
 

International Journal of  

Advanced Structures and Geotechnical Engineering 

ISSN 2319-5347, Vol. 04, No. 02, April 2015 

 

IJASGE 040208 Copyright © 2015 BASHA RESEARCH CENTRE. All rights reserved 

Pre-saturated Sawdust as a source of Internal curing in high performance 

concrete 

 
IFTIKHAR AZIM

1
, BAZID KHAN

2
, SHAMS-UL-ISLAM

2
, SIKANDAR HAYAT SAJID

3 

1
Department of Public Health Engineering, Peshawar, Pakistan 

2
CECOS University of IT & Emerging Sciences, Peshawar, Pakistan 

3
University of Engineering & Technology, Peshawar, Pakistan 

Email: iftikhar.azim@live.com 

Abstract: This research paper presents a parametric experimental study which investigates the use of pre-

saturated sawdust for producing high performance concrete (low w/c ratio concrete mixtures). Pre-saturated 

sawdust is used as a source of internal curing by partially replacing sand. Pre-saturated sawdust is used to re-

place fine aggregate at three replacement levels of 5, 10 and 15% by mass respectively. The samples are sub-

jected to different curing conditions. Compressive strength tests are conducted and comparison with control mix 

and unit weight analysis is also carried out. The compressive strengths of the samples without external curing 

for 5% replacement level are improved by 81.92%, 51.16%, 4.01% and 7.64% at 3,7,14 and 28 days respective-

ly. While the compressive strengths of specimens with external curing for 5% replacement level are improved 

by 8.55%, 27.57%, 50.35 and 6.26% at 3,7,14 and 28 days respectively. The unit weight is decreased by 5.52%, 

10.71% and 17.49% for 5, 10 and 15% replacement levels of sawdust, respectively. The controlling factors for 

sawdust compressive strength are discussed and experimental results are reported. 
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1. Introduction: 

Concrete is an amalgamation of carefully propor-

tioned aggregates and a binding agent whose chemi-

cal reaction with water gives binding strength to hold 

the coarse and fine aggregates together.   A number 

of dynamic ways are executed in recent times for 

preparing a better concrete. One of them is the identi-

fication that the stability in concrete results from the 

selection of materials and procedures. Another way is 

the concept of high performance concrete and the de-

velopment of these concepts by the inspired concept 

of internal curing (IC) [1]. The most challenging task 

that is experienced nowadays is to increase the com-

pressive strength of concrete while at the same time 

diminishing the self-weight of concrete. The use of 

High Performance Concrete (HPC) is increased re-

cently. The reason for HPC is to get resistance to 

chemical attack and freeze thaw, increased strength, 

low permeability and early age strength. These are 

the properties of concrete that are improved in HPC 

but are not fulfilled completely. In order to enhance 

these properties, internal curing is used to achieve 

end-results, including durability [1]. The HPC appli-

cations are growing constantly such as in high rise 

buildings, airport pavements, marine construction etc. 

HPC with very low w/c proportion is prone to low 

workability and self-desiccation that results in 

autogenous contraction and cracking [2]. 

Internal curing is permitting the concrete for curing 

'from inside to outside' through IC such as super ab-

sorbent polymers, pre-wetted lightweight fine aggre-

gates, pre-wetted wood fibers etc [3].  

The specific IC agent used in this research is saw-

dust. Sawdust is easily available in Pakistan. Sawdust 

can be achieved economically from sawmills in Paki-

stan. The sawdust used in this research is locally 

known as ‘Shawwa’. This study is intended to exam-

ine the value of Sawdust as a source of IC and to find 

the finest percentage of sawdust that can be used to 

replace the fine aggregates in concrete which will 

improve the compressive strength meanwhile causing 

reduction in unit weight. The  

compressive strength that can be achieved by IC 

could be more than that possible under saturated cur-

ing conditions due to increased water availability [2]. 

Increase in the compressive strength of HPC using IC 

agents remains the subject of research interest. 

Although the concept of IC is new, it has been ob-

served since the 1950s that water provided by perme-

able lightweight aggregates is helpful to the concrete 

[4]. The IC has been recently used to improve the 

qualities of concrete. The basic method for IC is to 

place additional water in key areas all through the 

concrete [5]. In High Strength Concrete (HSC), IC is 

a conventional approach to give water other than 

mixing water for continued hydration since in HSC; a 

low w/c ratio is traditionally adopted [6]. IC also 

saves cement from being waster in HSC as when a 

low w/c ratio is adopted, there is insufficient water 

supplied by mixing water to maintain hydration and a 

high internal relative humidity [7]. IC agents are 

permeable materials with insubstantial mechanical 

properties and their use in a high dense HPC matrix 

can alter the properties of HPC [2]. If different IC 

agents are used, the one with the lower density may 

limit the concrete strength because of its poor me-

chanical properties [8]. 
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2. Methodology: 

Sawdust in this research is obtained from a wood 

sawing machine. The sawdust is passed through a 6 

mm (0.25 in.) sieve as is the general recommendation 

for such sawdust [9]. Some species of sawdust con-

tain extractable materials that can hinder with hard-

ening properties, especially in lean concrete mixes. 

