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ABSTRACT

This study will show the effects of confinement parameters on the performance of
normal and high strength reinforced concrete columns which confined with transverse
steel under axial compressive loading. These parameters include the volumetric ratio,
spacing of lateral reinforcement, yield strength, tie arrangement and the amount of
longitudinal reinforcement in a concrete column. Nineteen normal strength concrete
rectangular column specimens with different variables were tested in this research.
They were used to study the influence of confinement factors on the strength and
ductility of columns. This study will also show a nonlinear finite element analysis for
these specimens and another twenty high strength concrete square column specimens
which were tested by other researchers using ANSYS finite element software. The
comparison indicates that the ANSYS is capable of modelling and predicting the actual
nonlinear behavior of confined normal and high-strength concrete columns under
concentric loading. Based on the connection between the experimental and analytical
results, a parametric numerical study was conducted using ANSYS to verify and assess
the effect of each variable on the strength and ductility of the columns.

KEYWORDS: Strength; confinement; ductility, columns ties effect, ANSYS.
1. INTRODUCTION

The significance of ductility and associated energy absorption capacity of a
structure in resisting earthquakes has long been known. The need for ductility was
emphasized in recent years in light of the damages sustained by ductile buildings
exposed to severe earthquakes. Most compression failure in reinforced concrete
members was due to the brittleness of the members. Apparently, due to these
observations and findings, special design and detailing approach and technique must
be used to improve the ductility of a column. Previous researches have shown that the
confinement of concrete columns increases both the strength and ductility considerably.
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Generally, the whole objective of this paper is to establish the characteristics of
confined concrete columns through experimental and analytical research.

2. EXPERIMENTAL PROGRAM:

A full experimental program was carried out to explore the behavior of concrete
columns confined with rectilinear reinforcement. The test program included nineteen
rectangular column specimens subjected to concentric compression load. Test
specimens were intended to investigate the influence of the main parameters of
confinement. The parameters investigated include cross-sectional shape, concrete
strength, volumetric ratio, the spacing of transverse reinforcement, longitudinal
reinforcement distribution, transverse reinforcement arrangement, and yield strength of
transverse reinforcement. Column geometry and tie arrangements are as shown below
in Fig.1, and the properties of tested specimens are as shown below in Table 1.
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Fig. 1. Cross-sectional arrangements and section geometry of the investigated columns

2.1.Evaluation of Tested Specimens
Strength and ductility will be used to evaluate the effect of the different parameters
on the behavior of tested specimens.
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Table 1: Properties of the investigated columns

- Longitudinal ; f, ties Ties
2 _ é S é Reinforceme f £ fy.tong ’ diam. S
Sa| & | 85 nt
é 5 § wE |No |Diam. | Mpa | Mpa | Mpa mm mm

3 mm
C-1 4 200x40 | 12 12 41.5 501 331 8 80
C-2 1 200x40 | 4,4 ] 10,18 | 415 | 534,3 331 8 80
C-3 3 200x40 | 4,4]110,18 | 415 | 534,3 331 8 80
C-4 3 200x40 | 12 12 41.5 501 291 6 45
C-5 2 200x40 | 12 12 41.5 501 331 8 80
C-6 3 200x40 | 12 12 39.5 | 501 331 8 60
C-7 3 200x40 | 12 12 39.5 501 331 8 80
C-8 2 200x40 | 4,4 110,18 | 39.5 | 5343 | 534 10 100
C-9 4 200x40 | 12 12 39.5 501 331 8 120
C-10 3 200x40 | 10 12 39.5 501 534 10 125
C-11 1 200x30 [ 4,4]10,18 | 475 | 534,3 331 8 80
C-12 2 200x30 [ 4,4 ] 10,18 | 43,5 | 534,3 534 10 100
C-13 3 200x30 | 12 12 43.5 | 501 534 10 125
C-14 3 200x30 | 4,410,118 | 435 | 534,3| 331 8 100
C-15 3 200x30 | 12 12 47.5 501 331 8 80
C-16 4 200x30 | 12 12 43.5 501 331 8 80
C-17 3 200x30 | 12 12 47.5 501 331 8 50
C-18 3 200x30 | 10 12 43.5 | 501 331 8 80
C-19 2 200x30 | 12 12 43.5 501 331 8 110

