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In this study, non-linear three dimensional finite element model was
utilized to study the confinement of high strength reinforced concrete
short columns under axial static loading. The accuracy of the model was
verified experimentally in Japan. The parameters affecting the degree of
confinement of columns are: grade and quality of used concrete, grade
and quality of used main longitudinal reinforcement, presence of
longitudinal reinforcement, type of acting load (static or repeated
loading), and rate of loading, eccentricity of applied compressive load,
slenderness ratio, end condition, concrete cover, shape and size of cross-
section, presence of lateral loading, presence of shear stress on columns,
confinement of concrete and its factor of efficiency, type and strength of
confinement material, volumetric ratio of confining steel and confining
reinforced configuration. The current research is focusing on the effect of
following parameters upon the static behavior of axial short columns:
shape of cross-section either circular, rectangular and square, end
boundary condition (fixed-fixed, hinged-hinged, fixed-hinged and fixed-
free), volumetric ratio of confinement p, as: 0, 1.023%, 1.6225%, and
2.70%, and grade of concrete either, f,, = 300, 600, 900 kg/cm®. The
obtained theoretical results are; the axial stress (f.)—axial strain (&)
relationship, the lateral stress (f;)-axial strain (&) relationship, the
axial stress (f..)—lateral strain (&) relationship, the axial stress (fe.)—
lateral stress (f;) relationship and the axial stain (&) —lateral strain (&)
relationship.

From the results of the study, it was declared how the previous included
parameters are affecting the axial static behavior of confined high
strength R.C short columns.

For different volumetric ratios, the strength ratios (fo./f.,, foffee, fo/fel)
increases with increase of volumetric ratio (ps) and the highest strength
for circular columns than rectangular columns than that for square
columns. Also, the strength ratios decrease with increase grade of
concrete (fe,).

For different end condition, the highest strength ratios for square
columns at (fixed-fixed) end condition than for circular columns than for
square columns both at (hinged-hinged) end condition.
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NOTATION

Ag:  gross cross section area of column
b,d: width and depth of reinforced concrete column rectangular or square section

D: diameter of reinforced concrete column of circular section

feu: specified concrete compressive strength based on standard cylinder test (grade
of concrete)

fec maximum compressive strength of core concrete

for: maximum effective (lateral) confining stress

L: Column length,

ps%:  volumetric ratio of transverse reinforcement
U%:  longitudinal reinforcement ratio

Ecc strain at maximum strength of concrete

€l lateral strain at (lateral) confining stress

INTRODUCTION

High-strength concrete may offer the most cost-efficient solution for many structural
design problems while providing higher strengths and improve durability. The use of
HSC is particularly advantageous in compression member. For this reason, the use of
HSC in columns and core walls of buildings among other applications is increasing
allowing for more rapid construction by attaining higher strength at an earlier age,
reducing anchorage length requirement; and higher durability. Also HSC permits early
form removal, increasing the speed of construction, lower deflections due to increased
modulus of elasticity, lower creep, and greater resistance to physical and chemical
deterioration constitute other advantages related to improved performance (Salim et
al., 1999). The use of HSC in columns leads to smaller cross sections, higher load
carrying capacity, less reinforcing steel requirements, and less frame work.

The behavior of reinforced concrete columns is generally affected by some
main factors as:
Grade and quality of concrete and main reinforcement Salim (1994),
Type of acting load (static and repeated loading): Salim et al. (1994),
Rate of loading: Salim (1994).
Eccentricity of applied compressive load and its deformability: Natalie
(1996), Stephen (2001).
Confinement of concrete columns,
Volumetric ratio of transverse reinforcement: Salim et al. (1999).
Strength of confinement steel: Polat (1992), (Sugano et al., 1990).
Confining reinforcement spacing: Salim et al. (1999), (J. Xia et al. 1996).
Confinement reinforcement configuration: Li Bing et al. (2001).
O Presence of lateral loading and it's direction: Watanabe et al. (1987).
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11. Presence of shear stress: Abdel-Fattah et al. (1989).

12. Type of confinement material: Mander et al. (1988).

13. Shape and size of cross-section: Salim et al. (1994) and

14. Slenderness ratio as well as different end condition: CEEN 219 (2002)

PARAMETERS OF THE STUDY

The current research is focusing on studying the effect of following parameters upon
the static behavior of axial short columns:
— Shape of cross-section either of circular, rectangular and square,
— End boundary condition either fixed-fixed, hinged-hinged, fixed-hinged and
fixed-free,
— Volumetric ratio (ps) of confinement as: 0, 1.023%, 1.6225%, and 2.70%, and
—  Grade of concrete either, f,, = 300, 600, 900 kg/cm?). See Figs. (1) and (2)
The properties of the studied 72 columns are summarized in Tables (1), (2)
and (3) taking all above referred parameters.

THEORETICAL APPROACH FOR AXIALLY LOADED R.C COLUMNS:

The modifications were based on an analytical model carried out by (Khairy Hassan,
1999). In the current study, we used finite element software called ABAQUS. To
fulfill the purpose of the above mentioned study 72 R.C short columns were analyzed
using the ABAQUS model.
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Fig.1: End boundary condition

THE OBTAINED THEORETICAL RESULTS

The obtained theoretical results one can evaluate the following relationship for all
studied parameters; The axial stress (f.;)—axial strain (e.) relationship, The lateral
stress (fy)— axial strain (e.) relationship, The axial stress (f.)—lateral strain (e)
relationship, The axial stress (f.)—later stress (f,) relationship and The axial stain
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(ecc)-lateral strain (gy) relationship. Tables (1), (2) and (3) summarizes the
obtained theoretical results of both maximum stresses and strains for the

studied columns.
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Fig.(2): Confining reinforcement configuration.

