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Chapter I - Introduction and general discussion

1- Introduction

Members carrying direct axial load which causes compressive stresses of such
magnitude that these stresses largely control the design of the members are classified as
“COLUMNS”.

Columns are almost subjected to bending moments as well as to axial loads. Becayse
of the nature of the material, concrete column are relatively short. Longitudinal bars are added
to assist in supporting the axial load, also main hoops (ties) and spirals serve the same purpose
or at least enable the concrete and main bars to work more effectively. Sometime structural
steel sections are considered as a sort of reinforcement.

Columns need not to be vertical, but to avoid confusion it will be advisable to consider
them to be so.

Columns may have different shapes of their cross sections; they may be square,
rectangular, octagonal or other shapes depending on the architectural requirement.

Some of these cross sections are shown in fig (1).

{8) L-shaped

Fig (1): shapes of column cross section




2- Types of column

Concrete compression member whose unsupported length is more than three times the
least dimension of the cross section are classified as columns, such member should not built
without reinforcement of some types.

There are four types of reinforced concrete columns used in construction, namely:

I- Columns reinforced with longitudinal steel and lateral ties.

2- Columns reinforced with longitudinal steel and closely spaced spirals.

3- Composite columns in which structural steel is thoroughly encased in concrete that is
reinforced with longitudinal bars and spirals.

4- Combination columns in which a structural steel column is wrapped with wire and

encased in at least 2 % inches of concrete over all metal.

{v} Spirsl column {t) Composite column
Fig (2): Types of column




3- Classification according to the type of loading

The column, which carries a purely axial load, is termed as concentrically loaded columns.
Such an ideal column is rarely encountered in practice. The columns in industrial buildings
are not only subjected to high compression but also to bendin g and shear forces.

P

Fig (3): Types of loading

If a column carries an axial load and bending moment about either the x- or y- axis
only, it is classified as a uniaxially loaded column. The peripheral columns located on the
sides of a building are of this category.

A column subjected to an axial load along with moments about both axes is termed as a
biaxial eccentrically loaded column e. g- corner columns of building carry axial loads alon g
with moments about the x-and y-axes.




4- Unsupported length of column

The strength of compression members of any material depended not only on the ultimate
compressive strength of the members. Members which are very slender that is long in relation
to their least cross-sectional dimension fail by buckling rather than by direct crushin gof
material, their strength therefore decreases with increasing slenderness ratio (k1/ ryor(l/b),
where: 1 = unsupported length, b = least dimension of the column cross section. It’s customary
in specifications to establish a limiting ratio for (I /b) above which this lost of strength must be
considered.
Columns whose (1 /b) relative is smaller than the limit are known as “short columns .

On the base of extensive test, the “ACI 318 Code “limits a short column to one whose
unsupported length is not greater than (10) times its lateral dimension. Columns with (1/b)
larger than (10) are known as “long columns”,

5- ACI 318 Code requirements

Concerning column design here below some of the American Concrete Institute Code
(ACI 318) requirements:

I- The longitudinal reinforcement cross-sectional area should be not less than 1% and not
more than 8% of the gross area (Ag) of column section.

2- The longitudinal reinforcement should consist of at least 4 bars in the column with
lateral ties, and should consist at least 6 bars in the column with circular ties or spiral.

3- The longitudinal reinforcement bars should not be less than 16 mm in diameter,

4- The clear spacing between spirals should not exceed 80 mm and not less than 25 mm.
Where the spiral bars are spliced, the length of lap should be not less than 48 times the
spliced bar diameter nor 300 mm

5- Spacing between ties should be the smaller vaiue of:

A- 16 times the longitudinal bars diameter.
B- 48 times the diameter of the ties bar.
C- The least dimension of the column cross section.




6- Combined bending and compression

In ordinary construction there are many cases in which members are subjected to a
combination of bending moment and direct axial loads, generally in reinforced concrete work
the direct load in such combination is a compressive force. Lateral earth pressures which act
upon foundation walls; column to which beams are connected eccentrically; frame action
between beams and columns where by the deflections of the beams compel the columns to be
bend also because of the rigidity of the connections; wind loads which force the columns of a
building to bend sidesways, all these are ordinary causes of the combined compressive and
flexural stresses in the members that are affected by them.

Problem involving compression and bending are generally come into one of two classes:
The first includes those members which have compression upon their entire cross section,
The second covers these which have compression upon part of the section and tension upon
the reminder, the analysis of the later situation generally involves considerable calculations.

