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ABSTRACT

The use of revibration in concrete has been 
a subject of controversy for sometime, but after World 
War II most engineers started appreciating the beneficial 
effect of revibration on the strength of concrete. In 
the first few chapters of this thesis is an appreciation 
of the work already done by others and deals in some de­
tail with the factors affecting the strength of concrete.

In the present experimental study the effect 
of revibration and intermittent vibration was studied on 
the compressive and flexural strengths of cement pastes 
using Type I Portland cement. The programme included 
mixes of water cement ratios 0.30, 0.35, 0.40 and 0.45, 
compression test cube specimens of size 2 x 2 x 2 in. 
and flexural test prism specimens of size 1 x 1 x 5  in. 
and three test ages - 7, 28 and 90 days. Standard ref­
erence specimens were vibrated once only for 5 minutes 
immediately after casting. Specimens revibrated had a 
total of 10 minutes vibration (5 minutes immediately 
after casting and 5 minutes’after 2 hours and 40 minutes). 
Specimens subjected to intermittent vibration were vi­
brated 1 0  minutes ott approximately one half hour intervals 
for a period of Ih hours.

IV

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Both revibration and intermittent vibration 
were found effective in increasing both the- compressive 
and flexural strengths of cement pastes. Intermittent 
vibration was found to be more effective than revibration 
for all the water cement ratios and at all three test 
ages.

iv (a)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CONTENTS

Page

ACKNOWLEDGEMENTS .................................  iii
ABSTRACT ............................................ iv
LIST OF TABLES .....................................  v
LIST OF FIGURES ............     vi
CHAPTER

I INTRODUCTION .................................  1
II FACTORS AFFECTING CONCRETE STRENGTH ......  3

A) Characteristics of Cementing Material . 3
B) Characteristics of Aggregate ........... 4
C) Water Cement Ratio ....................... 6

D) Effect of Richness of Mix .  ............  7
E) Mixing ...........    8

F) Compaction ..........................   8

G) Curing .........  10
H) Testing Factors .........................  12

1) Specimen versus structures..........  12
2) Effect of size and shape of specimen. 12
3) Effect of end conditions of specimen. 13
4) Effect of moisture content of specimen. 14
5) Effect of rate of loading on specimen. 14
6 ) Effect of temperature of specimen .... 15

J) Concluding Remarks .................  17
III EFFECT OF REVIBRATION ON CONCRETE STRENGTH. 18

V

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IV MECHANISMS BY WFÎICH REVIBRATION
INCREASES STRENGTH OF CONCRETE ............ 22

V EXPERIMENTAL PROGRAMME .....................  26
A) Water Cement Ratios  ................. 26
B) Test Ages ..............................  27
C) Cement ..................................  27
D) Test Specimens ......................... 27

VI EXPERIMENTAL PROCEDURES ....................  28
A) Mixing .................................. 28
B) Placing 8 compaction of paste ........ 28
C) Curing . .  ..............................  29
D) Testing of specimens .................. 29

VII TEST RESULTS ................................. 31
A) Compressive strength ..................  31
B) Flexural strength .....................  33

VIII DISCUSSIONS § CONCLUSIONS .................. 35
BIBLIOGRAPHY ................................  64
APPENDIX A. Experimental compression

and flexural test d a t a .......  67
APPENDIX B. Chemical and physical test 

results for Lake Optario 
Portland Cement (Type I) .... 76

VITA AUCTORIS ............................... 78

(a)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

1. Compression Test Statistical Analysis (w/c = 0.45)
2. Compression Test Statistical Analysis (w/c = 0.40)
3. Compression Test Statistical Analysis (w/c = 0.35)
4. Compression Test Statistical Analysis (w/c = 0.30)
5. Flexural Test Statistical Analysis (w/c = 0.45)
6 . Flexural Test Statistical Analysis (w/c = 0.40)
7. Flexural Test Statistical Analysis (w/c = 0.35)
8 . Flexural Test Statistical Analysis (w/c = 0.30)

Compression 5 Flexural Experimental Test Data ....

Page

39
40
41
42
43
44
45
46 
67

VI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF FIGURES

Page
1. The Effect of Rovibration and Intermittent 

Vibration on Compressive Strength of Cement
Pastes (7 days) ...............................  47

2. The Effect of Revibration and Intermittent 
Vibration on Compressive Strength of Cement
Pastes (28 days)................................  48

3. The Effect of Revibration and Intermittent 
Vibration on Compressive Strength of Cement
Pastes (90 days)................................  49

4. Relation Between Age and Compressive
Strength of Cement Paste (w/c = 0.45) ....... 50

5. Relation Between Age and Compressive
Strength of Cement Paste (w/c = 0.40) ....... 51

6 . Relation Between Age and Compressive
Strength of Cement Paste (w/c = 0.35) ....... 52

7. Relation Between Age and Compressive
Strength of Cement Paste (w/c = 0.30) ......  53

8 . The Effect of Revibration and Intermittent 
Vibration on Flexural Strength of Cement
Pastes (7 days) ...............................  54

9. The Effect of Revibration and Intermittent 
Vibration on Flexural Strength of Cement
Pastes (28 days) ............................. 55

10. The Effect of Revibration and Intermittent 
Vibration on Flexural Strength of Cement
Pastes (90 days)  ........................  56

11. Relation Between Age and Flexural
Strength of Cement Paste (w/c = 0.45) ......  57

12. Relation Between Age and Flexural
Strength of Cement Paste (w/c =0.40) .......  58

13 Relation Between Age and Flexural
Strength of Cement Paste (w/c = 0.35) ......  59

14. Relation Between Age and Flexural
Strength of Cement Paste (w/c = 0.30) ......  60

vil

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15. The Testing Arrangement for Compression 
Specimens ........................................  61

16. The Testing Arrangement for Flexural
Specimens ........................................ 62

17. The Mode of Breaking of Flexural Specimens ... 63

vii (a)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I

INTRODUCTION

As the primary function of all structures is to 
carry applied loads under a variety of conditions, the 
strength of concrete used in any structure is obviously 
very important, and strict control of concrete strength 
is normally required on all jobs. As the strength of 
concrete is also a good index of many other properties of 
practical significance, such as water tightness and re- 
sistence to weathering and other destructive agencies, 
these latter requirements provide further justification 
for careful control of concrete strength on jobs.

