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A B S T R A C T 

This study investigates the physical and mechanical performance of bio-based ce-

mentitious composites produced with natural fibers obtained from dried, fallen acic-

ular leaf of Cedrus libani A.Rich. The fibers underwent a multi-stage pre-treatment 

prior to composite production, including hot water extraction, alkaline treatment 

(NaOH), and Ca(OH)₂ mineralization. Changes in surface morphology and chemical 

composition were confirmed by SEM and EDS analyses, and significant calcium en-

richment and increased roughness were observed on the fiber surface after mineral-

ization. Specimens produced with aggregate- and additive-free mixtures were ex-

posed to temperatures of 20, 200, and 400 °C for 3 hours at the end of the curing 
periods. Unit volume weight, ultrasonic pulse velocity, compressive, flexural, and 

splitting tensile strengths were determined, and the dynamic modulus of elasticity 

was calculated. The results showed that limited losses in mechanical properties oc-

curred up to 200 °C, while more significant reductions in strength and stiffness oc-

curred at 400 °C due to microcrack formation and weakening of the fiber-matrix in-

terface. It was determined that mixtures with a high fiber/cement ratio partially limit 

crack progression and reduce strength loss in certain temperature ranges. The find-

ings reveal the mechanical properties of Cedrus libani acicular leaf fibers as rein-

forcement in cementitious composites after thermal exposure. 
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1. Introduction 

Composite materials are engineering materials that 
cannot be obtained from matrix and reinforcement com-
ponents alone, but superior mechanical and physical 
properties are provided by using them together. When 
building materials are evaluated, cementitious compo-
sites are widely used, and detailed academic studies are 
conducted on this subject. In cementitious composite 

production, the aim is not only to provide high compres-
sive strength but also to meet various purposes, such as 
lightness, workability, improved physical properties, re-
source efficiency, sustainability, and recycling. Fiber-re-
inforced cementitious composites are preferred to elim-
inate problems such as brittleness and crack formation 
and to highlight features such as crack bridging. These 
composites have been intensively researched in the lit-
erature for their contributions, including limiting brittle 
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behavior, controlling crack formation and progression, 
and increasing ductility. The incorporation of fibers into 
the cement paste matrix directly affects the composite's 
mechanical behavior through adhesion, charge-transfer 
mechanisms, and microcrack-bridging effects at the fi-
ber-matrix interface. These mechanisms suppress sud-
den fracture behavior, thereby increasing the com-
posite's energy absorption capacity. Thus, fiber rein-
forcement stands out as an effective material design ap-
proach that improves the internal structural continuity 
of cementitious composites and enables controlled dam-
age development. 

Reinforcing cementitious composites with fibers is an 
effective method that significantly improves the matrix's 
mechanical performance and damage tolerance. Fiber 
reinforcement increases tensile and flexural strengths, 
suppresses brittle fracture behavior, and provides a 
more ductile deformation process (Bentur and Mindess 
2007). It has been experimentally demonstrated that the 
crack-bridging mechanism formed by fibers in the ma-
trix limits the progression of microcracks and reduces 
the rate of crack propagation (Li 2003). Similarly, the ad-
hesion developed at the fiber–matrix interface is noted 
to increase residual bearing capacity and toughness by 
regulating charge transfer (Banthia and Trottier 1995). 
The positive effect of fiber supplementation on the en-
ergy absorption capacity of composites has been exten-
sively evaluated, leading to marked improvements in im-
pact and fatigue strength (Naaman 2003). It has also 
been reported that cementitious composites containing 
fibers exhibit superior properties compared to conven-
tional concretes in reducing shrinkage cracks, control-
ling crack widths, and improving overall performance 
(Yousefieh et al. 2017). Taken together, these studies in-
dicate that fiber reinforcement offers an effective mate-
rial design approach that enables controlled damage de-
velopment in cementitious composites and improves 
structural safety. 

Fibers are classified as natural, synthetic, and metal-
lic based on their origin, and each type affects the me-
chanical and physical behavior of cementitious compo-
sites through distinct mechanisms. This broad use is 
also reflected in recent studies on fiber-reinforced con-
struction materials, where fibers are used to improve 
crack control, flexural response, load transfer, and over-
all mechanical performance in cementitious and other 
composite-based systems (Çelik et al. 2024; Ünal and 
Canbaz 2025; Baş 2025; Alshabrawi and Uysal 2025; 
Ünal et al. 2025). Natural fibers, in particular, are con-
sidered alternative or complementary reinforcing ele-
ments in certain applications within fiber-reinforced ce-
mentitious composites due to their lower density com-
pared with synthetic and steel fibers, derivation from 
renewable raw materials, and relatively limited envi-
ronmental impact. For natural fiber-reinforced light-
weight cementitious materials, this contribution is 
strongly dosage-dependent: suitable contents can im-
prove compressive and flexural performance, whereas 
excessive fiber incorporation may reduce workability, 
disturb fiber distribution, and limit hydration because 
of the high water absorption capacity of plant-based fi-
bers (Uzun 2024). Although natural fibers are classified 

by origin as vegetable (lignocellulosic), animal, and min-
eral, vegetable fibers constitute the main body of the lit-
erature on cementitious composites. In this group, jute, 
flax, hemp, kenaf, sisal, coconut fiber (coir), abaca, cot-
ton, and wood/cellulose-origin fibers stand out 
(Onuaguluchi and Banthia 2016). Studies show that nat-
ural fibers limit crack formation and progression 
through microcrack bridging in the cementitious ma-
trix, thereby reducing shrinkage-induced cracking, es-
pecially in early-age behavior; for example, kenaf and 
jute fibers have been reported to significantly reduce 
plastic shrinkage crack width at certain dosages (Lura 
et al. 2025). In terms of mechanical performance, the 
use of vegetable fibers such as jute, in appropriate pro-
portions, has been shown to affect fresh and hardened 
properties and crack control (Islam and Ahmed 2018). 
Similarly, studies with sisal fibers have reported in-
creases in splitting tensile and flexural strengths and, at 
suitable dosages, prevention of plastic-shrinkage crack-
ing compared with fiber-free mixtures (Veigas et al. 
2022). However, because natural fibers pose risks re-
lated to interfacial adhesion and durability in alkaline 
environments and under wet-drying cycles, the litera-
ture emphasizes design strategies such as fiber surface 
modification, coating, or reducing matrix alkalinity to 
improve fiber/matrix compatibility. This is also sup-
ported by pull-out-based studies on natural fiber-rein-
forced mineral matrices, which show that fiber surface 
condition, matrix composition, and interfacial compati-
bility strongly influence bond resistance and stress 
transfer at the fiber-matrix interface (Tarhan et al. 
2025). For example, post-crack behavior changes due to 
weakening of the fiber-matrix bond over time have been 
reported in alkaline-treated natural fiber-reinforced 
composite systems exposed to natural weathering con-
ditions (Zukowski et al. 2018). Forest-origin natural fi-
bers and plant wastes have also been examined as rein-
forcement or filler materials, including branches, bark, 
leaves, cones, sawdust, and chips. The use of lignocellu-
losic resources associated with forest waste in cementi-
tious composites can reduce unit weight and support 
crack control through a low-density renewable rein-
forcement or filler approach, while also influencing pro-
cessability and fiber-matrix interface strength (Savas-
tano Jr et al. 2003). In studies using bark and woody 
wastes in fiber or particle form, positive contributions 
have been reported in terms of thermal insulation, 
shrinkage behavior, and crack control, although limited 
decreases in mechanical strength can be observed 
(Fiore et al. 2015; Merta and Tschegg 2013). Experi-
mental research on cementitious composites with saw-
dust and wood meal additives has revealed that fiber-
matrix adherence improves and performance can be in-
creased when the fiber surface is harmonized with alka-
line treatment or mineral additives (Pacheco-Torgal 
and Jalali 2011; Bilba and Arsène 2008). In studies on 
leaf-based lignocellulosic supplements, it has been re-
ported that coniferous and broad-leaved plant wastes 
limit the spread of microcracks and support ductile be-
havior thanks to their low elastic modulus (Toledo Filho 
et al. 2005; Silva et al. 2010). In a study in which pine 
needle leaf fiber (after alkaline pretreatment) was used,  
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the compressive strength, tensile and splitting tensile 
strength, and ductility/toughness values of the compo-
site concrete produced increased; it is reported that the 
effect is explained through fiber–matrix adherence and 
bridging capacity (Long and Wang 2021). 

