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FOUNDATIONS IN BAD GROUND. 

Paper read before members at the General Meeting held at the 
Rooms, October 29th, 1918, by H. Stanley Harris, B.Sc., 

A.M.Inst.C.E. 

HE question of foundations and the supporting power 
of the various kinds of rock, earth, clay, and silt, 

t 

	

	~= met with in practice, is a matter of vital importance 
to all those who are engaged in the planning, design- 

ring and construction of important works in Ar- 
chitecture and Engineering. 	The Architect is, broadly speaking, 
mostly concerned with the design of foundations for important build-
ings, which design as a rule only involves the bearing capacity and 
stability of the particular class of material on which he builds. On 
the other hand, the Engineer, in addition to this type of foundation, 
is often called upon to deal with the design of foundations for such  
structures as dock and river walls, retaining walls, bridge abutments, 
etc. The design of these structures involves not only the bearing 	n' 
capacity of the materials on which they are founded, but also the  
great lateral pressures often exerted by the retained materials on the  
back of these structures. 	The consideration of this latter type of  pb, 
foundation is such a vast subject that to deal with it only briefly 
would involve a great deal more time than is available this evening. 
It is therefore, proposed to deal only with the first type, viz., "Found-
ations to Buildings," and chiefly those foundations which have to be 
built in bad ground. 

When we consult professional literature we find that the subject 
is very poorly treated, and this in spite of the fact that faulty founda-
tions have caused the partial or whole failure of numerous buildings. 
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It is a rare thing to find, even after the most diligent search, any 
published information which will aid an Architect when confronted 
in practice with a particularly difficult foundation problem, calling 
for precise knowledge of the matter. Why this should be so is rather 
difficult to understand. 	Perhaps it may be due to the fact that 
people in general are interested in those things which they can see, 
and far less interested in those things which are concealed. Building 
foundations are concealed in the ground. There is no artistic beauty 
to recommend them to anybody, and numerous Architects will, there-
fore, pay particular attention to the upper part of the building, 
whilst they are only too glad to forget everything which is below the 
basement floor. 

When we consult the various building regulations, we find that 
they also are remarkably silent, and give the minimum of detailed 
information required for solving a difficult foundation problem. We 
might ask again why this is so, and perhaps the explanation is to be 
found in the characteristic of the Anglo-Saxon race to solve their 
problems by methods of induction. As new problems arise they are 
often approached in a spirit of conservatism, prohibitive rulings at 
times being applied in the early beginning, conservative permissions 
afterwards granted, and ultimately such freedom as is based upon ex-
tended experience as well as upon carefully-thought-out theories. 
While we, therefore, have often looked in vain in the past to pro-
fessional literature and building regulations for precise information 
relating to foundation work and earth pressures, we should, each of 
us, I think, make an endeavour to remedy this as far as possible. 
A great deal can be done in this direction in two ways. 

Firstly.—By recording in professional literature instances of diffi-
cult foundation work which come under our personal notice, 
the methods adopted to overcome them, and the success, 
partial success, or failure of the methods adopted; and 

Secondly.—By making definite experiments either in the field 
or laboratory or both, on the resistances and lateral pres-
sures exerted by such materials as sand, clay, etc., under 
the different physical conditions in which we find them in 
practice, and then publishing the results. 
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All theories for the calculation of earth pressures which have any 
theoretical basis fall into one or other of two classes: 

1st. The theory of Conjugate Pressures, due to Rankine, and 
commonly known as Rankine's Theory; and 

and. The theory of the Maximum Wedge, commonly known as 
Coulomb's Theory. 

There is no need to give here the proofs of these theories, as they 
are to be found in most Engineering Text Books, and are familiar to 
most Engineers and Architects. Probably the best known and most 
widely-accepted of these theories is Rankine's Theory. The assump-
tions made in this theory are:® 

i. That the mass of the material dealt with consists of an in-
compressible, homogeneous mass, granular and without co-
hesion, the particles being held together by friction. 

2. That the top of the mass is bounded by a plane surface of 
indefinite extent, and the mass rests on a homogeneous 
foundation, and is subjected to its own weight. 

3. That the whole mass behaves as an elastic solid, in a state 
of strain, and that the principles of the ellipse of stress 
apply. 

4. That if the top surface of the mass is horizontal, the pres-
sure on any vertical plane through the mass is also horizon-
tal, and the centre of pressure is one-third the depth from 
the bottom. 

From these assumptions is derived the well-known formula for 
earth pressure against the vertical back of a wall retaining earth. 

PTWh'  ri — Sin B\ 	
 (a) 

2 I — Sin B 
Where "P" denotes the total pressure against the wall, "h" the 
height of the wall, "W" the unit weight of the earth, and "e" the 
angle of repose of the retained material. From this equation, Rankine 
developed a theory for the safe depth of foundations. In this theory 
Rankine assumes that when a building is subsiding, the material 

[underneath 
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underneath the foundations is squeezed out laterally, the material 
displaced tending to move in the direction of least resistance, that 
is, upwards, and the building goes on subsiding until the downward 
pressure of the building is balanced by the resistance to movement 
of the upheaving earth. The safe depth to which building founda-
tions must be taken, according to Rankine's formula, provides for a 
state of exact equilibrium between the weight on the foundations 
and the displaced material. 

Rankine's formula for safe depth is 

d=  P (i—Sin 8 2 
	(2) W \I+Sill e 

Where d = safe depth in feet. 
P = pressure on Foundations in Pounds per square foot. 
W = Weight of soil in pounds per cubic foot. 
8 = Angle of repose of the soil under foundations . 

In order to test the accuracy of this formula as applied to such 
materials as sand, earth, ashes, clay, silt, etc., *Mr. Crosthwaite, an 
English Engineer, has recently carried out some very important ex-
periments, which have tended to throw more light upon the behaviour 

	

of these materials under pressure. 	11/1r. Crosthwaite's experiments 
were very simple, and consisted of loading up a plunger of known 
diameter with known weights, measuring the penetration of the 
plunger into the soil tested, weighing a cubic foot of the soil, and 
calculating the value of 8 the internal angle of friction. With the 
known data and the observed penetration of the plunger the value 
of " 8 " is easily ascertained. Thus from equation (a.) we get 

I — Sin 8 __. (d x w'  % 
I + Sin 8 	k P 

then 8 = Sin $ I— 3 
I +q 

Mr. Crosthwaite contended that if Rankine's Theory were cor-
rect then "8" the internal angle of friction of the material cal-
culated from the formula, should agree with the angle of repose of the 
material obtained by observation of the natural slope, and also that 

*Min. Proc. Inst. C.E., Vol. CCIII. 

q say 
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the observed penetration of the plunger should be directly propor-
tional to the intensity of pressure—that is, should obey a straight line 
law. 

A number of experiments were first made on Leighton Bussard 
sand, just as it was received from the pit. 	The mean angle of 
repose, for five samples, gave an angle of repose of 52  deg. 28 min. 
Great care was taken to consolidate the sand as much as possible, and 
the consolidated sand, which was slightly damp, varied in weight 
from 93 to 98 lbs. per cubic foot. 

At a pressure of 3282 lbs. per sq. foot, a penetration or settle-
ment of 1.51 inches was obtained before the plunger came to rest 
in a state of equilibrium, while, with a pressure of 7566 lbs. per sq. 
foot, a penetration of 3.81 inches was observed. The mean of the 
calculated values of 8 " the internal angle of friction, was found 
to be 6i deg. 38 min., which differed from the observed value of the 
angle of repose 52 deg. 28 min. by 9 deg. io min., but agreed very 
closely with the angle of rupture of the material. 

In these experiments with sand a rather curious thing was noticed 
with regard to the weight per cubic foot of the sand. It might be 
thought at first sight that damp sand, well pounded into a bucket, 
would weigh more per cubic foot than dry sand, but the reverse was 
found to be the case. By pounding the damp sand into a bucket 
only ioi lbs. per cubic foot could be obtained, while 108 lbs. per 
cubic foot was obtained by merely shaking the same sand dry into the 
bucket. The explanation seems to be that the mobility of the dry 
sand allowed it to assume closer order than the damp sand, and so 
contain less voids between the grains. 

Sand, having various degrees of water saturation, was then tested 
and gave the following penetrations:—Fairly wet sand, with about 
7 per cent. of water saturation, gave a penetration or settlement of 
3.3x inches, with a pressure of 15,408 lbs. per sq. foot, while absolu-
tely saturated sand, with 3I ji  per cent. of water saturation and 
weighing 121.42 lbs. per cubic foot, gave a penetration or settlement 
of 5.28 inches, with the same load. 

Experiments were then made with damp garden earth, having an 
observed angle of repose of 46 deg. 12 min. With earth, weighing 

[56 
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56 lbs. per cubic foot, a load of 1008 lbs. per square foot gave a 
penetration of 7.62 inches before stability was reached, while the 
penetration of the plunger, with a load of 13,892 lbs., in an earth 
weighing 101.7 lbs. to the cubic foot, was 8.05 inches. 