In the majority of cases, the specified minimum 
compressive strength at 28 days will normally be in the 
range of 2000 to 4000 psi. However, in recent years, it 
has been found that there are many situations in which 
high strength concrete can be used to advantage, e.g. in 
arches, shells, prestressed concrete etc. Accordingly, 
there has been increasing interest in obtaining strengths 
in excess of 5000 psi. This has led to
a) an appraisal of the considerable knowledge existing

on the factors affecting the strength of concrete (which 
are discussed in Chapter II) and to

b) an increased interest in special techniques for increas­
ing the strength of concrete, such as "seeding", high

1
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energy mixing, revibration, as well as the use of a variety 
of additives. In the recent past a good deal of work has 
been carried out at this University and elsewhere. This is 
discussed in Chapter III.

In particular it has been found that the "revibrat­
ion" of mortars and concrete can produce significant increases 
in strength provided the concrete is again brought back to a 
plastic condition. A number of theories have been put for­
ward to explain the increased strengths produced by revibrat­
ion. It is hoped that the experimental programme reported 
in this thesis, which deals with the effect of revibration 
and intermittent vibration on the compressive and flexural 
strengths of cement pastes, will assist in the understanding 
of the beneficial effects nroduced by revibration.
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CHAPTER II 

FACTORS AFFECTING CONCRETE STRENGTH

The main factors affecting the strength of 
concrete are the characteristics of the component 
materials, the proportions in which they are combined 
and the care taken in mixing, compacting and curing 
the concrete. This Chapter will be devoted to a dis­
cussion of these factors. In addition, it is recogniz­
ed that there are many "testing factors" which affect 
the indicated strength values. These are also discussed 
in this Chapter.

A) CHARACTERISTICS OF CEMENTING MATERIAL
In general the differences in strength develop­

ment of the various types of portland cement arise from 
the relative proportions they possess of the four prin­
cipal compounds and the fineness to which the cement 
clinker has been ground. The C 3 S and C 2 S constituents 
form 70 to 80 percent of all portland cements and they 
contribute most to eventual strength. The contribution 
of C 2 S to strength takes place principally after 7 days 
and may continue up to one year. The C 3 S hydrates more 
rapidly than C 2 S and it therefore contributes more to 
the early strength. C 3 A hydrates quickly and generates 
much heat, but makes only a small contribution to the strength, 
principally in the first 24 hours. The fourth component C4 AF 
is comparatively inactive and contributes little at any stage

3
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to the strength or heat of hydration of cement.
As the type names would suggest, the High Early 

Strength type of cement develops strength more rapidly 
than Normal Portland whereas, the Low Heat type develops 
strength more slowly. It is interesting to note that at 
the age of three months, the strength exhibited by these 
three types v;ill be approximately equal. However, the 
ultimate strength of the Low Heat type will generally be 
higher than that of Normal Portland, whereas, the ultimate 
strength of High Early Strength cement will be somewhat 
lower than for Normal Portland.

High early strength can be obtained by increas­
ing the C 3 S component and by grinding the cement more finely.

The effects of other minor compounds on the strength 
of cement paste have not been thoroughly investigated as these 
compounds are not thought to be of importance as far as 
strength is concerned. Recent tests have shown that increase 
in strength beyond the age of 28 days is strongly affected 
by the alkali content. Tuthill (19) found that increased 
alkali content of five cements tested reduced the compressive 
strength for both non air and air-entrained concretes.

B) CHARACTERISTICS OF AGGREGATES
Vertical cracking in a specimen subjected to un­

iaxial compression starts under a load equal to 50 to 75 
percent of the ultimate load. This has been determined from 
measurements of the velocity of sound transmitted through the
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concrete ( 1 and 2 ) and also by using ultrasonic pulse 
velocity techniques. The stress at which the cracks form 
depends largely on the'properties of coarse aggregate. 
Smooth gravel leads to cracking at lower stresses than 
rough and angular crushed rock, probably because mech­
anical bond is influenced by the surface properties and, 
to a certain degree, by the shape of the coarse aggregate.

The bond between cement paste and aggregate is 
influenced by the surface texture and cleanliness of the 
aggregate. A rough textured aggregate surface will have 
a better bond than a smooth surface.

Walker's investigations (5) showed that change 
in maximum size of coarse aggregate involves two opposing 
influences on the concrete strength. As the size of 
coarse aggregate is increased, the mixing water requirement 
is reduced, thus lowering the water cement ratio and so 
tending to improve strength. Apparently at the same time, 
inclusion of large aggregate particles is in itself detrif.- 
mental to strength probably due to reduced surface area 
for bond and reduced total cross section area of the part­
icles to resist shear. Another explanation for this could 
be some prior cracking of the paste around the larger ag­
gregate particles due to shrinkage restraint.

The strength of aggregate also affects the 
strength of concrete and Jones (4) stated that aggregate 
should have a crushing strength at least equal to that of 
the hardened cement paste.
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The grading of the aggregate also affects the 
amount of mixing water needed and the amount of paste re­
quired to fill the spaces between the aggregate particles.

Smith (7) stated that the use of coarse sand 
(Fineness modulus approximately equal to 3) in high com­
pressive strength concrete was desirable. Kennedy (8 ) 
developed these investigations further and pointed out 
that there is a general tendency for strength to decrease 
with a decreasing fineness modulus of aggregate.

So it is evident that the selection of aggregates 
for a particular concrete is quite important, from the 
viewpoint of strength.
C) WATER-CEMENT RATIO

The importance of the proportion of water to 
cement in governing strength of paste has been recognized 
for years. Abrams (9) established a "Water-Cement Ratio 
Law" which states "With given concrete materials and con­
ditions of test, the quantity of mixing water used per 
bag of cement determines the strength of concrete, so long 
as the mix is of workable plasticity".

According to Walsh (10) 
"for constant grading and workability, the amount of free 
water (i.e. excluding that absorbed by the aggregate) re­
quired in the mix is constant and is independent of the
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amount of cement". Although this cannot be accepted as 
an invariable rule, it does open up the possibility of 
fixing the amount of water per cubic yard of concrete to 
give the desired workability, and then fixing the amount 
of cement to give the desired water cement ratio or stren­
gth. It would seem however, that an increase in the 
amount of cement must require a slight increase in the
amount of water to maintain the workability.

