column cross sections shall be computed in

accordance with limit stress values given in the previous chapters.
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Section Definition Slenderness Limit Values
Ratio High Ductility Level Nominal Ductility Level
Under Bending and
Axial Compression ’ E Eg
I sections b/2t 0.3 /Ua 0.5 /Ua
U sections b/t
I and U sections
Es Es
3.2 / /s, 5.0 / /s,
under Bending h/t,
T and L sections
/Es Es
under Axial 0.3 /Ua 0.5 / a
Compression h/t,,

I and U sections

For |Ny/o, Al < 0.10

3255/ (1-17 [%4))

For |Ny/o, Al < 0.10

5.0 |55/ (1-17 [%4))

under Bending and h/ty,
Axial Compression
For |Ng/o, Al > 0.10 For |N;/o, Al > 0.10
E Ng E Ng
133 [%/5. (2.1 - |a—aA|) 2.08 [*/g (21— |U—aA|)
Pipe sections
under Bending and D/t 0.05Zs 0.08%s
Oq Oa
Axial Compression
Box sections b/t
under Bending and or Eg Eg
Axial Compression h/tw 0.7/ a 1.2 7/, a

4.2.4.2. Requirement of Having Columns Stronger Than Beams. In frame systems or in

braced frame systems, sum of the bending moments capacity of columns framing into a

beam-column joint in the earthquake direction considered shall be more than the 1.1D,

times of the sum of bending moment capacity of beams framing into the same joint (Figure

4.12)

(Mpa + Mpi) > 11Dy(Myi + My + My + M)

(4.24)
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M,;, M,; : Additional bending moments occurs on the column face due to the shear force
in the potential plastic hinges in the beam ends in the case of usage of weaken beam cross

sections and usage of gusset plates in the beam ends.

. M
Egrthguake Py f?‘& " Earthquake
direction s T - “"\‘ direction
.f’/ \\\ MP]-# yd \
f \ / \
My | : | | My

h | 1 |
\ / \ |

N

. S\ /

‘“\.__ _ . __/"/ \“H-.._\_‘_ __'__,/
Mpi M

Figure 4.12. Beam-Column Joint

Eqn. 4.24 shall be applied separately for both senses of earthquake direction to yield
the most unfavorable results. In calculating the column bending moment capacity, axial
forces shall be considered to yield the minimum moment capacity consistent with the sense
of earthquake direction. Eqn. 4.24 need no to be checked in single storey buildings and in

joints of topmost storey of multi-storey buildings. [2]

4.2.4.3. The Case Where Some Columns Cannot Satisfy the Requirement of Having

Columns Stronger than Beams. In structural systems comprised of frames only or of

combination of frames and braced frames, Eqn. 4.24 may be permitted not to be satisfied in
a given earthquake direction at some joints at the bottom and/or top of an i’th storey,

provided that Eqn. 4.25 given below is satisfied.

o; = Vis/ Vik =>0.70 ( 4.25)

In the case where Eqn. 4.25 is satisfied, bending moments and shear force of

columns satisfying Eqn. 4.24. At both bottom and top joints shall be amplified by
multiplying with the ratio 1/o; within the range of 0.70 < a; <1.00. In the case where Eqn.
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4.24 is not satisfied at any storey, all frames of structural systems which may be comprised
of frames only or of combination of frames or braced frames shall be considered as frames
of nominal ductility level, and the analysis shall be repeated by changing the Structural
Behaviour Factor . However, as it is mentioned in the previous chapters, it is possible to

combine frames of nominal ductility level with braced frames of high ductility level. [2]

4.2.4.4. Beam-Column Connections. The following three conditions should be ensured at

the beam-column connections for moment resisting frames of high ductility level.

e The connection should have capacity provided that storey drift angle is 0.04 radian.
Therefore, the connection details whose validity is proved by experimental and/or
analytic methods should be applied.

e Required bending strength of the connection in the column face should not be less
than the 0.80 x 1.1D, times of the bending moment capacity of the beam connected
to the column in the column face. However, the upper limit of the connection
strength should be compatible with the greatest bending moment transferred to the
connection joint from the columns associated to the connection joint. Also,
connection strength should not be greater than bending moment calculated with the
combined effect of gravity loads and earthquake forces where structural behavior
effect, R, is 1.5. Bending moment capacity occurs on the column face should be
calculated by sum of the beam plastic moments and additional bending moment
occurs on the column face due to the shear force in the potential plastic hinges in the
beam ends in the case of usage of weaken beam cross sections and usage of gusset
plates in the beam ends.

e Shear force taken into account for the connection design shall be determined by the
following Eqn. 4.26.

Mpi+ ij

V, = Vg + 11D, (4.26)

n

In the design of beam-column connection, slip zone limited between the flanges of

beam and column should be resized to satisty the following conditions (Figure 4.13).
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e Shear strength of the slip zone, Vi., should be taken as equal to the shear force
calculated as the 0.80 times of the bending moment capacity of the connected beams

to the junction on the column face.

Vie = 085 M, (- — —) (427)

dp Hort

slip zone

contmuity

1 plates ‘\ \ L

fef

de

Figure 4.13. Slip Zone at the Beam-Column Joint

e Shear force capacity of the slip zone shall be determined by the following Eqn. 4.28.

3bcftgf
Vp = 0-6O-adctp [1 + M:I (428)

For the enough shear strength of the slip zone, the following expression should be

satisfied.

Vy > Vie (429)
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Otherwise, the amount required reinforcing plate or stiffener aligned along the

diagonal should be added to the slip zone.

e Minimum thickness of column web and reinforcing plates if used should satisfy the

following condition.

tminEU/ 180 (430)

If the above condition cannot be satisfied, reinforcing plates and column web should
be connected to each other by welding to work together. Also, Eqn. 4.30 should be
checked according to the summation of the plate thickness.

e If the reinforcing plates are used in the slip zone, full penetration but weld or filled
weld shall be used for the connection of plates to the column web (Figure 4.14).
These welds should transfer the shear force met by the reinforcing plates in a safely

manner.

reinforcing plates

(ay (B)

Figure 4.14. Reinforcing Plates on the Column Web

In moment resisting beam-column connections, continuity plates should be used in
the column of both sides of web at level of beam flanges to transfer the tension and
compression forces on the beam flanges to the column in a safely manner. The thickness of
the continuity plates should not be smaller than the flange thickness of the joined beam for
one sided connections and not be smaller than the larger of the flange thickness of the
joined beams for the two sided connections. The full penetration but weld shall be used to
connect the continuity plates to the flanges and web of the column. For the connection of

the continuity plates to the web of column, filled weld shall also be used (Figure 4.14).
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However, this weld should have a sufficient length and thickness to transfer the force equal
to the shear capacity of the continuity plate in its own plane. If the thickness of the column
flanges should satisfy both of the following conditions, the continuity plates may not be

needed. [2]

tep = 0.54,/bprtyf (4.31)
tey 2 2L (432)

4.2.4.5. Splices of Column and Beam. Column splices practiced by the full penetration but

welds or bolts shall be made away from beam-column joint by at least 1/3 the storey
height. In the case of splices with filled welds or but welds not fully penetrated, this length
should be minimum 1.20 m. The beam splices shall be made away from the beam-column
joint at least two times of the beam height. Bending capacity of the beam and column
splices should not be smaller than the connected sections and shear capacity should not be
smaller than the Eqn. 4.26. Moreover, in the first and second earthquake zones, axial force
capacity of the column splices shall be adequate under the axial tension and compression
forces calculated according to the increased earthquake forces. In the ultimate state design
of connection elements, the limit stress values given in the previous chapters should be

used.

4.2.4.6. Supporting of Beam Flanges in the Lateral Direction. Top and bottom flanges of
beams should be supported in the lateral direction and the length between the supported

points, lp, should satisty the following condition.

I, < 0.0862 (433)

a

Also, the points loaded by point loads, the joints where there is a sudden change in
beam cross section, and the points where potential plastic hinges occur due to the nonlinear
deformation of the structural system should be supported in the lateral directions. The
tension and compression strength of the supports in the lateral direction should not be

smaller than 2% of the axial tension strength of the beam flange.
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4.2.5. Frames of Nominal Ductility Level

4.2.5.1. Cross Section Requirement. The conditions about flange width / thickness and web

depth / thickness are stated in Table 4.6 for the beams and columns of nominal ductile
frames. However, in most two storey buildings, limits in Table 4.6 can be exceeded if the
local buckling checks are fulfilled. The conditions given in chapter 4.2.4.1 for the columns
of steel frames of high ductility level are valid for the columns of steel frames of nominal
ductility level. Requirements of having stronger columns than beams are not to be

observed for the frames of nominal ductility level.

4.2.5.2. Beam-Column Connections. In beam-column connections transferring moment of

frames of nominal ductility level, stress checks should be performed under the internal
forces occur common effects of gravity loads and earthquake loads. Moreover, ultimate
capacity of connection should provide the smallest one of the internal forces defined

below.

¢ Bending moment capacity of beam connected to column and required shear strength
calculated as in the frames of high ductility level.
e Bending moment and shear force on the column face occur due to the increased

loading cases.

The limit stress values given in the previous chapters should be used in the
calculation of the ultimate strength of connection. In the design of beam-column
connection, slip zone limited between the flanges of beam and column should be resized to

satisfy the following conditions (Figure 4.13).

e The smallest shear force occurs due to the increased earthquake loading and
calculated according to the Eqn. 4.27 shall be used in the calculation of required
shear strength, Ve, of slip zone.

e Shear force capacity of the slip zone shall be determined as in the frames of high

ductility level.
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e The conditions given for the design of slip zone and continuity plates in the frames of

high ductility level are also valid for the frames of nominal ductility level. [2]

4.2.5.3. Splices of Column and Beam. The conditions given for the spices of column and

beam in the frames of high ductility level are also valid for the frames of nominal ductility

level.

4.2.6. Concentric and Eccentric Steel Bracings

Steel bracings provide lateral resistant are consisted of moment resisting frames and
concentric and eccentric bracings. The horizontal forces are mainly resisted by members
subjected to axial forces instead of members have bending strength. Steel bracings are

divided into two groups according to the bracing arrangement.

e Concentric Steel Bracings (Figure 4.15)
e Eccentric Steel Bracings (Figure 4.16)

Concentric steel bracings are designed as a system of high ductility level or a system
of nominal ductility level. However, eccentric steel bracings should be designed as a

system of high ductility level.

Diagonal Bracing X Bracing Reverse V Bracing V Bracing K Bracing

Figure 4.15. Concentric Bracings
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Figure 4.16. Eccentric Bracings

4.2.7. Steel Concentrically Braced Frames of High Ductility Level
Steel bracings of high ductility level should be design without any crucial loss of
strength in the system even if some of the compression members buckle. Requirements to

be applied to such elements are as specified below.

4.2.7.1. Cross Section Requirement. The conditions about flange width / thickness and web

depth / thickness are stated in Table 4.6 for the beams, columns, and bracings of high

ductile frames. Slenderness ratio of roof and vertical plane bracing systems designed to

resist compressive forces too shall not be more than 4.0,/ Eg/ay,.

4.2.7.2. Distribution of Horizontal Forces. The vertical concentric bracings on the one axes

of the building to resist compressive forces should meet at least 30% and at most 70% of

the horizontal earthquake forces.

4.2.7.3. Connections of Bracings. In connections of bracings, stress checks should be

performed under the internal forces occur common effects of gravity loads and earthquake
loads. Moreover, ultimate capacity of connection should provide the smallest one of the

internal forces defined below.

e The axial tension or compression force capacity of bracing
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e The largest axial force transferring to the bracings in accordance with the capacity of
other members connected to the joint.

e The axial force capacity of bracing under the increased earthquake forces.

