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ExtEndEd AbstrAct:
Ultra Cellulose Fibers are hydrophilic fibers which can hold most of their 

weight water when it is mixed into concrete, after concrete is hardened, these fi-
bers will slowly release this water to unhydrated cement during the critical early 
phases of curing which assist in more complete hydration, this internal self cur-
ing action results in more completely hydrated cement which contributes to more 
strength development and more control of internal microcracking, particularly 
when normal curing is not adequate. Also, these fibers can be used easily in ready 
mixed concrete batch plants and in hot weather environments. 

The results indicated clear improvements in both the shrinkage and com-
pressive strength of all cement paste mixes contained these fibers in comparison 
with control ones in both normal and aggressive curing conditions. 
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1. Introduction

Previous research work concerning the effect of ultra cellulose fibers 
on the shrinkage and durability of cement pastes, mortars and concretes 
are so limited as follows :

Kawashima Sh. et al(1) (2011) studied the early-age autogenous and 
drying shrinkage behavior of cellulose fiber reinforced cementitious mate-
rials and found that the additions of 1% cellulose fiber by mass of cement 
showed signifiact drying cracking control, providing some internal cur-
ing, since cellulose fibers have the capacity to absorb and release water and 
considered as candidates for internal curing like superabsorbent polymers 
(SAP) and light weight aggregates (LWA) in addition to provide crack re-
sistance, also they found that the addition of cellulose fiber did not lead to 
significant reduction in drying shrinkage. 

Sarigaphuti(2) (1993) studied the shrinkage cracking and durability 
characteristics of cellulose fibers reinforced concrete and found that: cellu-
lose fiber reinforcement of content 1% by weight of cement showed reduce 
to the crack width signiflicantly as compared to plain concrete(maximum 
crack width about 1/3 of that of plain concrete), also he found that the ad-
dition of cellulose fibers did not lead to significant reduction in drying 
shrinkage.

Fisher A.K.(3) (2000) studied the durability of cellulose fiber reinforced 
concrete(CFRC) pipes in sewage applications and found that, CFRC pipes 
showed long term durability performance against sewage applications and 
sulphuric acid resulted by biological processes when compared with ordi-
nary steel reinforced concrete (OSRC) pipes, since the performance of OSRC 
pipes is deteriorated rapidly once concrete protecting steel cage reinforce-
ment is damaged. 

Bentchikon M, et al.(4) (2004) studied the effect of cellulose-recycled 
fiber on the thermal and mechanical properties of cement paste and found 
that, the compressive strength decreases with the increase in cellulose fi-
ber cement up to 16% by mass and attributed that due to additional poros-
ity induced by fibers, while flexture strength was improved with increase 
in cellulose fiber content up to 4% by mass and thermal conductivity de-
creased abruptly till 2% of fiber content. 

Mohamed MAS. et al.(5) (2010) studied the valorization of micro-cel-
lulose fibers in self-compacting concrete (SCC) in comparison with ordi-
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nary compacting concrete having the same type of micro-cellulose fibers 
and found that, compressive strength of SCC containing 21% cellulose fi-
ber enhanced 25% in comparison with nonfibered ones, on the other hand, 
when the cellulose fiber content increased to 41%, a reduction of about 
5% of compressive strength was found. Also, compressive strength of or-
dinary compacting concrete was enhanced significantly for cellulose fiber 
content of about 21% by volume of cement, while the volumetric cellulose 
fiber content increased to 41%, the compressive strength and density are 
reduced, and the same trend was found for the flexture strength. 

John VM et al.(6) (2005) studied the durability of slag mortar rein-
forced with coconut fiber and found that cellulose based fibers are porous 
and hydrophilic, consequently when incorporated to concrete they lead to 
decrease of its workability. 

Parviz S.(7) (1998) studied the control of plastic shrinkage cracking 
with specially cellulose fibers and found that cellulose fibers reduced the 
maximam plastic shrinkage crack width of conventional and high-perfor-
mance concrete by 47% and 34% respectively. 

