
REINFORCED CONCRETE. 	 43 

negative bending moments, over the points of support, both for the 
secondary and for the main girders. 

Each ordinary column is computed for an added loading of 4o 
tons. 

The retaining wall flanking this building on the north margin 
is also constructed of reinforced concrete, comprising : Vertical 
columns at 3 feet 3 inch centres, supporting horizontal plates to take 
up the earth pressure and form the wall. 

The whole construction is monolithic, and no structural steel is 
left anywhere exposed to the action of either air, water, or fire. 

The floor surfaces are brought to a smooth, hard finish by the 
use of Harcourt granitic sand and cement, in the proportion of 2 to r, 
being well trowelled. The whole work comprises upwards of r000 
cubic yards of concrete work, and about 7o tons of steel in the form 
of commercial round bars. The cost of the whole work is £4000, 
proving substantially less than for similar construction in exposed 
steel joists with Oregon floors. 

Visitors to the work cannot fail to remark the light, yet rigid, 
character of the work, and the absence of any lodgment for bacteria 
or vermin ; also the ease with which the whole of the buildings may 
be kept clean by the hose. I shall be pleased to furnish any other 
information about these works desired by members, as well as upon 
the subject-matter of the paper on the tests. 

PAPER. 
FURTHER TESTS OF REINFORCED CONCRETE BEAMS. 

Read by MAJOR J. MONASH. 

INTRODUCTION. 

In May of last year I had the honour of presenting to this Insti-
tute a statement of the results of the first set of systematic experiments 
carried out upon reinforced concrete beams at the Melbourne Univer-
sity. In the interval which has elapsed, further experiments have 
been undertaken, with the kind assistance of the President of this 
Institute, Professor Kernot, who again courteously placed the 
University testing equipment at my disposal, and personally super. 
vised the tests carried out. 

In order to explain the purpose and the results of this second 
series, it becomes necessary to briefly recapitulate the standpoint 
which had been reached in the investigations formerly dealt with. 

In the paper, which will be found published in Volume VI. of 
the Proceedings of this Institute, a brief statement was attempted 
of the fundamental, theoretical and physical attributes of the materials 
employed, which must form the basis of all sound design.; and it 
was explained that the test of the fifteen specimens, then under in- 
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vestigation, was designed expressly to exclude as far as possible all 
but certain of these attributes, and to confine the experiments to 
some only of the properties in question. 	For these reasons, the 
former test specimens were designed as -relatively thin pieces, that 
is, having a depth which was small compared with the length of 
span. They were therefore made as rectangular plates, from 2 in. 
to 6 in. thick, and were tested on a span of 48 in. The effect of this 
arrangement was to practically wholly exclude from consideration all 
factors other than the compressive strength of the concrete in cross 
breaking, and the tensile strength and elasticity, of the steel. It 
may be well to recapitulate also that, when final failure took place, 
with a tensile stress in the steel of about 50,000 lbs. per square inch, 
the computed stresses actually developed in the " outre fibre" of the 
concrete were shown to be from 2000 to upwards of 6000 lbs. per 
square inch. It was demonstrated also that, in the design of plates, 
by keeping the amount of reinforcement down to r per cent. or less, 
it .was easy to ensure that the mode of ultimate failure would be by 
cracking a rupture on the tension side, and that therefore the com-
pressive strength of the concrete might be disregarded, as being 
capable of, at the least, fully responding to the full tensile strength 
developed. It will be interesting to keep in view the high stress 
intensities here alluded to, in comparison with the corresponding 
figures in the later group of tests. 

In the former paper, a cursory allusion was made to the fact that 
neither shearing stresses, nor stresses acting to destroy the adhesion 
between the concrete and the steel, needed any special consideration 
in the design of a rectangular reinforced concrete beam. It was 
the special purpose of the second group of experiments to lift these 
particular attributes into special prominence, and to suppress as far 
as possible questions of tensile or compressive cross breaking 
strength. 

Before endeavouring to explain the data and reasoning upon 
which these stresses may be analysed, it will perhaps be well to deal 
generally with the problem of a well-designed reinforced concrete 
beam. 

Such a beam is liable to fail, under adequate loading, for any. 
of the following reasons, or any combination of the same acting 
concurrently:— 

I. By the rupture or plastic extension of the steel reinforcements. 
2. By a crushing of the concrete on the compression side. 
3. By a failure of adhesion between steel and concrete. 
4. By a shearing of the concrete. 
Experience has shown that the two latter very frequently concur, 

and in a manner which makes it very difficult to discriminate the 
respective phenomena which result from each. 

Needless to say, the efforts of the designer must be directed to 
so proportioning the beam that its strength in each of these four 
directions will be as nearly as possible equal, and to produce that 
result with the minimum total expenditure of material. If it were 



RI;.INFORCED CONCRETE. 	 45 

not, indeed, out of consideration for economy of material, questions 
of shear and adhesion might be altogether disregarded in design, 
because, as has already been said, and as can be readily shown by 
calculation, the ordinary beam of rectangular section, with a moderate 
percentage of reinforcement, can never develop either high shearing 
or anti-adhesion stress intensities. 

These stresses only become important in that form of beam, 
generically referred to as the T-form beam, which is the modern 
development of the rectangular beam, devised for the purpose of 
saving practically the whole of the concrete below the neutral axis 
of the beam. This excision of concrete has two important conse-
quences upon design. 

Firstly, it entails the congregation of the whole of the tension 
bars into fewer, larger bars, whose combined surface area, presented 
for adhesion to the concrete, becomes thereby relatively much re-
duced; and, secondly, it reduces the sectional area of concrete avail-
able for taking up horizontal shearing stresses. In this way, these 
forces develop much higher stress intensities in a T-beam than in 
a beam of full rectangular section; and it is thus apparent why and 
when these factors of design become of critical importance. 

It will be appreciated from this that the design of a reinforced 
concrete T-beam (with whose employment you will now be well 
familiarised in some of the structures recently inspected by the mem-
bers of this Institute) becomes a matter of considerable complexity, 
and is not to be approached by the use of any simple formula of the 
" Cha " type, commonly employed with beams of ordinary homogeneous 
materials. While the process is complex, I do not suggest that it is 
difficult, because, as soon as the action of the several stresses to be 
provided against is clearly recognised, there is nothing whatever 
recondite or abstruse in the due proportioning of the design. 

I will now attempt a brief explanation of the action of these 
particular stresses, and of the means adopted by designers to meet 
them, it having been the object of the present group of tests to 
verify, by actual experiment, the efficiency of those means for the 
purposes intended. 

ANTI-ADHESION STRESSES. 

