A COMPARATIVE STUDY OF AISC360 AND EC3 PROVISIONS
FOR MEMBER STABILITY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

OMER KEVRAN

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
CIVILENGINEERING

APRIL 2016






Approval of the thesis:

A COMPARATIVE STUDY OF AISC360 AND EC3 PROVISIONS
FOR MEMBER STABILITY

submitted byOMER KEVRAN in partial fulfillment of the requirements for the
degree ofMaster of Science in Civil Engineering Department,Middle East
Technical University by,

Prof. Dr. Gilbin Dural Unver
Dean, Graduate School Nfatural and Applied Sciences

Prof. Dr.ismail Ozgir Yaman
Head of DepartmenCivil Engineering

Prof. Dr. Cem Topkaya
SupervisorCivil Engineering Dept., METU

Examining Committee Members:

Prof. Dr. Mehmet Utku
Civil Engineering Dept., METU

Prof. Prof. Dr. Cem Topkaya
Civil Engineering Dept., METU

Assoc. Prof. Dr. Afin Sarita
Civil Engineering Dept., METU

Assoc. Prof. Dr. Eray Baran
Civil Engineering Dept., METU

Asst. Prof. Dr. Burcu Guldur
Civil Engineering Dept., HACETTEPE UNIVERSITY

Date: 21.04.2016



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and etial conduct. | also declare
that, as required by these rules and conduct, | havfully cited and referenced

all material and results that are not original to tis work.

Name, Last Name : Omer Kevran

Signature



ABSTRACT

A COMPARATIVE STUDY OF AISC360 AND EC3 PROVISIONSIR
MEMBER STABILITY

Kevran, Omer
M.S., Department of Civil Engineering
Supervisor: Prof. Dr. Cem Topkaya

April 2016, 108 pages

The purpose of this thesis is to compare the stapiovisions of AISC360 and EC3
specifications. AISC360 specification introduce® tmethods for member stability
which are Effective Length Method (ELM) and Diréatalysis Method (DM). ELM
uses effective length factor (K) which is a funotiof support and side-sway
conditions and directly influences the bucklingdo®n the other hand, DM assumes
the effective length factor K=1 for all support ditions. Moreover, due to
inelasticity, DM uses reduced axial and bendindgfr&ss. To take into account
destabilizing effects (imperfections) on the stouef AISC360 offers notional load
for both methods. Similarly, EC3 takes into accoilnase destabilizing effects with
sway and bow imperfections which consist of eq@mtllateral loads. EC3 has a
more direct approach which eliminates the use &éctafe length and therefore
buckling checks. In this approach, additional nuioloads are applied. In this
thesis, individual fixed base members with différesross sections and two
dimensional plane frames with different slendernedg®s were studied in detail
according to these specifications. Results indicdiat, DM, ELM and EC3
provisions give similar axial load capacities. Mwrer, minor differences exist in
moment capacities of DM and EC3. However, ELM giss®ller moment capacities

compared to other analysis methods, generally.



Keywords: Buckling, Compression, Effective Lengthetlod, Direct Analysis
Method, Inelasticity, Imperfection, Notional LoadllSC360, EC3
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Oz

AISC360 VE ECBARTNAMELERININ ELEMAN STABILITESI
KURALLARININ KAR SILASTIRILMASI

Kevran, Omer
Yiiksek Lisansjnsaat Miihendisfi
Tez Yoneticisi: Prof. Dr. Cem Topkaya

Nisan 2016, 108 sayfa

Bu tezin amaci, AISC360 ve ECgartnamelerinde belirtilen stabilite ile ilgili
kurallarin kagilastiriimasidir. AISC360sartnamesi eleman stabilitesi ile ilgili 2
yontem olan Etkili Uzunluk Metodu ve Direkt Analidletodu’'nu irdelemektedir.
Etkili Uzunluk Metodu elemanin mesnetlenme, yarnalghme keullarina b&li olan
ve burkulma yukinu direkt olarak etkileyen etkiiwnluk faktérind kullanmaktadir.
Diger taraftan, Direkt Analiz Metodu etkili uzunlukkté@ritinii tim mesnet kallar
icin 1 kabul etmektedir. Ayrica, inelastisitedenajo azaltiimg eksenel ve @lme
rijitliklerini kullanmaktadir. AISC360sartnamesi her iki yontem icin de yapinin
stabilitesini bozan etkenleri dikkate almak icinr jiatay yuk tanimlamaktadir.
Benzer olarak, EC8artnamesi de yapilardaki stabiliteyi etkileyen kimsu esdeger
yatay yuklerden meydana gelen otelenme (sway) kéilbie (bow) duizensizlikleri
olarak tanimlamaktadir. EC@artnamesi etkili uzunluk ve burkulma kontrollerini
ortadan kaldiran daha acik bir yaktaa sahiptir. Bu yakkamda ilave yatay yukler
etkitiimektedir. Bu tezde, farkl narinliklerdekarkli kesite sahip munferit ankastre
mesnetli elemanlar ve 2 boyutlu dizlem cergevelersdrtnamelere gore detayl
olarak incelenngtir. Sonuclara gore, Direkt Analiz Metodu, Etkilzunluk Metodu
ve EC3 kurallari birbirine yakin eksenel yik kapesivermektedir. Ayrica, Direkt
Analiz Metodu ve EC3'e gore yapilan analizden eddéen moment kapasiteleri
arasinda kucuk farklar bulunmaktadir. Fakat, Etkidunluk Metodu dier analiz

metodlarina gére genellikle dahastdlki moment kapasitesi vermektedir.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

Steel structures are widely used for different psgs around the world. Compared
to reinforced concrete structures, most of thecstinal members are light and slender
in a steel structure. Therefore, structural stbik an important concept for these

structures.

High axial loads may result in unstable conditit@smembers that are subjected to
compression. Also, residual stress, geometrical stndctural imperfections are
crucial parameters for determining the axial loagacity of a structural member.
Specification for Structural Steel Buildings (AIS&B10) and Eurocode3 Design of
Steel Structures (EC3) include some restrictionsutitstability of compression
members. Member length, cross section propertiesm@nt of inertia, section
modulus, area, radius of gyration etc) are impargamameters for buckling. These
restrictions determine the load carrying capacftghe member. In addition to this,
member imperfections that can be classified asdwesistress, insufficiency of
member verticality and eccentricities are beingduse new generation analysis and

design methods.

This thesis focuses on comparison of stability glesipproaches of AISC360-10 and
EC3 specifications for individual members and fraggstems. Columns with same
sections but different slenderness ratios wereietiuth reveal the differences and
similarities of AISC360-10 and EC3 specificationBhese specifications have
different approaches about structural stabilitye&ive Length Method is one of the
most commonly used method for design of compressembers. To determine
axial load carrying capacity, this method focusasstenderness ratio of member.
ELM analysis can be performed by a computer progoarhand calculations with

nomographs depending on the side-sway conditionthefstructure. ELM is the

oldest method comparing to other analysis methbdsccount for not only member



lengths but also inelasticity and imperfection iggiAISC360-10 and EC3 provisions
offer second order nonlinear analysis with somdtahél destabilizing forces. All
restrictions given in these provisions were appliedmembers and explained in

detail with case studies.

1.1 Plastic Behaviour of | Shapes

Mathematically, plastic moment of a section is wefi as multiplication of yield
stress and plastic section modulus. Theoretic#iflg, maximum bending moment
capacity can be defined as plastic moment capatitile section in the absence of
strain hardening. On the other hand, yield axiatdas a function of gross area of
the section and yield stress. Stress distributfdnsbapes subjected to pure bending,
pure compression and bending with compression Wwaars in Figure 1-1, Figure 1-

2 and Figure 1-3 respectively.
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Figure 1-2 Stress Distribution of | Shape Subjected to Purem@ession



At the plasticity stage, all fibers in the crosstgmn reach to their yield stress and a
plastic hinge is formed at the section. For widexfle sections (i.e., those having
constant flange thickness), the closed-form satutidl vary depending on whether
the neutral axis falls in the web,(¥ h/2) or the flange (h/2 <) d/2). (Bruneau et
al, 2011)

Equation (1-1) and (1-2) are closed form solutignations that determine the upper

bound of normal force (P) and major axis bendingmaet (M) capacities of a

section. These equations depend on the relatimzelaetpi andATW ratios.
y

Mpr _ 4 _ (P2 A% P _Aw ]

M, 1 (Py) T for by <= (1-1)
Mpr _ _ PV A1 B) )L P Aw ;
M_p =A (1 Py> (d ™ (1 Py>> 2z for b, > A (1-2)

- N
[ 4_} ]
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o< ) “—
HW X /
I ]
| b |

Figure 1-3 Stress Distribution of | Shape Subjected to Benavith Compression

Normalized M-P interaction equations can be obthifte wide flange sections in
weak-axis bending following an approach similathat presented above for strong-
axis bending. Two cases must be considered, dapgmdi whether the neutral axis
falls in the web (y < w/2) or outside the web (w/2 < ¥ b/2). (Bruneau, Uang,
Sabelli, 2011)

M P A2 P A
-1 ()2 for— < =¥
Mp Py

AWZy Py A

(1-3)



Mpr _ 4_bt_(1_i> (1_1)A—2 for— > 2w (1-4)
M, A Py Py) 8tZy Py A

where;

P : applied force (kN), P: yield force (kN), M : plastic moment of the section
(kNm), M, : plastic moment resistance of the section (kNfn)section area (A),
Aw : web area (), Z : major axis plastic section modulus3]§mZy : minor axis
plastic section modulus (n w: web thickness of the section (m), d : sectiepth

(m), h : web height (m), b : flange width (m),:yneutral axis depth (m)
1.2 Residual Stresses

Steel manufacturing processes mainly consist oat lreatment operations. High
temperature is used in order to shape steel membersng the cooling stage of
structural steel, thermal differences result inceasl stress at the section. When the
structural steel starts to cool, the external 8bafrthe section start to shrink.As the
cooling stage at the external fiber is ongoingerinal fibers of section are still hot.
For this reason, while the external fibers are sgpdo tension forces, internal fibers
are exposed to compression forces. This phenomeaoses the formation of
residual stress at a cross-section. Due to existeicresidual stresses, earlier
yielding can be observed at the section. To accdantthe inelastic behavior
resulting from residual stress, Direct Method doffex reduction on the bending

stiffness and axial stiffness for compression mesibe

Members that can cool rapidly, such as thin stéstiep, will be subjected to the
largest magnitude of residual stresses, with vabeessionally reaching up to the
yield stress. However, in most rolled steel sesjdhe maximum residual stresses

are approximately 33% of the yield stress. (Brunékang, Sabelli, 2011)

Residual stress causes the formation of partidtliyig at the cross section. Partial
yielding could strongly affect the stiffness of theember that are under high axial
forces. For this reason, to account for the stdffneeduction effect, some parameters

are considered in DM analysis. Bending stiffnesghefsection is modified with the
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0.8 andrt, coefficients Moreover, modified axial stiffness, I, consist of 0.8

coefficient similar to flexural stiffness bty coefficient is not include

One of the most important component for the fororatif column strength curves
initial residual stress distribution. The magnituated distribution of initial residu:
stress in a section not only depend on the types ofufia@turing process such as -
rolled, welded or cold formed, they are also infloed by the types of crc-section,
thickness of the section, cooling conditions, nglitemperature, straighteni
methodand steel propertieFor a hotrolled section, it is generally expected that
tension to form at centre of web and edge of flangeause those place always ¢
fast whereas the w-flange junction, due to slow cooling process, contansile
initial residual stresse (Lu, 2011) Figure 1-4hows the residual stress distribut

of | shape crossections
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Figure 1-4 Initial Residual Stress Distribution of Secti (Adopted from Guide t
Stability Design Criteria for Metal Structu))



1.3 Initial Imperfections

Initial imperfection is an another important degdiaing effect for structural

members. It can be included in the system by oioigian equivalent system with
lateral loads. AISC360 and EC3 specifications daefimese lateral loads as notional
load. Appropriate allowances should be incorporatedhe structural analysis to
cover the effects of imperfections including residwstress and geometrical
imperfections such as lack of verticality, lackstrfaightness, lack of flatness, lack of
fit and any minor eccentricities in joints of theleaded structure.(Eurocode 3, 1993)

Definition of Notional Load :

Notional loads are unreal horizontal forces whioh @pplied to the structural system
at each storey level in the direction that contelsuo the destabilizing effects of the

load combination.

This method uses an equivalent lateral load to rgé@mea larger than standard
erection tolerance geometric deformation, interttedtover the effects of residual
stresses, gradual yielding, local buckling and mamimperfections that are not

accounted for in the second order analysis. (Y2804)

AISC360-10 specification assumes a notional loatthvis equal to 0.002 times total
gravity load at each storey. The magnitude of 0.@@%es from the allowable frame
out of plumbness ratio of 1/500 of the storey heigbn the other hand, EC
specification offers a notional load depending be storey height, gravity load
acting on the column and number of columns in a.rBar each specification,

notional load parameters are shown in Figure 1-5.
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Figure 1-5 Notional Loads for AISC360 and EC3 specificati
1.4 Boundary Conditions

Slenderness ratio determines axial load capacity of theompressio members.
With the elastic buckling analysis, axial load capacity lo¢ ttolumn is calculate
with Euler buckling equation. This equation incladeffective length factor (K
which determines the effective buckling length leé member (KL Euler buckling

force is given irEquation (-5).

T2El
Pe = (KL)2

(1-5)

For ideal columns, effective length factor can le#ednined by using alignme
charts.As can be seen in the Equatior-5), axial load capaci of a section is
inversely proportional with the square of effectiveckling length ofcolumn. For
this reasonboundary conditions are important for determinihg effective length

factor andherefore xial strength of column member.
1.5 A1SC360-10 Approachesfor Stability of Frames

In this sectionstability approaches Effective Length Mthod ancDirect Analysis
Method are investigat in detail. First, general stability rules of AISC3€are

mentioned. Then, Effective Length Method and Dir&nalysis Method provision
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are studied specifically. Finally, a summary taislgoresented to show differences
and similarities of each approach.

1.5.1 General Rulesfor Stability

This section summarises the stability rules whiehalid both for Effective Length
Method and Direct Analysis Method. These rules btanclassified as member
capacity curve equations, axial load carrying capad member and notional load
concept. Second order analysis must be performedctount for the nonlinear
effects on system. It can be performed with a gmpite computer program
integrated with second order analysis. Moreovercan be accomplished by
amplifying the first order analysis results with Bnd B factors. B multiplier to
account forP-§ effects, determined for each member subject topcession and
flexure, and each direction of bending of the memheaccordance with Section
8.2.1.B; shall be taken as 1.0 for members not subjecbmapcession. Bmultiplier
to account forP-A effects, determined for each story of the strictand each
direction of lateral translation of the story incamdance with Section 8.2.2.
(ANSI/AISC360-10, 2010)

In order to determine P-M axial force bending motre&pacity curve of a member,
column axial compressive strengtl B used with the column bending moment
strength M. Equation (1-6) and (1-7) are solved with secordkpanalysis outputs
of P, and M.

Py My Py

E + M_n =1 for P_n < 0.2 (1-6)
Puy M1 forit>0.2 (1-7)
Pn 9M,, Pn

where;
Py : required compression strength (kN), :Pnominal compressive strength (kN)
My @ major axis bending moment (kNm),,Mnominal major axis bending moment
(kKNm)



The nominal compressive strength Bhould be determined based on the limit state
of flexural buckling. (ANSI/AISC360-10, 2010)

P, = FeAg (1-8)

where;
F. : critical stress in accordance with the effectiseegth of column (kN/rf), Ay
gross area of the member3m

Critical stress § is a function of yield stress and Euler Bucklingess of the
member. Depending on the slenderness ratio of #mbar, & can be determined
by the Equation (1-9) and (1-10).

KL E F—y
for ~=<4.71 /F— F., = (0.6587)Fp (1-9)
y
for =>4.71 /FE F.. = 0.877F 1-10)
y

Euler buckling stress of a member is defined indfiqu (1-11).

2E
Fg = (ﬁ—W (1-11)

where;

Fy : yield stress of member (kN Fe : Euler Buckling stress of member (KNjm
E : Elastic modulus (kN/f); K : Effective length factor, L : Member lengtm), r :
radius of gyration (m)

There are some differences between the actualsteuand the mathematical model
caused by fabrication and erection processes. Keitao account these differences,
AISC360-10 provisions offer to apply a notionaldaa the transverse direction that
is equal to 0.002 times total gravity load. Figuré shows the application of
notional load with gravity loads on a typical frasygstem. The magnitude of 0.002

represents the maximum permitted value of frameobytlumbness. An out of
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plumbness of 1/50@epresents the maximum tolerance on column plusst ratio
specified in the AISC Code of Standard Prat. (ANSI/AISC36040, 2010

Ni = OOOZCXIYI (1-12)
where;

N; : Notional load applied at level i, (kN); : 1.0 for LRFD, 1.6 for ASD,
Y : Gravity load applied at level i, (k

lYa
N

lYa
No oy

le
N:

le
Ni

STTTIITITTT Vecrererierd

Figure 1-6 Typical Frame System

1.5.2 Effective Length Method (ELM)

For many years, EffectivedngthMethodhas been used as an inevitable methoi
design of cmpression membs. In general, ELMcalculates the nominal colun
buckling resistance using an effective length (l&by the load effects are calcula

based on either a rigorous or approximate seorder analysis. (Ziemia2010)

The effective length method is probably the mosl weown method for stabilit
analysis. However as the name implies, the effectangth factor K must k
calculated. This can become very complex evendiatively sinple structures. Th
accuracy of the effective length method is criticéihked to accurate calculation
the effective length factor. Various methods fotedmining K have been develop

10



but the most widely known is still the alignmentadis. (Nelson, 2008) Effective
buckling length KL of a member is determined witHagtor defined in Equation (1-
13).

el sy,
Z(Eblb/Lb) =B

(1-13)

The symbolX indicates a summation of all members rigidly catad to that joint
and located in the plane in which buckling of tlmdumn is being considered ks

the elastic modulus of the columgjd the moment of inertia of the column andd.

the unsupported length of the column.i& the elastic modulus of the girdeg,is
moment of inertia of the girder, and, Is the unsupported length of the girder or
other restraining membeg dnd |, are taken about axes perpendicular to the plane of
buckling being considered. The alignment chartsvatel for different materials if

an appropriate effective rigidity, El, is used metcalculation of G. (ANSI/AISC
360-10, 2010) K factor is determined by means efrtbmographs given in Figure
(1-7) and Figure (1-8) depending on structural eaystwhether it is side-sway

inhibited or not.

Ga K Gs
50,0 —1.0 =£50.0
10,02 1 C-10.0
503 =20
3.0 3
30— —|-009 3% P
2.0— 4 2.0
1 T 1.0 ot
0:8— 1 —0.9 0, B4 A b2
0.8— —0.8
0.7 —0.7 b1 [ 8, A
0.6— A o7 0.6 2
0.5—_ _—05 b3 B eﬂ B
0477 + 04 O - 0| b4
0.3— —0.3 c3)

7 1 B o
0.2— 0.6 0.2 t A
0.1— + 0.1 P
0.0 —L o5 0.0

Figure 1-7 Alignment Chart-Sidesway Inhibited (Adopted fromS& 360-10)
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Figure 1-8 Alignment Chart-Sidesway Permitted (Adopted fronS£1360-10)

1.5.3 Direct AnalysisMethod (DM)

The goal of Direct Analysis Method is to assesdibta of members without

calculating effective length factor K. AISC360-1iates that, buckling length of the
member is equal to the member actual length foediAnalysis Method. In other
words, effective length factor K is assumed as r dib boundary conditions of

compression members.

As it has been stated in general rules, notionald lsepresents geometrical
imperfection of members. In addition to this, amotimportant issue for Direct
Analysis Method is inelasticity. AISC360-10 prowss state that, due to inelasticity
flexural stiffness and axial stiffness should bedified in accordance with the
magnitude of axial load acting on the member. Tketato account inelastic
behavior of cross section, El and EA is reducedh aicoefficient which is equal to
0.8. In addition to this, flexural rigidity is reded with art, factor which is a

function of yielding force and the vertical loadiag on the column. If the ratio of

resisting force to yielding force smaller than G.5coeffecient is assumed as one.

12



Otherwise, computation of, with respect to applied axial load is needed. theo
words, relatively high loads require the calculataf ;. As a result, main subjects
of Direct Analysis Method are using modified stéfs parameters and eliminating
the calculation of effective length factor. Moddiexial stiffness is illustrated in
Equation 1-14.

