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Experimental investigation on hexagonal steel tubular columns filled with plain and
fiber reinforced concrete under eccentric compression load
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ABSTRACT:Due to the advantages of Concrete Filled Tube columns (CFT), their attention is
increasingly on the rise. Despite the great research done in these sections, in some cases, as in the case
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design criteria and guidelines seems necessary. The present study was conducted with an experimental ~ Accepted: 2019-02-10
approach to study the behavior of CFT columns under eccentric load. In this study, 8 CFT columns with ~ Available Online: 2019-02-16
a hexagonal cross-section of 150 cm in length were tested. Concrete used as the core of the samples was
simple concrete and fiber concrete. The displacements in two directions of the longitudinal and lateral
has been recorded and the force-displacement diagram for all samples in both directions has been drawn.
Parameters such as bearing capacity, ductility index, energy dissipation and effective hardness have been
analyzed and compared. Based on the comparison of the results, it was found that in columns that are
only under axial load, the increase in concrete core strength significantly increases the bearing capacity
of the specimens, so that an increase of about 50% of the concrete core strength causes an increase of ~ Ductility coefficient
about 20% of the loaded capacity of the specimen; However, by increasing the bending moment, the
effect of concrete core resistance is greatly reduced. Also, it was found that specimens filled with fiber
concrete have a greater ability to maintain effective hardness. It also seems that the presence of fibers in
concrete affects the ductility and energy dissipation parameters.

of less frequent sections or using different types of concrete, the need for research to complete the
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1. INTRODUCTION

The flood of the rivers are often density currents. Hence,
the investigation of these flows can resolve a part of the
sedimentation issues. Despite a lot of research that has been
conducted to understand better the behavior of the density
currents [1 - 5], evaluation of these currents’ behavior that
have suspended sediment loads and encounter permeable
obstacles in their path requires further studies. For this
purpose, the process of changes in the sedimentation with
different angles of permeable obstacles is investigated in this
research. Speed and depth of the density currents affected by
permeable obstacles and the process of encounter and passing
of them through the permeable obstacles are also evaluated.

Fig. 1. Details of the section

2. MATERIALS AND METHODS

imaging of the flume. The vertical profiles of flow velocity
A flume with a length of 10 m, a width of 30 cm, and a

and concentration at a distance of 2 meters upstream of the

height of 45 cm has been examined in this study, as shown in
Fig. 1. Two obstacles with grooves and pits porosity at different
percentages of 10, 15, 20, 25 and 30 and in the with an equal
slit width and diameter of 3 mm, were mounted respectively.

3. RESULTS AND DISCUSSION
Flow velocity measurement was conducted by lateral

*Corresponding author’s email: ghalehnovi@um.ac.ir

obstacle are shown in Fig. 2.

As shown in Fig. 2, as the density current gets closer to
the obstacle, the mean velocity reduces and the depth velocity
becomes more dispersed. Also, due to the sedimentation in
the path toward the obstacle, the concentration of materials
diminishes, and the concentration in the deep parts of the
flow increases. Changes of depth in the upstream vicinity of
the obstacles are shown in Fig. 3.
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Table 1. Geometric Specifications of samples
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Fig. 2. load-axial displacement diagram for samples filled with
simple concrete
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Fig. 3. load-axial displacement diagram for samples filled with
fiber concrete

As shown in Fig. 3, the more the porosity of obstacle is,
the less the rate of depth reduction gets. Studies have shown
that the flows containing the obstacles with pits have a less
upstream depth (4.14%) and a more velocity (3.62%), due to
easier passing of the flow. In addition, the mean velocity of
the head and back of the current density mass was estimated
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Fig. 4. load-lateral displacement diagram for samples filled with
simple concrete
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Fig. 5. load-lateral displacement diagram for samples filled with
fiber concrete

Table 2. Bearing capacity of samples

The most Percentage of strength
Parameters | bearable reduction compared to
force (kN) | Pure compressive load
(%)
PC-e0 327.7 -
PC-e5 253 22.72
PC-el0 191.6 41.48
PC-el5 105.8 67.69
PSR-e0 403.7 -
PSR-e5 298.5 33.44
PSR-el0 216.5 56.72
PSR-el5 115.7 74.20

to be 10.7 and 4.6 cm/s, being 37% more and 30.2% less than
the mean velocity of flow, respectively. The analysis of time of
the test from the beginning of the injection of density current
to the base flow to the last particle of suspended load passing
through the obstacle shows that the distribution and changes
in the test duration are more at the concentration of 10%
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Table 3. Energy absorption of the samples

