Figure 2.9{a} Partially Dismantled Paste/Mortar Mould

Figure 2.9{(h)  Moulds on Rotating Machine
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was much less variation of effective cement/water ratio in the
rotated specimen. Also he estimated that at 28 days the strength
difference between the two specimens weuld be 8% and that within
tae non-rotated specimen there would be a 25% varfation in
strength from top to bottom due to segregation.

2.4.2 Mixing, Moulding and Curing Procedures for Pastes

Ordinary Portland cement, complying to SABS 471 (1982126 wys
used for all the pastes, mortars and voncretes in this
investigation. The cement was received fresh from the
manufacturer in one batch. Each pocket of cement was then stored
in an alr tight drum in the labsratory. This batch of cement was
used for a1 the tests carried out in this investigation.

The pastes were batched by mass allowing for a 20% wastage
factor. An example of the mix design {5 given below for a
cement/water ratio of 2,1,

Volume of paste Vy = % x 40 x 40 x 160 x 10-9 = 1,024 x 10-3 m3

Allow 20% wastage,  V, = 1,2 x 1,024 x 10°3 = 1,229 x 103 n?

For 1 litre of water, and cement/water ratio lc/w) = 2,1 :-

mass (kg) absolute volume (mo)
water (R.D. = 1,00) 1 1 = 1,000 x 1072
o008
caneny [R.D, = 3,14) 2.1 2,1 = §,688 x 1074
iy o
¥ = absolute volume v = 1,669 x 10-3m3
Therefore for a mix of Vp = 1,229.13‘3m3,
water required = 1 x 1,229 x 1073 = 0,736 kg
T.669 % 10-3
cement required = 2,1 x 1,229 x 10-3 = 1,846 kg

N X




Table 2.1 gives the paste mix proportions for the cement/water
ratios used in the project. Tue cement and water were batched on
a balance accurate to 0,l1g. The water was slowly added to the
cement during the first two minutes of mixing. The constituents
were hand mixed for approximately 6 minutes. Great care wan
taken to eliminate unhydrated lumps of cement to ensure an even,
smooth texture in the mix, The cement paste was poured into the
mould up to about the 3/4 mark and the mould tamped on a table
approximately 50 times to eliminate air buobles entrained in the
mould.

Table 2.1 Mix Proportions for Cement Paste Prisms
Cement/Mater Mass of Cement Mass of Water
Ratio
c/w g9 g
2,4 1672 679
2,1 1546 736
1,8 1405 78
1,5 1067 889

These air bubbles were removed from the top surface by a spatula,
the mould topped up to the brim and the top plate quickly screwed
in place. Only one mould was poured at a time to help eliminate
bleeding in the mix. The mou'd was immediately transferred to the
rotating wachire and rotated to prevent seyregation.

The remaining paste mixture wae then remixed by hand for
approximately two minutes to mix in water which had bled to the
ton of the mixture. This procedure was repeated until all the
paste moulds were filled. [t was found that all cement/water
ratios were pourabie and bleeding wis more acute in the lower
cement/water ratios. For meuld preparation see Appendix D. As
previously stated, due to the problem of void formation in the
Tow ¢/w ratio prisms, it was found necessary to add a super-
plasticizing admixture (Pro-Struct 537) to the 1,5 cement/water

i B i, N o P
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ratio mixes and thic gave an acceptable specimen on demoulding.
This admixture reduced bleeding by preventing flocculation.
flexander?” alsc showed that this admixture had no effect on
elastic modulus of concrete, therefore the elastic modulus results
would not be adversely affected.

The pastes were demoulded with great care and stored in a water
curing tark kept at 220C + 19C. Despite all precautions, some
specimans on demoulding or after failure contained sizeable voids
either externally or internally within the specimen. Thus the
resultes ¢ elastic modulus value would be affected by these volds
and hence it often took several separate casting operations,
especially for the lower c/w ratios, to achieve sufficient void-
free specimens. Arnother alternative tried was to take the sealed
mould and vibrate it similar to the technique employsd by Stock,
Hannant and Williams?®, but this was found to be an unsatis-
tactory solution. The reason for the voids was thought to be
pockets of water which bled sut of the mix and then evaporated.
leaving macrovoids in the cement paste prism.

2.4.3 Moriar Mixes

Prismatic specimens with _ament/water ratios of 2.4, 1.8 and 1.5
were cast. Al) specimens were tested in a saturated state at 28
days. Four prism specimens were cast fn the moulds used for the
pastes for wach cement/water ratic and each aggregate sand type.