The limit stress values given in the previous chapters should be used in the
calculation of the ultimate strength of connection. In the design of beam-column
connection, plates of connection joints which connect the bracings to column and/or beams

should satisfy the following conditions.

e Bending moment capacity of connection joint plate in its own plane should not be
less than the capacity of bracing connected joint.

e The distance from the tip point of bracing to the column or beam should be less than
two times of the thickness of joint plate to prevent the out of plane buckling of the
joint plate. Otherwise, additional stiffeners should be used to prevent the out of plane

buckling of the joint plate.

4.2.7.4. Additional Conditions for Special Bracing Arrangements. Reverse V shape and V

shape bracing systems should satisfy the following conditions.

e The beams which bracings are connected should be continuous.

e Bracings should be designed under the internal forces occur common effects of
gravity loads and earthquake loads. But, the beams which bracings are connected
should provide resistant to gravity loads safely without considering the bracings.

K shape bracings shall not be allowed for the systems of high ductility level.

4.2.8. Steel Concentrically Braced Frames of Nominal Ductility Level

Requirements to be applied to steel bracings of nominal ductility level are as

specified below.
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4.2.8.1. Cross Section Requirement. The conditions about flange width / thickness and web
depth / thickness are stated in Table 4.6 for the beams, columns, and bracings of nominal
ductile frames. However, in most two storey buildings, limits in Table 4.6 can be exceeded
if the local buckling checks are fulfilled. Slenderness ratio of roof and vertical plane

bracing systems designed to resist compressive forces too shall not be more

than 4.0\/% . Regarding brace cross-sections made up multiple elements to resist
compressive forces, rules given in TS-648 for intermediate coupling elements are
applicable. In the case where braces are designed to resist tension only, slenderness ratio of
braces shall not exceed 250. However, in most two storey buildings, the slenderness limit
can be exceeded if the tension force calculated in structural analysis is multiplied by Q,

given in Table 4.4.

4.2.8.2. Connections of Bracings. In connections of bracings, stress checks should be

performed under the internal forces occur common effects of gravity loads and earthquake
loads. Moreover, ultimate capacity of connection should provide the smallest one of the

internal forces defined below.

e The axial tension or compression force capacity of bracing
e The largest axial force transferring to the bracings in accordance with the capacity of
other members connected to the joint.

e The axial force capacity of bracing under the increased earthquake forces.

The limit stress values given in the previous chapters should be used in the
calculation of the ultimate strength of connection. In the design of beam-column
connection, plates of connection joints which connect the bracings to column and/or beams

should satisfy the following conditions.

e Bending moment capacity of connection joint plate in its own plane should not be
less than the capacity of bracing connected joint.

e The distance from the tip point of bracing to the column or beam should be less than
two times of the thickness of joint plate to prevent the out of plane buckling of the
joint plate. Otherwise, additional stiffeners should be used to prevent the out of plane

buckling of the joint plate.
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4.2.8.3. Additional Conditions for Special Bracing Arrangements. Reverse V shape and V

shape bracing systems should satisfy the following conditions.

e The beams which bracings are connected should be continuous.
e Bracings should be designed under the internal forces occur common effects of
gravity loads and earthquake loads. But, the beams which bracings are connected

should provide resistant to gravity loads safely without considering the bracings.

4.2.9. Steel Eccentrically Braced Frames of High Ductility Level

Eccentric bracing of high ductility level shall be designed so that seismic links have
capability of nonlinear deformation under the earthquake forces. The structural system
shall be designed so that columns, bracings, beams without seismic links are in the elastic
region of stress-strain diagram while the plastic hinges occur in the seismic links. Rules for

the design of eccentrically braced frames of high ductility level are stated below.

4.2.9.1. Cross Section Requirement. The conditions about flange width / thickness and web

depth / thickness are stated in Table 4.6 for the beams, columns, and eccentric bracings of

high ductile frames. Slenderness ratio of bracing shall not be more than 4.0/ E;/d,.

4.2.9.2. Seismic Links. In the eccentric bracings of high ductility level, each bracing shall

have at least one end seismic links. The length of seismic link should satisfy the following

condition.

1.0M,/V, < e < 50M,/V, (4.34)

M, : Capacity of Bending Moment
V, : Capacity of Shear Force

Design shear force of the seismic link should satisfy the following conditions.

Vy <V, (4.35)
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Vy<2M,/e (4.36)

If the design axial force of seismic link, M, and V,, shall be replaced by M, and V,

respectively.

Mpn = 1.18M, |1 — 4] (437)

Von = Vpy/1 = (Ng/0,4)? (4.38)
The web of seismic links should be one piece and on the web of the seismic link,
reinforcing plates shall not be available. Opening on the web of the seismic link shall not

be permitted.

4.2.9.3. Supporting of Seismic Link in the Lateral Direction. Top and bottom flanges of

seismic links should be supported in the lateral direction at two ends of link and be
supported at one end of link if the seismic links are located at column edge. The tension
and compression strength of the supports in the lateral direction should not be smaller than
6% of the axial tension strength of the beam flange. Also, the rest of beam should be
supported in the lateral directions in a range of 0.45h, f\/m. The tension and

compression strength of these supports in the lateral direction should not be smaller than

1% of the axial tension strength of the beam flange.

4.2.9.4. Rotation Angle of Seismic Link. The link rotation angle y, between the link and

the element outside of the link should be consistent with storey drift, 0, (Figure 4.17). It

should not exceed the following values:
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Figure 4.17. Rotation Angle of Seismic Link

e y,<0.10radian if e<I1.6My/V,
e y,<0.03radian if e<2.6M/V,
e 1.6M,/V,< e<2.6M,/V,, the value determined by linear interpolation between the

above values.

4.2.9.5. Stiffener Plates. Full-depth web stiffeners should be provided on both sides of the

link web at the diagonal brace ends of the link. These stiffeners should not have width of
not less than  (bf — ty)/2 and a thickness not less than 0.75ty, nor 10mm, whichever is
larger (Figure 4.18). Fillet welds connecting a link stiffener to the link web should have

design strength adequate to resist a force of f,4,, where Ay is the area of the stiffener.
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Figure 4.18. Seismic Link and Stiffeners

Links should be provided with intermediate web stiffeners as follows:

e Seismic links with length of less than 1.6M,/V, should be provided with
intermediate web stiffeners spaced at intervals not exceeding (30t,, — dy/5) for a link
rotation angle 0, of 0.10 radians or (52ty — dy/5) for link rotation angles 6, of
0.03 radians or less. Linear interpolation should be used for values of 0, between
0.10 and 0.03 radians.

e Seismic links with length of between 2.6M,/V, and 5.0M,/V, should be provided
with one intermediate web stiffeners placed at a distance of 1.5 times by from each
of the link where a plastic hinge would form.

e Seismic links with length of between 1.6M,/V, and 2.6M,/V, should be provided

with intermediate web stiffeners meeting the requirements stated above.

4.2.9.6. Beams, Columns and Bracings. The load causes plastic hinges on the seismic links

shall be determined by multiplying the internal forces calculated according to the structural
analysis results with Design Magnification Factor, My/My, V,/Vq, calculated according to
the selection of seismic link cross section. Bracings shall be designed according to 1.25D,

times of the internal forces cause plastic hinges on the seismic links. The rest of the beam
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shall be designed according to 1.10D, times of the internal forces cause plastic hinges on
the seismic links. Columns shall be designed under the internal forces occur common
effects of gravity loads and earthquake loads. Ultimate capacity of column should not

exceed the following values:

e 1.10D, times of the internal forces cause plastic hinges on the seismic links.

e Internal forces occur due to the increased earthquake forces.

Capacity of beams, columns, and bracings shall be determined according to the limit

stress values given chapter 4.2.2.

4.2.9.7. Connection of Seismic Link and Column. The length of the seismic link connected

to the column shall satisfy the following condition.

e<1.6M,/V, (439)

The bending and shear strength of the connection on the column face should not be
less than the bending moment capacity of seismic link, M,, and shear force capacity of
seismic link, V,,. Full penetration but welds shall be used to connect flanges of seismic

links to the column (Figure 4.19). [2]

stiffeners

axes of bracing and link e
should intersect on the web _ ‘

L "LE | I

fillet weld ll—l |
intermediate stiffeners
weh stiffeners section a-a

full penetration bt weld ‘

Figure 4.19. Seismic Link and Stiffeners
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5. DESIGN OF STEEL STRUCTURES ACCORDING TO EC3

5.1. Scope of EC3

The resistance of cross sections and members specified in EC3 for the ultimate limit
states are based on tests in which the material exhibits sufficient ductility to apply

simplified design models.
5.2. Material Properties
The nominal values of material properties should be adopted as characteristic values

in design calculations. The nominal values of the yield strength f; and the ultimate strength

f, for structural steel shall be obtained by using the given Table 5.1. [5]
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Table 5.1. Nominal Values of the Yield Strength and the Ultimate Strength for Hot Rolled
Structural Steel

Standard Nominal thickness of the element t [mm)]
And t <40 mm 40 mm <t <80 mm
steel grade fy [N/mmz] fu [N/mmz] fy [N/mmz] fu [N/mmz]

EN 10025-2
S235 235 360 215 360
S 275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 410 550
EN 10025-3
S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4
S 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5
S235W 235 360 215 340
S355W 355 510 335 490
EN 10025-6
S 460
Q/QL/QL1 460 570 440 550

The material coefficients to be adopted in calculations for the structural steels should

be taken as follows.

Modulus of Elasticity E =21 000 000 t/m*
Shear Modulus G =E/2(1+v) = 8 100 000 t/m’
Poisson Ratio v=0.3

Coefficient of Linear Thermal Expansion a = 12*10 per°C (for T < 100°C)



90

Bolts of grades lower than 4.6 or higher than 10.9 shall not be used unless test results
prove their acceptability in a particular application. The nominal values of the yield

strength fy, and the ultimate tensile strength f;, for bolts are given in Table 5.2.

Table 5.2. Nominal Values of the Yield Strength and the Ultimate Strength for Bolts

Bolt grade 4.6 4.8 5.6 5.8 6.8 8.8 10.9
fip (N/mm”?) 240 320 300 400 480 640 900
f. (N/mm”) 400 400 500 500 600 800 1000

5.3. Serviceability Limit State

The limiting values for vertical deflections given below are illustrated by reference to

the simply supported beam shown in Figure 5.1.

8max:81+82+80 (51)

Omax : The sagging in the final stage relative to the straight line joining the supports.

do : The pre-camber (hogging) of the beam in the unloaded stage (stage 0).

01 : The variation of deflection of the beam due to the permanent loads immediately
after loading (stage 1).

02  : The variation of deflection of the beam due to the variable loading plus any time

dependent deformations due to the permanent load (stage 2).
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Figure 5.1. Vertical Deflections

For buildings, the recommended limits for vertical deflections are given in Table 5.3
in which L is the span of the beam. For cantilever beams the length L to be considered is

twice the projecting length of the cantilever. [5]

Table 5.3. Recommended Limits for Vertical Deflections

Conditions Limnits

8max 82

Roofs generally L/200 | L/250

Roofs frequently carrying personnel other than for maintenance L/250 | L/300

Floors generally L/250 | L/300

Floors and roofs supporting plaster or other brittle finish or non-flexible

Partitions L/250 | L/350

Floors supporting columns (unless the deflection has been included in

the

global analysis for the ultimate limit state) L/400 | L/500

Where 0,.x can impair the appearance of the building L/250 -

For buildings the recommended limits for horizontal deflections at the tops of the

columns are:

e Portal frames without gantry cranes ........... h/150
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e Other single storey buildings .................... h/300
e In a multistory building;

e Ineachstorey ..........coooviiiinin.n. h/300

e On the structure as a whole ............ ho/500

Where h is the height of the column or the storey and hy is the overall height of the

structure.

5.4. Ultimate Limit State

The structural member and connections should be designed in accordance with the
Ultimate Limit State method. The values of the design actions should be considered with

the design strength of the members and connections.