The experiments on ashes and cinders gave large penetrations 
with small loads. With ashes weighing 27.3 lbs. to the cubic foot, 
a load of 576 lbs. per square foot gave a penetration of 5.58 inches, 
while a load of 2307 lbs. per square foot gave a penetration of 8.17 
inches in ashes, weighing 31.19 lbs. per cubic foot. 

A curious difference was noticed between the behaviour of sand 
and ashes under load. In sand, equilibrium was obtained almost im-
mediately after penetration took place, while in ashes, hours elapsed 
after the application of the load before equilibrium was established. 

These experiments on sand, earth and ashes, gave results which 
seem to be in reasonable agreement with Rankine's Theory for granu- 
lar materials, as the penetrations were found to be practically pro- 
portional to the loads which produced them. They seem to point 
to the fact that, for such materials, Rankine's Theory holds, pro- 
vided the correct angle of internal friction is used in the calculations, 
and not the angle of repose. 	It appears, however, that the angle 
of internal friction is not constant for any one material, but varies 
with the aggregation of the particles of the material. It is, however, 
a comparatively simple matter to find the correct angle of internal 
friction for any of the materials. All that has to be done is to dig 
some of the material out of the trench or trial hole, care being taken 
not to break it up; test it for penetration with the plunger, under 
a given load, and calculate the correct angle of internal friction; 
or the test could be made with the apparatus on the material 
at the bottom of the trench. 	The experiments made with weak 
clays—that is, clays with varying proportions of moisture—showed 
that these materials behaved in an entirely different manner to that of 
the granular materials like sand, ashes, etc., just described. The 
penetrations, instead of varying directly with the loads, increased 
enormously with the loads. In the case of weak clays, the penetra-
tions appear to vary as the square of the loads, and Rankine's Theory 
apparently does not hold for the weak clays. The behaviour of weak 
clays under pressure, is at present more or less of a mystery, and 
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there is room for a considerable amount of research work with re-
gard to the physical properties of the different varieties of weak clay 
under pressure. 

The experiments just described relate to the application of the 
loads directly on the surface of the material tested, and the penetra-
tions found for the different materials would give us an indication 
of the amount of settlement we might expect in a building if the 
foundations were placed directly on or very near the surface, and not 
taken down any depth into the ground. It appears from the experi-
ments that if the foundations for a building are placed at or very near 
the surface some settlement must be expected, no matter what the 
foundation material is, unless this material is solid rock. 

Rankine`s Theory for safe depth of foundations in granular 
materials states that the foundations should be taken down to a cer-
tain calculated depth, if we are to be reasonably safe from appreciable 
settlement. The usual method of applying this theory is to calculate 
the safe depth, excavate down to this or some greater depth, and then 
start the foundation work, when we should expect no appreciable 
settlement. 	To test the truth of this, Mr. Crosthwaite made a 
number of experiments on damp sand, well consolidated. 	The 
plunger was first started from the top surface of the sand and with 
a load of 12,400 lbs. per square foot gave a penetration of 1.95 inches, 
when equilibrium was obtained. A small cylinder was then sunk 
into the sand to a depth of 4-1 in. and well below the safe depth. The 
sand was excavated out of the cylinder and a load of 15,900 lbs. 
per square foot was applied to the plunger, which was now resting 
on the sand at the bottom of the cylinder. The application of this 
heavy load gave a penetration of only .25 inches. To confirm this 
another experiment was made, but this time, instead of driving down 
a cylinder, a hole 3:1  in. in depth was scooped out of the sand. When 
the plunger was started from the top surface with a load of 15,900 
lbs. per square foot, a penetration of 2.45 inches was obtained, but 
when this same load was applied to the plunger resting on the sand 
at the bottom of the scooped-out hole, a penetration of only .52 inches 
was obtained, 

These experiments show conclusively that if foundations are 
taken down below the calculated safe depth for ordinary granular 

[materials 
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materials, no appreciable settlement need be feared, and that Ran-
kine's Formula is correct. This leads to the somewhat strange con- 
clusion that for granular materials such as sand, earth and similar 
materials, that which carries the load is the material above the founda- 
tion, and not the material below the foundation. 	For weak clays 
ranging down to the consistency of mud, there is apparently also a 
safe depth, but it is not the one calculated from Rankine's Formula. 
Before a rational formula for safe depths in weak clays can be adopted 
a considerable amount of further research work must be carried out 
on these materials, and any satisfactory safe depth formula evolved 
will probably have to take into account cohesion as well as internal 
friction in the clay. 

Experiments which have already been made on fairly stiff clay 
gave a settlement of 61 in., with a load of 4 tons per square foot, 
while a very wet clay, practically silt, gave a settlement of 24 ft. 
7 in. with a load of 1.25 tons per square foot before equilibrium was 
established. 	A safe depth for silt such as this, although of little 
practical value for most structures, has a scientific interest, inasmuch 
as it appears to indicate that some safe depth law seems to exist even 
for such a material as silt. 	A practical example, which seems to 
bear out the fact that even very soft materials have a safe depth, is 
the case of some concrete tanks, which were founded in peat on a 
moor, at a depth of 17 ft. 3 in., with a maximum pressure of .44 tons 
per square foot. The tanks were sunk as open cylinders, the men 
excavating inside them. When completed to the required depth and 
loaded with water and superstructure no further settlement occurred, 
although settlement might have been reasonably expected. 	After 
a period of twelve months had elapsed no change in level had oc-
curred. 

These experiments on settlements under load have been des-
scribed in detail as, apart from their scientific interest, they might 
afford an answer to the question why some buildings erected with 
shallow foundations, on apparently good ground with moderate load-
ings, have shown signs of appreciable settlement. 

Clay, in one or other of its various forms, ranging from stiff 
compact clay to clay that is practically mud or silt, is perhaps one of 
the most inconsistent and treacherous foundation materials that Ar-
chitects and Engineers have to deal with. 
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Shifting ground, such as is found in colliery and salt mine dis-
tricts, which are often riddled with underground workings, is also 
a very fruitful source of foundation troubles. 

Filled-in ground, especially if found resting on top of river silt 
such as we find in many of the low-lying parts of Melbourne, along 
the banks of the Yarra, has also provided some very perplexing found-
ation problems, some of which so far have proved so difficult that 
no satisfactory solution has yet been found. 

There are two general methods of dealing with foundations in 
bad ground of the kinds just described. One is to spread the founda-
tions so as to reduce the Ioad per square foot on the soil to a mini-
mum, either by making the foundations very wide or by covering the 
whole site of the building with a foundation mattress or raft, strong 
enough to resist the upward soil reactiòns. The other is to go right 
down through the bad ground to a good bottom, if one exists, either 
by piling, by excavating to the solid ground and building up piers 
of masonry or concrete, or else by sinking cylinders to the solid 
ground and filling them up with mass concrete. 

In the case of comparatively dry, stiff clay of good depth, a 
satisfactory foundation can generally be built, if the foundations are 
taken down a sufficient depth to be beyond the influences of climatic 
changes. This depth would in most cases be greater than the safe 
depth for stability calculated from Rankine's Formula. Although, 
as we have seen, weak clays do not appear to obey Rankine's Theory, 
strong, stiff clays which behave like an elastic solid, do apparently 
obey this theory, provided the correct angle of internal friction is 
used in the calculations. Wherei  however, large masses of strong, 
stiff clay slip, due to interstratification with beds of gypsum, water-
bearing sand, or other causes no general theory for foundations could 
deal with such a case. It would be just as reasonable to expect a 
formula to give the strength of a cast-iron pillar, filled with an 
unknown number of blowholes, as to expect a formula to provide a 
satisfactory foundation in such ground. 

If ordinary foundations in strong, stiff clay are not taken down 
deep enough, settlement and cracking in the building are likely to 
occur, through water percolating into the clay in the winter, causing 
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it to swell, and then drying out in the summer, contracting, and 
sometimes developing fissures. In order to minimise the movement 
in such cases, a layer of sand 6 in. thick is sometimes placed in the 
bottom of the trench and the foundations then built on this cushion 
of sand. This has been found successful in many cases, but in others 
where the clay has been rapidly dried out by the summer heat and de-
veloped fissures, the sand has simply run into the fissures and settle-
ment and cracking has occurred. The only remedy in such cases is 
to take the foundations down deep enough to be beyond the effects 
of climatic changes. 