Parviz S.(8) (1999), studied high early strength of concrete using mix-
ture proportioning with processed cellulose fibers for durability and found 
that processed cellulose fibers does not increase the restrained shrinkage of 
concrete, while increase the early age strength of concrete. 

Macvicar R.(9) (1999) et al. studied the Aging mechanisms in cellulose 
fiber reinforced cement composites and found that substantial reduction 
in porosity, water absorption, and nitrogen permeability can be achived in 
collulose fiber reinforced cement composites using accelerated carbonation 
aging tests. 

Xuli Fu and Chung D.L.L.(10) (1996) studied the effect of Methylcellu-
lose admixture on the mechanical properties of cement and found that ad-
dition of methylcellulose(0.2–0.8% by weight of cement) to cement paste 
increased the tensile strength and tensile ductility, but decreased the com-
pressive strength and compressive ductility. 

Jarabo R. et al.(11) (2012) studied the use of cellulose fibers from hemp 
core in fiber – cement production, and effect on floccuation, retention, 
drainage and product preperties and found that the use of agricutural 
waste materials, particularly, industrial hemp straw as ecofriendly and re-
newable source of cellulose fibers and can be applied to enhance mechanical 
properties of cellulose fiber cement production. 
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2. Experimental Work

In this work the effect of ultra celulose fibers on the properties of ce-
ment pastes under normal and aggressive curing conditions were investi-
gated. 

2.1. Materials

2.1.1. Ordinary Portland cement (OPC) 

The cementitious materials used during this study was ordinary part-
land cement (OPC), type (CEMI, 52.5N), obtained from Beni-Suef cement 
factory in Egypt and complies with ESS (4756-1-2006) [12], the chemical 
analysis of OPC is shown in table 1. 

2.1.2. Ultra Cellulose Fibers (UCF) 

Ultra cellulose fibers (C6 H12 O5)n [20] during this study were ob-
tained from textile departement in NRC, its physical and mechanical prop-
erties are shown in tables 2, 3, it was made from 100% virgin specially 
cellulose sheet with patented alkaline resistance, which was cut to small 
pieces 2 x 2 mm fig. 1 shows the shape of the fibers. 

2.1.3. Superplasticizer (SP)

Polycarboxylic ether polymer based PCE sky, gelenium ACE 30 ob-
tained from BASF company in Egypt was used during this study. 

2.2. Mix design and preparation of specimens

Standard cement paste was prepared according to ESS (2421-1993) 
[13] to determine the standard water – cement ratio, which was found 
in this study 24.5% for all mixes, while superplasticizer changed from 
(0.8 to 1.7)% of cement to maintain the same water-cement ratio for all 
mixes. 
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Oxide content OPC

SiO
2

19.8

Al
2
O

3
5.5

Fe
2
O

3
3.4

CaO 63

MgO 1.2

Na
2
O 0.46

K
2
O 0.19

SO
3

3

Loss on ignition 2.5

Description Results 

Water Absorption Up to 80% of fiber wt. 

App. Density(gm/cm3) 1.1

Ave. dimensions(mm) 2x2 mm

Surface area(cm2/gm) 25000

Description Results 

Tensile strength
(Ksi)

90–130

Modulus of Elasticity
(Mpa)

8500

Table 1.
Chemical Analysis of OPC, wt. %

Table 2.
Physical characteristics of ultra cellulose fibers

Table 3.
Mechanical properties of ultra cellulose fibers
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2.2.1. Mix design

Cement pastes were prepared, mixed, casted, cured and tested in HBRC 
(Laboratories of Quality Control and Material Institute), five cement paste 
mixes are designed and shown in table 3, from which it can be norticed that 
mix M1 is control mix (without Ultra Cellulose Fibers ) (UCF), while mixes 
M2, M3, M4 and M5 are main mixes with different values of UCF (0.5, 1, 
1.5, 2%), respectively as weight percentage of cement content. 

