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ABSTRACT

In this study; the effect of the material model, axial load, longitudinal reinforcement ratio, transverse reinforcement ratio
and transverse reinforcement spacing on the behavior of reinforced concrete cross-sections were investigated. Squared
cross-section column models have been designed. The effect of axial load, transverse reinforcement diameter and transverse
reinforcement spacing on the behavior of reinforced concrete column models have been analytically investigated. The
behavior of the columns was evaluated from the moment-curvature relation by taking the nonlinear behavior of the
materials into account. The moment-curvature relationships for different axial load level, transverse reinforcement diameter
and transverse reinforcement spacing of the reinforced concrete column cross-sections were obtained considering Mander
confined model. Moment-curvature relationships were obtained by SAP2000 Software which takes the nonlinear behavior
of materials into consideration. The examined effects of the parameters on the column behavior were evaluated in terms of
ductility and the strength of the cross-section. In the designed cross-sections, the effect of transverse reinforcement diameter
and transverse reinforcement variation on the confined concrete strength and the moment-curvature relationship was
calculated and compared for constant longitudinal reinforcement ratio. The examined behavioral effects of the parameters
were evaluated by comparing the curvature ductility and the cross-section strength. It has been found that transverse
reinforcement diameters and transverse reinforcement spacing are effective parameters on the ductility capacities of the
column sections. Axial load is a very important parameter affecting the ductility of the section. It has been observed that
the cross-sectional ductility of the column sections increases with the decrease in axial load.

Keywords: Transverse Reinforcement, Nonlinear, Confined Concrete Strength, Axial Load, Moment-Curvature, Curvature
Ductility.
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1. INTRODUCTION

Understanding the nonlinear response and damage
characteristics of reinforced concrete buildings subjected
to significant earthquakes is essential for assessment of
seismic performance of existing buildings, as well as safe
and economic design of new buildings (Ucar et al., 2015).
In the reinforced concrete structures, that is known
reinforced concrete columns are one of the most crucial
elements under earthquake loads. Column mechanisms
are very critical to prevent total collapse in earthquakes.
The objective performance levels of reinforced concrete
structures could not be ensured due to the failure of some
critical reinforced concrete columns. Because of this,
determining the behavior of the structures should be
known well to design earthquake-resisting structures. In
the reinforced concrete structures, the structural behavior
can be changed according to the behavior of the
reinforced concrete members. Moment-curvature
relationship is one of the best solutions to evaluate and
represent the behavior of reinforced concrete cross
sections (Dok et al., 2017).

The moment-curvature relationships of critical cross-
sections of reinforced concrete members are essential for
non-linear analysis of reinforced concrete structures.
Realistic moment-curvature relationships can only be
obtained if realistic material constitutive models are
utilized for confined and unconfined concrete, and
reinforcing steel during the cross-sectional moment-
curvature analysis (Bedirhanoglu and Ilki, 2004). The
behavior of reinforced concrete elements are determined
by the cross-sectional behavior of elements. Cross-
sectional behavior depends on the material used, the
geometry of the cross-section and the loading on that
particular cross-section. The behavior of a reinforced
concrete cross-section under bending moment or bending
moment plus axial force can be monitored from moment-
curvature relationship (Ersoy and Ozcebe, 2012).
Moment-curvature relationship and stress-strain curves of
steel and concrete are calculated by selecting Mander
model (Mander et. al., 1988) and using the equilibrium
equations and conformity equations to be written.
Generally, the ductility is defined as the capacity of a
material, section, structural element, or structure to
undergo an excessive plastic deformation without a great
loss in its load-carrying capacity (Arslan and Cihanli,
2010).

Ductility of reinforced structures is a desirable
property where resistance to brittle failure during flexure
is required to ensure structural integrity. Ductile behavior
in a structure can be achieved through the use of plastic
hinges positioned at appropriate locations throughout the
structural frame. These are designed to provide sufficient
ductility to resist structural collapse after the yield
strength of the material has been achieved. The available
ductility of plastic hinges in reinforced concrete is
determined based on the shape of the moment-curvature
relations (Olivia and Mandal, 2005). Ductility may be
defined as the ability to undergo deformations without a
substantial reduction in the flexural capacity of the
member (Park and Ruitong, 1988). According to Xie et al,
(1994), this deformability is influenced by some factors
such as the tensile reinforcement ratio, the amount of
longitudinal compressive reinforcement, the amount of
lateral tie and the strength of concrete. The ductility of
reinforced concrete section could be expressed in the
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form of the curvature ductility (pg):
Hep = Q)u/q)y 1)

where @, ; is the curvature at ultimate when the
concrete compression strain reaches a specified limiting
value, @, ; is the curvature when the tension
reinforcement first reaches the yield strength. Theoretical
moment-curvature analysis for reinforced concrete
structural elements indicating the available flexural
strength and ductility can be constructed providing that
the stress-strain relations for both concrete and steel are
known. Moment-curvature relationship can be obtained
from curvature and the bending moment of the section for
a given load increased to failure (Olivia and Mandal,
2005).

