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Abstract— This paper represents an experimental study to investigate the axial behavior of reinforced concrete (RC) columns which
reinforced with steel or Basalt Fiber Reinforced Polymer (BFRP) bars. Three reinforced concrete columns with 2000 mm high and of
square cross-section 200mm width were tested under compression loading test up to failure. The key parameters considered in this study
were: reinforcement type, centric or non-centric load with small eccentricity of 5cm. The study gives a clear result for judge the capability of

using BFRP in RC columns.

Index Terms—Basalt Bars, FRP, RC Columns, Loading Conditions, Axial Loading, Eccentric Sections

1 INTRODUCTION

Fiber Reinforced Polymers (FRP) as a kind of composite materi-
als has become widespread in the strengthening of reinforced
concrete structures as an alternative way of traditional strength-
ening methods. Usage of such polymers as an important appli-
cation of composites for strengthening has rapidly increased in
recent years.

Ishag, A, et. al. (2013), investigated the behavior of Fiber-
Reinforced Polymer (FRP)

wrapped reinforced concrete circular columns

and demonstrated it as an outstanding materialto strengthen exi
sting structures. The FRP hybrid, however, was used as a confin
ing material and integrated into the research, and it shows good
results. Su, ha Sang, et. al. (2017),
It claimed that Hybrid FRP (fibre reinforced plastics) sheet reinf

orced circular columnwere tested under cyclic lateral load and c
ostant axial load to assess the applicability of hybrid FRP sheets

as reinforcing materials. Reinforcing the form of column, includi
ng glassfibre, carbon fibre and hybrid fibre sheet, are the main p
arameters. The non-reinforced control specimen was prepared
for evaluating the effectiveness of reinforcing materials. The
experimental results showed that, the yielding and maximum
lateral loads of columns reinforced by fiber sheet are 1.1 times
and 1.06 times greater than control specimen. Particularly, the
behavior of column reinforced by Hybrid sheet was more duc-
tile than columns reinforced with GFRP sheet specimen, show-
ing that displacement ductility ratio and energy ductility ratio
was approximately 174 % greater than the glass fiber sheet spec-
imen. These results imply that, Hybrid sheet (combination be-
tween carbon fiber and glass fiber sheets), was highly effective
to increase ductility of circular column.

Sameh Yehia, (2018) tested six circular columns with dimen-
sions of 200mm diameter and having length of 1300mm. His
first group, was three unreinforced concrete columns and the
second one was three reinforced concrete columns with six bars

having diameter of 12mm. Stirrups with 8mm diameter and
spacing 150mm was used and low compressive strength con-
crete was used with 200kg/cm? strength after twenty-eight
days. External glass fiber reinforced polymer (GFRP) sheet
were used in the circumferential direction to confine circular
columns by strips or jacket mode. The study was conducted to
compare GFRP strengthened columns (strips or jacket) with
control specimens (columns). Theoretical study was incorpo-
rated to verify the experimental results and investigate the ef-
fect of strength reduction factors in ACI design equations on
experimental results. Test results revealed that, the two tech-
niques significantly enhanced the capability of the low com-
pressive strength columns to carrying axial load for both rein-
forced and unreinforced columns. The achieved conclusions
confirmed that, the studied techniques capable of increasing the
vertical load capacity of deficient columns with significant val-
ues.

Gouda et. al (2009), discussed the most parameters may affect
the behavior of the GFRP reinforced columns. This included
replacing main longitudinal steel and stirrups by GFRP bars
and sheet in two forms. Those forms were warped the longitu-
dinal reinforcement of the column, and warped the square col-
umn from the outside. Also the reinforcement percentage was
taken as a variable. Scott T. Smith, et. al. (2010), presented an
investigation on the behavior of FRP confined concrete cylin-
ders which were concentrically loaded. In his study, the effect of
FRP number of layers and different overlap locations on the
effectiveness of the FRP wrap was determined. Finally, the test
results are found to correlate reasonably well with the ACI
440.2R-08 predictions for FRP-confined concrete columns.
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2 EXPERIMENTAL PROGRAM

This experimental investigation of the tested columns includ-
ed instrumentations, material properties, test procedure, load-
ing mechanics and column specimen’s details. The main pa-
rameters which taken in this study were reinforcement type
(steel, or Basalt Fiber Reinforced Polymer (BFRP), centric or
non-centric loading. The influence of these parameters were
studied on the behavior of reinforced concrete columns under
static loading. Table (1) shows the details of specimens.

