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LABORATORY PROCEDURE, MINERALOGY AND PETROLOGY FOR
GRANITE AND AMDESITE ROCKS

Al Preparation of Granite and Andesite Rock Boulders
and Cores

The boulders of granite were approximately 300 x 300 x 250 mm. It
was found that boulders in excess of these dimensions proved
cumbersome and difficult to manoeuvre when mounted on the drilling
machine.

The boulders were mounted on a wooden board and secured by placing
nails around the perimeter of the base of the rock and then
applying Plaster of Paris around the base of the boulder, filling
up voids between the rock and the wooden board. The boulders were
chosen to be as cuboid as possible, or to have gt Teast two
opposite faces flat. This facilitated both fixing and drilling.
The boulders were ready for drilling approximately one hour after
the Plaster of Paris was applied.

As stated in the text, the drilling machine was a Matheys vertical
coring machine and the drill bit and barrel was NX type, nominal
diameter 42 mm,

A2 Drilling procedure for Granite rock

The prepared boulder was placed on the adjustable table of the
coring machine and the height adjusted by means of a manual worm
gear, Grec* care was exercised during this operation to prevent
damage to the drill bit. Once the boulder was in the correct
position, a steady flow of water was applied through the core
barrel. Tmmediately prior to the machine being switched on, the
core bit was elevated above the surface of the rock to prevent
damage.
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After the machine was switched on, the core bit was applied to the
rock by a drilling lever, A steady pressure was maintained while
the core was cut from the rock. It was found that during the
drilling procedure the drill bit would at times cut through the
rock with ease and at other times considerable force had to be
applied to drily the core. This was evident on individual cores
and throughout the rock. This could be attributed Lo two
possibilities.

a) inclusions of ‘harder’ rock in the granite matrix.

b) the cutting ¢d e of 11 piece had collected a film
of rock over itz diamond abrasive cutting edge.

Therefore, to ensure (b} did not occur 1t was necessary to clean
the drill bit by drilling into an abrasive rock such as sandstone
which effectively 'cleans’ the drill bit and exposes fresh diamond
cutting edges. This procedure was performed at the discretion of
the operator. However, cleaning the drill bit betweer each core
facilitated the drilling operation.

A3 Grinding and lapping of Granite cores

The unfinished cores were cut to & minimum aspect ratio of 2:1
{but nnt greater than 2,5:1) by use of a Diamant Boart saw DV20.
Approximately lmm extra on the Tength of each cut core was allowed
for, to compensate for the lapping and grinding procedure.

The cut cores were fixed into the disc of the lapping machine,
(refer to figure 1.6) and the specimens ground flush by means of
silicon abrasive filings and a water lubricant, The disc is
traversed across the rotating lapping wheel onto which are applied
the abrasive filings and lubricating water.
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The procedure i compiete when a grey slurry is produced which is
very fine and almost fluid. After grinding one set of ends tre disc
shown in figure 1.6 was completely inverted with the specimens

fixed in position to ensure that the ends of the specimens were not
only flat but also paraliel. It g also recommended to grind 1
balanced number of specimens at any ona time on the lapping machine.
The disc holds six specimens in a hexagonal configuration,

The completed cores were then wiped off snd left to dry. A strafght
edge of a steel ruler was held across each end to ensure the specimer
was plane,

Al Preparation of Andesite boulders and cores

The andesite boulders were of similar dimension to those of the
granite. Due to the hardness of the andesite rock, the cores were
cut by Boart Research Ltd, A nhigh powersd industrial drilling
machine was used to cut the required number of cores from the
andesite boulders supplied.

A5 Grading Analysis and Specific Gravity Tests for
Granite and Andesite Aggregate

In order to classify the two aggregates used, a sieve grading
analy-is and a specific gravity test was carried out on each
aggregate type. The specific gravity was determined three times and
the average was found to be 2,89 for the andesite sana and 2,65 for
the granite sand. The gradings of the granite and andesite crusher
sands as recefved frum the quarries are shown in tables Al (a)

and (b) respectively. The values shown in these tables represent

the average of three grading determinations. These gradings are also
shown graphically on figures Al{a) and (b) respectively.
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Table Al (a) Grading Aratysis of Granite Crusher Sand as
Received from the Crusher

STEVE SIZE 4 RETAINED 2 PASSING CUMULATIVE

n % RETAINED
4750 0,3 99,7 0,3
2360 11,9 97,8 12,2
1180 19,4 68,4 31,6
600 20,4 48,0 52,0
300 14,7 28,3 7,7
150 16,4 11,9 88,1
75 6,8 5,1 94,9
<78 5,1 - .
TOTALS 100,0 255,9

FINENESS MODULUS = 2,56

Table Al (b) Grading Analysis of Andesite Crusher Sand as
Received from the Crusher

SIEVE SIZE % RETAINED % PASSING CUMULATIVE

" 4 RETAINED
4750 0,4 99,6 0,4
2360 26,7 78,8 21,1
1160 24,9 54,0 6,0
600 15,5 38,8 61,5
200 9,4 29,1 70,9
150 6,6 22,5 77,8
75 4,6 17,0 82,1

<78 17,9 ; .