2.4.4 Mixing, Moulding and Curing Procedures for Mortar Mixes

The mix proportions for the mortars were extracted from the

concrete mix designs and are tabulated in table 2.2(a) and 2.2({h)
for granite and andesite mortars respectively.
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The mortars were batched hy mass, such that the absolute volume
of mortar for the two uifferent aggregate types was identical.
The fractions for the mortar were extracted from the varicus
concrete mix designs (see _.apter 3).

A1l the constiiuents were weigh batched on a balance accurate to
0,1g. The cement was added to the sand and thor.sughly mixed for
approximately two minutes to ensure uniformity. As with the
pastes the mix water was added over the first two minutes of
mixing. Tha constituents were hand mixed for an additional five
minutes. The mortar was then poured into a steel mould. The
mould was filled completely with the mix and then vibrated for
thirty seconds on a vibrating table. This ensursd adequate
compaction and de-aeration of the specimen. The moy'd was sealed
as previously described and bolted onto the rotating apparatus.
The remaining mortar was remixed by hand for aporoximately two
minutes to reblend the water which had bled to the surface. The
procedurs was repeated for all specimers. The orisms were
rotated for 15~18h before demoulding. Ater demouiding they were
transferred to 3 water bath to cure for 28 days in identical
conditions to the paste specimens.

The mortars were easier to mix, mould and demouid than the
pastes. The specimens were more robust and did not require
repeated recasting due to volds as did the Tower cement/water
ra+io pastes.

2.4.5 Electrodynamic Testing of Pastes and Mortars

Before testirg, each specimen was surface dried and weighed on a
balance accurates to 0,l1g. Then the physical dimensioirs were
measured a minfmum cf theee times by means of a vernier scale and
centre lines were measured and marked in pencil. After each of
the dynamic tests the prisme were returned to the curing tank.
The theory and application of the electrodynamic modulus
determinatior is coverad in Arnendix E. Essentially it is @
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non-destructive convenient method of measuring the stiffness of a
specimen. The specimen iy vibrated and 1ts natural frequency
determined and hence the dynamic modulus of elasticity, £y, is
calculated. Basically a test specimen, in this case a prism, is
supported at {ts nodal point, so that it may undergo free-free
vibratica without significant restraint (fe for longitudinal
vibration 1t fs supported at the centre). The drives and pick-up
are shown in figure 2.10. The specimen is forced to vibrate at
various frequencies; the frequency of vibration that gives
maximum amplitude indicates the fundamental freguency. E4 was
calculated ysing the expression given in appendix E.

The laboratory procedure s covered briefly in the following
section,

The cured specimens were removed from the curing tank after 28
days and their dimensions and mass measured accurately. The
prisms were wrapped in piastic'wrapaing to prevent moisture
loss. Individual prisms were mounted in the electrodynamic
apparatus as shown in figure 2.10. The vibrator and stylus
pick-up were position:d accurately and the frequency of the
vibrator varied by means of the frequency yenerator, When & peak
or maximum amplitude occurred on the oscilloscone, the frequency
was read off the frequency generator. This peak indicated the
natursl frequency of the specimen under tast. Each frequency
tabulated was an average of three readings., The frequency was
varied until the maximum peak appeared on the oscilloscope
indicating the aatural freguency. This was recorded, the
“racuency reduced to zero, and the procedure repeated to give
three values of the natural freguency.

Subsequent to the electrodynamic modulus determination of the

pastes and mortars, a frequency counter was intraduced into the
circuit to enable the cperator to obtain a more accurate reading
of the natural frequency. Therafors all the natural fregquencies
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Table 2.2{a} Mix Proportions for Granite Mortars

CEMENT /WATER WATER CEMENT SAND

“ RATIO g g g
1,5 385 576 1751

1,8 385 694 1650

2,4 385 924 14.8

Table 2.2(b) Mix Proportions for Andesite Mortars

CEMENT /WATER WATER CEMENT SAND
RATID ] g g
1,8 385 576 1883
1,8 385 694 1775
2,4 385 924 1568
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of concrete were measured using the frequency counter. The
electroedynamic modulus results for the pastes and mortars must
therefore be treated with cautfon due to the 'crude' measurement
of the natura) frequency. The measured frequency was 'crude' in
the sense that the frequency generator could only be read to the
nearest 0,5 kHz, whereas the frequency counter gave readings
accurate co within 10 Hz, Since E4 is proportional to the
frequency squared, this would result in an error with respect to
the dynamic modulus est'mate. However, the frequency generator
was later calibrated against the frequency counter and the
inftial results factored accordingly.

