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ABSTRACT: In this paper, micro-mechanical properties of styrene–butadiene rubber (SBR) latex-

modified cement pastes identified by means of the nanoindentation (NI) technique are related to

macro-mechanical properties of SBR latex-modified mortars obtained from standard test methods,

considering an SBR latex/cement ratio varying from 0% to 20%. For this purpose, the average value

of the hardness and the so-called indentation modulus of the different material phases of the cement

paste, i.e. calcium–silicate–hydrate (CSH), portlandite, anhydrous cement, etc., obtained from NI

are compared with the compressive and flexural strengths, on the one hand, and the dynamic elastic

modulus of SBR latex-modified mortars, on the other hand. This comparison revealed a linear

correlation between the dynamic elastic modulus and the indentation modulus and between the

compressive strength, flexural strength and hardness. Thus, the obtained results clearly indicate the

finer-scale origin of the macroscopic elastic and strength properties, linking the mechanical prop-

erties at the so-called mortar scale to the cement-paste scale.

KEY WORDS: macro-mechanical properties, micro-mechanical properties, nanoindentation,

polymer-modified cementitious materials, styrene–butadiene rubber latex

Introduction

In order to improve the performance and durability of

concrete, the allowance of polymer was introduced in

the 1920s [1] and optimized as regards the type and

amount of the employed polymers since then [2]. From

the mechanical point of view, polymer latexes bridge

microcracks in the latex-modified mortar and concrete

under stress by the formation of polymer films, which

prevents crack propagation. Moreover, it provides a

strong calcium–silicate–hydrate (CSH) aggregate

bond, leading to increased tensile strength and frac-

ture toughness [3–5]. On the other hand, the sealing

effect due to the polymer films also provides a con-

siderable increase in waterproofness or watertightness,

resistance to moisture or air permeation [6, 7], chem-

ical resistance and freeze–thaw durability [8, 9]. Recent

research results [10, 11] revealed an increase in both

flexural strength and tensile bond strength by the

allowance of styrene–butadiene rubber (SBR) latex.

The toughness was significantly improved [12].

While the macro-mechanical properties of differ-

ent polymer latex-modified cementitious materials

are reported in the literature, little is known on the

impact of polymer latexes on the micro-mechanical

properties of cement paste and its effect on the

macroscopic properties. Nanoindentation (NI) is

employed in this paper to highlight the micro-

mechanical properties of SBR latex-modified cement

pastes. Originally, NI has been developed to deter-

mine the mechanical properties of homogeneous

materials, such as metallic alloys and polymer mate-

rials, at the nano- and micrometre range.

More recently, NI was applied to cementitious

materials for the determination of elastic properties

and the hardness of the major clinker phases of

Portland cements (C3S and alite, C2S and belite, C3A

and C4AF) [13]. The elastic modulus of these phases

was found to range from 125 to 145 GPa. The hard-

ness of the calcium aluminate (C3A) is around

10 GPa, while those of the silicates are lower

(8–9 GPa). While the existence of two types of CSH

(low-density and high-density CSH) was derived from

NI-test data on non-degraded and calcium-leached

cement paste in Refs [14, 15], three categories of CSH

(high, medium and low stiffness) were introduced in
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Ref. [16]. The NI results suggest that the elastic

properties of the CSH phase are intrinsic properties,

with mean values for the elastic modulus of 38.0 GPa

for portlandite (CH) and 21.7 and 29.4 GPa for low-

density and high-density CSH, respectively. The

properties of the clinker phases and cement paste

constituents obtained from NI reported in the liter-

ature are summarised in Table 1.

While the backcalculation of finer scale properties

of cement-based materials from NI test data was

developed very recently and is a topic of ongoing

research [14, 17–19], little is known on micro-

mechanical properties of cementitious materials

containing additives. In Ref. [20], e.g. NI was applied

to three types of cement paste, the unmodified

cement and two cement pastes containing additives,

i.e. polypropylene (PP) fibres and SBR latex, heated to

different temperatures.

This paper focuses on the correlation between

micro-mechanical properties of SBR latex-modified

cement pastes and macro-mechanical properties of

SBR latex-modified mortars considering SBR latex/

cement ratios (P/C ratio) of 0%, 5%, 8%, 10%, 15%

and 20%. For this purpose, NI and standard test

methods for the determination of macro-mechanical

properties are employed. Based on the experimental

results, the influence of P/C ratio on the mechanical

properties, especially the micro-mechanical proper-

ties of cementitious materials considering a constant

water/cement ratio (W/C ratio) is investigated.

