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On September 19th 1918 Professor Francis Haverfield 
spoke to the Cumberland and Westmorland Archaeo
logical Society on The Provisioning of Roman Forts', the 
publication of this paper in the Transactions of the Society 
was delayed at his request for the addition of an appendix 
to contain figures of the probable capacity of the granaries 
in various Roman forts. Unfortunately Professor Haverfield 
died before this appendix was written, but his paper was 
eventually published in the Transactions in 1920 with the 
appendix written by Professor R. G. Collingwood.1

Haverfield’s paper as published in the Transactions con
tains little about the actual provisioning of the forts beyond 
noting that the rations of the Roman troops were largely 
cereal and quoting Tacitus’ statement that Agricola provided 
His forts with supplies enough to last a year, however Col- 
lingwood’s appendix discusses the capacity of Roman 
military granaries in considerable detail.

Taking the normal ration as three pounds of bread per 
man per day he calculates that this is the equivalent of seven 
hundredweights of grain per man per year and, as one cubic 
yard of grain weighs 14-5 hundredweight, it follows that one 
half a cubic yard of grain will provide a daily three pound 
bread ration for one man for a year. An independent 
recalculation substantially confirms these figures.

Collingwood and Haverfield agreed that the grain was 
stored in the granaries in wooden bins, not more than six 
feet deep, and that a corridor three feet wide ran between 
the two rows of bins; this seems to be a reasonable

1 C. & W, Transactions N.S. X X  p. 127.
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conclusion, although it would not be easy to handle com 
sacks in a corridor only three feet wide.

On the basis of these figures Collingwood calculated the 
capacity of thirteen Roman military granaries and in every 
case this was enough to store, not one year’s supply of grain 
for the garrison, but at least twice that amount. He found 
some difficulty in explaining this, suggesting that perhaps 
grain was stored for civilians as well as for the troops, which 
seems to be improbable, and even having to fall back on 
the suggestion that Tacitus’ phrase has been misinterpreted, 
which is even more unlikely.

These suggestions are really unnecessary, because Col
lingwood has assumed that the whole floor of the granary 
was occupied by corn bins and there is no evidence that 
this was so. There were other rations which had to be kept 
under lock and key and which could well be stored, and 
issued, with the corn ration; such as wine, lard, cheese, olive 
oil, and fish sauce.

If we reduce the amount of com stored to one year’s 
supply we shall have ample room to accommodate these 
other stores and also to reduce the suggested size of the bins 
themselves. Collingwood suggested that the bins were six 
feet high but a man could not empty a sack of corn over a 
partition of this height without the provision of a step or 
steps, an unnecessary complication and one involving the 
risk of accident. A bin five feet high could be filled (and the 
corn within raked level after tipping) from the ground. When 
Professor Richmond considered the arrangement of the bins 
in the granaries at Fendoch2 he was led by various con
siderations to assume for them a depth from front to back of 
five feet, which is a practicable dimension. The length of 
the bins, as will be shown later, is related to the spacing of 
the exterior buttresses of the stone-built granaries.

We have already considered the filling of the bins but 
when we consider their emptying we leave the region of 
hypothesis for that of conjecture and although the journey

2 P.S.A.Scot. LXXIII p. HOff.







may be an interesting one it must be undertaken with 
caution. It is surely inconceivable that the grain ration could 
have been issued to a long queue of soldiers by ladling it 
out from the top of the bin into whatever containers the 
soldiers carried: this process would have been too slow and 
the wastage by spilling formidable. Alternatively the grain 
could have been run out from a spout at the base of the bin 
opened and closed by a vertical shutter (as is the modern 
practice) directly into the receptacle held by the soldier. This 
involves the base of the bin being raised at least a foot above 
the granary floor: if such a false bottom was provided for 
the bin there is no reason why it should not have been given 
a slope, say of one in six, towards the spout, which would, 
with the addition of lateral deflectors at the front edge, 
make the bin completely self trimming and would ensure that 
it could be completely emptied with little or no manual 
assistance. Such an arrangement would reduce the capacity 
of the bin by some 30%; the height of the bin could not 
be increased to compensate for this, as we have already 
agreed that it should not be more than 5' above the granary 
floor, but the depth from front to back, for which we have 
chosen a somewhat arbitrary figure of 5 feet, could be 
greater. If this was increased from 5' 0" to 6' 6" it would 
restore the capacity of the bins to the original suggested 
figure and still leave a central corridor 12 feet wide at Cor
bridge and 10 feet wide at Housesteads. All this is pure 
conjecture but it is' also common sense and, as common 
sense was so predominantly a Roman characteristic, we 
may leave it at that.

It has long been agreed that the ventilated basements of 
the granaries were intended to keep the grain cool as well as 
dry (modern practice never allows the temperature of stored 
grain to exceed 80°F.)3 and it has usually been assumed that 
the buttresses were required to assist in the support of a 
heavy fire-proof roof and to reinforce the walls against the 
lateral thrust of the loose grain in the bins.