The results of electrodynamic elastic modulus tests are given in
appendiz E for the hardened cement pastes and mortars.

2.4.6 Yitrasonic Testing of Pastes and Mortars

ihe theory and applicaticn of the ultrasonic modulus method is
covared in Appendix F. This method is based on the fact that the
velocity of sound, V, ir a material is related to the elastic
modulus, E, by the expression

vo= [t cernn (2.2)
o

where o {5 the density of the material., Since the pulse velocity
depends only on the elastic properties of the materi{al and not on
the geometry, this is a very convenient method to assess the
ultrasonic dymamic elastic modulus. The apparatus is shown in
figure 2.11 and 13 used to determine the pulse velocity through
the known length of the specimen. In fact, mechanical impulses
applied to a materfal generate three types of waves:

Yongitudinal {compressionall waves, shear {tr-nsverse) waves and
surface (Rayleigh) waves. The Tongitudinal waves are the fastest
and are the waves that were transmitted in this particylar




Figure 2.10 Paste Specimen Mounted in Electrodynamic
Apparatus

Figure 2.11 Ultrasonic Testing Apparatus
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application. It should be noted that the ultrasonic equipment
used for the pastes, mortars and concretes was different to that
used in Chapter 1 for the rock cores. Petroleum jelly was used
as a coupling agent between the prism and the ultrasonic heads.
The prisms were surface dried with a cloth, the pulsing heads
firmly applied at each ends of the specimen and the ultrasonic
travel time recorded. Three measurements were racorded for one
prism. The results for the ultrasonic dynamic 2lastic modulus
tests are given in Appendix F for hardened cement pastes and
mortars.

2.4.7 Static Modulus Test of Pastes and Mortars

The prisms were marked with centre lines and the gauge length of
the static rig marked out. The static rig is fully described in
Appendix D. This facilitated the fixing of the rig to the
specimen and ensured that the extension of the prism under test
was over the specified gauge length of B0mm. The rig was first
fixed in the longitudinal direction, the locating screws both
Tocating on the specimen at predetermined centre line pencil
marks. This ensured an accurate gauge length for the test. The
LVDT (Yinear variable differential transformer) and the
adjustable screw were then lined up by adjusting the side
Yocating screws (the longitudina’ gauge length now being fixed).
The Tateral rig was positioned on the intersection of the
Tongitudinal and lateral prism centre lines. Figure 2.12 shows
a paste specimen heid in the static paste/mortar rig. The prism
was mounted in a Tinfus Olsen maching and connected up to an X.Y
recorder as described in Appendix C.

A preload of 0,5 MPa was appliec to the specimen and held
constant for approximately one minute. Ouring this time the
Tongitudinal and lateral LVDT's were zeroed by means of the
adjusting screws and a multimeter. Thereaftar, the pens
recording the longitudinal and Tateral extensions were also
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Figure 2.12  Paste Specimen Held in static Test Rig
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centred at a convenient origin, usually the top left hand corner
of the X-Y chart. The load was applied at a constant rate of 24
kN/min (ie 15 MPa/min) up to f./3, where f. wa: the 28 day
compressive strength of the paste/mortar as given in Appendix C.
{See also additional note on p 81{a}). For each cement/water
ratio the 28 day streagth was ascertained from a cement/water
ratic against cube strength graphzg. One third of this

strength was calculated and a corresponding elastic modulus test
Timit Yoad or 'E' load was calculated. Table 2.3 shows the 'E'
loads {e one third of the expected failure Yoad for pastes and
mortars.