Moreover, the relationship between the micro- and

macro-mechanical properties of concrete at different

length scales, i.e. the cement-paste scale and the mor-

tar scale, is discussed.

Experiments

Materials

During the preparation of the cement pastes, ordin-

ary Portland cement (OPC) provided by LAFARGE

CTEC (Mannersdorf, Austria) was used. The chemical

composition of the cement is given in Table 2.

Polymer-modified cement pastes were prepared with

Styrofan D623 SBR latex (solids content: 50%; pH 9.5;

viscosity: approximately 35–150 mPaÆs; minimum

film-forming temperature (MFFT): 15–21 �C; average

particle size: 0.2 lm).

Portland cement type PII 52.5R, complying with

the Chinese standard GB175-1999 [21], and stan-

dard sand, according to ISO679 1989 [22], were

used for preparing the mortar specimens. The

chemical composition of the employed cement is

listed in Table 2. Styrofan SD622S SBR latex (solids

content: 47%; pH 9.5; viscosity: approximate

30 mPaÆs; MFFT: 15–21 �C; average particle size:

0.2 lm), which is similar to Styrofan D623 SBR

latex as regards composition, the ratio of the

monomers (styrene : butadiene) in the content of

comonomers, the MFFT and the particle size, was

used during the preparation of the polymer-modi-

fied mortars. The observed difference in viscosity

between the SBR latexes considered is explained by

a slight variation in the solids content.

Table 1: Properties of clinker phases and cement paste con-

stituents obtained from nanoindentation reported in the

literature (B = Berkovich, C = Cube corner)

Constituent E (GPa) H (GPa) Indenter Ref.

C3S 135 8.7 B [13]

C2S 130 8 B [13]

C3A 145 10.8 B [13]

C4AF 125 9.5 B [13]

Alite 125 9.2 B [13]

Belite 127 8.8 B [13]

Clinker in paste 45.3 2.75 C [34]

LD–CSH 23.0 0.88 C [34]

21.7 B [14]

HD–CSH 25.7 0.88 C [34]

29.7 B [14]

High-stiffness CSH 41.5 1.43 C [16]

Medium-stiffness CSH 31.2 1.22 C [16]

Low-stiffness CSH 22.9 0.93 C [16]

CH 29.1 1.00 C [34]

38.0 B [14]

CSH–clinker compound 46.1 2.08 C [34]

CH–clinker compound 26.6 1.04 C [34]

CH–CSH compound 26.5 0.91 C [34]

Edge CSH–CH compound 30.8 1.52 C [34]

Table 2: Chemical composition of OPC and PII 52.5R Portland

cement used in this paper

Component

Mass fraction (%)

Ordinary Portland cement

PII 52.5R

Portland cement

SiO2 20.27 21.3

Al2O3 4.48 5.1

Fe2O3 2.19 2.9

CaO 61.37 65.1

MgO 1.46 1.1

SO3 0.90 1.8

K2O 0.76 0.7

TiO2 0.22 0.2

Na2O 0.25 –

P2O5 0.27 –

Cr2O3 0.01 –

MnO 0.05 –

BaO – 0.3

� 2009 The Authors. Journal compilation � 2009 Blackwell Publishing Ltd j Strain (2011) 47, 117–126
118 doi: 10.1111/j.1475-1305.2008.00549.x

Nano/Macro-Mechanical Properties of Latex-Modified Concrete : R. Wang, R. Lackner and P.-M. Wang



Specimen preparation

Polymer-modified cement pastes
A constant W/C (as opposed to constant flow) was

considered in the experimental programme. All

cement pastes were prepared with a W/C ratio of 0.42

and P/C ratio of 0%, 5%, 8%, 10%, 15% and 20%

respectively. The cement pastes were cast in cylin-

drical moulds of diameter 20–30 mm and length

300 mm, and then sealed and cured at 20 �C. After

curing, the cylindrical samples were cut into slices

of about 10-mm thickness. The surfaces of the

so-obtained slices were ground and polished with

silicon carbide papers and diamond particles. This

was carried out in six stages of decreasing fineness

with the last one being in the range of 0.25 lm. After

polishing, the specimens were placed in an ultrasonic

bath to remove the dust and diamond particles left

on the surface or in the porous structure. The curing

age at the time of NI testing was 70 days. Before NI

testing, the roughness (average of heights) of the

samples was checked by the Hysitron Triboindenter,

(Hysitron Incorporated, Minneapolis, MN, USA),

which is capable of scanning probe microscopy (SPM)

imaging. For all samples, the roughness was found to

be in the range of 15–20 nm.

