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This paper embodies the results of tests made in the, Testing

[Laboratories McGill University during the session of 1906-07,

under the author's direction Some of the tests wh‘\«illn‘(‘e‘(l ned
the laboratory work of the graduating class in Civil Engif¥ ing,

while the remainder was carried out independently. The work was
arranged so as to include different methods of reinforcement, and
it is intended to carry on further investigations, the results herein
described having particular reference to reinforcement hy Kahn and
Johnson bars. Some reference is also made to tig Rdnsome bars,
but the tests on beams reinforced with this bar were limited in
number owing to lack of time, and to the interruption of work
resulting from the fire in the Engineering Building, early in April.s
1907

Pwo sets of beams were used, the moulds being 6” x 8” x 6" 43"
long, and 8” x12” x 10" 6” long, respectively These moulds were
utilized to give heams to be tested on 6 0” and 10" 0” centres, and
different depths could be obtained by finishing the concrete below
the level of the top of the mould. The moulds were built of heavy
board, thoroughly boiled in oil. The sides were stiffened at inter
vals by vertical iron tubes running through the wood. The moulds
were built in halves, lined with galvanized sheet iron, and hinged
along the base so as to be easily parted For removal of beams
loose ends were provided, and. the halves of the moulds were held
together .across the top by iron clamps, the ends of which were

forced into the open tubes used as side stiffeners These moulds




gave every satisfaction. The beams turned out were of good shape
and the surfaces were smooth. The beams were removed from the
moulds after about four days, stored in tiers in the laboratory, and
sprayed with water from day to day until required for test.

In-all the tests the beams were supported at the ends and loaded
at the third points, a condition which gives no shear between the
loading points, but which gives a bending moment diagram
approximating towards the parabolic form due to uniform loading
All the small beams (6-ft. centres) were tested in an Emery Test-
ing Machine, and the large beams in a Buckton Machine. Plate
XXIII shows a large beam in position in the latter machine, with
the extensometers attached. Plate XXIV shows the extensometers
attached to a wooden beam. ‘

The portion of the beam between the loading points is subjected
to simple bending, and extensometer measurements were made on
it to ascertain to what extent the ordinary laws of bending are true
in a reinforced beam. In most previous tests with which the author
is familiar two extensometers only have been used, one being placed
along the line of the steel reinforcement, and the other near the
uppermost compression layer of the copcrete. The position of the
neutral axis has been then determined by assuming a linear law of
straining to hold between these layers. In the tests here described,
exact measurements of the strain were made at five horizontal lay-
ers of the beam, viz., the two- above mentioned and three
intermediate ones. The strain curve is then obtained from five
actual readings, and not from an assumed law applied to two
extreme readings. In many cases the curves have been practieally
straight, in most cases they are slightly concave, while in one or
two instances the concavity is very marked, especially on the
tension side. These points will be evident from an inspection of
the plates accompanying the paper, and will be noted as occasion
requires. The movement of the neutral axis during test can also
be seen clearly in the plates. The extensometers used weré of the
reflecting type, and were such that an alteration of length of
1/1000” between the gauge points, which were 10” apart, gave a
movement of 2 cms. on the scale. By reading to millimetres only,
a strain of 1/200000 could be measured. From the strain at the
reinforcement Jine the stress in the steel can be found, on the
assumption that the elongation of the steel and concrete is the
same. The moment of resistance of the beam as determined by
experiment may then be computed. An example of the method of
calculation will be found later (p. 20).

The central deflection of each.-beam was determined by stretch-
ing a fine wire half way down the beam, over pulleys clamped to
the beam over the points of support, and reading the movement of




Plate XXIIIL







Plate XXIV.
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this wire over a scale attached to the face of the beam. The scale
was graduated to 1/100”, and was read by telescope to 1/1000”
Careful obsefvations were made to trace the beginning and
progress of cracking of the beams. The surfaces were kept moist
by the use of wet cloths; and, by using mirrors and magnifiers,
together with oblique artificial illumination, it was possible to

detect very minute cracks.

CoNcCRETE USED

All the concrete consisted of a 1-2-4 mixture by weight of dry
materials. The stone was trap rock, from the quarries at Delorimier
Avenue, Montreal. It was §” ring, weighed 157.8 1bs. to the cubic
foot, and the voids were about 46%. Tests of this stone were made,
and it gave an ultimate crushing strength (average of four tests)
of 26,050 1bs. per square inch, which shows it to be a remarkably
strong stone.

International Portland Cement was used throughout the work
It was intended to make complete tests of samples of the cement
used, at the termination of the session’s work, but the stock of
cement was ruined by water during the fire in the Engineering
Building, early in April, 1907.

The sand was local river bank sand.

To the dry mixture was added about 10% of water by weight.
The concrete was thoroughly worked by hand, and tamped in the
moulds. This was found to give a reasonably stiff mixture, not too
wet before tamping, and the resulting beams had a smooth surface
facilitating observations.

Compression cubes were made from the same mixture as the
beams in all cases. The results of the tests of these are separately
given in a later part of the paper (p. 11), together with some
remarks on the tests made to ascertain the modulus of elasticity
of the concrete in compression.

STEEL USED.

Kahn, Johnson, and Ransome bars were used.
The steel bars were arranged in all cases so that the centre line
of the reinforcement was as nearly as possible §” above the bottom
of the beams. The dimensions of each beam, together with the
amount and percentage of reinforcement, are given on the diagrams
showing the results of the tests, and need not be stated here.




TENSILE TESTS.

Johnson . Bars—Half-inch bars (old style) were used having a net
section of 0.18 square inch. The average-of five tests showed the
yield point to be 45,320 1bs. per square inch, ,and the breaking stress
71;240 1bs. per square inch

The elongation on 8” was 239%, and

the reduction of area was 427/ The fractures in all cases were
of good appearance.
Extensometer tests gave

Young's modulus 299 x 10° |bs. per
8q. in.

Kahn Bars—Both half-inch and

three-quarter inch bars were
used

Unsheared bars were .xnmrli.wl for the tensile tests.
Tests of Half-inch Bars—These bars have
inches unsheared. The yield point was 45,275 1bs. per square inch,
and the breaking stress 68,5600 1bs. per square inch.
on a length of 8 inches was 28.5%

a section 0.38 square

The elongation
Owing to the peculiar section of
the bar it was not possible to measure accurately the reduction of
area, and it was estimated at 60%.
Three-quarter-inch  Bars—The net unsheared section was 0.78
sq. in. The breaking stress was 63,930 1bs

per sq. in., and stress
at yield point 38,300 1bs. per sq.

in. The elongation on 8” was

27.5%.
Young's modulus was 29.7x10° Ibs. per sq. in
Ransome Bars—Half-inch bars were used, and samples of the
plain bar gave a yield point 42,000
strength 61,600 1bs. per sq. in.
the reduction of area 61%.

lbs. per sq. in., and breaking

The elongation on 8” was 27%, and

Samples of the twisted bar supplied gave yield point 78,820 Ibs
per square inch, and breaking strength 86,240 lbs. per sq. in.
A sample of the plain bar supplied was twisted cold in the
laboratory to the same extent as the Ransome bar, riz:

one twist
in 2§” length

When tested the yield point was found to be 76,800
Ibs. per sq. in., and the breaking strength 78,400, 1bs. per

8q. in
The fracture was near the grip. The

yield point awas therefore
raised by cold twisting from about 42,000 1bs. per sq. in. to 78,000
Ibs. per sq. in.—a rise of 85%.

A sample of the twisted bar supplied was annealed by heating
to about 900° F., and cooling in ashes.
42,000 1bs. per sq.

It then gave a yield point
in., and breaking strength 60,480 1bs. per sq. in.,
results practically identical with those for the plain bar.

These results indicate the great increase
due to cold twisting.

in yield point stress
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DiIsSrosIiTION OF REINFORCING BARS.

The beams were tested by supporting at the ends, and loading
equally at the third points. The bending moment and shearing
force diagrams are as shown in Fig. 1. Over the central third there
is no shear, and no diagonal reinforcement need be provided. In
the case of the Ransome and Johnson rods the following procedure
was adopted. Suppose that five rods are used to reinforce over the
central third. Outside the loading point towards the supports the
bending moment diminishes, and after a certain distance four rods
will be sufficient for reinforcement. This section will be at a dis

5 ’ . " .
tance 1 of -, i.e { from the load, at which section the bending

b 3 15
moment is four-fifths of the bending moment at the load. At this
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section one of the five rods, say the central one, can be dispensed
with as tension reinforcement, and can be bent up at an angle to
act as a diagonal reinforcement to resist the shearing., There are
now four reinforcing rods, and when the remaining distance to the
support is halved, two of these may be dispensed with as tension
reinforcement, and be bent up to act as diagonal reinforcement
The two remaining rods would run the entire length of the beam.
If the rods are bent up at the theoretical angle of 45°, there will be
some horizontal length of beam over which there is no diagonal
reinforcement, such as a in Fig. 2. But if the rod is bent so as to
come out of the upper surface of the beam at a point over the
support (see dotted line in Fig. 2) diagonal reinforcement is pro-
vided over the whole length from the bend to the support. A Both
these methods were tried, and the latter gave the better results.
The Kahn bars could only be obtained in the usual form, i.c.,
with wings sheared over the entire length. It was not pnss}hlu

therefore, to make any such disposition of material as described
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above in the case of the other bars, and the diagonal reinforcement
ran the whole length of the beam The. tension area was also

constant

PERCENTAGE REINFORCEMENT

This is given by the expression 1001 (see l~‘iy. 3).
Il )

In most of the tests made, the percentage reinforcement varied
from 19 to 1.30%. In one case, that of a beam with Ransome rods,
it was 1.729.

In the case of beams reinforced with Kahn bars, the percentage
reinforcement is calculated on the net sheared section of the bars.
But as the gross section of these bars is so much greater than the
net section (being 407% to 50% in excess) it seems necessary in
making a comparison of different methods of reinforcement to con#
sider the total weight of reinforcing metal in each beam. In the
Kahn bar, quite one-third of the total weight of metal is in the
wings, whereas the straight bars can be bent up when required, as
previously explained, and the proportion of material placed
diagonally is much less than in the case of a®“Kahn bar. For
example, if a bar like the Johnson or Ransome is bent at an
angle ¢ so as to cover a horizontal length [/, the diagonal length
is*l sec. /. For 30°, this is only 1.16/, and since some rods
run straight through the whole length of the beams, and the others
are only bent up over portions of it, the additional weight of steel
in a beam so reinforced, o¥er the weight in one in which straight
rods run the entire length, is but small. Thus, consider a beam
6 ft. long supported at its ends and loaded at the third points. If
reinforced with three bars, one of these might be dispensed with
as tension reinforcement outside the load point at a distance of

{ X 24" 16” from the support. If the beam is 7” deep, the centre
line of reinforcement §” above base, and the rod bent so as to come
out of the beam surface over the support, the diagonal length would
be 16.0* 4 6.25° =117.5".

The length of bent bar is then 40 4 2 %X 17.5 75", or only 3” in
excess of the length of a straight rod. Total length of rods is then
144 + 75 = 219". The additional weight due to the diagonal

reinforcement is only ° X 100 =1.4%.
216
In 3” Kahn bar the gross section is 0.38 sq. in. Hence the section
of the wings is 0.13 s8q. in. The additional weight due to diagonal

' 529, whereas in the case of straight

metal is therefore 100
0=
25

rods (corrugated, twisted, or plain) the additional weight due to
the bending up is almost negligibly small [f the latter method
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gives sufficient diagonal reinforcement it is evidently much more
economical of material than the method of using heavy wings

METHOD 0F PRESENTATION OF RESULTS

In all cases curves have been plotted showing the measured
deformations at the various layers of the beams From these the
position of the neutral axis at various stages of the loading can be
seen at a glance. It has been stated already that some of these
curves show slight concavity, but in nearly all cases the strain
curve for the compression layers is very approximately a straight
line. 1f it be assumed that the modulus of elasticity of concrete
in compression is constant, the stresses in the concrete will also
be represented by the straight line, and the centre of the compres
sion forces will be at a distance from the neutral line, equal to
two-thirds of the distance of that line from the compression face of
the beam, which distance can be measured from the diagram. By
thus measuring the distance of the centre of the compressive forces
from the centre line of reinforcement, the length of the arm of the

resisting couple can be found. The total tensile force in the steel

can be estimated by determining the stress intensity in the stee
from the deformation at the reinforcement line, and multiplying
by the net area of the reinforcing bars Neglecting the tensile
force on the conerete, the product ¢f the force in the steel and the
arm of the couple, gives the resisting moment of the beam as
calculated from the measured deformations, and the result can Dbe
compared with the actual moment due to the applied loads. The
author is well aware that this method may be regirded by some as
altogether too simple, in that it ignores the variable co-efficient of
elasticity of concrete in compression. Before work was commenced,
the anthor had always felt that many of the formulae which have
been proposed and developed from tests on beams, are far more
elaborate than is justifiable in view of the variable quality both of
the component parts of concrete, and of the resulting mixtures
Reinforced concrete work has always been ahead of our experi
mental knowledge of its properties, and there is perhaps some
ground for the belief that many of the formulae are also somewhat
ahead of our experimental data. The tests made on the concrete
cubes have shown surprising differences in the compressive strains,
even when the ultimate strengths have been about the same, and
no definite law of variation of the co-efficient of elasticity of con
crete in compression could be found from the tests. These points are
referred to more fully when considering the tests on the cubes. In
the author's opinion the simple form of treatment adopted in

estimating the moment of resistance is justifiable There are so




the making of a

connection with
stone, and cement are all

many variable quantities in

zeinforced beam—the qualities of sand,

variable, the concrete itself may be more variable than any of its

the sections of the rods are liable to fluctuations of 5%

components
not

either way on the nominal values, their physical properties are
setting of the rods is

absolutely constant, and the accuracy of
It is

probably not very great even when much care is taken
uncertain in what direction these and other variable conditions,
such as the efficiency of the labour employed, are operating in the
finished beam It is unlikely that they are all favourable or all
unfavourable at the same time. But a recognition of their existence
should, in the aiuthor's opinion, tend towards some moderation in
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the methods of interpreting experimental results, and
of formulae in the absence of any such knowledge

PosiTion or NECTRAL AXIS

The following simple analysis has been used as the basis of the
work, in accordance with the views expressed in describing the
method of presentation of results In Fig. 3
let b breadth of beam

d depth of beam to centre line of reinforcement,

rd depth of neutral axis from outermost compression layer,

| net sectional area of reinforcing steel,

f intensity of stress in steel,

f intensity of compressive stress in concrete at outermost
layer,

K modulus of elasticity of concrete in compression

elasticity of steel im tension’
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Then assuming linear law for variation of compression stress
a o . i
;\ bxd fo _ total compressive force
D}

S bxd . . : .
t zd_ Af,=total tensile force, neglecting tension in concrete.

