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Abstract 
 

Recent trends in lightweight concrete manufacturing have led to a proliferation of studies demonstrating that wood aggregates can be 

used to produce sustainable green concrete composites. However, wood particles contain soluble substances (saccharides), which have a 

significant effect on the setting time of Portland cement. To attain a better understanding of this, two types of wood were treated in boil-

ing water. After the treatment process, the resulting water (“boiling water of wood”) was used to study its effect on the initial setting time 

of Portland cement. The mechanical properties and the density were also investigated for concrete mixtures consisting of 0, 5, 7.5, and 10% 

treated wood particles (weight replacement from coarse aggregate). As a result, the effect of the wood’s soluble substances was deter-

mined and the optimum mix proportion was chosen for achieving the minimum nominal density and the best mechanical properties. 
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1. Introduction 

The last few decades have seen a growing trend of producing 

wood-concrete composites with sufficient mechanical properties 

and superior physical performance (density, thermal and acoustic 

insulation) [1,2,3]. Waste from the wood processing industry can 

be used to produce lightweight concrete as a sustainable, ecologi-

cal, recyclable and inexpensive building material [4,5]. Small 

wood particles are regarded as a solid waste which can be used as 

a filler material. However, the challenge associated with this tech-

nology involves the incompatibility between the wood particles 

and the concrete components [6,7]. The main obstacles encoun-

tered during many experiments with wood-concrete products are 

the compressibility of the wood particles inside the hardened con-

crete due to its low rigidity [8], as well as the incompatibility 

caused by the soluble substances during the fresh phase [9]. These 

organic soluble substances (almost carbohydrates) may have 

strong inhibitory effects on the hydration of ordinary Portland 

Cement [8,10]. In fact, they can increase the PH of the cement 

mixture to more than 12.5 due to the formation of Ca(OH)2, 

which facilitates the dissolution of the low molecular weight sub-

stances inside the wood particles [11,12]. Therefore, the wood 

particles has to be treated before being used in the concrete com-

posite. The hot water extraction (HWE) process is one of the 

common treating methods used for reducing the effect of soluble 

substances, as well as for increasing the volume stability and sur-

face roughness [13,14]. The extracted boiling water has a clear 

brown color for soft and hard wood (redwood), and its main com-

pounds are lignin, tannins, phenol, acid resin and volatile fatty 

acids [15]. The lignocellulose component contains different sac-

charides with varying softening temperatures and solubility levels 

in water. Therefore, the saccharide concentrations in the boiling 

water can be changed according to the time and the temperature, 

as well as the wood concentration. These saccharides can have an 

important effect on cement hydration, either by retarding the for-

mation of calcium silicate hydrate (C-S-H) or by forming a semi-

permeable membrane around the cement particles [8]. This re-

search provides an exciting opportunity to advance our knowledge 

about their chemical compositions and their concentrations in 

boiling water. The investigation of these, along with their retard-

ing effect on cement hydration, is the primary focus of the first 

section of this research. 

The second part of this research is a discussion of the possibility 

of using treated wood particles (soft wood and redwood) as a filler 

in concrete composites. These particles were fully saturated by 

water in order to: 1- keep the water/cement ratio constant in the 

mixture, which was necessary for the hydration process [16]; 2- 

minimize the extraction of the residual soluble substances from 

inside the wood particles [17]; 3- increase the possibility of envel-

oping the exterior surface of wet particles with a layer of dry ce-

ment, to improve the interface bonding with the other components 

(fine and coarse aggregate); and 4- increase the wood density by 

more than double due to water absorption, in order to reduce the 

segregation of wood particles during the mixing process [18]. 

Segregation can also be controlled by reducing the workability to 

a minimum level. In contrast, using dry wood particles represents 

a very poor choice; even when adding adequate water content 

(W/c + wood absorption), the dry wood particles absorb the water 

from the mixture slowly, and thus the free water increases the 

workability, causing segregation (floating) of the particles on the 

upper surface throughout the mixing and placing processes. 