Sa<Rg (52)

Sq¢ : Design values of actions

R4 : Design strength of the members

Partial safety factors yn for the calculation of design strengths shall be taken as follows. [5]

e Resistance of Class 1, 2, 3 cross sections .......... Ymo = 1.1
e Resistance of Class 4 cross sections ................. v = 1.1
e Resistance of members to buckling .................. ymi = 1.1
e Resistance of net section at bolt holes ............... ym2 = 1.25

Frames shall be checked for ;
e Resistance of cross section
e Resistance of members
e Resistance of connections
e Frame stability

e Static Equilibrium
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5.5. Classification of Cross Sections

When plastic global analysis is used, the members shall be capable of forming plastic
hinges with sufficient rotation capacity to enable the required redistribution of bending
moments to develop. However, any class of cross sections may be used for the members,
provided that the design of members takes into account the possible limits on the resistance

of cross sections due to local buckling when elastic global analysis is used.

Four classes of cross sections are defined as follows.

e Class 1: The cross sections which can form a plastic hinges with the rotation capacity
required for plastic analysis.

e Class 2: The cross sections which can develop their plastic moment resistance, but
have limited rotation capacity.

e Class 3: The cross sections in which the calculated stress in the extreme compression
fiber of the steel member can reach its yield strength, but local buckling is liable to
prevent development of the plastic moment resistance.

e Class 4: The cross sections in which it is necessary to make explicit allowances for
the effects of local buckling when determining their moment resistance or

compression resistance.

Effective widths may be used in Class 4 cross sections to make the necessary
allowances for reductions in resistance due to the effects of local buckling. The
classification of a cross section depends on the proportions of each of its compression
elements (Table 5.4 and Table 5.5). One of the major factors in determining the limiting
width — thickness ratio is €. This parameter is used to reflect the influence of yield stress on

the section classification.

235
E= |— 5.3
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Table 5.4. Limiting Width-Thickness Ratio for Classification of Cross Sections

(Compression and Bending)

Section Element Ratio Checked Class 1 Class 2 Class 3
Ifa>0.5 , Ifa>0.5, Ify> -1,
396¢ 456¢ 42¢
Web d/tw (13a—1)" | (13a—1)" [0.67+0.33y "’
elseif a elseif a elseif
I-SHAPE =05, >0.5, >-1,
36¢ 36¢ 62e(1-19)
o o \/—_7,0 :
Flange c/tf (rolled) 10¢ lle 15¢
c/tf (welded) 9¢ 10g 14¢
Web d/tw Same as Same as Same as
I-Shape I-Shape I-Shape
BOX (b —3tr)/tr 42 ¢ 42 ¢ 42 ¢
Flange (rolled)
b/ts (welded) 42 ¢ 42 ¢ 42 ¢
Web d/itw Same as Same as Same as
CHANNEL I-Shape I-Shape I-Shape
Flange b/t 10¢ I1e 15¢
Web d/tw 33 ¢ 38 ¢ 42 ¢
T-SHAPE Flange b/2ts (rolled) 10¢ I1¢ 15¢
b/2ts (welded) O¢ 10¢ 14 ¢
DOUBLE - h/t Not Not applicable 15¢
ANGLE (b+h)/[2max(t,b)] applicable 11.5¢
ANGLE - h/t Not Not applicable 15¢
(b+h)/[2max(t,b)] applicable 11.5¢
PIPE - d/t 50¢” 70¢” 90¢”
ROUND - None Assumed Class 1
BAR
ROUND - None Assumed Class 2

BAR




Table 5.5. Limiting Width-Thickness Ratio for Classification of Cross Sections (Bending)

Section Element Ratio Class 1 Class 2 Class 3
Checked

web ditw 72¢ 83¢ 124¢

I-SHAPE flange c/tf (rolled) 10e 1le 15¢

c/tf (welded) 9¢ 10g 14¢

web d/itw 72¢ 83¢ 124¢

(b —3tp)/tr 33¢ 38 ¢ 42¢

BOX flange (rolled)
b/ts (welded) 33¢ 38¢ 42 ¢
web d/tw (Major 72¢e 83¢ 124¢
CHANNEL axis)
d/tw (Minor 33e 38¢ 42 ¢
axis)

flange b/ts 10 ¢ 11¢ 15¢

web d/tw 33¢ 38 ¢ 42 ¢

T-SHAPE flange | b/2ts (rolled) 10¢ 11e 15¢

b/2ts 9¢ 10¢ 14 ¢

(welded)

DOUBLE - h/t Not Not 15¢

ANGLE (b+h)/[2max(t, | applicable applicable 11.5¢
b)]

ANGLE - h/t Not Not 15¢

(b+h)/[2max(t, | applicable applicable 115¢
b)]

PIPE - d/t 50¢” 70¢” 90¢”
ROUND BAR - None Assumed Class 1
RECTANGL - None Assumed Class 2

E
GENERAL - None Assumed Class 3
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Figure 5.2. Definitions of Geometric Properties

In classifying I, box, Channel, Double-Channel, and T sections, two other factors are

defined as follows.

% — %%for I,Channel,and T sections
wl f
o = (54)
1_1 Nesd for Box and Double — Channel
2 22htyff
_ N¢sd
<1+2—Afy) (5.5)

0<a<1.0 (5.6)
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3.0<y<1.0 (5.7)

In the above expression Ncsq is taken as positive for tension and negative for
compression. o equals 0.0 for full tension, 0.5 for pure bending and 1.0 for full

compression. y equals -3.0 for full tension, -1.0 for pure bending and 1.0 for full
compression.

Compression elements include every element of a cross section which is either
totally or partially in compression due to axial force or bending moment, under the load

combination considered. The various compression elements in a cross section (such as web

or a flange) can be in different classes.

5.6. Analysis of Cross Sections

5.6.1. Connections

All connections shall have a design resistance such that the structure remains

effective and is capable of satisfying all the basic design requirements.

The partial safety factor yy shall be taken as follows.

e Resistance of bolted connections : vy, = 1.25

e Resistance of welded connections : ypmy = 1.25
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5.6.1.1 Bolted Connections. The design of a bolted connection loaded in shear and tension

shall conform one of the following categories (Table 5.6.). [5]

Table 5.6. Categories of Bolted Connections

Shear Connections

Category Criteria Remarks
A Fysai <Fyra [|No preloading required
Bearing Type Fysa <Fpra |All grades from 4.6t0 10.9
B Fysdser < Fsraser | Preloaded high strength bolts
Slip Resistance at No slip at serviceability limit
serviceability Fysa <Fyrq |state
Fysai <Fprda
C Fysa <Fsra |Preloaded high strength bolts
Slip Resistance at ultimate Fysai <Fpra |No slip atultimate limit state
Tension Capacity
Category Criteria Remarks
D Fiss <Fira |No preloading required
Non-preloaded All grades from 4.6 to 10.9
E Fisa <Fira |Preloaded high strength bolts
Preloaded

At the ultimate limit state the design shear force F, sq on a bolt shall not excedd the

lesser of;

o The design shear resistance Fy rq

e The design bearing resistance Fp rq

The design tensile force Fgq inclusive of any force due to prying action shall not
exceed the design tension resistance Birq of the bolt-plate assembly. The design tension
resistance of the bolt-plate assembly Birq shall be taken as the smaller of the design
tension resistance Frq and the design punching shear resistance of the bolt head and the

nut, B, rq obtained from;

Bp’Rd:O.6ﬂdetpfu/YMb (58 )




t, : The thickness of the plate under the bolt head or the nut.
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dm : The mean of the across points and across flats dimensions of the bolt head or the nut

whichever is smaller.

Shear resistance per shear plane: If the shear plane passes through the threaded

portion of the bolt;

e For the strength grades 4.6, 5.6, and 8.8:

0.6fupA
Fyra = ;ub >
Mb
e For strength grades 4.8, 5.8, and 10.9:
0.5 A
Fv,Rd — fubAs
YMb

If the shear plane passes through the unthreaded portion of the bolt;

__0.6fypA
Fv,Rd —
YMb
Bearing resistance:
__ 2.5af,dt
Fb,Rd -
YMb

Where a is the smallest of;

e 1
1 : P1 - fub or 1.0
3dy * 3dy 4 fy

Tension resistance:

_ 0.9f upds

F, =
t.Rd YMb

(5.9)

(5.10)

(5.11)

(5.12)

(5.13)
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Bolts subject to shear force and tensile force shall in addition satisfy the following

equation.

Fosa | _Fusda - q (5.14)

Fyra  14FtRd

5.6.1.2 Welded Connections. Welds shall generally be classified as fillet welds, slot welds,

butt welds which may be either full penetration or partial penetration, plug welds (Table

5.7).

Resistance of Welds: The resistance of a fillet weld may be assumed to be adequate
if, at every point in its length, the resultant of all the forces per unit length transmitted by
the weld does not exceed its design resistance Fy, rq. Independent of the orientation of the

weld, the design resistance per unit length Fy, rq shall be determined from Eqn. 5.15.

FW,Rd == fvw,d a ( 5.15 )

where f,y 4 is the design shear strength of the weld.

The design shear strength f., 4 of the weld shall be determined from Eqn. 5.16.

fuV3
BwYmw

fowa = (5.16)

where f, is the nominal ultimate tensile strength of the weaker part joined and By, is the
appropriate correlation factor. The value of the correlation factor By should be taken as
given in Table 5.8. For intermediate values of f,, the value of [, may be determined by

linear interpolation.



Table 5.7. Common Types of Welded Joints
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T fjoit
Tvpe ofwreld FRent e
Butt joint Tee-tuatt joimt Lap joint
Filletwreld ::|
3 lotwreld q_
T
[ . [ .
Full peretratiom
buttweld? + v
Single V Single bevel
Diouble ¥ :::| Droable bevel
Single U :| Single I
Diomble 1T ::| Daible I
Partial
peretmbion butt = I
weld?
Domble ¥ L
1 I Dinub le b evel
Donble T
Fhigweld b
- . >
. 4
l“
.1
l“
Flare gmoove
welds

1Buttwelds can sometirmes be formed without cuthng anywareld praparation in either component
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Table 5.8. Correlation Factors

Steel Correlation Factor
Grade Ultimate Tensile Strength f, Bw
Fe 360 360 N/mm’ 0.8
Fe 430 430 N/mm’ 0.85
Fe 510 510 N/mm’ 0.9

5.6.2. Tension Members

For members in axial tension, the design value of the tensile force Ngy at each cross-

section shall satisfy the following Eqn. 5.17.

NstNt,Rd (517)

where Nirq is the design tension resistance of the cross-section, taken as the smaller of the

following conditions.

e The design plastic resistance of the gross cross-section

Npira = Afy/ymo (5.18)

e The design ultimate resistance of the net cross-section at holes for fasteners

Nu,Rd = 0-9Anetfu/YM2 ( 5.19 )

where  ymo=1.10

v = 1.25
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5.6.3. Compression Members

5.6.3.1 Buckling Resistance. The design buckling resistance of a compression member

shall be taken as given in Eqn. 5.20.

Npga = XBaA fy/VM1 (5.20)

Ba =1 for Class 1, 2 or 3 cross-sections

Ba = Acr/A for Class 4 cross-sections
y 1s the reduction factor for the relevant buckling mode.

For hot rolled steel members with the types of the cross section commonly used for
compression members, the relevant buckling mode is generally flexural buckling. In some

cases the torsional or flexural torsional modes may govern.

For constant axial compression in members of constant cross section, the value of

for the appropriate non-dimensional slenderness A", may be determined from Eqn. 5.21.

X = grigias butx<1 (5.21)
where @ =0.5[1+a(X - 0.2) + 1% (5.22)
a is an imperfection factor
A = [BaAfy / Nt % = (A / Ap) [Bal”? (5.23)
A 1s the slenderness for the relevant buckling mode
M =n[E/f]%° =93.9¢ (5.24)
e=1[235/f,]"° (£, in N/mm?) (5.25)

N is the elastic critical force for the relevant buckling mode.