/ D] N

{ 2

)t : But if the strain at horizontal layers follows the linear law, .
is / E. xd

is ~ E (]l -x2)d

o D] .Y "

Hence, 24 E x = £
1€ I bard Eg(l-u) c(l -a)
11 = 24, ,
ce 2pe (1
| - bu g

where p is the ratio” 4./ ratio of section of metal to section of

I

concrete. In this equation ¢ is the ratio

and the equation

gives the position of the neutral axis for any assigned values on
the right-hand side of the equation.
The equation give

P= /P2 2 + 2pc — pe*
Let K 2 % 10" 1bs. per sq. in. and
E 30 > 10" 1bs. per sq. in. Then ¢ 15 and
the equation gives « » I
15 0.007 0.365
15 0.010 0.417
ing 15 0.015 0.483
15 0.020 0.530

showing that the neutral axis is lower as the amount of reinforce-

ment is greater, and is below the half depth when the reinforcement

exceeds 27 .

the Corresponding values for « 10, .., E, =3 10" 1bs. per sq. in.
the are « » d

10 0.007 0.211

10 0.010 0.358

10 0.015 0.418
r, 10 0.020 0.463

* At 'y ultimate deformation, Tall ush v variable modulus of elasticity for concerete

109t ncompression, give

p- 01 gives 129 agalnst 0.355 by the linear analysis
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The centre of compressive stresses is at I°, and the moment of
resistance of the steel stresses in the beam is given by

)l = steel force (,/ "T/ )

Uod (1-3)
3

k Af_d where k is some co-efficient to be deter
mined experimentally, and which varies with .. In the tabulated
results of the tests for each beam the ®alue of k is given. It is
found to vary from 0.82 to 0.88, and is usually about 0.85. This
method of analysis is more applicable during the later stages of
the loading, than when the concrete is uncracked and carrying
some tension. In the earlier stages of loading the above moment

is always much less than the load moment, owing#o-tension in the
concrete, The formula I/ 0.85 .1fd, in which f is the yield point
of the steel, was first suggested by Capt. Sewdll, and gives a very
close approximation to the ultimate moment of resistance of beams.
Some remarks on the methods of determining safe loads will be

found later (p. 62)

COMPRESSION TESTS

Cubes for compression tests were made from the mixtures used
in the making of the various beams. These were tested at different
ages, and measurements were takeh to determine the value of the
modulus of elasticity of the concrete in compression The tests
showed some large variations in the rate of yielding of the concrete
under load, although the compressive strength varied but slightly,
the latter ranging from 2080 Ibs. per sq. in. to 2486 Ibs. per sq. in.
in seven tests out of nine. The lowest value recorded was 1545 1bs
per sq. in. in the case of a cube which was poorly rammed, one
face of which was very porous at the start, and showed decided
weakness all through the test. The results for this cube are not
tabulated below The ultimate load for the remaining cube was
beyond the capacity of the machine. The cubes were moulded in
open boxes. .In some tests the load was applied on the top and
bottom faces of the cubes, i.c.,, to the horizontal faces as moulded
In other tests the load was applied to the side faces, this being the
direction of the compressive stress in a loaded beam As will be
seen, the manner of application of load has no apparent effect on
the ultimate strength All the cubes were sound, and failure was

general on all faces
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The results aré shown below:
=
|
Culi Dimensions LHACR " Max. loa Ma ad | Age
No inchies slcea bls Ibs. 8q lay Load applied
v 1] 9.8 8.8 9.0 170, 000) 190 000 29 ‘]‘..;x & bottom
d | 8.75 x 0.0 0.0 150,000 195,300 28 Top & bottom
1 8.75 %< 9.0 9.07 100,000 163,800 3 Sides
Is D B8O < 9.0 «9.05 100,000 188,100 32 Sides
is . R
¢ 2 7.99 x 7.97 x 8.0 100,000 | 143,400 58 I'op & bottom
) 3 8.8 D10 - 9.30 140,000 IR0, 000 23 Sides
g 6 9.1 9.0 9.0 160,000 203,400 | 2 486 a6 Top & bottom
W 7 BRSO 1 0.0 200,000 | (215,400) | (2,670) o Sides
(not max tmax.)
e
1t
v No 1,
- ;. r¢ Distinct lime smell on fracturing
X No 5 € 1ell on fi iring
& No. 5—Same mixture as No. 12 beam
No. 4—Same mixture as No. 10 beam
Mobuvrrs or Evasticrry oF CONCRETE 1N COMPRESSION
In the making of formulae for the strength of reinforced con
d crete structures, much emphasis has been laid upon the variations
it
Quter Compn Fibre
3 C (TT Cute r \ B
e =1
¢ |
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) |
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1 ol— A
! Load
i R, 4
n )
d
1 of the modulus of elasticity of concrete in compression It is an
e undoubted fact that the relation between stress and strain in such
e a' case is not constant over any considerable range of stress, and
n that in the case of a cube having an ultimate strength of 200,000
S Ibs. the total yielding for each 50,000 1bs. of the load will, in

general, not be constant. The rate of yielding increases as the load
increases, as shown in Fig. 4
If such a curve is considered as being made up of a series of

straight line ay, OA, AB, BC, an approximate value of Young's
.




modulus can be found for each range of load considered, and some

idea can be formed of its variation. Many writers have emphasized
the variations in the modulus of elasticity to a very great extent,
and the curve of distribution of compression stress has been modi-
fied from the straight line form assumed in wnrl(.in;: out the results
of the tests described in this paper. Values Vof the modulus
calculated from a curve such as that in Fig. 4 will decrease as the
load increases.

Hence, if the yielding of the various compression layers of a

beam is represented by the ordinates from a line AC to a line AB
(Fig. 4) the actual compression sfresses would be represented by
the ordinates to some curve such as AB’, the form of AB’ being
dependent upon the variations of the decreasing compression
modulus. The centre of compression stresses would then be
through the centre of gravity of the Fig. ACB’, instead of through
the centre of gravity of ACB. It would, therefore, pass closer to the
neutral line in the former than in the latter case, and the lever
arm of the forces causing the resisting couple would be reduced.
Furthermore, the position of the neutral axis of the beam depends
on the relation between the moduli of elasticity of steel and
concrete, and is, therefore, affected by changes in the latter.

Many formulae have been advanced for the calculation of the
position of the neutral axis, making allowance for variations in the
modulus, and the theory of computation of the strength of a
reinforced bheam is thereby rendered much more cumbersome than
the one used by the author in this paper, and by many other
writers

It may, for example, be assumed that the compression modulus
varies according to some parabolic law (See curve AB’, Fig. 4.)
Some writers place the vertex of the parabola at the outermost
compression layer, while others, place it outside the beam above the
compression face. If xd is thd distance of the outer compression
layer from the neutral axis, the distance 2 ( = in Fig. 3), of the

3
centre of compression stresses from the outermost layer, will alter
as the intensity of the stress in the concrete changes Assuming
that the vertex of the parabola is at the outermost compression
layer, and that the ultimate value of the modulus is two-thirds of
the initial value, a theoretical investigation along the above lines
shows that when the concrete at the outermost layer reaches } of

its ultimate deformation : 0.34rd; at 3 ultimate deformation » =

0.35.rd ;. at § ultimate deformation : 0.36rd. If a constant modu
p 4 vl :

lus is assumed : is always . It will be seen that the result of
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such deviations from the simple linear law is to alter the position
of the centre of stresses very slightly indeed With the above
notation the ultimate moment of resistance of the beam is
1 f (d-2). 1t is shown by actual tests that for average «conditions u
may be about 0.4. Thus for a beam in which d 10”, the value of

at § ultimate deformation of concrete is 0.36x 0.4 d 1.44".
Taking =2 0.33.rd, the result would be 1.33”, a difference of 1/10”
Thus by making allowance for the variation in modulus of con-
crete, there is a difference of the order of 1 10” in the value (d-2),
the arm of the resisting couple The theoretical value of r is
slightly different in the two cases, but the difference is not so
great as to affect the order of the change in (d-:). In deciding the
practical value of a formula, the degree of accuracy with which the
conditions of practice approach the assumed conditions of the
analysis must be carefully considered In this connection the
author contends that the conditions under which rods are placed
do not allow of the depth to the centre line of the reinforcement
being gauged to an accuracy approaching 1/10” in a 10” beam,
or indeed in any other beam or structure It is very doubtful
whether, with the utmost care in a laboratory, such a degree of
accuracy of setting could be obtained. The important quantity is
(d-2), and a process which involves an extreme degree of refine
ment in the determination of the smaller term :, and ignores the
practical conditions which govern the larger term « cannot well
be defended as being a necessary part of the work of calculation of
the strength of an actual reinforced beam. The author is further
inclined to doubt whether the law of variation of the modulus of
elasticity for concrete in compression, and the actual values of this
modulus, are sufficiently definite to completely justify the refined
calculations to which reference has been made. The value of the
modulus of elasticity for different concretes may be fairly well
established, the law of its variation is less certain, and in view of
the variations in quality of the component parts of comncrete and
the conditions of practice under which it is made and laid, there is
reasonable room for doubting whether the ultimate strength, modu-
lus  of elasticity, and the law of its variation can be known to
within perhaps 209.. In the author's opinion such considerations
shoul tend towards a simplification of the formulae for use under
practical conditions. The investigation of the stresses in a rein-
forced beam under certain assumptions regarding {he physical
properties -of the materials and the disposition of those materials
in the beam, is an interesting exercise in the beam theory, but care
should be taken lest the results of such analysis should convey the
impression that the properties of a reinforced concrete beam are as
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certain, and as accurately known as an inspection of the formulae
so deduced would seem to imply In saying this the author does
not wish to suggest that there is a large element of uncertainty in
reinforced concrete construction., Our knowledge of its properties

ufficiently definite to enable a safe design to lw.n- executed under
any normal conditions, i

reasonable care be taken in the applica-
tion of simple principles. The author believes that the conditions
of practice offer a far more suitable field for the adaptation of such
principles than for the use of many of the elaborate formulae which
have been proposed As a matter of fact the differences introduced
into the strength formulae by the more complex analysis referred
to are not of a large order of magnitude, and the author believes
that any one of these differences might be completely discounted
by an inaccuracy in the setting of the rods, or by a change in the
properties of the concrete due to some alteration in the conditions
of mixing and laying. In other words, there is a tendency to strain
at the gnat and swallow the camel. The résults of such straining
may be right, but it cannot be known, because the conditions ar
o complex And, after all, what does a considerable variation in
the value of the modulus for concrete amount to?

I'he ratio is principally of interest in the theoretical deter

mination of the position of the peutral axis
I g/
) 7
1 o
| (1
1 . hi

tke the formula ). 9) for the position of the

neuti Xi on the assumption of linearity of stress across the
¢ > A 1 " ¢ v ¢ ;
ection Put , L.e., 17; reinforcement Suppose [ 2 X 10
bl 100
| q. in. and F| 30 > 107 1bs. per sq. in. so that ¢ 15;
) | y
the equation gives u 0.42. If £ s Al ) 10" 1hs. per
K 10
sq. in. then u 0.36. Hence in a beam having a depth of 10” to the
centre line of the reinforcement, the neutral axis is 4.2” from the
outer compression layer, if / 2 % 10" 1Ibs. per sq. in.; and 3.6”
from that layer, if F ) > 10" 1bs. per sq. in
. ; : §.2
I'he arm of the resisting couple is therefore (10 = =8.6" in
3
3.6 "o "
the former case, and (10 8.8” in the latter case, a differ

ence of*some 239/, so small as to be completely discounted by an
error in setting of the rods The more complex theories give
differe

of the same order of magnitude Can it be seriously

contended that the actual value of the modulus, and the law of its

vari
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variation, if there be a definite law, are of such overwhelming
importance in the design of reinforced concrete beams, as would
be implied by an inspection of ome of the formulae for such
designs?  And are we not in danger of allowing our formulae to
reach a state of apparent theoretical accuracy, altogether beyond
what is justifiable in view of the physical properties of the materials
concerned, and of the practica conditions under which thes

material ire used?

MopurLts or Erastiorry rroM TESTS

The cubes made from the beam mixtures were intended primarily
for the determination of the compressive strength of the concrete
The author is well aware that in the determination of the compres-
sion modulus it is desirable to have prismatic specimens of a

length equal to about three times their transverse dimensions, and

such specimens probably give a more accurate measure of tl

compressive strength than cubes. The use of the cubes to deter
mine 1¢ trength is, however, more common in practice, and th
results of the tests can be compared with existing’ data The
measurements of the rate of yielding of the concrete were made

only as an auxiliary to the compression tests, but the results were

of such a character as to make them of some intere In the case

of the first cube tested, overlapping scales graduated to 1 100 inch
were used and read to 1 1000 inch, using a ‘magnifier, but such read

ings are necessarily only approximate In the other tests two

ymeters were used, one on each of two opposite
faces of the cube. The gauge length was usually 4 inches. In one
case (No. 1 cube) it was 6 inches The reflecting mirror gave a
movement on the scale such that Imm. corresponded to 1 10000”

on the specimen Fractions of millimeters could be read

easily, and, therefore, compressions of 1/100000” were measurable
The compressive strengths tabulated (p. 11) show the cubes to he
of reasonable uniformity in this respect. The rate of yielding was
noticeably different on the two sides of the cubes in all cases—in
some cases very remarkably so Still greater variations were
observed between the rates of yielding of the different cubes, and
5o far as a determination of the modulus for the concrete and the
law of its variation are concerned, the results were negative., The
modulus always diminished as the load increased, but the initial
and final values were quite irregular

I

only a localized value of the compressive strain and could not be

may be objected that such extensometer meéasurements give

expected to give consistent values for the modulus of the block as
a whole The author would remind any to whom this thought may
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occur that all extensometer measurements made on the faces of
the beams themselves are likewise localized measurements. If con-
sistent results are obtainable for the value of the modulus, by some
method of measuremeant giving a different value for the arcrage
compression, from that obtained by localized measurements such
as the above, it would not seem reasonable to apply such results to
merely local measurements made on the face of beams, and the
author's contention respecting the variable properties of a concrete
mixture would be amply justified His own resu!ts are consistent
as regards each face of each individual cube, but as between
different cubes, there is a remarkable variation, although values of
the compressive strength were very reasonably consistent The
results are shown in Plate XX, and the values of the modulus as
determined by regarding the curves as being represented approxi-
mately by a series of straight lines are tabulated below These
values were obtained from curves plotted to a larger scale than
that in the Plate Extensometer readings were taken at every
10,000 1bs. of load, the intermediate readings to those shown on the

Plate lying equally as well on the curves as the plotted readings

Cube Dimensions, inches Lowd Range

| 8.70x 9.0 9.0 1O,000 - 50,000 129 645 2.66 1.2(0) 1.630
20,000 100,000 6451290 | 2.03 0953 | 1,206

4 7.99 < 7.97 x 8.0 1O,000-100,000  1537-1570 | 0
10,000- 40,000 157-630
$0,000- 80,000 6301260

3 K.8 0.1 0.3 1O000- 50,000 125-625
S0,000= 8O, 000 6251000
SO,000- 110,000 1000 1375

—_—10

1 8.70 x 9.0 9.07 20,000 50,000 260-645 2.870 | 6.05
20,000 70,000 645 910 1.360 | 6.05
TO,000-100,000  910- 1290 | 1.000 | 2,18

1OO000- 150,000 12901935 | 0.567

5 N8 9.0 9.0 OO - TO000 126 885 1.98
20,000~ 60 (00 760 1.98 1.84
TO000- 100, (00 1265 | lrregu 1.01

t 9.1 9.0 9.0 1O,000- 50,000 122 610 (from
- - : AVerage

SO,000- 70,000 610 855 1.240 | line for

70,000-150,000 | 8351830 [ (.777 Whole

range|

3.03
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ran
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In testing cube No. 0 overlapping scales were used. The rate of
yielding was about the same on the two faces, and over the middle
range was about 1/1000” for each 10,000 1bs. load increment. This

corresponds to F,=1.14 X 10° ]bs. per sq. in
&
E
&
oo}y 44 |
0014] c
CuBe Nol | g
002l | Gauge length b §
b
0.0 ; o S Eo |
o008 i CuBE NoS 1
0.00b 000 . Gauge length 4 |
©004] o
oooi 000
£ 2 383 265383 2 382¢8¢8 T3
é Load thousands of Ibs Load thousands of Ibs
oo} 4
00M—4 t CuBE No2
) | Gauge length 4" |
E
{ { i { é
| | 0006}
fd— 4 000t 1 Cype No? -
|| oooq) | Gaugelength 4 |
0

[
‘ 4+ 4 " 4 I 4‘ g 4 4+ " +
— Cuie Nos4 4 {{ ooll | CuBE Nob
1 Gauge length 4 ;

t— 0008__L Gauge length 4°

S T T— 0004f

Y 0002]

p—

3883838233383 2 3§83 88 3 8
Load thousands of Ibs Load thousands of Ibs

Plate XX

A study of these results shows some remarkable variations
Especially noticeable is the large yielding of No. 2, and the small
yielding “of No. 3. There is undoubtedly a diminution in the value
of the modulus as the stress increases, but there is no uniformity
in either the value of the modulus or in its variations. From the
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compression tests it would be said that gopd, sound, uniform con-
crete was used. In no case was there marked failure on any one
face or of any one cube, such as would aecount for the variations
shown above. The results do not give any encouragement to the
view that the value of the modulus of elasticity can be assigned
with any great degree of accuracy, and if this be so, a method of
analysis involving a law of variation of a quantity which in itself
of very uncertain value, cannot be altogether justified especially
in view of the fact that in its results it mpdifies but slightly the
quantities which it is important to estimate in a design. The
results of actual tests will agree reasonably well with either the
simple theory used in this paper, or with a more elaborate theory
taking account of rather uncertain laws of variation of physical
properties of the materials used, which variations do not very
materially affect the vital points in a design. It is extremely prob-
able that neither theory is correct. To justify the elaborate theories
which have become so fashionable, the author considers:

(1) That the physical properties of the materials used should be
of such a degree of constancy as would correspond with the degree
of refinement of the calculations employed;

(2) That the results of actual tests on beams should agree more
closely with the theories so deduced than with the simple theory
used in this paper

The author does not believe that either of these points can be

ufficiently established

ACTUAL BEAM TEST RECORDS

Records were made by an observer facing the side of the beam
carrying the extensometers The loading point on his right is
termed the right load point, and that on his left, the left load point.
The side of the beam carrying the extensometers is called the front,
and the other side, carrying the deflectiony scale, is called the back.
The beams 6’ 0” ¢. to ¢. were tested with the compression face upper-
most, while in the case of the larger beams 10’ 0” ¢. to ¢. the tension
face was uppermost Load increments of 500 1bs. were used for
the 6’ 0” beams, and increments of 1000 Ibs. for the 10" 0” beams
The tables submitted show the increments of stress, deflection, etc.,
due to the machine load, the zero readings of the instruments being
taken under the dead load of the beam itself. The bending moment
due to the weight.of the beam and loading arrangements is included
in the ultimate moment used in determining the constant in the
relation—Ult. moment = const. X bd2 All beams were loaded at
the third points. The upper and lower extensometers were each
\” from the edge of the beam, the three intermediate ones being

then
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!