D) EFFECT OF RICHNESS OF MIX
It seems that mixes with very low water-cement

ratios and an extremely high cement content (800 to 900
lbs/yd^) exhibit retrogression of strength, particularly 
when large size aggregate is used. Thus,at later ages in 
this type of mix, a lower water-cement ratio would not
lead to a higher strength. The reason for this may be due
to stresses induced by shrinkage, whose restraint by agg­
regate particles causes cracking of cement paste or a loss 
of the cement-aggregate bond.

Unlike the anomalous behaviour of extremely rich 
mixes as mentioned earlier, the aggregate-cement ratio 
affects the strength of all medium and high strength con­
cretes (i.e. those with a strength of about 5000 p.s.i. or
more)', although this is only a secondary factor in the 
strength of concrete, it has been found that for a constant 
water-cement ratio, a leaner mix produces a higher strength 
(1 1 ) .
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E) MIXING
The object of mixing is to coat the surface of 

all aggregate particles with cement paste and to blend 
all the ingredients of concrete into a uniform mass.
Kith machine mixing there is an increase in the strength 
of concrete with mixing times up to perhaps 5 to 10 
minutes. With moderate size mixers and for mixing up 
to 1 minute, the increase in strength is large, but with 
times in excess of 2 minutes there seems to be insuffic­
ient gain in strength to justify the cost of longer mix­
ing. Mixing time in general depends on the type and size 
of the mixer, larger mixers requiring a longer mixing 
time. Current practice usually requires a minimum mix­
ing time of not less than 1 minute for mixers having a 
capacity of 1 cubic yard or less, and an additional 15 
seconds for each additional cubic yard or fraction thereof,

Excessive mixing is harmful because some grind­
ing of the aggregates can occur which results in a higher 
water requirement to maintain the desired consistency.

F) COMPACTION
Immediately upon placement, concrete must be 

compacted to ensure close contact of the constituent 
materials with themselves as well as with the forms and 
reinforcement. It can be said that the object of com­
paction is to reduce air voids to a minimum and hence 
obtain as dense a mass as possible.
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Klieger (12) pointed out that the restriction 
limiting the use of the water cement ratio law to "Plastic 
Workable" mixtures properly, should be interpreted to mean 
fully compacted mixtures with a minimum of entrapped air 
voids.

There are various methods by which concrete can 
be compacted but it is proposed to deal only with the vib­
ration method of compaction. Vibration of concrete can be 
effected with either form vibrators, surface vibrators, 
immersion vibrators or with a vibrating table.

The frequency, amplitude and acceleration of 
vibration have a marked effect on compaction. Davis (13) 
found that vertical circular vibration was more effective 
than horizontal circular or linear vertical vibration. 
There was little difference between the effect of vertical 
linear and horizontal circular vibration. The degree of 
compaction ŵ as generally dependent on amplitude except the 
amplitudes of vibration as small as 0.002" were of little 
use. Me found frequency also is not so important except 
for its effect on acceleration. The degree of compaction 
depended largely on acceleration and increased appreciably 
with acceleration up to 12g and thereafter slowly up to 
an acceleration of 20g.

The joint committee of the Institution of Civil 
and Structural Engineers reported two facts;
a) At a constant acceleration of 4g and a period of 
vibration of 2 minutes frequency had little effect on
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strength for the wetter mixes.
b) But for dry mixes the strength decreased as frequency 
was increased.

A critical point occurs at a given water cement 
ratio and at a given acceleration and frequency which gives 
an increased strength.

Theoretically there are considerable advantages 
in increasing the frequency and decreasing the amplitude 
as consolidation progresses. The reason for this is in the 
fact that initially the particles of the mix are far apart 
and the movement induced has to be of corresponding mag­
nitude; on the other hand once the particle compaction 
has taken place, the use of higher frequency permits a 
greater number of adjusting movements in a given time.
So vibration at too large an amplitude relative to the 
interparticle space, results in the mix being in a con­
stant state of flow, so that full compaction is never 
achieved.

Kirkham and Whiffin (15) found that the accel­
eration of vibration had little effect on compaction.

G) CURING
The object of curing is to keep concrete sat­

urated or as nearly saturated as possible, and to main­
tain favourable temperature conditions until the origin­
ally water filled space in the fresh concrete has been 
filled to tlie desired extent by the products of hydration.

10
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Obviously, therefore, in order to attain maximum strength 
it is necessary to keep the concrete-moist as long as 
hydration is taking place.

The favourable range in curing temperature for 
most concretes appeals to be from 60°F to 90®F.

In general a rise in curing temperature speeds 
up the chemical reaction of hydration and thus affects 
beneficially the early strength of concrete without any 
ill effects on the later strength. However, a higher 
temperature during placing and setting, although it in­
creases the very early strength, may adversely affect 
the strength from about 7 days onwards. The explanation 
is that a rapid initial hydration appears to form products 
of a poorer physical structure, probably more porous, so 
that a large proportion of the pores will always remain 
unfilled.

In general for curing temperatures below 90°F, 
the lower the temperature at which the concrete is cont­
inuously cured, the lower the strength at any given age, 
although temperatures as low as 40°F will ultimately pro­
duce satisfactory strengths, provided the concrete is 
kept moist for a sufficiently long period.

Temperatures below freezing are decidedly 
harmful to fresh concrete, as the expansion of water when 
transformed into ice, causes separation of the solid part­
icles, thus reducing their bond at all ages.

11
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H) TESTING FACTORS
Strength tests can broadly be classed into 

mechanical tests to destruction and non-destructive tests _ 
which allow repeated testing of the same specimen and 
thus makes possible a study of variation in properties with 
time. There are a variety of destruction type tests in 
use, but it is probably true to say that no universally 
accepted standard test is available, different methods 
and techniques are used in different countries and some­
times even in the same country. The effect of differences 
in test specimen size and shape as well as environmental 
factors and testing methods on indicated strength values 
are discussed in the following paragraphs.

I) SPECIMEN VERSUS STRUCTURES
For a concrete structure which is subject to

a variety of stresses and other conditions affecting
strength, any test of a relatively small specimen does
not necessarily give a very representative strength value
for the concrete. In general, load tests on structures
and on specimens of hardened concrete from structures 

erindicate high^strengths than those obtained from standard 
specimens and hence many standard methods are considered 
to be conservative.

