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The object of the research described in this 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 reinforcement*

Part I 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.
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Part III describes a series of tests carried out 
on bases with different amounts of reinforcement, the bed 
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 reinforcement. 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 Guilds College 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 carried 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
4

INTRODUCTION *

That the stability of a structure depends largely 
on the efficiency of its foundation is an old 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 
greatly 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 than this.

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

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



complicated problem but with the development of the study of 
soil 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 avoided 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
required area 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.

x
Reinforced concrete foundations may be divided 

into the following classes: (l) wall footings, (2)
independent (or isolated) column bases, square or 
rectangular in shape, (3) Combined footings carrying one or 
more columns, (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

-  ■ ’
This and the following paragraph are reproduced from 

that section of "Modem Concrete Construction" Volume IV, 
which was written by the Author of this thesis.



a pressure of average intensity, say 3 tons per sq• 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, consequently any research into the 
strength and method of design of it is of great 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 have been carried out in 
this country.

Two possible reasons may be suggested for this:
1* The foundation is usually bedded below the ground level 
and then back filled up to the level of the floor 
immediately above 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-column-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 mushroom floor 
design cost 6*2d. per cubic foot (the cube of the building
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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 25 per cent of the 
total cost. Thus the engineer realising that the isolated c 
column 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 contract.

Failure of an isolated column reinforced 
concrete base may 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!
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stancheana are used to carry the load and is avoided hy 
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.
2. 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 concrete 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: it 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.
3. By rupture of the base due to the development of 
excessive shear stresses. The shear stresses set up in 
an isolated column base are generally known as "punching” 
shear stresses and according 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 "oJ’ carrying a load 
W supported on an isolated column base of thickness d,
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

S_ = W(l-A)
* pd .

In the special case
of a square column
of side !,b", then b£
s„ = W(i-A)P 4b d .

According to the London Building Act (Amendment) 
Act, 1935, By-law 99 for reinforced concrete construction 
the value of Spinust not exceed twice the permissible unit 
shear for the concrete of which the base is constructed, e*g* 
in the common case of a 1:8:4 mix ordinary grade concrete 
the unit punching shear must not exceed 150 lb* 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 column 
in a flat slab floor must be kept within specified limits.

Reynolds (l) 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 8f,only apply to the design of 
rectangular 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.

There is little 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 punching 
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 Bhear 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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Glass I*
A series of tests on small bases 8ins* x Sins* 

in plan with nominal thickness of lin. and liins* The 
main object of these tests was to determine whether the 
soil 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*
2* 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.
3* Since the specimens used were small the tests
are of value in deciding how useful ,,modeln 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 Xj 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 0 to 1*2 per cent*

As the sections were so thin to make them in
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concrete was not practical and they were made of a 3:1 sand- 
cement mortar# The column used was 2 inches square thus 
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



which the hase 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 column 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 a 
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 har used as reinforcement were i in.,
3/16 in., i in., 5/16 in., f in. and % in; thus giving a 
comprehensive 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, § in., 5/16 in. 
and i 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, Perrocrete 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) <&*vA."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 testa
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CHAPTER II,

THE DESIGN OP ISOLATED COLUMN 
BASES.

It is proposed in this chapter to give first the 
generally accepted method for the design of an isolated 
column 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.
bos*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 column is of steel then the first step
is to calculate the size of the baseplate. If c is the
safe crushing strength of the concrete, then b, the side
of the baseplate is equal to I 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

B2 = ff + Wfe

where = the weight of the concrete base.
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W[,
(in the Recommendations the weight ĵ may he 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 hi and this can be
shown to be equal to JIB (2 + b)(l-b)^

24 B B #
Prom 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 bi (a very conservative figure)*

It is, however, generally found that if d 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 disagreemem 
as to the length of base over which the tension reinforcemenl 
should be spread. Some text books limit it to a width
equal to the size of the column plus twice the effective 
depth of the base (approximately YYi= b + 2d, Figure 2)
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whilst others say that this limit is too small and 
suggest a total increase hy 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 De (1> + 2d) + -jB^2dj^ 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 VTII)* 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

12 ,oformula is much simpler than the one given on page It
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 give as one of the necessary 
qualities of a column base that the shear across the 
sections YY (or YiY^) must not exceed the permissible 
shear in plain concrete. This is akin to the requirements

_________________________________________________________________________________________________________________________________________________________________________________*
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of Clause 810 of the Recommendations applying to Plat
slab floors. The total shear along this section is equal 

2 2 \to p(B - YY^)s the depth is d^, hence if s is the 
permissible shear, then

4s  x  YYj x  a a  p ( B 2-  Y I2 )
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 to W (1 - b2). If the base is

4bd B2being 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 
column base. It is generally found that this factor 
fixe$ 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 if 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 (1-S&4b d B2

Let s s permissible shear stress in plain concrete.
Then total excess shear » 4bd(sp-s).
Shear along each column face = bd(sp-s)
Area of reinforcement required = bd( su-s)

t
where t = safe tensile stress in reinforcement.

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



opinion it is incorrect and unnecessary because:
1. The stress in plain shear should be cal ciliated on the
plane YY (see page 1*5 ) since the load from the column will
spread at 45 degrees; it is generally found that if sp 
calculated along XX is less than 2s, then the shear stress 
calculated along YY is less than s.
2. Since the force on the bars is assumed to be purely 
shear (see Figure 3) the stress used to calculate the area 
should not be the tensile stress in steel but the shear stresi 
in steel which is much less (12000 lb. per square inch in 
shear as compared with 18000 lb. per square inch tension).
3. 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.



Figure 4 shows diagrammatically the forces coming on any 
bar* The loads P represent the punching shears which are 
resisted 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*

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

2P = 2 x 18000 x d2 (where d = diameter of
4 bar).

Upward load = 600 x d x 1.
Therefore 1 = 60 x ^ x  d = 47 d (approximately)

4
Of this length an amount = b is working at the

full 600 lb. per square inch /.a stress whilst the remainder
is assumed working at a stress which varies from zero at
the ends to 600 lb. per square inch at P. Hence the
total length of embedment must be equal to 21 - b, i.e*
94d-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.



The bending moment under the load
= 600 x d x (l£b)2 “  3
a 100d (l-b)2

But 1 = 47d and b = SOd (in general practice).
Hence M = 70,000 d3.

The maximum stress produced by this moment
= ML x 64d 

2 x(fx d4
= 70,000 x 32
=• 73QOOO lb. 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 
introduced.
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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 base 
was uniformly distributed. Experiments have shown that 
this is not true and a theory for the design of beams 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 followss-

E1 = -pdz s -ky dz.
and El d%  = -ky dx. dz^



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 d4y a - dQ 
<3x4 dx

where Q is the shear force due to the upward pressure and
can be shown to be equal to ky

Hence El 6/hr = - ky dx4

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

y = 0 e ' (cos Jx + sin/^x)....... (l)
where C a P (P = total load on base)

Hence M = - P c
(cos f i x  + sin^3 X)............. (2)

Under the load, x is zero and M is a maximum thus giving
Mmax a P (2A)

If the curve given by equation (l) is plotted 
y is found to be negative for values of fix 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



possibility and in his mind there is little of value in 
the design method which Gray has put forward because;
(l) 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 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 bu 
this fact alone should not disqualify 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 reinforced 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 * 7  
It has been found, however, that the shear resistance of
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in soii

FIG 6

a square or 
circular base 
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 % T  becomes in this case:

Mmax 53
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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 hiB analysis 
to three cases which are commonly met with in the design 
of pavement slabs:
1.
2.
3

A load at the corner of the slab.
A load in the centre of a slab of infinite dimensions 
A load at the edge of a slab of infinite dimensions
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The first and third eases 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, Cfi; immediately below the point of application of 
the load is given from the formula,

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 plane. The stress developed when computed by the 
ordinary theory is

<y-i = 0.3162 P
h 2

at 3(1+JU)P (loge 1 + 0.6159) O 9. IT «2 IT a
whereft= Poisson’s ratio.

Westergaard gives a table of the values of

for a load of 10,000 lbs. with varying values of fo, K and a*



It is not proposed to reproduce the whole of 
the table hut 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 588100 1172 998 788 634 528200 1112 939 729 574 469

The application of Westergaard's theory to 
isolated column bases can be justly 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 
the 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 column baseB 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 kl2

where X has the value given on page 3 0
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Part III - The Distribution of pressure under 
a column "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 comers. Unfortunately no 
experimehts 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 
paraboloid as shown in Figure 7, a section on the planes 
x = o and y = o, and a section through the plane x =^Ly are 
as shown in Figure 8

The volume of the paraboloidal solid thus 
formed is equal to the load coming on the foundation (the 
weight of the base itself being neglected.



35

D IAG RAM AT IC  REPRESENTATIO N  
OF PRE.55URE DISTRIBUTION

FIG. 7

The volume of this irregular solid is 
calculated as follows:

Let the equation to be paraboloid be 
j-2 + y2 — 2az«

i.e. origin is at the vertex and let h be its height 
then 2b^= 2ah so that a =

h
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FIG. 8



Any plane z ■ a constant will cut the paraboloid in a 
circle and the paraboloid is entire for values of z less 
than Ko

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

The radius, of the circle at any value of z is
given by

r2 =s 2az.
Therefore 2rdr a 2adz.

The volume of the complete paraboloid, V is
given by

V

= TTb2 k

IT [2b2
oJ K

Z dz •

The volume of the solid formed by the pressure 
distribution is equal to this volume less that of the 
four solid pieces removed. For hQ^ Z ^ h  the part shown 
shaded PP3- is cut away. Let PP1 subtend any angle 2© 
at the centre, 0.

Then A, the shaded area in each quadrant 
_ p2q - br sin 0

and r = b sec 9
Therefore A = b2 (0 sec2 0 - sin 0 sec 0) 

a b sec*5© (© - sin 0 cos 0)



Then Vg a the volume cut off from each quadrant
'll

b^j\©sec20-sin0sec0)h sin ©sec5© d 0
o TT(t 4

b2h j (0 sin 0 sec 50-sin^0 sec40)d 0
oti

b2h j* ̂ 0sin0sec5e^sec4e - sec4© - sinSQsec4© ) d0
o A A

b2h! ______ _____
4 3 J a c

4 4
if *
%  f*- b2hi 1 sec^(sin2©+cos2©)d© 
« i  4

II
b?h f 5  " 1 ] - b2h J tan5© + tan © f ^ 4 3 / 4 ^ 3  «J o

©sec4© - tan5© 
4 3

b2h/Tf - l - i_ 
V.4 S 12

b2h ^ T  - 2^
.1187 b h

The volume of one quarter of the complete
paraboloid a ̂  b^h 

4
Therefore volume of one quarter of the ,fpressure” 

paraboloid = (.7854 - .1187) b^h 
a .6667 b^h

This volume must be equal to one quarter of the
load carried by the base.

Therefore .6667 b2h = W
4

Hence h, the height of the paraboloid, or, the
maximum pressure under the base can be determined,
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Maximum pressure, h = 3  W (approximately).
8 b2

If the pressure is uniformly distributed then the
average pressure, which is ailso equal to the maximum
pressure is W . Therefore the maximum pressure with the 4b2
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 0 D from the axis.

The distance x of the centre of gravity is
calculated as follows:

Moment of area for any sector 
b

= cos*C= 2 3sin 0
^ 2  3 3
Q 3 r Jfor 0 = IT this becomes 2 f = 12 f 
4 3] ? "  3

^For any segment PSP1, moment of area
= | 1  c 3cosoCdc<- 2 r3 cos8e sin 0 
^ 3  3

= 2 r2sin 0 - 2  r3 cos2 0 sin 0 = 2  r3 sin3 0 
3 3 3



Moment of area for volume required

|lj| r3dz -J*2 r3sin3© dz
>  , Ko tr
(2az)*dz - / 2 b3sec30 sin30# h sin 0 sec3© d0J 3

" 3 5 0 ^
=/2 ( 2bSV? h2 2 - 2 h to3 ! tan5e f 
31 h" 7 5 3 L 5 i 0

=J| ,3^

= t»3h / 8_ - 2_ j
15 15/

= 2 b3h 
5
Therefore —  = .4 to3h = .6b. 

x .6667 bsh
Therefore bending moment on base = W x *6b*4

if the same notation is used as for the formula
given on page l*| 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 (*3B - b) which is slightly less than the 

4 3
value obtained when the pressure is assumed uniformly 
distributed*

The pressure distribution under flexible square 
base resting on a sand bed has been investigated throughly 
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 noticed:
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(a) Flexible base on clay bed,
(b) Rigid base on any bed*

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.



CHAPTER III

PREVIOUS INVESTIGATIONS.
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CHAPTER III.
PREVIOUS INVESTIGATIONS«

It has already been mentioned that so far as the 
Author is aware no previous experimental investigations 
have been carried out on the strength of thin isolated 
column bases in reinforced concrete. Investigations have, 
however, been carried out on sib je cos which have a bearing 
on i;he problem and it is 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.

«uch work has been done on the first and third 
of these divisions and only that work which bears on the 
problem wifcli which this thesis is concerned is being given.

Part I - Investigations on the distribifc ion of pressure

The earliest investigator into this problem 
was £»oussinesq (7) who published his work toward the close 
of last century. liis work is mainly concerned with the 
distribution of the load at different distsn ces from the 
looting and enables the calculation of lines of pressure 
to be made as shown in I'igure 10. His theories find



BOUSSIIHESQ PRESSURE LINES

FIG IO

useful application in the 
study of soil mechanics hut 
they are not so useful in t] 
problem under consideration 
as he did not investigate 
thoroughly the pressure 
distribution at the contact I 
surface between the
foundation and the soil* in considering the strength of a 
column base it is this distribution of pressure which 
affects the bending moments on the base.

