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An Experimental Study on Moisture Sensitivity of High
Performance Cellulose Fiber Reinforced Cement Composites
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Abstract

Cellulose fibers, being fairly strong and stiff as well as cheap and plentiful with low

energy demand during manufacture, are strong contenders for the reinforcement of

cement-based materials. Cellulose fiber-cement composites, generally manufactured by

slurry-dewatering procedure, can find applications in the production of flat and

corrugated cement sheets and many other thin-sheet cement products. This paper

presents the results of an experimental study concerned with the effects of fiber content

and moisture conditions on the flexural performance of these composites. An effort was

also made to study the effect of pozzolanic admixtures on the flexural performance in

different moisture conditions. The test results obtained were analyzed statistically using

the alalysis of variance in order to derive reliable conclusions. The results generated in

this study were indicative of significant effects of fiber content and moisture condition of

flexural performance. There is a tendency in flexural strength to increase in increase in

fiber content up to 8%: flexural toughness values continue to increase even at higher

fiber contents. Moisture content has a significant effect on the flexural performance.

There is a tendency in flexural strength to decrease and flexural toughness to increase

with increasing moisture content Composites incorporating pozzolans showed an

increase in the flexural strength while slightly reducing the flexural toughness and were

sensitive to variations in moisture content.

Keywords: cellulose fiber, composites, flexural performamnce, moisture, strength,

toughness
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Table 1 Experimental Program

Moisture Condition| Fiber Mass Fraction (%)

Air-Dried

Oven-Dried 4.6.8 10.12. 14

Saturated

(a) Phase | (Effects of Fiber Mass Fraction and
Moisture Content)

Moisture Condition Pozzolan Addition
_ Air-Dried
Oven-Dried | Pure Cement, 15% Silica Fume, 30% Fly Ash
Saturated

(b} Phase 11 (Effects of Pozzolan and Moisture

Condition at Optimum (8%) Fiber Mass Fraction)

A #d€ CSFe vt 599 % (Canadian
Standard Freeness)fto2 7144 #4348 53
doldl die IEE vEE Agelth #st
21 (refined, beaten)dHrEL EUERAE HH
A3l (fibrils) 39, 714X A& M= s
ToFEd, ¥e& CSF #e ¥& gldoly

Table 2 Properties of Cellulose Fibers”

Type Species Average Length | CSF
Kraft | Softwood 3.0 mm 700
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Fig. 1 Japanese standard flexural test setup™®
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Deflection{(mm)

(c) Saturated
Fig. 2 Effects of fiber mass fraction on fiexural

load-deflection curves in different
moisture conditions
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Air-Dried
Oven-Dried

0.4 .
0.2
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(a) 4% Fiber mass content

Load(KN)
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— Oven—Dried
04t
~———— Air-Dried

0.2 — Wet

o .
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Deflection(mm)

(b) 8% Fiber mass content

Load(KN)
0.8
0.6 ___ Air-Dried
0.4+ //_____ Oven-Dried
0.2t L Wet
0 .

Deflection{mm)

(c) 12% Fiber mass content
Fig. 3 Effects of moisture condition on flexural load~

deflection curves at different fiber mass

gractions
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Table 3 Flexural strength test results(kg/cm?)

(a) Phase [ (Effects of fiber mass fraction and
moisture content)

Moisture Fiber Mass Fraction

Condition | 4% 6% 8% 10% 12% 14%

107.10 | 145.14 | 158.65 | 137.96 | 130.27 | 116.32
Air-Dried [108.41 | 138.04 | 154.10 | 151.76 | 137.58 | 123.64
11045 | 153.14 | 167.06 | 146.38 | 145,51 | 125.55

Mean |110.95 | 145.44 | 159.94 | 14537 | 137.7 | 121.84
(8t.Dev.) [{1.69) | (7.55) | (6.58) | (6.96) | (7.62) | (4.87)
108.11 | 154.45 | 172.44 | 146,38 | 138.52 | 121.21
OvenDried|111.22 | 140.11 | 165.69 | 148.59 | 146.79 | 130.52
114.11 | 144.93 | 158.72 | 161.14 | 135.14 | 134.87
Mean |111.15 | 146.50 | 165.62 | 152.03 | 140.13 | 128.86
(St.Dev.) {(3.00) | (7.30) | (6.86) | (7.96) | (5.99) | (6.98)
69.78 1 99.22 1 9426 | 81.22 | 84.05 | 68.66
Saturated {84.88 | 8743 | 9432 | 8591 | 76.05 | 68.40
7782 196.74 | 9743 | 81.36 | 6881 | 76.53
Mean (7749 | 9446 | 9534 | 8276 | 76.31 | 71.20
(St.Dev.) 17.56) | (4.62) | (6.22) | (181) | (2.55) | (7.62)

