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Abstract: The portal method is one of the common approximate methods in the analysis of statically
indeterminate structures. This method is used to analyze the frames which subjected to lateral
loadings such as wind, earthquake, and blast loadings. The portal method is still used in the planning
phase of projects, preliminary designs, and quick checking for analysis. In this paper an improvement
is presented to make the portal method analysis more closer to the accurate analysis for one bay
frames. In this work, the analysis by using the finite element method is carried out for a twenty seven
building frames with various numbers of bays and stories. The outputs indicate that some
improvements in the portal method will be useful to make this method more accurate. The
improvements have been written in a new "modified portal method". In order to compare the results
of the analysis after improvement, a typical five frames have been analyzed by using three methods:
namely, portal method, modified portal method (presented in this paper), and the finite element
method via SAP2000 V14. The analysis by using the modified portal method gave more accurate
results than the basic portal method for the multi-story frames with one bay, but didn’t improve the
results for the frames with more than one bay.
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1. Introduction

include the force methods and the displacement methods, and secondly the
approximate methods. The approximate methods are useful in the planning phase of
projects to compare the alternative models, also it is easier for the engineers to use
them in the preliminary designs and quick checking since they are not require the
section properties for the analysis and also to avoid the difficulties and the time
consuming by using the "exact methods". The approximate methods can be used for
various structures such as trusses, beams, and frames. For the frames, there are an
approximate methods for the frames under vertical loadings, and another methods
for those subjected to lateral loadings. For frames subjected to lateral loadings such
as wind loads and earthquake loads, there are two main approximate methods:
namely, the portal and the cantilever methods.

The portal method is still used for the analysis of frames that subjected to lateral
loads. Therefore it is useful to improve the accuracy of this method.

The aim of this paper is to improve the portal method to give more accurate and
more realistic results for the approximate analysis of statically indeterminate frames
subjected to lateral loadings.

Presenting a modified portal method started with careful investigation for the

basic assumptions of portal method by analyzing various frames, which led to more
appropriate assumptions that improve the accuracy of the analysis.
The improvement is based on analyzing various frames under various lateral
loadings by using three methods of analysis: namely, portal method, theproposed
modified portal method, and finite element method (by using the software SAP2000
V14). Outputs for analysis have been selected to be both the member end moments
and external reactions of the frame because of these two outputs give an excellent
indication about the accuracy of each method. Then the selected outputs for both
portal method and modified portal method have been compared with the results
obtained by finite element method to specify the error percentages.Based on error
percentages obtained, conclusions and a new modification for portal method have
been presented in this paper.

2. The Portal Method

The portal frames are generally used in the entrance of bridges, and also used as
parts or stiffeners in various buildings to resist the lateral loadings due to wind,
earthquakes, and other lateral effects [5]. The portal method is an approximate
method for analyzing the statically indeterminate portal frames with fixed supports
and subjected to lateral loads. The portal method was initially presented by A. Smith
in 1915, and it is mostly appropriate for the low building frames [4].

To make the analysis easier, this method is based on two assumptions as follows:
1.The inflection point (the zero moment point on the moment diagram) is located at

the middle of each member (beam and column) of the frame.
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2. For each story of the frame, the interior columns carry twice as much shear as
exterior columns.

The first assumption is based on the general behavior of the single story portal
frame with fixed supports that subjected to lateral force, while the second
assumption is based on an approximation based on replacing the frame by two
adjacent frames (the interior column of the original frame becomes double columns)
in which the interior column represents the effect of two columns and carries twice
the shear force in the exterior column [4].

These two assumptions make the frame analyzable by using the three equations
of equilibrium for the frame and its parts (i.e. the additional compatibility equations
are not needed in the analysis). The above two assumptions make the analysis easier,
but in the same time make it approximated compared with the exact methods.

In 1983, Wang [1] presented an “improved portal method". The improved portal
method replaced the second assumption for the basic portal method by another one,
so that the relation between the shear forces in exterior and interior columns can be
changed. The new assumption based on the manner of distributing the shear forces
in columns, in which for a given story, the shear forces are distributed to the
columns in proportion to the tributary height of the columns.