7- Unsymmetrical Reinforcement

Most reinforced concrete
columns are symmetrically .
reinforced about the axis of bending. |
However, for some cases, such as
the columns of rigid portal frames in
which the moments are uniaxial and
the eccentricity is large, it is more
economical to use an unsymmetrical
pattern of bars, with most of the bars
on tension side; such columns can
be analyzed by the same strain
compatibility approach. However ,
for an unsymmetrically reinforced column to be loaded concentrically the load must pass
through a point known as the plastic centroid, the plastic centroid is defined as the point of
application of the resultant force for the column cross section (including concrete and steel
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force ) if compressed uniformly to the failure strain Ecu = 0.003 over its entire cross section

according to the ACI 318 Code. Eccentricity of the applied load must be measured with
respect to the plastic centroid, because only when e = 0 will correspond to axial thrust with no




moment. The location of the plastic centroid for the column is the resultant of the three
internal forces to be accounted for. Its distance:

T _085/cbh’ /243 A fd
 085fbh+ Y d,f,

Clearly, in a symmetrically reinforced cross section,

the plastic centroid and the geometric
center coincide.




Chapter II - Calculation and results

1- Introduction

Previous chapter (I) includes material which covers some requirements and specifications
concerning reinforced concrete columnns.

This chapter (1) includes typical calculations in addition to the tables and charts results
from calculations concernin g the study in this research.

The procedure that have been carried-out regarding the above-mentioned coculations was
as follows :

A tied concrete column at fc =30 N / mm’ ofa rectangular cross sectional area of

800x500 mm, reimforced by longitudinal bars of £, =420 N/mms® with £ =1% has been
Y

considerd in the beginning of the calculations.

Reinforcing bars which have been assumed in the faces of the column parallel to the
bending moment axis have been considered in 5 different situations, starting with symmetrical
distribution i.e 50% on each face and then as an unsymmetrical distribiton starting with (40%
and 60%) then (30% and 70%), (10% and 90%) and at last (0% and 100%) i.¢ all steel bars
are in one side (tension side only) of the column .

Then the same calculations are repeated 4 more times with different values of £ which has
been taken as 2% , 4% ,6% and §%.

Calculations have been carried out as shown in the typical calculations sheet included in
the study. The results of the said calculations have been included in the herewith attached
tables and charts sheets.

Finally at the end of this study there is a conclution that summarize the results of the
study.




2- Computer Programmed

A computer programmed is developed to obtain the capacities of each column usin g
the ACI 318 M-08 that are considered in this work. This programmed is developed in
Microsoft Office Excel 2007 — Microsoft Visual Basic 6.5 Version 1040. The programmed
has been developed for moment magnifier approach for column stability with rectangular
stress block used for sectional analysis.

INPUIT Maerial and Geomnetrical
Propereiet

i HR> | and Ry, <
| P, By.(1-1) ] or Ry < |t B, > |

wcremental of compression

nominal P of section

M . e for section

1

mosst megnificalion fcior,

& Eq. (3-9)

Staistical calculations

&

Algorithm for moment magnification approach analytical procedure




3- Notation

Ag = gross area of concrete section, mm?2. For a hollow section, Ag is the area of
the concrete only and does not include the area of the void(s).

area of nonprestressed longitudinal tension reinforcement, mm?
overall thickness or height of member, mm

width of compression face of member, mm

specified compressive strength of concrete, MPa
specified yield strength of reinforcement, MPa

calculated tensile stress in reinforcement at service loads, MPa
nominal flexural strength at section, N-mm

nominal axial strength of cross section, N

ratio of torsional stiffness of edge beam section to flexural stiffness of a width
of slab equal to span length of beam, center-tocenter of supports

ratio of As to bd

distance from extreme compression fiber to centroid of longitudinal tension
reinforcement, mm

distance from extreme compression fiber to neutral axis, mm




4- Calculations sheet

Ex:

A rectangular shape short reinforced concrete column with the following
dimensions and specifications has been taken as an example,:
h=800mm , b=500 mm
fe=30 N/mm® , f, =420 N/mm*
solution :

p=ts 8000 .
A, 500*800

. fi—28
> 28 then §, = 0.85—£c =%
fe B 70

3028

=0.85— =0.8357
A 140

fe =0.85* f;
[ =0.85%30=25.5 N/mm>

d, =4o+12+%=64.5 mm

d,=h—d, =800-64.5="735.5 mm
ASlfydI + ASnydZ + (Ag - As; )fc %
As1fy + ASny + (Ag - 4, )fc
4000*420*64.5+ 4000 * 420 * 735.5 + (300 * 500—3000)*25.5*80%
- 4000 * 420+ 4000* 420 + (800 * 500 — 8000) * 25.5