2.2.2. Mixing Procedure:

• Cement and ultra cellulose fibers (UCF) are mixed in dry state for 1 min 
in a small planetary mixer with low speed, followed by addition of 50% 
of mixing water to cement and UCF mixed with high speed for 2 min, 
followed by addition of ready mixed liquid including superplasticizer 
and 50% remained water and mixed at low speed for 3 min, then for 
1.5 min at high speed until the mix becomes homogenous.

• The mixture of each mix was poured into mould contained thirty cube 
of size 20x20x20 mm for compressive strength measurements for both 
normal and aggressive curing conditions, while the remained part of 
mix was poured in shrinkage mould of dimensions 25x25x280 mm for 
drying shrinkage measurements.

2.2.3. Curing Procedure

• All samples were demoulded 24 hours after casting and then water 
cured until the age of testing after 7, 14 and 28 days, then half of cubic 
samples are extracted from potable curing and put at the age 28 days in 
aggressive curing (0.1 N sulphuric acid i.e. 3.675 ml/liter) and tested 
after exposure time of 7, 14, 28 days and one year to evaluate the dura-
bility of UCF samples in comparison with control samples. 

2.2.4. Testing Procedure

2.2.4.1. Compressive Strength 

At the date of testing, three samples of each group were extracted from 
curing conditions, weighed and measured their dimensions, then tested in 
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compression testing machine and the average result is recorded in table 5 
for normal curing samples and table 6 for aggressive curing samples.

2.2.4.2. Mass Loss

The mass loss of specimens due to immersion in acidic solution was 
monitored at ages 7, 14, 28 days and one year. Before tests specimens were 
washed off with tap water and the mass loss is calculated as follows: 

ML = (Wa – Wb) / Wa х 100%, [14]     (1)

where Wa – the average initial weight of specimens before their im-
mersion in sulphuric acid; 

Wb – the average weigth of specimens after different immersion times 
in acidic solution;

ML – mass loss due to exposure to acidic solution for one year. 

2.2.4.3. Drying Shrinkage

Drying shrinkage test was carried out according to ECP(16)(2003) 
and ASTM(15)(2004) using prisms of dimensions 25х25х280 mm with two 
nails were fixed for length measurement, immediately after mixing ce-
ment paste samples with the same mix design shown in table 4, each mix 
was cast in three prism molds in three layers and consolidated by manually 
rodding, then covered by polyethylene sheet and left for 24 hours in tem-
perature 20оC and humidity 90%, then the prisms were demolded, and the 
distance betweens the two nails is measured using micrometer which will 
be the conference distance (Lo), then the samples were put in curing water 
for 48 hours and then left in air (23оC & 50% RH) until the age of testing 
7, 14, 21 and 28 days. 

The average result of the three prisms were taken for each mix and the 
following equation was used to determine the drying shrinkage:

d.s.s =  , [16] (2)
 
where, d.s.s – drying shrinkage strain, Lo – distance between the two 

nails after 24 hour (mm), Lf – distance between the two nails at the age of 
testing (mm).
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Mix. No. Mix type OPC UCF % w/c% SP%

M
1

Control 100 0.0 24.5 0.85

M
2

0.5 % UCF 99.5 0.5 24.5 0.84

M
3

1 % UCF 99.0 1.0 24.5 1.3

M
4

1.5 % UCF 98.5 1.5 24.5 1.5

M
5

2 % UCF 98.0 2.0 24.5 1.7

Table 4.
Mix composition, mass %

Fig. 1. The shape of the pieces of ultra cellulose fibers (UCF) 
before used in cement paste mixes

3. Analysis and Discussion of Test Results

3.1. Compressive Strength 

3.1.1. Normal Curing

Table 5 and Fig. 2 show the development of compressive strength test 
results for cement pastes containing different amounts of cellulose fibers 
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at different ages in normal curing, from which it can be seen that: the ef-
fect of ultra cellulose fibers content which varied in this study from zero % 
(control mix – M1) to 2% of the weight of cement, improved significantly 
compressive strength for fiber content up to 1% which can be considered 
the optimum value, this is can be attributed due to the good dispersion, 
homogeneity and compaction between the ultra cellulose fibers of (UCF) 
in cement paste of content 1% and the cement matrix, which improves the 

