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This study investigated the effects of incorporating up to 20% coal ash (CA) by weight
and 25% walnut shell (WS) by volume of coarse aggregate on the fresh and hardened
properties of self-compacting concrete (SCC). A total of 12 SCC mixtures were designed,
divided into two groups, with a constant water-to-binder (w/b) ratio of 0.309 and a total
binder content of 550 kg/m=1In the first and second groups, cement was replaced with
10% and 20% CA by weight, respectively. Mixtures in both groups utilized WS as a
partial replacement for coarse aggregate at ratios ranging from 0% to 25% in 5%
increments by volume. The results indicated that increasing CA and WS content
adversely impacted the fresh properties of SCC, though the mixtures still met the
necessary requirements. The slump flow diameter decreased by up to 13%, while the
time to reach 50% flow (T50) increased. A notable reduction in the H2/H1 ratio was
observed as WS content increased. Additionally, the segregation ratio experienced a 75%
increase. A decline in compressive strength was recorded at a 25% WS replacement level,
amounting to 29.2% and 17.6% for 10% and 20% CA mixtures, respectively. However,
20% CA mixtures exhibited higher compressive strength than 10% CA mixtures at the
same WS replacement level, with a 21.7% increase observed at 25% WS substitution.
Flexural strength exhibited similar trends. With increasing WS content for the same CA
replacement level, the first fracture impact energy was found to decrease. The first crack
impact energy results remained unaffected by CA replacement levels. Failure impact
energy demonstrated analogous outcomes.

1. INTRODUCTION

focusing on properties like density, porosity, workability, and
durability, in addition to strength [5].

Self-compacting concrete (SCC) is a specialized type of
concrete that offers complete form filling due to its high
flowability, even in the presence of limited reinforcement
spacing. Cohesiveness is critical for the flowability of fresh
SCC [1, 2]. The cost of SCC usage can be reduced by
incorporating mineral admixtures, which can often improve
workability and slump of concrete mixes. It has been observed
that when fly ash (FA) is used as a partial cement replacement,
it enhances the properties of concrete and reduces the need for
chemical admixtures to control viscosity levels [3].
Furthermore, these admixtures can be used to decrease cement
consumption and carbon dioxide emissions, thus mitigating
global warming [4].

Agricultural waste disposal through burning or landfill
techniques can be detrimental to the environment. A more
sustainable approach would involve using these waste
products to create new materials for manufacturing other
products. For instance, these waste products can be used to
produce building materials, such as concrete. Numerous
studies have investigated the effects of using such materials as
partial replacements for cement or aggregates in concrete,
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Walnuts are commonly used in sweets and supplementary
foods in cities across Irag. Depending on their size, walnut
shells (WS) make up 43% to 65% of a walnut's total weight
and require a significant amount of land for disposal. A safe
method of disposing of WS waste is to use it in the production
of industrial materials, such as construction materials.
Researchers have explored the effects of using various
agricultural wastes in cement and concrete [6]. Globally, there
is a focus on reducing the self-weight of structures. One
effective way to achieve this is by using lighter ingredients in
concrete compositions, especially by replacing aggregate
types with lighter alternatives. Many waste materials can be
recycled and used as aggregate. The authors have previously
examined the recycling of waste materials as aggregate and
powder replacements for cement in SCC [7-11].

Some studies have investigated the use of WS and coconut
shells in concrete production, examining their influence on
fresh and hardened properties [12, 13]. Adebakin et al. [12]
studied the fresh properties of self-compacting lightweight
concrete (SCLWC) made with various amounts of cement
combined with fly ash (0% to 25% by weight) and coconut
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shell as coarse aggregate, maintaining constant w/b and
superplasticizer ratios of 0.33 and 1.75% by weight of the
binder, respectively. According to their findings, the SCLWC
with fly ash and coconut shell aggregate met the requirements
for viscosity, flowability, and passing ability. Fly ash ratios of
15% and 20% yielded the most favorable results. Moreover,
Hilal et al. [14] used WS as a replacement for gravel in SCC
production. Their findings indicated that the mechanical
properties of SCC decreased due to WS usage. They
recommended using 35% to 50% WS to create lightweight
SCC. In another study by Hilal et al. [5], WS was used as a
substitute for both gravel and sand in concrete. They examined
compressive, flexural, and splitting strengths, absorption ratio,
and dry density across three groups: the first group replaced
sand with WS, the second replaced gravel with WS, and the
third replaced both sand and gravel with WS. The third group
exhibited the best overall properties, with the optimal WS ratio
being 15%. Cheng et al. [15] produced lightweight wet-mix
shotcrete (LWMS) by substituting WS for conventional coarse
aggregate. To enhance the properties of LWMS,
polypropylene (PP) and polyethylene terephthalate (PET)
fibers were added. Increasing WS content led to a significant
reduction in compressive and splitting strengths and a decrease
in slump and pressure drop. Furthermore, fiber addition
reduced the slump and flowability of fresh LWMS, decreased
compressive strength, and increased splitting tensile strength
and shootability, as evidenced by reduced rebound amounts.