—31.62cm—

1. Axial stress (f.c) — axial strain (e.) relationship

Figures (3), (4) and (5), show samples of the obtained axial stress (f.)—axial strain
(sc) relationships for circular, rectangular and square sections with constant
volumetric ratio (ps = 0.6%) using different grades of concrete (f,,=300, 600, 900
Kg/cm?) for the different end conditions of columns (fixed—fixed, hinged—hinged,

fixed— hinged and fixed—free).
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Table (1): Properties of Studied R.C Columns for Rectangular Section.

Height Crpss-sgctlon Grade of Longitudinal reinforcement Transverse reinforcement
Column Shape of dimensions used
No. End condition of cross concrete Area of No. of Ties Volumetri
o . column | (bxt)orD Ag No. of . % of . .
designation section (Lem (cm) Cm? feu , bars Re|n2f. Reinf. () and Diameter c ratio
kg/cm Cm ' of bars (mm) (ps) %
C1 Fixed-free 25 x40 1000 300 8916 16.08 1.61 - 0
C2 Fixed-free 25 x40 1000 300 8916 16.08 1.61 6¢ 8 1.023
C3 Fixed-free 25 x40 1000 300 8916 16.08 1.61 2X6¢8 1.625
C4 Fixed-free 25 x40 1000 300 8916 16.08 1.61 2x10 ¢ 8 2.7
C5 Fixed-free 25 x40 1000 600 8916 16.08 1.61 - 0
C6 Fixed-free 25 x40 1000 600 8916 16.08 1.61 6¢ 8 1.023
C7 Fixed-free 25 x40 1000 600 8916 16.08 1.61 2X6¢8 1.6225
C8 Fixed-free c 25 x 40 1000 600 8416 16.08 1.61 2x10 ¢ 8 2.7
C9 Fixed-free -S 25 x40 1000 900 8916 16.08 1.61 - 0
C10 Fixed-free 3 E 25 x 40 1000 900 8416 16.08 1.61 6¢ 8 1.023
Cil1 Fixed-free n o 25 x 40 1000 900 8416 16.08 1.61 2X6¢8 1.6225
Ci12 Fixed-free < 8 25 x 40 1000 900 8416 16.08 1.61 2x10 ¢ 8 2.7
C13 Fixed-fixed S N 20 x 30 600 300 4418 10.17 1.7 6¢8 0.6
Cl4 Hinged-hinged ? Il 20x 30 600 300 4418 10.17 1.7 6¢8 0.6
Ci15 Fixed-hinged ] 1 20 x 30 600 300 4418 10.17 1.7 6648 0.6
Ci16 Fixed-free & 20 x 30 600 300 4418 10.17 1.7 668 0.6
C17 Fixed-fixed o 20 x 30 600 600 4418 10.17 1.7 648 0.6
C18 Hinged-hinged 20 x 30 600 600 4418 10.17 1.7 6648 0.6
C19 Fixed-hinged 20 x 30 600 600 4418 10.17 1.7 6648 0.6
C20 Fixed-free 20 x 30 600 600 4918 10.17 1.7 668 0.6
C21 Fixed-fixed 20 x 30 600 900 4418 10.17 1.7 6648 0.6
Cc22 Hinged-hinged 20 x 30 600 900 4918 10.17 1.7 668 0.6
C23 Fixed-hinged 20 x 30 600 900 4918 10.17 1.7 668 0.6
C24 Fixed-free 20 x 30 600 900 4918 10.17 1.7 648
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Table (2): Properties of Studied R.C Columns for Circular Section.

Column Shape He;?ht Cdr;)ns]z-nsse;gggn GLane%Of Longitudinal reinforcement Transverse reinforcement
No. End condition of cross concrete Area of No. of Ties Volumetri

designation section ccl)_lumn (bx1) orD Ag2 feu I\é)o. of Reinf. % fOf and Diameter c ratio