EA* = 0.8EA (1-14)

Modified flexural stiffness is shown in Equatiorl’®-

EI* = 0.87,El (1-15)

As shown in Equation 1-16 and 1-X§,coefficient is computed depending on the

ratio of applied axial force to member yield force.

oPy

Pre05 =1 (1-16)
Py

Pr>05 1= 4“—“(1 - “—Pr) (1-17)

Py Py Py

where;
a = 1.0 (for LRFD);a = 1.6 (for ASD)

Stiffness modification is not an essential rule Borect Analysis Method. Nominal
axial and flexural stiffness values can be used wlite application of additional

notional load to the structure. It is permitted w%& > 0.5 (t, = 1). In this case, a
y

total of 0.003 times the notional load is applieegach storey.
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1.5.4 Comparison of ELM and DM

As mentioned in the previous sections in detaihl@d-1 was prepared to represent

the similarities and disparities of ELM and DM.

Table 1-1 Summary Table of ELM and DM

Effective Length Method Direct AnalysisMethod
(ELM) (DM)
Al SC Specification )
Appendix 7 Chapter C
Reference
A
Aan order or Bz <15
Limitation on the 1st order
_ 1 None
Use of this M ethod B,=———
1-— aPstorey
1:)estorey
Analysis Type Second order elastic Second order elastic
Structure
Geometry inthe Nominal Nominal
Analysis
Notional Loadsin
_ 0.002Y; 0.002Y;
the Analysis
UseEA" = 0.8EA
UseEl" = 0.8t,EI
Member Stiffnesses . ™ = 1.0; “P—Pr <05
i the Analvs Use Nominal EA and El y
in the Analysis
Y Tp = 4aP—Pr(1 - aPTPr )
y y
®r>05
Py

The above table shows the Effective Length Methiod Birect Analysis Method
criteria about member stability. There is a limdat of using Effective Length
Method if sidesway amplification factor,Bs greater than 1.5. In other words, in
order to use ELM, the proportion of side-sway dispinents obtained from second
order analysis to first order analysis must be Emahan 1.5. While all the

requirements for AISC stability analysis are codengith this method, slight
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variations in each requirement are allowed andudsed in further detail. One major
advantage of the direct analysis method is thaastbeen developed and verified for
application to all types of structural systems #ratefore has no limitations for use.
(Maleck and White, 2003)

1.6 EUROCODE 1993-1-1 (EC3) Approachesfor Stability of Frames

Member resistance and cross section resistanceowipression members are
investigated in different chapters in EC3. With thetermination of compression
resistance of section, buckling checks can be neggleby taking into consideration
of sway and bow imperfections. EC3 (Section 5.2stablishes that the verification
of the stability of frames and their parts should barried out considering

imperfections and second order effects. (Yong,2@06)

1.6.1 EC3Buckling Resistance of Compression Member

EC3 compression member design provisions statéslésagn value of compression

force Neg must be smaller than the buckling resistance @htember.

Ned <10 (1-18)

Np,rd

where;

Neq : design value of compression force,dy: buckling resistance of member

Buckling resistance of a member is related with tleeoss section
classification.AISC360-10 and EC3 covers the flakubuckling with a non-
dimensional slenderness coefficieht AISC360-10 gives the strength of single
column with a one curve. On the other hand, EC3ndsffive different column
strength curves to determine the capacity of mentb@minal axial load capacity of

flexural buckling can be determined with Equati@rlQ).
P, = xFyA; (AISC360-10 and EC3) (1-19)
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The non-dimensional slenderness ratipdan be defined as :

A= k:"_r\/g (1-20)
FyAg  KLA|Fy

Reduction factoy stated in AISC360 and EC3 specificationsis givekguation (1-
21) and (1-22).

x=0658" A <15 x==2 A>15 (AISC360-10) (1-21)
X= o Jﬁ b = 0.5(1 + a(A— 0.2) +A2) (EC3) (1-22)

EC3 utilizes an imperfection coefficient)(to distinguish between different column
strength curves. For flexural buckling, five catsrsned as ao, a, b, c, d are given for
which thea values are 0.13, 0.21, 0.34, 0.49, and 0.76, ctispey/. The choice as to
which buckling curve to adopt is dependent upon ¢e®metry and material
properties of the cross section and upon the dmsickling. The rules for selecting
the appropriate column strength curve are tabulatefiC3. (Topkaya CSahin S,
2009)

Table 1-2 shows the selection of buckling curveafeross section.
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Table 1-2 Selection of Buckling Curve for a Cross-Section ¢pted from EC3)

Buockling curve
Buckling | 5235
Cross section Limts about | 5275 | 160
axis 9355 | -
5420
tr : - vy a &
- . o tr = 40 mm g b a
E = | 40mm-y=z100 | Y77 E’ 2
3 nl vy ¥
E: o] t£100mm | YYD 2
— < .
z = 4100 | YO¥ d .
b I-Z d C
Ly :'T— ety te < 40 mm vy ook
9 : = -2 c c
I |
z 3|y - ¥y I
= E 10 V-v c c
— k= mm -z d d
Z Z
i :
_— hot finished amy a &
2 a f—
HN I
= |
=@ M ] cold formed any c c
- \:—r‘ -
LA
. - - generally (except as am b b
Ew below)
SE n v—H-—r—y
] T thizk welds: a = 0,5
= bt =30 amy c c
Zh bty <30

N

[-, T- and
solid secticns
|
B

0y
':__|‘~
|
_% 2
g

L-secliors
- E—
g
&
(=2

Buckling curves of different types of sections determined depending on the ratio
of height of section to flange Widtr%)( material quality and limitation of flange

thickness criteria. Moreover, buckling resistanéeaanember depends on its end
conditions. EC3 does not provide alignment chartdeétermine effective buckling

length of a member. Some information for deterngreffective length factor can be
found in BS 5950. Elastic critical buckling resrsta of the section can be

determined with the Equation (1-23).
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m2EIl

cr — (KL)? (1-23)

where;

N : Elastic critical buckling force (kN)

Imperfection factora is determined with using the appropriate bucklmgve.
Column strength curves given in AISC360-10 and B&S3compared in Figure 1-9.

1.2

——Al5C

——EC-al

—e—EC-a

Reduction Factor y

——EC-h

—tEC-C

— i EC-d

0 0.5 1 1.5 2 25 3

Non-dimensional Slenderness 4

Figure 1-9 Comparison of Reduction Factors Given in AISC36&&d EC3 for

Flexural Buckling

1.6.2 EC3 Cross Section Resistance of Compresson and Flexural
Members

Major axis bending moment capacity of the compmssnembers is determined
with the Equations (1-24), (1-25) and (1-26).

(1-n)
Mnyrd = MplyRrd G550 My,y,rd < Mpiyrd (1-24)

On the other hand, minor axis bending moment capatithe compression member
is determined with the Equations (1-25), (1-26) én@7).
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forn <a; Myzrda = MpizRa (1-25)

N2
forn>a; Myzra = Mpizrd [1 — (E) ] (1-26)
where;
n = —Ed =472, <05 (1-27)
Np1,Rrd A

Ngg : Design value of compression force, (kN)

Npi,rd : Design plastic resistance to normal forces ofgrcross section, (KN)

Mny,rd : Reduced design value of resistance to strong laemding moment for the
presence of normal force, (kNm)

Mpiy,rd : Strong axis plastic moment resistance, (kNm)

Mnzrd : Reduced design value of resistance to weak l@mgling moment for the
presence of normal force, (kNm)

Mpiz,rd: Weak axis plastic moment resistance, (kNm)

1.6.3 Initial Sway | mperfection

Initial sway imperfection parameters stands forklaaf member verticality,

eccentricities and lack of fit. The system can balywed with two ways. First
method is rotating the member with an angle¢ofThen, compression force is
applied to rotated system and analysis is performigtal respect to rotated system.
Second method is converting the system into anvatgrit system with lateral forces.

Analysis is performed with respect to the undefaimmgstem with lateral forces. The
¢ parameter includes a basic constant valuze(l)—oofreduction factor for heighiy,,

and reduction factor for number of columy, according to Equation (1-28).

D =Dy *ap *ay ah=%(§SahS1) Oy = ’0.5*(1+i) (1-28)

where;

h : column height in meters, m : number of colunma row
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Sway imperfection loading is presented in Figt-10.

initial sway imperfections
MNey Mey

! |

—3 b,

- ‘bNEu

f T

Ed NEu

Figure 1-10 Sway Imperfection (Adopted from EC

These initial sway imperfections shoube applied in all devant horizonta

directions, but need only be considered in onectior at a tim. (Eurocod3, 1993)

1.6.4 Local Bow Imperfection

Local bow imperfection represenflexural buckling of thecompression memk. To
account for the local bow imperfection, lateraltdlmited load is appliealong the
memberin the transverse directi. Initial bow imperfectiondepends c¢ column
length L, maximum amplitude of a member imperfatte; and compression for

acting on the member.

Bow imperfection loading is presented in Figu-11.
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Figure 1-11 Bow Imperfection (Adopted from EC

Design values of local bow imperfections are illattd in Table -3.

Table 1-3 Design Values of Local Bow Imperfectic (Adopted from EC:

Design Values of L ocal Bow | mperfection
Buckling Curve AEr::IS;t/gi:s AI::'I]Z]S;SC;S
Acc. ToTable1-2 (eJL) (eJL)

ap 1/350 1/300
a 1/300 1/250
b 1/250 1/200
C 1/200 1/150
d 1/150 1/100

To combinenotional loads resulting frorinitial sway imperfection and local bc

imperfection Jateral forces are superpos

1.7 Scope of Thesis

The goal of this thesis is to compare the stabitiasign approaches given
AISC360-10and EC3specifications with differensections an case studies. First
chapter explainslosed form solution of | shapes, destabilizingeeti§ on structure:
ELM, DM and EC3 provisions about stabilitin the second chap, benchmark
problems giverin AISC36(-10 are studied in datawith second order analy:. A
comparison and verification of AP2000 outputsand benchmark solutionare

tabulated Also, accuracy of AP2000 for second order analysis solutiolare
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discussed. Then, stability provisions given in AB8C-10 and EC3 specifications
were discussed in Chapter 3. Differences and giitnéls. of Effective Length Method
and Direct Analysis Method are evaluated. W10x2610%60, W14x605 and
W18x192 sections with idealized boundary conditi@re investigated both for
strong axis and weak axis with the slendernese cdtKL/r = 40, 80, 120, 160 and
200. Column members that are part of a two dimeasiplane frame system are
studied in Chapter 4. Direct Analysis Method, Efifee Length Method and EC3
analysis were performed for column member of twoatisional plane frames. Also,
effect of effective length factor on axial load aajy is discussed in Chapter 4.

Finally, conclusions and recommendations are ginébhapter 5.
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CHAPTER 2

VERIFICATION OF SAP2000 FOR SECOND ORDER
ANALYSISUSING BENCHMARK PROBLEMS

2.1 Problem Definition

In this chapter, benchmark problems given in AISG26 specification were

analyzed in order to make a comparison of targeé¢ maoment values with analysis
results obtained from SAP2000. These problems sbiéi members subjected to
lateral and axial compression loads. Also, eachtheke problems has different
boundary conditions. Benchmark problem definiticred loading parameters are
presented in Figure 2-1 and Figure 2-2. Second romdalinear analysis was

performed to take into account relative laterapldisement between start and end
nodes. Nonlinear analysis with A-effects which is also known as kinematic
nonlinearity effects depends on the loading andntdaty conditions of the system.

Therefore, during the analysis process, the agal Is applied incrementally.

The first benchmark problem shown in Figure 2-& @n and roller supported beam-
column subjected to an axial force at its rolled.em addition to this, there is a
uniformly distributed load along the member in trensverse direction. For different
axial load values, target span moments given byC8&®-10 were compared with
midspan moment values obtained from SAP2000 arsatgsuilts.
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Figure 2-1 Benchmark Problem 1

For the first benchmark problem, target span momant tip displacement values

are given in Table 2-1.

Table 2-1 Target Results of Benchmark Problem 1(Adopted fAABIC360-10)

Axial Load P (kN) 0 667 1334 2001
Lateral Load (kN/m) 2.92 2.92 2.92 2.92
Mspan (KNm) 26.6 30.5 35.7 43
Atip (mm) 5.13 5.86 6.84 8.21
Analysis include axial, flexural and shear deformations

The second benchmark problem is a fixed base eaatilcolumn subjected to a
lateral load with an axial compression load afrige end. Similar to first benchmark
problem, target base moments given by AISC360-t@iferent axial compression
forces were compared with SAP2000 analysis reslifts problem shown in Figure
2-2.
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—
W14x48
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Figure 2-2 Benchmark Problem 2

For the second benchmark problem, target base mamnerntip displacement values

are given in Table 2-2.

Table 2-2 Target Results of Benchmark Problem 2(Adopted fAI8C360-10)

Axial Load P (kN) 0 445 667 890
Lateral Load (kN) 4.45 4.45 4.45 4.45
Mbase (kKNm) 38 53.2 68.1 97.2
Atip (mm) 23.1 34.2 451 66.6
Analysis include axial, flexural and shear deformations

2.2 Solutions for Benchmark Problem Case 1

To obtain analysis results of Problem 1, five dumel models were analysed
separately. Figure 2-3 shows the structural amalysidels for benchmark problem
1. For the case with one element per member, retlseeno axial load on the system,
target span moment and analysis result of midspament are identical. In other
words, if the member is subjected only 2.92 kN/nterily distributed load,
SAP2000 gives reasonable results comparing to ABBE®. On the other hand, if
the axial force on the system increases, secondr affects become important.
Therefore, to obtain close results with target spamments beam-column was
divided into five elements.
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Figure 2-3 Analysis Models for Benchmark Problem 1
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Analysis results for the first benchmark problenrevghown in Table 2-3.

Table 2-3 SAP2000 Analysis Results for Benchmark Problem 1

Applied Applied P/Py Target Sap2000 P-A Analysis
Axial Load | Lateral Load %) Span Moment Span Moment Results (kNm)

(kN) (kN/m) (kNm) 1 Element | 2 Elements| 3 Elements| 4 Elements| 5 Elements

0 2.92 0 26.6 26.56 26.56 26.56 26.56 26.56
667 2.92 27% 30.5 29.49 30.37 30.42 30.44 30.4

1334 2.92 54% 35.7 33.17 35.44 35.54 35.59 35.59
2001 2.92 81% 43 37.73 42.44 42.65 42.74 42.7

% Error

1 Element | 2 Elements| 3 Elements| 4 Elements| 5 Elements

0.16 0.16 0.16 0.16 0.16

3.30 0.42 0.27 0.21 0.19

7.08 0.72 0.45 0.31 0.30

12.25 1.30 0.81 0.58 0.56

2.3 Solutions for Benchmark Problem Case 2

Second benchmark problem was solved similar to firsblem. Structural analysis

models for benchmark problem 2 were shown in Figiie Analysis results show

that, error percentage decreases when the elemativided into more than two

elements. Also, when the column exposed to religtinegh axial loads the error

percentage increases considerably.
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Figure 2-4 Analysis Models for Benchmark Problem 2

Analysis results for second benchmark problem wirgtrated in Table 2-4.

Table 2-4 Analysis Results for Benchmark Problem 2

Applied Applied PP Target Sap2000 P-A Analysis
Axial Load | Lateral Load 7| Base Moment Base M oment Results (kNm)
(%)
(kN) (kN) (kNm) 1 Element | 2 Elements| 3 Elements| 4 Elements]| 5 Elements
0 4.45 0 38 37.96 37.96 37.96 37.96 37.964
445 4.45 37%) 53.2 52.87 52.90 52.90 52.9( 52.90
667 4.45 56% 68.1 66.82 67.36 67.37 67.34 67.38
890 4.45 81% 97.2 94.66 95.13 95.17 95.19 95.19

% Error
1 Element | 2 Elements| 3 Elements| 4 Elements| 5 Elements

0.11 0.11 0.11 0.11 0.11
0.61 0.57 0.56 0.56 0.56
1.88 1.08 1.07 1.06 1.06
2.61 2.13 2.09 2.07 2.07

2.4 Conclusion

For benchmark problem 1, analysis results obtaired one element model are not
close to target span moment under high axial lo@bdsre is a consistency between
target span moments and SAP2000 analysis results @ividing the member into
more than two segments. For benchmark problem @ysia results are compatible
with target base moment values when the gravity lisarelatively low. Analysis
results are close to target base moments wheneheert is divided into more than

two elements. Generally, the errors are small &mhébenchmark problem. However,

27



in order to make a precise analysis, all compressiembers were divided into five

elements for the rest of the analysis presentéuisrthesis.
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CHAPTER 3

COMPARISON OF STABILITY APPROACHES OF
AlISC360-10 AND EC3 SPECIFICATIONSFOR A MEMBER
UNDER IDEALIZED BOUNDARY CONDITIONS

In this chapter, cantilever members with differsattions and different slenderness
ratios were studied. W10x60, W10x26, W14x605 and8¥192 sections were
investigated depending on the AISC360 and EC3 Igtaprovisions for strong and
weak axis bending. The purpose of using these c@d#ons is to compare AISC360
and EC3 approaches for different initial bow impetion values of EC3

specification. Bow imperfection values are deteedinwith respect to axis of
bending as well as flange thickness a&wr:htio of the section. In Chapter 1, Table 1-

2 shows the imperfection values depending on tltoiseria. For each section and
case study, EC3 bow imperfection loading parametezee determined and are

presented in Table 3-1.

Table 3-1 Determination of Initial Bow Imperfection Parameter

EC3 Bow
Section Flange Thickness h/b I mperfection

(mm) Strong | Weak

AXis AXis

W10x60 17.272 1.014 b c
W10x26 11.176 1.790 a b
W14x605 105.664 1.201 d d
W18x192 44.450 1.777 b c

With the determination of loading parameters, eass section was analysed to
present the effect of EC3 imperfections on P-M cdpavalues. Steel design
specifications emphasize the importance of horegimotional) loads resulting from
initial and geometrical imperfections in differemlys. For this reason, main purpose
of this chapter is to determine P-M capacitieseaftions with destabilizing effects of

AISC360 and EC3 provisions. For each specificatioational load parameters
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depend onimperfections fact<s and axial load subjected to colu member.
Comparison of rajor axis bending moment and vertical base reastavashown at
the end of each case studnalysis were performed witSAP2000 softwal by
taking into consideration of ncdnear PA effects.Members were subdivided into

elements in all studies.
3.1Member Under Strong Axis Bending

In this section, W10x60W10x26, W14x605 and W18x192 secti under stronc
axis bending with different slenderness ratios vstudiedaccording to AISC3€-10
and EC3 stability provisiondJsing the effective length factor K=2plumns tha
haveslenderness ratio of KL/r = 40, 80, 120, 160 and &®@re investigted for eact
section.Results are presented iraphs whichinclude closed form solutic curve,
EC3 strong axis bendintapacity curve, AISC360 DM and ELstrong axis bendin
capacity curves with related analysis results. &loform solution curve for maj
axis bending was obtained with Equation-1) and (1-2). AlsoEC3 curve wa
obtained with Equation (24). In addition to thisAISC360 curves were obtained
using Equation (1-6) and {4). Figure 3.1 shows the member under strong

bending with compression.
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Figure 3-1 Members Under Strong Axis Beng with Compressio
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3.2Member Under Weak AxisBending

In this section, samprocedures valid for strong axis bending analyssewappliec
to members under weak axis bending. Also, crossosepropertiesslenderness of
column members and loading parameters for AISC3&DEEC3 specifications a
identical with the strong axis bending ci Figure 32 shows the member unc

weak axis bending with compressi

M Med Med
l l 4Necer
NI=0.002aN DMed N — -
BMedao
—C
Pirer iy Py SFFEFE ’/ﬂr ANoce
B0
_— _— = ;Lr
= —— ==
AISC Approach EC Approach

Figure 3-2 Members Unde¢ Weak Axis Bending wittCompres:on

3.3 Comparison of EC3 Sway and Bow | mperfections

EC3 structural stability provisions include impetien concepts for systems that

under compressiomAs mentioned beforehese concepts named as sway and

imperfections resulig from residual stress, lack of straightness, lackeaticality
and some eccentricities on the members. For framesitive to buckling in a swe
mode the effect of imperfections should be allofardn frame analysis by means
an equivalent imperfeion in the form of an initial sway imperfection amdlividual
bow imperfections of memberseC3, Design of Steel Structures, 1¢ These
imperfections are presented with random directions in E(WW10x60 column witl
KL/r=80 was studied specifically toompare PWM capacities obtained frol
sway+bow and swalgow loadings. Each loading results weletted in Figure -3.

