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Improving the vibration damping capacity
of cement

XULI FU, XIAOHUI LI, D. D. L CHUNG
Composite Materials Research Laboratory, State University of New York at Buffalo, Buffalo,
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Cement pastes containing latex (20-30% by weight of cement), methylcellulose (0.4-0.8%
by weight of cement) and silica fume (15% by weight of cement, either as received or
acid treated) were compared in terms of the dynamic flexural mechanical properties, as
expressed by the loss tangent (damping capacity), storage modulus and loss modulus at
0.2-2Hz (loading frequency) and 30-150 °C. Treated silica fume and latex are by far the most
effective admixtures for enhancing the loss tangent (up to 0.18, an increase of up to 390%).
Silica fume (whether as received or treated) is the most effective admixture for enhancing
the storage modulus (up to 15 GPa). Latex tends to give a high loss modulus (up to 0.18 GPa)
at 2 Hz; silica fume tends to give a high loss modulus (up to 2.2 GPa, an increase of up to

2200%) at 0.2Hz. © 7998 Kluwer Academic Publishers

1. Introduction

The dynamic mechanical properties of concrete have
received much less attention than the static mechan-
ical properties, in spite of the fact that dynamic load-
ing conditions are commonly encountered in civil
infrastructure systems. The dynamic loading can be
due to live loads, sound, wind and earthquakes. Both
elastic and anelastic properties are relevant, as the
former pertains to the stiffness (as described by the
storage modulus) and the latter pertains to the vibra-
tion damping capacity (as described by the loss tan-
gent). The dynamic mechanical properties of concrete
can be greatly affected by the admixtures [1,2]. More-
over, they depend on the frequency of the loading and
the temperature [2]. A systematic study of the dy-
namic properties requires testing at various combina-
tions of frequency and temperature and comparing the
properties of different concretes at the same combina-
tion of frequency and temperature. This paper pro-
vides a systematic study of cement pastes containing
various additives.

Fu and Chung [2] have previously shown that
certain additives can improve the vibration damping
ability of cement paste, specifically latex (styrene bu-
tadiene) in the amount of 20% by weight of cement,
methylcellulose in the amount of 0.4% by weight of
cement and methylcellulose plus silica fume (0.4% by
weight of cement for methylcellulose and 15% by
weight of cement for silica fume). Latex was recom-
mended for frequencies exceeding 1.5 Hz, and methyl-
cellulose + silica fume was recommended for
frequencies below 1.5 Hz. Fibres were not recommen-
ded [2]. This work extends the earlier work by study-
ing the effect of latex in amounts of 25% and 30% by
weight of cement, the effect of methylcellulose in
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amounts of 0.6% and 0.8% by weight of cement, and
the effect of silica fume (with and without methyl-
cellulose; with and without surface treatment). Thus,
this work, together with the previous study, provides
a comparative study of the effects of latex (in various
amounts), methylcellulose (in various amounts), silica
fume (with and without surface treatment), and
methylcellulose +silica fume on the dynamic mechan-
ical properties of cement paste.

Because of the importance of flexure in the dynamic
loading of bridges and numerous other civil infra-
structure components, this work addresses the dyna-
mic mechanical properties under flexure. In particular,
this paper provides a comparative study of the dy-
namic flexural properties of cement pastes containing
various additives (latex, methylcellulose, silica fume
and methylcellulose + silica fume) and at various com-
binations of temperature (30-150°C) and frequency
(0.2-2.0Hz). The loss tangent, storage modulus and
loss modulus (product of loss tangent and storage
modulus) are reported for each combination of admix-
ture, frequency and temperature. The loss tangent
describes the damping capacity; the storage modulus
describes the stiffness. The loss modulus is an impor-
tant quantity, as it combines damping capacity and
stiffness, as both high damping capacity and high
stiffness are desired properties.