(Lyem (cm) cm kg/cm? ars Cm? Reinf. (W) | ¢ pars (mm) (ps) %

C25 Fixed-free 35.69 1000 300 8¢16 16.08 1.61 - 0
C26 Fixed-free 35.69 1000 300 816 16.08 1.61 6¢8 1.023
Cc27 Fixed-free 35.69 1000 300 816 16.08 1.61 2(6608) 1.6225
C28 Fixed-free 35.69 1000 300 816 16.08 1.61 2(10 ¢ 8) 2.7
C29 Fixed-free 35.69 1000 600 8916 16.08 1.61 - 0
C30 Fixed-free 35.69 1000 600 8916 16.08 1.61 6¢8 1.023
C31 Fixed-free 35.69 1000 600 8916 16.08 1.61 2(6¢8) 1.6225
C32 Fixed-free > 35.69 1000 600 8916 16.08 1.61 2(10 ¢ 8) 2.7
C33 Fixed-free o 35.69 1000 900 816 16.08 1.61 - 0
C34 Fixed-free 'L_) : 35.69 1000 900 816 16.08 1.61 6¢8 1.023
C35 Fixed-free L % 35.69 1000 900 8416 16.08 1.61 2(6698) 1.6225
C36 Fixed-free « S 35.69 1000 900 816 16.08 1.61 2(10 ¢ 8) 2.7
C37 Fixed-fixed E,:: N 27.65 600 300 4418 10.17 1.7 608 0.6
C38 Hinged-hinged 5' " 27.65 600 300 4418 10.17 1.7 608 0.6
C39 Fixed-hinged &) - 27.65 600 300 4418 10.17 1.7 608 0.6
C40 Fixed-free o 27.65 600 300 4418 10.17 1.7 608 0.6
C41 Fixed-fixed © 27.65 600 600 4418 10.17 1.7 6¢8 0.6
C42 Hinged-hinged 27.65 600 600 4418 10.17 1.7 6¢8 0.6
C43 Fixed-hinged 27.65 600 600 4418 10.17 1.7 6¢8 0.6
C44 Fixed-free 27.65 600 600 4418 10.17 1.7 6¢8 0.6
C45 Fixed-fixed 27.65 600 900 4418 10.17 1.7 608 0.6
C46 Hinged-hinged 27.65 600 900 4418 10.17 1.7 608 0.6
C47 Fixed-hinged 27.65 600 900 4418 10.17 1.7 608 0.6
C48 Fixed-free 27.65 600 900 4918 10.17 1.7 6¢8 0.6
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Table (3): Properties of Studied R.C Columns for Square Section.

Column Shape He;?ht Cdr;)ns]z-nsse;gggn GLane%Of Longitudinal reinforcement Transverse reinforcement
No. End condition of cross concrete Area of No. of Ties Volumetri

designation section ccl)_lumn (bx1) orD Ag2 feu I\é)o. of Reinf. % fOf and Diameter c ratio

(Lyem (cm) cm kg/cm? ars Cm? Reinf. (W) | ¢ pars (mm) (ps) %

C49 Fixed-free 31.62x31.62 1000 300 4916 16.08 1.61 - 0
C50 Fixed-free 31.62x31.62 1000 300 4916 16.08 1.61 6¢8 1.023
C51 Fixed-free 31.62x31.62 1000 300 4916 16.08 1.61 2X668 1.6225
C52 Fixed-free 31.62x31.62 1000 300 4916 16.08 1.61 2x106 8 2.7
C53 Fixed-free 31.62x31.62 1000 600 4416 16.08 1.61 - 0
C54 Fixed-free 31.62x31.62 1000 600 4416 16.08 1.61 608 1.023
C55 Fixed-free 31.62x31.62 1000 600 4416 16.08 1.61 2X668 1.6225
C56 Fixed-free 31.62x31.62 1000 600 4416 16.08 1.61 2x106 8 2.7
C57 Fixed-free > 31.62x31.62 1000 900 8916 16.08 1.61 - 0
C58 Fixed-free @) . 31.62x31.62 | 1000 900 8¢16 16.08 1.61 668 1.023
C59 Fixed-free 5 E 31.62x31.62 | 1000 900 8916 16.08 1.61 2X6¢8 1.6225
C60 Fixed-free ) = 31.62x31.62 | 1000 900 8916 16.08 1.61 2x10¢ 8 2.7
C61 Fixed-fixed o N 24.5x 245 600 300 4418 10.17 1.7 608 0.6
C62 Hinged-hinged ® ! 24.5x 245 600 300 4418 10.17 1.7 608 0.6
C63 Fixed-hinged (% - 24.5x 245 600 300 4418 10.17 1.7 608 0.6
Cc64 Fixed-free 24.5x 245 600 300 4418 10.17 1.7 608 0.6
C65 Fixed-fixed 24.5x 24.5 600 600 4418 10.17 1.7 6¢8 0.6
C66 Hinged-hinged 24.5x 24.5 600 600 4418 10.17 1.7 6¢8 0.6
C67 Fixed-hinged 24.5x 24.5 600 600 4418 10.17 1.7 6¢8 0.6
C68 Fixed-free 24.5x 24.5 600 600 4418 10.17 1.7 6¢8 0.6
C69 Fixed-fixed 24.5x 24.5 600 900 4418 10.17 1.7 608 0.6
C70 Hinged-hinged 24.5x 24.5 600 900 4418 10.17 1.7 608 0.6
C71 Fixed-hinged 24.5x 24.5 600 900 4418 10.17 1.7 608 0.6
C72 Fixed-free 24.5x 24.5 600 900 4418 10.17 1.7 6¢8 0.6
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Fig. 3: Axial (stress-strain) diagram at different end condition (fixed-fixed, hinged-
hinged, fixed-hinged, fixed-free) for different shapes
(circular-rectangular -square) at grade of concrete
f.. = 300 kg/cm? and p, = 0.6%.
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Fig. 4: Axial (stress-strain) diagram at different end condition (fixed-fixed, hinged-
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(circular-rectangular -square) at grade of concrete
f., = 600 kg/cm? and ps = 0.6%.
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2. Lateral stress (f¢)—axial strain (gcc) relationship:

Figures (6) (7) and (8) show samples of the obtained lateral stress (fy)—axial strain
(sc) relationships for circular, rectangular and square sections with constant
volumetric ratio (ps=0.6%) using different grades of concrete (f,, = 300, 600, 900
kg/cm?) for the different end condition of columns (fixed-fixed, hinged-hinged, fixed-
hinged and fixed-free).
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3. Axial stress (fcc)—lateral strain (gg) relationship:

Figures (9), (10) and (11) show samples of the obtained axial stress (f.)—lateral
strain (g, relationships for circular, rectangular and square sections with constant
volumetric ratio (ps=0.6%) using different grades of concrete (f,, = 300, 600, 900
kg/cm?) for the different end condition of columns (fixed—fixed, hinged—hinged,
fixed—hinged and fixed—free).
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Fig.9: (Axial stress—lateral strain) diagram at different end condition (fixed—fixed,
hinged-hinged, fixed—hinged, fixed—free) for different shapes
(circular—rectangular—square) at grade of concrete
f.,. = 300 kg/cm? and ps = 0.6%.
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4. Axial stress (f.c)-lateral stress (f) relationship:

Figures (12), (13) and (14) show samples of the obtained axial stress (f.)—lateral
stress (f) relationships for circular, rectangular and square section with constant
volumetric ratio (ps = 0.6%) using different grades of concrete (f,, = 300, 600, 900
kg/cm?) for the different end condition of columns (fixed—fixed, hinged—hinged,
fixed-hinged and fixed—free).
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Fig.12: (Axial stress-lateral stress) diagram at different end condition (fixed—fixed, hinged—
hinged, fixed-hinged, fixed—free) for different shapes (circular-rectangular—square) at grade of
concrete f., = 300 kg/cm? and p, = 0.6%.
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concrete f., = 600 kg/cm? and p, = 0.6%.
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Fig.14: (Axial stress-lateral stress) diagram at different end condition (fixed—fixed,
hinged-hinged, fixed-hinged, fixed—free) for different shapes (circular—rectangular—
square) at grade of concrete f., = 900 kg/cm? and ps = 0.6%.

DISCUSSION OF THE THEORETICAL RESULTS

Here this research is only focusing on the effect of following parameters upon the
theoretical static behavior of axial short columns in terms of the induced stresses and
strains of such as columns:

1. Volumetric ratio of stirrups.

2. End condition.

3. Shape of cross-section; either of circular, rectangular or square.

4. Grade of concrete.

Tables (4), (5) and (6) summarizes the obtained theoretical both maximum
stresses and strains for the studied columns. To declare how the included parameters
influence the various calculated values represented by the maximum induced axial
stresses and strains it is beneficial to be taken as ratios based on the reference grades
of concrete. The effect of the third and fourth parameters is interrelated with both first
and second parameters as follows:

1- Effect of Volumetric Ratio on Maximum Stresses and Strains

Figures (15), (16) and (17) shows how the ratios of (f../fe), (fo/fee), (fo/feu) and (eqfecc)
are affected by the above mentioned parameters, volumetric ratio (ps%), grade of
concrete and shape of cross-sections for constant end condition. Examination of all
figures shows that:
e For a constant grade of concrete and constant end condition the induced
maximum axial stresses (f.) increases with increases of (ps%).
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sections having different shapes of cross-sections for constant end condition
(fixed-free) reflects the fact that these induced lateral stress also are affected
by the all volumetric ratio (ps%) concrete grade and shape of cross-section.
Also, it is shown how the ratios of (fe/fcu), (fol.fee), (fo/fer) and (ecfe) are
affected by the above mentioned parameters, volumetric ratio (ps%), grade of
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end condition (fixed-free) for circular columns
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Table (4): The Obtained Theoretical Maximum Stresses and Maximum Strains for Studied Columns For Rectangular Sections.

Shape of Grade of Percent Volumetri ' ' ]
Cdg;liggt!\é?{ End condition crgss concrete fg, Reinf. c ratio f.. (kg/cm?) fy (kg/cm?) g(f:“ rr)w(/(}r%; (%:’T?/i?n; (%;;l(/lc?ns)
section kg/cm? 1s(%) ps(%)
C1l Fixed-free 300 1.61 0 242.5 69.16 31.0 9.39 41.0
C2 Fixed-free 300 1.61 1.023 344.78 104.77 52.8 15.70 163.0
C3 Fixed-free 300 1.61 1.6225 413.61 201.35 69.0 20.5 213.0
C4 Fixed-free 300 1.61 2.70 462.27 299.19 72.6 21.6 310.0
C5 Fixed-free 600 1.61 0 547.12 158.20 106.0 31.5 122.0
C6 Fixed-free 600 1.61 1.023 704.62 287.94 131.0 39.0 221.0
C7 Fixed-free 600 1.61 1.6225 831.44 405.08 163.0 48.4 261.0
C8 Fixed-free 600 1.61 2.70 871.74 565.43 188.0 55.8 262.0
C9 Fixed-free _S 900 1.61 0 706.44 201.89 154.0 45.7 164.0
C10 Fixed-free o 900 1.61 1.023 967.92 277.17 158.0 46.9 200.0
Cl1 Fixed-free % 900 1.61 1.6225 1157.22 378.48 252.0 74.3 312.0
C12 Fixed-free 5 900 1.61 2.70 1219.59 570.126 265.0 78.0 320.0
C13 Fixed-fixed S 300 1.70 0.6 353.55 151.17 220.0 190.0 250.0
Cl4 Hinged-hinged = 300 1.70 0.6 364.00 166.72 267.0 211.7 310.0
C15 Fixed-hinged g 300 1.70 0.6 366.14 167.68 268.0 213.0 311.0
C16 Fixed-free & 300 1.70 0.6 343.20 137.34 216.0 117.0 240.0
Civ Fixed-fixed 600 1.70 0.6 647.28 178.44 251.0 209.0 330.0
C18 Hinged-hinged 600 1.70 0.6 691.97 316.79 308.0 232.0 420.0
C19 Fixed-hinged 600 1.70 0.6 694.02 227.6 289.0 232.0 410.0
C20 Fixed-free 600 1.70 0.6 633.03 163.33 233.0 138.0 263.0
C21 Fixed-fixed 900 1.70 0.6 1044.96 217.98 283.0 229.0 313.0
C22 Hinged-hinged 900 1.70 0.6 1045.27 251.76 350.0 251.0 400.0
C23 Fixed-hinged 900 1.70 0.6 1111.33 253.48 310.0 252.0 340.0
C24 Fixed-free 900 1.70 0.6 1034.18 212.47 253.0 156.0 274.0
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Table (5): The Obtained Theoretical Maximum Stresses and Maximum Strains for Studied Columns For Circular Sections.