When we have to deal with shifting ground, due to underground 
workings, the most satisfactory solution, so far found, is to place a 
concrete raft of good depth, reinforced with steel, either in the form 
of bars or rails, over the whole site. This, however, in many cases 
is not sufficient, but if the building itself is constructed of a stiff frame-
work of either structural steel or reinforced concrete securely tied 
and braced together in all directions, and the walls of the building, 
both external and internal, kept as light as possible, a reasonably 
satisfactory result is often obtained. 	The weight of the walls is 

v iii I' 	
usually reduced by dispensing with all brickwork or masonry where 
possible and using hollow tiles, hollow concrete blocks, or else using 
thin concrete walls 2/ in. thick, reinforced with some form of ribbed if  
steel lathing. Two local instances where 2 g 	 / in. external concrete 
walls, reinforced with metal lathing and light steel bars, have been 
adopted, are the Newport Power House and the New Sulphur Storage 
House at the Mount Lyell Chemical Works, Yarraville. These light 
concrete panels are not cast between shuttering in the usual way, 
but the concrete, made of sand and cement, with about 8 per cent, 
of the volume of cement of hydrated lime, is either plastered on to 
the metal lathing or else shot on with a cement gun in layers, until the 
correct thickness is obtained. 

This makes a thin, light concrete wall, impervious to water and 
with the steel reinforcement helping to resist cracking. 	A racking 
and twisting of the steel framework may take place, the concrete walls 
developing cracks, but once the ground has resettled into its new posi-
tion these cracks and deficiencies can be made good, and the final 
result is often as satisfactory as when the building was first erected. 
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When we have to erect a building on made ground of shallow 
depth, sap, only x s or zo feet of filling, or less, resting on good 
ground, and there is danger of slight movement of the filling, the 
most satisfactory method of dealing with the foundations is to take 
stout piers of masonry, mass concrete, or reinforced concrete, spaced 
at convenient intervals, down through the filling to the good founda-
tion. These piers many then be arched over at the top with masonry 
or concrete arches, or spanned with reinforced concrete beams, run-
ning along the tops of the piers, and the building started from 
the tops of these beams or arches. The Darracq Motor Works at 
Fulham, in London, are built in this way, the whole of the piers and 
beams being in reinforced concrete, taken down through the filling 
to the old gravel bed of the river Thames. 

Where there is no danger of movement in the filling, piles of 
either wood or reinforced concrete may be used, connected at the top 
with a reinforced concrete beam, upon which the building is started. 
Where, however, there is danger of the filling moving, the piles, 
especially if of great length, are apt to move with the filling by turn-
ing round their points, and instances have come under notice where 
walls of buildings have been thrown out of plumb as much as eight 
inches, and gable walls bellied out as much as 18 inches through this 
movement of filling and piles. 

If the piles are of great length, say 70 or 8o feet long, driven 
through soft silt such as we find on the banks of the Yarra, and the 
building erected on them is very high compared to its breadth, there 
may be danger of both settlement and lateral movement of the piles 
due to wind pressure on the sides of the building. Take the case of 
a building 5o feet wide, say, and 120 feet high, and of considerable 
length, presenting a large surface to the wind and resting on piles 
8o feet long, driven through river silt of the consistency of slurry. 
Say the piles under the walls were spaced at about 8 ft. centres, with 
a wind pressure of so lbs. per square foot, there would be a big 
bending moment on the piles which would result in extra load being 
put on the piles under the leeward wall, perhaps amounting to as 
much as ig tons over and above the dead weight already on them. 
Unless the wind pressure had been taken into account when spacing 
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the piles, they would probably become overloaded, resulting in set-
tlement. But this is not all, there would be a side pressure on the 
piles, tending to push their tops forward laterally and rotate each pile 
as a whole around its point, resulting in lateral movement of the 
building. The silt through which the pile has been driven would 
exert little or no resistance to this forward movement, and once the 
pile has been rotated out of the plumb, say by wind pressure on the 
building, or by movement of the silt, then the dead weight of the 
building would tend to continue the process, causing still further 
settlement and lateral movement. It is, therefore, of great import-
ance to make a building resting on long piles, driven through silt 
as wide as possible in proportion to its height, keep the dead load on 
the piles low, and also securely brace and cross brace their tops so 
as to make the whole framework of piles act like one structure as 
much as possible. 

That wind pressure can act in this way with disastrous results 
was vividly demonstrated in a large timber building which recently 
collapsed. The building consisted of a number of light posts about 
15 ft. high, supporting big timber, braced roof trusses, seven or eight 
feet deep. 	The posts rested on light sole plates, stiffened with 
four struts and taken about two feet into made ground, resting on 
top of river silt of considerable depth. The timber trusses presented 
a relatively large area to wind pressure, with the result that when 
apparently the wind caught them the posts rotated around their bases 
—the soft foundation being powerless to prevent it—and the roof 
trusses collapsed, leaving whole rows of posts standing up at an angle 
of about 45 deg. 

The method of going down right through the bad ground on 
to a good bottom, though sometimes the most satisfactory, is as a rule 
a very expensive method. Where the money available for the founda-
tion work is not sufficient to adopt this method, or where the filling, 
or filling and soft ground, underneath, is of such great depth as 
to make the adoption of the method impossible, the only alternative 
left is to reduce the load per square foot on the ground to a 
minimum by covering the whole site with a raft or partial raft. When 
this method is adopted and the ground is very bad, some settlement is 
inevitable, but the raft, which should be monolithic and of consider- 
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able stiffness, will, in most cases; tend to make settlement even over 
the whole site and so help considerably in minimising cracks in the 
building. The modern way of constructing these rafts is to build 
them of reinforced concrete, consisting of slabs and beams all tied to-
gether with steel, and the concrete cast in such a way as tb make the 
whole raft monolithic. A raft, constructed in this way, is merely 
an inverted floor with the upward soil reactions corresponding to the 
ordinary downward floor loads, and the columns and piers acting as 
supports. In a continuous beam foundation of this description there 
is always a definite load coming down on the foundations, and a 
corresponding soil reaction. If the live loads on the floors of the 
building vary as they generally do, causing variation in the upward 
soil reactions, it is impossible to keep the pressures uniform on the 
foundations—and of the same amount always. 	In our building 
designs we have two elements of load to deal with, dead load and 
live load. The dead load is constant and the live load is variable. 
The wall columns usually carry a small portion of live load and a 
large portion of dead load. As a result of this the soil reactions under 
the wall footings are reasonably constant. 	The interior footings 
carry relatively heavy live loads and light dead loads, and the live 
loads being variable, the soil reactions cannot be constant. 	This 
is a serious matter as far as the safety of the building is concerned, 
and might be dangerous unless the soil values were conservatively 
selected. The soil reactions under the wall footings being always 
near maximum, there is a tendency for the wall footings to compress 
the soil beyond the compression in the interior, and a large bending 
moment which is thus created and extends over the entire building has 
a tendency to rupture numerous connections in the interior. This is 
not a mere theory which is called to your attention, but a fact which 
has been established in actual construction work. 

In the laying-out of continuous footings, there is one condition 
which is of great importance. It is necessary not only that the soil 
pressures lie uniform, broadly speaking, but also uniform as far as 
the local elements of the building are concerned. Take an actual 
case. The building consisted of a main part and two wings. 
The main portion was ten stories high and the two wings 

[five 
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five. 	In addition, there was a large tower in the centre. 	There 
was a provision in the specification that three stories would be added 
to the wings at some future time. The soil value of the ground 
was 2000 lbs. to the square foot. 	Consider the seriousness of this 
problem. It is evident that we have here a beam effect which reaches 
the entire length of the building, creating heavy stresses in the re-
inforced raft below, or in, the building above, or in both. The soil 
under the central portion of the original building would be very 
heavily loaded, and the soil under the foundations to the wings would 
naturally be subjected to a lesser soil pressure, provided allowance was 
made for the weight of the future extension. The result of this would 
he a tendency for the centre to sink into the ground and a eompul-
sion of the footings under the wings to assist in carrying the centre. 
Thus, we have a long sweep bending moment going along the entire 
length of the building, and it would he quite impossible to make allow-
ance for it. Let us assume that allowance could be properly made for 
it and let us see what would happen in the future, when all initial 
settlements had taken place under the entire foundation, and addi-
tional stories were built on the wings. The extra loads would have 
to be supported in part by the middle and so would cause reverse 
bending moments of enormous magnitude to be provided for by the 
reinforcement in the mattress. 	A case such as this is very difficult 
to provide for satisfactorily by means of raft construction. Where 
the money available is not sufficient to provide a raft over the whole 
site and the soil has a moderate bearing capacity, a partial raft is 
often used. This consists of what practically amounts to an inverted 
reinforced concrete tee-beam, the tee part being made sufficiently wide 
to reduce the bearing pressure to a safe limit, and the stem of the beam 
being made sufficiently deep and reinforced with steel in the top and 
bottom to provide for bending moments, due to uneven settlement. 
This type of foundation was adopted for the foundations to the 
New Seamen's Mission Institute recently erected in Flinders Street 
Extension. 	Bores which were put down on the site showed the 
ground to be of the following nature 

6 feet of loose filling. 
5 feet of stiff silt. 
4.} feet of soft, sandy silt and shells. 
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gi feet of soft silt. 
7 feet of stiff, blue clay. 