In the whole of the literature of the subject, no convenient term 
has been suggested to designate the stress which operater to overcome 
the chemical and physical adhesion of the steel to the concrete sur-
rounding it. For convenience, but without any attempt to justify the 
suitability of the term, I will employ the phrase " anti-adhesion 
stress " for this purpose. This stress operates in the following way : 
—Under any given condition of loading, there is a definite distribution 
and variation of bending moment throughout the length of the beam, 
between the points of support. In consequence, inasmuch as the beam 
has, in general, a uniform effective depth, there is a definite variation 
throughout their whole length of the tensile stresses in the steel rod 
tensile reinforcements. Between any two selected points in the length 
of these rods, there is a definite and easily-calculable difference in 
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the tensile stresses which they sustain, and it is this difference which 
constitutes the anti-adhesion stress. Thus, taking, for the sake of 
clearness, a definite arithmetical example, suppose, in a given beam, 
the tensile stresses in the tensile zone, at points respectively ro inches 
and 12 inches from a support (computed from the bending moments 
at those points) are respectively 5000 lbs. and 6000 lbs., then the 
difference arising in the two inches of length under consideration 
is r000 lbs., and the rate of change is 500 lbs. per inch of length. 
This figure represents the mean intensity of the " anti-adhesion " 
stress at that particular part of that beam, which means, in colloquial 
language, that 500 lbs. of stress has to pass out of the steel, into 
the concrete, in each inch of length, at that particular part of the 
beam. Suppose, now, that a safe working allowance for the strength 
of adhesion between these two materials is 50 lbs. per square inch of 
surfaces-in-contact. Then the requisite surface-area-in-contact will 
be, in this case, 500 - 50, or to square inches per inch of length, 
which will be given very clearly by the employment of three bars each 
I inch diameter. A short digression into another aspect of the case 
will here lend point to what follows. The cross section area of these 
three r inch diameter bars will be 2.35 square inches, and the same 
cross section area could have been obtained by employing only two 
bars xi inch diameter; but these latter bars would have presented 
a combined surface area of only 7.85 square inches per inch of 
length, and the intensity of the anti-adhesion stress would have 
risen (from 5•o) up to 64 lbs. per square inch. This simple example 
shows, firstly; that it is necessary to regard not merely the cross sec-
tion area, but also the surface area of the tensile bars; and, secondly, 
that a very simple adjustment of diameters is all that is required to 
alter a design which is unsafe, into one which falls within the stipu-
lated safe working stress intensities. The object of this exemplifica-
tion of the theory is to emphasise what is, undoubtedly, the scientific 
basis for the due provision to be made against anti-adhesion stresses. 
But other expedients, besides due adjustments of bar sections, have 
been suggested and employed. 

The first relates to the cogging or swelling or bending of the 
extremities of the bars. This process has this much to be said in 
its favour, that it is a cheap, simple, and inexpensive expedient, 
which is a great additional safeguard against the movement of the 
bar within its surrounding mass of concrete. The particular tests 
now under discussion go to show that it is of decided benefit in 
delaying the point of failure of adhesion. But I would strongly urge 
that it should be regarded in no other light than that of an additional 
safeguard, and that no less regard should be paid, by reason of its 
employment, to the necessity for securing a sufficiency of contact 
area. 

The second practical expedient consists in the employment of one 
of the numerous designs of what may be classed as "deformed bars," 
which, in the process of rolling, are swelled, or indented, or corru-
gated, or which, after manufacture, are cold twisted or otherwise 
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treated. The object in view is to increase the measure of the ad-
hesion between the bar and the concrete, and is founded upon the 
doctrine that friction is the principal component of the adhesive 
resistance. The nature of the action of this class of bars to increase 
this resistance, its amount, and its value, are still matters of fierce 
discussion among several American rival patentees of deformed bars; 
but I may say that, so far as European literature and practice are 
concerned, I can find no trace whatever of their being employed by 
any one of the many distinguished engineers who practise the design 
of reinforced concrete. 

And the reason is simple. It is well established that the plain, 
untreated, commercial bar or rod exhibits a very considerable " ad-
hesion," amounting, according to the best authorities, to from 200 

to 300 lbs. per square inch of surface-area-in-contact. 	This being 
so, almost any desired total resistance to the anti-adhesion stresses 
may be obtained by the simple method of splitting up the requisite 
total cross section area into a sufficient number of bars of small 
diameter—and this without any increase in the total weight of steel 
employed. In view of this, there disappears any justification for the 
employment of mechanically deformed bars, whose cost is very much 
greater lb. for lb. than the plain bar of commerce, and whose elastic 
properties are seriously modified by the special treatment. 

I therefore advocate, as a full and sufficient provision, for resist-
ing the separation of the steel and the concrete, the employment of 
plain bars of sufficiently small diameters to give the requisite surface 
area in each case. 

SHEARING STRESSES. 

The second class of stresses to be considered is that known as 
shearing stresses. Very much has been written upon this subject, in 
relation to homogeneous materials. It must be confessed that its 
treatment in most text books and handbooks is generally involved 
and often largely empyric, and that we have still to look forward to 
a simple discussion of the subject, unencumbered by abstruse and 
voluminous mathematical symbolism. 	In reinforced concrete the 
treatment of this subject is still in its infancy, and the technical 
journals are replete with contentious writings by mathematicians and 
practical engineers. The disputants have not yet found a common 
ground, so that it cannot yet be said that proper rules of design, 
founded upon pure analysis, are available to the practical designer. 
The difficulty of treatment arises largely from the circumstance that, 
in computing the tensile zone of a beam, it is the invariable practice 
to wholly disregard the concrete below the neutral axis. Upon this 
hypothesis we compute the position of the neutral axis, the " effective 
.depth " of the beam, and its moment of resistance in cross breaking. 
(See Figs. r to 4, pp. 40, 41 of Vol. VI. of the Proceedings of this 
Institute.) But, for an analytic study of the shearing stresses, it is 
impossible to ignore the concrete below the neutral axis, because, in 
fact, it plays the chief role in resisting those stresses. Hence, we are 
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faced with a conflict of hypotheses, and it is undoubtedly inaccurate 
to proceed, as many text writers lay- down, i.e., to compute the 
"effective depth " according to the hypothesis of the absence of 
concrete in the tensile zone, and to use the dimension so computed 
in connection with the hypothesis of the effective presence of the 
same concrete. My own views on this branch of the subject are not 
sufficiently matured to justify my giving definite expression to them 
at the present stage. Suffice it to say, that the question remains 
largely an academic one for pure theorists, and that practice has 
found ready means to err on the side of ample safety without any 
appreciable loss of economy. 