Once the 'E' load was reached, this load was held constant for
one minute. The load was then removed at a rate of 24 kN/min and
held at the pre-load for one minute. The X-Y recorder pens were
re-zeroed and the cpecimen again loaded up to the ‘E' Toad and
unioaded, as described, to produce two more cycles. Tne elastic
modulus of the specimen was determined from the third plot.
Finally, the pens were re-zeroed and the specimer. loaded at 24
kN/min up to fallure, while the machine and X-Y recorder settings
were altered accordingly. The results of the static elastic
modulus tes:s are given in table 2.4 for pastes and tables

2.5(a) and 2.5(b) for granite and andesite mortars

respectively.  The final column of the tables indicates the
fajlure mode of the specimens which is discussed in

paragraph 2.5.1

2.5 RESULTS

It was originally hoped that the most important results would be
those derived from the static tests, in order to be used in the
theoretical models to determine predicted elastic modulus values.
These results will be discussed in detai) in this section
followed by comparison with ultrascnic and electrodynamic modulus
values.
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f‘ﬁ.‘.‘i" The expected fatiure stresses for pastes, mortars and
concretes were taken from one curve for concrete in the absence
of more exact information. The writer is aware that failure
stresses for pastes and mortars would tend to be greater than for
that of concrete. However, the use of f./3 for the current
tests was considered a consistent approach.
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Table 2.3  £lastic Modulus "E' Loads and Expected Failure
Loads for Paste and Mortar Prisms

C/W RATIO ‘£’ LOAD EXPECTED FAILURE
LOAD
kN KN
1,5 14,9 44,8
1,8 19,5 58,0
2,1 23,5 70,5
2,4 27,7 83,0
. a ol
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Table 2.4 Static Elastid “ndulus Results for Pastes
LOAD AT 1 STRESS AT Ee
SPEC IMEN FATLURE FAILURE v FAILURE TYPE
kN MPa GPa
c/w = 1,6
1 12,9 8,10 4,60 0,27 | Failed due to
Volds
2 12,0 7,53 3,78 0,14 1 Failed due to
Voids
8
3 16,9 1C,61 5,48 0,20 | Fallea due to
Voids
0
4 13,9 8,72 4,34 0,16 A
e/w = 1.8 )
29,2 18,32 6,64 0,18 B
2 24,5 15,29 5,59 0,22 | Failed due to
Voids
B
3 18,9 11,86 5,67 0,201 Failed due to
Voids
8
e 22,9 | 14,35 5,57 | 0,17 | Failed due to
| | Votds
| B8
i
L
i
lo/w = 2,1
i 1 56,3 35,04 11,37 0,22 8
|
] ? 42 .8 27,44 12,18 0,23 B
i i
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Table 2.4 Static Elastic Modulus Results for Pastes
(continued)/...
r“— ( LOAD AT | STRESS AT Ee
SPECIMEN FATLURE FATLURE v FAILURE TYPE
ki MPa GPa
3 51,7 32,11 13,05 0,26 8
4 54,0 33,76 13,15 0,27 B
5 56,3 35,10 13,30 0,22 B
c/w 2,4
1 b, b 39,70 15,21 0,580 8
2 55,6 it,54 13,90 0,26 8
3 49,5 30,92 14,77 0,33 | Failed uue to
Yoids
4 63,5 39,35 13,82 0,24 A
5 56,4 35,49 12,23 0,26 8
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Table 2.5(a) Static Elastic Modulus Results for
Granite Mortars

)
LOAD AT | STRESS AT £e
ISPECIMEN | FAILURE | FAILURE v FAILURE TYPE
kN MPa GPa
c/w = 1,5
T 26,8 15,75 14,26 | 0,17 )
P2 27,9 18,14 16,79 | 0,18 n
[3 28,0 18,04 14,90 | 0,16 A
L 240 | {568 12,84 | 0,18 A
wiw = 1,8
T 27,0 17,43 16,28 | 0,17 B
b 58,0 34,77 25,31 | 9,21 A
R 38,2 24,80 18.70 | 0,23 A
N a8 0 21 n 20,25 | 0,24 A
Clw o~ L% | | §
I 91,0 58,96 29,80 | 0,24 ¢
- :
z ' 84,0 % 53,87 29,77 1 0,25 A
i
3 81,8 2 53,13 29,76 | 0,26 A48 i
1

4 Failure at 30,0 kN grossly concer: 'E  curve.
Trgrafore result not viable.
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Table 2.5(b)  Static Elastic Modulus Results for
Andesite Mortars

