A

ABSTRACT OF THESIS

entitled

"AN EXPERIMENTAL STUDY OF THE STRENGTH OF THIN ISOLATED COLUMNS

IN REINFORCED CONCRETE,"

The object of the research described in thils thesis
was to determine the usefulness of the regulation limiting
the punching shear in an isolated column base.

The tests were carried out on thin bases as the punching
shear stresses are greatest in thin sections.

The thesis is divided into three parts giving,

1) a survey of methods of design of isolated column bases, .- _
2) tests on bases founded on different soils, and
3) tests on bases with varying percentages.of reinforcemente

Part T in addition to the standard methods of design also
shows the application of Westergaard's methods and discusses
the various theories for the distribution of pressure beneath
a column base.

Part II describes a series of tests carried out on thin
bases which were founded on different beds with a view to
determining the effect of the bed on the strength of the base.
The tests show that the bed has an appreciable effect on the
strength and that a given base can withstand a much greater

failing load on a sand bed than on a clay bed.




Part III describes a series of tests carried out
on bases with different amounts of reinforcement, the hed
being kept constant.

The tests showed that the failure of a thin base is due
to flexure and not to shear: in addition they showed that for
any given diameter of bar the increase in strength is
proportional to the area of reinforcemente. The tests also
showed the advantage of the use of reinforcement with good

anchorage.
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PREFACE.

The experimental work described in this thesis
was carried out in the Civil Engineering Laboratories of the
City and Guilas Coliege under the supervision of Professor
A.J.S. Pippard to whom the Author is greatly indebted.

The thesis is in three parts. Part I gives a
survey of methods for column base design, details of the
work of other investigators and reasons why this research
was darried out. |

Part II describes tests carried out on small
mortar specimens. Part III gives details of tests carried
out on larger concrete bases whilst in the Appendix the

design of the test machine and tables of results are given.
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CHAPTER I.
INTRODUGTION.

That the stability of a structure depends largely
on the efficien¢y of its foundation is an 0ld and well
established truth. The wisdom of the man who built his
house upon a rock has never been doubted but the difficulty
in the erection of most buildings is that to found them upon
rock is usually an impossibility. The majority of
buildings are founded on geological formations which are
generally gravels, sands, or clay, the latter varying
greatiy in its nature.

In the case of rock the allowable bearing
pressure varies from 30 - 40 tons per square foot, but for
the type of ground usually met with in design the allowable
bearing pressure varies from % - 4 tons per square foot and
may even be less then this.

The load from a structure comes down to the
foundations either from (1) walls or, (2) columns or
stancheons, or (3) by a combination of walls and colums.

In small buildings the load is generally
carried by the walls but in large buildings the majority
of the load is carried by columns which carry heavy loads
much more economically than walls.

The main problem in foundation design is to |
prevent appreciable settlement of the building or, if this
is not possible, to design for equal settlement for all
parts of the building. Settlement of structure is a very
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complicated problem but with the development of the study of
s80il mechanics much light is being thrown on the subject
and this will doubtless in the near future affect the
methods used in foundation design. At present, however,
it is accepted for design purposes that appreciable
differential settlement will be avolided if the load from the
superstructure is spread over an area of foundation so that
the allowable bearing pressure of the soil is not exceeded.
The load from the columns is spread over the

requiredAarea by means of a foundation block or blocks
which are made of mass concrete or reinforced concrete or
of a combination of these two: the steel grillage
foundation is the same in principle as the concrete
foundation.

® Reinforced concrete foundations may be divided
into the following classes: (1) wall footings, (2)
independent (or isolated) column bases, square or
rectangular in shape, (3) Combined footings carrying one or
more columms, (4) raft foundations, (5) piled foundations.

Of these various types of foundations the

independent column base of square shape is the most

economic (in cases where the soil is capable of resisting

x
This and the following paragraph are reproduced from
that section of "Modern Concrete Construction" Volume IV,

which was written by the Author of this thesis.
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a pressure of average intensity, say 3 tons per sqg. foot)
and if the designer has a free hand in the design of the
foundations he will undoubtedly select this type of base.

It can be confidently stated that at least two-
thirds of the recently-erected framed structures have used
this type of foundation, conseguently any research into the
strength and method of design of it is of gréat value to-
the engineer. In spite of this fact very little research
has been carried out on the strength of the isolated column
base and as far as can be ascertained the tests described
in this thesis are the first that nave been carried out in
this country.

Two possible reasons may be suggested for this:
l. The foundation is usually bedded below the ground level
and then back filled up to the level of the floor
immediately abhove it. Thus any cracks which may develop
in the foundation are not noticed and may be the proverb,
"out of sight, out of mind", is true to a certain extent
of this type of foundation.
2. The isolated column base is such an economical
type of foundation. In a recently erected warehouse with
four floors designed for super loads of 250 lb. per square

foot the cost of the isolated-colum-base foundations was

29/6d. per square yard of site area (about 3340 square
yards). The structural frame of the warehouse itself
which was of reinforced concrete with nushroom floor

design cost 6¢2d. per cubic foot (the cube of the building




was approximately 1,483,500 cubic feet).
Therefore cost of structure (including foundations)
= 6.2 X 1,483,500 = £38,324.,
Cost of foundations alone = £4,930.

Thus it is seen that the cost of the foundations
is about 12 per cent of the total cost.

If piled foundations had been used the cost of
the foundations would have been about 26 per cent of the
total cost. Thus the engineer realising that the isolated d
colum base represents the most economical type of
foundation has probably overlooked the fact that if it
were possible to design them more economically with a
saving of, say, 10 per cent the saving on the total cost
would be about 1 per cent, a figure which is quite
appreciable on a large contracte.

Failure of an isolated column reinforced
concrete base mgy be due to two possible causes.

1. Excessive settlement of the ground below the base.
2 Failure of the base itself by one of the causes about
to be mentioned.
Failure by settlement of the base is a question for

the student of soil mechanics and only fleeting reference

will be made to such failures in this thesis.
Failure of the reinforced concrete base itself may
be caused in the following ways.

1. By crushing of the concrete immediately below the

base plate of the stancheon. This can only occur when steel




stancheons are used to carry the load and is avoided by
making the base plate of the stancheon of such an area

as to transmit the load to the concrete without exceeding
the permissible compressive stress in the latter.

2e By rupture of the base due the development of
excessive compressive or tensile stresses as a result of
the bending moments to which the base is subjected. Such
failure can be avoided by keeping the stresses developed
in the steel and éoﬁcrete within the permissible limits
for compression and tension respectively.

Failure due to rupture is really caused by
excessive differential settlement between the edges and
the centre of the base: 1t is therefore dependant not
only on the load to be carried and the base sizes but also
the type of soil on which the base rests.

Se By rupture of the base due to the development of
excessive shear stresses. The shear stresses set up in
an isolated columm base are generally known as "punching"
shear stresses and éccording to one school of thought
these stresses should be kept within a definite limit
whilst another says that these stresses need not be

limited.

Figure 1 shows a column of area "" carrying a load
W supported on an isolated column bsse of thickness 4,
and area "A", then, if p is the perimeter of the column

the value of the unit punching shear, s, is given from the‘




equation — Area = a
- Side of Sqoqrc - b
Sp =‘W‘19Az
pd .

In the special csse
of a square column

of side "%g, then -

- WD)

S -
Y 4bd .

According to the London Building Act (Amendment)
~Act, 1935, By-law 99 for reinforced concrete éonstruction
the value of s@must not exceed twice the permissible unit
shear for the'concrete of which the base is constructed, e.g.
in the common case of a 1:2:4 mix ordinary grade concrete

the unit punching shear must not exceed 150 1b. per square
| inch.

The Recommendations for a New Code of Practice for
Reinforced Concrete (19),however, do not limit this punching-
shear in column bases and a designer working to these
recommendations is quite justified in using a column base
where the punching shear stress is infinite.

It is true that Clause 810 of the Recommendations
specifies that the punching shear in the slab over a colum
in a flat slab floor must be kept within specified limits.

Reynolds (1) in giving examples of the design of
buildings according to the Recommendations, has applied this
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clause to the design of a column base, restricting the
punching shear to the limits suggested therein. It is,
however, clearly stated in Clause 801(a) that the
Recommendations in Section 8"only apply to the design of
rectangulsar slabs of approximately uniform thickness arrange
in three or more rows in each direction": therefore there
is no justification for applying Clause 810 to the case of
the isolated column base. 4

There is 1ittle doubt that the L.C.C. Regulations
and the Recommendations for a New Code are in definite ‘
disagreement with regard to the limiting of the punchiﬁg
shear in column bases and the main reason for carrying out
the research described in this thesis was to find out
which of the two is correct.

As far as the Author is aware no tests with
this object in view have been previously carried out,
consequently neither school of thought has any
experimental evidence on which to base its regulations.
The results of the tests should, therefore, be of value
in determining whether the punching shear stress should
be limited.

Since the punching shear was intended to be

the critical factor in the tests they were carried out on
bases which were thin in section, thus giving a high value
for the punching shear.

The tests described fall into two main classes.
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Class I.

A series of tests on small bases 8ins. x 8ins.
in plan with nominal thickness of lin. and lZins. The
main object of these tests was to determine whether the
80il on which the base was founded had any effect on its
strength. Other purposes fulfilled by this series were,
1. To observe approximately the increase in strength
with varying amounts of reinforcement, noticing whether a
similar increase was observed for each type of bed.
2e To study the effect of reinforcement placed in
the top of the slab. It is pointed out in Chapter II that
some designers use this reinforcement when the punching
shear stress is high.
3e Since the specimens used were small the tests
are of value in deciding how useful "model" tests can be
in the case of reinforced concrete.

Different series of tests were carried out by
varying (a) the bed on which the base was founded and
(b) the amount of reinforcement in the base.

Three different kinds of bed were used, rubber,
sand and wet clay. On each bed tests were carried out on
specimens 1% inches thick with reinforcement varying from
0 to 1.8 per cent. On the sand bed alone tests‘were also
carried out on specimens 1 inch thick with reinforcement
varying from O to 1.2 per cent.

As the sections were so0 thin to make them in




concrete was not practical and they were made of a 3:1 sand-

cement mortare. The column used was 2 inches square éhus

giving a value for the ratio between the depth of the base
and the side of the column varying between 0.5 and 0,75,

both of which are very low values. (In most cases in practice
this ratio is between 1.5 and 2.0, this high value usually
being necessary in the case where the punching shear is
limited).

Because of the thin section it was not
practicable to use Mild Steel rods as reinforcement and the
lightest section Expanded Metal was used. It is realised
that the use of such a material in research is not to be
recommended but as the variation of strength with
reinforcement was only a minor issue in this series of
tests it is suggested that the use is permissible under these
circumstances.

In this class of tests 18 different series were
carried out each series consisting of four specimens, the
average of the four results being generally taken. Thus
tests were carried out on 72 specimens.

Class II,

This class consisted of a series of tests on
specimens 2 ft. x 2 ft. in plan and 4 ins. thick. It
having been found from the experiments in Class I that the
strength of a given base varied with the type of bed on
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which the base rested it was decided in this series of
tests to keep the bed as uniform as possible and to
determine how the strength of a thin isolated columm base
varied with the quantity and type of reinforcement used.
The only type of elastic bed which would always be
uniform is one composed of steel springs.

Assuming that the maximum load to be reached
during the tests is 40 tons a base composed of steel
spings would be very heavy (about 28 springs made from
% in. diameter mild steel bars and with a radius of 1 inch
would be required). The alternative, therefore, was to
use a bed of one of the types employed in Class I
experiments. A rubber bed was not thought advisable for
two reasons, first, that rubber is not an elastic material
and secondly, that it is not met with in practice as @&
bed for foundations. Clay, whilst being a material
commonly met with in foundations, has the disadvantage that
it is colloidal and its properties vary considerably with
its water content. Dry sand on the other hand is a
granular material whose elastic properties depend largely
on the degree of compactness of the grains. It was
decided that the latter factor was easier to control than
the water content of a clay bed, therefore all the tests in
this class were carried out on a bed of dry sand.

Whilst the load was being applied readings of the

deflection were taken and from these it was possible to
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check the degree of compactness of the sand bed.

The reinforcement in the specimen consisted of
mild steel bars placed with equal areas each way. The
percentage of reinforcement used varied from 0.1 to 1,15.
The diameters of bar used as reinforcement were ¥ in.,
3/16 in., % in., 5/16 in., % in. and % in; thus giving a
comprehenéive range. Straight bars of each of these
diameters were used but to determine the affect of
anchoring the reinforcement by means of hooks a further
series of tests were made on hooked bars, 3% in., 5/16 in.
and £ in. diameter. In addition to the reinforced
specimens plain specimens were also tested.

The stancheon used for the experiments in this
case was 4 inches square except for one series of tests
in which case a 7 inch square stancheon was used.

A concrete of 1:2:4 mix was used throughout the
experiments, Ferrocrete rapid-hardening cement being used.

In the Class II tests 32 different types of
specimen were tested.

In some cases two specimens of each type were
made in others more, the total number of specimens tested
being 72.

The tests were in all cases carried out after

7 days both in Classes I and II. Strength tests carried

out at 14 days have been criticised on the ground that the
specimens have not cured sufficiently (2) aumd "a fortiori",




such criticism applies to seven day tests. The cement

used throughout, however, was rapid-hardening which is
claimed to reach a strength in seven days equal to that
reached by a normal cement in 28 days. Because of this

the author feels quite justified in producing results based
on 7 day tests
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CHAPTER 1I.

THE DESIGN OF ISOIATED COLUMN
BASES.

It is proposed in this chapter to give first the
generally accepted method for the design of an isolated
colum base in reinforced concrete together with some
criticisms and secondly, the application of the mathematical
theory of elasticity to design of column bases. Since
the tests were carried out on bases square in plan (the type
commonly met with in practice) the theory for this shape
only is being considered.

Part I - Practical Method of Design.

base
Figure 2 shows a Square}which supports a column

carrying a load of W, the safe bearing pressure on the
ground being P.

If the colum is of steel then the first step
is to calculate the size of the baseplate. If ¢ is the
safe crushing strength of ﬁhe concrete, then b, the side
of the baseplate is equal to W

c

The generally accepted method of design assumes
that the ground pressure is uniform under the whole area of
the base in which case the size of the base is given from

the formula

Bz: W’l‘&

ﬁhere wb = the weight of the concrete hase.
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(1

Wy
(in the Recommendations the weight)pay be decreased by

an amount equal to the weight of the earth displaced).

The depth of the base "d" is governed either from
bending moment or punching shear considerations.
Bending Moments.

Most text books state that the critical section for
bending moment is at XX: the total upward pressure from the
soil is divided into four equal parts each acting on a
trapezoidal area similar to hjkl. Thus the moment on XX
is the moment of the area hjkl about hl and this can be
shown to be equal to WB (2 + B)(1-b)?

24 B B °*

From this formula the bending moment at XX can be
calculated and the required depth to resist this moment can
be found. The width of the compression flange is
generally taken as by (a very conservative figure).

It is, however, generally found that if 4 is made
sufficient to keep the punching shear within the permissible
limits then it is more than sufficient to resist the
applied bending moment without the use of compression
reinforcement.

The necessary area of tension reinforcement can be

calculated in the usual way. There exists some disagreeme
as to the length of base over which the tension reinforceme:
should be spread. Some text books limit it to a width
equal to the size of the column plus twice the effective

dépth of the base (approximately YYi= b + 24, Figure 2)

o
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whilst others say that this 1limit is too small and
suggest a total increase by the distance from Y to the
edge of the base, this increase being divided equally
about the centre: +thus in the second case the width

would be (b + 2d) +'-§§:_g:2§}' Neither point of view has

any mathematical theory or experimental results on which

to base their statement.

The only criticism against this method which
the Author wishes to make at this stage is to point out
that X-X is only the critical section for bending moment
in the case where the column is monolithic with the base.
In the case of a steel stancheon the critical section for
bending moment is not XX but CC (this fact is proved by
the failures which occurred in the tests described in
Chapter VIII). Assuming a uniform pressure distribution
and dividing the base into four equal parts as before the
bending moment on CC is equal to W (B-b). Since this
formula is much simpler than the gﬁe given on page 9
it is suggested that it might be adopted in the case of
monolithic structures and insisted upon in the case of a
steel stancheon resting on a concrete base.

Shear.

Some text books glive as one of the necessary
qualities of a column base that the shear across the
sections YY (or Y1Y;) must not exceed the permissible

shear in plain concrete. This is akin to the requiremen
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of Clause 810 of the Recommendations applying to Flat

slab floors. Thé total shear along this section is equal
to p(B°- YY2): the depth is dj, hence if 8 is the
permissible shear, then

48 x Y3 x a1 4 p(B°- vvo) )

Although Taylor and Thompson states that this
fact has been proved experimentally the Author has not been
able to find records of such experiments

It is of interest to note that this requirement
is not mentioned in the L.C.C. Regulations.

Punching Shear.

