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Abstract: Studies on the behavior of reactive powder con-
crete (RPC) columns under eccentric loading are limited.
The effect of materials used in manufacturing these RPC
columns has not yet been investigated. This research
aimed to perform a nonlinear-finite-element analysis to
determine the load-carrying capacity and displacement
of RPC columns made of different RPC mixes and sub-
jected to various loading eccentricities. This research
investigates two types of parameters. The first parameter
is the column’s geometric parameters (the height L and
the load eccentricity distance e). The second is the RPC
material parameter (regarding the silica fume or fly ash
used as pozzolanic material and the type of fibers used,
whether steel or glass fiber). Results indicate that
eccentric-loaded slender columns exhibit much less
load-carrying capacity than the corresponding short col-
umns. The 2 m-long columns with eccentricity ratio e/t =
0.2 resulted in a 65% average reduction in the ultimate
load (Pu) compared to the corresponding 1m-long col-
umns. Using fly ash as a pozzolanic material instead of
silica fume reduces the ultimate load (Pu) of an RPC
column by an average of 60%. Using glass fibers instead
of steel fibers also reduced Pu by 50%. The average
percentage increase in the maximum vertical deflection
(Aymax) of the short column (L = 1 m) is found in the range
of 18-31% for eccentricity ratio e/t = 0.1 but 45-69% for
e/t = 0.2. In contrast, for a slender column (L = 2m), the
percentage increase in Ay,ay is in the range of 10-30% for
both e/t = 0.1 and 0.2.
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1 Introduction

Investigating the mechanical properties and structural
behaviors of different types of concrete, especially new
types such as reactive powder concrete (RPC), is essen-
tial. The term RPC is used to describe the new ultra-high
performance concrete (UHPC), which consists of fiber
reinforcement, high cement content, pozzolanic admix-
tures like silica fume, water reduction admixture, and
fine quartz sand instead of the ordinary aggregate.

Among the significant studies on the structural beha-
vior of concrete is the study on the behavior of concrete
columns subjected to eccentric compressive loading.
Many researchers have studied different cases related to
this topic. Wenjie et al. [1] conducted parametric studies
to evaluate the effects of the mechanical properties of
many parameters such as reinforcement, the reinforce-
ment ratio, eccentric distance loading, the slenderness
ratio, and the type of concrete on the compression beha-
vior of RC columns. The results show that the compres-
sive performance has significantly improved when using
high-performance concrete, such as RPC, and the pro-
posed cementitious composites. Research carried out by
Falah et al. [2] presented a numerical investigation of the
behavior of RPC hollow columns confined with a different
number of layers of carbon-fiber-reinforced polymer (CFRP)
attached at various places on the faces of the columns. The
examined columns contained a different longitudinal rein-
forcement. All specimens were subjected to the axial load
applied at the center and eccentric loading distances (25
and 50 mm from the center). The researchers concluded
that CFRP slightly increased the strength of the confined
columns.

Ahmad et al. [3] studied the behavior of RPC short
circular columns with various types of steel fibers and
lateral reinforcements (spiral and hoops) with different
distances between them. The study concluded that using
steel fibers in RPC prevents concrete cover spalling and
increases ductility. Also, using longitudinal reinforcement
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in a high ratio leads to a delay in the buckling of columns
and increases the strength.

Shi et al. [4] investigated the bearing capacity of RPC
columns subjected to considerable eccentric loading. The
columns made with or without steel fibers differed in
section dimensions and reinforcement ratios. The ulti-
mate load capacity of the RPC columns was calculated
using a simple analytical approach under considerable
eccentric loading. Test results indicated that the equiva-
lent coefficients of RPC columns in the tensile region were
0.6 (with the steel fibers) and 0.4 (without the steel
fibers).