X




Assume ¢ = 80

Ce= B *c*b* £ /1000

Cc=0.8357*80*500* 25.5/1000 =852.428 kN
c—~d

fs =

c

_ 80-64.5

*600

£ *600=116.25 N/mm® < f, =420 ok
s1 v

— ASI
' 1000
4000
Y1000
80— 735.5
Js2 = — 80
[y =—420
4000
h= 1000
P,=Cc+ ) f
P =116.25-1680+852.428 = —464.572 kN

*(fm _fc)

*(116.25-25.5) =363 kN

*600 = -4916.25 N/ mm”* < f, = —420

*(~420) = -1680 kN

M, =Cc*(f—%)+zf*(f—d)

*
M, =852.428* (400 — &83527-—80) +363% (400 — 64.5) —1680 * (400 — 735.5)

M, =997.9024 kN.m
P - h%;ioi _ —464.572*10°
£~ 800*500*30

A o M,*10°997.9024*10°
nSiess — Py p2x fc 800° *500%*30

Now choose another (c) and repeat the same calculation procedure to determin

=-0.0387

=(0.103948

another magnitude for P, and M, , and so on.




5- Tables and Charts




Case |

Rho =0.01

Area steel 30%

Ms

0.068249 : 0.016161
0.111768 : 0.127509
0.136769 0.208857
0.151509 0.279893
0.160312 0.350929
0.156146 I 0.438735
0.143896 0.531661
0.128005 0.619114
0.107707 ' 0.702919
0.084326 0.77992
0.054005 0.859313
0.019549 0.934885

0.017077 | 0.940779

0.014959 | 0.94583

0.013123 | 0.950208

0.011516 | 0.954039
0.010099 | 0.957419
0.008839 | 0.960424
0.007712 | 0.963112

0.006697 | 0.965531

0.072841 ! -0.00086

0.114215 : 0.102421

0.1393 | 0.181707

0.154889 | 0.252743

0.164543 | 0.323779

0.16006 | 0.414939

0.147138 | 0.512243
0.130956 | 0.602979

0.11062 | 0.689338

0.087674 ‘ 0.767532
0.057622 : 0.848597
0.023502 0.925563
: 0.932635

0.018152 ! 0.938696

0.020621
0.016011 | 0.94395
0.014138 | 0.948547
0.012486 | 0952603
0.011017 | 0.956208
0.009703 | 0.959434

0.00852 : 0.962338

0.077026 : -0.01789

0.116061 : 0.077334

0.14118 : 0.154557

0.15762 | 0.225593

0.168123 | 0.296629
0.163405 | 0.391143
0.149916 | 0.492825

0.13352 5"0.536345
0.113208 0.675758
0.090726 0.755145
0.060982 50.83788]
0.027233 0.91624

002397 | 092449
0.021174 | 0931563
001875 | 0937692
0.016629 | 0.943055
0.014758 | 0.947787
0.013094 | 0.951993

0.011606 ; 0.955757

0.010267 ‘I 0.959144

0.084174 ; -0.05194

0.117953 | 0.027159

0.142993 | 0.100257
0.161132 | 0.171293
0.173335 50.242329
0.168386 50.343552
0.154077 20.453989
0.137491 %0.554576
0.117409 0.648596
0.09594 0.73037
0.066934 0.81645
0.034025 %0.397594
0.030083 0.908202
0.026705 50.917295
0.023778 50.925175
0.021216 0.93207
0.018955 | 0.938154
0.016946 | 0.943563
0.015149 | 0.948401

0.013531 | 0.952756

0.087137 : -0.06896
0.117999 Eo.oozon
0.142925 fo.onm?
0.161914 ,50.144|43
0.174967 50215179
0.170023 ;0.3I97S6
0.155461 E0.434571
0.138898 §0.53s442
0.119022 0.635016
0.098102 Eo.7|79az
0.069525 50.305734
0.037086 {o.ssszn
0.032848 0.900058
0.029215 50.910161
0.026067 EO.9I8917
0.023312 50.926573
0.020882 0.933338
0.018721 50.939347
0.016788 20.944724