Exposure of cementitious composites reinforced 
with natural fibers to elevated temperatures can affect 
fiber-matrix interaction and the continuity of the inter-
nal structure, leading to temperature-dependent 
changes in mechanical properties. More generally, 
high-temperature studies on fiber-reinforced con-
cretes indicate that residual mechanical properties and 
ultrasonic pulse velocity are affected by fiber type, 
thermal stability, crack development, and fiber-matrix 
interface changes after heating (Urtekin and Çelik 
2025). For this reason, studies have examined the be-
havior of natural fiber-reinforced cementitious compo-
sites under high temperatures. In most of these studies, 
samples were heated to temperatures in the range of 
200–800 °C and evaluated based on compressive, flex-
ural, and tensile strength; mass loss; crack develop-
ment; and spalling tendency after cooling. The general 
trend is that as temperature increases, mechanical 
properties decrease due to dehydration of hydrate 
products and increased porosity. In addition, because 
vegetable fibers are organic, degradation at the fiber-
matrix interface and thermal degradation of the fibers 
are reported as critical mechanisms. It has been deter-
mined that the high-temperature performance and crit-
ical temperature band in plant-based fiber-reinforced 
concretes are concentrated around 350–450 °C, with 
damage accelerating above this range. It has also been 
reported that certain fiber types and geometries may 
help limit microcracks and reduce the risk of spalling 
(Al-Dala’ien et al. 2025). In an experimental study on 
UHPC, exploratory spalling was observed only at 600 °C 
in steel-fiber mixtures; however, a jute fiber + mi-
cro/macro steel fiber hybrid was effective in prevent-
ing spalling at 600 °C and provided better results in ten-
sile/flexural strength and toughness parameters (Ri-
dha 2024). In a study of Kenaf fiber-reinforced con-
cretes, experiments conducted between 100 and 800 °C 
showed a significant deterioration in physical and me-
chanical properties as temperature increased, high-
lighting the critical role of thermal damage at the fiber-
matrix interface (Aluko et al. 2023). Another study re-
ported that natural fibers can limit spalling by facilitat-
ing vapor-pressure discharge as temperature rises, and 
that the use of sisal+steel hybrid fibers can suppress 
spalling through a permeability/channel formation 
mechanism (Ren et al. 2022). Similarly, bamboo fibers 
regulate internal pressure and crack propagation by 
creating a "channel" effect through carbonization in the 
range of 200–800 °C; it has been shown that the hybrid 
bamboo/steel fiber design can reduce the risk of spall-
ing and maintain residual strength better than steel-fi-
ber-only systems (Zhao et al. 2025). It was also empha-
sized that natural fibers do not increase strength in all 
cases; in hemp fiber concretes heated to 400 °C, the 
strength effect of the fibers may be limited, and a micro-
mechanism that reduces crack propagation occurs de-
spite partial fiber decomposition (Grubeša et al. 2018).  
 

It has been reported that the compressive strength of 
hemp fiber alkali-activated cement foam can improve in 
the 100–200 °C band depending on the fiber dosage, but 
the loss of strength becomes evident with thermal deg-
radation of the fiber at 400 °C and 800 °C (Dhas-
indrakrishna et al. 2023). 

When the behavior of cementitious composites rein-
forced with forest wastes under temperature is exam-
ined, the literature reports that strength and mass loss 
occur in samples directly exposed to high temperatures. 
In a study on samples reinforced with date palm fiber, it 
was reported that exposure to 200–300 °C caused a de-
crease of approximately 6.4–14.8% in compressive 
strength and 2.1–3.7% in unit volume weight. It has been 
stated that at these temperature levels, the fibers par-
tially maintain the microcrack-bridging effect, and losses 
in tensile strength in bending and splitting generally re-
main in the range of 5.6–9.3%. With the increase in tem-
perature to the range of 400–600 °C, significant thermal 
degradation was observed in the lignocellulosic struc-
ture of the fibers; this situation led to a decrease of 32.4–
48.7% in compressive strength and 37.2–58.9% in flex-
ural strength, while unit weight losses were reported to 
reach 6.5-9.8%. At temperatures above 600 °C, compres-
sive and tensile strength decreased by 61.3–79.6% due 
to major carbonization or decomposition of the fibers; 
on the other hand, it has been emphasized that the voids 
formed by the decomposition of the fibers can relieve va-
por pressure, limiting the risk of explosive spalling in 
some mixtures (Kareem 2025). Another study on date 
palm fiber shows that as temperature increases, overall 
mass loss rises and strength decreases due to degrada-
tion of the binder hydrate products and increased poros-
ity. In mixtures containing palm leaf-derived fiber, sam-
ples were examined after 2 hours of heat exposure; mass 
loss in the control mixture increased from 0.59% to 
4.47% over 200–800 °C, while compressive strength de-
creased by 46.7% after 800 °C. With higher fiber content, 
compressive strength decreased by up to 61.8% after 
800 °C. These results indicate that fiber addition can in-
crease microstructural gapping and that damage is accel-
erated by high-temperature water loss and crack net-
work growth; however, strength is retained at moderate 
temperatures such as 200–400 °C with appropriate min-
eral additive/binder design (Adamu et al. 2023). Simi-
larly, in another study focusing on mass loss and com-
pressive strength under high temperature, date palm fi-
ber concretes were evaluated over 300–900 °C; it has 
been reported that the optimum design yields 25.17 MPa 
strength and 9.84% mass loss at 800 °C, and that approx-
imately 53.5% strength loss occurs as the compressive 
strength of 54.13 MPa at 24 °C decreases to 25.17 MPa at 
800 °C (Adamu et al. 2025). In summary, literature find-
ings show that the mechanical contribution of natural fi-
bers occurs mainly through crack control, and that this 
contributes positively to mechanical performance. How-
ever, fiber-reinforced cementitious composites exposed 
to different temperatures change in their physical and 
mechanical properties after temperature, just like nor-
mal cementitious composites. 

