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ABSTRACT 

One of the most crucial ecological challenges is the removal of the ever increasing enormous quantities of 

Fly Ash (FA) generated from various industries and its reduction in landfill spaces. Light-Weight 

Aggregate Concrete (LWAC) is utilized in the construction industry as it can decrease the unit weight 

leading to lower dead load, thermos-insulation, and resistance against earthquakes. A number of 

researchers have implemented experimental programs on the use of large amounts of FA as a substitute 

for cement in various lightweight concrete mixtures. This study aims to present the recent efforts of adding 

attapulgite in LWAC and highlight its effects and the influence of its mixture with High Volume FA Light-

Weight Concrete (HVFALC) in terms of compressibility resistance, tensile strength, and rupture 

resistance. 

Keywords-light-weight aggregate; cement substitute; high volumes fly ash; attapulgite aggregate; mechanical 

performance  

I. INTRODUCTION  

The demand for LWAC in intelligent infrastructure is 
essential due to its ability to reduce dead loads and thermal 
insulation, especially in tall buildings. The American Concrete 
Institute (ACI) committee recommends that LWAC have a unit 
weight between 1120 and 1920 kg/m3 and a compressive 
strength of more than 17 MPa [1-3]. The global LWAC market 

reached around 37.3 billion USD in 2018 while the estimated 
value in 2026 is around 56.8 billion USD indicating the 
escalating global demand for LWAC [4]. To meet this growing 
need for infrastructure, innovative methods for producing 
LWAC must be explored, potentially leading to an increase in 
cement and natural aggregate usage. The manufacturing of 
concrete produces a significant amount of CO2, contributing to 
global warming [5-7]. A formula can estimate the carbon 
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dioxide emissions produced by concrete, considering emissions 
from its components and processes like mixing and 
transportation [8]. For example, it is reported that 
manufacturing 1 m3 of concrete with standard components 
results in approximately 287 kg of CO2 emissions [9]. Portland 
cement represents the most significant contribution to energy 
consumption in concrete [10]. Utilizing pozzolanic materials as 
a replacement of cement leads to the reduction of CO2 
emissions [11]. Additionally, manufacturing by-products, such 
as FA, as a high-volume substitute for cement can offer 
substantial benefits in terms of cost, energy production, 
environmental sustainability, and durability [12, 13]. 
Approximately 777 million tons of FA were generated in 2008 
globally, with only 54% of them being utilized [14]. The 
disposal of such a large quantity of FA poses environmental 
risks, including dust and air pollution [15, 16]. Annual FA 
production is about 900 million tons, with only about 55% of 
this amount being currently used [17], leading to significant 
disposal issues as the excess ash is often discarded in landfills 
or the ocean [18, 19]. This method increases the risk of air and 
water pollution through leaching, which can be mitigated by 
utilizing specific percentages of FA as a cement substitute, with 
substitution rates reaching up to 50% [20-22]. This approach 
contributes to the growth of HVFALC aiming to mitigate 
environmental impacts while addressing the challenges of FA 
disposal and contributing to the sustainability of construction 
materials.  

The current research aims to assess the key mechanical 
characteristics of LWAC. Additionally, it offers a 
comprehensive review of the existing literature on the use of 
HVFALC in the production of LWAC. 

II. TYPES OF LIGHT-WEIGHT AGGREGATE 
CONCRETE 

Light-weight materials are employed as substitutes for 
traditional fine or coarse aggregates in the production of 
LWAC [23, 24]. There are two principal categories of LWACs: 
organic and inorganic [25]. Organic LWACs encompass 
materials, such as attapulgite, pumice, rice-husk, oil palm, and 
coconut shells, whereas inorganic LWACs contain expanded 
clays and sintered FA [26-29]. Typically, LWAC possesses a 
unit weight of less than 2000 kg/m3, in contrast to the 2400 
kg/m3 standard for Regular Conventional Weight Concrete 
(RCWC). LWAC finds application in construction as 
prefabricated walls, precast elements, and building blocks due 
to its reduced unit weight, which leads to a lower dead load on 
structures, thereby diminishing shipping and handling costs. 
Additionally, the reduced unit weight of LWAC enhances 
thermal insulation and eliminates the risk of earthquake 
damage. Finally, LWAC offers protection against corrosion for 
steel reinforcements [30-32]. 