I apprehend, however, that I am expected to offer some simple 
statement of the methods proposed to deal with shearing stresses. 
At any point, in any given beam, there are two stresses operating at 
right angles, the one vertical, and the other horizontal, and of equal 
intensity. 	These two conjugate stresses, being compounded, will 
create in the mass of the beam- another pair of conjugate stresses, 
also at right angles to each other, but having an angle of 45 degrees 
to the vertical—the one stress,, that inclined upwards towards the 
nearest support, being a tension, and its conjugate stress a compres-
sion. In plain language, a loaded beam develops not merely hori-
zontal, tensile and compressive stresses along its flanges, but also 
similar diagonal stresses in its " web." These stresses are greatest 
near the points of support (for beams uniformly loaded), uniform 
for beams centrally loaded, and nil between the loads, for beams 
loaded equally at the " third " points. 

Now, whenever, as in a rectangular reinforced concrete beam, 
the mass of the concrete below the neutral axis is in full unimpaired 
physical existence, the horizontal section at any point of the beam 
is so ample that the stress intensities developed by the shearing 
stresses fall well within the safe working shearing strength of con-
crete, whose limit is usually taken at about soy lbs. per square inch. 

But when, as in a T-beam, the greater part of the concrete is 
cut away, and only a relatively thin rib of concrete is left, various 
expedients have been proposed and employed to reinforce the over-
taxed shearing strength of the concrete. These expedients fall into 
two classes, the one having a German, and the other a French, origin. 
In modern practice, and particularly in Australasia, both are generally 
employed together. 

The German authorities and the German building regulations 
stipulate for the " bending up," in a diagonal direction, of some of 
the usual tension bars, so as that they may lie in the line of the con-
jugate web tensions (see diagrams of test specimens, Nos. 7, 8, and 
q), thus providing what may be roughly described as a " truss " action, 
or catenary action. The French designers, at whose head is M. 
Hennebique, advocate the employment of vertical shear-bars, which 
are called " stirrups," because of the V shape in which it is found 
most convenient to apply them. The proportioning, spacing and 
arrangement of reinforcing members upon either of these two systems 
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is a matter of simple arithmetic, and it is not necessary to dwell fur-. 
ther upon this matter, beyond pointing out that the liberal insertion 
of the shear-bars involves so small a consumption of material that 
practice has proceeded on lines, certainly, within safe limits, unem-
barrassed by the fact that scientists are still contesting upon the 
principles involved in their use. 

THE TEST SPECIMENS. 

Upon a recognition of the minor uncertainties involved in the 
reinforced concrete beam theory, as above indicated, and keeping in 
view the satisfactory correspondence of the first group of tests with 
the theory and practice of other countries, it was determined to em-
bark upon a second group of tests, having for its special object the 
determination, in a general way, of the soundness of practice as 
regards design of T-beams. As investigations of the tensile and 
compressive strengths that could be developed in rectangular beams, 
had given such convincing results, it was decided to so design the 
tests as to induce, as far as possible, the failure of the beams in some 
way other than by rupture on the tension side. It is to be clearly 
understood that no attempt whatever was involved to so design as 
to produce high results, as in the former series. In fact, the pro-
cedure is best described as being a deliberate attempt to design 
badly, with a view to making a comparison of the consequences of 
one or other of the errors of design deliberately introduced, and to 
discover whether the series of specimens would arrange themselves 
correctly in the order of strength which the above enunciated theories 
would foreshadow. For this purpose nine specimen T-beams were 
manufactured at Burnley early in. August, 1905, and their respective 
designs are shown on the diagrams appended. The concrete was the 
usual I :2 :3 mixture. They were all of the same external dimen-
sions and form, so that it will be at once clear that the great dis-
parity in the results obtained must be attributed entirely to variations 
in the design and character of the reinforcements. All the beams 
were of T form, the compression side being formed of a plate II 
inches wide x 3f inches thick, the tension side being a very thin rib 
of concrete 7-  inches deep x 3 inches wide. This rib was inten-
tionally made as attenuated as practicable, so as to induce failures 
by shear, by reason of deficient concrete area in horizontal section. 
To prevent misunderstanding, I should again point out, at the very 
beginning, that in ordinary practice a reinforced concrete beam, 
which would need for bending moment an overall depth of roi 
inches, as these specimens had, would ordinarily require a rib width 
of at least 7 inches or 8 inches—so that these specimens were ad-
mittedly out of proportion, in order that their ultimate bending 
moment strength should certainly lie beyond the anticipated point 
of failure from the other causes which I described above in detail. 

Taking specimen No. r, the tensile reinforcement comprised one 
bar inch diameter, having a cross section area of 0.6 square inch; 
this bar was embedded without cogging the ends, and presented the , 
very minimum of surface-area-in-contact. This particular beam may 
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be said to embody in itself all the errors of design which can reason-
ably be introduced into such a member. The result of the test was a 
:sudden failure under a load of 4500 lbs. centrally applied, on a 
48 inch span. 

Specimen No. 2. was of identical design to No. i, but the precau-
tion was taken to cog the extremities of the rod, in order to assist 
adhesion. This beam also failed suddenly under a load of 5500 lbs. 
similarly applied, showing an increase of strength of 22 per cent., 
.attributable to no other cause but the cogging of the bar ends. 

Specimen No. 3 was reinforced with two inch diameter and two 
1 inch diameter bars, having a combined cross section area of o.6 
square inch, i.e., identical with a single 	inch diameter bar, but 
=having just double the area-of-surface-in-contact. This design has at 
least the merit that the intensity of the anti-adhesion stress is just 
half that of the former two specimens, but, so far, no provision has 
been introduced for the shearing stresses, and the bar ends were left 
uncogged. The beam failed, without warning, at 5900 lbs., showing, 
as compared with its analogue, specimen No. r, an increase in strength 
-of 31 per cent., attributable largely to the greater surface area 
-(although only the same weight) of the bars employed. 

Specimen No. 4 was similar in all respects to No. 3, but all the 
bars had cogged ends. The result was a failure, without warning, 
under a load of 7000 lbs., showing a further increase of strength of 
19 per cent., attributable only to this difference. 

Specimen No. 5 introduces the employment of stirrups, but only 
sparsely, all other features remaining the same as in specimen No. 4. An 
entire difference in the behaviour of the specimen was at once apparent. 

. Unlike its predecessors, its failure was neither sudden nor complete, but 
a certain warning was given by the appearance, under a load of 7500 
lbs., of shearing cracks, as shown on diagram, and these gradually 
developed as the load was increased to 8500 lbs., before the lever 
of the testing machine fell. Neither this nor any of the remaining 
specimens fell asunder, as the result of the test, but were, after test, 
able to sustain, without increased deflection, a substantial proportion 
of the " ultimate " load. 

Specimen No. 6 is similar to No. 5, but increases the employment 
-of stirrups, and may be said to be—so,  far as this particular feature 
is concerned—a fully developed example of M. Hennebique's method 
of design. This specimen exhibited an ultimate load-carrying capa-
city of 12,000 lbs., and (in comparison with No. 4, in which stirrups 
were wholly absent) showed an increase of 71 per cent. The mode 
-of failure was very gradual, and the specimen exhibited great re-
luctance to disruption. 

