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Abstract

This research is an attempt to understand and model the
performance of short columns under different ground levels
and storey number. This behaviour includes varying axial
forced, shear forces, and bending moments under gravity loads.
All the results have been taken for the columns at the ground
level when the phenomenon of the short column has appeared.
To study the performance of short columns under different
ground levels and the number of stories, the 3D finite element
by sap2000, and multiple linear regression analysis have been
used in this study. The results show that the axial force for all
types of short columns (internal, edge, corner) increases as the
number of stories in the building increases at the same ground
level. The effect of changing the number of floors with the same
value of ground level is not significant in shear and moment for
all types of columns except for the one-story and two-storey
buildings. For more illustration, the moment and shear for a
building composed of one story is very high compared to the
two-storey building where the value becomes significantly low;
then become higher again with a 3-storey building and with
more stories.

Keywords: Axial force, Bending Moment, Ground Level,
Multiple Linear Regression, Shear Force, Short column.

1. INTRODUCTION & RELATED WORK

Rapid urbanization and scarcity of flat land in hilly areas are
forcing people to involve in heavy constructions on hill slopes.
In many cases, hilly areas of cities with attractive views
represent luxurious conditions for housing development.
Despite unfavourable conditions, densely located low- to
medium-rise buildings are being constructed, resulting in
increasing loads on slopes [1]. While designing, it must be
noticed that structures on inclines are not the same as those in
plain land, i.e. they are exceptionally unpredictable and
unsymmetrical in flat and vertical planes Such buildings have
mass and stiffness varying along the vertical and horizontal
planes; as a result, the centre of mass and centre of rigidity do
not coincide on various floors and twisting of structures takes
place [2]. Thus, the risk factor of those irregular structures
increases abruptly as even the base of those structures becomes
inclined at slope [3].
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A column can be defined as a vertical structural member that
carries loads mainly in compression. The gravity loads (won
weight and dead load) transfer from slabs and beams to the
column. The majority of reinforced concrete columns are
subjected to primary stresses caused by flexure, axial force, and
shear. Secondary stresses associated with deformations are
usually very small in most columns used in practice. Column is
the main part of a structure. A beam failure would normally
affect only a local region, whereas a column failure could result
in the collapse of the entire structure [4].

Based on the slenderness ratio, (effective length least lateral
dimension), columns can be classified into the long column and
short columns. The effect of short columns is often overlooked
in the design and construction of the buildings. The short
column effect can either result from partial height infill walls,
the addition of an extra connection beam to support a staircase,
or from sloping ground [5]. Reinforced concrete (RC) members
in concrete buildings are typically subjected to a combination
of bending, shear and axial. For instance, the side columns on
the windward side of a frame under wind load are under
bending, shear and axial tension; the columns on the other side
are subjected to bending, shear and axial compression.

The interactions among these three loading types must be
considered because they can induce a complex stress state when
applied simultaneously to a structural element [6].From a safety
point of view it is important that a RC structure especially its
connections should have an adequate level of integrity and high
carrying load capacity, in order to produce ductile behaviour
that allows distribution of forces under expected loads and
redistribution of forces after unexpected events, such as the loss
of a ground column. For a robust RC building, local failure
shouldn’t lead to total collapse of the structure [7]. The
structural investigation of multi-storey building on hill slopes
is attracted by many engineering researchers and designers.
Most of these studies investigated the effect of slope angle
variation for the structures resting on sloping ground under the
seismic condition. Ramin and Mehrabpour [8] found that in
short columns under earthquake, because of their shorter
height, a considerable increase in stiffness of their section is
observed while the percentage of shear force absorption and
bending moment rises. Singh et al [9] concluded that under
along-slope excitation, the varying heights of columns cause
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stiffness irregularity, and the short columns resist almost the Thickness of slab 250 mm

entire storey shear. The linear and non-linear dynamic analysis 5

shows that the storey at road level, in case of downhill Dead load 3 kN7 m J};town
weig

buildings, is most susceptible to damage. Mohammad et al. [10]
presented a parametric study involving the plan aspect ratio of Dead load 5 kKN/m2
stepback and stepback-setback configurations subjected to
seismic load in along and across hill slope direction. All the
models are geometrically modelled and analyzed with a finite
element code incorporating equivalent static and response
spectrum method. It was observed that the upper most storey
were subjected to larger shear forces than the rest storeys.
Further, stepback-setback configuration showed 45% reduction
in the base shear, when compared with stepback configuration
buildings and experienced lesser torsional moments and f
seismic forces. The sloping ground also results in presence of - ] I B ]
e

Support type Fixed
2 x 10° MPa

Modulus of elasticity of concrete,E.