Polymer-modified mortars
The mortar specimens were prepared with a P/C

ratio from 0% to 20%, a constant W/C ratio of 0.40

and an aggregate/cement ratio (A/C ratio) of 3.

First, the SBR latex was added to the water. Then,

the specimens with the dimension of

40 mm · 40 mm · 160 mm were prepared accord-

ing to ISO679 [22]. The specimens were demoulded

after 1 day and then cured for 2, 6 or 27 days

immersed in 20 �C water.

Test methods

Nanoindentation testing program
Nanoindentation tests were carried out using a

Hysitron Triboindenter, employing a Berkovic tip.

Each indent was characterised by a loading, dwell-

ing and unloading phase, lasting 7, 10 and 7 s,

respectively. The maximum load, which remains

constant during the dwelling phase, was set equal

to 700 lN, giving a loading rate of 100 lNÆs)1. In

order to cover the heterogeneity of the cement

pastes, the so-called grid-indentation technique [14]

was employed. Each grid is characterised by 15 · 15

indents, with spacing between adjacent indents of

10 lm. The distance between adjacent indentation

points was chosen in a way to avoid interaction

between the indents. For the determination of the

indentation modulus and the hardness, the Oliver

and Pharr method [23] was used. Hereby, the

hardness H is determined by

H ¼ Pmax

Ac
; (1)

where Pmax is the maximum indentation force and Ac

represents the projected contact area at that load.

For the determination of the indentation modulus

M, the initial slope of the unloading curve, S, is

employed, using the so-called BASh equation [24],

with

S ¼ 2
ffiffiffi
p
p M

ffiffiffiffiffiffi
Ac

p
: (2)

With the value of M at hand, Young’s modulus E is

determined from

1

M
¼ 1� m2

E
þ 1� m2

i

Ei
; (3)

where m is Possion’s ratio of the tested material; Ei and

mi are Young’s modulus and Poisson’s ratio of the

non-rigid indenter.

A typical load versus indentation–depth curve

obtained from the performed NI testing of a

cement paste with a P/C ratio of 10% is shown in

Figure 1.

Macro-mechanical properties
The compressive strength and flexural strength were

determined according to ISO 679 [22]. The dynamic

elastic modulus was determined according to GBJ 82-

85 [25].
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Figure 1: Typical load versus indentation–depth curve

obtained from the performed nanoindentation testing of a

cement paste with a P/C ratio of 10%
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Presentation of Results

Micro-mechanical properties of SBR
latex-modified cement pastes

Combining Equations (1) and (2), the indentation

modulus M should scale with the hardness H

according to:

M / Ha with a ¼ 0:5: (4)

Relation (4) holds strictly only for indentation in a

homogeneous half-space. Any deviation from this

relation can be attributed to errors in the determi-

nation of M and H that could be caused by the surface

conditions (surface roughness, material imperfec-

tions, heterogeneities of similar length scale as the

depth of indentation, etc.), leading to an improper

estimation of the contact area.

Figure 2 shows the indentation modulus with

respect to the hardness obtained from NI testing of

a cement paste with no SBR latex, from which a is

obtained as the slope of the approximation line. Table

3 contains the values for a for all investigated types of

cement paste. Similar to the microindentation results

reported in Ref. [26] the values of a are higher than

the expected value of 0.5. However, as the values of

a remain relatively constant for the cement pastes

characterised by a different P/C ratio, the addition of

SBR latex affects only the mechanical properties, with

no significant changes in the surface conditions, with

the latter explaining the deviation of a from 0.5.