Hussein et al. [5] developed a finite-element model to
study the reinforced concrete column’s behavior when
subjected to eccentric loading. The study evaluated the
technique of column strengthening by using steel jack-
eting, which consisted of external vertical angles and
horizontal straps connected. The researcher studied the
effects of the load eccentricity and the angle’s dimension
on the column’s load capacity. The results showed that
the column’s load capacity increases as the size of the
vertical angle increases. The researcher also concluded
that double-sizing the external angles and the column
had significantly reduced the effects of eccentric loading.
Hao et al. [6] studied the load-displacement curve of
RPC-filled steel tube-shaped columns subjected to eccentric
loading. The researcher has concluded that increasing the
column slenderness and load eccentricity decreases the
load capacity.

Malik and Foster [7] conducted a numerical and
experimental study on reinforced RPC columns. All col-
umns have a typical 150 mm-squared cross-section. Both
eccentric and concentric compression loads had been
applied with various eccentricities. The study showed
that adding high volumes of fibers is a valuable way to
prevent the fragmentation of the concrete cover and the
buckling of the longitudinal reinforcement. The authors
also concluded that the conventional procedure of deter-
mining the interaction diagrams for normal force and
bending moment produced good results for sections loaded
with more than minimum loading eccentricities.

Hadi et al. [8] investigated the behavior of the empty
core RPC columns restricted with a circular tube of CFRP.
The dimensions of the specimens were 206 mm in dia-
meter, a height of 800 mm, and a 90 mm circular hollow.
The researchers used three different confining methods.
The first method was external confining with a carbon
fiber-polymer tube. The second one was internal con-
fining with a PVC duct and external confining with a
CFRP duct. The last one was restricted internally to a steel
duct and externally to a CFRP duct without any steel
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reinforcement. All columns were subjected to eccentric
and concentric loadings. The results indicated that using
the CFRP tube increased the column strength and enhanced
the column’s ductility. Ductility was also improved by using
the PVC tube for internal confinement.

A nonlinear analysis using the finite-element method
was conducted in this study to investigate the effects of
different parameters on the behavior of RPC columns and
the load capacity. These parameters were different poz-
zolanic materials and fibers used in manufacturing such
columns. Also, other parameters, such as column length
and the eccentric loading distance, were investigated.

2 RPC

The strength of concrete was determined by the proper-
ties of its mortar and the interface between aggregates
and the mortar. Generally, aggregates occupy 70-80%
of the volume of concrete. Hence, aggregate properties
such as texture, shape, maximum size, mineralogy, and
strength determine the concrete features and perfor-
mance. The cracks usually start on the interfaces and
grow through the concrete matrix. Coarse aggregates try
to arrest crack growth, producing branching cracks, and
some of the particles are fractured. These mechanisms
depend on aggregate properties, especially the surface
texture, shape, and strength differences between the
aggregates and the matrix [9]. However, a coarse aggre-
gate is a significant part of the normal-strength concrete,
making up 40% of the total volume. Eliminating the
coarse aggregate means a much higher content of cemen-
titious dosage [10]. Removing coarse aggregates has devel-
oped as new promising RPC. It was first developed in the
early 1990s by Bouygues laboratories in France. Then, in
July 1997, they used it to build the Sherbrook Bridge in
Canada. RPC is developing a composite material that
allows the concrete industry to optimize its fabric use,
generating economic benefits [11]. RPC has a broad appli-
cation prospect in the bridge, nuclear power, ocean, oil,
and military facilities and other industrial and civil con-
struction projects with superior performance [12]. RPC’s
compressive strength is between 150 and 230 MPa, flexural
strength is between 20 and 50 MPa, and Young’s modulus
of elasticity is between 45 and 65 GPa [13].

Zhang et al. [14] investigated the factors that affect
RPC strength. They used four factors: water/binder ratio,
silica fume volume content, sand/binder ratio, and ash
volume content. Steel fibers with 1-5% volume percent
and the specimens were subjected to basic curing tests for
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7 and 28 days under natural, standard, and compound
conditions. Al-Hassani and Ibraheem [15] proposed an
equivalent-compressive-stress bi-linear block for an RPC
section under a pure bending moment. Then, they used it
to extract an equation to calculate the capacity for the
nominal-ultimate flexural moment for singly reinforced
rectangular RPC sections. The researcher verified the accu-
racy of the proposed equation by comparing it with other
results adopted from the experimental tests.