0.015048 | 0.949563

14




w— Symmetric 50%

== Unsymmetric 40%

Unsymmetric 30%

Unsymmetric 10%

Unsymmetric 0%




Case 2

h =800

Rho = 0.02

fc=30

0.10394 |
0.16437 |
0.19369 |
0.20843 |
0.21724
0.20604 |
0.18461 |
0.16183 |
0.13618 |
0.11030 |
0.07647
0.03909
0.03415 |
0.02991 |
0.02624
0.02303 |
0.02019
0.01767
0.01542

0.01339 |

-0.0387
0.11294
0.20460
0.27564
0.34667
0.45125
0.56607
0.66994
0.76651
0.84948
0.93723
1.01977
1.03155
1.04166
1.05041
1.05807
1.06483
1.07084

| 1.07622

1.08106

0.11161
0.16814
0.19758
0.21382

0.22412

0.21246 |

0.18996
0.16676
0.14111
0.11603

0.08272

'
]
]
'
'
'
'
"
.
'
'
'
'
'
1
'
.
'
'
'
0
'
'
'
[
'
'
[
[}
"
i
[
'
1
1
"
[
[
Il
]
[
"
[
"
[
[
"
[
'
'
'
"

0.04598

0.04035 !

0.03552 |

0.03133
0.02767
0.02444

0.02157

0.01900 |

-0.0727
0.06277
0.15030
0.22134
0.29237
0.40366
0.52723
0.63767
0.73935
0.82470
0.91580
1.00112
1.01526
1.02739
1.0379
1.04709
1.05520

| 1.06241

1.06886

0.01669 | 1.07467

0.11785 | -0.1068
0.16979 | 0.01259
0.19917 | 0.09601
0.21691 | 0.16704
0.22871 | 0.23808
0.21686 | 035607
019367 | 0.4884
0.17033 | 0.60540
0.14490 | 0.71219
0.12072 | 0.79993
0.08307 | 0.8944
0.05208 | 0.98248
0.04585 | 0.99898
0.04052 | 1.01313
0.03589 | 1.02538
0.03185 | 1.03611
0.02828 | 1.04557
0.02511 | 1.05399
002227 | 106151

0.01972 | 1.06828

0.12601 |
0.16674 |
0.19549 |
021622 |
0.23102 |
0.21966 |
0.19619 |
0.17338 |
0.14904 |
0.1269% |
0.09606 |
0.06192 |
0.05481
0.04872 |
0.04344 |
0.03882 |
0.0347
00311 |
0.02788 |

0.02496 :

-0.1749
-0.0877
-0.0126
0.05844
0.12948
0.26089
0.41073
0.54087
0.65787
0.75038
0.85151
0.94519
0.96641
0.98459
1.0003
1.01414
1.02631

 1.03712

1.04680

1.05551

0.12793 :

0.16204 '
0.19021 '

0.21244 :

0.22874

0.21804
0.19499
0.17286
0.14938
0.12851
0.09869

0.06565

0.05825 |
0.05191 |
0.04642 |
0.04161 |
0.03736 |
0.03359 |
0.03021 |

0.02718 |

-0.209
-0.1379
-0.0669

0.00414

| 0.07518

0.2133

0.37189

0.5086

0.6307

0.72561

0.83007

| 0.92654

0.95011
0.97032
0.98783
1.00315
1.01668
1.02869

1.03944

1.04912




= Symmetric 50%

= Unsymmetric 40%

Unsymmetric 30%

== Unsymmetric 10%

Unsymmetric 0%




Case 3

h =800

Rho = 0.04

fc=30

fy =

420

Area steel 50%

Area steel 40%

Ms

Ps

Area steel 30%

Ms Ps

Area steel 10%

Area steel 0%

0.175347 | -0.14846

0.269584 | 0.083821

0.30756 0.196107

0.3223 | 0267143

0.331103 : 0.338179

0.305837 0.476298

0.266047 0.634893

0.2295 :0.771598
0.193137 | 0.89371

0.162251 ‘ 0.988607
0.121414 1.093075
0.078196 1.189542
0.06831 1.213115
0.059836 1.233321
0.052492 . 1.250833

1.266156

0.046066 :

0.040396 § 1.279676

0.035356 | 1.291694
0.030846 | 1.302447

0.026788 | 1.312125

0.186365 ‘ -0.21656
0.273906 : -0.01653
0.311973 ' 0.087507
0.329137 . 0.158543
0.340366 'i 0.229579
0.314645 ? 0381114
0.273523 ; 0.557221
0.236583 : 0.707061
0.200453 e 0.839388
0.170968 ' 0.939057
0.131121 1.050211
0.089049; 1.15225
0.078151 : 1.180538
0.06881 , 1.204786
0.060715 ' 1.2258