Results show thatsway-bow loading giveshe lowest capacity when all loadi
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directions are considered. For this reason, allyaisaabout EC3 provisions were
performed by considering sway-bow loading.

Comparison of Sway+Bow and Sway-Bow Imperfections
4500

4000

3500

3000 P

O
= 2500 P
=
5 / \.\ ——EC Capacity
a 2000 -
/f ; \\ EC Sway-Bow Loading
1500 / ~ = EC Sway+Bow Loading
1000 \

500 +

0 50 100 150 200 250 300 350 400 450

Mu [kNm)

Figure 3-3 Comparison of EC3 Sway-Bow and Sway+Bow Loadings
for KL/r=80 W10x60 Column

3.4 1nvestigation of W10x60

This section includes investigation individual W80xcolumn members that are
under strong axis bending. Cross section propeufi®g10x60 are shown in Table 3-
2.
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Table 3-2 Cross Section Properties of W10x60

E : elastic modulus 200 GPa

F, : yield strength 345 MPa

b : width of flange 256.032 mm
h : total heigth 259.588 mm
t; : flange thickness 17.272 mm
tw : web thickness 10.668 mm
A : cross section area 11.4%10n?
I, : moment of inertia about x direction 1.419%bam’
l, : moment of inertia about y direction |  4.828%ban"
r, : radius of gyration in x direction 111.8 mm
ry : radius of gyration in y direction 65.2 mm

S, : section modulus about x direction 1.094%a0r
S, : section modulus about y direction 3.77 20
Z, : plastic section modulus about x axis  1.222xhér
Z, : plastic section modulus about y axi$  5.735xhar

For each case study, member lengths for major ambrnmaxis bendings are

presented in Table 3-3.

Table 3-3 Individual Member Properties with W10x60 Section

Case Study | KL/r | Column Profile CqurT]n Height :
Strong Axis | Weak Axis
L/r =20 40 W10x60 2.236 m 1.304 m
L/r =40 80 W10x60 4472 m 2.608 m
L/r =60 120 W10x60 6.708 m 3.912m
L/r =80 160 W10x60 8.944 m 5.216 m
L/r =100 200 W10x60 11.180 m 6.520 m

With the determination of member lengths, strong dwending loading parameters
for AISC360 and EC3 specifications are shown inl@&@4. AISC360 notional load,

1, and modified stiffness parameters were calculdegzending on the applied axial
force. Loading parameters needed for EC3 proviswee obtained depending on
the applied axial load. As it has been given inl@ak1, strong axis bending of

W10x60 bow imperfection loading parameters wereaioletd with imperfectiorb

which is%0 = 2—20 On the other hand, loading parameters of thissetor weak axis

bending were obtained by using imperfectomhich is%0 = 2;0.

33




Table 3-4 Strong Axis Bending Loading Parameters for AISCa6d EC3

AISC Loading Parameters EC Loading Parameters
) Applied Modified Stiffness ) Bow I mperfection
CaseStudy | Applied Notional Par ameters Applied Sway L oads
Axial Force Load Axial Force | Imperfection 4N qeq 8Noqeo KN
e e
P (kN) Ni (KN) T El* EA* Ned (kN) Load (kN) — (kN) 1z o
KL/r =40 3500 7 0.39| 0.31E 0.80EA 3500 17.50 46.67 41.74
KL/r =80 2400 4.8 0.95 0.76E] 0.80EA 2400 11.35 32.00 14.31
KL/r =120 1500 3 1.00| 0.80E| 0.80EA 1500 5.79 20.00 5.96
KL/r =160 800 1.6 1.00{ 0.80E| 0.80EA 800 2.68 10.67 2.39
KL/r =200 750 15 1.00| 0.80E| 0.80EA 750 2.50 10.00 1.79

Table 3-5 shows loading values of minor axis begdai AISC360 and EC3

specifications.

Table 3-5 Weak Axis Bending Loading Parameters for AISC360 BE&3

AISC Loading Parameters EC Loading Parameters
) Applied M odified Stiffness _ Bow I mperfection
CaseStudy | Applied Notional Parameters Applied Sway L oads
Axial Force L oad Axial Force | Imperfection 4N qeq 8N.qeq kN
* * e e
P (kN) Ni (kN) T El EA Ned (kN) Load (kN) — (kN) 17 ;)

KL/r =40 3500 7 0.39 | 0.31El 0.80EA 3500 17.50 46.67 41.74
KL/r =80 2400 4.8 0.95 | 0.76El 0.80EA 2400 11.35 32.00 14.31
KL/r =120 1500 3 1.00 | 0.80El 0.80EA 1500 5.79 20.00 5.96
KL/r =160 800 1.6 1.00 | 0.80El 0.80EA 800 2.68 10.67 2.39
KL/r =200 750 1.5 1.00 | 0.80El 0.80EA 750 2.50 10.00 1.79

3.4.1 Strong Axis Bending Analysis Results According to AISC360-10
and EC3 Specifications

This section shows axial compression major axidimgncapacity curves of fixed

base columns. Capacity curves include loading auofeeach method for members
with KL/r=40, 80, 120, 160 and 200 respectively. Horizoaxés shows the ultimate

moment in terms of kNm. On the other hand, vertecaks shows ultimate axial

compression force in terms of kN. Results are prteskin Figures 3-4, 3-5, 3-6, 3-7
and 3-8.
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Figure 3-4 Strong Axis nteraction Diagram for KL/r=40 W10x60 Colui
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Figure 3-6 Strong Axis nteraction Diagram for KL/r=12W10x60 Colum
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W10x60 KL/r=160 Strong Axis
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Figure 3-7 Strong Axis hteraction Diagram fcKL/r=160 W10x60 Colum
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Figure 3-8 Strong Axis hteraction Diagram fcKL/r=200 W10x60 Colum

For five case studies, P-Mapacities were obtained frointersection points ¢
capacity andoading curves. These valuare presented in Table 3-6able -7 and
Table 3-8. Tables includg values for DM analysismaximumbending moment ar
axial load for each cas@lso, to comparcapacity values, ratiof bending moment
and axial load®btained by using AISC360 and EClovisions are giveifor each

method.
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Table 3-6 Comparison of AISC360-10 DM & EC3 Strong Axis Ansily Results

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.39 60.9 3326.0 61.7 3419.0 0.99 0.97
KL/r=80 0.95 157.4 2335.0 198.0 2350.0 0.79 0.99
KL/r=120 1.00 289.6 1185.0 317.6 1336.0 0.91 0.89
KL/r=160 1.00 344.7 671.0 382.1 763.0 0.90 0.88
KL/r=200 1.00 359.4 457.0 411.7 518.0 0.87 0.88

Table 3-7 Comparison of AISC360-10 DM & ELM Strong Axis Analg Results

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity AISC DM/AISC ELM RATIO
th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.39 60.9 3326.0 22.5 3330.0 2.70 1.00
KL/r=80 0.95 157.4 2335.0 49.8 2203.0 3.16 1.06
KL/r=120 1.00 289.6 1185.0 63.1 1188.0 4.59 1.00
KL/r=160 1.00 344.7 671.0 48.5 692.0 7.11 0.97
KL/r=200 1.00 359.4 457.0 43.6 448.0 8.25 1.02

Table 3-8 Comparison of EC3 & AISC360-10 ELM Strong Axis Aysik Results

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 61.7 3419.0 22.5 3330.0 2.74 1.03
KL/r=80 198.0 2350.0 49.8 2203.0 3.98 1.07
KL/r=120 317.6 1336.0 63.1 1188.0 5.03 1.12
KL/r=160 382.1 763.0 48.5 692.0 7.88 1.10
KL/r=200 411.7 518.0 43.6 448.0 9.45 1.16

Table 3-6 shows the comparison of Direct Method &3 analysis results.
Although each specification has a different pointiew about imperfection concept,
axial load and major axis bending moment valuekrge to each other. Moreover,
DM and ELM analysis results are presented in T&fe DM and ELM results are
compatible in terms of axial load capacities. Or tither hand, the major axis
bending moment capacities are different from edabkro AsKL/r increases, there is
a considerable difference between bending momepdottzes. Finally, Table 3-8
compares the P-M capacity values of ELM and EC3yarsaresults. For smaKL/r
values, ratio of axial compression capacities dosec one. On the other hand,

bending moment capacities are not close to eadr.dd#LM provides lower bending
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moments when compared w DM and EC3 curves. For this rea, as KL/r

increases, ratio aghoment capacitieincrease significantly.

As it has been stated abovagckspecification covers stability provisiomsdifferen
ways. Results shothat, there is a min difference between AISC36Ghd E(3 axial
compression capacitieBurthermore, the bending moments at the pointibfraare
close to each other.

34.2 Weak Axis Bending Analysis Results According to AISC360-10
and EC3 Specifications

Weak axis bending analysis restare presented in the figures below.
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Figure 3-9 Weak Axis hteraction Diagram for KL/r 40W10x60 Colum
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W10x60 KL/r=200 Weak Axis
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Weak axis bending capaciylue: are illustrated in Table 3-9, Tablel8-and Table
3-11, respectively.

Table 3-9 Comparison of AISC3€-10 DM & EC3Weak Axis AnalysisResults

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.47 24.9 3389.0 38.6 3612.0 0.65 0.94
KL/r=80 0.90 84.1 2175.0 148.4 2375.0 0.57 0.92
KL/r=120 |1.00 133.3 1211.0 192.4 1258.0 0.69 0.96
KL/r=160 |1.00 161.3 677.0 196.2 724.0 0.82 0.94
KL/r=200 |1.00 170.8 439.0 197.7 465.0 0.86 0.94

Table 3-10 Comparison of AISC3¢-10 DM & ELM Weak Axis AnalysisResults

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity AISC DM/AISC ELM RATIO
™ M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.47 24.9 3389.0 12.8 3295.0 1.95 1.03
KL/r=80 0.90 84.1 2175.0 28.1 2151.0 2.99 1.01
KL/r=120 |1.00 133.3 1211.0 30.8 1170.0 4.33 1.04
KL/r=160 |1.00 161.3 677.0 27.7 675.0 5.83 1.00
KL/r=200 |1.00 170.8 439.0 25.4 437.0 6.72 1.00
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Table 3-11 Comparison of EC3 & AISC360-10 ELM Weak Axis Anaty/fesults

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 38.6 3612.0 12.8 3295.0 3.01 1.10
KL/r=80 148.4 2375.0 28.1 2151.0 5.29 1.10
KL/r=120 192.4 1258.0 30.8 1170.0 6.26 1.08
KL/r=160 196.2 724.0 27.7 675.0 7.09 1.07
KL/r=200 197.7 465.0 25.4 437.0 7.78 1.06

For weak axis bending analysis, comparison of AIGE3B0 Direct Analysis Method
and EC3 analysis show that,approximately 8% diffeeeexists between axial load
capacities for all slenderness ratios. On the ottard, there is no consistency
between moment capacities for small slendernesssratable 3-9 shows that,
consistent moment capacities were obtained withtively high slenderness ratios.
DM and ELM analysis results are presented for ezade in Table 3-10. DM and
ELM are compatible in terms of the axial load caipe&€. For each case study, the
ratio of axial compression is close to one. On dtieer hand, this is not valid for
weak axis bending moment capacities. There is amufference between moment
values. Finally, comparison of ELM and EC3 analysisults shown in Table 3-11.
Except KL/r=200 case, there is approximately 10 #beince between axial

compression capacities. Major differences exishament capacities for each case.

3.5 Investigation of W10x26

This part includes the investigation of W10x26 mattfor strong and weak axis

bending analysis. Cross section properties of W&@®2 shown in Table 3-12.
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Table 3-12 Cross Section Properties of W10x26

E : elastic modulus 200 GPa

F, : yield strength 345 MPa

b : width of flange 146.558 mm
h : total heigth 262.382 mm
t; : flange thickness 11.176 mm
tw . web thickness 6.604 mm

A : cross section area 4.91%1ant
I, : moment of inertia about x direction 5.994%hont
l, : moment of inertia about y direction |  5.869% b
r, : radius of gyration in x direction 110.5 mm
ry : radius of gyration in y direction 34.6 mm

S, : section modulus about x direction 4.569%a0m
S, : section modulus about y direction 8.009%d0n’
Z, : plastic section modulus about x axis  5.12%xhér
Z, : plastic section modulus about y axi$  1.229xhar

For each case study, member lengths for major ambrmexis bendings are
presented in Table 3-13.

Table 3-13 Individual Member Properties with W10x26 Section

: Column Height
Case Study | KL/r | Column Profile Strong Axis | Weak Axis
L/r =20 40 W10x26 2210 m 0.692 m
L/r =40 80 W10x26 4.420 m 1.384 m
L/r =60 120 W10x26 6.630 m 2.076 m
L/r =80 160 W10x26 8.840 m 2.768 m
L/r =100 200 W10x26 11.050 m 3.460 m

According to Table 3-1, strong axis bending of WA®x»f bow imperfection loading
parameters were obtained with imperfectéowhich is%0 = ;10 On the other hand,
loading parameters of this section for weak axisdibey were obtained by using
imperfectionb which is%0 ==

250"

With the determination of member lengths, loadirgyameters for strong axis
bending of AISC360 and EC3 specifications are shiowiable 3-14.
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Table 3-14 Strong Axis Loading Table of AISC360 and EC3

AISC Loading Parameters

EC Loading Parameters

Modified Stiffness

Bow I mperfection

Case Study Applied th?(l)lr?gl Parameters Applied Sway L oads
Axial Force Load Axial Force | Imperfection 4N qep 8Nqeo KN
P (kN) Ni (KN) . El* EA* Ned (kN) Load (kN) —— &N 7 G
KL/r =40 1500 3.00 0.40 | 0.32El 0.80EA 1500 7.50 28.00 18.10
KL/r =80 1100 2.20 0.91 | 0.73El 0.80EA 1300 6.18 17.33 7.84
KL/r =120 800 1.60 1.00 | 0.80El 0.80EA 800 311 10.67 3.22
KL/r =160 600 1.20 1.00 | 0.80El 0.80EA 600 2.02 8.00 1.81
KL/r =200 400 0.80 1.00 | 0.80El 0.80EA 400 1.33 5.33 0.97

Table 3-15 shows loading parameters for weak aaisling of W10x26.

Table 3-15 Weak Axis Loading Table of AISC360 and EC3

AISC Loading Parameters

EC L oading Parameters

Applied

Modified Stiffness

Bow I mperfection

Case Study Applied Notional Parameters Applied Sway L oads
Axial Force Axial Force | Imperfection
P (kN) Load E* | EA* | Ned(kN) | Load(kN) | 2Nea® ) | BNeato KN
Ni(kN) | T L &N e G
KL/r =40 1480 2.96 0.44 | 0.35El | 0.80EA 1600 8.00 25.60 73.99
KL/r =80 1000 2.00 0.97 | 0.77El | 0.80EA 1300 6.50 20.80 30.06
KL/r =120 900 1.80 1.00 | 0.80El | 0.80EA 900 4.50 14.40 13.87
KL/r =160 650 1.30 1.00 | 0.80EI | 0.80EA 650 3.91 10.40 7.51
KL/r =200 300 0.60 1.00 | 0.80El | 0.80EA 300 1.61 4.80 2.77

3.5.1 Strong Axis Bending Analysis Results According to AISC360-10
and EC3 Specifications

This section shows P-M major axis bending capamityes with related analysis of

fixed base W10x26 members. Capacity curves for édoh value are shown in

Figure 3-14, Figure 3-15, Figure 3-16, Figure 3ahd Figure 3-18.
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Strong axidrending moment and axial compressiapacites are illustrated in Tab
3-16, Table 3-1and Table -18.

Table 3-16 Comparison of AISC3¢-10 DM & EC3 StrongAxis Analysis Resul

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
t™ | M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.40 244 1442.0 25.6 1496.0 0.95 0.96
KL/r=80 0.91 67.0 979.0 83.3 1042.0 0.80 0.94
KL/r=120 1.00| 1214 507.0 141.4 567.0 0.86 0.89
KL/r=160 1.00| 145.8 283.0 170.6 330.0 0.85 0.86
KL/r=200 1.00| 1535 186.0 176.8 210.0 0.87 0.89
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Table 3-17 Comparison of AISC360-10 DM & ELM Strong Axis Analg Results

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity AISC DM/AISC ELM RATIO
t | M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.40 244 1442.0 9.8 1432.0 2.51 1.01
KL/r=80 0.91 67.0 979.0 18.1 964.0 3.71 1.02
KL/r=120 1.00| 1214 507.0 26.5 512.0 4.58 0.99
KL/r=160 1.00| 145.8 283.0 18.4 288.0 7.94 0.98
KL/r=200 1.00| 153.5 186.0 19.2 192.0 8.00 0.97

Table 3-18 Comparison of EC3 & AISC360-10 ELM Strong Axis Aysis Results

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 25.6 1496.0 9.8 1432.0 2.63 1.04
KL/r=80 83.3 1042.0 18.1 964.0 4.61 1.08
KL/r=120 141.4 567.0 26.5 512.0 5.33 1.11
KL/r=160 170.6 330.0 18.4 288.0 9.29 1.15
KL/r=200 176.8 210.0 19.2 192.0 9.21 1.09

DM and EC3 analysis results were compared in T&blb. Axial compression
capacities are consistent with relatively smalhdbrness ratios. Excepi./r=40

and KL/r=80, P ratios are not close to each other. In T8bl§, DM and ELM
analysis results were presented for each caseestulikial compression capacities of
DM and ELM methods are compatible for each caseth@nother hand, there is a
major difference between bending moment capaciie$V10x26 with relatively
high slenderness ratio. Finally, P-M capacity valugf ELM and EC3 were
compared in Table 3-18. Results show that, thera nsistency between axial
compression capacities &L./r=40 and 80. For other cases, there is approximately
10 % difference between P values. On the other,Hasmtling moment capacities are

not close to each other.

3.5.2 Weak Axis Bending Analysis Results According to AISC360-10
and EC3 Specifications

Minor axis bending analysis results of fixed bas&@26 columns are illustrated in
Figure 3-19, Figure 3-20, Figure 3-21, Figure 3aPd Figure 3-23.
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Comparison of weak ax@nalysis resul are shown in Table 3-19able -20 and
Table 3-21 respectively.

Table 3-19 Comparison of AISC3¢-10 DM & EC3Weak Axis AnalysisResults

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.44 5.9 1442.0 8.6 1572.0 0.68 0.92
KL/r=80 0.97 16.6 982.0 34.5 1049.0 0.48 0.94
KL/r=120 1.00 29.5 497.0 42.4 531.0 0.70 0.94
KL/r=160 1.00 33.6 312.0 42.4 315.3 0.79 0.99
KL/r=200 1.00 36.3 194.0 42.4 204.0 0.86 0.95
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Table 3-20 Comparison of AISC360-10 DM & ELM Weak Axis AnalgdResults

| Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity | AISC DM/AISC ELM RATIO
t | M(kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.44 5.9 1441.0 2.8 1416.0 2.07 1.02
KL/r=80 0.97 15.9 990.0 6.2 923.0 2.57 1.07
KL/r=120 1.00 29.5 497.0 7.1 503.0 4.16 0.99
KL/r=160 1.00 33.6 312.0 5.5 294.0 6.16 1.06
KL/r=200 1.00 36.3 194.0 5.5 188.0 6.62 1.03

Table 3-21 Comparison of EC3 & AISC360-10 ELM Weak Axis Anaf/fResults

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 8.8 1569.0 2.8 1416.0 3.08 1.11
KL/r=80 331 1053.0 6.2 923.0 5.36 1.14
KL/r=120 42.4 531.0 7.1 503.0 5.98 1.06
KL/r=160 42.4 315.3 5.5 294.0 7.76 1.07
KL/r=200 42.4 204.0 5.5 188.0 7.72 1.09

AISC360 DM and EC3 weak axis bending results arepared in Table 3-19. There
is approximately 5% difference between axial corepi@n capacities except
KL/r=40 case. On the other hand, difference betwa@ment capacities decrease
with high slenderness ratios. In Table 3-20, AISCIBM and ELM results are
compared. Axial compression capacities of DM and/lEdre close to each other. It
can be seen from Table 3-20 that, ratio of thedeegaare close to one. It can be
interpreted that, DM and ELM are reliable methods fdetermining axial
compression capacities of a member. Yet, thesa@raccurate for bending moment
capacities. Moreover EC3 and AISC360 ELM analysisults were presented in
Table 3-21. Approximately 10 % difference existsaxial compression capacities.
Effective Length Method gives smaller moment cagesicomparing to DM and
EC3 methods. For this reason, capacity ratio ofilBhmoments are always greater
than 1.
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3.6 Investigation of W14x605
In this section, cantilever members with W14x606tisas were studied for major
axis and minor axis bending. Cross-section progexf W14x605 section is given in

Table 3-22.