2.1.1. Column Strength Evaluation

As found in [1], experimental observations showed that concrete cover had been
chipped off before reaching the load capacity; therefore, the maximum load was
withstood by the concrete core (Shanan M. A., Elzanaty A.and Metwally K., 2016),
including the contribution of longitudinal reinforcement. Table 2 below, contains the
recorded strengths of the investigated columns. 0.85 7' will be used to represent the
in-place strength of unconfined concrete in columns [1-3]. Strength improvement due to
confinement was measured by effective confinement index (Ks), by comparing
strengths of Core (f'=<), and unconfined concrete (¥'z2). Ks was computed by Eq. (1)
shown below. The ratios of confined to unconfined concrete strengths are listed in table
3 below. It is indicating up to 42% increase in concrete strength due to confinement.

Ks = f“cc / f“EE (1)
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Table 2: Strength and confinement index (Ks) for columns

Columns | Reinforcement | f', |Prest| Pcc | f'_, (EXP) f“m:o_85ff .

Labels Arrangement NPa Kn Kn NPa MPa Ks

C-1 4 415 | 360 | 2931 45.8 35.28 1.30
C-2 1 415 | 367 | 3141 49.1 35.28 1.39
C-3 3 41.5 | 355 | 3028 47.3 35.28 1.34
C-4 3 415 | 348 | 2808 43.2 35.28 1.22
C-5 2 415 | 346 | 2792 43.6 35.28 1.24
C-6 3 39.5 | 335 | 2688 42.0 33.58 1.25
C-7 3 39.5 | 323 | 2561 40.0 33.58 1.19
C-8 2 395 | 321 | 2689 42.7 33.58 1.27
C-9 4 39.5 | 340 | 2737 42.8 33.58 1.27
C-10 3 395 | 331 | 2758 43.9 33.58 1.31
C-11 1 47.5 285 | 2327 49.7 40.38 1.23
C-12 2 43.5 273 | 2204 47.1 36.98 1.27
C-13 3 435 | 299 | 2328 49.8 36.98 1.35
C-14 3 43.5 277 | 2248 48.0 36.98 1.30
C-15 2 475 | 325 | 2587 55.3 40.38 1.37
C-16 4 435 | 312 | 2449 52.3 36.98 1.42
C-17 3 475 | 318 | 2512 53.7 40.38 1.33
C-18 3 435 | 301 | 2454 52.5 36.98 1.42
C-19 4 43.5 | 303 | 2366 50.6 36.98 1.37

2.1.2. Column Deformability Evaluation

Column distortions exhibit the ability of columns to deform without a significant loss of
strength. Its ductility investigated the deformability of specimens tested in this study
program. The ductility of columns was evaluated in terms of the axial strain ductility
ratio which is the ratio between the axial strains of the confined core at a certain level of
loading on the descending part to the axial strain of the confined core at the ultimate
strength (Karabinis. A. I, and Kiousis, P. D. March 1996). The used strain ductility ratio
ugsqs IS calculated as follows:

Ugsy = Eggg /

CC

ug:, — Axial strain ductility ratio corresponding to ;.
€gc; = Axial strain corresponding to the 85 % of the ultimate compressive load on

the descending part

€.. = Axial strain corresponding to the ultimate compressive load.