Specimen No. 7 introduces, for the first time, the device of 
bending up " the upper layer of the tension bars, but is in no other 

respect different to No. 4. The difference in behaviour was again, 
however, most marked. Ample warning of impending failure was 

:given, by the occurrence of cracks, under a load of 7000 lbs., and 
the ultimate load reached goon lbs., or an increase of 28 per cent. 



REINFORCED CONCRETE. 	 51 

over No. 4, attributable only to the bending of bars into the line of 
the diagonal tensions. 

Specimen No. 8 combined "bent up" bars with the use of some 
stirrups, resulting (in comparison with No. 5) in the appearance of 
the first cracks, and also the ultimate failure, being further delayed, 
and showing an increase of 24 per cent. in ultimate strength. 

Specimen No. 9  merely added, to No. 8, a further equipment of 
stirrups, and produced a design which, in regard to these features, is 
a fairly typical example of our Victorian practice—always excluding, 
iof course, the deficient thickness of the rib. The specimen exhibited 
no signs of distress until loaded to 9000 lbs., when the first crack 
appeared, but loading was continued up to 12,500 lbs, or 5-  tons, • 
when the testing machine lever refused to further respond. After 
entirely removing the load, the beam was reloaded to, and success- 
fully supported, a loading of 10,500 lbs. 	• 

To the above record of principal results, which are entered in 
the tabulation, I may add a few general observations. 

As anticipated, none of the specimens exhibited any signs of 
failure either on the tension or compression side, in centre of span, 
thus bending moment strength was not called into question at all. 

The difference in behaviour, as between specimens r to 4, which 
failed without warning, and the remaining five, was most marked, and 
this circumstance alone is a strong argument in favour of the employ-
ment of shear reinforcements, so as to preserve, in this regard also, 
what is now widely recognised as a valuable property of reinforced 
concrete—viz., that, by the cracking of the concrete, long and satis-
factory notice is given of the approach of a state of loading which is 
likely to endanger the structure. 

REMARKS ON THE TESTS. 

It may be claimed, I think, that the tests described have success-
fully fulfilled the modest objects aimed at—viz., to verify, with local 
materials and local manipulation, the general principles of design 
enunciated by the doctrinaires and text writers upon this subject. 
But there are also several striking inferences which may be drawn 
from the results as they stand. 

i. In each of the nine specimens exactly the same quantity of 
concrete was employed, and, with but a trifling variation, the same 
weight of reinforcement, also the labour of manufacture is substan-
tially the same in all the cases. Nevertheless there is a range of 
nearly r to 3 between the lowest and the highest results, abundantly 
demonstrating the dominating importance of the proper design of the 
disposition and character of the reinforcements. 

ii. There is a satisfactory concordance between the actual and 
the anticipated order of strength, further demonstrating the feature, 
which was so prominent in the 1905  tests, that, in the testing of rein-
forced concrete specimens, capricious or incongruous results need not 
be anticipated. 
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iii. In T-beam design, especially where the ratio of effective depth 
of beam to span is high, the shearing strength of the beam must be 
regarded with more concern than its strength to resist bending 
moment. 

iv. The employment of shear bars, in the form of stirrups—and,. 
in a lesser degree, the employment of diagonally placed continuations. 

of the tension bars—have a markedly beneficial effect in reinforcing. 

defective concrete area against the appearance and development of 
shearing cracks. 

v. The cogging of the ends of tension bars beneficially affects. 
their ability to maintain adhesion with the concrete. 

In this paper no attempt has been made to establish, from the 
results so far obtained, definite physical constants to serve as ele-

ments of design, chiefly for the reason that the specimens tested have 
been too few in number, and too varying in character to permit of 
such constants being regarded as sufficiently reliable for general ap 

• plication. The deduced stress intensities have, however, been duly 
noted, and, when used in combination with further results of future 
tests, now in preparation, will, doubtless, furnish the basis for a 
complete verification of the data, employed in design, by the leading 
reinforced concrete experts of Europe and America. 



Victorian Institute of Engineers. 
(ESTABLISHED 1883 ) 

1906, JULY 4TH. 

PROCEEDINGS. 

Members of the Institute met at the rooms, on Wednesday,. 
4th July, 1906, at 8 p.m. The President (Professor W. C. Kernot) 
occupied the the chair. 

The PRESIDENT announced that the business for the evening: 
was the discussion on Major J. Monash' s paper on " Further Tests 
of the Strength of Reinforced Concrete Beams." After various 
members had expressed their views, and after the author had 
replied, the discussion was declared closed. 

Major MONASH subsequently exhibited and explained a 
large number of detailed working drawings of various arrange-
ments of reinforcement, and typical photographs of structures 
erected in concrete in Australia and abroad. 

DISCUSSION. 

The PRESIDENT stated that Major J. Monash's paper orr. 
" Further Tests on the Strength of Reinforced Concrete Beams " 
was open for discussion. 

Mr. JAS. ALEX. SMITH said he had gone through Major Monash's,  
paper carefully, but, from his own point of view, the author had 
left no room for criticism. There were, however, one or two points. 
upon which he would like to have further information. 

Throughout his work the author used bars of circular section, and 
he thought that was the usual practice, except where bars of special. 
section—deformed bars, twisted bars, or other special bars—were 
used with the object of giving resistance to drawing. If that was 
so, and circular bars were used here almost exclusively, was it the 
best type? The point he wanted to bring forward was this: The 
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circle was the geometric figure in which the ratio of circumscribing 
surface to area was least. The resistance to drawing was therefore 
less in a. circular bar than in any other form of the same area and 
tensile strength. 

Introducing complex geometric forms might increase the resistance 
to drawing, but only at the expense of increase in cost of manufac-
ture, but the square bar cost the same per ton as the circular bar, 
and, area for area, the square bar, in comparison with the round, 
had the greater surface, and the resistance would be proportionately 
greater. Perhaps there were very special difficulties in working the 
square bar into the structure. That was a point he would like informa-
tion upon. It might be that the square bar would give rise to pos-
sible planes of cleavage, though those directions of cleavage would 
run " with " the beam, and not across it. But there might be a 
difficulty in making the concrete adhere to the bar. 

Then, passing on to another point—that of the. beam shown in 
Fig. I of the diagram. The fracture there had not taken place at the 
centrai point, where the load was applied, as it should if the bar 
were perfectly homogeneous. It had taken place at some little dis-
tance from. the centre. The load was given, and the conditions were 
known, and the point of fracture was also known. What percentage 
of weakness did it imply at the point of rupture, as compared with 
the mean strength for the whole beam ? It might be of advantage to 
know how much divergence from uniformity might be expected in a 
beam of good construction. 