In 2011, Selvam and Bindhu [2] published a new improvement for the portal
method which named as "Split Frame Method". This method is also replaced the
second assumption for the basic portal method by another assumption based on
developing a relation between the area of the column with its height by splitting
each bay of the frame to be independent portal frame. The area of each column in
the original frame is considered to be proportional to its tributary height.

In this paper a new modification has been presented to improve the basic portal
method for frames with one bay.

3. The Finite Element Models

Doubtless, the analysis by using an accurate method for frame models and then
investigation of the results will lead to the improvement. In this regard, twenty seven
frame models with fixed supports, various numbers of bays and stories, and
subjected to two lateral loading cases have been selected. Each frame model has a
span length of 6 m (c/c), and a story height of 3 m (c/c).

The twenty seven models are named with first capital letter "F" followed by three
numbers; the first number represents the number of bays, the second number
represents the number of stories, and the third number represents the number of
concentrated forces acting on the frame. For example, the model F321 is a frame
with three bays, two stories, and subjected to one concentrated force. A typical
models (F321 and F322 frames) are shown in Fig.1.

Also each frame having more than one story has been analyzed twice: firstly
under a lateral concentrated 10 kN-force at the tip (upper joint) of the frame (loading
case 1), and secondly under a series of concentrated loads each of 10 kN-force at
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each joint in one side of the frame (loading case 2). Fig. 2 shows the loading types
for typical frames.

All models have been analyzed by the common accurate finite element method by
using the SAP2000 V14.

10 kN 10 kN
W} M Hi} | mE] HE] W] m
(a) Frame Model F321 (b) Frame Model F322

Figure 1. Typical Frame Models (Not to scale)

10kN 10kN

10kN

10kN

(a) Single 10 KN - force at the tip (Loading Case 1)  (b) Series of 10 kN — forces (Loading Case 2)

Figure 2. Loading Cases for Typical Frames

4. The Outputs of Finite Element Analysis

Since the two assumptions of the portal method mentioned in section 2 are based
on the locations of the inflection points and the relations between the shear values in
exterior and interior columns, the results for the analyses (by using the finite element
method) especially the moment diagrams for the beams and the columns, and the
shear diagrams for the columns have been investigated to obtain a more realistic and
more accurate assumptions that can improve the portal method.

The moment diagrams for the beams and columns indicate the location of the
inflection points (the points of zero moments in the moment diagrams), while the
shear diagrams indicate the relations between the shear values for the exterior
columns with the interior columns.

The moment diagrams and the shear diagrams for typical frames are shown in
Fig.3 and Fig.4 respectively.
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h = column height

(a) The frame F322

h = column height

(b) The frame F433

Figure 3. Typical Moment Diagrams for the Finite Element Models
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(b) The frame F433
Figure 4. Typical Shear Diagrams for the Finite Element Models
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The location of the inflection point for any column in any story is represented by a
distance measured from the base of the column (the base of the column is considered
to be the point of intersection between the column and the beam centerlines). The
values of the ratios of the distances of the inflection points to the heights of the
columns, and the values of the shear forces multiplied by 0.1 (to give a clear vision
for the results) for the columns are summarized in TablesA-1 throughA-4 (see
Appendix A). In these tables, the first column in the left side of a given story is
numbered as a first column in the tables.

The locations of the inflection points for the beams in all the twenty seven
models are all closed to the middle of each beam. Thus it is not important to present
the values of the inflection points distances for the beams.

After the analysis of the finite element models are completed, a careful
investigation for the results have been undertaken and led to the following two main
notes:

1) The inflection points for the columns in the first story are located
approximately at a distance of two thirds of the columns heights measured from the
base of the column, and the inflection points for the columns in the highest story are
located approximately at a distance of one third of the columns heights measured
from the base of the column. The inflection points for all the beams and columns in
intermediate stories (other than the first and the highest stories) are located
approximately at the middle of the column.

2) For the first story and the highest story, the interior columns carry
approximately 1.2 as much shear as exterior columns.

These two notes are initially considered as new assumptions to test the validity to
improve the analysis by using the portal method.

It can be noticed from Tables A-1 and A-2 that the locations of inflection points
for external columns differ from those for internal columns, but by making a careful
investigation, and for simplicity sake in applying the approximate methods, all
values of the locations for inflection points are rounded to one appropriate value for
each story (i.e. 1/3, 2/3, or 1/2).