The additives used in this work for enhancing the
vibration damping capacity of cement are also useful
for improving other properties that are also important
for structures. For example, latex-modified concrete is
known for its increased bond strength, reduced per-
meability, decreased water absorption, increased res-
istance to freezing and thawing, increased flexural and
tensile strengths, increased flexural toughness and
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improved abrasion resistance [3—12]. The addition of
cellulose derivatives also helps the bonding [13-15].
The addition of silica fume to concrete is effective for
increasing the compressive strength [16-19], decreas-
ing the drying shrinkage [18,19] increasing the ab-
rasion resistance [20], increasing the bond strength
with the reinforcing steel [21,22] and decreasing the
permeability [23]. Surface treatment of silica fume
with sulphuric acid prior to incorporation in a cement
matrix results in composites exhibiting increases in
tensile strength, modulus, ductility and abrasion
resistance, relative to the values obtained by using
as-received silica fume [24].

2. Experimental methods

2.1. Materials

Cement paste made from portland cement (type I)
from Lafarge Corporation (Southfield, MI) was used
from the cementitious material. The additives used
include firstly latex, a styrene butadiene polymer dis-
persion (Dow Chemical Co., Midland, MI; 460NA)
with the polymer particles making up about 48% of
the dispersion and with styrene and butadiene in the
weight ratio 66: 34, such that the latex (20%, 25% or
30% by weight of cement) was used together with an
antifoam (Dow Corning Corporation, Midland, MI;
number 2410; 0.5% by weight of latex), secondly
methylcellulose (Dow Chemical Corporation; Al15-
LV;0.4% by weight of cement), which was dissolved in
water and used together with a defoamer (Colloids
Inc., Marietta, GA; Colloids 1010; 0.13vol%) and
thirdly silica fume (Elkem Materials Inc., Pittsburgh,
PA; number 965; 15% by weight of cement; either as
received or after surface treatment by immersing in
sulphuric acid (96%) for 2 h, washing with water and
then drying at 150 °C for 1-2 days). The water reduc-
ing agent was a sodium salt of a condensed naph-
thalenesulphonic acid (Tamol SN, Rohm and Haas
Company, Philadelphia, PA) used in amounts as
shown in Table I for the various mixes. Table I also
shows the water—cement ratio for each mix. The
amounts in Table I were chosen in order to maintain
the slump at around 170 mm. No aggregate (whether
fine or coarse) was used.

A Hobart mixer with a flat beater was used for
mixing. For the case of cement pastes containing latex,
the latex and antifoam were first mixed by hand for
about 1 min. Then this mixture, cement and water
were mixed in the Hobart mixer for 5 min. For the case
of pastes containing methylcellulose, methylcellulose

TABLE I Amounts of water and water-reducing agent (WR) for
each mix. L, latex; M, methylcellulose; SF, silica fume

Water-to-cement ratio WR-to-cement ratio

(%)
Plain 0.45 0
+L 0.23 0
+ M 0.32 1
+ SF 0.35 3
+ M + SF 0.35 3
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was dissolved in water and then the defoamer was
added and stirred by hand for about 2 min. Then this
mixture, cement and water were mixed in the Hobart
mixer for Smin. After pouring the mix into oiled
moulds, an external vibrator was used to decrease the
amount of air bubbles. The specimens were demoul-
ded after 1 day and then allowed to cure at room
temperature in air (relative humidity, 40%) for 28
days. Mechanical testing was performed at 28 days.

2.2. Testing procedure

Dynamic mechanical testing (ASTM Standard
D 4065-94) at controlled frequencies (0.20, 1.00 and
2.00 Hz) and temperatures (25-150 °C) were conduc-
ted under flexure using a Perkin—Elmer Corporation
model DMA 7E dynamic mechanical analyser.
Measurements of tand (loss tangent) and storage
modulus were made simultaneously as a function of
temperature at various constant frequencies. The
heating rate was 2°Cmin~"', which was selected to
prevent any artificial damping peaks which may be
caused by higher heating rates. The specimens were in
the form of beams (24 mm x 8 mm x 3 mm) under
three-point bending, such that the span was 20 mm.
The loads used were all large enough that the ampli-
tude of the specimen deflection was always over the
minimum value of 5 pm required by the equipment for
accurate results. The loads were set so that each differ-
ent type of specimen was always tested at its appropri-
ate stress level. Six specimens of each type were tested.