The indentation modulus and hardness frequency

distributions for all investigated cement pastes are

given in Figure 3. In order to relate the frequency

plots, representing the micromechanical response of

the material phases of the cement pastes, to material

properties (Young’s modulus, compressive and flex-

ural strength) of the investigated types of the mortar,

the average value of the experimentally obtained

frequency plots for the indentation modulus and

hardness was determined1 (see Figure 4). Hereby, the

average value of the indentation modulus decreases

by 10% with 5% SBR latex addition, and then
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Figure 2: Indentation modulus (M) versus hardness (H)

obtained from nanoindentation testing of a cement paste with

no styrene–butadiene rubber latex

Table 3: M–H scaling relation parameter a for styrene–butadi-

ene rubber latex-modified cement pastes

P/C (%) a

0 0.66

5 0.59

8 0.60

10 0.65

15 0.65

20 0.61
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Figure 3: Frequency graph of indentation modulus (M) and

hardness (H) obtained from nanoindentation testing of sty-

rene–butadiene rubber latex-modified cement pastes

1It will be shown in the following section (Discussion) that
the determination of elastic properties of the mortar on the
basis of the average value of the indentation modulus gives
very good agreement between the predicted and measured
elastic properties of mortars. Thus, for the present study, a
distinction of different material phases at the cement paste
scale, as reported in Refs [14–16], is not performed.
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decreases sharply to about 64% of that of the control

cement paste when the P/C ratio reaches 10%. When

the P/C ratio increases from 10% to 15%, the

indentation modulus increases slightly, and then

decreases gradually with the P/C ratio increasing

from 15% to 20%. The change in the indentation

modulus with the P/C ratio between 10% and 20% is

not significant.

The change in the average values for the hardness of

SBR latex-modified cement pastes with an increasing

P/C ratio is slightly more pronounced than the change

of the corresponding indentation modulus.

Macro-mechanical properties of polymer-
modified mortars

Compressive strength and flexural strength
The compressive strength and the flexural strength of

SBR latex-modified mortars with a different P/C ratio

and curing ages are illustrated in Figure 5. The com-

pressive strength decreases with an increase in P/C

ratio up to 10%, and then increases slightly for those

cured for 7 and 28 days, and declines slightly for that

cured for 3 days. The longer the curing ages, the

higher is the compressive strength.

The flexural strength decreases with an increasing

P/C ratio until it reaches 10%. The tendency of the

flexural strength is similar to that of the compressive

strength. The decrease until a P/C ratio of 10%,

however, is smaller. For a P/C ratio above 10%, the

flexural strength decreases for 3 days, hardly changes

for 7 days, and increases for 28 days curing time.

Toughness
The ratio of compressive strength to flexural strength

of the mortar is an important factor to judge its

toughness. The smaller the ratio, the better is the

toughness. Figure 6 shows the ratio of the compres-

sive strength to flexural strength of SBR latex-modi-

fied mortars for a different P/C ratio. The ratio drops

sharply with the P/C ratio increasing up to 10%.

For higher P/C ratios, the change in the ratio of
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Figure 4: Dependence of average value of indentation modu-

lus (M) and hardness (H) on the P/C ratio for styrene–butadiene

rubber latex-modified cement pastes obtained from nanoin-

dentation test data
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Figure 5: Compressive strength (rC) and flexural strength (rF)

of polymer-modified mortars as a function of the P/C ratio
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compressive strength to flexural strength with P/C

ratio is less pronounced. When the P/C ratio is above

10%, the ratio of the compressive strength to flexural

strength rises slightly for the polymer-modified

mortars cured for 3 and 7 days, but declines for the

mortar cured for 28 days. The above results suggest

that the toughness of the polymer-modified mortars

improves with an increasing P/C ratio. The higher the

P/C ratio, the better is the toughness for P/C ratio

smaller than 10%. When the P/C ratio is higher than

10%, the beneficial effect of the increase in the P/C

ratio on the toughness is not significant.

Dynamic elastic modulus
The dependence of the dynamic elastic modulus on

the P/C ratio of SBR latex-modified mortars cured for

28 days is shown in Figure 7. The dynamic elastic

modulus decreases with an increase in P/C ratio up to

10%. For a P/C ratio higher than 10%, on the other

hand, it has no significant effect on the dynamic

elastic modulus.

Discussion

Discussion on mechanical properties

On the one hand, SBR film is very tough as a rubber

for comprising both the flexible butadiene chains

and the rigid styrene chains, and thus the addition of

SBR latex improves the toughness of the rigid mortar.

On the other hand, SBR latex has lower strength

compared with the cement mortar and results in an

increased porosity of cementitious materials [12, 27]

and, thus, decreased bulk density (see Table 4, con-

taining the bulk density of the SBR latex-modified

mortars). The relative low modulus of the polymer

phase and the increased porosity explain the

observed decrease in the indentation modulus of SBR

latex-modified cement pastes and the dynamic elastic

modulus of SBR latex-modified mortars with an

increasing P/C ratio.