Five feet depth of loose dry grain exerts, according to 
Janssen’s formula, a maximum lateral thrust of about three 
quarters of a pound per square inch. It is inconceivable that 
a stoutly built masonry wall, more than three feet thick, 
should need to be buttressed in order to withstand an 
additional thrust of this order: but even more convincing is 
the fact that the same lateral thrust was successfully resisted 
by the wooden sides and ends of the corn bins.

The desirability of a fire-proof roof for the granaries is 
obvious but such roofs, either of stone slabs or of the massive 
Roman tiles, were used on many Roman buildings of com
parable span without resort to buttresses. There must, 
therefore, have been some other reason for their use on 
Roman granary walls. We know that much care was taken 
by the Roman military engineers to ensure a cool floor upon 
which to store their grain—what steps did they take to 
ensure that the grain above floor level was kept at a reason
ably low temperature? There we must exchange actual 
evidence for reasonable deduction. The answer can be found 
in Professor Richmond’s conjectural restoration of the 
wooden, granaries at Fendoch.4 That is to say by the use 
of louvres in the walls above the level of the tops of the bins; 
and this, as we shall see, gives us the reason for the buttresses.

If the trusses of the roof were carried upon masonry 
piers the walls between these piers would be relieved of all 
weight and could be filled by wooden louvres or even, if 
necessary, dispensed with altogether.5 We may assume, there
fore, that the roof trusses were carried upon short lengths 
of wall converted by the addition of buttresses into strong 
piers and that the spaces between them, above the level of 
the top of the bins, largely occupied by wooden louvres to 
ensure the essential ventilation and cooling of the granary.

The front corners of the wooden com bins would require 
strong vertical timbers and it is logical that these should be

* P.S.A.Scot. LXXIII p. 132 fig. 10.
5 As in large medieval churches where the buttressed piers and the root

trusses (i.e. the ribs of the vaults) carry all the stresses and form the real 
structure, the walls only serving to keep out the weather.



carried upwards as extra supports for the long spans of the 
roof trusses, thus equating the length of the bins to the dis
tances between the trusses which is also the distance between 
the masonry piers.

Let us then consider the number of such bins required 
for one year’s supply of grain for a known garrison, say, for 
example, that of Housesteads, the 1st Cohort of Tungrians, 
one thousand strong. Taking Collingwood’s figure of one half 
a cubic yard of grain per man per year the garrison would 
require storage for 500 cubic yards. The spacing of the 
buttresses there allows for bins 15' long and we have already 
postulated a depth of 5' and a height also of 5'. The capacity 
of such a bin would be 375 cubic feet. Twelve bins of these 
suggested dimensions would accommodate exactly 500 
cu. yds. It may be a coincidence, but the north granary at 
Housesteads will take exactly twelve such bins leaving a 
corridor between them ten feet wide.

A further instance taken, more or less at random, from 
Professor Collingwood’s appendix, is that of Castlecary also 
with a ration strength of one thousand, requiring storage for 
five hundred cubic yards of grain. The buttresses there are 
ten feet apart accommodating corn bins 10'X5'X5' each 
holding 250 cubic feet. Eighteen such bins would hold 
exactly 500 cubic yards. The granary could hold twenty 
such bins.

It may be argued that this paper has erected an elaborate 
structure upon a basis of supposition and conjecture, which 
is, of course, true. Surely mere chance could not account for 
the concurrence of so many diverse factors and at least it 
has provided-a reasonable relation between the ration 
strength of Roman forts and the storage provided for their 
rations and also a more satisfying reason for the provision 
of exterior buttresses on stone built Roman military granaries.

In conclusion I wish to thank Dr. D. J. Smith of the 
Newcastle Museum of Antiquities for drawing my attention 
to Professor Haverfield’s paper, and also Mr. Bruce Allsopp 
and Mr. James Simpson of the Departments of Architecture



and Civil Engineering of the University of Newcastle upon 
Tyne for discussions upon the more technical problems 
involved. Finally to pay tribute to the memory of Ian 
Richmond who, thirty years ago, discussed with me his pro
jected restoration of the granaries at Fendoch which has 
been so vital a factor in the preparation of this paper.



Professor Collingwood gives plans of five roman military 
granaries, besides those referred to in the preceding paper; 
their capacity for ration storage may conveniently be 
tabulated as below:

A B cu. ft. C cu. ft. cu. ft. cu. yds. D
Pen-y-Daren 12' 1 2 'x5 'x5 ' =300 20 15 bins @300 =4500 =500 =  1000
Ambleside 10' 10 / x 5 'x 5 ' =250 11 9 bins @250 =2250 =250 =500
Gellygaer 8' 8' x  5' x  5' =200 14 9 bins @200 =  1800 =200 =400
Hardknott 12' 12 'x 5 'x 5 ' =300 8 6 bins @300 =  1800 =200 =400
Birrens * 10' 10 'x 5 'x 5 ' =250 24 18 bins @250 =4500 =500 =  1000

A=distance between buttresses 

B=size and capacity of each bin 

C=maximum number of bins in granary 

D=number of men rationed for one year.