0.053631 ' 1.244188
0.047381 ' 1.260412

0.041825 ; 1.274833

0.036854 1.287737

0.03238 | 1.29935

0.192734 | -0.28466

0271376 | 011688
0308971 | -0.02109
0328561 | 0.049943
0342214 0.120979
0.316956 0.285931
0.275696% 0.47955
0.23926 j 0.642523
0.20406 EO.?SSOGG
0.176301 50.889507
0.137902@ 1007347
0.097356 1114958
0.085769? 1.147962
0.0753375 117625
0.067229 | 1.200767
0.059697 | 1222219
0.053051 1.241147
0.047144 | 1257972
0.041858 | 1.273026

0.037101 | 1.286575

0.191524 | -0.42086
0.245764 | 0.31758
0280727 | -0.23829
0305166 | -0.16726
0323668 | -0.09622
0.302082 | 0.095564
0264135 | 0.324207
0231395 | 0.513448
0200149 | 0.676421
0.176821 | 0.790407
0.142684 | 092162
0.106333 | 1.040375
0.094332 | 1.082808
0.084045 | 1.119179
007513 | 11507
0.067329 | 1178281
0.060445 | 1202618
0054327 | 122425

0.048853 | 1.243605

0.043926 | 1.261025

0.183945 |

0.222682 |

0.255483

0.282347

0.303274 |

0.284898

0.2504

0.220854

0.19263

0.172006

0.140685

0.107003

0.095277 |

0.085227

0.076516

0.068895

0.06217

0.056192

0.050844

0.04603

10.41793
| -0.34689
027586
020482
0000381
0246536
 0.44811
| 0.622099
| 0740857
0478756
1003083
1050231
| 1.090643
1125667
1156313
| 1.183353
| 1207389
| 1228805

| 1.24825

18




Unsymmetric 40%
Unsymmetric 10% ‘
Unsymmetric 0%

w— Symmetric 50%

= Unsymmetric30%




Case 4

Rho = 0.06

fc=30

fy =420

Area steel 30%

Area steel 10%

Ps

Area steel 0%

0246745 |
0.374795 |
042142 |
0.43616 |
0.444963 |
0.40563 |
034748 |
0297164
0250091 |
0214201 |
0.166354
0.117294
0.102465 |
0.089754 |
0078738 |
0.069099 |
0.060594 |
0053033 |
0.046269 |

0.040181 :

-0.25821

0.054696

0.187607

0.258643

0.329679

0.501339

0.703714

0.873254

1.020905

1.127732

1.248916

1.359313

1.394673

1.424982

1.45125

1.474234

1.494515

1.512542

1.528671

1.543188

0.25887 |
0.378004 |
0.424621 |

0.442414 | 0.095743

0.454271 | 0.166779

0.414743 0.358564

0.355405 | 0.587207

0.304961 | 0.776448

 0.939421

: 1.053407

0.258468
0.224476
0.178064 | 1.18462

1.303375

0.130603 '

0.114632 : 1.345808

0.100942 | 1.382179

0.089078 | 14137

0.078697 | 1441281

0.069537 : 1.465618

0.061395 ;| 1.48725

"
i
i
'
'

(]

0.054109 1.506605

0.047553 | 1.524025

0.262213 | -0.46251

0.368272 | -0.24635
0.413817 | -0.13819
0.434664 | -0.06716
0.449574 | 0.003879
041158 | 0.215789
0.353313 | 0.4707
0.304436 | 0.679642
0.25984 | 0.857938
0.228361 | 0.979082
0.184245 | 1.120325
0.139103 | 1.247438
0.122598 | 1.296942
0.108451 | 1.339375
0.09619 | 1.37615
0.085462 | 1.408328
0.075996 | 1.436721
0.067581 | 1.461958
0.060053 | 1.484539

0.053277 | 1.504863

0.242552 | -0.66681

0.309985 | -0.5474
0350193 | -0.46399
0377148 | -0.3929
0.398165 | -0.32192
0.368431 | -0.06976
0.319081 ;0237686
0.278418 0.486029
0.241567 0.694971
0.216961 50.330432
0.180025 50.991734
0.141675 | 1135563
0.125927 | 1199212
0.112428 1253768
0.100729 : 1.30105
0.090492 1.342422
0.08146 1378926
0073431 | 1.411375
0.066248 | 1.440408

