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Abstract This study investigated the influence of basic
oxygen furnace slag (BOFS) as partial coarse aggregate in
the pullout strength of anchor bolts installed in concrete. To
design the different concrete samples, natural coarse
aggregates were replaced by mass with 19-mm size BOFS
from 0% to 50%, with 10% intervals. Fifty-four 150mm x
300mm cylindrical concrete specimens were tested for
compressive test in accordance with ASTM C39-09, while
ninety 350mm x 350mm x 150mm concrete samples with
cast-in-place 12-mm diameter Grade 36 hexagonal headed
anchor bolts were subjected for pullout test in conformity
to the ASTM C900-06 test procedures. With increasing
BOFS percentage, it was observed that there was a gradual
decrease in a slump of the concrete mixture, an increase in
compressive strength, and an increase in pullout strength
based on the test results. Concrete samples with 50% BOFS
from the experiment exhibited the highest compressive
strength and pullout strength of the anchor bolts throughout
the 7, 14, and 28 days of curing. Through correlation and
regression analyses, it was found that there was a
significantly strong positive linear relationship between the
pullout performance of anchor bolts and the percentage of
BOFS as partial coarse aggregates in concrete at all ages.
The pullout capacity of the concrete with BOFS exceeded
the breakout strength predicted by NSCP 2015.

Keywords Basic Oxygen Furnace Slag (BOFS),
Anchor Bolt, Pullout Strength

1. Introduction

Concrete is one of the construction industry's most
widespread, versatile, and dynamic structural materials.
Being the basic building block used in buildings, power
plants, dams, bridges, railroads, highways, streets, and
sidewalks — just about every part of the construction
environment — concrete deteriorates, may exhibit breaks,
cracks, and splits, and may result in aesthetic, functional,
or structural problems. This cementitious composite
material combines cement, aggregate, and water. When
combined, water and cement act as the binding material,
while the aggregate materials help to make concrete mixes
more compact and compressive strength to the concrete;
the type of aggregate used in the concrete can affect the
mechanical performance. Studies have proven that
concrete containing coarse steel slag aggregate improves
the mechanical performance of the concrete. In the study
conducted by Sharma et al., [1] concluded that 50% slag
provided the optimum compressive strength and likewise
observed that the compressive strength increased as the
percentage of slag increased (from 0% to 50%) but later
decreased from 75% to 100%.

Steel slag is a different segment from the steel-making
process and was once regarded as a waste material
discarded in landfills. Several studies have been conducted
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using BOFS as a partial replacement for natural coarse
aggregates for concrete. As a function of percentage, most
of the replacements varied from 0% to 30% by weight with
a 10% increment [2], 0% to 60% by weight with a 15%
increment [3], 15% to 60% by weight with a 15%
increment [4], and 50% [5]. The studies resulted in an
optimum percentage replacement of less than 50%.
Tarawneh, et al. [6] and Depaa and Kala [7] explored the
replacement of natural coarse aggregates from 0% to 100%
and expressed different results. The results of Tarawneh et
al. indicated that the compressive strength increased with
the replacement percentage for coarse aggregates.
However, Depaa and Kala concluded, based on their results,
that replacing coarse aggregates with steel slag in concrete
enhances the compressive strength when the replacement
level is up to 80%. For other replacements, compressive
strength decreases but gives the minimum compressive
strength.

Strength is usually the basis for the structure's
acceptance or rejection of concrete. The specifications or
code designate the strength, nearly always compressive,
required of the concrete in several parts of the structure.
The strength of any structure, or part of a structure, is
essential, especially when loading is more critical: a
deficiency in strength can lead to expensive and
complicated repairs or, at worst, a construction failure. In
civil engineering and construction, there are many test
methods to evaluate the strength of concrete, one of which
is the pullout strength test. Pullout tests are typically
performed to assess the anchorage or pullout capacity of
the concrete. The National Structural Code of the
Philippines (NSCP) recently updated the factors and design
loads for wind load calculations on different types of
structures in response to typhoon occurrences in the
country. These structures include covered courts,
transmission towers, highway light posts, or Meralco posts
connected with anchor bolts at the pedestal. Anchor bolts
are frequently used in concrete members to connect them
with other load-bearing structural members and the
installation of some equipment. Under various loading
conditions, anchor bolts set in concrete will typically crack
up and pull-out from the bottom of the bolt. Thus, it is
necessary to consider the concrete's mechanical
performance in terms of its pullout strength. According to
Hearns [8], pullout strength is correlated to compressive
strength. Strengthening the pullout capacity of the anchor
bolt to the concrete pedestal ensures the safety and stability
of the said structures. This relationship between the
compressive strength and the pullout strength supports the
study of Courtois [9], which revealed that both
compressive strength and embedment depth of inserts are
essential parameters for determining pullout capacity.