In order to be able to understand the behavior of
reinforced concrete members, cross sectional behavior
should be known. Cross sectional behavior can be best
evaluated by moment-curvature relationship. On a
reinforced concrete cross section moment-curvature
relationship can be determined by some complicated
iteration methods. Making these iterations manually is
very difficult and not practical. Some spread sheet
programs can be used for this purpose (Caglar et al.,
2013). Usually it is desirable to design a reinforced
concrete member with sufficient curvature ductility
capacity to avoid brittle failure in flexure and to insure a
ductile behavior, especially under seismic conditions.
Firstly, information about stress-strain relationships,
confined concrete and unconfined concrete models,
moment-curvature relationship is given for a better
understanding of non-linear behavior (Foroughi and
Yiiksel, 2018).

In this study, squared reinforced concrete column
cross section models with equal cross-sectional area were
designed and the effect of the longitudinal reinforcement
ratio, axial force level and transverse reinforcement ratio
on the behavior of these models were investigated. The
behavior of the column models was investigated through
the relation of moment-curvature. In last decades various
stress-strain relationships for unconfined and confined
concrete were proposed by different researchers. A
concrete model proposed by Mander et al. (1988) which
is widely used, universally accepted and mandated in
Turkish Seismic Code (TSC, 2018) has been used to
determine the moment-curvature relationships of
reinforced concrete members based on the SAP2000
Software (CSI, Ver. 20.1.0). Moment-curvature relations
were obtained and presented in graphical form using
SAP2000 Software which takes nonlinear behavior of
materials into consideration. The examined behavioral
effects of the parameters were evaluated by the curvature
ductility and the cross-section strength. The stress-strain
curves and moment-curvature curves were drawn in
various models and were interpreted by comparing the
curves.

2. MATERIAL AND METHOD

In order to investigate the effect of longitudinal
reinforcement ratio and transverse reinforcement ratio,
column models with dimensions of 400mmx=400mm were
designed. A total of 14 models were designed for different
transverse  reinforcement  diameters,  transverse



reinforcement spacing and different axial loads of each
model. The parameters investigated in the stress-strain
relationships, confined concrete models, moment-
curvature relations and ductility of the reinforced
concrete column models are the transverse reinforcement
diameter, transverse reinforcement spacing and axial load
levels. The designed reinforced concrete cross section
models are considered to be composed of three
components; cover concrete, confined concrete and
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reinforcement steel. Material models are defined
considering the Mander unconfined concrete model, for
cover concrete, and the Mander confined concrete model
for core concrete. For all column models, C30 was chosen
as concrete grade and S420 was selected as reinforcement
for the reinforcement behavior model, the stress-strain
curves given in TSC (2018) were used (Table 1).

Table 1. Material parameters in property values (TS-500, 2000)

Standard Strength Parameters Value

Strain at maximum Stress of Unconfined Concrete (&co) 0.002

Concrete: C30 Ultimate Compression Strain of Concrete (gcu) 0.0035
Characteristic Standard Value of Concrete Compressive Strength (fcx) 30MPa

Yield Strain of Reinforcement (esy) 0.0021

Spalling strain in reinforcing steel (esp) 0.008

Reinforcement: S420 Strain in reinforcing steel at maximum strength (esu) 0.08

Characteristic Yield strength of Reinforcement (fyk) 420MPa
Ultimate strength of Reinforcement (fsu) 550MPa

The details of the cross-sections with different
transverse reinforcement diameters and transverse
reinforcement spacing for different cross-sections are
given in Table 2. As shown in Table 2, for the parametric
study; transverse reinforcement spacing were taken as
50mm, 75mm, 100mm, 125mm, 150mm, 175mm and
200mm. Diameters of the transverse reinforcement
diameters were taken as 8mm and 10mm.