2) EFFECT OF SIZE AND SHAPE OF SPECIMEN
The two most commonly standardized shapes for

12
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compression testing are cylinders, and cubes. In general 
with either cube specimens or cylinder specimens the 
larger the specimen, the lower is the indicated strength.
Also it should be pointed out that cubes produce somewhat 
higher strengths than cylindrical specimens. This is 
considered to be due to the restraining effect of the platens 
in the testing machine, which has a different effect on 
these two shapes of specimens.

In regard to cylindrical specimens, the greater 
the ratio of specimen height to diameter the lower is the 
indicated strength. For this reason it is customary to 
standardize cylinders at an 1/d of 2. Such a cylindrical!, 
specimen is not so short that small variations in length 
affect the strength significantly and yet is not so long 
that column action is a significant factor.

3) EFFECT OF END CONDITIONS OF SPECIMEN
The end conditions of test specimens have a

significant effect on the test values obtained, and it is 
therefore important for the tops of specimens to be flat 
and smooth and for loads to be applied parallel to the 
axis of the specimen.

Cylinders with a trowelled top will indicate 
lower compressive strengths than cylinders with either

capped or ground ends; also convex and concave end sur­
faces will result in lower indicated strengths, convex
ends reducing strengths four times more than concave

• ends .

13
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An inclination of the cylindrical axis by h 
inch causes a reduction of 5 to 8 percent in strength.

Wetting and greasing the cylinder top before 
testing while showing very slight reductions in strength, 
cannot be regarded as significant particularly as the 2  

percent reduction found, might easily be accounted for 
by accidental variations occurr.ingin any two sets of 
cylinders.

4) EFFECT OF MOISTURE CONTENT OF SPECIMEN
A compression specimen tested in an air dried 

condition gives 20 to 40 percent higher strength than a 
corresponding concrete specimen tested in a saturated 
condition. The reason for this is probably the following:
a) The greater density of dry paste.
b) Initial greater tensile stresses in the paste due to 

localised restraint of paste shrinkage by the pieces 
of aggregate.

c) Possible development of hydrostatic pressure in 
saturated paste.

So the usual standard requirement that compress­
ion specimens be saturated at times of test is conservative 
(16).

5) EFFECT OF RATE OF LOADING ON SPECIMEN
The more rapid the static loading of concrete, 

the higher the observed compressive strength. As compared
per inth

with a normal rate of loading (about 35 pounds per second)

14
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loading at 1 psi per second reduces the indicated strength 
approximately 1 2  percent and loading at 1 0 0 0  psi per second 
increases the indicated strength approximately 1 2  percent. 
Normally a static loading is completed in 2 to 3 minutes 
in a test.

The effect of rate of loading on flexural strength
is somewhat greater than for compressive strength. The
basis of loading rate differs as between hydraulic and 
screw gear testing machines. For flexural specimens the 
prescribed loading rate in hydraulic machines is such that 
the increase in extreme fibre stress does not exceed 150 
psi per minute and in screw gear machines is at an idling 
speed of 0.05 per minute (16). Measurable creep was noted 
in cylinders loaded for a one minute interval. With in­
creasing loads, the ratio of creep to load increased rapidly 
as the maximum load was approached, the creep forming a 
very considerable part of the total deformation.

6 ) EFFECT OF TEMPERATURE OF SPECIMEN
The higher the temperature of specimen at the

time of testing, the lower the strength indicated. Tests
at the University of California indicated in a typical 
case that the compressive strength at 25°F was 40 percent 
higher and at 130°F was 15 percent lower than that of 
corresponding specimens tested at 70°F. Tests at the 
University of Wisconsin (16) showed that the compressive 
strength of concrete at 0°F was 40 percent higher, and

15
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at 200°F to 250°F about 10 percent lower, than at 70°F.
At the University of Texas tests on flexure 

specimens showed that the modulus of rupture at 40°F was 
12 percent higher and at 100°F was 20 percent lower, than 
at 7 0 °F .

16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



J) CONCLUDING REMARKS
From the foregoing, it is obvious that many 

factors affect the indicated strength to be obtained 
from a test specimen, thereby emphasizing the necessity 
of standardizing test procedures very carefully so 
that none of these factors will be allowed to mask 
differences in strength produced by the parameters 
being investigated.

17
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CHAPTER III

EFFECT OF REVIBRATION

Even since the first patent for Portland 
cement was issued in 1824, the concept that the set of 
"green" concrete should not be disturbed has prevailed 
among engineers, although it has been found necessary, 
on occasion, to disturb the hardening process, with no 
detrimental effects upon the properties of the finished 
concrete. The latter has happened when the delivery of 
the concrete to a partially complete pouring has been 
somehow delayed, thus presenting the problem of avoiding 
cold joints. In many such instances, the problem has 
been overcome by having workmen tamp and agitate the 
surface of the concrete, often for several hours, until 
the fresh concrete has arrived. This practice has often 
been quite successful in direct contradiction to the 
traditional opinion concerning the hardening process (18).

In 1938, Tuthill and Davis (19) reported that 
as long as the concrete remains in a fairly plastic state, 
say up to perhaps two hours after mixing, slight inadvert­
ent revibration, such as may occur on the job would cause 
no damage and possibly would result in some benefit. A 
limited amount of test data were presented to support 
this statement. Concrete in 6 x 12 inch cylinders was
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revibrated successfully after intervals as long as 1 0  

hours from the time of mixing, and compressive strength 
increases of as much as 25 percent were obtained, the 
greatest strength increases being obtained when the in­
terval between time of mixing and time of revibration 
was between 2 to 5 hours (19). They also reported some 
data on bond which showed that for plain bars a 30 per­
cent to 50 percent increase, and for deformed bars, a 
maximum of 1 0 0  percent increase in bond strength was 
possible if revibration was carried out 2 to 5 hours 
after casting (19). At the same time that this work 
was reported Purandare (26) was conducting similar studies 
at the University of London, although his results were

(X

not published until 1946. Using^l : 2 : 4 concrete 
(water cement ratio of 0.55), both cubes and beam speci­
mens were cast and were revibrated after intervals of 
1 to 5 hours. Specimens were tested at the 7-day age.
He reported a maximum increase in compressive strength 
of 34.3 percent, and a maximum increase of ultimate 
beam strength of 35.2 percent, both maxima obtaining 
when revibration took place two hours after casting.