Percentage of
energy
absorption
Ener changes based on
samples M g.Y 8
absorption concrete type
compared to
simple concrete
(%)
PC-e5 5.54 7450 -
PSR-e5 5.28 10789 44.8
PC-el0 4.39 8725 -
PSR-
9.46 10943 25.4
el0
PC-el5 5.41 5520 -
PSR-
18.06 6835 23.8
el5

Table 4. Effective hardness of the samples

Samples (N/mm) Effective hardness
PC-e5 40100

PSR-e5 37800

PC-e10 15750

PSR-el0 29100

PC-el5 8687.5

PSR-el5 29750

compared to that of 20%. Moreover, the process of changes in
the test duration at the concentration of 20% is more balanced
compared to that at the concentration of 10%. Fig. 4 shows
how the flow passes through the obstacle and the sedimentary
materials accumulate upstream it.

The amount of materials passing through the obstacles
is shown in Fig. 5 for two different concentrations and five
various porosities.

The results showed that in all cases, the trapping
performance of the obstacles with pits is better than those
with grooves. The mean trapping of the obstacles with pits
was reported to be more than those with grooves by 0.14
and 0.13% at the concentrations of 10 and 20%, respectively.
At low concentrations, the performance of the two types of
obstacles is relatively similar. At high concentrations, however,

the obstacles with pits have been effective with a better rate
of trapping. Accordingly, at the porosities of 20 and 25% the
lowest trappings were observed for the concentrations of
10 and 20%, respectively. Optimum porosity, which has the
highest amount of passing materials, was estimated at 22 and
19% for the obstacles with grooves and pits, respectively.

To examine the effect of the angle of installation, the
obstacles were rotated by 90, 105, 120 and 135 degrees relative
to the horizontal direction of the floor in the flow direction.
The trend of changes in the passing materials through the
obstacles for different angles is presented in Fig. 6.

Studies have shown that by increasing the angle of
installation, the trapping by both types of obstacles decreases.
The amount of trapping reduction in the obstacles with
pits was observed to be more than those with grooves. The
correlation coefficients in the obstacles with grooves and pits
were obtained 0.961 and 0.937, respectively. This can result
from easier passing of the flow and evacuation of the materials
caused by the pressure on the obstacles with pits.

The results approved the obstacle’s efficiency in controlling
the density current. It was found that permeable obstacles,
due to their capacity to transmit a part of the flow and higher
pressure reduction compared to impermeable ones, require
smaller dimensions and have higher stabilities.

4. CONCLUSIONS

A review of experimental results showed that the
optimum porosity for obstacles with pits and grooves are 22
and 19%, respectively. By increasing the porosity, the trapping
reduces up to the optimal porosity and then increases.
Evaluation of various angles of the obstacles relative to the
direction perpendicular to the floor of the flow showed that
by increasing the angle, the amount of trapping decreases.
The amount of reduction in trapping for the obstacles with
grooves was more compared to those with pits. The mean
velocity of flow by using the obstacles with pits was 3.62%
more compared to those with grooves. Totally, at the same
conditions, the obstacles with pits have always shown a better
performance than those with grooves.
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Table 1.Geometric characteristics of test specimens

Sample | LxBxt(cm) | e (cm)

PC-0 150x5%0.4 0
PC-5 150%x5x%0.4 5
PC-10 150%x5%0.4 10
PC-15 150%x5%0.4 15
PSR-0 150x5%0.4 0

PSR-5 150%5x%0.4 5
PSR-10 150%x5%0.4 10

-—B——l i A i I——B——-

———T

f »{r}e

oo e lw adadio Oy 3o . ) JSCU
PSR-15 150%x5%0.4 15 Fig. 1.Structured section details