The third point was in connection with the value of the concrete 
tensional component. He thought it was implied that in a number 
of calculations the tensile strength of the concrete was not taken into 
consideration. Might not the experiments be carried further? For 
instance, by means of two comparison beams, identical in every 
respect in material and reinforcement, but in one ease with the 
tension factor of the concrete destroyed. A number of strips of 
metal or other waterproof material, extending from the bottom of the 
beam to the neutral axis or plane, during moulding, would effect 
this, the object being to cause the equivalent of a number of saw 
cuts from the lower surface to the neutral plane. Under these cir-
cumstances the tensile resistance of the concrete would be almost 
entirely eliminated. It would be interesting, then, to know how two 
such beams would compare—one prepared in the special manner 
stated, and the other in the ordinary way. He knew that in a. case 
like that, though to a large extent the tensile resistance would be 
eliminated, there would be introduced a number of very complex 
factors, which would be difficult to deal with theoretically. Rut still 
two beams so compared might reveal some data that would be of 
use in practice. For instance, if a beam had been exposed to fire, 
and perhaps, whilst heated, to the effect of cold Water, then, pre-
sumably, if there were any failure it would be on the lower side, by 
the flaking off of the concrete in tension. 

MR. T. HILL asked the author for the proportions of the con-
crete used in these tests, and the make of cement, also,  for the kind 
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of cement used in the structure they had recently visited at Kensing-
ton. He thought it was a local brand. 

With regard to the square bars mentioned by the previous speaker 
<Mr. J. A. Smith), he had recently read some extracts in. " Cbncrete 
and Constructional Engineering," from the official report published in 
-" Mittkeilungen über Forschungsarbeiten" (volume 22), of the " Special 
Joint Commission of German Civil Engineers and the Repres•enta 
:tive.s of the German Reinforced-Concrete Contractors," which showed 
that for bars of equal area the co-efficients of adhesion • were con- 
siderably higher for square and flat bars than, for round; also that, 
with increased percentage of water, the adhesion diminished rapidly : 
for instance, with rz per cent. of water the adhesion was 544 lbs. 
per square inch, and with 18 per cent. of water only 2 I 2 lbs. per 
square inch. He thought the Institute was to be congratulated upon 
having such excellent data before it as had been given by the author 
in this paper. 

Mr. J. A. SMITH said he presumed thee general conditions were 
those of the first paper, where not otherwise specified. 

Major MONASH: Yes. 
Captain G. F. WILKINSON asked if climatic conditions affected 

practice very much? He thought they might affect the beams. 
Mr. H. J. BILTON asked if it would be easy to replace a beam in 

a building in the event of breakage. For instance,. in the case of 
a structure consisting of cast iron or steel beams,' it would be a 
fairly easy matter, if there were any settlement in the building, to 
make it good. But he thought it would be a weak point in a rein- 
forced concrete building, and a difficult matter,. to make good any 
settlement of the beams. The load on the foundations was very 
carefully computed, but the wisest men might err in their com.puta- 
tons. He had known a case of a house being built on sandy soil, 
which had once been a market garden. After it had been built some 
years it was discovered that one corner had been built over what 
had been a well, but which had been filled in with the usual material, 
and which commenced to settle down, taking that corner of the 
building with it. Could a case like that be easily made good? 

Mr. M. S. SMITH said he once saw an. underground tank on the 
French principle. 	It was 8o ft. long by 3o ft. wide by 12 ft. deep. 
After a, time the walls caved in. The external walls were made of 
bricks, with wire and concrete filling between. The walls had to be 
stayed with buttress inside. He had not had a very great opinion 
of that type of reinforced concrete since then. 

Mr. J. A. SMITH said he once had a somewhat similar experience 
to Mr. Bilton's. Rather a large building was erected on an abandoned 
goldfield. The surface was all right, but a disused drive, beneath 
gravel, caused a settlement at one point. Turning an arch was the 
- remedy, but whatever structural material might have been selected, 
the result would have been very much the same. Reinforced concrete 
might have been betterr in that case, because it might have bridged 
the weak spot. 

Mr. MARTIN, a visitor from the Sydney Institute, regretted he had 
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not had the pleasure of reading the paper. A couple of years ago 
he had seen a bridge over the Hawkesbury River, which was built 
an the reinforced concrete system. It consisted of 13 arched spans,. 
each 53 ft. clear between centres. The reinforcement consisted of 
grills. There was a series of bars across the longitudinal ones, laced' 
with wires. A matter he remembered pointing out at the time was 
the difficulty in laying the concrete. 	They had to lay a whole 
span straight ahead, the superintending engineer in that case being: 
on his feet for about 36 hours. They worked continuously from 
daybreak till after daylight next day. They did that for every 
span, so that it carne rather heavy on the superintending engineer. . 

The PRESIDENT said he was present during the execution of the-
tests, and approved of the arrangements adopted in connection with. 
them. They were done with the testing machine at the University. 
There were several small points he thought might be worth speaking 
of. First of all, with reference to the cogged ends. The author had 
been accused of a little inconsistency in first of all saying they were 
unnecessary, and afterwards using them. However, he thought the-
author could defend himself very well. He had corresponded with_ 
ProfessorWarren, with reference to putting nuts and washers on the-
ends of the rods. The Professor said he had tried them extensively, 
and found they made no difference. The question arose as to the-
position of the bar in the beam. If they took the beam, as in Nos.. 
r to 4 in the diagrams, the bar ran along the bottom of the beam,. 
and its tension, one would naturally expect to diminish from the 
maximum at the centré to nothing at the ends. In that case it was 
hard to see where the use of nuts or cogged ends came in, unless the-
beam was so large that the adhesion was insufficient. It seemed to 
him strange that there should have been the difference between Nos. 
3 and 4. In Nos. r and 2 it might be expected, because there was-
deficiency in contact. But in Nos. 3 and 4, where smaller bars 
were introduced, one would have imagined the strength would be 
the same. And yet the cogged bar was stronger than the other to 
the extent of more than one-sixth. That was to say, there was about 
17 per cent. extra strength in No. 4 over No. 3. One would like 
to know whether in No. 3 there were evidences of the adhesion being 
insufficient. Of course, if the adhesion were insufficient, one could 
at once see that the cogged ends would do good. But if they took 
such bars as those in Nos. 7, 8 and 19, in which the ends were sloping 
downward from the top to the bottom, the conditions were different. 
One would expect that the tension would remain pretty nearly constant 
throughout. In that case the cogging of the bars would be very 
important indeed. 