The imperfection factor a corresponding to the appropriate buckling curve shall be

obtained from Table 5.9.



104

Table 5.9. Imperfection Factors

Bucking curve u b ¢ d

Imperfection factor o 0,21 D.54 0,49 0,76

The values of the reduction factor y for the appropriate non-dimensional slenderness

may be obtained from Table 5.10.

5.6.3.2 Flexural Buckling. For flexural buckling, the appropriate buckling curve shall be

determined from Table 5.11. The slenderness A shall be taken as given in Eqn. 5.26.

A=1/i (5.26)

i : The radius of gyration about the relevant axis, determined using the properties of the

gross cross section.

The buckling length / of a compression member with both ends effectively held in

position laterally may conservatively be taken as equal to its system length L.



Table 5.10. Reduction Factors )

Buckling curve

A

a b C d
0.2 1.0000 1.0000 1.0000 1.0000
0.3 0,9775 0,9641 0,9491 0.9235
0.4 0,9528 0,9261 0,8973 0.8504
0.5 0,9243 0,8842 0,8430 0.7793
0.6 0,8900 0,8371 0,7854 0.7100
0.7 0,8477 0,7837 0,7247 0.6431
0.8 0,7957 0,7245 0,6622 0.5797
0.9 0,7339 0,6612 0,5998 0.5208
1.0 0,6656 0,5970 0,5399 0.4671
1.1 0,5960 0,5352 0,4842 0.4189
1.2 0,5300 0,4781 0,4338 0.3762
1.3 0,4703 0,4269 0,3888 0.3385
1.4 04179 0,3817 0,3492 0.3055
1.5 0,3724 0,3422 0,3145 0.2766
1.6 0,3332 0,3079 0,2842 0.2512
1.7 0,2994 0,2781 0,2577 0.2289
1.8 0.,2702 0,2521 0,2345 0.2093
1.9 0,2449 0,2294 0,2141 0.1920
2.0 0,2229 0,2095 0,1962 0.1766
2.1 0,2036 0,1920 0,1803 0.1630
2.2 0,1867 0,1765 0,1662 0.1508
2.3 0,1717 0,1628 0,1537 0.1399
2.4 0,1585 0,1506 0,1425 0.1302
2.5 0,1467 0,1397 0,1525 0.1214
2.6 0,1362 0,1299 0,1234 0.1134
2.7 0,1267 0,1211 0,1153 0.1062
2.8 0,1182 0,1132 0,1079 0.0097
2.9 0,1105 0,1060 0,1012 0.0037
3.0 0,1036 0,0094 0,0951 0,0882

105
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Table 5.11. Selection of a Buckling Curve for a Cross Section

Buckling about

Cross section Limits Buckling curve

axis

h/b > 1.2:
Rolled I-sections tr = 40 mm V—v a
zZ—zZ b
T z 40 mm <t; = 100 mm V- b
'l—L zZ—Z C

i hb =1.2

h — 4 — R
Y ’ t; = 100 mm V—v a
¥ z—z b

Z
L_h‘_..' t; > 100 mm V—v d
zZ—zZ d
Welded I-sections

2 t; =40 mm v—V¥ b
zZ—Z C
t; > 40 mm y—¥ c
zZ—zZ d
hot rolled any a

Hollow sections

cold formed
— using f;2 any b

cold formed
— using f,.;* any C

Welded box sections

generally
N (except as below) any b
T € : ! .
i ] ! ' T thiclz welds and
ni . + .
’ . ! bit; < 30 y-y ¢
hity, < 30 z—z C

-

U-, L-, T- and solid sections

Ee+#e |7 |
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5.6.4. Flexural Members

In the absence of shear force, the design value of the bending moment Mgy at each

cross-section shall satisfy the following Eqn. 5.27.

Msg < MR (5.27)

where M, rq 1s the design moment resistance of the cross section, taken as the smallest of

the following conditions.

e The design plastic resistance moment of the gross section

Mpl,Rd = Wplfy/'YMO ( 5.28 )

e The design local buckling resistance moment of the gross section

Mo,Rd = Wefffy/ ™M1 ( 5.29 )

where W 1s the effective section modulus.

e The design ultimate resistance moment of the net section at bolt holes M, rq.

For a Class 3 cross-section the design moment resistance of the gross section shall be

taken as the design elastic resistance moment given by:

Mel,Rd = Welfy/ ™Mo ( 5.30 )

5.6.5. Shear Resistance of Structural Members

The design value of the shear force Vgq at each cross-section shall satisfy the

following Eqn. 5.31.
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Vsd < Vpird (5.31)

where Vi rq 1S the design plastic shear resistance given by:

Voira = Au(fy/ V3)/ Ymo (5.32)

where A, is the shear area.

5o o

—

The shear area A, may be taken as follows:

Ay = A —2bts + (tw + 2r)ty for rolled I and H sections load parallel to web

Ay =A -2bts+ (ty, + 1)ty for rolled channel sections load parallel to web

A, =Y (dt,) forwelded I, H, and box sections load parallel to web

A,=A -Y(dt,) forwelded I, H, channel and box sections load parallel to flanges
Ay =Ah/ (b+h) for rolled rectangular hollow sections of uniform thickness load
parallel to depth

Ay =Ab/ (b+h) for rolled rectangular hollow sections of uniform thickness load
parallel to breadth

A, =2A /x for circular hollow sections and tubes of uniform thickness

A, = A for plates and solid bars

: The cross-section area
: The overall breadth

: The depth of the web

: The overall depth

: The root radius

: The flange thickness

: The web thickness
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5.6.6. Bending and Shear

The theoretical plastic resistance moment of a cross-section is reduced by the
presence of shear. For small values of shear force this reduction is so small that is counter-
balanced by strain hardening and may be neglected. However, when the shear force
exceeds half the plastic shear resistance, allowance shall be made for its effect on the
plastic resistance moment. Provided that the design value of the shear force Vg4 does not
exceed 50% of the design plastic shear resistance Vi rg no reduction need be made in the
resistance moments. When Vgq exceeds 50% of Vi rq the design resistance moment of the
cross-section should be reduced to My rqg the reduced design plastic resistance moment

allowing for the shear force, obtained as follows:

e For cross-sections with equal flanges, bending about the major axis
pAG
My pa = [Wpl - E] fy/Ymo but My rq < Mcra (5.33)

where p = (2Vsq/Vpira — 1) (5.34)
e For other cases, My rq should be taken as the design plastic resistance moment of the

cross-section, calculated using a reduced strength (1-p)f, for the shear area, but not

more than Mg rg.
5.6.7. Bending and Axial Force

5.6.7.1 Class 1 and 2 Cross-Sections. For class 1 and 2 cross-sections, the criterion to be

satisfied in the absence of shear force is:

Msg < Mnrd (5.35)

where My rq 1s the reduced design plastic resistance allowing for the axial force.



110

For a plate without bolt holes, the reduced plastic resistance moment is given by:

My ra = Mpipa [1 = (Nsa/Npira)'| (536)

and the criterion becomes:

2
ﬂ+[ﬂ] <1 (5.37)

MpiRd NpiRd

In flanged sections, the reduction of the theoretical plastic resistance moment by the
presence of small axial force is counter-balanced by strain hardening and may be
neglected. However, for bending about the y-y axis, allowance shall be made for the effect
of the axial force on the plastic resistance moment when the axial force exceeds half the
plastic tension resistance of the web, or a quarter of the plastic tension resistance of the
cross-section, whichever is smaller. Similarly, for bending about z-z axis, allowance shall
be made for the effect of the axial force when it exceeds the plastic tension resistance of

the web.

For cross section without bolt holes, the following approximations may be used for

standard rolled I or H sections.

Mny,rd = Mpira(1-n)/(1-0.5a)  but Mny,ra < Mpiy.rd (5.38)
forn<a Mnzrd < Mpizrd (5.39)

2
forn>a My, rqa = Mpixra [1 — [%] ] (5.40)
where n = Ng¢/Npird (541)

and a=(A-2bt)/A buta<0.5 (5.42)
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For bi-axial bending the following approximate criterion may be used:

a B
[My,Sd] + [Mz,Sd] <1 (5.43)

Mpny,Rd MNzRd

In which a and B are constants, which may conservatively be taken as unity,

otherwise as follows.

e [ and H sections, 0=2 and f=5nbut > 1
e Circular tubes, o=2and f=2butf>1

1.66

T-113n2 buta =<6

e Rectangular hollow sections, a = § =

e Solid rectangles and plates, a =B =1.73 + 1.8n° wheren = Nsd/Npird

As a further conservative approximation, the following criterion may be used:

Ngg n My sd n My sd <1 (5.44)
Npird  MpiyRd MpizRd

5.6.7.2 Class 3 Cross-Sections. In the absence of shear force, Class 3 cross-sections will be

satisfactory if the maximum longitudinal stress oy gq satisfy the criterion:

Ox,Ed < fyd where fyd = fy/'YMO ( 5.45 )

For cross-sections without holes for fasteners, the above criterion becomes:

Nsd My,Sd MZ,Sd < 1 (5 46)
Afyd Wel,yfyd Wel,zfyd -

5.6.7.3 Class 4 Cross-Sections. In the absence of shear force, Class 4 cross-sections will be

satisfactory if the maximum longitudinal stress oy g4 calculated using the effective widths

of the compression elements satisfies the criterion:

Oxed <fya  where fyq4 = fy/ymi (5.47)
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For cross-sections without holes for fasteners, the above criterion becomes:

Nsq My sq+Nsd eny Mz sd+Nsd enz

<1 5.48)
Aesefyd Westylyd Weft zfyd (

where

Acr @ The effective area of the cross-section when subject to uniform compression.

Werr @ The effective section modulus of the cross-section when subject only to
moment about the relevant axis.

exn : The shift of the relevant centroidal axis when the cross-section is subject to uniform

compression.
5.6.8. Bending, Shear and Axial Force

When the shear force exceeds half the plastic shear resistance, allowance shall be
made for the effect of both shear force and the axial force on the reduced plastic resistance
moment. Provided that the design value of the shear force Vgq4 does not exceed 50% of the
design plastic shear resistance Vprg, no reduction need to be made in combinations of
moment and axial force that meet the criteria in chapter 5.7. When Vg4 exceeds 50% of
V,ird the design resistance of the cross section to combinations of moment and axial force
should be calculated using a reduced yield strength (1-p)fy for the shear area,
where p = (2Vsa/Vpird — 1)2.
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6. DESIGN OF STEEL STRUCTURES ACCORDING TO TSE 648

6.1. Scope of TSE 648
Steel structures shall be designed and constructed in accordance with TSE 648. The
general structural steel classes covered in TSE 648 are Fe33, Fe34, Fe37, Fe42, Fedo6,
Fe50, Fe52, Fe60, and Fe70 according to the smallest tension strength.
6.2. Material Properties
The tension strength, yielding strength, modulus of elasticity, shear modulus and

coefficient of thermal expansion for the structural steel are stated in Table 6.1. [6]

Table 6.1. Material Properties of Steel

Steel Tension Yielding Modulus of Shear Coefficient of

Class Strength Limit Elasticity Modulus | Thermal Expansion
kgf/em? kgf/em? kgf/em? kgf/em? o

Fe 37 3700 2400

Fe 42 4200 2600 2100000 810000 0.000012

Fe 52 5200 3600

6.3. Load Patterns and Loading Conditions

Loads should be compatible with TSE 498 for the design and stability checks of steel

structures. Loads acting on the structure shall be divided into two groups.

e Principal Loads: Dead loads, live loads, snow loads.
e Additional Loads: Wind loads, earthquake loads, break loads of cranes, temperature

loads.