An example has been solved based on these proposed two new assumptions.
The analysis results indicate that the second new proposed assumption for the
relation between the interior and the exterior columns (i.e. the interior column
carries 1.2 as much shear as the exterior column) does not applicable since the
results for the analysis gave unbalance structure (the moment equation of
equilibrium did not satisfied in the parts and in the entire structure). Thus this
assumption has been cancelled.

The first proposed assumption can be considered as an applicable assumption. In
the next section, the details for the analysis depending on this new assumption are
illustrated in five examples.
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5. Numerical Examples

Five different frames have been selected to check the suitability of using the new
assumption mentioned in previous section. For each frame, three analyses have been
performed namely: Basic portal method, the modified portal method (based on the
new first assumption, in addition to the second assumption for the shear in basic
portal method), and finally by using the finite element method which can be
considered as an exact method.

5.1. Example 1

The following frame is presented in Ref.[4]. The frame has one story with two
bays and subjected to 60-kN lateral force at the left upper joint. The details of this
frame are shown in Fig.5 below.

60 kN . =
Bm
B —
A

c
} 10m | 10 m |

Figure 5. Portal frame / Example 1. Ref.[4]

5.1.1. Method |

The frame has been analyzed by using the portal method [4]. In this method, an
internal hinge inserted at the middle of each beam and column, and the interior
column (column BE) carried twice as much shear as the exterior column (column
AD or CF) as shown in Fig.6.

60 KN o S GOKN D ;

- - e |
J 1
sn——sn" 5 =

(a)Simplified frame (b) Sectioned frame
(S=shear force in exterior column)

[ =
| F
3 3
..-\.T_Q_ =
]

- |—'im | Sm

Figure 6. Application of the two assumptions for the basic portal method- Example 1. Ref.[4]
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5.1.2. Method Il

The frame has been analyzed by using the modified portal method. In this
method, an internal hinge inserted at the middle of each beam, and at a distance of
two thirds measured from the base of each column (8*2/3=5.33m from the base),
since all columns are in first story. Also, each interior column carried twice as much
shear as the exterior column. The difference between the simplified frame in this
method and that in method 1Fig.6 (a) is the locations of the internal hinges in the
columns. In this method, for each column the location of the internal hinge is 5.33m
measured from the base (or 2.67m measured from the top) as shown in Fig.7.

i 1)
SOKN D 5m 5m £ 5m Sm

2.6fm

5.33m

B

A L
!— 10m | 10 m I.

Figure 7. Application of the two assumptions for the modified portal method. The figure is
modified from Figure 5.

5.1.3. Method 111

The frame has been analyzed by using the finite element method via SAP2000
V14. The values of the member end moments, and the error percentages for the
portal method and the modified portal method compared with the finite element
method are summarized in Table 1.

Table 1. The member end moments and error percentages / Example 1

Values of member end moments Error (%)
Member end moments compared with the finite

(kN.m) element method
Portal Modified Finite Portal Modified
method portal element method portal
method method method

Map -60 -80 -87.21 31.2 8.3
Mpa -60 -40 -57.57 4.2 30.5
Mpe 60 40 57.57 4.2 30.5
Mep 60 40 44.59 34.6 10.3
Mge -120 -160 -102.44 17.1 56.2
Mes -120 -80 -89.00 34.8 10.1
Mer 60 40 44.41 35.1 11.0
Mee 60 40 57.19 49 30.0
Mcr -60 -80 -86.6 30.1 7.6
Mec -60 -40 -57.19 4.9 30
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The values of the base reaction forces at the points A, B, and C in vertical and
horizontal directions, and the error percentages for the portal method and the
modified portal method compared with the finite element method are summarized in
Table2.

Table 2. The reactions and error percentages / Example 1

Error (%)
Reactions Values of reaction compared with the
forces (kKN) finite element
method
Portal Modified Finite Portal Modified
method portal element  method portal
method  method method
Ay -12 -8 -10.22 17.4 21.7
Ay -15 -15 -18.10 17.1 17.1
By 0 0 0 0 0
By -30 -30 -23.93 25.4 25.4
Cy 12 8 10.12 18.6 20.9
Cq -15 -15 -17.97 16.5 16.5
5.2. Example 2

The frame in this example is presented in Ref.[5]. The frame has two stories with
two bays. The details of this frame are shown in Fig.8 below.