Giving a total depth of about 25 feet of filling and soft silt. 
Bores were also put down on the site of the old Seamen's Mission 

Building on the other side of the road, which had stood for a number 
of years comparatively well, with the exception of some slight set-
tlement, on foundations giving a bearing pressure of 15 cwts. per 
square foot. 	The result of these bores indicated that the ground 
underneath the old building consisted of made ground 
and silt of approximately the same depths as that under the site of 
the new buildings. It was, therefore, decided to adopt the same type 
of foundation for the new building as had been used in the old— 
but reducing the bearing pressure on the ground from 15 cwts. per 
square foot to approximately 8 cwts. per square foot. The question 
of piling the site was also gone into, but the complicated nature of 
the plan of the building necessitated so many piles that the extra cost 
over the cost of the foundations adopted led to its abandonment. The 
tee-shaped reinforced concrete foundations were taken down about 
two feet below the ground surface, as it was not thought advisable to 
disturb more of the hard surface crust, found on top of the filling. 
When the building was partly completed some horizontal cracks ap-
peared in the walls facing Flinders Street, showing that settlement 
was taking place in this wall. The settlement was allowed to go 
on for about six months and careful levels were taken each month. 
At the end of six months the horizontal crack had opened about - in. 
As the building was now nearing completion it was thought advisable 
to stiffen the filling under the wall showing cracks. This was done 
by boring a series of diagonal holes, spaced 18 in. apart on each side 
of the foundation, taken down a depth of four feet below the founda-
tion, and pumping in liquid cement grout, under a pressure of about 
Ioo lbs. to the square inch. The result of this was that the cement 
was forced into all the air spaces and soft parts of the filling, con-
solidating them and practically making a rough concrete out of the 

filling. 	After this operation the horizontal crack in the wall was 

filled up and the cavity between the 4i brickwork was also filled up 

with 2 to i cement mortar. No further opening of this crack has 
[been 
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been observed, although a period of nearly 12 months ha: elapsed 
since the cement was pumped into the filling. The building appears 

° to have settled fairly uniformly over the whole site—the settlement in 
the front part of the building along Flinders Street amounts to about 
xi inches, while the settlement in the back portions of the building 
amounts to about in. The difference between the amount of the 
settlement in the front and back portions of the building appears to 
be due to the vibration set up in the front of the building, through 
the heavy traffic along Flinders Street. 	That this is so is proved 
by the record of the levels taken every month—the settlement was 
uniform each month until the time of the strike. During the strike, 
which lasted ten weeks, no heavy traffic passed along Flinders Street, 
and no settlement was recorded by three different sets of levels taken 
during this time. As soon as traffic started further slight settlements 
were recorded. 	The settlements in this building so far are very 
small, when regard is taken of the nature of the ground on which 
it is built, and they appear to be getting less and less as time goes 
on. As we get further away fram the Seamen's Mission Building 
towards the site of the Metropolitan Gas Company's works the ground 
goes from bad to worse. On some parts of the Gas Company's site 
there is a depth of over 8o feet of river silt, making the problem 
of providing for a solid foundation such as is required for heavy 
machinery, so difficult as to be almost beyond solution. 	In the 
case of three reinforced concrete rafts all in line, carrying three heavy 
buildings, and taken down about 8 feet from the surface into the silt, 
some remarkable settlements have occurred. The load on the silt 
is about 800 lbs. to the square foot—one of the end rafts has settled 
down more one end than the other—the deepest end having settled 
26 in. in five years. The raft under the central building has settled 
down about 24 in. at each end, while the settlement in the centre 
of the raft is very much less. The other end raft has also settled, but 
in the opposite direction; the most settlement has occurred in the 
end nearest the central raft, and amounts to about 28 in. Other 
cases exist there where not only settlement but also lateral movement 
of the building has occurred in spite of all precautions taken to pre-
vent it. This lateral movement of the building would not be so 
bad if the building remained in its new position, but one corner of 
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the building would be pushed out to-day and pulled back again next 
week, when probably the opposite corner of the building would be 
pushed out. The building in which this backward and forward 
movement exists is a big coal store, and is probably due to variations 
in coal loading causing movements in the silt. When one part of 
the store is loaded and the other unloaded the loaded part causes the 
silt to roll up in the unloaded part, and vice versa. These earth 
movements cause some very peculiar actions to take place in the steel 
bracing of the roof trusses—members, which to-day are straight and 
taut would to-morrow be bent up into a big bow — and later on 
this same member would be straight again and some other member 
bowed up. Ground, such as this, must cause the Engineer-in-Chief 
a considerable amount of anxiety regarding the safety of his buildings 
and plant, and seems hardly a suitable site on which to erect and main-
tain a Gas Works, if other sites are available. The settlements which 
have occurred in some of the buildings at the West Melbourne Gas 
Works appear to be large, but they are made to look quite insignifi-
cant by the settlements which occurred in three reinforced concrete 
buildings erected in Tunis in North Africa, and recorded in "En-
gineering News." 

The buildings consist of two five-story grain warehouses, 45 ft. 
x zoo ft. and 50 ft. x 125 ft. These are parallel to each other, and 
between them is a flour mill 112 ft. x 112 ft., all being unconnected. 
They stand on marshy ground lying between the shore of the Medi-
terranean and the hills. The material is a soft mud, and it is stated 
that many of the buildings of the town are tilted in various directions, 
while the surface of the ground rises in ridges due to the displacement 
of the soft material. 

The buildings were founded on rafts, placed to feet below the 
surf ace of the ground. 	In June, 1906, just after completion, one 
of the side buildings was observed to be settling along the outer long 
side, inclining outward from the central building until it eventually 
came to rest at an angle of about 25 deg. The building was made 
of reinforced concrete and did not collapse. To bring the building 
back again to its correct position, 4000 tons of sand in sacks were 
piled in the building on the higher side. Excavations were also made 

[under 
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under the higher side to allow the material to be easily displaced. 
In a few days the building was restored to its vertical position. In 
August the building on the other side began to settle in the same way, 
while under test loads. A transit had been sighted on it, the move-
ment began with about i5oo tons on the floors and the progress of 
the movement as follows :—The  figures represent the overhang of the 
top above the base at ground line—z in. at 7 a.m.; 3 feet at 2 p.m.; 
9 feet at 6 p.m.; 9 ft. II in. at 7 p.m.; 14. feet at 9 p.m., and a total 
of x7 feet at midnight. The building turned around on axis at 
about the centre of its cross sectional area. It was brought back to 
the vertical in the same manner as the other building by loading up 
the high side and by excavating under the high side. The buildings 
were straightened out successfully, but are now 15 to 18 feet below 
their original levels. 

NOTES ON THE SIGNIFICANCE OF CRACKS IN 
REINFORCED CONCRETE CONSTRUCTION 

By H. Stanley Harris, B.Sc., A.M.Inst.C.E. 

Read before members at the General Meeting, 29th October, 
1918. 

RACKS frequently occur in reinforced concrete struc-
tures as in every other form of masonry construction. 
These cracks are generally due to one or more of the 
following five causes :- 

(t) Cracking due to contraction of concrete in 

setting. 
(2) Cracking due to expansion and contraction, caused by tem-

perature changes in the concrete. 
(3) Cracking due to too early removal of forms. 
(4) Cracking due to overloading of the structure. 
(5) Cracking due to settlement of supports. 
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When concrete sets in air it has a tendency to shrink or contract, 
and the richer in cement the concrete is the greater the tendency to 
shrinkage and cracking. The shrinkage varies from o.15 per cent. 
to 0.2 per cent. of the length for neat cement, and from 0.03 per cent. 
to 0.05 per cent. for concrete poor in cement. Although the strength 
of concrete increases with the amount of cement in it, on the other 
hand, too much cement will cause frequent contraction cracks, which 
tend to neutralize any gain in tensile strength due to extra cement. 
This is a point which should be borne in mind when designing 
structures to hold water or other liquids. In these structures all the 
tensile stresses should be taken by the steel, and it is of the greatest 
importance to have a concrete which is dense and not liable to con- 
traction cracking. 	A 4: 2: i concrete, made of properly-graded 
materials, will be sufficiently strong and dense for most tank work and 
is likely to develop less contraction cracks than a richer mix. 

Cracking frequently occurs through expansion and contraction, 
due to temperature changes, especially in those parts of the structure 
which are exposed to the sun and weather, such as roofs and external 
walls. A great deal of this cracking can be minimised by the ade-
quate provision of temperature steel, but within limits a certain 
number of minor temperature cracks are inevitable, and should 
be recognised as inevitable. They are unsightly, perhaps, but as a 
rule do not affect the strength of the structure. 

Removal of forms too soon produces cracks in floors and weak 
spots in walls. In the case of floors, if the forms are removed too 
soon slight settlement occurs, and the soffits of beams and slabs de-
velop fine hair cracks. 

In the case of walls, there may be no visible sign of any injury, 
but they often divide at places in their thickness which may be as-
certained by tapping them with a piece of wood or metal, when 
the hollow sound produced is evidence of the result. Cracking, due 
to this cause, should never occur if the job is properly supervised. 