= then uniformly spaced. The positions are sufficiently indicated in

e the plates. A complete record of one test is given below, together
8 with the method of working out results The complete tests are
e then summarized
d Beam No. 3. Johnson Beam—Concrete, 1-2-4 Beam, 6" x 8”
f 6’ 0” ¢. to c. Reinforcement, 3 3” rods 0.54 sq. in. One rod bent
\f
y
e N 1 N N N 4 N

Machine Deflect'n
e load e

Ibs, mche
e * Read. | DIl | Read. | Diff. Read.| Diff.  Read. | Ditt.  Read,  Dir | "0
y =
1l : 4
y 0.0 165.6 0.0 152.0 0,0 21.2 0.0 I87.3 0.0 | 184.2 0.0 2 860
)- +
500, 161.1 £.5 149.6 | 2.4 0.8 I86.7 0.6 | 80,8

'8 - . = - s s

1,00, 159.4 ; 146.3 | 5.7 0.8 I8LD 2.8 | 176.6

1,500 150.07 15,6 143.8  K.2 0.8 | 182.0 2.3 170.9
e 2, (00, 144.0 [ 21,6 140.2 | 11.8 0.8 . 91 164.2
i 2500, 1331 325 137.8 | 14.2 0.0 141 | 154.8

4

3,000, 145.8 384
e 3,500, 132.8 5.4

£.000), 121.8 6H2.4

+.500), 107.6 76.6

5,000, 94.0 9.2
e 5,000, 7.5 104.7

6, (00) 65.8 118.4

6,500 ; a0 1 134.1

t

7000, 66.8 | 98.8 | 112.1 [ 39.9 | 0.8 (22.0 6.3 | 36.5 147.7

7.5, S57.0 1 108.6 1 108.0 | 44.0 2.8 | 24.0 96. 1 2.1 163.1
m 8,000, 47.8 | 117.8 | 104.5 | 47.5 | 5.1 ]26.3 104. 1 8.0 192.2
is
it 8,500, 33.8 | 131.8 097.6 1 H4.4 6.8 | 28.0 3,000 ‘
t 9,000, 1] 144.5 | 2.8 [ 59.2 | 8.2]|29.4 3.016
e 9,500, 1| 154.5 8811639 9.7130.9| 53.8 3,027
k. 1

10,00, 7.21172.8 78.8173.2110.7 | 31.9 63.0 247.2 3.045
n 10,500, 24.1 | 180.7 [ 69.8 | 82.2 | 10,2 | 31.4 84.5 3.070

11,000, 41,1 | 206.7 | 62,1 [ 89.9 | 11.2 | 32.4 O8.{ 3.082
) o |
S.
up at 45° outside load points. Centre of rods, §” above base
1 : : 56 " .
g % reinforcement 1.25. Load at third points. Age, 49 days. Total
nt weight, 314 1lbs. Steel, 11.5 1bs Extensometer gauge length, 10”
d Scale readings in mms such that 20 mms = 0.001” movement on face
e o] : r :
l of beam. Extensometers in order 1 to 5 from compression to
at :
A tension face.
*h
18 Notes—6500 1bs. load vertical crack 6” to right of centre on face




000 lhs Slow movements on extensometers indicating break o
down of material. First crack extends above c¢. l. of steel and across force
base. New crack 2” outside right load point on back 10

NGO 1Ths.—Small vertical erack on face, 1”7 outside left load point was

running 2” across base. New crack at 7000 1bs. runs half way acros coupl

N800 1hs.—Crack on back 5” to left of centre, 13" up face
Similar crack 2” inside left load point. Both run partly across base

9000 Ihs.—Vertical crack (small) 2” outside left load point on
bhack

9500 1bs.—Diagonal crack on back. Starts 1” above base and 9”
from left support Runs beyond half depth and reaches as far as
diagonal bai

11,000 1hs.—Crack at 9500 1bs. further developed, but new crack
it other end caused failure. Runs from support diagonally towards
load point over end 15” of beam. This portion is not diagonally
8" outside

reinforced, as the central bar is bent up at 457, starting

load point

Carcvearen Resvnrs ror apove TEs1
The deformation curves shown in Plate IIl are straight lines,

howing that plane sections before bending have remained plane

Y300 1bs. load—The plotted results show that the extensometer on

the steel centre line (No. 5) moved 163 mms. This corresponds to
163 | i
0.00815 inche on the face of the beam I'he gauge
) [N
length 10"
0 OOS1H
Strain 000081,
10
Stre in eel = 30 107 > 0.000815
2450 Ibs. per sq. in
'otal steel force 0.54 24450

13200 1bs

At this load the neutral axis was 3.4” from the compression face

= - 0 3.4
of the beam F'he arm of the resisting couple 7.25
3 Mo
6.12" kd (Fig. 3)
Moment of resistance of steel force 13.200 Mo
80,700 1b. inches Th
¢
Toln . - .
[.oad moment ’ 24 90,000 Ib. inches oad a
2 down
. o 612 r ATy
I'he co-efficient A = 0.845.

-0
= made
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<The difference between actual load moment and moment of steel
force indicates the existence of tensile stress in the concrete

10,000 Ibs. load—Similar calculations show that the steel stress
was 36,700 Ibs. per sq. in., and the steel force 19,830 lbs Arm of
couple 6.08”.

Compn 2
1w . Lero : \ Extn
00 0908 { 04qps opi
T F T [ T | T‘ T
’ w L
{ ) S G N
AN |
| | | | S
[ {
[
- 4 4 ' 4 4 4 o -
i \
+ o+
ot
s f o
M l. € E
< _|®-g ¢
n & =
~ | v
¥ F 3

2 4 6 8 10 12

Load thousands of lbs
JoUNSON BEAM  6'wide B'deep b0 c 1
Reinborczment 34 rods « 054 sqm = |25%

d at third points

lotal weight 314 Ibs Oteel 11.5|bs
Max load 11000 Ibs Age 49days
Plate 111
Moment of steel force 19.830 6.08 120,600 1b. inches
Moment of load 10,00 o4 120,000 1b. inches
)

The closer agreement between load and steel moment, as the
load approaches its ultimate value, indicates the complete break
down of the tension value of the concrete

An estimate of the compressive stress in the concrete may be

made from the above result The total tension 19,830 1bs. since




-
the concrete tension i negligible Hence total compression
19,830 1bs. Depth to neutral plane 3.9" Area in conipression :
6 %53 21.0 sq. in Assuming linear variation of stress, the
19,830 g
maxiniun compressive stress 1890 Ibs, per sq. in.,
)| loac
{ value within the ultimate strength of the concrete. The beam the
failed by diagonal cracking. The yield point of the steel was not rise
reached, the stress at 11,000 1bs. load being 42,400 1bs. per sq. in loac
000 1hs. load—The beam was not noticeably cracked on the ten indi
ion face at this load, and an estimate may be made of the tensile laye
stress in the concrete loac
1 i to !
l.oad moment 60,000 ]b. inches :
Stea] moment 14,200 1b. inches, (found as above) effe
Tensile concrete moment 15,800, 1b. inches ]
If thé tensile stress is assumed to vary according to the linear tabl
aw, the drm of the tensile force will be two-thirds of the depth of note
the beam If the depth is measured to the steel centre line, the
arm £ X 7.25 —4.83"
: . 15,800 Muel
Concrete force (tensile) .
183 bs
1280 1bs
Area in tension (7.25 3.01) X 6
sq. in 2.5
3N
» 90 bl
Max. tensile stress actal, 292 1bs. per sq. in e
20 4 10,(N
a reasonable value, at a load approaching that at which definite
crack were observed
The total compression force at this load stee]l foree 4+ concrete
)
fOree (7280 +4- 3280) 10,560 1b Area in compression =3.51 ¥ 6
) 0,560 I
q. in Max. compression stre 2l 2 1000 1bs. per sq !
3.0 6 6 0
m One
S . ” y rein{
I'he deflection at 5000 1bs oad was 0.06”, heing ! of the span
12000 of b
ltimde moment at tl
R T
[.Load moment 24 122000
) a
. 3 obse
Weight ik 72 2,826
N tests
T (LY )»_\' 0
LLoading rai 24 1,200
) steel
the ¢
126,026 14,30




ar
()f
he

n

Hence 136,026

const. X 6

Constant — 432
The discrepancy between steel and load moments at the lowel
loads is due to the neglected tensile stress on the concrete, and at
the higher loads there is a close agreement. The neutral axis
rises during the early stages of loading, and falls as the breaking
load is approached The detail readings for No. 3} extensometel
indicate that there was a small amount of compression at that
layer of the beam until the load reached 2500 Ibs Bevond that
load, tensile readings are indicated. The neutral line remains close
to No. 3 instrument during the early stages of the loading. Simila:
effects were noted frequently in other tests.
The results are summarized briefly below, and corresponding
tables are then given for all the beams tested, together wil‘h brief
notes of the behaviour during test

Maehit Depth of i Stele Stee Steol - I i
Tl nent, axi f <t enn, It foree 1 t mome n
8 $ | lept | s 3 | S b

f 1 1

ret

2 SN £.00 ins .02 = (.82 400 D 380 14,100 30,000 53.0

3.000  3.51 6,08 = (.84 13,500 7,280 4200 6,000 6.3

.00 3.40 6G.12 -O0.845d 24,420 13,2000 RO, 700 OO N 10,3

1O () 301 G.O8 =10, 84/ 36,700 19,830 1200 63(H) 1200 (M) 0.0

SUMMARY OF TESTS.

Beam No. 1. Johnson Beam—Concrete, 1-2-4. Beam, 6” X 8”

6 0” c. to « Reinforcement, 3 3” Johnson bars 0.54 sq. in

One rod bent up at 45°, 8” outside load points. Centre line of
reinforcement, ” above base. ¢/ reinforcement, 1.2

Total weight
of beam, 311 Ihs. Weight of steel, 11.5 1bs. Age, 28 days. Loaded
at third points

The results are shown in Plate I, the deformation curves having
a slight concavity This beam, was the first one tested, and the
observations for initial cracking were not so careful as in the later
tests when the beam surface was kept moistened and was viewed
by oblique illumination At 9000 Ibs. load the extensometer on the
steel line showed marked creeping along the scale, suggesting that
the steel stress was near the yield point. The indicated stress was
44,300 1bs. per s8q. in., the average yield point given by tests on the
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reinforcement

per sq. in the greatest value g1
This observation is of interest as the et
loads figure in excess of the actual
for increase of stress is assumed N\ M
the stresses indicated in the table
the actual values, and the excess of
Extn L
10005 _ 100! Q015" s ()
7.
} _J 10,0
" /
6 1
Onie
hea
e -
1
t
of «
o
a Doil
: Crac
. al
heat
\ sonds ol Ibs
b wide, Bdeep, bC con
3-4 rods = 0S4 in = | T
Load at third points s
P e
311 lbs Oteel 115 Ibs '
11,51
Age 28days
)
late 1 fhe
“
moment would be largely accounted for. aSLL]
|
load many cracks extended across the base, and ran .
of the beam. The faiJure occurred L
load by a diagonal crack running from the support to .
givii
portion of the beam not having diagonral
was similar to that for Beam No. 3, |

The deflection was, however, much




)
greater in the present instance. This would account for the high
steel stresses For this beam 1V 170 il
M 1 t t f 1 NSteel St |
1 s
t f t
2500 3.7 ins. 6H.02 — 0,83/ O, 1a0 3.320 19,560 30,0000 R
ORI i | 012 =0.8454 19,0500 10,520 64300 6O O

7000 3.4 O, 12=0.845/ 31,600 17.0060 1O4 2000 S4.000

Tovomnn , 3.0 6.0 =0.8337 0,830 27 .450% 163,800 1200 000
* Boyond yield point

Beam Noo 20 Johnson Beam—Concrete, 1-2-4 Beam, 6" x 8"
6" 0" ¢. 10 « Reinforcement, ) 1 Johnson bars 0.54 sq. in

One bar bent up at 24°, 8” outside load point so as to come out of

hean wel upport Centre line of reinforcement $” above ha
‘ reinforcement 1.25 Total weight of beam 313 1b Stet
12.9 )S ge, 29 days. Loaded at third points
I'he results are shown in Plate 1I. The deformation curves are
mceave than in tl case of Beam No. 1, and are practically
traight line At 8000 1bs. load the extensometer showed g1
of creeping, the steel stress being 34,700 1bs. per sq. in At Y9500 1h
mall diagonal crack was noted 27 outside left load point, and
halt way down face at 10,000 Ths, a similar crack 6” outside right
load point, and a erack across base 17 deep 1”7 outside right load
DO At 11,000 b evera hase cracl 1” deep between load
Doil | wer righ oad point A\t 11,500 1b nall diagonal
cra general at ends outside load points, bhut not developing on
1o f diagonal bar running as far a 1pport At 12,270 1b
heam tailed by opening of vertical crack 4” to left of centre and
compm m | ure abovt The deflection at 12,200 b was 044"
and was increasing up to the maximum load. The extensometer on
the stee ne indicated a stre of 56,800 1bs. per sq. in. at load of
11,500 1h “The steel was probably beyond yield point, as thi 1re
heyond that found by te of the bhar The teel moment
the higher load are also in  excess of the oad moment
1 Vil the case in Beam No. 1 I'he stee St at failm
being beyond the vield point would probably be in 1e neighbon
hood of 50000 1 er sq n.. corresponding to a tension force of
0001 The arej in compre on at 11,500 Ibs. was 22.2 sq. in
\ -
maximum gompression stress of Aalll 2430 1bs. per
y ) o
q. i1 which would azre with compression failure
For this beam 1/ {1SO Inl
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The diagonal reinforcement seemed to be more effective than
that in Beams No. 1 and No. 2, in which it was at 45°. The diagonal

cracks did not develop, and the deflection before failure was

noticeably much greater 10
Tw
Compn . Zaro , Extn . Cel
oop o oo’ o
we
wit
:
J 3"
= + 2
H
\2 ! 1§
o+ =
.»0}:
~ 3
£ B
h i 4 [ [ 10 1z
Loao (Tueusanos or Pounos)
Jounson Beam  6'wide & deep. 607 ¢ e
Reinremcarment 3-4 rods =054 sq1n « 1125
Load ot Hhird points. Oue rod bent up 8 outside load
points, leaving beam at sechion over supports .
Weonr Total 3131bs, Steel 1221bs
Max Leap. 122101bs  Act 2Gdays
Plate TII
( Depth « vl
Meet neut. axis |61 polcompn : s Load moment
load | trom comy to e loof steel | e oy force 1 nomel
bs face k. dept) a3 bs I i 1b. ilis )
&3 Tl
3.40ins. | 6.12=0.8454 6,000 3,240 10,820 30,000 313.9 noti
p : = = otic
3.21 G018 = 0,833 18,720 10,100 62,400 6O, 000 .
3.21 6. 18 31460 16980 105,00 OO (KD ) appe:
10, ((N) 3.40 L6 12 =0.845d 46, 400% 25,050% 153, 100% 120,000 | ) load
|

| insid«
of rig

* Beyond or very near yieM point,

line;
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Beam No. 3. Johnson Beam—Fully described (p. 20).