(2)
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Table 3: Axial strain ductility ratio for the column

Columns Label R:rl:];r?g;emrr;enrtlt f (Mpa) Easa Eee Ugsg
C-1 4 41.5 N/A N/A N/A
C-2 41.5 0.00386 0.00226 1.71
C-3 3 41.5 0.00153 0.00125 1.22
C-4 3 41.5 0.00397 0.00240 1.58
C-5 2 41.5 0.00510 0.00330 1.55
C-6 3 39.5 0.00378 0.00310 1.22
Cc-7 3 39.5 0.00479 0.00325 1.48
C-8 2 39.5 0.00469 0.00303 1.55
C-9 4 39.5 0.00530 0.00286 1.62
C-10 3 39.5 0.00517 0.00266 1.67
C-11 1 47.5 0.00391 0.00283 1.29
C-12 2 43.5 0.00407 0.00311 131
C-13 3 43.5 0.00323 0.00275 1.18
C-14 3 43.5 0.00396 0.00307 1.21
C-15 2 47.5 0.00430 0.00341 1.26
C-16 4 43.5 0.00404 0.00286 1.59
C-17 3 47.5 0.00508 0.00329 1.54
C-18 3 43.5 0.00420 0.00300 1.40
C-19 4 43.5 0.003475 0.00266 131

The results of ug., shows that axial strain ductility ratio considerably increases with the
increase of confinement factors as indicated above in Table 3 for most of the columns
specimens.

3. NUMERICAL ANALYSIS

As noted in (Shanan M. A., Elzanaty A.and Metwally K., 2016), ANSYS R15.0 was
used. The tested specimens in this study and the specimens tested by other
researchers were used for predicting the nonlinear behavior of well-confined concrete
columns with various compressive strengths and lateral reinforcements under
concentric load. Nineteen normal strength concrete columns were tested
experimentally with properties as shown above in Table 1 and twenty high strength
concrete columns tested experimentally by other researchers (Razvi, S.R., 1995), with
properties as shown below in Table 4, Column geometry and tie arrangements are as
shown below in Fig.2, were analyzed by ANSYS R.15.0 program,
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Table 4: Properties of high strength concrete specimens [2]

[
Columns | = B Longitudinal | f' g) _§ é .
Label 2 o Reinforcement > > 2
oA ° [
c c
g % _ Diam. © © © c e
© & % mm s s s S S
CS-1 1 | 250x250 4 16 124 | 450 400 | 1 55
CS-2 2 | 250x250 8 16 124 | 450 570 | 6. 55
CS-3 3 | 250x250 | 12 16 124 | 450 570 | 6. 55
CS-14 2 | 250x250 8 16 124 | 450 | 1000 | 7. 55
CS-5 3 | 250x250 | 12 16 124 | 450 | 1000 | 7. 120
CS-8 2 | 250x250 8 16 124 | 450 400 | 1 85
CS-9 3 | 250x250 | 12 16 124 | 450 400 | 1 120
CS-11 1 | 250x250 4 16 81 | 450 400 | 1 40
CS-12 1 | 250x250 4 16 81 | 450 400 | 1 55
CS-13 2 | 250x250 | 8 16 92 | 450 | 570 | 6. 55
CS-14 3 | 250x250 | 12 16 92 | 450 570 | 6. 55
CS-15 2 | 250x250 8 16 81 | 450 | 1000 | 7. 55
CS-16 3 | 250x250 | 12 16 81 | 450 | 1000 | 7. 85
CS-18 3 | 250x250 | 12 16 81 | 450 400 | 6. 85
CS-19 2 | 250x250 | 8 16 92 | 450 | 400 | 1 85
CS-20 3 | 250x250 | 12 16 92 | 450 | 400 | 1 85
CS-22 2 | 250x250 | 8 16 60 | 450 | 1000 | 7. 85
CS-23 3 | 250x250 | 12 16 60 | 450 | 1000 | 7. 120
CS-24 2 | 250x250 8 16 60 | 450 400 | 1 85
CS-25 3 | 250x250 | 12 16 60 | 450 400 | 1 120

Notes: columns CS-2 and CS-13 had double layers of cross ties
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Fig. 2: Cross-sectional arrangements and section geometry of high strength columns
tested by Razvi and Saatcioglu (1996a)

The FEA study consists of the modelling of reinforced concrete columns, along
with the dimensions and properties corresponding to the actual experimental data.
The axial force-axial strain results obtained from ANSYS solution (Py and ¢y) are
compared with experimental results, as shown in Tables 5 and 6; it shows that the
hypothesis closely matched up with the experimental results. The results specify that
the FEA approach can precisely predict the actual behavior of confined column
specimens with transverse steel under concentric compressive loading. These values
indicate the accuracy of the proposed procedure in predicting the actual nonlinear
behavior of columns.