Mix No. Mix Type 7-Days 14-Days 28-Days one-year

M
1

Control 100 0.0 24.5 0.85

M
2

UF = Zero 47.9 73.9 85.9 118.5

M
3

UF = 0.5% 48.8 79.6 100.3 130

M
4

UF = 1% 87.2 93.1 108.5 143

M
5

UF = 1.5% 44.6 74.7 85 110

Note: units of compressive strength MPa.

Table 5.
Compressive strength for normal curing of cellulose fiber mixes 

at different ages (MPa)

Fig. 2. Compressive strength of cement pastes containing ultra cellulose fiber 
at different ages exposed to normal curing conditions
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performance of UCF fibers in IMPROVING compressive strength, more-
over the compressive strength decreased than control mix when the ultra 
cellulose fiber content exceeded than 1%, this can be attributed to the po-
rosity increase related to the paste volume increase due to the increase of 
cellulose fibers than 1%, and can be attributed also to the light weight ef-
fect of ultra cellulose fibers which reduces the density of the mix, which 
leads to lower compressive strength. 

3.1.2. Aggressive Curing 

Table 6 and fig. 3 show the compressive strength of cement pastes con-
taining ultra cellulose fibers and exposed to aggressive curing (0.1 N sul-
phuric acid) at different ages from 7 days up to one year (taken into con-
sideration that the exposure to sulphuric acid began after curing 28 days 
in potable water), it can be seen that compressive strength of cement paste 
M2 which contained 0.5 UCF showed higher strength than control mix and 
other mixes at early ages up to 7 days and at later ages at one year, which 
means that crystalline structure of cement paste contained 0.5% UCF re-
sisted deterioration by sulpuric acid better than control mix M1 without 
UCF), which will be illustrated in the microstructure study at item 4, on 
the contrary, the addition of cellulose fibers with percentages more than 
0.5% by weight of cement reduced compressive strength at all ages in com-
parison to control mix M1 (without UCF) and 0.5% UCF mix (M2), which 
can be attributed due to the nature of UCF which is non-pozzolanic mate-
rial and also free due to effect of hydrogen ions associated with the acid 
serve to accelerate the leaching of calcium hydroxide and may also attack 
the C-S-H gel to produce silica gel [17].

Although the crystalline structure of ultra cellulose fiber cement 
pastes seems to be more resisting to deterioration caused by sulphuric acid 
than control paste without UCF, they affected by the attack of sulphuric 
acid which is not a solvent for cellulose but penetrate the amorphous re-
gions of the fibers resulting in heterogeneous deterioration [18]. In this 
type of degradation UCF maintain their fibrous nature to a certain degree 
but will disply a progress loss of fiber strength, if carried to completion, 
this deterioration process would ultimately progress to a complete loss of 
fiber structure as the cellulose microfiberils are broken down into glucose 
molecules and causes the reduction of strength [19]. 
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3.2. Mass Loss

Fig. 4 and table 7 show the mass loss of cement pastes containing UCF 
after exposure to 0.1 N sulphuric acid (3.675 ml/lit), from which it was 

Mix No. Mix Type
Exposure Periods

7-Days 14-Days 28-Days one - year

M
1

Control 
UF = Zero

99.7 85 75 31.2

M
2

UF = 0.5% 114.6 83 70 44.1

M
3

UF = 1% 86.6 70.4 60 40

M
4

UF = 1.5% 44.3 43 40 35

M
5

UF = 2% 50.4 39.8 30 26.6

Note: units of compressive strength MPa. 
All the exposure periods began after 28 days of normal curing.