It has already been stated that the unit punching
shear across XX is equal t°45% (1 - %g). If the base is
being designed to suit the L.C.C. regulations then this
shear must be less than twice the permissible shear in
plain concrete, and in almost every text book this
requirement is mentioned as necessary in the design of a
columm base. It is generally found that this factor
fixeg d, the depth of the base. The Author's criticisms
against designing to this requirement are mentioned later
in Chapter X, but it is proposed here to give some

criticisms against a method which is sometimes used to

reinforce a base against punching shear.




It has already been stated that the punching shear
must not exceed twice the permissible shear and in some

offices 1f the punching shear exceeds the permissible shear

then reinforcement is put in to resist this excess shear.
The method of calculating the necessary area is as follows:
Let sp = punching shear stress = W (l-ﬁz
4bd B
Let 8 = permissible shear stress in plain concretee.
Then total excess shear = 4bd(sp-s).
Shear along each column face = bd(sp-s)

Area of reinforcement required = bd(sp-s)
t

where t = safe tensile stress in reinforcement.

Shear Force /“andﬁng Shear

assumed along RewnForcemenf

rhese planes

The necessary reinforcement is then placed in the
top of the slab as shown in Figure 3. /Although the Author
has not seen this practice recommended by any text book he
has seen in employed by designers and in at least one
recently-erected large reinforced concrete frame building

almost every column base was reinforced in this way. In his
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opinion it is incorrect and unnecessary because:

l. The stress in plain shear should be calculated on the
plane YY (see page I® ) since the load from the column will
spread at 45 degrees; it is generally found that if sp
calculated along XX is less than 28, then the shear stress
calculated along YY is less than s.

2. 8ince the force on the bars is assumed to be pufely
shear (see Figure 3) the stress used to calculate the area
should not be the tensile stress in steel but the shear stresf
in steel which is much less (12000 1lb. per square inch in
shear as compared with 18000 1b. per square inch tension).

Se The load taken by the bars cannot be spread to the
surrounding concrete without either (a) exceeding the

permissible crushing stress in it or (b) introducing

appreciable additional stress in the bars.
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Figure 4 shows diagrammatically the forces coming on any
bar. The loads P represent the punching shears which are
reslsted by a distributed load acting as shown. This
distributed load will be greatest in the immediate
neighbourhood of P but it is assumed that the distribution
is as shown.

Taking a steel stress = 18000 1lb. per square
inch and a safe working stress in compression in the
concrete as 600 1lb. per square inch then 1 = length over
which load must be spread is calculated as follows:

2P = 2 x 18000 x?[ x a2 (where 4 = diameter of
4 bar).

Upward load = 600 x d x 1.

u

Therefore 1

60 x Wx a4 = 474 (approximately)
4

Of this length an amount = b is working at the
full 600 1b. per square inch /.. stress whilst the remainder
is assumed workiﬁg at a stress which varies from zero at
the ends to 600 1lb. per square inch at P. Hence the
total length of embedment must be equal to 21 - b, i.e.
94d4d-~b. In practice the length of the bar is usually made
3.5b and this gives as a critierion that the diameter of

bar must be not greater than b_
! 20.

The length of bar required to keep the local
crushing stresses within the safe lengths having now been
found it is of interest to calculate the stress induced in

the bar by the load distribution shown in Figure 4.
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The bending moment under the load

=600 x d X (1gb)2
g .

= 100d (1-b)°
But 1 = 47d and b = 204 (in general practice).
Hence M = 70,000 aS.

The maximum stress produced by this moment

=M X 644
2 x[tx a4

= 70,000 x 32

= 718000 1b. per square inch.

This figure is very much more than can be taken
on a mild steel bar which proves the statement made on
page 23 section 3, that the shear reinforcement thus
provided is useless because it fails due to the local

crushing of the concrete or the excess bending stresses

int roduced.
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Part II - Mathematical Method of Design.

In the design of a column base given in Part I
it was assumed that the ground pressure acting on the basze
was uniformly distributed. Experiments have shown that
this is not true and a theory for the design of heams on
elastic foundations has been developed on the assumption
that the pressure at a given point is proportional to the
deflection at that point. Thus if y is the deflection at
that point the reactive pressure at that point is ky where
k = elastic modulus of the soil.

Figure 5 shows a square plate of elastic material
carrying a central point load on to an elastic
foundation. At any point X, z; the equations for the

loading are as follows:-

El g%: -pdz = =ky az.

and El _d_‘{{ = -ky 4x.
az
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Unfortunately such equations are not soluble
therefore a true mathematical theory for the design of
a square column base is not possible.

If, however, the base instead of being square is
rectangular with a finite dimension in}the direction z and

infinitely long in the direction x then the equations become
El d% = - 49
dx ax
where Q is the shear force due to the upward pressure and

can be shown to be equal to ky

Hence E1 % = - ky

If 4
k =/}
Bl

Then the solution of this equation is shown by Timoshenko and
Lessells (4) to be

“.Zﬁl /
y=0Ce’' (cos ?;x-rsin’;‘&x) eveeres(1)
where C = _ P (P = total load on base)
8ASEL

B

Hence M = -
4{5..2 (COS/SX + Sinﬂx).n.......-...(2)

o

Under the load, x is zero and M is a maximum thus giving

Mmax=_4% o.ooooo.ooo..o..-.ooooo..o--ooouo(ZA.)

If the curve given by equation (1) is plotted
¥y is found to be negative for values ofﬁx greater than 2.36.
Gray (5) has suggested that this is an impossibility and
given a method of design based on his suggestion. In the

Author's opinion the negative value for y is a practical
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possibility and in his mind there is little of value in
the design method which Gray has put forward because;
(1) a study of it reveals the fact that it is not
consistent, and (2) if this were not so it could only be
applied to thin bases where the length is about four or
five times the width, a type of base which is not common
in practice.
A method of solution of the equations given

on page 2@ has been developed by Ritz (12) and this
was used by Vint and Elgood (6) in their work on the

deflection of a boom on an elastic foundation. Ritters

method is very complicated and cannot be easily applied b
this fact alone should not disquelify it from use in
the case of reinforced concrete foundations. The method
is definitely for use in the case of thin plates and the
degree of similarity between a reinfqrced concrete column
base and a thin plate is so questionable that Ritters'
method has not been applied to the work in this thesis.
In the study of the stability of foundations
against shear failure in the soil (see Figure 6), the
mathematics: is similar to that for the beam of infinite
length on an elastic foundation as given on page 17(

It has been found, however, that the shear resistance of



Settlement
8 square or /doe to shear
circular base /n soil

is double that
of a strip
footing of
infinite

length and of
width equal to
the side of the square base or the radius of the
circular. It would be of interest to know whether a
similar relationship holds in the case of a square column
base on an elastic foundation. If it does then equation
(2A) page Zl vecomes in this case:

83
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This formula is applied to the bases under

tests and notes are given on it in Chapter VIII.

Analysis due to Westergaard(9).

Westergaard analysed slabs by working on the
assumption that the pressure at any point is proportioned
to the deflection at that point. He applies his analysis
to three cases which are commonly met with in the design
of pavement slabs:

1. A load at the corner of the slab.
2. A load in the centre of a slab of infinite dimensions.

5 A load at the edge of a slab of infinite dimensions.
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The first and third cases are not of interest in
this work but the second is being studied since it would be
analagous to the column base if the dimensions were finite.
For this second case Westergaard states that the tension
stress, 0 1i; immediately below the point of application of
the load is given from the formula,

g~ i = 0.3162 22 Q:log:lo (W®) - 4 loglo(m O.675h§
h

- logpK + 6.4’7@

where P = wheel load

k = thickness of base.

K = subgrade modulus.

A = diameter of circle over which the load

P is assumed to act.

This formula is developed by a special theory which
Westergaard applies to bases carrying a concentrated load.
In it he makes certain assumptions to allow for the fact
that under such conditions of loading, plane sections do not
remain planee. The stress developed when computed by the

ordinary theory is

g— = 5(14-52? (loge 1 + 0.6159)
¢ 2T R a

wherqﬂ; Poisson's ratio.

and 1 = 4(ERS

ﬁﬁ-ﬁ)x.

Westergaard gives a table of the values of

for a load of 10,000 1bs. with varying values of h> X and a.




It is not proposed to reproduce the whole of

31

the table but the values for a slab 4 inches thick

(i.e. those under test) are given below.

Maximum stress in 4 in. thick slab

(Westergaard).
K
0 2 ins. 4 ins. 6 ins. 8 ins.
50 1231 1058 848 693 588
100 1172 998 788 634 528
200 1112 939 729 574 469

The application of Westergaard's theory to
isolated column bases can be Jjustly criticised. The
theory was developed for use in the design of road slabs
where the ratio between the width of the slab and that of
thé wheel is always very large (say about 40 - 50 for the
average case). It is, however, of interest to apply the
theory to the design of columm bases and this has been
done in Chapter VIII.

Westergaard also develops a theory for the
deflection of slabs under the loading conditions already

mentioned and gives for the second case that the deflection,

Zi, under the load is

Zi = P
8 k12

where 1 has the value given on page 9O
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Part III - The Distribution of pressure under
a _columm base.

In the general accepted method of design given
in Part I of this chapter the distribution of pressure
under the base is assumed to be uniform: in the
mathematical method given in Part II the pressure is
assumed to be proportional to the deflection at any given
point.

It has been shown (see Chapter III) that the
distribution of pressure in a sand foundation is
approximately parabolic in form reaching a maximum at the
centre and being zero at the corners. Unfortunately no
experiments have been performed to show the magnitude of
the pressure at the mid points of the edges of a square
base. If it is assumed however that the distribution of
pressure is parabolic with a maximum at the centre and
having zero value at the four corners then the pressure
distribution over the base forms the surface of a
pargboloid as shown in Figure 7, a section on the planes
X =0and y = 0, and a section through the plane x =fly are
as shown in Figure 8

The volume of the paraboloidal solid thus

formed is equal to the loasd coming on the foundation (the
weight of the base itself being neglected.
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DIARGRAMATIC REPRESENTATION
OF PRESSURE DISTRIBUTION

FIG. 7/

The volume of this irregular solid is
calculated as follows:
Let the equation to be paraboloid be
x% + yR = 2az.
i.e. origin is at the vertex and let h be its height

then 2b%= 2ah so that a = 22
h
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Any plane z = a constant will cut the paraboloid in a
circle and the paraboloid is entire for values of 2z less

than ho

where b2 = 2ah o or N o = h
2

The redius: of the circle at any value of z is
given by
r< = 2az.
Therefore 2rdr = 2adz.
The volume of the complete paraboloid, V is

given by
h LN
v =j".n-2dz = 'aTszz. 2 dz.
. Y
= szi-z]
h o
= T h

The volume of the solid formed by the pressure
distribution is equal to this volume less that of the
four solid pieces removed. For h,< Z<h the part shown
shaded PPl is cut away. Let PPl subtend any angle 20
at the centre, O.

Then A, the shaded area in each quadrant

= r%0 - br sin ©

and r =D sec ©
Therefore A = b2 (© sec® 6 ~ sin © sec ©)
= blsecze (6 ~ sin © cos ©)
and dz = 1 rdr = K, b%sin © sec © ae
& B2



Then Vg = the volume cut off from each quadrant
™

&
= b%{(asecze-sinesece)h sin @sec%e 4 ©
O’U
b?hkj(e sin @ sec 96-8in%6 sec?6)d ©
o
= b%h (esinesecf’e-bgec‘le - secde - sin2esec4e)de
3 Z 4
(¢

o q 1
Q4
= b2h | esecde - tanae] - bzh{j‘sec4e(sin26+cosze)de
4 <] o 4

o
(L8

la
b2h S!a-.; - b%h | tan%6 + tan Q;}
4 3 4 3 o
= b*h E-;-;_-%)
4 3. 12

=bven| T - 2"
4 3
=.,1187 b h

The volume of one guarter of the complete

paraboloid = U b2nh
i

Therefore volume of one quarter of the "pressure"
paraboloid = (.7854 - ,1187) b2h
= 6667 bch

This volume must be equal to one quarter of the
load carried by the base.
Therefore 6667 beh = w

Hence h, the height of the paraboloid, or, the

maXinmum pressure under the base can be determined.
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Mgximum pressure, h = 3 _\!2(approximate1y).
80

If the pressure is uniformly distributed then the
average pressure, which is also equal to the maximum
pressure i8 W__. Therefore the maximum pressure with the

4p° |
parabolic distribution is approximately 50 per cent greater
than when the distribution is assumed uniform.

For calculating the bending moment on the base
it can be assumed'that the load is divided into four equal
parts which produce equal moments about the x and y axes.
The bending moment on the x axis is equal to one quarter of |
the load multiplied by the distance of the centre of
gravity of the solid A O D from the axis.

The distance ; of the centre of gravity is

calculated as follows:

é&oment of area for any sector

N

= J;ﬁ&cg cosX = 2 %sin 6

2 3 3
-6 3 a
for 6 = W this becomes 2 =2 r
4 g[8 8

gFor any segment PSP1l, moment of area

=j‘l" Scosol dX~ 2r3co0s26 sin ©
3 3
-6

= 2 r2%sin € - 2 r9cos®6 sin 6 = 2 r3sinde
3 3 3
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Moment of area for volume required

h h
ﬁtg.r3dz \fz r9sinde dz
6

=l & s

3 0
N 2 a
=/2/2b%).n° 2 -ghb5,tan5e
3\ h 5 3 5 o
=b%h [ 8_ -g_)
15 15
-_2_b:3h
5

Therefore — = .4 b°h = .6b.
X 6667 bch

Therefore bending moment on base = W x «.6b.
4

Ef the same notation is used as for the formula
given on page |q and allowance is made for the reduction in
bending moment due to the spread of the load over the base
plate of the stancheon then the eXpression for the bending
moment is M = W (.8B - b) which is slightly less than the
value obtained%when thespressure is assumed uniformly
distributed.

The pressure distribution under flexible square
base resting on a sand bed has been investigated tharoughly
because a sand bed is used in the tests described in this

thesis. There are two other cases of pressure distribution

which can be briefly noticead:



(a) Flexible base on clay bed,
(v) Rigid bvase on any bed.

FIG. 9%
TRUE  DISTRIBUTION

FIG. 98 ~ se the theoretical distribution of
THEORETICAL DISTRIBUTION ERtCREICHE
Practically, however, infinite pressure at the
edges is an impossibility and the distribution of pressure
is as shown in Figure 9(b).
In the case where the footing is rigid the
distribution is uniform.
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It has already been mentioned that so far as the i
Author 1s aware no previous experimental investigations ‘
have been carried out on the strength of thin isolated
column bases in reinfo rced concrete. Investigations have,
however, been carried out on mbjecivs whid have a bearing
on the problem and it 1s proposed in this chapter to give
a brief summary of these investigations.

The three subjects on which work has been

carried out are: (1, the distribution of pressure under a
foundation, (2) the problem of a thin elastic plate
supported on an elastic foundation, and(3} the strength
of reinforced concrete slabs.,

wuch work has been done on the first and third

of these divisions and only that work which bears on the

problem with which this thesis 1s concerned is being given.

Part 1 - Investigations on the distribw ion of ,ressur%

|

The earliest investigator into thls problem
was poussinesq (7) who published his work toward the close
of last century. HZls work is mainly concerned with the
distribution of the load at different distm ces from the
footing and enables the calculaﬁion of lines of pressure

to be made as shown in i'igure 10. lilis theories find




useful application in the
study of soil mechanics but
they are not so useful in ¢
problem under consideration
as he did not investigate

thoroughly the pressure

surface between the

foundation and the soill. in considering the strength of a
column base it 1s this distribution of pressure which
affects the bending moments on the base.

=0re recent investigations into the problem
tackled by ooussinesq have been carried cut by Burmister
(13,, .rynine (14, and Cummings (15,.

ourmister gives a graphical method for

determining the pressure at any depth below a loaded
point on the surface of the soil. .is method is
specially useful in calculating the pressure contours in
the ground below a building, the foundations of which
consist of a number of isolated column bases. In his paper
he gives an example of the pressure contours and the
distribution of pressure beneath a building with 24
column bases.

arynine glves a graphical method, called the
"reduced area’ method of determining the pressures under

irregularly shaped foundations. in addition he gilves a
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modified form of the Zoussinesq equation allowing for

differences in the soil. The empiral formula he

suggests is &2’2
pz=p(§§-le-c‘° a - 7.

< o

where p, is the vertical pressure at any distance c¢ from

the centre of the disec (where the intensity of pressure

= p, and n 1s the concentration factor of the soil.

It is the introduction of “n' which makes
nrynine's formula differ from -oussinesq's. “he
concentration factor of the solil varies from 3 in the
cased elays to 6 in the case of sands. 'he substitution
of these values in the formula gives pressure
distribution curves for these two materials similar
to those shown in rigures 94 and 1l respectively.

cummings .15, also mentions the corrections
which must be applied to woussinesq's equation to allow
for the different types of so0ils and also the
distribution of pressure under the footing. e also
analyses in his paper the various experiments which have
been conducted on the pressure at varying depths below a
foundation. ‘hese experiments are not given in this
thesls as the distribution of pressure with which it is

mainly concerme d is not the vertical but the horizontal.
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vests by Glesecke, Zadgett and &ddy (8).