3 Finite-element modeling

Software ANSYS version 15.0.7 is used to perform the
nonlinear analysis. The concept of the finite-element pro-
cess is to divide the body structure into a finite number of
small elements connected by a finite number of nodes.
The properties of materials and the relationships control-
ling these elements are considered and expressed in
terms of nod displacement. The element’s responses are
expressed as finite numbers of degrees of freedom char-
acterized as the value of functions at a set of models.
Then, the finite-element model may then be approxi-
mately considered by the discrete model obtained by
gathering the assemblage of all elements. The concept
of disconnection assembly naturally occurred when exam-
ining different natural and artificial systems [16].

The SOLID65 element, Figure 1, is used in ANSYS
models and represents the solid elements with or without
rebar reinforcement. This element has eight nodes with
three degrees of freedom for each node. This element is
qualified for crushing in compression and cracking in
tension. It provides the ability to define three various
types of rebar. Dealing with the nonlinear properties is
the most significant feature of this element. The concrete
can crush, crack (in the three perpendicular directions),

Figure 1: SOLID65-3D element.
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creep, and has plastic deformation. A rebar is capable of
compression and tension but not of shearing. It can creep
and has a plastic deformation [17]. Solid 65 represents the
different types of RPC adopted in this study.

The SOLID185 element has been used to represent the
loading plates. This element includes the ability of plas-
ticity, rotation, creep, large deflections, and strains. It
represents the different types of steel bars adopted in
this study. SOLID185 is a structural element having eight
nodes with three degrees of freedom for each node and is
suitable to model the general solid three-dimensional
structures (Figure 2) [18]. LINK180 is a bar model that
represents different engineering applications, like links,
springs, sagging cables, trusses, etc. This three-dimension
spar element is an axial tension-compression element with
“three degrees of freedom” at each node, whereas the ele-
ment bending is zero at pin joints (Figure 3).

A model was built for two types of RBC concrete col-
umns, one with dimensions of 150 mm x 250 mm x 1,000
mm, and the other with dimensions of 150 mm x 250 mm
x 2,000 mm. The cross-sectional area and the reinforce-
ment ratio for both columns were fixed according to the
minimum reinforcement requirements and for compar-
ison between the two columns.

Figure 2: SOLID185-3D element.
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Figure 3: LINK180-Spar-3D element.
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According to the reinforcement limits for the com-
pression members in ACI-CODE 08, the area of the long-
itudinal steel reinforcement in the compression member
should be between the minimum and maximum limits as
follows:

Min. reinforcement area = 0.01*4; < A; < Max.
Reinforcement area = 0.08*A,, as for our model will be:

375 mm? < 452.16 mm? < 3,000 mm” ... ok;

where A, is the gross area, and A is the reinforce-
ment area of longitudinal bars.

The other limitation is the vertical spacing of ties
should not exceed 16 longitudinal bar diameters, 48 tie
bar, thus

Min. vertical spacing of ties < Min. (16*12, 48*10);

150 mm < (192 mm, 480) ... ok

The slenderness ratio for both types of columns can
be calculated as follows:

Kl/r = 1%2,000/(0.3*200) = 33.4 > 22. for 2m length
column;

hence 2m length column is a slender column.

Kl/r =16.7 < 22 ... for 1 m length column;

hence 1 m length column is a short column.

The SOLID65 element (1,200 elements for a 1 m height
column or 2,400 for a 2 m height column) with dimen-
sions of 25 mm x 25 mm X 50 mm is used to represent the
RPC columns. The LINK180 element (168 elements for a 1
m height column and 336 for a 2 m height column) is used
to represent the steel bars. Perfect bonds are considered
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to exist between the concrete and reinforcing bars by
linking the concrete with any adjacent bar at the same
nodes. The SOLID185 element, which has 120 elements
for both top and bottom plates, is used to transfer the
applied load as in Figure 4. The tolerance value for the
convergence criterion adopted in this non-linear analysis
is 0.5%, with the implicit cracks and load control solu-
tion. Iteration numbers for all specimens ranged from 146
to 275.