Table 3-22 Cross Section Properties of W14x605

E : elastic modulus 200 GPa

F, : yield strength 345 MPa

b : width of flange 442.341 mm
h : total heigth 531.368 mm
t; : flange thickness 105.664 mm
tw : web thickness 65.913 mm
A : cross section area 11.5X1@n?
I, : moment of inertia about x direction 4.495% bam’
l, : moment of inertia about y direction 1.532% b’
r« : radius of gyration in x direction 197.8 mm
ry : radius of gyration in y direction 115.5 mm
S, : section modulus about x direction 1.692%f0r
S, : section modulus about y direction 6.926X A0
Z, : plastic section modulus about x axi$  2.163xhar
Z, : plastic section modulus about y axis  1.068xhar

Depending on the slenderness ratios, member lefgthmajor axis and minor axis

bendings are presented in Table 3-23.

Table 3-23 Individual Member Properties with W14x605 Section

Case Study | KL/r | Column Profile CqurT]n Height :
Strong Axis | Weak Axis
L/r =20 40 W14x605 3.956 m 2.310 m
L/r =40 80 W14x605 7.912m 4.620 m
L/r =60 120 W14x605 11.868 m 6.930 m
L/r =80 160 W14x605 15.824 m 9.240 m
L/r =100 200 W14x605 19.780 m 11.550 m

According to Table 3-1, strong axis bending of WA@x of bow imperfection

loading parameters were obtained with imperfectiowhich is%0 ﬁ On the
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other hand, loading parameters of this sectionMeak axis bending were obtained

. . . . . € _L
by using imperfectionl which iIs— = —.
For W14x605 section, loading parameters for straxig bending of AISC360 and

EC3 specifications are shown in Table 3-24.

Table 3-24 Strong Axis Loading Table for AISC360 and EC3

AISC Loading Parameters EC Loading Parameters

Applied Modified Stiffness Bow I mperfection

Case Study Applied Ngt?onal Parameters Applied Sway L oads
Mt | o e | en | N | TR sty | e

NERN) | L &N G
KL/r =40 34500 69 0.45 0.36E] 0.80EA 35000 175.00 933.33] 8671
KL/r =80 27000 54 0.87| 0.69E] 0.80EA 30000 106.65 800.00 202
KL/r =120 25000 50 0.93| 0.74E] 0.80EA 25000 83.33 666.67| 3812.
KL/r =160 18000 36 1.00| 0.80E| 0.80EA 18000 60.00 480.00 %0.6
KL/r =200 10000 20 1.00, 0.80E] 0.80EA 10000 33.33 266.67| 6.9

Table 3-25 illustrates loading values for minorsakending of AISC360 and EC3

specifications.

Table 3-25 Weak Axis Loading Table for AISC360 and EC3

AISC Loading Parameters EC L oading Parameters
Applied Modified Stiffness Bow I mperfection
Case Study Applied Ngtri)onal Parameters Applied Sway L oads
Axial Force L oad Axial Force | Imperfection 4N, qe, 8Noqeo kN
* * e e
P (kN) Ni (KN) T El EA Ned (kN) Load (kN) —— &N 7 )

KL/r =40 34000 68 0.48 0.39 0.80EA 36000 180.00 960.00 831.17
KL/r =80 23500 47 0.96 0.77 0.80EA 30000 139.57 800.00 346.32
KL/r =120 20000 40 1.00 0.80 0.80EA 20000 75.97 533.33 153.92
KL/r =160 12000 24 1.00 0.80 0.80EA 12000 40.02 320.00 69.26
KL/r =200 6000 12 1.00 0.80 0.80EA 6000 20.10 160.00 27.71

3.6.1 Strong Axis Bending Analysis Results According to AISC360-10
and EC3 Specifications

AISC360-10 DM, ELM and EC3 strong axis bending hessaf W14x605 members
are shown in Figure 3-24, Figure 3-25, Figure 3Rgure 3-27 and Figure 3-28.
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For each method,x&l compression anmajor axisbending moment capacities
W14x605 memberare presente¢in Table 3-26, Table 3-2and Table -28.

Table 3-26 Comparison of AISC3¢-10 DM & EC3 Strong Axis Analysis Resu

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
Th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.45 839.9 34582.0 1161.8 33974.0 0.72 1.02
KL/r=80 0.87 3080.2 22262.0 3557.6 22422.0 0.87 0.99
KL/r=120 0.93 5305.4 11154.0 5621.5 12470.0 0.94 0.89
KL/r=160 1.00 6083.6 6787.0 6647.7 7522.0 0.92 0.90
KL/r=200 1.00 6442.6 4400.0 7179.8 4922.0 0.90 0.89
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Table 3-27 Comparison of AISC360-10 DM & ELM Strong Axis Analg Results

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity | AISC DM/AISC ELM RATIO
T M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.45 839.9 34582.0 403.9 33510.0 2.08 1.03
KL/r=80 0.87 3080.2 22262.0 865.4 22228.0 3.56 1.00
KL/r=120 0.93 5305.4 11154.0 1041.6 12000.0 5.09 0.93
KL/r=160 1.00 6083.6 6787.0 816.7 6840.0 7.45 0.99
KL/r=200 1.00 6442.6 4400.0 666.2 4400.0 9.67 1.00

Table 3-28 Comparison of EC3 & AISC360-10 ELM Strong Axis Aysis Results

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 1161.8 33974.0 403.9 33510.0 2.88 1.01
KL/r=80 3557.6 22422.0 865.4 22228.0 411 1.01
KL/r=120 5621.5 12470.0 1041.6 12000.0 5.40 1.04
KL/r=160 6647.7 7522.0 816.7 6840.0 8.14 1.10
KL/r=200 7179.8 4922.0 666.2 4400.0 10.78 1.12

Comparison of AISC DM and EC3 analysis are preseimeTable 3-26. Except
KL/r=40 and 80 cases, there is a 10% difference betveegal compression
capacities. Similarly, there is approximately 1Gfitference between moment
capacities exceL/r =40 case. Table 3-27 shows the comparison of AGBT3IVI

and ELM P-M capacities. Similar to other DM and EL&bmparisons, axial
compression capacities are consistent with eaatr.ofn the other hand, there is no
consistency between major axis bending moment déggmdEC3 and AISC360 ELM
analysis results are compared in Table 3-28. Fer first three cases, axial
compression values are close to each other.KEgr =160 and 200 cases, axial
compression capacity values of ELM are 10% lowantlEC3 axial compression
capacity values. Table 3-28 shows that, moment ciigm of EC3 analysis are
increasing with slenderness ratio at the same tdmethe other hand, ELM has the
highest moment capacity HL/r=120. As a result, moment capacities are not close

to each other for all cases.
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3.6.2 Weak Axis Bending Analysis Results According to A1 SC360-10 and
EC3 Specifications

Weak axis bending analysis results presented in Figure 39, Figure -30, Figure
3-31, Figure 332 and Figure -33 respectively.
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Figure 3-29 Weak Axis nteraction Diagram for KL/r= 4W14x605 Column
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Figure 3-30 Weak Axis nteraction Diagram for KL/r= 8®14x605 Column
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Minor axis bending moment and axial compressioracgies are illustrated in Table
3-29, Table 3-30 and Table 3-31.

Table 3-29 Comparison of AISC360-10 DM & EC3 Weak Axis Analystesults

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
Th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.48 400.3 34728.0 675.1 35276.6 0.59 0.98
KL/r=80 0.96 1379.7 23500.0 2746.6 23632.0 0.50 0.99
KL/r=120 1.00 2495.7 12125.0 3599.8 12346.0 0.69 0.98
KL/r=160 1.00 2982.0 6976.0 3688.7 7468.0 0.81 0.93
KL/r=200 1.00 3159.0 4549.0 3688.7 5058.0 0.86 0.90

Table 3-30 Comparison of AISC360-10 DM & ELM Weak Axis AnalgdResults

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity AISC DM/AISC ELM RATI(
Th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.48 400.3 34728.0 225.8 33292.0 1.77 1.04
KL/r=80 0.96 1379.7 23500.0 508.0 21754.0 2.72 1.08
KL/r=120 1.00 2495.7 12125.0 588.4 11844.0 4.24 1.02
KL/r=160 1.00 2982.0 6976.0 475.6 6840.0 6.27 1.02
KL/r=200 1.00 3159.0 4549.0 423.8 4461.0 7.45 1.02

Table 3-31 Comparison of EC3 & AISC360-10 ELM Weak Axis Anat/Results

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 675.1 35276.6 225.8 33292.0 2.99 1.06
KL/r=80 2746.6 23632.0 508.0 21754.0 5.41 1.09
KL/r=120 3599.8 12346.0 588.4 11844.0 6.12 1.04
KL/r=160 3688.7 7468.0 475.6 6840.0 7.76 1.09
KL/r=200 3688.7 5058.0 423.8 4461.0 8.70 1.13

In Table 3-29, difference between axial compressapacities of AISC360 DM and
EC3 increase wheKL/r=160 and 200. In other words, ratio of axial corspren
capacities are close to one when KL/r=40, 80 arfel ©h the other hand, ratio of
moment capacities are inconsistent with each otR&@3 moment capacities are
always greater than moment capacities obtained AIBC360 DM analysis. Table
3-30 shows the comparison of AISC360 DM and ELMIgsia results. In this table,
axial compression capacities are close to each @theall cases. On the other hand,

moment capacities are not consistent for all caSemparison of EC3 and AISC360
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ELM capacities are illustrated in Table 3-31. Asdis been seen from the P ratios,
there is a consistency between axial load capaci@an the other hand, difference
between moment capacities increase with slenderagsgproportionaly.

3.7 Investigation of W18x192

In this section, procedures presented above apphiedV18x192 section. Cross-
section properties of W18x192 is given in Table23-3

Table 3-32 Cross Section Properties of W18x192

E : elastic modulus 200 GPa
Fy : yield strength 345 MPa

b : width of flange 290.957 mm
h : total heigth 516.89 mm
t; : flange thickness 44.45 mm
tw . web thickness 24.384 mm
A : cross section area 36.4%10n7
l, : moment of inertia about x direction 1.611% bt
|, : moment of inertia about y direction 1.831% i’
Iy - radius of gyration in x direction 210.4 mm
ry : radius of gyration in y direction 70.9 mm

S, : section modulus about x direction 6.233%a0
S, : section modulus about y direction 1.25%Ka0
Z, : plastic section modulus about x axis  7.243xhé7
Z, : plastic section modulus about y axis  1.95xhar’

Member lengths for major and minor axis bendings @resented for each

slenderness ratio in Table 3-33.

Table 3-33 Individual Member Properties with W18x192 Section

: Column Height
Case Study | KL/r | Column Profile Strong Axis | Weak Axis
L/r =20 40 W18x192 4.208 m 1.418 m
L/r =40 80 W18x192 8.416 m 2.836 m
L/r =60 120 W18x192 12.624 m 4.254 m
L/r =80 160 W18x192 16.832 m 5.672m
L/r =100 200 W18x192 21.040 m 7.090 m
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Depending on Table 3-1, strong axis bending of W®2x of bow imperfection
loading parameters were obtained with imperfectiowhich is%0 = ﬁ On the
other hand, loading parameters of this sectionMeak axis bending were obtained

by using imperfectior which is == 5o

For W18x192 strong axis bending analysis, loadiagameters of AISC360 and EC3

specifications are shown in Table 3-34.

Table 3-34 Strong Axis Loading Table of AISC360 and EC3

AISC Loading Parameters EC Loading Parameters
Applied M odified Stiffness Bow I mperfection
Case Study Applied Ngt?onal Parameters Applied Sway L oads
Axial Force L oad Axial Force | Imperfection 4N qeq 8N.qeq kN
e e

P (kN) Ni (kN) Th El* EA* Ned (kN) Load (kN) - (kN) <z (;)
KL/r =40 11000 22 0.43| 0.35E] 0.80EA 11700 57.04 187.20 B8.9
KL/r =80 8000 16 0.92| 0.74E] 0.80EA 9000 31.02 144.00 34.22
KL/r =120 7000 14 0.99| 0.79E| 0.80EA 7000 23.33 112.00 17.74
KL/r =160 4000 8 1.00( 0.80E| 0.80EA 4000 13.33 64.00 7.60
KL/r =200 2000 4 1.00{ 0.80E 0.80EA 2000 6.67 32.00 3.04

Table 3-35 illustrates loading values for minorsakending of AISC360 and EC3

specifications.

Table 3-35 Weak Axis Loading Table of AISC360 and EC3

AISC Loading Parameters EC Loading Parameters
Applied Modified Stiffness Bow I mperfection
Case Study Applied Ngt’ijonal Parameters Applied Sway L oads
Ax'ljaIkF'\?rce L oad - Ear AK;“:J Fko’\r‘ce Inljpe:jfelt(:t'\llon 4N, qe, 8N.qeq kN
( ) Ni (kN) To ( ) oal ( ) T (kN) T ;)
KL/r =40 11000 22 0.43| 0.35E] 0.80EA 11600 58.00 232.00 227.
KL/r =80 8000 16 0.92| 0.74E] 0.80EA 8000 40.00 160.00 112.83
KL/r =120 5000 10 1.00| 0.80E] 0.80EA 5000 24.24 100.00 47.01
KL/r =160 3000 6 1.00( 0.80E| 0.80EA 3000 12.60 60.00 21.16
KL/r =200 2500 5 1.00/ 0.80E| 0.80EA 2500 9.39 50.00 14.10

3.7.1 Strong Axis Bending Analysis Results According to AISC360-10
and EC3 Specifications

Capacity curves of W18x192 strong axis bendingséi@vn in Figure 3-34, Figure
3-35, Figure 3-36, Figure 3-37 and Figure 3-38.
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Figure 3-38 Strong Axis nteraction Diagram for KL/r=2DW18x192 Column

Strongaxis capacity curve intersection points are illaistd in Table -36, Table 3-
37 and Table 3-38.

Table 3-36 Comparison of AISC3¢-10 DM & EC3 Strong Axis Analysis Rest

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 304.7 10865.0 363.8 10984.0 0.84 0.99
KL/r=80 0.92 955.0 7368.0 1136.9 7659.0 0.84 0.96
KL/r=120 0.99 1720.4 3738.0 1958.9 4124.0 0.88 0.91
KL/r=160 1.00 2047.5 2131.0 2349.8 2443.0 0.87 0.87
KL/r=200 1.00 2113.0 1497.0 2496.9 1750.0 0.85 0.86
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Table 3-37 Comparison of AISC360-10 DM & ELM Strong Axis Analg Results

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity |AISC DM/AISC ELM RATIO|
Th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 304.7 10865.0 144.8 10588.0 2.10 1.03
KL/r=80 0.92 955.0 7368.0 309.1 6995.0 3.09 1.05
KL/r=120 0.99 1720.4 3738.0 366.5 3805.0 4.69 0.98
KL/r=160 1.00 2047.5 2131.0 325.8 2176.0 6.29 0.98
KL/r=200 1.00 2113.0 1497.0 287.7 1414.0 7.35 1.06

Table 3-38 Comparison of EC3 & AISC360-10ELM Strong Axis Ansily Results

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 363.8 10984.0 144.8 10588.0 2.51 1.04
KL/r=80 1136.9 7659.0 309.1 6995.0 3.68 1.09
KL/r=120 1958.9 4124.0 366.5 3805.0 5.35 1.08
KL/r=160 2349.8 2443.0 325.8 2176.0 7.21 1.12
KL/r=200 2496.9 1750.0 287.7 1414.0 8.68 1.24

Table 3-36 shows that axial compression capaatiexonsistent in KL/r=40 and 80
cases. On the other hand, there is 15% differeretevden bending moment
capacities. Comparison of AISC360 DM and ELM werespnted in Table 3-37.
Similar to other DM and ELM comparisons, axial coegsion capacities are
suitable with each other. Yet, there is no consistebetween moment capacities.
Finally, Table 3-38 shows the comparison of EC3 AI®IC360 ELM P-M capacities.
Except KL/r=200 and 160 cases, axial compressipaates are suitable with each

other. Moment capacities are different for all case

3.7.2 Weak Axis Bending Analysis Results According to A1 SC360-10 and
EC3 Specifications

Capacity curves for weak axis bending analysis presented according to

slenderness ratio of members.
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Weak axis capacity curve intersection poare illustrated in Table 3-39able -40

and Table 3-41 respectively.

Table 3-39 Comparison of AISC3¢-10 DM & EC3Weak Axis AnalysiResults

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
™ | M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 96.6 10630.0 141.3 11555.0 0.68 0.92
KL/r=80 0.92| 270.5 7170.0 531.5 7705.0 0.51 0.93
KL/r=120 [1.00| 463.3 3736.0 671.8 3852.0 0.69 0.97
KL/r=160 [1.00| 551.5 2128.0 672.2 2268.0 0.82 0.94
KL/r=200 [1.00| 586.9 1353.0 672.2 1419.0 0.87 0.95
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Table 3-40 Comparison of AISC360-10 DM & ELMWeak Axis Analydiesults

Intersection Points
Case Study AISC360-10 DM Capacity AISC360-10 ELM Capacity | AISC DM/AISC ELM RATIO
t™ | M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 90.0 10736.0 45.7 10630.0 1.97 1.01
KL/r=80 0.92( 269.0 7193.0 98.1 7170.0 2.74 1.00
KL/r=120 [1.00| 459.1 3800.0 113.7 3736.0 4.04 1.02
KL/r=160 |1.00| 553.0 2113.0 96.3 2128.0 5.74 0.99
KL/r=200 |1.00| 5824 1389.0 83.7 1353.0 6.96 1.03

Table 3-41 Comparison of EC3 & AISC360-10 ELMWeak Axis Analyfesults

Intersection Points
Case Study EC3 Capaciy AISC360-10 ELM Capacity EC3/AISC ELM RATIO
M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 127.1 11367.0 45.7 10630.0 2.78 1.07
KL/r=80 531.4 7760.0 98.1 7170.0 5.42 1.08
KL/r=120 671.0 4004.0 113.7 3736.0 5.90 1.07
KL/r=160 672.2 2275.0 96.3 2128.0 6.98 1.07
KL/r=200 672.2 1419.0 83.7 1353.0 8.03 1.05

For weak axis bending analysis, comparison of ABEB0 DM and EC3 analysis
was shown in Table 3-39. Axial compression capexitare close to each other

except KL/r=40 and 80 cases. There is no consigtertween moment capacities

except KL/r=200 case. Table 3-40 shows the comparms AISC360 DM and ELM

capacity values. As it can be seen from P radagl compression capacities are

close to each other. However, this is not validrfaoment capacities. Finally, EC3

and AISC360 ELM comparison are given in Table 3-#kial compression

capacities are comparable with each other. Yetkvee@ bending moment values
are different for each method. For this reason, rdt® of bending moments are

always greater than one.
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3.8 Effect of EC3 Imperfections on Axial Force and Bending Moment
Capacities

The purpose of this study is to compare AISC DM &@B capacity values with
different EC3 imperfection values. W10x60, W10x2814x605 and W18x192
sections were studied with the EC3 "a, b, c, d"arfgction values. For each section,
maximum and minimum P-M ratios were determined rideo to make a statistical
comparison between imperfection values. In addlitio this, each imperfection
value was evaluated in terms of P-M ratios amohgraks sections. For each cross

section, strong axis and weak axis bending anatgsigts are given in below tables.

I nvestigation of W10x60-Strong Axis Bending

W10x60 strong axis bending analysis results austilated Table 3-42, Table 3-43
Table 3-44 and Table 3-45.