According to the General Directorate of Forestry's 
2024 records, cedar (Cedrus) is distributed across ap- 
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proximately 580 thousand hectares in Turkey (General 
Directorate of Forestry 2025). Cedrus libani A.Rich., a 
species of the genus Cedrus, has acicular leaf about 15–
35 mm long and is characterized by its rhomboidal 
cross-sectional geometry and relatively high specific 
surface area. Unique to the Pinaceae family, it has a dis-
tinct wax layer on the leaf surface, and its chemical struc-
ture consists mainly of lignocellulosic components, in-
cluding cellulose, hemicellulose, lignin, and resin. Over 
time, the natural aging process gradually degrades this 
wax layer, resulting in increased surface roughness 
(Güney et al. 2016). Thanks to their high specific surface 
area and age-related increase in roughness, Cedrus li-
bani fibers have the potential to reduce unit weight in the 
composite, limit microcrack formation, and improve 
strength and durability by forming an isotropic fiber net-
work in the cemented matrix. 

Today, various cement-based composite systems are 
being developed that utilize forest products and forest-
based wastes. These materials are widely used, espe-
cially in the construction sector and in the production of 
different architectural elements. Examples of this ap-
proach include wood-precast concrete composites con-
taining wood-based aggregates or fibers, as well as 
wood-cement-based pressed board products. In such 
composite systems, mineral aggregate is often not used. 
Additionally, to better examine the structural character-
istics of the material and the fiber-matrix interaction, a 
fiber-reinforced structure is preferred within the ce-
ment matrix. In this study, natural fibers were extracted 
from Cedrus libani A. Rich coniferous leaves, which are 
considered forest waste. After characterizing the fibers 
obtained, they were used to produce cement matrix-
based composites with different fiber ratios. When re-
viewing the literature, similar studies have investigated 
the mechanical behavior of cement-bonded composites 
made from wood wastes and their performance, partic-
ularly under high temperatures (Canbaz et al. 2021; 
Garcez et al. 2016; Mahzabin et al. 2013). In this study, 
fiber-reinforced cementitious composites with different 
cement ratios were prepared using dried and spilled 
acicular leaf of Cedrus libani A.Rich as natural fibers. 
The specimens were then exposed to temperatures of 
20, 200, and 400°C for 3 hours. The fibers were ran-
domly distributed in all directions, creating an isotropic 
fiber arrangement. Aggregates and additives were not 
used in the mixture so that the physical and mechanical 
effects of the fibers, which change with temperature, 
were fully observed. At the end of the 7- and 28-day cur-
ing periods, unit weight, ultrasonic pulse velocity, com-

pressive and flexural strength, and splitting tensile 
strength were measured for the specimens produced. 
After exposure to temperatures of 20, 200, and 400°C, 
the physical and mechanical properties of the speci-
mens were examined. 

Numerous studies in the literature explore the physi-
cal and mechanical behavior of cementitious wood com-
posites. For instance, Garcez et al. (2016) analyzed how 
different wood species, particle treatments, and mixing 
ratios affect the density and mechanical properties of ce-
ment–wood composites, revealing that the type of wood 
and mixing ratio are key factors in composite perfor-
mance. Similarly, Mahzabin et al. (2013) studied how 
chemical modification of wood fibers influences the 
physical and mechanical properties of the cement ma-
trix, demonstrating that chemical treatments to boost fi-
ber-matrix compatibility can markedly improve 
strength. Additionally, Canbaz et al. (2021) investigated 
the mechanical behavior of cement-bonded composites 
containing sawdust exposed to high temperatures, not-
ing that increased temperature can lead to microcrack 
formation and reduced strength. However, most existing 
research focuses on wood waste in the form of sawdust 
or particles, and studies on the use of natural fibers from 
Cedrus libani acicular leaves in cement-based compo-
sites, particularly regarding their mechanical behavior 
under high temperature, are very limited. Therefore, fi-
ber dosage, water absorption behavior, surface condi-
tion, and fiber-matrix bond quality should be considered 
together when evaluating crack-bridging capacity and 
mechanical performance in natural fiber-reinforced ce-
mentitious composites (Uzun 2024; Tarhan et al. 2025). 
In this context, this study extracts and characterizes nat-
ural fibers from Cedrus libani acicular leaves and exam-
ines their influence on the mechanical performance of 
cementitious composites, especially under high temper-
ature conditions. 

 

2. Materials and Methods 

2.1. Materials 

In this study, Çimsa CEM I 52.5 R cement was used, 
and its physical and chemical properties are presented 
in the table. As natural fibers, dried, fallen waste leaf of 
the Cedrus libani A.Rich tree were used. The properties 
of the fiber are presented in Table 2. City tap water was 
used as mixing water, and the results of the chemical 
analysis are presented in Table 3.

Table 1. Physical and chemical properties of CEM I 52.5 R cement. 

Physical properties 
 

Chemical content (%) 

Density (g/cm3) 3.06 

Blaine (m2/g) 4300 

Compressive 
Strength (MPa) 

7.day 
50 

28.day 
60 

Setting time (min) 
Initial 

95 
Final 
125 

 

 CaO 64.70 SiO2 21.20 

 Al2O3 4.60 Fe2O3 0.28 

 MgO 1.35 Na2O 0.38 

 SO3 3.50 K2O 0.20 

 Cl 0.01 LOI 3.50 
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Table 2. Physical properties of Cedrus libani A.Rich. and acicular leaf. 

Length (mm) 15–35 Unit Weight (g/cm3) 0.13 

 

Width (mm) 0.8–2.1 Density (g/cm3) 0.48–0.51* 

Leaf type Acicular Modulus of elasticity (GPa) 0.67–7.80* 

Leaf shape 
Needle 

rhomboidal 

Poisson ratio 0.052–0.522* 

Water absorption (%) 80.7* 

Structure and composition 
Lignocellulosic fibers  
(hemicellulose, cellulose, lignin, and wax)* 

* The data was obtained for Cedrus libani A. Rich (Efe 2021; Güney et al. 2016; Güntekin 2022; Şahin and Çam 2022).

