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H u g h  G .  M c C a g u e

G e o m e t r y  a n d  m e a s u r e 
i n  t h e  p i e r s  o f  D u r h a m 
C a t h e d r a l

P rof. Malcolm Thurlby was my graduate supervisor for my master’s degree in 
interdisciplinary studies and doctorate degree in environmental studies at 
York University which focused on Anglo-Norman architecture and towns. 

I am indebted to Malcolm for all of his great publications, teaching, and guidance in 
architectural history in the classroom and during trips to England. I thank Malcolm, too, 
for his knowledge and appreciation of measure and geometry in medieval architecture, 
a topic to which he was introduced by his teacher, Prof. Eric Fernie. I also learned about 
many matters pertaining to food and beverages that Malcolm related to architecture such 
as Old Peculier, single malt whisky, cream made with milk, Cuban cigars, and pigeon, 
but definitely not the smell of peanut butter.
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This article concentrates on the geomet-
ric design of the cross-sections of three of 
the great piers of Durham Cathedral. The 

Anglo-Norman fabric, dating from 1093-1130/1133, 
is largely intact, and thereby allows comprehensive 
analysis. The design is one of the most articulated 
and complex of all the Anglo-Norman buildings 
of its time period (fig. 1).1 In terms of the piers, 
this complexity, expresses itself in eight free- 
standing general pier types ranging in lengths from 
7' (2.13 m) to a wall-like 17' (5.18 m) (figs. 9-10). 
The plans or cross-sections of the simple circular 
pier type and two of the compound pier types will 
be examined in detail for their telling formation 
through geometry and measure.

An important theme in the study of the 
sacred significance of medieval architecture and its 
use of geometry and measure is the perception of 
God’s Creation as the exemplary handiwork. Part 
of this theme is Creation as a mathematical act, 
following biblical passages such as Wisdom 11:21: 
“Thou madest all things in measure, number and 
weight.” In medieval illuminations, drawing, and 
sculpture, there are illustrations of God creating 

1 . Thurlby, Malcom, 1994, “The roles of the patron and the master mason in the first design of the Romanesque Cathedral of Durham,” in David Rollason 
et al. (eds.), Anglo-Norman Durham, 1093-1193, Woodbridge, Suffolk, Boydell Press, p. 183-184; Fernie, Eric, 2000, The architecture of Norman England, 
Oxford, Oxford University Press, p. 34-36, 133, 138, 140.
2 . Friedman, John Block, 1974, “The architect’s compass in creation miniatures of the later Middle Ages,” Traditio, vol. 30, p. 419-429.
3 . Heimann, Adelheid, 1966, “Three illustrations from the Bury St Edmunds Psalter and their prototypes. Notes on the iconography of some Anglo-
Saxon drawings,” Journal of the Warburg and Courtauld Institutes, vol. 29, p. 46-56.
4 . Augustodunensis, Honorius, 1973, “Concerning the exile of the soul and its fatherland; also called, About the arts,” Joseph M. Miller (trans.), in 
Joseph M. Miller et al. (eds.), Readings in medieval rhetoric, Bloomington and London, Indiana University Press, p. 198-206. As Miller notes in p. 203, 
fn.11, Honorius understands geometry to mean “the measuring of the Earth.” However, Honorius, in the tradition of the liberal arts, would have also 
appreciated geometry to include the broader study and construction of figures with line segments and circular arcs.
5 . The points in this paragraph are further discussed in McCague, Hugh, 2003, “A mathematical look at a medieval cathedral,” Math Horizons, vo1. 10, 
no. 4, p. 11-15, 31, particularly 15, 31, <https://www.maa.org/sites/default/files/pdf/upload_library/22/Evans/april_2003_11.pdf>, consulted January 28, 
2019; McCague, Hugh, 1999, Building with God: Anglo-Norman Durham, Bury St Edmunds and Norwich, doctoral dissertation, York University, Toronto; 
McCague, Hugh, 1993, Durham Cathedral and medieval architecture: Manifestation of the sacred through number and geometry, York University, Toronto, 
master’s thesis, ch. 5.
6 . Kidson, Peter, 1956, Systems of measurement and proportion in early medieval architecture, doctoral dissertation, University of London; Kidson, Peter, 
1975, “The architecture of Saint George’s Chapel,” in Maurice Bond (ed.), The Saint George’s Chapel quincentenary handbook, Windsor, Oxley and Son, 
p. 29-39; Kidson, Peter, 1953, “The historical circumstances and the principles of the design,” in Thomas Cocke and Peter Kidson, Salisbury Cathedral: 
Perspectives on the architectural history, London, HMSO, p. 35-98.
7 .  Fernie, Eric, 1978, “Historical metrology and architectural history,” Art History, vol. 1, p. 383-399; Fernie, Eric, 1990, “A beginner’s guide to the study 
of architectural proportions and systems of length,” in Paul Crossley and Eric Fernie (eds.), Medieval architecture and its intellectual context: Studies in 
honour of Peter Kidson, London and Ronceverte, West Virginia, Hambledon Press, p. 229-237; Fernie, Eric, 1993, An architectural history of Norwich 
Cathedral, Oxford, Oxford University Press, p. 92, figures 24-25, 94-100, 136-140, 205-206; Fernie, Norman England, p. 288-290.