Table 6.
Compressive strength of cement pastes containing ultra cellulose fibers 

exposed to aggressive curing (0.1 N sulphuric acid)

Fig. 3. Compressive strength of cement pastes containing ultra cellulose fibers 
exposed to aggressive curing conditions (0.1 N sulphuric acid)
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observed that during early immersion periods up to 28 days, the mass of 
specimens decreased slightly, while after continuous sulphuric acid attack, 
relative mass reduction began to be sharp at the age of one year. Neverthe-
less, the replacement of cement by 0.5% UCF seemed to improve the acid 

Mix No. Mix Type
Exposure Periods

7-Days 14-Days 28-Days one - year

M
1

Control 
UF = Zero

2 9 11 28

M
2

UF = 0.5% 1.5 5.5 6 23

M
3

UF = 1% 4 6 8 31

M
4

UF = 1.5% 4.5 7.5 9 38

M
5

UF = 2% 2.5 8.5 10 41

Note: all exposure periods was began after 28 days of normal curing.

Table 7.
Mass loss for cement pastes containing ultra cellulose fibers 

after exposure to sulphuric acid (0.1N)

Fig. 4. (%) Mass Loss of cement pastes containing ultra cellulose fibers exposed 
to aggressive curing conditions (0.1 N sulphuric acid)
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resistance, since the mass loss of mix M2 was the smallest at all ages than 
the control mix M1 and either mixes, while the increase of the amount of 
UCF than 0.5, increased the mass loss at all ages nearly, this is can be at-
tributed due to the nature of UCF which is non-pozzolanic material. 

Also, a white layer was observed outside the samples exposed to ag-
gressive sulphuric acid after one year, which may be attributed to the reac-
tion happened between sulphuric acid and portlandite in cementing paste, 
forming gypsum along with calcium silicate hydrate decomposed.

3.3. Drying shrinkage strain test results

Table 8 and fig. 5 show the drying shrinkage strain test results of ce-
ment pastes containing different values of ultra cellulose fibers at differ-
ent ages, from which, it can be seen that. 

The addition of cellulose fibers 0.5% by weight of cement, mix No(M2) 
reduced drying shrinkage strains in all ages in comparison with control 
mix without cellulose fibers (mix № M1), this is due to cellulose fibers act 
like flexible inclusions in the cementitous matrix, and penetrate between 
the grains to fill the voids between them when water absorbed is released 
the reduction of voids volume will occur and can be expressed in a decrease 
in shrinkage. 

Mix No.
Age(days) 

1 7 14 21 28

M
1

0 0.060784314 0.088235 0.121569 0.1235294

M
2

0 0.049019608 0.062745 0.078431 0.0803922

M
3

0 0.117647059 0.133333 0.152941 0.172549

M
4

0 0.117647059 0.131373 0.160784 0.1843137

M
5

0 0.109803922 0.12549 0.141176 0.1607843

Table 8.
Drying shrinkage strain of cement pastes containing different values 

of ultra cellulose fibers at different ages
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4. Microstructure

Scanning electronic microscope (SEM) examination was carried out in 
the laboratories of building physics institute in Housing and Building Na-
tional Research Center using ESEM (Environmental Scanning Electronic 
Microscope), FEI inspect S, made in Holland. 

The specimens were taken directly from cement paste samples after 
testing in compressive strength, the shape of specimens was regular, the 
surface was flat, and the magnification power was 1500. 

4.1. Normal Curing Samples 

Fig. 6 shows the SEM micrograph of cement paste samples subjected to 
normal curing for one year with and without ultra cellulose fibers (UCF). 

The microstructure of the control sample shows the formation of near-
ly amorphous and microcrystalline particles of tobermorite-like CSH phas-
es as the dominant hydration products and hexagonal plates of calcium hy-
droxide, also many of open voids appear on the surface of the sample, which 

Fig. 5. Drying shrinkage of cement pastes containing different values 
of ultra cellulose fibers at different ages



FOREIGN EXPERIENCE

135
http://nanobuild.ru

2015 • Vol. 7 • no. 4 / 2015 • Том 7 • № 4

make the sample low dense and low compact in the structure and reduces 
the mechanical strength of the OPC sample.