Overloading of the structure or considerable settlement of super-
structures; in fact, they are usually the only kinds of cracks of any 
considerable moment occurring in concrete structures. Cracks due 
to this cause usually occur as fractures in columns or as diagonal 

[fractures 
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fractures in main or secondary beams. If such cracks occur, steps 
should be taken to remove the load and to strengthen the members 
affected. Sudden failure is -not likely to occur immediately on the 
appearance of such cracks, as beams and columns generally will carry 
a lot more load after the first appearance of cracks, before final 
failure takes place. 	The appearance of these cracks, however, is 
often an indication that the member is overstrained. 

In estimating the significance of cracks, some attention might 
profitably be given to what we might call "the eye of the observer." 
A mere hair crack in the eye of one observer is a chasm in the eye 
of his neighbour. 	It might truly be said that nature abhors an 
untracked structure almost as much as she abhors a vacuum. No 
building has yet been devised by the mind of man and erected with 
his hands, which does not have cracks, but their appearance in a re-
inforced concrete structure often arouses a quite unnatural malignity 
in the mind of some observers towards this long-suffering material. 
The philosophical reason for this would appear to be that a concrete 
surface invites the eye to hope for an unbroken plane, and then some 
untoward and unknown cause intervenes to produce a crack, and the 
eye and mind feel themselves tricked. All structures, even of the 
most monumental marble or masonry, have cracks equally with con-
crete, but, whereas reinforced concrete is monolithic and jointless in 
its character, all other constructions in masonry or marble are dis- 
continuous and jointed. 	The result is this—that the cracks pro- 
duced by movement in an ordinary jointed structure are dissipated, 
and spread over the innumerable beds and joints of the construction, 
but in a concrete structure they are apt, unless the steel reinforcement 
is sufficient and properly disposed, to concentrate themselves in 
well-defined and sometimes ugly openings. Very slight movements 
in the foundations of a reinforced concrete structure will often pro-
duce cracks, which in appearance are out of all proportion to their 
significance. 	Such cracks, as a rule, do not affect in the slightest 
degree the stability of the structure, and are no greater in their totality 
than the numerous smaller cracks to be found in the joints of any 
brick or stone structure. 

In a properly-designed and constructed reinforced concrete struc-
ture, there should never be serious cracks in the main structural 

fi 
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members, and where there are no such cracks in these members, any 
cracks in the slabs supported by them are generally quite trivial, from 
the point of view of structural significance. 	Much worry would 
be saved by many Architects and Engineers if this were recognised 
and frankly accepted. Anyone promising to erect a large concrete 
structure which shall not have shrinkage and temperature cracks, 
merely engenders hopes which rarely come to flower. However, a 
great deal can be done to minimise these cracks in floor slabs, by pro-
viding sufficient steel over the supports to resist the negative bending 
moments and by providing sufficient steel to counteract temperature 
and shrinkage effects. 

As an example of a large reinforced concrete structure, contain-
ing big masses of concrete exposed to the sun and weather, we might 
mention the Reinforced Concrete Dome over the Melbourne Library. 
At the time of its construction in 1909, it was the biggest reinforced 
concrete dome in the world, the inscribed diameter being 115 feet, 
and the circumscribed diameter 126 feet. 	The detailed design of 
the structure was prepared by the Trussed Concrete Steel Company, 
of Westminster, to the requirements of the Architects, Messrs. Bates, 
Peebles & Smart, and the reinforcement, in the form of Kahn Rib 
and Trussed Bars, was sent out from England all ready for fixing 
in the work. 

The dimensions of some of the other principal domes in the 
world might be of some interest:— 

Pantheon, Rome .. .. 	. . 
(Hemispherical with 

Duomo, Florence .. .. ... . 
St. Peter's, Rome .. .. . . 
St. Sophia, Constantinople .. 
St. Paul's, London .. .. . . 
United States Capitol, Wash- 

ington .. .. .. • .. 

In constructing the Melbourne Dome, one complete rib on each 
side of the lantern ring was concreted in one day, together with part 
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of the roof slab on each side of the dome ribs. The remainder of the 
roof slab and purlins was filled in some days after the completion 
of the main ribs, as it was found impracticable to complete the con- 
creting in one continuous operation. 	The result of this was the 
concrete in the ribs had set fairly hard and contracted before the 
concrete in some of the roof slabs was poured, so that when this latter 
concrete set and contracted, it pulled away slightly from the flanges 
of the ribs, in spite of steel placed in the flanges of the ribs and 
concreted into the roof slab, with the idea of preventing it. Some 
years after completion of the dome, the junction of the roof slab 
and flange of the dome rib was visible, showing in a distinct crack. 
The appearance of these cracks, running parallel with the reinforce-
ment in the roof slab, does not affect the stability of the dome in the 
slightest degree. 

The dome is octagonal in plan, and consists of eight angle ribs, 
and eight intermediate ribs restrained at the top by the lantern ring 
and at the base by a continuous band of steel running around the 
top of the brick octagon, which supports it. The dome is designed 
to be completely stable between the limits of the bottom ring of steel 
and the lantern ring, but for the sake of appearance and also to add 
some extra stiffening to the ribs, they are continued past the bottom 
tension ring across the flat annular roof, running around the dome, in 
the form of deep concrete abutments. 	The abutments have an 
arched opening through them, and in each arch small cracks have 
developed, being most marked at the angle buttresses. These cracks 

are not as big as cracks often seen in brick railway arches, carrying 

main line traffic, and appear to be due to the combined effect of shrink-
age and temperature, both in the concrete and in the brick octagon 
underneath the dome, which is 114 feet high to the springing 
of the dome. As the part of the dome in which these cracks appear 
is merely ornamental, they have no influence on the stability of the 
structure. In addition to these cracks, slight cracks have appeared 
in the ring around the base of the dome. The concrete ring, con-
taining the continuous steel band, is a great mass of concrete, having 

a cross sectional area of about 20 sq. feet. From the nature of con-

crete it stands to reason that some cracking must occur in such a 
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large ring. due to contraction and temperature affects. 	Since the 
thrusts from the rib are taken by the steel band contained in the 
concrete ring running around the base of the dome, the small amount 
of contraction and temperature cracking in the concrete ring cannot 
affect the stability of the dome as long as the adhesion of the concrete 
to the steel is not impaired. 

A structure, such as this, exposed to all the effects of s'rind, 
weather and temperature, must of necessity move or breathe under 
their action, and it would have been against the nature of things if 
no cracks had occurred. 

At the corner ribs the thrust is transferred to the main tension 
ring by means of steel stirrups, made of I  in. square steel rib bars. 
It was at first thought that some of the cracking in the concrete 
work was due to these members not acting efficiently. It was, there-
fore, decided to construct a model of this part of the dome 1-6th full 
size and test it to destruction. The results of this test showed that 
not only did these members transmit the load efficiently but actually 
strangled themselves in their efforts to transmit the loads. 	The 
stresses in the concrete and steel of the main members, taking into 
account temperature effects, were also investigated, and were found 
to be very low. The cracking, therefore, was found to be almost 
entirely due to the effects of contraction and variations of tempera-
ture, and that such cracking would occur was foreseen by the designers 
of the dome, and pointed out before construction was begun. 

Where big concrete structures of this sort, exposed to the weather 
and temperature variations, are built, it is always advisable to place 
a false ceiling under the structure, rather than plaster the ceiling 
directly on to the concrete work. Breathing movements must occur 
in such structures, and then the ceiling is liable to crack and bits 
fall off, unless a false ceiling is provided. 

[War 



WAR AND ARCHITECTS. 

By the President of the R.V.I.A. 

ILL the war, now finished, help all those young stu-
dents in Architecture who have fought for freedom 
against the devastating Huns? Will the boys, now 
returning, again take up the pencils they laid down 
when they picked up the rifle? I think the majority 

will, and with the experience gained abroad reap their share of the 
harvest. 

Many of them have been wounded, and some laid down their 
lives, and among those whom we shall see no more were develop-
ing young men of the greatest promise in their professions, and whose 
ability no country can well afford to lose. 

But of those returning, I trust that many will rise to eminence 
in the profession. They must have benefited considerably in having 
been able to see many of the wonderful works of the old Masters, 
even if they were not allowed to sketch or take photographs. 

It was a wonderful chance for a student in Architecture to see 
the old world, have all his expenses paid, be clothed and fed, paid 
a weekly wage and at the same time to fight for his country. That 
there will be a vast amount of work to be undertaken during the 
next quarter of a century is assured, and the chances for the boys 
who have fought for us getting some big works is a foregone con-
clusion. 

Australia will receive thousands of those now living in other 
parts of the globe. For at last we are really known to those dwellers 
in the provincial towns, villages and hamlets of Great Britain as 
well as to those of France and Belgium, and other lands which had 
scarcely heard the name of our country before the war. A great 
advertisement has been made for Australia.by our fighting men, among 
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which the members of our Institute and of the Students' Society 
figure prominently. 