4. EFFECTS OF CONFINEMENT WITH TRANSVERSE REINFORCEMENT ON
PERFORMANCE OF REINFORCED CONCRETE COLUMNS

4.1 Amount of Transverse Reinforcement

By comparison between the pairs of rectangular columns C-16 and C-19, also
between the pairs of rectangular of columns C-14 and C-15 as shown above in tables
2,3 the results indicated that both strength and ductility of confined concrete increase
with increasing the volumetric ratio of confinement as shown below in Fig. 3. From the
numerical analysis done by ANSYS program and considering the same properties for
the actual specimens C-1 tested in this study with different ratio of transverse
reinforcement, table 7 indicates that strength of confined concrete increases with an
increase in volumetric ratio.
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T (4 ) I (4 )
[s(ee +2gy )] (3)

o ties =

The comparisons described above indicate that both strength and ductility of
confined concrete increase with an increase in the amount of transverse reinforcement.
Columns with increased lateral reinforcement can deform significantly with minimal
drop in capacity. As shown in table 6. and the Fig.7, the improvement in strength due to
the increase in area ratio of transverse reinforcement does not continue at the same
rate, so it is realistic to use upper limit for the value of Eq. (3), according to Fig. 4, 0.035
can be used as an upper limit for the value of Eq. (3).

Table 5: Comparison between Experimental and FEA loads and strain for the
Rectangular Columns of the present study

" Experimental Results FEA Results FEA / Experimental
=3 Max. Max. Max. Max. Max. Max.
g % Load Comp. Load Comp. Load Comp.
© (KN) strain (KN) strain (KN) strain
c-1 3602 N.A 3791 0.00301 1.05 N.A
C-2 3670 0.00226 3399 0.00241 0.93 1.07
C-4 3480 0.00240 3504 0.00263 1.01 1.10
C-5 3463 0.00330 3767 0.00299 1.09 0.91
C-6 3359 0.00310 3602 0.00300 1.07 0.97
cC-7 3232 0.00325 3439 0.00308 1.06 0.95
C-8 3218 0.00303 3471 0.00275 1.08 0.91
C-9 3408 0.00286 3551 0.00295 1.04 1.03
Cc-10 3318 0.00266 3277 0.00263 0.99 0.99
c-11 2857 0.00283 2875 0.00306 1.01 1.08
C-12 2733 0.00311 2609 0.00291 0.95 0.93
C-13 2999 0.00275 2938 0.00291 0.98 1.06
C-14 2777 0.00307 2737 0.00278 0.99 0.90
C-15 3258 0.00341 3242 0.00345 1.00 1.01
C-16 3120 0.00286 2936 0.00307 0.94 1.07
Cc-17 3183 0.00329 3263 0.00336 1.03 1.02
C-18 3014 0.00300 2815 0.00326 0.93 1.09
C-19 3037 0.00266 2938 0.00291 0.97 1.09
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Table 6: Comparison between Experimental and F.E.A loads and strain for the