'hese tests are of great interest as they were
carried out on an actual structure. Deneath a
reinforced concrete footing 19 feet square and 2 ft. 6 ins.
thick a series of Goldbeck soil-pressure cells were placed.
By means of these cells 1t is possible to measure the
earth pressure at the point at which they are situated.
‘he cells were placed at intervals along the diagonal of
the footing and readings of the pressures were taken both
during and after construction. The results showed that
the distribution of pressure was approximately parabolilc
reaching a maximum at the centre and being zero at the
corners, The qyitioism to be levelled against these
tests is that ébo égﬁﬂcells were used and readings only
taken on a diagonal. Lt 1s assumed in the calculations
given in Chapter z, ~art .II, that the intensity of
pressure at the mid points of the edges is one half of
the maximum ,ressure. it would have given useful
information if a cell had been Inserted at tzese points

in thetestse.
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‘'ests by Dr Oscar Faber (10, .

raber carried out tests in 1929 on the
distribution of pressure on the surface immediately below
a foundation block. 1Iils experiments were on two types of
suil (a, sand and (b) clay. The device for applying the
load to the surface of the soil was fitted with
extensometers so that the pressure on concentrlc rings
of the surface could be measured. In brief, he showed.
(1) that for sands, where the foundation is near the free
surface the distribution of pressure is approximately
parabolic reaching a maximum at the centre and being zero
at the edges, whilst in cases where the foundation 1is
some distance below the surface the distribution is
between parasbolic and uniform.
(2) that for dlays the distribution (with or without
surcharge) spproximates to one giving a maximum at the
edge and a minimum at the centre, the mean pressure being
two thirds of the edge pressure and the distribution

between the two belng a curve which approximates to an

ellipse.
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These two types of distribution are shown in
rlgure 11, and it should be noted that for sands the
maximum pressure is twice the mean pressure.

The experiments carried out agreed quite well
with these curves.

In the paper describing these experiments raber
shows up the fallacles of the Rankine formula for the
depth of foundations. One criticlsm against these tests
is that the circular base tested 1s seldom, if ever, used
in practice: tests on a square base would have been

mich more practical.

CLAY

PRESSURE DISTRIBUTION
FROM DR. FABERS EXPTS.

FliG. [
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Part II - Tests on plates on elastic foundations.

Tests of this type aire useful in that they
provide an experimental means for checking up the
mathematical solutions to the problem which have been given
bu such investigators as Timoshenko and Westergaszid. There
must, however, be a blg difference between theoehaviour
under test, say, or a 4 inch thick concrete slab and a
steel plate § inch thick, consequert 1y there is some
doubt as to ﬁhat extent the results of the tests on steel

plates can be applied to concrete column bases.

Tests by Glenn Murphy (11).

| The object of this paper was to present a
method of determining the stresses aml deflections in
rectangular plates on elastic foundations with special

roeference to the case where the plates deflect free from

the foundation when loaded. The first part gives a
mathematical analysis of the problem for this case. The
analysis is very complicated but it is of interest to

note that strain energy methods are used in attacking the
problem. In an appendix tables are given which can be used
in the solution of any particular problem but even wiih
these the method is still -far too lengthy to be

applied to the design of a column base. The experiments

carried out by Murphy were on a % inch thick steel plate

which was placed on a rubber bed and loaded with the three
conditions of loading used by Westergaasd (2) in his
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analysis. The deflectlions and stresses were measured atmany|
points in the plate. The use of rubber as an 8lastic"
bed is to be criticised on the grounds that rubber is not
a perfectly elastic materlal but possesses plastic as well
as elastic properties. Rubber has also the disadvgﬁgage
that 1t 1s not very consistent in its behaviour under test.

The tests showed that in a cemt rally loaded square
plate the deflection contours are as in Figure 12. This
shows that at th® corners of the plate there was an uplift
and that the plate only remained in contact with the soil
over an area approximately equal to?[Bz where B = width
vf the plate. If column bases behav; in this way in
practice then it means that if the pressure distribution
is parabolic the maximum pressure, i.e. under the load, is
equal to 8. Ez = 2.5 times the average pressure. Aan
increase 2; zreat as this means that in most designs the
factor of safety is probably reduced to unity.

The experiments verified the theory which

Murphy gave to a high degree of accuracy. In some cases
the calculated stresses agreed reasonably well with those
calculated by Westergaard's formula. In the case of a
centrgily loaded slab the difference between the maximum
measured stress and that calculated from Westergaards

formula is only S5 per cent.
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Tests by Vint and Elgood (6).

These tests although not applicable to the
design of a reinforced concrete column base are of interest
in the design of foundations since they were carried ocut
to determine the behaviour of a bloom plate to which a
load is transmitted by means of a stancheon.

The mathematical section of tl® paper was
developed on Ritz!s method. The experiments performed to
verify the mathematical analysis were carried out on a
steel plate 10 inche s square and 0.2345 inches thick
supported on an elastic foundation consisting of springs.
The load was applied at four points as shown in Figure 13
and the measured deflections agreed to within 3 per cent
. of the calculated.

The elastic base used for fhese tests 1s to be
commended as representing a definite advance on the
rubber base used by Murphy (II).
The tests were carried out at Bristol University and

are the only tests on these lines which have been

carried out by British investigators.
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Part III - Investigations into the strength of

Reinforced voncrete Slabs.

It 1s no exaggeration to say that every
technical college and research laboratory has at some time
tested reinforced concrete slabs and beams in order to
study their behaviour under load. So many observations
have been carried out that a thesls could be written on
them.

Most experimenters have confime d thelr work to
the study of (a) the distribution of stress across a
section, (b) the effects of creep, plastic yield and
shrinkage, (c) the behaviour of a reinforced concrete

section at failure. These investigations have shown that

the valus of the failing load taken by a reinforced
concrete section is generally different from that obtained
by calculation using the straight-line, no-tension
theory. This fact has led to the production of new
theories of design. Reference to these theories 1is not
being given in this Chapter but it 1s mentioned in the
Chapter discussing the results of the testas

The only tests on reinforced concrete slabs
which are described in this Chapter are those in which
such slabs are used as isolgted column bases.

Although Taylor, Thompson and Smulski (3) of

the American, and Manning (16) of the Znglish, text books

both state that such tests have veen carried out, neither
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of them gives any references in support of their statements,
A careful study of research bulletins lssued during the
last 10 years shows that only one series of such tests has
been carried out. This series of tests was carried out

by P. Lebelle (17).

Tests by Lebelle.

Lebelle gives methods of design for and
describes tests carried out on the following types of
foundations,

l. Wall footings.

2. Isolated column bases square or rectangular in
plan carrying square or rectangular columns,

3« Isolated column bases circular in plan.
4, Isolated column bases octagonal in plan.
The method of design given is based on two
assumptions, first, that the ground pressure below the
base is uniform and second, that the base is of such a

thickness that,
da

nv
Loy)

-b (see Figure 2).

H

It 1s pointed out in the previous chapter that
the first assumption is not true except where the

foundation 1is perfectly rigid: 1t certainly does not apply

to the thin sections tested by the Author but as Lebelle's
tests were carried out on thicker sections (in accordance

with the assumption given) he sas some justification for

using it.
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The method of design given by Lebelle generally follows the
standard method but an interesting feature 1s the
introduction of the effect of the friction between the
underside of the base and the subsoil on the strength. He
points out that in most cases the friction considerably
reduces the stress in the reinforcement.

In the case of 1solated column bases which are
square in plan three methods of reinforcing are discussed
and the design worked out for each case. The methods are;-
l. Relnforcement parallel to the sides, spaced equally
across the whole width of tke base,
2e Rein® rcement parallel to the diagonals equally spard
along them.
3e Reinforcement parallel to the sides but bunched
together under the column.,

The secondcase whilst economical from the design
standpoint has the disadvantage that every bar 1s of
different length consequert.ly it is not good from the
constructional standpoint.

In his design Lebelle completely neglects the
shearing forces: this 1s justifiable up to a point on the
grounds that the base 1s so thick that the shearing forces
are bound to be within reasonable limits,

in the actual tests carried out Lebelle tested

five different types of square base., The tests were

carrled out in a 500 ton Amsler press, the column base being
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supported on a rubber beds. The use of such a bed is
criticised in Chepter I (page |3 ). It also has the
disadvantage that the frictional forces between the bed
and the soffit of the foundation slab tend to increase
the stress in the reinforcement instead of decreasing it
as is generally the case.

The tests were carrlied out after 21 days the
concrete used having an ultimate compressive stress of
295 kiljogrammes per square centimetre. (4180 1b. per
square inch) and & tensile stress of 17.8 kilfogrammes per
square centimetre (252 1lb. per square inch).

The bases falled by cracks at right angles to the
direction of the reinforcement.

The main object of the tests seemed to be to
compare the actual falling load with the safe working load
calculated by Lebelle's method. The results gave a
factor of safetyvarying between 3,10 and 4.10 when friction
was taken into account whilst when friction was neglected
the factor of safety varled from 1l.90 to 2.735.

Whilst there is a certain similarity between
Lebelle's tests anml those described in this thesls the
main differences are:
1, Lebelle tested thick bases as opposed to the thin
sections of the Author.

2. The use of the rubber foundation instead of the sand



bed used in Chapter VII.
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¢ The small number of tests carried out by Lebelle.



CHAPTER 1IV.

EXPERIMENTAL DETAILS FOR MODEL MORTAR

BASES .
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CHAPTER IV.

EXPERIMENTAL DETATLS FOR MODEL MORTAR
BASES .

It is intended in this chapter to give
particulars of the method of manufacture and testing for |
the specimens in Class I (see pagedl ). The results of the
tests are given in the following chapter whilst the
conclusions from the experiments are given in Chapter 6.

Method of making the specimens.

The specimens were all 8in.x 8in. in plan, series
1l being lin. nominal thickness and series 2, liins. The
specimens were made in sets of four from a cement - sand
mortar which provortions were 1 : 3 by weight. "Perrocrete®
rapid-~hardening portland cement and Stone Court sand were
the materials used. The water-cement ratio was kept
constant at 45 for all the specimens.

The forms used for making the slabs were very
simple and are shown in Figure l4.

It is pointed out on page V2 that it was necessary
to use Expanded metal as reinforcement for the specimens.

Particulars of the expandéd metal used are as
follows:

Thickneés: No.22 gauge;

7!
Cross section (short way of mesh)S%in. at32 pitch.
9

Cross section (long way of mesh) 32in. at 1liin.
pitch.

Ultimate Stress = 80,000 1b. per sqg.in. |
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~ The sheets used as reinforcement in the bottom
of the slab were P+ins. square, those used in the top were
4ins. square. Where two. or more sheets of reinforcement
were used they were placed with the mesh in one sheet
perpendicular to that in the adjacent sheet.
_ The sheets were given approximately §in. cover
both top and bottom.
The quantities of reinforcement used in the

various types of specimens made are given in the table below.

Specimen lark. Thickness. Reinforcement Reinforcement
(Actual). in bottom. in top.
1.0 - -
1.1 1 layer -
1.2 i 2 layers -
1.3 1 layer 1 layer
l.4 2 layers 1 layer

2.0 - -

2.1 1 layer -

2.2 i 2 layers -

29 2 layers 1l layer
2ed 4 layers -

2.5 2 layers 2 layers.

The mortar was consolidated by ramming and
the upper surface of the specimen finished off smooth.

The specimens were kept in the forms for 24 hours

and then immersed in water until ready for test.
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In order to determine the compressive and tensile

stresses of the mortar used cubes and briquettes were also

q,
made. The same mix was used as for the slalis the

specimens were stored in the same way.

The cubes were 23ins. and the briquettes were of
the standard type given in the British Standard
Specification for Portland Cement.

Method of testing specimens.

One of the objects of this series of tests was to
determine the effect of different beds on the strength of
the concrete slab.

The different kinds of bhed used were (1) rubber,
(2) sand, (3) wet clay.

In the case of the rubber bed 4 sheets of rubber
each Zin. thick were placed on top of each other on the bed
of a 200 ton Riehlé/test machine. For the other beds a
stout timber box adequately reinforced with steel stravs
was placed on the bed of the machine, the box being filled
with the appropriate material. The sand used for the
sand bed was dry Stone Court sand: the clay was obtained
from the excavation for the pit of the test machine
described in Chapter 7. The clay was kept moist during
the testse.

The stancheon used was a steel block 2in. sq. in

cross section and 3ins. long. The centre lines being

marked on each face enabled it to be placed centrally on the
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slab. Between the steel stancheon and the mortar slab a
layer of felt paper was placed to even out any surface
irregularities.

The slab and stancheon were placed on the top of
the bed , levelled up,and the load applied to the stancheon.
The load Was applied until the slab was tested to
destruction.

The four slabs in each series were tested
following each other and the average of the four results
taken.

The set-up of the apparatus for this series of
tests is shown very clearly on plate 1.

The specimens were in every case tested after

7 days.
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CHAPTER V.

TESTS ON MODEL MORTAR BASES.

The tests carried out on the mortar specimens
can be divided into. three main groups (a) tests on cubes
and tension specimens, (b) tests on 14 in, thick
specimens, (c) tests on 1§ in. thick épecimens. The
third group is the largest and most important, the second
gives tests only on one type whilst the first although
the smallest is neceséary to give information about the
strength of the mortar.

Tests on cubes and tension specimens.

Six cubes of side 22 ins. were made and the
average crushing load was 32380 1b. This gives the
compressive strength of the mortar as 4280 1b. per squam
inch.

Six briquettes of the size and shape
recommended by the British Standardu.Specification were
made and the average failing load was 355 1b., thus the
ultimate tensile strength of the mortar was 355 1b. per
8quare inch.

Tests on 11 in, thick slabs.

These slabs were all tested on a sand bed.
Five different series of specimens were tested, the
reinforcement for each series being given in the table on
page 58 - The results of the tests are summarised in

the table below whilst a graph showing the relationship

between failing load and reinforcement is given onpage €S
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It should be noted that in all cases four specimens were
tested in each series and the results given in the tagble

are the average of the four specimens.

Table 1 - Tests on 1% in. thick specimens.

Reinforcement Failing Load Bed
(see page 5% ) (lb-sg
1.0 1600
1.1 4130
1.2 7625 Sand
1.3 4380
l.4 6890

The types of failure occuring in the different

series were as follows:

Series 1,0 Tailure

occurred by tension
cracks along the
diagonals (see
Figure 15). Cracks in

Series 1,1 The bottom of
slab

failufe is

illustrated in
Plates 2 and 3.
They show the main cracks in the bottom running slmost

straight across the centre of the slab whilst there is =

faint crack in the top of the slab., TFailure was probably
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Series l.2. The failure is illustrated by Plates 2 and 3.

by tension.

These show that the cracks on the underside are small and
evenly distributed whilst on the upper surface there is
cracking round the edges of the stancheon and also the
diagonals. An examination of the cracking round the
stancheon showed that it appeared to slope away at about
(;45 per cent as shown in Figure 16. Failure was due to

\ s
' ghear or tension probably the former.
.\\ - - "

Plane ct
RUP‘R re

Series l.4. The failure is shown in Plates 4.,. ~ 7,

These also show evenly distributed cracks on the

underside and very pronounced cracks along the edges

of the stancheon on the upper surface. It is noticed

that these cracks drop at 45,per cent (approximately)
until reaching the top reinfo rcement, they then run
along the surface of this reinforcement until they reach
its edge after which they again fall at 45 degrees until

the bottom reinforcement is reached. Failure was due

to shear or tension Probably the former.
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On examining the plates 3 and 4 it appears that
the failures of 1.2 and 1.4 were both due to shear but it
must be remembered that the load was aprlied for some time
after the maximum load had been reached. Although the
photographs after test indicate shear failure it cannot
be definitely stated whether failure in the first instance
was due to shear or tension.

Calculation of Theoretiecal failing load.

l. Failure due to crushing of mortar undexr stancheon.

Crushing strength of mortar = 4280 1lb. per sq. in.
Area of stancheon = 4 gq. ins.
Therefore Failing load = 4 x 4280 = 17120 1b.
In no case was the failing load as high as this
therefore failure was not due to crushing.

2. TFailure due to excessive tension or compression.

Series 1.0. In this case failure was definitely due to
excessive tension in the mortar. Resistance Moment of

section |
=355 x8x ¥ x1 =600 in.lb,
' 8

0]

Applied Bending Moment (see page 38 )
= 1600 x-_z_)
4 3/
where X is the distance of the centre of gravity of the

pressure quadrant from the centre.

Hence x - 2 = 1,50

(&3]}

Therefore x = 2,17 ins.

It is shown (page 38 ) that in the case of
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parabolic pressure distribution
x = L,3B

If this is true for the case under

consideration then
" x = 2.4 ins.

Thus it is seen that the pressure
distribution is such as to give a greater pressure at the
centre and less at the sides than is given by a parabolic

distribution.

Series 1,.,1.

A; = .042 sq. ins. L.W.M, and .056 sq. in. S.W.M.
Failure takes place across the L.W.M, directiop
Resistance moment of section is calculated

on the ordinary theory as follows:

[=7]
t

.938 in, B=% 8 in.