Those returning will have their minds broadened ; this will 
enable them to tackle big jobs when the time comes for them to 
receive their share of Churches, Warehouses, Factories, Dwellings, 
which must spring up like mushrooms, to provide for the new multi-
tudes. Factories for the manufacture of our raw materials will be 
wanted; new garden cities will be required, to house the new genera-
tion of children, and the Architectural Student will have chances 
the older practitioners never had, and will also have had better 
chances of learning his profession, all of which should tend to the 
improvement of Architecture in our midst. Difficulties must arise 
in reference to materials and labor, but time will solve these, and 
those who have fought shoulder to shoulder, Architects and work-
men, will build something that Australia will be proud of in the 
happier days to come. 

—ARTHUR PECK. 
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ARCHITECTURE, MAY, 1919. 

Subject for Design. 
A CHURCH OF ENGLAND PARISH CHURCH TO 

SEAT 200, EXCLUSIVE OF CHOIR. 
-!•-•-.-- 

SMALL, well-designed, well-equipped, modern 
Church is desired, complete with all details for the 
dignified performance of High Church services and 
the comfortable accommodation of two hundred 
parishioners of a small country town. 

Cost need not enter into consideration, but useless extravagance 
or waste of space will count against the candidate. 

Site.—An acre in extent, with a fall from East to West of one in 
twelve. 

Style.—English, end of 13th century. 
The plan is to be orientated. 
The walls are to be faced with stone inside and out. 
The roof is to be covered with small terra-cotta tiles. 
Seating to be shown and space allowed per person to be stated. 
Allow 24 in. for choirmen and 16 in. for choir boys, and 2 ft. 

10 in. from back to back of seats for parishioners. 
Show in orthodox position, altar, sedilia, altar rail, pulpit, lectern, 

prayer desk and font. 
Show choir stalls with benches for a choir of twelve men and 

eighteen boys, with special desks for officiating clergy. 
Show position of organ. 
Provision to be made in tower for a peal of four bells. 
Thickness of walls, construction of roof, disposition and width 

of passages and exits are at least to conform with requirements of the 
Board of Public Health of Victoria. 

The planning is to include clergy and choir vestries, organ 
chamber and baptistery, and may include aisles, transepts, small morn-
ing chapel, choir screen and rood loft, and any other feature of in-
terest or devotion the designer may think fittingly attached to an 

ideal Church. 
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The drawings required include plan, one end and one side eleva- 
tion, cross section with 	in. scale detail of one bay of the nave, 
showing walls, roof, and one window. 

Specifications. 

The above design for a Church is to be accompanied with a 
complete specification in any two of the following trades:—

Bricklayer, Plasterer, Plumber. 
In building brick hollow walls, what are the dangers to be 

guarded against, and what steps should you take to prevent their 
occurrence? 

State uses of the following:— 
(a) Lime, putty and plaster. 
(b) Lime, putty and sand. 
State what you know of the defects in electric light installa-

tions which may contribute to their failure. 
Describe the joints you would use for— 
(a) Galvanised iron spouting, etc. 
(b) Lead pipes. 
(e) Copper pipes. 
(d) Wrought-iron pipes. 
(e) Cast-iron pipes. 
What joint would you use between cast-iron and earthenware? 

Quantifies. 
Take off the quantities, and bill same, of the following:—
Number or rods of brickwork in two bays of the Church you 

designed. 
The amount super of timber in one of the roof trusses. 
Number of running feet of 4t in. x 7-8 in., T. and G. flooring 

in nave only. 
Professional Practice. 

(t) In dealing with extras on a contract, describe in detail 
and in order, the course you would pursue in adjusting them, and 
the notices you would give to contractor and employer, and in case 
of dispute, what are the Architect's duties? 

(2) What are the duties and what the powers of the Clerk of 
Works? Under what circumstances is it necessary to employ one? 

[If 
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If the contractor objects to him, and gives notice to that effect, what 
is the procedure under the conditions of contract? 

(3) In pulling down an old building in the city in order to 
erect a higher one, what steps should you take so as not to prejudice 
the rights of the adjoining owners, and what steps would you take 
to protect same? 

(4) In deepening or carrying out a public building in your city 
describe briefly in detail and in order, the procedure you should fol-
low in relation to public bodies, and regulations affecting such build-
ing. 

History and Characteristics of the Styles of Architecture. 
t. Explain the meaning of the following terms and give 

sketches :- 
(a) Antae. 
(b) Hexastyle. 
(c) Entasis. 
(d) Basilica. 
(e) Chevet. 
(f) Broach. 
(g) Loggia. 

2. Describe briefly and explain the basic difference between the 
Gothic Architecture of the English and French, and give careful 
sketches. 

3. Describe and give sketches, also indicate the construction by 
sketch sections, of not more than three of the following buildings:-- 

(a) Tower Chapel, London. 
(b) Notre Dame, Paris. 
(c) Sainte Chapelle, Paris. 
(d) Pantheon, Rome. 
(e) Santa Sophia, Constantinople. 

4. Give a description of the life and works of not more than 
three of the following Architects, stating the distinctive character 
of each man's work, and where and about what period they were 
carried out :-- 

(a) Richardson, of New York. 
(b) Inigo Jones. 
(e) Michael Angelo. 
(d) Palladio. 
(s) Ictidus. 
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5. Give sketches and description of a typical example of each 
of the following styles:— 

(a) Ptolemaic Egyptian. 
(b) Venetian Gothic. 
(c) English Norman. _ 

6. Express your views as to where modem reinforced concrete 
construction should influence Architectural treatment of buildings so 
constructed. 

7. As to the photographs of buildings accompanying, numbered 
t to to, give what information you can as to the styles and localities, 
also as to dates and periods. 	If you recognise the buildings, give 
brief particulars as to history, etc. 

Mouldings, Features, and Ornament. 

t. As characteristic of Architecural styles generally. 
2. As characteristic of the special style selected by the candi-

date. 
3. Candidates must answer three questions at least under each 

heading, and must attempt question 13. 

Classic and Renaissance. 

s. Draw both to the same scale, and 3 in.-high sections through 
cornices, in Greek and Roman Ionic, showing the contrasting char-
acter of the mouldings. 

2. Show by perspective sketches three capitals in following styles: 
—Francis I; Vignola; Byzantine. 

3. Draw to I in. scale balustrades with the balusters in the 
Roman, Doric, Corinthian and Elizabethan styles. 	Heights of 
balusters to be four feet. 

4. Draw to in. scale a Florentine headed window, showing 
the Voussoirs of Arch. 

5. Show by sketches three different forms of Acanthus foliage, 
as applied to a Corinthian capital. 

6. Name all the mouldings and principal features in the en-
tablature of any Roman Ionic Temple, and draw the typical orna-
ment applied to the surfaces of the mouldings. 

[Gothic 

149 



11t.1D.1f.13. Examinations 

Gothic. 

7. Show to in. scale Buttresses in three periods of English 
Gothic, giving front and side elevations and plans. 

8. Draw to detail (diagrams at least 3 in. high) an open para-
pet in the English decorated style. 

9. Show by perspective sketches two crockets on their respective 
capping molds, in decorated and perpendicular Gothic. 

to. Give sketches of features typical of fifteenth century brick 
Architecture of Northern Italy. 

r t. Illustrate by sketches the meanings of the following :— Foil, 
label, respond, lierne. 

12. Draw in outline some English Gothic foliage in three periods 
and also one in a French Gothic period. 

13. Draw to - in. scale, in the style selected by the candidate 
an Arcading, showing three bays, give plan, front elevation and sec-
tion. Show jointing and draw some details to a larger scale if time 
permits. 

Perspective. 

Draw to a scale of 4 in. to foot plan and two elevations of a two- 
storied building, suitable for a street corner. 	The grouping of 
windows is left to the candidate—style Gothic—lower windows to 
be Tudor arched, upper square headed and mullioned, and both with 
label moulds over them. Central entrance, Tudor, headed with 4 

steps to ground floor. A small octagonal turret to be carried up the 
main corner, springing to feet above footpath and terminating 6 
feet above parapet. 

Roof, high Gothic pitch ; two gabled dormers. 
Two chimneys to be shown on different planes. 
Corner of building to touch plane. 
Candidate may select his own distance for view point and height 

for eye line. 
NOTE.-.There is no need for a repetition of windows. Two 

or three on each side must be drawn in detail, others merely outlined. 

Geometrical and Perspective Drawing. 

Question t .—Describe and draw (a) an Isosceles triangle; (b) 

a Rhomboid ; (c) a Trapezium; (d) a Chord ; (e) a Sector. 
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Question 2.—Bisect a given angle. Find the centre of a given 
circle. Find a point in a given line, equally distant from two given 
points without it. 

Question 3.— Inscribe an octagon inside a given circle. Draw 
a circle passing through three given points. 

Question 4.—Draw a line 6 inches long, divided into five parts, 
2 inches, a- inches, a inch, and ii inches respectively; draw another 
line 2i inches long and divide into the same number of divisions pro-
portionately reduced. 