*iore recent investigations into the problem 
tackled by Boussinesq have been carried out by Burmister 
(13v, Brynine (14) and Cummings (15;.

Burmister gives a graphical method for 
determining the pressure at any depth below a loaded 
point on the surface of the soil. Bis 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.

Brynine gives a graphical method, called the 
"reduced area“ method of determining the pressures under
irregularly shaped foundations. In addition he gives a



modified form of the 5oussinesq equation allowing for 
differences in the soil. The empiral formula he 
suggests is

where p2 is the vertical pressure at any distance c from 
the centre of the disc ^where the intensity of pressure 
» p) and n is the concentration factor of the soil.

x^rynine's formula differ from Boussinesq1 s. The 
concentration factor of the soil varies from 3 in the 
case a* clays to 6 in the case of sands. The substitution 
of these values in the formula gives pressure 
distribution curves for these two materials similar 
to those shown in r igures 9A and 11 respectively.

which must be applied to noussinesq's equation to allow 
for the different types of soils and also the 
distribution of pressure under the footing. lie also 
analyses in his paper the various experiments which have 
been conducted on the pressure at varying depths below a 
foundation. These experiments are not given in this 
thesis as the distribution of pressure with which it is 
mainly concerned is not the vertical but the horizontal.

It is the introduction of "n" which makes

Summings v15, also mentions the corrections
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Tests by Giesecke, Badgett and Eddy (8) *

These tests are of great interest as they were 
carried out on an actual structure. Beneath 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 it is possible to measure the 
earth pressure at the point at which they are situated.
Ihe 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 parabolic 
reaching a maximum at the centre and being zero at the 
corners. The criticism to be levelled against these 
tests is that too few cells were used and readings only 
taken on a diagonal. it is assumed in the calculations 
given in Chapter 2, Tart III, that the intensity of 
pressure at the mid points of the edges is one half of 
the maximum pressure. It would have given useful 
information if a cell had been inserted at these points
in the tests



lests by £>r Oscar Faber CIOj •
raber carried out tests in 1929 on the 

distribution of pressure on the surface immediately below 
a foundation block. His experiments were on two types of 
s^il (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 concentric 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 is 
some distance below the surface the distribution is 
between parabolic and uniform.
(2) that for days the distribution (with or without 
surcharge) approximates 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 being a curve which approximates to an 
ellipse.



These two types of distribution are shown in 
figure 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 fallacies of the Rankine formula for the 
depth of foundations. One criticism against these tests 
is that the circular base tested is seldom, if ever, used 
in practice: tests on a square base would have been
much more practical.

PRE.55URE1 D ISTR IBU T IO N

FROM DC. FABERS EXPT5.

FIG. II
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Part II - Tests on plates on elastic foundations.

Tests of this type are 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 Westergaard. There 
must, however, be a big difference between thebehaviour 
under test, say, of a 4 inch thick concrete slab and a 
steel plate ^ inch thick, consequert ly there is some 
doubt as to what 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 aid deflections in 
rectangular plates on elastic foundations with special 
reference 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 sire given which can be used 
in the solution of any particular problem but even wi^h 
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 J inch thick steel plate
which was placed on a rubber bed and loaded with the three 
conditions of loading used by Westergaard (9) in his



analysis. The deflections and stresses were measured atmany 
points in the plate. The use of rubber as an Slastic” 
bed is to be criticised on the grounds that rubber is not 
a perfectly elastic material but possesses plastic as well 
as elastic properties. Rubber has also the disadvantage 
that it is not very consistent in its behaviour under test.

The tests showed that in a cent rally goaded square 
plate the deflection contours are as in Figure 12. This 
shows that at the 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 where B » width 
uf the plate. If column bases behave 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. - 2.5 times the average pressure. An

tr *increase as great 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 Westergaard1 s formula. In the case of a 
centrally loaded slab the difference between the maximum 
measured stress and that calculated from Westergaards 
formula is only 5 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 out 
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 Ritzls method* The experiments performed to 
verify the mathematical analysis were carried out on a 
steel plate 10 inches 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 these tests is 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*



Part III - Investigations into the strength, of 
Reinforced Concrete Slabs.

It is 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 thesis could be written on 
them.

Most experimenters have confine d their 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 value 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 is not 
being given in this Chapter but it is mentioned in the 
Chapter discussing the results of the tests.

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

Although Taylor, Thompson and Srnulski (3) of 
the American, and Manning (16) of the English, text books 
both state that such tests have been carried out, neither



of them gives any references in support of their statements, 
A careful study of research bulletins issued daring 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 hebelle.

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

1. 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,

d B-b (see Figure 2) •

It is pointed out in the previous chapter that 
the first assumption is not true except where the 
foundation is perfectly rigid: it certainly does not apply
to the thin sections tested by the Author but as Lebelle1 s 
tests were carried out on thicker sections (in accordance 
with the assumption given) he has sons justification for 
using it.



The method of design given by Lebelle generally follows the 
standard method but an interesting feature is 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 isolated column bases which are 
square in plan three methods of reinforcing are discussed 
and the design worked out for each case. The methods are;-
1. Reinforcement parallel to the sides, spaced equally 
across the whole width of tIce base.
2. Reinfb rcement parallel to the diagonals equally spaed 
along them.
3. 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 is of 
different length consequert ly it is not good from the 
constructional standpoint.

In his design Lebelle completely neglects the 
shearing forces: this is Justifiable up to a point on the
grounds that the base is 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 
carried out in a 500 ton Amsler press, the column base being
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supported on a rubber bed* The use of such a bed is 
criticised in Chapter 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 carried out after 21 days the 
concrete used having an ultimate compressive stress of 
295 kilogrammes per square centimetre. (4180 lb. per 
square inch) and a tensile stress of 17*8 kilogrammes per 
square centimetre (252 lb. per square inch).

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

The main object of the tests seemed to be to 
compare the actual failing load with the safe working load 
calculated by Lebelle’s method. The results gave a 
factor of safetyvarying between 5.10 and 4.10 when friction 
was taken into account whilst when friction was neglected 
the factor of safety varied from 1.90 to 2.75.

Whilst there is a certain similarity between 
Lebelle!s tests aid those described in this thesis 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
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bed used in Chapter VII.
o. The small number of tests carried out by Lebelle.



CHAPTER IV
EXPERIMENTAL DETAILS FOR MODEL MORTAR

BASES
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CHAPTER IV.

EXPERIMENTAL DETAILS FOR MODEL MORTAR 
BASES.

It is intended in this chapter to give 
particulars of the method of manufacture and testing for 
the specimens in Glass I (see page 11 ). 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 
1 being lin. nominal thickness and series 2, 1-g-ins. The 
specimens were made in sets of four from a cement - sand 
mortar which proportions were 1 : 3 hy weight. nFerrocreten 
rapid-hardening portland cement and Stone Court sand were 
the materials used. The water-cement ratio v/as kept 
constant at 45̂ o for all the specimens.

The forms used for making the slabs were very 
simple and are shown in Figure 14.

It is pointed out on page 1^ that it was necessary 
to use Expanded metal as reinforcement for the specimens.

Particulars of the expanded metal used are as
follows:

Thickness: No.22 gauge. 7 t|
Cross section (short way of mesh)3§±n. at52 -pitch.

9
Cross section (long way of mesh) 32in. at l-g-in.pitch.
Ultimate Stress 80,000 lb. per sq_.in





The sheets used as reinforcement in the bottom 
of the slab were Tiins. 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 Mark. Thickness. Reinforcement Reinforcement
(Actual). in bottom. in top.

1.0 mm
1.1 l±*tJ-a

1 layer —
1.2 2 layers -
1.3 1 layer 1 layer
1.4 2 layers 1 layer

2.0 mm *
2.1 n 5 i) 1 layer —
2.2 2 layers -
2.3 2 layers 1 layer
2.4 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.



In order to determine the compressive and tensile
stresses of the mortar used cubes and briquettes were also

*1"made. The same mix was used as for the slabs the 
specimens were stored in the same way.

The cubes were 2jins. 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 bed used we re (l) rubber, 
(2) sand, (3) wet clay.

In the case of the rubber bed 4 sheets of lubber 
each Jin. thick were placed on top of each other on the bed 
of a 200 ton Riehle test machine. For the other beds a 
stout timber box adequately reinforced with steel straps 
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 tests.

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

5^
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slab. B e t w e e n  the s t eel s t a n c h e o n  a n d  t h e  m o r t a r  slab a 

layer of* f e l t  p a p e r  was p l a c e d  to even out a n y  surface 

i r r e g u l a r i t i e s ♦

T h e  slab a n d  s t a n c h e o n  w e r e  p l a c e d  o n  the top of 

t h e  b e d 7l e v e l l e d  u p 7a n d  t h e  l o a d  a p p l i e d  to t h e  stancheon. 

T h e  l o a d  was a p p l i e d  u n t i l  th e  slab was t e s t e d  to 

destruction.

Th e  f o u r  slabs in e a c h  series were t e s t e d  

f o l l o w i n g  e a c h  o t h e r  a nd t h e  a v e r a g e  of the f o u r  results 

taken.

T h e  set-up of t h e  a p p a r a t u s  for t h i s  series of 

tests is s h o w n  v e r y  c l e a r l y  on p l a t e  1.

T h e  specimens w e r e  in every case t e s t e d  after

7 days
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CHAPTER V
TESTS OH MODEL MORTAR BASES.

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

Six cubes of side 2-} ins. were made and the 
average crushing load was 32380 lb. This gives the 
compressive strength of the mortar as 4280 lb. per square 
inch.

Six briquettes of the size and shape 
recommended by the British Standard:: Specification were 
made and the average failing load was 355 lb., thus the 
ultimate tensile strength of the mortar was 355 lb. per 
square inch.

Tests on 1-̂- in. thick slabs.
These slabs were all tested on a sand bed.

Eive different series of specimens were tested, the 
reinforcement for each series being given in the table on 
page • 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
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It should he noted that in all cases four specimens were 
tested in each series and the results given in the table 
are the average of the four specimens.

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

Reinforcement 
(see page 5% )

Railing Load
(lb.

Bed

1.0
1.1

1.2
1.3
1.4

1600
4130
7625
4380
6890

Sand

The types of failure occuring in the different 
series were as follows:
Series 1.0 Failure 
occurred by tension 
cracks along the 
diagonals (see 
Figure 15).
Series 1.1 The 
failure is 
illustrated in 
Plates 2 and 3.
They show the main cracks in the bottom running almost 
straight across the centre of the slab whilst there is a 
faint crack in the top of the slab. Failure was probably
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"by tension.
Series 1*2. The failure is illustrated "by Plates 2 and 3 
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
\i■ shear or tension probably the former.

Series 1.4. The failure is shown in Platen 40i. " C , 
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 jper-cent (approximately) 
until reaching the top reinforcement, 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-♦ it appears that 
the failures of 1.2 and 1.4 were both due to shear hut it 
must he remembered that the load was applied for some time 
after the maximum load had "been reached. Although the 
photographs after test indicate shear failure it cannot 
he definitely stated whether failure in the first instance 
v/as due to shear or tension.

Calculation of Theoretical failing load.
1. Failure due to crushing of mortar under stancheon.

Crushing strength of mortar = 4280 lh. per sq. in.
Area of stancheon = 4 sq. ins.
Therefore Failing load = 4 x 4280 * 17120 Ih.

In no case was the failing load as high as this 
therefore failure was not due to crushing.
2. Failure 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 x 8 x 9p x 1 = 600 in.lh.
8 6

Applied Bending Moment (see page )

= 1690 T x " 2 ^

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 5$ ) that in the case of



parabolic pressure distribution
x  = , 3B

If this is true for the case under 
consideration then 

x = 2.4 ins.
Thus it is seen that the p r e s s u r e  

d i s t r i b u t i o n  is such as to give a g r e a t e r  p r e s s u r e  at the 

cent r e  and less at the sides than is g i v e n  by a p a r a b o l i c  

distr i b u t i o n .

Seri e s  1 . 1 .

= .042 sq. ins. L.W.M. a n d  .056 sq. in. S.W.M. 

F a i l u r e  takes place across the L.Vf.M. directi 

R e s i s t a n c e  m o m e n t  of s e c t i o n  is cal c u l a t e d  

on the o r d i n a r y  theo r y  as follows: 

d = .933 in. B  - 8 in.

P a »042 x  100 = .56 p e r  cent. The r e f o r e  Steel
•938 x  8 fails first.

in = 4 0 , OOP - 9.4 (Code of Practice)
4,280__________

ni- J .0028-^.104 - .052 - ,275

d - n = .82 in.
3

T h e refore R. m . = 80,000 x  .82 x  .042 = 2750 in.lh. 

It is shorn ( p a g e * 10 ) that the a p p l i e d
b e n d i n g  m o m e n t

s W  (2.17 - .67) = ,3751/
4

Therefore if  failure takes p l ace due to flexure

the f a i l i n g  load carried by series 1.1 specimen

- 2750 x  8 - 7340 lb.
3-----



la
S e r i e s 1 . 2

At = .098 sq. i n c h  each .way.
It can he shown that in this case failure is

due to the m o r t a r  r e a c h i n g  its m a x i m u m  stress first.