The setting of concrete is also affected by some spe-

cies of Sawdust. Therefore, for these reasons, the 

sawdust is pre-treated before using it in concrete by 

soaking and washing it in water [9]. The degree of 

saturation of sawdust is found to be 397.25% of its 

oven dried mass and is calculated according to 

ASTM C1761 [10]. 

The fine and coarse aggregates are obtained from lo-

cal quarries. The fineness modulus of fine and coarse 

aggregates is 2.73 and 3.52, respectively.  

The physical properties such as specific gravity 

(SSD), moisture content and water absorption of fine 

and rough aggregates are presented in table 1. 

 

Table 1: Physical properties of aggregates 

 

2.1 Control mix: 

Two control mixes are prepared for comparison pur-

poses. Mixes are acquired by integrating fine aggre-

gate, coarse aggregate and cement in the ratio of 

1:1.44:1.44 by weight based on actual data obtained 

from tests on fine and coarse aggregates. The differ-

ence between these two control mixes is the curing 

condition. One of the mixes is cured externally and 

the other mix is only covered with polyethylene bags. 

The w/c ratio by mass is kept as 0.35. 

 

2.2 Sawdust Concrete: 

Sawdust concrete is acquired by fractional substitu-

tion of fine aggregate of the control mix by pre-

saturated sawdust. Four substitution levels 0%, 5%, 

10% and 15% by mass are chosen. The mixes are 

designated as S0, S1, S2 and S3 for control mix, 5%, 

10% and 15% sawdust replacement levels with no 

external curing. While in case of sawdust concrete 

with external curing, mixtures of the control mix, 

5%, 10% and 15% sawdust replacement levels are 

designated as SD0, SD5, SD10 and SD15 respective-

ly. The w/c ratio and material proportions are kept 

the same as that for control mix. A typical sawdust 

concrete mix is shown in fig. 1. 

 
Fig. 1. A typical sawdust concrete mix with replace-

ment level of 15% 

 

2.3 Curing conditions: 

The samples gathered from the different concretes 

are subjected to the subsequent curing situations: 

• Control mix samples with no external curing. 

This is accomplished by wrapping the samples in 

polyethylene bags.  

• Control mix samples with external curing. This is 

achieved by placing the specimens in water up to 

the day of testing. 

• The specimens achieved from sawdust concrete 

are subjected to internal curing only. This is done 

by wrapping the samples in polyethylene bags. 

• The specimens of sawdust concrete with external 

curing. 

For each mix and curing condition, standard cylindri-

cal specimens of 6 in. x 12 in. are tested.  

 

2.4 Testing procedure: 

Compressive strength tests and unit weight measure-

ment are done in order to observe the effectiveness of 

sawdust as a source of IC. Compressive strength tests 

are conducted for the control mix and sawdust con-

crete along with the different curing conditions. 

Compressive strength tests are performed according 

to ASTM C-39 test procedure [11]. 6” x 12” standard 

cylindrical specimens are tested for compressive 

strength at 3, 7, 14 and 28 days respectively. The unit 

weight of the samples is found out by simply weigh-

ing the sample and dividing the sample weight by the 

volume of the standard cylindrical specimen mould. 

 

3. Interfacial transition zone: 

Cement paste and cement aggregate are the two dif-

ferent components of which concrete is composed. 

Both components affect the properties of each other. 

Cement paste can influence the aggregate by causing 

a chemical reaction between the reactive silica in the 

aggregate and highly alkaline pore solutions. The 

cement paste is also affected by presence of aggre-

gate. In fresh concrete, when cement particles are 

floating in mixing water, they cannot gather smoothly 

when they are in the close surrounding area of spec-

imens aggregate. This packing of particle phenomena 

is called the “wall effect”. The wall effect in the ce-

ment is magnified by the compressing pressure exert-

ed on the cement mixture by the aggregate particles 

in the process of mixing. This segregates water from 

Physical 

properties 

Coarse 

aggregate 

Fine 

aggregate 

Specific 

gravity (SSD) 

2.638 2.488 

Moisture 

content 

0.0% 0.88% 

Water 

absorption 

0.266% 6.38% 
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the cement particles. The outcome is a contracted re-

gion about the aggregate particles with a reduction of 

cement particles, and supplementary water. This phe-

nomenon is termed the interfacial transition zone 

(ITZ) [12]. 