This study investigated the influence of basic oxygen
furnace slag (BOFS) as a partial replacement for the coarse
aggregate in concrete on the pullout strength of cast-in-
place anchor bolts. It focused on using BOFS as a partial
replacement for natural aggregates in concrete applications.
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Specifically, this study determined the workability of a
Class A mixture (1:2:4) of 20 MPa grade concrete with its
coarse aggregates partially replaced with BOFS. In the
study conducted by Estores, G. B., et al. [10], they
developed a regression model that predicted the breakout
strength of an expansion anchor in plain concrete as
influenced by the coarse aggregate size, coarse aggregate
content, and fine aggregate content. Test results showed
that among the parameters considered, coarse aggregate
size is the most significant factor that could influence the
breakout strength of an expansion anchor and it is optimum
at 19mm size. A polynomial regression model was
recommended to predict the concrete breakout strength of
an expansion anchor bolt as influenced by the coarse
aggregate size. In this study, the concrete mix for BOFS
that replaced coarse aggregates at intervals of 10%
consisted of 0% to 50%. The concrete mixture's
relationship to the pullout strength was also determined as
a function of the percentage of BOFS used as a partial
substitute for natural coarse aggregate. This provided an
estimator or predictor line to quantify the influence of the
percentage of BOFS as a partial replacement to natural
coarse aggregate to the pullout strength. This study also
established the optimum concrete mixture that will yield
the ultimate workability and pullout strength.

The BOFS, considered a waste material from steel
industries, poses a severe problem with its disposal. A
suitable alternative is needed so that disposal should not be
a threat to the manufacturers of steel. Using BOFS in
various civil engineering applications can lessen the need
for their removal and reduce the use of natural resources.
Also, this study would contribute to the vast knowledge in
the field of construction as this study will demonstrate the
influence of aggregates on the structural integrity of the
concrete. In varying proportions, coarse slag is mixed with
concrete and mechanical properties will be studied to
determine the optimum replacement that improves the
concrete's strength characteristics. BOFS has a higher
absorption property than natural coarse aggregates [11] and
an increase in slag percentage in the concrete mixture
decreases its workability [12, 13]. The regression analysis
results will evaluate the concrete mixture as a function of
the percentage of BOFS as a partial replacement to natural
coarse aggregates that will be necessary for specific
loading applications.

2. Materials and Methods

This section discusses the procedures, specifications,
and tests of the needed materials, necessary standards, and
the use of the data gathered in the different experiments
necessary for the fulfillment of this study. This study
included the following phases: preparation of materials,
workability of fresh-state concrete, testing of hardened
concrete, and data analysis and evaluation to determine the
influence of BOFS as a partial replacement for coarse
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aggregate in concrete on the pullout strength of cast-in-
place anchor bolts.

2.1. Preparation of Materials

The experimentation for this study began with gathering,
preparing, and testing materials for the concrete base
samples. The specifications of these materials are discussed
in this section.

2.1.1. Cement

Specifically, the cement used was type IP cement. This
type of cement is used in general construction and is ideal
for concrete application on foundations, columns, slabs,
and beams.

2.1.2. Aggregates

Natural crushed aggregates and BOFS to partially
replace natural coarse aggregates were taken from Omnico
Natural Resources Inc. (ONRI) in Currimao, llocos Norte.
ONRI provided the raw materials for this study for free. In
preparing the design mix, sieve analysis was conducted to
ensure that the aggregates used conform with the
specification. The BOFS used in this study was limited to
19 — 20 mm. Natural and BOFS coarse aggregates were
then cleaned to remove any dirt affecting the mixture and
dried under the sun's heat to remove moisture content.

Aggregates were also subjected to different tests before
they were used in different concrete mixtures. Tests
conducted in the 2" Engineering District DPWH Ilocos
Norte included: determining the weight, moisture content,
absorption, and specific gravity of the coarse BOFS and
coarse aggregates. Also, the fineness modulus, moisture
content, absorption, and specific gravity of the fine
aggregates were measured. The results of the different tests
for aggregates are recorded in Tables 1 and 2.

Table 1. Properties of 19-mm coarse BOFS and coarse aggregates

Coarse

Properties Aggregates

Coarse BOF slag

1,495 (Loose)
1,695 (Rodded)

1,538 (Loose)

Dry Unit Weight (g/m3) 1,746 (Rodded)

Moisture Content (%) 0.627 0.583
Absorption (%) 1.782 1.143
Specific Gravity 2.716 2.724

Table 2. Properties of fine aggregates

Properties Fine Aggregates
Fineness Modulus 3.60
Moisture Content (%) 1.213
Absorption (%) 2.562
Specific Gravity 2.656

Table 3 shows the chemical composition of BOFS.
Yildirim and Prezzi [14] conducted a study on the
mineralogical and morphological properties of basic
oxygen furnace and electric-arc-furnace-ladle slag samples
generated from two steel plants in Indiana were determined
through X-Ray Diffraction (XRD) analyses and Scanning
Electron Microscopy (SEM) studies. It was found that the
main chemical constituents of the basic-oxygen-furnace
slag are CaO, FeO, and SiO..