The r e s i stance m oment of the section is 4780 in. lb. 

g i v i n g  a v a l u e  for the fai l i n g  load (if failure is due 

to flexure) of 12,700 lb.

3. F a ilure due excessive s h e a r .

A n  e x a m i n a t i o n  of' the failure of the Series 

1.2 specimens shows that if failure w e r e  due to shear it 

occ u r r e d  a l o n g  a surface of a f r u s t r u m  of a p y r a m i d  as 

shown in Fig u r e  17.
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T h e r e f o r e  in calculating the u l t i m a t e  load 

t a k e n  if failure is due to shear it is p r o p o s e d  to make 

the f o l l o w i n g  assumptions.

1. That the shear s t r ength of the p l a i n  m o r t a r  is 

equal to the t e n s i o n  strength.

2. That this stress acts on a n  area, equal to the 

surface of the f r u s t r u m  of the pyramid,

3. That the effect of r e i n f o r c e m e n t  is to increase 

the r e s i stance "by an amount equal to T sin 45 degrees, 

w h e r e  T is t h e  direct tension taken h y  the re i n f o r c e m e n t  

cut h y  the surface of the frustrum.

4. That the g r ound p r e s s u r e  is uniform.

Series 1.1.
Area of frustrum » 4 x 1.6 x 3.125

■ 20 sq. inches.
Area of  r e i n f o r c e m e n t  3 .021 +* .028 = .049 sq.in 

Shear R e s i s t a n c e  = 20 x  355 = 7100 (mortar)

-P.049 x  8 0 ,000 x  .707 - 2770 (steel)

- 9070 l h . total.

The f a i l i n g  l oad is the v e r tical component of

this shear r e s i s t a n c e  plus the u p w a r d  re a c t i o n  on the

u n d e r s i d e  of the pyramid.

R a i l i n g  load = ____[9870 x  .707) = 9700 lh.
82 ^“4X 2

Series 1.2.
In this case the are a  of r e i n f o r c e m e n t  is equal

to .098 sq. in.: the shear resistance then becomes 12640 
lh. and the failing load 12500 lb.



Series 1.5 and 1.4
The effect of the top reinforcement is to 

increase the size of the frustrum along which failure 
takes place (see Plate ̂  . This means a considerable 
i n c r e a s e  in the value of the sh e a r i n g  resistance if 

c a l c u l a t e d  by the methods u s e d  for 1.1 and 1.2: the

a c t u a l  results (see Table 1) do not show this 

consi d e r a b l e  inc r e a s e  and it is obvious that such a 

m e t h o d  is of l i t t l e  use.

It is seen that the calculated f a i l i n g  

loads d i f f e r  greatly f r o m  the actual. These differences 
are discussed in the following Chapter.
4. Failure due to punching shear.

A c c o r d i n g  to standard text books on design 

the p u n c h i n g  shear strength of a base is i n d e p e n d a n t  of 

the amount of r e i n f o r c e m e n t  prese n t .  If this is true 

then the st r e n g t h  of the Series 1 specimens can be 

c a l c u l a t e d  by making the f o l l o w i n g  assumptions:
1. That the u l t i m a t e  p u n c h i n g  shear st r e n g t h  is twice 

the u l t i m a t e  t e n s i o n  stress.

2. That the u p w a r d  p r e ssure d i s t r i b u t i o n  is uniform. 

The s t r e n g t h  of the series is then

3 x 1-i- x 2 x 355 x r c o820 lb.8^- 2'
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Tests on 1-1 in. t h i c k  s p e c i m e n s .

The m a i n  object of these tests w as to 

d e t e r m i n e  the effect of the type of b e d  on the f a i l i n g  

load. Three dif f e r e n t  types of b e d  were used, sand, 

clay and rubber. D i f f e r e n t  quantities of r e i n f o r c e m e n t  

w e r e  used, p a r t i c u l a r s  of which, are given on page 5*8 

The results of the tests are summ a r i s e d  in the table 

b e l o w  and shown g r a p h i c a l l y  on page The

r e s ults g i v e n  are gen e r a l l y  the average o f  four 

s p e c i m e n s .

Table 2 - Tests on 1-g- in. thick s p e c i m e n s .

Type of
F a i l i n g  loads on d i f f e r e n t beds (lb.)

R e i n f o r c e m e n t R u b b e r  Sand Clay

2.0 3250 3030 1970
2.1 3340 4410 2570
2.2 7220 8010 4700
2.3 7330 - -
2.4 10000 - -
2.& - 9400 5300

Tire types of failure for th ese specimens

r/ere similar to those for the Series I s p e c i m e n 3 .

Plates Steiovr the failure in a. Series 2.5 specimen

t e s t e d  on a sand bed.

A  glance at the results shows the b i g  part 

p l a y e d  by  the b e d  on the value of the f a i l i n g  load. 

C a l c u l a t i o n  of T h e o r e t i c a l  f a i l i n g  l o a d s . 

Failure due to c r u shing u n d e r  stancheon.

F a i l i n g  l o a d  r 17120 ID. (see p a g e ~ f O  }

1
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2• Fai lure  due to  e x c e s s i v e  t e n s i o n  o r  c o m p r e s s io n .  
Series 2,0,

In this case failure was d e f i n i t e l y  due to

ex c e s s i v e  t e n s i o n  in  the mortar.

R e s i s t a n c e  TToment of section

* 355 x  8 x  13 ^ x  r  - 1250 in.lh.
8 6

A p p l i e d  B e n d i n g  Iloment

w h ere I I  = f a i l i n g  load a nd x  = distance of the centre 

of g r a vity of the p r e s s u r e  quadrant f r o m  the centre.

U s i n g  the e x p e r i m e n t a l  v a l u e s  of  1/7, the 

f o l l o w i n g  v a lues are o b t a i n e d  for x  - 

R u b b e r  b e d  x  - 2.20 ins.

Sand b e d  x  * 2.30 ins.

Clay b e d  x  - 3.21 ins.

Bor p a r a b o l i c  p r e s s u r e  d i s t r i b u t i o n  x  - 2.4 

ins. a n d  for u n i f o r m  p r e s s u r e  d i s t r i b u t i o n  x  = 2.67 ins. 

The fact that for clay the pressure d i s t r i b u t i o n  is m u c h  

g r e a t e r  at the edges than at the centre (causing the 

h i g h  v a l u e  of x) is in k e e p i n g  w i t h  p r e v i o u s  

ob s e r v a t i o n s on this p o i n t .

It is not p r o p o s e d  to give details of the 

c a l c u l a t i o n s  for the t h e o r etical flexural failing loads? 

values are s u m m arised in the table b e l o w



Table 5 - T h e o r e t i c a l  f a i l i n g  loads in f l exure

T h e o r e tical f l e x u r al f a i l i n g  load ( l b ) ~
Type of

R e i n f o r c e m e n t _____ R u b b e r _____________ Sand______________Clay

2 .1  11500 10810 5950
9 .2  259CC 24^00 157002 .4  29600

3• Failure due to excessive s h e a r .

U s i n g  the assu m p t i o n s  given on page ^3> 

the t h e o r e t i c a l  f a i l i n g  loads in shear (which m u s t  be 

i n d e p e n d a n t  of the type of b e d  since the u p w a r d  

p r e s s u r e  is a s s u m e d  uniform) are as follows 

Series 2.1 t 1 9 0 0 0  lb.

Series 2.2 23200 lb.

Series 2.4 31800 lb.

The fact that the p r e ssure d i s t r i b u t i o n  is 

n o t  u n i f o r m  m e a n s  that for a clay b ed the f a i l i n g  load 

in shear is less than that g i ven above and for a sand 

b e d  it is greater.

4. F a i lure d u e to p u n c h i ng s h e a r .

By m a k i n g  the assu m p t i o n s  given on page 

the f a i l i n g  load, for Series 2 specimens is c a l c u l a t e  s.s 

follows:-
U ~ 3 x  ] |  x  2 x  355 x  ____§2

8^ - 22

9850 lb.
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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 page 15" that the type of bed has an appreciable effect 
on the load carried by the base. On a clay bed a base 
carries less than two-thirds of the load carried by a 
similar bed on sand. This fact is very important and 
has always been overlooked in design. f

The explanation for this is as follows:
1. The distribution of ground 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 is 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



Type of Reinforcement 2.0 2*1 2*2 2.4
Ratio between Clayand Sand loads* *645 *605 *587 *564

This is possibly explained by the increased deflection 
as the load increases.

The settlement of bases on clay is always 
greater than that on sand and the clay soils generally 
present difficulty from the deflection point of view. 
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 is 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 U  ), the following 
general conclusions can be drawn.
1. The graph on page €5* shows that the load carried 
is approximately directly proportional to the amount of 
reinforcement. Prom the rather scanty information given 
on the graph on page it appears that the rate of 
increase in strength with the reinforcement added varies 
for each type of bed used.



2. The effectof a layer of reinforcement in the top of
the slab 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 with0.74 per 
cent of reinforcement. These increases are not as great 
as those obtained by the use of the same quantity of 
reinforcement in the bottom of the slab. It is pointed 
out on pages that top reinforcement is useless
when considered from the 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 infirmation with regard to the behaviour of a 
reinforced concrete structure.

The experiments also show that the fact that the 
punching shear is v/ithin the permissible limits does not 
mean that the base is safe. For the quality of mortar 
used (c = 4270 lb. per square inch) the safe ordinary shear
can be taken as 100 lb. 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



of 1920 lb:;, for the Series 1 specimens and 2780 lb:., for 
the Series 2 specimens. For series 2.1 on a clay bed the 
failing load is less than the safe load in punching shear. 
On the other hand where the section is heavily reinforced 
as in 1.2 or 2.4 the failing load is about four times the 
safe punching shear load.

The most unsatisfactory feature of the tests is 
the big discrepancy between the actual failing loads and 
the calculated. 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 in 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 thi 
applies in the case of a slab 1^6 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 qualitative 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.



CHAPTER VII
EXPERIMENTAL DETAILS EOR C OBt CRETE BASES.
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C H A P T E R  VII.

E X P E R I M E N T A L . D E T AILS F O R  C O N C R E T E  BASES.

In this c h a pter the m e t h o d  of m a n u f a c t u r e  an d 

t e s t i n g  for the specimens i n  C l a s s  II (see p a g e  W  ) are 

g i v e n  t o g e t h e r  w i t h  a d e s c r i p t i o n  of t he t e s t  ma c h i n e .  T h e  

results of t h e  tests are g i v e n  a n d  d i s c u s s e d  i n  the two 

f o l l o w i n g  chapters whilst t h e  s t r u ctural c a l c u l a t i o n s  f o r  

t h e  test m a c h i n e  are given in the Appendix.

M e t h o d  of m a k i n g  the s p e c i m e n s .

T h e  s p e c imens w ere a l l  2ft. b y  2ft. in p l a n  a n d  

4 i n s . thick. T h e  co n c r e t e  m i x  u s e d  w a s  1 : 2 : 4  h y  

weight: the ceme n t  was E e r r o c r e t e  r a p i d - h a r d e n i n g  P o r t l a n d

cement v/hich c o m p l i e d  in  all respects w i t h  the r e q u i r e m e n t s  

of the B r i t i s h  S t a n d a r d  Specif i c a t i o n ;  t he s a n d  w a s  Stone 

Court river s a n d  and the coarse a g g regate was Thames "ballast 

w i t h  a m a x i m u m  size of fin. In a n  attempt to k e e p  a 

consistent concrete, a constant w a t e r - c e m e n t  ratio of 55;a 

was u s e d  t h r o u g h o u t  the tests. Du e  to t he f a c t  that the 

tests were s p r e a d  out over s i x  m o n t h s  a n d  that several f r e s h  

su p p l i e s  of cement a nd two f r e s h  supplies of a g g r egate w e r e  

o b t a i n e d  d u r i n g  this time t he attempt at c onsistent concrete 

s t r e n g t h  was n o t  a b s o l u t e l y  successful.

T h e  co n c r e t e  was m a c h i n e  mixed, the time of 

m i x i n g  for e ach b a t c h  b e i n g  !■ $ minutes. T w o  ba t c h e s  each 

c o n s i s t i n g  of 1 4  lb. cement, 28 lb. sand a n d  56 lb. agg r e g a t e  

w e r e  r e q u i r e d  f o r  e a c h  specimen.
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T he f o r m s  u s e d  are s h o w n  in F i g u r e  18. T h e  f o r m  

was p l a c e d  on a zinc s u r f a c e d  h o a r d  a n d  h o t h  c l a m p e d  to a 

v i b r a t i n g  table on w h i c h  the s p e c i m e n  was made. T h e  vibratirg 

t a b l e  wa s  v i b r a t e d  b y  m e a n s  of a ,,S i n e x ,f e l e c t r i c a l  

v i b r a t o r  w h i c h  g a v e  6 , 000 b l o w s  a mi n u t e .  T h e  top surface 

of t h e  s p e c i m e n  was f i n i s h e d  s m o o t h  a nd f l u s h  w i t h  the u p p e r  

edge of t h e  forms.

A s  e a c h  s p e c i m e n  w e i g h e d  n e a r l y  2 cwt. t h e i r  

t r a n s p o r t  p r e s e n t e d  difficulties. A f t e r  2 4  h o u r s  t he forms 

w e r e  r e m o v e d  a n d  the s p e c i m e n  s l i d  f r o m  the v i b r a t i n g  table 

on  to a t r o l l e y  t h e  t o p  of w h i c h  was level w i t h  th e 

v i b r a t i n g  table. T h e  s p e c i m e n  v/as t h e n  w h e e l e d  to the 

s t o rage b e d  a n d  l o w e r e d  b y  m e a n s  of  a grab a n d  p u l l e y .