Beam No. 4. Johnson Beam—Concrete, 1-2-4, Beam, 8” X 12” X
10" 0” c. to ¢. Reinforcement, 4 3” Johnson bars =0.72 sq. in.
Two bars bent up at 45° half way between load points and supports.
Centre line of bars §” above base. ¢ reinforcement— 0.80. Total
weight of beam, 1009 lbs. Steel, 25.5 lbs. Age, 55 days. Tested

with tension face uppermost. Loaded at third points.

Compn Extn
o oo A% 00 00"
T
| \
L + —
|
|
|
e ]
1 =&
8 2
: §
< L]
" £ ‘
s |5
v 3
x ®

Load thousands of Ibs

Jounson BEAM  8'wide. 127 deep 100" toc

Reinlorcement 4- 3 rods =0 726910 =080 %
Load ot third points

Weight  Total 100g |b  Steel 2551b

Max load 17900 Ib ch 55 doys

Plate 1V.

The results are shown in Plate IV. The deformation curves are
noticeably concave downwards. At 9000 Ibs. load two base cracks

appeared, one 6” outside right load point, the other 6” inside left
load point. At 11,000 Ibs. crack over right load point and also 4"
inside it. At 12,000 1bs. crack over left load point and 12” to right
of right load point. At 14,000 Ibs. base crack 3” to right of centre
line; and at 15,000 lbs. base crack 18” outside right load point.




now extends 1”7 down side At 16,000 1b f;

[First crac it 9000 1h
hase crack 87 outside right load point At 17,000 1bs. diagonal
cracks opened at each end about half way down beam byt closed a f:
heam failed at 17,900 1bs., by opening of cracks between the load
points, over left load point, 127 to right of it and 6 inside right d

load point \s the ends of the beam were further depressed the
¢oncrete crushed in  compression above the cracks, but not
simultaneously with the tension fallure iIn the concrete. The yield
point of the steel and the compressive strength of the concrete were

not developed fully at the i

l“l"]"‘
the percentage reinforcement

The ultimate moment

heing less than in Beams 1, 2, and 2
Ma oS ) f e N i |
" ' f : f t nent  ment on
{ L 1 1
5000 L0 Ins O.60=0.817d 6,440 10640 £4.500 10O, 000 iNdeod
10 00 Lo, OSS = 0842/ 18,730 13,000 133,400 2000, (00 33,3
1o, 000 19 1 9,93 =0.546 20,000 AL P14 00 SO0 e N0
\ fa proportion o )l carried by e concret
it 15,000 1hH oad 1o ten<ion® failu n the concrete not occurrit
unt near the maximum lo 17,900 ]
Beam No Johnson Beam—Concrete, 1-2-4 Jeam, 8 113
107 07 « 0« Rei reen ” Johnson har 0.90 sq. in
I'hree ha ent up at 4 ne 8 rom load point, and two at 24"
fro oad point (s D ) (‘en ine of bai {” above ba
reinforcement 1.02 lFotal we f beam, 10085 1bs Stee
Age, 56 day lested wi nsio e uppermost.  Loaded
1 1 poi
I'he ‘ 1 ¢ vioin Plat V', the defon tion curve being
” raight line At COn0 ) numerous minute cracks appeared
on irface f1 ¢ At H000 1h wek 117 to right of centre goes 1”
down 1¢ At 10,000 1hs. erad at centre 3 down side ind 9000 1bh
erack also low1 At 11.000 T utside right load point i
run ' dowt ide At 15,000 1h liagonal crac 15”7 outside left
load point extending ove of depth but not running to base
(shear crack) At 16,00 hs. base crack joins diagonal crack, and
new crack appears 12”7 outside right load point on both faces At “:
17,000 1hs. diagonal crack extend Crack 3 to right of centre runs 15
down to neutral axi At 20,000 1h rack at left load point ¢” down 20




Maximum

0.001s" 0.015

11« concret

Otrese

Oter

k3

3
°

% depth of neutral

16 20

thousands o} Ibs
JOHNSON BEAM 8'wide |13 deep. 100° boc

Reinforcement S~y rads ~0qosqin = |02%
Load ot third points

Total weight 1008:5 Ibs
Max load 20500 Ibs

Steel 3 Ibs
Aqe Sbdays
Stee? <

load,

W Extn

line from top

$.320 39,700

14,850
27 (NN

or very near yield point

140,500
256,000
SA30d HO000% 45 (00* 423 (MH)*
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Ultimate moment — 431 bd=.

The total compression at 20,000 1bs. load was 45,000 lbs. Area

in compression =28 x 4.8 384 sq. in. Maximum compression
) DO o4r : :

stress = = P — o545 1bs. per sq. in., a reasonable value in
38.4

view of the crushing of the concrete at maximum load. The full
value of the steel seems to have been developed, and concrete and
steel reached ultimate and yield point stresses simultaneously.

Beam No. 6. Kahn Beam—Concrete, 1-2-4. Beam, 6” X 8” X
6’ 0” c. to ¢. Reinforcement, 2 3” Kahn bars = 0.76 sq. in. gross;
0.50 sq. in. net. Centre line of bars, " above base. 9% reinforce-
ment =— 1.15 (net). Total weight of beam, 314 1bs. Weight of steel,
17.8 1bs. Age, 28 days. Loaded at third points.

The results are shown in Plate VI. The deformation curves are
slightly concave downwards, the concavity increasing as the load
increases. At 6000 lbs. cracks across base under each load point,
and 4” to left of right load point. At 7000 Ibs. crack at left load
point runs 33” up side on back. At 7500 lbs. crack under right load
point 1” up front. At 8500 Ibs. base cracks at centre and 4” to
right. At 10,000 1bs. crack under left load point runs 33” up face,
and crack 7” outside right load point across base and up sides 1”
on front, 3” on back. At 11,000 Ibs. small diagonal cracks traced
for 13”, at about 2” above base, 7” outside left load point. At 11,000
1bs. base cracks 6” to left and 4” to right of centre Fun 1”7 up sides.
At 12,000 1bs. (maximum load) crack 6” to left of centre opened

and the concrete then crushed above.

Ultimate moment 470 bdz.

Depth of Steel Steel

Machine | jant. axis [Centre of comp'n  goragg Steel siioment Load % load mo-
load from comp'n to ¢, 1, of steel 1b. per force (net) moment ment on
b face k. depth 8q. in (net) Ibs Ib. in b, in. concrete
2. 500 £.0ins. | 2.2=0.817d 4,500 | 2250 | 13,320 30,000 55.6
5 3.3 6. 14=0.847d 12,000 6,000 | 36,840 60,000 38.6

3.3 6. 14 , 20210 1 10,105 | 62,(00) 90, (00 31.0
3.3 [ 6.14 . 31,000 1 15,500 | 92,000 120,000 23.3

The above table shows that the steel moment figured on the net
area was appreciably less than the load moment even at 10,000 1bs.
load. The extensometers were removed from the beam at 11,000
Ibs. load when tne steel stress was 35,700 1bs. per sq. in. It is

therefore probable that at maximum load the stress in the steel

abo

bar
bar
The

ins

was
the 1
deep
of ti
tensi
beam
the v

of th




was beyond 40,000 1bs. per sq. in. Tests showed a yleld point of
about 45,000 1bs. per sq. in. It may be noted that the wings of the
bar were sheared according to the standard practice of the Kahn
bar manufacturers, so that the wings covered a depth of 4} ins
The bars were §” above the base, and hence extended to about 3
ins. from the compression face. In Beams No. 10 and 11 the depth

O o Zeto oges Eage
SRR
\
L

depth of neutral
e from Yop

2 A 6 8 o |
Load thousands of Ibs
KAHN BEAM . 6'wide, 8" deep. 60" ¢ toc
Reintorcement  2~4"rods = 0 50sq Inmet = 115%
Load at third points
Total weight 314 Ibs Steel 17-8bs

Max. load. 12000/bs.  Aqe 28days
Plate V1.

%

was about 7”7, and a greater proportion of the depth was covered by
the wings. The 8’ beam may be considered by some to be rather

deep for wings sheared as above, but the wings cover that portion
of the depth over which the shearing stresses are greatest. The
tension area, 0.50 sq. in., is slightly less than that in the Johnson
beams Nos. 1, 2, and 3 of the same size, but allowing for the wings
the weight of steel in the present beam is considerably in excess
of that in the beams reinforced with the corrugated bar. The beam




lo¢ not, however, carry any greater load The bending of the

Johnson bars diagonally in Beam No. 2 resulted in a concrete

tension failure in the central third, as in the case of this heam,
and the diagonal reinforcement seems to have heen sufficient. The
wing metal in the Kahn beam does not seem to produce advant:

wished to

comparable with the amount present The author

the Kahn bar with the central third unsheared since there no
hearing force over that portion of the beam, but the bars were
lieves that if

only obtainable sheared in the standard form He be
the end bond was sufficient to develop the tensile value of the
unsheared section over the central third, a much hetter result might

have been obtained

Beam No. 7 Kahn Beam—Concrete, 1 | 6" 8"
6" 0” ¢. to e. Reinforcement, 2 1" Kahn bars in. gross;
0.50 sq. in. net. Centre of bars, " above base. ¢/ reinforcement
1 net Total weight of beam, 301 1bs. Weight of steel, 17.8 1bs
\ge, 50 days. Loaded at third points

This beam is similar to No. 6, but of twice the age. The results
are shown in Plate VII. The curves are only very slightly concave,
and the concavity is upwards At 6000 1bs. cracks appeared across
hase 4” to left, and 5” to right of centre, and 1” inside left load
point At 6500 Ibs. the second crack noted at 6000 1bs. runs 2”7 up
back face At 8000 Ibs. a crack 23" inside right load point across
part of base and 1” up front At 9000 1bs. cracks 3" and 67 ontside
right load point across part of base and 1”7 up front At 9500 1bs
crack across base at centre, also 6” outside left load point A\t
10,000 1h econd crack noted at 6000 Ibs. run ' up face At
10,500 1bs. diagonal crack extending over 3” depth starts from base
N” outside left load point. on back of beam Cracks over central
12”7 of beam run 2” to 2" up side At 12,950 1hs. (maximum load)
these cracks 5” either side of centre developed and concrete failed
\hove

Ultimate moment 205 hd2 against 470 bd for Beam No. 6

This result is better than that for the Johnson Beams Nos. 1, 2, and

. in which the tension area was nearly the same, but there is a

very considerable weight of metal in the wings of the Kahn bar
tnd this must be remembered in making comparisons (See p. ob.)
The deflection at maximum load was 0.66”

The maximum compressive ess in the concrete near failnre

24700 ~ 2 i ]
was 22350 1bs. per sq. in., a value in close agreement

637 o

with its ultimate strength. The gradual transfer of moment from

shown in the table

is

steel

to

concere

5,00
700
10,000
11 S
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Load at third peints
Total weight 301 fbs
Max load 12950 Ibs

Plate VII

Depth S
Maching i Ce f e |

' f 0] f T

1 fa epth 1
2000 4.0 ins 1,600
5,000 381 1.5, 000

7,000 3.66
1O,0000 0 366
11,000 | 3.70

* Beyond yield

Beami No. 8 Kahn Beam—Concrete, 1-2-4

Reinforcement, 1

2000 e

% depth ot neutra

012

2 4 3
Load thousands of Ibs
KAHN BEAM  6'wide,

8'deep, b0 ¢ toc

orcement  2~4'rods =0 50sqinnet= [ 1S%

Steel 178 lbs

Aqe S5 deys

St ' Load
(net noment

1) b, i

2. 300 13,6000 30,000

o0 §4 . 8(0) GO 00

3,100 TS8O0 HO, 000

ST A IS T25 [ 112,900 | 120,000
19 . 400) 4

TOO 48,6000 138,000

Beam, 6

1" Kahn bar 0.78 sq. in

]”

EBIross,;



I'he percentage net e D1 in
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2 30000050" |
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v D e
Y " cal
We
KaAuN BEAM  b'wie 8deep. 60c 1o
Rewnforcement 2 rod = 0 5bsqinnet = 1 3% P
toad at third poin . -
Total weight 303 teel | be
Max load 12000bs  Age 28days 1.3
day
Plate V' ITT
. ) she
much more steel in the beam than in the Johnson bheams 1 and \
Int
A single bar would scarcely be expected to distribute the stresse N
Ihs
through the copicrete as effectively a numhber of 1alle har :
)y
but the dej of wings was sufficient to cause 1en roject a
cru
little above beam surface l
q 1 T as
The pe€ults are shown in Plate VIII Fhe deformation curve
ire YTightly concave downward At G000 1L oad hase crack

wetically the




inside right load point, and 2” outside left load point, developing 1”

up sides at 6500 1b At 7500 Ibs. base crack 10" outside left load
point At 9000 1bs. crack H” to right of centre across bhase. Previous
cracks developing At 9500 1bs. crack across middle of base and 47

inside left load point At 10,000 1bs. base crack 3”7 to left of centre
Base cracks outside load points running a little diagonally At
11,000 1bs. diagonal crack half way down beam 6” outside left load
point, not extending to base Beam failed at 12,000 1bs. by develop
ment of diagonal crack noted at 11,000 1bs. This ran down to base
and crack extended across base 9” outside load point, the concrete
along base being split along the rod over lengths -of 107 towards
the supporthand 6” towards load point. The deflection at 11,500 1bs

The yield point of the steel was not reached, and the

indications were that the single rod did not distribute the stress
altogether satisfactorily. The load carried was practically the same
as for the other 8” beams already noted

Ultimate moment 170 hd2
h
Macl : f 1 ul
H00  3.67 1 6,003 = 0,832/ ), 2000 2010 17,000 20,000 $1.0
UL S 1] G.12 0S40 12.080 6,760 11,360 GO0 31.0
To00 304D G0 008427 19680 11020 67,200 OO0 L3578 }
1O (KK e 6,00~ (), N28¢ .00 16,270 097 .00 120,000 &, W
The maximum compressive stress in conerete at 11,500 1bs. load
calculated from steel tension only was 1580 1bs. per sq. in., a value
well within its ultimate strength
Beam No. 9 Kahn Beam—Concrete, 1-2-4 Beam, 6" < 8"
6" 0” c. to « Reainforcement, 1 {” Kahn bar 0.78 sq. in. gros
0.56 sq. in. net. Centre of bar " above base reinforcem »nt