Percent Volumetri X X ¥

Cd(e);lijg;?\gt!\(l)?{ End condition Srla;ggsof cg;nrgrde?eoffcu Reinf. c ratio f.. (kg/cm?) fy (kg/cm?) 8(:;“ rr)1(/ gr?q)S (gé'n;(/(l:?n; (%%(llc?ns)
section kg/lcm? 115(%) ps(%)

C25 Fixed-free 300 1.61 0 287.0 129.31 21.3 6.33 31.2
C26 Fixed-free 300 1.61 1.023 359.31 235.81 98.0 9.33 175.0
c27 Fixed-free 300 1.61 1.6225 486.95 27141 64.4 13.8 127.0
C28 Fixed-free 300 1.61 2.70 550.406 254.31 52.0 15.5 236.0

C29 Fixed-free 600 1.61 0 563.47 256.16 80.6 18.5 92.7
C30 Fixed-free 600 1.61 1.023 717.5 398.41 70.1 20.8 220.0
C31 Fixed-free 600 1.61 1.6225 864.6 567.76 97.0 28.8 176.0
C32 Fixed-free 600 1.61 2.70 940.8 480.53 116.0 34.4 211.0
C33 Fixed-free c 900 1.61 0 724.8 212.36 89.0 26.4 110.0
C34 Fixed-free o 900 1.61 1.023 1093.36 294.14 102.0 30.3 161.0
C35 Fixed-free g 900 1.61 1.6225 1240.95 436.0 152.0 45.0 199.0
C36 Fixed-free 2 900 1.61 2.70 1287.31 463.33 162.0 48.1 212.0
C37 Fixed-free 3 300 1.70 0.6 321.56 77.31 148.0 22.6 195.0
C38 Hinged-hinged 3 300 1.70 0.6 390.0 145.34 166.0 24.7 217.0
C39 Fixed-hinged 5 300 1.70 0.6 380.55 133.98 171.0 24.7 225.0
C40 Fixed-free 300 1.70 0.6 346.45 130.,65 228.0 59.0 248.0
C41 Fixed-free 600 1.70 0.6 686.7 333.86 205.0 42.1 307.0
C42 Hinged-hinged 600 1.70 0.6 779.42 286.44 207.0 44.2 291.0
C43 Fixed-hinged 600 1.70 0.6 743.94 214.77 251.0 441 368.0
C44 Fixed-free 600 1.70 0.6 632.28 100.85 258.0 78.5 310.0
C45 Fixed-free 900 1.70 0.6 1056.3 182.27 261.0 61.6 281.0
C46 Hinged-hinged 900 1.70 0.6 1092.91 223,125 247.0 63.7 285.0
C4a7 Fixed-hinged 900 1.70 0.6 1163.48 222.87 330.0 63.6 370.0
C48 Fixed-free 900 1.70 0.6 1034.65 149.33 296.0 98.0 320.0
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Table (6): The Obtained Theoretical Maximum Stresses and Maximum Strains for Studied Columns For Square Sections.
Shape of Grade of Percent | Volumetri . . .
Cdg;?nggt!\é% End condition cross concrete fcu Reinf. ¢ ratio f. (kglem?) | fy (kg/ecm?) 8(::0 rr)1(/ (}r?w)S (gélrr?/(l:?n; (?:Crf;](/lc(r)ns)
’ section kg/em? Hs(%) ps(%)
C49 Fixed-free 300 1.61 0 240.0 66.86 60.3 17.9 71.0
C50 Fixed-free 300 1.61 1.023 332.95 148.28 31.4 29.1 112.0
Ch1 Fixed-free 300 1.61 1.6225 401.36 229.49 128.0 38.1 275.0
Ch2 Fixed-free 300 1.61 2.70 448,125 240.61 134.0 39.8 350.0
C5h3 Fixed-free 600 1.61 0 492.05 151.19 183.0 54.30 203.0
C54 Fixed-free 600 1.61 1.023 670.803 180.53 220.0 71.20 320.0
Ch5 Fixed-free 600 1.61 1.6225 815.628 375.61 310.0 92.0 372.0
C56 Fixed-free 600 1.61 2.70 820.272 346.8 343.0 102.0 410.0
Ch57 Fixed-free - 900 1.61 0 693.95 196.05 187.0 85.3 195.0
C58 Fixed-free o 900 1.61 1.023 949.74 289.11 290.0 83.20 310.0
Ch9 Fixed-free © 900 1.61 1.6225 1135.68 392.67 409.0 121.5 437.0
C60 Fixed-free % 900 1.61 2.70 1162.13 442.06 450.0 133.0 480.0
C61 Fixed-fixed o 300 1.7 0.6 430.95 204.,46 346.0 261.0 367.0
C62 Hinged-hinged g 300 1.7 0.6 237.97 214.89 299.0 291.0 340.0
C63 Fixed-hinged 5)7 300 1.7 0.6 325.08 54.98 265.0 78.0 341.0
C64 Fixed-free 300 1.7 0.6 337.15 90.72 169.0 68.9 200.0
C65 Fixed-fixed 600 1.7 0.6 821.63 229.53 326.0 281.0 361.0
C66 Hinged-hinged 600 1.7 0.6 775.87 232.67 304.0 311.0 364.0
C67 Fixed-hinged 600 1.7 0.6 625.17 105.83 281.0 248.0 348.0
C68 Fixed-free 600 1.7 0.6 743.2 185.82 211.0 87.0 294.0
C69 Fixed-fixed 900 1.7 0.6 1078.35 273.28 307.0 299.0 370.0
C70 Hinged-hinged 900 1.7 0.6 1147.78 268.19 309.0 303.0 356.0
C71 Fixed-hinged 900 1.7 0.6 1108.66 129.61 296.0 117.0 320.0
C72 Fixed-free 900 1.7 0.6 1070.7 176.89 254.0 108.0 274.0
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2. Effect of Boundary Condition on the Induced Maximum Stresses
and Strains