The s p e c i m e n s  v/ere c o v e r e d  w i t h  damp sacks u n t i l  

the t i m e  of testing.

The m a i n  o b ject of t h i s  s e r i e s  of tests w a s  to 

d e t e r m i n e  the effect of the r e i n f o r c e m e n t  on t h e  f a i l i n g  

load, t h e r e f o r e  as m a n y  different systems of r e i n f o r c e m e n t  

as p o s s i b l e  were used. W i t h  one e x c e p t i o n  t he reinf o r c e m e n t  

u s e d  was o r d i n a r y  m i l d  steel w i t h  a y i e l d  point s t ress of 

4 0 , 0 0 0  lb. p e r  sa.in. T h e  different c o m b i n a t i o n  of  b a r s  

u s e d  t o g e t h e r  w i t h  p a r t i c u l a r s  of the specimen number, a nd 

a r e a  a n d  p e r i m e t e r  of r e i n f orcement u s e d  are g i v e n  in 

T a b l e s  4  a n d  5. T h e  r e i n f o r c e m e n t  v/as in e ach case w i r e d  

t o g e t h e r  w i t h  soft s t e e l  tying w i r e  to f o r m  a m e s h  a n d  the

c o v e r  g i ven on the u n d e r s i d e  m s  g-in. T h e  b a r s  w e r e  in 
e v e r y  case 1ft. 9ins. long thus g i v i n g  lgins. end cover.
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In addition to these slabs, cubes and tension 

specimens were also 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 previously found that without the waist the 
local stresses at the bearing surfaces cause^jd 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 -f- 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.



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 29 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 designed 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 -J- 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 cylinder. 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.



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 be-lov/ the floor level, the concrete is 
reinforced near 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 inside, of stout timbers strapped with steel channels 
rests. This box contains 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 lowering 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, E, is attached: by
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means of a telescope, G, focussed on to this scale the 
deflection of the slah is measured. This scale is of 
such a length that it is approximately horizontal with the 
Ames dial on the load-measuring rings this enables both 
scale and dial to be seen simultaneously in the telescope

The load is applied by the ram of the jack 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, 3 /g wide and J%. 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:)



were taken. These are shown in a graphical form on page
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 lb. 
per square inch the water is taken from the high pressure 
mains, for pressure greater than this an intensifier is 
used. As the load 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 ofSpecimen Ho. Thus Reinforcement 
each way Area square 

inches each 
way

Perimeter incfuts 
* Iteach way

A 7 Hone -
B 4 6 - £ in. diameter 1.14 3.0
Q 3 5 - ti 0.98 2.5
H 2 4 - n 0.78 2.0
C 2 8 - £ in. diameter 0.88 3.00
S 2 7 - ii 0.77 2.62
D 2 6 - n 0.66 2.25
R 2 4 - n 0.44 1.5
E 2 8 - 5/1611 diameter 0.61 2.59
U 2 7 - ii 0.53 2.19
E 2 6 - it 0.45 1.88
T 2 4 - ii 0.30 1.25G 2 8 - £ in. diameter 0.39 2.00
V 2 7 - ii 0.34 1.75H 2 6 - ii 0.29 1.50
J 2 4 - ii 0.19 1.00
W 3 10 - 3/16M diameter 0.27 1.87
X 3 8 - ii 0.22 1.50y 2 6 - ti 0.16 1.13z 2 4 - ii 0.11 0.751 20 - •§• in. diameter 0.25 2.50
/* 2 16 ii 0.20 2.00if 2 12 ii 0.15 1.50$ 2 8 ii 0.10 1.00
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Table 5 - Details of Reinforcement in Slabs
Hooked Bars.

Type of Specimen Ho. Thus Reinforcement 
each way Area square inches each 

way
Perimeter indi 

-  IT
each way

K 2 8 - J- in. diameter 0.88 3.00
L 4 6 _ it 0.66 2.25
P 2 8 - 5/16" diameter 0.61 2.50
0 3 6 u 0.45 1.88
M 2 6 - in. diameter 0.29 1.50

1 layer Ho.22
e 1 gauge expanded

metal
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CHAPTER VIII.
TESTS ON CONCRETE BASES.
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CHAPTER VIII - TESTS OK 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 3? which are in Appendix 1L . For specimens 
A7, B3, B4, G2 and X2 the increase in deflection with the 
load is given graphically on pages ICS'M* 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 .01 in. for 500 lb. 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 .01 in. for 2500 lb. 
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 / 
so (to#) as 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 in dependant 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:

11 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 rejected when discussing the values of the failing 
loads.

A further examination of the graphs for A7, B4, 
G-2 and X8 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 
X and II for B3 are not as s as those for B4 showing 
that the bed was not so compact. As. 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 consistency 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 are 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.

The results are also shown on the graphs on pages 
These give the relationship between the strength 

and the area and perimeter of the reinforcement. 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 
tv/o specimens.
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Table 6 - Tests on Slabs reinforced with Straight bars.

Type of Failing Load Failing Load AverageSpecimen Specimen No* 1 Specimen Ro* 2 Load (lb.)

A 2 & A3 10550 10550 10550A5
A4 & A7 12400

14250 14950 13870
B 44400 44500 44450
4 40600 40600 40600H 32600 33900 33300C 44200 45100 44700S 41900 41900 41900D 34600 36700 35600R 27400 30100 28750S 41200 42500 41900U 39800 38600 39200F 31300 32500 31900T 29050 29350 29200G 38300 41300 39800V 38200 36600 37400H 29700 30600 30200J 23100 22500 22800W 41200 41500 41350X 34500 31700 33100y 28200 27900 28050z 21800 23900 2285034200 - 3420031200 29700 3045025200 24800 2500019920 19800 1986027600 27600



Table 7 - Tests on Slabs reinforced with Hooked Bars

Type of Specimen
Failing Load 
Specimen No. 1

Failing Load 
Specimen No. 2 Average Load (lb.)

K 56600 55000 55800
L 4 in.sq. 53000 49900 51450stan.
L 7 in.sq. 70000 77000 73500stan.

P 49900 46500 48200
0 44100 46400 45250
M 41000 41300 41150
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Compressive Strength of Concrete (after 7 days)*
Specimens made in October,1938 - 3540 lb. per sq. in.
Specimens made in March, 1939 - 4100 lb. 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 lb. per sq. in.

Ultimate Bond Stress.
The value obtained from the upull-out" tests on 

a f in. diameter bar was 608 lb. 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 i 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 bars. Similar 
failures were noticed in the slabs which were reinforced 
with 3/16 in. diameter bars.



Plates 15 and 14. These show a failure where the cracks
are smaller hut 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 hoth 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 
limit.



Plate 9 - Fa\ lore of- 1type B S|pecimen



Plare 10 -  Failure of Type ^  Specimen

L
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Plate 15 - Failure of Type L. Specimen



Piaffe 1€  - Faillore ol  fype  1L  Specim en view)
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£ 17 -  Failure of T\/pe bC Specimen
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Calculation of Theoretical Bailing 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.
1 . flailing due to crushing under stancheon.

(a) Early stages of work c = 3540 lb* per sq. in* 
flailing load = 16 x 3540 = 56600 lb*

(b) Later stages of work c = 4100 lb. per sq. in* 
flailing load = 16 x 4100 = 65600 lb.

2 . flailure 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 
4 3

gravity of the 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 = 7.2ine 
To check up x use is made of the unreinforced specimens 
series A.
Specimens A1 and A3-

Tensile strength = 224 lb* per sq. in*
Resistance moment = (224 x 24 x 42 x l) in. lb*

6flailing load = 10550 lb.
Giving x = 6*64 ins.

Specimens A4* A5 and A7*
Tensile strength =: 287 lb. per sq. in.

Resistance Moment = (287 x 24 x 42x l) in. lb.
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Average Failing load a 13870 lb*
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 that the bending
moment may be expressed by the formula

To test the validity of the formula it can be 
applied to the specimens A1 and A3, taking K the subffade 
modulus as 100 lb. per cu. in. and E for concrete = 2.66 xlO6 

lb. per sq. i n . _______________ ___
This gives A  » / 10^x 6________/ J 24 x 64 x 2.66 X 10°

Hence M = 10550 x 51.2 
8

= 67500 in. lb.
A value which is hopelessly out of proportion 

to the actual value showing that the mathematical analysis 
given on pages 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-tensior



theory is therefore impossible# This theory is used to 
calculate the safe loads and 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 = 40>000 = 11.5
Cube strength

2 . Safe stress in concrete = Cube strength =3
1150 lb. per sq. in.

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 th^ 
are not given in detail. A table of values for a number 
of different reinforcement areas is given in the table be2c*

Area ofReinforcement 0.1 0.2 0.4 0.6 0.8 1.0 1.2sq/- «vs.
Safe Load 3710 7400 14820 2220 0 29600 37000 39400

lb.

3. failure due to shear.
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^3 certain assumptions are given with 
regard to the calculation of the failing loads due to 
excessive plain shear. On applying the method based on



these assumptions to the problem under consideration the
following values are obtained for the failing load, taking
the ultimate shear strength of the concrete as 1  of cube

10strength, i.e. 350 lb. per sq. in. and the yield point 
stress in the steel as 40,000 lb. per sq. inch.
Area of
Reinforcement None 0.1 0.2 0.4 0.6 0.8 1 . 0

Railing Load(lb.) 59500 61500 64800 70100 75400 80700 86100

The area of reinforcement is given in square inches each way
If it is assumed (l) 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 groundp?essure is uniform, then the ultimate load
taken by the specimens in punching shear is 44800 lb.
4. Failure 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,

S-J-, =s S_ (see standard text books) 
ao

In applying this formula to a column base the 
following assumptions will be made.
1. That S = upward shear force along planes YY and Y3Y 1  

(see Figure CL )•
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2. That o = total perimeter of bars cut by planes XX.
3. That the ground pressure is uniform.
4. That in the case under consideration = 608 lh. persq. in.

The calculation of the failing load is then quite 
simple and values for different perimeters of bar® are given 
in the table below:

Perimeter of 0.5TT 1.01T 1.5TT 2.0TT 2.5'HT 3TTbars. ins.
Ultimate Load 4050 8100 12150 16200 20300 24300lb.

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

M s S ^ x i o x l x a  (see standard text books)

In applying this formula to the case under consideration 
the following assumptions will be made -
1. That M a W (6.64 - 1.33).

4
2 . That 1 =2 length from centre of specimen to end of

reinforcement, i.e. 1 0 ^ 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. ins. 0.5TC 1.01* 1.5 IT 2.0^ 2.5TT 3If
Ultimate load 

lb. 24100 48200 72300 96400 120500 144600



Comparison between loads carried by 7 in* sq. 
and 4 in* so# Btancheons.

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

If failure is 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 (6.64 in. - 2.33 in.) i.e. from 5.31 in. to
4.31 in. which corresponds to a 20$ increase in load.o

If failure is due to shear along the 45 _ 
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. atancheon increases the load 
carried from 51,450 to 73,500 lb., 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. sq. stancheon 
the concrete is stressed almost to failure consequently it 
is not able to take the full flexural load.



It is interesting to apply the table given 
on page at 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 ,0 0 0 lb. load 
4 ins# wide is 788 lb. per sq. in.: for a 7 in. wide load
it is 575 lb. 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. As Westergaards figures are based on 
strength in flexure it gives added! support to show that the 
failure of the base was due to this.



CHAPTER IX
DISCUSS ION OP RESULTS Off TESTS 

ON CONCRETE BASES.



CHAPTER XX
DISCUSSIOH OP-RESULTS OF TESTS OH CONCRETE BASES.

The discussion of the results of the tests 
carried out hy examining the graphs shown on pages 
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.
1# That the slope of each line increases as the bar 
diameter decreases and for the smallest diameter bars 
(3/16 in. and ■§• 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 % 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



following interesting points:
1. The increase in strength due to the use of a hooked har 
instead of a straight bar,
2. The £ in. diameter hooked bar lies on the same line as 
the 3/16 in, aid £ in, diameter straight bars.

The tests on the 7 in. square stancheon show 
that failure of the base is due to flexure and not 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-area graph shows that for diameter
bars the failure is due to the steel^being overstressed.
The failure in this case being by cracks along the centre 
lines (plate 1 2 ).

The failure of 5/16 in. and £ in. diameter 
bars as shown on plate n  and 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 £ in. and ■§■ in. bars can

be expressed from the following formula



P - Po* K,d
where P - failing load

P0= failing load of unreinforced specimen.
K( s a constant independant of bar diameter 
d s diameter of bar

The value of K obtained from the experiment = 3620 
Prom theoretical considerations it is obvious that 

K\z S x o x 1 x a. 
where S = bond stress.

0 = perimeter of bars.
1  ■ anchorage length, 
a ■ 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 Kfthe value obtained for §b is only 256 
per sq. in. This value is considerably less than that 
obtained from the "pull-out" tests but it must be 
remembered that 256 lb. per sq. in. is the valtie of the 
average bond stress and that the maximum value is much 
greater than this. Hajnal-Konji (18) has shown that 
the bond stress near a cracked section is very much 
higher than the average value. These tests show very 
conclusively that bars used in column bases must have 
adequate grip length.
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The load-area graphs show that for “both -J- 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 = P0* K2A
where K2 s a constant depending on bar diameter and 

A a area of reinforcement.
The relationship between K2 and Kp is as

folloY/s:
K2 * Ki x 4A 

d.
The fact that Kg 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 Kg 
obtained from the gra,ph with those obtained from the 
formula given above when kp is taken as 3620 lb. per inch.