TOTALS 100,0 277,4

FINENESS MODULUS = 2,77
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REPEATABILITY OF DYNAMIC ROCK CORE RESULTS.
DYNAMIC ROCK CORE RESULTS FOR GRANITE AND ANDESITE.

81 Definitinng
For the purposes of this appendix the following uefiritions apply:

reneatability {r) : Quantitative expression of the random error

associated with a single test operator in a
given laboratory obtaining successive results with the same apparatus
under constant operating conditions on identical test material. It
is defined as that difference Letween two such sinale results as
would be expected in the Tong run in only one case in twenty in the
normal and correct operation of the test method;

reproducibility (R} © {Quantitative expression of the random

error associated with test operators working
in different laboratories, each obtaining single results on identical
test material when applying the same method. It iy defined as that
difference between two such single and independent results as would
be exceeded in the long run in only ona case in twenty in the normal
and correct operation of the test method.

B2 Repratability of Dynamic Resuits

From the above definitions a repeatability test, rather than a
reproducibility test was carried out on an andesite core to try and
gauge some measure of the repeatability of the equipment used and the
accuracy of measurements taken. Table Bl shows the travel times of
dath the F- and 5- wave for this specimen measured twenty successive
times. It ¢ clear that the P. wave can be measured with greater
accurary ‘an the 5- wave.  This highlights the fact that the S~ wave
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travel time must be measured very carefully ard as precisely as
possible., The greatest source of error in measuring dynamic
constants in this way is the estimated S- wave travel time.

83 Dynamic Rock Core Results

Ses tables B2 and B3 for granite and andesite rocks respectively.
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Table Bl Repcatability of rezults (P- and S- Wave Travel

Times taken on an Andesite Core 20 Times)
CORE  AC2

s Ts

Reading us us
1. 13,6 26,5
2. 13,8 26,2
3. 13,6 26,2
4, 13,6 26,5
5. 13,6 26,5
6. 13,6 26,5
7. 13,6 26,5
8. 13,6 25,9
3. 13,6 25,2
10, 13,6 27,0
1. 13,6 28,2
12, 13,6 26,0
13. 13,6 26,2
14. 13,6 26,2
15. 13,6 26,2
16. 13,6 26,0
17. 13,6 76,2
18. 13,6 25,9
19. 13,6 27,0
20. 13,6 26 5

Mean Tp = 13,6us Mean 7. = 26,4 s

Standard Deviation = 0,022 us  Standard Deviation = 0,323 ns
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Table BZ Transmission of body waves through Granite rock specimens /continued

MATERIAL SPECIMEN LENGTH DIARETER YOLUME MASS DENSITY TRANSMISSION TIMES (T)
NUMBER
To Te
x1g 4
Measured  Corrected Measured  Corrected
o m ar kg kg/m3 us us us us
GRANITE JF3 0,081 0,047 1,103 0,2920 2646,2 16,0 14,7 31,0 26,4
JF4 0,083 0,042 1,121 0,3028 2701,4 15,2 13,9 30,0 25,4
*
; JFS 0,081 0,042 1,108 0,2890C 2614,8 15,2 13,9 31,0 26,4 E :
" JF6 0,084 0,042 1,141 0,3090 2711,6 15,8 14,5 30,0 25,4 ’
4
b JE7 0,083 4,042 1,125 0,2950 2621,9 15,3 14,0 30,0 25,4
3
,} HB: Correction times for pulsing heads: where Tp travel time for P-wave

P-dave - 1,3 usec Tg = travel time for S-wave
S-Wave - 4.6 psec
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APPENDIX C

STATIC MODULUS TEST PROCEDURE AND RESULTS FOGR CONCRETES

Static Modulus Test for Concrete, Paste and Mortar

The following procedure was adhered to for concretes, pastes and
mortars. The test was similar to BS 1581: PART 121: 19831,
Apparatus

The static modulus apparatus is shown in Figure C1 and consists
of the following.

a) Static tast rig with adjusting screws and calibrated LVDTs
{Tinear variable differential transformers).

b) XY recorder measuring longitudinal and ‘ateral
displacements.