114

The following loading conditions shall be taken into account in the design of steel

structures.

e EY Loading: Sum of the principal loads.
e EIY Loading: Sum of the principal loads and additional loads.

6.3.1. Cross Sections Considering in Design of Steel Structural Elements

Cross sections taken into account in the stress checks of structural steel members are

given in Table 6.2. [6]

Table 6.2. Cross Sections Considering in Design of Steel Structural Members

Cross Section Taken into

Stress Type Stress Consideration
Axial F Compression F

xial roree Tension F,=F-AF
Shear Force Shear Fueb

i Tension or
Bending , W, = I/e = (I - Al)/e
Force Compression

Shear Stress on web T = Q/Fyep

where
F = Cross sectional area of the member under compression force
F, = Useful cross sectional area of the member under tension force

AF = Amount of weakened cross sectional area

Useful net area of member cross section shall be taken as its gross area less
appropriate deductions for all holes and other openings. When the fastener holes are
staggered, the total area to be deducted for fastener holes shall be the sum of the cross
sectional areas of all holes in any diagonal or zig-zag line extending progressively across

the member or part of the member, less szt/4g for each gauge space in the chain of holes.
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s : The staggered pitch, the spacing of the centers of two consecutive holes in the chain
measured parallel to the member axis.
g : The spacing of the centers of the same two holes measured perpendicular to the member

axis.

t : The thickness.

The net width calculated by taking account the holes should be less than the 85% of
the total width of the member.

6.4. Analysis of Cross Sections

The member stresses and support reactions should be calculated separately for each
load combinations. The member stresses calculated according to the most unfavorable load

combination should be compared with the working stresses.

Frames shall be checked for stress, stability, over-turning and deformations.

e Stress Checks: The stress checks should be performed according to the working
stress for the loading conditions EY and EIY.

e Stability Checks: The stability checks are consisted of buckling, crumpling and local
buckling of the structural member.

e Over-turning Checks: The safety factor for over-turning of the structural part should
be at least 2. The safety factor for lifting of supports should be 1.3 at continuous
beams and 2 at the whole f the structure.

e Deformation Checks: Steel structures and components shall be so proportioned that
deflections are within the limits according to the intended use and the nature of the
materials to be supported. The limiting value of deformations for the beams with
span length greater than 5m should be less than /300 and the limiting value of

deformations for the cantilever beams should be less than L/250. [6]
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6.4.1. Tension Members

For members in axial tension, the working stress should be less than 0.6 times of the

yielding strength.

Geem < 0.60, (6.1)

Also, this value should be less than the 0.5 times of the tension strength of member.

Gcem < 0.5(5(1 ( 6.2 )

According to the loading conditions, the members are sometimes in axial tension and
sometimes in axial compression should be designed as compression member and the

slenderness ratio should be less than 250.

A <250 (6.3)

6.4.2. Compression Members

For members in axial tension, the in plane buckling length of the member, Sy, is
equal to the real length (system length) of the member. However, the out of plane buckling
length of the compression member is equal to the real length if the out of plane translation
of nodal points in the compression region of the member should be prevented. The variable

buckling lengths of compression members are stated in Table 6.3.



Table 6.3. Variable Buckling Lengths
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Note: s, A%ﬁ Elﬂ:l‘:l P i E}% L
. F4Ad _r
Hidden Lines shows the | | : / I:Jrl
buckling shape of the / I,’r / Iﬁl ;'; I
compression member |'r s | f‘ Ir / .'II
1 \ / .' f 4
lII. [1 llI III
i Fi f
r ¢ % ;
Theoretical Buckling 055 | 07s | 10s | 10s | 20s | 2.0s
Length
Recommended Buckling | o5 | ) g 1.2s 1.0s 2.1s 3.0s
Length
==z | Rotation and Translation Restrained
" |Free Rotation and Translation Restrained
Information E5 | Rotation Restrained and Free Translation
7 Free Rotation and Translation

The design of compression member shall be perform by “®” method according to the

TSE 648. For the compression members, the following condition should be satisfied.

6 = P/F < 6pem

(6.4)

The buckling allowable stresses, G4em, are variable in accordance with slenderness

ratio of compression member, A. In practice, since working with variable allowable is not

preferred, the “®” numbers will be introduced.

by convince,

I
IA

® = 6 /Opem

P

g

Gcem

7|

(6.5)

(6.6)
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S : The maximum compression force in member (kgf)

F : The cross-section area (cm?)

Ocem - Tension allowable stress according to the loading condition and material class
(kgf/em?)

o : The buckling coefficient according to slenderness ratio of compression member, A

(Table 6.4)

A= =Skx/ix oOr (6.7)
A=y =Siy /iy (6.8)

For the compression members whose slenderness ratio, A, is smaller than 20, the

buckling check is not required (o = 1).
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Table 6.4. The Buckling Coefficients
A 0 b 2 | S 6 g 8 0
0 102 1.03 1.03 1.04 105 1.06 106 1017 108 1,09
0 1.09 1.10 111 111 1.12 113 114 115 115 .16
40 .17 .18 1.20 1.20 1.20 1.21 1.22 1.23 1.24 1.25
50 1.26 1.27 128 1,29 1.30 131 1.32 1.33 1.34 1.35
60 1.36 1.37 1.38 1.39 1.40 141 1.43 .44 1.45 146
70 1.47 1.4 1.50 1.51 1.53 1.54 1.56 1.57 1.58 1.59
80 167 1.62 164 1.65 1.67 1.69 1.70 1.72 1.74 1.75
90 177 1.79 1.81 1.82 1.54 1.86 1.88 1.90 1.92 .94
100 1.96 1.99 201 2,03 2.05 2.06 2.10 2.13 215 2.18
1o 220 2.23 236 2.29 2,32 235 238 2.41 2.84 248
120 251 2.55 2,59 263 2.66 2.74 275 2.79 145 2.88
130 2,83 2.96 3.03 307 312 3.17 321 335 3.31 3.36
140 391 345 3.50 3.55 3.60 3.65 370 3.75 3.80 3.96
150 3.40 3.96 4.01 4.7 4.12 4.17 4.23 4.28 4.34 439
160 445 450 4.58 461 4.67 473 4.79 4.84 490 | 49
170 5.02 5.08 5.14 520 5.26 532 538 5.44 550 | 557
180 5.63 5.89 5.75 582 5.88 5.94 6.01 6.07 614 | 620
190 6.27 6.34 6.40 6.47 6.54 6.60) 6.67 6.74 6.81 6.58
200 6.95 7.02 7.09 7.15 7.23 730 737 7.4 7.51 7.69
210 7.60 773 7.81 788 | 795 R.03 810 818 825 8.33
220 B.41 8.48 R.58 Be4 | 872 8,70 8.87 8.95 9.03 9.11
230 9.19 927 935 943 | 9.51 9.57 9.67 9.76 9.84 9,92
240 10,00 10.09 10,17 1026 | 1034 10.43 1051 | 1060 | 1068 | 1077
250 10.96
10 1.00 1.00 1.00 1.00 1.00 101 102 1.03 1.03 1.04
0 1.05 1.06 107 1.08 109 1.10 111 111 1.12 1.13
30 .14 1.15 1.16 1.17 118 1.19 1.20 122 1.23 1.24
40 1.25 1.26 127 1.28 1.30 131 132 1.33 1.35 1.36
50 137 1.38 1.40 1.41 143 1.44 1.45 147 1.49 1.50
60 1.52 1.54 1.55 1.57 1.59 160 1.62 1.64 1.66 1.68
70 1.70 1.72 1.74 1.76 1.78 1.80 1.83 1.85 1.87 1.90
80 1.92 1.95 1.97 2.00 203 206 2.08 211 215 218
90 221 2.24 2.28 2.32 2.35 239 2.43 247 2.52 2.56
100 2.6 2.65 2.70 2.75 2.81 2.86 2.92 2.96 3.04 3.10
110 3.15 31 327 333 3.30 345 3.51 3.57 363 | 360
120 375 381 8.88 3.94 401 407 4.14 4.20 427 | 434
130 440 447 4.54 4.61 4.68 475 4.82 4.89 496 | 5.03
140 5.11 5.1% 5.25 5.33 540 548 5.55 5.63 5.71 598
150 5.86 5.94 6.02 f.10 6.18 626 6.34 6.42 650 | 6.59
160 |- 6.57 6.75 6.84 6.02 7.01 7.09 7.18 7.27 7.35 7.44
170 7.53 7.62 7.71 7.80 7.89 7.98 8.07 8.16 8.25 8.35
180 8.44 8.54 8.63 8.73 8.82 892 9.01 9.11 0.21 9.3
190 9.41 9.50 9.60 9.70 9.81 9.91 10.01 10.11 1021 | 1032
200 10.42 10.53 10.63 10.74 | 1084 10.95 11.06 11.15 1127 | 1136
210 11.49 11.60 1171 182 | 1193 12.04 12.16 | 12.27 1236 | 12.50
220 12,61 12.73 12.84 1296 | 13.07 13.19 1331 | 1343 | 1334 | 1350
230 13.78 13.90 1402 14,14 14.77 1439 1451 14.63 14.76 14,88
240 15.01 15.13 15.26 1538 | 1551 15.04 1577 | 1590 | 1602 | 1615
250 16.25
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The buckling coefficient tables are only applicable for Fe37 and Fe52 type steel
classes. Therefore, the allowable compression stresses should be computed for the other
type of steel classes. If the slenderness ratio of compression member is smaller than A,

(A <X,), the allowable compression stress is:

(6.9)

If the slenderness ratio is greater than A, (A > A,), the allowable compression stress is:

1 2E __ 8290000

Opem = =2 = 220 (6.10)

A<20  n=167 (6.11)
A 1)\’

A<k, n=15+1.2 (Z) —-0.2 (Z) (6.12)

A>d  n=25 (6.13)

E : Modulus of Elasticity (kgf/cm?)
o, : Yielding strength of steel (kgf/cm?)

A, : Plastic slenderness ratio (critical slenderness)

2m2E 6438.4
/1p— /aa = N (6.14)

Gpem : Allowable compression stress (kgf/cm?)
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6.4.3. Bending and Axial Compression Force

Member in axial compression and flexure should satisfy the following conditions

without considering the buckling.

Oe¢p CmxObx CmyOby
res + <1.0 (6.15)

_Zeb _Y%eb

Tbem (1 "ex)an (1 Giy)
eb_ 4 Tbx | Ty ~q (6.16)

0.60pq OBx OBy

When % < 0.15, instead of above equations, the following equation shall be
ba

used.

Teb 4 Tbx 4 Ty < 1 (6.17)

Oba O0Bx OBy

where
Obem : Allowable stress under only compression

op : Allowable stress under only flexure

o = nfe 1 _ 8290000
€ (KSp/1p)225  (KSp/Ip)?

Sp : Unsupported length between the supports

I, : Moments of inertia with respect to the axis perpendicular bending plane

K : Coefficient to calculate the buckling length with respect to the bending axis
Oeb . Stress under the compression forces only

oy : The compression stress under bending moments only

Cu : The coefficient in accordance with end moments and moment of span

o C,, =0.85 for frames of lateral displacements are allowed
e C,=0.6-0.4M;/M; > 0.4 for frames of lateral displacements of joints are prevented

and if there is no loading on the bending plane of the member.
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M,/M,; is the ratio of smallest bending moment to the biggest one at the ends of
member. The ratio is positive for the two directional bending and negative for one

directional bending (Figure 6.1).

My Ma
- - M1 +
*:
M
Hi‘
{fal
My My

Figure 6.1. Ratio of M;/M;

For the frames of lateral displacements are prevented and if there is loading on the
bending plane of the member, the coefficient of C,, should be calculated by more accurate

method (Figure 6.2).
cm=1+¢% (6.18)

b = w28 El
T MgpS?