Compressive strength of concrete, f’c 25 MPa

5 m 4 &m 4 &

short columns that are susceptible to shear failure. To capture
this failure, shear springs capable of simulating direct shear :
failure and flexure shear failure are provided on top of short
columns. /

In general, the short columns of hill buildings attract more _," oy oy - il
forces and undergo extensive damage if it is not properly , L “EL L 15" EL cs
designed for earthquake forces. The using of 3D finite element | S / . ~ f
models to investigate the behaviour reinforced concrete and 1| L . \- “*_'i
steel structures have been the subject of many studies in the last |

years [11-14]. The finite element analysis of reinforced '
concrete (RC) structures under different conditions can be a
powerful tool for predicting their behaviour in order to evaluate
the safety levels of design. On the other hand, regression L ] | B |
techniques are sometimes used for managed complicated
prediction and classification problems in civil engineering [15,
16, 17, 18, 19, and 20].

Fig. 1.a Plan of building

Il. METHOD

This paper studied and modelled the behaviour of short
columns under a different number of storey and ground levels
using least squared multiple linear regression to construct the
appropriate models using 0.05 level of significance. The
behaviour includes the variation of a variation of axial force,
shear force, and bending moment of the different positions of
columns. The 3D finite element model by SAP2000 was used
to achieve the requirement.

1.1 Structural Description Model

The proposed structures models are 50 reinforced concrete
building with different storey from 1 to 10 and different ground
level und 0, 1,2,3,4 m. 3D analyses are performed by using
SAP2000 software. The building main data parameters related
to the model is given in Table 1 & Figure 1(a, b and ¢)

Table 1 Building data

Type of structure Residential building
Plan dimensions 18m x 18m
Storey height (except first storey) 3m

Size of beams

300 mm x 600 mm

Size of columns

600 mm x 600 mm

Fig. 1.b 3D view of Typical multi storey building
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Surface Plot of Short Edge Axial vs No. of Storey, Footing level

6 stories 7 stories 8 stories 9 stories 10 stories

3000
Short Edge Axial

5 No. of Storey
1 storey 2 stories 3 stories 4 stories stories

Fig. 1.c Different multi storey buildings at 4 m ground level Footing level

I1.11 Regression Analysis

Multiple linear regression analysis is a statistical method that
used to correlates the behaviour or variation of number of
storey and footing level, in order to ascertain their individual

b) Axial in edge short column

and combined impact upon loads under study (axial, shear and
moment). This analysis was performed using least squares Surface Plot of Long Internal Axial vs No. of Storey, Footing level
method for axial forces on both short and long edge, internal
and edge columns. Whereas moment and shear forces analysis
were analyzed on short edge, internal, and corner columns of
the building under study. Before fitting models, 3D graphical
plots were constructed to check if there is indeed a relationship
between the number of storey, the footing level and the force
under consideration. These plots are shown in figures (2 and 3)
belOW Long Internal Axial

. 4000

5]

No. of Storey
Surface Plot of Long Edge Axial vs No. of Storey, Footing level

Footing level

¢) Axial in internal long column

4500

Long Edge Axial 0y
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a) Axial in edge long column
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Axial Corner Long

0.0 05
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d) Axial in corner long column
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Surface Plot of Short Internal Axial vs No. of Storey, Footing level
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e) Axial in internal short column

Surface Plot of Axial Corner Short vs No. of Storey, Footing level

2000
Axial Corner Short

1000

8 No. of Storey
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i 45
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f) Axial in corner short column

Fig. 2 Axial forces in columns.

Surface Plot of Moment Edge Short vs No. of Storey, Footing level

Moment Edge Short
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No. of Storey

15

Footing level

a) Moment in edge short column
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Surface Plot of Moment Internal Short vs No. of Storey, Footing level
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b) Moment in internal short column

Surface Plot of Moment Corner Short vs No. of Storey, Footing level
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45
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¢) Moment in corner short column

Surface Plot of Edge Short Shear vs No. of Storey, Footing Level
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d) Shear in edge short column
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Surface Plot of Shear Internal Short vs No. of Storey, Footing Level

10
Shear Internal Short

Footing Level

e) Shear in internal short column

Surface Plot of Shear Corner Short vs No. of Storey, Footing level

Shear Corner Short 3y

Footing level

f)  Shear in corner short column

Fig. 3 Shear and bending moments.