] Power pack capable of supplying a constant 6V output.
Before each test the output of the power pack was checked by

the use of an accurate digita) voltmeter.

d} A digital voltmeter capable of measuring one tenth of &
millivolt.

e) A compression loading machine (Tinius Olsen).

f) A stopwatch and a ruler,

Procedure

Fnd faces of specimens were ground before test to ensure a plane
Toading surface. The prisms were marked with centre lines and
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gauje length Tines for their respective static rigs. This
facilitatea the fixing of tne rig and ensured tha® the extension
was measured over the correct gauge length. The static rig was
adjusted to ensure the LVDTs were perpendicular to the fine
adjusting screws. Figurc C2 shows a paste specimen held in the
static paste/morta rig. The prism was mounted in a Tinfus Olsen
Toading machine and connected to an XY recorder.

The specimen was carefully centred in the loading machine and the
loading platen levelled to ensure concentric loading, A pre-load
as given in table C1 was applied to the specimen and held
constant for approximately one minute. DOuring this time a
voltmeter was connected across the outputs of the longitudinal and
Tateral LVDTs, which were then zeroed by means of the fine
adjusting screws. This ensured that tne movement of the cores of
the LVOT was in fts linear range. The XY plotter was set at
suftable sensitivities and the Tongitudinal and Tateral pens
positioned at a convenient origin, usually the top left hand
corner of the XY chart.

In accordance with BS 1881: PART 121: 1983 the Toad was increased
at a rate of 15 MPa/min up to a value of one third of Lne mean
compressive strength. The theoretical compressive strength, f.,
{which was based on concrete cube strengths) was computed from ¢/w
ratio and design charts. Table C1 gives the verious values used
for the concretes, mortars and pastes. The Toad was applied at
this rate up to the value of one third of the compressive
strength,  This Toad was mainteined for one minute. Then the
specimen was unloaded at 15 MPa/min to the pre-lsad value which
was maintained for one minute. The XY pens were re-zeroed and the
procedure repeated twice. The elastic modulus was determined from
the third trace. The XY recorder sensitivity was then reduced and
the specimen reloaded at the prescribed rate to failure.




&
|

Figure C1  Static Modulus Testing Apparatus for Pastes,
Mortars and Concrete

Figure C2  Paste Specimen held in Static Testing Rig
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Calculation of Results

Figure C3 shows a typical trace for an andesite concrete,
cement/water ratio 1,5 and 700 kg/m3 stone content, From the
final plot, plot 3, slope AAl was taken to determine the static
elastic modulus. Due to the static rig “"bedding in" ar
aoproximately horizontal portion was evident on both the
Tongitudir-? and lateral stress/strain plots. Slope Aal and

88l were constructed parallel to their respective curves,
extrapclated back to give correction distances and the true origin
of each curve. The slopes were converted to an elastic modulus €
value and Poisson’s ratio value, by previously ascertained
calibrations incorporating LVDTs, loading machine and the XY
plotter.

Tables €2 and C3 give static elastic modulus results for granite
and andesite concretes respectively,
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Table C1  Pre-loads, Loading ¥ .e, 'E' Load Values and Loading
Machine Settings for Concretes, Pastes and Mortars

SPECIMEN C/u PRE- LOADING PREDICTED 'E' LDAD
RATIO LOAD RATE COMPRESSIVE  {f/axAREA)
{15MPa/nin) STRENGTH
fe
kN kN/min MPa kN
CONCRETE 1.5 5,0 158 28,0 96,3
101.6x101.6
%250 mm 1,8 5,0 155 36,5 125,9
2,4 5,0 155 52,0 178,9
PASTE AND 1,5 0,8 24 22,0 14,9
MORTARS
470x40x160mm 1.8 0.8 24 5.8 19,5
2,1 0.8 24 44,3 23,6

2,4 0,8 z4 52,0 27,7
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Table C2  Static Modulus Results for Granite Concrete