High strength Square Columns

Experimental
FEA Results FEA / Experimental
Results
Cf_)kléhéll_NS Max. Max. Max. Max. Max. Max.
Load Comp. Load Comp. Load Comp.
(KN) strain (KN) strain (KN) strain
Cs-1 6040 0.0032 5979 0.00291 0.99 0.91
Cs-2 6597 0.0040 6974 0.00389 1.06 0.97
CSs-3 7218 0.0033 6950 0.00344 0.96 1.04
CS-4 6631 0.0040 7005 0.00360 1.06 0.90
CS-5 6849 0.0030 6885 0.00312 1.01 1.04
CS-9 7177 0.0037 7292 0.00360 1.02 0.98
Cs-11 4856 0.0033 4935 0.00349 1.02 1.06
Cs-12 4366 0.0033 4400 0.00362 1.01 1.10
CS-13 4874 0.0067 5261 0.00712 1.08 1.06
CS-14 5561 0.0030 5614 0.00287 1.01 0.96
CS-15 5296 0.0035 5282 0.00370 1.00 1.06
CS-16 5578 0.0033 5178 0.00335 0.93 1.01
CS-18 4713 0.0028 5170 0.00293 1.10 1.04
Cs-19 5536 0.0048 5548 0.00464 1.00 0.97
CS-20 5911 0.0070 6461 0.00642 1.09 0.92
CS-22 3977 0.0035 3855 0.00333 0.97 0.95
CS-23 4437 0.0038 4291 0.00338 0.97 0.88
CS-24 4076 0.0035 4058 0.00349 1.00 0.98
CS-25 4246 0.0043 4351 0.00411 1.02 0.96
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Table 7: Effect of the Amount of transverse Reinforcement on confined concrete

strength
Area of . r
COLUMNS f _ Peaa | Pcc | f'. | fleo fee
¢ Ties _
LABEL MPa | mm2 | ™ KN KN | MPa | MPa |
C-1-Aties 20 41.5 20 0.004 | 3524 | 2852 | 44.6 | 35.2 | 1.26
C-1- Aties 35 41.5 35 0.001 | 3653 | 2982 | 46.6 | 35.2 | 1.32
C-1 41.5 52.6 | 0.001 | 3791 | 3120 | 48.8 | 35.2 | 1.38

C-1-Aties -100 41.5 100 0.018 | 4021 | 3349 | 52.3 | 35.2 | 1.48

C-1- Aties-150 41.5 150 0.028 | 4133 | 3461 | 54.1 | 35.2 | 1.53

C-1-Aties -180 41.5 180 0.033 | 4159 | 3488 | 545 | 35.2 | 1.55

C-1-Aties -200 41.5 200 0.037 | 4198 | 3527 | 55.1 | 35.2 | 1.56

C-1-Aties -250 41.5 250 0.046 | 4221 | 3550 | 55.5 | 35.2 | 1.57

C-1-Aties -300 41.5 300 0.055 | 4240 | 3568 | 55.8 | 35.2 | 1.58

C-1-Aties -350 41.5 350 0.064 | 4268 | 3596 | 56.2 | 35.2 | 1.59

ties: area ratio of transverse reinforcement can be computed as follows:

1.80 -~

1.60 A __.._._-—-—.
140 4 /_*—f."-_- |

1.20 A
1.00 A

flec! Fleo

0.80 A
0.60 A
0.40 A

0.20 -+

O.m T T T T T T 1
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070

P ties

Fig. 4: Relation between p ties and the effective confinement index f'.. / ..
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4.2 Yield Strength of Transverse Reinforcement
The effect of yield strength was investigated by testing two pairs of rectangular

columns with the same volumetric ratio, but different yield strengths of lateral
reinforcement. The comparisons as shown above in tables 2 and 3 indicated that the
columns C-10 confined with 534 MPa lateral steel showed improved strength and
ductility as compared to column C-7 with 331 MPa lateral steel as shown below in Fig.
5. According to the typical axial load and lateral steel strain relationships as shown in
Fig. 6, it was observed that the peak load was reached before transverse reinforcement
reaches to yield. Consequently, it indicated that the yield strength of transverse
reinforcement is not fully used for confinement effect and it is necessary to use effective
stress instead of the yield stress value to estimate the enhancement in confined
strength and ductility. Also, it is noted that the effective stress value not dependent only
on transverse steel yield stress, but it is significantly affected by concrete strength,
amount of transverse reinforcement and vertical and horizontal spacing between ties.