In 1952, Larnach (25), in obvious contradict­
ion to the foregoing, reported that his results showed 
no tendency for revibration of the partially set con­
crete to improve either the compressive or the bond 
strength. In his studies, the interval between casting

19
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and revibration varied from 15 minutes to 6 hours. One 
possible reason for his negative results could be the 
fact that he used very dry mixes, so that in fact re­
vibration may not have brought them back to a plastic 
state.

In 1956, Sawyer and Lee (18) reported on fair­
ly extensive studies of the effects of revibration on 
various properties of concrete. Their two major findings 
pertaining to strength were that
a) Revibration will increase the strength of concrete 

after any period of delay as long as the mix can be 
brought to a plastic state,- even if the vibrator 
must be forced into the concrete and

b) the optimum time after casting to revibrate occurs 
when the vibrator will just sink into the concrete 
of its own accord.

Vollick (21) conducted studies on two mixes 
(4h and 5% sacks/yard) and the mixes in each of the tests 
included plain, air-entrained and set-retarded concrete.
He concluded that revibration increased the 28 day strength 
of concrete by an average of 13.8 percent for his partic­
ular tests and that maximum strength gain is obtained 
when the concrete is vibrated 1 or 2 hours after placing.

Thomson (31) was the first one to investigate 
the effect of revibration on high strength mixes, i.e. at 
water cement ratios below 0.40. He worked with mortar

20
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mixes at water-cement ratios of 0.31, 0.35 and 0.39, 
and tested strengths at the 7, 28 and 90 day ages. In 
all cases but one, the revibrated mixes produced higher 
strengths than the standard, and these ranged from 1 . 2  

to 2f percent. He concluded that this technique holds 
promise for improving strength in the high compressive 
strength ranges.

Kostenuik (34) followed up Thomson's work 
with tests on concrete mixes in the high compressive 
strength range (water-cement ratios, 0.30, 0.35 and 0.40) 
He found that revibration produced significant strength 
increases for all water-cement ratios and at all test 
ages. Strength increases ranged from 3 to 9 percent and 
were most pronounced at the water cement ratio of 0.35 
at each test age. The highest percentage (9%) was prod­
uced at the age of 7 days with a water-cement ratio of 
0.35.

From the foregoing discussion it is obvious 
(despite Larnach's results) that revibration can produce 
increased strength in both mortar and concrete mixes over 
a broad range of strength levels; and it would seem that 
the main criterion to be met is that the revibration 
should bring the concrete again to a plastic state.

21
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CHAPTER IV

MECHANISMS BY WHICH REVIBRATION INCREASES STRENGTH

At the present time several theories have 
been suggested as to the exact mechanism by which re­
vibration produces an increase in the strength of con­
crete. Each of these will be discussed in the follow­
ing paragraphs.
A) One of the most popular theories was suggested by 
Sawyer and Lee (18) , which is that revibration causes 
the mortar and concrete to become more densely consol­
idated, thereby permitting more advantageous deployment 
of hydration products. This certainly is in agreement 
with the general theory that strength is a function of 
void cement ratio.so that any decrease in this ratio 
would result in an increase in strength. This also 
ties in with observations by Tuthill and Davis (19) 
that "while the concrete at a very early stage (before 
the time of the initial set of cement) is vibrated a 
noticeable amount of air and water may be expelled from 
the mass and hence causing better consolidation.”
B) Another theory put forward by Sawyer and Lee (18) 
is that "the vibrating disturbances in some way accel­
erate and extend the production and consequently in­
crease the amount of strengthening hydrates at the 
particular ages up to 90 days". They offered the 
following in explanation of this theory, "when the hy-
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dration of cement starts the initial structure is deter­
mined by either C?A or C 3 S which ever hydrates first.
In a normally retarded set, the C^S is presumed to hydrate 
first and to establish the primary structural bonds. If, 
on the other hand CjA hydrates first, revibration may dis­
place this weaker structure and allow the normal structure

0/»v
of C 3 S to develop as in^otherwise normally retarded set. 
The extent of hydration of C 3 S is relatively insignific­
ant up to 4 to 6 hours while that of C^A may be (unless 
normally retarded) almost complete.within 1 0  hours.
These factors could have a significant influence on the 
rate of strength development and even the ultimate stren­
gth" (18). Also in line with this theory is the idea 
that revibration tends to break the gel structure sur­
rounding hydrating cement particles thereby allowing the 
more ready access of water to the unhydrated portions 
of the cement particles and allowing more hydration to 
take place.
C) Neville (14), has suggested that improvement in 
strength due to revibration may be due to a relief of 
the plastic shrinkage stresses around aggregate particles 
caused by revibration. If this theory has any validity 
then revibration should not produce any strength in­
creases (or at least, smaller strength increases) in
the plain cement pastes.
D) Lea (27) has suggested that revibration causes a 
strength increase by facilitating the expansion and
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dispersion of the cement paste. He explains the mech­
anism, as follows, "After hardening has commenced, the 
rigid mass can no longer accomodate itself to a local­
ized growth of the solids around the cement grains and 
an expansion occurs if a supply of water is maintained 
to continue the hydration. And as during hydration 
the saturated cement gel has more volume (about 2 . 2  

times) and so revibration of concrete after this expan­
sion has started will or should facilitate the expan­
sion and dispersion of the cement paste. This dispersion 
as stated earlier should increase the strength."

E) Just after the addition of water in the cement the 
crystals of calcium hydrauxide appear with the formation 
of gel (silicate hydrates). When the paste is revibrated 
before it has hardened, these crystals break and thus 
each cement particle has an uneven surface. Thus as a 
result of vibrating disturbances the cement particles
get a better grip on each other resulting in better con­
solidation which causes an increase in strength (26).
F) Another theory is that as a result of revibration, 
the pressure due to crystals at the outer surface is 
reduced and strength increases as a result of better con­
solidation .
G) The effect of revibration on bleeding has also been 
considered a factor in the increased strength produced. 
Due to revibration some of the water comes to the surface

24
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of the concrete (or paste or mortar) resulting in a re­
duced water-cement ratio,, in the mass and thus causing 
an increase in strength.

25
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CHAPTER V 

EXPERIMENTAL PROGRAMME

The detailed literature study (summarized 
in Chapters III and IV) has revealed that, so far, no 
studies have been reported on the effect of revibration 
on the strength of plain cement pastes. This, therefore, 
seemed to be an interesting area to investigate, espec­
ially since some of the theories proposed in explanat­
ion of the strength increases produced by revibration 
would seem to depend on the presence of aggregate mater­
ials in the mix.