SPECIMEN LOAD AT  STRESS AT Ee MODE OF
FAILURE  FAILURE v FAILURE
kN MPa GPa
700 kg/m3
c/w=15 1 222,68 20,98 22,54 0,17 ¢
2 218,0 20,57 21,67 0,17 B
3 212,84 20,02 23,65 0,17 ]
4 216,6 20,43 T 96 0,16 8
700 kg/m3
c/rw=1,8 1 2620 24,69 20,72 0,18 B
i 284,5 26,84 32,22 0,19 A
3 229,8 21,66 31,16 0,18 B
4 35,8 29,89 26,63 0,18 8
700 kg/m3 ,
c/w=2,4 1 408,3 8,77 30,18 0,21 8
2 402,9 38,08 29,53 0,22 B
3 399,2 37,91 29,80 0,21 8
4 399,8 37,.8 29,60 0,19 8
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Table €2 Static Modulus Results for Granite Concrete (continued)
SPECIMEN LOAD AT STRESS AT [ MODE OF
FAILURE FAILURE v FATLURE
kN MPa GPa
1000 kg/m?
c/w=1,5 1 187,0 17,81 24,53 0,14 c
2 220,8 21,48 25,23 0,16 C
3 182,2 17,38 25,76 0,16 A&C
[ 2140 20,79 20,45 0,18 B
1000 kg/m3
c/w=1,8 1 290,8 27,23 30,28 0,12 BaAC
2 283,6 26,62 264,12 0,13 [
3 279,0 26,13 2% .12 0,16 A
4 2658,7 24,94 27,26 0,18 ¢
1000 kg/m3
c/w=2,4 1 377,0 35,49 32,05 6,19 c
2 334,4 32,07 29,69 0,20 C
3 374,9 35,30 31,90 0,22 C &R
4 362,5 36,15 31,83 0,20 B
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Table €2  Static Modulus Results for Granite Concrete (continued)
SPECIMEN LOAD AT STRESS AT Ee MODE OF
FAILURE FATLURE v FATLURE
kN MPa GPa
1300 kg/m3
c/w =15 1 167,9 15,75 26,97 0,19 B
2 175,9 15,65 24,32 0,15 &C
3 175,5 16,46 25,04 0,18 & C
4 1780 16,70 23,18 0,14 8
1300 kg/m3
c/w = 1,68 1 247.,9 23,42 29,54 0,17 B
2 263,6 24 .88 28,158 0,16 8
3 253,0 23,91 10,34 0,16 L
4 285,1 27,00 29,17 0,17 B
1300 kg/m?
c/w = 2,4 1 383.,4 36,31 33,23 0,20 8
7 404,31 37,71 31,94 0,16 8
Y T 17,82 31,76 0.20 8
4 347 .4 32,41 36,03 0,23 R
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Table C3 Static Elastic Modulus Results for Andesite
Concrete
LOAD AT  STRESS AT Ee
SPECIMEN FATLURE FATLURE FAILURE TYPE
kN MPa GPa
700 k3/m3
c/w = 1,5
1 226,2 21,29 29,78 0,18 A
2 239,86 23,C1 33,61 0,20 B
3 273.2 25,84 28,58 0,19 B
4 248,4 23,88 31,81 0,21
c/w = 1,8
1 277.,9 26,23 31,79 0,20
2 338,7 31,70 31,98 0,17
3 308,2 29,09 33,26 0,20
4 313,2 29,32 34,67 0,22
c/w = 2,4
1 404,1 37,73 36,57 0,23
2 377.8 35,98 36,49 0,18
3 444,3 41,48 35,27 0,20
a 421,4 40,14 3¢ 50 0,21
S




257

Table C3 Static £lastic Modulus Results for Andesite
Cancrete /continued
LOAD AT  STRESS AT Ec
SPECIMEN FAILURE FATLURE FAILURE TYPE
kN MPa GPa
1000 kg/m3
c/w = 1.5
1 217,3 20,43 31,26 0,19 A
2 219,0 20,49 35,14 0,20 B
3 251,0 23,60 34,59 0,20 c
) 226,3 21,17 36,99 0,21 B
c/w = 1,8
1 286,8 26,80 37,71 0,20 A
2 356,3 XA 37,711 0,20 A
3 292,6 27,35 38,53 0,21 ]
4 317,8 30,07 35,97 0,20 A
c/w s 2,4
1 371,3 34,62 40,44 0,18 8
2z 373,8 35,06 39,89 0,22 8
3 399,6 37,26 42,65 0,28 B
4 35,4 33,34 39,42 0,22 8
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Table €3 Static Elastic Modulus Results for Andesite
Concrete /cortinued
LOAD AT STRESS AT Ee
SPECIMEN FATLURE FATLURE FAILURE TYPE
kN MPa GPa
1300 kg/m3
c/w = 1,5
i 237,2 22,18 38,95 0,19
2 199,5 18,65 40,18 0,21
3 226,0 21,13 42,10 0,22
4 204,0 19,07 37,40 0,19
c/w = 1,8
1 297,8 27,83 44,03 0,23
2 275,0 25,85 40,06 0,20
3 279,5% 26,10 44,20 0,22
4 2843 26,72 41,43 0,21
c/w = 2,4
1 361,8 34,20 44,54 0,24
2 358,8 13,68 41,87 0,1¢
3 3849 36,38 44,84 0,20
4 184.,6 36,10 46,15 0,21
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1. BRITISH STAMDARD Testing Ccagcrete Part 121 Method for
Determination of Static ModuTus of TTasticity in
Compression  BS 18817 PART 121771983
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APPARATUS DESIGNED FOR PROJECT