Husain et al. [16] investigated the use of powdered walnut
shells (WSP) as a substitute for fine aggregate in concrete
production at three different levels: 10%, 20%, and 30%. With
higher WSP content, a slight reduction in compressive strength
was observed, with the best results obtained at 20% WSP
content. At 28 days, the maximum compressive strength of
29.3 MPa was achieved for concrete specimens fully cured in
water and manufactured using WSP, meeting the requirements
for lightweight structural concrete. Kamal et al. [17] suggested
that WS could be used as a substitute for fine aggregate up to
30% with a w/c ratio of 0.38. Their results demonstrated no
significant difference in the compressive strength of concrete,
indicating that WS could be used in concrete production due
to its structural and environmental advantages.

From the literature review, it is apparent that few studies
have investigated the recycling of WS in concrete production,
particularly the combined use of coal ash and WS in SCC.
Therefore, the present experimental investigation aims to
examine the influence of coal ash up to 20% as a cement
replacement and WS as a partial replacement for coarse
aggregate up to 25% on the impact resistance, impact energy,
fresh, and hardened properties of SCC.

2. MATERIALS
2.1 Cement

This investigation utilised Type | Ordinary Portland Cement
(OPC) that complied with Iragi standards 1QS No0.5/1984
[18]—chemical and physical properties presented in Table 1.
2.2 Coarse aggregate

Natural coarse crushed aggregate with a nominal size of 9.5

mm and a specific gravity of 2.66 satisfies 1QS No.45 1984
[19]. The physical characteristics are listed in Table 2.
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Table 1. The chemical compositions and physical properties
associated with the OPC are investigated in this work

. L. Content  Iraqgi Standard No.
Oxide Composition (%) 5/1984 Limits
Fe203 3.8 -
SOs 2.6 2.8% Max.
MgO 2.8 5% Max.
Al203 45 -
SiO2 20.4
CaO 62.6
Insoluble residue 0.32 1.5% Max.
Loss on ignition 2.8 4% Max.
CsA 51
CsS 56.6
C2S 15.4
LSF 0.92
AM 1.16
SM 2.44
Physical Properties
Initial Setting (min) 186 >45
Final Setting (min) 308 <600
Fineness (m?/kg) 354 >230
Compressive Days 19 215
Strength (MPa) 7 28 >3
Days

Table 2. The gravel’s physical characteristics were
investigated in this experimental study

Sieve Size (mm) Passing %  Limits of 1QS No. 45
12.50 100.00 100
9.50 99.08 85 to 100
4.75 1.25 0.25
2.36 0.00 O0to5
Deleterious Substance
SOs (%) 0.048 <0.1
<0.075 mm 1.300 <3.0

2.3 Sand

Sand having a specific gravity of 2.65 was shipped from the
AL-Habnya area for use in this investigation. There is a 2.96
fineness modulus. As shown in Table 3, the physical
characteristics and grading of used sand were carried out in
accordance with 1QS No. 45/1984 [19].

Table 3. Physical properties and grading of utilized sand

Sieve Size  Passing %  Limits of 1QS N0.45/1984
4.75 99.67 90-100
2.36 87.24 75-100
1.18 67.89 55-90
0.6 39.98 35-55
0.3 9.59 8-30
0.15 1.00 0-10
Deleterious Substance
SOs (%) 0.031 <0.1
<0.075 mm 1.400 <3.0

2.4. Superplasticizer (SP)

Superplasticizer utilized for SCC is Sika® ViscoCrete®-
5930 L 1Q. The properties of SP are listed in Table 4. Many
trial mixes were performed to obtain the optimum dosage [20].