All plots show that there are linear relationships between
number of storey, footing level and the Axial, shear and
moment loads of all columns mentioned.

I11. RESULT

To determine whether a linear relationship exists between
different types of loads and the subset of regressor variables
(i.e. Number of storey and the footing level), ANOVA and T
tests were applied to test the significance of regression and its
coefficients (o = 0.05). All regression models testing analysis
are shown in Tables (2), (3), and (4).

In all ANOVA tests, because the P-value is considerably
smaller than (o = 0.05), we reject the null hypothesis and
conclude that axial loads is linearly related to either number of
storey or footing level, or both. T test was also used to test
hypothesis on the individual regression coefficient. Such test is
useful in determining the potential value of number of storey
and footing level in the regression model. Table (2) also shows
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the results of testing the hypothesis that the regression
coefficients in each model are zero. Since all p-values are less
than 0.05, we can conclude that all coefficients are not zero and
each regressor contributes in determining the axial loads.

Table (3) models were constructed by excluding the first two
storeys. This exclusion was compensated by adding a
correction factors to the models. These factors are shown in
Table (3). In all ANOVA tests, because the P-value is
considerably smaller than (a = 0.05), we reject the null
hypothesis and conclude that any bending moment is linearly
related to either number of storey or footing level, or both.
Table (3) also shows the results of testing the hypothesis that
the regression coefficients in each model are zero using T test.
Since all p-values are less than 0.05, we can conclude that all
coefficients are not zero and each regressor contributes in
determining the moment.

Table (4) models were constructed by excluding the first two
storeys and compensated by correction factor same as moment
analysis. These factors are shown in Table (4). In all ANOVA
tests, because the P-value is considerably smaller than (a0 =
0.05), we reject the null hypothesis and conclude that any shear
load is linearly related to either number of storey or footing
level, or both. Table (4) also shows the results of testing the
hypothesis that the regression coefficients in each model are
zero using T test. Since all p-values are less than 0.05, we can
conclude that all coefficients are not zero and each regressor
contributes in determining the moment
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Table 2. Axial forces on columns in different storey and ground level

Formulation R? ANOVA Results T-Test Results
fo P-value Coefficient to P-value

P, = —100 + 445N, + 22.7F, 100 66440.66 0.000 Constant -11.10 0.000
No. of Storey 364.41 0.000

Footing Level 9.15 0.000

P.s = —53.2 + 436N, — 7.29F, 100 76458.79 0.000 Constant -6.44 0.000
No. Of Storey 391.03 0.000

Footing Level -3.22 0.002

P; = 406 + 710N, — 45.9F, 99.7 8732.70 0.000 Constant 10.19 0.000
No. Of Storey 132.09 0.000

Footing Level -4.21 0.000

P;s = 155 + 756N, + 35.2F 99.8 13965.01 0.000 Constant 4.62 0.000
No. Of Storey 167.08 0.000

Footing Level 3.84 0.000

P, = —156 + 263N, + 26.2F, 99. 6 5648.73 0.000 Constant -8.50 0.000
No. Of Storey 106.16 0.000

Footing Level 5.20 0.000

P, = —94.6 + 252N, — 5.2F, 99.7 7434.06 0.000 Constant -6.17 0.000
No. Of Storey 121.93 0.000

Footing Level -1.24 0.220

Table 3. Bending moments on short columns in different storey and ground level

Formulation R? ANOVA Results T-Test Results
fo P-value Coefficient to P-value
M. =106 + 0.367N; — 5.16F, 97.4 732.50 0.000 Constant 167.06 0.000
No. of Storey 4.39 0.000
Footing Level -38.02 0.000
M;s = 7.93 — 0.346N; + 4. 89F, 97.1 664.52 0.000 Constant 12.49 0.000
No. Of Storey -4.16 0.000
Footing Level 36.22 0.002
M. =52.9+4 0.202N — 4.25F, 97.8 854.72 0.000 Constant 109.14 0.000
No. Of Storey 3.17 0.003
Footing Level -41.22 0.000

1676




International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 7 (2020), pp. 1671-1685
© International Research Publication House. https://dx.doi.org/10.37624/1JERT/13.7.2020.1671-1685

Table 4. Shear force on columns in different storey and ground level

Formulation R? ANOVA Results T-Test Results
fo P-value Coefficient to P-value

Ses = 53.1—0.0526Ns — 4.32F1 97.2 666.53 0.000 Constant 95.42 0.000
No. of Storey -0.72 0.476