Table 3. Chemical composition of BOFS

Element % (by weight)
CaO 39.40
FeO 30.23
SiO, 11.97
MgO 9.69
MnO 2.74

Al,04 2.16
P20s 1.00

TiO, 0.40
Na,O 0.25
Cr,04 0.20

K20 0.05

cl 0.01

SO; 0.12

Loss on ignition 1.80

2.1.3. Concrete Mixture

The concrete base samples used in this study were made
of a Class A mixture (1:2:4) of cement, fine and coarse
aggregates, and water. The properties of each aggregate
were used in the computation of different design mix
proportions. This study used six types of concrete mixture
proportions following the six types of concrete specimens.
The same compressive strength of 20 MPa in a 28-day
curing period was considered in the design mix for all the
different concrete mixtures. As a result, the anchor bolts'
pullout performance was only affected by the weight of
water, cement, and the natural aggregates in the design
mixture. A plain concrete base specimen designed with
class A mixture was composed of 219 kg/m?® of water, 304
kg/m? of cement, 1088 kg/m? of coarse aggregate, and 606
kg/m® of fine aggregates. The specimens varied as a
function of the percentage of BOFS as partial replacement
to natural coarse aggregates. The actual mixture
proportions of different concrete base specimens are
presented in Table 4.
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Table 4. Mixture proportions of different concrete base specimens
Weight of Components (kg/m®)
0,
Béo':s Water Cement BOFS Netural Aggregates
Coarse Fine
0% 219 304 1088 606
10% 219 304 108 977 609
20% 220 304 216 866 612
30% 221 304 323 755 615
40% 221 304 430 645 618
50% 222 304 536 536 621

Design Compressive Strength fc’ =20 MPa at 28 days

2.1.4. Anchor Bolt

This study used a 101lmm-long, 12mm-diameter
hexagonal head steel anchor bolt to prevent corrosion in the
concrete's entire casting and curing period. The minimum
effective embedment for the hexagonal anchor bolt was 60
mm with a nominal tensile strength of 400 to 550 MPa.
Other physical properties and requirements of Grade 36
hexagonal anchor bolts based on ASTM F1554 standards
are presented in Table 5.

Table 5. Technical data for Grade 36 hexagonal anchor bolt

Descriptions Specifications

Anchor Length 101.60 mm
Anchor Diameter 12 mm
Nominal Tensile Strength 400 — 550 MPa
Yield Strength, min 248 MPa
Elongation, % min 23
Material Composition Plain
Effective Embedment Depth, min 60 mm

Head Configuration Hexagonal bolt

2.1.5. Formworks and Pullout Steel Frame Support

Figure 1. The assembled steel frame support
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Two sets of molds were used in this study, the cylindrical
mold used in the casting of cylindrical concrete specimens
for compressive test and the primary formwork prepared
for pullout test specimens. The cylindrical mold used was
a PVC pipe with inside dimensions of 150mm x 300mm.
As specified in ASTM E488-96, the base thickness must be
at least twice the effective embedment depth of the anchor
to ensure breakout strength. Thus, the concrete block mold
was planned to have dimensions of 350 mm x 350 mm X
150 mm. A steel frame support, as shown in Fig. 1, was
also assembled to help the UTM pull out the anchor bolts
from the concrete base.

2.2. Workability of Fresh-State Concrete

2.2.1. Slump Test

One of the objectives of this study was to determine the
workability of Class A mixture (1:2:4) of 20 MPa grade
concrete with its coarse aggregates partially replaced with
BOFS. The concrete mixture comprising 0% to 50% at
10% intervals for BOFS as a coarse aggregate replacement
was used in this study. Three samples were subjected to
slump tests for each fresh-state concrete mixture to
determine consistency. The slump test was carried out
under ASTM C143 [15]. Fresh-state concrete mixtures
were poured into slumping cones with a height of 30 cm, a
top diameter of 10 cm, and a base diameter of 20 cm. After
the mold removal, the concrete's slump was measured and
recorded by measuring the distance from the slumped
concrete's top to the level of the slump cone. As stated in
ASTM C143, a 160 mm maximum slump precision, and a
standard deviation of the replicates limited to 10mm is
accepted.

The data from the slump test were analyzed based on the
requirements set by the design mixtures of the concrete. If
the slump of the different concrete mixtures passed the
slump test, the next stage was the molding of the different
concrete mixtures in the formworks and the casting of the
hexagonal anchor bolt in the fresh state concrete.
Specimens were allowed to be cured for 7, 14, and 28 days.
Overall, there were one hundred and forty-four (144)
concrete specimens: fifty-four (54) concrete specimens for
the compressive test (each result was average of 3 trials per
proportion) and ninety (90) concrete specimens for the
pullout test (each result was average of 5 trials per
proportion). This is in accordance with ASTM Standards of
2006.