1.3. Weight of beam, 3.15 Ibs Weight of steel, 17.0 1bs. Age, 55
days. Loaded at third points

This beam is similar to No. 8 but twice the age. The results are
shown in Plate IX, the deformation curves being either straight
lines or slightly concave upwards. The maximum load was 14,000

bs. against 12,000 Ibs. in the case

f Beam No. 8, the failure being
by opening of a vertical crack between the load points and the
crushing of the concrete above. The yield point of the. steel was
passed, the stress at 13,500 1bs. load being about 47,000 lbs. per

A




A6

sq. in. assuming it to he proportional to deflection The greatest

recorded yield point stre during tests on the bars was 41,200 1bs
per sq. in

At 4000 1bs. load crack wcross hase 17 inside 1‘13‘!\' load point

and 47 inside left load point Former runs 17 up side at 4500 1bs
and latter 23” up on back at 6000 1hH At 6000 Ibs. erack 57 inside
. Compn . Zero .
UP‘ OPOS u«f&h
+ T ‘ - .
1 h { 4 ! 4 + 4
4 D U "
|
| I
|
. |
By 1
| |
1é
l. |
xbmh =
e
1
P
58
3
s 6
L
5y
g
2 4 6 8 0 12 w°®
Load thousands of Ibs
KAUNBEAM  B'wide B'deep, 60'c toc
Reintorcement 1-3"rod = 0 Sbeqin net = 1 3%
Load ot third points
Total weight 315 Ibs Steel 1701bs
Max load 14000 Ibs Age 55days
Plate IX
right load point 3” up side. At 7500 1bs. base crack 2”7 to right

tside load points at 8500 1bs

centre, and base cracks general on

9000 1Ibs. crack 3” to left of right load point runs 5” up side

9500 1bs. crack 3” to 4” outside left load point runs vertically f
12,000

2”, then diagonally towards load point, about 4” deep At

Ibs. crack 9” to right of right”load point goes 3” deep vertical

At 12,500 Ibs. crack 10” to left of left load point on back runs

of
At
At

or

ly

10) ¢




ertic y and then diagonally \ 1000 ) vertical cracl
inside t load point opened, and conere 1ished above
| nmite moment 7 I't \ te esil hin
beam No. X, the steel stress heing much e r developed
\ -y
0 i n SN 08124 F.o0m ) | 4,820 3OO w6
v OO0 .00 .83 12,600 L 000 12 500 GOLEEN) 20.1
L0000 3.36 .13 =0.846121,250 11,020 3000 90, 000 1S9
10,000 3,30 G, 10 =0, 848/ 30,480 17,080 100,000 1 120,000 12,9
12,500 $.24 617 O.832d [ 40.850% 22 9000 11,300 0 150 (00 LN
L]
Very near y i
I'he timated compression stress in concrete at 00 1b oad
D DO
H = 2360 1Ibs. per sq. in value in lose agreement
H - 3.24
with its ultimate strength
I'he deflection at maximum load was 0
B N 10 Kahn Bean Coneret 2-4 Beam, 6" 3
670" ¢ to ¢ Reinforcement, 2 Kahn ba 0.7 5q. in ro
050 sq. in. net Centre of bar { thove hase reinforcement
1.24 (net) Weight of beam, 292 1b Weight o e 178 1b A gt
S loaded at third point
e result Lre hown in Plate N\ h 1 1 i
emarkable for the concavity how ) ! ¢ 1 )
other case wa uch a form of curve obtained | ypeat 0 he
due o small readings at the te ( 1s the « ¢ four poin
might w ie upon a very flat curve Fhere was no reason )
doubt the reading however, and tl Xxtensometer at the time of
te \ ipparently in  proj v | Curve f
eformation at 2500 Ibs. load is quite fla
\ 000 1bs. bdse cracks 1”7 outside both load point ind of
oad point and 7”7 to right of cent A\t 7000 1bs. base crack 27 to
right of centre, over half bas 1” deep. Crack on \ 8" to
eft of ft load point At 8000 Ibs. vertical cracks 2” and 9” out
ide lef oad point run in diagona | ( ) yward e A\t
G000 11 hase crack under right load point and also to of
contre xtensometer removed t 9500 1 ind beam failed at
10,000 11 C'racks 4”7 and 7”7 inside left lo: point opened vertically
1 y crushed above Accepting the curves a hown in the




t tre Of

not

seem

to

have

highly probable the existence of some disturbing factor

been up to

vield poiut Ultimate moment 152 hd?2 (
0.5
1.5
1}
5
5 8
v -
H
3§
£ =
1.
4 -
a0
2 4 6 8 10
Load thousands ol Ibs
KAHN BEAM  6'wide, 78 deep 60" ¢ o«
Reinforcement 2-4"rods 0 504qinnet « 1 24%
Load at third points
T weight 292 'bs  Steel 178 Ibs
Max load 10000 Ibs Aae 28 days
I’late X
Deptl < St e
Miachin xis [Cent » I omer 5
W o ] B .y net ¢
f ! nerete
u
500 .6 0,83/ 2,900 2950 16,500 30,006
5,000 | D.U8=0.84d4 | 13,720 6,860 38,950 GO, 000 and
7,500 | 5.63=0.835/ 22300 11,150 62,700 OO 000 sho
9,000 | 5.6 =0.832¢ 27,300 13,650 76,500 1OS, (0 tra
Bea
* The small gteel moment at 9000 Ibs. load, and the check in the diminution of the per
centage of load moment carried on conerete, seems to indicate some probable error in the rigl
reading of the extensometers on the tension slde No source of error could be detected, how )
ever, during the test, but the results, differing us they do from those for all other beams, render out:
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Beam No. 11 Kahn Beam-—Concrete, 1-2-4 Beam, 6” < 7.15"
6" 0" ¢. to « Reinforcement, 2 3” Kahn bars 0.76 sq. in. gross;
0.50 sq. in. net Centre of bar 1”7 above base ¢ reinforcement,
1.2 net Weight of beam, 282.5 1bs Weight of steel, 17.8 1bs Age,
Woday Loaded at third points
This heam is almost the same as No. 10, being slightly shallower,
Compn Lero Extn
0-015"  0.0018 | 0001s” 0018 oons’
| WA — T T
- : ! } T } ) S - 4_
| |
| {
+ + + 4
| | T
| [ | |
| |
- I 1]
¢
0

)l
1y

%depth ol neutral
ne from top

Steal Stress Ib/sqin

2 A g w n
Load thousands of Ibs

KAHN BEAM  6'wide T18'deep. 60" ¢ toc

Reinforcement  2-4"rods «0.508q in nét = | 3%

Load at third peints

Total weight 282.51be  Steel IT.8lbs

Max load 115%0 lbs ch S6 days

Plate XI.

and therefore having a little more reinforcement. The results are
shown in Plate XI The deformation curves are very nearly
straight lines, and no such abnormal results were obtained as in
Beam No. 10

At 5000 Ibs. base cracks appeared 2” inside, and just outside

of centre, under left load point, and 7’

right load point, 4 to left ’

outside it Fine hair-like lines had been noted at 3500 Ibs. At

5500 1bs. two cracks about 7” outside left load point At 6000 1bs




rad 81”7 to left of centre run up side, and at 6500 1hH
right load point run 1p side All initial base crack
At 7000 b base crack 51" to right of centre, turning )W
ind reaching 4”7 up face at 10,500 1b At 9000 b g
on face 9”7 outside right load poin At 11,200 b (
failure tarted over the crack noted a 7000 )
centre, the deflection being then 0514 Failure resulte
b by development of these condition 16 fl¢
1.164” I'he diagonal crack noted at 9000 1h Vil 0%
beam failed
Ultimate moment a80 Il
M o Uent ) o :
200 .21 ins 33 8324 11,100 Yool 200 6N N
D000 306 )N = 0,842 27000 13,000 72, 000 (N
W) 3.00 .ods 0. 84 JO_ 4000 20 2000 TON . 400 o
TOo00 312 D36 =0,8387 H7.000% 25 500 152,500 1204
Beyond yield point
I i} een that e stee tre when assume
portic » deformation, give a value well beyond the
t oa load of 10,000 1h and tha 1e load momen )
exce of the actual momen At loads of 5000 1hs. a
the ca Hated steel moment 1 0 1 exct ol tl
In concrete compressive I'¢ \ 10 000 b [} na
fizures in the table would S 010 1L ) a
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hat e full value of concrete and (& WeTe 1¢
te
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11,000 Ibs. crack 17 inside right load point runs 27 up face, and

cracks noted at 9000 1hs. develop A\t 15,000 1bs. crack 8" to right
of centre runs acro hise A\t 17,000 1bs. a crack over left load
point runs half way through depth At 18,000 1hs. crack across base
to left of centre At 22,000 1hs, considerable movement on com
|
Lt
0P -
|
|
4
4
58
5
E
5
t - L B2
v 4 5 12 1o 20 24 >
Load thousands ot \bs
KAHNBEAM  §'wite 12decp. 100" o
Reintorcement 2-2"rods « | 2eqinnet « [-25%
Load ot third points
“ Total weight 1050 Ibs  Steel Sb.Slbs
Max load 23600 Ibs Age 28 doys
Plate XTI
pression extensometers foreshadowing failure. Instruments removed
at 23,000 Ibs. load Failure at 23,600 1bs. by crushing of concrete

over a length of 10” above a crack starting 3” inside left load point,
and also above a crack 6” inside right load point The deflection

just before failure was 0.95”

Ultimate moment 175 bd>2.
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Deptl
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Load thousands of lbs

KAHN BEAM  @'wide 113 deep 100 ¢ §

Reintorcement 2~ 3" rods =1 12sqin net -1 27%
Load at third points

Total weiqht 1043 Ibs Steel 565 b
Max load 25100 |lbs Age 56 doys

Plate XIII

The steel stress at 23,000 Ibs. load was 39,000 Ibs. per sq. in
corresponding to a maximum compression in the concrete of ahout
2070 1bs. per sq. in., indicating that yield point and ultimate stres:
in the concrete were reached almost simultaneously
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Reinforcemen Ransome

070 8. 1n One bar bent up 87 ontside load point ) as 1o comt
mt of beam just over suppprt and give diagonal reinforcement ovel
vhole length outside he bend Centre f bhat above hase
reinforcement 1.2% Weig i 1 131 1b Weight of stee
17.5 1h \ g 9 day Loaded at third point
s
: H
! s
Loed thousands ol lbs
Ransome BeAm 62 'wide Qi'deep. bo'c
eruruwe~ 3- 4 ds = 0715sqams 127 %
L.oad at tr a P H:'-,
w"( veight &S S Stec
Load ‘ .0 é !
.n'll‘ \l\ ‘
The bheam was rathen hort as compared with its depth, and
diagonal end failure occurred. The results are given in Plate XIV
the deformation curve being lightly concave downwards At
11.000 1hs. general cracking over hase crack 37 outside right load
point runs 7 up face A\t 13,000 Ths. crack across base 2” outside
eft load point This, and the one noted at 11,000 1h run up face
and turn diagonally towards the centre At 15,000 1bs. fine base
racks every few inche At 16,000 1h crack 6" outside left load
point runs diagonally to about half depth of beam., and almost

right load

hase Two similar eracks 177 and 77 outside

I
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point At 17

000 1bs. several small diagonal cracl at right end
At 18,000 Ibs. diagonal crack 187 outside left load point Diagonal
cracks developed at 19,000 1bs, running to within 2” of top at each
end L.oad well sustained Diagonal failure occurred at left end

at load of 21,940 Ibs Concerete cracked on base along reinforcing

line towards load point Rod (diagonal) pulled in at top and con

crete split longitudinally, the crack turnin ideways toward oad
point and joining the diagonal crack on the side. The deflection
at maximum load was 0.395”
Ultimate moment 018 hd2
Depth of ¢

Ma neut e = Lua

| f > | L f st f t v

f ! epth a ner

D000 0. 843/ 7,040 280 AN,000 GO, 060 S5 |
1O, 00H) 08637 18,700 14,030 105, 100 120,(06) 12.4
15,0000 O.RGOE 30,0000 22 5000 168,800 180,000 6.2
20 (WK) TAS=0.830d 43,120 32 4000 242 000 240 (0K 0.0

The table above shows that the high yield point of the steel

tabout 78.000 1h pel q. in See p. 4) wa not reached I'he
maximun compressive tress in the concrete at 20,000 Ibs. load,
T ) 32400 o -
assuming linear variation 2520 1bs. per sq. in I'her
6.7 LN

was no si

of compression failure, apart from slow creeping of

the compression extensometer, and thig vadue is higher than that

recorded in any of the previous tes

Beam No.o 15 Ransome Beam—Concrete, 1-2-4 Beam 6" 8"

6" 0”7 ¢. to « Reinforcement, 3 1” Ransome twisted bars
0.75 sq. in. Centre of bars $” above bhase One bar bent up 8”
outside load point to come out over support giving diagonal
reinforcement between bend and support ‘¢ reinforcement 1.72
Weight of beam, 318 1bs Weight of steel, 16 1bs Age, 29 days
Loaded at third points.

This beam is heavily reinforced, and it was not expected that the
full tension value of the high yield point steel would be developed
before failure. The test was made principally as a contrast with
the other 6” X 8” beams the percentage reinforcement of which
averaged about 1.25 The results are shown in Plate XV, the
deformation curves bheing practically straight lines The beam

was accidentally upset in handling before testing, and a crack 2”
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the concrete was therefore lost, and the steel took

1500 1bs. the above crack extended to the base and 1}

Compn, Lo, . . Extn
001s' I 00078 OQs

inside the right load point ran vertically through the
2” above the base. A considerable portion of the tension value of

up

1alf

<

I

Load thousands of lbs

Reinforcement 3-{ Tods = 0]Ssqin = 172 %
Load at third points
Total weight 318 lbs.  Steel 160 lbs

Mox. load 18000 Ibs Agt 29 days
Plate XV.

but the crack apparently closed. At 9000 1bs. a

e

o 53
) £
3 | 1t
" 8 1o 12 14 |6 8 *

RANSOME BEAM 6 ‘wide, 8'deep 60 c foc

pression side gradually closing, until at 8500 1bs. the line
crack 6” outside

load ppint runs 2” up side and then diagonally. Also similar
6” outside left load point. At 12,500 Ibs. the diagonal crack at right

beam to about

the greater

proportion of the load moment from the beginning of the test. At

across it at

the back At 5500 1bs. base crack 3” inside left load point at back,

and at 6000 Ibs. crack 4” to left of centre, both running 1” up side.
Also a crack 2” to right of centre 4” up back and across base. At
7500 Ibs. initial crack extends across base, the opening on the com-
was visible

right load point, 3” up back. At 11,000 lbs. crack 16” outside right
crack
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end runs past rod. At 13,500 Ibs. the diagonal cracks run to more
than half depth, and the crack at 9000 lbs. is developing. The above
cracks extended, especially the diagonal cracking at right end, and
at 18,000 1bs. (maximum load) the main crack ran from 8" inside
support to a point 3” below load point, several minor diagonal
cracks covering the neighbouring syrface below it. The concrete
crushed over a length of 8” inside the load point, as the beam
deflected at failure, the rods |n|\]ing. into the beam both at the
right end base, and on top over the support. Faillure was due to
the diagonal cracking at the end. The deflection at the moment of
failure was 0.392”

Ultimate moment =700 hd2, the high value of the co-efficient
corresponding with the heavy reinforcement

Depth of Steel
Machine ot axis Centreof compn  reel ' Steel Steel Load
load  gom yn toc. Lee b. pet force moment moment
Ibs k pth 8. in 1bs, Ib. ins Ih. ins concrete
5,000 3.9 ins. 5.95=0.821d 12,9 9,670 57,500 6O, 000 1.1
10,000 3.6 6. ad 2 132,700 " 120, (0) 0.0
15,0000 3.7 6.02=0.831d 45,200 204,000 180,000

The beam behaved abnormally owing to initial cracking, and
practically the whole tension force came on the steel at an early
stage of the loading. At 15,000 1bs. the steel moment is in excess
of load moment, but a close agreemient can scarcely be expected in
a beam initially cracked.

