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ABSTRACT

P-Delta effects are nonlinear effects that occur in every structure where
flexure is introduced into an axially loaded member. Analysis of P-Delta effects can
be done by direct and indirect method. The indirect method is simpler but it is still
not economical to be implemented, especially on large and complex structures. The
second-order elastic analysis is inadequate to produce safe and economical
structures. Direct method of first- and second-order, elastic and inelastic analysis was
implemented on a 4m wide and 5m height of steel portal frame model by the aid of
MathCAD software. The material nonlinearity was included in second-order inelastic
analysis and the plastic hinge method was applied. The comparison between
interaction equation suggested in ASCE Manual (1971) and BS5950-1 (2000) for
plastic hinge method was also discussed. It was found that as the end moments
increased, the plastic hinges occur easily. Once the member stiffness decreased, the
frame model swayed easier and horizontal displacement increased, simultaneously.
The interaction equation depends on the member force and end moment. The
maximum percentage of difference between factors of moment over plastic moment,
fas suggested in ASCE Manual (1971) and BS5950-1 (2000) is only 14 percent and
it was considered as small. As a result, the fvalue of 1.0, suggested in BS5950-1
(2000) is acceptable, reliable, and suitable to be used in this study. Besides that,
direct method can be used to enhance indirect method because it produced lesser
cross section capacity, which provides lesser safety factor. It was also found that the
horizontal displacement on the frame model was produced without the presence of
vertical load due to the P-Delta effect. The columns are easier to sway as the height
increases. Shorter column is more stable and it fails at higher vertical load compared

to longer column.
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ABSTRAK

Kesan-kesan P-Delta adalah kesan tak lelurus yang berlaku pada setiap
struktur di mana lenturan berlaku pada anggota menanggung beban paksi. Analisis
kesan P-Delta dilakukan menggunakan kaedah langsung dan kaedah tak langsung.
Kaedah tak langsung lebih mudah tetapi tidak ekonomik untuk dilaksanakan
terutamanya pada struktur yang besar dan rumit. Analisis elastik peringkat kedua
sahaja tidak mencukupi untuk menghasilkan struktur yang selamat dan ekonomik.
Analisis elastik dan analisis tidak elastik; peringkat pertama dan kedua menggunakan
kaedah langsung dilakukan terhadap satu model kerangka portal keluli selebar 4m
pada ketinggian 5m berbantukan perisian MathCAD. Ketaklurusan akibat bahan
dimasukkan dalam analisis tidak elastik peringkat kedua dan kaedah engsel plastik
juga diaplikasikan. Perbandingan antara persamaan interaksi yang dicadangkan
dalam Manual ASCE (1971) dan BS5950-1 (2000) untuk kaedah engsel plastik juga
dibincangkan. Hasil kajian mendapati, apabila momen hujung meningkat, engsel
plastik mudah terbentuk. Model kerangka mudah untuk huyung apabila kekukuhan
anggota berkurangan seterusnya meningkatkan anjakan ufuk. Persamaan interaksi
bergantung kepada daya anggota dan momen hujung. Peratusan perbezaan tertinggi
antara faktor momen terhadap momen plastik, fyang dicadangkan dalam Manual
ASCE (1971) dan BS5950-1 (2000) hanya 14 peratus dan ia dianggap kecil.
Kesimpulannya, nilai fcadangan BS5950-1 (2000) iaitu 1.0 adalah boleh diterima,
dipercayai, dan sesuai untuk digunakan dalam kajian ini. Selain itu, kaedah langsung
boleh digunakan bagi meningkatkan kaedah tak langsung kerana ia menghasilkan
keupayaan keratan rentas yang rendah dan turut memberikan faktor keselamatan
yang rendah. Hasil kajian ini juga mendapati bahawa anjakan ufuk pada model
kerangka terhasil tanpa kehadiran beban pugak akibat kesan P-A. Tiang lebih mudah
untuk huyung jika ketinggiannya bertambah. Tiang pendek lebih stabil dan ia gagal
pada nilai beban pugak yang tinggi berbanding tiang langsing.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Researchers nowadays are struggling to find the simplest, accurate, yet
economical structural analysis and design solution as a contribution in the world of
research. As in the traditional method of steel design, as known as indirect method,
the stability check of member was done individually. It is a high time consuming and
less efficient to large and complex structures. Since the demand of that kind of
building significantly increases throughout the years, it is not practical to be
implemented. In contrast, in the checking purposes, traditional method is still

accountable.

P-Delta effect is a nonlinear effect that occurs in every structure where
flexure is introduced into an axially loaded member from the axial force acting
through the side way of the frame and curvature of a member (Christopher and
Hewitt, 2008). There are two types of second-order effects. They are P-A and P-8
effect. P-A effect is considered as the overall structure deflection, whereas P-0 is the
member deflection. To have a simplified way of steel frame structure analysis and
design, second-order effects is usually neglected by ensuring the stiffness and

elements of structure are adequate to withstand the applied loading.



1.2 Problem Statements

P-Delta effect is also known as the second-order effect that applied in the
analysis procedures of traditional design of steel frame, has taken to analyze every
member individually in a structure stated in BS5950-1 (2000). This method is called
indirect method of analysis. Each member requires different design parameters, such
as load factor (magnification factor) and effective length, to incorporate with P-A and
P-3 effects on each member, respectively. In addition, the design parameters of
different members may be various, which basically depend on the restrained
conditions, stiffness of the connected member, combination of loadings along the
member, and the geometric of entire framed structure, etc (Iu et al., 2008). It is
tremendously higher time consumed for the analysis procedures, especially for

complicated and large structures, which behaving elastically and nonlinearly.