2. Materials and Sample Preparation  

The materials used in this research were characterized according 

to the standard specification protocols in order to define the fea-

tures necessary to directly affect the results.  
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2.1. Materials 

The concrete mixture mainly consisted of cement, which worked 

as a binder after the hydration process, as well as fine and coarse 

aggregates, which were responsible for the concrete’s strength. 

Two types of wood particles were used as a partial replacement 

for the coarse aggregate proportion, and tap water was used in the 

mixing process and the curing of the concrete samples. 

2.1.1. Cement 

High early strength Portland cement (Type III) was used to manu-

facture all the concrete samples. This type of cement was chosen 

to facilitate the detection of the effect of boiling water of wood 

particles on its initial setting time, and its increase in strength due 

to the cement hydration process.  

2.1.2. Fine and Coarse Aggregates 

Local aggregates resourced from a river were used, the chemical 

and physical properties of which were tested in the laboratory of 

the Civil Engineering Department. The coarse aggregate had a 

maximum size of 10 mm and a modulus of finesse of 2.7, which 

represented a good size grade according to the standard test of 

ASTM (C136/ C136M-14). Also, the sieve analysis proved that 

the fine aggregate had a good size distribution according to the 

same standard test of ASTM (C136/ C136M-14). These two types 

of aggregates were washed with tap water to thoroughly clean 

their surfaces and to obtain fully saturated particles.   

2.1.3. Soft Wood and Redwood 

Two types of wood were chopped and treated with hot water. Both 

types of wood particles (soft wood and redwood) were soaked in 

water for 24 hours, then boiled at 160-180℃ for 2 hours. The 

wood particles were filtered and kept saturated until they were 

used to produce the wood-concrete samples. These particles, 

which had a maximum size of 10 mm, were used as a partial re-

placement for the coarse aggregate. The residual boiling water was 

chemically analysed and used instead of tap water in the concrete 

mixtures to study its effect on the setting time of hydraulic cement, 

as shown in Figure 1.  

2.1.4. Water 

Normal (tap) water was used to evaluate the setting time, as well 

as to prepare the reference concrete samples, while the boiling 

water was only used with the cement to investigate the effect of 

soluble wood substances on the setting time of Portland cement. 

 
Fig. 1:  Images of wood particles before and after treatment, and the 
extracted water. (A): soft wood.  (B): redwood. 

2.2. Sample Preparation 

A reference sample was prepared with a mix proportion of 1: 2: 4 

(cement: sand: gravel) without wood particles. These components 

were mixed with a minimum water content of 30% wt. of cement. 

The admixture of high range water reduction (EPSILONE HP 580) 

was used in order to obtain high strength and good workability. 

The average slump test result obtained was 50∓25 mm when 1% 

wt. of this admixture was used as a percentage of cement weight. 

Then, two series of concrete composites were produced. The first 

series contained the soft wood particles in proportions of 5, 7.5 

and 10% wt. as a partial replacement for coarse aggregate. The 

second contained the redwood particles in proportions of 5, 7.5 

and 10% wt. as a partial replacement for coarse aggregate. 70 

cubic samples of (150 mm for each side) were placed to investi-

gate the compressive strength at 7 and 28 days, as shown in Figure 

2. One hollow wood-concrete brick was manufactured in order to 

provide a realistic example of the final product application. 

 
Fig. 2: Placing, testing, and final product of wood-concrete composite. 

3. Results and Discussions 

In this section, the chemical components of the boiling water, the 

effects of the boiling water on the setting time of hydraulic cement, 

and the effects of wood particles on the concrete density and com-

pressive strength, were reviewed and discussed. 

 

3.1. Chemical Compositions of the Boiling Water of 

Wood Particles 
 

A chemical analysis test was conducted to determine the concen-

tration of monomeric sugars in the boiling water of wood particles, 

as listed in Table 1. 

 
Table 1:  Concentrations of monomeric sugars in the boiling water of 

wood particles. 