Also it has been noted that no work has been 
reported on the effect of intermittent vibration. If 
one period of revibration can produce increased strengths, 
it seems logical to investigate if repeating this a number 
of times on the same specimen could result in increased 
strength benefits.

_The primary purpose of this experimental prog­
ramme, therefore was to evaluate the effectiveness of re­
vibration and intermittent vibration in increasing the 
compressive and flexural strength of cement pastes at 
various water-cement ratios and test ages.
A) WATER-CEMENT RATIOS

Mixes of four different water cement ratios 
were included in the programme, i.e. 0.30, 0.35, 0.40 
and 0.45, by weight.

2 ff
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B) TEST AGES
Specimens (both compression and flexural) 

were provided for testing at the ages of 7, 28 and 
90 days.
C) CEMENT

Type I Portland cement (Lake Ontario).
Some physical properties and chemical analysis are 
presented in Appendix B,
D) TEST SPECIMENS

Compression test specimens were 2 inch 
cubes and the flexural test specimens were prisms,
1 inch X 1 inch x 5 inch. All moulds used were machined 
and constructed as per ASTM method C 234-62.

27
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CHAPTER VI 

EXPERIMENTAL PROCEDURES

The procedures involved in mixing, casting, 
compaction, curing and testing of specimens are present­
ed in the following paragraphs;
A) MIXING

Mixing was carried out in a Blakeslee mixer 
having a capacity 2/3 cuft and three adjustable speeds 
of 102, 180 and 354 RPM. The mixing procedure was as 
follows. First tlie mixing water was put into the bowl; 
then the cement was added and the mixture was left for 
30 seconds to allow time for absorption of water by 
cement particles. Mixing was then started at the low 
speed and after 30 seconds the mixer was stopped for 
15 seconds, while any paste on the sides of the bowl 
was scrapped down into the bowl. Then the mixer was 
started again at the medium speed and mixing was con­
tinued for 1 minute. This procedure was carefully follow­
ed for all the batches.
B) PLACING AND COMPACTION OF PASTE IN MOULDS

The inside surfaces of all moulds were lub­
ricated with a thin oil, the joints between the side 
walls and the bottoms were sealed with a thick paste 
of cement and grease and the moulds were then clamped 
to the vibrating table (VIBCO table vibrator, Model 
U.S. 450, 9000 VPM with vertical circular vibration).

2 %
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After the paste was placed in the moulds the vibration 
schedule for the different specimens was a follows:
1) The standard specimens were vibrated for 5 minutes 
just after being filled with paste.
2) The revibrated specimens were vibrated for 5 minutes 
just after casting and for 5 minutes after 2 hours and 
40 minutes.
3) The intermittently vibrated specimens were vibrated 
for 5 minutes just after casting and were subjected to 
five subsequent periods of vibration ( 1 0  minutes each) 
at intervals of one half hour.

In order to eliminate sources of error as far 
as possible, specimens were provided for each of the 
three test conditions and each of the three test ages 
from any one batch; also the two batches prepared on 
any one day were always of different water-cement ratios.
C) CURING

After completion of vibration the specimens 
were covered with wet burlap for 24 hours and then taken 
out of the moulds, labelled and placed under water 
(temperature ranged 70°F to 72°F) for the required curing 
period.
D) TESTING OF SPECIMENS

After removal of the specimens from the curing 
tank, compressive specimens were allowed to dry out for 
45 minutes before being tested, but the flexural specimens 
were kept moist till tested. Compression specimens wore 
tested in a hydraulic compression testing machine (RIEHLE
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by A.M. S Metal Inc., capacity 300,000 lbs). The flex­
ural specimens were tested at a span of 5" under centre 
loading in a hydraulic compression testing machine (Upton 
Bradeen and Dames Ltd., capacity 60,000 lbs). Before 
testing, the actual cross sectional dimensions of the 
specimens were measured. The following equations were 
used for calculation purposes;
1) Compressive Strength = P/ab

where P is load (lbs) on specimen at failure.
a 8 b are cross sectional dimensions at mid-section,

2) Flexural Strength = 7.5 P/bd“ , where
b and d are the width and depth of specimen 
in inches at mid-section.
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CHAPTER VII

TEST RESULTS

The experimental results are presented in 
tables 1 to 8 and figures 1 to 14. The tables include 
the mean strengths, the percentage increase in strengths 
of revibrated and intermittently vibrated specimens 
over the specimens vibrated once only (standard specimens), 
the standard deviation of each set, the coefficient of 
variation and an indication of the significance of the 
differences in strength. Each individual result in 
these tables represents the average of a set of 1 0  speci­
mens for the 7-day and 28-day flexural tests and the 
average of a set of 7 specimens for the 90-day flexural 
tests. The 7 and 28 day compressive values are the 
average of 8 test specimens and the 90 day values re­
present the average of 6 test specimens. The statist­
ical significance was calculated for different sets by 
application of the "t" test to two corresponding sets 
(i.e. Standard and revibrated and standard and inter­
mittently vibrated).
A) COMPRESSIVE STRENGTH

Revibration was found to produce fairly high 
increases (9.2 to 16 percent) in the 7-day compressive 
strengths. The maximum increase (16 percent) was prod­
uced at the 0.30 water cement ratio and the minimum 

, increase (9.2 percent) at the 0.45 water cement ratio
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(fig. 1 to 3). The increases in the strength due to 
intermittent vibration were more than those produced 
by revibration, and ranged from 13.2 to 21.2 percent 
at the water cement ratios of 0.45 and 0.30 respectively.

The increases in strength at 28 days were 
less than for 7 days, ranging from 4.2 to 12.7 percent 
at the 0.45 and 0.35 water cement ratios respectively 
for the vibrated mixes, and from 9.1 to 14.2 percent 
at the 0.40 and 0.35 water cement ratios respectively 
for the intermittently vibrated mixes.

The increases in strength at 90 days were 
considerably less than those for the 7 and 28 day ages 
ranging from 1.1 to 2.8 percent at the 0.35 and 0.3 
water cement ratios respectively for the revibrated 
mixes and ranging from 7 to 17 percent at the 0.40 and 
0.45 water cement ratios respectively for the inter­
mittently vibrated mixes. .