(6.19)



do : The maximum displacements due to the bending force

Mj : The maximum moment of span

s : The length of the member

Condition b 4 Cn
__ztru.l.uu e | . | .
; v,
1 5::!—- -0.3 1-0.36¢,/0¢
AT 7
,/g 111 f1gtt ;/ﬁ 0.4 1-0.46/0¢
/i 2
.._1 l t -0.2 1-0.26 /0
r—s'l 2
E -0.4 1-0.46/G¢
1 E
4 'L @_ 0.6 1-0.6Ge/Ge
4 ¥

Figure 6.2. ¥ Numbers
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6.4.4. Stability Checks

6.4.4.1 Lateral Buckling. The steel beams are used in such a manner that their compression

flanges are restrained against lateral buckling. When the compression flanges of a beam is
long enough and slender enough, it may possibly buckle unless lateral support is provided.
Lateral support of the compression flange may be provided with connecting beams or with

special members inserted for that purpose.

6.4.4.2 Allowable Stress of Lateral Buckling. The allowable compression stress shall be
computed by the following equation for the symmetrical cross sections, loading through
the web direction and U sections loading through the major principal axis. However, this

value cannot be greater than 0.60 G,.

% S BOOOzZOOCb ( 620)
op = E— %} o, < 0.60, (6.21)
%2 BOOOzZOOCb (622)
op = % (6.23)

If the compression flange is plate and rectangular cross-section and the cross-section

of compression flange is not smaller than the cross-section of tension flange;

Cn = 840000Cy
B~ S.d/Fb

(6.24)

s : The unsupported length of the compression flange against rotation and lateral
displacement

1y : The moment of inertia of compression flange and one third of the compression region
of the web with respect to the web axis.

Fy, : The cross-section area of compression flange

d : Outside to outside distance between flanges

oy : Allowable compression stress considering lateral buckling
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0, : Yielding stress of compression flange

Cy, : The coefficient

Cp = 1.75 + 1.05 (ﬁ—z) +0.3 (%) <23 (6.25)

2

M, : The smallest moment at the lateral support

M, : The biggest moment at the lateral support

If the moment between the lateral supports is greater than the end moments, Cy, is

equal to 1.0.
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7. STUDY CASE FOR COMPARISON OF CODES

7.1. Introduction

In this chapter, an existing building is remodeled by means of SAP2000 structural
analysis program and the steel sections such as columns, frame beams, secondary beams
used in the building are redesigned according to the EC3 which had been designed
according to the TEC 2007 and TS 648. Earthquake loads acting on the structure are
calculated according to the TEC 2007 although the design of steel sections is compatible
with the EC3. Using EC8 in the calculation of earthquake loads will cause confusion in the
selection of steel sections since the calculated base shear will show difference between
TEC 2007 and EC 8. Therefore, the difference between EC3 and TS 648 shall be

determined clearly without changing the earthquake code.

The occupancy purpose of the structure is depot with dimensions of 30 m * 17 m.
The total height of the structure is 39.40 m. The site class of the structure is Z2 and it is
located in the first seismic zone. The plans and sections of the structure are given in

appendix and 3D model of the structure is given in Figure 7.1.

The seismic loads are fully resisted by eccentrically braced frames (systems of
nominal ductility level). By corresponding the axis system seen in the appendix 1, vertical
supports are formed by HEM 600, HEM 500, HEB 450, HEB 400, HEA400 steel sections
and bracings which assist to the system in order to transfer of seismic loads safely to the
frames are designed as 10 inch, 8 inch, 6 inch, 4 inch pipes. Horizontal supports are formed
by HEA 340, IPE 500, IPE 400 frame beams which connect vertical supports to each other
and castellated secondary beams made up of IPE 300 with height of 450 mm are designed
as slab system. Beside to these, 10 cm thick concrete slabs are designed as rigid

diaphragm.
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Figure 7.1. 3D Model of Structure
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7.2. Loads Acting On The Structure

Structure is to be designed for the most critical values of both sustained and

instantaneous loads. Calculations will include the loads the loads listed below.

e Self weight loads

e Topping loads

e Cover and Wall

e Live-Equipment

e Wind load (WL)

e Snow load (SL)

e Earthquake Load (EQ)

Self weight loads are the loads which consist of self weight of structures such as slab,
beam, and column. The self weights of all structural elements are calculated internally by
the SAP2000 software. The unit weight of concrete material is y =2.5 tons/m’ and the unit

weight of steel material is y =7.85 tons/m”.

Cover and wall loads will be calculated according to properties of layers of cover

and type of related wall sections.

COVET v, 0.03 * 2.2 = 0.066 tons/m>
Cement Finish ................ 0.02 * 2.0 = 0.040 tons/m>
Suspended Ceiling ............ 0.02 * 2.0 = 0.030 tons/m’

> g = 0.136 tons/m*

Live loads are formed by temporary loads that are not a part of any structure; which
are such as humans and vehicles. General live loads that will be applied to all concrete and
steel structure used as depot are 0.75 tons/m?. In the office part of the structure, the live

loads are 0.50 tons/m?. [7]
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Wind loads will be considered according to TS 498 and will not be less then values

below. In addition Eurocode 1 standard could be used at calculations.
W =0.11 ton/m?
Surface coefficient:  Pressure = 0.80

Suction = 0.40

Snow loads will be considered according to TS 648 and will not be less then values

below. In addition Eurocode 1 standard could be used at calculations.

S =0.10 ton/m?

7.2.1. Earthquake Loads

TEC 2007 is taken into consideration in the calculation of earthquake forces.

Earthquake Zone ...........cooiiiiiii I
Building Importance Factor (I) .............coooiiiiiiiiiiii 1.0

Live Load Participation Factor (n) ..............ccooviiiiiiiiin.. 0.8
Effective Ground Acceleration Coefficient (Ag) ....oovvvninninnnnn. 0.4
Structural Behaviour Factor (R) ..., 5

Local Site Class (Zn) «.vveerreiniiiieiie i e 72
Spectrum Characteristic Periods (Ta) ..oovvvvviiiiiiiiiiiinn.n. 0.15 sec
Spectrum Characteristic Periods (Tg) .....oovvvviiiiiiiiiiinnnann... 0.40 sec
Natural Period of Structure (Tx) ...oovvvriiiii i, 0.668 sec
Natural Period of Structure (Ty) ............coooii 0.598 sec

The seismic weight of structure and natural period of structure are calculated

internally by the ETABS software.

IfT> T,
S(T) = 2.5%(Ty/T)"*
S(Ty) = 2.5%(0.4/0.668)"® = 1.66



S(Ty) = 2.5%(0.4/0.598)"* = 1.81

Seismic acceleration is calculated as;

A(T)) = A*T*S(T)

A(Ty) = 0.4%1%1.66 = 0.663
A(Ty) = 0.4%1%1.81 = 0.725

Total equivalent seismic load is calculated as;

Vi = W*A(T)) / Ry(T1) = 0.1 A*T*W

Table 7.1. Earthquake Forces Acting Each Storey
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Level | H,
(m) (m) m; | w; (tons) | w;*H; Fx; | Fx;+ AFn | Fy; | Fy;+ AFn
Storey 9 39.50 139.50| 4,39 43,11 1702,96 | 14,81 30,25 16,19 33,06
Storey 8 35.00 |35.00| 4,81 47,23 1653,16 | 14,38 14,38 15,71 15,71
Storey 7 30.25 [30.25| 4,82 47,25 1429,25 | 12,43 12,43 13,58 13,58
Storey 6 26.20 [26.20| 4,81 47,19 1236,38 | 10,75 10,75 11,75 11,75
Storey 5 22.00 {22.00| 4,96 48,67 1070,70 | 9,31 9,31 10,18 10,18
Storey 4 19.00 [19.00| 18,23 | 178,79 | 3397,00 | 29,55 29,55 32,29 32,29
Storey 3 15.00 |15.00| 45,62 | 447,48 | 6712,25 | 58,38 58,38 63,80 63,80
Storey 2 11.00 |11.00| 43,49 | 426,63 | 469291 | 40,82 40,82 44,60 44,60
Storey 1 6.00 | 6.00 | 44,62 | 437,73 | 2626,40 | 22,84 22,84 24,96 24,96
Foundation | 0.00
> = | 1724.09 |24521.01 228.72 tons 249.93 tons

Vix = 1724.09%0.663 / 5 =228.72 tons > 0.1*0.4*1*1724.09 = 68.96 tons

Vry =1724.09*0.725 / 5 =249.93 tons > 0.1*0.4*1*1724.09 = 68.96 tons

Additional equivalent seismic load acting at the top storey of the structure shall be

determined as;
AFN = 0.0075*N*V
AFnx = 0.0075%9%228.72 = 15.44 tons
AFny = 0.0075%9%249.93 = 16.87 tons
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7.3. Irregularity Checks

7.3.1. Irregularities In Plan

A1l — Torsional Irregularity: The torsional irregularity ratios for each storey given in

Table 7.2.

Table 7.2. Torsional Irregularity

Maximum Displacements
MNbi

Storey Loading A(frf)x (Acr(;r)t A Am(?;t( / Limit
Storey 9 E 0,484 | 0,483 1,00 1.20
Storey 8 E 0,592 | 0,588 1,01 1.20
Storey 7 E 0,456 | 0452 1,01 1.20
Storey 6 E 0,565 | 0,521 1,08 1.20
Storey 5 E 0,18 0,146 1,23 1.20
Storey 4 E 0,367 | 0,271 1,35 1.20
Storey 3 E 0,318 | 0,314 1,01 1.20
Storey 2 E 0,487 | 0,418 1,17 1.20
Storey 1 E 0,631 | 0,621 1,02 1.20
Storey 9 F 0,625 | 0,621 1,01 1.20
Storey 8 F 0,68 0,675 1,01 1.20
Storey 7 F 0,582 | 0,577 1,01 1.20
Storey 6 F 0,671 | 0,661 1,02 1.20
Storey 5 F 0,324 | 0,169 1,92 1.20
Storey 4 F 0,428 | 0,286 1,50 1.20
Storey 3 F 0,28 0,271 1,03 1.20
Storey 2 F 0,385 | 0,379 1,02 1.20
Storey 1 F 0,448 | 0,429 1,04 1.20
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7.3.2. Irregularities In Elevation

B2 — Interstorey Stiffness Irregularity: The interstorey stiffness irregularity ratios for

each storey given in Table 7.3.

Table 7.3. Interstorey Stiffness Irregularity

Storey H(Srtr"lr)ey Loading (Acr(;r)t Aort/H  nki Nki imit
Storey 9 450 E 0,483 0,0011 0,87 1,00 2.00
Storey 8 475 E 0,588 0,0012 1,11 1,15 2.00
Storey 7 405 E 0,452 0,0011 0,90 0,90 2.00
Storey 6 420 E 0,521 0,0012 2,55 1,11 2.00
Storey 5 300 E 0,146 0,0005 0,72 0,39 2.00
Storey 4 400 E 0,271 0,0007 1,00 1,39 2.00
Storey 3 400 E 0,314 0,0008 0,94 1,16 2.00
Storey 2 500 E 0,418 0,0008 0,81 1,06 2.00
Storey 1 600 E 0,621 0,0010 1,00 1,24 2.00
Storey 9 450 F 0,621 0,0014 0,97 1,00 2.00
Storey 8 475 F 0,675 0,0014 1,00 1,03 2.00
Storey 7 405 F 0,577 0,0014 0,91 1,00 2.00
Storey 6 420 F 0,661 0,0016 2,79 1,10 2.00
Storey 5 300 F 0,169 | 0,0006 0,79 0,36 2.00
Storey 4 400 F 0,286 0,0007 1,06 1,27 2.00
Storey 3 400 F 0,271 0,0007 0,89 0,95 2.00
Storey 2 500 F 0,379 0,0008 1,06 1,12 2.00
Storey 1 600 F 0,429 | 0,0007 1,00 0,94 2.00

Since the height of the structure is greater than 25 m and there is interstorey stiffness
irregularity (Mxi > 2.0), equivalent seismic load method cannot be applicable and mode

superposition analysis should be applied for the seismic analysis of the structure.