Table 1: Details of tested columns

Column Fcu A¢
AC (mm?) A, Remarks
Code N/mm? BERP
C1 35 40000 4P12 - Control
2 35 40000 - 412 Centric
C3 35 40000 - 4d12 | Eccentric
(=] (oo P

| - _

b [r——
Sd 4012 st
il

Figure. 1: Details of Specimens

A concrete mix was designed to produce concrete of cube
strength of about 35 MPa after 28-day age. The mix propor-
tions by weight were as follows in Table (2). Natural sand
obtained from pyramid quarry in Egypt was used. It has spe-
cific gravity, volume weight and fineness modulus of 2.65,
16.8 KN/m? and 2.53 respectively. The sand was clean and
very fine sand was excluded from the mixture. The result of
the sieve analysis carried out is shown in Table (3). Natural
crushed stone having maximum aggregate size of 20mm was
used. This coarse aggregate was supplied from Attaka quarry
in Egypt. The specific gravity, volume weight and fineness
modulus were 2.58, 16.6 KN/m? and 6.68, respectively. The
sieve analysis of tested coarse aggregate is presented in Table
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(4). Portland cement (El Suez Cement) with CEMI 42.5 N was
used in the mixture. Testing of cement was carried out accord-
ing to the Egyptian Code of Particles, ESS: 4756-1-2013 and its
appendages. Mechanical and physical properties of the used
cement are given in Table (5). Drinking water was used for
mixing and curing of concrete. BFRP bars of 2000 mm length
and 12mm diameter were used as a main reinforcement in
concrete specimens. The tensile testing for three sample of
ribbed BFRP bars with 550 mm length were done by putting it
into steel tubes in the ends with filling an epoxy material (Si-
kadur 31CF). Steel tubes of length 200 mm and 3 mm thickness
were used. The specimens were kept more than 7 days before
testing to allow curing. The mechanical properties obtained
from the tensile test according to the specification of ACI as
average tensile strength, tensile modulus and elongation % are
reported in Table (6). The longitudinal steel reinforcement
used was 12 mm diameter while diagonal steel reinforcement
used 8 mm diameter. Both proof and ultimate strengths for
each diameter as obtained from the experimental test are listed
in Table (7).
Table 2: Proportion of concrete mixture

Coarse
Fcu Cement | Fine Aggregate Water
opa) | eg/m) | Gegm) | EEE | gy
a 'm ‘m iter/m
(kg/m’)
35 450 608.7 1126 202
Table 3: Sieve analysis of fine aggregate
Sieve Size
5 2.5 1.25 0.63 | 0.31 | 0.16
(mm)
Passing % 100 | 954 | 8539 | 54.25 10 1.9
Table 4: Sieve analysis of coarse aggregate
Sieve Size (mm) 40 20 10 5
Passing % 100 98.8 325 0.6
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Table 5: Mechanical and Physical Properties of Cement

Property Results | Specifications Limits
Compressive| 2 days 22.7 | Not less than 10 N/mm?
Strength
(N/mm?) 7 days 33.9 -
Soundness (mm) 4 Not more than 10 mm
Fineness of Cement
(cm/gram) 3190 -
specific gravity 315 -
Setting Time| Initial 170 Not less than 60 Minutes
(minutes) Final 220 -

Table 6: Mechanical properties of BFRP Bars.

All columns were tested at the age of twenty-eight days. The
setup for tested columns is shown in Photo. 1. Firstly, columns
were loaded by minimum load representing the weight of ma-
chine tare (1.5 ton), then, the loading process started gradually
up to failure. The reading of dial and strain gauges were rec-
orded. By the way, the rate of loading of the machine was con-

stant as 140/ kg/cm?/minute.