o1 Paste/Mortar Moulds and Rotating Hardening/Setting
Device

Since cement pastes tend to segregqate {f conventional casting
methods are used, an approach similar to that of $pooner1 was
adopted. Firely machined, sealed moulds were designed and
manufactures  The moulds were sealed by the use of petroleum
jelly. Figure 2,.9(a) in chapter 2 shows a partially dismantled
mould. A rotating machine for up to six moulds was also
designed. The machine was designed to rotate the moulds at six
revolutions per minute. The sealed moulds on the rotating machine
are shown in figure 2.9(b) of chapter 2. This technique helped
reduce segregation in the pastes and mortars and ensure better
uniformity of specimens. The steel moulds were all covered with
an of1 releasing agent and clamped together by Allen screws. The
Joints were sealed by petroleum jelly.

n2 Electrodynamic Apparatus for Concrete, Pastes and
Mortars

The electrodynamic apparatus {3 shown in flgure E2 of appendix E.

A full description of the apparatus and the technique used is also
given in appendix E. A1) of this apparatus was made up to enahle

the aynamic electrodynramic modulus to be determined in accordance

with BS 18812,

T VR
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03 Static Modulus Testing Apparatus for Pastos, Mortars
and Conurete

A Full description of the apparatus and procedure {s given in
appendix C. it was decided to use LVDT's (linear varjable
differential transformers) to measure deformations of specimens.
Therefore, lightweight aluminium rigs were designed for both paste,
mortar and concrote specimens. The rigs held the LVDT's in
requived position to determine Tongitudinal and transvers.
deformations of specimens under load. The rigs were calibrated
against a strain gauged steel cylinder. Accurate E-valuss were
determined for the pastes, mortars and concretes using calibration
factors determined for the LVDT's, the Tinius Olsen and the X-Y
plotter,

e e - . ‘ﬁ‘..q,_.mk Dt N it
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ELECTRODYNAMIC CLASTIC MODULUS LABORAYORY PROCEDURE AND
RESULTS FOR PASTES, MORTARS AND CONCRETES

Electrodynamic Test for Modulus of Elasticity

The most senvenient way of measuring the modulus of elasticity of

concrete 15 by vibreoinmal techniquesl. Resonance techniques

were first used about thirty yoars agaz and have become part of
corsrete testing technolouy. The concrete has to be in a well
jetined shaps to allow resonance in some particular mode to be
cx-ited by a vibrator. At a particular resonant frequency the
cyneee modulus of elasticity can be estimated. The most common
spreciman employed in rescronce tests is a beam of rectangular or
saua - rross-saction, wnich is also often used in flexural
steci th meaturements. The British Standardd (BS 1881) gives
dctails of tre method employed to excite the fundamental
Tomgitidinal rasonance of square section standard beams. The
syg tyer namic apparatus used in the project was modelled on the

aforeme: *iored method,  [aleulotion of dynamic moduli were

oerformec in 2ecordance with BS 1881 for pastes, mertars and
concrates

‘n some casei it s desirable to determine progressive changes in
the s reng « and stiffness of a concrete, mortar or paste
specimen. . or example 1t might be necessary to determine concrete
deteriorat oo due to damaging action of frost or chemical attack.
Regonance » iFods are specified in the United States of America as
a means of dr. rmining resistance to frost, and they have been
used in other tountries to determine resistance to attack by
sulphate or ~e.age. Being non-destructive the methods have
considerable . :ni2dges cver conventional strength and stiffness
methods. Repetitive tests to study ageing and durabilfty can be
made on the same specimen, so considerable economy is effected in
the number of rsecimens required. The chief disadvantage oF
resonarce methods is that they are restricted to specimens of

R TR,

e

* T
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shapes for which it ic¢  ssible to derive the frequency
equationl. Martincek? has racently computed results for the
resonant frequencies of cubes and discs, to enlarge the range
of specimen <haves [0 which the technique can be applied.
Resonance techniques are rarely applicable to in situ structural
concrete and puv se propagation methods are more suitable for in
situ t&stingl.

Using the arringement shown in figure El Kaplan® found an

increase in path length {i.e. the length of specimen) gave greater
accuracy in calculations. The ASTM standard £215-60% describes
the measurement of longitudinal resonant frequency, transverse
{Flexural) frequency and torsional freaquency. The schematic
Tayout of this apparatus is shown in Ffigure E1.