The program is usually verified by analyzing previous
experimental tests and matching the results. Hence to
validate the designed finite-element model, the results
of the structural RPC columns tested by Shi et al. [4]
were analyzed for comparison with the analysis of the
finite elements, and the analysis results were appropriate
to the experimental results as shown in Figure 5.

4 Parameters studied in finite-
element analysis

This research investigates two types of parameters. The
first included the column’s geometric parameters (the
height L and the load eccentricity distance e). The second
included the RPC material parameters (regarding the
silica fume or fly ash used as pozzolanic material and
the type of fibers used, whether steel or glass fiber).

ANSYS

R15.0

FEB 1 2022
05:16:52

ELEMENTS

ANSYS ANSYS

R15.0| | » R15.0
FEB 1 2022 FEB 1 2022
03:35:26 03:10:20

Figure 4: Ansys models-3D element (1 and 2 m height columns).
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Figure 5: Load capacity—lateral displacement for the verification
example columns.

4.1 Column’s geometric

Figure 6 shows the actual dimensions of the tested col-
umns. They have a typical reinforced concrete section
(150 mm x 250 mm) for both 1 and 2 m height columns.
The bottom edge of the column is restrained, while the
top edge is free. The investigated percentages of eccen-
tricity e/h are 0.1 and 0.2.

4.2 Materials

The RPC mixes adopted in this research were designed
and tested by Gamal et al. [19]. Table 1 shows the proper-
ties of the different materials used in RPC mixes. The
fineness — particle size distribution curve of silica fume,
fly ash, and cement — is shown in Figure 7 [20]. Table 2
shows the RPC mix proportions.

Table 3 presents the analyzed models of this study.
Four main groups of samples are adopted. Each group
consists of three samples that differ in the eccentric
loading distance (zero at the centerline, 25 and 50 mm
in the z-direction). The four main groups differed from
each other in the concrete component materials. The first
group, Group A121 (121 refers to the compressive strength
of 121 MPa), consists of RPC, which contains 2% steel
fibers as reinforcing fibers and 25% silica fume replace-
ment of the cement content as a pozzolanic material. In
the second group, Group B93, 2% steel fibers are used
with 10% silica fume and 15% fly ash as pozzolanic mate-
rials. The third group, Group C93, has 2% steel fibers used
as the reinforcement and 25% fly ash as the pozzolanic
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Figure 6: Typical dimension details of columns.

250mm

material. The last group, Group D59, has 2% glass fibers
and 25% fly ash as pozzolanic material. The main longitu-
dinal reinforcement (4012) with a yield stress of 480 MPa,
and the stirrups (06@150) with a yield stress of 360 MPa,
are the same for all groups.

The different mixes of the four groups (A121, B93,
C66, and D59) adopted in this study have a compressive
strength of 121, 93, 66, and 59, respectively.

To find the concrete modulus of elasticity related to
each RPC mix, Eq. (1) is adopted to calculate them. This
equation was found by Al-Hassani et al. [21]:

E. = 113.43(f)) + 31126.7, 1)

where E. is the modulus of elasticity of RPC (in units
of MPa) and (f}) is the ultimate compressive strength of
RPC (in units of MPa).

The modulus of elasticity for the four RPC groups
(A121, B93, C66, and D59) obtained from this equation
is (44,850, 41,670, 38,610, and 37,820) MPa, respectively.

Figure 8 shows the typical stress—strain curve adopted
in this study [15].