3. Results and discussion

Tables I1-1V show the loss tangent, storage modulus
and loss modulus, respectively, of various cement
pastes at 28 days for various combinations of temper-
ature and frequency. The loss tangent is enhanced by
any of the admixtures, with the greatest loss tangent
provided by treated silica fume at 0.2 Hz and by latex
in the amount of 30% by weight of cement at 2 Hz.
The treated silica fume is much more effective than as-
received silica fume in increasing the loss tangent. The
loss tangent increases with increasing latex or methyl-
cellulose amount. However, even at a latex amount of
20% by weight of cement, the loss tangent is larger
than those corresponding to any of the other admix-
tures (except treated silica fume) for most combina-
tions of frequency and temperature, especially at 90 °C
and below. As the temperature increases, the advant-
age of latex over as-received silica fume diminishes. In
particular, at 90 °C and 0.2 Hz, the loss tangent for
as-received silica fume exceeds that for latex in the
amount of 20% by weight of cement. Because of the
small amount of methylcellulose (0.4-0.8% by weight
of cement) compared with latex (20-30% by weight of
cement), methylcellulose is much less effective than
latex in enhancing the loss tangent. However methyl-
cellulose + as-received silica fume is comparable with
latex (in the amount of 20% by weight of cement) in
the ability to enhance the loss tangent at 120-150°C
and 1.0 Hz. Moreover, methylcellulose + as-received
silica fume is better than as-received silica fume in the
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TABLE IV Loss modulus ( +0.02) of various cement pastes at various temperatures and frequencies, where the highest value for each combination of temperature and frequency is shown in bold
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type: L, latex; M, methylcellulose; SF, as-received silica fume; SF’, treated silica fume; the latex-to-cement ratio is shown in parentheses after L; the methylcellulose-to-cement ratio is shown in

parentheses after M

Loss modulus (GPa)

150°C

120°C

90°C

60°C

30°C

1.0Hz 2.0Hz 0.2Hz 1.0Hz 2.0Hz 0.2Hz 1.0Hz 2.0Hz 0.2Hz 1.0Hz 2.0Hz 0.2Hz 1.0Hz 2.0Hz

0.2Hz

0.000
0.037

0.000
0.132
0.184
0.208

0.103
0.242

0.000
0.033

0.000
0.133
0.185
0.209
0.051

0.099

0.000
0.037

0.000
0.141
0.190
0.215

0.099

0.000
0.058

0.000
0.133
0.192
0.224
0.038

0.085

0.000
0.107
0.154
0.180
0.000
0.000
0.026

0.000
0.167

0.228

0.067

1 Plain

0.293 0.251 0.236

0.336

2 4 L (0.20)
3 4+ L (0.25)
4+ L (0.30)

0.068

0.304
0.343
0.297

0.067

0.301

0.062

0.323
0.359

0.108
0.130
0.000
0.000
0.036

0.352

0.401

0.084
0.000
0.000
0.075

0.339 0.083
0.000

0.088
0.000
0.000
0.061

0.399
0.338

0.288

0.443

0.068

0.303
0.378
0.464

0.037

0.310

0.025

0.301

54+ M (04%)
6+ M (0.6%)
74+ M (0.8%)

8 + SF

0.133
0.208

0.000 0.371

0.121

0.112

0.385

0.109
0.181

0.403

0.093

0.372
0.471

0.445

0.033

0.193
0.000
0.367
1.21

0.182
0.000
0.307
1.15

0.460

0.468

0.163
0.000
0.242
1.37

0.000
0.000
0.000

0.000

0.630
0.642
1.81

0.000
0.000
0.000

0.681

0.000
0.000
0.000

0.699
0.678
2.23

0.000
0.000
0.000

0.000
0.276
1.35

0.000 0.638

0.000
0.000

0.616

0.354
1.10

0.637
1.92

0.604
1.92

0.651
1.94

9+ M +SF
10 + SF

ability to enhance the loss tangent at 1.0 Hz and any of
the temperatures, although it is similar to as-received
silica fume at 0.2 Hz. Hence, the addition of methylcel-
lulose to a mix with as-received silica fume serves to
increase the loss tangent at high frequencies (i.e., 1 Hz).
Roughly, the overall trend is that the loss tangent
decreases in the order: treated silica fume, latex,
methylcellulose +as-received silica fume, as-received
silica fume and methylcellulose.