The dynamic etastic modulus determined fn this way s usually
considerably higher than the static modulus of elasticity.
Hegligible stress is applied to the specimen during vibration;
hence the dynamic modulus refers to almost purely elastic effects
and 1t ig unaffected by creepb, Kﬁﬁ}&ﬂg also concluded from

ais inveszigations on thirteen different Lypes of cosrse aggregate
that changes with age in the dynamic modulus were chiefly due to
changes in the mortar phase of the concrete. The type of
aggregate and mix proportions affect the dynamic modulus. He
found a highly significant correlation between dynamic modulus and
the flexural or compressive strength. Th: se relationships are
affected by the type of aggregate and the mix proportions.

Apparatus

The apparatus s shown in Flgure £2.

P
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Figure E1  Schematic Diagram of Typical Apparatus showing
Driver and Pick Up Positiops for Three Types of
Vibration [After ASTM C215°)

Figure £2  Electrodynamic Apparatus for Concretes, Pastes and
M ~tars




APPENDIX E

The apparatus consisted of the follewing

al a variable frequency oscillator with a range of zerc to 20
kHz, Outpui power variable to ZkW.

b} an glectromagnetic exciter unit of which the part to bz
attached to the beam had a mass not greater than 0,2% of the
mass of the specimen.

c) The vibration stylus pick up also had no resonances at
frequencies below 10 wHz.

4) a cathude ray oscilloscope

e) a frequency counter

£} an audio frequency amplifier

g) a fixed ¢lamp with a maximum width of 1720 the length of the
specimen

h) a thick polystyrene hase to form zn anti-vibrational
mounting

i) a balance of adequate canacity and accuracy of 10g

Procedure

The beams were removed from the curing tank and tested while still

wet.

Surface water and grit were wiped of f the beam before it was

clamped in position. The ends of each s.ecimen were also ground
plane unless they had been cast against a machined steel mould.
The electromagnetic exciter unit was ad,usted yntil it was
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touching the specimen centrally. The stylus pick up was adjusted
and fixed centrally on the other end of tne specimen by means of a
magnetic clamp. The variable frequency oscillator was switched on
and the fregquency varied until a peak output was observed on the
oscilloscope. The frequency was then read off the frequency
counter. This procedure was carried out three times to obtain a
mean resonant frequency. Care was taken during this cperation to
< 1sure that the peak trace on the oscilloscope was not a harmonic.

The following additi{onal measurements were aiso made on each
specimen: -

i) The weight, Wy, in kilogrammes of the wet specimen in air.

i'}) The length, 4, in millimetres of the specimen using the mean
of four symetrically placed meuasurements.

ii1} The density, P, in kilogrammes per cubic metre by
determining the average width, b, and depth, d, in
millimetres from six equally spaced measurements along the

length of the specimen.

Then © = W3 x 109 (kg/md) v 122D
ibd

Nominal specimen size for concrete was 100mm x 100mm x 500mm
and tor the mortars and pastes 40mm x 40mwm x 160mm.
Calculation
The dynamic modulus, £u, of each specimen was calculated from

Eg = 40212 £.10°9 Gpa e
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where:

L = Tength of _he specimen in millimetres

n = natural frequency of the fundamental mode of longitudinal
vibration of the specimen in hertz and

e = density in kilogrammes per cubic metre

Tables of Results

The results of the above calculations are given in tables El for
pastes, tables E2(a) and E2{b) for granite and andesite mortars
respectively and tables E3{a) and E3{b) for granite and andesite
concrates respectively.
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Table E3(a)

tlectrodynamic Elastic Modulus Results for Granite Concretes /continued

STOME <l SPECIMEN WEIGH LENGTH BREAD.n DEPTH DENSITY HATURAL DYNAMIC
CONTENT RATIO MNUMBER FREQUENCY MODULUS
kg/md Wa kg § (om) b (mm) d {mm) Okgjm3 n_ kidz GPa
1060 2,4 1 12,58 492 102,67 103,45 2406 ,52 I8 32,90
2 12,51 490 102 ,45 103,29 2412,44 s, 32,68
1300 1,5 1 12,75 495 104,11 102,40 2415,14 65 31,54
¥ 2 12,54 492 102,62 102,96 2413,34 5,588 29,34
2 1360 1,8 1 12,68 434 102,78 102,97 2399,59 3,13 22,85
2 12,72 496 103,10 102,76 2421,33 1,65 31,69
. 1300 2,4 1 12,78 437 102,30 103,20 2430,15 3,81 34,87
P
2 12,93 404 102,54 104,55 28440,/ 31,86 35,51

9Lz
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ULTRA. NIC METHOR FOR PASTE, MORTAR AND CONCRETE

This form of testing employs pulses in the frequency range of
50-150 per second, generated and recorded by eloc ronic circuits.
The commercial) equipment available 15 robust, lightweight
equipment suitable for site as well as laboratory use.