5 Results and discussion

In general, the results obtained from the study, as listed
in Tables 4 and 5, indicate that as the loading eccentricity
increases, the ultimate load-carrying capacity will decrease.
Also, the types of pozzolanic material and fibers used in
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Table 1: Material properties [17]
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Properties of cement

Type Specific gravity Standard consistency Initial setting time Final setting time
OP cement | - 42.5N 3.15 352% 75 min 380 min
Properties of silica fume and fly ash
Item Composition Color Specific gravity Bulk density
Silica fume/Sika Comp. Egypt A latently hydraulic blend of active ingredients  Grey Powder 2.13 300 (kg/m3)
Fly ash/Sika Comp. Egypt Alumina silicate Grey-fine powder 2.2 320 (kg/m3)
Properties of super plasticizer

Type Aspect Relative density pH Chloride ion content
Visco Crete —-1,000 RM/Sika Comp. Egypt Light brown liquid 1.12 [kg/lt] >6 <0.2%

Properties of fibers

Item Shape Diameter (mm) Length (mm)  Surface area (kg/m?) Tensile strength (MPa)
Steel fibers  Straight 0.8 25 — 1,000
Glass fibers  Extremely fine, single - 18 105 -

filaments, measuring 13 pm

manufacturing RPC columns have considerable effects
on both ultimate load capacities and their vertical and
lateral displacements.

The tables show that using fly ash instead of silica
fume in manufacturing an RPC column reduces the ulti-
mate load of that column by an average value of 39%.

s 3 ES

Cumulative curve (%)

5

Particle size (pm)

Figure 7: Fineness-particle size distribution for silica fume, fly ash,
and cement [20].

This percentage is the average value obtained from inves-
tigating different load eccentricities, whether the column
length is 1 or 2 m. Using fly ash instead of silica fume also
reduces the column vertical and lateral displacements (at
the free end) by average percentages of 27 and 33%,
respectively.

The obtained results also show that using glass fibers
instead of steel fibers in manufacturing an RPC column
reduces the ultimate load of that column by an average
value of 47%. This average percentage covers different
load eccentricities and lengths of the column. Using glass
fiber instead of steel fiber also reduces the column vertical
and lateral displacements (at the free end) by average
percentages of 38 and 43%, respectively.

The results obtained also show that using glass fibers
instead of steel fibers in manufacturing an RPC column
reduces the ultimate load of that column by an average
value of 47%. This average percentage covers different
load eccentricities and lengths of the column. Using glass
fiber instead of steel fiber also reduces the column vertical
and lateral displacements (at the free end) by average
percentages of 38 and 43%, respectively.

The effects of different load eccentricities on the ulti-
mate load and its corresponding vertical deflection are as
follows:

Short RPC columns with a length of 1m and a load
eccentricity of 25 mm (i.e., eccentricity ratio e/h = 0.1) are
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Table 2: Mix proportions [17]
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Group Cement Silica Fly ash Silica fume + fly ash Steel Glass w/cC SP (%) Comp.
(kg/m>3) fume fibers (%) fibers (%) strength (MPa)
A121 650 25% - - 2 - 0.25 2 121
B93 650 - - Silica fume 10% + 2 - 0.25 2 93
flyash 15%

Cé66 650 — 25% — 2 - 0.25 2 66
D59 650 - 25% - - 2 0.25 2 59
SP = super plasticizer.
Table 3: Columns designation
Group Column designation Pozzolanic material Fiber type Eccent. (mm) Comp. strength (MPa)
A121 iSFSf 0 Silica fume 25% Steel fiber 2% 0 121

iSFSf 25 Silica fume 25% Steel fiber 2% 25 121

iSFSf 50 Silica fume 25% Steel fiber 2% 50 121
B93 iSFFASf 0 Silica fume 10% + flyash 15% Steel fiber 2% 0 93

iSFFASf 25 Silica Fume 10% + flyash 15% Steel fiber 2% 25 93

iSFFASf 50 Silica fume 10% + flyash 15% Steel fiber 2% 50 93
Ccé66 iFASf O Flyash 25% Steel fiber 2% 0 66

iFAST 25 Flyash 25% Steel fiber 2% 25 66

iFASf 50 Flyash 25% Steel fiber 2% 50 66
D59 iFAGf O Flyash 25% Glass fiber 2% 0 59

iFAGF 25 Flyash 25% Glass fiber 2% 25 59

iFAGf 50 Flyash 25% Glass fiber 2% 50 59

i = column height (1 or 2 m), SF = silica fume, FA = fly ash, Sf = steel fibers, Gf = glass fibers.

found to show a reduction in the ultimate load but an
increase in the vertical deflection compared to their cor-
responding concentrically loaded columns by average
percentages of -25 and +33% respectively. When the
loading eccentricity e/h = 0.2 (i.e., 50 mm), the average
reduction in ultimate load is —45%. The increment in
vertical deflections is +57%.
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Figure 8: A typical stress—strain curve of RPC in compression [13].