In other words, the revibrated (and inter­
mittently vibrated) specimens developed strength at a 
faster rate. As the percentage increase in strength 
at 90 days was considerably less than at the earlier 
ages it is possible that the strength benefit at ages 
of one year and beyond may not be significant.

With regard to the effect of intermittent 
vibration, it can be seen that in all cases (see figure 
1 to 6 ) the average strengths produced were slightly 
higher than for specimens which were revibrated once
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only. However, in almost all cases the strength differ­
ences were not statistically significant.
B) FLEXURAL STRENGTH

Increases in flexural strength after 7 days 
due to revibration were found to range from 3 to 4.2 
percent. The maximum increase (4.2%) was produced at 
the 0.35 and 0.45 water cement ratios, and the minimum 
increase (3%) at the 0.40 water cement ratio (figure 3 
to 6). The increase in flexural strength due to inter­
mittent vibration were more than those produced by one 
period of revibration and ranged from 5.9 to 7.5 per­
cent at the water cement ratio of 0.40 and 0.30 respect­
ively.

The increases in strength at 28 days were 
found to be slightly higher than at 7 days and ranged 
from 4 to 5.4 percent at 0.35 and 0.30 respectively 
for the revibrated mixes and from 5.7 to 7.8 percent 
at the 0.45 and 0.40 water cement ratios respectively 
for the intermittently vibrated mixes.

The increases in strength at 90 days were 
less than those for 28 days, ranging from 2.8 to 3.1 
percent at the 0.45 and 0.30 water cement ratios respect­
ively for the revibrated mixes and ranging from 3.3 to 
5 percent at the 0.40 and 0.45 water cement ratios res­
pectively for the intermittently vibrated mixes.

It should be pointed out that at tlie 7 and 28 
day ages most of the indicated strength differences
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between the standard specimens and the revibrated (or 
intermittently vibrated) specimens were found to be 
statistically significant at the 5 percent level of 
significance. However, at the 90 day age none of the 
strength differences were found to be statistically 
significant.

Also, it should be noted that although the 
intermittently vibrated specimens always produced slightly 
higher average strengths than the specimens subjected 
to only one period of revibration, in no case were these 
differences statistically significant.
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CHAPTER VIII 

DISCUSSION AND CONCLUSIONS

This experimental programme was designed to 
explore the relative effectiveness of revibration and 
intermittent vibration on the compressive and flexural 
strengths of cement pastes. On the basis of results 
obtained the following points can be made.
1) One period of revibration and intermittent vibration 
were both found to be effective in increasing the com­
pressive and flexural strengths of cement pastes, 
significantly.
2) In general, the strength increases due to revibration 
appear to be greater in mortars and concretes than in 
cement pastes. The possible reason for this may be the 
pressence of aggregate, causing more air and water pockets 
beneath the particles, thus helping revibration in show­
ing its effectiveness over such mixes.
3) Both one period of revibration and intermittent 
vibration were found to produce greater strength increases 
at early ages than at later ages due to a reduced rate of 
gain of strength of normal concretes at later ages. This 
would suggest that revibration, primarily increases the 
rate of strength development. The test data is not avail­
able but due to the decreasing trend of the strength in­
creases at later ages it appears that there may not be
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any strength increase at the age of one year and after; 
however, the other beneficial side effects of revibration 
(increased unit weight, water tightness and better fin­
ished surface, etc.) will remain.
4) In general, the compressive strength increases due 
to revibration at different ages are more than the in­
creases in flexural strengths, probably because the depth 
of the flexural specimens was relatively small in com­
parison to that of the compression specimens, thus pre­
venting the full utilization of the potential benefits 
from revibration.
5) There were not significant differences in the flexural 
strength increases produced by revibration and intermittent 
vibration at the 28-day and 90-day ages, which shows that 
the effect of revibration on flexural strengths is mani­
fested primarily at ages up to 28 days.
6 ) Intermittent vibration was found to be slightly more 
effective (in all mixes and at all ages) than one period 
of revibration, in increasing both the compressive and 
flexural strengths of cement pastes. However, in no 
cases were the strength differences produced by these 
found to be significantly different (statistically), so 
it would appear in general that one period of revibration 
will produce close to the full strength benefits to be 
expected.
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7) The test results on cement pastes show that both 
revibration and intermittent vibration increase both 
the compressive and flexural strengths; it would appear 
therefore that the theory that revibration increases 
strength by relieving the shrinkage stresses surround­
ing the aggregate particles is not valid.
8 ) It appears that the theory that revibration causes 
the mortars and concrete to become more densely con­
solidated by expelling the noticeable amounts of air 
and water is valid (which can be visualized physically 
also) as this reduces the void cement ratio resulting 
an increase in strength. This mechanism must therefore 
account for at least part of the strength increases.
9) The theory that revibration breaks the calcium 
hydrauxide crystals thus producing closer contact by 
revibration appears to have some validity, as these 
disturbances should also result in breaking the gel, 
thus allowing the free water to reach the unhydrated 
part of cement particles more readily, thereby resulting 
in further hydration, and probably more rapid hydration.
10) As tests on sealed specimens have well established 
(27) the fact that during hydration the saturated cement 
gel has more volume (about 2 . 2  times the original cement 
volume) and the expansion occurs after the hardening has 
commenced, if a supply of water is maintained to continue 
hydration. So revibration should facilitate this expan­
sion and dispersion of the cement paste resulting in in­
creases in the strength. This theory also appears
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reasonable.
11) The effect of revibration on concrete properties 
needs further investigation on a wide range of cement 
compositions, mix proportions, of a wider range of 
workabilities and methods and periods of vibration.
The mechanism of revibration as per the theory proposed 
by Sawyer and Lee (Chapter IV) that revibration replaces 
the weaker structure of C 3 A (which hydrates first being 
most unstable in all the four main compounds of cement) 
which allow the normal structure of C 3 S (strengthening 
hydrate) to develope, needs further investigation. The 
effect of revibration should be studied on concretes 
made of different cement compositions, e.g. one contain­
ing a relatively higher amount of C 3 A than the other in 
order to prove the validity of this theory.
12) The effect of revibration on strengths after the 
90-day age of concrete also is not really known. This 
aspect needs further study for both compressive and 
flexural strength.
13) The technique of revibration may be suggested for 
use in the manufacture of small precast units, where a 
large number of units can be vibrated at a time; but it 
cannot be recommended for the construction of massive 
structures, as it adds an extra step in concrete con­
struction and also uniformity of revibration may 'ncrt 
be achieved.
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Fig. 1 The effect of rovibarion and
intermittent vibration on compressive 
strength of cement pastes (7 days).
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Fig. 2 The effect of rcvibration and
intermittent vibration on compressive 
strength of cement pastes (28 days).
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Fig. 3 The effect of revibration and
intermittent vibration on compressive 
strength of cement pastes (90 days).
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Fig. 4 The relation between age and
strength (compressive) of cement p.aste
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Fig. 5 The relation between age and
strength (compressive) of cement paste.
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Fig. 8 The effect of revibration and
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strength of cernent pastes (7 days age) .
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Fig. 9 The effect of rcvibration and
intermittent vibration on flexural 
strength of cement pastes (28 days age)
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Fig. 10 The effect of revibration and
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Fig. 12 The relation between age and
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fi<i. /S' The testing arrangement for compression specimens.
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lé The testing arrangement for flexural specimens.
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p-„ ,7 The mode of breaking of flexural specimens,
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</)V
2
>