Figures (18) (19) and (20) show how the end boundary condition affects the induced
axial stresses, lateral stresses and lateral strains for axial columns for different grades
of concrete with constant volumetric ratio (ps = 0.6%). Such effect is shown in Figs.
(21), (22) and (23).
Examination of previous figures led to the following observation:
e The highest ratio of (f./f.), for (f,, = 300 and 600 kg/cmz) was obtained
at (hinged-hinged) end condition however for (f.,,=900 kg/cm?) it was
obtained at (fixed-hinged) end condition.
e The highest ratio of the maximum value (f./f.) was obtained at (fixed-
fixed) end condition for grade of concrete (f., = 600 kg/cm?).
e The highest ratio of the maximum value (f./f.,) was obtained at (fixed-
fixed) end condition, for grade of concrete (f., = 600 kg/cm?).
e The highest ratio of the maximum value (e./e.) was obtained at (fixed-
free) end condition, for grade of concrete (f,, = 900 kg/cm?).

Finally the following can be summarized:

The highest ratio of the maximum value (f../f,,) was obtained at (fixed-hinged) end
condition, for grade of concrete (f,,) = 900 kg/cm?. The highest ratio of the maximum
value (f./f..) was obtained at both (fixed-hinged) and (hinged-hinged) end condition
for grade of concrete (f., = 300, 600 kg/cm?). The highest ratio of the maximum value
(fa/fe,) was obtained at (fixed-hinged) end condition for grades of concrete (f,, = 300
kg/cm?).The highest ratio of the maximum value (eq/e.c) Was obtained at (fixed-fixed)
end condition for grade of concrete (f., = 300 kg/cm?).

The highest ratio of the maximum value (f../f,,) was obtained at (fixed-fixed)
end condition for grade of concrete (f.,, = 300 kg/cm?®). The highest ratio of the
maximum value (f./f.) was obtained at (fixed-fixed) end condition for grade of
concrete (f.,, = 300 kg/cm?®). The highest ratio of the maximum value (fy/f.) was
obtained at (hinged-hinged) end condition, for grade of concrete (f,, = 300 kg/cm?).
The highest ratio of the maximum value (e./e.) was obtained at (hinged-hinged) end
condition for grade of concrete (f.,) = 900 kg/cm?.
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Fig.25: Effect of concrete grade on the induced ratios of the maximum stress and
strains for axial R.C columns for different end condition (fixed-fixed, hinged-hinged,
fixed-hinged and fixed-free) with constant volumetric ratio (ps=0.6%)
for rectangular columns.
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Fig.26: Effect of concrete grade on the induced ratios of the maximum stress and
strains for axial R.C columns for different end condition (fixed-fixed, hinged-hinged,
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for square columns.