Table 2. Details for the designed square column model
cross-sections

Longitudinal Transverse
No  peinforcement  reinforcement N/Nmax
C1 ®8/50mm
C2 ®B/75mm 0
C3 ®8/100mm 0.10
C4 822 ®8/125mm 0.20
C5 ®8/150mm 0.30
C6 ®8/175mm 0.40
C7 ®8/200mm
C8 ®10/50mm
C9 ®10/75mm 0
C10 ®10/100mm 0.10
C11 822 @®10/125mm 0.20
C12 ®10/150mm 0.30
C13 ®10/175mm  0.40
Ci14 ®10/200mm

The combined effect of Ny,,q, Vertical loads and
seismic loads, gross section area of column shall satisfy
the condition A; = Ngmax/0.40f., (TSC, 2018). To
investigate the effect of axial force on the cross-section
behavior, the models were investigated under five
different axial forces; N; = 0, N,=480kN, N5;=960kN,
N, =1440kN and Ns; =1920kN. Moment-curvature
relationships for the designed column cross-sections are
presented from the analytical results of different axial
load, transverse reinforcement diameter and transverse
reinforcement spacing. By using the Mander model, with
the consideration of the lateral confining stress, the c-¢
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relationships of the reinforced concrete columns are
obtained by using the SAP2000 Software. The
reinforcement diameters and reinforcement ratio used in
the cross-sections were determined by considering the
limitations given TS500 (2000) and TSC (2018). In all the
models the longitudinal column reinforcement was 8®22.
The monotonic envelope curve introduced by Mander et
al. (1988) was adopted in this study for its computational
efficiency. The following equation is used to calculate the
unconfined concrete strength ( f. ). The effectively
confined area of concrete at hoop level is found by
subtracting the area of the parabolas containing the
ineffectively confined concrete. Thus the total plan area
of ineffectually confined core concrete at the level of the
hoops when there are n longitudinal bars is;

_ S

A; 3

€Y

Incorporating the influence of the ineffective areas in
the elevation, the area of effectively confined concrete
core at midway between the levels of transverse hoop
reinforcement is:

n

(wh? s s
A, = (bcdc—z £ )(1_2_1)c><1 _2_dc> )

13

Where b; concrete core dimension to center line of
perimeter hoop in x-direction, d. ; concrete core
dimension to center line of perimeter hoop in y direction,
s’; clear vertical spacing between hoops. Therefore, the
confinement effectiveness coefficient (k.) , which
represents the ratio of the smallest effectively confined
concrete area (4.) to the net confined concrete core
area (A..), could be given by the following Equations.

A
k, =%

A, 3)

Ace = be dc(1 - pec)

Pec 1S ratio of area of longitudinal reinforcement to area
of concrete core.



It is possible for rectangular reinforced concrete
members to have different quantities of transverse
confining steel in the x and y directions. These may be
expressed as,

C))

The lateral confining stress on the concrete (total
transverse bar force divided by vertical area of confined
concrete) are given in the x and y direction as,
fix szfyh ’ fly = Py fyh 5)

Effective lateral confining stresses in the x and y
directions are,
f’lx:keflx ’ f’ly:kefly ’ f,l:flke (6)

To determine the confined concrete compressive
strength /', a constitutive model involving a specified
maximum strength surface for multiaxial compressive
stresses is used in this model. f'; is the effective lateral
confining stress.

’ , 14 7.94f", '
flec =f'col —1.2544+2.254 |[————— -2
fleo fleo

The longitudinal concrete stress (f;) is given by the
following relation as the function of the longitudinal
concrete strain (e.). In the following equations, f. and &,
represent the concrete strength and the corresponding
strain value, respectively.

()

!
f_ fccxr X_EC
c = 4 -
r—1+x" Ecc

®
Where €. longitudinal compressive concrete strain.
The calculation of £, is not sufficient to obtain stress-
strain curve of confined concrete. Therefore, the
corresponding strain at maximum concrete stress (&)
has to be calculated too. In addition, the maximum unit
strain value ‘e’ in the concrete must be calculated at the
first hoop fracture occurring in transverse reinforcement.