P = .042 x 100 = .56 per cent. Therefore Steel
.938 x 8 fails first.

m = 40,000 = 9.4 (Code of Practice)
Z,280
J '0028’% .104 - 1052 = .275

d-g=082ino

11

nl

(o]
Therefore R.M. = 80,000 x .82 x .042 = 2750 in,1b.

It is shown (page I ) that the applied

bendi ng moment
=W (2,17 - .67) = ,375W
Z

Therefore if failure takes place due to flexure

the failing 12gd carried by series 1,1 specimen

e ettty

- 2750 x 8 - 7340 1hb,
T3
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At = .098 sq. inch each way.

It can be shown that in this case failure is
due to the mortar reaching its maximum stress first.
The resistance moment of the secticen is 4780 in, 1b.
giving a value for the failing load (if failure is due
to flexure) of 12,700 1b.

3. Fallure due excessive shear.

An examination of the failure of the Series
1.2 specimens shows that if failure were due to sheer it

occurred alcng a surface of a frustrum of a pyramid as

shown in Figure 17.
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Therefore in calculating the ultimate load
teken if failure is due to shear it is prorosed to make
the following assumptions.

1. That the shear strength of the plain mortar is
equal to the tension strength.

2. That this stress acts on an area equal to the
surface of the frustrum of the pyramid.

3. That the effect of reinforcement is to increase
the resistance by an amount equal to T sin 45 degrees,
where T is the direct tension taken by the reinforcement
cut by the surface of the frustrum.

4, That the ground pressure is uniform.

Series 1,1,

Arega of frustrum = 4 x 1.6 x 3,125
= 20 sq. inches.

Area of reinforcement = .,021 + ,028 = ,049 sq.in

Shear Resistance = 20 x 355 = 7100 (mortar)
+.049 x 80,000 x ,707 = 2770 (steel)
= 907C lb. total,
The failing load is the verticel component of
this shear resistance plus the uvpward reaction on the
underside of the pyramid,

Failing load = g9870 X .707) = 9700 1b.
4“

Series l.2.

In this case the area of reinforcement is equal

to .098 sq. in.: the shear resistance then becomes 12640

1b. and the failing load 12500 1b.
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Series 1,3 and 1.4

The effect of the top reinforcement is to
increase the size of the frustrum along which failure
takes place (see Plate 4). This means a considerable
increase in the value of the shearing resistance if
calculated by the methods used for 1.1 and 1.2: the
actual results (see Table 1) do not show this
considerable increase and it is obvious that such a
method is of little use.

It is secen that the celculated failing
loads differ greatly from the actual. These differences
are discussed in the following Chapter.

4, Failure due to punching shegr.

According to standard text books on design
the punching shear strength of a base is indeperdant of
the amount of reinforcement present. If this is true
then the strength of the Series 1 specimens can be
calculated by making the following assumptions:

1. hat the ultl mate punching shear sirength is twice

the vltinate tensiorn stre

)

&)
[0

2. That the upward pressure distribution is uniform.

The strength of the series is then

In)

5 x 0w = 2820 1b,

fc. 2<

1 -
8 x 1g x 2 x 3

<l
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Tests on 12 in. thick specimens,

The main object of these tests was to
determine the effect of the type of bed on the failing
load. Three different types of bed were used, sand,
clay and rubber. Different quantities ¢f reinforcement
vere used, particulars of which are given on paze 58
The results of the tests are summarised in the table
below and shown graphically on page 16 The
results given are generally the average of four
specimens.

Table 2 - Tests on 12 in. thick specimens.

Failing loads on different beds (1b)

Type of

Reinforcement Rubber Sand Clay
2.0 3230 2080 1970
2.1 3340 4410 <570
2.2 7220 801G 4700
2.3 83C - -
R.4 10C00 - -
2.5 - 24C0 5300

The types of failure for these specimens

were similar to those foix the Series I spccimen
X

[

Plotcs®bshowr the failure in o Series 2.5 specimen
tested on a sand bed.
A glence at the resulis shows the big part

played by the bed on the value of the failing load

M

Calculgtion of Theoretical feiling loads.

1, Feilure cdue to crushing uncer stancheon,

Feiling lced = 17120 1b. (see page [Q )
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2. Failnre due to excessive tension or comprcssion.

Series 2.0,

In this case failure was definitely due to
excessive tension in the mortar.

Resistence Toment of section

= 355 x & x 13 “x 1 = 1250 in.lb.
8 8
Apnlied Bending lloment

(I
S =
™
1
%CMN

where W = failing lo ané x = distvtance of the centre
of gravity of the pressure quadrant from the centre.
Using the experimental values of W, the
following values are obtained for x -
Rubber bed x = 2,20 ins.
Sand bed x = 2,30 ins.,.
Cley bed x = 3.21 ins.

For parabolic pressure distribution x = 2.4
ins. and for uniform pressure distribution x = 2,67 ins.
The fact that for clay the pressure distribution is much
greater at the edges than ot the centre (causing the
high velue of x) is in keeping with previous

AR B - 2 om ol
(VS

119 _t,O Le

b

observations on

[
>
1

It is not proposed to give detalls of the

Q.

~
oas

[

calculations for the thcoretical flexural failing 1

vo

4
®

Jues are summarised in the table belew
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Table 3 - Theoretical fegiling loads in flexure

Theoretical flexural failing load (1b)

Type of
Reinforcement Rubber Sand Clay
2,1 11500 1ngle GS50
242 2520¢C 24400 157C0
2.4 22600 -

Se Fallure due to excessive shear.

Using the assumptions given on page ‘ﬂﬁ
the theoretical failing loads in shear (which must be
independant of the type of bed since the upward

pressure is assumed uniform) are as follows:-

Series 2,1 | 19000 1b.
Series 2.2 23200 1b,
Series 2.4 31800 1b.,

The fact that the pressure distribution is
not uniform means that for a clay bed the failing load
in shear is less than thet given above and for 2o sznd
bed it is greater,

4, Taillure due to punching shear
B Ping

| ~

°

T~

By making the assumptions given on page.ﬂl%

the failing load for Serics 2 snecimens is calenlated ns

]

follovws:-
=8 xlfg x 2 x 325 x 8=_
8 - 22
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CHAPTER VI.
CONCLUSIONS FROM TESTS ON MODEL BASES.

It is intended in this chapter to summarise the
conclusions from the results given in the previous chapter
and to discuss any interesting features.

The main object of these tests was to determine

the effect of different beds. It is seen from the table

on pagesisﬁthat the type of bed has an appreclable effect

on the load carried by the base. On a clay bed a base

carries less than two-thirds of tl® load carried by a
similar bed on sand. This fact is very important and
has always been overlooked in design. ’f??'.

The explanation for thils 1s as follows:

l. The distribution ofvground pressure under a footing
on clay is such that the maximum pressure occurs at the
edges thus giving a bigger lever arm for the load
producing the bending moment.
2. On a clay bed the base deflects under load much more
than on a sand bed, This increase in deflection
doubtless causes an increase in the flexural stresses to
which the base 1s subjected.

It is of interest to note that as the load
carried by the base increases the ratio between the clay

and sand bed gets smaller as shown in the table below
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Type of Reinforcement 2.0 2.1 2.2 2.4
Ratlo between Clay
and Sand loads. 645 «605 587 «564
This 1is possibly explained by the increased deflection
as the load increases.

The settlement of bases on clay 1s always
greater than that on sand and the clay solls generally
present difficulty from the deflection point of viewe.
These tests show that they also present difficulty from
the design point of view.

The Author suggests that when a column base
rests on a clay soil the factor of safety in the design
should be increased from the standard figure of 4 to a
new figure of 6, and the ground pressure assumed uniform.
By so doing a design would be obtained where the true
factor of safety 1s between 3 and 4, a figure which is
about the average for a reinforced concrete structure.

With regard to the secondary objects of this
series of tests (mentioned on page Il ), the following
general conclusions can be drawn.

1. The graph on page ©9 shows that the load carried
is approximately directly proportional to the amount of
reinforcement. From the rather scanty information given
on the graph on page 6 it appears that the rate of

increase in strength with the reinforcement added varies

for each type of bed used.
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2e The effectol a layer of reinforcement in the top of
theus;gb is to strengthen its power of resistance. The
increase in strength obtained from the experiments was
inconsistent. Series 1.3 showed an increase of 6 per cent
for 0,56 per cent reinforcement, Series 2.3 an increase
of 9 per cent for 0.37 per cent reinforcement and Series
2.5 an increase of 17.5 per cent in the case of a sand
bed and 13 per cent in the case of a clay bed withO.74 per
cent of reinforcement. These increases are not as great
as those obtained by the use of the same.quantlty of
reinforcement in the bottom of the slab. It is pointed
out on pages 23-2S that top reinforcement is useless
when considered from ﬁhe design point of view and the
combined evidence of experiment and analysis suggests that
top reinforcement is of little or no value.
3 The experiments show that for approximate purposes the
use of mortar models adequately reinforced provide
useful infrmation with regard to the behaviour of a
reinf orced concrete structure.

The experiments also show that the fact that the
punching shear is within the permissible limits does not
mean that the base is safe. For the quality of mortar

uged (¢ = 4270 1b. per square inch) the safe ordinary shear

can be taken as 100 1lb, per square inch (Code of Practice,

Clause 301). The permissible punching shear stress is then
200 lb. per square inch. This gives a critical load value ‘

_
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of 1920 1lb.. for the Series 1 specimens and 2780 1lb:z, for

the Series 2 speclmens. For series 2.1 on a clay bed the
failing load is less than the safe load in punching shear.
On the other hsnd where the section 1s heavily reinforced

as in 1.2 or 2.4 the falling load is about four times the

saf'e punching shear load.

The most unsatisfactory feature of the tests is

.- the big discrepancy between the actual failing loads and
| the caleulated. For this reason it is difficult to say

whether the actual failure was due to flexure or to shear
or a combination of them. The difference between the
theoretical and experimental is due 1n some measure to the
fact that the former have been obtained by the use of the
straight-line no-tension theory and the extent to which thisg
applies in the case of a slab 118 inches thick is not

known although it is very doubtful if it .is true.

These experiments were not carried out from
the quantitative but the qualltative standpoint, therefore
discussion on the difference is not necessary. A full
discussion on the difference between the theoretical and
the experimental is given in Chapter IX, which gives the
conclusions of the experiments carried out on the large

specimens. The tests on these specimens were definitely

quantitative.
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CHAPTER VITI.

EXPERIMENTAL DETATILS FOR CONCRETE BASES.

In this chapter the method of manufacture and
testing for the specimens in Class II (see page Pﬂ.) are
given together with a description of the test machine. The
results of the tests are given and discussed in the two
following chapters whilst the structural calculations for
the test machine are given in the Appendix.

liethod of making the specimens.

The specimens were all 2ft. by 2ft. in plan and
4ins. thick. The concrete mix used was 1 ¢ 2 ¢ 4 by
weight: the cement was Ferrocrete rapid-hardening Portland
cement which complied in all respects with the requirements
of the British Standard Specification; the sand was Stone
Court river sand and the coarse aggregate was Thames ballast
with a maximum size of $in. In an attempt to keep a
consistent concrete, a constant water-cement ratio of 585
was used throughout the tests. Due to the fact that the
tests were spread out over six months and that several fresh
supplies of cement and two fresh supplies of aggregate were
obtained during this time the attempt at consistent concrete
strength was not absolutely successful.

The concrete was machine mixed, the time of
mixing for each batch being 1% minutes. Two batches each

consisting of 14 1b. cement, 28 1b. sand and 56 1b, aggregate

were required for each specimen.
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The forms used are showvn in Figure 18. The form

was placed on a zinc surfaced board and both clamped to a
vibrating table on which the specimen was made. The vibrating
table was vibrated by means of a "Sinex" electrical
vibrator which gave 6,000 blows a minute. The top surface
of the specimen was finished smooth and flush with the upper
edge of the forms.
[ As each specimen weighed nearly 2 cwt. their
i - transport presented difficulties. After 24 hours the forms

Cﬂ‘- were removed and the specimen slid from the vibrating table
on to a trolley the top of which was level with the
vibrating table. The specimen was then wheeled to the
storage bed and lowered by means of a grab and pulley.

The specimens were covered with damp sacks until
the time of testing.

The main object of this series of tests was to
determine the effect of the reinforcement on the failing
load, therefore as many different systems of reinforcement
as possible were used. With one exception the reinforcement
used was ordinary mild steel with a yield point stress of
40,000 1b. per sg.in. The different combination of bars
used together with particulars of the specimen number, and
area and perimeter of reinforcement used are given in
Tables 4 and 5. The reinforcement was in each case wired
together with soft steel tying wire to form a mesh and the

cover given on the underside was #in. The bars were in

every case 1ft. 9ins. long thus giving l}ins. end cover.
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In addition to these slabs, cubes and tension

specimens were alsoc made. The cubes were 6 in. standard
type. The forms used for the tension specimens are shown
in Figure 19. They were designed with a "waist" at the
centre to ensure the concrete breaking at that section, it
having been pre#iously found that without the waist the
local stresses at the bearing surfaces cause_d failure:
this failure was not a true tension failure and was
therefore to be avoided. Both cubes and tension specimens
were consolidated by vibration.

The problem of bond stresses must also be
considered in column bases and tests were carried out to
determine its value.

A % in., diameter rod about 2 feet long was
embedded in a 6 inch cube of concrete (of the same mix
as the slabs); the rod was held vertically and the concrete
rammed round it. The specimen was cured in the same
way as the slabs and tested after seven days by pulling
the bar out of the concrete. This test was carried out
in the Riehle/machine. Four specimens were made and the

average result taken.
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The Test Machine.

The tests were carried out in a 100 ton testing
frame designed by the Author in collaboration with
Professor Pippard. The details of the machine are given
in Figures 20 to 23 and plate 7, whilst the structural
calculations are given in Appendix I.

The frame consists of two stancheons, designed

as tension members, A, between which span two cross beams

the upper of which B, is deéigned to carry a 100 ton
concentrated load whilst on the lower beams this load is

assumed uniformly distributed. To the lower flanges of
beams B, a plate carrying 100 ton jack is bolted (the jack
was fixed to the plate by shrinking and finally welded up
for security). |
To enable the ram of the jack to return to its
original position after test two 1 in. square rods C, are
fixed to the head and through these run two % in. diameter
rods D; to the upper end of these rods a wire is fixed
which runs over two pulleys on the top of girder B (see
Figure 20) and then back alongside stancheon A: it carries
weights sufficient to overcome the frictional resistance
of the ram against the o&linder. By this means the ram
of the jack returns to its original position after test.
An attachment on the end of the rods D acts as a safety

device telling when the ram is projecting for too great a

a distance.
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Excavation was necessary to enable the stancheons
and lower cross beam to be placed: the earth was backfilled
up to a certain level and then concrete was put in up to a
level 6 inches below the floor level, the concrete is
reinforced neaf the surface in order to carry the load from
the floor to the cross beam.

On the reinforced concrete bed a box 3ft. 6 ins.
square ingide, of stout timbers strapped with steel channels
rests. This box containsg the sand on which the foundation
slab is placed. The slab is lowered on to the bed by
means of the tackle shown (E); the surface being previously
levelled. When iowering the slab care is taken to ensure
that it is placed centrally on the bed (guide lines on the
slab and centre marks on the sides of the bed facilitate
this). The slab is checked for horizontality by means of a
spirit level. A 4 inch square steel block, 6 inches long
with machined edges is placed centrally on the slab, a layer
of felt paper being between them to even out surface
irregularities.

Since the total punching shear depends on the
perimeter of the stancheon a simple test to determine the
part played by the punching shear is to use two stancheons
of different diameters. Therefore two specimens type L
were tested using a 7 inch square stancheon instead of the
4 inch square type generally used.

To the steel block a scale, F, is attached: by




4

means of a telescope, G, focussed on to this scale the
deflection of the slab is measured. This scale is of -
such a length that it is approximately horizontal with the
Ames dial on the load-measuring ring: this enables both
scale and dial to be seen simultaneously in the telescope

The load is applied by the ram‘of the Jjack to the
steel block through a ball and socket (to ensure axial
loading) and a load-measuring ring.

The load-measuring ring is shown in Plate 8. I% is
designed by the Sheffield Testing House and is similar to
those which are used by the Building Research Station for
their bridge tests.

The ring is made of a special chromium steel,
is 12 inches overall diameter, 5‘[2“Wide and Q?’A“ thick.
The decrease in diameter of the ring is directly
proportional to the applied load, therefore by measuring
the change in diameter it is possible to calculate the load.
This decrease is measured by means of an Ames dial reading
to one ten thousandth of an inch. An electric tapper is
fixed to the dial to ensure a steady reading.

Before carrying out a test the ring is securely
tied to the rods C as a safety measure.

Calibration of ring.

Before being used in the foundation tests the ring
was calibrated, The test was carried out in the Riehle
machine shown in Plate 1. Readings of the applied load and

the corresponding deflection (as given on the Ames dial]
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were taken. These are shown in a graphical form on page 104

It has been found that there is very little fatigue
in these rings consequently only the one calibration test
was carried out.

Method of carrying out tests.