0.059783 : 1.466538

0.219549 | -0.76896

026143 | 069793
0297374 | 0.62689
0327382 | -0.55586
0.351453 -0.48482
0.328444 021254
0.28694 50.121179
0.252924 0.389223
0.221923 50.613488
0.201677 0.756107
0.169624 0.927438
0.135748 1079625
0.12129 | 1150346
0.108897 1210964
0.098156::: 1.2635
0.088758 1309469
0.080466 | 1.350029
0.073095 | 1386083
0.0665 | 1418342

0.060564 1.447375
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w—— Symmetric 50%

=== Unsymmetric 40%"

= Unsymmetric 30%
L Insymmetric 10%

s Lnsymmetric 0%




Case 5

h =800

Rho = 0.08

fc=30

fy =420

Area steel 50%

Ms  Ps

Area steel 30%

Ms

Area steel 10%

Area steel 0%

0318144 | 03679
0.480005 | 0.025571
053528 | 0.179107
0.55002 | 0.250143
0.558824 0321179
0.505424 0.526381
0.428914 0.772536
0.364827 0.974911
0.3070442 1.148099
0.266151 1.266857

0211294 | 1.404756

[

0.156392 | 1.529083

0.136619  1.576231

0.119672 | 1.616643

0.104984 | 1.651667

0.092131 : 1.682313

0.080791 § 1.709353

0.070711 g 1.733389

0.061692 | 1.754895

0.053575 | 1.77425

i

0.330064 : -0.50416

0.481127 | 0.17513
0.536251 | 0.03809
0.554499 | 0.032943
0.566811 | 0103979
0513619 | 0336014
0.436308 | 0.617193
0.372497 | 0845836
0315709 | 1.039455
027715 | 1167757
0224157 | 1319029
071272 | 14545

0.150339 | 1511077
0.132397 | 1.559571
01168471 16016

0.103241 | 1638375
0.091235 | 1.670824
0.080564 | 1.699667

0.071016 ! 1.725474

i
Il
i

0.062422 1.7487

0.328531 | -0.64036

0.462424 | -0.37583
0.515766 | -0.25529
0.537523 | -0.18426
0.553343 | -0.11322
0.503008 | 0.145648
0.428356 | 0.46185
0.367418 | 0.716761
0.313642 | 0.93081
0.27836 | 1.068657
0.228551 | 1.233302
0.178784 | 1.379917
0.157623 | 1.445923
0.139485 | 1.5025
0.123765 | 1.551533
0.11001 | 1.594438
0.097873 | 1.632294
0.087085 | 1.665944
0.077433 | 1.696053

0.068745 | 1.72315

0.285102 | -0.91276

0365542 !

-0.77723

0.410431 : -0.68969

0.439205 : -0.61866

0.462042 | -0.54762
| -0.23509

L 0.151164

0.425375
0.36642

0.319008 | 0.458611

0277313 | 0.713521

0251413 | 0.870457

0211935 | 1061847
0171707 | 123075
0.152883 | 1315615
0.136747 | 1388357
0122764 | 14514
0.110528 | 1.506563
0.099731 ; 1.555235
0.090135 | 1.5985
0081548 | 1.637211

0.07382 | 1.67205

0.243207 : -1.04896

0287363 | 0.97793
0325581 | 0.90689
0357864 | -0.83586
0384209 | 0.76482
0358351 | -0.42545
0.312434 0.00418
0.275678 ;0.329536
0.24305 0.604877
0223256 | 0.771357
0.190924 0.97612
0157117 | 1156167
0.140859 1250462
0.126923 1331286
0.114845 1.401333
0.104276 1.462625
0.094952 1516706
0.086663 | 1.564778
0.079247 | 1.607789

0.072572 f 1.6465




= Symmetric 50%

w—— Unsymmetric 40%

Unsymmetric 30%

= Unsymmetric 10%

s Unsymmetric 0%




6-Conclusion

Studying the results shown in the tables and charts included in this study, it has been
noticed that:

1-

In the case of steel ratio /0 = (.01 the resistant moment increases as the tensile
steel portion increases.

In the case of steel ratio P = 0.08 the resistant moment also increases as the

tensile steel portion increases, but to a certain limit after which the resistant
moment starts decreasing as the tensile steel portion increases.

The limits mentioned in item 2 above vary as P of the steel varies.

As the unsymmetrical ratio increase, the bending moment resistance will increase
in significant values when the axial load is small.
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