Bar Diameter
£

5/16
£

Kg (actual) 
32000 
40000 
49200

K2 ( c a l c u l a t e d )  
29000 
38600 
46500

81000 58000



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 fcr 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:
BarDiam eter -Sin. f - in . 5,a6in. -Jin. 3L 6in. -fin
Grip
Length
without
hooks 2ft.5-fin. lft.lOfin. lft.6fin. lft.2-fin. llin. 7-fin
Grip
Lengthw ith
hooks - 1ft. 5in. lft.2in. Ilf in.

The grip length available was lOf in. thus only 
the 3/l6 in. and •§• in. diameter straight bars and the f in 
diameter hooked bars were adequately anchored, and it is 
noticed that bases reinforced with these bars all showed 
the same type of failure.

Failure due to excessive tension in steel.
The "load-area" graph shows that for bars which 

are properly anchored the relationship between load and
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area is independant of the har diameter and can be 
expressed as follows:

P - .Po +  K3A
where Po" load taken by unreinforced specimen.

K3- a constant independant of bar diameter.
A * area of reinforcement.
The value of K 3 obtained from the experiments 

was 113,000 lb. per sq. in.
It has already been shown that the bending

moment due to a load P = 5.33 x P. Prom theoretical
4

considerations (on the straight line no tension theory) 
it can be shown that

Kv = 4 x t x a
5.33

vrtiere t - stress in steel.
a = depth of lever arm.

The value of the steel stress at failure to 
correspond with the value of K 3 obtained from experiment 
is 53,000 lb. per sq. 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 
bases was never stressed beyond the yield point.



D r. H a jn a l  -  K onyi (1 8 ) h a s  g iv e n  a  fo rm u la
f o r  c a l c u l a t i n g  th e  lo a d  a t  f a i l u r e  w hich  h a s  b een
d e v e lo p e d  on th e  a s su m p tio n  t h a t  f a i l u r e  i s  a lw ays due to
c r u s h in g  o f  th e  c o n c r e t e .  I n  h i s  p a p e r  he g iv e s  a
s e r i e s  o f  c u rv e s  show ing  th e  r e l a t i o n s h i p  b e tw een

H and p ( t h e  p e r c e n ta g e  o f  r e in f o r c e m e n t)  f o r  v a r y in g  
bd o-yv a lu e s  o f ^ y  w here 

<TPM = moment a t  f a i l u r e .
b = d th  and d = d e p th  o f  s e c t i o n .

^  I  y i e l d  p o i n t  s t r e s s  i n  s t e e l  p r is m  s t r e n g t h  o f  c o n c r e te .
«• J  x  cube s t r e n g t h .

I n  th e  c a se  u n d e r c o n s id e r a t i o n
» 4 0 ,0 0 0  l b .  p e r  s q .  i n .

o~p = |  x  4100 s 3080 l b .  p e r  s q .  i n .
T h e r e f o r e — - -  1 3 .
Talcing p a 0 .5  p e r  c e n t ,  H a 0 .0 0 6 .

bdg—
y2T h e r e fo re  H -  3 .3 1  x  24 x  40000 x  0 .0 0 6

» 6 3 ,1 0 0  i n . l b .
But M -  5 .3 3  TV 4

T h e re fo re  T h e o r e t i c a l  f a i l i n g  lo a d  -  47500 l b .
A p e r c e n ta g e  o f  0 .5  p e r  c e n t  c o r re s p o n d s  to  an 

a r e a  o f  0 .3 9 6  s q .  i n s .  Prom th e  g ra p h  th e  a c t u a l  f a i l i n g  
lo a d  f o r  t h i s  a r e a  -  5 2 ,5 0 0  l b . ,  a  v a lu e  w hich  shov/s f a i r l y  
good ag re em e n t w ith  H a jn a l  -  K o n y i.



14&
Load F a c t o r .

The v a lu e  of th e  s a f e  lo a d s  c a l c u l a t e d  on p ag e  i w  

a r e  g iv e n  on th e  l o a d - a r e a  g rap h *  I t  i s  se en  t h a t  in  
th e  c a s e  w here b a r s  a r e  p r o p e r ly  a n c h o re d  th e  lo a d  f a c t o r  
(more commonly called the factor of safety) is 
approximately 4, the value which is aimed at in design.

Most concrete structures show a much lower 
value than this, numerous tests on columns show a load 
factor v a r y in g  b e tw ee n  2 .5  and 2 .8 .

The v a lu e s  f o r  th e  s a f e  lo a d  g iv e n  on p ag e  
w ere o b ta in e d  by a ssu m in g  a p a r a b o l i c  p r e s s u r e  
d i s t r i b u t i o n .  I f  th e  p r a c t i c a l  d e s ig n  m ethod  
a ssu m in g  u n ifo rm  p r e s s u r e  h ad  b ee n  u se d  th e  s a f e  lo a d  
w ould  h av e  b ee n  lo w e r  and an even  g r e a t e r  v a lu e  
o b ta in e d  f o r  th e  f a c t o r  o f  s a f e t y .
P u n c h in g  S h ea r S t r e s s e s .

I t  i s  se e n  t h a t  th e r e  i s  no a p p a re n t  
r e l a t i o n s h i p  b e tw een  th e  p u n c h in g  s h e a r  s t r e s s  and  th e  
f a i l i n g  l o a d .  Some sp ec im en s f a i l e d  when th e  
p u n c h in g  s h e a r  s t r e s s  was a s  low  as 200 l b .  p e r  s q .  i n .  
w h i l s t  f o r  o th e r s  v a lu e s  a s  h ig h  a s  700 l b .  p e r  s q .  i n .  
w ere o b ta in e d .  T hese r e s u l t s  show c o n c lu s iv e ly  t h a t  
t h e r e  i s  no o b j e c t  i n  l i m i t i n g  th e  p u n c h in g  s h e a r  to  
tw ic e  th e  p e rmi s s i b 1e she a r .
O rd in a ry  Sh e a r  S t r e s s e s .

The v a lu e s  g iv e n  on p ag e  f o r  th e  u l t im a te
s t r e n g t h  i n  s h e a r  a r e  a l l  g r e a t e r  th a n  th e  a c t u a l  lo a d s



carried, t h e r e f o r e  f a i l u r e  due to  s h e a r  was n o t to  he
e x p e c te d .  I t  h a s  a l r e a d y  h ee n  m e n tio n e d  t h a t  t h i s  was

«so and t h a t  a l l  th e  b a s e s  f a i l e d  h 3>' f l e x u r e .



CHAPTER X
CONCLUSIONS m m  THE t e s t s  and su g g estio n s  

EOR FURTHER INVESTIGATION.



C H A P T E R  X .

COITCLUSIOHS FROM THE TESTS AMD SUGGESTIONS
FOR FURTHER IFVFSTIGATIOH.

I t  I s  in te n d e d  i n  t h i s  c h a p te r  to  sum m arise th e  
r e s u l t s  o f  th e  worh and to  s u g g e s t  some l i n e s  on w hich  
f u r t h e r  r e s e a r c h  c o u ld  he c a r r i e d  o u t .
C o n c lu s io n s  fro m  th e  t e s t s .
1 . The s t r e n g t h  o f  a  g iv e n  h a s e  d ep end s on th e  s o i l  on 
w h ich  i t  i s  "bedded, th e  s t r e n g t h  b e in g  g r e a t e s t  on w e l l  
com pacted  sa n d s  and l e a s t  on w et clays.
2 . "When a  colum n b a s e  f a i l s  in  s h e a r  such  f a i l u r e  o c c u rs

oa lo n g  p la n e s  a t  45 ^ : ' to  th e  d i r e c t i o n  o f  lo a d in g .
Thus C lau se  810 o f  th e  Hew Code can  be a p p l i e d  to  i s o l a t e d  
colum n b a s e s  and i s  th e  o n ly  s h e a r  c r i t e r i o n  t h a t  sh o u ld
be a p p l i e d .
3 . F a i l u r e  o f  a  colum n b a s e  n e v e r  o c c u rs  by 
s h e a r .  T here  i s  t h e r e f o r e  no j u s t i f i c a t i o n  
t h e  p u n c h in g  s h e a r  to  any p a r t i c u l a r  v a lu e  a s

p u n c h in g  
f o r  l i m i t i n g  

i n  th e  L .C .C
R e g u la t i o n s .
4 .  F a i l u r e  o f  a  t h i n  s e c t i o n  colum n b a se  i s  g e n e r a l l y  due 
to  f l e x u r e  and  n o t  s h e a r .
5 .  I t  i s  m ost im p o r ta n t  to  u se  b a r s  w h i c h  a r e  p r o p e r ly  
a n c h o re d . The g r ip  l e n g th  su g g e s te d  by th e  Hew Code i s  
a d e q u a te  i n  colum n b a s e s .
6 . vftien f a i l u r e  i s  due to  f l e x u r e  colum n b a s e s  d e s ig n e d  on 
th e  e l a s t i c  no t e n s io n  th e o r y  h a f e a  lo a d  f a c t o r  ( f a c t o r  o f  
s a f e t y )  o f  4 .



Suggestions 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 Rew Code Regulations 810 
applies to column base design the shearing stresses will
be higher in a pyramidal base than one of uniform thick^njss 
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 w ould

<3*3$
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some u s e f u l  i n f o r m a t io n .  The A u th o r r e a l i s e s  th e  
in a d e q u a c y  o f  th e  p r e s e n t  s e r i e s  o f  t e s t s  to  p ro v id e  
thi s  i n f o r m a t io n .
4 , When f a i l u r e  due to  s h e a r  h a s  b een  i n v e s t i g a t e d  a 
s e r i e s  o f  t e s t s  m irh t  he  c a r r i e d  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 slah, or (h) hars bent 
up across the 45 degrees plane of fracture.



APPENDIX*
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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 and as seen in Plate 7 and Figures 20 -
23.
Data.

Capacity of machine = 100 tons.
Safety stress in steel in

tension or compression = 8 tons per sq. in.
Safe stress in steel in shear = 6 tons per sq. in.

Top Beam.
Span s 7 ft.: point load = 100 tons.

H = 100 x 7 x 3 = 2100 in. tons.
3

Z 2 2100 2 263 in units.8
Use 2 - 2 2  in. x 7 in. x 75 lb. B.S.B. giving 

total Z of 2 x 152.4 = 304.8 in ^ units.
Rivets at ends.

Load taken by £ in. rivet in single shear - 3.61 toas
Bo. of rivets required = 50 = 14

for shear between 3.61 beam and stancheon.
Bo. provided = 17

At the ends of the beam the group of rivets
have to resist bending in addition to shear.

Bending moment on group
s 50 x 2 3 100 in. tons in bending.

Let P « load taken by rivet furthest away from
centre (see Figure Q-\ ).

K 9



Then resistance of group
= 4P (7-g + 4 i x 4 i  + l i x  li)

7i 7f

= 4P(7.5 + 2.7 + 0.3)
a 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.
Therefore Load per rivet in shear =• 40.4 = 3.35 tons.

12
Therefore Resultant maximum load on rivet 

s J 3 .3 5 2 + 2.372 = 4.0 tons.
Load taken by i in. rivet in single shear = 3.61 tons. 
Hence there is a slight deficiency but as the two rivets 
in direct tension will also take a certain amount of 
bending the joint can be justly assumed safe.
Stancheons.

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

Area required = 5 0  = 6,25 sq. ins.
8

Use 1 - 1 5  in. x 6 in. x 59 lb. B.S.B. giving 17.35.
sq.ins

This heavy section being taken because of the thick 
web which ensures that bearing load of rivets is greater 
than single shear load.



Bottom Beam

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 - l) x 12 = 1500 in. tons.

Required Z = 187.5 in 3 units.
Use 2 - 1 8  in. x 6 in. x 55 lb. B.S.B. giving total Z of 

2 x 93.5 = 187.0 in 3 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 IMkj25 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
a 4P(6 + 1 . 3 ) =  30P.

2
Therefore P = 100 = 3.33 tons.

30
Therefore Resultant maximum load per rivet 

= I2 .5 2 +• 3.33s a 4.16 tons.



Using 1 in* diameter rivets load taken in single 
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 sq. in.

Steel hall = 2j in. diameter.
Contact area required = 100 = 5. sq. ins.

20

Surface area given by design 
= 2 IT x 1.25 x f =* 4.9 sq. ins.

Balance Weights.
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 lb. were required. The ultimate load taken by 
the wire carrying them was 2000 lb. giving a factor of 
safety of 8.
Plates for Pulleys carrying Balance Weights.

Span » 9 in. Load = 250 lb.
M = 9 x 250 = 546 in. lb.

4 2
2 = 564 = .0315 in ^ units.

8 x 2240



t£ 3

With 2 in* x i in. plate
Z = 2 x l x l  = .084 in ® units.

4 6
Therefore 2 in. x i 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 sq. ft. = 100 =2.2 tons.
7 x 6.5

Cantilever bending moment on reinforced concrete
foundation = 2.2 x 2240 x 3^ x 6

= 266*000 in. lb. per ft. width.
Area of steel required = 266.000______

18000 x .86 x 15.
= 1.14 sq. ins.

Use 2 - -g in. diameters bars giving 1.20 sq. ins.
Box carrying sand.

