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Approximate Analysis of Rigid Frames
under Vertical and Lateral Loads

% ® 2 . oz o9 = . ozozn 29

Choi, Chul Wung Kim, Young Chan Kang, Kyung Soo

2 ok: o9 AFEI BFF AN S St TR ol &Eetz Mo AR
o ¥ AFAE Hrlar] HlMe T S&E}Ol 2 asith, AEAE L ol AR
#e AEd7] 9% A =Pt E F 9o —4 SYEE agla BA Alelxzg
Agg 93 727t 8 4 o B AdT7e 2751° T AT} AZHE o] &3t &
Hats 9 #H3FE e AHIRE AN 9 HEE AAshe o E o
FollA Ak Wy FEPS AFE7] A 71Ee] WHA vrsdn FRE AT
Aol sloAM Fdd ZAHE BHoAFnt

ABSTRACT : Even in today’s computer-oriented world with all its sophisticated
analysis tools, engineering judgement is required to assess the adequacy of
computer output. Approximate analysis method can be a feasible tool to
check solutions from computer softwares roughly. It can be a simple tool for
structural engineer to check force distribution in frame. Also, it can serve as
a basis in selecting preliminary member sizes. The objective of this study is
to propose an improved approximate method for rigid frame using effective
length factor and inflection points. The validity of this method is examined
by comparing the results of this method with those of existing methods,
showing improvement in the prediction of structural behavior.
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1. Introduction analysis tools. Preliminary design generally
start with a rough guess and trial-and-error
Recently structural behavior can be easily based on engineers’ experience, working
visualized with the use of various structural towards a finial design. Approximate anal-
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ysis method can be a feasible tool to check
a solution from computer softwares roughly.
It can be a simple tool for structural
engineer to check force distribution in
frames.

Also, it can serve as a basis in selecting
preliminary member sizes because the
design of a structure, no matter how
simple or complex, begins with a tentative
selection of members. DeWolf'" addressed
approximate analysis of frames subjected
to vertical loads and provided guidelines
for preliminary member size. Epstein'®
suggested simple formula to locate approx-

®.@ analyzed

imate inflection point. Behr
frames subjected to vertical load wusing
proposed inflection points in beams and
columns. Wu'® proposed an approximate
method by revising Epstein’s formula about
inflection points in beams and Behr's
assumptions about inflection points in
columns, and analyzing frames storywisely
with moment redistribution approach.

For frames subjected to lateral loads, the
portal or cantilever method® are still widely
used to find member forces. Haris'” proposed
a method for the analysis of frames subject
to lateral load based on the approximate
stiffness of frames and the assumption
that inflection points in all columns are in
the middle height.

The objective of this study is to propose
an improved approximate method for rigid
frame analysis using effective length factor
and inflection points. The validity of this
method is examined by comparing the
result of this method with those of existing

methods and structural analysis program
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MIDAS®. To compare the approximate
method presented in this paper with the
existing methods and MIDAS, six frames

are analyzed.

2. Development of Approximate
Analysis

Generally adopted assumptions for the
approximate analysis of frames subjected
to vertical loads are that the inflection
points are located at a distance of 0.1L

from each end of the girder(ﬁ).

This may
lead to poor prediction of moment in
column. Because moments in columns can
be affected significantly by the location of
inflection points in beams, which varies
due to relative stiffness of beam and
column. Thus, varying inflection point in
beam, such as Epstein’s formula, may lead
to better result. Epstein’s formula adopted

in this study is as follows:
£ = (————-1“" a8 (1)

where, x=location of inflection points of
beams, d= moment distribution factor, /=
span of beam, @ = factor corresponding to
location of inflection points, and 8= 2/3
( 8= 1 when the far end is pinned)

For braced frames, the French rules
proposes the following approximate solution

for the effective length factor:

_ 3G4Gpt1.4(Gat+ Gp)+0.64
T 3GA4Gpt2.0( Gat Gp)T1.28

K (2)
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where G, = ;(é)c Gg= g(é)“
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In this study., procedure for assessing

moments in beams and columns is as
follows:

(1) Locate inflection point in beam ac-
cording to eq.(1)

(2) Compute K according to eq.(2)

(3) Isolate column with hinged-fixed
boundary condition and find moments
at the top and bottom in column

(4) Apply releasing moment at the bottom
of the column and distribute it to the
beam and the column

For the frames under lateral load, the
location of inflection points in beams is
generally at the mid-span. In the portal and
cantilever methods, the location of inflection
points in all columns is 0.5H, where H is
the column height. However, in this study,
after examining the results of Behr's study',
the location of inflection points at the
first-and top-story is assumed at 0.3H and
0.65H, respectively. The procedure for the
calculation of member forces is the same as
the cantilever method.