Theory of Pulse Propagation through Concrete

Three types of wave are generated by an impulse applied to a solid
mass.

11 Surface waves having an elliptical particle displacement are
the siowest.

i1} Shears or transverse waves with particle displacement at
right angles t¢ the direction of travel are faster.

14131 Leongituding) waves with particle displacement in the
direction of travel (compression waves) are the most
important since these are the fastest and provide more
useful information.

The wave velocities depend on the elaztic properties and density
of the medium and hence 1f the density and velocity of wave
propagation are known, i1t is possiblie to assess the elastic
properties. For an infinite, homogeneous isotropic elastic medium
the compression wave velocity 15 given by:
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where V = compressional wave velocity («m/sec)

K = Uf") Lol (FL2)
{1-v) (3-2 )

£y = dynamic modulus of elasticity (GPa)
p = density (kg/m3)
v = dynamic Poisson’s ratio

K is relatively insensitive to variatiur~s in dynamic Poisson's
ratio and hence provided that a reasonsblic estimate of this value
and the density can be made, it is possible to compute E4 using

a measured value of wave velocity V. Since o and v vary littie
for mixes containing natural aggregates [in the case of concrete),
the relationship between velocity and dynamic elastic modulus may
be expected to he reasonably constant despite the fact that
concrete is not an 'ideal’ medium to which the above equation
appliesl,

Equipment and lUse

The basic circuitry requirements are shown . ¥ wee F1.
Basically the test equipment must provide ar o of generating a
pulse, transmitting this to the concrete moriar or paste,
receiving and amplifying the pulse and measuring and displaying
the transit time. Repetitive voltage pulses are generated
electronically and transformed 11to wave bursts of mechanical
energy by the transmitting transducer, which must be coupled to
the concrete syrface through a suitable medium, A simitar
receiving transducer is also coupled to the concrete at a known
distance from the emjtter and the mechanical energy converted back
to electrical pulses of the same frequency. The electronic timing
device meusures the interval between onset and reception of the
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pulse and this is dispiayed an 2 digital readout. For concrete,
testing transducers with natural frequencias between ¢G kHz and
150 kHz are most suitrhle.

Apparatus

The apparatus is shown in figure F2. The apparatus consisted
af i~

a) An ultrasonic tester {a Steinkamp ultrasonic tester type
BPIVY, with exciting anu receiving transducers, natural
frequency 40 “Hz.

b) A standard calicratfon bar.

c) Coupling medium, petroleum jelly.

Procedure

The yltrasonic tester was calibrated using the standard 10 us
calibration bar. The speci..ns were removed from the curing tank
and surface water and grit was cleaned off, Special care was
taken to ensure the ends of the specimens were clean and surface
dry to ensure good acoustical coupling between the specimen
surface and the face of the transducer., Petroleum jelly was
applied to the ends of the transducers and attached %o the
specimen. A1l alr pockets were ~liminated as far as possible and

only a thin separating 1a 5, any surplus being squeezed
out by pressure. If th any specimen was rough or
uneven it was ground to pr .mooth surface for transducer

application. The readings were repeated three times for each
specimen, using the direct method of transmission. The various
types of readings are shown in figure F1. The direct method is the
most reliable from the noint of view of transit time measureient.
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Figure F1

Figure F2
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Additional measurements of aass, length and density were performed
as dascribed in Appendix £ for electrodynamic modulus of
elasticity.

“1lculation

As previously stated, the ultrasonic dynamic modulus of elasticity
can be calculated from thr Lrowledge oF the density and pulsze
velocity. The dyna— '~ is given by

4 = ey

for specimens with laterai dimension less than one wavelength
where:

Eq he ultrasenic dynamic modulus of elasticity GPa

o is the density kilogrammes per cubic metre

¥ iz the transmission fine met ner second.

The results of the above caloul 4 oe arp given in table F1 for
pastes, table F2(a) and F2(b) renite and andesite moriars

respectively and Fi{a) and F2 sranite and andesite
concretes respectively.
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i
Tatle FI Ultrasonic Dynamic Elastic Modulus for Pastes )
SPECIMEN ULTRASONIC LTRASONIC ULTRASONIC
RATIO HUMBER TRAVEL TIME VELOCITY DYNAMIC
T v MODULUS
LS ms~i 6P
1,5 1 56,7 26823.8 13,67
2 57,6 27861 13,11
3 57,1 2:11,4 13,94
a 60,7 2638.4 11,87
1,8 1 52,2 3078.5 17,30
2 52,0 30858,1 17,i9
3 53,5 2995,3 16,21
4 51,8 3083,2 17,26
2,1 1 45,7 3509,2 24,18
4 47,8 3362,6 22,19
3 47,0 3413.8 22,61
4 46,5 3456,1 23,42
5 46,8 3429,1 23,07
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Table F1  Ultrasonic Dynamic Elasvic Modulus for Pastes/continued