Table 3. Chemical analysis report for the drinking wa-
ter treatment plant. 

Chemical analysis results (mg/L) 

pH 7.28 SO4 70 Al <0.012 

Turbidity (NTU) 0.10 NO3 7.5 Fe <0.0075 

Conductivity (µS/cm) 664 Cl 43 Mn <0.0007 

Hardness (Fr°) 32 NH4 <0.05   

 

2.2. Method and tests 

2.2.1. Fiber pretreatment 

The dry, acicular leaf of Cedrus libani A. Rich., col-
lected from the forest ecosystem, were subjected to a 
comprehensive multistage pretreatment prior to incor-
poration into cementitious composites. Initially, the ma-
terials were manually sorted to eliminate biological and 
environmental impurities, including soil particles, sand, 
ash, and fungal residues. First, the collected leaves were 
sieved to remove foreign substances. Then, to ensure the 
fiber size falls within a specific range, the material was 
passed through a sieve with a mesh opening of 2.36–0.60 
mm and classified. This process guarantees that the fi-
bers have a more uniform size distribution. The cleaned 
leaf was thoroughly rinsed with deionized water to re-
move superficial contaminants and subsequently oven-
dried at 60 °C for 24 h. To remove water-soluble extrac-
tives, such as tannins and phenolic compounds, that may 
interfere with cement hydration, hot-water extraction 
was conducted at 80 °C for 4 h. This procedure was re-
peated twice using fresh deionized water to ensure ef-
fective removal of soluble organic constituents. After ex-
traction, the residues were filtered and dried before un-
dergoing chemical treatment. Alkaline pretreatment was 
performed by immersing the fibers in a 2.5 wt% NaOH 
aqueous solution under continuous stirring for 4 h. This 
step aimed to remove hemicellulosic components and 
partially increase surface roughness, thereby improving 
surface reactivity. The treated fibers were rinsed with 
deionized water until neutral pH was achieved and then 
oven-dried. For the mineralization stage, the fibers were 
immersed in a saturated Ca(OH)₂ solution at 30 °C for 12 
h using a solid-to-liquid ratio of 2:10 (g mL⁻¹). The pro-
cess was repeated twice with fresh Ca(OH)₂ solution to 
promote uniform mineral deposition on the fiber sur-

face. Finally, the mineralized fibers were gently rinsed to 
remove excess surface deposits and dried at 60 °C prior 
to their incorporation into cementitious composite mix-
tures.  

2.2.2. Preparation of specimens 

In this study, specimens were produced using natural 
fibers obtained from the acicular leaf of Cedrus libani 
A.Rich in different proportions. After the natural fiber-
reinforced cementitious composite specimens were ex-
posed to temperatures of 20, 200, and 400°C for 3 hours, 
their physical and mechanical properties were exam-
ined. The cementitious composite mixture is given in Ta-
ble 4. To observe the effect of the natural fiber, no addi-
tives or aggregates other than cement, water, and natu-
ral fiber were used. Various cement-based composite 
systems are being developed, incorporating forest prod-
ucts and waste materials. These materials are mainly 
used in construction and in making different architec-
tural components. Current applications include wood-
precast concrete composites with wood-based aggre-
gates or fibers, as well as wood-cement-based pressed 
boards. Typically, mineral aggregate is not used in these 
composite systems, and a fiber-reinforced structure is 
preferred within the cement matrix to better understand 
the material's structural behavior and fiber-matrix inter-
action. In such systems, the performance is often as-
sessed by comparing mixtures with different fiber con-
tents. Therefore, this study compares mixtures with var-
ying fiber-to-cement ratios and does not include a fiber-
free control sample like other studies in the literature 
(Canbaz et al. 2021; Garcez et al. 2016; Mahzabin et al. 
2013). The water/cement ratio and the amount of natu-
ral fiber were kept constant, while the cement content 
was increased. 

The specimens were prepared by following the mix-
ing and production procedures specified in the TS EN 
196-1 (2016) standard. During production, special at-
tention was given to achieving a homogeneous distribu-
tion of fibers within the cement matrix without agglom-
eration. This aims to ensure that fibers are evenly dis-
tributed in various directions within the composite 
structure, resulting in a more uniform and isotropic be-
havior of the material. Additionally, after placing the 
mixture into the formwork, pressure was applied, simi-
lar to the process used for manufacturing wood-cement-
based pressed boards, to ensure the mixture was more 
uniformly and neatly placed within the formwork. 
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Cedrus libani A.Rich. The acicular-leaf mixture was 
symbolized by CL, and specimen types were identified by 
adding the amount of cement used to the codes. Standard 

specimens of 4x4x16 cm were produced and cured at 20 
± 2 °C for 28 days. Photographs of CL-type specimens are 
shown in Fig 1.

 

Fig. 1. Photographs of CL600–900 specimens after production.

Table 4. Proportions of materials as per the mixture. 

Code 
Water / Cement 

(by wt.) 
Fiber 

(g) 
Cement 

(g) 
Fiber / Cement 

(by wt.) (by vol.) 

CL600 

0.40 130 

600 0.22 0.32 

CL700 700 0.19 0.28 

CL800 800 0.16 0.24 

CL900 900 0.14 0.22 

2.2.3. Thermal exposure of specimens 

After curing, the specimens were kept in the labora-
tory oven for 1 hour to ensure they were dry. Then, ther-
mal exposure was applied to the specimens using a 
Nevola Reis 110/10 thermocouple-controlled furnace. 
During thermal exposure, the temperature was gradu-
ally increased to an average rate of 80–100 °C/min. Be-
cause the furnace system has a control mechanism that 
minimizes temperature fluctuations, the target temper-
atures are reached more steadily. After reaching the tar-
get temperatures of 200 and 400 °C, the specimens were 
maintained at these levels for 3 hours. Once the thermal 
exposure was complete, the specimens were removed 
from the furnace and allowed to cool naturally at room 
temperature in a laboratory environment. 

Temperature levels of 20, 200, and 400 °C were ap-
plied in the experimental program. These levels were 
chosen because 20 °C represents the reference condition 
at room temperature, 200 °C indicates a moderate ther-
mal effect in cementitious materials where free water 
loss and initial microstructural changes occur, and 400 
°C marks a critical temperature range nearing the ther-
mal degradation and ignition points reported in the lit-
erature for lignocellulosic fibers. 