3. Effect of Shape of Cross Section

Figures (27), (28) and (29) declare the effect of shape of cross-section (circular—
rectangular and square) on the induced maximum stresses and strains for different
used volumetric ratios (ps%) for the case of used constant grades with (fixed-free) end
condition. From the previous figures the following important remarks are given:

For a given grade of concrete and constant cross-section shape with constant
end condition, the induced maximum axial stresses (f..), the induced maximum lateral
stresses (fy) well as the induced lateral strains (g) increases with the increase of
volumetric ratio (ps%). The rate of increase mainly depends on both the shape of
cross-sections and grade of concrete. The rate of increase of the induced maximum
axial and lateral stresses is higher for lower used grade of concrete (300) with the
order circular, rectangular and square sections respectively.
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Fig.27: Effect of shape of cross-section on the ratios of the induced maximum
stresses and strains for axial R.C columns for different and condition (fixed-fixed,
hinge-hinged, fixed-hinged and fixed-free) with constant volumetric ratio (ps=0.6%)

15
CiCircular CIRectangular EISquare
—
12
0.9
06
03
0.0
Fixed-Fixed Hinged-Hinged Fixed-Hinged Fixed-Free
End condition
0.8
CCircular
DRectangular
ESquare
0.6
0.4
) 1
0.0
Fixed-Fixed Hinged-Hinged Fixed-Hinged Fixed-Free
End condition

fel/fee

&cl/scc

0.6

0.5

0.4

03

0.2

0.1

0.0

12

10

08

0.6

0.4

02

0.0

for concrete grade C300.

OCircular
EIRectangular
mSquare
Fixed-Fixed Hinged-Hinged Fixed-Hinged Fixed-Free
End condition
OiCircular
DRectangular
ESquare
Fixed-Fixed Hinged-Hinged Fixed-Hinged Fixed-Free
End condition

Fig.28: Effect of shape of cross-section on the ratios of the induced maximum
stresses and strains for axial R.C columns for different and condition (fixed-fixed,
hinge-hinged, fixed-hinged and fixed-free) with constant volumetric ratio (ps=0.6%)

for concrete grade C600.
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Fig.29: Effect of shape of cross-section on the ratios of the induced maximum stresses and
strains for axial R.C columns for different and condition (fixed-fixed, hinge-hinged, fixed-
hinged and fixed-free) with constant volumetric ratio (ps=0.6%)
for concrete grade C900.

4. Effect of Grade of Concrete:

Figures (30), (31) and (32) indicate the effect of the concrete grade (f.,) on the
induced maximum axial stresses, lateral stresses and lateral strains for axial R.C
columns at different volumetric ratios (ps%) with different shapes of cross-sections for
constant end conditions (fixed-free).
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Fig.(30): Effect of concrete grade on the induced ratios of the maximum stress and strains for
axial R.C columns for different end condition (fixed-fixed, hinged-hinged, fixed-hinged and
fixed-free) with constant volumetric ratio (ps=0.6%)
for circular columns.
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Fig.(31): Effect of concrete grade on the induced ratios of the maximum stress and strains for
axial R.C columns for different end condition (fixed-fixed, hinged-hinged, fixed-hinged and
fixed-free) with constant volumetric ratio (ps=0.6%)

for rectangular columns.
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CONCLUSIONS

1. For a given grade of concrete and constant cross-section shape with constant end
condition, the induced maximum axial stresses (f.), the induced maximum
lateral stresses (fo), the induced lateral strains () increases with the increase of
volumetric ratio (p;%). The rate of increase mainly depends on both the shape
of cross-sections and grade of concrete. The rate of increase of the induced
maximum axial and lateral stresses is higher for lower used grade of concrete
(300) with the order circular, rectangular and square sections respectively.

2. For columns confined with 0,1.023, 1.6225 and 2.7 % volumetric ratios, with
fixed-free end condition, either grade of concrete 300, 600, 900 kg\cm2 for
different cross sections (circular, rectangular and square), the strength ratio of
(feo/fow) (folfee) (falfew) increases with increase of volumetric ratio (ps).
Strength ratio (fc/fcu) increases with 78.85 % for circular columns, 75.28 % for
rectangular columns and 73.75 % for square columns. This means that strength
ratio of (f/fcy) increases for columns confined for circular column than
rectangular columns with 1.05 % and rectangular than that for square columns
with 1.02%. For lateral strength ratio (fo/f.c) increases with 73.32% for circular
columns with 68.45% for rectangular columns and with 51.97% for square
columns. This means that strength ratio of (f«/fs) increases for columns
confined for circular columns than that for rectangular columns with 1.07% and
rectangular than square columns with 1.32%. For lateral strength ratio (f¢/fcu)
increases with 89.62% for circular columns. For rectangular columns, it
increases with 89.16% and 87.0% for square columns. This means that strength
ratio of (fu/f) increases for columns confined for circular columns rather than
rectangular columns with 1.01% and for rectangular columns rather than square
columns with 1.02 %.

3. The grade of concrete, f, definitely affects both the induced maximum axial
and lateral stresses f, f, which both increase f., and maximum value was
obtained at circular columns confined with 2.7 % volumetric ratio. The strength
ratios (feo/feu) (foll fee) (fol feu) decrease with increase of grade of concrete f.
Strength ratio (f/fc,) increases 18.46, 9.98 and 8.31 for circular, rectangular
and square columns respectively. Strength ratio (fo/fe) increases by 43.37,
37.68 and 43.49 % for circular, rectangular and square columns respectively.
Strength ratio (fo/fc,) decreases by 75.33, 59.94 and 64.79 % for circular,
rectangular and square columns respectively.