III. ATTAPULGITE LIGHT-WEIGHT AGGREGATE 
CONCRETE 

Attapulgite Aggregate (AA), a crystalline hydrated 
compound Al2Mg2O15Si5, possesses a distinct chemical 
structure that endows it with exclusive supportive 
characteristics. It represents the utmost prevalent form of 
ground, a term denoting a series of highly absorbent clays [33, 

34]. Several research efforts have been performed into 
attapulgite, a natural clay mineral in Iraq, initiated by 
developing mineral admixtures using natural materials sourced 
from the Al-Najaf tar area. A study conducted in 2014 explored 
the viability of utilizing clays located at the southwest of Iraq 
as a gravel. This investigation was segmented into two phases: 
the first focused on producing light-weight coarse aggregate 
and identifying the optimal calcination rate, while the second 
aimed at creating LWAC using the produced aggregate. At an 
optimal firing temperature of 800 °C, the density of the 
Attapulgite Light-Weight Aggregate Concrete (ALWAC) was 
recorded to be 808 kg/m3, with a dry specific gravity of 1.45 at 
a higher calcination above 1000 °C [35, 36]. 

Certain methods have been proposed to produce AA from 
Iraqi attapulgite, subsequently designing an ALWAC mixture. 
The process is initiated with the collection of raw material from 
the Tar Al-Najaf region in Iraq, which is then pulverized to a 
fine powder through milling. The crucial step is the estimation 
of the optimal firing temperature, which should not exceed 
1100 °C for more than 30 minutes. Reducing the grain size 
positively contributes to the quality of the produced mixture 
[37]. 

The use of attapulgite as a highly reactive mineral 
admixture can help develop compressive strength by 12.2, 12.6, 
and 16.3% accompanied with a relative reduction in water 
absorption by 4%, 4.8%, and 4.9% at 1, 4, and 8 weeks, 
respectively [38]. Moreover, the Ultrasonic Pulse Velocity 
(UPV) measurements proved to be an improvement in 
densifying the ALWAC. Another study utilized a locally Iraqi 
attapulgite as a replacement of coarse LWAC in making Light-
Weight Concrete (LWC) with self-consolidating properties and 
the produced mixture was aligned with the criteria of EFNARC 
for self-consolidating concrete [39]. 

Furthermore, an experimental research assessed the 
performance of reinforced beams casted using ALWAC. The 
cylindrical compressive strength of LWAC is around 50% 
lower than the strength of Normal-Weight Aggregate Concrete 
(NWAC). Furthermore, a weight reduction of 20.6% in LWAC 
beams is observed in comparison to NWAC. The failure stress 
of LWAC beams is only 5% lower than that for/of NWAC and 
under the two-point bending test and a decrease in ductility and 
toughness [40].  

A study proposed producing LWAC with a density of 1.668 
ton/m3 and a compressive strength of 21.8 MPa by adding AA 
composed of 50% fine LWAC, 100% coarse LWAC, and 10% 
of pozzolanic material. This mix design resulted in two types of 
insulating LWAC. The first sample had a density of 1.38 
ton/m3 and a thermal conductivity of 0.37 W/m.K for AA with 
100% fine and 100% coarse aggregate. On the other hand, the 
second type's density was 1.432 ton/m3 and its thermal 
conductivity was 0.41 W/m.K for AA with 100% fine, 100% 
coarse aggregate, and 10% of pozzolanic material [41]. 

Another study researched the relation between the particle 
size of AA and the content of Micro Steel Fiber (MSF) 
corresponding to the resulted engineering characteristics of 
Light-Weight Self-Consolidated Concrete (LWSCC). The 
sampling of the LWSCC included two mix designs depending 
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on maximum particle sizes, 12.5 mm and 19 mm, and three 
MSF contents, 0.5%, 1%, and 1.5%, for each type. An inverse 
correlation is observed when utilizing the higher limit of 
particle size. Specifically, it indicates an improvement in fresh 
properties and a weakness in hardening properties [42]. 
Additionally, incorporating MSFs negatively impacts the fresh 
properties, especially at higher MSF contents and at larger AA 
particle sizes. Moreover, a study produced light-weight coarse 
attapulgite gravel from a natural material by calcining it at 
1100 °C for half an hour and treating it with a 6% 
concentration of NaOCl for one day. It explored the influence 
of using silica fume ratios from 10 to 20% of the cement's/by 
cement weight, with steel fiber ratio of 0.5 and 1% of the total 
volume. The research demonstrated that treating attapulgite 
with NaOCl enhanced the concrete's compressive strength by 
approximately 18%. Furthermore, the use of silica fume and 
steel fibers significantly improved the engineering 
characteristics of LWAC. A considerable percentage of failure 
was noted for the designed beams, reaching 80% on the failure 
stress post-cracking [43].  