The main goal of this study is to analyze how natural 
fiber reinforced cement-based composites behave under 
high temperatures and to identify the damage mecha-
nisms, especially at the fiber-matrix interface. Natural fi-

bers from plants have a lignocellulosic structure mainly 
made up of hemicellulose, cellulose, and lignin (Şahin 
and Çam 2022). These components degrade at different 
temperatures as the temperature rises, leading to signif-
icant changes in the fiber's structural integrity. The liter-
ature reports that the thermal degradation and ignition 
temperatures of lignocellulosic biomass components are 
about 370 °C for hemicellulose, 410 °C for cellulose, and 
405 °C for lignin (Yang et al. 2007; Cao et al. 2019). This 
indicates that the fiber structure can quickly degrade at 
temperatures of 400 °C and above, greatly increasing the 
risk of burning or ignition. The study selected a temper-
ature range where both fiber-matrix interactions and 
changes in mechanical performance could be observed, 
while still maintaining specimen integrity. Specifically, 
experiments were conducted at 20, 200, and 400 °C, with 
the upper limit of 400 °C chosen to account for the criti-
cal temperature zone where lignocellulosic fibers begin 
to ignite and degrade rapidly. This approach allowed for 
a safe and controlled evaluation of the thermal damage 
mechanisms and performance changes of natural fiber-
reinforced cement-based composites at high tempera-
tures. 

2.2.4. Mechanical tests of specimens 

Prismatic specimens, measuring 40×40×160 mm, 
were subjected to a three-point flexural test in accord-
ance with the TS EN 196-1 (2016) standard after expo-
sure to temperatures of 20, 200, and 400°C. During the 
experiments, loading was carried out using the clearance 
and loading speed specified in the standard. Samples 
produced at different fiber/cement ratios were exam-
ined for their mechanical behavior after exposure to dif-
ferent temperatures. 

Cubic samples measuring 40×40×40 mm, produced 
with various fiber/cement ratios, were exposed to tem-
peratures of 20, 200, and 400°C, and then a compression 
test was performed in accordance with TS EN 196-1 
(2016). The experiments were performed on a universal 
test press, and the samples were loaded until they failed 

CL600 

CL700 

CL800 

CL900 
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under the established standard conditions. The mechan-
ical properties of the samples produced at different fi-
ber/cement ratios and exposed to various temperatures 
were evaluated. 

To determine the splitting tensile strength of the 
specimens, loads were applied perpendicularly to the 
cross-sections, and the splitting tensile strengths gener-
ated along the sample cross-section were measured. 

In the experimental program, specimens were pro-
duced considering three different temperature levels, 
four types of specimens, and three repetitions for each 
type. In this process, a total of 36 specimens were tested 
for each mechanical test. The average results of the ex-
periments for each variable were calculated, and the 
standard deviation (SD) and coefficient of variation (CV) 
values are shown in Table 5.

Table 5. Statistical analysis of data. 

Compressive strength (MPa) Flexural strength (MPa) 

Temperature (°C) Code Mean SD CV (%) Temperature (°C) Code Mean SD CV (%) 

20 

CL600 8.27 0.52 6.2 

20 

CL600 1.36 0.07 5.1 

CL700 9.40 0.49 5.2 CL700 2.25 0.18 7.8 

CL800 10.49 0.80 7.6 CL800 3.09 0.21 6.8 

CL900 11.10 0.75 6.7 CL900 3.45 0.26 7.5 

200 

CL600 7.84 0.58 7.4 

200 

CL600 1.23 0.07 5.3 

CL700 9.02 0.69 7.7 CL700 1.92 0.12 6.1 

CL800 9.69 0.61 6.3 CL800 2.70 0.17 6.2 

CL900 10.13 0.60 5.9 CL900 3.02 0.23 7.7 

400 

CL600 7.56 0.36 4.8 

400 

CL600 1.18 0.08 6.6 

CL700 8.35 0.43 5.2 CL700 1.74 0.12 7.0 

CL800 8.78 0.65 7.5 CL800 2.33 0.16 6.9 

CL900 9.09 0.42 4.6 CL900 2.52 0.16 6.5 

Splitting tensile strength (MPa) Unit weight (kg/dm3) 

Temperature (°C) Code Mean SD CV (%) Temperature (°C) Code Mean SD CV (%) 

20 

CL600 1.46 0.09 6.3 

20 

CL600 1.420 0.08 5.6 

CL700 1.55 0.07 4.4 CL700 1.473 0.09 6.0 

CL800 2.04 0.09 4.7 CL800 1.570 0.09 6.0 

CL900 2.28 0.16 7.2 CL900 1.596 0.07 4.4 

200 

CL600 1.38 0.07 5.3 

200 

CL600 1.280 0.07 5.8 

CL700 1.50 0.08 5.3 CL700 1.364 0.09 6.4 

CL800 1.94 0.10 5.0 CL800 1.500 0.06 4.1 

CL900 2.13 0.16 7.5 CL900 1.547 0.07 4.5 

400 

CL600 1.34 0.07 5.0 

400 

CL600 1.218 0.08 6.3 

CL700 1.38 0.07 5.0 CL700 1.282 0.09 7.1 

CL800 1.69 0.11 6.4 CL800 1.429 0.07 5.0 

CL900 1.84 0.08 4.5 CL900 1.456 0.09 5.9 

UPV (km/h) Edynamic (Gpa) 

Temperature (°C) Code Mean SD CV (%) Temperature (°C) Code Mean SD CV (%) 

20 

CL600 2.38 0.15 6.3 

20 

CL600 8.16 0.57 7.0 

CL700 2.45 0.15 6.2 CL700 9.02 0.58 6.4 

CL800 2.62 0.14 5.4 CL800 10.98 0.53 4.8 

CL900 2.69 0.21 7.9 CL900 11.76 1.34 11.4 

200 

CL600 2.23 0.15 6.7 

200 

CL600 6.49 0.50 7.7 

CL700 2.28 0.13 5.7 CL700 7.24 0.36 5.0 

CL800 2.52 0.14 5.5 CL800 9.74 0.68 7.0 

CL900 2.63 0.11 4.2 CL900 10.90 0.43 3.9 

400 

CL600 2.08 0.10 4.8 

400 

CL600 5.38 0.17 3.2 

CL700 2.16 0.14 6.6 CL700 6.09 0.37 6.1 

CL800 2.42 0.17 7.0 CL800 8.53 0.77 9.0 

CL900 2.50 0.15 6.0 CL900 9.24 0.57 6.2 
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3. Results and Discussion 

3.1. Microstructural and chemical characterization 

As shown in Fig. 2a, the untreated fibers display a rel-
atively smooth and dense surface structure common to 
lignocellulosic materials that maintain their waxy and 
hemicellulosic layers. These traits typically inhibit me-
chanical interlocking within cementitious matrices due 
to a reduction in surface roughness. Comparable mor-
phological characteristics in unprocessed plant fibers 
were also documented, observed that fewer surface ir-
regularities were linked to a decrease in interfacial 
bonding potential (Melichar et al. 2024).  

In contrast, Fig. 2b shows that treatment with Ca(OH)₂ 
significantly alters the fiber surface. After undergoing al-
kaline treatment and subsequent mineralization, there is 
a notable increase in surface roughness along with the for-
mation of localized mineral aggregates. Alkaline condi-
tions can prompt structural rearrangements, which in 
turn boost surface reactivity. This mechanism aligns with 
the morphological changes observed in the present study, 
in which alkali-mediated surface activation increases the 
potential for fiber-matrix interactions. (Hu et al. 2024). 