4. Concerning effect of boundary condition on the induced maximum stresses and
strains, the highest ratio of the maximum value (f../f,,) was obtained at (fixed-
hinged) end condition, for grade of concrete (f.,) = 900 kg/cm?. The highest ratio
of the maximum value (f./f,;) was obtained at both (fixed-hinged) and (hinged-
hinged) end condition for grade of concrete (f,, = 300, 600 kg/cm?). The highest
ratio of the maximum value (f,/f.,) was obtained at (fixed-hinged) end condition
for grades of concrete (f,, = 300 kg/cm?).The highest ratio of the maximum
value (eq/e.) was obtained at (fixed-fixed) end condition for grade of concrete
(f.. = 300 kg/cm?). The highest ratio of the maximum value (f../f.,) was obtained
at (fixed-fixed) end condition for grade of concrete (f,, = 300 kg/cm?). The
highest ratio of the maximum value (f./f,.) was obtained at (fixed-fixed) end
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condition for grade of concrete (f.,, = 300 kg/cm?). The highest ratio of the
maximum value (f./f.,) was obtained at (hinged-hinged) end condition, for grade
of concrete (f,,=300 kg/cmz). The highest ratio of the maximum value (eq/e)
was obtained at (hinged-hinged) end condition for grade of concrete (f.,) = 900
kg/ cm?

5. For columns confined with 0.60 % volumetric ratio with (fixed-fixed), (hinged-
hinged), (fixed-hinged), (fixed-free) end condition, with grade of concrete 300,
600, and 900 kg\cm® for different cross section (circular, rectangular and square)
it was found that: Highest strength ratio (f../fc) Was 1.436, 1.3 and 1.236 for
square confined columns at(fixed- fixed) end condition, circular confined
columns at (hinged-hinged) end condition and rectangular columns respectively.
Highest lateral strength ratio (fq/fe) 0.486, 0.458 and 0.354 for circular
confined columns at (fixed-fixed) end condition, rectangular confined columns
with (hinged-hinged) end condition and square columns (fixed-fixed) end
condition respectively. Highest lateral strength ratio (fq/f.,) was 0.716), 0.558
and 0.556 for square confined columns at (hinged- hinged), rectangular with,
(fixed-hinged) and circular columns with (fixed-fixed) end condition
respectively Highest strains ratio (eq/e.;) was 0.98, 0.863 and 0.33 for square
confined columns at (hinged- hinged), rectangular confined columns (fixed-
fixed ) and circular columns at (fixed-free) end condition respectively.

6. The lateral strain ratio (eq/ecc) is approximately the same value for different
volumetric ratios of confinement (0, 1.023%, 1.6225%, 2.70%). This means the
volumetric ratio of confinement has no effect on changing (eq/ec).

7. For columns confined with 0.60 % volumetric ratio with (fixed-fixed), (hinged-
hinged), (fixed-hinged), (fixed-free), with grade of concrete 300,600,900 kg\cm?
for different cross sections (circular, rectangular and square) it was found that
the influence of concrete compressive strength (f¢,) on strength ratio (feo/fcu)
(falfeo) (fol/feu) (ealece) is as follows: Highest strength ratio (feo/ feu) Was 1.436,
1.3 and 1.294 for grades of concrete 300 kg\cm? at fixed-fixed case, grade of
600 kg\cm? at hinged-hinged circular column and grade of 900 kg\cm? at fixed-
hinged circular column respectively. This means that the lower strength f,, the
more effective is the confinement represented by higher strength of strength
ratio (f cc/ f cu)-

Highest strength ratio (fu/f.;) was 0.486, 0.458 and 0.241 for grade of concrete
600 at fixed-fixed circular column, 300 at hinged-hinged (fixed- hinged) of
rectangular column and 900 at hinged-hinged rectangular column. Thus, the
lower is the strength the more effective is the confinement strength ratio (fo/fcc).
Highest strength ratio (fo/fc,) was 0.558, 0.556 and 0.282 for grade 300 at
fixed-hinged rectangular column, 600 at (fixed- fixed) circular column and 900
at fixed-hinged rectangular column respectively. So that, confinement is more
effective in lower grades of concrete than that in higher grades.

Highest strains ratio (ecl/ecc) was 0.98, 0.977 and 0.973 for grade of concrete
900 at hinged-hinged square column, for grade of concrete 600 at (hinged-
hinged) square column and grade of concrete 300 at hinged-hinged square
column respectively. This means that confinement has slight effect on strain
ratio (eq/ecc).
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8. For columns confined with 0.60 % volumetric ratio with (fixed-fixed), (hinged-
hinged), (fixed-hinged), (fixed-free), with grades of concrete 300,600, 900
kg\cm?® The effect of different cross sections is as follows:-

=

10.

For circular column, the highest ratio of (f/f.,) was at (fixed- fixed), and
the lowest ratio of (f./f.) was at (fixed- free). The lowest ratio of (f¢/fcu)
was at (hinged-hinged) and the highest ratio of (eq/e.) was at (hinged-
hinged).

For Rectangular column, the highest ratio of increase of (f./fc) Was at
(fixed-hinged) and the lowest ratio was at (fixed- hinged). The highest ratio
of (fulfe) was at (hinged-hinged) and the lowest ratio of (eg/e.) was at
(hinged-hinged).

For square column, the highest ratio of (f./f.,) was at (fixed- hinged), the
lowest ratio of (fq/f.) Was at (fixed- free). The highest ratio of (f¢/f..) was
at (hinged-hinged) and the highest ratio of (ey/e..) was at (fixed-fixed).
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