Ece = €co [1+5<;§Z—1)]

Where f;, and &.,; the unconfined concrete strength
and corresponding strain, respectively (generally ., =
0.002 can be assumed), and

€)

L (10)
r=—="
Ec - Esec ,
_ 7 _ fcc
Ec = 5000y f'co MPa,  Egoc =" (11)
cc

E.: modulus of elasticity of concrete
E..: secant modulus of confined concrete at peak stress

Maximum concrete compressive strain (fracture
strain €.,,) is defined as the fracturing of the confining
reinforcement. Maximum concrete compressive strain for
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confined concrete is given (Paulay and Priestley, 1992);

1.4 ps fyw Esu

£eu = 0.004 + i
cc

(12)

ps: ratio of volume to transverse confining steel to
volume of confined concrete core

&£5,,: Strain in reinforcing steel at maximum strength

fyw: Yield strength of transverse reinforcement

] S &

Effectively ——|| | . T L
confined core

Ineffectively i
confined ~
core “
A —f%-\ ﬁ A
Cover— -—I;il ____________ ! _.T.; .
concrete | ,}_b{n-s‘z’Z —l‘ i
| be |
Section B-B

Fig. 1. Effectively confined core for square hoop
reinforcement (Mander et al., 1988)

3. NUMERICAL STUDY

The computed results for the models are summarized
in the following Tables. When the calculated values of the
designed models were examined, the following results
were obtained. The values given in the tables are prepared
according to the different confining reinforcement
diameters and spacing for the column models. Effective
lateral confining stress in x and y direction and
compressive strength of confined concrete and &, and
&y Vvalues are given in Table 3. The obtained c-¢
relationship of the longitudinal concrete stress (f;) as the
function of the longitudinal concrete strain (&.) is
summarized in Fig. 2. The o-¢ curve shown in Fig. 1 for
different transverse reinforcement spacing has been
prepared according to 8mm (Fig. 2a) and 10 mm (Fig. 2b)
transverse reinforcement diameter.
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Table 3. The calculated fiy, fiy, fix: fiys fi's fec » &c@and & values to Mander models

No Hoops spacing(mm) fix: fiy MP2)  fi., fi,,, fi(MPa)  f.. (MPa) e &u
C1 ®8/50 3.838 2.767 40.91 0.0080  0.0302
C2 ®8/75 2.558 1.698 35.69 0.0059  0.0240
C3 ®8/100 1.919 1.168 32.81 0.0048  0.0203
C4 ®8/125 1.535 0.845 30.98 0.0041 0.0178
C5 ®8/150 1.279 0.648 29.73 0.0036  0.0160
C6 ®8/175 1.096 0.503 28.83 0.0033  0.0146
C7 ®8/200 0.959 0.396 28.15 0.0030 0.0135
c8 ®10/50 5.961 4.341 47.48 0.0106 0.0391
C9 ®10/75 3.974 2.666 40.45 0.0078  0.0315
C10 ®10/100 2.980 1.836 36.41 0.0062  0.0269
cl1 ®10/125 2.384 1.344 33.79 0.0052  0.0237
c12 ®10/150 1.987 1.020 31.96 0.0045 0.0214
C13 ®10/175 1.703 0.793 30.62 0.0040 0.0195
Cl4 ®10/200 1.490 0.626 29.60 0.0036 0.0180
45 50
40 45
35 40
30 35
. _.30
& 25 —0c1 & 25
S 20 —C2 S —C8
=15 C3 =20 —C9
- —Ca 15 C10
5 C6 5 —C12
—C7 C13
0 0
0 0005 001 0-0158 0.02 0.025 0.03 0.035 0 0.005 0.01 0.015 80.02 0.025 0.03 0.035 0.04
C C
(@ (b)

Fig. 2. Stress-strain relationships for different transverse reinforcement spacing according to Mander model

The moment-curvature relationships obtained from
the analytical results are presented in graphical form. Fig.
3 shows the moment-curvature comparisons for different
transverse reinforcement spacing and different axial loads
in the designed cross sections. In Fig. 3, moment-
curvature relationships are given for different transverse
reinforcement spacings according to the transverse

400
350
300 - =
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2
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= 100 C1_N3 |
5 CLN2
C1.N1
0 } }
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Curvature (1/m)

0.4

reinforcement diameters of 8mm and 10mm respectively.
In the column models designed from the analytical
results, while the axial load is fixed in Fig. 4, the moment-
curvature relationships are compared with respect to the

diameter and spacing of different transverse
reinforcements.
400
350
300 1% =
£ ,’\\”
= 250 A
S
= 200
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100 C2_N3 |
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Fig. 3. Moment-curvature relationships of the columns for different load axial
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Fig. 4. Moment-curvature relationships of the columns for different hoops spacing
Moment-curvature relationships for the designed

column cross-sections are presented for different axial
load level, transverse reinforcement diameter and

ultimate moment (M,,), yield curvatures (@,), ultimate
curvatures (@,,) and curvature ductility (ug) values are
calculated from the moment-curvature relationships

transverse reinforcement spacing. Yield moment (M,),

(Table 4 and Table 5).