With reference to Nos. 7, 8 and 9, he had noticed the phenomenon-
of the concrete bursting out sideways at the sharp bend of the bar 
at the bottom. He did not like sharp bends in anything. Nature-
generally rounded things off. They did not find many sharp angles 
in the human body. It would be interesting to know if there would 
have been improved results if those parts had been rounded off to 
a radius of five or six inches. There would probably be a little 
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increase in strength. Taking the results as they, had been, placed 
before them, they were, on the whole, rather unfavourable to the bar 
being sloped at the end. It would seem as if the vertical stirrups were 
a better investment of their money. In specimen No. 5,  the ultimate 
load shown was 85oo. By increasing the number of stirrups, as in 
No. 6, the strength was increased to 12,00o. It would be interesting 
to know, if the stirrups were increased to 15  or 16, whether it would 
improve matters still further. 	No. 7, without stirrups, showed a 
great falling-off as compared with No. 6. No. 8 showed a consider-
able improvement, and No. 9 was best of all. The diagonal end 
was longer, and there was more labour in preparing it. So it seemed 
as if the advantage of No. 9 over No. 6 was very slight. Supposing 
No. 6 had 12 stirrups instead of io, might they not have got as good 
a result as in No. 9, and probably at less cost? The question had 
arisen as to repairs. It seemed to him that this sort of structure 
was remarkably easy to repair—simply by injecting cement into the 
cracks. He had seen an example of this in the Beetaloo Dam, South 
Australia. The way in which the crack was dealt with was this: 
The crack went through the wall from one side to the other. Boards 
were fixed on at each side so as to close up the crack, both on the 
inside and outside, and then, a pipe being carried up some distance, 
liquid grout was poured in under a considerable head of pressure. 
It forced its way into the crack, stuck it together, and made it 
stronger than it was before. The injection of grout was used in 
many cases to fill up vacuities in the Melbourne sewers, where cast 
iron lining had been put in, by means of a shield. The grout was 
put in behind the lining. The question had been raised as to the 
effect of earthquakes. He had not had actual experience or informa-
tion as to the effect of the San Francisco earthquake; but it seemed 
to him that a comparatively tough material like that should be very 
good indeed from the earthquake point of view. Anyone who had 
seen the behaviour of reinforced concrete, and its apparent plasticity, 
would realise this. It behaved something like wood. It seemed to 
bend before it broke. When the beam was fractured, as shown by 
the cracks on the diagrams, and had deflected very considerably, and 
the whole thing was apparently ruined, it actually, when the weight 
on it was reduced a little, held that weight. In fact, No. 9, in a 
wrecked state, carried 10,500 lbs. The only one that exceeded it was 
No. 6, which carried 12,000 lbs. before it was wrecked. That was 
a very valuable property of the material. It was something like a 
Britisher—it did not know when it was beaten. If it were an or-
dinary concrete beam, it would go to pieces and fall in a mass of 
fragments all over the place. But it did not do that at all. Its 
property of elasticity and reluctance to fracture, and its bending 
before it broke, should render it in every way a most admirable 
material in resisting earthquake shocks. It would also be excel-
lent material for foundations. If a crack were made in it, it would 
still retain three-fourths of its original strength. It might be a 
little deformed, but it could he made so that it would stand. 

With reference to the remark which had been made that it took 



60 	VICTORIAN, INSTITUTE OF I;NGIN IÿkRS : 

36 hours' labour to make a 5o ft. spans  unless his memory served 
him falsely, he thought he remembered a 95 ft. span being completed 
in eight hours, with proper organisation. 'There was a span of ioo ft. 
in Geelong. He did not know the exact time occupied in putting it 
in, but he had not heard of any difficulty i.n doing so. What little 
observation he had had of that sort of thing seemed to show there 
was no trouble in • putting it in at a very high rate of speed. He 
did not know whether Major M'onash's military experience enabled 
him to organise his . men better. But, all the materials being ready, 
and coming in under a set system, he did not see why larger spans 
than too ft. should not be accomplished in one act. The question 
of the effect of fire on that material was one which he thought had 
not been very much touched upon so far. The results seemed to be 
distinctly in its favour as far as he had heard. If further experiments 
should arise out of that discussion, he should be very glad indeed to 
place the resources of the laboratory of the University at their dis-
posal, for the purpose of increasing their knowledge on the matter. 

Mr. J. A. SMITH said there was one point which had arisen out 
of the President's remarks. Beam No.. 9 had resisted a very con-
siderable load after the fracture. Did it " hold " that load, or was 
there any considerable deflection subsequent to rupture? After the 
fracture took place, and the load dropped from 12,50o to ra,500, did 
the bar bend considerably or not? 

Major MONASH said it held the load without any further move-
ment. 

The PRESIDENT said when the lever of the testing machine fell 
on the bottom step, there would be a fall of about two inches; the 
ratio of leverage being too to I. When the load reached 15,000 
lbs., the beam deflected I-r5oth inch from the bar, and was relieved 
of the load. But the next thing done was to run the load back along 
the lever of the testing machine, and when the load came to the 
point corresponding with 10,500 lbs., the lever lifted off. 	That 
might not be a deflection of the beam. There was a large amount 
of elasticity in the testing machine itself. But when the weight was 
reduced to Io,5oo lbs., there was, apparently, a slight recovery of 
the beam; the beam carried that weight, although it was cracked 
and apparently ruined. 

Major MONASH, in reply, said he would make no attempt to 
arrange the various questions in subject-matter groups. The simplest 
course would be to take them in the order in which they had been 
asked. 

The first question was by Mr. J. A. Smith, with reference to square 
bars as against bars of circular section. In America the use of 
square bars was extremely common. He was not able to say from 
text books or from the opinion of authority that there was any strong 
reason against the use of square bars. The only reasons that had 
been suggested were those that Mr. Smith himself had mentioned—
possibilities of planes of cleavage coincident with the planar surfaces 
of the bars. His own-opinion was that the square bar was not so 
convenient as the circular bar, because there was a much greater risk 
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of failure to pack the concrete round the bar, and especially under 
the bar. It was the under side of the bar that they had to be so, 
careful about. With the round bar there was much greater assurance 
of compacting the concrete round the whole surface. It was true 
that the square bar would give per unit of area a greater surface for 
adhesion. It was a point that had never become a real issue in tech-
nical journals, and had never been a subject of much discussion. 
His preference for round bars was largely a matter of instinct. He 
did not know that he was able to support that view with any sound 
arguments at short notice. He could only say that the square bar 
was very common, though not universal, in America, and was almost 
unknown in Europe. The square bar was more costly. It certainly 
was not the same commercial article as the round bar was. Whereas 
they could always depend on replenishing requirements of round bars, 
they could not do so with square bars. As far as he knew, if they 
wanted long bars, and plenty of them, they were largely confined to 
what were technically called "steel rounds." 

The next point was with reference to e divergence from . the 
centre point of the failure crack in specimen No. r. That was a 
crack produced by shear. In a beam supported freely at the ends, 
and loaded at the centre, the shear was equal in all planes from the 
centre to the abutment. That crack might have occurred at any 
point between the abutment and point of loading. 