The apparatus, etc. was set up as described and
then hydraulic pressure is applied to the ram, By careful
control of the inlet valve it is possible to apply the load
quite slowly and steadily. Up to a pressure of 700 1lb,
DPer square inch the water is taken from the high pressure
mains, for pressure greater than this an intensifier is
used. As the &oad is applied readings of the load-
measuring dial and the deflection of the slab are taken as
frequently as possible until the slab fails. The load at
failure is calculated from the dial reading but the pressure
gauge reading provides a method of checking this load.
After failure the slab is removed from the bed and the
cracks on the lower surface studied. The bed is levelled

off and is now ready for another test.
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Table 4 - Details of Reinforcement in Slabs

Straight Bars.

Type of Reinforcement Area square Perimeter indhm
Specimen  No. Thus each way inches each + W
way each way
A 7 : None - -
B 4 6 - % in. diameter 1.14 3.0
Q 3 5 - " 0.98 245
N 2 4 - " 0.78 2.0
C 2 8 - £ in. diameter 0.88 3.00
S 2 7 - " 0.77 2.62
D 2 6 - " 0.66 2+25
R 2 4 - " 0044 105
E 2 8 - 5/16" diameter 0.61 2.50
U 2 7 - " 0.53 2.19
F 2 6 - " 0.45 1.88
T 2 4 - " 0.30 1025
G 2 8 - %+ in. diameter 0.39 2.00
v 2 7 - " 0.34 1.75
H 2 6 - " 0.29 1.50
J 2 4 - " 0.19 1.00
w 3 10 - 3/16" diameter 0.27 1.87
X 3 8 - " 0.22 1.50
Y 2 6 - " 0.16 1.13
Z 2 4 - " 0.11 0.75 .
oL 1 20 - % in. diameter 0.25 2.50
Ve 2 16 " 0.20 ' 2.00
. ¥ 2 12 " 0.15 1.50
3 2 8 " 0.10 1.00
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Table 5 - Details of Reinforcement in Slabs

Hooked Bars.

Type of Reinforcement Area square Perimeter inckh
Specimen No. Thus each way inches each -
way each way
K 2 8 - £ in. diameter 0.88 3.00
L 4 6 - " 0.66 2.25
P 2 8 - 5/16" diameter 0.61 2.50
0o 3 6 - " 0.45 1.88
i1 2 6 - 4+ in. diameter 0.29 1.50
i layer No.22
€ 1 gauge expanded

metal
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CHAPTER VIII -~ TESTS ON CONCRETE BASES.

The main object of this series of tests was to
determine the effect of the reinforcement on the strength
and to determine this it was necessary to keep the bed on
which the base rested as uniform as possible, it having been
found from the previous series that the type of bed had an
appreciable effect on the strength. The measurement of the
central deflection of the slab enabled the compactness of
the bed to be determined.

Measurement of Deflection.

“During each test readings of the deflection
were taken at frequent intervals: these readings are given
in Tables 8 to 37 which are in Appendix U . For specimens
A7, B3, B4, G2 and X2 the increase in deflection with the
load is given graphically on pages l08-W® A study of these
graphs gives the method for judging the consistency of the
bed. Each graph is found to consist of three stages.
Stage 1. The deflection during the earliest stages of the
test. It was impossible to take many readings during this
stage as the deflection increases rapidly. The rate of
increase is about .0l in. for 500 1b. load.
Stage II. After the rapid deflection in stage I the bed
has compacted and in stage II the deflection is proportional
to the applied load but does not increase so rapidly as in
stage I. The rate of increase is about .0l in. for 2500 1b.
load.
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Stage III. The deflection in this stage depends on the
type of base under test. In all cases the graph is not
80 : 5 a8 in stage II showing a rate of deflection
which in some cases is as rapid as that in stage I. In
the case of specimen X2 which was lightly reinforced the
slope of the graph is not as great as that of B4 which
was heavily reinforced.

It appears therefore that stages I and II are
dependant on the condition of the bed and independant of
the flexural rigidity of the specimen: stage III depends
partly on the bed but mostly on the flexural rigidity of
the specimen. The fact that stages I and II depend only
on the bed gives the method for determining its consistency
This method is as follows:

"In all cases where the stages I and II of the
load-deflection graph are similar the slabs are
assumed to be on beds of equal consistencies."

Therefore those tests where the load-deflection

curve was not similar in its early stages to the standard
were {gjected when discussing the values of the failing
loads. u

A further examination of the graphs for A7, B4,
G2 and X2 shows that the early stages of all these are
approximately similar and these specimens were taken as
standard. On comparing B3 with B4 it is seen that stages
I and II for B3 are not as sfqatjas those for B4 showing

that the bed was not so compact. A8 a result the failing

]
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load for B3 is considerably less than that for B4 and it is

therefore rejected.

Measurement of Failing Loads.

Using the assumption for the consistenéy of bed
previously mentioned the failing loads for specimens tested
on such a bed are given in Tables 6 and 7. Table 6 gives
the results for straight bars and Table 7 those for hooked
bars. In the tables two results are given for each
specimen and also the mean result: it is seen that for any
particular specimen the results aré remarkably consistent
for a material such as concrete, the inconsistent behaviour
of which is well-known. As the tests were spread over a
fair period the mean of the tests on specimens A is only
given in cases where the tests were carried out at
approximately the same time.

{12-103

The results are also shown on the graphs on pages

These give the relationship between the strength
and the area and perimeter of the reihforcement. They are
of great value in forming conclusions from the tests.

In addition to the foundation slabs tests were also
made for compression and tension. The results of these
were as given below: the value given for the compressive
strength is the average on tests made on 6 cubes whilst that
given for the tensile strength is the average of tests on

two specimens.
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Table 6 - Tests on Slabs reinforced with Straight bars.

Type of TFailing Load Failing YLoad Average
Specimen Specimen No. 1 Specimen No. 2 TLoad (1b.)
A2 & A3 10550 10550 10550

A5 12400
Ad & A7 14250 14950 13870
B 44400 44500 44450
Q 40600 40600 40600
N 32600 33900 33300
C 44200 45100 44700
S 41900 41900 41900
D - 34600 36700 35600
R - 27400 30100 28750
E 41200 42500 41900
U 39800 38600 39200
P 31300 32500 31900
T 29050 29350 29200
G 38300 41300 39800
v 38200 36600 37400
H 29700 30600 30200
J 23100 22500 22800
w 41200 41500 41350
X 34500 31700 33100
Y 28200 27900 28050
yA 21800 23900 22850
34200 - 34200
31200 29700 30450
25200 24800 25000
19920 19800 19860
27600 - 27600
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Table 7 - Tests on Slabs reinforced with Hooked Bars.

Type of Failing Load Failing Load Average
Specimen Specimen No. 1 Specimen No. 2 Load (1b.)
K 56600 55000 55800
L 4 in.sq. 53000 49900 51450
stan.
L 7 in.sq. 70000 77000 73500
stan.
P 49900 46500 48200
0 44100 46400 45250
M 41000 41300 41150
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Cogpgess;je Strength of Concrete (after 7 days).

Specimens made in October,1938 - 3540 1lb. per sqge. ine.
Specimens made in March, 1939 - 4100 1b. per sq. in.

Tensile Strength of Concrete (after 7 days).

Specimens made in October, 1938 - 224 lb. per sq. in.
Specimens made in March, 1939 - 287 lbe. per sqg. in.

Ultimate Bond Stress.

The value obtained from the "pull-out" tests on
a % in. diameter bar was 608 1lb. per sq. in.

Examination of Failures.

The specimens were examined after test and the
types of failure which occurred are shown in Plates 9 to 17.
An examination of these plates shows the following features:
Plate 9. This is typical of the failure for slabs
reinforced with + in. and § in. diameter bars (i.e. heavy
bars relative to thickness of section). It shows four
main cracks which run roughly along the diagonals together
with cracks along lines parallel to the perimeter of the
stancheon.

Plates 10, 11 and 12. These show the type of failure of a

series of specimens reinforced with % in. diameter bars.
It is seen that the failure was caused by four main cracks
which run roughly along the centre line of the slab.
Comparison of the plates shows that the type of failure is
independant of the number of reinforcing barse. Similar
failures were noticed in the slabs which were reinforced

with 3/16 in. diameter bars.
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Plates 13 and 14. These show a fallure where the cracks

are smaller but more numerous. They consist of two
series, one running along the diagonals and the other along
the centre lines. It is interesting to note that both E
type specimens showed a similar failure.

Plates 15, 16 and 17. These show the failure of specimens

reinforced with hooked bars. The cracks in this case are
more numerous and evenly distributed than in any other
case. In addition to the cracks running into the edges
there are also a number of cracks in the centre of the
specimen. Plate 16 shows the top of type L specimen after
failure; local crushing of the concrete along the edges of
the stancheon is the outstanding feature.

The steel was examined after. the test and in
no case was it found to be stressed beyond the elastic

limite.




Plate 9 - Failore
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Calculation of Theoretical Failing Loads.,

In this part of the chapter the various methods
for calculating the failing loads are given. Comment and
comparison between them and the actual loads is reserved for
the following chapter.

l. Failing due to crushing under stancheon.

(a) Early stages of work ¢

3540 1b. ber 8q. in.
Failing load = 16 x 3540

56600 1b.

uwu

(b) Later stages of work ¢

4100 1be. per 8qe. in.
Failing load = 16 x 4100

65600 1b.

2. Failure due to flexure.

‘The bending moment at failing load, W, is given
by W (x - 4) where x is the distance of the centre of
gra%ity ofsthe pressure quadrant from the centre of the
stancheon.

For parabolic distribution of pressure x = .3B
(where B = width of base) and in the case in point x = 7.2ins
To check up x use 1s made of the unreinforced specimens

series A.

Specimens Al and AS. '

Tensile strength = 224 1b. per sq. in.
Resistance moment = (224 x 24 x 4% x 1) in. 1b.
Failing load = 10550 1b. °

Giving x = 6.64 ins,

Specimens A4, A5 and A7.

Tensile strength = 287 1lb. per sqg. in.

Resistance Moment = (287 x 24 x 4%x %_) in. Ibe.

e
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Average Failing load = 13870 1be.
Giving x = 6.63 in.
These two values check up very well and the value
of X taken for the remaining calculations is 6.64 in.
It is stated on page 1“ that the bending
moment may be expressed by the formula

M=_P
88

wherelg = 4 K
JEE.

To test the validity of the formula it can be
applied to the specimens Al and A3, taking K the sutgade
modulus as 100 1lb. per cu. in. and E for concrete = 2.66 x106

lb. per sqg. in. | .

4
This givesfg = 10%x 6 s
24 X 64 X 2.66 X 10

= 1
51l.2

Hence M = 10550 x 51.2
8

= 67500 in. 1b,

A value which is hopelessly out of proportion
to the actual value showing that the mathematical analysis
given on pages-'“'l‘ is not applicable to column bases of
the type under test.

The calculation of the failing loads due to

flexure in the reinforced specimens is made difficult because
experiment showed that at failure the steel had not reached
its yield point. Calculation by the straight-line no-tensio
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theory is therefore impossible. This theory is used to
calculate the safe loads ahd the comparison between them -
and the failing loads gives the true factor of safety.

The safe loads are calculated on the following assumptions:

1. Modular ratio = 402000 = 1l.3
Cube strength

2. Safe stress in concrete = Cube strength =
3

1150 1b. per sqe. ine.
3. The pressure under the base is parabolic.

The depth to the centre of the reinforcement
varies with the bar diameter but little error is
involved in taking an average value of 3.19 ins.

The calculations are somewhat elementary and thg
are not given in detail. A table of values for a number

of different reinforcement areas is given in the table belkx

Area of

Reinforgement Ol 0.2 O 4 0.6 C.8 1.0 le2
Sqy- uns.

Safe Load 3710 7400 14820 22200 29600 37000 39400
1be.

3 Faillure due to sheare.

It has already been pointed out that failure
due to shear may develop in two ways, due to plain
shear and punching shear.
On page‘43 certain assumptions are given with
regard to the cazlculation of the failing loads due to

excessive plain shear. On applying the method based on
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these assumptions to the problem under consideration the
following values are obtained for the failing load, taking
the ultimate shear strength of the comrete as 1 of cube

10
strength, l1.e. 350 1b. per sq. in. and the yield point

stress in the steel as 40,000 1b. per sq. inch.

Area of
Reinforcement None 0.1 Q.2 0.4 0.6 0.8 1.0

Failing Load
(1v. 59500 61500 64800 70100 75400 80700 86100
The area of reinforcement is given in square inches each way
If it is assumed (1) that the punching shear is
independant of the reinforcement, (2) that the ultimate
punching shear stress is twice the plain shear and, (3)

that the ground pressure is uniform, then the ultimate load

taken by the specimens in punching shear is 44800 1be.

4. Fallure due to excessive bond stress.

This can occur due to either excessive shear
force or excessive bending moment. In the first case the
relationship between the bond stress and shear is given
from the formula,

Sp = S_ (see standard text books)
ao
In applying this formula to a column base the

following assumptions will be made.
l. That S = upward shear force along planes YY and YjYj

(see Figure 4 ).
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2. That o = total perimeter of bars cut by planes XX.

Se That the ground pressure is uniform.

4. That in the case under consideration Sp = 608 lb. ver
Sq. .

The calculation of the failing load is then quite
simpie and values for different perimeters of bars are given

in the table below:
Perimeter of O0.5M 1.0W 1.5 2.00 2,5 3w
bars. inse.

Ultimate Load 4050 8100 12150 16200 20300 24300
1b.

The relationship between the bond stress and the
bending moment is given from the following formula:

M=8 xo0xlxa (see standard text books)
In applying this formula to the case under consideration
the following assumptions will be made -
l« That M =%=g (6,64 = 1.33).

2. That 1 = length from centre of specimen to end of
reinforcement, i.e. 10% ins.
3. That o = total perimeter each way of mesh.
The ultimate load calculated for various bar
diameters is given in the table below:

Perimeter of
bars. inse. 00 5“ 1. o1 1.5T 2.01T 20T 5W

Ultimate load
1b. 24100 48200 72300 96400 120500 144600
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Comparison between loads carried by 7 in. 8q.

and 4 in. sq. stancheons.

‘A comparison between the loads carried by these
two stancheons is of assistance in determining the cause of
failure.

If failure 1s due to the applied bending moment

then the increase in load carried under the larger stancheon

is due to the decrease in lever arm from (6.64 in. -
1.33 in.) to (6464 ine = 2.33 in.) i.e. from 5.31 in. to
4,31 in. which corresponds to a 20% increase in load.

If failure is due to shear along the 45f. s
plane previously mentioned then the increase is due to the
increase in area of this plane and it can be shown that
such an increase should be of the order of 70 per cent.

If failure is due to punching shear then the
increase is due to the increase in the perimeter of the
stancheon and it should be of the order of 75 per cent.

On comparing the results given in Table 7, it is
seen that the 7 in. x 7 in. stancheon increases the load
carried from 51,450 to 73,500 1lb., an increase of about
40 per cent. This seems to show that the failure is due
to flexure and not shear. The reason for the increase
being greater than the estimated one of 20 per cent is
probably due to the fact that under the 4 in. sqg. stancheon
the concrete is stressed almost to failure consequently it

is not able to take the full flexural load.
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It is interesting to apply the table given
on page?ﬂ of the stresses calculated by Westergaards
methods to this case. Taking a subgrade modulus of 100
lb. per cu. in. the maximum stress for a 10,000 1b. load
4 ins. wide is 788 1b. per sge. in.: for a 7 in. wide load
it is 575 1lb. per sq. in. (approximately) thus giving an
increase of 37 per cent due to use of a wider load. This
theoretical increase agrees very closely with that obtained
from the experiment. Rs Westergaards figures are based on
strength in fleXure it gives added support to show that the

failure of the base was due to this.
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CHAPTER IX.

DISCUSSION OF.RESULTS OF TESTS ON
CONCRETE BASES.

The discussion of the results of the tests
carried out by examining the graphs shown on pages 213
which give the relationship between the failing loads
and the area and perimeter of reinforcement.

It is seen that the load-area relationship
consists of a family of straight lines. Two interesting
features are to be noted.

l., That the slope of each line increases as the bar
diameter decreases and for the smallest diameter bars
(3/16 in. and 4 in.) the line has the same slope.

2. That each line gives approximately the same value of
load with no reinforcement.

The load-perimeter graph shows one interesting
point, namely, that for the larger diameter bars the load
is directly proportional to the perimeter, the values. for
both € in., and %4 in. diameter bars lying on the same
straight line. This line intersects the axis of load at
the same value as the lines in the load-area graphs. It is
important to note that this value of failing load with no
reinforcement is almost the same as that taken by the
unreinforced specimens.

The graph showing the relationship between

load and area of reinforcement for hooked bars shows the
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following interesting pointss

1. The increase in strength due to the use of a hooked bar
instead of a straight bar.

2. The 4 in, diameter hooked bar lies on the same line as
the 3/16 in. md 4 in. diameter straight bars.

The teéts on the 7 in, square stancheon show
that failure of the base is due to flexure and npot to shear,
This fact is also proved by an examination of the specimens
after failure, the cracks always being of the type
associated with tension failures.