Table 4. Properties Sika® ViscoCrete®-5930 L IQ

superplasticizer
Technical Data Results
Form Viscous liquid
Colour Brownish liquid
Specific gravity  1.085 + 0.01 g/cm?
pH 4t06

2.5 Coal ash (CA)

As a supplementary cementitious ingredient, CA was
employed to replace cement partially. The chemical
composition of CA is revealed in Table 5. Figures 1 and 2
demonstrate SEM image analysis and XRD of CA. The CA
powder was sieved through a sieve measuring 75 um after
being collected from several restaurants.

Table 5. Chemical compositions of CA

Chemical Analysis (%) CA
SiO2 2.098
CaO 31.29
Fe20s 0.807
Al203 0.159
MgO 4.37
SOs 5.454
K20 4.77
Na20 -
P20s 2.406

View fiold: 1.04 ym _ Date(midly): 0110520

SEM MAQ: 50.0 kx
WD: 5.03 mm
View flold: 415 ym _Date(midly): 010520

Det: Ingeam

1L

Figure 1. Scan electron microscope (SEM) of CA
2.6 Walnut shells

The waste from consumed walnuts at the Anbar government
was collected, along with the WS. The WS particles were
washed with water, and after drying for at least a week in the
sun, they were permitted to dry. The dried SW particles had
been sieved, and their grading matched the coarse aggregate
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employed in this investigation (Figure 3).

Figure 3. A walnut shell was used in this work

3. MIX PROPORTIONS AND TESTING PROCEDURE
3.1 Mix proportions

For estimating the performance of SCC, an overall number
of 12 SCC mixes divided into two groups were intended with
a constant (w/b) ratio of 0.309 and total binder content of 550
kg/mé. In the first group, the cement was replaced by 10% CA;
in the second group, the replacement level was 20% by weight.
Each group containing a reference mix was produced using
100% coarse aggregate without SW. Then, other blends were
prepared with 5 to 25% of an SW to replace coarse aggregate
by volume partially. The mixture proportions of SCC are
shown in Table 6.

After mixing, the fresh concrete was discharged into the
moulds and compacted by a vibrating table. Then, the moulds
were enclosed with nylon sheets and leftward at ambient
temperature for 24 hours. After that, concrete specimens were
extracted from the molds and cured in water (22 =2)°C until
the age test.



Table 6. Mixture proportions of SCC mixes

Mix ID Cement CA Sand Gravel Kg/m® WS  Water SP
Kg/mé® Kg/m® Kg/m? Kg/m® Kg/m® Kg/m?

C10W0 495 55 880 873 0 170 10
C10W5 495 55 880 815 41 170 10
C10W10 495 55 880 760 71 170 10
C10W15 495 55 880 679 95 170 10
C10W20 495 55 880 613 114 170 10
C10W25 495 55 880 560 131 170 10
C20W0 440 110 880 873 0 170 10
C20W5 440 110 880 514 41 170 10
C20W10 440 110 880 480 71 170 10
C20W15 440 110 880 445 95 170 10
C20W20 440 110 880 415 114 170 10
C20W25 440 110 880 390 131 170 10

3.2 Testing procedures

This section explains the procedure utilized to test the SCC
mixes of fresh and hardened characteristics following the
standard's requirements for each test.

3.2.1 Fresh properties

All fresh properties tests were performed in this study
following the method described by EFNARC (2005) [21]. The
slump flow diameter test calculates the SCC's free flat flow
when no obstacles are present. After lifting the slump cone and
ultimately stopping the flow of concrete, the average diameter
of the flowing concrete is measured to assess the SCC's filling
capacity. Another flow indicator, T50, is the time required to
produce concrete flows with diameters of 500 mm.

The L-box test evaluated SCC's passing ability. SCC was
poured into the L-vertical box's section, and then the gate was
raised to allow the SCC to flow into the L-horizontal box's
section. H2 and H1 respectively stand for the height of the
SCC at the conclusion of the horizontal component and the
remaining SCC in the vertical segment. The H2/H1 ratio is a
predictor of passing ability.

Workability traits including segregation resistance, passing
and filling prowess are seen as key traits for SCC. The V-
funnel test, in which the funnel is approximately filled with 12
L of SCC and the time it takes for SCC to flow inside the
devices is recorded, can be used to determine the flowability
of SCC.

3.2.2 Hardened properties

The compression strength test was accomplished on the
average of three (150*300) mm cylinders according to ASTM
C39 [22] and the fresh concrete powerd in the mould in three
layers after compacting each layer then left in the laboratory
room for 24 hr then demolded and immersed in water for
curing until the testing date at the age of 28 days using of 2000
KN hydraulic machine.