LOAD AT | STRESS AT | £
SPECIMEN | FAIL © | FAILURE v FAILURE TYPE
‘N MPa GPa
clw o= 0%
1 50,2 33,47 25,02 | 0,26 B
2 44,0 8,60 |27,76 | 0,26 c4s
3 45,0 2945 26,76 | 0,29 D T
4 46,9 30,66 | 18,88 | 0,20 B ”f%
s
clw o= 1,4
1 60,6 9,11 | 26,03 | 0,20 D
2 70,2 4536 28,47 | 0,21 A
3 62,2 s0,18 | 25,26 | 0,21 A
4 67,8 43,9 | 23,81 | 0,25 B &0
%/w 22,4 ;
| 1 77,5 50,44 | 25,75 | 0,1 ¢
2 70 49,21 | 2,78 | 0,24 b
! 5
3 81,8 63,47 | 27,85 | 0, B
1 77,8 50,71 | 26,80 | 0,23 B
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2.5.1 Static Elastic Moduli for Pastes

As stated in section 2.1 the stress-longitudinal strain and
stress-lateral strain curves for paste are curvilinear,

Figures 2.13(a) to 2.13(b) show copies of the X-Y rocorder

plots for & paste specimen, cement/water ratio of 2,1. These
plots are represen~itive of the reccrded paste plots and are
successive cycies on one specimen. The axes have been converted
to strass and strain by use of calibration factors. The plots
are all curvilinear for longitudinal and lateral strains but not
excessively so. Trne loading and unloading components of the
cycle are also nonlirear. The initial curve i3 more nonlinear
than the cuccessive curves. This is probably due to initial
damage and structural change in the cement paste, namely
compaction or consolidation occurring within the specimen. The
slope of the initial or virgin curve also yields a Tower elastic
moduTus than that of the third curve “rom which the elastic
modulus was estimated. It can be seen that the area enclosed by
the hysteresis loop of the initial curve is much greater than
that of the successive cycles. This would be expected since
during the "bedding in" cvcle damage would cccur and energy would
be dissipated to a greater extent tham in successive cycles.
Figures 2.14, 2.15 and 2.16 show representative curves for

¢/ = 1,8, c/w=1,8and ¢c/w = 2,4 pastes respectively. The
curves for the pastes show that cement pastes are brittle
materials and failure was always sudden, accompanied by sound
emission from failure cracks. However, 1t must also be mentioned
that brittleness depends on the type of testing machine used.
Testing machires may be classified as hard (very rigid machines)
or soft (less rigid machines). With a hard machine, the machine
head will not foilow rapid dcformations of the specimen; a soft
machine wou'd follow these deformations. The machine used in
this investigation s neither completely hard nor completely
soft, but would tend to being a soft machine. The curves also
show tiat when the spec nens were held at the coristant 'E-load’,
the piite exhibited mo. 2 creep in the longitudinal direction than
in the transverse direction.
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The static elastic modulus was determined by choosing a
convenient point near the 'E-lpad' value and the X, Y1 and Y2
distances measured back to the true origin, see figure 2.14,
The slope of the plots were extrapolated back to zero to
compensate for 'bedding in' of the rig which was not
representative of the stress-strain plot {see figure 2.14).
This produced a small horizontal portion near the origin.
Although the pastes showed curvilinear stress-strain
relatiniships, the curvature was not as pronounced as in the
mortar and concrete plots. Thus the pastes tended to be more
‘linearly elastic' in behaviour than mortars and concretes of
fdentical c/w ratio. Table 2.6 shows the average values of
static elastic moduli, prism compressive strength and static
Poisson's ratio for the various cement pastes.

Table 2.6 shows that the values for prisa compressive strength
and statfc elastic moduli for the cement/water ratio pastes, 1,5
and 1,8 seem to be unrepresentative of true material behaviour.
The expected failure stress for cerent/water ratios 1,5 and 1,8
was 28 MPa and 36,3 WPa respectively. This is a dirfereace of
-58,7% between measured and predictec results {see tadble 2.7).
Thercfore, two different types of material behaviour are being
measured. Tabie 2.7 shows that there appears to be a basic
difference between the results for the lower cement/water ratios
of 1,5 and 1,8 and the higher cement/water ratios of 2,1 and 2,4.

The difference could be explained by the presence of macrovoeids
in the pastes and pousibiy microvoids in the paste structure.