2.3. Testing of Hardened Concrete

2.3.1. Compressive Test

At the Department of Public Works and Highways (2"
Engineering District), llocos Norte, the compression test
machine was used to test each mixture of concrete
cylindrical specimens to ensure they all met the
compressive design strength required by ASTM C39-05
[16].
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2.3.2. Pullout Test

The sets of 350 x 350 x150 cubic millimeter concrete
specimens with 0% to 50% BOFS proportions and cast-in-
place anchor bolts were subjected to pullout test through
the Universal Testing Machine at the Department of Public
Works and Highways (1% Engineering District), llocos
Norte. This procedure followed the ASTM C900-06 [17]
standard test method for the pullout strength of hardened
concrete.

Concrete failures observed in the pullout test were
recorded. Numerical data from the hardened concrete

pullout strength test was analyzed using a one-sample t-test.

This part of the data analysis established if there is a
significant difference in the pullout strength of the concrete
samples with partially replaced coarse aggregates (10% to
50% BOFS) compared to the controlled samples (concrete
samples with 0% BOFS).

Also, the measured pullout strength of the anchor bolts
in the concrete base material with 0% BOFS has been
compared to NSCP 2015 equations for verification. Section
417.4.2.1a of NSCP 2015 states that a single anchor's
nominal concrete breakout strength in tension, Nep, shall
not exceed

ANc
Ny = ﬁlped,Nlpc,Nlpcp,NNb 1)

where .~ is the breakout cracking factor (for cast-in
anchors, ,v=1.25). Axc is the projected concrete failure
area of a single anchor or group of anchors which shall be
approximated as the base of the rectilinear geometrical
figure that results from projecting the failure surface
outward 1.5he from the centerlines of the anchor, or in the
case of a group of anchors, from a line through a row of
adjacent anchors. Anc shall not exceed nAnco, Where n is the
number of anchors in the group that resist tension. Anc is
the projected concrete failure area of a single anchor with
an edge distance equal to or greater than 1.5hes

ANco = 9hef2 (2)

Also, Section 417.4.2.2a of NSCP 2015 states that the
basic concrete breakout strength of a single anchor in
tension in cracked concrete, shall not exceed:

Ny = ke Ag/f hes™® 3)

where 4, is 1.04, A is 1.0 for cast-in, k; is 10 for
applications in non-cracked concrete, and h., is the
effective embedment of the anchor. For data analysis, the
considered mode of failures was breakout only.

2.4. Analysis and Evaluation of Data

The slump, compressive strength, and pullout strength
were measured using the slump, compressive, and pullout
strength tests, respectively. The data from the slump test
were analyzed based on the requirements set by the design
mixtures of the concrete to determine the workability of the
fresh-state concrete mixtures.

The compressive and pullout test results were tested for
normality using the Shapiro-Wilks test. After this, a test on
the difference of means using a one-sample t-test was used
for the data treatment of compressive strength and
regression analysis for the pullout strength. The one-
sample t-test determined whether the sample mean was
statistically different from a "test value" or hypothesized
value of the population mean. This data analysis section
determined whether the concrete specimens' compressive
strength on the 28" day differed significantly from the
design's compressive strength. Also, this was used to
determine the significant difference in the pullout strength
of the concrete samples with partially replaced coarse
aggregates (10% to 50% BOFS) compared to the controlled
samples (concrete samples with 0% BOFS). This study
tested the hypothesis that there is no significant difference
in the mean pullout strength of the samples and the mean
pullout strength of the control concrete mixture. This
hypothesis was subjected to a two-sided one-sample t-test.
It was to be rejected at a 0.05 level of significance when the
computed test statistic, t, exceeds the critical value. The t-
statistics were computed using the formula.

t =K 4)

where x and s is the mean and standard deviation pullout
strength of the n samples of each of the different concrete
mixtures, and s the mean pullout strength of the concrete
samples with 0% BOFS.

Lastly, to determine if there is a significant linear
relationship between the percentage of BOFS to the pullout
strength of cast-in-place anchor bolts in concrete, a linear
correlation was constructed using Pearson’s Product
Moment Coefficient of Correlation, r:

nyxy-[Ex)Ey)] (5)

r =
Joze-Eorlinsy-En2)

where n is the sample size, x is the percentage of BOFS as
a partial replacement for the coarse aggregate, and y is the
maximum pullout strength of the cast-in-place hexagonal
anchor bolt. The significance of the coefficient of
correlation, r, was also tested using a t-test using the
formula

rvn—2

= (6)
where n is the number of concrete specimens. This test
statistic was tested at a 0.05 level of significance with n —
2 degrees of freedom and a null hypothesis expressed as no
significant relationship between the percentage of BOFS to
the pullout strength of cast-in-place anchor bolts in
concrete. The null hypothesis was rejected if the computed
t-statistic was more significant than the critical value. To
reject the null hypothesis, it can be stated that the
percentage of BOFS and the pullout strength of cast-in-
place anchor bolts in concrete are significantly correlated.
As a result, the regression equation can be calculated and

t():
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utilized for prediction purposes. Regression analysis was
utilized to ascertain the relationship between the pullout
strength of cast-in-place anchor bolts and BOFS as a partial
replacement for the coarse aggregate in concrete.
Regression analysis was useful in this study since it
explained the relationship between the percentage of BOFS
as partial replacement to natural coarse aggregates and the
pullout strength of cast-in-place anchor bolts in concrete. It
was also useful in estimating and testing the intensity of
their relationship and giving a fixed value for the
percentage of BOFS replacement. We can predict how the
pullout strength will change. Regression analysis involves
the estimation of the regression model and the evaluation
of the validity and usefulness of the model. An important
aspect of regression analysis is to estimate the regression
coefficients, bo, and bs, by establishing a fitted regression
line given by:

Yy = bo+bx )

where § is the predicted or fitted value and the slope and
the y-intercept of the regression equation, respectively, are:

b, = n ¥t Xiyi= (T %) (Bieq 1) ®)

Y, xf- (S %)’
and
bo — (Z?:Ji)(Z?:lX?)—(Z?:lxi)(ﬁ?:ﬂiyl') (9)

2
nyL, xf - (S, )

Multiple regression is an extension of simple linear
regression used to analyze the relationship between a single
dependent variable and several independent variables. It is
used for prediction of the value of a variable based on the
value of two or more other variables. In this case, the
maximum pullout strength of the anchor bolt in the
concrete was predicted as a function of the percentage of
BOFS as a partial replacement of coarse aggregates and the
concrete compressive strength.

Microsoft Excel Data Analysis Toolpak and IBM-SPSS
software were used in this study's statistical data analysis.
The optimum mixture was selected based on the slump test
result and the concrete specimens' pullout strength.

3. Results

3.1. Slump Test

The workability of fresh concrete with different slag
proportions was determined through a slump test. Table 6
shows the average slumps of the different concrete
mixtures, and it can be noted that all the samples passed the
slump test as prescribed by ASTM C143. The standard
deviation of the samples from the different concrete
mixtures is below 10mm. Also, it can be observed that in
every addition of 10% BOFS, slump measurement
decreases from 0% to 50%. There is an abrupt decrease of
a slump from 0% to 10%, then a steady decrease in the
latter percentages.
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Table 6. Slump test results of the different concrete mix designs

Slump, mm
Samples
0% 10% 20% 30% 40% 50%
1 65 60 45 35 40 25
2 70 45 55 45 45 30
3 75 50 40 45 30 35
Average  70.00 51.67 46.67 4167 3833 30.00
St.Dev. 4.08 6.24 6.24 471 6.24 4.08

From the gathered data, it was found that BOFS
percentages significantly impact the slump and workability
of the concrete.

3.2. Compressive Strength Test

Table 7. Mean Compressive Strength Test Results at 7, 14, and 28 days

Mean Compressive Strength, MPa

% BOFS 7th Day 14th Day 28th Day
0% 12.9 18.8 20.8
10% 13.4 18.6 211
20% 13.8 20.5 21.5
30% 143 20.8 22.2
40% 14.6 19.7 22.3
50% 155 22.3 22.3

The compressive test results are shown in Tables 7 and
8. Data from the compressive test indicates that the
compressive strength of the concrete improved with the
addition of BOFS as a partial coarse aggregate, and the
50% BOFS percentage always provided the optimum
compressive strength among the other percentages or
mixtures throughout the curing periods of 7, 14, and 28
days.

Table 8. Compressive strength of the different BOFS proportions at 28
days

Compressive Strength, MPa

Samples
0% 10% 20% 30% 40% 50%
1 20.9 21.8 21.8 22.6 225 21.8
2 20.6 21.6 21.6 22.6 224 22.6
3 20.8 20.0 21.2 215 22.1 22.6
Mean 20.8 211 215 22.2 22.3 22.3
% Range 0.01% 177% 359% 7.07% 7.44% 7.51%

The data from the compressive test of the different BOFS
proportions on the 28" day are presented in Table 8. It also
shows the range of variation (in %) of the compressive
strength of the samples in each of the proportions of BOFS.
The percent range of variation of the compressive strengths
of the different BOFS ratios was determined to evaluate
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whether the compressive strengths are acceptable in terms
of the established acceptable range of ASTM C39-09,
which requires that the acceptable range of individual
150mm x 300mm cylinders for 3-sample laboratory setup
is 7.8% and a coefficient of variation of 2.4%. The results
show that each specimen's mean actual compressive
strength is below 7.8% and is compliant with the ASTM
standards for compressive strength tests. However, the
coefficient of variation for the compressive strength of all
the samples is 3.11%. This value is above the acceptable
value, which indicates that the actual compressive strength
of all the concrete specimens resulted in a significant
variation in the design compressive strength. Statistical
analysis revealed that the values are significantly different
from the design parameter.