The internal dimensions of the box are 3 ft. 6 ins.
sq. It is assumed in design that the 100 ton load is
spread over the whole surface giving a surcharge of
100o a 8.30 tons per sq. ft. The sand is assumed to have 3.5
an angle of repose of 30 degrees, therefore the horizontal
pressure exerted by this surcharge

= 8.30 x 1 - sin 30oa 8.30 = 2.75 tons per sq. ft.
1 + sin 30° 3

Span of channels at side » 4 ft.O ins. (say).
Assuming channels partly encastre at ends.



15*4

M = 2,75 x 42 x 1.0 = 44 in. tons.
gTherefore required Z = 44 = 5.5 in units.8

Use 6 in. x 3 in. x 12.41 lb. Channel having Z = 7.09
in. 3 units.

Shear at ends = 2.75 x 3.5 x i = 4.82 tons.
Load carried by § in. rivet =1.84 tons.
Use 4 - § in. rivets.
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KSIBKJHCaGH S : -  TOJKSIOTOIKCD

Specim en Bo: A1 Spec line n H o : A2
D ata Hade 2 1 - 9 - 3 8 D ate Hade 3 — 10 -  38
D ata T e s te d 19 -1 0  -  38 D ate  T e s te d 10 -  10 -  38

D ia lH ead in g Load
lb .

D e f le c t io n  
( i n ) D ia lH ead in g Hoadlb D e f l e c t i o n  ( in )

180 0 00 188 - .0 0

200 3130 .0 8 200 3400 .0 4

215 7410 .1 2 215 7600 .0 8
230 11710 .135 225 10550 f a i l e d
231 12000 f a i l e d

H ernarks: 28 d ay s t e s t H am arks: B ed s a t i s f a c t o r y

Specim en ilo ; A3 Specirne n ilo : A4
D ate Hade 14 -  10 -  38 D at a Hade 1 8 - 1 - 3 9
D ata T e s te d 21 -  10 -  38 D ate  Te s t e d 2 5 - 1 - 3 9

D ia lH ead in g Hoadlb D ef l e  c t io n  ( i n )
D ia lH ead in g Hoadlb D e f le c t io n  ( i n )

199 - .0 0 1 9 8 .5 - .0 0
200 313 0 .0 7 215 4700 .06
215 7410 .1 0 230 8980 .07
226 10550 f a i l e d 240 11830 .08

248 • 5 14250 f a i l e d

Hemarks : Dad s a t i s f a c t o r y H em arks: B rasil
s a t i s t

Cem ent; Bed 
‘a c to r y



TABL3 8 (contd) nr-! q r;i qj_i i j a & on TYRO A  SDRGIHDITS.

RDIHPORGDLIDHT •• ** UItR D I H R O R C D D

S p e cimen no : A 5 Spe cimen Ho: A7

Date Hade 23 - 1 - 39 Date H a d e  2 1 - 3 - 3 9

Date Tested 30 - 1 - 39 Date Tested 2 8 - 3 - 3 9

D i a l  L o a d  
R e a d i n g  lb

D e f l e c t i o n  
( in )

Dial
R e a d i n g

L o a d  D e f l e c t i o n  
lb ' i n s )

l & Z . S - .00 133.5 .00

215 4990 .07 150 470 0  .07

2 3 0 9270 .10 165 8980 .10

240 12000 .11 180 13260 .11

241*5 124C0 f a iled 186 14950 failed

R e m a r k  s : Rresli cement R e m a r k s : Dresli Cement &  aggregate

Red sat i s f a c t o r y B e d  s a t i s f a c t o r y

Specimen 11o : A6

Date H ade 14 - 2 - 3 9

Dat e Tested 21 - 2 - 3 9

Dia l
Readi;

load.
n g  lb

D e f l e c t i o n  
(i n s )

i  *4 - .00

155 342 0 .09

170 7700 .12

185 11950 .14

185. 5 12100 f a iled

R e m a r k s  : D i r t y  a g g r e g a t e
Reel s a t i s f a c t o r y



9 on PYPR B Specimens

BJIHBORCBIIRBO? - 6 - -̂,T diam. bars each. v/ay.

S p e cimen Ho; B1 S p e c i m e n H o : 32

B at e Had e 26 - 9 - 3 8 Bate H a d e 28 - 10 - 38

Bate Pest ed 3 -10 - 58 Bate f e s t e d 4 - 11 - 38

B i a l
R e a d i n g
f *  (* r  •* f *O O O O O O C

l o a d
lb

B e f l e c t i o n  
(i n s )

Bial
R e a d i n g

L o a d
lb

B e f l e e t i o n  
(i n s )

188 - .00 187.5 - .00

2 2 5 4 8 4 0 200 3 5 7 0 .07

2 5 0 11960 .24 215 7830 .10

2 7 5 19080 .28 230 121X0 .12

3 0 0 26200 .32 240 14760 .13

3 2 5 3 3 3 2 0 .38 250 17610 .145

333 4 1 400 failed 260 2 0 460 .16

270 23310 .17

285 2 7 580 .175

300 31860 .19

315 3 6 1 3 0 .21

330 40410 .23

343 44400 f a i l e d

Re m a r k s  : P o o r  result; B e d

not s u f f i c i e n t l y  C o m p a c t e d

R e m a r k s : B e d  s a t i s f a c t o r y



T5TIT7iUlliU U i

P A BLO 9 (contd) PH 3 PS OH PYP3 td I C
O

i i
d

15^
3CI1.E1IS

iPOHCBI.IBBP - 6 - Dj-xu.i. D a HS -n ,, r»Tj '.7AY.

S p e c i m e n  H o : S 3 Specimen IIo B 4

Date H ade 7 - 12 - 38 Date H a d e 3 1 - 1 - 3 9

Date P a s t e d  14 - 12 - 38 Date P a s t e d 7 - 2 - 3 9

D ial L o a d D e f l e c t i o n Dial Loa d D a f i e c t i o n
H e a d i n g lb (i n s ) H e a d i n g lb (i n s )

188 - .00 145 - .00

200 5 4 2 0 • 15 160 4280 .07

215 770 0 • 25 175 8550 .095

230 11980 .30 190 12830 .11

240 14830 • 33 200 15680 .12

250 17680 • 36 210 18530 .13

260 20530 .39 220 21380 .14

270 23380 .41 230 24230 • 15

285 2 7 660 . 44 245 28500 .15 5

300 3 1 9 0 0 .49 260 32780 .18

302 3 2 5 0 0 failed 275 37050 • 195

290 41330 99
301 44500 f a i l e d

H e m a r k s : P o or r e su 11 ; D a d H e m a r k s : B e d

not s u f f i c i e n t l y Satisf acto r y

c o m p a c t e d



p^TTjpfYppTrr

TABLE 10 S3STS OB T jB?3 0 SPDCIIDirg, ISS

.ro-I'IT - 8 - % " DIALI. B_ui3 B A C H  H A Y

S p e c i m e n Ho: Cl Specimen Ho: 02

Date Had e 10 - 10 - 38 Date H a d e 7 - 1 1 - 3 8

Date Tested 17 - 10 - 38 Date T gisted 14 - 11 - 38

D i a l L o a d D e f l e c t i o n Dial L o a d D e f l e c t i o n
B e a d i n g lb (i n s ) B e a d i n g lb (i n s )

180 - .00 189 - .00

200 3 1 3 0 .10 200 3 130 .06

215 7400 .11 215 7400 .09

230 11780 . loo 230 11780 .12

245 16050 • 15 240 14630 .14

260 20330 .17 250 17430 .15

275 24600 .19 260 20330 .16

£ 9 0 28380 .20 270 23180 .18

305 3 3 150 .22 235 37460 .20

3 2 0 3 7 4 3 0 .25 rr r\ r\O'J'J 3 1 7 3 0 .21

335 4 1 7 0 0 .27 315 3 6 0 0 0 .24

3 4 4 4 4 200 failed 3 3 0 4 0 2 8 0 .26

345 4 4 9 0 0 • 31

347 4 5 1 0 0 failed

Bemarki Remarks: B e d  s a t i s f a c t o r yB e d  s a t i s f a c t o r y



fABID 11 C D S 23 Oil 2YPB D SrDOIUBiTS

HL'iifj?oac2.si,r5; )- 6 — :5 e DIHLI. s . a s  B a o h Y Ll I

Specimen H o : D1 S p e c i m e n  Do: D2

Date Hade 5 - 1 0 - 33 Date H a d e 8 - 1 1 - 3 8

Date Ses'ted 12 - 10 - 38 Dat e T  ested 15 - 11 - 38

D i a l
R e a d i n g

L o a d
no

D e f l e c t i o n
(ins)

Dial
B e a d i n g

L o a d
l b

D e f l e c t i o n  
(i n s )

1 3V.5 - .00 189 - .00

200 3 5 7 0 -J-Q6 200 3130 .08

225 10690 .11 215 7400 .14

250 17810 .14 230 11780 .19

260 20460 . lo 240 14630 .22

275 24730 .17 250 17480 . 24

285 2Qf580 .18 260 20330 .27

3 0 0 3 1 8 6 0 . 20 270 23180 .29

309 3 4 6 0 0 f a iled 285 27460 • 32

3 0 0 31730 .35

315 36000 .41

317.5 36700 f a i l e d

Remarks: B e d  s a t i s f a c t o r y R e m a r k s B e d  s a t i s f a c t o r y



JIVa* *

2431,3 12 E3S2S OU 2X33 3 SPDCIIZSirs

EITB0BCBIL3HT - 8
5
/ I S " -  DI4I. B4iS 3iaOH Y/AY.

Sp e c i m e n  IIo: 31 S p e cimen Ho: 3 2

Date Hade 18 - 10 - 33 Date llade 11 - 11 - 38

Bate Tested 25 - 10 - 38 Date T e s t e d 18 - 11 - 38

D i a l L o a d D e f l e c t i o n Dial L o a d D e f l e c t i o n
H e a d i n g lb (i n s ) H e a d i n g lb (ins)

18$ - .00 190 - .00

£00 3 1 3 0 .06 200 2850 • 06

£15 7400 .085 215 7120 .09

£30 11780 .10 £30 11400 .11

£45 16050 .13 240 14250 .12

£60 20330 .15 250 17100 . l3o

£75 24610 .17 260 19950 .15

£ 90 28890 .19 270 22800 .16

305 3 3 160 .20 285 27070 .18

32 0 37440 .24 300 3 1 3 5 0 .20

\DOiD « O 41200 f a i l e d 315 3 5 6 2 0 .22

330 39900 .24

339 4 2 500 f a i l e d

He marlcs : L e d  s a t i s f a c t o r y Hemarksi: B e d  s a t i s f a c t o r y



142.2ABIJ3 13 23323 Oil 2YP3 H SP3CILIBH3

HBI HBQH OBI.I3H 2 -  6 - 5 / l 6 "  31311. 3A3S BACH Y/AY.

Spe c i m e n Ho: HI Specimen H o : H 2

Dat e H a d e 7 - 1 0 - 3 8 Da t e  Hade 15 - 11 - 38

. Bate fasted 14 - 10 - 38 Date Tested 22 - 11 - 38

Dial L o a d D e f l e c t i o n Dial L o a d D e f l e c t i o n
H e a d i n g IB (i n s ) H e a d i n g IB ( i n s )

188 - .00 190 - .00

200 3420 .04 200 2850 • 05

215 7700 • 045 215 7120 .07

230 11980 .055 230 11400 .09

245 16260 .08 240 14250 .10

260 20540 .10 250 17100 .11

275 24810 .125 260 19950 .12

290 29090 .145 270 22800 . 135

298 31 3 0 0 failed 285 27070 .16

300 31350 .19

304 32500 failed

: Bed. s a t i s f a c t o r yRemarks H e m a r k s B a d  s a t i s f a c t o r y



163
14 E3SES Oil BYRD G GDDCII.IUUS

RJj I HHORGLI.GH £ - 8 - 2jr4 Dliill. B.J23 B A C K  \/AY.

Sp e c i m e n ITo: Grl S p e c i m e n H o : 02

Dat e Hade 26 - 1 0 - 3 3 Dat e Hade 16 - 11 - 38

Bate fested 2 - 11 - 38 Date r e sted 23 - 11 - 38

Dial L o a d D e f l e c t i o n Dia l L o a d  D e f l e c t i o n
R e a d i n g lb (i n s ) R e a d i n g lb (i n s )

189 - .00 189 - .00

2 0 0 3 1 3 0 .07 200 3130 .05

2 1 5 7400 .10 215 7400 . 06

2 3 0 11780 .12 230 11780 .08

2 4 0 14630 .14 240 14630 .09

2 5 0 17480 .15 250 17480 .105

2 6 0 2 0 5 3 0 .17 260 20330 .12

2 7 0 23180 COi—\ • 2 70 23180 .13

2 8 5 27460 .21 285 27460 • 15

300 3 1 7 3 0 .23 300 31730 .17

315 3 6 000 .26 315 36000 .20

323 38300 fail e d 330 40280 .24

334 41300 failed

Remarks: B e d  f a irly s a t i s f a c t o r y
Result on lov/ side due Remarks: B a d  s a t i s f a c t o r y
exo e s s i v e  deflections.



PABLD 15 23S38 OH YYPD H  SPHCIII3HS

RSIOTORCELEINI -  6 - 4 D im . BARS E A C H V/AY.