the cosmos with the aid of a compass, and some-
times a weighing scale or balance as well.2 There are 
late-Anglo-Saxon manuscript drawings for Genesis 
and Canon Tables, c.1025-c.1050, that show God, or 
the Hand of God, operating a compass, or dividers, 
and an equal-armed weighing scale.3 These instru-
ments were used in the crafts and building trades, 
such as the masonry work for the piers of Durham 
Cathedral. Further, Honorius Augustodunensis, 
an influential ecclesiastical writer and sojourner in 
England during part of the Anglo-Norman period, 
wrote on the liberal arts, ten in number to him.4 
These arts he allegorizes as ten cities on the road 
to the homeland of wisdom. Three of the cities en 
route are particularly notable in the design of piers, 
and indeed Durham Cathedral itself, arithmetic 
(quoting closely Wisdom 11:21), geometry, and 
the mechanical arts (which includes the crafts and 
notes as examples the Tower of Babel, the Temple 
of Solomon, and Noah’s Ark).5

In terms of the practical geometric and 
metrological background for medieval architec-
ture, Peter Kidson6 and Eric Fernie7 pioneered a 
more sound approach to recovering the geometric 
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designs of extant medieval buildings, particularly 
churches. They have also given serious considera-
tion to the complementary role that historically 
documented standard measurement units, histor-
ical metrology, played in medieval architectural 
design and construction.

Fernie’s research has been almost entirely on 
ground plans. He has used the ratio of the side of 
the square to its diagonal as a key proportioning 
motif. A variation on this is ratios involving simple 
whole number approximations of this relationship 
(e.g., 5:7, 7:10, 10:14, 12:17, 14:20, 17: 24, 24:34).8 
Also, he has employed the simple whole number 
relationships 1:1 and 1:2. Kidson has argued that 
the ‘architectural ratios’ of the half-side to the alti-
tude of the equilateral triangle, the side and the 
diagonal of the regular pentagon and the side and 
the diagonal of the square, are fundamental to 
medieval design.9

The design of Durham Cathedral applied the 
geometric motif of the square’s side and its diagonal 
in a variety of ways in its design.10 Additionally, 
the Cathedral’s design appears to have applied the 
English royal foot (the later British Imperial foot, 
0.3048 m), a 7' 0" module (7 English royal feet), and 
the geometric motif of the equilateral triangle’s 
side and its altitude.11 These geometric operations, 
measurement units and modules were applied 
in a complementary and coordinated fashion in 
designing and laying out the building.12

8 . These approximations for the square root of 2 are equivalent to corresponding rational number approximations 5/7, 7/10, 10/14, 12/17, 14/20, 17/24, 
and 24/34 respectively.
9 . Kidson, Systems of measurement; Kidson, “Saint George’s Chapel”; Kidson, “Historical circumstances.”
10 . Kidson, Systems of measurement, II, p. 62-76; McCague, Durham Cathedral, ch. 4; McCague, “A mathematical look,” p. 13-15.
11 . McCague, Durham Cathedral, ch. 4. The two simplest regular polygons mentioned here, the equilateral triangle and the square, and additionally 
the regular pentagon are the formative figures in the construction of the five regular polyhedra or ‘Platonic’ solids. This geometric association with 
the ‘Platonic’ solids has been considered relevant to the meaning of medieval architectural design. This subject is reviewed and discussed in McCague, 
Building with God, appendix 10.
12 . McCague, Durham Cathedral, p. 25, 39.

~ �Fig. 1. Full-length interior view looking toward the east,  
Durham Cathedral. PHOTO: PETER COFFMAN
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The geometry of the piers

Jean Bony has analyzed the highly coordinated 
stonework planning that was necessary for the 
completion of the piers of Durham Cathedral, 
and made some notes on the geometry of the sim-
plest compound pier type to be examined here in 
detail.13 As an additional assistance and a parallel 
case, Fernie has examined the geometric design of 
the piers of Norwich Cathedral, and found that the 
side of the square and its diagonal is again a key 
geometric motif.14

In considering the cross-sectional design 
of the pier types, it is helpful to note the role of 
templates in moving from the design to the con-
struction process. There is evidence that medieval 
masons employed wood templates to make piers 
and moulding.15 The earliest documented reference 
to the use of templates may be Gervase’s account of 
the rebuilding of Canterbury Cathedral. There he 
states that William of Sens (appointed in the 1170s) 
took as his first task to design and have made tem-
plates for the masons to start cutting stone.16 One 
can still see in the tribune above the south choir 
arcade at Peterborough Cathedral, large wooden 
templates (fig. 2) used in restoring and reconstruct-
ing the crossing piers after 1883.17 These templates 
would most likely be close in shape and construc-
tion to the original Anglo-Norman templates, and 
similar to those originally employed at Durham 
Cathedral.