Table 3-42 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli

Capacities with W10x60-Imperfection "a"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

™ | M(kNm)| P (kN) M (kNm) P (kN) M P
KL/r=40 0.39 60.9 3326.0 62.6 3411.0 0.97 0.98
KL/r=80 0.95 157.4 2335.0 194.9 2328.0 0.81 1.00
KL/r=120 1.00 289.6 1185.0 319.7 1280.0 0.91 0.93
KL/r=160 1.00 344.7 671.0 381.0 772.0 0.90 0.87
KL/r=200 1.00 359.4 457.0 416.5 517.5 0.86 0.88
max 0.97 1.00
min 0.81 0.87
average 0.89 0.93
standard deviation 0.06 0.06
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Table 3-43 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W10x60-Imperfection "b"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
W | M(kNm)| P(kN) M (kNm) P (kN) M P

KL/r=40 0.39 60.9 3326.0 61.0 3455.0 1.00 0.96

KL/r=80 0.95 157.4 2335.0 198.0 2350.0 0.79 0.99

KL/r=120 1.00 289.6 1185.0 317.6 1336.0 0.91 0.89

KL/r=160 1.00 344.7 671.0 382.1 763.0 0.90 0.88

KL/r=200 1.00 3594 457.0 411.7 518.0 0.87 0.88

max 1.00 0.99

min 0.79 0.88

average 0.90 0.92

standard deviation 0.07 0.05

Table 3-44 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli

Capacities with W10x60-Imperfection "c"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
t | M(kNm)| P (kN) M (kNm) P (kN) M P

KL/r=40 0.39 60.9 3326.0 63.3 3405.0 0.96 0.98

KL/r=80 0.95 157.4 2335.0 206.3 2220.0 0.76 1.05

KL/r=120 1.00 289.6 1185.0 323.9 1245.0 0.89 0.95

KL/r=160 1.00 344.7 671.0 385.1 738.0 0.90 0.91

KL/r=200 1.00 359.4 457.0 417.4 470.0 0.86 0.97

max 0.96 1.05

min 0.76 0.91

average 0.88 0.97

standard deviation 0.07 0.05

Table 3-45 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W10x60-Imperfection "d"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
W |M(kNm)| P (kN) M (kNm) P (kN) M P

KL/r=40 0.39 60.9 3326.0 67.0 3375.0 0.91 0.99

KL/r=80 0.95 157.4 2335.0 212.2 2171.0 0.74 1.08

KL/r=120 1.00 289.6 1185.0 328.9 1204.0 0.88 0.98

KL/r=160 1.00 344.7 671.0 388.0 714.0 0.89 0.94

KL/r=200 1.00 359.4 457.0 415.8 484.0 0.86 0.94

max 0.91 1.08

min 0.74 0.94

average 0.86 0.99

standard deviation 0.07 0.05
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I nvestigation of W10x60-Weak Axis Bending

W10x60 weak axis bending analysis results aretithisd Table 3-46, Table 3-47,
Table 3-48 and Table 3-49.

Table 3-46 Comparison of AISC360-10 DM & EC3 Weak Axis Bending

Capacities with W10x60-Imperfection "a"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.47 24.9 3389.0 34.2 3653.0 0.73 0.93
KL/r=80 0.90 84.1 2175.0 144.7 2458.0 0.58 0.88
KL/r=120 1.00 1333 1211.0 195.0 1234.0 0.68 0.98
KL/r=160 1.00 161.3 677.0 197.7 716.0 0.82 0.95
KL/r=200 1.00 170.8 439.0 197.7 472.0 0.86 0.93
max 0.86 0.98
min 0.58 0.88
average 0.73 0.93
standard deviation 0.11 0.03

Table 3-47 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x60-Imperfection "b"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

w | M(kNm)] P (kN) M (kNm) P (kN) M P
KL/r=40 0.47 24.9 3389.0 35.5 3642.0 0.70 0.93
KL/r=80 0.90 84.1 2175.0 147.4 2417.0 0.57 0.90
KL/r=120 1.00 133.3 1211.0 195.5 1201.0 0.68 1.01
KL/r=160 1.00 161.3 677.0 197.7 700.0 0.82 0.97
KL/r=200 1.00 170.8 439.0 197.7 459.0 0.86 0.96
max 0.86 1.01
min 0.57 0.90
average 0.73 0.95
standard deviation 0.12 0.04
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Table 3-48 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x60-Imperfection "c"

Intersection Points

Case Study |  AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

™ M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.47 24.9 3389.0 38.6 3612.0 0.65 0.94
KL/r=80 0.90 84.1 2175.0 148.4 2375.0 0.57 0.92
KL/r=120 1.00 133.3 1211.0 192.4 1258.0 0.69 0.96
KL/r=160 1.00 161.3 677.0 196.2 724.0 0.82 0.94
KL/r=200 1.00 170.8 439.0 197.1 465.0 0.87 0.94
max 0.87 0.96
min 0.57 0.92
average 0.72 0.94
standard deviation 0.12 0.02

Table 3-49 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x60-Imperfection "d"

Intersection Points
Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
™ | M(kNm)| P (kN) M (kNm) P (kN) M P
KL/r=40 0.47 24.9 3389.0 38.8 3614.0 0.64 0.94
KL/r=80 0.90 84.1 2175.0 1534 2340.0 0.55 0.93
KL/r=120 1.00 133.3 1211.0 195.7 1185.0 0.68 1.02
KL/r=160 1.00 161.3 677.0 197.7 682.0 0.82 0.99
KL/r=200 1.00 170.8 439.0 197.7 445.0 0.86 0.99
max 0.86 1.02
min 0.55 0.93
average 0.71 0.97
standard deviation 0.13 0.04

I nvestigation of W10x26-Strong Axis Bending

W10x26 strong axis bending analysis results austilhited Table 3-50, Table 3-51,

Table 3-52 and Table 3-53.
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Table 3-50 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W10x26-Imperfection "a"

Intersection Points
Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
t | M (kNm) P (kN) M (kNm) P (kN) M P

KL/r=40 0.40| 244 1442.0 25.6 1496.0 0.95 0.96
KL/r=80 0.91| 67.0 979.0 83.3 1042.0 0.80 0.94
KL/r=120 1.00] 1214 507.0 141.4 567.0 0.86 0.89
KL/r=160 1.00] 145.8 283.0 170.6 330.0 0.85 0.86
KL/r=200 1.00| 153.5 186.0 176.8 210.0 0.87 0.89
max 0.95 0.96
min 0.80 0.86
average 0.87 0.91
standard deviation 0.05 0.04

Table 3-51 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W10x26-Imperfection "b"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

Th M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.40 24.4 1442.0 26.1 1492.0 0.93 0.97
KL/r=80 0.91 67.0 979.0 84.3 1034.0 0.80 0.95
KL/r=120 1.00 121.4 507.0 142.7 556.0 0.85 0.91
KL/r=160 1.00 145.8 283.0 170.5 331.0 0.86 0.85
KL/r=200 1.00 153.5 186.0 176.8 222.2 0.87 0.84
max 0.93 0.97
min 0.80 0.84
average 0.86 0.90
standard deviation 0.05 0.06

Table 3-52 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli

Capacities with W10x26-Imperfection "c"

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
) M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.40 24.4 1442.0 26.9 1486.0 0.91 0.97
KL/r=80 0.91 67.0 979.0 86.3 1018.0 0.78 0.96
KL/r=120 1.00 121.4 507.0 145.4 535.0 0.84 0.95
KL/r=160 1.00 145.8 283.0 172.0 319.0 0.85 0.89
KL/r=200 1.00 153.5 186.0 176.8 220.0 0.87 0.85
max 0.91 0.97
min 0.78 0.85
average 0.85 0.92
standard deviation 0.05 0.05
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Table 3-53 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W10x26-Imperfection "d"

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.40 24.4 1442.0 28.2 1476.0 0.87 0.98
KL/r=80 0.91 67.0 979.0 89.9 989.0 0.75 0.99
KL/r=120 1.00 121.4 507.0 146.0 530.0 0.83 0.96
KL/r=160 1.00 145.8 283.0 172.5 315.0 0.85 0.90
KL/r=200 1.00 153.5 186.0 176.8 219.9 0.87 0.85
max 0.87 0.99
min 0.75 0.85
average 0.83 0.93
standard deviation 0.05 0.06

I nvestigation of W10x26-Weak Axis Bending

W10x26 weak axis bending analysis results aretitrsd Table 3-54, Table 3-55,

Table 3-56 and Table 3-57.

Table 3-54 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x26-Imperfection "a"
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Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

™ M (kNm) | P (kN) M (kNm) P (kN) M [
KL/r=40 0.44 5.9 1441.0 8.6 1569.0 0.69 0.92
KL/r=80 0.97 15.9 990.0 34.0 1079.0 0.47 0.92
KL/r=120 1.00 29.5 497.0 42.4 535.0 0.70 0.93
KL/r=160 1.00 33.6 312.0 42.4 369.0 0.79 0.85
KL/r=200 1.00 36.3 194.0 42.4 215.0 0.86 0.90
max 0.86 0.93
min 0.47 0.85
average 0.70 0.90
standard deviation 0.15 0.03




Table 3-55 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x26-Imperfection "b"

Intersection Points
Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) | P (kN) M (kNm) P (kN) M P

KL/r=40 0.44 5.9 1441.0 8.1 1535.9 0.73 0.94
KL/r=80 0.97 15.9 990.0 331 1053.0 0.48 0.94
KL/r=120 1.00 29.5 497.0 42.4 531.0 0.70 0.94
KL/r=160 1.00 33.6 312.0 42.4 315.3 0.79 0.99
KL/r=200 1.00 36.3 194.0 42.4 204.0 0.86 0.95
max 0.86 0.99
min 0.48 0.94
average 0.71 0.95
standard deviation 0.14 0.02

Table 3-56 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x26-Imperfection "c"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

Th M (kNm) P (kN) M (kNm) P (kN) M P
KL/r=40 0.44 5.9 1441.0 9.1 1561.0 0.65 0.92
KL/r=80 0.97 15.9 990.0 34.7 1018.0 0.46 0.97
KL/r=120 1.00 29.5 497.0 42.4 519.0 0.70 0.96
KL/r=160 1.00 33.6 312.0 42.4 353.0 0.79 0.88
KL/r=200 1.00 36.3 194.0 42.4 194.0 0.86 1.00
max 0.86 1.00
min 0.46 0.88
average 0.69 0.95
standard deviation 0.15 0.05

Table 3-57 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W10x26-Imperfection "d"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) P (kN) M (kNm) P (kN) M P

KL/r=40 0.44 5.9 1441.0 9.3 1561.0 0.63 0.92
KL/r=80 0.97 15.9 990.0 35.8 1007.0 0.44 0.98
KL/r=120 1.00 29.5 497.0 42.4 503.0 0.70 0.99
KL/r=160 1.00 33.6 312.0 42.4 340.0 0.79 0.92
KL/r=200 1.00 36.3 194.0 42.4 174.0 0.86 1.11
max 0.86 1.11
min 0.44 0.92
average 0.68 0.99
standard deviation 0.16 0.08
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I nvestigation of W14x605-Strong Axis Bending

W14x605 strong axis bending analysis results &rstihted Table 3-58, Table 3-59,

Table 3-60 and Table 3-61.

Table 3-58 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W14x605-Imperfection "a"

Intersection Points
Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
t | M(kNm)| P (kN) M (kNm) P (kN) M P

KL/r=40 0.45 839.9 34582.0 1075.1 34392.0 0.78 1.01
KL/r=80 0.87 | 3080.2 | 22262.0 3104.3 24300.0 0.99 0.92
KL/r=120 0.93 | 5305.4 | 11154.0 5524.9 12936.0 0.96 0.86
KL/r=160 1.00 | 6083.6 6787.0 6613.7 7686.0 0.92 0.88
KL/r=200 1.00 | 6442.6 4400.0 7239.6 4668.0 0.89 0.94
max 0.99 1.01

min 0.78 0.86

average 0.91 0.92

standard deviation 0.08 0.06

Table 3-59 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W14x605-Imperfection "b"

Intersection Points
Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
Th M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.45 839.9 34582.0 1099.2 34276.0 0.76 1.01
KL/r=80 0.87 | 3080.2 | 22262.0 3304.1 24000.0 0.93 0.93
KL/r=120 0.93 | 5305.4 | 11154.0 5587.9 12632.0 0.95 0.88
KL/r=160 1.00 | 6083.6 6787.0 6652.7 7498.0 0.91 0.91
KL/r=200 1.00 | 6442.6 4400.0 7175.3 4978.0 0.90 0.88
max 0.95 1.01
min 0.76 0.88
average 0.89 0.92
standard deviation 0.07 0.05
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Table 3-60 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W14x605-Imperfection "c"

Table 3-61 Comparison of AISC360-10 DM & EC3 Strong Axis BemgliCapacities
with W14x605-Imperfection "d"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

™ M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.45 839.9 34582.0 1129.9 31128.0 0.74 1.11
KL/r=80 0.87 3080.2 | 22262.0 3386.3 23248.0 0.91 0.96
KL/r=120 0.93 5305.4 | 11154.0 5608.3 12534.0 0.95 0.89
KL/r=160 1.00 6083.6 6787.0 6694.6 7296.0 0.91 0.93
KL/r=200 1.00 6442.6 4400.0 7121.8 5236.0 0.90 0.84
max 0.95 1.11
min 0.74 0.84
average 0.88 0.95
standard deviation 0.08 0.10

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

™ M (kNm) | P (kN) M (kNm) P (kN) M [
KL/r=40 0.45 839.9 34582.0 1161.8 33974.0 0.72 1.02
KL/r=80 0.87 3080.2 22262.0 3557.6 22422.0 0.87 0.99
KL/r=120 0.93 5305.4 | 11154.0 5621.5 12470.0 0.94 0.89
KL/r=160 1.00 6083.6 6787.0 6647.7 7522.0 0.92 0.90
KL/r=200 1.00 6442.6 4400.0 7179.8 4922.0 0.90 0.89
max 0.94 1.02
min 0.72 0.89
average 0.87 0.94
standard deviation 0.09 0.06

I nvestigation of W14x605-Weak Axis Bending

W14x605 weak axis bending analysis results arstithied Table 3-62, Table 3-63,

Table 3-64 and Table 3-65.
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Table 3-62 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W14x605-Imperfection "a"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.48 400.3 34728.0 640.1 36646.0 0.63 0.95
KL/r=80 0.96 1379.7 | 23500.0 2557.6 25192.0 0.54 0.93
KL/r=120 1.00 2495.7 12125.0 3569.7 13132.0 0.70 0.92
KL/r=160 1.00 2982.0 6976.0 3688.7 7430.0 0.81 0.94
KL/r=200 1.00 3159.0 4549.0 3688.7 4758.0 0.86 0.96
max 0.86 0.96
min 0.54 0.92
average 0.71 0.94
standard deviation 0.13 0.01

Table 3-63 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W14x605-Imperfection "b"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

th M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.48 400.3 34728.0 683.2 36438.0 0.59 0.95
KL/r=80 0.96 1379.7 | 23500.0 2616.3 24722.0 0.53 0.95
KL/r=120 1.00 2495.7 | 12125.0 3587.1 12692.0 0.70 0.96
KL/r=160 1.00 2982.0 6976.0 3688.7 7390.0 0.81 0.94
KL/r=200 1.00 3159.0 4549.0 3688.7 4396.0 0.86 1.03
max 0.86 1.03
min 0.53 0.94
average 0.69 0.97
standard deviation 0.14 0.04

Table 3-64 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W14x605-Imperfection "c"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.48 400.3 34728.0 698.9 36362.0 0.57 0.96
KL/r=80 0.96 1379.7 | 23500.0 2675.2 24238.0 0.52 0.97
KL/r=120 1.00 2495.7 | 12125.0 3592.3 12552.0 0.69 0.97
KL/r=160 1.00 2982.0 6976.0 3688.7 7082.0 0.81 0.99
KL/r=200 1.00 3159.0 4549.0 3688.7 4376.0 0.86 1.04
max 0.86 1.04
min 0.52 0.96
average 0.69 0.98
standard deviation 0.15 0.03
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Table 3-65 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W14x605-Imperfection "d"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.48 400.3 34728.0 675.1 35276.6 0.59 0.98
KL/r=80 0.96 1379.7 | 23500.0 2746.6 23632.0 0.50 0.99
KL/r=120 1.00 2495.7 | 12125.0 3599.8 12346.0 0.69 0.98
KL/r=160 1.00 2982.0 6976.0 3688.6 7468.0 0.81 0.93
KL/r=200 1.00 3159.0 4549.0 3657.8 4756.0 0.86 0.96
max 0.86 0.99
min 0.50 0.93
average 0.69 0.97
standard deviation 0.15 0.02

I nvestigation of W18x192-Strong Axis Bending

W18x192 strong axis bending analysis results &ustrated Table 3-66, Table 3-67,
Table 3-68 and Table 3-69.

Table 3-66 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W18x192-Imperfection "a"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

w |[M(kNm)| P(kN) M (kNm) P (kN) M P
KL/r=40 0.43 304.7 10865.0 366.6 10972.0 0.83 0.99
KL/r=80 0.92 955.0 7368.0 1125.8 7707.0 0.85 0.96
KL/r=120 0.99 1720.4 3738.0 1952.8 4150.0 0.88 0.90
KL/r=160 1.00 2047.5 2131.0 2348.6 2448.0 0.87 0.87
KL/r=200 1.00 2113.0 1497.0 2496.9 1485.0 0.85 1.01
max 0.88 1.01
min 0.83 0.87
average 0.86 0.95
standard deviation 0.02 0.06
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Table 3-67 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W18x192-Imperfection "b"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) | P (kN) M (kNm) P (kN) M P

KL/r=40 0.43 304.7 10865.0 363.8 10984.0 0.84 0.99

KL/r=80 0.92 955.0 7368.0 1136.9 7659.0 0.84 0.96

KL/r=120 0.99 1720.4 3738.0 1958.9 4124.0 0.88 0.91

KL/r=160 1.00 2047.5 2131.0 2349.8 2443.0 0.87 0.87

KL/r=200 1.00 2113.0 1497.0 2496.9 1750.0 0.85 0.86

max 0.88 0.99

min 0.84 0.86

average 0.85 0.92

standard deviation 0.02 0.06

Table 3-68 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W18x192-Imperfection "c"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
th M (kNm) | P (kN) M (kNm) P (kN) M P

KL/r=40 0.43 304.7 10865.0 382.8 10902.0 0.80 1.00
KL/r=80 0.92 955.0 7368.0 1168.8 7522.0 0.82 0.98
KL/r=120 0.99 1720.4 3738.0 1967.3 4088.0 0.87 0.91
KL/r=160 1.00 2047.5 2131.0 2364.9 2378.0 0.87 0.90
KL/r=200 1.00 2113.0 1497.0 2496.9 1449.0 0.85 1.03
max 0.87 1.03

min 0.80 0.90

average 0.84 0.96

standard deviation 0.03 0.06

Table 3-69 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities with W18x192-Imperfection "d"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
W | M(kNm)| P(kN) M (kNm) P (kN) M P

KL/r=40 0.43 304.7 10865.0 394.7 10851.0 0.77 1.00

KL/r=80 0.92 955.0 7368.0 1229.5 7261.0 0.78 1.01

KL/r=120 0.99 1720.4 3738.0 1995.6 3990.0 0.86 0.94

KL/r=160 1.00 2047.5 2131.0 2377.0 2326.0 0.86 0.92

KL/r=200 1.00 2113.0 1497.0 2496.9 1407.0 0.85 1.06

max 0.86 1.06

min 0.77 0.92

average 0.82 0.99

standard deviation 0.05 0.06
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I nvestigation of W18x192-Weak Axis Bending

W18x192 weak axis bending analysis results arstitied Table 3-70, Table 3-71,
Table 3-72 and Table 3-73.