The three-point bending test was carried out on the average
of three (100*100*500) mm prisms to determine the flexural
strength of the specimens, and the loading rate was set at 1.0
(MPa/min) according to ASTM, C78 [23]. While the impact
resistance test was performed according to ACI 544 [24] using
this formula.

EI=Nxmxgxh @)
where, EI: The impact energy (N.m); N: Number of blows; m:
The mass of the drop hammer (kg)=4.57 kg; g: Gravitational
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acceleration (N/kg); h: Height of the drop hammer (m)=0.455
m.

4. RESULTS AND DISCUSSION
4.1 Fresh properties

The results of SFD for SCC made with different WS and
CA are presented in Figure 4. It is noted from this Figure that
the results of SFD decreasing with increasing the WS content
comparing with control mix. The decrease reached 13 and
11% for 10 and 20% of CA, respectively. The major cause of
this decrease in SFD may be due to WS's irregular form and
increased capacity for absorption compared to natural coarse
aggregate [14]. On the other hand, for the same WS
replacement level, the SFD results decreased with increasing
the CA content from 10 to 20%. According to the EFNARC
[21] the mix C1OWO lies in SF3 class, but all other mixes lies
in SF2 class.

The results of T50 showed that the T50 increased with
increasing the WS replacement level from 2 to 5.4 sec at 10%
CA and from 7 to 14 sec at 20% CA and for the same WS
content the T50 increased with increasing the CA content from
10 to 20% Figure 5. The results of T50 showed that the mix
C10WO lies in VVS1/ VF1, but all other mixes lie in VS2/ VF2
class.

As for the passing ability of SCC in terms of the L-box
height ratio, the results showed that all mixes conformed to the
EFNARC (2005) [21]. The results also showed that the H2/H1
ratio was considerably reduced by amplifying the WS content.
Due to the uneven, convex, and concave nature of the surface
of the WS particle and the water that was absorbed by it, the
H2/H1 ratio values decreased, which decreased the mixture's
passing ability [14], but for the exact replacement level of WS,
increasing the CA content from 10 to 20% was slightly
affected on the results of L- box as demonstrated in Figure 6.

The ability of the fresh concrete composition to remain
homogeneous segregation resistance was tested. The results in
Figure 7 showed that the segregation ratio increased with
increasing the replacement level of WS. The increasing
reached to 75 and 73.3% with 10 and 20% of CA replacement
level respectively. This is may be due to random shape of WS
particles.

Figure 8 displays the outcomes of the V-funnel test. It is
evident that a rise in the values of V-funnel time was caused
by an increase in the WS volume fraction. At 10% CA the time
increased from 7 sec for 0% WS to 12 sec for 25% WS, and
for 20% of CA the time reached to 17 sec. Moreover; it can



also be observed that mixtures C10WO0 and C10WS5 confirms
to viscosity class VS1/VF1, While the other mixes meet the
EFNARC [21] criterion for viscosity class VS2/VF2. The
rough surface, irregular form, and water absorption of the WS
particles are the causes of the decreased flowability of SCC
combined with WS [6, 13, 14].

The overall results of fresh properties clarified that
increment of CA from 10 to 20% comprises a negative
influence on behavior of SCC, but the results still meet the
requirement for the fresh properties of SCC. This is
apportioned to the nano-scale of CA particles compared with
micro-scale of cement particles, consequently due to the
higher surface area of CA particles, this necessities more water
quantity to dampen all surface area of the particles [7, 13].
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4.2 Hardened properties

4.2.1 Compressive strength

The results of Compressive strength at 28 days made with
different WS and CA are presented in Figure 9. Results
showed that increased WS content for the same CA
replacement level reduced compressive strength. The decrease
reached a 25% replacement level of WS to 29.2 and 17.6% for
10 and 20% CA, respectively. Weak bonding between WS
particles and surrounding cement paste is the primary cause of
this reduction. additionally, because there wasn't enough
cement paste to fill up the concave sides of the WS particles
and produce voids, as well as another reason related to WS
lightweight compared to normal aggregate [6, 7, 13, 14].
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Figure 9. Compressive strength of SCC



The results also showed that for the same WS replacement
level the mixtures containing 20% CA gives higher
compressive strength comparing with the mixtures containing
10% CA. the increasing in compressive strength reached to
21.7% at 25% WS replacement level. Increasing the
compressive strength with the increasing of CA from 10 to
20% can be attributed to the particles’ much smaller diameters
and greater surface area, which improved the 1TZ and matrix
microstructure [25].