Table 4. Calculation results of bending moment-curvature (transverse reinforcement ®8)

. Axial Load Level M, @, M, Dy,
KesitNo N/ N GNom)  A/m)  (kN.m) (1/m)
0 165.03 0.0088 243.32 0.4060 46.1
0.1 218.78 0.0101 290.0 0.3258 32.3
C1 0.2 278.27 0.0116 317.0 0.2574 22.2
0.3 322.15 0.0132 337.54 0.2070 15.7
0.4 345.35 0.0153 357.52 0.1913 12.5
0 164.56 0.0088 240.58 0.4063 46.2
0.1 220.07 0.0101 278.43 0.2688 26.6
C2 0.2 275.65 0.0116 291.10 0.1870 16.1
0.3 312.53 0.0132 334.72 0.1669 12.6
0.4 342.07 0.0157 350.88 0.1418 9.0
0 164.41 0.0088 239.42 0.4064 46.2
0.1 222.45 0.0101 272.42 0.2141 21.2
C3 0.2 271.35 0.0116 309.77 0.1524 13.1
0.3 321.69 0.0134 333.42 0.1375 10.3
0.4 341.57 0.0159 348.16 0.1122 7.1
0 161.15 0.0087 234.96 0.3293 37.9
0.1 218.33 0.0101 271.76 0.1834 18.2
C4 0.2 272.56 0.0116 310.29 0.1361 11.7
0.3 313.68 0.0133 263.84 0.1215 9.1
0.4 339.80 0.0161 345.20 0.1050 6.5
0 155.18 0.0087 232.37 0.2975 34.2
0.1 221.70 0.0101 272.26 0.1704 16.9
C5 0.2 282.77 0.0117 308.54 0.1226 10.5
0.3 318.12 0.0134 329.95 0.1099 8.2
0.4 338.59 0.0161 343.63 0.0837 5.2
0 154.09 0.0087 229.66 0.2671 30.7
0.1 226.30 0.0101 270.75 0.1438 14.2
C6 0.2 275.13 0.0116 308.07 0.1135 9.8
0.3 319.52 0.0134 329.25 0.1012 7.6
0.4 337.90 0.0159 341.98 0.0804 5.1
0 156.52 0.0087 227.42 0.2481 28.5
0.1 223.78 0.0101 272.11 0.1390 13.8
C7 0.2 273.01 0.0116 308.02 0.1087 9.4
0.3 315.11 0.0134 328.22 0.0955 7.1
0.4 336.94 0.0158 338.0 0.0765 4.8
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Fig. 5. Influence of axial loads on the ductility (transverse reinforcement ®8).

Table 5. Calculation results of bending moment-curvature (transverse reinforcement ©10)

: Axial Load Level M, Dy M, Dy
Kesit No N/Nppy (kN.m) (/m) (KN.m) (/m) Mo
0 16553 00089 24381 04120 463
0.1 23202 00102 30010 03671 360
c8 0.2 26502 00114 33607 03207 289
0.3 32650 00131 35716 02994 229
0.4 34953 00151 35102 02547 169
0 16506 00088 24385 04058  46.1
0.1 22398 00101 29133 03423 339
co 0.2 280.96 00116 31839 02635 227
03 31820 00132 33832 02145 163
0.4 34566 00153 35820 01990  13.0
0 16466 00088 24170 04061  46.1
0.1 21357 0010 28182 03048 305
C10 0.2 26811 00115 31314 02169 189
0.3 31668 00133 33615 0185 139
0.4 349.44 00150 35159 01693 106
0 16450 0.0088 24029 04062  46.2
0.1 22467 00101 27625 02557 253
ci1 0.2 27835 00117 31092 01825 156
0.3 31289 00132 33379 01619 123
0.4 34162 00158 34944 01378 87
0 16438 00088 23958 04063  46.2
0.1 22488 00101 27102 02208 219
c12 0.2 27350 00116 31035 01505 138
03 32098 00134 33176 01450 108
0.4 34209 00161 34422 01193 74
0 17062 00088 23627 03608 410
0.1 22034 00101 27289 02076  20.6
c13 0.2 27050 00116 30837 01477 127
03 31840 00134 33142 01344 100
0.4 33895 00161 34502 01084 6.7
0 15074 00087 23402 03232  37.1
0.1 21922 00101 27109 01780  17.6
C14 0.2 27178 00116 30952 01380 119
03 31348 00133 33044 01210 9.1
0.4 33836 0.0160 34385 01041 65
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Fig. 6. Influence of axial loads on the ductility (transverse reinforcement ©10).