Footing Level -36.50 0.000

Sis = 8.26 — 0.750Ns — 1.84F1 92.9 255.83 0.000 Constant 18.00 0.000
No. Of Storey -12.45 0.000

Footing Level 18.88 0.002

Ses =27.1—0.134Ns — 3.83F1 97.5 768.25 0.000 Constant 58.85 0.000
No. Of Storey -2.26 0.029

Footing Level -39.20 0.000

Notation:

P,y = Axial edge long P,s = Axial edge short

P, = Axial internal short P, = Axial corner long

Mqs = Moment edge short M;; = Moment internal short

Ses = Shear edge short  S;s = Shear internal short

Ng = Number of storey  F; = Footing level

IV. DISCUSSION

The three-dimensional linear analysis has been carried out
using SAP2000 to study the behaviour of columns under
different ground levels and different numbers of storeys. The
behaviour of columns includes axial force, shear force, and
bending moment. All the results have been taken for the
columns at the ground level when the phenomenon of the
short column has appeared. Then the suggestion equation has
been established by using multiple linear regressions (MLR)
by Minitab program.

1V.1 Axial Forces on Column

Figures 4a through 4f show the axial forces in columns with
varying storey and ground levels. From the figures can be
noticed the axial force for all types of columns increases as
the number of stories in the building increases at the same
ground level. This event is logical since increasing the
number of stories will increase the load that should be carried
by each column.

On the other hand, it’s obviously shown from figures 5a and
5b; for the same footing level and number of stories the axial
force resulted in the internal short columns and long columns
is larger than the edge short columns and the corner ones
respectively which is very common due to the tributary area
surrounded by each column.

1VV. 11 Comparison between Short and Long Columns

Figures 6a through 6¢ show the comparing of axial forces in
columns with ground level at 4 m as a typical case.

P, = Axial internal long

P.; = Axial corner short

M.s = Moment corner short
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S¢s = Shear corner short

Comparing the results of short and long columns, regarding
the axial force, the following points are clearly noticed.

The edge and corner long columns take higher loads than the
short columns, the variation in the value of the axial force
starts to be significant as the number of stories and the footing
levels are getting higher.

Short internal columns take a higher portion of the load as
their axial stiffness is larger than the long columns due to
having shorter height and this variation is considerable
especially with higher footing levels and higher stories.

The other fact about the edge and corner columns could be
considered weird at first. Although it makes a lot of sense as
the analysed building in the model is symmetry so that the
load will be divided perfectly by two in order not to overturn
and remain stable. This means if the short internal columns
take a higher portion of the load a lower portion is remaining
for the short edge and corner ones and the exact opposite is
happing in the long columns half.
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8000
— 7000
Z 6000
& 5000 — —
S 4000 — —
= 3000 — — —
1000 71"1— — — — —
o HEEEN
1 2 3 4 5 7 8 9
mE0m| 854 1673 | 2482 | 3271 | 4037 5494 | 6185 | 6852 | 7495
E1lm| 869 1676 | 2474 | 3248 | 3999 5422 6096 | 6746 | 7374
m2m| 884 1678 | 2466 | 3226 | 3961 5353 6011 | 6646 | 7260
3m| 898 1681 2458 3205 3926 5287 5931 6552 7153
m4m| 912 1683 | 2450 | 3185 3892 5224 | 5854 | 6463 | 7051
a) Internal long column
9000
__ 8000
Z 7000
= 6000 —
S 5000 — —
S 4000 — — —
= 3000 — — —
% 2000 — — —
< 1000 — — —
0
6 7 8 9
m0m, 854 1673 | 2482 3271 | 4037 | 4778 | 5494 | 6185 | 6852 | 7495
E1lm| 855 1680 | 2495 3292 | 4068 | 4819 | 5544 | 6245 | 6920 | 7572
m2m| 857 1686 | 2508 | 3313 | 4097 | 4858 | 5593 6302 | 6986 | 7647
3m| 858 1692 | 2520 | 3333 | 4126 | 4896 | 5640 | 6358 | 7051 7719
E4m| 860 1698 2533 3353 4155 4933 5686 6412 7113 7789
b) Internal short column
5000
__ 4500
2 4000
= 3500 —
2 3000 — —
8 2500 — — —
= 2000 — — — —
g 1500 ]Iu - — _ -
<
500 e - — — — — — —
1 2 3 4 5 6 7 8 9
E0m| 405 821 1240 1666 | 2099 | 2538 | 2984 | 3436 | 3892 | 4352
m1lm| 415 834 1256 1686 | 2122 | 2565 3014 | 3468 | 3927 & 4390
m2m| 425 847 1272 1704 2144 2590 3042 3499 3960 4425
3m, 435 860 1287 1722 2165 2614 3068 3528 3991 4458
m4m| 445 873 1302 1740 | 2185 | 2637 | 3094 | 3555 | 4021 | 4489