An additional experimental research produced LWC using 
AA and examined the shear performance of LWSCC beams 
under axial and flexural loads. Flexural loads were applied at 
two points progressively until beam failure. Beam samples with 
advancing/declining ratios of 2.5, 2.75, and 3, were also 
prepared by being subjected to various axial loads of 100 KN 
and 150 KN. It was discovered that beam samples with lower 
advancing/declining ratios failed at minor bending levels 
compared to other samples. Applied axial loads delayed the 
failure of LWSCC beams and altered the failure mechanism 
from shearing to compressive and crushing, due to the 
compressive stresses at the top of the beams [44].  

The use of 10% High Reactivity Attapulgite (HRA) in the 
concrete mix increased the compressive strength by 6, 7, 12, 
and 9% at a curing age of 1, 2, 4, and 13 weeks [45].  

Finally, a study investigated the impact of using 5 and 10% 
of reactive attapulgite as a cement substitute on the 
compressive strength and permeability of the reinforced 
concrete. The results revealed that an increase of 10% does not 
greatly affect the permeability of the concrete, but the 
compressive strength is reduced by 10% [46]. 

IV. MECHANICAL FEATURES OF LWA CONCRETE  

An experimental program investigated the use of Oil Palm 
Shell Aggregate (OPSA) as a replacement for gravel in the 
making of LWAC to evaluate its strength and behavior. The 
use of a high replacement percentage of OPSA results in a 
range of 34 to 55 MPa regarding compressive strength. 
Furthermore, the range flexural strength received values from 5 
to 6 MPa highlighting the/OPSA suitability in various 
construction works [47, 48]. Expanded Glass Aggregate (EGA) 
can be added instead of gravel to produce LWAC suggesting an 
enhancement in the compressive and flexural characteristics 
[49]. 

The compressive strength of LWAC with EGA is relatively 
steady compared to that of the normal concrete. On the same 
manner, the Light-Weight Expanded Clay Aggregate 
(LWECA) reduced the unit weight by 23% compared to the 

normal concrete. A research endeavor examined the impact of 
LWECA grain size on the elasticity modulus of LWAC [50-
52]. Increasing the LWECA grain size led to a decrease in the 
elasticity modulus. Thus, the conventional methods deployed 
for determining the modulus of elasticity are not applicable for 
LWAC using a fine grain size of LWECA [53]. Another study 
revealed a strong relation between the elastic modulus and 
grain size, with an R2 value of 0.96, highlighting the subtle 
influence of aggregate properties on LWAC mechanics [54]. 
Replacing aggregate with thermocol in combination with FA 
reduced density significantly, while the compressive strength 
remained steady [55]. Particularly, using 1590 kg of FA per 15 
cm3 as a filler maintained the compressive strength of LWAC 
with thermocol [46]. 

V. HIGH-VOLUME FLY ASH IN LIGHT-WEIGHT 
AGGREGATE CONCRETE 

High Volume Fly Ash Concrete (HVFAC) has gained a 
great attention recently due to its promising results in terms of 
cost-effectiveness, durability, and sustainability. Employing 
concrete with significant quantities of FA has led to creating 
review articles on the existing research of HVFAC [56, 57]. 
The incorporation of high amounts of FA in LWC, includes the 
latter’s manufacturing using light-weight FA aggregate to 
substitute the conventional aggregate in high volumes [58]. 
Although numerous review articles exist on the topic of light-
weight FA aggregate, a gap remains in the literature regarding 
comprehensive reviews or comparisons of studies focusing on 
LWC that contains high proportions of FA as a cement 
substitute [59-61].  