] 1 |
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Fig. 5: Effect of yield strength of transverse reinforcement

From the numerical analysis was done by ANSYS program, considering the same
properties for the actual properties for specimen C-17 tested in this study with different
values for ties reinforcement yield stress but increasing diameter of ties to 10 mm
instead of 8 mm to increase confinement level. The results in the table 8 indicate that
the strength of confined concrete increase with an increase in ties reinforcement yield
stress up to the specified value of yield stress after which no increase in confinement is

observed.
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Fig. 6: Column load versus transverse steel strain for a sample of columns tested by
the researcher in this study
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The comparisons described above indicate that both strength and ductility of
confined concrete increase with an increase in ties reinforcement yield stress. However,
this increment stopped despite increasing the yield stress limit, and it is indicated that
the yield strength of transverse reinforcement is not fully used for confinement effect.
Moreover, it is necessary to use effective stress instead of the yield stress value to
estimate the enhancement in confined strength, it is noted that the effective stress
value does not depend only on transverse steel yield stress, but it is significantly
affected by concrete strength, amount of transverse reinforcement and vertical and
horizontal spacing between ties.

Table 8: Effect of Yield Strength of ties on confined concrete strength

wn
K} Area of ; !
COLUMNS = Ties | © |Praa| Pcc | [ floo | e
LABEL = —
MPa | mm2 | mm | KN KN MPa MPa | fco

C1l7/A—-Fyt150 | 150 79 50 | 3380 | 2709 | 57.9 40.38 | 1.43

C17A-Fyt200 | 200 79 50 | 3404 | 2732 | 58.4 40.38 | 1.45

C17A-Fyt225 | 225 79 50 | 3450 | 2779 | 59.4 40.38 | 1.47

C17A-Fyt250 | 250 79 50 | 3497 | 2826 | 60.4 40.38 | 1.5

C17/A—-Fyt300 | 300 79 50 | 3497 | 2826 | 60.4 40.38 | 1.5

C17/A—-Fyt350 | 350 79 50 | 3520 | 2849 | 60.9 40.38 | 1.51

C17A—-Fyt400 | 400 79 50 | 3520 | 2849 | 60.9 40.38 | 1.51

C17A—-Fyt500 | 500 79 50 | 3520 | 2849 | 60.9 40.38 | 1.51

C17A-Fyt600 | 600 79 50 | 3520 | 2849 | 60.9 40.38 | 1.51

4.3 Distribution of Longitudinal Steel and Resulting Tie Arrangement

By comparison between the columns C-7 and C-9, which have almost the same
properties except for the distribution of longitudinal steel and resulting tie arrangement,
where the transverse reinforcement for column C-9 is sound distributed around the
perimeter of the concrete core more than column C-7. As shown in tables 2 and 3, the
results indicated that both strength and ductility of confined concrete for column C-9
showed a better enhancement in confined concrete compressive strength and ductility
characteristics more than C-7 as shown below in Fig. 7.
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Fig. 7: Effect of distribution of longitudinal steel and resulting tie arrangement

From the numerical analysis done by ANSYS program and considering the same
properties for the columns with a different distribution of longitudinal steel and resulting
tie arrangement, Table 9, indicate that strength of confined concrete increase with
proper distribution of longitudinal steel and resulting tie arrangement.

Table 9: Effect of Distribution of Longitudinal Steel and Resulting Tie Arrangement on
confined concrete compressive strength

COLUMNS Longitudinal Section £ fy.on | fy.tes | CONcrete core

LABEL No. Area mm MPa | MPa | MPa mm

C-S.L 300 6 489.67 640 x 240 35.0 | 450 360 612 x 212

C-S.L 200 8 367.25 640 x 240 35.0 | 450 360 612 x 212

C-S.L150 | 10 293.80 640 x 240 35.0 | 450 360 612 x 212

C-S.L120 | 12 244.83 640 x 240 35.0 | 450 360 612 x 212

C-S.L75 18 163.22 640 x 240 35.0 | 450 360 612 x 212

C-S.L50 26 113.00 640 x 240 35.0 | 450 360 612 x 212

COLUMNS | Ar®d | SL | Pran | Pcc £ poo | e
LABEL of Ties .
mm2 mm mm KN KN MPa MPa