¢) Edge long column
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5000
__ 4500
Z 4000
= 3500
4 3000
8 2500
= 2000
T 1500
% 1000 —
500 ramusn ANRINHRNCN—
1 2 3 4 5 6 8 9
mOm| 405 | 821 | 1240 1666 | 2099 | 2538 | 2984 3436 3892 | 4352
mim| 403 | 819 | 1237 1661 | 2093 | 2530 | 2974 3424 3879 | 4337
m2m| 401 | 817 | 1234 1657 | 2086 | 2522 | 2965 3413 3866 | 4323
3m| 399 | 816 | 1231 | 1653 | 2080 & 2515 2955 | 3402 | 3853 | 4308
m4m| 398 | 814 | 1229 | 1648 | 2074 | 2507 | 2946 | 3391 3840 | 4294
d) Edge short column
8000
= 7000
£ 6000
g 5000
© 4000
= 3000
£ 2000 —
< 1000 e ML
0
1 2 3 4 5 6 7 8 9
mOm| 854 | 1673 | 2482 3271 @ 4037 | 4778 5494 | 6185 | 6852 | 7495
m1lm| 869 | 1676 | 2474 | 3248 | 3999 | 4723 | 5422 | 6096 A& 6746 | 7374
m2m 884 | 1678 | 2466 @ 3226 & 3961 @ 4670 @ 5353 6011 @ 6646 7260
3m| 898 | 1681 | 2458 | 3205 | 3926 | 4619 | 5287 | 5931 | 6552 | 7153
m4m| 912 | 1683 | 2450 @ 3185 | 3892 4571 | 5224 5854 6463 7051
e) Corner long column
9000
__ 8000
Z 7000
= 6000
T 5000
S 4000
= 3000
1000 o — —
0 Jll_l__IIIJ_
1 2 3 4 5 6 7 8 9
mOm| 854 | 1673 | 2482 | 3271 | 4037 | 4778 | 5494 6185 & 6852 | 7495
m1m| 855 | 1680 | 2495 | 3292 | 4068 | 4819 | 5544 | 6245 | 6920 | 7572
m2m| 857 | 1686 | 2508 | 3313 | 4097 | 4858 | 5593 | 6302 | 6986 | 7647
3m| 858 | 1692 | 2520 | 3333 | 4126 | 4896 | 5640 | 6358 | 7051 | 7719
m4m| 860 | 1698 | 2533 | 3353 | 4155 4933 | 5686 & 6412 @ 7113 | 7789

f) Corner short column

Fig. 4 Column axial forces with different storey and ground levels
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8000
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= 6000
£ 5000
g 4000
S 3000
B 2000 -
% 1000 -
<
0 J-_
1 2 3 4 5 6 7 8 9 | 10
® Internal Short Column | 860 | 1698 | 2533 | 3353 | 4155 | 4933 | 5686 | 6412 | 7113 | 7789
wEdge Short Column | 398 | 814 | 1229 | 1648 | 2074 | 2507 | 2946 3391 | 3840 | 4294
Corner Short Column | 203 | 424 | 644 870 | 1105 | 1350 | 1608 | 1879 2165 | 2466

Storey Level

a) Short column (Internal, Edge, Corner)

8000
7000
= 6000
=3
o 5000
5 4000
[T
= 3000
E: 2000 B
1000 -
0 L_
1 2 3 4 5 6 7 8 9 10
¥ Internal Long Column| 912 | 1683 | 2450 | 3185 | 3892 | 4571 | 5224 | 5854 | 6463 | 7051
m Edge Long Column 445 | 873 | 1302 | 1740 | 2185 | 2637 | 3094 | 3555 | 4021 | 4489
Corner Long Column | 246 | 476 | 708 | 952 | 1207 | 1477 K 1761 | 2061 | 2376 | 2706

Storey Level

b) Long column (Internal, Edge, Corner)