133

Effective Storey Drift Limit: The torsional irregularity ratios for each storey given in

Table 7.4.

Table 7.4. Effective Storey Drift

STOREY H(;n)y Loading A((fna)x A Limit
Storey9 | 450 | E | 0484 [ 0,0011 | 0.004
Storey8 | 475 | _E | 0,592 | 0,0012 | 0.004
Storey 7 | 405 | E | 0456 | 00011 | 0.004
Storey 6| 420 | E | 0,565 | 0,0013 | 0.004
Storey 5| 300 | E | 0,180 | 0,0006 | 0.004
Storeyd | 400 | E | 0367 | 0,0009 | 0.004
Storey3 | 400 | E | 0318 | 0,0008 | 0.004
Storey2 | 500 | _E__| 0,487 | 0,0010 | 0.004
Storey || 600 | _E | 0,631 | 0,0011 | 0.004
Storey 9| 450 | F__ | 0,625 | 0,0014 | 0.004
Storey8 | 475 | _F__| 0,680 | 0,0014 | 0.004
Storey 7 | 405 | F | 0,582 | 0,0014 | 0.004
Storey 6| 420 | _F__| 0,671 | 0,0016 | 0.004
Storey 5| 300 | F | 0,324 | 0,0011 | 0.004
Storey4 | 400 | F | 0428 | 0,0011 | 0.004
Storey 3| 400 | _F__| 0,80 | 0,0007 | 0.004
Storey2 | 500 | F | 0,385 | 0,0008 | 0.004
Storey || 600 | _F | 0,448 | 0,0007 | 0.004

The maximum value of effective storey drifts, obtained for each earthquake direction

at columns of each storey satisfy the limit value, 0.02 / R, equal to 0.004.

There are no local slab abrupt reductions in the plane stiffness and strength of floors
and seismic loads are safely transferred to vertical structural elements. Therefore, floor

discontinuities irregularity (A2) does not exist.

Since the re-entrant corners in both of the two principal directions in plan do not

exist, there is A3 type irregularity in the structure.
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There is no case where vertical structural elements are not removed at some stories
and supported by beams or gusseted columns underneath. Therefore, irregularity of

discontinuity of vertical structural elements does not exist.

7.4. Used Structural Materials

Structural steel : S275

Yield Strength : 6 =27 500 t/m*
Weight per Unit Volume - 7.85 ton/m’
Modulus of Elasticity : E¢ =21 000 000 t/m?
Poisson Ratio v =03

Coeff. of Thermal Expansion  : o =12 * 10° °C

Material Type : Isotropic

7.5. Design of Structural Members

7.5.1. Design of Columns

Design of columns subject to the bending and axial compression will be examined

according to the TS 648 and EuroCode 3.

7.5.1.1 Section Design of Columns According to TS 648. The maximum internal forces are

shown at column, CS.09, at axes B/3. The bending moment at major axis is 22.50 tons.m
and the axial compression force is 412 tons. The cross section properties of the used steel

section, HEM 600, are given below.
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Table 7.5. Column Section According to TSE 648

Cross Section h b t tr A d G r
(mm) | (mm) | (mm) | (mm) (cmz) (mm) | (kg/m) | (mm)

620 305 21 40 363.7 486 285 27

1, Wy, | Woy | iy L | W, | W, | &
HEMOO0 | em®y | (em®) | (em’) | (em) | (em* | (em®) | (em’) | (em)
237400 | 7660 8607 25.55 | 18980 | 1244 1920 7.22

Cross section checks should be done according to TEC 2007,

395.12

P
=——=1040>0.10
| /GaF 2.7 x363.7 >
h Ng . . . .
o < 2.08yEg/0, (2.1 ~IsF ) for I sections under bending and axial compression
w Ga
h 620
o = o1 =29.52< 2.08\/21000000/27000 (21-0.4)=098.61
w

b
T < 0.5\/Eg/o, forIsections under bending and axial compression

b 305
=80 - 381 < 0.5\/21000000/27000 =13.94

Member in axial compression and flexure should satisty the following conditions.

Oep mebe Cmydby <1.0

+ <
Opem _ Geb o Jeb
Oex Bx Y OBy
ey

2
ol =H—E*i=w*i= 6.681 tons/cm?

opx = 0.60, = 0.6 x 2.700 = 1.62 tons/cm?
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Cnm 1s equal to 0.85 for frames of lateral displacements are allowed. The minor

moment in the direction of simple beams shall be ignored

N 395.12

Oeb =% = 3g370 = 1.086 tons/cm?

M 2250

Obx = W = 7eg0 = 0.294 tons/cm?

1/2\?

[1—§<E>]Ga
Obem = n
Since 20 <A <A, ;
=15+1.2 A 0.2 A ’
n=1. . % . %

m2E
Ap = = 123.84

a
= 600 = 23.48
2555 7

—15+12(23'48) 02(23'48)3—173
n=tom bal12328) ~ “\12348) T

[1 - % (12233.%488)2] 2.700

Obem = 773 = 1.533 tons/cm?

1.086 0.85 * 0.294

+
1.533 1.086
(1-5gg1) * 162

=0.892<1.0

suitable.

Since the demand and capacity ratio is smaller than 1.0, the HEM 600 section is
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According to the increased earthquake definition in TEC 2007, the section should
have adequate strength capacity under increased loading conditions. The magnification
factor, €, is equal to 2. The load combinations used in the capacity checks of the section

are given below.
G+Q+2E
G+Q+2F
0.9G +2E

0.9G + 2F

The column is subjected to axial force, N = 495.275 tons, under the increased

earthquake forces.

N < Npp

Nbp = 1-70bemF

Opem = 1.533 tons/cm?

N = 495.275 tons < Ny, = 1.7 * 1.533 % 363.7 = 947.84 tons

7.5.1.2 Section Design of Columns According to Furocode 3. The maximum internal

forces are shown at column, CS.09, at axes B/3. The bending moment at major axis is 8.40
tons.m and the axial compression force is 407 tons. The cross section properties of the used

steel section, HEM 450, are given below.
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Table 7.6. Column Section According to EC3

h b tyw ts A d G r
(mm) | (mm) | (mm) | (mm) (cmz) (mm) | (kg/m) | (mm)
478 307 21 40 3354 | 344 263 27
I, W, Wiy iy I, W, Wi, i,
(cm4) (cm3) (cmé) (cm) (cm4) (cm3 ) (cm5 ) (cm)
131500 | 5501 | 6210 19.8 | 19340 | 1260 1929 7.59

Cross Section

HEM 450

Class of the cross section should be determined;

e= [235/f, =/235/270 = 0.933

¢ _1935  5o4<10e=933
=20 DO £=09.

1 (O.B*A ) 1 (0.3*335.4+1> 120 > 05
— — % = =% | —— = 1. .
*=2 " dwr,, 2" \344+21

d 344 396¢ 396 * 0.933
— = 25.31

= 1638 < =
ty 21 13a—1 (13%1.20)—1

Class 1 steel section.

The bending strength check should be done;

Welq * 0, 5501 * 27

= = 1350kN.m
YMo 1.1

Mejq =
Mgq = 84 kN.m < Mg g = 1350 kN.m

Member in axial compression and flexure should satisty the following conditions.

Ns,d kyMy,sd kzMz,sd <1.0
XminAJa/yMl Wy,plo-a/yMl Wz,plo-a/yMl N




Lateral torsional buckling check should be done;

7\—600—3030
198 T

’E
M=mx |[—=287.61
0a

BA = 10

A 30.30
A —A—l*,/BA—87.61*\/1. = 0.346

8
=m=1.56>1.2 and t¢=40mm < 40 mm

ol =

€,

Therefore, buckling curve is “a” type.

a=0.21

1 1
0 =ox[l+ax@ —02)+27]=5x[1+021+(0.346 - 0.2) +0346°] = 0.552

1
X = <1
0 +02 — 272
! 1.018
X = = 1.
0.552 +V0.5522 — 0.3462
N
ky=1-2 g5
XyAGa
iy = A (2Buy — 4) + [WP‘LIW‘Y] < 0.90 Buy =2.167
eLy
0.346(2 * 2.167 — 4) + [6210 _ 5501] 0.25
=0. * 2, - ——|=0.
Hy 5501
0.25 * 4070
ky=1-—— "~ —0.888

Y T T 1%3354+%27

139
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4070 0.748 * 84

= 0.536
10+3354+27/11 ' 6210+ 27/11

Since the demand and capacity ratio is smaller than 1.0, the HEM 450 section is

suitable.

7.5.2. Design of Beams

Design of frame beams and secondary beams subject to the bending and shear will be

examined according to the TS 648 and Eurocode 3.

7.5.2.1 Section Design of Frame Beams According to TSE 648. The maximum internal

forces are shown at beam, KK306 at third storey. The bending moment at major axis is
31.08 tons.m and the shear force is 22.57 tons. The cross section properties of the used

steel section, IPE 500, are given below.

Table 7.7. Beam Section According to TSE 648

h b tw te A d G r
(mm) | (mm) | (mm) | (mm) (cmz) (mm) | (kg/m) | (mm)
500 200 10.2 16 115.5 426 90.7 21
Iy W, Wiy iy I, W, Wi, i,
(cm4) (cm3) (cmf”) (cm) (cm4) (cm3) (cmé) (cm)
48200 | 1928 2194 | 2043 | 2142 | 214.2 336 431

Cross Section

IPE 500

Cross section checks should be done according to TEC 2007;

h
o < 5.0,/Eg/o, forIsections under bending

w

h 500
— = —— =49.02 < 5.0,/21000000,/27000 = 139.44
ty 102

b
T < 0.5/Eg/o, forIsections under bending
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00
=37 6.25 < 0.5\/21000000/27000 = 13.94

Stress checks should be done,

~Mmax _ 3198 _ 4 612+ 2 < =162t 2
Omax = W, 1928 - ons/cm Oem = 1.62 tons/cm
Q 22.57
Tmax = lr:ngax = 17er103 " 0.519 tons/m? < 0y, = 0.935 tons/cm?

Oym =V 1.6122 + 3 % 0.5192 = 1.846 tons/cm?

Oym < 0.750, = 2.025 tons/m?
Maximum deflection should be checked;

Local buckling check should be done due to shear force;

1.75 + 1.05 (_28'66) +0.30 (_28 66) 1.04 > 0.67
b 31.08 31.08

cp = 0.67

The frame beam is restrained at 5 points by secondary beams and the length between

the restrained points of beam,;

s=1.250m

The radius of gyration of compression flange is calculated as given below.
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/15ty * by’
th * by + 1/ tg * (d — 2tp)

y:

1/ x1.6 %203
iy = /121 =5.21cm
1.6 %20 + 1/, + 1.02 + 42.6

s_125 _ _ [30-10°-0.67 o
iy 521 2700

Therefore;

_[2 2700247
B™ 13 90x106%0.67

] * 2700 = 1.739 tons/cm? > 0.66, = 1.620 tons/cm?

max

= 1.612 tons/cm? < o = 1.739 tons/cm?
X

There is no local buckling.

According to the increased earthquake definition in TEC 2007, the section should
have adequate strength capacity under increased loading conditions. The magnification
factor, €, is equal to 2. The load combinations used in the capacity checks of the section

are given below.

G+Q+2E
G+Q+2F
0.9G + 2E
0.9G + 2F

The column is subjected to bending moment, My = 36.33 tons.m, under the increased
earthquake forces.

M, < M,

M, = W,o0,
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My = 3633 tons.cm < My, = 2194 « 2.7 = 5924 tons. cm

7.5.2.2 Section Design of Frame Beams According to Eurocode 3. The maximum internal

forces are shown at beam, KK306 at third storey. The bending moment at major axis is

45.23 tons.m and the shear force is 32.69 tons. The chosen steel section is IPE 500.