In order to have a simplified way of nonlinear analysis procedures, the
indirect method of analysis, which commonly used in the design, is not economical if
to be implemented on large and complex structures. Thus, direct method of analysis
can be the best solution to enhance the indirect method. However, study was done
regarding to direct second-order analysis usually considers the geometric
nonlinearity only, significantly on high-rise and tall building. It called direct second-
order elastic analysis, which was discussed in Oda and Usami (1997) and Iu et al.
(2008) works. It is because the effect of changes in member material properties under
load, known as material nonlinearity, is small if to be compared to the geometrical

changes of the structure when load applied.

Since the application of direct second-order elastic analysis have no provision
for detecting material nonlinearity (McGuire, Gallagher, and Ziemian, 2000),
computation of overall structures, whether tall or short, simple or complicated
structure should take material nonlinearity into consideration in the structural
analysis, in order to have a safe and economic structures. By including the material
nonlinearity, this analysis is known as second-order inelastic analysis of direct
method, where all stiffness matrix of elastic linear, geometric, and material

nonlinearity was included in the member stiffness of the structure.



Besides that, the ASCE Manual (1971) suggested that in the interaction
equation in the process of determining yield locus, the factor of maximum moment
over plastic moment ratio is 0.85, compared to 1.0 as suggested in BS5950-1 (2000).
The value should be discussed and compared because the ASCE Manual (1971)
suggested value commonly implemented in refined plastic hinge method of analysis.
This is important because it is required to determine the location of plastic hinge for
the steel portal frame structures. Since the design and analysis of steel in Malaysia is

based on BS5950-1 (2000), the differences of this factor should be discussed further.

In order to analyze a complex structure using second-order inelastic analysis,
a structural analysis and design software is needed. As an example, STAAD Pro is
suitable to analyze nonlinearity, but it has no function to simulate material
nonlinearity of a structural system in the structural analysis using STAAD Pro. It
only considers linear elastic and the geometric nonlinearity of the analyzed structure.
It shows that structural analysis by the aid of STAAD Pro software application is

inadequate if second-order inelastic analysis is to be considered.

1.3  Objectives of the Study

The objectives of the study are stated as follows

i.  To implement second-order inelastic analysis of direct method on the steel
portal frame structures by the aid of MathCAD software application.
ii.  To compare the result of the cross section capacity between indirect and
direct method analysis of steel portal frame structures.
iii.  To observe the behavior of the stability of steel portal frame structures
analyzed by direct method of second-order elastic analysis using MathCAD

software application.



14 Scope of the Study

In this study, direct method was implemented in the analysis of a simple steel
portal frame structure. The frame model was analyzed by various method of analysis,
such as first-order elastic analysis, second-order elastic analysis, first-order inelastic
analysis, and second-order inelastic analysis. However, the analysis of this study was

only concentrated on the second-order elastic analysis on the frame model.

In the direct method of second-order inelastic analysis, the linear elastic
matrix must be included. For the geometric nonlinearity, the bending moment and
axial force of the steel portal frame. For the material nonlinearity analysis, plastic
hinge method is applied. In the recent work of Kim et al. (2004), the material
nonlinearity considered was by using column research council (CRC) tangent
modulus concept to account for gradual yielding due to residual stresses. However,
they used the yield surface of interaction equation suggested in ASCE Manual
(1971). In this study, the use of BS5950-1 (2000) interaction equation to obtain yield
surface applied in the plastic hinge method. It is because Malaysia utilized BS5950-1

(2000) for the design and analysis of steel structure.

The manual calculation of the analysis was done by using MathCAD software
application. It eases the analysis procedures and minimizes the time consumption for
the analysis of steel portal frame structure using direct method. For the checking
procedures, SAP2000 was applied because it has the function to consider
nonlinearity of both geometric and material for frame model. It can provide the

reliability of the result given by the analysis using MathCAD.



1.5  Significance of the Study

Regarding to structural analysis, as suggested in the traditional design of steel
structures in BS5950-1 (2000), noted that the detailed recommendations for practical
direct application of “second-order” methods of global analysis (based on the final
deformed geometry of the frame) including allowances for geometrical imperfections
and residual stresses, strain hardening, the relationship between member stability and
frame stability and appropriate failure criteria, are beyond the scope of the document,
which where indirect method was implemented. Since the direct second-order
method was not discussed in traditional method, this study may enhance the indirect
method by the analysis done, in order to observe the structural stability of the steel

portal frame structure subjected to various loadings.

Furthermore, the direct method of second-order inelastic analysis consists of
elastic, geometric and material analysis of a structural system. It can predict the
actual behavior of the structure at the deformed stage. In addition, a study done by
Kim et al. (2004) concluded that the analysis can practically account for all factors
influencing steel frame behavior, such gradual yielding associated with flexure, and
residual stresses and second-order effect, which can enhance the analysis and design

of steel structure based on BS5950-1 (2000).

Besides that, this study utilized second-order inelastic analysis based on
plastic hinge method based on BS5950-1 (2000) may ease the future structural
analysis in Malaysia, especially regarding on the nonlinear analysis. Eventually, a

safe and economic steel structure can be produced.