Table 3-70 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W18x192-Imperfection "a"

Intersection Points

Case Study | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

th M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 96.6 10630.0 130.7 11634.0 0.74 0.91
KL/r=80 0.92 270.5 7170.0 511.3 7989.0 0.53 0.90
KL/r=120 1.00 463.3 3736.0 671.0 3999.0 0.69 0.93
KL/r=160 1.00 551.5 2128.0 672.2 2293.0 0.82 0.93
KL/r=200 1.00 586.9 1353.0 672.2 1509.0 0.87 0.90
max 0.87 0.93
min 0.53 0.90
average 0.73 0.91
standard deviation 0.13 0.02

Table 3-71 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W18x192-Imperfection "b"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 96.6 10630.0 141.1 11556.0 0.68 0.92
KL/r=80 0.92 270.5 7170.0 524.2 7810.0 0.52 0.92
KL/r=120 1.00 463.3 3736.0 671.1 3993.0 0.69 0.94
KL/r=160 1.00 551.5 2128.0 672.2 2250.0 0.82 0.95
KL/r=200 1.00 586.9 1353.0 672.2 1460.0 0.87 0.93
max 0.87 0.95
min 0.52 0.92
average 0.72 0.93
standard deviation 0.14 0.01
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Table 3-72 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W18x192-Imperfection "c"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) [ P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 96.6 10630.0 141.3 11555.0 0.68 0.92
KL/r=80 0.92 270.5 7170.0 531.5 7705.0 0.51 0.93
KL/r=120 1.00 463.3 3736.0 671.8 3852.0 0.69 0.97
KL/r=160 1.00 551.5 2128.0 672.2 2268.0 0.82 0.94
KL/r=200 1.00 586.9 1353.0 672.2 1419.0 0.87 0.95
max 0.87 0.97
min 0.51 0.92
average 0.72 0.94
standard deviation 0.14 0.02

Table 3-73 Comparison of AISC360-10 DM & EC3 Weak Axis Bending
Capacities with W18x192-Imperfection "d"

Intersection Points

Case Study AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO

T M (kNm) | P (kN) M (kNm) P (kN) M P
KL/r=40 0.43 96.6 10630.0 143.7 11537.0 0.67 0.92
KL/r=80 0.92 270.5 7170.0 556.1 7332.0 0.49 0.98
KL/r=120 1.00 463.3 3736.0 672.1 3731.0 0.69 1.00
KL/r=160 1.00 551.5 2128.0 672.2 2206.0 0.82 0.96
KL/r=200 1.00 586.9 1353.0 672.2 1367.0 0.87 0.99
max 0.87 1.00
min 0.49 0.92
average 0.71 0.97
standard deviation 0.15 0.03

Discussion for Effect of EC3 Imperfectionsfor Different Cross Sections

Above tables show the comparison of AISC360 DM &fd3 capacities with
different imperfection values. As it has been nmwmed in Section 3.4, 3.5, 3.6 and

3.7, EC3 initial bow imperfection values are detewd depending on flange
thickness an% ratio of the section.Analysis that were perfornmed&ection 3.8, are

illustrated with maximum, minimum, average anchdtd deviation values in order

to show the behaviour of each cross section Whlbrtgél values.

Starting with W10x60 strong axis and weak bendiages, the most consistent
results were obtained with imperfectibypwhich is%0 = % Table 3-43 and Table 3-

47 show that, maximum, minimum and average P-Mosatire the most favorable
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results comparing to other tables. According tol@ab2, suggested imperfection
value for W10x60 strong axis bending is imperfattio For this reason, results are
favorable with suggested imperfection value. On dheer hand, there is no major

difference between weak axis bending capacitiesiodd with other imperfections.

For W10x26 strong axis and weak bending casesib& consistent results were
obtained with imperfectio, which is %0 = 510 Table 3-43 and Table 3-47 show

that, maximum, minimum and average P-M ratios &ee most favorable results
comparing to other tables. In addition to thisestdd imperfection value for strong
axis bending that provide criteria mentioned abisvie. For this reason, results are
suitable with suggested imperfection value. On dbieer hand, there is no major
difference between weak axis bending capacitiesiodd with other imperfections.

For W14x605 imperfection value that must be usadstoong axis bending id.

Results show that, the most consistent capacitjosratvere obtained from

. . . 1 1 1
imperfection a, b and ¢, which are 22 =— 2 = _— and 2 = —. Standard
L 300" L 250 L 200

deviations of Table 3-58, Table 3-59 and Table Z&@&Lmore uniform comparing to
results shown in Table 3-60. For weak axis bendamglysis were performed with
the initial bow imperfection ofd. Statistical parameters show that, the most
1

reasonable results were obtained with imperfediaich is equal to—

Finally, there is no major difference between WI1BX1strong axis and weak
bending analysis results. Maximum, minimum and agervalues are close to each
other. Therefore, any imperfection value can beduse come at the capacities
offered by AISC360.

General Evaluation of EC3 Bow I mperfections

In this part, each imperfection value isevaluatgdtdking into consideration all
sections with all slenderness ratios. For theahtiow imperfection values @ b, ¢
andd, maximum, minimum, average and standard deviatadnes were determined

to make a comparison between axial and flexurahcéps.
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Strong Axis Bending

Table 3-74, Table 3-75, Table 3-76 and Table 3-A@ws strong axis bending
moment and axial compression capacity values thette wobtained from EC3
imperfections ofa, b, c andd respectively. Furthermore, an overall comprasibn o
strong axis bending of EC8 b, c andd imperfections with W10x60, W10x26,
W14x605 and W18x192 cross sections is presentédbie 3-78.

Table 3-74 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities-Imperfection "a"

| Intersection Points
Case Study cpc::f:\:: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
w | M(kNm) P (kN) M (kNm) P (kN) M P

KL/r=40 W10x60 [0.39 60.9 3326.0 62.6 3411.0 0.97 0.98
KL/r=40 W10x26 |[0.40 24.4 1442.0 25.6 1496.0 0.95 0.96
KL/r=40 W14x605 [0.45 839.9 34582.0 1075.1 34392.0 0.78 1.01
KL/r=40 W18x192 [0.43 304.7 10865.0 366.6 10972.0 0.83 0.99
KL/r=80 W10x60 [0.95 157.4 2335.0 194.9 2328.0 0.81 1.00
KL/r=80 W10x26 [0.91 67.0 979.0 83.3 1042.0 0.80 0.94
KL/r=80 W14x605 [0.87| 3080.2 22262.0 3104.3 24300.0 0.99 0.92
KL/r=80 W18x192 [0.92 955.0 7368.0 1125.8 7707.0 0.85 0.96
KL/r=120 W10x60 |[1.00 289.6 1185.0 319.7 1280.0 0.91 0.93
KL/r=120 W10x26 |[1.00 121.4 507.0 141.4 567.0 0.86 0.89
KL/r=120 W14x605 |0.93 5305.4 11154.0 55249 12936.0 0.96 0.86
KL/r=120 W18x192 [0.99|] 1720.4 3738.0 1952.8 4150.0 0.88 0.90
KL/r=160 W10x60 |[1.00 344.7 671.0 381.0 772.0 0.90 0.87
KL/r=160 W10x26 |[1.00 145.8 283.0 170.6 330.0 0.85 0.86
KL/r=160 W14x605 [1.00] 6083.6 6787.0 6613.7 7686.0 0.92 0.88
KL/r=160 W18x192 |1.00] 2047.5 2131.0 2348.6 2448.0 0.87 0.87
KL/r=200 W10x60 |1.00 359.4 457.0 416.5 517.5 0.86 0.88
KL/r=200 W10x26 |1.00 153.5 186.0 176.8 210.0 0.87 0.89
KL/r=200 W14x605 |[1.00] 6442.6 4400.0 7239.6 4668.0 0.89 0.94
KL/r=200 W18x192 [1.00f 2113.0 1497.0 2496.9 1485.0 0.85 1.01
max 0.99 1.01
min 0.78 0.86
average 0.88 0.93
standard deviation 0.06 0.05
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Table 3-75 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities-Imperfection "b"

| Intersection Points
Case Study cpt:frirl‘: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
Th M (kNm) | P (kN) M (kNm) P (kN) M P

KL/r=40 W10x60 0.39 60.9 3326.0 61.0 3455.0 1.00 0.96
KL/r=40 W10x26 0.40 24.4 1442.0 26.1 1492.0 0.93 0.97
KL/r=40 W14x605 0.45 839.9 34582.0 1099.2 34276.0 0.76 1.01
KL/r=40 W18x192 0.43 304.7 10865.0 363.8 10984.0 0.84 0.99
KL/r=80 W10x60 0.95 157.4 2335.0 198.0 2350.0 0.79 0.99
KL/r=80 W10x26 0.91 67.0 979.0 84.3 1034.0 0.80 0.95
KL/r=80 W14x605 0.87 3080.2 | 22262.0 3304.1 24000.0 0.93 0.93
KL/r=80 W18x192 0.92 955.0 7368.0 1136.9 7659.0 0.84 0.96
KL/r=120 W10x60 1.00 289.6 1185.0 317.6 1336.0 0.91 0.89
KL/r=120 W10x26 1.00 1214 507.0 142.7 556.0 0.85 0.91
KL/r=120 W14x605 0.93 5305.4 | 11154.0 5587.9 12632.0 0.95 0.88
KL/r=120 W18x192 0.99 1720.4 3738.0 1958.9 4124.0 0.88 0.91
KL/r=160 W10x60 1.00 344.7 671.0 382.1 763.0 0.90 0.88
KL/r=160 W10x26 1.00 145.8 283.0 170.5 331.0 0.86 0.85
KL/r=160 W14x605 1.00 6083.6 6787.0 6652.7 7498.0 0.91 0.91
KL/r=160 W18x192 1.00 2047.5 2131.0 2349.8 2443.0 0.87 0.87
KL/r=200 W10x60 1.00 359.4 457.0 411.7 518.0 0.87 0.88
KL/r=200 W10x26 1.00 153.5 186.0 176.8 222.2 0.87 0.84
KL/r=200 W14x605 1.00 6442.6 4400.0 7175.3 4978.0 0.90 0.88
KL/r=200 W18x192 1.00 2113.0 1497.0 2496.9 1750.0 0.85 0.86
max 1.00 1.01
min 0.76 0.84
average 0.88 0.92
standard deviation 0.06 0.05

Table 3-76 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli

Capacities-Imperfection "c"

| Intersection Points
Case Study i‘::f'l‘:: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
L) M (kNm) | P (kN) M (kNm) P (kN) M P

KL/r=40 W10x60 0.39 60.9 3326.0 63.3 3405.0 0.96 0.98
KL/r=40 W10x26 0.40 24.4 1442.0 26.9 1486.0 0.91 0.97
KL/r=40 W14x605 0.45 839.9 34582.0 1129.9 31128.0 0.74 1.11
KL/r=40 W18x192 0.43 304.7 10865.0 382.8 10902.0 0.80 1.00
KL/r=80 W10x60 0.95 157.4 2335.0 206.3 2220.0 0.76 1.05
KL/r=80 W10x26 0.91 67.0 979.0 86.3 1018.0 0.78 0.96
KL/r=80 W14x605 0.87 3080.2 | 22262.0 3386.3 23248.0 0.91 0.96
KL/r=80 W18x192 0.92 955.0 7368.0 1168.8 7522.0 0.82 0.98
KL/r=120 W10x60 1.00 289.6 1185.0 323.9 1245.0 0.89 0.95
KL/r=120 W10x26 1.00 121.4 507.0 145.4 535.0 0.84 0.95
KL/r=120 W14x605 0.93 5305.4 11154.0 5608.3 12534.0 0.95 0.89
KL/r=120 W18x192 0.99 1720.4 3738.0 1967.3 4088.0 0.87 0.91
KL/r=160 W10x60 1.00 344.7 671.0 385.1 738.0 0.90 0.91
KL/r=160 W10x26 1.00 145.8 283.0 172.0 319.0 0.85 0.89
KL/r=160 W14x605 1.00 6083.6 6787.0 6694.6 7296.0 0.91 0.93
KL/r=160 W18x192 1.00 2047.5 2131.0 2364.9 2378.0 0.87 0.90
KL/r=200 W10x60 1.00 359.4 457.0 417.4 470.0 0.86 0.97
KL/r=200 W10x26 1.00 153.5 186.0 176.8 220.0 0.87 0.85
KL/r=200 W14x605 1.00 6442.6 4400.0 7121.8 5236.0 0.90 0.84
KL/r=200 W18x192 1.00 2113.0 1497.0 2496.9 1449.0 0.85 1.03
max 0.96 1.11
min 0.74 0.84
average 0.86 0.95
standard deviation 0.06 0.07
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Table 3-77 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities-Imperfection "d"

Intersection Points

Case Study i‘:';:‘: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
w | M(kNm)| P(kN) | M (kNm) P (kN) M P

KL/r=40 W10x60 | 039 609 | 33260 67.0 3375.0 0.91 0.99
KL/r=40 W10x26 | 0.0 24 | 14420 282 1476.0 0.87 0.98
KL/r=80 | W14x605| 045 | 8399 | 345820 11618 33974.0 0.72 1.02
KL/r=40 | Wisx192| 043 | 3047 | 108650 | 394.7 10851.0 0.77 1.00
KL/r=80 W10x60 | 095 | 1574 | 23350 2122 2171.0 0.74 1.08
KL/r=80 W10x26 | 0091 670 | 9790 89.9 989.0 0.75 0.99
KL/r=80 | W14x605| 087 | 30802 | 222620 | 35576 224220 0.87 0.99
KL/r=80 | Wisx192| 092 | 9550 | 73680 | 12295 7261.0 0.78 1.01
KL/r=120 | W10x60 | 1.00 | 2896 | 11850 3289 1204.0 0.88 0.98
KL/r=120 | W10x26 | 1.00 | 1204 | 5070 146.0 530.0 0.83 0.96
KL/r=120 | W14x605| 003 | 53054 | 111540 | 56215 124700 0.94 0.89
KL/r=120 | Wisx192]| 009 | 17204 | 37380 | 19956 3990.0 0.86 0.94
KL/r=160 | W10x60 | 1.00 | 3447 | 6710 388.0 714.0 0.89 0.94
KL/r=160 | W10x26 | 1.00 | 1458 | 2830 1725 315.0 0.85 0.90
KL/r=160 | W14x605| 1.00 | 60836 | 6787.0 | 6647.7 7522.0 0.92 0.90
KL/r=160 | Wisx192| 1.00 | 20475 | 21310 | 23770 2326.0 0.86 0.92
KL/r=200 | W10x60 | 1.00 | 3594 | 4570 4158 484.0 0.86 0.94
KL/r=200 | W10x26 | 1.00 | 1535 | 1860 1768 219.9 0.87 0.85
KL/r=200 | W14x605| 1.00 | 64426 | 44000 | 71798 4922.0 0.90 0.89
KL/r=200 | Wisx192]| 1.00 | 2113.0 | 14970 | 2496.9 1407.0 0.85 1.06
max 0.94 1.08
min 0.72 0.85
average 0.85 0.96
standard deviation 0.06 0.06
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Table 3-78 Comparison of AISC360-10 DM & EC3 Strong Axis Bemgli
Capacities-Imperfection "a, b, ¢, d"

Intersection Points

Case Study CP‘::'fT: £C3 Imperfection | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
W | M(kNm)| P(kN) | M (kNm) P (kN) M P
KL/r=30 | W10x60 a 0.39 609 | 33260 | 626 3411.0 0.97 0.98
KL/r=30 | W10x26 a 0.40 244 | 14420 | 256 1496.0 0.95 0.96
KL/r=40 | W14x605 a 045 | 839.9 | 345820 | 10751 34392.0 0.78 1.01
KL/r=30 | W18x192 a 043 | 3047 | 108650 | 366.6 10972.0 0.83 0.99
KL/r=80 | W10x60 a 095 | 1574 | 23350 | 1949 2328.0 0.81 1.00
KL/r=80 | W10x26 a 0.91 670 | 9790 | 833 1042.0 0.80 0.94
KL/r=80 | W14x605 a 0.87 | 3080.2 | 222620 | 31043 24300.0 0.99 0.92
KL/r=80 | W18x192 a 092 | 9550 | 7368.0 | 11258 7707.0 0.85 0.96
KL/r=120 | W10x60 a 100 | 2896 | 11850 | 319.7 1280.0 0.91 0.93
KL/r=120 | W10x26 a 100 | 1214 | 5070 | 1414 567.0 0.86 0.89
KL/r=120 | W14x605 a 093 | 53054 | 11154.0 | 5524.9 12936.0 0.96 0.86
KL/r=120 | W18x192 a 099 | 17204 | 3738.0 | 1952.8 4150.0 0.88 0.90
KL/r=160 | W10x60 a 100 | 3447 | 671.0 | 3810 772.0 0.90 0.87
KL/r=160 | W10x26 a 100 | 1458 | 2830 | 1706 330.0 0.85 0.86
KL/r=160 | W14x605 a 100 | 60836 | 6787.0 | 6613.7 7686.0 0.92 0.88
KL/r=160 | W18x192 a 100 | 20475 | 2131.0 | 23486 2448.0 0.87 0.87
KL/r=200 | W10x60 a 100 | 3594 | 457.0 | 4165 517.5 0.86 0.88
KL/r=200 | W10x26 a 100 | 1535 | 1860 | 1768 210.0 0.87 0.89
KL/r=200 | W14x605 a 100 | 64426 | 4400.0 | 72396 4668.0 0.89 0.94
KL/r=200 | W18x192 a 100 | 21130 | 1497.0 | 2496.9 1485.0 0.85 1.01
KL/r=30 | W10x60 b 039 609 | 33260 | 610 3455.0 1.00 0.96
KL/r=30 | W10x26 b 0.40 244 | 14420 | 261 1492.0 0.93 0.97
KL/r=30 | W14x605 b 045 | 839.9 | 345820 | 1099.2 34276.0 0.76 1.01
KL/r=30 | W18x192 b 043 | 3047 | 108650 | 363.8 10984.0 0.84 0.99
KL/r=80 | W10x60 b 095 | 1574 | 23350 | 1980 2350.0 0.79 0.99
KL/r=80 | W10x26 b 0.91 670 | 9790 | 843 1034.0 0.80 0.95
KL/r=80 | W14x605 b 0.87 | 3080.2 | 222620 | 3304.1 24000.0 0.93 0.93
KL/r=80 | W18x192 b 092 | 9550 | 7368.0 | 1136.9 7659.0 0.84 0.96
KL/r=120 | W10x60 b 100 | 2896 | 11850 | 3176 1336.0 0.91 0.89
KL/r=120 | W10x26 b 100 | 1214 | 5070 | 1427 556.0 0.85 0.91
KL/r=120 | W14x605 b 093 | 53054 | 11154.0 | 5587.9 12632.0 0.95 0.88
KL/r=120 | W18x192 b 099 | 17204 | 3738.0 | 19589 4124.0 0.88 0.91
KL/r=160 | W10x60 b 100 | 3447 | 671.0 | 3821 763.0 0.90 0.88
KL/r=160 | W10x26 b 100 | 1458 | 2830 | 1705 331.0 0.86 0.85
KL/r=160 | W14x605 b 100 | 60836 | 6787.0 | 6652.7 7498.0 0.91 0.91
KL/r=160 | W18x192 b 100 | 20475 | 2131.0 | 23498 2443.0 0.87 0.87
KL/r=200 | W10x60 b 100 | 3594 | 4570 | 4117 518.0 0.87 0.88
KL/r=200 | W10x26 b 100 | 1535 | 1860 | 1768 222.2 0.87 0.84
KL/r=200 | W14x605 b 100 | 64426 | 44000 | 71753 4978.0 0.90 0.88
KL/r=200 | W18x192 b 100 | 21130 | 1497.0 | 2496.9 1750.0 0.85 0.86
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KL/r=40 W10x60 9 0.39 60.9 3326.0 63.3 3405.0 0.96 0.98
KL/r=40 W10x26 c 0.40 24.4 1442.0 26.9 1486.0 0.91 0.97
KL/r=40 W14x605 c 0.45 839.9 34582.0 | 1129.9 31128.0 0.74 1.11
KL/r=40 W18x192 c 0.43 304.7 10865.0 382.8 10902.0 0.80 1.00
KL/r=80 W10x60 c 0.95 157.4 2335.0 206.3 2220.0 0.76 1.05
KL/r=80 W10x26 c 0.91 67.0 979.0 86.3 1018.0 0.78 0.96
KL/r=80 W14x605 c 0.87 3080.2 | 22262.0 | 3386.3 23248.0 0.91 0.96
KL/r=80 W18x192 c 0.92 955.0 7368.0 1168.8 7522.0 0.82 0.98
KL/r=120 W10x60 c 1.00 289.6 1185.0 323.9 1245.0 0.89 0.95
KL/r=120 W10x26 c 1.00 121.4 507.0 145.4 535.0 0.84 0.95
KL/r=120 | W14x605 c 0.93 5305.4 | 11154.0 | 5608.3 12534.0 0.95 0.89
KL/r=120 | W18x192 c 0.99 1720.4 3738.0 1967.3 4088.0 0.87 0.91
KL/r=160 W10x60 c 1.00 344.7 671.0 385.1 738.0 0.90 0.91
KL/r=160 W10x26 c 1.00 145.8 283.0 172.0 319.0 0.85 0.89
KL/r=160 | W14x605 c 1.00 6083.6 6787.0 6694.6 7296.0 0.91 0.93
KL/r=160 | W18x192 c 1.00 2047.5 2131.0 2364.9 2378.0 0.87 0.90
KL/r=200 W10x60 c 1.00 359.4 457.0 417.4 470.0 0.86 0.97
KL/r=200 W10x26 c 1.00 153.5 186.0 176.8 220.0 0.87 0.85
KL/r=200 | W14x605 c 1.00 6442.6 4400.0 7121.8 5236.0 0.90 0.84
KL/r=200 | W18x192 c 1.00 2113.0 1497.0 2496.9 1449.0 0.85 1.03
KL/r=40 W10x60 d 0.39 60.9 3326.0 67.0 3375.0 0.91 0.99
KL/r=40 W10x26 d 0.40 24.4 1442.0 28.2 1476.0 0.87 0.98
KL/r=40 W14x605 d 0.45 839.9 34582.0 | 1161.8 33974.0 0.72 1.02
KL/r=40 W18x192 d 0.43 304.7 10865.0 394.7 10851.0 0.77 1.00
KL/r=80 W10x60 d 0.95 157.4 2335.0 212.2 2171.0 0.74 1.08
KL/r=80 W10x26 d 0.91 67.0 979.0 89.9 989.0 0.75 0.99
KL/r=80 W14x605 d 0.87 3080.2 | 22262.0 | 3557.6 22422.0 0.87 0.99
KL/r=80 W18x192 d 0.92 955.0 7368.0 1229.5 7261.0 0.78 1.01
KL/r=120 W10x60 d 1.00 289.6 1185.0 328.9 1204.0 0.88 0.98
KL/r=120 W10x26 d 1.00 121.4 507.0 146.0 530.0 0.83 0.96
KL/r=120 | W14x605 d 0.93 5305.4 | 11154.0 | 5621.5 12470.0 0.94 0.89
KL/r=120 | W18x192 d 0.99 1720.4 3738.0 1995.6 3990.0 0.86 0.94
KL/r=160 W10x60 d 1.00 344.7 671.0 388.0 714.0 0.89 0.94
KL/r=160 W10x26 d 1.00 145.8 283.0 172.5 315.0 0.85 0.90
KL/r=160 | W14x605 d 1.00 6083.6 6787.0 6647.7 7522.0 0.92 0.90
KL/r=160 | W18x192 d 1.00 2047.5 2131.0 2377.0 2326.0 0.86 0.92
KL/r=200 W10x60 d 1.00 359.4 457.0 415.8 484.0 0.86 0.94
KL/r=200 W10x26 d 1.00 153.5 186.0 176.8 219.9 0.87 0.85
KL/r=200 | W14x605 d 1.00 6442.6 4400.0 7179.8 4922.0 0.90 0.89
KL/r=200 | W18x192 d 1.00 2113.0 1497.0 2496.9 1407.0 0.85 1.06
max 1.00 1.11

min 0.72 0.84

average 0.87 0.94

standard deviation 0.06 0.06

Weak Axis Bending

Weak axis bending moment and axial compressionciigp@alues were shown in
Table 3-79, Table 3-80, Table 3-81 and Table 3Mi&eover, an overall comprasion
of weak axis bending of EC& b, c andd imperfections with W10x60, W10x26,
W14x605 and W18x192 cross sections is presentédhie 3-83.
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Table 3-79 Comparison of AISC360-10 DM & EC3 Capacities-Impetion "a"