In this part of the study, the moment-curvature
diagrams are obtained from the SAP2000 Software by
changing the transverse reinforcement diameter,
transverse reinforcement spacing and axial load level.
When the analysis results are examined, it is observed that
the variation of the axial load and transverse
reinforcement have important effect on the moment-
curvature behavior of the reinforced concrete cross-
sections. As a result, axial load is a very important
parameter affecting the ductility of the section. As it shall
be seen from moment-curvature relations, ductility
decreases with the increase of axial load (N/Ny,q = 0)
ratio where the transverse reinforcement is constant.
However, when the axial load is small in the same cross-
sections (transverse reinforcement is constant), the
ductility in the cross-section is high. As it can be seen
from the moment-curvature graphs, it is observed that the
cross-section ductility decreases when the transverse
reinforcement spacing is increased under a constant axial
load. It is observed that the cross-section ductility and the
curvature increase significantly with the reduction of the
transverse reinforcement spacing. It is observed that the
ratio of transverse reinforcement is effective on cross-
section behavior of reinforced concrete cross section. The
increase in transverse reinforcement diameter increases
the ductility of the cross section and the maximum
moment bearing capacity.

4. CONCLUSION

The following results were obtained from the stress-
strain and moment-curvature analyses of the square
columns:

The stress-strain relationship graphs of confined
compressive strength and corresponding axial strain, of
the core regions of the reinforced concrete columns are
investigated based on the numerical study. The following
results were obtained from the comparison of the columns
with different characteristics of the examined factor in the
study. The models were examined according to the
conditions given in the TSC, (2018). Concrete stress-
strain graphs were obtained by using Mander confined
concrete  models.  Although  the longitudinal
reinforcement diameters and reinforcement yield
strengths used in the models are constant, the effect of the
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use of different transverse reinforcement diameters and
transverse reinforcement spacing on the lateral effective
strength was investigated.

. It has been found that for all models, transverse
reinforcement diameters and transverse reinforcement
spacing are effective on the lateral load bearing capacity.

. The transverse reinforcement  spacing
densification has a greater effect on the ductility and the
bearing capacity (moment capacity) of a cross section.

. The increase of the transverse reinforcement
ratio increases the ductility and the maximum bearing
capacity of a cross section.

. The  moment-curvature  relationship s
determined according to the cross-sectional analysis of
reinforced concrete columns by using SAP2000. The
moment-curvature relationships are compared according
to transverse reinforcement diameters, transverse
reinforcing spacing and the axial load levels of reinforced
concrete columns.

. The result is that the axial load is a very
important parameter affecting the ductility of the cross-
section. The relationship between axial load and ductile
behavior is generally inversely proportional (Figs. 3 and
4).

. The increase in the axial load level causes the
curvature values to decrease (brittle behavior), although
it usually increases the moment capacity of the cross
section.

. It has been observed that the cross-sectional
ductility increases with the decrease in axial load.

. In cases where the axial load is small,
reinforced concrete sections have a ductile behavior.

. As the diameter of the transverse reinforcement
increases, the moment capacity of the cross section
increases as expected.

. Significant reductions in ductility capacities
under increasing axial force have been observed.

. The effect of axial load on cross-sectional
behavior appears to be more explicit in cross sections
where the transverse reinforcement spacing is minimum.

. If the analysis results are compared, yielding
and ultimate moment capacities of the sections increase
when decrease of the transverse reinforcement spacing.

. Moreover, the more ductile behavior for
reinforced concrete cross sections is observed due to



increment of curvature ductility on reinforced concrete
square columns with the increase of transverse
reinforcing ratio.

. Additionally, according to the analysis results,
the increment of transverse reinforcement ratio affects the
yielding and ultimate moment capacities of the members
for each type of concrete material.

. In order to see the actual behavior of the
column sections, the transverse reinforcement ratio,
transverse reinforcement spacing, and axial load ratio
should be taken into consideration in the analyses.
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