Question 5.—Draw the projection of a pyramid octagon on base 
on line a.b. Show development of surface of lower portion. 

Shoring, Sanitary Science, and Gas. 

1. On the accompanying plan draw the drains and show all 
taps and vents necessary to comply with the M.M.B.W. regulations. 
State size of waste to each fitting. 

2. A trap to a lavatory basin syphons. What do you consider 
would be the most likely cause for this, and what remedy would you 
suggest? 

3. A country Church has a plan 8o feet long by 40 feet wide. 
What are the Board of Health requirements for this building as 
regards— 

(a) Exits. 
(b) Ventilation—inlet and outlet. 
(c) Door fastenings. 

4. Draw to I  inch scale a raking shore with rider, suitable for 
a building 5  stories in height without basement. 	2 ft. between 
ground floor and ground level, and 4 ft. between ground level and 
bottom of concrete. 14 ft. between ground floor and 1st floor level 
and 1s ft. from floor to floor in all other stories. 

Assume there is a large vacant allotment adjoining and the 
ground is level. 

Sketch large size details of all joints and parts. 
5. It is proposed to erect a tall building with basement 3o ft. 

wide, adjoining an old 3-storey brick building and without basement, 
5o ft. long. 

Describe how you would go about this work to ensure the safety 
of this existing adjoining building, especially during building opera-

[tions. 

151 



• 

1R.1t1.11.11. Examinations 152 

tions. On the opposite boundary to the old buildin: is a new re-
inforced concrete warehouse six stories high with basement. 

6. A brick wall, 30 feet high, shows a prominent sharp out-
ward bend, the portion protruding most being at a height of 20 feet 
above ground line. 

Sketch the form of shore you would recommend for this wall 
and state your reasons for using same. 

7. Give a skeleton sketch diagram for a low pressure cylinder 
system hot water service for a two-story building, boiler to be fitted in 
range, and run pipes to i lavatory basin and i bath on 1st floor, 
and 2 sinks, s lavatory basin, and i bath on ground floor. 

Nature and Property and Application of Materials. 

s. Write a short treatise on the effect of war conditions in con-
nection with the substitution of local building materials for imported 
building materials in the various building trades. 

2. Descrbe briefly the principles of reinforced concrete design 
in regard to columns, girders, subsidiary beams and floor slabs, and 
state principal precautions which have to be taken in the construc-
tion of these parts. 

3. Describe two methods of forming foundations of a three-story 
factory, the site for which has been re-claimed from a river by the 
deposit of silt, bores having shown that there is an average of 55 
feet of silt over the site, with good clay underneath. 

4. Give a list of the various kinds of plaster used for covering 
internal wall surfaces, and state the nature and composition of each, 
and the use for which each is best suited, and the drawback (if any) 
to the use of each kind. 

5. State the various materials in use for roofing:— 
(a) A flat roof. 
(b) Roofs of domestic buildings. 

And in each case state any advantages or disadvantages each type 
is subject to. 

6. State the composition of the best qualities of oil paint for— 
(a) External woodwork. 
(b) Internal woodwork, and 
(c) What is the cause of the paint on external brick walls 

frequently chalking. 



Sxamfttatfons 

Principles and Practice of Construction. 

s. (a) Draw to • inch scale a steel stanchion 12 feet long to 
carry a central load of 55o tons with base, etc., com-
plete. 

(b) Give calculations for, and draw to the same scale, a 
grillage of rolled steel joist and concrete foundation 
to carry the above stanchion, the carrying capacity of 
the ground being 2 tons to the square foot. 

2. Draw to inch scale a timber roof principal, 40 feet clear 
span, having principals s 2 feet centre to centre. Cover the roof with 
G.I., with fibro-cement ceiling below the purlins. 

Show one side of the roof with a parapet, and the other side with 
an eaves. 

3. Draw to , inch scale a section through sill, transom and head 
of a window opening, with it in. double-hung sashes, and fanlight to 
open. Show brick coursings, and draw full size detail through sill 
and one jamb of frame, the frame being 44 in. in from the external 
face of a i 3 in. brick wall, with internal jamb, linings and archi-
traves. 

4. What precautions would you take to safeguard the basement 
of a building against soakage and water pressure. 	Illustrate your 
answer freely with sketches. 

5. A wool store, 4 stories in height is to have the first, second 
and third floor carried on timber columns, beams and joists. 

Columns are 54 ft. centres in one direction. i6 ft. centres in 
the other direction, the beams being i6 ft. spans and the joists 14 
ft. spans. 	All floors I I ft. clear high. 

Draw in. detail of the whole construction, and give calcula-
tions for the sizes of all timbers, assuming floor loading i+ cwt. to 
the square foot. 

6. Write a short description of a proper lay out for an electric 
lift well, and machine room, showing sketches of the lay out of cage, 
runners, doors, counter weights, and sketch of the machine room 
above, showing position of motor drum or V wheel drive, etc. 

[War 
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WAR MEMORIALS. 

HE next General Meeting of the Institute is to have 
a semi-public character, and be devoted to the con- 
sideration of War Memorials in the State. It is con- 
sidered that the Institute should endeavour to direct 
the effort that will be expended by the community 

in War Memorials of all kinds, and should lend assistance wherever 
possible to those who have control of or are interested in the ex-
penditure of money in this direction, so as to avoid as far as possible 
the erection of memorials of an inartistic nature, unsuitable to the 
surroundings and to the man or men whose memory it is intended 
to commemorate. In the September, 1918, issue of the "R.V.I.A. 
Journal" will be found suggestions made by a committee of the 
Royal Academy, London, and the recommendations of other in-
fluential bodies who are all assisting in attainment of the same object. 
The Right Hon. Sir Alfred Mond, Bart., M.P., in the Pall Mall 
"Gazette" recently stated in regard to this subject:— 

"It will be very unfortunate if, when victory comes, the country 
is to be covered by the art of the monumental mason, only too familiar 
in our graveyards, with the forms of war monument atrocities with 
which Germany covered herself after 5870. The danger," he says, 
"is that everyone who is philanthropically inclined will immediately 
apply their wealth to what they regard as suitable war memorials. 
The tendency to confuse philanthropy, utility, and art is so often 
disastrous to the production of something really fine. 	Wings of 
hospitals, baths, libraries, etc., etc., all excellent civic objects, which 
require maintenance, do not for that reason become memorials of a 
great historic event or suitable emblems of the great sacrifices that 
have been made. We must see that whatever form war memorials 
take—and they will assume many forms—they shall really make plain 
to all generations and to all people for what purpose they were erected 
and what they commemorate." 



LONG THE BYE-PATHS. 

George Gilbert Scott, . A.R.A.—We are indebted to "Building," 
the Journal of the Association of Transvaal Architects, and the 
Natal Institute of Architects, for the following information : 

Mr. G. Gilbert Scott, who has recently been elected an As. 
sociate of the Royal Academy, beat all competitors for the Liver-
pool Cathedral, at the age of 24, by having his design accepted for 
the greatest Ecclesiastical building of modern times and the largest 
Cathedral of Great Britain. 

By his election to the Royal Academy he joins such famous men 
as Sir Ernest George, Sir E. L. Luytens, and Mr. Ernest Newton, 
Mr. Scott is at the present time in the Royal Marine Engineers, illus-
trating again the great claim our country has on all and sundry, 
whether genius or otherwise. May such men as Scott be spared 
for the future of our race and future generations. 

Amiens Cathedral.—The Germans bombed Amiens at night, 
at irregular intervals, and their guns when within reach shelled it 
continuously every day. A considerable amount of damage was done 
to the famous Cathedral. The injuries inflicted are, however, far 
from being irremediable, though some very precious old stained glass 
has gone for ever. No serious structural damage has been done to 
the fabric. Much of the best glass, most of the large windows and 
the greater part of the fine carvings remain unhurt. The breakages 
are mostly such as can be easily repaired, and some minor deface-
ments will doubtless be allowed to remain as perpetual monuments 
to German savagery. 

Professor W. R. Lethaby.—It is announced in the "Builder" of 
September 6th that in the forthcoming issues will be commenced a 
series of ten or twelve short articles, by Professor W. R. Lethaby, 
on "A National Architecture." The subject is an interesting one, 

[and 
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and from the pen of the Professor should be of great value to the 
profession. 

Lient. Hugh L. Peck, M.S.M., eldest son of the President, has 
returned to Australia with the first contingent of Anzacs, and Is 
looking extremely well. He is invited, with other returned members 
of the forces, to be present at the next general meeting of the In-
stitute, when a hearty welcome will be extended to him. 

Engineering Congress.--A Generai Engineering Congress is to 
be held at Batavia (Java) in September, 1919, under the patronage 
of His Excellency the Governor-General of Netherlands, India. 
Members of the Institute are invited by the Executive Committee 
of the Congress to attend. 	The committee consists of a large 
number of most distinguished Engineers, and men of letters, and 
the Congress promises to be of profound interest to the Engineering 
profession. 