Boiling 

water 

Concentration of monomeric sugars (mg/ml) 

Glu-
cose 

Man-
nose 

Galac-
tose 

Arabi-
nose 

Xy-
lose 

Total 
Sug-

ars 

Soft 

wood 

0.011 0.018 0.072 - 0.009 0.167 

Red-

wood 

0.015 0.013 0.085 - 0.012 0.188 

The chemical reaction of lignocellulose substances with cement 

compounds is mainly dependent on the type of cement, i.e., the 

quantities of the cement’s constituents. These types of chemical 

reactions are still unknown due to complex mechanisms that de-

pend on many factors. For example, glucose reacts first with 

tricalcium aluminate (C3A), and then the residual glucose can have 

the effect of retarding the reaction of tricalcium silicate (C3S) [19].   

3.2. Setting Time of Hydraulic Cement 

 
The optimum consistency of cement paste was tested using Vicat 

apparatus for many trials of water/cement ratios in order to deter-

mine the optimum ratio. The results indicated that the optimum 

w/c ratio was 30.5 as a percentage of cement weight. Then, three 

types of water were added to dry cement in order to study their 

effects on the setting time of hydraulic cement. According to the 

ASTM (C191-04), three samples of normal (tap) water, boiling 

water of soft wood, and boiling water of redwood were prepared, 
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and then tested at the same times and conditions, as shown in Fig-

ure 3. 

 
Fig. 3:  Effects of boiling water of wood particles on setting time of ce-

ment. 

 

The setting time of hydraulic cement was affected by the water 

type. The initial setting time was 95, 146 and 160 minutes for the 

normal water, boiling water of redwood, and boiling water of soft 

wood, respectively. The extracted soluble substances from the 

wood particles due to the water and the effect of elevated tempera-

ture inhibited C-S-H formation, thus retarding the setting of the 

cement paste [20]. These results concurred with several studies on 

the effects of sucrose and glucose which have concluded that, 

depending on their concentration, they can not only alter the set-

ting of cement paste for several days, but also the micro-structure 

of C-S-H [9,21]. 

3.3. Wood-Concrete Density 

After 25 days of curing, the samples were removed from the water 

tank and dried in an open area for 48 hours, and then oven-dried at 

105 ℃ for 24 hours. The bulk density of each sample was then 

calculated by measuring the mass with an electrical balance of 0.1 

gm. of accuracy, then dividing that by the measured volume after 

taking three distance measurements for each side with a digital 

caliber (Vernier scale), as indicated in Figure 4. 

 

 
Fig. 4:  Concrete density corresponding to wood particle proportions. 

 

Figure 4 provides the experimental data on the density, which 

decreased when the wood particle replacement percentage was 

increased. When the wood particle replacement was increased to 

10% wt., the composite density of the redwood and soft wood 

decreased by about 4.2% and 5% respectively, compared to the 

coarse aggregate. The concrete composite consisting of redwood 

particles exhibited a slightly higher density than the concrete with 

soft wood particles. In fact, the redwood had fewer voids than the 

soft wood, while the soft wood contained more lignin, which can 

restrict the volume change at normal temperature [22]. Wood cell 

walls are mainly composed of lignin, which works as an imperme-

able layer, as well as a cementing agent, giving the wood cell its 

rigidity and compressive strength. Treating wood particles with 

boiling water leads to softening, and dissolving the soluble con-

stituents causes an inverse behaviour for these wood types. After 

applying hot water extraction (HWE) technology, the redwood 

became more volume stable and had less water absorption than the 

soft wood [23,24]. 
 

3.4. Compressive Strength 
 

Samples of different types of wood particles and different propor-

tions of coarse aggregate replacement were tested for compressive 

strength according to the ASTM (C39) standard with a universal 

machine. The compressive strengths at 7 and 28 days were record-

ed for 70 cubic samples, while the average was considered for 

every 5 samples of the same components, as shown in Figure 5. 

 

 
 

 
Fig. 5: Concrete compressive strength corresponding to wood particle 

percentage (A) at 7 days and (B) at 28 days. 