The measured compressive strength of the samples from
the different concrete mixtures was subjected to statistical
treatments for data analysis: Normal P-P plots and Shapiro-
Wilks test to check the normality of the measurements,
furthermore, a one-sample t-test was performed to
determine if there is a significant difference between the
mean compressive strength of the samples with different
proportions of BOFS and the design compressive strength,

20.67 MPa.

The normal P-P plot for the measured compressive
strengths of the samples is shown in Fig. 2. It can be
observed that the data points are close to the diagonal line,
signifying that the data is normally distributed. According
to Table 9, the calculated Shapiro-Wilk values for the
various BOFS percentages in the samples confirm this. The
fact that the p-vale is more significant than 0.05 in each
sample group indicates that the compressive strength data
on the 28" day is normally distributed.

Table 9. Test on Normality of the Compressive Strength on the 28™ Day

% BOFS Shapiro-Wilk p-value
0% 0.862 0.274
10% 0.850 0.239
20% 0.980 0.726
30% 0.778 0.062
40% 0.967 0.653
50% 0.787 0.085

Expected Cumulative Probability

00 02 04

Normal P-P Plot of Compressive Strength 28th Day
1.0

Observed Cumulative Probability

06 0.8 10

Figure 2. Normal P-P Plot of Compressive Strength on the 28" Day
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The analysis result, as shown in Table 10, revealed that
there is no significant difference in the mean compressive
strength of the samples with 0% (t=1.113, p=0.381) and
10% (t=0.830, p=0.494) BOFS to the design compressive
strength. However, the mean compressive strength of
samples with 20% (t=4.482, p=0.046), 30% (t=4.403,
p=0.048), 40% (t=12.648, p=0.006), and 50% (t=6.340,
p=0.024) BOFS exhibited a significant difference with the
design compressive strength. The compressive strength of
concrete was observed to improve in samples with 20% to
50% BOFS as a partial coarse replacement. The table
below further illustrates the t-test analysis results.

Table 10. t-test analysis of the mean compressive strengths of concrete
at the 28" day compared to design compressive strength, £, = 20.67 MPa

Mean One-Sample t-test
% Compressive
BOFS  Strength, MPa,  { gatistic  p-value  Remarks
at the 28" Day
0% 20.8 1.113 0.381 fo=r
10% 211 0.830 0.494 fo=f
20% 215 4.482 0.046 >f
30% 22.2 4.403 0.048 o> f
40% 223 12.648 0.006 f.>f
50% 223 6.340 0.024 >f

Table 11. t-test analysis of mean compressive strengths (MPa) compared
to the compressive strength of control specimen

Mean Independent Sample t-test
% Compressive
BOFS  Strength, MPa, ¢ gratistic  p-value Remarks
at the28th Day
0% 20.9
10% 211 0.660 0.545 frow = fou
20% 215 3.671 0.021  foow > fou
30% 222 4.044 0.016 Fao > fow
40% 223 10.13 0.001 Frow > fow
50% 22.3 5.724 0.005  fson > fou

Table 11 shows the t-test analysis of the mean
compressive strengths of the samples with 10% to 50%
BOFS compared to the compressive strength of the control
specimen with 0% BOFS. It can be seen that the mean
difference between the compressive strengths of the
samples with 10% BOFS and the control specimen
exhibited no significant difference (t=0.660, p=0.545).
However, the mean differences in the compressive strength
of the samples with 20% to 50% BOFS and the control
specimen exhibited a significant difference. Moreover, the
statistical test revealed that the mean compressive strength

3119

of the samples with 20% to 50% BOFS is significantly
higher than the control specimen.

3.3. Pullout Strength Test

Based on the pullout test results, the mean, standard
deviation, and coefficient of variation of the maximum
pullout strength of the anchor bolt measured from the
samples with different BOFS proportions are presented in
Table 12.

Table 12. Pullout strength of anchor bolts at 28 days

Maximum Pullout Load, kN

Sample
$ 0% 10% 20% 30% 40% 50%
1 15.6 15.7 16.2 16.7 17.9 194
2 14.8 17.1 17.7 17.6 18.1 20.7
3 15.1 16.8 16.6 17.3 18.6 20.3
4 154 16.5 17.4 16.9 18.4 19.8
5 14.9 17.0 16.8 175 18.3 20.3
Mean 15.16 16.62 16.94 17.20 18.26 20.10
St. Dev. 0'336 0.5630 0.6066 0.3873 0.2702 0.5050
%CV 2.22% 3.39% 3.58% 2.25% 1.48% 2.51%

The normal P-P plot for the measured pullout strengths
of the samples is shown in Fig. 3. It can be observed that
the data points are close to the diagonal line, signifying that
the data is normally distributed. The calculated Shapiro-
Wilk values for the various samples with different
percentages of BOFS, as summarized in Table 13, also
support this. The fact that each sample group's p-value is
more significant than 0.05 indicates that the data for the
pullout strength on the 28" day are normally distributed.

This is also supported by the computed Shapiro-Wilk
values for the samples with different percentages of BOFS,
as summarized in Table 13. It can also be observed that the
p-value in each of the sample groups is greater than 0.05,
also indicating that the data for the pullout strength on the
28" day is normally distributed.