The properties of polymer-modified cementitious

materials are influenced by its microstructural com-

positions, composed of polymer films, cement

hydrates, combined structures between organic and

inorganic phases, etc. The combined structures

develop when the coherent polymer films form at a

P/C ratio of �8% (Figure 8). The coherent polymer

films reduce interfacial weakness, prevent extending

of microcracks and drop the rigidity of mortars [28].

As a result, the polymer takes good effect in

improving the toughness. A further increase in the

polymer content, after the interpenetrating structure

was formed, results in an increase in the thickness of

the already formed polymer films. Even though the

increase in the AFt content and the decrease in the

Ca(OH)2 content for a P/C ratio higher than 10% [29]

would result in an increase in the strength of the

cement paste, the strength may still decrease as a

result of structural changes in the material, such as

increased porosity [30] and thickening polymer films.

These two counteracting impacts on the material

properties resulted in an overall marginal effect on
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Figure 6: Ratio of compressive strength to flexural strength

(rC/rF) of styrene–butadiene rubber latex-modified mortars as a

function of the P/C ratio
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Figure 7: Dynamic elastic modulus of styrene–butadiene rub-

ber latex-modified mortars cured for 28 days as a function of

the P/C ratio

Table 4: Bulk density of styrene–butadiene rubber latex-mod-

ified mortars (g cm)3)

P/C (%)

0 5 8 10 15 20

Cured for 3 days 2.36 2.10 1.97 1.94 2.09 2.21

Cured for 7 days 2.34 2.11 1.97 1.96 2.14 2.24

Cured for 28 days 2.34 2.12 1.95 2.00 2.05 2.15
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the mechanical properties for a further increase in

the P/C ratio above 10%.

Discussion on the correlation between
micro- and macro-mechanical properties

Figure 9 shows the macro-mechanical properties

(dynamic elastic modulus, compressive strength and

flexural strength) of SBR latex-modified mortars plot-

ted with respect to the micro-mechanical properties

(indentation modulus and hardness) of SBR latex-

modified cement pastes. The relationship between

the dynamic elastic modulus and the indentation

modulus is approximated using a linear function,

giving a relative coefficient of 0.97. The observed

correlation between the elastic modulus and the

indentation modulus may be explained exclusively

by the presence of the aggregates. This assumption

is assessed by estimating Young’s modulus of the

mortars by means of a continuum micromechanics

approach considering a two-phase (aggregate and

cement paste) composite (Mori–Tanaka scheme with

spherical inclusions, see, e.g. Refs [31–33]):

leff ¼
ð1� fAÞlM þ fAlA½1þ bðlA=lM � 1Þ��1

ð1� fAÞ þ fA½1þ bðlA=lM � 1Þ��1
(5)

keff ¼
ð1� fAÞkM þ fAkA½1þ aðkA=kM � 1Þ��1

ð1� fAÞ þ fA½1þ aðkA=kM � 1Þ��1
; (6)

with a = 3kM/(3kM + 4lM) and b = [6(kM + 2lM)]/

[5(3kM + 4lM)]. In Equations (5) and (6), indices M

and A refer to the cement paste matrix and the

aggregates respectively. The volume fraction of the

aggregates, fA, is determined from the mix design

(W/C = 0.4, A/C = 3) as

fA ¼
A=C
qA

1
qC
þ A=C

qA
þ W=C

qW
þ P=C

qP

; (7)

where qA = 2.65 g cm)3, qC = 3.15 g cm)3, qW = 1 g

cm)3 and qP = 1.02 g cm)3 refer to the density of the

aggregate particles, cement, water and SBR latex

respectively. The so-obtained ratio between dynamic

elastic modulus E of the investigated mortar and the

indentation modulus M is given in Table 5, ranging

from E/M = 1.72 for the unmodified sample to

E/M = 2.04 for a P/C ratio of 20%. This trend is well

captured by the linear function shown in Figure 9,

with E/M � 1.75 in the low P/C ratio regime and

E/M � 2.0 in the high P/C ratio regime. Thus, SBR

latex modification mainly affects the elastic proper-

ties of the cement paste identified from NI, with the

increase from the indentation modulus M to the

dynamic elastic modulus E of the mortar explained

exclusively by the addition of aggregates. A similar

impact of aggregates on the elastic properties of the

mortar was reported in Refs [31, 32].
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Figure 8: Microstructure of styrene–butadiene rubber latex-

modified mortar cured for 28 days with a P/C ratio of 8%: (A)

untreated sample and (B) sample treated with 1% HCl for 5 min

before observation [28]
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Within the investigated range of strength proper-

ties, the compressive strength and the flexural

strength correlate linearly with the hardness. The

strength of the investigated mortars is much lower

than the hardness of the respective cement paste,

which is explained by the different stress situations

encountered during macroscopic testing and NI:

whereas the specimen is loaded uniaxially during the

testing of the mortar, high hydrostatic stress states

develop under the indenter tip during NI.