Fig. 5 Column axial forces at ground level 4 m as a typical case

8000
7000
= 6000
=3
3 5000
s 4000
[' 8
= 3000
3 2000
1000
o LI
1 2 3 4 5 6 7 8 9 | 10
® Internal Long Column | 912 | 1683 | 2450 | 3185 3892 | 4571 5224 | 5854 6463 | 7051
# Internal Short Column | 860 | 1698 | 2533 | 3353 | 4155 4933 | 5686 6412 | 7113 | 7789

Storey Level

a) Internal (Long column, Short column)
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5000
— 4000
2
=
g 3000
S
= 2000
X
<
1000
ciom
1 2 3 4 5 6 7 8 9 10
H Edge Long Column | 445 | 873 | 1302 | 1740 | 2185 | 2637 | 3094 | 3555 | 4021 | 4489
[ Edge Short Column| 398 | 814 | 1229 | 1648 | 2074 | 2507 | 2946 | 3391 | 3840 | 4294
Storey Level

b) Edge (Long column, Short column)

3000
2500

2000

1500

1000

Axial Force (kN)

500
0

5

6

10

m Corner Long Column | 246 | 476 | 708

952

1207

1477

1761 | 2061 | 2376 | 2706

 Corner Short Column| 203 | 424 | 644

870

1105 | 1350 | 1608 | 1879 | 2165 | 2466

Storey Level

¢) Corner (Long column, Short column)

Fig. 6 Comparison of axial forces on columns at ground level 4 m as a typical case

IV.111 Shear and Bending Moments on Column

Figures 7 through 8 show the shear and bending moments in
different position of short columns, ground level, and
different storey levels. From the figures can be noticed
clearly:

Edge short column takes more moment and shear compared
to the corner and internal ones respectively.

The effect of changing the number of floors with the same
value of ground level is not significant in shear and moment
for all types of columns except for the one-storey and two-
storey buildings. to illustrate more, the moment and shear for
a building contains one storey is very high compared to the
two-storey building where the value becomes significantly
low; then getting higher again with a 3-storey building and
with more stories.
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The varying the ground level with the same number of stories
increases the value of shear and moment resulted in the
internal short column whereas the exact opposite happens
with the edge and corner ones. The previous observations can
be justified as the following. For the first point, edge columns
take higher portion of the internal load than the others since
they have an odd number of sides which means that some
internal forces will not be cancelled as it happens with the
internal column that has four sides. Regarding the second
point, the significant increase with a one-storey building is
reasonable due to the fact that there is no other column exists
to take these internal forces. In addition, the joint between
the beam and column is not that rigid especially when it is
compared with the fixed support downward as it can be seen
in the model. Moreover, the major decrease in the shear and
moment for the two-storey building is also illustrated, since
the connection contains in this case two columns and it could
be concerned Simi-rigid. However, for a three-storey building
and a multiple story building the same trend is expressed as
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the joint becomes more- fixed and for the first floor column
where the reading is being taken there will be no significant
difference from now on in the value of shear and moment
regarding the number of stories.

Finally, the increment in the value of the shear and moment
in short internal columns could be understood by the fact that
these columns are very important since they are surrounded
by four sides and due to the fact that their stiffness is getting

higher as their height is getting smaller compared to the long
ones so that increasing the footing level will cause an increase
in the value of internal forces in these columns. Moreover,
since the building is perfectly symmetry the load in general is
divided by two. As a result, the increment in the shear and
moment values for internal columns will cause a decrement
in the values of shear and moment for the other two types of
columns in the short half of the building.
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Fig.7 Short column bending moments at different footing level 1 to 4
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Fig. 8 Short column shear forces at different footing level 1 to 4

V. CONCLUSION

The 3D finite element method and regression analysis
presented in this paper lead to more information on the
behaviour of short columns due to the varying of ground level
and storey levels.

The main point that should be stressed out to sum up the
difference in the axial behaviour between these two types of
columns is that; if the designer is intended to build a low rise
building with a lower variation in the ground level no actual
significance is noticed and this is clear in the derived
equations. However, for high rise buildings and higher
variation in the ground levels special care should be taken into
account as there will be significance in the designing values
between short and long columns.

On the other hand, the increment in the value of the shear and
moment in short internal columns could be understood by the
fact that these columns are very important since they are
surrounded by four sides and due to the fact that their stiffness
is getting higher as their height is getting smaller compared
to the long ones so that increasing the footing level will cause
an increase in the value of internal forces in these columns.
Moreover, since the building is perfectly symmetry the load
in general is divided by two. As a result, the increment in the
shear and moment values for internal columns will cause a
decrement in the values of shear and moment for the other
two types of columns in the short half of the building.
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