Intersection Points

Case Study i‘:t’;:: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
Lt M (kNm) P (kN) M (kNm) P (kN) M P

KL/r=40 W10x60 |0.47 24.9 3389.0 34.2 3653.0 0.73 0.93
KL/r=40 W10x26 |0.44 5.9 1441.0 8.6 1569.0 0.69 0.92
KL/r=40 W14x605 |0.48 400.3 34728.0 640.1 36646.0 0.63 0.95
KL/r=40 W18x192 [0.43 96.6 10630.0 130.7 11634.0 0.74 0.91
KL/r=80 W10x60 |0.90 84.1 2175.0 144.7 2458.0 0.58 0.88
KL/r=80 W10x26 |0.97 15.9 990.0 34.0 1079.0 0.47 0.92
KL/r=80 W14x605 |0.96 1379.7 23500.0 2557.6 25192.0 0.54 0.93
KL/r=80 W18x192 |0.92 270.5 7170.0 511.3 7989.0 0.53 0.90
KL/r=120 W10x60 |1.00 133.3 1211.0 195.0 1234.0 0.68 0.98
KL/r=120 W10x26 |1.00 29.5 497.0 42.4 535.0 0.70 0.93
KL/r=120 W14x605 [1.00| 2495.7 12125.0 3569.7 13132.0 0.70 0.92
KL/r=120 W18x192 |1.00 463.3 3736.0 671.0 3999.0 0.69 0.93
KL/r=160 W10x60 |1.00 161.3 677.0 197.7 716.0 0.82 0.95
KL/r=160 W10x26 |1.00 33.6 312.0 42.4 369.0 0.79 0.85
KL/r=160 W14x605 |1.00] 2982.0 6976.0 3688.7 7430.0 0.81 0.94
KL/r=160 W18x192 |1.00 551.5 2128.0 672.2 2293.0 0.82 0.93
KL/r=200 W10x60 |1.00 170.8 439.0 197.7 472.0 0.86 0.93
KL/r=200 W10x26 |1.00 36.3 194.0 42.4 215.0 0.86 0.90
KL/r=200 W14x605 |[1.00f 3159.0 4549.0 3688.7 4758.0 0.86 0.96
KL/r=200 W18x192 |1.00 586.9 1353.0 672.2 1509.0 0.87 0.90
max 0.87 0.98
min 0.47 0.85
average 0.72 0.92
standard deviation 0.12 0.03

Table 3-80 Comparison of AISC360-10 DM & EC3 Capacities-Impetion "b"

Intersection Points

Case Study i:tjf:?: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
W | M(kNm)| P (kN) M (kNm) P (kN) ™M P

KL/r=30 | W10x60 | 047 249 | 33890 355 3642.0 0.70 0.3
KL/r=30 | Wi0x26 | 044 59 | 14410 8.1 1535.9 073 0.94
KL/r=30 | W14x605| 048 | 4003 | 347280 683.2 36438.0 059 0.95
KL/r=30 | W18x192| 043 96.6 | 10630.0 1411 11556.0 0.68 0.92
KL/r=80 | W10x60 | 0.90 841 | 2175.0 147.4 2417.0 057 0.90
KL/r=80 | wiox26 | 097 159 | 990.0 331 1053.0 0.48 0.94
KL/r=80 | W14x605| 096 | 1379.7 | 235000 2616.3 24722.0 053 0.95
KL/r=80 | W18x192| 092 | 2705 | 7170.0 5242 7810.0 0.52 0.92
KL/r=120 | W10x60 | 1.00 | 1333 | 12110 1955 1201.0 0.68 1.01
KL/r=120 | Wi0ox26 | 1.00 295 | 4970 424 531.0 0.70 0.94
KL/r=120 |W14x605| 1.00 | 24957 | 121250 3587.1 12692.0 0.70 0.96
KL/r=120 |W18x192| 1.00 | 4633 | 3736.0 6711 3993.0 0.69 0.94
KL/r=160 | W10x60 | 1.00 | 1613 | 677.0 197.7 700.0 0.82 0.97
KL/r=160 | W10x26 | 1.00 336 | 3120 424 3153 0.79 0.99
KL/r=160 |W14x605| 1.00 | 2982.0 | 6976.0 3688.7 7390.0 0.81 0.94
KL/r=160 |W18x192| 1.00 | 5515 | 21280 6722 2250.0 0.82 0.95
KL/r=200 | W10x60 | 1.00 | 1708 | 439.0 197.7 459.0 0.86 0.96
KL/r=200 | Wi0ox26 | 1.00 363 | 1940 424 204.0 0.86 0.95
KL/r=200 | W14x605| 1.00 | 3159.0 | 4549.0 3688.7 4396.0 0.86 1.03
KL/r=200 |W18x192| 1.00 | 5869 | 1353.0 6722 1460.0 087 0.93
max 0.87 1.03
min 0.48 0.90
average 0.71 0.95
standard deviation 0.12 0.03
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Table 3-81 Comparison of AISC360-10 DM & EC3 Capacities-Impetion "c"

Column Intersection Points
Case Study Profile AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
T M (kNm) | P (kN) M (kNm) P (kN) M P

KL/r=40 W10x60 0.47 24.9 3389.0 38.6 3612.0 0.65 0.94
KL/r=40 W10x26 0.44 5.9 1441.0 9.1 1561.0 0.65 0.92
KL/r=40 W14x605 0.48 400.3 34728.0 698.9 36362.0 0.57 0.96
KL/r=40 W18x192 0.43 96.6 10630.0 141.3 11555.0 0.68 0.92
KL/r=80 W10x60 0.90 84.1 2175.0 148.4 2375.0 0.57 0.92
KL/r=80 W10x26 0.97 15.9 990.0 34.7 1018.0 0.46 0.97
KL/r=80 W14x605 0.96 1379.7 | 23500.0 2675.2 24238.0 0.52 0.97
KL/r=80 W18x192 0.92 270.5 7170.0 531.5 7705.0 0.51 0.93
KL/r=120 W10x60 1.00 133.3 1211.0 192.4 1258.0 0.69 0.96
KL/r=120 W10x26 1.00 29.5 497.0 42.4 519.0 0.70 0.96
KL/r=120 W14x605 1.00 2495.7 | 12125.0 3592.3 12552.0 0.69 0.97
KL/r=120 W18x192 1.00 463.3 3736.0 671.8 3852.0 0.69 0.97
KL/r=160 W10x60 1.00 161.3 677.0 196.2 724.0 0.82 0.94
KL/r=160 W10x26 1.00 33.6 312.0 42.4 353.0 0.79 0.88
KL/r=160 W14x605 1.00 2982.0 6976.0 3688.7 7082.0 0.81 0.99
KL/r=160 W18x192 1.00 551.5 2128.0 672.2 2268.0 0.82 0.94
KL/r=200 W10x60 1.00 170.8 439.0 197.1 465.0 0.87 0.94
KL/r=200 W10x26 1.00 36.3 194.0 42.4 194.0 0.86 1.00
KL/r=200 W14x605 1.00 3159.0 4549.0 3688.7 4376.0 0.86 1.04
KL/r=200 W18x192 1.00 586.9 1353.0 672.2 1419.0 0.87 0.95
max 0.87 1.04
min 0.46 0.88
average 0.70 0.95
standard deviation 0.13 0.03

Table 3-82 Comparison of AISC360-10 DM & EC3 Capacities-Impetion "d"

Intersection Points

Case Study CP‘::;T: AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
® | M(kNm)| P(kN) | M (kNm) P (kN) M P

KL/r=40 W10x60 | 047 249 | 33890 388 3614.0 0.64 0.94
KL/r=40 W10x26 | 0.4 59 | 14410 93 1561.0 0.63 0.92
KL/r=80 | W14x605| 048 | 4003 | 347280 | 6751 35276.6 0.59 0.98
KL/r=a0 | wisx192| 0.3 9.6 | 106300 | 1437 11537.0 0.67 0.92
KL/r=80 W10x60 | 0.90 841 | 21750 1534 2340.0 0.55 0.93
KL/r=80 W10x26 | 097 159 | 9900 35.8 1007.0 0.44 0.98
KL/r=80 | W14x605| 096 | 1379.7 | 235000 | 274656 23632.0 0.50 0.99
KL/r-80 | wisx192| 092 | 2705 | 71700 556.1 7332.0 0.49 0.98
KL/r=120 | W10x60 | 1.00 | 1333 | 12110 1957 1185.0 0.68 1.02
KL/r=120 | W10x26 | 1.00 295 | 4970 424 503.0 0.70 0.99
KL/r=120 | W14x605| 1.00 | 24957 | 121250 3599.8 12346.0 0.69 0.98
KL/r=120 | Wisx192]| 1.00 | 4633 | 37360 672.1 3731.0 0.69 1.00
KL/r=160 | W10x60 | 1.00 | 1613 | 677.0 197.7 682.0 0.82 0.99
KL/r=160 | W10x26 | 1.00 336 | 3120 42.4 340.0 0.79 0.92
KL/r=160 | W14x605| 1.00 | 2982.0 | 69760 | 368856 7468.0 0.81 0.93
KL/r=160 | Wisx192| 1.00 | 5515 | 21280 672.2 2206.0 0.82 0.96
KL/r=200 | W10x60 | 1.00 | 1708 | 4390 197.7 445.0 0.86 0.99
KL/r=200 | W10x26 | 1.00 363 | 1940 424 174.0 0.86 111
KL/r=200 | W14x605| 1.00 | 3159.0 | 45490 | 36578 4756.0 0.86 0.96
KL/r=200 | Wisx192] 1.00 | 5869 | 13530 6722 1367.0 0.87 0.99
max 0.87 1.11
min 0.44 0.92
average 0.70 0.98
standard deviation 0.13 0.04
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Table 3-83 Comparison of AISC360-10 DM & EC3 Capacities-Impetion

"a, b, c, d"
Col Intersection Points
Case Study P"r:f'i':: £C3 Imperfection | AISC360-10 DM Capacity EC3 Capaciy AISC DM/EC3 RATIO
W | M(kNm)| P(kN) | M (kNm) P (kN) ™ P
KL/r=30 | W10x60 a 047 249 | 33890 | 342 3653.0 0.73 0.93
KL/r=30 | W10x26 a 0.44 59 | 14410 | 86 1569.0 0.69 0.92
KL/r=30 | W14x605 a 048 | 4003 | 347280 | 6401 36646.0 0.63 0.95
KL/r=30 | W18x192 a 043 966 | 106300 | 1307 11634.0 0.74 0.01
KL/r-80 | W10x60 a 0.90 841 | 21750 | 1447 2458.0 0.58 0.88
KL/r-80 | W10x26 a 0.97 159 | 9900 | 340 1079.0 0.47 0.92
KL/r=80 | W14x605 a 006 | 1379.7 | 235000 | 2557.6 25192.0 0.54 0.03
KL/r-80 | W18x192 a 002 | 2705 | 71700 | 5113 7989.0 0.53 0.90
KL/r=120 | W10x60 a 100 | 1333 | 12110 | 1950 1234.0 068 0.8
KL/r=120 | W10x26 a 1.00 295 | 4970 | 424 535.0 0.70 0.93
KL/r=120 | W14x605 a 100 | 24957 | 121250 | 3569.7 131320 0.70 0.92
KL/r=120 | W18x192 a 100 | 4633 | 37360 | 6710 3999.0 0.69 0.93
KL/r=160 | W10x60 a 100 | 1613 | 6770 | 1977 716.0 0.82 0.95
KL/r=160 | W10x26 a 1.00 336 | 3120 | 424 369.0 0.79 0.85
KL/r=160 | W14x605 a 100 | 29820 | 6976.0 | 3688.7 7430.0 0.81 0.94
KL/r=160 | W18x192 a 100 | 5515 | 21280 | 6722 2293.0 0.82 0.03
KL/r=200 | W10x60 a 100 | 1708 | 4390 | 1977 472.0 0.86 0.03
KL/r=200 | W10x26 a 1.00 363 | 1940 | 424 215.0 0.86 0.90
KL/r=200 | W14x605 a 100 | 31590 | 45490 | 3688.7 4758.0 0.86 0.96
KL/r=200 | W18x192 a 100 | 5869 | 13530 | 6722 1509.0 0.87 0.90
KL/r=30 | W10x60 b 0.47 249 | 33890 | 355 3642.0 0.70 0.93
KL/r=30 | W10x26 b 0.44 59 | 14410 | 81 1535.9 0.73 0.94
KL/r=30 | W14x605 b 048 | 4003 | 347280 | 6832 36438.0 0.59 0.95
KL/r=30 | W18x192 b 043 966 | 106300 | 1411 11556.0 0.68 0.92
KL/r=80 | W10x60 b 0.90 841 | 21750 | 1474 2417.0 0.57 0.90
KL/r=80 | W10x26 b 0.97 159 | 9900 | 331 1053.0 0.48 0.94
KL/r=80 | W14x605 b 006 | 1379.7 | 235000 | 2616.3 24722.0 0.53 0.95
KL/r-80 | W18x192 b 002 | 2705 | 71700 | 5242 7810.0 0.52 0.92
KL/r=120 | W10x60 b 100 | 1333 | 1211.0 | 1955 1201.0 0.63 101
KL/r=120 | W10x26 b 1.00 295 | 4970 | 424 531.0 0.70 0.04
KL/r=120 | W14x605 b 100 | 24957 | 121250 | 35871 12692.0 0.70 0.96
KL/r=120 | W18x192 b 100 | 4633 | 37360 | 6711 3993.0 0.69 0.04
KL/r=160 | W10x60 b 100 | 1613 | 6770 | 1977 700.0 0.82 0.97
KL/r=160 | W10x26 b 1.00 336 | 3120 | 424 3153 0.79 0.99
KL/r=160 | W14x605 b 100 | 29820 | 6976.0 | 3688.7 7390.0 0.81 0.94
KL/r=160 | W18x192 b 100 | 5515 | 21280 | 6722 2250.0 0.82 0.95
KL/r=200 | W10x60 b 100 | 1708 | 4390 | 1977 459.0 0.86 0.96
KL/r=200 | W10x26 b 1.00 363 | 1940 | 424 204.0 0.86 0.95
KL/r=200 | W14x605 b 100 | 31590 | 45490 | 3688.7 4396.0 0.86 1.03
KL/r=200 | W18x192 b 100 | 5869 | 13530 | 6722 1460.0 0.87 0.03
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KL/r=40 W10x60 c 0.47 24.9 3389.0 38.6 3612.0 0.65 0.94
KL/r=40 W10x26 [« 0.44 5.9 1441.0 9.1 1561.0 0.65 0.92
KL/r=40 W14x605 c 0.48 400.3 34728.0 698.9 36362.0 0.57 0.96
KL/r=40 W18x192 c 0.43 96.6 10630.0 141.3 11555.0 0.68 0.92
KL/r=80 W10x60 [« 0.90 84.1 2175.0 148.4 2375.0 0.57 0.92
KL/r=80 W10x26 [« 0.97 15.9 990.0 34.7 1018.0 0.46 0.97
KL/r=80 W14x605 c 0.96 1379.7 23500.0 | 2675.2 24238.0 0.52 0.97
KL/r=80 W18x192 [« 0.92 270.5 7170.0 531.5 7705.0 0.51 0.93
KL/r=120 W10x60 [« 1.00 1333 1211.0 192.4 1258.0 0.69 0.96
KL/r=120 W10x26 c 1.00 29.5 497.0 42.4 519.0 0.70 0.96
KL/r=120 W14x605 [« 1.00 2495.7 12125.0 | 3592.3 12552.0 0.69 0.97
KL/r=120 |W18x192 c 1.00 463.3 3736.0 671.8 3852.0 0.69 0.97
KL/r=160 W10x60 c 1.00 161.3 677.0 196.2 724.0 0.82 0.94
KL/r=160 W10x26 c 1.00 33.6 312.0 42.4 353.0 0.79 0.88
KL/r=160 | W14x605 c 1.00 2982.0 6976.0 3688.7 7082.0 0.81 0.99
KL/r=160 |W18x192 c 1.00 551.5 2128.0 672.2 2268.0 0.82 0.94
KL/r=200 W10x60 [« 1.00 170.8 439.0 197.1 465.0 0.87 0.94
KL/r=200 W10x26 [« 1.00 36.3 194.0 42.4 194.0 0.86 1.00
KL/r=200 W14x605 c 1.00 3159.0 4549.0 3688.7 4376.0 0.86 1.04
KL/r=200 W18x192 [« 1.00 586.9 1353.0 672.2 1419.0 0.87 0.95
KL/r=40 W10x60 d 0.47 24.9 3389.0 38.8 3614.0 0.64 0.94
KL/r=40 W10x26 d 0.44 5.9 1441.0 9.3 1561.0 0.63 0.92
KL/r=40 W14x605 d 0.48 400.3 34728.0 675.1 35276.6 0.59 0.98
KL/r=40 W18x192 d 0.43 96.6 10630.0 143.7 11537.0 0.67 0.92
KL/r=80 W10x60 d 0.90 84.1 2175.0 153.4 2340.0 0.55 0.93
KL/r=80 W10x26 d 0.97 15.9 990.0 35.8 1007.0 0.44 0.98
KL/r=80 W14x605 d 0.96 1379.7 | 23500.0 | 2746.6 23632.0 0.50 0.99
KL/r=80 W18x192 d 0.92 270.5 7170.0 556.1 7332.0 0.49 0.98
KL/r=120 W10x60 d 1.00 133.3 1211.0 195.7 1185.0 0.68 1.02
KL/r=120 W10x26 d 1.00 29.5 497.0 42.4 503.0 0.70 0.99
KL/r=120 W14x605 d 1.00 2495.7 12125.0 | 3599.8 12346.0 0.69 0.98
KL/r=120 |W18x192 d 1.00 463.3 3736.0 672.1 3731.0 0.69 1.00
KL/r=160 W10x60 d 1.00 161.3 677.0 197.7 682.0 0.82 0.99
KL/r=160 W10x26 d 1.00 33.6 312.0 42.4 340.0 0.79 0.92
KL/r=160 W14x605 d 1.00 2982.0 6976.0 3688.6 7468.0 0.81 0.93
KL/r=160 W18x192 d 1.00 551.5 2128.0 672.2 2206.0 0.82 0.96
KL/r=200 W10x60 d 1.00 170.8 439.0 197.7 445.0 0.86 0.99
KL/r=200 W10x26 d 1.00 36.3 194.0 42.4 174.0 0.86 1.11
KL/r=200 W14x605 d 1.00 3159.0 4549.0 3657.8 4756.0 0.86 0.96
KL/r=200 W18x192 d 1.00 586.9 1353.0 672.2 1367.0 0.87 0.99
max 0.87 1.11

min 0.44 0.85

average 0.71 0.95

standard deviation 0.13 0.04

According to above tables, there is a minor diffieeebetween flexural moment and
axial compression capacities for strong axis bendasults. Average axial capacity
ratios show that, axial compression capacity appres to one when initial bow
imperfection froma to d. On the other hand, there is no major differenetvben
flexural moment capacities for different imperfectivalues. For major axis bending
imperfection curveb provide the best estimates where the maximum difieg in

axial load capacities is close to one.