The decrease in the compressive strength and

hardness with increasing polymer content is

explained by the constant W/C ratio considered the

experimental programme, giving a higher porosity as

the polymer content increases [30]. Obviously, this

change in porosity has a higher impact in case of

uniaxial loading situations as encountered during

testing of mortar specimens, resulting in a faster drop

of the compressive strength for increasing polymer

content when compared with the change in hardness

obtained from NI.

Similar to the compressive strength, the constant

W/C ratio considered in the experimental programme

resulted in a decrease in the flexural strength with

increasing polymer content. However, the slower

decrease in the flexural strength when compared with

the decrease in the hardness with increasing polymer

content indicates the improvement in the interface

properties by the addition of SBR latex. Obviously,

these interface properties have a significant effect on

the tensile-loading performance of mortars.

Conclusions

The mechanical properties of SBR latex-modified

cementitious materials at different length scales, i.e.

mortar and cement paste, were investigated, showing a

good correlation between the dynamic elastic modu-

lus of the mortars with the indentation modulus of the

cement pastes, and the strength properties of the

mortars with the hardness of the cement pastes. Based

on the test results obtained from NI and standard

methods for the determination of macro-mechanical

properties, the following conclusion can be drawn:

• The toughness of SBR latex-modified mortars is

improved markedly at SBR latex/cement ratio (P/C

ratio) of 10%. When the P/C ratio is higher than

10%, the beneficial additional effect of the SBR

latex on both the micro- and macro-mechanical

properties is not significant.

• The dynamical elastic modulus of SBR latex-modi-

fied mortars was directly related to the indentation

modulus obtained from NI testing of the respective

cement paste. The employed correlation model was

formulated in the framework of continuum

micromechanics, considering aggregate particles as

spherical inclusions.

• The strength of SBR latex-modified mortars is much

lower than the hardness of SBR latex-modified

cement pastes, explained by the different stress

situations during macroscopic testing and NI test-

ing. The encountered linear relations between the

hardness and macroscopic strength properties

highlight the finer scale origin of the performance

of SBR latex-modified mortars. In addition to that,

the increased porosity associated with the addition

of SBR latex had a large impact on the compressive

strength and a rather low impact on the flexural

strength, indicating the beneficial effect of SBR

latex on the interface properties, with the latter

mainly controlling the flexural strength of the

considered types of mortar.

• For the P/C ratio increasing up to 10%, the bene-

ficial effect of the P/C ratio was significant, show-

ing a continuous reduction in the ratio between

the compressive and flexural strengths. Accord-

ingly, a P/C ratio of 8–10% was found as the opti-

mal SBR latex content in practical applications.

Table 5: Micromechanics-based determination of effective Young’s modulus for styrene–butadiene rubber latex-modified concrete

(employed aggregate properties: E = 65 GPa, m = 0.23; employed cement paste properties: m = 0.24, E = (1)m2)M; l = E/(2 + 2m), k = E/

(3)6m), E = 9lk/(l + 3k))

P/C

(%)

Cement paste

fA
(–)

Concrete

Eeff/M

(–)

M

(GPa)

E

(GPa)

l
(GPa)

k

(GPa)

leff

(GPa)

keff

(GPa)

Eeff

(GPa)

0 24.4 23.0 9.3 14.7 0.61 17.0 26.1 42.0 1.72

5 21.8 20.5 8.3 13.2 0.60 15.8 24.3 39.0 1.79

8 17.3 16.3 6.6 10.5 0.59 13.8 21.1 34.0 1.96

10 15.5 14.6 5.9 9.4 0.58 12.8 19.6 31.6 2.04

15 16.1 15.2 6.1 9.7 0.57 12.9 19.7 31.7 1.97

20 13.8 13.0 5.2 8.3 0.55 11.5 17.5 28.2 2.04
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