4.2.2 Flexural strength

The results of flexural strength at 28 days made with
different WS and CA are presented in Figure 10. Results
showed that for the same CA replacement level the flexural
strength decreased with increasing WS content. The flexural
strength decreased from 5.3 to 1 MPa and from 6.5 to 2 MPa
for 10 and 20% of CA respectively.

The results also showed that for the same WS replacement
level the mixtures containing 20% CA gives higher flexural
strength comparing with the mixtures containing 10% CA. For
example the mix C20WO0 gives 6.5 MPa comparing with 5.3
MPa for the mix C10WO. This is because of the microstructure
of the matrix and ITZ was well enhanced with the increasing
the addition of CA.

gth (MPa)

Flexural Strength

20

30
WS %
Figure 10. Flexural strength of SCC
4.2.3 Impact resistance
Table 7. Results of impact resistance for SCC
No. of No. of ] ZET6E Impact
. Blows for Blows En_ergy Energy
Mix ID : First -
First for Failure
Crack Failure CrEGs (N.m)
(N.m)

C10Wo0 900 905 18358.581  18460.573
C10W5 875 878 17848.620  17909.815
C10W10 855 859 17440.652  17522.245
C10W15 825 830 16828.699  16930.691
C10W20 800 803 16318.738  16379.934
C10W25 760 763 15502.801  15563.997
C20WO0 890 895 18154.596  18256.589
C20W5 880 886 17950.612  18073.003
C20W10 850 855 17338.659  17440.652
C20W15 830 835 16930.691  17032.683
C20W20 800 804 16318.738  16400.332
C20W25 775 778 16088.778  15869.973

For each type of concrete specimen, the number of impact
strikes needed to cause the first visible crack and ultimate
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failure is indicated in Table 7. The results of the first crack
impact energy made with different WS and CA are presented
in Figure 11. Results showed that the first crack impact energy
decreased with increasing WS content for the same CA
replacement level. The decrease reached a 25% replacement
level of WS to 15.5 and 7% for 10 and 20% CA, respectively.
In comparison, the CA replacement level not much affected
the first crack impact energy results. On the other hand, the
same behaviour was noted in the results of failure impact
energy, as shown in Figure 12.

First Crack Impact Energy (N m)

10 15
WS %

Figure 11. First crack impact energy of SCC
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Figure 12. The failure impact energy of SCC

5. CONCLUSIONS

The main conclusions from the study of the effect of CA
and WS on the properties of SCC can be drawn as follows:

1. The overall results of fresh properties clarified that an
increment of CA from 10 to 20% comprises a negative
influence on the behaviour of SCC. However, the results still
meet the requirement for the fresh properties of SCC.
Increasing the replacement of coarse aggregate by WS from 5
to 25% leads to reduce the fresh properties of SCC. The slump
flow diameter decreased to 13% and increased T50. The
results also showed that the H2/H1 ratio was considerably
reduced by amplifying the WS content. The increase in the
segregation ratio reached 75%.

2. Results showed that the compressive strength decreased
with increasing WS content for the same CA replacement level.
The decrease reached a 25% replacement level of WS to 29.2
and 17.6% for 10 and 20% CA, respectively. The results also
indicated that for the same WS replacement level, the mixtures
containing 20% CA gives higher compressive strength
compared with the mixtures containing 10% CA. The
compressive strength increased to 21.7% at 25% WS
replacement level.



3. Results showed that the flexural strength decreased with
increasing WS content for the same CA replacement level. The
flexural strength decreased from 5.3 to 1 MPa and from 6.5 to
2 MPa for 10 and 20% of CA, respectively. The results also
showed that the mixtures comprising 20% CA give greater
flexural strength for the same WS replacement level than those
containing 10% CA. For example, the mix C20WO0 gives 6.5
MPa compared with 5.3 MPa for the mix C10WO.

4. The first crack impact energy results showed that for the
same CA replacement level, the first crack impact energy
decreased with increasing WS content. The decreasing
reached at 25% replacement level of WS to 15.5 and 7% for
10 and 20% CA, respectively. In comparison, the CA
replacement level not much affected the first crack impact
energy results. The same behaviour was noted in the results of
failure impact energy.
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