R
G
Dimensions
Standard Specimens Subsize Specimen
Plate-Type, 40 mm Sheet-Type, 12.5 mm 6 mm
[1.500 in.] Wide [0.500 in.] Wide [0.250 in.] Wide
mm [in.] mm [in.] mm [in.]
G—Gauge length (Note 1 and Note 2) 200.0 £ 0.2 50.0 £ 0.1 25.0 = 0.1
[8.00 + 0.01] [2.000 + 0.005) [1.000 = 0.003]
W—Width (Note 3 and Note 4) 400 2.0 125 +02 6.0+ 0.1
[1.500 = 0.125, -0.250] [0.500 = 0.010] [0.250 = 0.005]
T—Thickness (Note 5) thickness of material
R—~Radius of fillet, min (Note 6) 25 [1] 12.5 [0.500] 6 [0.250]
L—Owerall length, min (Note 2, Note 7, and Note 8) 450 [18) 200 [8] 100 [4]
A—Length of reduced parallel section, min 225 [9] 57 [2.25] 32 [1.25]
B—Length of grip section, min (Note 9) 75 (3] 50 [2] 30 [1.25]
C—Width of grip section, approximate (Note 4 and Note 9) 50 [2] 20 [0.750] 10 [0.375)
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Fig. 2.Specifications of a standard steel specimen made for tensile testing
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Fig. 3.Strain-stress diagram of steel belts
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Fig. 4.Standard shaped bony steel specimen under uniaxial tensile test
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Table 2.Mechanical properties of the steel used to make the tubes of the specimens
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Table 3.plain concrete Design mix ratio
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Table 4.Fiber reinforced concrete mix design ratio
Vim’) | W/IC | Wikg) | C(kg) | G(kg) | S(kg) | SP(g) | L (kg) | VMA (g) | F (kg)
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Table 5.Compressive strength of plain concrete specimens obtained for all mixtures performed
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Table 6.Compressive strength of fiber reinforced concrete samples obtained for all mixtures performed
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Table 7.The amount of eccentricity intended for the load
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Fig. 5.Ultrasonic sensor
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Fig. 9.Mechanical-electrical LVDT

oSl 5 )+ sl 5 ()L S 5l 5,55 L gl
ool 055 oo el (19, JLid 3l ealiial b ()T ol pey (59,5 &S
el ot ool 5 B+ Loyl 3 Jloel b it sl sl o
3 S (sl 5 sl T S Sl g 970 IS i 2 sl
aads aslaiwl (Sl - S S i e s 5 (il 5
S by 035 5k g oS oot gabamdasalazd ol gl ol
lolKiws A6 0 sl o o .cwl ans astatwl TS asls
el 00ls L iome & ygoas tolejT plosil 4o eolizwls jge

0570 o ialojl 2o A8 5T sl oy it 5l e

1  Linear variable differential transformer (LVDT)
2 Data lagger

Fig. 8.Jack with a nominal capacity of 100 tons
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Fig. 13.Axial displacement-force diagram for samples filled with
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Table 8.Comparison of bearing capacity of samples under different loadings
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Table 9.Comparison of bearing capacity of specimens with different types of concrete cores under the same load
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Table 10.Comparison of bearing capacity of CFT columns with different sections
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Fig. 19.How to consider the axial load to obtain the cross-section-
al core

ahie ol bl o e B 6)‘45)*-’[-’ RV RPRY RS
dls aalys

Jie o1y gl bl o Canl (ppllal sasesy S

) dged b )b plgoe Jle jsba wgooe ol (0L

las Coaglie Laly; (ol 2 g (ALeS (sadesy (58,5 515 50 (g

:o)jT Cand d 1y O ygody

Ny=Af, +A4.f.
A, =58.59cm’ M)
A =12cm?

gl el oo adle digad gl Jl>
N, =1200x240+5895x22.4=425300.2(N)=425.3(kN)

YYVIV L il sl (s digai sl Gtalojl 51 ol 2l 950
PRI RR :L>9a> ase o ol WS 0g adds Jol> 5gs oS
ol (2295 BB Lo jloie &S w3l oo (g

1y Olise Sl sle iges sl

N =1200%245+5895x34.1=493791.9(N)=493.79 (kN)

FXV Ll asle (s digas glp Gialesl 5l Jol les 950
Al oo g LS A :L>5¢> dae g0 pl OS] og adds Jol>
Iy digad (6,m,b cad,b (uileS dany cuwl asiie a5 b les