The EDS spectra show a distinct compositional shift 
following the mineralization process. As illustrated in 
Fig. 2c, the untreated fibers primarily exhibit peaks from 

carbon and oxygen, indicating their lignocellulosic com-
position, with carbon as the predominant element and 
oxygen as the secondary one. The absence of measurable 
calcium indicates that the untreated surface is entirely 
organic, consistent with the lignin–cellulose–hemicellu-
lose structures observed in native biomass fibers (Das et 
al. 2024). After Ca(OH)₂ treatment (Fig. 2c), a pro-
nounced calcium peak emerges, with Ca reaching ap-
proximately 50–53 wt%, while carbon decreases to 
around 19–20 wt% and oxygen increases to roughly 27–
28 wt%. This marked shift from a carbon-dominated to 
a calcium-rich surface composition confirms successful 
mineral deposition. Similar calcium enrichment accom-
panied by relative carbon reduction has been docu-
mented following Ca-based surface mineralization of 
natural fibers, where inorganic precipitation partially 
masks the organic substrate and alters the surface chem-
istry (Li et al. 2025; Zhang et al. 2025).  

Elemental mapping (Fig. 2d-e) further confirms that 
calcium is distributed across the treated fiber surface ra-
ther than uniformly embedded within the bulk structure. 
The formation of calcium-rich domains indicates surface 
precipitation and partial mineral coverage. This local 
mineralization has been associated with increased inter-
facial stiffness and improved load transfer in cemented 
composites in some studies (Feng et al. 2025; Melichar 
et al. 2024). 

 

Fig. 2. Untreated (a) and treated (b) fiber SEM images; (c) EDS analysis; (d, e) Elemental mapping.  
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Changes in fiber morphology after surface treatments 
significantly influence the microstructural behavior of 
the composite material. Increased roughness on the fiber 
surface following alkaline and calcium hydroxide treat-
ments, along with mineral phase deposits, promote me-
chanical interlocking at the fiber-matrix interface. This 
enhances the bond between cement hydration products 
and the fiber surface, leading to more efficient load 
transfer. Performance under high temperatures is af-
fected not only by the reduction in mechanical proper-
ties but also by microstructural and chemical transfor-
mations within the composite. Natural fibers with ligno-
cellulosic structures primarily contain hemicellulose, 
cellulose, and lignin, which degrade thermally at differ-
ent temperature ranges. Partial degradation of the fiber 
structure, especially at elevated temperatures, can cause 
loss of adhesion, formation of microgaps, and develop-
ment of microcracks at the fiber-matrix interface. In the 
cement-based matrix, processes such as hydrate phase 
dehydration, bond weakening, and internal stress 
buildup also occur as temperature rises. When consider-
ing these microstructural and thermochemical changes 
together, it becomes clear that the variation in mechani-
cal performance of composite materials at high temper-
atures is closely linked to thermal degradation of the fi-
ber structure and weakening of interfacial interactions. 

On the other hand, the natural fibers in the composite 
structure play a crucial mechanical role, especially dur-
ing crack propagation. The fibers act as a bridge between 
crack surfaces by restricting the progression of micro-
cracks in the matrix and enabling charge transfer to con-
tinue through the fibers. The crack-bridging effect delays 
the sudden fracture of composite materials because the 
fibers show more ductile behavior than the matrix. Me-
chanical clamping of the fibers to the matrix and im-
proved bonding at the interface reduce crack growth and 
enhance the composite's energy absorption capacity. 
This is also supported by fracture behavior observed, es-
pecially in flexural and splitting tensile tests. During 
these experiments, it was observed that the specimens 
did not break suddenly and destructively; instead, they 
formed a bridge between the cracked surfaces with the 
fibers, preventing complete separation. The fibers con-
tinued to carry loads between the cracked surfaces, caus-
ing the specimens to retain some integrity and display 

more ductile behavior even after fracture. This indicates 
that the fiber-matrix interaction in natural fiber-rein-
forced cement-based composites significantly contrib-
utes not only to initial mechanical strength but also to 
the fracture process and damage development. 

3.2. Compressive strength 

First of all, the cement-based composites developed in 
this study are designed for applications similar to wood-
cement composites and wood-based cement binder prod-
ucts in terms of their intended use. These materials are 
widely used in producing different architectural elements, 
especially in the construction industry, with examples in-
cluding wood-precast concrete composites containing 
wood-based aggregates or fibers and wood-cement-based 
pressed board products. Since these materials are not typ-
ically used as load-bearing structural elements, high com-
pressive strength is not an expected characteristic of such 
composite systems. The compressive stresses measured 
in these products are generally low (Canbaz et al. 2021; 
Garcez et al. 2016; Mahzabin et al. 2013). The main reason 
for the low compressive stress is that the woody content 
in the mixture bonds weaker than cement, which in-
creases the void ratio (Canbaz et al. 2021). 

The compressive strength results presented in Fig. 3 
show that cementitious composites reinforced with nat-
ural fibers from acicular Cedrus libani A.Rich exhibit a 
significant but gradual loss of strength with increasing 
temperature. For all mixtures, the decrease in compres-
sive strength after 200 °C was limited; in specimens, it 
ranged from about 5.25% to 8.76%. Compressive 
strength is largely preserved due to the removal of free 
water and limited microstructural changes up to 200 °C. 
At 400 °C, total strength losses ranged from 8.58% to 
18.08% compared with specimens at 20 °C. Compressive 
strength losses are mainly related to microcracks devel-
oping in the cement paste with increasing temperature, 
weakening of adhesion at the fiber-matrix interface, and 
gradual degradation of lignocellulosic coniferous fibers 
in the range of 200–400 °C. The higher strength loss at 
400 °C (16.33–18.08%), especially in the CL800 and 
CL900 series with high cement content, indicates that a 
more rigid and dense matrix structure is more sensitive 
to crack development under thermal stresses.

 
Fig. 3. Compressive strength of specimens based on changes in fiber/cement ratio  

and temperature after thermal exposure.  

6

7

8

9

10

11

12

0.14 0.16 0.18 0.20 0.22

C
o

m
p

re
ss

iv
e

 s
tr

e
n

gt
h

 (M
P

a)

Fiber / Cement

20 ° C 200 ° C 400 ° C

0 200 400

Temperature (°C)

CL600 CL700
CL800 CL900



 Şamdan et al. / Challenge Journal of Concrete Research Letters (2026) 17(2) 162–176 171 

 

On the other hand, in CL600 and CL700 specimens, 
microcracks are partially limited thanks to the higher fi-
ber/cement ratio, and the strength loss is more limited 
at 400 °C. These findings show that Cedrus libani needle-
leaf fibers can contribute to the maintenance of com-
pressive strength by delaying crack propagation at cer-
tain fiber/cement ratios under high temperature. 