G R
20 kN =————p-1 A

H
O I"
, M E i
K L 6m

S I
_—— —
N

-

c
&m

| Sm

Figure 8. Portal frame / Example 2. Ref.[5]

In the analysis by using the "modified portal method”, an internal hinge inserted
at the middle of each beam, at a distance of two thirds measured from the base (4 m)
of each column in first story, and at a distance of one third measured from the base
(5/3= 1.67 m) of each column in second story (highest story) . Also, each interior
column carried twice as much shear as the exterior column.
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The values for a selective member end moments, and the error percentages for the
portal method and the modified portal method compared with the finite element
method are summarized in Table 3.

Table 3. The member end moments and error percentages / Example 2

Member Error (%)
Values of member end compared with the
end T
moments (kKN.m) finite element
moments
method
Portal Modified Finite Portal ~ Modified
method portal element  method portal
method  method method
Map -37.5 -50 -57.46 34.7 13.0
Mba -37.5 -25 -36.59 2.5 31.7
Mbe -12.5 -8.36 -4.23 1955 97.6
Map -12.5 -16.64 -18.1 30.9 8.1
Mpe 50 33.36 40.95 22.1 18.5
Mgh 12.5 16.64 18.1 30.9 8.1
Mge -75 -100 -63.38 18.3 57.8
Mce -375 -50 -56.93 34.1 12.2

The values of the base reaction forces at the points A, B, and C in vertical and
horizontal directions, and the error percentages for the portal method and the
modified portal method compared with the finite element method are summarized in
Table 4.

Table 4. The reactions and error percentages / Example 2.

Error (%)
Reactions Values of reaction compared with the
forces (kN) finite element
method
Portal  Modified Finite Portal  Modified
method portal  element method portal
method  method method
Ay -15.63 -12.5 -13.89 12.5 10.0
Ay -12.5 -12.5 -15.70 20.4 20.4
By 0 0 0 0 0
By -25 -25 -18.77 33.2 33.2
Cv 15.63 12.5 13.89 12.5 10.0
Ch -12.5 -12.5 -15.54 19.6 19.6
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5.3 Example 3

The frame in this example has one story with one bay. The height is 6m and the
width is 8m, and subjected to 10 kN - force as shown in Fig.9 below.

10 kN

Figure 9. Portal frame / Example 3

In the analysis by using the "modified portal method", an internal hinges inserted
at the middle of the beam, and at a distance of two thirds measured from the base (4
m) of each column. Also, each column carries equal shear forces (5 kN for each
column).
The values of the member end moments, and the error percentages for the portal
method and the modified portal method compared with the finite element method

are summarized in Table 5.

Table 5. The member end moments and error percentages / Example 3

0,
Member Values of member end moments Error (/f’)
end compared with the
(KN.m) o
moments finite element method

Portal Modified Finite Portal Modified

method portal element method portal
method method method

Mag -15 -20 -17.81 15.8 12.3
Mga -15 -10 -12.24 225 18.3
Mgc 15 10 12.24 225 18.3
Mcg 15 10 -12.21 22.9 18.1
Mpc -15 -20 -17.74 15.4 12.7
Mcp -15 -10 -12.21 22.9 18.1

The values of the base reaction forces at the points A and D in vertical and
horizontal directions, and the error percentages for the portal method and the
modified portal method compared with the finite element method are summarized in
Table 6.
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Table 6. The reactions and error percentages / Example 3

Error (%)
Reactions Values of reaction Comp_ared with the
forces (kN) finite element
method

Portal Modified Finite Portal  Modified
method portal  element method portal

method  method method
Av -3.75 -25 -3.06 22.5 18.3
Ax -5 -5 -5.01 0 0
Dy 3.75 2.5 3.06 22.5 18.3
Dy -5 -5 -4.99 0 0

5.4 Example 4

The frame in this example has two stories with one bay. The details of this frame
is shown in Fig.10 below.