The reduction in ultimate load capacity of the 2m
long slender RPC columns with 25 mm loading eccentri-
city is —15% compared to their corresponding concentri-
cally loaded columns, whereas the increment in vertical
deflection is +18%. However, when the load eccentricity
is 50 mm, the percentage differences become -53% (for
ultimate load) and +19% (for vertical deflection).

When Pu load eccentricity in the 1m high RPC
column is doubled (from 25 to 50 mm), the lateral displa-
cement at the free end increased by three times (as an
average value), but in slender RPC columns of length 2 m,
such average increase is only 1.5 times. The relationship
between the applied load on a specific RPC column and
the lateral displacement at the free end is plotted graphi-
cally in Figure 9 for short RPC columns with 1 m length
and Figure 10 for slender RPC columns with 2m length.
These figures are plotted for each eccentricity ratio (e/h =
0, 0.1, and 0.2). From the figures, we can see RPC col-
umns made of silica fume and steel fibers show greater
ultimate loads than RPC columns made of fly ash and
glass fibers for both column types (L = 1m and L =
2m). Also accompanied by larger lateral displacements
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Table 4: Results for 1 m height column

Group Column designation Ultimate max Max displac. @ free Displacement @ (Pyi = Puo) x 100

load (kN) 4, (mm) end (mm) mid-span (mm) Puo

A121 1SF.Sf.0 2,797 1.028 0.33 0.237 0
1SF.Sf.25 1,950 1.301 1.117 0.313 -30.3%
1SF.Sf.50 1,440 1.674 4.395 1.13 -48.5%

B93 1SF.FA.Sf.0 1,930 0.986 0.295 0.181 0
1SF.FA.Sf.25 1,550 1.255 0.943 0.264 -19.7%
1SF.FA.Sf.50 1,170 1.635 3.995 1.137 -39.4%

C66 1FA.Sf.0 1,580 0.823 0.221 0.138 0
1FA.Sf.25 1,160 0.971 0.743 0.218 -26.6%
1FA.Sf.50 877 1.184 2.887 0.803 —44.5%

D59 1FA.Gf.0 1,340 0.716 0.18 0.1 0
1FA.Gf.25 1,020 0.843 0.641 0.368 -23.9%
1FA.Gf.50 748 1.072 2.579 0.704 -44.2%

P, = Ultimate load corresponding to zero eccentricity.

P,; = Ultimate Load corresponding to the indicated eccentricity.

Table 5: Results for 2 m height column

Group Column designation Ultimate max Max displac. @ free Displacement @ (Pyi = Puo) x 100

load (kN) 4, (mm) end (mm) mid-span (mm) Puo

A121 2SF.Sf.0 1,510 3.367 0.091 0.039 0
2SF.Sf.25 1,370 3.66 11.438 2.77 -9.3%
2SF.Sf.50 785 3.682 16.454 4.001 -48.0%

B93 2SF.FA.Sf.0 1,300 2.6 0.06 0.03 0
2SF.FA.Sf.25 1,170 3.358 11.129 2.757 -10%
2SF.FA.Sf.50 621 3.401 15.762 3.728 -52.2%

C66 2FA.Sf.0 1,060 2.301 0.057 0.027 0
2FA.Sf.25 834 2.623 8.494 2.051 -21.3
2FA.Sf.50 457 2.679 12.089 2.934 -56.9%

D59 2FA.Gf.0 907 1.863 0.045 0.022 0
2FA.Gf.25 754 2.216 6.82 0.163 -16.9%
2FA.Gf.50 405 2.235 9.95 2.424 -55.3%

P, = Ultimate load corresponding to zero eccentricity.
P,; = Ultimate load corresponding to the indicates.

at their free ends compared with their companion RPC
columns made of fly ash and glass fibers for both types
of columns (L =1m and L = 2m).