S p e c i m e n  Ho: HI S p e c i m e n  Ho: II2

Date Ha d e 25 - 10 - 38 Date Ma d e 18 - 11 - 38

Date tested 1 - 1 1 - 3 8 Date Yested 25 - 11 - 38

Dial L o a d D e f l e c t i o n Dial L o a d D e f l e c t i o n
R e a d i n g ro (ins) R e a d i n g  lib ( i n s )

189 - • 00 190 - .00

200 3130 .16 200 2850 .07

215 7400 .20 215 7120 .09

230 11780 .23 230 11400 .12

240 14630 .25 240 14250 .13

250 17480 .275 250 17100 .15

260 203 3 0 .31 260 19950 .17

270 23180 .35 270 22800 .19

285 2 8 4 6 0 .42 285 27070 .23

293 297 0 0 f ailed 297. 5 30600 f a i l e d

R e m a r k s  : B a d  f a i r l y  s a t i s f a c t o r y  Remarks: B e d  s a t i s f a c t o r y

low r esult duo to

e x c e s s i v e  d e f l e c t i o n s



PA3LD 16 P33PS Oil PYPD J SP3CI l i d h s

RSIiTPOSOSMBITO; - 4 - i u DlAil. BAR S  3 A O H  V/AY

Spe c i m e n  Do. J l S p e c i m e n  ITci: J2

Data H a d e 21 - 10 - 38 Date M a d e 22 1 M 1 CD

D a ta P a s t e d 28 - 10 - 38 Date P a s t e d 29 - 11 - 38

Dial L o a d D e f l e c t i o n Dial L o a d D e f l e c t i o n
H e a d i n g ID ' ins) H e a d i n g ID (i n s )

189 - .00 190 - .00

200 313 0 .06 200 2850 .05

215 7400 COo• 2 15 7120 .07

230 11780 .10 230 11400 .09

240 14630 .13 240 14250 .10

250 17480 .15 250 17100 .13

260 20330 .19 260 19950 .16

270 23100 f a i l e d 269 22500 f a iled

R e m a r k s: B e d  s a t i s f a c t o r y Remarks: B e d . s a t i s f a c t o r y



fABLB 17 23S2S Oil fYPB 12 SPiii 0 Ii.LHH S

HOCKSBSIHFORCHLiBiIf  -  Q - i n3 DIaiii. B^RS V/IfE e a c h  v/ay

Spacim en Ho: IC1 Specim en Ho: K2
D ate Iiade 11 -  10 -  38 D ate Hade 1 - 1 1 - 3 8
D ate f a s t e d 18 -  10 -  38 D ate f a s t e d 8 - 1 1 - 3 8

D ia l Doad D e f le c t io n D ia l Load D e f le c t io n
H ead in g lb ( i n s ) H ead in g  lb ( i n s )

189 - .00 189.5 - .00
200 3130 .0 5 200 3000 .075
215 7400 .0 8 5 215 7260 .09
230 11780 .11 230 11540 .11
245 16050 .1 3 240 14390 .12
260 20330 .15 250 17240 • 135
275 24610 .17 260 20090 • 145
290 28890 .18 270 22940 .16
305 33160 .2 0 285 27210 .17
320 37440 .2 2 300 31490 .18
335 41600 .24 315 35760 .20
350 45900 .27 550 40040 .22
365 50200 .30 345 44300 .245
380 54500 .34 360 48600 .275
338 56500 f a i l e d 375 52900 .32

382.5 55000 f a i l e d

Hem arhs : Bed s a t i s f a c t o r y Hemarh:s : B a d  s a t i s f a c t o r y



13 'jiuofo OR OPPD l  op:DGIiAa'jS ^ 7

RBIHIT0?.C3,nif2 - 6 - -|" DIAil. Bars y/ioh HO OHS 3.A O H  V.AY.

Specimen : ITo: LI Spe cirnen Bo: 1 2

Date Hade 12 - 10 - 38 Dat q l.iade A - 11 - 33
Bate fasted 19 - 10 - 38 Date Best.sd 11 - 11 - 38

Dial
Reading load

Deflection 
(ins)

Dial
Reading Load

lb
-̂ ef le ction 

(ins)

188 - .00 189 *00

200 3420 .06 200 3130 .06
215 7700 .08 215 7400 .10
230 1X980 .105 230 11780 .12
245 16260 • 125 240 14630 .14
260 20540 .14 250 17480 .15
275 24810 .16 260 20330 .165
290 29090 .18 270 23130 .18
305 33400 .20 285 27460 .20
320 37600 .22 300 31730 .215
335 4 1 9 0 0 .24 315 36000 .24
350 46200 .26 330 40230 .26

365 51400 • o 1 S45 44900 .30
374 53d00 failed 360 49180 .39

364 49900 foiled

Bed satisfactory Bed satisfactoryRemarks *• Remarks



TABLE 18 (conta) TESTS OH IYPE L SPECIMENS
(tS"

►
REIHKIRCSMEHT •• 6 - -§•” Diam. Bars with Hooks each way.

Specimen Ho: 13 Specimen Ho: L4
Date Made 13 - 12 - 38 Date Made 16 - 3 - 39
Rate tested 20 - 12 - 38 Date tested 23 - 3 - 39

DialBeading
U i

Load
lb

Reflection 
l ins)

Dial
Beading

load
lb Reflection 

* »ins)

189 - •00 132.5 Ml .00
200 313@ .05 150 4990 .09
215 7400 .07 165 9250 .12
230 11780 .09 180 13530 • 13
240 14630 .10 190 16380 .14

' 250 17480 .11 200 19230 .15
260 20330 • 12 210 22080 • 16
270 23180 • 14 220 24930 .17
285 27460 .15 230 27780 .18
300 31730 • 16 240 30650 .19
315 36000 • 18 250 33450 .20
330 40280 • 20 265 37800 .21
345 44900 .22 280 42100 .22
360
375390
405
420
434

49180
5300057200
61500
65800
70ooo

• 24 
.26 
.29 
.33• 38 

failed

295
310
325340
355370
385
402.5

46300
5060054900
59000
63400
6760072000
77000

.23

.24.26.28

.31

.33.38
failed

Remarks: Bed satisfactory 
Stanoheon 7"x7,f

Remarks• Bed satisfactory 
St an ohe on 7ltx7n



TABLE 19 TESTS 0H TYPE M  SPECIMENS

REIHEORCEMEHT - 6 - DlAIvl. BARS WITH HOOKS BACH WAY

Speoimen Ho* Ml Specimen Ho: MB

Date Made 23 - 11 - 38 Date Made 6 - 1 2 - 3 8
I>ate Tested 30 - 11 - 38 Date Tested 13 - 12 - 38

Dial load Deflection Dial load Deflection
Reading IB (ins) Reading IB (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 .11
250 17680 • 155 250 17100 .12
260 20530 • 17 260 19950 .14
270 23380 • 185 270 22800 .155
285 27660 • 21 285 27070 .175
300 31900 .23 300 31350 .195
315 36200 • 28 315 35620 .23
330 40500 • 330 39900 • 28
332 41000 failed 335 41300 failed

Remarks* Bed satisfactory Remarks; Bed satisfactory



TABLE 20 TESTS OH TYPE H SPEOIMEHS
n o

REIHPORCEMEHI - 4 - DIAH. BARS EACH WAY.

Specimen Ho: HI Specimen Ho: h e

Date Made 25 - 11 - 38 Date Made 29 -11 -38
Hate tested 2 - 1 2 - 3 8 Date Eested 6 -12 -38

Dial
Heading

Hoad
lb

Deflection
(ins)

Dial
"eading Loadlb Defleotion 

(ins)

190 - •00 189 - •00
200 2850 .06 200 3130 .05
215 7120 .08 215 7400 .07
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 31350 .19 300 31730 • 18
304 32600 failed 308 33900 failed

Remarks! Bad satisfactory Remarks: Bed satisfactory



SABLE 21 SESSS ON EYPE 0 SPECIMENS •11
REINPORCEMENS - 6 - 5/l6" DIAM. BARS WISH HOOKS EACH WAY

Specimen Bo* 01 Specimen Bo: 02
Bate Made 30 - 11 - 38 Bate Made 9 - 1 2 - 3 8
Bate fested 7 - 1 2 - 3 8 Bate fested 16 - 12 - 38

Dial Load Beading lb
Befleotion 

(ins)
Bial Load Beading lb Befleotion

fins)

190 «» • o o 189 - •00
200 2850 .05 200 3130 • o CD

215 7120 •07 215 7400 • 13
230 11400 • o CD 230 11780 .17
240 14250 •09 240 14630 • 20
250 17100 .105 250 17480 .23
260 19950 .12 260 20330 • 25
270 22800 .13 270 23180 • 28
285 27070 .15 285 27460 .32
300 31350 • 16 300 31730 • 36
315 35620 .19 315 36000 .37
330 39900 .22 323 38200 failed
339.5 44100 fai led

Remarks: Bed satisfactory Remarks: Poor resultBed not sufficiently consolidated.



TABLE 21 (oonta) TEST OH TYPE 0 SPECIMENS 11 * -

BEINPOHOEMEHT - 6 - 5/l6" DIAM. BASS WITH HOOKS EACH WAY.

Specimen ^o. 03 Specimen HoJ
Date Made 1 5 - 3 - 3 9 Date Made
Date fested 2 2 - 3 - 3 9 Date tested

Dial Load Deflection Dial Load Deflection
Beading lb (ins) Beading lb (ins)

132.5 - .00
150 4990 • § 6

165 9250 • 08
180 13530 or-t.
190 16380 .115
200 19230 .125
210 22080 .135
220 24930 • 15
230 27780 .16
240 30650 • 16
250 33450 .20
265 37800 • 23
280 42100 . to GO

295 46400 failed

Bernardsi Bed satisfactory



TABLE 22 ESSIS OH TYPE P SPECIMENS
»13

BEIHEOBCEHEM - 8 - 5/l6n DIAtl. BARS WISH HOOKS EACH WAY.

Specimen No* Pi Specimen No: P2
Date Made 2 - 1 2 - 3 8 Date Made 12 - 12 - 38
Date tested 9 - 1 2 - 3 8 Date Seated 19 - 12 - 38

Dial Boad Beading IB
Deflection

(ins)
Dial Xioad 
Heading IB Deflection (ins)

188 «* •00 188 - • 00
200 3420 • 0 01 200 3420 .07
215 7700 • 07 215 7700 .10
250 11980 .09 230 11980 • 12
240 14830 • 10 240 14830 .13
250 17680 •11 250 17680 .15
260 20530 • 12 260 20530 • 16
270 23380 • 14 270 23380 • 17
285 27660 • 15 285 27660 • 19
500 31900 • 17 300 31900 • 21
315 36200 • 18 315 36200 .23
530 40500 .21 330 40500 • 265
345 44800 .25 345 44800 .——
360 49000 .32 357 46500 failed
363 49900 failed

Remarks: Bed fairlysatisfactoryRemarks s **ed sat isfaot ory



TABLE 24 TESTS 0E TYPE Q SPECIMENS • 74
REIEFORCEMEET - 5 - DIAM. BARS EACH WAY

Speoimen Bo: Q1 Speoimen Bo: Q2
Date Made 3 - 1 - 3 9 Rate Made 1 1 - 1 - 3 9
Date ^ested 1 0 - 1 - 3 9 Date Tested 1 8 - 1 - 3 9

Dial Load Reflection Dial Load ReflectionReading lb (ins) heading lb (ins)

189 - oo• 188.5 - •00
800 3130 .09 800 3270 .06
215 7400 .11 215 7540 . o 00

830 11780 .13 830 11920 .09
240 14630 • 15 240 14770 .10
850 17480 • 16 850 17680 .115
260 20330 • 18 860 20470 • 125
270 23180 .19 270 83380 .135
285 27460 .21 285 27600 .15
300 31730 .24 300 31870 • 165
318 35100 failed 315 36140 .185

388 40600 failed

Remarksi Bed fairly Remarks: Bed satisfactory
satisfactory: Result 
on low side due to 
excessive deflection.



TABLE 23 < aontd.) TESTS ON TYEE Q SFECBSENS >7S

REINFORCEMENT - 5 - i" DIAM. BARS EACH WAY

Specimen No: Q3 Specimen No:
Date Made 1 - 2 - 3 9 Date Made
Date tested 8 - 2 - 3 9 Date tested

Dialheading
Load
lb Defleotion

(ins)
Dial load ^efleotion 
Reading lb - (ins)

I45y5 - oo•

160 4130 •08
176 8400 • 11
190 12680 • 125
20° 15530 • 14
210 18380 • 15
220 21230 • 16
230 24080 .17
245 26350 .185
260 32600 • 20
275 36900 .22
288 40600 failed

Remarks: Bed satisfactory



TABLE 24 TESTS OH TYPE R SPECIMENS «7fe
REIHEORCEMElfT - 4 - f" DIAM. BARS EACH WAX

Specimen Mo5 
Date ^ade 
Date tested

R1
4 ' ('3<j 
H  - 9- <̂5

Speoimen Uos 
Date ^ade 
Date Seated

R2
97 -

- \ - 3<RI

Dial
Heading

Load
lb

Deflection 
' ins)r<

Dial
Reading

Load
lb Defleotion

(ins)

188 - .00 198 - oo.

200 3420 .05 215 4840 .08
215 7700 .07 230 9120 .10
230 11980 .09 240 11970 • 11
240 14830 .10 250 14820 .12
250 17680 .11 260 17670 .13
260 21530 .13 270 20520 • 14
270 23380 .14 285 24790 .16
284 27400 failed 300

303.5
29070
30100

.18
failed

Remarks: Bed satisfactory Remarks: "ed satisfactory

-



t a b l e 25 t e s t s o h  t y p e s s p s g i m e h s

EEIHEORCEMSUT - 7- f" DIAM. BARS EACH WAY.