Replacement of Portland cement by ultra cellulose fibers UCF was 
found to influence the hydration behavior according to the nature of cel-
lulose fibers and lead to differences in the microstructure of the hardened 
OPC samples. The microstructure of hardened cement paste modified by 
UCF of 0.5% and 1% after one year of hydration are shown in fig. 6 (b, c). 
Accordingly, the samples appeared quite dense and compact due to the 
filling of voids and pores by UCF which lead to improve the mechanical 
strength of the cement paste samples modified by UCF.

4.2. Aggressive Curing Samples

Fig. 7 shows the SEM micrograph of cement paste samples subjected to 
aggressive curing conditions (0.1 N sulphuric acid) for one year with and 
without ultra cellulose fibers. 

Regarding to the microstructures of OPC samples modified by UCF 
at different ratios and cured for one year in diluted sulphric acid, fig. 2a 
shows the morphology of cement paste (control sample) having micro-
crystalline particles of tobermorite-like CSH phases andplates of calcium 

Fig. 6. SEM micrographs for control cement pastes (a), modified by 0.5 % UCF (b) 
and by 1% UCF (c) , cured in drink water: 

a – OPC sample; b – OPC – 0.5% UCF; c –OPC – 1% UCF
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hydroxide connected with many needles of ettringite as a result of sulph-
ric acid treatment, since the penetration of sulphate ions into the cement 
paste would results in conversion of calcium aluminate hydrate and mona-
sulphate aluminate hydrate into ettringite which expands and resulting in 
internal stresses which allow ettringite crystals to grows and that lead to 
the reduction of the mechanical strength of OPC sample. In contrast the 
samples modified by UCF with the ratios of 0.5% and 1% which appear in 
fig. 7 (b, c), the surface appeared quite dense and compact in the structure 
due to the using of UCF which work as a physical filler and lead to improve 
the mechanical strength but the needle-like structure of ettringite still ob-
served.

5. Conclusions

Based on the experimental work carried out during this study, the fol-
lowing conclusions can be concluded:
• Ultra cellulose fibers are hydrophilite fibers which can hold most of 

their weight water, when it is mixed into concrete, and after concrete 

Fig. 7. SEM micrographs for control cement pastes (a), modified by 0.5 % UCF (b) 
and by 1% UCF (c), cured in (0.1 N sulphric acid): 

a – OPC sample; b – OPC – 0.5% UCF; c – OPC – 1% UCF
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is hardened, these fibers will slowly release this water to an unhydrated 
cement during the critical early phases of curing which assist in more 
complete hydration of cement which contributes to more strength de-
velopment and more control of drying shrinkage. 

• The results showed that the addition of UCF of 0.5% tended to improve 
the durability of OPC cement pastes against aggressive sulphuric acid, 
this is can be attributed to the effect of UCF fibers which behaves not 
only as a filler to improve microstructure, but also in self curing action 
which resulting in completely hydrated cement which contributes to 
more strength development and lower drying shrinkage. 

• The results indicated clear improvements in both shrinkage and com-
pressive strength of cement paste mixes contained these fibers of 
amount 1% of cement weight in comparison with control ones in both 
normal and aggressive curing. 

• When the amount of cellulose fibers are increased than 1%, the com-
pressive strength and shrinkage were reduced, that is due to cellulose 
fibers have no pozzolanic activity. 

• Replacement of cement by 0.5% UCF seemed to improve the mass loss 
for UCF specimens than exposed to sulphuric acid control ones. 

• Replacement of Portland cement by ultra cellulose fibers UCF was 
found to influence the hydration behavior according to the nature of 
cellulose fibers and lead to differences in the microstructure of the 
hardened OPC samples. The microstructure of hardened cement paste 
modified by UCF at 0.5% after one year of normal curing hydration 
appeared quite dense and compact due to the filling of voids and pores 
by UCF which lead to improve the mechanical strength of the cement 
paste samples modified by UCF.
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