TESTS OF BEAMS AND CUBES ROASTED IN FURNACE.

Four beams and four cubes were placed in a furnace of the
metallurgical ]llutll'lll()l'i“,\' of the University, and gradually heated
from the ordinary room temperature to 1250° F., the record being
as shown

Tim SAS0a.m. 11 am Noon 1y 2 p.u 240 pom

Temp. YF. 6O 700 1090 1150 1170 1210 1245

The furnace was then allowed to cool slowly and the beams
were removed on the following day when the furnace could be
entered. The beams were supported on firebricks so as to be
inclined upwards from the fire end 6f the furnace

The gases were




thus equally distributed on their way t
ment was uppermost and the firebrick supports about 2

ends of the beams, which were, for test, on 6 07 cent

removal from the furnace it was evident that there
strain in the beams for they were appreciably cambel
be concave on the reinforcement side The amount of
and the general appearance of each beam, is given bhe

summary of tests

Beam No.o 16 Kahn Beam—Concrete, 1-2-4 Jean
6" 07 ¢, to « Reinforcement, 1 i Kahn bar 0.78
0.56 sq. in net. Centre of bar, 1" above base. ¢/ rei
1.3 (net) Weight of beam, 283 ]bs when roast

Loaded at third points
Owing to an oversight, the bheams were not we

o the flue The reinforct

ft. from the
res on
wis dnitial
ed, S0 as to

this camber,

low with the

O S

(. in. gross;

1HHorcement

ed, 55 days

ighed bhefore

roasting The weights of the corresponding beams, Nos. 8§ and 9,
were 303 and 315 1b average, 509 I'he lo of weight was prob
ably about 25 1b The general appearance of the beam was fai

One end was rather damaged, and was patched with ple

ister of paris

to give a good bearing. The diagonal wings projected through the
urface, which was cracked round the projections, the wings being
lightly Joose. Cracks ran from the compression face downwards,
as follow 11" to left of right load point 4” down 13" to right
of same load point 3” down 1” to left of left load point 3" down,
77 to left of it, fine crack traceable to middle of depth Sma

crack ' and 8”7 inside left load point on bac Minor cracl

within 6” of right support. Crack along central base longitudinally
from damaged end inwards for 15" Indications in place { longi
tudinal cracks along sides on line of reinforcement, but crac only
ight The cambher at the centre was 0.17"

The behaviour of the beam i hown in Plate XVI

tion curves are practically straight lines, and the ne

is very close to the reinforcement line, a point wh

referred to when describing tests on the concrete cube
imilarly roasted. When the load reached 2000 Ibs. (i
500 1bs.) cousiderable cracking was heard, being due
ing of the very dry concrete. The extensometers moy

the indicator «

5 m.m. at a time, and

mannet about
machine made a corresponding movement, showing |
the machine is to any slight fluctuations in the con
loaded beam At 2000 1bs. the deflection was 0.17”7, i

sappeared.  When the load reached

the camber had d
initial crack along the base from the damaged end ¢

from the load point and then turned to the ide

The deformA
urra urtace

h wi |

wWhich were
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to the crush
ed in a jerky
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extended The concrete had by this time closed tightly round the

wings which projected through the surface, and although a diagonal
crack opened at the damaged end at 3000 Ibs., the load increased
to 3200 1bs. before the concrete fell away from the bar at the

damaged end and the failure took place. The deflection was then

0.99” from the cambered position The neutral axis was about 5.6”
. Compn 4 LExtn
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gs
Load thousands ot lbs
KAHN BEAM (roasted) 6'wide, B'deep, b0'c ¢
Reinforcement [-=2"rod « 0 5bsqin net = | 3
a
Load ot third points  Age SSdays
M. load 3200 Ibs Compare Plates Viland 1X
Plate XV
from ¢ compression face g 5.08" a e di n
ofs the centre of compre from centre line of steel. The stee
e it 2500 1hs, wa 1 per q. in Hence the teel
momnen 17,300 > 0.56 o8 2,100 Ih. ins.* The load moment
0,000 1h. ins Such a caleulation can have little value, as the
initia training action e probably somewhat complex, and the
beam was damaged quite appreciably in places It is pfobable that

the projecting wings of the har conducted a considerable amount of

heat to the interior of the beam and to the tension rod, and that
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in consequence the internal conditions were more severe than in
the case of the beams in which the rods were completely embedded.
Beam No. 17. Kahn Beam—Concrete, 1-2-4. Beam, 6” x 8"
6’ 0” c¢. to ¢. Reinforcement, 2 3” Kahn bars = 0.76 sq. in. gross;
0.50 sq. in. net. Centre of bars, §” above base. ¢ reinforcement =
1.15 (net). Weight of beam, 289 1bs. Estimated loss of weight by

Compn Zero Extn
. ' . .
10-0% ooz 1001 | 001

£ Detln
}moouOSo | - L
¢ = &
£ 10000f02s” [ W o= 2
a | BE g
3 | 429
2 | 4 | RE -
v ' = % 4 S5 6
Load. thousands of Ibs
KAMN BEAM. (roasted). 6'wide. B'deep. 4g"c toc
Reinforcement. 2-4"bars « 0-505q1n net «"1:15%
Load et third points .
Max. load 6450 Ibs Age 54 days
Compare with Plates VI and Vii
Plate XVII.
roasting, 18 Ibs. \ge when roasted, 54 days l.oaded at thirad

points

The results are given in Plate XVII, the deformation curves
being straight lines, and the neutral surface close to the steel
reinforcement as in Beam No. 16. The beam was in good condition
after roasting. Outside the left load point the following cracks
were noted on the compression side: 3” from support, 2” down

side; at 2”, 6”, and 15” from load point 1” down side; at 6” inside

loa
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load point small crack 13" across top.

At right end a crack 3” from
2” down side. Camber at

support runs 2” to 3” across top and
centre, 0.08”,

At 4000 Ibs..erack on end face, starts 4” from support at about
2" above base and runs diagonally to about 4"
crack showed on both sides at 4500 1bs., and also a similar one 2”
from it. *At 5000 1bs. the first of the above cracks extends to the
support. Failure occurred at load 6450

from top. This

Ibs. by development of
above, the crack extending from the support to the load point
Deflection at instant of failure=—0.441". A small diagonal crack
showed at other end at 4500 1bs., but did not develop. At 2500 1lbs.
load the steel stress =— 12,000 Ibs. per sq. in; steel moment (net):

31,500 1b. ins.; load moment = 30,000 1b. ins. At 5000

Ibs. load
steel stress =— 22,500 1bs. per sq. in.;

steel moment (net) = 59,000
Ib. ins.; load moment 60,000 Ib. ins. These results are in much
better agreement than in the case of No. 16. The rods were much
better protected from the furnace heat, being completely embedded.

The maximum load of 6450 1bs. is about half that carried by the
corresponding unroasted beam No. 7, viz., 12,950 1bs. The camber

was removed when the load reached about 1100 Ibs.

Beam No. 18. Kahn Beam—Concrete, 1-2-4,

Beam, 6”7 % 7”
6" 0” ¢. to ¢. Reinforcement, 2 4" Kahn

bars 0.76 sq. in. gross;
0.50 sq. in. net. Centre of bars, §” above base. ¢
1.33 net. Weight of beam, 255 1bs. Age when

[.Loaded at third points.

» reinforcement

roasted, 54 days.

The beam was in good condition after roasting.

There was one
notable crack 7"

to left of left load point on compression face run-
ning half-way down beam on one side and to within 2” of base on
other side. Also a crack on compression face
point running 3” down the side and

camber was 0.08”.

3”7 outside right load
about 1” across top. The

The results shown in Plate XVIII indicate that
were not quite according to the linear law,

the deformations
the curves being con-
The neutral surface is close to the steel as in Beams
Nos. 16 and 17 At 4000 1bs. small

cave upwards

base cracks appeared, and at
2000 Ibs. a crack 1” inside left load point

extended across the base
At 6000 1bs. several small

diagonal cracks showing on both sides
of beam to left of left load point These developed gradually, and
failure resulted from this cause at 7000 Ibs

load, the deflection
being then 0.73” from the cambered

position. The initial camber
was removed when the load reached about 700 1bs

At 5000 1bs. steel stress 1

200 1bs. per sq. in.; steel moment
(net) = 26,400 1Ib. ins; load moment 60,000

b. ins. This is a
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in the case of Beam No. 17, in which a much

was obtained. If the actual reading of the steel

3000 1bs. is taken, instead of the point from the

the steel moment would be 32,000 1b. ins., a value

agreement
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Lood thousands of Ibs

ICAHN BEAM (roasted) b6wide, T'deep,60'c toe
Reintorcement  2-% rods = 0 505qin net « | 33%
Load at third points
Max load 7000 Ibs  Age 54 days
Compare Plates X and X1

Plate XVTI1

\ o Johnson Beam—Conerete 1-2-4 Beam, 6”7 s
0 Reinforcement, 3 3" Johnson bar One bent up
8 utside vad poin Net area, 0.54 sq. in Centre of
above hase . reinforcement 1.2H Age when roasted,
Weight, 200 1b Estimated loss of weight, 23 1bs. Loaded
point
genera appearance of the beam aflter f{ treatment was
The le end w lightly damaged, and patched up with

plaste
noted
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" do
down
point
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plaster of paris for testing. Cracks on the compression side were

noted as follows: 6” to left of centre running 4” to 5” down; 3" to

right of centre running 3” down; crack at centre (small) running

3” down; small cracks 47 and 7” outside left load point run a litt e
down sides. - Minor cracks near left end crack 4” outside right load

to o

o

point down side; small cracks at right end near point a

which the diagonal bar comes out of bheam. Camber, 0.28”

, Compn A . . Zero  Extn
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o oy opr  op | op
|
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9 ¥ 10000028 D AT 0T E
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Load thousands of |bs

JoHNSON BEAM  6'wide, Bdeep. 60 ¢ toc
Reinforcement  3-4 rods « 054 sqin = 1.25%
Load at third points  Total weight of beam 2q0kn
Max load 5500lbs Aqe 4% days Beam roasted
Compare Plates | [l and M

Plate XIX

The results are plotted in Plate XIX, the deformation curves
being slightly concave upwards At 2500 Ibs. a diagonal crack
appeared on face 4” to right of right load point and at 3500 1bs
showed on back also Other smaller gdiagonal cracks showed
nearer the support Failure occurred at 5500 1bs. by diagonal crack
running from the left support (patched end) towards the diagonal
rod, over the portion of the beam not diagonally reinforced. Failure
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was similar to that in Beams Nos. 1 and 3, which were similarly
reinforced, the loads carried being 12,000 1bs. and 11,000 Ilbs
respectively. The maximum load in the case of the roasted beam

was about half that for the beam under normal conditions

TEsTS 0OF ROASTED CUBES

Four cubes roasted in the furnace with the beams described

above were tested for compressive strength with the following
results

| Ultimate
Cube dimension Weight \ge n h
ins | per Remarks
5. in
(a) 8" < 8" - 8.1 deep 1.0 47 1340 Uniform failure
(b) 9.0 9.1 0.6" deep 26,5 o4 1873 Uniform failure
() 9.05"7 < 9.1 0.25"” deep 26,0 I8 1465 Uniform failure
(d) 9 =975 9.2" deep 3.0 4 1190 Failed on  two

faces and one

corner

The average of the ultimate strengths of the cubes (a), (b), (¢)
which failed uniformly, was 1560 lbs. per sq. in. Cube (d) was
unsatisfactory, and showed decided weakness on two faces from
the outset.

Extensometers were attached to the faces of the cubes (a), (¢),
and (d) In the case of (a), the first cube tested, surface cracking
was mistaken for indications of coming failure, and the extenso
meters were removed at an unnecessarily early load. The value of
E for the range of stress considered was 114,000 1bs. per sq. in.

In the case of cube (¢) the yielding of, the opposite faces was
unequal, especially at the higher loads. Ta&king the mean yield of
the two faces, the value of the modulus in compression was as
follows From 10,000-20,000 1bs. load, K 99,100 1bs.
from 20,000-30,000 1bs. load, F

per sq. in.;
126,000 Ibs. per sq. in; from 30,000
10,000 1bs. load, F 150,000 1bs. per sq. in.; from 40,000-50,000 1bs
load, F 165,000 1bs. sq. in. The average of these values is

35,000
Ibs. per sq. in. The value seems to increase with increase of load,
which is the reverse of what occurred with the normal concrete
[t is probable that the removal of all moisture from the cubes may
account for this Initially there was evidence of internal change
by the noise accompanying the increase of load, the concrete being
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in some measure rather porous and brittle. At later stages of the
loading the material would be more packed together, and the rate
of yielding lower than initially.

(‘ube (d) failed irregularly. Taking the mean value of the yield
from 0-50,000 1bs., the value of £ 114,000 1bs, per sq. in

The above results indicate a marked reduction in the value of
the compression modulus, an average value being about 125,000 lbs.
per sq. in., against 2 to 3 million lbs. per sq. in. for normal con
crete. The average compressive strength, 1560 1bs. per sq. in., is
about 709¢ of that of normal concrete.

The reduction in concrete modulus shows some reason for the

fact that the neutral surface so near the steel reinforcement

The position of the neutral surface is given by

ko= ptet + 2 pee (See p.0.)

on the assumption that the strain follows the linear law

Ly 30 10
( ratio — 240
- 125,000
100 p = percentage reinforcement
The average reinforcement in beams Nos. 16, 17, 19, all of which
were 8 deep, was 1.237%

These values give

23 ) 123 123

12 240 V4 - 240
\}lnm OO0 oon

&/ 870 i) 20 48
S0L4N 20, 4N

This would mean that the neutral surface was at the steel line,
but the above values of EF are necessarily only very approximate,
and the calculation shows that the actual results of the beam tests
check reasonably with those of the tests on the cubes. It is quite
reasonable that the properties of the concrete in the cubes should
differ somewhat from those of the concrete in the beams. In the
latter case, heat must have been conducted to the interior of the
beam by the metal rods, and the effect of the high temperature in
a beam 6” x 8”, with reinforcement, may well be different from the

effect of the same conditions on 9” concrete cubes A slight change
of the ratio would bring the value of k into agreement with the
E.