Mr. Smith had suggested an experiment which meant producing 
a series of vertical cleavages in the under side of the-beam below the 
neutral axis. _ Such an experiment would be very interesting. It had 
not been tried as far as he knew. The nearest approach -was an 
experiment with a beam made of dry laid bricks, reinforced with 
bars, that approached very nearly the conditions named by Mr. Smith. 
The experiment was reported in the " Engineering News." As far as 
he remembered, a series of bars were laid horizontally. Those bars 
were furnished with stirrups, bound round the horizontal bars, and 
hooked above. The whole of the intervening space was filled with 
bricks, laid dry. The stirrups hung up the lower bars to the bricks 
above. The pressure of cleavage planes athwart the beam, although 
it would affect the strength of the beam, did not alter its character 
as a beam. The suggestion was a good one, and further experiments 
could be made on those lines. 

Mr. Hill had also referred to the use of square bars, and spoke 
of experiments which he (the speaker) had not read of. He would 
like to understand more about the conditions of those experiments, 
because it seemed to him there was no reason why, unit area for 
unit area, there should be greater adhesion to the square bar than 
the round bar. There was one remark about adhesion he would like 
to make. ,They must know exactly the conditions of the experiments. 
If it was a case of pulling out a bar from a mass of concrete, in 
which it was embedded, that was a totally different condition from 
the stresses arising in a beam. In the latter it was not a direct pull. 
It was induced by the deflection of the beam. The moment the 
beam commenced to deflect, the bar was no longer straight, and that 
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want of straightness contributed further to the amount of the adhesive 
resistance. Experiments on direct pulls were therefore only an indi-
rect and uncertain guide as to what the amount of the adhesive 
stresses would be in a beam. 

Mr. Hill had taken him to task on the question of cogging bars. 
He did not think he was entitled to admit any inconsistency in this 
matter. Referring to cogging, at the discussion on his first paper he 
said, " It meant that the designer wanted to help' the adhesive 
strength. It was a very cheap thing to do, as the bars could be 
cogged cold.' It was worth while doing it as a matter of practice. 
The cogging of the end of the bar was merely an additional and 
cheap safeguard, but he would not pass a design where the adhesive 
area was deficient merely because the designer had cogged the end 
of the bars, and was depending on that cogging."* He thought that 
made the position clear. He had stated that cogging alone, without 
sufficient adhesive area, was dangerous. He did not depend upon 
the cogging as a substitute for defective area. In point of fact, the 
experiments were designed to bring out how much benefit resulted 
from cogging. 

Mr. Hill had alluded to the question of the ingredients of the 
concrete. 	These were r part " Emu " brand Victorian Portland 
cement, 2 parts Port Melbourne sand, and 3  parts )2--inch screenings. 
As to the question of the cement used at the Kensington building, this 
was also chiefly " Emu " brand. •" Hercules " brand was tried for 
some of the floor finish. It was not found quite so satisfactory. It 
developed hair cracks, in spite of the arduous trowelling that it 
received. Both cements were used turn and turn about, under iden-
tical conditions, and " Emu " brand gave by far the best results. 

Mr. Hill had asked about cost. As to giving some indication of 
cost, at a rate per cubic unit, it was obvious that that was a thing 
which it was impossible to,  do. They could not quote for a work 
of that character at per cubic yard, any more than they could 
quote for a building at per cubic yard, because the con-
ditions varied so widely. He was often asked the ques-
tion, "What is the cost of reinforced concrete floors?" 
But, even supposing that in a given class of structure he were able to 
say that the work was worth so much per cubic yard, it would not 
help them, unless they had the design before them, because they 
would want to know the requisite cubic bulk of the work. The only 
guide as to price was to endeavour to standardise the different classes 
of work. They might in course of time standardise the flooring of 
such and such a class, e.g., span between certain limits, and also 
loading, and estimate it as worth so much per " square." But that 
was the nearest they could go to broadcast quotations. 

Mr. HILL asked if it were worth three times the amount of ordi-
nary concrete or at what proportion did it work out? 

Major MONASH said it was worth anything from twice to four 
times the cost of ordinary concrete bulk for bulk, but that there was 
an enormous economy of bulk. He could give them only an approxi- 

* Proc. V. Inst. E., Vol. VI., p. 9o. 
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mate idea, but it was difficult to make a comparison. In many cases 
the only extra cost was the cost of the reinforcing bars. 

Mr. HILL said the supervision would be slightly higher. 
Major MONASH said the best general answer he could give was 

.that every pound's worth of work carried out to date in Victoria and 
-New South Wales had been in commercial competition with other 
forms of construction, under identical conditions. 	In Victoria 
bridges had been constructed in competition with rough timber. If 
they had to transport their cement on pack horses in a timber 
country, they could not, of course, do that. Reinforced concrete 
construction, properly designed, would compete against any other 

:permanent construction designed on the same basis of strength. The 
only sound guide was to test the matter by submitting propositions, 
whether imaginary or actual, for outline design, and estimate. And 

:that was the only way a commercial knowledge of the subject was 
going to permeate the community. It was as impossible to publish 
broadcast commercial data on a subject of this kind as it was to offer 
to construct buildings at per dozen. 

Captain Wilkinson had referred to the question of climate. If 
the weather was very cold the setting of the concrete was very much 
retarded. In cold countries the Building Regulations were stringent, 
that whenever the temperature fell below a certain point, that period 
was deducted from the period allowed during which the supports were 
not to be removed. That did not seriously affect them in Victoria, 

-except that, if they stripped a Monier pipe too soon in cold weather, 
they very soon found it out. 

Mr. J. A. SMITH asked if that occurred at the crystallising point? 
Major MONASH said that if there were frost on the ground, no 

pipes were stripped that day. The other extreme was heat. There 
were days when it would be unwise to make concrete at all. If it 
had to be done, then the percentage of water was increased, and the 

'work was liberally watered for several days afterwards. 
Captain WILKINSON said his question referred to completed 

-beams. 
Major MONASH said the question evidently referred to thermal 

-expansion. The answer was that the co-efficient of expansion of 
concrete and steel coincided to within the fifth or sixth decimal. 
place. As far as climatic conditions were concerned, the range was 
'very slight; and the difference in expansion must be very slight. 
But whether this was so or not it could at once be shown by calcula-
tion that, even with considerable extremes of temperature, the stresses 
'developed were only a small fraction of the elastic limit of the steel. 
In some works the thermal stresses. had been carefully calculated, and 