Figurel0: Portal frame / Example 4

In the analysis by using the "modified portal method"”, an internal hinge inserted
at the middle of each beam, at a distance of two thirds measured from the base (4 m)
of each column in first story, and at a distance of one third measured from the base
(5/3= 1.67 m) of each column in second story (highest story) . Also, for a given
story, each column carries equal shear forces (7.5 kN for each column in the first
story and 5 kN for each column in the second story). The values of the member end
moments, and the error percentages for the portal method and the modified portal
method compared with the finite element method are summarized in Table 7.
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Table 7. The member end moments and error percentages / Example 4.

Member Error (%)
end Values of member end compared with the
moments (kN.m) finite element
moments
method
Portal Modified Finite Portal  Modified
method portal element  method portal
method  method method
Mas -22.5 -30 -29.00 22.4 34
Mga -22.5 -15 -15.95 41.1 6.0
Mgc -15 -10 -12.48 20.2 19.9
Mcg -15 -20 -17.48 14.2 14.4
Mcp 15 20 17.48 14.2 14.4
Mpc 15 20 17.48 14.2 14.4
Mpe -15 -20 -17.48 14.2 14.4
Mep -15 -10 -12.52 19.8 20.1
Mge 37.5 25 28.54 314 12.4
Mes 37.5 25 28.52 31.5 12.3
Mee -22.5 -30 -28.97 22.3 3.6
Mg -22.5 -15 -16.00 40.6 6.3

The values of the base reaction forces at the points A,B, and C in vertical and
horizontal directions, and the error percentages for the portal method and the
modified portal method compared with the finite element method are summarized in
Table 8 .

Table 8. The reactions and error percentages / Example 4.

] Error (%)
Reactions Values of reaction compared with the

forces (kN) finite element

") 1

Portal  Modified  Finite Portal  Modified
method portal  element method portal

method  method method
Ay -13.13 -11.25 -11.5 14.2 2.2
Ax -75 -75 -75 0 0
Fv 13.13 11.25 11.5 14.2 2.2
Fu -75 -75 -75 0 0
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5.5 Example 5

The frame in this example is has three stories with one bay. The details of this
frame are shown in Fig.11 below.

4 kN

Figure 11: Portal frame / Example 5

In the analysis by using the "modified portal method", an internal hinges
inserted at the middle of each beam, at a distance of two thirds measured from the
base (2.67 m) of each column in first story, at the middle of each column in the
second story (2m), and at a distance of one third measured from the base (1.33 m)
of each column in the third story. Also, for a given story, each column carries equal
shear forces (9 kN for each column in the first story, 7 kN for each column in the
second story and 4 kN for each column in the third story).

The values for a selective member end moments, and the error percentages for the
portal method and the modified portal method compared with the finite element
method are summarized in Table 9.

Table 9. The member end moments and error percentages / Example 5

Member Error (%)
Values of member end compared with the
end e
moments (kKN.m) finite element
moments
method
Portal Modified Finite Portal Modified
method portal  element method portal
method  method method
Mag -18 -24.03 -27.26 34.0 11.8
Mga -18 -11.97 -8.80 104.5 36.0
Mgc -14 -14.00 -13.04 7.4 7.4
Mcs -14 -14.00 -14.94 6.3 6.3
Mcp -8 -5.32 -4.57 75.1 16.4
Mpc -8 -10.68 -11.40 29.8 6.3
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Mpe 8 10.68 11.40 29.8 6.3
Mcr 22 19.32 19.54 12.6 1.1
Mac 32 25.97 21.84 46.5 18.9

The values of the base reaction forces at the points A and H in vertical and
horizontal directions, and the error percentages for the portal method and the
modified portal method compared with the finite element method are summarized in
Table 10.

Table 10. The reactions and error percentages / Example 5

Error (%)
Reactions Values of reaction compared with the
forces (KN) finite element
method
Portal Modified Finite Portal  Modified
method portal element  method portal
method  method method
Ay -12.40 -11.90 -10.56 174 6.0
Ay -9.00 -9.00 -9.01 0 0
Hy 12.40 11.9 10.56 17.4 6.0
Hy -9.00 -9.00 -8.99 0 0

6. Discussion of the Results

Based on the error percentages for the values of member end moments and the
base reactions in the five frames presented in examples 1 through 5 which listed in
Tables 1 through 10, two main observations have been noticed:

1. By inspection, the portal method gives slightly more accurate results than the
modified portal method for the frames in examples 1 and 2 (Multi bays frames). The
range of error percentages for the member end moments by using the portal method
in examples 1 and 2was[2.5% , 35%], except one extreme value of 195.5%, while
the range by using the modified portal method was [7.6% , 57.8%], except one
extreme value of 97.6%. For the error percentages in reactions, same ranges were
obtained by using both the portal method and the modified portal method [0%,
33.2%)].