The macrovoids were very much in evidence in the lower

cement /water ratios, as discussed in section 2.4.1, It was
thought that it migit be possible to correlate strenqgth and
static elastic modulus with electrodynamic moduli, which are
often considered to be comparable to the initia)l tangent modulus,
due tc the low stresses imposed by the dynamic test. However, it
was decided that it would be inval.d to correlate high
cement/water ratio values for strength and static elastic moduti
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with electrodynamic modulus and then extend it to Tow cement/water
ratios. Table 2.8 shows the average values of electrodynamic and
ultrasonic modulus values for the pastes of the above cement/water
ratios. The table confirms any correlation such as the one gbove
would be invalid, The table shows slight variation of the electro-
dynamic modulus values of c/w values of 2,1 and 2,4. However the
electrodynamic modutus varfes quite considerably across the range of
¢/w ratios considered (ie c/w » 1,5 the electrodynamic modulus is
7,80 GPa and for a c/w ratio = 2,4 the modulus value is 17,28 GPa).
Therefore any correlation may suqggest unly slight variation in the
moduli for the lower c/w ratios. It can be seen from this table that
there s only slight variation of the electrodynamic elastic modulus
values for the range of cement/water ratios tested. Therefore, any
correlation would be suspect. The writer is aware of this discrep~
ancy with respect to these low cement/water ratios. Fortunately,
only a small percentage of the investigation as a whole has | .en
affected by the anomalies. ne table shows that the ultrasonic
dynamic modulus values are greater than the Corresponding electro-
dynamic £ values. Both vary in a similar way with ¢/w ratio.

Tables 2.4 and 2.5 ingicate the various failure modes of the pastes
and mortars. The fajlure types are shown diagramatically in figure
2.17(a). Thre~ failed paste specimens are also shown in figure

2.17{b}. Fatlure type A {5 a shear and tensile failure. Type B is
a direct tensile failure and failure type D 5 a shear tyne failure
caused by misalignmert ~f the platen he2d of the leading machine

giving rise to §1ight uneven load on the specimen. The curves used

to predict faflure '.ads were based on concrate cube strangths and
would tend to be higher than that of a prism due to the aspect ratio
affect,

2.5.2 Static €lastic Moduli for Martars

Figures 2.16(a) and (b) and 2.19 and figures 2.20 to 2.21(a) and
(b} show the X-Y recorder plots for the graaite and andesite mortars
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Table 2.6 Average Vaiues of Static "lastic Modulus, Prism Compressive
Strength and Poisson’s i...fo for Cement Pastes

C/W RATIO PRISM STATIC STATIC
COMPRESSIVE ELASTIC POISSON'S
STRENGTH MODULUS RATIO
MPa GPa
1,56 13,93 4,56 0,19
1,8 14,96 5,87 0,19
2.1 32,69 13,01 0,24

2,4 36,00 13,93 0,28
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Table 2.7 Prism Compressive Strenyth and Expected Failure
Strength for Cement Pastes

C/W RATIO PRISM COMPRESSIVE EXPECTED FAILURE %
STRENGTH STRESS {(CUBE) DIFF
MPa MPa
1,8 13,93 28,00 -50,3
1,8 14,78 36,25 ~58,7
2,1 32,96 44,06 ~25,2
2,4 36,00 51,88 «30,6

3 Difference = [Measured - Predicted) x 100
Fradicted )

s

iy & e
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Table 2.8 Average Electrodynamic Elastic Modulus Values and
Ultrasonic Elastic Modulus Values ¢or Cement Pastes

C/W RATIO ELECTRODYNAMIC ULTRASONTL
MODULUS DYNAMIC
MODULUS
GPa GPa
7,80 13,15
10,44 16,99
16,63 23,09
17,28 24,20
il & - P &.4 e, R T s




Figure 2.17(a)

Figure 2.17(b}
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Prism Failure Types for Pastes and Mortars