Class of the cross section should be determined;

£= /235/fy =,/235/270 = 0.933

c 100
—=——=6.25< 11 =10.26
tr 16

1 (0.3 *A+ ) 1 (0.3*115.5+1> 0.899 > 0.5
= — %k = — % | —m— = . .
*=2" 2" \42.6 + 1.02
d 426 76 S 4568 4560933 2081
ty 102 13a—1 (13%0.899)—1

Class 3 steel section.

The shear strength check should be done;

Ay fy
Vsd < Vpira = NPT
Mo

A, =1.04+h*t, = 1.04 * 50 * 1.02 = 53.04 cm?
53.04 * 27

Vpl,Rd = 73 = 752kN > V4 = 327kN
*

0.5V ra = 0.5 * 752 = 376kN > Vyq = 327kN

Therefore, there is no need to decrease the bending strength of the section due to the

shear force.
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The bending strength check should be done;

Msd < Mc,Rd

Wy * fy _1928+%27
YMo 1.1

McRrq = = 473 kN.m > Mgq = 452 kN.m

Shear buckling resistance should be checked;

4 _ 226 4176 < 69¢ = 64.38
t, 102 £=o%

Therefore there is no need to check for resistance to shear buckling.

7.5.2.3 Section Design of Secondary Beams According to TSE 648. The maximum

bending moment for secondary beams is 11.68 tons.m and the maximum shear force is
5.84 tons. The cross section properties of the used steel section, IPE 300 castellated beam

with height of 450 mm, are given below.

Table 7.8. Secondary Beam Section According to TSE 648

h b tw te A d G r
(mm) | (mm) | (mm) | (mm) (cmz) (mm) | (kg/m) | (mm)
400 180 8.6 13.5 84.46 331 66.3 21

Cross Section

I, W, | Wiy i I, W, | Wy, i,
IPE 300 Castel | (em*) | (em®) | (em’) | (em) | (em®) | (em®) | (em?) | (cm)
h=450 23130 | 1156 | 1307 | 16.55 | 1318 | 146.4 | 229 | 3.95

Cross section checks should be done according to TEC 2007,

h
o < 5.0,/Eg/o, forIsections under bending

w

h 400
rialr-wa 46.51 < 5.0\/21000000/27000 =139.44
w .
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b
ot < 0.5\ Eg/0, forlsections under bending

b 180

i 6.67 < 0.5\/21000000/27000 = 13.94

Stress checks should be done,

Mpax 1168

Omax = W, = =99 = 1.462 tons/cm? < Gy, = 1.62 tons/cm?

5.84
Tmax = er:nax = —— =0.640 tons/m? < o,y = 0.935 tons/cm?

9.13

g

Maximum deflection should be checked;
Smax = 2.0 cm < L/300 = 800/300 = 2.67 cm

Local buckling check should be done due to shear force;
¢y = 1.75 + 1.05 + 0.30 = 1.0

The unrestrained length of compression flange;
s=8.0m

The radius of gyration of compression flange is calculated as given below.

/15ty * by’
th * by + 1/ tg * (d — 2tp)

ly=

1/, 5 %1.07 %153
= /12 - =3.83cm
1.07 %15+ 1/ % 0.71 * 37.29
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s_800 oo [30x10°x1 .
i, 3.83 2700

Therefore;

10 x 10° = 1 5 5
O = >0z |~ 0.229 tons/cm” < 0.60, = 1.620 tons/cm

The restrained length of the compression length should be decreased. The secondary

beam is restrained at 2 points and the length between the restrained points of beam;

s =800/3 = 266.67 cm

s_266.67_697< 30*106*1_105
i, 383 7 2700

Therefore;

2 2700 * 69.72
g=|=———"—"—|*%2700 = 2.306 tons/cm? > 0.66, = 1.620 tons/cm?

T 13 90%106x1

max

= 1.462 tons/cm? < o = 2.306 tons/cm?

X

There is no local buckling.

7.5.2.4 Section Design of Secondary Beams According to Eurocode 3. The maximum

bending moment for secondary beams is 16.90 tons.m and the maximum shear force is

8.45 tons. The chosen steel section is IPE 300 castellated beam with height of 450 mm.

Class of the cross section should be determined;

£= /235/fy =/235/270 = 0.933
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€ 701<11e=1026
107 " e=

1 (03xA 1 /0.3%41.23
0(=—*( )— *(—+1>=0.694>0.5

2 \dxty 2 \45%0.71
d_450_6338> 456e 456 %0.933 204
ty 71 13a—1 (13%0.694)—1

Class 3 steel section.

The shear strength check should be done;

Ay xfy
Vsd < Vpira = NETT
Mo

A, =1.04+xh*t,, = 1.04 * 45 % 0.71 = 33.23 cm?

33.23 % 27

Volrd = 7 = 471kN > Vg4 = 84.5kN
*

0.5V ra = 0.5 * 471 = 236kN > V,q = 84.5kN

Therefore, there is no need to decrease the bending strength of the section due to the

shear force.
The bending strength check should be done;

Msd < Mc,Rd

Wep * fy, 799 %27
Ymo 11

McRq = =196 kN.m > Mq = 169 kN.m

Shear buckling resistance should be checked;
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d 450
— = —— =63.38 < 69 = 64.38
ty 7.1

Therefore there is no need to check for resistance to shear buckling.
7.5.3. Design of Braces

7.5.3.1 Section Design of Braces According to TSE 648. The maximum axial compression

force for braces is 65.34 tons. The cross section properties of the used steel section, 10”

pipe, are given below.

Table 7.9. Bracing Section According to TSE 648

. d 2 I W .
Cross Section (mm) t(mm) | A (cm’) em?) | (em)) i (cm)
10" PIPE 273.2 8 66.65 5865 | 429.35 9.38

Cross section checks should be done according to TEC 2007,

D E

T < 0.08 G—S for pipe sections under axial compression
a

D 2732 3415 < 0 0821000000 6222

t 8 7 727000 0

Stress checks should be done,
sk =K*s=1%707.5=707.5cm
K=1 (both ends of brace rotate and translation is restrained)

A=k _T075 ey 1.54
= — = —_—= . e d = 1.
i 9381 ®

A < 4.0\/Es/o, = 4.0 +/21000000/27000 = 111.5
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_oP_ 154+ 0534 510t 2 <0.60, =1.620t 2
o= F = eees L ons/cm .60, = 1. ons/cm

7.5.3.2 Section Design of Braces According to Eurocode 3. The maximum axial

compression force for braces is 55.55 tons. The cross section properties of the used steel

section, 8” pipe, are given below.

Table 7.10. Bracing Section According to EC 3

. d 2 I W .
Cross Section (mm) t(mm) | A (cm’) em?) | (em)) i (cm)
8" PIPE 219.1 6.3 42.12 2386 218 7.53

Axial compression strength of the cross section should be checked;
Ngqg < N¢Rra
Nera = Aoa/ YMo
Nera = 421227/, | = 1034 kN

Buckling strength shall be computed;

Ao
Npra = XBa A
BA =1.0
A=7542
’ E
M =mx |—=287.61
Oa

A 75.42
A —A—l*\/BA—ﬁ*Vl. = 0.861
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[P 4]

Buckling curve is “a” type.

oa=0.21

’E
M =1x |—=8761
0A

1 1
O=5x[l+ax@ ~02)+27]=5+[1+021+(0861~0.2)+0861%] = 0.94

1
x=——u-—=<1
0 +/02 — 12

1
¥ = = 0.759
0.94 +0.942 — 0.8612

Npga = 0759 1+42.12 %27/  _ 785 kN

Ngq = 556 kN < NpRra = 785 kN
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8. CONCLUSIONS AND RECOMMENDATIONS

In this study, the differences in the design of steel structures according to the
building codes used in Europe and Turkey were presented. Eurocodes are widely used
throughout the world instead of local buildings codes to improve the standardization in
civil engineering. In the European Union entry process, the examination of Eurocodes is
very essential for the adoption of the construction sector in Turkey to the construction

sector in Europe.

The general principle of earthquake resistant design according to TEC 2007 is to
prevent structural and non-structural elements of buildings from any damage in low
intensity earthquakes; to limit the damage in structural and non-structural elements to
repairable levels in medium intensity earthquakes, and to prevent the overall or partial

collapse of buildings in high intensity earthquakes in order to avoid the loss of life.

Structures according to EC 8§ are to be designed and constructed to withstand the
design seismic action without local or global collapse, thus retaining its structural integrity
and a residual load bearing capacity after the seismic events. The structures are be
designed and constructed to withstand a seismic action having larger probability of
occurrence than the design seismic action, without the occurrence of damage and the

associated limitations of use.

In both earthquake codes, seismic action is represented with elastic design
acceleration spectrum. And also, elastic acceleration spectrum may be determined by
considering local seismic and site conditions. In both earthquake codes, the elastic
response spectrum reduced by dividing to the behaviour factor due to the capacity of the
structure to dissipate energy through mainly ductile behaviour. Beside these, the building
importance factor is introduced for determination of spectral acceleration coefficient and
elastic response spectra will differ according to the earthquake zone of a country. The
building structures are categorized into being regular and non-regular to determine the
method of earthquake analysis, equivalent seismic load method and mode combination

method.
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Steel structures are designed according to the ultimate limit state theory in EC 3 and
according to the class of steel section; elastic or plastic analysis method shall be selected.
However, only elastic analysis method is permitted in TSE 648. The elastic section
modulus or the plastic section modulus is used to determine the strength of the steel
member according to the class of steel section. Classification of section is an important
concept in EC 3 due to selection of design method. Steel sections are divided into four
classes by taking into account the d/t and c/t,, ratios. The plastic analysis is permitted for
the class 1 and 2 cross sections, and elastic analysis is permitted for the class 3 and 4 cross
sections. There is no such a classification in TSE 648 since the steel sections are designed

according to the elastic analysis.

The partial safety factors for design actions and the partial safety factors for
resistances are introduced in EC 3. According to the type of the action, the safety factor
will take different values. The partial safety factors for resistances shall be used to
determine the design strength of steel sections. However, allowable stress values shall be

used in TSE 648.

EC 3 is more comprehensive and complicated than TSE 648 in terms of design
principle. However, TSE 648 should be reviewed and republished by taking account the
today’s innovations. The design methods introduced in EC 3 are more detailed, descriptive
and more systematic which do not give initiation to designer. Under certain loading
conditions, the more economical steel sections can be chosen according to the design
results in EC 3 since the design of sections is performed by limit state theory. The design

sections according to the EC 3 and TSE 648 are given in Table 8.1.

Table 8.1. Design Sections

TSE 648 EC3
Member Section Section
Columns HEM 600 HEM 450
Frame Beams IPE 500 IPE 500
Secondary Beams | IPE 300 Castel h=450 | IPE 300 Castel h=450
Bracings 10" Pipe 8" Pipe
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For the case study reported in the thesis, the sections given in Table 8.1. indicate that
the plastic analysis cannot be used due to the slender cross sections according to the EC 3.
For example, HEA cross sections are used for columns to determine the difference between
EC 3 and TSE 648. HEA cross sections are compact section with high values of width-
thickness ratios. However, IPE sections are used for frame beams and due to the
slenderness of IPE sections, the elastic analysis should be used instead of plastic analysis.

Therefore, there is no difference between codes for the design of frame beams.

In this respect, the civil engineer of the future should be fully equipped with the
proper understanding of the limit state theory concept and be prepared for the limit state
design. TEC and TS 648 should be gradually removed and Eurocodes should be translated

into Turkish and put into action due to the deficiencies in the regional building codes.
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APPENDIX: DRAWINGS

The drawings of the structure stated in case study are attached to the back page of the

thesis.
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