experiments
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COMPARATIVE TABLE oF RESULTS,

beai
- P i1

'he preceding results are tabulated below, so that the principal
. ) sup

points may be seen at a glance
. thre
diag
| (
o r | wet liag
Bean Age "“F! load iy, ar v (‘f Failur com
day 1a ve
cod | s to i
No
. . ~ beai
Johnson No. 1 6 28 | 12,000 | 470 311 11.5 | Diagonal end
: 2 2¢) 180 313 12.2 | Tension central poil
third; comp'n pris
above ther
3 . 1.25 | 49 | 11,000 | 432 314 Diagonal end in d
’ = = e T 1«
|8 12 080155 117,900 | 361 1009 T'ension central

third rein
o | 8! 17 1 L2156 20500 | 431 | 1008.5 | 31.0 | Tension  central

mad
third; comp'n G ti
above i
rein)
| the
net |
Kahn No. 6 ¢ b 115 28 [ 12,0001 470 314 7.8 Fension  central the
| third; comp'n the
above "
- . g . - . - “ i 1 poin
i 6 b LIS | 55 | 12,950 | 505 301 17.8 7
S 67 .8 130 | 28 [ 12,000 | 470 303 17.0 | Diagonal end no d
9 6 N .30 | 55 | 14,000 | 547 315 17.04 Tension  central age
third; comp'n 2192
above )
106 1.24 10,000 202 17.8 “ “ yean
116 1.30 11,530 2825 17.8 v ke liabl
12 | R 1.2 1050 .5 teste
130 M 1.27 1043 . D T
| in tl
t :
Ransome No. 14 617 . 08" 1.27 | 29 | 21,940 | 518 $31 17.5 | Diagonal end in tl
15 6 N | 29 118,000 | 700 318 16.0 L as tl
! in tl
they
Vote—Kahn Beams 6, 7, 10, and 11 contained 2 — }” rods, wings previ
sheared 6” long the |
Kahn Beams 8 and 9 contained 1 1" rod, wings sheared 12”7

long
In the latter case (" rods) the wings projected beyond the com
pression face In the former case (3” rods) the shorter wings

reached to abont 23” helow the compression face

A\ perusal of the table shows that two of the Johnson bearis

failed by diagonal cracking at the ends In both these the centre




bar of

the three was bent up at 45°, leaving some portion of the
beam near the supports without diagonal reinforcement (Length
a in Fig. 2, p. 5.) Beam No. 2 had a diagonal rod rnnning to the
support, and failed in the central third, at the highest load of the
three 6” % 8" heams Of the Kahn beams, only one failed by
diagonal cracking at the ends Both Ransome bheams failed by
diagonal cracking. In the case of No. 14 the span, 6 0”, was short
compared with the depth of 93", and the conditions were shch as
to induce excessive diagonal tension due to end shear Ransome
No. 15 was much more heavily reinforced than the other 6” x 8"

beams, and carried a much higher load Owing to the high yield

¥l point of the steel, and the heavy reinforcement, it was not sur
ip'n prising that diagonal end failure resulted Both Ransdme bheams
therefore may be regarded as being of proportions liable to result
- in diagonal end failure. The author does not suggest that beams
reinforced with this rod are liable to such failure. In fact, a test
tral made this year (March 12) on a Ransome beam, 6” x 8" X ¢ 0"
;[\ n

c. to c., reinforced with two 3" rods, and having no diagonal
reinforcement whatsoever, carried a maximum load of 16,000 1hs. at
the third points The concrete was nearly thirteen months old

tral the beam having been made on February 22, 1907. The failure of
pn the above beam occurred by tension cracking within the load
2 points, and compression failure above. The ends, although having
S no diagonal reinforcement, remained perfectly sound. The percent
tral age reinforcement was 1.15 The total weight of the beam was
pn 312 1bs. Steel, 10.8 1bs. It may be said therefore that Johnson

beams Nos. 1 and 3, and Ransome beams, Nos 14 and 15 were
liable to end failure for special reasons. Of the eight Kahn beams
tested only one failed diagonally at the end

The following table shows the summarized results of tests made
in the early part of this year on beams similar to those described
i

1 the preceding pages. The beams were made at the same time

as those already described, and were stored carefully after the fire
in the Engineering Building in April, 1907 At the time of test
they were about twelve months older than the beams tested in the
previous year. The results may be compared readily with those in
the preceding table
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there was a decided gain of strength during the twelve months

which elapsed between the two sets of tests. This was specially

N . : ; have

noticeable in the case of the Ransome beam, for which the con }' ‘I b
. . & the 3¢
stant ¢ in M = c¢hd? reached the value of 800, against 518 at 29 days f' 'f
of rein

affects

The beam was slightly deeper in the twelve months’ test than in
the one month test, but the gain is remarkable, and must be
attributed to the maturing of the concrete to such an extent that it
was able to develop more fully the very high yield point of the

nature
also fa
> - g ; i any pa
Ransome bar (see p. 4) I'he gain was not so noticeable in the
. . g . case of
other cases, but was, however, quite appreciable. I'wo concrete ;
i i ¢ g as diag
cubes were likewise tested after the twelve months’ interval. One, liag
the net

in the

392 days old, failed at 2620 1bs. per sq. in., while the other, 370

days old, was quite sound after being subjected to a stress of 2730

Ibs. per sq. in., which represented the full capacity of the testing tension

be pro»
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machine. These results show a very appreciable

gain in strength

of the concrete during the year

The last test summarized in the table is that for the beam
already mentioned, containing only two half-inch Ransome bars,
with no diagonal reinforcement whatever

The tests described in the preceding pages cover considerable
variation as regards method and percentage of reinforcement,
including beams with no diagonal reinforcement, beams with
diagonal reinforcement secured by bending up of tension bars when
no longer required as tension reinfofcement, and beams with wing
bars having a very considerable weight of diagonal reinforcing
metal over the entire length. The results have been presented in
sufficient detail to enable the reader to follow the make-up of each
beam, and its behaviour under test. It would be idle to attempt to
make any detailed comparisons between the carrying capacity of the
various beams and the weights of steel employed, since such com-
parisons must inevitably be affected by a variety of conditions, the
exact influence of which would be in all probability uncertain, and
in any case would be the subject of dispute. The wing bars gave
diagonal reinforcement over the entire length of the beams, irre-
spective of the central third not being under shearing action.
The diagonal wings on this portion would appear, therefore, to
have mainly assisted the bond The bars were only obtainable
sheared over the whole length None of the diagonal mefal is
figured in the percentage net reinforcement, which was constant
throughout the length. On the other hand, in the case of beams
reinforced with straight rods, corrugated or twisted, the only
diagonal reinforcing provided was that obtained by bending up
tension bars when the conditions permitted. In this way the
tension reinforcement was diminished towards the free ends, and
the total weight of steel was very little in excess of what it would
have been for a uniform tension reinforcement alone

throughout
the beam.

The number of rods used to obtain the required degree
of reinforcement is of importance in making comparisons, as it
affects the distribution of stress between steel and concrete. The
nature of the loading, the ratio of depth to span of the beam, are
also factors to be borne in mind in considering the advantages of
any particular type of reinforcement. Roughly speaking, in the
case of the wing bars, about one-third of the gross-section appears
as diagonal reinforcement, leaving two-thirds to be used in figuring
the net tension reinforcement. By using the same weight of steel
in the form of straight bars, the gross section can be utilized as
tension reinforcement and a much lighter diagonal reinforcement

be provided by the bending up of bars at intervals. The exact
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effects of thus equalizing the gross weights of steel used, in rein-
forcing by methods differing so essentially as as. those discussed
above, cannot be inferred with certainty from the results of tests
in which the percentage reinforcements figured on the net sections
are much more nearly equal than the gross weights. The nature
and extent of such influences would ever be a matter of personal
opinion. A close observation of the behaviour of the beams under
test, and a study of the results of the tests has, however, led the
author to the opinion that under ordinary circumstances a
sufficient reinforcement can be provided without using so much
material as is involved in a bar having heavy wings spaced
uniformly along its length irrespective of the form of shear
diagram, and providing the same net tension reinforcement through
out irrespective of the variable bending moment Beams in
practice may have to take up their loads at earlier periods after

manufacture than beams under laboratory test, and additional

precautions e necessary But the author believes that all

adequate reir cement can be provided by a careful disposition of
straight rods, due regard being paid to the form of the bending
moment and shearing force diagrams. The results of a test on a

beam reinforced with two Ransome bars and having no diagonal

reinforcement whatevep (see Table, p ) have been referred
to already. The beam was loaded at the third points, just outside
which the conditions were severe, as the shear attained its full
value, and the bending moment was sensibly the same as over the
central third. The beam failed, not by end shear, but in the central
third. It is true that the concrete was rich and mature, the beam
being thirteen months old But bearing these facts in mind, the
result is a striking one, and taken in conjunction with the evidences
of the tests, as to the efficacy of a bent bar in resisting end shear
ing, it has suggested the thought that diagonal reinforcing may
possibly be a somewhat over-estimated factor in the proportioning
of reinforced concrete bheams It is necessary beyond any doubt,
but the means by which the necessary amount may be obtained
with the minimum expenditure of steel will probably he determined
by experience in practice, and by comparative tests outside the
scope of this paper, rather than by theoretical investigations on

assumed conditions, imperfectly realized in practice
EXPERIMENTAL PosiTioN oF NEUTRAL AXIS
The position of the neutral axis is shown clearly in the *fore-

going plates, and the following table is appended to enable a rough
comparison to be made between the experimental position, and
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x

that indicated by the ;m;ll.\'.s"‘k based on linear straining action and
constant concrete modulus as given on p. 9 The plates show
that the position of the neutral axis varies considerably. The value
tabulated below is an average one Detail comparison at various
stages of loading may be made by reference to the plates The
concrete moduli given by tests on cubes were somewhat yariable,
and for that reason the table includes theoretical positions of the
neutral axis for / 2 % 10" Ibs. per sq. inch and / 3 > 10% 1bs
per sq. inch In most cases there is a rough agreement between
the average experimental value, and the theoretical value con

sponding to F 2 % 10" 1bs. per sq. inch The results, however,
indicate appreciable differences in the position of the neutral axis
in the\case of beams having the same net reinforcement, and
support the view that since the actual position of the neutral axis
is liable to such variations, any elaborate theoretical calculation

of its position is out ofiplace

\
sion lay
f Ve
| I'heoret | I t
AV ke f F = P :
per !

No 7.0 39,2
2 0 340.2
3 8.0 30,2
i 13.5 32,8
0 $2.0 36.0
6 {a.0 8.0
7 a0 38,0
b $7.0 39.8
49 §8.0 39,8
10 19.0 39.0
11 N5 39.8
12 13.5 39.2
13 17.0 30.5
14 42,5 30.5
15 19.5 0.0 $4.0

The author now presents some notes on the methods of design
of reinforced concrete beams, together with a detail study of
typical examples of the gr:ulmlrMw;ll\ing down of beams under test.
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DETERMINATION 0F Sarr WORKING

LLoADs.

Opinions are divided as to the Dbest method of determining
working loads for reinforced heams. Some designers first calculate
the ultimate load, basing their calculation on the fundamental

inciple that the beam is so reinforced that the concrete reache

it= ultimate compressive strength at the same time as the steel

reaches its yield point. Some fraction of the ultimate load, say, one
L or one-fourth, is then taken as the safe load. Others, however,

base their calculations for the safe load on assumed safe. stresses

for steel and concrete, say, 16,000 to 20,000 1hs per sq.1n. in tension

for the former, and 600 to 800 Ibs. per sq. in. in compression for
1e latter. These stresses alone are supposed to exist in the beam,

is assumed that there is no tension in the concrete

In considering these methods of design, it is of interest to study

carefully the gradual breaking down process of a heam tested to

destruction The case chosen for illustration is that of Johnson

Beam NoO. 5 (p. 28) which was the first worked out in detail
I'ne resnlts are hown fully n Plate XXI Space forbids the

tation of all the calculations in this paper, but they follow

trictly along the lines indicated in presenting the curves for the

various beams tested
o, Neutral Vris—By plotting tl extensometer readings at each

tage of the loading, the position of the neutral axis was deter-

nined, and is seen to have been initially at 527, of

the depth from

outer compression layer, until a load of 3000 1bs. was reached

The ultimate load was 20,500 1bs Jetween loads of 2000 to 7000
he neutral axis rises gradually to about 41¢; of the depth from

ympression layer, and during the subsequent sta

It remain

in practically the same position. The extensometer readings

ad of 20,000 Ihs. are not to be relied upon to the same extent as
it the lower loads, for the beam was then nearly at its altimate
vadd, and as it yielded, there was a continuous movement of extenso
meters which could not be read simultaneously At lower loads
here were no such difficulties A\ reference to the record of the
yehaviour of this beam (p. 29) will show that surface cracks were
detected at 6,000 Ibs. load, and that the cracks extended about 1”
up the sides of the beam at 9000 Ibs. load. The rise of the neutral
1Xis appears, therefore, to be intimately associated with the gradual
yreaking down of the concrete in tension, and this was indicated

the extensometers before it was evident by careful outside
luspection.

») Ntress in Steel—The extensometer readings give the steel

ion of the curve in Plate XXI. shows

ses directly, and
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that these increase gradually, and at an increasing rate up to a load
of about 10,000 1ys. Beyond that load the rate of increase of steel

stress is practically uniform, the only irregularity in the curve
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being at loads near the ultimate load, at which extensometer read-

ing are a little uncertain At the above load, 10,000 Ibs., the heam

wag decidedly cracked, and the steel stress was about 16,000 1bs
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per sq. in The stresses at the lower loads can be seen from the
curve The steel stress at 20,000 1bs. lbad was about 45,000

per sq. in., a value i1

steel (See p. 30.)

¢) Proportion of Load Mowent carvied by Conerete—It has been
shown already that ay loads of the order of one-fourth of the
ultimate load, a very considerable proportion of the load moment
is carried by the concrete I'his proportion is shown in Plate XXI.,
the percentage scale being on the right of the figure. At

a load
of 1000 1bs., 757 of the moment is carried by the concrete. Thi
percentage diminished steadily to a value of 60, at a load of 000
Ibs. At 6000 1bs. the beam was observed to be cracked. The per

centage was then under 50, diminished steadily to 30 at

10,000 1bs., and then somewhat irregularly to practically

load of 20,000 1bs The marked

a load of

zero at 1

break in the curve between 5600

Ibs. and G000 1bs, corresponds with the appearance of surface cracks
and with a very considerable rise in the position of the neutra
axis, the curve for the latter being steepest in ‘the vicinity of these

loads

d) Estimate of Tensile Stress in Conerete—On the as umption that

both tensile and compressive stresses in the concrete follow the

linear law (not necessarily the same line however), the resultant

tensile force in the concrete must act at a distance &1 from

the centre of the compress

ve stresses, d, being the depth of the

beam to the reinforcement line Knowing the moment carried on

the concrete in tension, the total tensile force is at once determined

and from the known position of the neutral axis, the greatest

intensity of tensile stress in the concrete is easily obtained. Such
calculations cannot be carried beyond the load at which the first

cracking is noted, for it cannot be known how far a crack really

extends. The curve, Plate XXI., shows a steadily increasing tensile

stress up to a value of 300 1bs. per sq. in., which was reached when

the first cracks were noted. An ultimate tensile stress

of 300 1b

per sq. in. for concrete seems reasonable

() Estimate of Compressive Ntrenoth in Conerete ~The-total com

pressive force at any instant is equal to the total tensile force

at that instant Hence, since the area in compression is known
at all stages of the loading, the greatest compressive stre

is easily obtained. It will be seen to have reached a value of 750

Ibs. per sq. in., at a load of 6000 1bs. (first observable crack)

CK

The points between 6000 lhs. and 9000 1bs load were obtained on

close agreement with the yield point of the




| the assumption that

the concrete was good in tension until the
cracks extended about 1”7 up the sides. Owing to the gradual dis
integration of the beam, no reliable calculation can be made for the
later stages, at which neither the tensile force in concrete nor its
lever arm are known, and all that can reasonably be done is to

estimate the ultimate concrete compressive stress at 20,000 1Ibs

load, when practically all the load moment was carried by the
steel This is found to have been about 2345 1bs. per sq. in., a

reasonable value, as the concrete failed in compression at a little

higher load
It is interesting to note the result of the transfer of tensile
ress existing in the concrete when uncracked at 5000 1bs. load, to

steel at the load of 20.000 1h the concrete being then badly

Estimated tension in concrete at 5000 1bs

load 7680 1bs.