Specimen Ho: si Specimen Ho : SB
Date Made 5 - 1 - 3 9 Date Made 1 6 - 1 - 3 9
Date Tested 1 2 - 1 - 3 9 Date Tested 2 3 - 1 - 3 9

Dial Load Defleotion Dial Load Deflection
Heading lb (ins) Heading lb (ins)

189 - .00 201 - •00
200 3130 .07 215 3990 .07
215 7400 .09 230 8260 .10
230 11780 .11 240 11110 .11
240 14630 .12 250 13960 • 12
250 17480 .135 260 16810 .135
260 20330 .145 270 19660 • 14
270 23180 .155 285 23930 .16
285 27460 .17 300 28200 .175
300 31730 .19 315 32500 .19
315 36000 .21 330 36800 .21
330 40200 • 23 345 41100 • 24
336 41900 failed 347 41900 failed

Remarks J satisfactory Remarks: Bad. satisfactory



sable 26 TES2S OH TYPE S SPECIMENS

REINE0RCEMEN2! - 4 - 5/l6" J > X m .  BAHS EACH WAY.

Specimen No: 11 Speoimen No : T2
Date Made 9 - 1 - 39 Bate Made 2 5 - 1 - 3 9
Date tested 16 - 1 - 39 Date Tested 1 - 2 - 3 9

DialReading
Load
lb

Deflection
(ins)

Dial Load 
Reading lb Reflection

(ins)

188.5 - •00 198.5 •00
200 3270 .07 215 4700 .07
215 7540 .09 230 8980 .09
230 11920 .11 240 11830 .10
240 14770 .125 250 14680 .11
250 17620 • 14 260 17530 • 125
260 20470 • 15 270 20380 .135
270 23320 .17 285 24660 .16
285 27600 .21 300 29000 .21
290.5 29050 failed 301.5 29350 failed

Remarks: Bed satisfactory Remarks* Bed satisfactory



TAB1E 27 TESTS OK TYPE U SPSCIMEK3

HEIKPORCEMEUT - 7 - 5/l6" DIAH. BARS EACH WAY.

Specimen Ho: HI Specimen Ho: TJ2
Bate Made 6 - 1 - 39 Bate Made 24 - 1 - 39
Bate tested 13 - 1-39 Bate fested 31 » 1 - 39

Bial Load Defleotion Bial Load Deflect!
Heading lb (ins) Heading lb fins)

189 - •00 198.5 - •00
200 3130 .06 215 4700 .07
215 7400 •09 230 8980 .09
230 11780 .10 240 11830 .105
240 14630 .12 250 14680 • 12
250 17480 • 13 260 17530 .13
260 20330 .145 270 20380 .14
270 23180 .16 285 24660 .16
285 27460 . »-» OD 300 29000 .17
500 31730 .19 315 33200 • 19
315 36000 .24 330 37500 .24
328 39800 failed 334 38600 failed

BemarEs 1 Bad satisfactory Remarks: -̂ ed satisfactory



t a b l e 28 t e s t s o h  t y p e v  s p e c i m e n s

REIHPOROSMEHT - 7 - DIAM. BARS BACH WAY.

Speoimen Ho: Y1 Speoimen Ho: V2
Date Made 10 - 1 - 39 Date Made 3 0 - 1 - 3 9
Date tested 1 7 - 1 - 3 9 Date (Uested 6 - 2 - 3 9

DialReading LoadIT) Deflection 
(ins)

Dial
Reading

Loadlb Deflection
(ins)

188 - •00 146.5 - •00
200 3420 .06 165 5280 .09
215 7700 • 08 180 9550 • 11
230 11980 .10 190 12400 • 12
240 14830 • 12 200 15250 .13
250 17680 • 13 210 18100 • 14
260 20530 • 14 220 20950 • 155
270 23380 • 15 230 23800 .165
285 27560 .17 245 28070 .185
300 31900 .19 260 32350 .21
315 36250 .23 275 36600 failed
322 38200 failed

Remarks s Bed satisfactory Remarks » Bed satisfactory



SABLE 29 EESSS OH SYPE W  SPEOIMEHS \ * \

REIIOORCEMEMI - 10 - /l6" BIAM. BARS BACH WAY

Specimen Ho: 
Bate Made 
Bate Tasted

W1
1 3 - 2 - 3 9
2 0 - 2 - 3 9

Bate
Bate

Specimen
Made
tested

Ho: W2 
2 - 3 - 3 9  
9 - 3 - 3 9

BialBeading
Load
lb

Ddfleotion
(ins)

Bial Load 
Reading lb

Befleotion 
' ins)

141 - • 00 133.5 - oo•

160 5420 • 08 155 4700 • 07
175 9690 .11 170 8960 .09
190 13960 • 12 185 13250 .10
200 16810 • 13 200 17530 .12
210 19660 .14 210 20380 .13
220 22510 • 155 220 23230 • 14
230 25360 • 17 230 26080 .15
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 Remarks: Bad satisfactory
but low result due to 
poor aggregate*



TASKS 29 (oontd) TESTS ON TYPE W  SPECIMENS J8-4L

REINFORCEMENT - 10 - /l6" DIAM. BARS EACH WAY.3 ,

Specimen No: W3 Sfeoimen No:
Date Made 2 2 - 3 - 3 9 Date Made
Date Tested 2 9 - 3 - 3 9 Date Tested

Dial Load Deflection Dial Load Dafleotion
Reading lb (ins) Reading lb (ins)

133*5 - oo•

150 4700 •07
165 8980 *09
180 13250 • 11
190 16100 .12
200 18950 • 13
210 21800 • 14
220 24650 • 16
230 27500 .17
240 30350 • 185
250 33200 .205
265 37480 • 26
279 41500 failed

Remarksl Bed satisfactory



TABLE 30 lESIS on EYPE Z SPECIMENS.
I<s3

WAYREINFORCEMENT - 8 - 3/l6" D i m  BARS BACH

Specimen No: XI Specimen No: X2
Bate Made 8 - 2 - 39 Bate Made 1 - 3 • 39
Bate Tested 15 - 2 - 39 Bate Tested 8 - 3 9 39

Bial Load Befleetion Bial Load BefleotnReading lb (ins) Reading lb (ins)

143 - •00 143 - oo•

160 4940 .10 155 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 .22 230 24810 • 16
240 27640 • 28 240 27660 • 18
246 29400 failed 250 30510 .24

260 33360 .32
"244 34500 failed

Remarks: Bed satisfactory Remarks* Bed satisfactory
but low result due 
to poor aggregate.



I ABLE 30 (oontd) BESTS ON TYPE X  SPECIMENS

HEINEORCEMBNB - 8 - 3/l6" DXAM. BARS EACH WAY.

Specimen No : X3 Speoimen No:
Bate Made 1 4 - 3 - 3 9 Bate Made
Bate Tested 2 1 - 3 - 3 9 Bate Tested

Rial
Reading

loadlb
Befleotion

(ins)
Bial load Befleotion 
Reading lb (ins)

133 - •00
150 4840 .07
165 9120 •09
180 13390 .11
190 16240 • 12
200 19090 • 13
210 21940 • 145
220 24790 • 16
230 27640 .18
240 30490 • 27
244 31700 failed

Remarks2 Bed satisfactory



is r
TABLE 31 TESTS OH IYEE Y SPECIMENS.

REINFOROEMSNT - 6 - 3/l6" LIAM. BARS EACH WAY.

Specimen No: Y1 
Bate Made 7 - 2 - 3 9  
Bate Tested 1 4 - 2 - 3 9

Specimen No: 
Bate Made 
Bate Tested

Y2
2 8 - 2 - 3 9  
7 - 3 « 39

Dial Boad Reflection Bial Road Befleotn
Reading lb (ins) Beading lb (ins)

140 - •00 142 • o o

160 5700 .06 155 3710 • 08
175 9980 .08 170 7980 .10
190 14250 • 10 185 12260 .12
200 17100 .11 200 16530 • 14
210 19950 .12 210 19380 • 155
220 22800 .14 220 22230 .19
230 25650 .18 230 25080 • 26
239 28200 failed 240 27900 failed

Remarks: Bed satisfactory Remarks: Bed satisfactory



\<SQ
TABLE 38 TESTS ON TYRE Z SPECIMENS

REINFORCEMENT - 4 - 3/l6" DIAM. BARS EACH WAY.

Specimen Ro: 21 Speoimeni Ro: 22
Bate Made 6 - 2 - 39 Bate Made 2 2 - 2 - 3 9
Bate Zested 13 - 8 - 39 Bate Zested 2 9 - 2 - 3 9

Biai Load Deflection Bial Load Beflectn
Reading lb (ins) Reading lb (ins)

145.5 - .00 142 oo.

160 4130 .07 155 3710 .06
175 8400 .10 170 7980 •08
190 12680 • 11 165 12260 .095
200 15530 • 13 200 16530 • 14
210 18380 • 16 210 19380 00r*l•

220 21230 .2 2 220 22230 .24
222 21800 failed 226 23900 failed

Remarks: Bed satisfactory Remarks: Bed satisfactory



table 3 3 tesqs oh type specimens

HEIHEORCEMEH'D - 20 - £n DIAM. BARS EACH WAY.

Specimen Ho: 1 Specimen Ho:
Date Made 2 0 - 3 - 3 9 Date Made
Date tested 2 7 - 3 - 3 9 Date tested

Dial Load Deflection Dial Load Defleotn
Reading lb (ins) Reading lb (ins)

137 .00
ISO 3710 .06
165 7980 • O CD

180 12260 .10
190 15110 *11
200 17960 .12
210 20810 .13
220 23660 • 14
230 26510 .16
240 29360 .20
250 32210 • 24
256 34200 failed

Remarks: Bed satisfactory



TABLEi 34 TESTS OH TYPE P SPECIMENS r r g '

WAYHEIOTOHCEHEHT - 16 - 1" BIAM. BARS EACH

Specimen No: / 3  i Specimen No: / ?  2
Bate Made 2 1 - 2 - 3 9 Bate Made 9 - 3 - 3 9
Bate Tested 2 8 - 2 - 3 9 Bate Tested 1 6 - 3 - 3 9

Dial Load Deflection Dial Load Deflection
Beading
/

lb (ins) Beading lb (ins)

141.5 - .00 133 - . 00

155 3850 COo• 150 4840 . o o>

170 8120 .10 165 9120 .085
185 12390 .12 180 13390 .105
2 0 0 16670 .135 190 16240 .115
2 1 0 19520 • 145 200 19090 .13
2 2 0 22370 .18 210 21940 .16
230 25220 .24 220 24790 .21

240 28170 .29 230 27640 CO03.

251 31200 failed 237 29700 failed

Remarks: Bed satisfactory Remarks: Bed satisfactory



TABIiB 35 TESCS OH EYPE *y SBEOIHBHS 

REIHEORCEMEHI - 18 DlAll BARS BACH WAY.

Specimen Ho: >  i Specimen Ho: to

Date Made 2 0 - 2 - 3 9 Date Made 8 - 3 - 3 9
Date Tested 2 7 - 2 - 5 9 Date Tested 1 5 - 3 - 5 9

Dial Load Deflection Dial Load DeflectionBeading lb (ins) Reading - lb ( ins)

141.5 -

oo• 132.5 .00

155 5850 .06 150 4990 •07
170 8120 • 08 165 8270 .10

185 12390 .09 180 12550 • 115
2 0 0 16670 • 11 190 15400 • 125
2 1 0 19520 .12 2 0 0 18250 • 16
2 2 0 22570 .18 2 1 0 2 1 1 0 0 • 24
230 25200 failed 219.5 24800 failed

Remarks : Bed satisfactory Remarks: Bed satisfactory



Ho
TABLE 37 EESE3 OB TYPE A SPECIMENS

REIBEORCEMEBE - 8 - Xtt8 DIAM* BARS EACH WAY.

Specimen Bo: A  i Specimen Bo. a  2
Date Uadd 1 5 - 2 - 3 9 Date Hade 6 ~ 3 ~ 39
Date Tested 2 2 - 2 - 3 9 Date Tested 1 3 - 3 - 3 9

DialReading Loadlb
Deflection ( ins ) DialReading

Loadlb Defleotn
(ins)

142 •» •00 133 - • 00
155 3710 00o• 150 4850 •08
170 7980 .10 165 8130 • 11
185 12240 .15 180 12410 • 13
200 16530 .20 190 15260 rl•

2 1 0 19380 .32 200 18110 • 26
2 12 19920 failed 202.5 19800 failed

Remarks: Bed satisfactory Remarks i Bad satisfactory



TABLE 37 TESXB ON TYPE £  SPECIMENS

REIOT0RCELM2} 4—  1 Layer of Bo. 22 gauge expanded metal
eaoh way.

Specimen Bo. Specimen
Date Made 2 7 - 3 - 3 9 Date Made
Date tested 3 - 4 - 3 9 Date tested

Dial Load Reflection Dial Load Defleotn
Reading lb (ins) Beading lb (ins)

13X - .00

150 5420 • 06
165 9690 00o•

180 13960 .10

190 16810 .11

2 0 0 19660 • 12
2 1 0 22510 • 14
220 25360 .17
228 27600 failed

Remarks : Bed satisfactory