Failed

Paste Specimens
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respectively. Generally the mortars exhibit more curvilinear stress/
strain plots than the pastes. An interesting observation is that the
granite mortars, particularly for c/w ratio 1,5 and 1,8 exhibit
stress/strain plots that are concave upwards. This sugjests that the
specimen is resisting deformatinn as load is applied and 'stiffening
up’' with increasing Toad. The ‘ungitudinal and lateral plots are
both concave upwards for both lcading and unloading cycles. This
effect was only observed in the granite mortars. Table 2.9 shows
that unrepresentative material behaviour is occurring in the granite
mortars of cement/water ratios 1,5 and 1,8. This is evidenced by the
Tow prism compressive strengths measured. The measured prism
compressive strengths are well be'ow the expected values as given in
table 2.3. At the ¢/w ratios of 1,5 and 1,8 the comparative
difference between the granite and respective andesite mortars is
large, whereas at the ¢/w ratio of 2,4 the granite and andesite prism
strengths are similar. The granite meriar gives both a higher
strength and a higher 2lastic modulus than the andesite mortar for
c/w o= 2.4, Therefore,‘;1mi1ar to tiae pastes there saems to be a
bacic difference between t! 3ranice mortar results for the lower c/w
ratios and the high c/w rati | ~specially with respect to strength.
This effect is still appare~t in the values for elastic modulus, but
to a lesser extent. As discus.od in section 2.5.1 this is thought to
be due to the presence of micrs ids in the granite mortars, so that
a different material behaviour fs heing measured. It is possible at
these low c/w ratios that the crushed _ranite sand was slightly
deficient in fine material which leads to in. presence of voids. The
andesite crushed sand was more uniform than the granite sand and had
relatively more fines in its composition. This is evident from ‘he
grading analysis given in Appendix A, Several of the granite mortar
failure mechanisms at the lower c/w ratios were failure type 'D',
This is a shear type failure rc.ulting in an apparently lower
compressive strength, This could explain the observation of the
concave-upward X-Y plots for both cement/water ratios 1,5 and 1,8 for
the granites. Again the writer is aware of this discrepancy in the
investigation, but it must be viewed as a small part of the whole
investigation., Correlations with measured dynaric moduli were
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inadvisable as discussed in section 2.5.1. The hysteresis effects
mentioned in section 2.5.1 were also evident for the mortars and
the initial 'bedding in' of the test rig was much more pronounced
than for that of the pastes. The energy dissipated reduced with
each load cycle, indicated by the reduced enclosed area between the
loading and unloading curve.

The st-tic elastic medulus was calculated in an identical manner to
that of the pastes. Again the virgin curve for each mortar gave a
lower elastic modulus than that of the final rurve mainly due %o
compaction and consolidation of the specimens over successive
Toading cycles. The plote re <how the mortar to be more
'ductile’ than the pastes, :n by the presence of & continuing
plot after the maximum stress had been reached. The mortar
failures were not as catastrophic as the pastes although the
failure was still sudden. Tabies 2.5{a) and 2.5(b) show that for
each ¢/w ratio both granite and andesite mortars Jave consistent
results. tes 2.9 and 2.10 give the average vaiues of static
elastic n 1, prism compressive strenqth and static Poisson's
ratic for granite and andesite mortars resnectively.

As expected the andesi®s mortars gav. nigher static elastic moduid
thar their granite counterparts with ¢ exception of cement/water
ratio Z2,4. The elastic modulus of t . ndesite mortars seems to be

only slightly affected by increase . -t /water ratio as opposed
{9 the granites which exhibit a mar +ffact, The andesite prism
failure stresses were also much his 2n those of the respective
pastes and failed at expected stre . 5 did the granite mortar

specimens of cement/water ratio 2,

Tables 2.5(a) and 2.5(b) also show *h * no specimens failed due
to macrovoids, trcrefore the strengch estimates are more reliable
than those of the pastes, with the exception of the granite
mortar prisms of cement/water ratios 1,5 and 1,8. Some of the
prisms exhibited failure type 'C' which was characteristic of
many of the concretes tested. Figure 2.22 shows a plot of

Ak - .. _A.L‘;L.-A .
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Table 2.9 Average Values of Static Elastic Modul:s, Prism
Compressive Strength and Pofsson's Ratio for Granite
Mortars
C/W PRISM SOVTIC STATIC
RATIO COMPRESSIVE ELASTIC POISSON'S
STRENGTH MODIL US RATIO
MPa GPa
1,5 17,15 14,38 0,17
1,8 26,18 20,14 0,21
2,4 85,22 29,78 0,25
Table 2.10 Average Values of Static Elastic Modulus, Prism
Compressive Strength and Poisson's Ratio for Andesite
Mortars
C/w PRISM STATIC STATIC
RATIO COMPRESSIVE ELASTIC POISSON'S
STRENGTH MODULUS RATIO
MPa GPa
1,86 30,55 24,61 0,25
1,8 42,14 25,39 0,27
2,8 50,96 26,70 0,22




108

prism compressive strength against static modulus of elasticity for
andesite mortars. The granites showed greater spread in hoth
static modulus and prism strength values. Figure 2.22 shows that
the static elastic modu'os varied very 11ttle with compressive
streongth.,  One rosgible explaniei n for th s is that the range of
volume fractions of paste and sand over the range of mortars
studies fs fairly small. Ailsc paste moduli are low relative to
sand modull, thus offsetting increase in mortar modulus with
tncre . se in strength which involves an increase in paste content
here. This would enucce Davigd® findings as mentioned in

section :.3, that rich mortars, bwcause of tneir high paste
content, had sigaificantly Tower modul! relative to their
respective concretes. Conversely, .a2an morters rendered velative, -
high etastic moduli.