Table 13. Test on Normality of the Pullout Strength on the 28" Day

% BOFS Shapiro-Wilk p-value
0% 0.942 0.677
10% 0.871 0.272
20% 0.962 0.823
30% 0.920 0.530
40% 0.990 0.980
50% 0.951 0.742
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After the test on normality for the data for the pullout test,
regression analysis was performed to determine the
relationship between the percentage of BOFS in concrete
and the compressive strength to the maximum pullout load
of anchor bolts. Statistical analysis, as shown in Fig. 4,
revealed that the percentage of BOFS as a partial
replacement of coarse aggregates in concrete and the
maximum pullout load of anchor bolts have a strong
positive linear relationship (r=0.924, p<<0.001). This
relationship was also significant, at least at the 0.05 level.
This relationship between the % BOFS and the pullout
strength was further described in a regression equation § =
15.25 + 8.54x, where y is the expected pullout strength and
x is the percentage of BOFS used as a partial coarse
replacement.

Regression analysis was also performed to determine the
relationship between the concrete's compressive strength
and the maximum pullout load of anchor bolts. As shown
in Fig. 5, statistical analysis revealed that the compressive
strength of concrete and the maximum pullout load of
anchor bolts have a strong positive linear relationship
(r=0.811, p<<0.001). This relationship was also significant,
at least at the 0.05 level.

This relationship between the compressive strength and
the pullout strength was further described in a regression
equation § = —27.79 + 2.08x, where y is the expected
pullout strength and x is the compressive strength of the

concrete. The statistical analysis investigated the effects of
the different variables in this study on the pullout strength
of anchor bolts in concrete with BOFS as a partial
replacement for coarse aggregates. As discussed above, the
percentage of BOFS used as partial coarse replacement and
the compressive strength has a positive relationship with
the maximum pullout strength of anchor bolts in concrete.
After ensuring that all the assumptions for the test have
been satisfied, a multiple regression analysis for the pullout
strength of the concrete with BOFS was performed. The
statistical results showed a coefficient of determination, r?,
of 0.911. This indicates that the compressive strength and
percent BOFS of the regression model for the pullout
strength were well-matched. The multiple regression
analysis found that the percentage of BOFS used as partial
coarse replacement and the compressive strength of
concrete statistically significantly predicted maximum
pullout strength F(2,27)=138.119, p<<0.001. These two
variables were described by the regression equation § =
57.811 + 15.554a — 2.042b, where y is the expected pullout
strength, a is the percentage of BOFS used as partial coarse
aggregates replacement, and b is the compressive strength
and added statistically significantly to the prediction,
p<0.05.

Fig. 6 shows the residual plot of the pullout strength of
the samples on the 28th day from the multiple regression
analysis. The data points do not have any clear pattern but
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are symmetrically distributed and tend to cluster toward the
middle of the plot. One important observation from the
residual plot is that the values in the y-axis only range from
-2 to +2, indicating that some of the predicted pullout
strengths are too low and other predictions are too high
compared to the measured pullout strength. With the

residual plot's exhibited behavior, the predicted pullout
strength data is said to be normally distributed.

Concrete failures in concrete breakouts were observed
from the samples as an effect of the pullout test. Using the
formula of Section 417.4.2.2 of NSCP 2015, breakout
strengths were computed.

Scatterplot
Dependent Variable: Pullout Strength 28th Day
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Figure 6. Residual Plot of the Pullout Strength on the 28" Day (as a function of %BOFS and Compressive Strength)

Table 14. Comparison of the mean pullout load from the actual value to the regression equations and the breakout strength as given by NSCP 2015

% BOFS Actual Pullout Maximum Pullout Load Given by Regression Equations Breakout Strength
Load Factor 2: G K Given by NSCP 2015
Factor 1: %BOFS actor = Lompressive Multiple Regression Model
Strength
0% 15.17 15.25 15.39 15.42 16.06
10 % 16.53 16.10 16.16 16.22 16.21
20 % 16.83 16.96 16.94 17.01 16.35
30 % 17.20 17.81 18.44 17.09 16.62
40 % 18.20 18.67 18.60 18.49 16.65
50 % 20.13 19.52 18.64 20.01 16.66
t-value 0.2560* 0.0547* 0.1145*
p-value 0.8010 0.9572 0.9101

Legend: *The mean difference with the actual pullout strength is not statistically significant at 0.05 level.
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Table 14 presents the mean pullout strength from the
actual data from the pullout test compared to the values
given by the regression equations and the breakout strength
equation from NSCP. The measured pullout load is similar
to the predicted pullout strength values the regression
equations provide. Likewise, considering the compressive
strength as a factor in the predicted pullout strength,
statistical analysis revealed that the two values are not
significantly different. These results are also supported by
the values of pullout strength given by the multiple
regression model, where the two independent variables, %
BOFS and compressive strength, were taken as factors to
affect the pullout strength of the concrete. From the
predicted values, it can be observed that there is an increase
in the pullout strength with the increase of % BOFS in the
concrete. Compared to the control specimen (0% BOFS),
the predicted pullout strength of the concrete mixture with
10% BOFS increased by 105.19%. There was a 110.31%
increase for the 20%, 110.83% for the 30%, 119.91%
increase for the 40%, and 129.77% increase for the 50%
BOFS.