VI. COMPRESSIBILITY RESISTANCE OF HIGH 
VOLUMES OF FA LWC 

Several researchers have explored the impact of FA as a 
substitute of cement in the making of High FA Light-Weight 
Concrete (HVFALC), with substitution rates ranging from 50% 
to 80% [62]. Experimental studies have documented a drop in 
the peak compressive stress during the first weak of curing, 
when 50, 60, and 70% of cement was substituted with high-
calcium FA [63]. Utilizing 50% of FA as a replacement, at a 
ratio of 0.45 water to binder resulted  in a decrease of 58.6% 
and 48.5% at 4 and 13 weeks, respectively [64]. Another study 
exhibited a growth of 11% in the compressive strength of LWC 
in comparison to the free from FA concrete by replacing the 
total coarse aggregate with FA coarse aggregate [65]. The 
optimal strength of LWC can be received by replacing the 
conventional coarse aggregate with 50% of sintered FA coarse 
aggregate and replacing the fine aggregate with 75% of FA 
cenosphere [66]. The sintered FA aggregate presents higher 
strength values when using a concrete mix under dry conditions 
rather than under saturated conditions [67].  

Furthermore, the compressive strength between High 
Volume FA Normal-Weight Concrete (HVFANWC) and 
HVFALC was compared using 50% FA as a cement substitute 
in both concrete types [60]. A higher reduction was detected in 
strength for HVFALC than for HVFANWC by about 64.7%, 
58.6%, and 49.4% during the 1, 4, and 13 weeks of curing, 
respectively. Additionally, the impact of high FA volumes was 
investigated as a cement substitute in Light-Weight Mortar 
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(LWM) containing waste polyethylene terephthalate as an 
aggregate [61]. The specific study noted a decrease in 
compressive strength over the first, fourth, thirteenth, and 
twenty-sixth week of curing, with reductions of 51.9%, 34.1%, 
19.7%, and 14.3%, respectively, when using 50% FA. A study 
attempted to identify the impact of substituting 50% of cement 
with FA on the UCS of OPSA high-resistance LWC, detecting 
reductions of 48.9%, 33.2%, and 29.2% in the first, fourth, and 
eighth week of curing, respectively [63].  

The impact of high FA volumes on the UCS of Light-
Weight Foamed Concrete (LWFC) was assessed during the 
first, second, and fourth week of curing, observing significant 
decreases in strength by 78.8%, 69.8%, and 62.4% for concrete 
samples containing 50% FA [64]. A different research study 
created an environmentally friendly LWC with a compressive 
strength exceeding 30 MPa, utilizing 60 and 80% of FA as a 
cement substitute and light-weight FA aggregate as a normal 
aggregate substitute [68]. 25% of expanded polystyrene with 
FA and glass powder as a filler were used in the optimal ratio 
to obtain compressive strength of 28 MPa at 28 days [69]. A 
comparison of the compressive strength between LWAC and 
HVFALC, using 50% FA as a cement substitute and OPSA as 
a gravel substitute in HVFALC, demonstrated a decrease in 
strength for HVFALC compared to LWAC of approximately 
48.9%, 33.3%, 29.1, and 27.7% during the first, fourth, eighth, 
and thirteenth week of curing [70]. Moreover, an experiment 
was performed to investigate the compressive strength of 
LWSCC formation  using OPSA and a high quantity of FA 
[71]. A decrease in strength was noted by 10%, 17.7%, and 
11.6% during the first, fourth, and thirteenth week of curing, 
respectively. 

Additionally, a comparative research was carried out on the 
compressive strength characteristics including Normal-Weight 
Foamed Concrete (NWFC) and LWFC [72]. In the LWFC 
samples, 50% of FA replaced the cementitious materials, and 
50% of quarry dust substituted conventional sand. The results 
indicated a reduction in compressive strength for LWFC 
compared to NWFC by approximately 7.1%, 25.45%, and 
29.7% at the first, second, and fourth week of curing, 
respectively. A study was conducted to assess the impact of 
replacing cement with FA at levels of 22%, 50%, and 75% on 
the compressive strength of LWFC across five different 
densities, 800, 1000, 1200, 1400, and 1600 kg/m3 [73]. A 
notable drop was observed in the UCS value with a rise in the 
FA percentage. 

The impact of FA on the density and strength of 
geopolymer concrete by 15%, 22.5%, and 30% was explored 
[74]. The results implied that the 30% of FA showed a higher 
reduction in density with a value of 750 kg/m3. However, a 
higher compressive strength and tensile strength was obtained 
when FA was mixed with percentages of 22.5% and 15%. 