2.5.3 Comparison of Elastic Moduli for Pastes uod Mortars

The results for the electrodynamic and ultrasonic dynamic elastic
moduli are given in tables 2.8, 2.11{(») and 2.11{b) for cement
pastes, granite and andesite mortars respectively. The tables show
that the ultrasonic modulus was the highest followed by electro-
dynamic and lastly static elastic moduli for pastes and mortars.
Figure 2.23 shows that ali three moduli follow rouahly the same
form when plotted against cment/water ratio for andesite mortar,
Toe plot also demonstrates that the modulus of elasticity of all
three moduli vary very Tittle with increasing cement/water ratio.

The andesii. mortars gave the highest ultrasonic and eloctro-
dynamic moduli followed by the granfte mortars and finally the
pastes. The dynamic tests also rendercd the most consistent
results, especially the ultrasonic tests. This may be atiributed
to the fact that the dynamic measurements are not as sensitive to
inherent flaws in the specimens, as the specimens are subjected
to negligible stress while under test. Figure 2.24 shows the
plots of static elastic modulus against electrodynauic and
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Average Electrodynamic Elastic Modulus Values and
Ultrasonic Elastic Modulus Yalues for Granite
Mortars

C/W RATIO ELECTRODYNAMIC ULTRASONIC
MODULYS DYNAMIC
MODULUS
GPa GPa
1,5 26,17 38,17
1,8 31,69 40,91
2,4 35,96 45,28

Table 2.11(b)

Average Electrodynamic €lastic Modulus Values and
Ultrasonic Elastic Modulus Values for Andesite
Mortars

C/W RATIO ELECTRODYNAMIC ULTRASONIC
MODULUS DYNAMIC
MODULUS
GPa GPa
1,5 31,93 41,17
1,8 14,88 46,01
2,4 34,34 47,63
. it . kx i
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Table 2.12  Average Static Elastic Modulus Values for Cement
Pastes, Granite and Andesite Mortars

C/MW CEMENT PASTE GRANT "E MORTAR ANDESITE MORTAR
RATIO GPa 23 GPa

1,8 4,55% 14,38* 24,61

1,8 5,87« ‘ 20,14* 25,39
2,1 13,01 - -

2,4 13,93 29,78 26,70

Values marked * are regarded as unrepresentative of true material
behaviour as discussed in sectfons 2.5.1 and 2.5.2

& e i Luh
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ultrasonic dynamic moduli for andesite mortars. [f a
statistically significant number of tests were carried out, good
correlation between dynamic and static moduli could be
established, provided valid static results can be obtained.

The values given in table 2.12 for pastes, granite mortars and
andesite mortars f2 each cement/water ratio tested are used in
chapter 4 to predict values of the elastic modulus of corcrete
using the theoretical models. Values regarded as unre-
presentative of true material behaviour are redundant in this
respect.

2.6 CONCLUSTONS

i. Pastes are much more sansitive to casting technique than
mortars. Ca-e must be faken to ensure uniformity of the
specimen. This is especially fmportant ac the lower C/w
ratios, particularly 1,5.

2. The andesite mortars gave the highest strengths and the
most consistent elastic modulus resuits. DOue to
different material behaviour at ¢/w ratios o 1,5 and
1,8 the results for the hardened cement pastes and
granite mortars cannot be regarded as representative of
“true” material behaviour.

3. For the range of c/w ratios tested, hoth tne static and
dynamic elastic meduii do not vary very much with
increacing c/w ratfo.

4. The dynamic testing was easier and quicker to carry out
than the static testing. The results of the dynamic
tests were also more consistent than the static te.ts.
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The pastes gave reasonably linear-elastic stress/strain
curves, and failed in an abrupt brittle fashion.

However, the elastic modulus results were not as
consistent as for the mortars, The stress/strain plots
for mortars resembled that of the concietes. However,
some of the granite mortar curves at the lower ¢/w
ratios exhibited concave-upward stress/strain plots.
This was felt to be unrepresentative material behaviour,
endorsed by the low static elastic moduli and
compressive strengths recorded for these specimens.
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