l.ever arm of concrete force at 5000 1hs

7.83 ins.
At 20,000 1bs. the lever arm of steel force 9.40 ins,
Force in steel transferred from con-
jr.\u» 7.83
crete
9.10
6,400 1bs
Force in steel at 5000 1hs 1,320 1bs
I"'{“‘ m "’; at 9 ]“ ‘\]' to
load increase from 5000 1hs y 20,000 11
20,0000 — 5 (K 19 1ns., . ength j q
2 ) 0. 40 J =it b
l'otal force in steel at 20.000 1h 1,900 4 G400 1320
$2 G20 1
Steel stress k2,620 17.400 b per s in
0. H0
Extensometer readings gave 50,000 1hs. per sq. i1 a reasonable
wgreement, 50,000 1bs. pe 1. in. being bheyond yield point of any
of the bars tested
Similar calculation for other heams show the characteristic
e described above, modified as would be expected, by the
irticular conditions accompanying the breakdown
; 'he curves for Ransome Beam No. 14, p. 44, are shown in Plat
XX I'he concrete tensile stre tppears to have been approxi
mately constant at 180 Ibs. per sq. in., after a load of 4000 lbs, wa

reached The record of behaviour show that the extensometer
were creeping slowly at 7000 Ihs., indicating that at this load and
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had to elapse after the

increase (

f load before

the readings became steady, and probably signifying some breaking
up not observable by eye, the neglect of which in the calculations
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may account for the values of tensile stress shown. There is the
same marked rise in the position of the neutral axis, preceding
and following the observed surface cracking
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The bearing o

these results on the two methods of de=sign

lined above may now be considered In the case of each beam the

the position of the neutral axis takes place hetween
loads of say, 3000 Ibs. to 8000 Ibs. The

marked rise in

Johnson beam failed at
20,500 1bs., and the Ransome at 21,940 1bs. The above limits, there-
fore, include all loads less than one-third of the

the ultimate loads, i.¢
all reasonable working loads, and it is precisely over this rang
of practicable loading that there is such a considerable movement
in the position of the neutral axis. The author considers that it
is impossible to know precisely where the neutral line is, under a
working load, whether the beam he designed on a basis of ultimate

afe stresses. In any sound
ob average proportions it is

loads, or on a basis ol uncracked heam
probably somewhere hetween 10 al
207, of the depth of the

beam from the compression laye

assert Its position to any very close degree of accurac

v doe
eem to be justifiable

The methods of design will now he considered

Design Based on Assigned Safo Stresses—It is assumed tha N
teel carries all the tension and a safe tensile I'e i igned
The safe compre 01 Stre in the concrete is also assigned |
impossible to say from urface inspection how far a c¢ra e
extend and the only safe assnmption is that it de ovs entirely
the tensile resistance of the conerete But at loads less than the

oad at cricking there a very ap

reciable amount of tensi

ion
the concrete, and the assnmption that ))14/*\'7" carri all
tension is incorrect It leads to a degdgn which is amply safe a
regards steel tension, for some fhe stress for which the et
designed is carried by the « 1 I'he estimated compre \
tre in the concrete, hased én an  wasswmed stre in the L6
which is reached only when the concrete is destroved in tension
cannot be known to be correct when the tension value of the ¢
crete. is not so destroyed, and ueh  a o caleulated stre nma he
fallacion The real point o be considered i thi \oa lund
which i insuflicicnt to craclk th conerote 0 teusion, what  propo
tiow of the bowding moment is o caveicd by the stecl and what by i
conerete in tension? In Fig. 5 (a) the asswmed conditions of design
are  represented The centre of compressive tresse is at ¢
Moment of resistance moment ol actual loads I‘(' "\\‘:'
I'" is the total tension in the steel In Fig. 5 (h) are represented

the actual conditions, if the concrete is not cracked in tension. The
neutral line may now be . d, from the compression layer For
simplicity assume the tensile stre in concrete

to extend only to
the

reinforcement known to bhe

line, althongh

good at a
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tension, the concrete is really wholly good to the base of the beam
There is now some tensile force in the concrete at distance #d
from the centre of compressive stresses. The tension in the steel
is now t. Moment of

moment of actual loads

Any diminution in steel moment must be made up by concrete
moment, since the total moment is unchanged. The arm of the
concrete tensile force t , is appreciably less than that of the steel

force Hence (assuming a

present that .rd r«), to make up the
diminution of steel moment, the tensile force set up in the concrete
must be.greater than the reduction in the steel force. The total
tension { 4 t ) therefore exceeds 7, and an estimate of the com-
pressive stresses based on the conditions represented in Fig. §

T

T2

Neut| | i
Line|
| ©
o <
Steel ¢y LT
(@)
Fig. 5

(), may be fallaciou Any difference in the position of the
neutral line is an important factor The author's experiments go

to prove that in an uncracked beam the neutral axis is well below
its position in a beam in which the concrete is so cracked as to
have no tensile value Hence it is probable that r d in the actual
heam is greater than . in the assumed ,design, and the arm of

the steel force is thereby reduced In fact, if the actual steel

tress when there is concerete tension, is half the assumed steel
stress when there is no concrete tension, the actual steel moment
will be less than half the moment equivalent to the assumed steel
ress, on account of the reduced lever arm of the steel force
Take the following numerical example in illustration of this
method of design

A\ beam ot 15 ft. 4 in pan c¢. to ¢. of bearings is required to
carry a uniformly distributed load of 24,000 Ibs. inclusive of weight
of beam. The stress in the steel is not to exceed 16,000 1bs. per

q. in., and in the concrete 600-1bs. per sq. in. compression. The
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breadth of the beam is 14 inches Find the secttonal area of metal
and the depth required
24,000 ¥ 184

Bending moment 02,000 Ib. ins.
{
Then using the notation on p and taking ¢ i)
1.5« 60 v
1 GO0 \
giving 0.26

0 36

If d depth of bheam (/ ) 0.88d is the lever arm of the

steel force. From the equality of steel force and concrete compres

sion force

0,36 - 600

. 0.00675, i.c., 067577 reinforcement
2 16,000
o2 (NN ;
[hen o 1GOO0
(7D 14 waf ()88
giving d 20.4 inches
Sectional area of. metal 0.00675 % 20.4 x 14

1.92 sq. ins
Five §” sq. rod would give 1.95 sq. ins
Now consider the possible actwual conditions under which thi
beam would operate. From what has been said already, a consider

able percentage of the load moment will actually be carried on the

concrete, probably quite 507 The author does not see how this
amount can be known very exactly Assume that the above pel
centage of load moment is carried on the concrete, and that the
newtral aris is in the position caleulated in the design The steel
1 v 2 NN -
stress will bhe halved. Concrete moment e 276,000 1b . in
Lever arm of tension in concrete ] 20.4 13.6 inches
. 276,000 .
I'ensile force on concrete 20 300 lhs
13.6
T ; 1402 16,000 .
I'ension force in steel 15,360 1hs
)
Total tension 20,300 4+ 15,360 35,660 1bs
Area in compression 14 > 0.36 20.4 102.5 sq. in

\ 35,660 - 2
Compressive stress at outer layer

2.5
697 Ibs. per sq. in
This is 167, greater than the assumed value of 600 lbs. per sq. in

If allowance be made for a probable change in the position of the
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[

reutral axis, from that given by the assumed stresses, the calcula per
tion must be modified. In studying the breakdown of a beam it Allc
was seen that the neutral axis changed its position by some 10,
of the depth during the stages in which the concrete is being
lestroyed in tension. This is probably a variable amount, difficult
to foretell, and dependent on a variety of conditions. In this
example a 10 variation would amount to a change of 2.0 inches

Under working conditions it is reasonable to assume about ot l
half this amount, say 1.0 inch Hence the neutral axis is
ikely to be (0.36 20,4 4 1), say 8.40 inches below the outer
most layer. The arm of the steel force is now (20.4 \’l) =17.6 ins Cotlx
y
Hence, if half the load moment is carried by the steel, the steel
force will be 276,000 15.700 1bs
17.6
md the steel stress '™ —g176 11 per sq. in
1.92 The
it lightly more than half the stre assumed in the design
The force in the concrete necessary to contribute the remaining
half of the moment will be 20,300 1bs. as before, making the totaf
tension 20,300 15,700 36.000 1Dhs
maximun compressive stress is then NN 2 618 1bs. per
14 - 8.4
sq. in I'his is practically the same as the assumed value, its Ny |
amount depending on the uncertain position of the neutral axis
The increase of area in compression above that figured in the
design, approximately compensates for the increase in total com =
pression, and gives the- same intensity of stress »
It appears then, that while the steel stress under the probable [
actual conditions will be considerably less than that assumed in :hlv
he design, the compressive stress in the concrete may be fairly ””.l
ose to its assumed value ) ,
The above considerations suggest this query The actual con of 1
ditions in a reinforced concrete beam, being very different from Per
those assumed in a design based on its ultimate strength, can the rean
extent of the divergence be estimated in practice to such a degree (2.5¢
of accuracy as to justify the application of the somewhat complex ‘\
formulae for design, which have come into use? The author \;ll'.‘
opinion is emphatically in the negative w l‘”\
Design Based on Ultimate Strength of Materials Consider the “H,‘
ame problem as that presented in the preceding method of design, | i I
ind suppose that the ultimate strength of the concrete is 2250 1hs ”!! :
the

forn



per sq. in., and the yield point of the steel 50,000 lbs. per sq. in
Allow a factor of safety of four, and neglect concrete tension
Moment to be designed for 1 % 552,000
+— 92 208,000 1b. ins
Assume that the ratio of moduli is 15
Then, as before
15 - 2250 1

or giving 0.40

50,000 | !

Then if d depth, it follows from the equality of tensile and

: Wi -
COMpPressive tresses that 50,000 < steel area
Nteel area 2250 < 0.4
Ind 2 M) AN
= 0.009
0.9¢% reinforcement
m y 04
I'hen, since lever arm of steel forcee (/
0.867 d
0 o
R ( 14 ) 0867 o 2. 208,000
)
giving d 104.5
for 20 inche against 204 in
by the other method of design
v : : : O
Sectional area of meta ( 4 ‘“} (. 1n
1M
Six q. rods would give 2.83 sq. ins

If the width of beam were 12 inches, d would be 21.75 ins., and
the area of metal 2.34 sq. ins., for which six §” sq. rods would
uffice

Taking a yield point of 55,000 1bs. per sq. in., factor of safety
of four, breadth 14 inche the following would be obtained
Percentage reinforcement, 0.776; depth, 20.6 inches; area of metal

required, 2.235 sq. ins., for which five " 8. rods would suffice

(2.36 sq. ins.)

Any change in width of beam ultimate stresses, factor of
safety, or ratio of moduli, will modify the design in direction
which can be ascertained readily by inspection of the preceding
calculation

The question now arises as to the exact meaning of the factor
of safety The existence of a considerable amount of tension in
the concrete at working loads is admitted, and allowed for in

formulae used by designers following this method of design. The




teel stress differs appreciably from that given by dividing the

vield point stre by the factor of safety as measured by the
beam load. The question to be considered is this Is it known
definitely whether the concrete reaches its ultimate stress at a

uniform rate? In other words, is the concrete stress at one-fourth

the ultimate load equal to one-fourth of its ultimate stress? If
not, what is the concrete stress, and what is the real margin of
saftety

Following the same methods of analysis used in this paper, the

following tables have been prepared showing the estimated stresses
at Joads approximately one-fourth of the ultimate loads In all
cases the beams were uncracked at these loads, but cracked at

ightly higher loads

WES<ES I AND At FrAct FULIIMATE LoAL
) \ pet 1
ohnso No ) 200 500 20, 000) WO OEH) 0.0 2,340
D000 §,.800) 3030 ol
ohnson  No | 17,000 15,0000 RURITL ¢ 1.365( <+

LT 6,440 2H0.0 a0
ohnson No. 3 11,0000 10,000 36,700 0.0 1890
2 M0 et 250.0 14N
Riansome No. 14 21,040 20, (NN 13,120 0.0 2515
D000 ), 760 1850 (HE!
Kahn No. |12 23,600 200, (KN 36,2000 0.0 D AN
RLLL (H.200) 1H6.0 20

* Steel stress bhevond y e I point
From these results it will be een that the ratio of concrete

compressive stresses is in all cases almost the same as the ratio

the actual loads Hence it appears that it is reasonable t

)

expect the working compressive stress to be about the same frac

tion of the ultimate stress, as the working load is of the ultimate

i f t 1 t

o6 stress at working load to steel stress at
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ultimate load is always much

than the ratio of those loads,

and therefore this method of design seems to lead to a satisfactory
beam
CONCLUSION
The author does not claim to have put forward any original
theory with regard to the strength of reinforced concrete heams

The paper is in the main a record of more exact and more detailed

measurements of the actual deformation of concrete beams than

have hitherto been made, and it embodies a plea for

a impler
treatment of the question from its theoretical side, than has been
usual in much of the recent work on the subject This point has

heen kept in evidence throughouj, and needs little recapitulation

here \ll existing theories of thé strength of reinforced concrete
beams are based on the assumption that the deformation of the
various layers of the beams follows the same law as that for an
ileal homogeneous substance, /. that it is proportional to the
distance of the layers from the nentra urface I'his law is ,not
absplutely true for all steel section Exact extensometer measure
ment wi indicate light discrepancie not of such a magnitude
however, as to mar the practical accuracy of calculations based on
the law of linean trains Concrete  doe not possess the same
degree of homogeneity as steel, and the localization of a large pre
portion of the internal tensile stress of the beam in the isolated
steel rods must set up in the surrounding concrete conditions of

tress not” absolutely determinate, and in any case differing from

those of an idealsbeam in which the steel is supposed to be di

tributed through the entire width of bheam The extensometer
measurements made at five layers of the bheams tested how that
the actual deformation curve may be (a) linear, as assurped in the
theory (h) concave toward the AH‘IH'It“‘\ﬂHII side ) concave

towards the tension side In no case can the exact form of the

curves be known without actual testing The concavity, when it
appears, is quite distinct The fundamental assumption of linear
deformation is therefore inexact in many case Reference to the

curves will show that if a straight line be drawn joining the points
representing the compression at the outer layer of the concrete
and the extension at the reinforcement line, it would locate a layer
of zero strain, i.c., the neutral surface, in a position differing
materially from that obtained by considering the five actua
observations. This difference is a very appreciable fraction of the
effective depth of the beam in many cases, and is quite com
parable with, even if it does not exceed, the difference in the

position of the neutral surface which results from comparative




e

calculations based (¢) on a constant modulus of elasticity of con
crete (b) on a variable modulus of elasticity of concrete The
justification of the introduction of the latter theory can therefore
scarcely be tested by comparing its results with an exgerimental
ocation of the neutral surface given by arbitrarily drawing a
straight line between two points representing extreme tension and
compression deformations. While believing firmly in the adapta
bility of reinforced concrete construction to a large variety of
engineering problems, the author considers:

(1) That it is, in general, replacing materials of \\'hﬁh oul
knowledge is more exact, having been gained I[\ prolonge i
experience, and by careful experiment under ~conditions
capable of being closely specified

(2) That there are present in some applications of the
newer form of construction, conditions which make for greater
variations in the properties of the finished strutture, than
occur in the form of construction superseded (Compare, for
example, a reinforced concrete beam with a steel I beam of
similar capacity.) These variations are inherent in the
materials themselves, and in the methods and conditions of use

(3) That the exact conditions of experimental investigation

cannot be known .as -accurately-in the case of reinforced con-
crete construction, as in the case of some of the types of
construction which it is replacing, and that the degree of
accuracy to which the results of the most careful experiments
are applicable to practical conditions is, for similar reasons,

less certain

These conditions do not in any way militate against the success
ful application of reinforced construction to designs of a varied
character, provided “that a rational and conservative view be taken

of the knowledge already gained ,by practical experience and

experimental investigation Their existence can scarcely be
questioned, although the extent of the effects may be a matter of
opinion The apparent exactness and the complexity of many
recent formulae suggest that they express closely the results of the
most delicate physical experiments, rather than the results of tests
of concrete beams In the author’'s opinion these formulae have
been built up on an inadequate experimental basis, and it is his
belief that a study of the results of careful méasurements of the
actual strains throughout a beam section, such as have been
described, should form the starting point for our theoretical con
siderations When this is done, the law of linear straining will
be found to be only approximately true. The y.‘vrvmmn of the law

of i
unne
conmy
the

of p
mati
that

of s



of linear strain as the basis of any theory should then rende:
unnecessary any elaborate modifications which produce change:
comparable only with the degree of divergence of the actual from
the assumed strains. Neither the conditions of laboratory test nol
of practice can be specified to a degree of accuracy even approxi
mating to that of some of the formulae used, and the author trusts
that a realization of this fact may result in the general adoption
of simpler formulae, more appropriate to the actual conditions
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