. deducted from the permissible working stresses. 
Mr. Bilton had asked a question as regards the repairing of 

breakages, the results of indifferent foundations, overloading, or de-
fective design. There was scarcely any, form of construction so easily 
and effectively repaired or altered as reinforced concrete. When a 
-part of a reinforced concrete structure went wrong' from, any reason, 
all they had to do Was to cut it out, and expose so much of the 
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projecting bars of adjacent parts as would provide bonding for the 
new work. The fresh concrete work would bond absolutely with 
the old if the bars had been left projecting a sufficient amount. Ili 
finished reinforced concrete structures "surgical operations " were 
easy matters. In a building in Bank-place, Melbourne, the architect 
decided that a flight of steps already completed, leading to the roof, 
should be altered in form. It was necessary to break the connection 
altogether between stairs and floor, lap fresh bars over the old ones, 
and reconcrete the whole in position. After about a fortnight they 
took away the props, and the staircase was perfectly sound. If a 
column disrupted under a load the same remark applied. In a case 
like that they could remove the column and its connections, and re-
build the whole system. A good example of repair work was a 
corridor floor at the 1900 Paris Exhibition. It was about 14 ft. 
span, and ro centimetres thick. Soon after construction the floor, 
being stripped too early, developed a sag of about three inches. A 
number of checks were cut in the upper surface, and the convexity 
was filled up level with fresh concrete and grout. That floor carried 
over roo,000 people afterwards, with perfect safety. It was a classical 
example, because the diagram had been reproduced quite half a dozen 
times in different journals. 

As to the grouting expedient mentioned by Professor Kernot, some 
five years ago they had an extremely anxious time in connection 
with a reinforced concrete subterranean chamber at Moolert. The 
trouble was that, after stripping, the arch began to show signs of 
settlement and the foreman in charge promptly propped it up. His 
(the speaker's) partner decided to adopt the expedient the Professor 
had suggested. He bored several holes from below, and through 
those holes the grout was pumped for three days. That was the end 
of the trouble, the arch remaining firm, without causing any further 
anxiety. 

A good deal was heard about various systems. He objected to 
the term " system" at all. Every pettifogging idea of altering the 
shape of the bars was immediately called a " system." The funda- 

• mental idea was the use of a number of bars in the direction of 
tensions, and a number of transverse bars for the purpose of distribu-
tion. Cottancin's device of interlacing the bars did not in any way 
contribute new stress properties to the reinforcement. 

As regarded the collapsing of the sides of the reservoir tank, 
mentioned by one speaker,, the strong probability was that the 
stability calculations had not in that case been properly made. Such 
a structure as described would require to be very substantially but-
tressed, to stand at all in any material. 

Prof. Kernot had already answered Mr. Martin with reference to 
the period and hours of work. It was entirely a question of organisa-
tion. They generally allotted one man to every two or three yards 
of concrete. The material had to be all on the ground, and men 
told off to the respective tasks and kept at them. As to the rate of 
mixing, the first batch would show them how the day's work was 
going to time. They never started if there was rain about. A start 
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was never made unless they could go right through with the allotted 
day's task. It was a good thing to let the men have refreshment at 
intervals of about two hours. There was no necessity to concrete the 
whole width of an arch in one day. All that was necessary was to 
complete a span in strips of ro ft. or 15 ft. wide. 

He admitted it was a little difficult to explain the point raised by 
Professor Kernot as to the 15  or 16 per cent. increase between 
specimens Nos. 3 and 4. He thought the explanation lay in the 
direction that probably the actual failure of adhesion occurred in 
both beams at or about the same point and that it required the addi-
tional stress of r roo lbs. to tear the cogs through the concrete and 
powder it up, as was done in the case of specimen No. 4. The 
right light in which to regard it was that the cogs did not come into 
play until the adhesion of the bars had failed. 

Professor Kernot had pointed out the desirability of cogging the 
ends of sloping bars. That doctrine had been very strongly demon-
strated by a series of tests recently carried out in America, at the 
Boston University. The experiment was deliberately tried of using 
bent bars, stopping short of the top of the beam. 	The tests had 
demonstrated that economically. very much better results could be 
obtained from the multiplication of stirrups than from the bending 
of the bars. That was very interesting, because it threw a strong 
light on the question. The Germans had stuck to their opinion as 
to the advisability of depending on bent bars, and the Police Re-
gulations recently promulgated directed the use of bent bars, and 
bent bars only, they did not, however, prohibit stirrups. 	The 
practice here inclined to dealing with shearing stresses by the use 
of stirrups chiefly. 
• He had previously mentioned a letter with reference to the San 
Francisco rebuilding. The statement was made by -the writer of the 
letter that construction experts considered that as a safeguard for the 
future, the rebuilding should be done, as far as possible, in reinforced 
concrete. 

Mr. HILT, asked if the cogging was as sharp as shown on the 
diagrams. 

Major MONASH said the cogging was as sharp as could be done, 
bent cold. It had been their custom to split the ends of the bars. 
They put the end of the bars in a shearing machine, and gave it one 
blow, which made it a sort of " fish tail." They once thought it 
was impossible to deal with a -i-inch bar cold.- But they had found 
a means of doing that cheaply. They tried to get the cog as square 
as possible. 

Professor Kernot had referred to the value of warning. In 
steel or timber, they got warning, in a sense, by the deflection and 
permanent deformation of the beam. When once a crack appeared 
in such a beam, the beam at once gave way, but in the reinforced 
concrete beam the crack appeared long before the beam collapsed. 
In the case of bad design or of overloading a beam, signs of distress 
were shown a long time before collapse, and there was ample time 
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for inquiries to be made. Warning was given, and steps could be 
taken to make the structure safe. 

As to the effect of fire, he thought the best record they yet had of 
the behaviour of reinforced concrete was the Baltimore fire, and in 
the " Engineering News " there were ample records as to how the 
reinforced concrete buildings stood there. In one case the frame 
of the building stood independently of the walls. During the fire a 
neighbouring building collapsed, and tore away the brick wall of 
the building. The demolition gang worked with explosives for nine 
days to try and destroy it; then, after numerous tests, they decided 
to allow the building to stand, and it is still standing. As showing 
the intensity of the fire, it was mentioned that the contents of the 
fireproof safes had been burned. He was under great obligation to 
Professor Kernat for placing the laboratory at the University at his 
disposal, and for his promises-to do so on future occasions. 

The PRESIDENT said he had seen recently a good many diagrams, 
photographs, and so forth of tall water towers, etc., in which the 
framework was a series of concrete columns connected with hori-
zontal pieces. He had had a feeling that a little more diagonal 
bracing might be useful. Perhaps Major Monash had other examples 
of large water towers in which the diameter was not more than a 
tenth of the height. 

Major MONASH said there was a large water tower recently 
finished in Belgium, and the eight external columns and the central 
column were simply calculated as vertical cantilevers. They could 
bend and recover without any bracing whatever. This tower had 
withstood a severe cyclone. 
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