The points previously mentioned show the cause of
the tension failures. The load-perimeter graph shows that
for the large diameter bars the failure is due to lack of
anchorage. It is seen on plate 9 that the failure took
place by cracks along the diagonals,

The load-arga graph showg{that for smodl diameter
bars the failure is due to the steeljbeing overstressed.
The failure in this case being by cracks along the céntre
lines (plate 12).

The failure of 5/16 in. and %+ in, diameter
bars as shown on plate '3 ana from the graphs seems to be
due‘to a combination of both lack of anchorage and over-
stressing.

Failure due to bond.

The failing load of the 4 in, and € in. bars cap

be expressed from the following formuls
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P - Pot Kyd

where P = failing load
P,= failing load of unreinforced specimen,
K(= a constant independant of bar diameter
d = diameter of bar

The value of K obtained from the experiment = 3620

From theoretical considerations it is obvious that

Kyv- Sx o0 x 1 x a.

'

where S = bond stress.
o = perimeter of bars.
1l = anchorage length.

2 = lever arm depth.

In assessing the value for 1 it must be
remembered that failure took place along a diagonal
therefore the value taken for 1 must only be one
quarter of the total length of bar.

On substituting for o, 1 and a in the
expression for Kythe value obtained for Sﬁfis only 256
per sq. in. This value is considerably less than that
obtained from the "pull-ocut" tests but it must be
remembered that 256 1b. per sq. in, is the value of the
’Ezgrage bond stress and that the mgximum value is much
greater than this. Hajnal-Konji (18) has shown that
the bond stress near & cracked section is very much
higher than the average value. These tests show very
conclusively that bars used in column bases must héve

adequate grip length.
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The load-area graphs show that for both % in.
and € in, diameter bars the load is proportional to the
area and that for no reinforcement the load taken is
approximately equal to that taken by the unreinforced
specimens. Therefore the relationship between load and
area may be expressed as follows:

P = Pyt KoA
where Ko = a constant depending on bar dismeter and

A = area of reinforcement,

The relationship between Ko and K3 is as
follows:

Kzn.K]_ Xé_é

The fact that Ko depends on the bar diameter
explains the family of straight lines on the "load-area"
graph. It is of interest to compare the values of )
obtained from the grasph with those obtained from the

formula given above when kj; is taken as 3620 1b. per inch.

Bar Diameter Ko (actual) K2 (calculated)
b 32000 29000
2 40000 38600
5/16 49200 46500

3 81000 58000
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This table shows good agreement for the large
diameter bars again showing that their failing load
depends on the bond. For the § in. diameter bars the
actual load greatly exceeds the'theoretical (when
calculated on bond resistance) but is not as great as that
which could be carried if the bar were properly anchored.

The New Code (19) recommends that the grip
length fa bars be 59d in the case of straight bars and
45d in the case of hooked bars. The length required
for the various bars used in the tests is given in the
table below:

Bar : -
Diameter %in. #in, 5/46in. $in.  #iéin. %in.

Grip

Length

without :

hooks 2ft.5%in, 1ft.10%in, 1ft.64in, 1ft.22in. 11lin., 73in,

Grip '

Length

with

hooks - 1ft. 5in., 1ft.2in. 11} in. - -
The grip length available was 104 in, thus only

the 3/16 in, and § in. diameter straight bars and the % in.

diameter hooked bars were adequately anchored, and it is

noticed that bases reimdrced with these bars all showed

the same type of failure.

Failure due to excessive tension in steel.

The "load-azrea" graph shows that for bars which

are properly anchored the relationship between load and
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area is independant of the bar diameter and can be

expressed as follows:
P ~ Pst K34
where Po= load taken by unreinforced specimen.
Kz= a constant independant of bar diameter.
A = area of reinforcement.
The value of Kz obtained from the experiments
was 113,000 1b, per sqg. in,
It has already been shown that the bending
moment due to a load P = 5.33 x P. From theoretical
considerations (on the straight %ine no tension theory)

it can be shown that

= 4 xtxa
5,33

K

3
wvhere t = stress in steel.
a = depth of lever arm.

The value of the steel stress at failure to
correspond with the value of Kq obtained from experiment
is 53,000 1b, per sg. in. in a figure which greatly
exceeds the yield point stress.

It is a well-known fact that whilst the
straight-line no-tension gives fairly reliable results
within the working range it is not to be depended on
at failing loads. This is true in the case under
consideration for it is certain that the steel in the

basges was never stressed beyond the yield point.
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Dr. Hajnal - Konyi (18) has given a formula
for calculating the load at failure which has been
developed on the assumption that failure is always due to

crushing of the concrete. In his paper he gives a

™M

series of curves showing the relationship between

M and p (the percentage of reinforcement) for varying
bdcrg
values ofY y where

Gp
moment at failure,

M=
b = vidth and d = depth of section.
Ty = yield point stress in steel
Tp= grism strength of concrete.

= 3 X cube strength.

In the case under consideration
‘TB = 40,000 1b. per sq. in,
vp = 2 x 4100 = 3080 1b, per sq. in,
Thereforegz? - 13,

Taking p = 0.5 per cent, 0.005,

M =
o
3’

Therefore M = 3.312 x 24 X 40000 x 0.005

» 63,100 in.lb-
But M~ 5,33 W

4
Therefore Theoretical failing load = 47500 1b.

A percentage'of 0.5 per cent corresponds to an
area of 0,396 sq. ins, From the graph the actual failing

load for this area = 52,500 1b., a value which shows fairly

good agreement with Hajnal - Konyi.
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Load Factor.

The value of the safe lcads calculated on page'ﬂﬂ
are given on the load-area grarh. It is seen that in
the case where bars are properly anchored the load factor
(more commonly called the factor of safety) is
approximately 4, the value which is aimed at in design.

Meost concrete structures show a much lower
value than this. Numerous tests on.columns show a load
factor varying between 2.5 and 2.8.

The values for the safe load given on page
were obtained by assuming a2 parabolic pressure
distribution. If the practical design methed
assuming uniform pressure had been used the safe load
would have been lower and an even greater value
obtained for the factor of safety.

Punching Shear Stresses.

It is seen that there is no apnarent
relationship between the vunching shear stress and the
failing load. Some specimens failed when the
punching shear stress was as low as 200 lb. per sqg. in.
whilst for others values as high as 700 1b. per sq. in.
wvere obtained. These results show conclusively that
there is no object in limiting the punching shear to
twice the permissible shear.

Ordinary Shear Stresses.

The values given on page VA0 for the ulti-nte

strength in shear are all greater than the actual loads




carried, therefore failure due to shear was not to be
expected., It has already been mentioned that this was

so and that all the bases failed by flexure.
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CHAPTER X,
CONCLUSIONS FROM THE TESTS AND SUGGESTIONS

FOR_FURTHER INVESTIGATION.
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CHAPTER X,

COMCILUSIONS FROM THR TESTS AND SUGGESTIQONS

FOR FURTHER INVESTIGATION.

It is intended in this chapter to summarise the
results of the work and to suggest some lines on which
further research could be carried out.

Conclusions from the tests.

1, The strength of a given base depends on the soil on
which it is bedded, the strength being greatest on well
compacted sands and least on Wethays.

2. When & column bhasze fzils in sheér such failure occurs

a ' ! - - 3 .
along plares at 45 . . © to the direction of loading.

Thus Clause 810 of the New Code can be aprlicd to isolated

-+

3 Failure of a column hase never occurs by punching
shear, Tnere 1s therefore no justificaticn for limi
the punching shear to any particular value as in the L.C.C.
Regulations.

4, PFailure of a thin section column base is generally due
to flexure and not shear.

5. It is most important to use bars which are properly
anchored, The grip length surgested by the MNew Ccle is
adecuate in column bhases.

A

5. When failure is due to flexure column bases designed on

-

the elastic no tension theory hagea load factor (factor of

safety) of 4.
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Sugeestions for further research.

It is realised that the work described in this
thesis contributes only a little knowledge towards the
problem of the isolated column base. It is suggested
that tests carried out on the following lines would provide
further useful information,

1. A series of tests on clay beds. These tests could
be carried out in two ways,

(1) by testing a number of different bases on the
same clay bed, or,

(2) by testing the same base on a number of
different beds.

The first series of tests would be very

difficult to carry out as it is almost an impossibility
to get a clay which remains constant under a series of
tests. The second series could be carried out by making
laboratory tests of the different clays used and
comparing these with the strength of a base bedded on them,
2., 'A series of tests on pyramidal shaped bases. This
shape is the one most commonly used in practice and for
this reason alone information on its behaviour would be
helpful. If, however, the New Code Regulations 810
applies to column base design the shearing stresses will
be higher in a pyramidal base than one of uniform thickghss
and this gives a further reason for such tests.
3 A series of tests on bases which are heavily
reinforced against flexure with bars of adequate grip
length. Such bases would probably fail in shear and would

SE

1
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some useful informetion. The Author realises the
inadequacy of the present series of tests to provide

this information.

N

h! - 3 -~ e S o L Y
has been investigated 2

4, Then failure due to dhear

L

series of tests micht be carried out to test the

efficiency of different types of reinforcement to resist
the shear forces. Such reinforcement could consist of
either (a) bars in the top of the slab, or (b) bars bent

up across the 45 degrees plane of fracture.




APPENDIX,

THE DESIGN OF THE TEST MACHINE.

14}
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APPENDIX.
THE DESIGN OF THE TEST MACHINE.

It is proposed in the appendix to give the
structural calculations for the test machine described on
pages q2- qs ~and as seen in Plate 7 and Figures 20 -
23. |
Data.

Capacity of machine = 100 tons.

Safety stress in steel in
tengion or compression = 8 tons per sq. in.

Safe stress in steel in shear = 6 tons per sq. in.

Top Beam.

Span = 7 ft.: point load = 100 tons.
M=100x7x 3 = 2100 in, tons.
' 3
Z = 2100 = 263 in units,

8
Use 2 -~ 22 in, x 7 in., x 75 1b., B.S.B, giving

total 2 of 2 x 152.4 = 304.8 in ° units.

Rivets at ends.

Load taken by & in. rivet in single shear = 3,61 tams
No. of rivets required = 50 = 14
for shear between 3e61
beam amd stancheon.,
No. provided'= 17
At the ends of the beam the group of rivets
have to resist bending in addition to shear.

Bending moment on group

=.50 x 2 = 100 in. tons in bending.
Let P = load taken by rivet furthest away from

centre (see Figure 2% ).
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Then resistance of group

= 4P (75 + g% x 45 + 1% x 1)

7z

= 4P(705 + 247 + 003)

ok

= 42P in. tons.

Therefore P = 100 = 2,37 tons.
42

Load taken by group in shear = 50 tons less
amount taken by 2 rivets in direct tension

=50 = 2 X .6 X 8 = 40,4 tons.

i

Therefore Load per rivet in shear = 40.4
12
Therefore Resultant maximum load on rivet

= 3.552 + 2.572 e 400 tons.

Load teken by % in. rivet in single shear = 3.61 tons.

5.35 tons.

Hence there is a slight deficiency but as the two rivets
in direct tension will also take a certain amount of
bending the Jjoint can be justly assumed safe.

Stancheons.

These are in direct tension and carry a load
of 50 tons each.

Area required = 50 = 6,25 8ge ins.
Use 1 - 15 in. x86 in. x 59 1lb. B.S.B. giving 17.5?.
8g.ins,
This heavy section being taken because of the thick
web which ensures that bearing load of rivets is greater

than single shear load.
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Bottom Beame.

Assume that the 100 ton load is spread over the
central 2 ft. width of the beam.
Then in the centre of the span
M = 50(3.5 - 1) x 12 = 1500 in. tons.
Required Z = 187.5 in © units.
Use 2 - 18 in. X 6 in. x 55 1b. B.S.B. giving total Z of
2 x 93.5 = 187.0 in % units.
Rivetted Joint at end.

No. of rivets required for shear between beam and
stancheon = 14 as before.
No provided = 17.
Of these 7 are in the 6 in. x 4 in. angle bracket and these
take 7 X 3.61 = 25 tons.
Therefore the group of rivets in the end of the
joist twk25 tons.
Therefore shear load per rivet = 2.5 tons.
Bending Moment on group = 100 in. tons as before.
Let P = load taken by rivet furthest away from
centre, then resistance of group
= 4P(6 + 1 .3) = 30P.
Therefore P = ;%% = 3.85 tons.

Therefore Resultant maximum load per rivet

= [2.52 + B3.33° = 4.16 tons.
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Using 1 in. dismeter rivets load taken in singile
shear = 4,71 tons,

Therefore Joint is safe when 1 in. diameter rivets
are used.

Ball and Socket for Centralising Load (see Figure 22).

This is made of chromium steel which can take a
safe load of 20 tons per sge in.
Steel ball = 2% in. diameter.

Contact area required = 100 = 5. sge. ins.
20

Surface area given by design
= 21‘.]( 1-25 X’g’ = 4.9 Sq. inS-

Balance Weightse.

The weight required to overcome the frictional
resistance of the ram and to pull it back into place after
test had to be found experimentally as the co-efficient of
friction was not known. It was found that two weights
each 250 1lbe. were required. The ultimate load taken by
the wire carrying them was 2000 1lb. giving a factor of
safety of 8.

Plates for Pulleys carrying Balance Weights.

Span = 9 in. Load = 250 1b,.

M =9 x 250 = 546 in. 1b.
4

564 = ,0315 in S units.
8 x 2240

2
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With 2 in. x % in. plate

Z=2x1x1=.08tin S units.
i 6

Therefore 2 in. X & in. plate safe.

Reinforced Concrete Floor.

To design the floor it is assumed that in the
worst case the 100 ton load is spread over an area of
7 ft. x 6 ft. 6 ins.

‘Load per sqe ft. = _100_ = 2.2 tons.
7T X 645

Cantilever bending moment on reinforced concrete
foundation = 2.2 x 2240 x 3% x 6
= 266,000 in. 1lb. per ft. width.

Area of steel required = 266,000
18000 x .86 x 15.

1

l.14 BQ. inse.
Use 2 = § in. dismeters bars giving 1.20 sg. ins.

Box carrying sand.

The internal dimensions of the box are 3 ft. 6 ins.
8Q. It is assumed in design that the 100 ton load is

spread over the whole surface giving a surcharge of

1992 = 8,30 tons per sq. ft. The sand is assumed to have
an angle of repose of 30 degrees, therefore the horizontal
pressure exerted by this surcharge

= 8490 X 1 - sin 3003 8,30 = 2,75 tons per s8qe. t.
1+ 8in 309 3

Span of channels at side = 4 f£t.0 ins. (say).

Assuming channels partly encastre at ends.
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M=2.7 x 42 x 1.0 = 44 in. tons.

Therefore required 2 = 44 = 5.5 in 5 units.
8

Use 6 in. x 3 in. x 12.41 1b. Channel having 2 = 7.09
in. S units.

Shear at ends = 2.75 X 3.5 x + = 4.82 tons.

Load carried by 2 in. rivet = 1.84 tons.

Use 4 - 2 in. rivets.
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RETHFORCZIEUT :- UHRIINFORCES

Specimen No: Al Specimen To: AR
Date ilade 21 - 9 - 38 Date llade 3 - 10 - 38
Date Tested 19 -10 - 38 Date Tested 10 - 10 - 38

Dial Load Daflection Diegl Load Dgflection
Reading 1o, (in) Reading 1D (in)

189 8] 00 188 - .00
200 5130 .08 200 3400 at)
215 7410 .12 215 7600 .08
230 11710 135 225 10550 failed
231 . 12000 failed

Remarks: 28 deys test Remarks: Bed satisfactory

Specimen Io: AD Specimen Wo: Ad
Date Liade 14 - 10 - 38 Date liade 18 -1 - 39

Date Mgsted 21 - 10 - 38 Date Tgated 25 - 1 - 39

Dial Load Daflection Dial T.0ad Deflection
Reading 1b (in) Reading 1b (in)

139 - 20 198.5 - o 20
230 3130 . o7 215 4702 .06

24845 142590 foiled

rash Cement; bed
atisfsctory
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T4BLZ 8 (contd) TIs05 on  TY2DE A SISECIIINS.
RETHPIACALIALT S UNRIIHTORCIED

Specimen Io: AB Speciman  io: A1
Date Liade 23 = 1 = 39 Dats llade 2l - 3 - 39
Date Tested 30 - 1 - 39 Date Tested 28 - 3 - 39
Dial Load Deflection Dial Load Deflection
Reading 1D in ) Reading 1b ins
19%.3 - .00 13345 - $00
215 4990 O7 150 4720 o7
230 9270 «10 165 8980 «10
2490 12000 o1l 180 13260 W11
24145 12400 Tailed 186 14950 foiled
Remarks: TFresh ceoment Dlemarks: #resh Cement & aggrasate

Had  satisfactory Lad sgiisfectory
Specimen 1ilo: A6
Date liade 14 - 2 - 39
Date Tggted 21 - 2 - 39
Dizl Load Dsflection
Reading 1b (ins)
14‘¢ - .OD
155 3420 «09
170 7720 12
185 11960 o 14
185.5 12120 failed
Remarks : Dirty aggregate

2a3d satisfactory




TADLD 9 TOSTS on TYPE B Spevimens
ROIUFORCIIET - 6 - 4" diam. bars each vay.
Specimen Nos B1 Specimen Ho: B2
Date ilade 26 - 9 - 38 Date liads 28 - 10 - 38
Date Tested 3 =10 - 38 Date Tasted 4 - 11 - 38
Dial Load Deflection Dial Load  Deflectuion
Reading 1o (ins) Reading 1b (ins)
56GBEHE ‘
138 - .00 187,5 - « 00
225 4840 . - 200 3570 .07
250 11960 24 215 7830 «10
&75 19080 « 28 230 12110 $12
300 26200 38 240 14760 13
325 33320 «38 250 17610 o145
333 41400 failed 260 20460 16
2170 233190 17
285 275890 175
300 318359 « 19
315 36130 21
330 40410 23
o543 44420 failed
Remarks : Poor result; Bed Remarks: DBed satisfactory

not sufficiently Compacted
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TABLZ (contd) 22373 O TYRPZ B SRLCIIENS
d§¢d5331ﬁ30303ujue - 6 = " DIal, BaRS DalH  UaY.