Contrary to major axis bending analysis result&lacompression ratios move away
from 1 when initial bow imperfection from to d for weak axis bending. Moreover,

minor axis bending capacities are not as consistemhajor axis bending capacities.
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Standard deviations for minor axis bending momexgacities are always greater
than those obtained for major axis bending momegacities. For minor axis

bending imperfection curvecan as well be used used to estimate the capacitie

90



CHAPTER 4

COMPARISON OF STABILITY APPROACHES OF
AlSC360-10 AND EC3 SPECIFICATIONS
FOR 2D PLANE FRAMES

To extend the study of individual members, stappitovisions of AISC360 and EC3
specifications were applied to two dimensional pldrames in this chapter. Five
different columns that are part of two plane framesre investigated to make
comparison between each method and specificatian. iRdividual member,
effective length factor has been assumed as hidrchapter, effective length factor
of plane frame column was assumed as 3. With theideration of this factor, five
cases were created with slenderness ratios of fcatnenns KL/r = 40, 80, 120, 160,
200 respectively. Similar to analysis carried oat fndividual members, two
dimensional plane frames were analysed by taking @&ccount nonlinear second
order effects. As explained in Chapter 3, each BR:Eysis was performed by taking
into consideration sway-bow loading. Also, AISC3@fovisions mentioned in
Chapter 1 were included in these frames both foMEdnd DM analysis. Base
reactions of axial compression (P) and strong bBgisding moment (M) values are

tabulated for each method in the following parts.

4.1 Case Studies

As can be seen in Figure 4-1, plane frame systemsists of beam and column
members. Considering the effective length factoka8 beam and column lengths
are determined in accordance with the alignmenttaigen for sidesway permitted
system in AISC360. Capacity curve of ELM was formeing K=3. On the other
hand, capacity curve of DM was formed using K=1.
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Application of Notional Loads for Al SC360 and EC3

For analysis related with ELM and C, notional loads arapplied as shown i

Figure 4-1.

Ni=0.002aYi » l » Ni=0.002aYi
— =

Figure 4-1 Loading of Plane Fran with AISC360 provisions

For EC3 analysis, sway and bow imperfections actuded in frame system

illustrated in Figure 4-2 and-3.

Ned Ned
0.005amanNed ;J' J’ » 0.005amanNed
L JA

Figure 4-2 Sway Imperfection Loadir for Plane Fram¢@C3 Direction
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Ned Ned

4Nedeo l l 4Nedeo
L

8Nedeo 8Nedeo

—

Figure 4-3 Bow Imperfection Loadin for Plane FraméEC3 Direction

For each case study, properties lane frame members are shoim Table 4-1. This

table consistsf column profile type, column height, beam profiled beanlength.

Table 4-1 2D Plane Frame Propertiagth W10x6(

Case Study | Column Profile | Column Height | Beam Profile | Beam Length
KL/r =40 W10x60 1.491m HEB160 245n
KL/r =80 W10x60 2981 m HEA140 245n
KL/r =120 W10x60 4472 m HEB120 245n
KL/r =160 W10x60 5.963 m IPE140 245n
KL/r =200 W10x60 7.453 m HEB100 245n

Due to the direction of horizontal loads, it isasi¢hat righisupporthas more critical
P-M capacities thathe othe support. Therefore, P-M reactiongre exported from

right supporias shown in Figure-4.
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—

Figure 4-4 Exported P-M Values

L/
—

Loading values are determined depending on thenweas stated i1AISC360 anc

EC3 specifications. Applied gravity loads, notional dsaand modified stiffness

parameters are preseniadrable «2.

Table 4-2 Strong Axis Bending oading Parametefer AISC360 and EC

AISC Loading Parameters EC L oading Parameters
Applied M odified Stiffness Bow I mperfection
Case Study Applied Ngt?onal Parameters Applied Sway L oads
Axial Force Load Axial Force | Imperfection 4N qeq 8Nqeo KN
P (kN) Ni (kN) Ty El* EA* Ned (kN) Load (kN) eT (kN) EZ (;
KL/r =40 3750 7.5 0.17 0.14 0.80EA 3750 16.24 60.00 80.50
KL/r =80 2800 5.6 0.82 0.66 0.80EA 2800 12.12 44.80 30.05
KL/r =120 1800 3.6 1.0C 0.80 0.80EA 1800 7.37 28.80 12.88
KL/r =160 1200 2.4 1.0C 0.80 0.80EA 1200 4.26 19.20 6.44
KL/r =200 800 1.6 1.0C | 0.80 0.80EA 800 2.54 12.80 3.43

Similar to figures givenn Chapter 3, apacity curves of frame columiase plotted

with respect to axial compressiol, (kN) and strong axis base momen, (kNm).

Graphs includeclosed form solutionELM, DM and EC3 capacity curves wi

related analysis results. - capacity curves with related loading curves

illustrated in Table 4-5, 4-6-4, 4-8 and 4-9 respectively.
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W10x60 KL/r=40 Strong Axis
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Figure 4-5 Strong Axis Interaction Diagram fc;KrrE = 40 W10x60 Column

W10x60 KL/r=80 Strong Axis
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== EC Capacity
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Figure 4-6 Strong Axis Interaction Diagram fgf = 80 W10x60 Column

W10x60 KL/r=120 Strong Axis
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3000 \ AISCDIM Capacity
2500 \\ —— EC Capacity

Pu (ki)

\ —— Closed Form Solution
2000

== _
E [ M-\\ — A1SC DM Loading

1500 — —— g e EC Sway-Bow Loading

1000 ‘K = AISCELIM Capacity

f e | \ —— AISCELM Loading

i T

0 50 100 150 200 250 300 350 400 450

Mu (kNm)

Figure 4-7 Strong Axis Interaction Diagram fgf = 120 W10x60 Column
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W10x60 KL/r=160 Strong Axis
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Axial compression (P) and strong axis bending mdnr{i capacities for each case

and method are presented in following tables.
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Table 4-3 Comparison of AISC360-10 DM & EC3 Strong Axis Ansily Results

Intersection Points
Case Study AISC DM Capacity EC3 Capacity AISC DM/EC3 RATIO
™ | M(kNm)| P (kN) | M(kNm) | P (kN) [\ P
KL/r=40 0.14 14.6 3760.0 18.9 3773.0 0.77 1.00
KL/r=80 0.82| 166.0 2424.0 139.5 2774.0 1.19 0.87
KL/r=120 1.00( 266.1 1533.0 259.0 1783.0 1.03 0.86
KL/r=160 1.00|( 3384 913.0 343.0 1087.0 0.99 0.84
KL/r=200 1.00( 352.1 730.0 374.1 829.0 0.94 0.88

Table 4-4 Comparison of AISC360-10 DM & ELM Strong Axis Analg Results

Intersection Points
Case Study AISC DM Capacity AISC ELM Capacity | AISC DM/ELM RATIO
™ | M(kNm)| P(kN) | M(kNm)| P (kN) M P
KL/r=40 0.14 14.6 3760.0 9.9 3423.0 1.47 1.10
KL/r=80 0.82| 166.0 2424.0 55.4 2174.0 3.00 1.11
KL/r=120 1.00( 266.1 1533.0 47.5 1233.0 5.60 1.24
KL/r=160 1.00( 3384 913.0 59.0 675.0 5.74 1.35
KL/r=200 1.00( 352.1 730.0 41.7 450.0 8.45 1.62

Table 4-5 Comparison of EC3 & AISC360-10 ELM Strong Axis Aysik Results

Intersection Points
Case Study EC3 Capacity AISC ELM Capacity | EC3/AISC ELM RATIO
M (kNm) | P (kN) | M (kNm)| P (kN) M P
KL/r=40 18.9 3773.0 9.9 3423.0 1.91 1.10
KL/r=80 139.5 2774.0 55.4 2174.0 2.52 1.28
KL/r=120 259.0 1783.0 47.5 1233.0 5.45 1.45
KL/r=160 343.0 1087.0 59.0 675.0 5.82 1.61
KL/r=200 374.1 829.0 41.7 450.0 8.98 1.84

In this chapter, W10x60 columns that are part of @Bne frames were studied.
Naturally, slenderness is an important parameter nfi@mbers carrying axial
compression force. Similar to the study carried fart individual member, five

different analysis for each method were perfornedhow how axial compression
capacity changes with increasing slenderness. Té&f8eshows the comparison of
AISC360-10 DM and ECS3 results. For KL/r=40 caseluctm member has the
shortest length among other columns. Therefores tlase is not suitable for
determining bending moment capacity. Except thisecdhere is a consistency

between bending moment capacities. On the othed, here is 10% difference
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between axial compression capacities for K4®, 80, 120, 160 and 200 cases.
Comparison of EC3 and AISC360-10 ELM results aewshin Table 4-4. Results
show that there is no consistency between momeracdsées because ELM always
give smaller moment capacity comparing to otherhogs. As can be seen from P
ratios, there is no consistency between axial cesgion capacities. As mentioned in
section 1.5.4, in order to use ELM for analysig thtio of storey drifts obtained
from second order to first order analysis should lb® greater than 1.5. For the
KL/r=120, 160 and 200 cases, storey drift ratios aré861.3.829 and 1.867
respectively. Due to exceeding the storey driftoréitnitation, KL/r=120, 160 and
200 cases are not suitable to be investigated by.Hinally, comparison of ELM
and DM results were illustrated in Table 4-5. Thexea large difference between
moment capacities. Bending moment ratios increasie KL/r proportionally. As
mentioned in EC3 and ELM comparions, compressigracigy ratio of last three
cases are considerably high. Except these cases]@ad capacities are compatible

with each other.

4.2 Effect of K Factor on Axial Compression Capacity

In order to present the effect of using large diffeclength factor on ELM results, an
additional case was studied by considering K=2dmgaring to individual member
analysis results, there is a difference between &M ELM axial compression
strengths for plane frame columns. However, aiwhtlarge effective length factor
of 3 (compared to 1.0) results in underestimatirgaxial compression resistance of
the beam-column member and the net effect is aeteave interaction check that
exceeds to 1.0. This illustrates that the effectimegth approach may produce
conservative results, but these results are basesl @mparison of internal forces
and resistance terms that are not necessarilysempaive of the actual limit state
behavior of the structure (Surovek A. E., Ziemian[R 2005). Figure 4-10 shows
capacity curves of ELM, DM and EC3 methods.
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P-M results for KL/&=200 case are shown in Table 4-6, 4-7 and 4-8.

Table 4-6 Comparison of AISC360-10 DM & EC3 Strong Axis

Analysis Results fm% = 200 Case for K=2.5

Intersection Points
Case Study AISC DM Capacity EC3 Capacity AISC DM/EC3 RATIO
t | M(kNm)| P(kN) | M(kNm)| P (kN) M P
KL/r=200 |[1.00| 353.98 623 386.67 725 0.92 0.86

Table 4-7 Comparison of AISC360-10 DM & ELM Strong Axis Bendi

Capacities for% = 200 Case for K=2.5

Intersection Points
Case Study AISC DM Capacity AISC ELM Capacity | AISC DM/ELM RATIO
™ | M(kNm)| P(kN) | M(kNm)| P (kN) M P
KL/r=200 |[1.00| 353.98 623 47.43 444 7.46 1.40

Table 4-8 Comparison of EC3 & AISC360-10 ELM Strong Axis Bemgl

Capacities for% = 200 Case for K=2.5

Intersection Points
Case Study EC3 Capacity AISC ELM Capacity | EC3/AISC ELM RATIO
M (kNm)| P (kN) | M (kNm)| P (kN) M P
KL/r=200 386.67 725 47.43 444 8.15 1.63
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Table 4-7 illustrates the capacity values of AIS® @nd ELM for KL/r=200.
Comparing to Table 4-5 KL#200 case, the difference between the axial load
capacity of DM and ELM decreased by 22%. This teslubws that, using relatively

high effective length factors do not give accuragsults in terms of axial
compression capacity.
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CHAPTERS

CONCLUSIONS

5.1 Summary and Concluding Comments

The goal of this thesis is to compare stabilityysimns of AISC360 and EC3

specifications for members under compression.

Effective Length Method is one of the most commamdgd method for determining
axial load capacity of a member. Support conditiand length of the member are
crucial parameters for ELM. In addition to thesergpaeters, AISC360 offers
destabilizing effects on structures namely georcatimperfections. To represent
these geometrical imperfections, notional loadpisliad at each storey of structure in
lateral direction. As mentioned in Chapter 1, thegnitude of notional load is 0.002
times total gravity load at each storey. This valagesponds to maximum permitted
out of plumb ratio which is 1/500 times frame ldngThese parameters strongly
affect axial compression capacity of a member. Nainaxial compression force,P
which is a function of critical stress, effectiangth factor and Euler buckling stress,
determines axial compression capacity of a memibar.axial load and strong or

weak axis bending capacity of a member is deterdmivieh Equations 1-6 and 1-7.

Another method AISC360 indicates is the Direct Asa Method. This method is
more straightforward compared to Effective Lengththbd. Design for stability by
the Direct Analysis Method involves a second-orderalysis, use of reduced
stiffness in the analysis, consideration of initiedperfections (either by direct
modeling of the imperfections or by application raftional loads in the analysis)
under certain circumstances, and strength cheatowiponents using an effective
length factor, K, of unity for members subject torpression. (Nair et al, 2011) DM
eliminates the calculation procedure of effectieegth factor. For all members with

any kind of support conditions, effective lengtletta is considered as K=1. Similar
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to ELM, DM includes geometrical imperfection to tdlbute unstable condition with
notional loads. Moreover, there are modificatioms flexural stiffness and axial
stiffness of the member. It is suggested thattaklsnember properties contributing
to the elastic stiffness be multiplied by 0.8 witie exception of member flexural
rigidities, which should be multiplied by @3 (Griffis and White, 2013). For frames
with slender members, where the governing limitesta elastic instability, the 0.8
stiffness adjustment provides roughly an equivaleatgin of safety for frames as
implied by current design provisions for slenderluoms. For frames with
intermediate or stocky columns, the €).8actor reduces the flexural stiffness to
account for inelastic softening prior to the mensbeyaching their design strength.
The 1, factor is similar to the inelastic stiffness retioie factor implied in the AISC
column curve to account for loss of stiffness urfdgh compression loads, such that
P,>0.5R, and the 0.8 factor accounts for additional safigrunder combined axial
compression and bending. (Deirlein, 2004). Using ¢ffective length factor K=1,
axial load bending moment capacity of a membereterhined with Equation 1-6
and 1-7.

Similar to AISC360, EC3 offers to apply some detitabhg effects to the system.
These effects are stated as imperfections relatdd member production, erection
process and uncertainties in the structural systeitial sway and initial bow

imperfections stand for these destabilizing effestshe structure. As explained in
1.6.3 and 1.6.4, each of them has different parmmeind application methodology
to the system. With the application of sway and howerfections, EC3 permits to
omit buckling check of the compression member. Wiiile major axis bending
capacity of a member is determined with Equatid# Lminor axis bending capacity

is determined with Equations 1-25 and 1-26.

In Chapter 2, two different benchmark problems giwe AISC360 were studied to
verify SAP2000. Benchmark cases were studied twigeoa guideline for modeling
members. According to given loads by AISC360, targean and target base
moments were compared with SAP2000 analysis redaltseach problem. In
absence of axial load cases, target results an®@@XPanalysis results coincide. As

can be seen in Table 2-2 and Table 2-3, error p&age is decreasing when the

102



element is divided into more than one element. &loee, elements were divided
into five elements to obtain small errors when deteing axial load and bending

moment capacities.

In Chapter 3, individual fixed base cantilever mensbwith W10x60, W10x26,
W14x605 and W18x192 sections were investigatedediffe length member of
fixed base columns was considered as K=2. Withaisaimption of this factor, each
member length was determined with related radiugyodition with the slenderness
ratio of members which are KL/r=40, 80, 120, 160 2A0. Each section was studied
according to ELM, DM and EC3 provisions for strasmgs and weak axis bending.
Strong and weak axis bending buckling curve of es@ttion was determined by
using Table 1-2 which is given by EC3. Each metivad compared with each other
with related buckling curve value. Moreover, to @b the changing of axial
compression and bending moment capacities witherdifit imperfections, these
members were studied according to "a, b, c, d"enfgetions respectively.
Furthermore, each EC3 imperfection was comparett witM and DM results.
Totally one hundred sixty members were investigatetl some statistical
conclusions were obtained. As explained in Chapténere is a consistency between
axial load capacities for each method, generalhe Tesults show that, there is no
major difference of axial load and bending momeapacities for different
imperfections given by EC3. Moreover, minor difieces exist in DM and EC3
bending moment capacities. On the other hand, EM#&ys give smaller moment
capacities compared to DM and EC3 capacities.

Column members that are part of two dimensionahg@liames under strong axis
bending were studied in Chapter 4. Column membg@iafe frames is W10x60 and
KL/r are identical with the study of individual méers. Similar procedures
mentioned in Chapter 3 were applied to study ofpkdhe frames. Structural systems
were created by taking consideration the effeclarggth factor as K=3. With the
application of provisions given in AISC360 and EG@ecifications, five plane
frames that have different height of W10x60 coluwere analyzed for each method.
Similar to Chapter 3, compression and bending amalesults are compatible for

DM and EC3 cases. Individual member results shoat, tHavorable axial
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compression capacities have been obtained for DIMEAM when effective length
factor is K=2. For the first two cases of Table,4ere is a considerable difference
between axial compression capacities of DM and EOMis can be explained as
using relatively high effective length factor rdsuis difference between axial load
capacities. For this reason, compression capaaitgsr of EC3/ELM and DM/ELM
are greater than results obtained for individualmmers. The effect of using
relatively high K value was investigated in Sectb8. In this section, analysis of the
KL/r=200 case was repeated by taking into accotfat&ve length factor as K=2.5.
Results show that, difference between axial loapaciies of Direct Analysis
Method and Effective Length Method decreased by.22%

In conclusion, AISC360 and EC3 specifications hdifeerent point of view about
stability concept. Analysis carried out for ELM, Ddhd EC3 show that, there is a
minor difference between axial load capacities.UResshow that, favorable axial
compression capacities were obtained for ELM, DM &C3 methods. However,
ELM gives lower moment capacities when compare®tb and EC3 analysis. For
this reason, comparison of moment capacity ratfoSLd with other methods are
considerably high. Furthermore, studies conducteddifferent EC3 imperfections
show that there is no major difference on P-M cajgscwhen using different bow

imperfection instead of the offered value.

5.2 Recommendations for Future Studies

The investigated topics in this thesis requirebda@xpanded for composite columns
with different geometrical sections. For instanee,comparative study can be
conducted for composite columns with circular smctfor provisions given in
AISC360 and EC3 specifications.

In addition to two dimensional analysis of indivadumember and plane frame, this
study needs to be extended for three dimensionalysin of these systems.
Furthermore, a study of 3D frame with vertical limgcsystems can be carried out to

compare stability provisions of these specificagion
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Finally, this study requires to be expanded with tonsiderations of superposition
of notional loads with other types of lateral loadseh as earthquake and wind loads.
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