Architectural Atelier, Melbourne University. — The work of 
construction of the new building is about to be commenced, from the 
designs of the successful competitor, Mr. Gordon J. Sutherland, who 
will carry it out in conjunction with the Architects to the University, 
Messrs. Bates, Peebles & Smart. 

Housing in England.--England is said to need one million work-
ing-men's houses within five years. Owing to the great demand for 
timber and the scarcity of labour for brickyards and other building 
industries, the supply has been very much reduced. 	This whole 
question is being investigated by a special committee. 	Before the 
war the State was lending money for housing purposes to Local 
Authorities at 3k per cent., while now it can only lend at 512 per 
cent. 	All these factors greatly increase the difficulties to be over- 
come before the insistent needs of the workers are efficiently met. 
The difficulties of the old world are very similar to our own in Aus-
tralia, as borne out lately by the evidence given before the Commission 
held in Melbourne on the subject of housing and high rents. 	In 
a late issue of "The Builder" is found interesting p*ticulars of the 
development in Housing as follows:— 

Greater London Housing. —In view of the conference of 
Greater London Housing authorities, convened by the 
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London County - Council for October 30th, Mr. Herbert 
Morrison, Secretary of the London Labour Party, has in-
vited the Housing Committee of the Council to consider the ad-
visability of taking the following steps: — Declaring immediately 
every possible acre of unbuilt-on land, within a thirty-mile radius, 
a "town plan" area under the Act of 1909, so as to control future 
development and to found a number of new towns on garden city 
principles; seeking Parliamentary powers to secure absolute control 
of all building and rebuilding operations in the County and City 
of London for the preservation of desirable historical features and the 
prevention of the unhealthy crowding of persons and industries; and 
endeavouring to evolve such administrative housing machinery as will 
preserve the maximum local interest and variety, and secure that a 
bold and comprehensive scheme for the re-ordering of Greater Lon-
don's industries and residences shall be inaugurated immediately after 
the war. 

An English Government Housing Scheme.--Mr. A. W. 
Shelton, F.A.I., who was appointed by the late Lord 
Rhondda, a member of the Local Government Board Housing 
Advisory Committee, was the guest of the Aldwych Club lately. 
He said that the present dearth of working-class dwellings was 
roundly 450,000, and was growing at the rate of 75,000 each year. 
Probably, therefore, when peace came, fully 500,000 new houses 
would be needed, quite apart from the normal growth of require- 
ments. 	Provision for at least 1,000,000 new cottages should be 
made and carried out within five years of peace. 	He had reason 
to believe that a scheme recently submitted to and now under the 
consideration of the President of the Local Government Board is in 
effect a partnership between the State, the local authority, the building 
society, and the tenant. 	It provides for the building of houses by 
private enterprise at a price which would give the builder a living 
profit. 
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MINUTES. 

INUTES of General Meeting, Thursday, October 
29th. The President, Mr. Arthur Peck, was in 
the chair. The Minutes of the previous meeting 
were read and confirmed. 

Correspondence.--Master Masons' Association, 
asking the Institute's co-operation in obtaining preference for the use 
of Australian stones in the erection of Soldiers' Memorials. 	Mr. 
W. R. Butler suggested that bodies desiring to put up Memorials 
should co-operate and erect Memorials of value, instead of numerous 
small Memorials. 

Federal Council of A.I.A., re Conference as to Stock Sections 
for Structional Steel.—Mr. K. A. Henderson said it was desirable 
that the Institute be represented, and that the Council be asked to 
appoint representatives. 

Nominations —Mr. E. H. Long was nominated for Associate-
ship by the Hon. Secretary. 

Ballot.--Messrs. J. S. Keage, E. W. Corder, A. H. Conrad, 
were elected as Associates. 

Reports.—The President stated that he had been asked to give 
evidence before the Commisson relating to House Rents, and had 
done so on that day. He also reported that a Conference had taken 
place between the Institute, the Master Builders, and representatives 
of the various Building Trades, and it had been agreed to approach 
the Minister to urge on him the desirability of making the training 
of apprentices in the Technical Schools compulsory, and in working 
hours, four hours a week being suggested. 	Another meeting 
would be held to arrange details. He also reported that the Coun-
cil had again considered the Arbitration clause of the Conditions of 
Contract, and had notified the Master Builders' Association that it 
could not see its way to make any alterations to the present clause. 

Atelier.—The Hon. Secretary reported that in the competition 
for the Atelier, the first place had been awarded to Mr. Gordon J. 
Sutherland, and the work was going on withouti  delay. The draw-
ings were exhibited in the room that evening. 

Mr. K. A. Henderson's Resignation from Council. — The Presi-
dent said that he had to announce with regret the resignation of 
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Mr. Kingsley Henderson from the Council, for private reasons. Mr. 
Drummond had been appointed in his place. 

Mr. Campbell said his absence would be a loss to the Council. 

Code of Ethics.—The Hon. Secretary said that owing to want 
of time the Council had not been able to deal with the suggestions 
re Code of Ethics. The matter was left over until next meeting. 

The President then introduced Mr. H. Stanley Harris, B.Sc., 
A.M.Inst.C.E., who read a paper on "Foundations in Bad Ground," 
and some notes on the "Significance of Cracks in Reinforced Concrete 
Structure," which appears elsewhere in this issue. 

Discussion on Paper.— A vote of thanks to the reader was pro-
posed by Mr. J. Fawcett, who said that if cracking in concrete floors 
could be stopped it would be of benefit. The walls of the Newport 
Power House which were of steel lathing covered with cement and 
hydrated lime compo had cracked to some extent. 

Mr. Lucas, in seconding the vote, said that it seemed that the 
use of concrete entailed temperature cracks. 	It would be useful 
to know how much lime it was safe to mix with cement in concrete. 
Mr. Kerr said that with his experience of the Mallee and the North 
he considered wide shallow reinforced foundations were better than 
deep ones. 

Mr. Reeson, Engineer for the Metropolitan Gas Coy., tendered 
his thanks for the invitation to the meeting and the opportunity of 
listening to Mr. Harris' paper. He had had a good deal of experi-
ence in foundation work and thought the ground around the Yarra 
was about the worst he had met with. Originally the practice in 
preparing piles for use was to point them with iron shoes. It was 
now found better to omit the shoes and allow the points to spread 
when they struck the hard stratum. At West Melbourne the founda-
tions at the Gas Works were piled with a 2-ton ram, 6 ft. drop to fin. 
penetration. The piles were 8o ft. long and the load 25 tons on 
each pile. They stood for i 8 months, but have since settled about 
26 in., partially owing to wirfd pressure he thought. Greater pre-
cautions were being taken with the new additions. 

The meeting accorded a hearty vote of thanks to Mr. Harris for 
his valuable paper, and Mr. Harris suitably replied. 

[Victorian 



VICTORIAN ARCHITECTURAL 
 STUDENTS' SOCIETY. 

T last the glorious "Day" has come. The longed-for 
day when the war should end, with victory to the 
Allied arms. Verily it is a day not to be forgotten, 
but one which will live in the minds of men and in 
the pages of history. 

Many members of the Architectural Students' Society who were 
absent on active service will now be returning to us, though some, 
alas, will never return, for they have given their lives that righteous-
ness might prevail. But we rejoice that many are spared to resume 
their studies and to come back to the Society which is proud and 
honoured to have them upon its roll. 

With the end of the war comes the thought of the restoration 
of Belgium and a large portion of France, in both of which countries 
whole towns and villages have been destroyed. Surely here is work 
for the Architect and the Student for many years to come. 

The Society's congratulations go to its President, Mr. J. S. 
Keage, and to Mr. E. W. Corder, an ex-member, who, at the last 
meeting of the 	were elected Associates. 

At the September meeting we had Mr. William Lucas to lecture 
to us, the title of the lecture being: "A Holiday in Rome." There 
were numerous very fine lantern slides, among them being views of 
the Forum, Colosseum, the Arch of Titus, and a general view of 
Rome. The lecture was most interesting and instructive. 

For the 28th of September a Sketching Outing to the Old Mel-
bourne Cemetery was arranged, but, unfortunately, the weather was 
very bad, which might have been the reason for the fairly poor at- 
tendance. 	However, those who did go, spent the afternoon with 
profit. Owing to the unfortunate circumstances and the small at-
tendance, it was decided to postpone the award of the President's 
prize of £3/3/-, offered for the best set of sketches, to a later date. 
A Saturday afternoon's visit is to be made to St. John's Church, 
Toorak Road, Toorak, as early as possible, to give an opportunity 
to Students to compete in this subject. St. John's Church, Toot ak, 
is regarded by many as being the best parish Church in Victoria, from 
an Architectural point of view. Its character is English, decorated, 
and for the most part is in detail as correct to type as any Gothic 
work we have, and should make good study for the Student of this 
interesting phase of old world Architecture. 

It is with deep regret the Society records the death on active 
service of two of its late members, Lieut. Davidson and Lieut. 
Peterson. 

—L. C. HOPKINS, Hon. Sec. 
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