Specimen Io: B3 Specimen IHo: B4
Date Llade 7 - 12 - 38 Date llade 3l - 1 - 39
Date Tested 14 - 12 - 38 Date Toagted 7T -2 -39

Dial Load Daflection Dial Load Dsflection
Reading 1D (ins) Reading 1b (ins)
138 - .00 145 - <00
00 5420 .16 160 4280 .07
215 770 e 2D 175 8550 «J95
230 11930 « 30 190 12830 W11
240 14830 33 200 15680 12
252 175689 «36 210 18530 o 13
260 20539 39 280 21389 14
270 23380 41 230 24230 o153
285 27662 44 R45 28500 155
350 31920 o249 2690 32780 .18
50% 32500 failed 275 37050 «195

290 11532 e 22
301 445370 failed
Remarks:  Poor result; had Remarks: Bed
not sufficiently Satlsfectory

compacted
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TABLE 10 DESTS Ouw oYzl 5322CIICCIS,
REIWFPORCIIDNT - 8 = 3¢ aile BARS  ZaCH UaXY
Specimen Io: Cl Specimen lo: C2
Date Liade 10 - 10 - 3 Date liade 7 - 11 - 38
Date Tested 17 - 10 - 38 Date <Lested 14 - 11 - 38
Dial Load Dgflection Dial Load  Deflection
Reading 1b (ins) Readin 1b (ins)
1389 - +00 189 - «00
200 3130 .10 200 3130 .06
215 7420 .11 215 74390 .09
230 11780 + 135 239 11780 .12
245 16050 o 15 240 14630 .14
260 20550 17 250 17480 15
275 24600 .19 269 20330 .16
290 28880 .20 270 23180 «18
305 23150 22 285 274690 .20
320 37430 e 25 300 31730 21
535 41700 <27 315 36200 24
344 44220 failed 3390 402890 26
345 44920 31
347 45130 failed
Remerks: Bad satisfactory Remarks: Bed sabtisfactory
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PABLE 11 DEST3 O TYED D B2ECIIS
RLINFORCTIIENT )- 6 = &' DI, BuRS DaCH aY
Specimen ITo: D1 Specimen Ho: D2
Date llade 5 - 10 - 33 Date llads 8 - 11 - 38
Date Tacted 12 - 10 - 38 Date Tested 15 - 11 - 38
Dial Load Doflection Dial Load  Deflection
Reading b (ins) Reeding 1b (ins)
187.5 - «00 189 - « 00
200 3570 +06 20D 3130 .08
225 10690 o 11 215 7420 .14
250 17810 J14 230 11780 «19
260 20460 .15 240 14632 « 22
215 24730 o 17 250 17480 o 24
285 28580 .18 260 20330 .27
300 31860 « 20 270 23180 « 29
309 34600 failed 285 27460 e 32
300 31730 « 35
315 36000 «41
317.5 36700 failed

Remarks:

Bed satisfactory

Remarks:

Bed satisfactory
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TaBLE la  T287S Ol TY2E 2 SPECIIEIS
_____________ 5_______-____--_____
REINFORCAELT - 8 = /18"~ DIaille 3uRS FaCH aY.
Specimen Io: &l Specimen No: o2
Date  Liade 18 - 10 - 38 Date Llade 11 - 11 - 38
Date  Tested 25 - 10 - 38 Date Tested 18 - 11 - 38
Dial Load Deflection Dial Load  Deflection
Reading 1b (ins) Reading 1b (ins)
189 - 00 190 - «CO
2205 3130 .06 200 - 2850 .06
215 7400 +085 215 7120 .09
230 11780 « 10 230 11400 o1l
245 16O5OA 13 249 14259 e 12
260 203390 o 15 250 17100 e 135
_75 246190 o 17 269 19950 e15
29D 28890 e 19 _170 22800 016
505 33160 .20 285 27070 «18
320 37440 o 24 300 31350 « 20
335365 41200 failed 315 35620 «22
330 39900 o 24
339 42500 failed

Remarks Bed satisfactory Remarks: Bed satisfactory




2

TABLE TESDS O Tyrpm I SRICIIEEIS
________________ g---~__~-___~-_-___----
REINFORCILIEHT - 6 /16" DIail, BLRS 3ZACH /Y.

Specimen lIio: rL Snecimen ILo: 2
Date llade 7 - 10 - 38 Date  liade 15 - 11 - 38
. Date Tasted 14 - 10 - 38 Bate Tested 22 - 11 - 38
Dial Load Deflection Dial Load  Dsflection
Reading 1D (ins) Reading 1bh (ins)

188 - « 00 190 - .00

220 3420 .04 200 2850 .05

215 7720 £ 045 215 7120 .07

230 11989 « 055 2390 11400 « 09

245 16269 .08 240 14250 .10

260 20540 o 10 250 17100 .11

275 248190 . 125 260 19950 12

290 £9090 145 270 22800 <135

298 31300 failed 285 27070 .16

300 51350 .19
304 32520 failed

Remarks : Bed satisfactory Remarks: Bed satisfacbory
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Specimen Ifo: Gl Specimen Io: G2
Date llade 26 - 10 - 383 Date  llade 16 - 11 - 38
Dyte Tasted 2 - 11 - 38 Date  Tested 25 - 11 -~ 38
Dial Load Dgflection Dial Load  Deflection
Reading 1b (ins) Reading b (ins)
189 - « 30 189 - «00
200 3130 .07 200 3130 .05
215 7400 «10 215 7400 <06
230 11789 W12 230 11780 .08
240 14630 14 240 14639 «09
2590 17480 15 250 17480 105
260 203390 o 17 260 20330 12
270 231890 .18 210 25180 W13
285 27460 21 285 27460 15
300 31730 23 300 31730 17
315 36902 . 26 315 36000 20
323 38330 failed 330 40280 o 24
534 41300 failed

Remarks: Bed fairly satisfactory
Rgsult on low side due
excessive deflections,

Remarks: Bsd satisfactory




TABLE 15 TESES OW TYRZ H BRICILIENS ‘64

—— - — W —— . s G = SES D B B ey P S Ty M G W TS Gt D Nt S D 0 P D 2t s

RIINFORCELLHT - 6 - Z" DIAl, BaRS DaACH AY.

Specimen Ho: H1 Specimen XHo: o2

Date Ilade 25 - 10 - 38 Date Illade 18 - 11 - 38

Date Testied 1 -11 - 38 Dg te Tested 25 - 11 - 38
Diel Load Deflection Dial Loed Deflection
Reeding 1 (ins) Reading 1b (ins)

189 - »00 190 - « 00

200 3130 .16 200 2850 .07

215 7400 «20 215 7120 «09

230 11780 .23 230 11409 12

240 14630 e 25 240 14250 13

250 17480 « 275 250 17100 15

260 £0330 31 260 19950 «17

a0 23180 35 270 22800 o 19

285 28460 42 285 27070 23

293 29700 failed 297.5 30600 failed

Remarks : Bed fairly satisfactory Remarks: DBed sagtisfactory

low result due %o

gxcaccive daflsctions.
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TABLE 16 TE37s O TYPE J SPECIIEHS

- - s S omtt - e M . = S - D S > L =t LD WP S T S Wb mp Buh S Fmd Su b Ao Gma

REIFORCILEIT - 4 - 3" DIil, BiRS BACH VAY
Specimen 1o. Jl Specimen Iio: J2
Date liade 21 - 10 - 38 Date llade 22 - 11 - 38
Datie Tested 28 - 10 - 38 Date Tested 29 - 11 - 38
Dial Load Deflection Dial Load Deflection
Reading 1b ins) Reading 1b (ins)
189 - «00 190 - «D0
200 3130 .06 200 2850 «05
215 7400 .08 215 7120 07
230 11780 .10 230 11400 <09
240 14630 .13 240 14250 .10
250 17480 W15 250 17100 W13
260 20330 .19 260 19950 .16
270 23100 failed 269 22500 failed

Remarks: Bed satisfactory Remarks: Bed satisfactory




PABLE 17 TasTS O 0YSR K SIECIIONS FSS

—— S - — - — —— > D G T B D > S Wt S G G D D s S Vmp By Gy A G G b G g

. RRIWFORCELIENT -~ 8 = 27 DI.l. BaRS VITH HOCGIS

each viay
Specimen HNo: Il Specimen o K2
Date liade 11 - 10 - 38 Date llads 1 -11 - 38
Dzte Tested 18 - 10 - 38 Date Tasted 8§ - 11 - 38
Dial Load Deflection Dial Load  Deflection
Reading - 1b (ins) Reading 1b (ins)
189 - « 00 189.5 ~ 20
200 3130 « 06 {0 3200 « 075
215 7400 «085 215 7260 «C9
239 11780 o1l 230 11540 o1l
245 16050 13 240 14590 12
260 203390 15 2590 17240 +135
a5 246190 o 17 260 20090 o145
290 28890 .18 2170 22940 o 16
305 35160 .20 285 27210 o 17
3290 37440 22 300 31490 «18
335 41620 o 24 315 35760 o 20
350 45900 W27 539D 42040 « 28
365 50200 « 390 345 44320 o 2d5
380 54500 o34 33590 48622 275
388 56600 failed 375 52920 32
38245 55000 failed
Ramarks ¢ Ded satisfactory Remarks: DBed satisfactory
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TADTL 18 TaBTS O YD T S2ZCILLENS
REITTORCILICHT - 6 =- %" DIills BaRrs WITI HOOWS ZACH  WAY.
Swecimen : ilo: Ll Specimen Fo: L2
Date lLiade 12 - 10 - 38 Date 1ilads 4 - 11 - 338
Date Tested 19 - 10 - 38 Dete Tested 11 - 11 - 38
Dial Doflection Dial Load VYsflsction
Reading Load (ins) Reading 1D (ins)
188 - o0 189 - 500
200 3420 .06 220 3130 ¢ DG
215 7700 «08 215 7400 o 10
230 11980 2105 230 11780 12
245 16260 e 125 240 14630 o l4
260 20540 14 250 174890 e 15
275 248190 15 260 20330 e 165
220 29090 .18 270 231380 «18
305 334C0D «20 &85 217460 ¢ 20
320 37620 o 22 320 31730 o215
335 41900 o 24 315 56220 o4
350 46200 26 330 40230 26
365 514200 31 545 44920 « 30
374 53200 Tfailed 360 49180 39
364 49920 failed

Ramarks

Bed satisfactory

[&]

Remarks ¢ Bsd sati:




TPABLE 18 (conta)

TESTS

{Sy
ON TYPE I SPECIMENS

REINFORCEMENT <« 6 « 3" Diam. Bars with Hooks each way.
Specimen No: L3 Specimen No: L4
Date Made 13 - 12 - 38 Date Made 16 - 3 - 39
Dgte Tested 20 - 12 - 38 Date Tested 23 = 3 - 39
Dial Load Def%eotion Dial Load “eflection
Reading 1b ins) Reading 1b 1 \ing)
gég -
189 - .00 13205 A .00
200 3136 .05 150 4990 .09
215 7400 el 165 9250 o12
230 11780 «09 180 13530 e1l3
240 14630 «10 190 16380 014
260 17480 o1l 200 19230 o185
260 20330 o12 210 22080 16
270 23180 ol4 220 24930 17
285 27460 P X5 230 27780 18
300 31730 el6 240 30650 «19
315 36000 «18 250 33450 « 20
330 40280 « 20 265 37800 21
345 44900 « 22 280 42100 22
360 49180 o 24 295 46300 «R3
375 53000 « 26 310 50600 24
390 57200 « 29 325 54900 « 26
405 61500 033 340 59000 « 28
420 65800 .38 355 63400 31
434 70000 failed 370 67600 «33
3858 72000 «38
402,5 77000 failed
Remarks: Bed satisfactory Remarksé: Bed satisfactory

Stancheon 7"x7"

Stencheon 7"x7"
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TABLE 19 TESTS ON TYPE M SPﬁCIthS

REINFORCEMENT -6 - 4" DIAM. BARS WITH HOOKS EACH WAY

-

Specimen No: M1 Specimen No: M2

Date Made 23 = 11 = 38 Date Made 6 ~ 12 - 38

Dgte Tested 30 - 11 - 38 Date Tested 13 - 12 - 38
Dial Load Deflection Dial Load Dgflection
Reading 1b (ins) Reading 1b (ins)

188 - «00 190 - «00

200 3420 .06 200 2850 «05

215 7700 «10 215 7120 .08

230 11980 12 230 11400 .10

240 14830 «135 240 14250 oll

250 17680 «155 250 17100 12

260 20530 17 260 19950 14

270 23380 «185 270 22800 « 156

285 27660 21 285 27070 175

300 31900 .23 300 31350 «195

315 36200 «28 315 35620 23

330 40500 o == 330 39900 .28

332 41000 failed 335 41300 failed

Remarks*® Bed satisfactory Remarks: Bed satisfactory
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TABLE 20 TESTS ON TYPE N SPECIMENS

- >y B o - T ST s W M D WS W G5 WD WP Wb WS W G T W D G S S WS G W W S Ee =

REINFORCEMENT - 4 = 3" DIAM. BARS EACH VWAY.

Specimen No: N1l Specimen No: N2
Date Made 25 - 11 - 38 Date Made 29 =11 -~38
Date Tested 2 - 12 - 38 Date Tested 6 =12 ~38

Dial Load  Deflection Dial Load Deflection

Reading 1b (ins) Rgading 1b (ins)
190 - +00 189 - .00
200 2850 .06 200 3130 +05
215 7120 .08 215 7400 Nl
230 11400 .10 230 11780 +095
240 14250 .12 240 14630 .11
250 17100 13 250 17480 .12
260 19950 145 260 20330 135
270 22800 16 270 23180 <145
285 27070 17 285 27460 .16
300 51350 019 300 31730 .18
304 32600  falled 308 33900  failed

Remarks: Bed satisfactory Romerks: Bed satisfactory




TABLE 21 TESTS ON TYPE O SPECIMENS

- e v G ms G5 en an WS D D WD S S W WP G G ST G P P EP GO GD WS WS OGP W) D Gn S8 @ T WY TH W

.

t

REINFORCEMENT = /16" DIAM. BARS WITH HOOKS EACH WAY
Specimen Noi o1 Specimen No: 02
Date iade ' 30 - 11 - 38 Date Made 9 - 12 - 38
Date Tested 7 = 12 « 38 Date Tested 16 = 13 - 38
Ressing 16 (ima) Reading 1o - timel
190 - «00 189 - «00
200 2850 «05 200 3130 «08
215 7120 «07 215 7400 13
230 11400 «08 230 11780 o 17
240 14250 .09 240 14630 .20
250 17100 ¢ 105 250 17480 23
260 19950 e12 260 20330 25
270 22800 13 a70 23180 «28
285 27070 15 285 27460 32
300 31350 «16 300 31730 36
315 35620 19 3186 36000 37
330 39900 22 323 38200 failed
339.5 44100 feiled
Bed satisfactory Remarksé Poor result

Remarks:

Bed not sufficiently
consolidated.




PABLE 21 (ocontd)

- W w» S @ wb w» 4P

12
TEST ON TYPE O SPECIMENS

- G S S SE S D D D TP D D D A S D W NS D mp Wy S WIS S GUD 20 W

REINFORCEMENT -6 = 5/16" DIAM. BARS WITH HOOKS EACH WAY.