2. The modified portal method clearly gives more accurate results than the portal
method in frames in examples 3, 4, and 5 (Frames with one bay). Most of resulted
error percentages of modified portal method are less than those resulted by portal
method. Also the range of error percentages for the member end moments by using
the modified portal method in examples 3, 4, and 5 was [1.1% , 20.1%], with one
extreme value of 36%, while the range by using the portal method was [6.3% |,
46.5%], with two extreme values of 75.1% and 104.5%. For the error percentages in
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reactions, the range by using the modified portal method was [0%, 18.3%], while the
range by using the portal method was [0%, 22.5%].
Thus, it can be noticed that the modified portal method gives a more accurate
analysis for the frames having only one bay like the frames in examples 3, 4, and 5.
For the frames having more than one bay the portal method can be considered as
the more appropriate method than the modified portal method, based on the analysis
of examples 1 and 2.

7. Conclusions

The following conclusions can be obtained from this work:

1. This work presented a "modified portal method"” to be used in structural analysis.
The modified portal method based on two main assumptions as follows:

a. The inflection points for the columns in the first story are located at a distance of
two thirds of the columns heights measured from the base of the column, and the
inflection point for the columns in the highest story are located at a distance of one
third of the columns heights measured from the base of the column. For the
columns in intermediate stories (other than the first and the highest stories), the
inflection point is located at the middle of each column. For all beams in the
frame, the inflection point is located at the middle of each beam.

b. For each story of the frame, the interior columns carry twice as much shear as
exterior columns.

2. The modified portal method gives a more accurate analysis than the portal method
for the one bay frames with one or more stories.

3. The modified portal method can be used for the analysis of frames with more than
one bay but with somewhat less accurate analysis compared with the portal
method. It is preferred to keep using the portal method for the frames with more
than one bay.
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Appendix —-A

Table A-1.The ratios of the distances of the inflection points (measured from the base of the
columns) to the heights of the columns, for the frames subjected to series of lateral forces.

Column
Model 1 2 3 4 5 6
Story
F222 ¥ 0.67 0.60 0.67 - - -
2" 0.32 0.42 0.33 - - -
F322 1 0.66 0.60 0.60 0.67 - -
2" 0.29 0.42 0.42 0.32 - -
F333 1 0.69 0.62 0.62 0.70 - -
2" 0.40 0.47 0.47 0.41 - -
3" 0.22 0.37 0.37 0.22 - -
F422 1 0.66 0.61 0.60 0.61 0.67 -
2" 0.27 0.42 0.41 0.42 0.33 -
F433 1 0.69 0.62 0.62 0.62 0.69 -
2 0.39 0.46 0.46 0.47 0.40 -
3" 0.21 0.37 0.37 0.37 0.21 -
F444 1 0.70 0.62 0.62 0.62 0.71 -
2" 0.43 0.48 0.48 0.48 0.45 -
3" 0.34 0.43 0.43 0.43 0.33 -
4" 0.18 0.37 0.37 0.37 0.17 -
F455 1% 0.71 0.63 0.64 0.63 0.72 -
2" 0.46 0.49 0.49 0.49 0.46 -
3" 0.40 0.45 0.45 0.45 0.40 -
4" 0.32 0.42 0.42 0.42 0.32 -
5t 0.17 0.36 0.36 0.36 0.17 -
F522 1 0.65 0.61 0.61 0.61 0.61 0.67
2" 0.25 0.42 0.42 0.42 0.42 0.33
F533 1 0.69 0.61 0.62 0.62 0.62 0.70
2" 0.38 0.46 0.46 0.46 0.46 0.41
3" 0.21 0.37 0.37 0.37 0.37 0.20
F544 1 0.70 0.62 0.62 0.62 0.62 0.70
2" 0.42 0.48 0.48 0.48 0.48 0.45
3" 0.33 0.42 0.42 0.42 0.42 0.33
4" 0.18 0.36 0.36 0.36 0.36 0.18
F555 1 0.71 0.63 0.64 0.64 0.64 0.72
ond 0.46 0.49 0.49 0.49 0.49 0.49
3" 0.39 0.45 0.45 0.45 0.45 0.39
4" 0.32 0.42 0.42 0.42 0.42 0.32
5t 0.17 0.36 0.36 0.36 0.36 0.17
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Table A-2.The ratios of the distances of the inflection points (measured from the base of the
columns) to the heights of the columns, for the frames subjected to a single lateral force.