£
C-S.L300 | 217.97 80 300 5996 4674 36.0 29.75 |11

C-S.L200 |163.48 | 80 200 6302 4980 38.4 29.75 | 1.29

C-S.L150 | 130.78 | 80 150 6367 5045 38.9 29.75 | 1.31

C-S.L120 | 108.98 | 80 120 6450 5128 39.5 29.75 | 1.33

C-S.L75 72.66 80 75 6516 5194 40.0 29.75 | 1.35

C-S.L50 50.30 80 50 6516 5194 40.0 29.75 | 1.35

SL: Spacing of longitudinal reinforcement laterally supported by the corner of a hoop or
the hook of a cross tie.
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The comparisons described above indicate that an arrangement of transverse
reinforcement is an essential factor that effects on the confinement pressure
distribution. If the lateral force was sustained by transverse reinforcement on concrete
is reasonably distributed around the perimeter for the core of the concrete, the
distribution of lateral pressure becomes almost uniform and improves the efficiency of
confinement reinforcement. The arrangement of transverse reinforcement was shown
to have significant effects on strength and ductility of normal and high strength
concrete columns.

4.4 Tie Spacing

By comparison between the pairs of rectangular columns C-4 and C-7, and also
between the pairs of rectangular of columns C-18 and C-19 as shown above in tables
2,3, the results indicated that both strength and ductility of confined concrete increase
with the closer spacing of transverse reinforcement as shown below in Fig. 8. This
comparison indicates that a spacing of transverse reinforcement is one of the important
parameters that affect the distribution of confinement pressure, as well as the stability
of longitudinal reinforcement. The behaviour of columns with different tie spacing
indicated that closer spacing of transverse reinforcement is found to increase the
uniformity of lateral pressure and effectiveness of confinement reinforcement. The
results also indicated that columns with wide tie spacing might not develop any
confinement. Légeron and Paultre (2003) indicated that geometric confinement
effectiveness coefficient which measures the effectiveness of the confinement
reinforcement to confine concrete varies from 1 for a continuous tube to 0.0 when ties
are spaced more than half the core cross-section minimum dimension (P. Paultre, and
F. Legreon, May 2008).From the numerical analysis done by ANSYS program and
considering the same properties for the actual specimens, CS-9 tested by razvi, with
the variable spacing of transverse reinforcement, table 10, indicate that strength of
confined concrete increases with the closer spacing of transverse reinforcement.

fcc / Fco

0.2 o.4a 0.6 o.8
fcc (Mpa)

o

0 0005 0005 00075 001 0015 0015 005 0 005 0 00025 0005 00075 001 0015 0015 0015 0@ 005 0025

Strain (mm/mm) Strain (mm/mm)

Fig. 8: Effect of tie spacing
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Table 10: Effect of Tie Spacing on confined concrete compressive strength

; Area of , '
columns | e | “Ties | S |Praa| Pec | flo | flo | Te

LABEL

MP | mm2 | mm | KN KN MPa MPa | f'.

CS-9-S-200 | 124 | 167.2 | 200 | 5500 4415 92.3 105.4 0.88

CS-9-S-160 | 124 | 133.7 | 160 | 6975 5889 123.1 105.4 1.17
CS-9-5-140 | 124 117 140 | 7078 5993 125.3 105.4 1.19
CS-9-S-120 | 124 | 100.3 | 120 | 7230 6145 128.5 105.4 1.22
CS-9-S-100 | 124 | 83.58 | 100 | 7814 6728 140.7 105.4 1.33
CS-9-S-80 124 | 66.87 80 | 8071 6986 146.1 105.4 1.39
CS-9-S-60 124 | 50.15 60 | 8660 7574 158.4 105.4 1.50

The comparisons above indicate that tie spacing is one of the important parameters
that affect the distribution of confinement pressure and the stability of longitudinal
reinforcement. The behavior of columns with different tie spacing indicated that closer
spacing of transverse reinforcement is known to increase the uniformity of lateral
pressure and effectiveness of confinement reinforcement. The results also indicate that
the effectiveness of transverse reinforcement decreases with increase in tie spacing.
Columns with wide tie spacing may not develop any confinement, irrespective of the
volumetric ratio used as shown in results of column CS-9-S200.