The reference samples (0% wood particles) exhibited very good 

compressive strength at 7 days due to the use of high early 

strength cement, as well as the use of the minimum w/c ratio. Thus, 

the compressive strength of these samples only increased by 12.4 % 

at 28 days, compared to their resistance at 7 days. On the other 

hand, the concrete consisting of wood particles had an increase in 

compressive strength of more than 25% at 28 days, compared with 

the resistance at 7 days. These results demonstrate the effect of 

wood particles on the hydration process at early age strength. The 

treatment of wood particles was not very efficient of extracting all 

the soluble substances, which can affect the tricalicium silicate 

(C3S) reaction. Indeed, C3S is responsible for high early strength 

while dicalcium silicate (C2S) is responsible for the final strength, 

and both of them generate calcium silicate hydrate (C-S-H), which 

is similar to the mineral tobermorite. In fact, sucrose does not 

react with tricalcium aluminate (C3A) but can react with the more 

rapidly strengthening compound (C3S) to enhance the formation 

of ettringite at an early stage [25]. Similar to the gypsum quantity 

effect, increasing the ettringite formation leads to great expansion, 

which can cause an increase in the generation of micro-cracks. 

The effects of these micro-cracks, as well as the porous structure 

caused by the (C3A) reaction, can be reduced by the new hydra-

tion products of (C2S).  
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The composites of redwood particles had better compressive 

strength than the composites of soft wood particles. As shown in 

Figure 5, a significant decrease in strength occurred when 5% of 

wood particles were added, as compared with the strength of the 

reference composite, while a slight decrease in compressive 

strength was observed when the wood proportion was increased. 

In order to investigate the double effect that adding wood particles 

had on the physical and mechanical properties of the conventional 

concrete mixture (1:2:4), the specific compressive strength for 

each mix proportion was calculated by dividing the compressive 

strength by the density, as shown in Table 2. There was no signifi-

cant decrease in specific compressive strength when the wood 

replacement was increased up to 10%, due to the decrease in den-

sity. 

 
Table 2:  Physical and Mechanical Properties of Wood-Concrete Composites. 

Sample 

 

Wood type Weight frac-

tion (%) 

Slump (mm) Bulk density 

(gm./cm3) 

Compressive 

strength at 28 days 

(MPa) 

Specific compres-

sive strength  

Ref,0 - 0 50 2.369 48.633 20.523 

CompSW,5  
Soft wood 

5 62 2.307 34.593 14.991 

CompSW,7.5 7.5 68 2.270 32.701 14.402 

CompSW,10 10 75 2.249 31.921 14.191 

CompRW,5  

Redwood 

5 60 2.328 38.873 16.695 

CompRW,7.5 7.5 70 2.290 33.962 14.826 

CompRW,10 10 73 2.268 33.428 14.738 

 

This behaviour enhanced our curiosity about whether increasing 

the wood proportion even more would improve the physical prop-

erties (density, acoustic and thermal insulation) of the concrete 

mixture yet again. 

4. Conclusion 

Returning to the questions posed at the beginning of this research 

about the effects of wood particles on the density, setting time and 

compressive strength of concrete, it is now possible to state the 

following interesting results:  

1-The density decreased when the wood particle replacement was 

increased, and the concrete composite of redwood particles had a 

higher density than the concrete of soft wood particles. 

2-The setting time of hydraulic cement was affected by water type. 

The initial setting time was 95, 146 and 160 minutes when using 

normal water, the boiling water of redwood, and the boiling water 

of soft wood, respectively. It was also confirmed that the soluble 

substances of wood particles inhibit C-S-H formation , thus retard-

ing the setting of cement paste.  

3-The composites containing redwood particles had better com-

pressive strength than the composites with soft wood particles. 

However, a significant decrease in strength occurred when 5% of 

wood particles were added, when compared with the strength of 

the reference composite, and then a slight decrease in compressive 

strength was observed when the wood proportion was increased to 

10% wt.  

4-There was no significant decrease in specific compressive 

strength when the wood replacement was increased up to 10% due 

to the decrease in density. This behaviour supports our idea to 

investigate whether increasing the wood proportion even more 

would help to achieve additional improvements to the physical 

properties (density, acoustic and thermal insulation) of concrete 

mixtures.  

Further research should therefore concentrate on the physical 

properties of concrete (acoustic and thermal insulation), as well as 

the use of hollow wood-concrete blocks, for bearing wall applica-

tions. 
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