A research experiment characterized the UCS behavior of 
HVFALC using two forms of LWAC; Expanded Clay (EC) 
and Expanded Shale (ES) along with two types of FA, namely  
Class F and C [75]. FA was used to substitute cementitious 
materials in percentages of 50% and 70%, maintaining a steady 
water over binder ratio equal to 0.4. Despite the reduction in 
the UCS value associated with the use of either class of FA, all 

produced concrete mixes exhibited a compressive strength 
higher than 17 MPa in the fourth week. These results deem the 
mixture suitable for structural applications according to ACI 
318 standards [76]. Additionally, the use of either class of FA 
delayed the initial development of strength and influenced its 
progression at later stages, a phenomenon corroborated by 
other similar studies [53, 56, 77]. The effect of using higher 
volumes of FA on the UCS of various concrete combinations, 
as reported in previous research, is summarized in Table I. The 
percentage of decrement in compressive strength was 
compared to the reference mixture without FA. 

TABLE I.  IMPACT OF HIGH QUANTITIES OF FA IN 
COMPRESSIBILITY RESISTANCE 

Type of 

mixture 

Type of 

substitution 

FA 

(%) 

Age 

(week) 

Decrement 

in comp. 

resistance 

(%) 

Ref. 

LWAC cementitious  50 
4 58.6 

[78] 
13 48.5 

LWAC cementitious  50 
1 64.7 

[79] 4 58.6 
13 49.4 

LWM cementitious  50 

1 51.9 

[80] 
4 34.1 

13 19.7 
26 14.3 

LWAC cementitious  50 
1 48.9 

[81] 4 33.2 
8 29.2 

LWFC cementitious  50 
1 78.8 

[61] 2 69.8 
4 62.4 

LWAC cementitious  50 

1 48.9 

[63] 
4 33.3 
8 29.1 

13 27.7 

LESCC cementitious  50 
1 10 

[64] 4 17.7 
13 11.6 

LWFC cementitious  50 
1 7.1 

[68] 2 25.45 
4 29.7 

LWFC cementitious  

25 
1 19.9 

[70] 

4 10.4 

50 
1 29.3 
4 20.7 

75 
1 48.7 
4 32.3 

LWC (FA, 
HRA) cementitious  20 26 5 [44] 

 

VII. TENSILE SPLITTING RESISTANCE OF HVFALC 

The majority of the authors mentioned above have 
documented the tensile strength for several types of HVFALC. 
To begin with, a significant reduction in tensile strength for 
HVFALC samples was observed when compared to 
HVFANWC, amounting to 49% at the thirteenth week of 
curing [59]. Regarding LWFC, a decrease in tensile strength 
was reported for samples containing 50% FA in comparison to 
those with no FA [63]. Similarly, comparing tensile strength 
between LWAC and HVFALC, a reduction of 38.4% in tensile 
strength was observed at the fourth week for HVFALC samples 
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using OPSA compared to LWAC samples with normal 
aggregate [62]. In the case of LWSCC produced with OPSA 
and a high volume of FA, a decline in tensile strength of about 
45.2%, 42.6%, and 27.1% was noted for samples containing 
50% FA versus those without FA at the first, fourth, and 
thirteenth week of curing, respectively [70]. 

A significant decrease in tensile strength was detected 
between NWFC and LWFC [72]. Specifically, LWFC samples 
containing 50% of FA as a cement substitute and 50% of 
quarry dust aggregate as a sand substitute exhibited a decrease 
in tensile strength of approximately 45.8% and 34.1% at the 
first and fourth week, respectively, compared to NWFC 
samples with no FA and conventional sand. In another study, 
that employed EC or ES as LWAC with two types of FA, class 
F or C, substituting 50% of cement, a reduction in tensile 
strength was reported when utilizing either class of FA across 
all produced concretes [75]. An exception was noted for 
concrete containing 50% of FA Class C with EC aggregate, 
which exhibited an increase in tensile strength by about 26.2% 
at the fourth week compared to the Normal Weight Concrete 
(NWC) without FA. The impact of utilizing high quantities of 
FA on the tensile strength of various concrete mixtures, 
compared to prior research, is summarized in Table II. 

TABLE II.  IMPACT OF HIGH QUANTITIES OF FA IN 
TENSILE RESISTANCE 

Type of 

mixture 

Type of 

substitution 

FA 

(%) 

Age 

(week) 

Decrement 

in tensile 

resistance 

(%) 

Ref. 