3.3. Flexural strength 

The flexural strength results presented in Fig. 4 reveal 
a significant and systematic decrease in strength with in-
creasing temperature in cementitious composites rein-
forced with Cedrus libani acicular leaf fiber. When flex-
ural strengths measured at 20 °C are compared with 
those exposed to 200 °C, a loss of approximately 9.8-
14.8% is observed. For samples exposed to 400 °C, the 
flexural strength loss ranges from 13.4% to 27.1%. This 
indicates that, with the fiber content held constant across 
temperature levels, increasing the cement dosage signif-

icantly increases flexural strength. Flexural strength is 
more sensitive to temperature increases than compres-
sive strength, and this effect is particularly evident in the 
200–400 °C range. Because flexural behavior is governed 
by tensile stresses, microcracks in the cement paste, 
along with weakening of adhesion at the fiber-matrix in-
terface as temperature rises, lead to proportionally 
greater losses in flexural strength. The greater strength 
losses observed at 400 °C in CL800 and CL900 specimens 
with high cement content (24.6–27.1%) suggest that the 
denser, more rigid matrix structure is more susceptible 
to crack formation under thermal stresses. In contrast, 
the higher fiber/cement ratio in the CL600 and CL700 
samples appears to partially limit microcrack develop-
ment, and therefore the relative losses in flexural 
strength remain at lower levels. In this context, Cedrus 
libani acicular leaf fibers play a supporting role in flex-
ural behavior at low and medium temperatures, but this 
contribution becomes limited as the fiber-matrix inter-
action weakens when the temperature reaches 400 °C.

 
Fig. 4. Flexural strength of the specimens influenced by changes in fiber/cement ratio  

and temperature after thermal exposure.

3.4. Splitting tensile strength tests 

The splitting tensile strength results presented in Fig. 
5 show that the tensile behavior of Cedrus libani acicular 
leaf fiber-reinforced cementitious composites weakens 
systematically with increasing temperature. With the 
temperature increase to 200 °C, the strengths decreased 
by approximately 3.1–6.5% compared to the 20 °C refer-
ence, and after the application of 400 °C, the strength 
losses reached 8.6–19.1%. This trend in splitting tensile 
strength can be associated with the weakening of the fi-
ber-matrix interaction, which is sensitive to tensile 
stresses, as the temperature increases. The occurrence 
of higher proportional strength losses (additional de-
crease in the range of 12.5–13.4%) in the CL800 and 
CL900 specimens, especially in the range of 200–400 °C, 
suggests that the more rigid and dense matrix structure 
exhibits a more sensitive response to microcrack for-
mation under thermal stresses. On the other hand, it is 
seen that microcracks are partially limited in CL600 and 
CL700 mixtures thanks to the higher fiber/cement ratio, 

and the additional strength loss remains at lower levels 
after 400 °C. In this context, it was found that Cedrus li-
bani acicular leaf fibers contribute to splitting tensile 
strength by delaying the progression of tensile cracks at 
low and medium temperatures; however, when the tem-
perature reaches 400 °C, this contribution decreases sig-
nificantly with increasing damage to the fiber-matrix in-
terface. 

3.5. Unit weight 

The unit weight results after applying the tempera-
ture shown in Fig. 6 indicate that a significant density 
loss occurs as temperature increases in cementitious 
composites reinforced with Cedrus libani acicular leaf fi-
ber. Unit weight values measured at 20 °C were 1,420–
1,596 kg/dm³. With the rise in temperature to 200 °C, 
unit weights decreased to 1,280–1,547 kg/dm³. This cor-
responds to unit weight losses of approximately 9.9% for 
CL600, 7.4% for CL700, 4.4% for CL800, and 3.1% for 
CL900, compared with the 20 °C reference. 
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Fig. 5. Variation in the splitting tensile strength of the specimens concerning fiber/cement ratio  

and temperature after thermal exposure. 

 
Fig. 6. Changes in the unit weight of specimens depending on the fiber/cement ratio and exposure temperature.

As seen in Fig. 6, unit weight loss was more limited af-
ter 200 °C in mixtures with a low fiber/cement ratio and 
higher cement content. With the increase in temperature 
to 400 °C, the decrease in unit weight became more pro-
nounced, and the values were measured as 1,218–1,456 
kg/dm³. Accordingly, total unit weight losses compared 
with 20 °C reached approximately 14.2% in CL600, 
13.0% in CL700, 9.0% in CL800, and 8.8% in CL900. The 
higher unit weight loss in the CL600 and CL700 samples 
with a higher fiber-to-cement ratio indicates that the 
continuity of the internal structure deteriorates more 
under temperature effects, and porosity increases more 
markedly. On the other hand, in CL800 and CL900 mix-
tures, the unit weight loss after temperature exposure is 
more limited due to the denser cement matrix; however, 
at 400 °C, it is evident that damage to the internal struc-
ture becomes apparent in all mixtures. 

3.6. Ultrasonic pulse velocity 

The ultrasonic pulse velocity (UPV) results after ap-
plying temperature are presented in Fig. 7. Cedrus libani 
clearly shows that the continuity of the internal struc-
ture gradually weakens with increasing temperature in 
cementitious composites reinforced with acicular leaf fi-
ber. UPV values measured at 20 °C were 2.37–2.68 km/h. 
With the rise in temperature to 200 °C, UPV values de-

creased to 2.23–2.63 km/h; with the increase in temper-
ature to 400 °C, the decrease in UPV became more pro-
nounced, and the values were measured as 2.08–2.49 
km/h. The change at 200 °C corresponded to a decrease 
in the range of approximately 6.2–4.1%, while the 
change at 400 °C corresponded to a decrease in the range 
of approximately 12.3–6.9%. For all mixtures, it is seen 
that the UPV decreases with increasing temperature; 
this shows that the density of microcracks and disconti-
nuities in the internal structure of the concrete increases 
with the effect of temperature. The higher UPV losses in 
the CL600 and CL700 samples with higher fiber-to-ce-
ment ratios suggest that the continuity of the internal 
structure is more sensitive to temperature in these mix-
tures. In contrast, in the CL800 and CL900 specimens, it 
was found that the ultrasonic wave transmission paths 
could be partially conserved due to the denser cement 
matrix; however, it is understood that internal structural 
damage becomes evident for all mixtures at the level of 
400 °C. 