A oo ualS glabasde B & g0a

FoBle 8 a8 pe sl S b slid b Co ladiged (g Y-
g adato 51 and ol (S cadnie yo cdas X ol

las Cuglio ple 3l aslainl b pgds lo 4 aay pis @
iS5l e shle )led oy S Fhge s S g o
50 ahte bla led 0,5 )18 aaie 635 0 sawn >l 50
ol @l s )lad Ll 6 xT)lE Dyge 5o g il jLid
ol iS4 bl g iS4y alado 5l Sand lakad FEPREN
3 988 e (F S5 s S 4l 5y ] e
S Cowd Bi> g oo e Gl 1) 055 Cglie Jus o
Lao)S oo Joow o¥g8 lawgy S 5l LU oiS gla os o
sl Sl pae yuizren g 0Yg8 LilS Cud,b 0e YU 4 ax gl

yyay



. N.A

Y bl 50 a,b Sy o35 50 5l 79,5 sl aigad glalie (535 50 (gaiumn . VeSS
Fig. 20.The central core of the cross section of the specimens to deviate unilaterally from the center in the y direction
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Fig. 22.Lateral displacement-force diagram under compressive
load with an eccentricity of 5 cm
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Fig. 24.Simplified two-line model for a sample filled with fiber re-
inforced concrete under compressive load with a centrifugation
of 5cm
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Fig. 23.Simplified two-line model for a sample filled with plain
concrete under compressive load with an eccentricity of 5 cm
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Table 11.Comparison of energy absorption in compressive loading with 5 cm eccentricity
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Table 12.Effective stiffness of specimens under compressive load with a centrifugal displacement of 5 cm
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Fig. 26.Lateral displacement-force diagram under compressive
load with an eccentricity of 10 cm
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Fig. 25.Axial displacement- force diagram under compressive
load with an eccentricity of 10 cm
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Fig. 28.Simplified two-line model for a sample filled with fiber re-
inforced concrete under compressive load with a centrifugation

of 10 cm
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Fig. 27.Simplified two-line model for a sample filled with plain
concrete under compressive load with an eccentricity of 10 cm
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Table 13.Comparison of energy absorption in compressive loading with 10 cm eccentricity

. RETRVRONW PR IR EIPS 3% PE-F [ WIS
aigos (J93) onsbimde (555!
(/) eolw
PC-el0 AYYD _
PSR-¢10 Y-qFY YO/f

S oo b asd 5 dges lp

PC—-el0:

Ay =12.17mm
A,=53.41mm
53.41

=—"—=439
He 1217
PSR —¢10:
Ay =6.67mm
A, =63.1mm
63.1
=——=946
"= 667

2 SN Sl G pRISh oo Sl patiine &5 b les

iy ok a5 s sgo e bt |y als sl o b ass

St oS 5 Sl ol po Aol 6)Lad (g9 g Ve 2o S e
48,8 sbml o gile 8 CuS e 5l zgs b )80 4 Coni )
Gl do 0 doisas 13 (85, iz fien Gl o ele el
ol 4 el 4zl gl LI o 5l aslid e 4 5,0 i
4 )loges 50 408 Saoj 5 sk o o pil palS e oy

Nz L eIt slp 6pl S copo ol -V-F-Y
Fole Ve oS e

SpaSs oo V-V Caond (o andiply cy s el 5

Pl Ve oS e 5l me b sylad b cod sladiged I

:aolw O L: Ad PRIV LS‘)‘.‘

rat



Pl Ve a3 50 3l Zg,5 b 6l )b o Wrdiged Fio (S NP Jgur
Table 14.Effective stiffness of specimens under compressive load with a centrifugation of 10 cm
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Fig. 30.Lateral displacement-Force diagram under compressive
load with an eccentricity of 15 cm
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Fig. 29.Axial displacement-force diagram under compressive load
with an eccentricity of 15 cm
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Fig. 32.Simplified two-line model for a sample filled with fiber re-
inforced concrete under a compressive load with an eccentricity
of 15 cm
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Fig. 31.Simplified two-line model for a sample filled with plain
concrete under compressive load with an eccentricity of 15 cm
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Table 15.Comparison of energy absorption in compressive load with 15 cm eccentricity
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Table 16.Effective stiffness of specimens under compressive load with a deviation of 15 cm from the center
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Fig. 34.Samples filled with fiber reinforced concrete after loading
with eccentricity of 5, 10 and 15 cm
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Fig. 33.Samples filled with plain and fiber reinforced concrete af-
ter loading with central force
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Table 17.Energy absorption, ductility coefficient, effective stiffness for samples under load with decentralization
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Table 18.Compare the load obtained from the code and test for simple samples
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