Speoimen No: 03
Date Made 15 = 3 - 39
bata TPested 28 = 3 = 39

Specimen Noi
Date Made
bate Tested

Dial Load Deflection Dial Load Deflection
Reading 1b (ins) Reading 1b (ins)

132456 - +00

150 4990 .86

165 9250 .08

180 13530 «10

190 16380 115

200 19230 « 125

210 22080 e 135

220 24930 15

230 27780 o 16

240 30650 «18

250 33450 20

265 37800 .23

280 42100 «28

295 46400 failed

Remarks: Bed satisfactory
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TABLE 22 TESTS ON TYPE P SPECIMENS
REINFORCEMENT /lé" DIAM. BARS WITH HOOKS EACH WAY.
Specimen Nol Pl Speoimen No: P2

Date Made 212 - 38 Date Made 12 - 12 - 38

Date Tested 9 - 12 - 38 Date Tested 19 - 12 - 38
giaéi ngd Def%gotion giaéi ngd Defleo?ion
¢%a¢¢§g ns) eading ins

188 - «00 188 - «00

200 3420 «05 200 3420 07

215 7700 07 216 ({v o .10

230 11980 «09 230 11980 12

240 14830 10 240 14830 13

2560 17680 oll 250 17680 15

260 20530 o12 260 20530 «16

270 23380 14 a70 23380 17

285 27660 15 285 27660 19

300 31900 o1l7 300 31900 o2l

315 36200 18 315 36200 23

330 40500 Rl 330 40500 « 265

345 44800 « 25 345 44800 o’

360 49000 32 3567 46500 falled

363 49900 failed

Remarks: Ped satisfactory Remarks: Bed fairly

- satisfactory




TABLE 24 1TESTS ON TYPE Q SPECIMENS 1174

------- - e D D e W P SN WP S D S e e W G P NS WD cwp G G BP ED SN AP O oMb

REINFORCEMENT -« 5§ = 3" DIAM, BARS EACH WAY

-~

Specimen No: QlL Specimen No: Q2
Date Made 3~-1-239 Dgte Made 11 - 1 = 39
Date Tested 10 = 1 = 39 Date Tested 18 - 1 - 39
Dial Load Dgflection Dial Losd Deflection
Reading 1b - (4ns) Reading 1b - (4ins)
189 - «00 188.5 - .00
200 3130 «09 200 3270 006
215 7400 oll 215 7540 +08
230 11780 13 230 11920  ,09
240 14630 o156 _ 240 14770 10
250 17480 16 250 17620 115
260 20330 «18 260 20470 1256
270 23180 «19 270 23320 +135
285 27460 Rl 285 27600 15
300 31730 o4 300 31870 «165
312 36100 failed 315 36140 «185
322 40600 failed
Remarks$ Bed fairly Remarks: Bed satisfactory

satisfectory: Result
on low side due to
excessive deflection.




maBLE 23 (contd)

- e wsd D D SN = e ~

TESTS ON TYEPE Q SPuCIMENS

s

REINFORCEMENT - 5 = 3" DIAM, BARS EACH WAaY
Specimen No: Q3 Specimen No:
Date Made l1-2=239 Dgte Made
Date Tested 8 -2 -39 Date Tested
Dial Load Deflgaotion Dial Load  Deflection
Repding 1b (ins) Reading 1b ' (ins)
14545 - «00
160 4130 «08
175 8400 oll
190 12680 «125
209 15530 .14
216 18380 15
220 21230 16
230 24080 o 17
245 28350 « 1886
260 32600 «20
_&15 36900 22
288 40600 failed

Remarks: Bed satisfactory




TABLE 24 TESTS OF TYPE R SPECIMENS (S

REINFORCEMENT - 4 - 3" DIAM, BARS EACH WAY

Specimen No:¢ Rl Specimen No: R2
Date Made 4 ~ -39 Date Made 17 - 1-39
Date Tested - -39 Date Tested 24 -1-37
Dial Load Deflection Dial Load Deflection
Reading 1b nins) Reading 1b (ins)
188 - «00 198 - «00
200 3420 .05 215 4840 L,08
215 7700 07 230 9120 .10
230 11980 .09 240 11970 L1l
240 14830 .10 250 14820 .12
250 17680 o1l 260 17670 L13
260 2L530 «13 270 20520 Ll4
270 23380 14 285 24790 .16
284 27400 failed 300 29070 «18
303.5 30100 failed

Remarks: Bed satisfactory Remarks: Ced satisfactory



(|
TABLE 26 TESTS ON TYPE S SPECIMENS
REINFORCEMENT - %- 3" DIAM, BARS EACH WAY.
Specimen No: Sl Specimen No: S2
Date Made 5 = 1 - 39 Date Made 16 - 1 - 39
Date Tested 12 = 1 - 39 Date Tested 23 - 1 - 39
Dial Load Defleotion Dial Load Deflection
Reading 1b - (4ins) Reading 1b (ins)
189 - «00 201 - «00
200 3130 .07 215 3990 <07
215 7400 .09 230 8260 10
230 11780 oll 240 11110 oll
240 14630 12 2560 13960 12
250 17480 135 - 260 16810 ¢ 135
260 20330 « 145 270 19660 014
270 23180 0156 285 23930 16
285 27460 17 300 28200 «175
300 31730 19 316 32500 19
315 36000 21 530 36800 o2l
330 40200 « 23 345 41100 24
336 41900 failed 347 41900 failed

Remarks ¢ Bed satisfactory Remarks: Bed satisfactory



18

REINFORCEMENT = 4 = 5/16“ DIAM. BARS EACH WaY.

~

Specimen No: T1 Specimen No: T2

Date Made 9 -1~ 39 Date Made 25 - 1 - 39

Date Tested 16 - 1 - 39 bate Tested l~-2«239
Readtng  to- "f(ime)™  Readmg b Cime)

18845 - «00 198,56 - «00

200 3270 «07 215 4700 «0%7

215 7540 «09 230 8980 «09

230 11920 oll 240 11830 «10

240 14770 .125 250 14680 .11

250 17620 14 260 17530 o125

260 20470 o156 270 20380 « 135

2170 23320 « 17 285 24660 «16

&85 27600 «21 300 29000 21

290,5 29050 failed 301.56 29350 failed

Remarks: Bed satisfactory Remarks: Bed satisfactory




l
TABLE 27 TESTS ON TYPE U SPECIMENS A

- m we an ap B =S u» 60 D S S S G S D D D WS G D Tep D WD ) WD D G WD S G W W Sw

REINFORCEMENT = 7 - 0/16" DIAM, BARS EACH WAY.
Specimen No: Ul Specimen No: U2
Dgte Made 6 - 1 - 39 Date Made 24 -1 -39
Date Tested 13 - 1-39 Date Tested 319 1 =39
Dial Load De¢flection Dial Load :Eleoti
Reading 1b (1ins) Reading 1b ing)
189 - .00 198.5 - .00
200 3130 .06 215 4700 .07
215 7400 <09 230 8980 009
230 11780 .10 240 11830 105
240 14630 .12 250 14680 012
250 17480 013 260 17530 13
260 20330 .145 270 20380 ol4
270 23180 .16 285 24660 .16
285 27460 .18 300 29000 o17
300 31730 .19 315 33200 .19
315 36000 o 24 330 37500 .24
328 39800 failed 334 38600  failed

Remerks ¢ Bed satisfactory Remarks: Ped satisfactory




\ g0
TABLE 28 TESTS ON TYPE V SPECIMENS

S sap me wP tup s exp W D R D D G P G W D WP S Gup Gup GSS GED b Su SED GUD GED SHO W GEE NS Gxp WS

REINFORCEMENT - 7 = 3" DIAM., BARS BACH WAY.
Specimen No: Vi Specimen No: v2
Date Made 10 - 1 - 39 Date Made 30 -1 - 39
Date Tested 17 - 1 = 39 Date Tested 6 -2 =39
Dial Load = Deflection Dial Load Defleation
Reading 1b (ins) Reading 1b (ins)
188 - «00 145.5 - «00
200 3420 «06 165 5280 <09
215 7700 .08 180 9550 oll
230 11980 «10 190 12400 12
240 14830 12 800 15250 13
250 17680 .13 210 18100 14
260 20530 «14 220 20950 + 1556
270 23380 15 230 23800 165
285 27660 17 245 28070 «185
300 31900 19 260 32350 21
315 36250 «23 275 36600 failed
322 38200 failed
Remarks : Bed satisfactory Remarks ¢ Bed satisfactory




TABLE 29 TuSTS ON TYPE W SPECIMENS

LY Y D W P P D D D VD D D P (S S G GO D WD W WO b b D W B wio =

1<\

REINFORCEMENT - 10 / 16" DIAM. BARS EACH WAY
Specimen No: Wl Specimen Noi: W2
Date Made 13 = 2 = 39 Bate lade 2 -3 « 39
Date Tested 20 « 2 - 39 Date Tested 9 - 3 - 39
g::éing ngd Def%gggion gﬁ:&in Load Deflection
g 1b ins
141 - .00 138.5 - «00
160 5420 .08 155 4700 .07
175 9690 o1l 170 8980 .09
190 13960 .12 185 13250 .10
200 16810 13 200 17530 012
210 19660 014 210 20380 .13
220 22510 e 155 220 23230 o14
230 25360 ol7 230 26080 o15
240 28210 185 240 28930 «16
250 31060 .22 250 31780 .18
260 33910 .28 260 34630 «20
270 36800  failed 275 39910 .26
283 41200 failed

Remarks: Bed satisfactory

but low result due to
poor aggregate.

Remarks: Bed satisfactory




- 1

TABLE 29 (contd) IESTS ON TYPE W SEECIMENS. (52
REINFBRCEMENT « 10 =~ /16" DIAM., BARS EACH WAY.
Specimen No: W3 Specimen Nos
Date Made 42 - 3 - 39 Date Made
Date Tested 29 -~ 3 = 39 Date Tested
Dial Load Defleoction Dial Load  Deflection
Reading 1b (ins) Reading 1b (ins)
133.5 - 00
150 4700 07
165 8980 «09
180 13260 o1l
190 16100 .12
200 18950 o13
210 21800 ol4
220 24650 .16
230 27500 17
240 30350 185
250 33200 «205
265 37480 26
an9 41500 failed

Remarks: Bed satisfactory




Date Tested 15 = 2 = 39

| 13
TABLE 30 TESTS ON TYPE X SPECIMENS.
REINFORCEMENT = 8 - O/16"™ DIAM., BARS EACHE WAY
Specimen No: Specimen No: X2
Date Made 8 - 2 - 39 Date 1 -3 -39

Date Tested 8 -39 39

"Bé4

Dal Load. Deflection Dial Load Deflectn
Reading 1b (ins) Reading 1b (ins)
143 - «00 143 - «00
160 4840 .10 156 3420 .07
175 9120 13 170 7700 08
190 13390 « 15 185 11980 «10
200 16240 16 200 16260 12
210 19090 «18 210 19110 13
220 21940 ¢ 195 220 21960 14
230 24790 o822 230 24810 «16
240 27840 «28 240 27660 18
246 29400 falled 250 30510 24
260 33360 «32

34500 failed

Remarks:

Bed satisfactory
but low result due
to0 poor aggregate.

Remarks: Bed satisfactory



154

\ TABLE 30 (oontd) TESTS ON TYPE X SPECIMENS
| REINFORCEMENT = 8 = 9/16" DIAM., BARS EACH WAY,
Specimen No: X3 Specimen No:
g Date Mede 14 - 3 = 39 Date Made
Date Tested 21 = 3 = 39 Date Tested
Dial Load Deflection Dial Load Deflection
Reading - 1b ins) Reading 1b (ins)
133 - .OO
150 4840 +O7
165 9120 «09
180 13390 P
190 16240 «12
200 19090 « 13
210 21940 e145
220 24790 e1l6
230 27640 +18
240 30490 o 2%
244 31700 failed
Remarks: Bed satisfactory




r T
|
|
|
T
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TABLE 31 TESTS ON TYPE Y SPECIMENS.
REINFORCEMENT = 6 = ©/16™ DIAM. BARS EACH WAY.
Specimen No: Tl Specimen No: 12
Date Made 7 -2 - 39 Date Made 28 = 2 = 39
Date Tested 14 = 2 = 39 Dete Tested 7 -3 e 39
Dial Load Dgflection Dial Load Deflectn
Reading 1b . (ins) Reading 1b (ins)
140 - «00 142 - +00
160 5700 «06 156 3710 .08
175 9980 .08 170 7980 10
190 14250 10 185 12260 «12
200 17100 oll 200 16530 o 14
210 19950 «12 210 19380 1556
220 22800 «l4 220 22230 19
230 25650 18 230 25080 ¢ 26
239 28200 failed 240 27900 failed

Remarks: Bed satisfaoctory Remarks: Bed satisfactory




TABLE 32 TESTS ON

- et ey en e wp 8

TYPE Z SPECIMENS

D D S S P G RO B S O TP W @S S TE G0l A BB WP I S oub Sy S

186

REINFORCEMENT =~ 4 = O/16" DIAM. BARS EACH WaY.
Specimen No: VAR Specimen No: Z22
Date Made 6 -2~ 39 Date Made 22 - 2 « 39
Date Tested 13 = & = 39 Date Tested 29 - 2 = 39
Dial Load Deflection Dial Load Deflectn
Reading 1b (ins) Reading 1b (ins)
145.5 - «00 142 - «00
160 4130 <07 155 3710 «06
175 8400 .10 170 7980 «08
190 12680 o1l 185 12260 « 095
200 15530 13 200 16530 14
210 18380 16 210 19380 18
220 21230 022 220 22230 24
222 21800 failed 226 23900 failed
Remarks: Bed satisfactory Remarkss Bed satisfactory




S ey G A euw > o om0 - S WS G W D ) E P S By D D A Gxp SID CED dmp WY WP D S b wmp

REINFORCEMENT

- 20 - 3" DIAM., BARS EACH WAaY.

Specimen No: Al Specimen No:
Date Made 20 - 3 « 39 Date Made
Date Tested 27 = 3 = 39 Date Tested
Dial Load Deflection Dial Loed Deflectn
Reading 1b (ins) Reading 1b (ins)
137 - «00
150 3710 «06
165 7980 «08
180 12260 .10
190 15110 oll
200 17960 «12
210 20810 13
220 23660 14
230 26510 16
240 29360 «20
250 32210 o224
256 34200 failed

Remarks: Bed satisfactory




‘. .
TABLE 34 TESTS ON TYPE ﬁ SPEGIMDHS 5%
REINFORCELENT - 16 - %" DIAM, BARS EACH WAY
Specimen No: ﬁ 1 Specimen No: /;’ 2
Date Made 2l - 2 -~ 39 Date Made 9 -3 - 39
Date Tested 28 = 2 = 39 Date Tested 16 ~ 3 = 39
Dial Load Deflection Disl Load Defldction
‘Reading 1b (ins) Reading 1b (ins)
/
14105 - .00 133 - 000
155 3850 .08 150 4840 .06
170 8120 .10 165 9120 .085
185 12390 o12 180 13390 .105
200 16670 +135 190 16240 <115
210 19520 0145 200 19090 .13
220 22370 .18 210 21940 .16
230 25220 .24 220 24790 «21
240 28170 .29 230 27640 28
251 31200 failed 237 29700 failed

Remarks: Bed satisfactory Remarks: Bed satisfac

tory




TABLE 35

REINFORCEMENT - 12

-

TESTS ON TYPE ) SPECIMENS

- ey - = - o S e e -

159

~5" DIAM BARS EACH VAY.

Specimen No: Y o1 Specimen No: VY 2
Date lade 20 = 2 = 39 Date Made 8 =3 - 39
Date Testad 27 - 2 - 39 Date Tested 15 - 3 = 39
Dial Losad Deflection Dial Load Deflection
Reading 1b (ins) Reading  -1b ( ins)

141,5 - +00 132.5 - .00

155 3850 .06 150 4990 07

170 8120 .08 165 8270 .10

185 12390 .09 180 12550 o115

200 16670 .11 190 15400 o125

210 19520 .12 200 18250 16

220 22370 .18 210 21100 24

230 25200 failed 219.5 24800  failed

Remarks ¢ Bed satisfactory

Remarks: Bed satisfactory




TABLE 37

190

TESTS ON TYP /, SPECIMENS
REINFORCEMENT - 8 - 3" DIAM. BARS BACH WaAY.
Specimen No: AL Specimen No., /\ 2

Date Madd 16 - 2 « 39 Date Made 6 = 3 - 39

Date Tested 22 - 2 - 39 Date Tested 13 - 3 « 39
Dial Load Defleation
Reading 1b ins ) Dial Load Deflgotn

Reading 1b (ins)

142 - +00 133 - «00

155 3710 «08 150 4850 «08

170 7980 .10 165 8130 o1l

185 12240 e15 180 12410 13

200 16530 20 190 15260 o 14

210 19380 32 200 18110 «26

212 19920 failed 202,5 19800 failed
Remarks: Bed satisfactory Remarksé! Bed satisfactory




iq

DABIE 37 TESTB OF TYPE £ SPECIMENS

-y wn ab up . e op o - s SR D en S8 «p "

S D Su W o GEP WD G Dy wed D WD P WD WS b G G2p W

REINFORCEMENT 9-- 1 Layer of No.22 gauge expanded metal

way .

Specimen o, 65 1
27 - 3 - 39

Specimen NO3

Date Made Date Made

Date Tested 3 =4 - 39 Date Tested
Dial Load Defleation Dial Load Deflectn
Reading 1b - (ins) Reading 1b (ins)

131 - «00

150 5420 .Oé

165 9690 «08

180 13960 10

190 16810 oll

200 19660 «12

210 22510 14

220 26360 o 17

228 27600 feiled

Remarks ¢ Bed satisfactory