 

4. Test results and discussion: 
Fig. 2 shows a standard cylindrical specimen being 

tested on the Universal Testing Machine (UTM) in 

laboratory. 

 

 
Fig. 2. Testing of Standard Cylindrical Specimen on 

UTM 

 

4.1 Compressive Strength results for sawdust 

without external curing of S0, S1, S2 & S3 

mixes: 

Fig. 3 shows compressive strength of the sawdust 

concrete at 3, 7, 14 and 28 days. 

 

Table 2: Percentage decrease in unit weight of saw-

dust lightweight concrete 

 

 
Fig. 3. Compressive Strength vs Sawdust Content 

 

Fig. 3 shows that the early age strength of S1 is 

greater than control mix. The strength gain can be 

clearly observed in the course of 3 and 7 days. The 

compressive strength of 3 and 7 days of S1 is 81.92% 

and 51.16% more than the control mix. The 14 and 

28 days compressive strength of S1 is 4.01% and 

7.64% more than that of the control mix. The mix S1 

early development of strength (3 and 7 days) along 

with 14 and 28 days is greater than control mix, S2 

and S3. Higher early age strength observations are 

observed by other researchers using Liapor as an IC 

agent [8]. The higher early age strength gain of S5 

than S0 and the final 28 days compressive strength 

can be best explained considering the moisture condi-

tions of the concrete, the improved ITZ, the internal 

curing procedure and the decrease of eigenstresses 

due to lack of self-desiccation diminution. 

1)  Since internal curing provided by saturated 

lightweight aggregate is very effective in turning ear-

ly age shrinkage into expansion [8]. Early age expan-

sion of lightweight aggregate concrete is because of 

the expansion of the cement paste that is cured in al-

most saturated conditions, on account of water from 

the lightweight aggregate. The early age expansion 

depends more upon the degree of saturation of the 

lightweight aggregate and less upon their particle 

size. The sawdust particle size used in this research is 

smaller such that they can easily pass through 0.25 

in. size sieve and the degree of saturation is calculat-

ed to be 397.25% as shown earlier. The early-age ex-

pansion is larger for smaller lightweight aggregate. 

As a result the strength is increased due to absence of 

shrinkage induced micro-cracking.  

2)  The increased strength can also be due to im-

proved interfacial transition zone and enhanced hy-

dration due to internal curing. The improvement in 

the quality of the ITZ could also have contributed to 

the strength because of the bond between the matrix 

and the lightweight aggregate [8].  

3)  Continued hydration at later stages because of the 

extra water absorbed by the sawdust can also con-

tribute to the strength gain.  

The compressive strength decreased evidently as the 

percentage of sawdust is increased even though the 

sample curing demand is fulfilled. The decrease in 

compressive strength for S10 for 3,7,14 and 28 days 

is 44.16%, 47.23%, 51.61% and 41.69% respectively. 

While for S15, the decrease in strength is found to be 

67.97%, 83.54%, 93.29% and 90.30% for 3, 7, 14 

and 28 days respectively.  The following factors can 

be considered for the explanation of decrease in 

compressive strength.  

1)   The reduction in the compressive strength of the 

concrete as the sawdust percentage increase is due to 

the additional water immersed by pre-saturated saw-

dust is not entirely restrained. As internal curing re-

quires complete absorption of the additional water, 

therefore, it affected the w/c ratio representing voids 

in the concrete and thus reduced the compressive 

strength. However for IC, it is obligatory that the ab-

sorbed water ought not to be free [13]. Therefore as a 

result, it affected the w/c ratio representing voids in 

the concrete and the compressive strength is de-

creased.  

2)  Partially dried concrete shows higher strength 

than moist concrete [14]. The same is observed here 

Type of 

concrete 

w/c Average 

Unit 

weight 

(pcf) 

Percentage 

reduction 

in Unit 

weight (%) 

Control 

mix 

0.35 143.29 0 

SD5 0.35 135.38 5.52 

SD10 0.35 127.94 10.71 

SD15 0.35 118.23 17.49 



IFTIKHAR AZIM, BAZID KHAN, SHAMS-UL-ISLAM, SIKANDAR HAYAT SAJID 

International Journal of Advanced Structures and Geotechnical Engineering 

ISSN 2319-5347, Vol. 04, No. 02, April 2015, pp 109-113 

as the percentage of pre-saturated sawdust is in-

creased, the amount of curing water also increased as 

a result, the compressive strength dramatically de-

creased. 