SPECIMEN ULTRASONIC ULTRASONIC ULTRASONIC
RATIO NUMBER TRAVEL TIME VELOCITY DYNAMIC
T v MODULUS
us ms-1 6Pa
2,4 1 45,5 3522,0 24,69
2 45,1 3478,3 23,95
3 45,6 352,3 24,74
4 45.8 3498,9 24,38

5 46,7 3436,2 23,24




Table F2{a} Ultrasonic Dynamic Elastic Moduli for Granite Mortars

SPEC IMEN ULTRASONIC ULTRASONIC ULTRASONIC
RATIO NUMBER TRAY L TIME VELOCITY DYNAMIC
T v MODULUS
us ms-1 GPa
1,5 1 37,9 4069,3 43,33
2 38,9 3993,6 35,61
3 37,8 4071,6 37,09
4 37,7 4072,9 36,66
1,8 1 36,1 4205 .6 40,14
2 35,0 4327,1 43,11
3 36,8 4211,2 39,72
4 36,4 4755,7 40,68
2,4 1 33,6 4461,8 46,24
2 34,5 4438,6 45,76
3 34,3 44553 45,85
4 35,1 4297.,7 43,25
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Table F2(b)  Ultrasonic Oynamic Zlastic Moduli for Andesite Mortars

5
SPECIMEN ULTRASONIC ULTRASONIC ULTRASONIC ﬁ
RATIO NUMBER TRAVEL TIME VELOCTTY DYNAMiC
T ] MODULUS
us ms-1 GPa
1,5 1 36,0 4262,8 42,83
2 36,3 4167,8 41,11
3 36,9 4159,2 40,83
4 36,8 4114,1 39,90
1,8 1 35,8 4320,7 44,66
2 34,3 4460,5 47,85
3 35,5 4369,0 45,39
3 34,6 4400,5 46,18 !
2,4 1 34,7 4420,7 46,36
2 34,3 4460,5 47,28
3 33,9 4526,8 49,75
4 4,5 4447,0 47,13

& oo - L; o D
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Table F3{a} Ultrasonic Dynamic Elastic Moduli for Granite Concrete

— a
STONE ~hw SPECIMEN  ULTRASONIC  ULTRASONIC  ULTRASONIC 1

CONTENT  RATIO NUMSER  TRAVEL TIME  VELGCITY DYNAMIC
T v MODULUS

kg/m us ms-1 GPa
700 1,5 1 109,9 44859 47,08
2 109,4 4465.8 46,72

1,8 1 107,1 4553 .8 49,28

2 107.9 4587.6 49,86

2,4 1 4700,3 52,37

2 4703,1 52,42

1000 1,6 1 107, 4569,0 49,36
) 1065 4633,8 50,73

1,8 1 102,8 4795,7 54,68

2 103,7 4751,3 53,65

2,8 1 101,8 4835,5 56,27

2 01,7 4818, 1 56,00

1300 1,5 1 104,8 47233 53,88
2 103,9 4732,8 54,06

1,8 1 102,3 4826.5 55,90

2 101,2 48952 58,05

2,4 1 99,4 5000,0 60,75

2 100,2 4930.1 59,33

i - e ‘H,,‘m‘n R~ NN ISP
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Table F3(h) Ultrasonic Dynamic Elastic Moduli for Andesite Concrete

STONE c/w SPECIM” ULTRASONIC ULTRASONIC ULTRASONIC
CONTENT  RATIO NUMBER TRAVEL TIME VELOCITY DYNAMIC
i v MODULUS
kg/m3 us ms-1 GPa
700 1,5 1 103,1 4723.,6 55,78
2 105,3 4710,4 55,90
1,8 1 101,9 4820,9 57,97
2 i01,1 4871,4 59,02
2,4 1 99,6 4934,7 60,90
2 97,5 5039,3 64,33
1000 1,5 1 101,3 4935,8 61,68
2 94,1 4984 .7 63,71
1,8 1 97,1 5108,1 66,61
2 98,5 §009,1 64,84
2.8 1 94,7 5198,0 69,37
2 96,1 5150,9 68,12
1300 1,8 1 97,0 5103,1 67,29
2 96,4 5150,4 67,89
1.8 1 94,2 6284 .0 72,14
2 94,0 5215.4 69,96
2.4 1 92,4 53:1,2 74,54
2 92,2 §349.8 74,89

. = - T ilhb; IRy SN SN VN
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