4.5 Effect of the amount of longitudinal reinforcement

From the numerical analysis done by ANSYS program and considering the same
properties for the actual specimens C-1 tested in this investigation, with a variable
amount of longitudinal reinforcement, table 11 indicates that the amount of longitudinal
reinforcement has no significant effect on the strength of confined concrete. The main
advantage of using a more significant amount of longitudinal reinforcement is that it
would prevent premature of bulking of longitudinal bars.
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Table 11: Effect of the Amount of longitudinal reinforcement on confined concrete

strength
Longitudinal
Reinforcem | fyioms| S | Praa | Pcc | floo | Fleo | f
Column ent “
Label Diam .
No. |~ 0| MPa | mm | KN | KN | MPa | MPa fleo

C-1-12T10| 12 10 501 80 | 3598 | 3127 | 48.9 | 35.28 | 1.39

C-1 12 12 501 80 | 3791 | 3111 | 48.6 | 35.28 | 1.38

C-1-12T14 | 12 14 501 80 | 4058 | 3133 | 49.0 | 35.28 | 1.39

C-1-12T16 | 12 16 501 80 | 4341 | 3133 | 49.0 | 35.28 | 1.39

C-1-12T18 | 12 18 501 80 | 4664 | 3135 | 49.0 | 35.28 | 1.39

C-1-12T20 | 12 20 501 80 | 5007 | 3119 | 48.7 | 35.28 | 1.38

5.

CONCLUSIONS

The following conclusions can be drawn based on this study:

The strength and ductility of confined concrete increase with an increase in
volumetric ratio. However, the improvement in confinement due to the increase
in area ratio of transverse reinforcement does not continue at the same rate, so
0.035 can be used as an upper limit for the value of area ratio of transverse
reinforcement.

The strength and ductility of confined concrete increase with an increase in ties
reinforcement yield stress. However, this increment stopped despite increasing
the yield stress limit; it is indicated that the vyield strength of transverse
reinforcement is not fully used for confinement effect. Moreover, it is necessary
to use effective stress instead of the vyield stress value to estimate the
enhancement in confined strength and ductility. It is noted that the effective
stress value does not depend only on transverse steel yield stress, but it is
significantly affected by concrete strength, amount of transverse reinforcement
and vertical and horizontal spacing between ties.

The arrangement of the transverse reinforcement has been shown to have
significant effects on strength and ductility of normal and high strength concrete
columns.

Closer spacing of transverse reinforcement is known to increase the uniformity
of lateral pressure and effectiveness of reinforcement confinement.

The amount of longitudinal reinforcement has no significant effect on the
strength of confined concrete. The main advantage of using larger amount of



The 2019 World Congress on
Advances in Structural Engineering and Mechanics (ASEM19)
Jeju Island, Korea, September 17 - 21, 2019

longitudinal reinforcement is to prevent premature buckling of longitudinal bars.

NOTATIONS

f'_, :Confined concrete compressive strength in member.

f'.o  :Unconfined concrete compressive strength in member

fe - Ultimate compressive strength concrete obtained from standard cylinder test
frest : Maximum Stress carried by concrete core as observed in test

fy.iong © Yield stress for the longitudinal reinforcement

fy.ies : Yield stress for the transversal reinforcement

Pcc :Maximum load carried by concrete core

Peaa: Maximum axial load carried by column as observed in the ANSYS model.
Prest : Maximum axial load carried by column as observed in the test

S : Spacing of transverse reinforcement in a longitudinal direction.

Ptes :arearatio of transverse reinforcement.
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