 

4.2 Compressive Strength results for Sawdust 

with external curing at SD0, SD1, SD2 & 

SD3 replacement level: 

Fig. 4 shows the trend line for 3, 7, 14 and 28 days. 

The trend of early strength gain of 5% sawdust is ev-

ident with external curing. 

 

 
Fig. 4. Compressive Strength vs Sawdust Content 

 

The 3 and 7 days strength of SD1 is 8.55% and 

27.57% greater than that of control mix. The 14 days 

strength of SD1 is 50.35% greater than control mix. 

Also the 28 days compressive strength of SD1 is 

6.26% more than control mix. Early age strength gain 

can also be seen here for 5% sawdust replacement 

level. The final age strength here is also greater than 

control mix, SD10 and SD15. Improved ITZ, absence 

of shrinkage induced micro-cracking and continued 

hydration are contributed in the gain of strength. The 

decrease in compressive strength for SD10 for 3,7,14 

and 28 days is 82.34%, 50.56%, 29.32% and 57.55% 

respectively. While for SD15, the decrease in 

strength is found to be 98.60%, 97.59%, 90.38% and 

85.80% for 3, 7, 14 and 28 days respectively. The 

trend of decrease in compressive strength with the in-

crease in the sawdust concrete percentage can be ob-

served also in the externally cured samples. The 

strength decreased as the percentage of pre-saturated 

sawdust is increased; spalling is associated with it, 

particularly in the specimens of 15% pre-saturated. 

After 24 hours of casting the cylinders, during the 

demolding operation; spalling is most often allied 

with the specimens which indicate failure. Also as 

sawdust amount is increased, amount of water in-

creased and the water is not fully contained by saw-

dust, this can contributed to the decrease in strength. 

The specimens with higher sawdust content are 

moister than specimens with lower sawdust content 

which also decreased the compressive strength dra-

matically [14] 

 

4.3 Comparative statements of Unit weight of 

Sawdust concrete and control mix: 

In this study, sawdust is utilized as an internal curing 

agent. Table 4 demonstrates the reduction in the unit 

weights of SD5, SD10 and SD15 with control mix. 

The decrease in unit weight of sawdust lightweight 

concrete is shown in the graph in Fig. 5. 

 

 
Fig. 5. Unit Weights comparison 

 

5. Conclusions: 

The accompanying conclusions are drawn from this 

exploratory work: 

• 5% use of Sawdust as partial replacement of fine 

aggregates is found as an effective source of internal 

curing.  

• The effects of sawdust on compressive strength 

with and without external curing are higher for early 

strength (up to 14 days) and lower for later strengths 

(28 days). The percentage increase for sawdust con-

crete’s strength with no external curing for 3, 7 and 

14 days are 81.92%, 51.16 and 4.01% respectively. 

And with external curing for 3, 7 and 14 days are 

8.55%, 27.57% and 50.35% respectively.  

• The use of sawdust in the concrete reduced the 

unit weight of concrete. For instance, the diminution 

in the unit weight is found as 5.52% for SD5. Reduc-

tion in unit weight of the construction material is 

good to have lower dead loads and consequently 

lower strength demand. Also the risk of the damages 

in a seismic event is lower given the lesser inertial 

forces because of lower weight of the structure. 

 

6. Recommendations: 

Based on this experimental study, the following rec-

ommendations are formulated for further research 

work on sawdust as a source of internal curing: 

1) For early gain of strength particularly in the initial 

3 days, 5% sawdust replacement (in cases without 

external curing and with external curing) is greatly 

recommended. Firstly, it will gain strength at timely 

rate. Secondly, it will give higher 28 days strength as 

compared to the control mix at w/c ratios lower than 

0.35. 

2) Even though the 10% sawdust replacement level 

28 days compressive strength is almost 41%  smaller 

than the Control mix, however, this proportion can be 

further decreased if the replacement of sawdust con-

crete at a w/c proportion smaller than 0.35 is done. 

The use of pre-saturated sawdust prepared a worka-

ble mix due to which the lower w/c ratios will not 

create the problem of harsh mix.   
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3) For the selection of the best internal curing agent a 

comparison among various internal curing agents is 

desired to be drawn. 

4) The increase in the percentage of sawdust resulted 

in the decrease of the compressive strength of pre-

saturated sawdust specimens. But the 10% pre-

saturated sawdust shows strength gain subsequently 

which may possibly show that the old age strength 

can be equivalent to the standard strength concrete. 

Therefore, evaluation of the compressive strength at 

age more than 28 days is required to be done. 
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