For a normally proportioned rigid frame,
the total drift at level 7 can be conceived
as the sum of lateral deformation of all the
columns at floor level 7, the rotation of all
joints, and the axial deformation of columns,

_ 7)
and it is expressed as'
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In eq.(3), the rotation of the joint B and
the frame vertical rotation from its center

line a are determined as

0= MbLb S o= Pch
B T EAC

6E,I, '~ L,

where, b and ¢ stand for beam and

column, respectively and e1, ez are the
elastic axial deformation of two columns
departed by the length of La.

3. Numerical Examples

To compare the accuracy of approximate

methods six frames are analyzed.
3.1. Frames subject to Vertical Load

Example 1.

The frame shown in Fig. 1 is analyzed by
Wu®. In Table 1 moments in beams and
columns are compared. Considering the
average error which was obtained by using
the absolute value of error, the proposed
method showed a little improved result.

However, the maximum error of the Wu
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Fig. 1 Frame geometry and loading
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Table 1. Comparison of moments (unit: t-m)

This 6,
ember | Joint | "0 | stuy | MIDAS| 22
A ®) © | ao/c| Bo/c
1 A |-3.74|-2.61|-1.95| 91.8 33.8
D | 7.48| 499 | 553| 35.3 -9.8
5 B [-1.24|-1.66|-1.68| -26.2 | -1.2
E |249| 230|235 596 -2.1
3 C |-1.08/-1.601-1.30} -16.9 | 23.1
F 1215]2231191] 12.6 16.8
4 D |-5.88{-2.941-4.85| 21.2 | -394
G | 7.01§8.24|6.38 9.9 29.2
5 E [-2.79|-1.72|-3.11| -10.3 | -44.7
H |-2.16| 2.93 | 4.30 |-150.2| -31.9
6 F 1-1.38|-1.12|-1.65| -16.4 | -32.1
1 160|190 178 -10.1| 6.7
7 D |11.47|12.07|13.46| -14.8 | -10.3
E [17.40[17.04[19.25} -96 | -11.5
8 E |12.96|12.93]|14.25( -9.1 -9.3
F 13.10| 425|356 -12.9 | 194
9 G {568] 824638 -11.0 | 29.2
H |13.44|13.07115.38] -12.6 | -15.0
10 H |10.93/11.07]11.08] -1.4 -0.1
1 1.28| 1.90 | 1.78} -28.1 6.7
Average(%) 25.3 18.6

Note:The average error was obtained

using the absolute value of error.

method was 150% at the joint H in member
5, while that of the proposed method was
45% at the joint E in member 5. The error
range of this method is much narrower
than the Wu's method.

Example 2.

To find out overall performance of the
proposed method mid-and high-rise frames
are analyzed. The members of the frames
are listed in Table 2.

In a building frames, considerable amounts
of the differential columns shortening is
accumulated in the members of the upper
stories, and so are the bending moments
and shear forces when the vertical load
analysis for the frame is performed by an
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Table 2. Frame configuration and member

properties
15story-3bay frame| 30story-4bay frame
H(m) Istory : 4.5 Istory : 4.5
2~15story - 3.5 2~30story : 3.5
L(m) 8 8
1~5story: 1~10story:
Colurn A=0.36 [=0.0108 | A=1.00 1=0.083
Alm?) 6~10story: 11~20story:
1(m* A=0.251=0.0052 | A=0.64 1=0.0341
11~15story: 21 ~30story:
A=0.16 [=0.0021 | A=0.36 1=0.0108
1~bstory: 1~10story:
A=0.50 1=0.041 A=0.96 1=0.115
Beam 6~10story: 11~20story:
A=0.40 1=0.021 A=0.70 1=0.058
11~15story: 21~30story:
A=0.24 [=0.0072 | A=0.40 1=0.021

1 5 Story 10 15

<X Wi —O—ThisStudy - - - - MDAS(Y ———MDAS() |

Fig. 2 Location of inflection points

ordinary method, such as the finite element
analysis of complete frame as a whole.
These differential column shortenings and
bending moments due to the dead weight
may be overestimated and considered in-
correct because the ordinary frame analysis
methods do not take into account the
sequential nature of the construction and
of the application of its weight"'”.

In Fig. 2, inflection point in columns are
compared with other methods, where
MIDAS(A) is the result obtained with con-
sidering sequential application of vertical
load. While MIDAS(B) is tantamount to
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the application of simultaneous loading to
the frame. The proposed method is a little
closer to MIDAS(A) than the Wu's method.
The fact that this method and the Wu's
methods are close to MIDAS(A) results
from the analysis procedure. These two
methods analyze frame from the top to the
bottom, which is similar to the step in
MIDAS(A).

In Fig. 3, end moments in columns are
compared. The average error of the proposed
method was the half of that of the Wu's
method when compared to MIDAS(A).
However, this advantage of this study does
not exist when compared to MIDAS(B).
Similar trend can be found in the shear

force of column shown in Fig. 4.