(b) Phase Il (Effects of pozzolan and moisture
condition at optimum(8%) fiber mass fraction)

Moisture Pozzolan Addition
Condition Pure Cement | 15% Silica Fume | 30% Fly Ash

158.6 154.10 167.06

Air-Dried 186.23 192.92 202.29
179.13 185.96 174.44

Mean 159.94 193.82 179.84
(St Dev.} (6.58) (8.07) (5.79)
172.44 165.69 158.72

Oven-Dried 197.40 196.85 208.37
175.82 187.68 175.75

Mean 165.62 200.87 179.75
(St Dev.} (6.66) (6500 {6.87)
9425 94.32 97 43

Saturated 133.21 135.55 144.93
122.25 132.52 12487

Mean 95.34 137.90 126.54
(St Dev.) (1.82) (6.20) (5.34)
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Table 4 Flexural toughness test results(kg-mm)

(a) Phase I (Effects of fiber mass fraction and
moisture content)

Moisture Fiber Mass Fraction

Condition | 4% 6% 8% 10% 12% 14%

398.08 |740.75 [1354.5 |1864.3 |2471.9 |2547.9
Air-Dried [378.74 815,55 |1468.4 |1756.3 |2322.3 |2560.9
465.85 [866.40 |1570.4 11720.0 121342 |2696.6

Mean  [394.56 [807.57 |1464.4 [1780.2 |2309.6 |26018
(St. Dev.) [45.74) |(63.20) |(108.0) |(75.06) {169.22) |(82.36)

289.13 |640.53 {12929 |1373.4 [20339 {21459
Oven-Dried385.07 |675.22 |1341.2 |1571.9 19205 |23575
313.88 [740.42 11443.5 11458.9 |1845.1 |2290.1

Mean  [329.36 |685.39 {1359.2 11468.1 |1933.2 |2264.5
(St. Dev.) [49.81) [(50.72) [(76.90) [(99.57) [(95.04) [(108.18)

563.48 |1421.1 11800.0 |2455.5 |3161.4 [4594.5
Saturated [601.21 |1328.7 |1954.8 |2334.6 |3272.8 |46452
652.51 11254.2 |1768.3 |2568.7 |3277.8 |4836.9

Mean  605.73 113349 |1841.0 |24529 132374 |4692.2
(St. Dev.) [44.69) |(83.61) |(99.79) (117.07) |(65.81) ((127.85)

(b) Phase I (Effects of pozzolan and moisture
condition at optimum(8%) fiber mass fraction)

Moisture Pozzolan Addition
Condition Pure Cement |15% Silica Fume | 30% Fly Ash
1354.5 1129.0 1142.3
Air-Dried 1468.4 1355.0 1356.0
1570.4 1242.6 1318.9
Mean 1464.4 12422 1272.4
(St. Dev.) (108.0) (113.03) (114.19)
1292.9 1016.3 1016.1
Oven-Dried 1341.2 874.87 1154.9
1443.5 1128.2 1241.9
Mean 1359.2 1006.5 1137.6
(St. Dev.) (76.90) (126.95) (113.89)
1800.0 1356.1 1468.9
Saturated 1954.8 1481.6 1456.0
1768.3 1593.3 1594.5
Mean 1841.0 1477.0 1506.5
(St. Dev.) (99.79) (118.67) (76.51)
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Fig. 4 Effects of fiber mass content and moisture
condition on flexural performance

(Regression analysis with 95% confidence
interval)

A% walth Fades 8 Yo £ eg-@« ek

g FuU Aol F& ENS(99.9%9) AFE
o 4]) meIF 3L, wRITIsh 28 ET Aololi= @3
tgo] Utk FES ARE AT s Hi-AlT
£ Bge] el Ug WEAE

22| ERS =R M 8 A 5F 1996. 10

Flexural strength(MPa)

i - . N Air-dried
20 195% Confidence interval - Oven Dried
- Saturated

15 |
10 |
5 ]
0
Cement Cement+SF  Cement+FA
Binder
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(b) Flexural toughness

Fig. 5 Effects of pozzolan and moisture condition
on flexural performance
(at optimum (8%) fiber mass content)
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