LWAC cementitious  50 13 49 [79] 

LWAC cementitious  50 4 38.4 [63] 

LWSCC cementitious  50 
1 45.2 

[64] 4 42.6 
13 27.1 

LWFC cementitious  50 
1 45.8 

[68] 
4 34.1 

LWAC 
Aggregate by 
sintered FA 
aggregate 

100 28 10.25 [82] 

 

VIII. MODULUS OF RUPTURE OF HVFALC 

LWM containing waste polyethylene terephthalate as a 
fabricated aggregate and a high quantity of FA leads to a 
decrease in the modulus of rupture [61]. Specifically, samples 
containing 50% FA presented reductions in rupture resistance 
of approximately 36.6%, 23.3%, 24.5%, and 25.9% at the first, 
fourth, thirteenth, and twenty-sixth week, respectively, 
compared to those being free of FA. Substituting cement with 
FA at 50% on the rupture resistance of high-resistance LWC 
using OPSA suggests a significant decrease by about 45.4% in 
the fourth week of curing as the FA content increased from 0 to 
50% [63]. 25% bagasse of FA and fine sand substitute with 
30% of cenospheres are the ideal values for flexural strength 
improvement [83]. 

Furthermore, investigating the rupture resistance of LWAC 
and HVFALC, a decrease of about 23.1% was observed in the 

former at the fourth week for HVFALC samples containing 
OPSA compared to LWAC samples with normal aggregate 
[70]. The use of EC or ES as LWAC aggregates considering 
two types of FA, class F or C, at 50% as cement substitutes, 
reported an improvement in rupture resistance [74]. 
Conversely, a decrease in rupture resistance was noted when 
either class of FA was utilized at 70% across all produced 
concretes. The impact of employing high quantities of FA on 
the rupture resistance of various concrete mixtures, as 
documented in prior research, is summarized in Table III. 

TABLE III.  HIGH QUANTITIES OF FA IMPACT ON THE 
RUPTURE RESISTANCE 

Type of 

mixture 

Type of 

substitution 

FA 

(%) 

Age 

(week) 

Decrement in 

rupture 

resistance (%) 

Ref. 

LWM cementitious  50 

1 36.6 

[80] 
4 23.3 

13 24.5 
26 25.9 

LWAC cementitious  50 4 45.4 [81] 
LWAC cementitious  50 4 23.1 [63] 
LWAC 

(50% FA 
aggregate) 

cementitious  40 4 8.2 [84] 

 

IX. CONCLUSION 

This paper presents recent endeavors that assess the key 
mechanical characteristics of Light-Weight Aggregate 
Concrete (LWAC), as well as the effects of employing 
significant quantities, exceeding 45%, of Fly Ash (FA) in 
replacing the cementitious material in eco-friendly High 
Volume FA Light-Weight Concrete (HVFALC). This work 
aimed to elucidate the performance of LWAC and HVFALC 
mixtures considering characteristics, such as compressive 
strength, tensile strength, and rupture resistance. The key points 
of the research outcomes are: 

 The use of certain types of LWAC, for example the 
expanded glass aggregate, results in the production of 
Light-Weight Concrete (LWC), whose mechanical 
characteristics are close to those of Normal-Weight 
Concrete (NWC) manufactured with conventional 
aggregates.  

 The incorporation of substantial quantities of FA into 
various LWC mixtures, including LWAC, Light-Weight 
Mortar (LWM), Light-Weight Foam Concrete (LWFC), 
and Light-Weight Self-Consolidating Concrete (LWSCC), 
tends to diminish their compressive strength in comparison 
with equivalent concrete mixtures free of FA.  

 Regarding tensile strength, analogous to the impact 
observed on compressive strength, the use of substantial 
quantities of FA in the aforementioned LWC mixtures 
similarly diminishes their tensile splitting resistance. 
Incorporating 50% of FA into a LWC mixture with 
expanded clay aggregate has been shown to enhance both 
tensile and rupture resistance.  

 The addition of substantial quantities of FA into a variety of 
LWC mixtures, including Light-Weight Structural Concrete 
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(LWSC), LWM, LWFC, and LWSCC, results in a decrease 
in rupture resistance when compared to equivalent concrete 
mixtures without FA. 
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