Moment

-1.5

| x-Wu O Thsstdy ----MDAS(A) ——MOAS(B)

Fig. 3 End moments in column
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Fig. 4 Shear in column
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Example 3.

In the 30-story frame the inflection point
by approximate methods shown in Fig. 5 is
deviated a lot from MIDAS except at the
top and bottom of the frame. This causes
erroneous prediction of column moments as

can be seen in Fig. 6.

X W V—-o—r 'mssm; -—N[ﬁ&A)’ ) ”—MW 7B)W

Fig. 5 Location of inflection points
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Fig. 6 End moments in column
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Fig. 7 Shear in column
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Shear force computed from column moment
in approximate method could not be
predicted correctly as seen in Fig. 7. Both
approximate methods could not represent
well structural characteristics at the location
of the stiffness change, where error was

maximized.

3.2 Frames subject to Lateral Loads

Example 1.

To investigate the applicability of the
proposed method to frame under lateral
loading 4-story frame shown in Fig. 8 is
analyzed.

As can be found from Table 3 and 4, the
proposed method shows somewhat improved

prediction.

Example 2.

This example is 15story-3bay frame in
Table 2 with concentrated lateral load of 4
ton at every floor level. Cantilever and
proposed methods show very similar result
in moment and shear shown in Fig. 9 and
10. Maximum error of moment by cantilever
method was 64% at the top story while
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Fig. 8 Frame geometry and
loading
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that of the proposed method was 51% at
the first story.

Table 3. Comparison of end moment in column

Cantilever| This

Member| Joint | method | study ©
™ (B) (A-C)/C| (B-0)/C

MiDas|  Error(%)

1 4 6.31 6.23 | 7.39 | -14.6 | -15.7
1 -6.31 [-11.29]-9.49| -33.5 | -19.0
4 7 3.95 3.44 | 3.65 | 8.2 -5.8
4 -3.95 [ -3.44 |-464]-149 | -25.9
7 10 2.63 3.14 | 285 | -7.7 | 10.2
7 -2.63 [ -3.14 |-3.23| -18.6 | -2.8
10 13 1.31 1.86 | 1.70 | -22.9 ] 94

10 -1.31 -0.80 | -1.11| 18.0 | -27.9
Average(%) 17.3 | 146

Table 4. Comparison of shear in column

Cantilever| This Error{%)
Story! method | study MIDAS

(A) ® | ‘© |@a-o/c|s-o/c
-2.80 |-3.89 | -3.75 [ -25.33 | 3.73
-2.26 | -1.97 | -2.37 | 4.64 | -16.87
-1.50 |-1.79|-1.66 | -9.64 | 7.83
-0.74 | -0.76]-0.80 | -7.50 | -5.0

Average(%) 11.78 8.36

N =

Moment

[ Cantilever method O This study MIDAS

Fig. 9 End moment in column

Story 10 15

]; ------ Cantilever method O This study ———MIDAS

Fig. 10 Shear in column
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Deflection
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Fig. 11 Story drift

[ ------- Cantilever method
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Fig. 12 End moments in column
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Fig. 13 Shear in column

Deflection

O This study ——MIDAS

Fig. 14 Story drift
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Story drift based on eq.(3) is shown in
Fig. 11 and it was underestimated by 20%
at the top story.

Example 3.

This example is 30story-4bay frame in
Table 2 with concentrated lateral load of 4
ton at every floor level. Accuracy of moment
prediction for this frame(Fig. 12) was similar
to that of 15story frame. The maximum
error of cantilever method was 112% while
that of the proposed method was 70% at
the 29th story. The shear prediction(Fig.
13) showed no difference between the two
approximate methods in overall, but the
cantilever method had maximum error of
78% at the top story while this study
produced only 17% error.

Story drift based on eq.(3) is shown in
Fig. 14 and it was underestimated by 13%
at the top story.

4. Conclusion

This study is focused on improving the
accuracy of approximate method for rigid
frame analysis while maintaining the
simplicity of computational procedure. As
mentioned earlier, approximate method can
be a useful tool for preliminary design or
be instrumental in studying force distri-
bution in rigid frames.

The findings of this study can be sum-

marized as follows:
For the vertical load

® the proposed method which is simple
and easy to apply showed better per-
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formance than the existing method
when the sequential application of
vertical load is considered.

the error range of the proposed method
was much narrower than the existing
method, which means improved relia-
bility in estimating forces with simple
calculation.

the proposed and the Wu's methods
were unable to represent well the
structural behavior at the location of

the stiffness change in frame.

For the lateral load
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the proposed method showed a little
better result than the cantilever method,
especially, at the top and the base of
the frames

story drift was underestimated over
13%. To lessen this error moments in
beam and column have to be predicted
more accurately.

the error range of the proposed method
was much narrower than the existing
method, but, force prediction by approx-
imate methods at the base and the top

of frame still requires refinement.
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