Column
Model 1 2 3 4 5 6
Story
F111 1% 0.63 0.63 - - - -
F211 1% 0.64 0.56 0.64 - - -
F221 1% 0.81 0.64 0.74 - - -
2" 0.46 0.46 0.45 - - -
F311 1 0.64 0.57 0.57 0.64 - -
F321 1 0.75 0.65 0.64 0.73 - -
2" 0.45 0.46 0.46 0.44 - -
F331 1% 0.76 0.65 0.65 0.76 - -
2" 0.53 0.52 0.52 0.52 - -
3" 0.42 0.44 0.44 0.44 - -
F411 1 0.64 0.65 0.58 0.56 0.64 -
F421 1 0.75 0.64 0.65 0.64 0.72 -
2" 0.45 0.46 0.46 0.45 0.43 -
F431 1% 0.75 0.65 0.65 0.65 0.75 -
2" 0.54 0.52 0.52 0.52 0.52 -
3" 0.43 0.44 0.44 0.44 0.39 -
F441 1 0.76 0.65 0.66 0.65 0.76 -
2" 0.54 0.52 0.52 0.52 0.54 -
3" 0.50 0.50 0.49 0.49 0.48 -
4" 0.41 0.44 0.44 0.44 0.38 -
F451 1% 0.76 0.65 0.65 0.65 0.76 -
2" 0.54 0.52 0.52 0.52 0.55 -
3" 0.50 0.50 0.50 0.50 0.51 -
4" 0.50 0.50 0.49 0.49 0.47 -
5t 0.41 0.44 0.44 0.43 0.38 -
F511 1% 0.64 0.56 0.58 0.57 0.56 0.64
F521 1% 0.76 0.64 0.64 0.64 0.64 0.72
2" 0.46 0.47 0.46 0.46 0.46 0.42
F531 18t 0.75 0.65 0.65 0.65 0.65 0.75
nd 0.55 0.52 0.52 0.52 0.52 0.52
3rd 0.43 0.45 0.44 0.42 0.44 0.38
F541 1%t 0.75 0.65 0.66 0.66 0.65 0.75
ond 0.54 0.52 0.52 0.52 0.52 0.54
31 0.51 0.50 0.50 0.50 0.50 0.47
4th 0.43 0.44 0.44 0.43 0.43 0.38
F551 1 0.75 0.65 0.65 0.65 0.65 0.75
ond 0.54 0.52 0.52 0.52 0.52 0.53
31 0.50 0.50 0.50 0.50 0.50 0.50
4t 0.51 0.50 0.50 0.50 0.50 0.47
5th 0.42 0.44 0.44 0.44 0.44 0.37
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Table A-3.Values (multiplied by 0.1) of the shear forces in the columns (kN) for the frames subjected
to series of lateral forces.