Tensile
Actual | Tensile
modulus of |Elongation
Type |Diameter | strength
elasticity (%)
(mm) (MPa)
(GPa)
BFRP _
12 1085 49.3 2.2 oo
Bars Photo. 1: Test Setup of Specimens
Table 7: Mechanical properties of Steel Bars.
3 RESULTS AND DIScCUSSION
Measured Values Minimum Specification All specimens were tested to failure and the crack damages
Limit (ESS: 262/2015) were observed. For all test specimens, different load meas-
urements were captured at all stages of testing, the results in-
@ - £ _ clude load-deflection and load-concrete strain an augmented
'g § g E _§ understanding of the behavior. Discussions of all test results
<9 w g Y 0 N ICES o are provided here. This analysis and discussion aimed to
<) TR L X v N ST et . .
& s h . T 8 ® 2 g study the effect of different parameters on behavior and de-
5 = g ] = g S s formation of the tested columns.
52§55 |°"| °
E = o = Table 8: Test results for concrete column
A - am
Yield Column Fcu A A Pu Du Al]j nergy
527 372 400 240 420 Code | N/mm? s © | (KN) | (mm) SLnjpieny
/Proof (KN.mm)
N/mm?2 | N/mm? | N/mm? | N/mm?2 | N/mm?
Stress C1 35 |4012| - | 922 | 1.04 440
Rm/Re 1.22 1.23 1.08 1.08 -
% of C2 35 - 4012 | 910 | 0.90 395
Elonga- | 21.8% 28.3% 14% 20% 9% C3 35 - 4012 | 422 | 058 175
tion
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3.1. LoAD
COLUMNS
The relationship between the applied load and the measured
axial shortening is illustrated in Figure 2 for the different test-
ed columns. Through this Figure, it is obvious that, the first
stage of the curves was linear for all columns. At the end of
the linear phase, the columns began to crack. The second seg-
ment of the load - axial shortening curves deviated than the
initial linear part. This indicated that, the concrete transform
from linear state to nonlinear state due to the loss of modulus
of elasticity value for columns after cracking. The reduction in
modulus of elasticity varied according to column code. Col-
umn C3 recorded ultimate load 422 KN which is less than col-
umn C1 by 54.23% and less than C2 by 53.63%. Column C2
having ultimate load 910 KN and less than C1 by 1.30%. The
axial shortening for C3 was 0.58 mm and less than column C1
by 43.96% and less than column C2 by 35.55%. Column C2
having axial shortening of 0.90 mm which is less than column
C1 by 13.04%. Column C3 recorded energy absorption by 175
KN.mm and this value less than column C2 energy absorption
by 55.69% and less than column C1 Energy absorption by
60.22%.

—MID-SPAN DEFLECTION RESPONSE OF
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s0, it’s seem that, the measured strain at failure of columns C2
and C3 which have BFRP reinforcement was larger than that
in column C1.
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Figure. 3: Load - Strain in Main Reinforcement for Tested
Specimens

3.2. CRACK PATTERNS AND FAILURE MODES

1000

Failure was governed by failure between the medium third

9S00

to the lower third for tested columns. The failure of column

800

C1 started with superior cracks in column base followed by
bending in longitudinal main bars, crushing in concrete

700

took place and failure classified as crushing failure. Col-

umn C2 was subjected to shallow cracks appeared due to

—2-600
-

increase of loading, shear failure took place at the base of
column and the failure classified as shear failure. Due to

=]
o

eccentric loading column C3 didn’t hold up and superior

o 400
-

300 1§
200

100

cracks appeared in the side of eccentric load at low level of
loading, longitudinal main bars bended and concrete
crushed. The descripted failure classified as crushing fail-
ure. See Photos (2) to (4).

0

0.4 0.8 1.2

Axial deflection (mm)

Figure. 2: Load - Axial Shortening for Tested Specimens

The tensile strain in the main reinforcement (steel and Basalt
FRP bars) of columns was measured. The measured values
were plotted against the applied load from level of zero load-
ing up to failure. Through Figure (3), it is obvious that, for
basalt FRP reinforced concrete column C2, the rate of increas-
ing in strain recorded highly value in comparison to column
C1 and C3. Column C1 recorded the minimum value of strain
at the ultimate load value. Column C3 presented low strain
and low ultimate load in comparison to column C3 due to
shortage in column load capacity, so that, it's recommended to
use BFRP bars under the effect of concentric loading only. Al-
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Crack Pattern for C 3

Photo. 4: Crack Pattern for Column C3

CONCLUSIONS

This paper presents an experimentally study to investigate the
axial capacity for reinforced concrete columns which rein-
forced with steel or Basalt Fiber Reinforced Polymer (BFRP)
bars. Based on the results obtained, the following conclusions
can be drawn:

- Using BFRP bars decreasing the column load capacity by
slightly value.

- Using BFRP bars decreasing the axial shortening for tested
columns in comparison to traditional columns.

- Strain in main reinforcement for BFRP bars specimens rec-
orded the maximum values in comparison to traditional col-
umns.

- Axial shortening for BFRP bars specimens almost the same in
comparison to traditional columns at the same case of loading.
- Eccentric loading decrease the column load capacity of BERP
bars specimens by 53.62%.

- Using of BFRP bars in columns doesn’t the best choice in
comparison to traditional columns specially in case of eccen-
tric loading.
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