rH rH fH fH fH rH rH tH

<£ toQ < O . LO CM G O
a CM CC OC LO cc G CO
z CM to fH CM CM rH fH (M

O < rH rH tH rH rH fH tH iH
0) H

cd 2
cd • 2
a T H  H

t - CM tH O LO G fH \0 00 LO LO LO
p LO CM G lO OO 00 LO rH 00 CM G
in CD Z  a CM to CM to CM CM to rH to to CM
O
H Z 2  2

>
rH fH tH fH fH rH tH rH iH tH fH

Ü J
X2 2

P h- H rH to 00 vC rH to C- CM G rH
U) < CO CM VC H" CO fH LO G
c U) 2  2 CM CM fH to to CM to fH CM CM CM
o 2 a rH rH fH iH rH rH fH fH fH fH fH-
pp
2

(/) 2>
2

2{ Q < CM G G 00 G CO G C- LO rH
Cd a CM LO vO CO LO tH LO CO tHP CO z CM CM o rH CM CM CM tH tH CM CM
13 < rH rH fH rH fH fH fH rH fH fH rHX CVJ E-*
CD 2 22 • 2E-< c—' CM G 00 to CO fH CO LO CM tH LO

CC LO CO CM H" CM CM LO 00 vO H-A  2 CM fH o to iH CM CM to to CM CM
X z a rH rH fH fH tH fH fH rH rH fH rH
h- 2  2  >
z 2
LU E- LO to G CM VÛ OO G CM fH

< G CO to LO 00 G G o iH rd- iH
X 2 CM iH fH to fH rH O to fH CM CM
(— ' 2  a |H tH fH tH rH rH fH iH tH rH rH
( D >
CD 2
S

< . 'V CM CM fH CO CM CO LO CO tH Ga \o O G LO VO O C- CC vO CM LOz CM iH O CM O tH o CM CM O iH
Q < fH tH tH tH fH rH fH fH rH fH tH .2,

2

22 Z O LO %2 2 2 to <
i-" ̂ . ÏÏ<  2 < o zZ U 2

2

2
Z
2

2

2
2

79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



a

rtP
cdQ
P(/)OH
2PtocoP
p2
CdP
PXÜ
2
2

X
1-
(3
Z
UJ
CC
</)
in

a
o
<ji

----- -----
H 2

z a 2  2  
>

Gr̂tow
LOt-4rH

LO00to
fH

fHto
CM
rH

G
G
CM
rH

GvOto
tH

LOG
CM
W

CMOto
fH

2  H 
<  W 22 a 
2  >•

r--cc
CM
t—4

CO
rH
rH

CM
to
rH

vO
(MCM
W

VDHto
rH

OG
CM
rH

oGto
fH

G
G
CM
fH

<QZ<H2

LO
CMW

O
CC
CM
rH

totH
CM
rH

CMO
CM
fH

'îd* 
t—4to
fH

G
CM
rH

to
CO
rH
rH

CO
LO
CM
rH

• s
X E~* E—'Z < LO rH to IH 03 G vD LO CM LO
f— E-H 2 cc I--. LO fH vO CO G 03 rH
CD z a CM CM CO CM to to to CM to CM to

2  2 r—i rH tH rH w rH fH fH fH tH rH
dL*
ÜJ >

£X wE-H CM OO rH CM LO G G O O CM
h - < O to LO rH vO LO O vD G O
CD m  2 CM rH to CM CM to H' CM H- CM to

2  a W rH rH fH rH fH rH rH rH rH iH
(D 2

a< 2< G vO to LO G VÛ to CM H*u a O to vO fH G to G to
z CM rH to rH CM to CM o to rH CM

CO < W tH fH rH rH fH fH w fH fH fH
CM H2

• wt~* H G (M G G CO LO o LO
*< O G G G O fH fH LO H* G

H W to CM to rH CM CM to CM H" CM CM
X %  CP w rH rH rH rH fH rH fH rH fH fH
H w  w  

>CD
Z WH LO H- CO LO CM O to vD GUJ VO CO G vO CM tH CC
(X W W w to fH rH CM rH to CM to CM CM
j _ W  CP w rH rH fH fH fH rH fH rH tH rH
CD w

>
CD (z;< CM to LO to CM vO (H r-. O to

Q ■ LO to G VO to fH CM CM o
< % w CM rH O CM W CM CM to CM CM
Q < w fH fH fH W W fH rH fH rH fH

HCO

W  O o z :
W W W to <
H H z z z z - - w
<  W  < o zz
^  U  W

2
2H
2Zw
2
E-*2

<

7iT

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A P P E N D IX  B

76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A P P E N D IX  B

CHEMICAL AND PHYSICAL TEST RESULTS FOR 
LAKE ONTARIO PORTLAND CEMENT

Chemical Analysis
C 3 S
CgS
CjA
C 4 AF

54 %
22 % 
10.2 % 

6 %

Physical Tests
Blaine Fineness

Fineness, sq. cm./g 3600

Soundness
Autoclave Expansion, percent 0.12 %

Time of Set, Vicat Needle
Initial, hr., : min. 
Final, hr., : min.

2:15
4:15

Compressive Strength, psi
1 Day 
7 Days 

28 Days
1491
2257
4375

Normal Consistency 23.7 %
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