3.7. Dynamic modulus of elasticity 

The dynamic modulus of elasticity results, as shown 
in Fig. 8, indicate that the stiffness of cementitious com-
posites reinforced with Cedrus libani acicular leaf fiber 
decreases significantly with increasing temperature. The 
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dynamic modulus of elasticity, calculated from unit 
weight and ultrasonic pulse velocity (UPV), is highly sen-
sitive to the continuity of the concrete's internal struc-
ture and microstructural damage. The formula used to 
calculate the dynamic modulus of elasticity is taken from 
the ASTM C597 (2020) standard and is shown in Eq. (1). 
The theoretical expression for the dynamic modulus of 
elasticity is based on the theory of elastic wave propaga-
tion. However, some studies accept a constant value be-
cause the Poisson's ratio in cementitious composites 
cannot always be determined experimentally. In the lit-

erature, the Poisson's ratios of composites made with 
forest wastes are given as 0.052–0.522 (Ibearugbulem et 
al. 2019; Güntekin 2022). Similarly, in this study, the 
Poisson's ratio was assumed to be 0.20, and this assump-
tion was used to calculate the dynamic modulus of elas-
ticity. Additionally, in this study, the dynamic modulus of 
elasticity was calculated using the unit weight (γ) param-
eter instead of density (ρ). 

𝐸dynamic = 𝑉2𝜌
(1+𝜐)(1−2𝜐)

(1−𝜐)
 (1)

 
Fig. 7. Effect of fiber/cement ratio and temperature on the UPV of specimens after thermal exposure. 

 
Fig. 8. Edynamic of specimens depending on changes in fiber/cement ratio and temperature after thermal exposure.

As the temperature rose to 200 °C, the dynamic mod-
ulus of elasticity decreased to 6.2–9.1 GPa, correspond-
ing to a stiffness loss of approximately 7–13% compared 
with specimens at 20 °C. As shown in Fig. 8, the decrease 
in the dynamic modulus of elasticity over this tempera-
ture range is consistent with the limited decreases ob-
served in unit weight and UPV. As the temperature in-
creased to 400 °C, the decrease in the dynamic modulus 
of elasticity became more pronounced, reaching 5.5–8.1 
GPa. Accordingly, the total stiffness losses compared 
with the sample at 20 °C ranged from 22–19%. These 
discontinuities in the internal structure and the increase 
in microcrack density due to temperature are directly re-
flected in the dynamic modulus of elasticity through de-
creases in unit weight and UPV. The greater loss of dy-
namic modulus of elasticity in CL600 and CL700 mix-

tures with higher fiber/cement ratios suggests that the 
internal structure is more significantly disrupted after 
temperature exposure in these mixtures. In contrast, in 
the CL800 and CL900 specimens, ultrasonic wave trans-
mission paths and unit weight were partially conserved 
due to the denser cement matrix; however, at 400 °C, ri-
gidity decreased significantly for all mixtures. 

 

4. Conclusions 

In this study, the usability of natural fibers derived 
from dried, fallen acicular leaf of Cedrus libani A. Rich. as 
reinforcement in cementitious composites was exten-
sively evaluated. The fibers underwent a multi-stage ex-
traction and pretreatment process before composite 
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production; water-soluble components were removed 
by hot water extraction, the hemicellulosic structure was 
partially removed, and surface roughness was increased 
by alkaline treatment. In the mineralization phase with 
Ca(OH)₂, inorganic phase accumulation occurred on the 
fiber surface. This approach provided controlled surface 
modification to improve fiber-matrix interfacial interac-
tion. Characterization results showed that the pretreat-
ments induced significant changes in fiber morphology 
and chemical composition. Increased surface roughness 
and mineral aggregations were observed in SEM images 
after processing, and EDS analyses confirmed the transi-
tion from a carbon-weighted organic structure to a cal-
cium-rich surface composition. Elemental mapping 
showed that calcium was inhomogeneous but widely 
distributed on the fiber surface. These findings support 
enhanced chemical and mechanical compatibility of the 
fibers with the cement matrix. 

The effect of different fiber/cement ratios on high-
temperature behavior was systematically studied in 
Cedrus libani acicular leaf fiber-reinforced cementitious 
composites produced with aggregate- and additive-free 
mixtures. Compressive strength results showed that 
losses were limited (5–9%) up to 200 °C, while at 400 °C, 
more significant reductions of 8–18% occurred due to 
microcrack formation and interface weakening. Mix-
tures with a high fiber/cement ratio were found to re-
duce strength loss by partially limiting crack progres-
sion, especially at 400 °C. Flexural strength results 
showed a more pronounced response to temperature 
rise than compressive strength. Strength losses of ap-
proximately 10–15% were observed at 200 °C and 13-
27% at 400 °C. In mixtures with high cement dosage, 
proportional losses were higher at 400 °C, whereas in 
mixtures with a lower fiber/cement ratio, damage devel-
opment was more controlled thanks to the crack-bridg-
ing effect of the fibers. Splitting tensile strength results 
showed a similar trend; reductions of 3–7% were rec-
orded at 200 °C and 9–19% at 400 °C. In terms of physi-
cal properties, unit weight gradually decreased with in-
creasing temperature, and total losses reached 9-14% at 
400 °C. UPV results revealed that internal structural con-
tinuity weakened with temperature; decreases of 7–12% 
were observed at 400 °C. This trend is consistent with 
the increasing density of microcracks and void ratio in 
the internal structure. Dynamic modulus of elasticity re-
sults indicated significant stiffness losses with increas-
ing temperature, consistent with unit weight and ultra-
sonic transition velocity data. Modulus reductions of ap-
proximately 7–13% at 200 °C and 19–22% at 400 °C 
were calculated. As a result, bio-based cementitious 
composites produced with Cedrus libani A.Rich. acicular 
leaf fibers largely maintained their mechanical perfor-
mance at low and medium temperature levels, while fi-
ber-matrix interface damage was decisive at high tem-
perature. These findings show that it is possible to de-
velop sustainable and thermally resistant cementitious 
composites with appropriate fiber/cement ratio design. 

 This study has shown that natural fibers from Cedrus 
libani A.Rich. acicular leaf not only offer a sustainable ap-
proach to waste assessment but also serve as a techni-
cally functional reinforcement material in cementitious 
composites. Thanks to multi-stage extraction and miner-

alization processes, a chemically and morphologically 
active structure was created on the fiber surface; this 
strengthened the fiber-matrix interface interaction and 
helped maintain mechanical performance, especially at 
low and medium temperatures. The results showed that 
when the appropriate fiber/cement ratio is selected, 
controlled damage development can be achieved in ten-
sile strength under compression, flexural and splitting, 
and crack propagation is partially limited, while internal 
structural continuity can be maintained within certain 
temperature ranges. In addition, unit volume weight, 
UPV, and dynamic modulus of elasticity data clearly 
showed that fiber admixture is directly related to micro-
structural changes under the influence of temperature. 
This publication scientifically demonstrates that Cedrus 
libani A.Rich. acicular leaf, which are forest waste, con-
stitute a rational alternative in the development of high-
added-value, environmentally sustainable cementitious 
composites that are resistant to thermal effects to a cer-
tain extent. 
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