Table 14 also shows the pullout capacity of the concrete
samples with different percentages of BOFS as partial
replacement to coarse aggregates and the theoretical
breakout capacity predicted by NSCP 2015.

4. Discussion

Results showed a gradual decrease in concrete
workability due to the increase in slag percentage. The
BOFS's higher absorption property than natural coarse
aggregates can be considered the factor of this observation.
Furthermore, the mixture with 50% BOFS has the least
slump among the other proportions. Generally, all mixes
indicate a true slump, regardless of replacement percentage.
The analysis of the mean slump of the various concrete
mixtures containing partial coarse BOFS revealed that the
presence and amount of BOFS influenced the slump or
workability of the concrete. The data gathered through the
slump test shows that the increase in the BOFS replacement
to coarse aggregates decreased the workability of concrete.

The compressive test found that the compressive
strength of the concrete improved with the addition of
BOFS as a partial coarse aggregate, and the 50% BOFS
percentage always provided the optimum compressive
strength among the other percentages or mixtures
throughout the curing periods of 7, 14, and 28 days.

The pullout test showed that throughout 7, 14, and 28
days, the pullout strength of anchor bolts exhibited a
constant increase with the increase of BOFS percentage in
concrete. From the result of the pullout test, it was found
that out of the samples with 0% to 50% BOFS, the
replacement of the coarse aggregates with 50% BOFS was
found to have exhibited the most significant value of
pullout strength (20.10 kN) of anchor bolt in concrete. Also,
about the maximum pullout load of anchor bolts in concrete,
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it can be noted that no value from the different BOFS
proportions did not exceed the acceptable 12% coefficient
of variation established by ASTM E 488-96.

The data demonstrates that the pullout strength of anchor
bolts increases with the increase in the percentage of BOFS
in concrete. This also suggests that BOFS is more than just
an efficient partial coarse replacement that boosts the
pullout strength of concrete-installed anchor bolts. The data
shows that the pullout strength of anchor bolts increases
with the increase in the compressive strength of concrete.

The regression equation showed that the percentages of
BOFS as partial coarse aggregate replacement used in this
study can increase the compressive strength of the concrete.
In that same condition, with the compressive strength
increasing, the maximum pullout strength of the anchor
bolts in the concrete also increases. From these statistical
analyses, both % BOFS and compressive strength can be
used to predict the pullout capacity of the concrete.

The predicted pullout capacity from the multiple
regression equation gradually rises as the percentage of
BOFS increases. Hence, the resistance of concrete to
pullout has dramatically improved and validates the
influence of BOFS in its performance. This study found
that the breakout strength of concrete in tension is directly
noted that the pullout capacity predicted by the multiple
regression equations for the samples with 10% to 50%
BOFS exceeded the breakout strength predicted by NSCP
2015.

5. Conclusions

The following are the conclusions derived from the
findings of the study. The regression model was applicable
only to concrete mixtures with 10% to 50% BOFS and the
design compressive strength, f¢’, is limited to 20.67 MPa.

1. Using BOFS as a partial coarse aggregate in concrete
significantly decreased its slump. BOFS increased
the water ratio of the concrete mixture due to its
higher water absorption along with natural coarse
aggregates. Thus, using BOFS as a partial
replacement for natural coarse aggregate effectively
achieved a desirable consistency of the concrete
mixture.

2. The addition of BOFS as a partial replacement for
natural coarse aggregates demonstrated an increase
in the pullout strength of anchor bolts in concrete
with the increase of BOFS proportion. The maximum
breakout force on the 28" day through the pullout test
occurred at 50% BOFS was found to be 20.10 kN.

3. There was a significantly strong relationship between
the percentage of BOFS as a partial replacement for
coarse concrete aggregate and anchor bolts' pullout
strength. The linear regression equation ¥ = 15.25 +
8.54x has a positive slope indicating that the more
significant amount of BOFS in the concrete provides
a greater pullout strength to the anchor bolt. Also, the
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compressive strength can be said to have a significant
relationship to the pullout strength of anchor bolts in
concrete. The linear regression line equation § = —
27.79 + 2.08x has a positive slope indicating that the
pullout strength increases with the increase of
compressive strength. It can also be concluded that
both the %BOFS and compressive strength are
significant factors in predicting the pullout capacity
of cast-in-place anchor bolts in concrete, as described
by the multiple regression model, ¥ = 57.811 +
15.554a — 2.042b. The residual plot from this
multiple regression model showed that the predicted
values are close to the actual values of the pullout
capacity.

The concrete samples with 50% BOFS exhibited the
maximum compressive strength and pullout strength
of anchor bolts. Therefore, strength in concrete was
significantly improved when added with BOFS as
partial coarse aggregates.
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