Column
Model Story 1 2 3 4 5 6
F222 1° 0.63 0.76 0.61 - - -
2" 0.25 0.50 0.25 - - -
F322 1 0.47 0.55 0.54 0.44 - -
2" 0.17 0.33 0.33 0.17 - -
F333 1 0.69 0.84 0.82 0.65 - -
2" 0.36 0.63 0.63 0.38 - -
31 0.16 0.34 0.34 0.16 - -
F422 1% 0.38 0.44 0.42 0.42 0.34 -
2 0.12 0.25 0.24 0.26 0.13 -
F433 1 0.55 0.67 0.64 0.64 0.50 -
2 0.27 0.48 0.47 0.49 0.29 -
31 0.12 0.26 0.25 0.26 0.12 -
F444 1% 0.72 0.89 0.86 0.86 0.67 -
2" 0.41 0.73 0.71 0.73 0.42 -
31 0.28 0.48 0.48 0.48 0.28 -
4" 0.12 0.26 0.25 0.26 0.11 -
F455 1° 0.89 1.11 1.08 1.08 0.84 -
2" 0.56 0.97 0.94 0.97 0.56 -
3" 0.41 0.73 0.72 0.73 0.41 -
4" 0.27 0.49 0.48 0.49 0.27 -
50 0.11 0.26 0.26 0.26 0.11 -
F522 1° 0.33 0.37 0.35 0.34 0.34 0.27
2" 0.09 0.20 0.20 0.20 0.20 0.22
F533 1% 0.47 0.55 0.53 0.52 0.52 0.41
2" 0.23 0.39 0.38 0.38 0.39 0.23
3" 0.10 0.20 0.20 0.20 0.20 0.10
F544 1° 0.60 0.74 0.71 0.70 0.70 0.55
2" 0.34 0.59 0.57 0.57 0.59 0.34
31 0.22 0.39 0.39 0.39 0.39 0.22
4" 0.09 0.21 0.20 0.20 0.21 0.09
F555 1 0.74 0.92 0.89 0.88 0.88 0.69
2" 0.44 0.79 0.77 0.77 0.79 0.46
31 0.33 0.59 0.58 0.58 0.59 0.33
4" 0.22 0.39 0.39 0.39 0.39 0.22
50 0.09 0.21 0.20 0.20 0.21 0.09
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Table A-4.Values (multiplied by 0.1) of the shear forces in the columns (kN) for the frames subjected
to a single lateral force.

Column
Model 1 2 3 4 5 6
Story
F111 1% 0.50 0.50 - - - -
F211 1% 0.31 0.40 0.29 - - -
F221 1% 0.30 0.40 0.30 - - -
2" 0.27 0.47 0.26 - - -
F311 1 0.23 0.29 0.27 0.21 - -
F321 1 0.22 0.28 0.28 0.22 - -
2" 0.20 0.32 0.30 0.18 - -
F331 1 0.22 0.28 0.28 0.22 - -
2" 0.18 0.31 0.32 0.19 - -
3" 0.19 0.32 0.31 0.18 - -
F411 1 0.19 0.23 0.21 0.21 0.16 -
F421 1 0.16 0.25 0.23 0.23 0.13 -
2" 0.16 0.22 0.22 0.22 0.18 -
F431 1% 0.17 0.22 0.22 0.22 0.17 -
2" 0.14 0.24 0.24 0.24 0.14 -
3" 0.15 0.25 0.23 0.24 0.13 -
F441 1 0.17 0.22 0.22 0.22 0.17 -
2" 0.14 0.24 0.24 0.24 0.14 -
3" 0.14 0.24 0.24 0.24 0.14 -
4" 0.15 0.25 0.23 0.24 0.13 -
F451 1% 0.17 0.22 0.22 0.22 0.17 -
2" 0.14 0.24 0.24 0.24 0.14 -
3" 0.14 0.24 0.24 0.24 0.14 -
4" 0.14 0.24 0.24 0.24 0.14 -
5t 0.15 0.25 0.23 0.24 0.13 -
F511 1% 0.17 0.20 0.18 0.17 0.16 0.12
F521 1% 0.13 0.18 0.18 0.18 0.18 0.15
2" 0.13 0.21 0.19 0.18 0.18 0.11
F531 1 0.14 0.18 0.18 0.18 0.18 0.14
nd 0.11 0.19 0.19 0.19 0.20 0.12
31 0.13 0.21 0.19 0.18 0.18 0.11
F541 1% 0.14 0.18 0.18 0.18 0.18 0.14
ond 0.11 0.20 0.19 0.19 0.20 0.11
31 0.11 0.19 0.19 0.19 0.20 0.12
4th 0.13 0.21 0.19 0.18 0.18 0.11
F551 1°t 0.14 0.18 0.18 0.18 0.18 0.14
nd 0.11 0.20 0.19 0.19 0.20 0.11
31 0.11 0.20 0.19 0.19 0.20 0.11
4t 0.11 0.19 0.19 0.19 0.20 0.12
5th 0.13 0.21 0.19 0.18 0.18 0.11
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