The storage modulus is enhanced by any of the
admixtures, with the greatest storage modulus pro-
vided by treated silica fume for all combinations of
frequency and temperature. The treated silica fume is
much more effective than as-received silica fume in
increasing the storage modulus. Methylcellulose is less
effective than as-received silica fume in enhancing the
storage modulus. Methylcellulose +as-received silica
fume is much better than methylcellulose and slightly
worse than as-received silica fume in the ability to
enhance the storage modulus, except that methylcel-
lulose +as-received silica fume is better than as-re-
ceived silica fume at (i) 0.2 Hz and 30 °C, (ii) 0.2 Hz and
60°C and (iii) 1.0Hz and 150 °C. Latex in any of the
three amounts is less effective than methylcellulose in
enhancing the storage modulus, in spite of the small
amount of methylcellulose. The storage modulus in-
creases with increasing latex or methylcellulose
amount for any combination of frequency and temper-
ature.

The loss modulus is enhanced by any of the admix-
tures, with the greatest loss modulus provided by
treated silica fume at 0.2 and 1.0 Hz and by latex (30%
by weight of cement) at 2.0 Hz. Methylcellulose + as-
received silica fume is quite effective (but not the most
effective) at 1 Hz. Methylcellulose is much less effective
than as-received silica fume in enhancing the storage
modulus, although methylcellulose + as-received silica
fume is comparable with as-received silica fume at
0.2Hz and better than as-received silica fume at
1.0Hz. Latex (30% by weight of cement) is not as good
as methylcellulose (0.8% by weight of cement) at
0.2Hz for enhancing the loss modulus but is better
than methylcellulose (0.8% by weight of cement) at
1-2Hz. The loss modulus increases with increasing
latex or methylcellulose amount for any combination
of frequency and temperature. The high loss modulus
associated with latex is due to the high loss tangent,
whereas that associated with silica fume, methylcel-
lulose or methylcellulose+silica fume is due to the
high storage modulus.

The high loss tangent of cement pastes with latex or
methylcellulose is due to viscoelastic damping pro-
vided by the latex. The amount of viscoelastic phase
governs the extent of viscoelastic damping. The high
loss tangent of cement pastes with treated silica fume
indicates that filler-matrix interface slippage is also
effective in providing damping to cement pastes. How-
ever, the filler (i.e., silica fume) is more effective than
a polymer (i.e., latex or methylcellulose) in enhancing
the storage modulus.

That methylcellulose provides a much higher stor-
age modulus than latex, in spite of its small amount,
is probably due to the differences in the degree of



dispersion of the polymer and in the polymer—cement
bonding. Methylcellulose is a liquid solution whereas
latex is a dispersion when added to the mix. As a re-
sult, methylcellulose may be better dispersed than
latex.

Treated silica fume and latex are by far the best
admixtures for enhancing the damping capacity,
whereas silica fume (whether as received or treated) is
the best admixture for enhancing the storage modulus.
The loss modulus is a figure of merit that describes the
damping capacity combined with the storage
modulus. Latex tends to give a high loss modulus at
a high frequency (2 Hz); silica fume tends to give a high
loss modulus at a low frequency (0.2 Hz).

4. Conclusion

Cement pastes containing latex (20-30% by weight of
cement), methylcellulose (0.4-0.8% by weight of ce-
ment) and silica fume (15% by weight of cement, either
as received or acid treated) were compared in terms of
the dynamic flexural mechanical properties, as ex-
pressed by the loss tangent (damping capacity), stor-
age modulus and loss modulus at 0.2-2 Hz (loading
frequency) and 30-150°C. Treated silica fume and
latex are by far the most effective admixtures for
enhancing the loss tangent (up to 0.18, an increase of
up to 390%). Silica fume (whether as received or
treated) is the most effective admixture for enhancing
the storage modulus (up to 15GPa). Latex tends to
give a high loss modulus (up to 0.18 GPa) at 2Hz;
silica fume tends to give a high loss modulus (up to
2.2GPa, an increase of up to 2200%) at 0.2 Hz.
Methylcellulose provides a much higher storage
modulus than latex, in spite of its small amount. The
storage and loss moduli increase with increasing latex
or methylcellulose amount. The loss tangent decreases
in the order: treated silica fume, latex, methylcel-
lulose + as-received silica fume, as-received silica fume,
and methylcellulose.
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