The results extracted here are generally compatible
with other results from similar research. The authors con-
cluded that increasing the eccentricity of the applied
loads leads to a decrease in the load capacity of the col-
umns with an increase in the mid-height displacement
and concrete compressive strain. They concluded that
increasing load eccentricity by e/t = 0.1 leads to a
decrease in the load capacity by 25% and an increase
in the mid-height displacement by 63%. Figure 11 shows
the load mid-height displacement for the rectangular
reference column [22].

Figure 12 shows the Ansys Nodal Solution for fy dis-
placements of Group121 (for 1 and 2m height columns)
with different eccentricities (e = 0, 25, and 50 mm).

Ductility is defined as a non-dimensional factor, i.e.,
the ratio of ultimate deformation 4, to yield deformation
Ay. The displacement ductility index can be calculated
from the following formula [23]:

Displacement — Ductility index =

, Q)

b|B
=

<

where A, is the ultimate deformation and 4, is the yield
deformation

Figure 13 shows how to determine A, and A,. The
calculated values of the ductility index are represented
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Figure 9: Effects of different eccentric loading (e) on the ultimate
load capacity and displacements for 1 m height columns.

in Table 6. The results show that the ductility index
decreases as the slenderness of columns increases. Also,
the RPC mixes with steel fibers exhibit more ductility
indexes than those with glass fibers.

6 Conclusions

In this study, free-standing reinforced columns (with a
typical rectangular section of 150 mm x 250 mm) are man-
ufactured using different mixes of RPC. The columns are
loaded with an eccentric ratio e/h = (0.1 or 0.2) and
numerically analyzed using nonlinear FE modeling.
Two such columns are considered short columns (L =

Figure 10: Effects of different eccentric loading (e) on the ultimate
load capacity and displacements for 2 m height columns.

1m) and slender columns (L = 2m). A summary of the

main study findings is listed as follows.

1. The eccentrically loaded slender columns exhibited
much less load-carrying capacity than the corresponding
concentrically loaded short columns.

2. The reduction in the load-carrying capacity for a column
with a specified length depends mainly on the pozzo-
lanic material used (silica fume or fly ash) and the type
of fibers used (steel fibers or glass fibers).

3. The average reduction in the load-carrying capacity of
RPC columns is 60% when using fly ash instead
of silica fume: 50% for using glass fibers instead of
steel fibers, and 65% for a 2m-long column compared
to that of a 1 m-long column, 19% for short columns
(L = 1m) if the e/h = 0.2 instead of e/h = 0.1, and 49%
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Table 6: Ductility index

Nonlinear-finite-element analysis of RPC columns

— 11

Group 1m Height column Ductility index (DI) 2 m Height column Ductility index (DI) (Dlam —;’Illm) x 100
im

A121 1SF.Sf.0 12.3 2SF.Sf.0 8.2 -33.3%
1SF.Sf.25 12.5 2SF.Sf.25 8.1 -35.2%
1SF.Sf.50 13.23 2SF.Sf.50 10.75 -18.8%

B93 1SF.FA.Sf.0 8.4 2SF.FA.Sf.0 3.1 -63.1%
1SF.FA.Sf.25 8.98 2SF.FA.Sf.25 3.84 -57.2%
1SF.FA.Sf.50 9.97 2SF.FA.Sf.50 4.25 —-57.4%

c66 1FA.Sf.0 3.83 2FA.Sf.0 1.9 -50.3%
1FA.Sf.25 5.5 2FA.Sf.25 2.4 -56.3%
1FA.Sf.50 7.45 2FA.Sf.50 3.9 -47.7%

D59 1FA.Gf.0 1.86 2FA.Gf.0 0.93 -50.0%
1FA.Gf.25 3.77 2FA.Gf.25 1.66 -55.9%
1FA.Gf.50 5.23 2FA.Gf.50 2.9 —44.6%

for slender column (L = 2m) if e/h = 0.2 instead of References
e/h =0.1.
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