13 . Bony, Jean, 1990, “The stonework planning of the first Durham Master,” in Paul Crossley and Eric Fernie (eds.), Medieval architecture and its intel-
lectual context: Studies in honour of Peter Kidson, London and Ronceverte, West Virginia, Hambledon Press, p. 19-34.
14 . Fernie, Norwich Cathedral, p. 96-97, figures 28-29.
15 . Shelby, Lon R., 1971, “Mediaeval masons’ templates,” Journal of the Society of Architectural Historians, vol. 30, no. 2, p. 140-154.
16 . Idem, p. 141.
17 . Reilly, Lisa A., 1997, An architectural history of Peterborough Cathedral, Oxford, Oxford University Press, p. 29-31, 30 fn. 27. Pictures of these templates 
in both the north and south choir tribunes can also be partially seen in Reilly, plates 14, 15, 34, 38.

The simplest pier type

The simplest piers at Durham Cathedral are circu-
lar columns (fig. 3). The cross-sections of plinths are 
squares with sides closely in the range 7' 10 29/32" 

~ �Fig. 2. Two large wood templates hung on the wall of the 
tribune above the south choir arcade at Peterborough 
Cathedral. These templates were used in restoring and 
reconstructing the crossing piers after 1883.  
PHOTO: PETER COFFMAN

~ �Fig. 3. Looking southeast at a columnar pier in the  
north nave arcade, fifth pier from the west end, Durham 
Cathedral. PHOTO: PETER COFFMAN
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to 8' 0",18 measured along the main ashlar facing. 
The diameter of these columns, centred on the 
square plinths, is in the range 7' 5" to 7' 6".19 There 
are a total of six of these columnar piers, all on the 
north and south sides of the nave, the third, fifth 
and seventh piers from the west end (fig. 9).

The simplest compound pier type

The simplest compound pier type (fig. 4) at Durham 
Cathedral occurs in the four piers in the choir and 
the four piers in the transept that have a cross-
section consisting of a large portion of a circle and 
attached half-shafts and angles (fig. 10). Following 
closely the actual measurements,20 the geometric 

18 . Billings, Robert William, 1843, Architectural illustrations and descriptions of the Cathedral Church at Durham, London, T. W. Boone, Plates I, II, 
LIX; Taylor, John Henderson, 1907, “Cathedral Church of Durham south nave arcade, National Bronze Medal Drawings by John Henderson Taylor,” 
Building News, vol. 43, p. 867-868. (Also, there is the note “Our Illustrations, Durham Cathedral Nave Arcade,” p. 853.) This range of 7' 10 29/32" to 8' 0" 
is also confirmed by my own measurements on site. Billings and Taylor used the British Imperial foot (0.3048 m, the same as the English royal foot) for 
their measurements as would be expected given that the metric system was not commonly used in Britain during the time periods when they worked. 
Persons measuring a building could be biased towards getting measurements closer to whole numbers of the English royal foot if they thought that unit 
was used by the builders. However, this issue is not remedied by using the metric system because the English royal foot is very close to 0.3m (30cm) 
which gives rise to simple multiples (e.g., 2.4m is close to 8 English royal feet and slightly more length can be added to recognize even closer results). In 
result, care has to be taken while measuring not to be influenced by possible expected results related to a historical measurement unit.
19 . The range of 7' 5" to 7' 6" is based on my on-site measurements.
20 . Billings, plate LX contains measurements. Some of my on-site measurements for this pier type are included in McCague, Durham Cathedral, 
figures 20.1-20.7.
21 . Bony, p. 28, figure 7b; p. 30-32.
22 . Billings, plate LIX. This Plate includes measurements which supplement my on-site measurements for this pier type.

generation (figs. 5.1-5.5) for the design and tem-
plates of this pier type involved the common motif 
of the square’s side and diagonal, a 7' 0" module 
and its square, and possibly the equivalent of the 
half-side to the altitude of the equilateral triangle. 
The observed lengths from approximately 5' to 
8' are all within 1.2" for the geometric construc-
tions and all within 1.1" for the whole numbers of 
English royal feet.

This proposed design method for this pier 
type extends Bony’s observations on the geometric 
design of this pier type.21 Bony gave a very help-
ful exposition of the involved stonework planning 
required for the construction of this particular 
pier type, and a sense of the similar type of plan-
ning for the rest of the piers and indeed the entire 
cathedral.

The next simplest 
compound pier type

The next simplest of the compound pier types 
occurs in the four piers located on both the north 
and south sides of the nave, the second and fourth 
piers from the west end (fig. 9). Unlike the simplest 
compound pier type, this pier type does not include 
a portion of a circular column. Following closely 
within 1" the actual cross-sectional measurements 
of the parts of this pier,22 this more involved design 

~ �Fig. 4. Looking southwest at the pier of the simplest 
compound type in the south transept, first pier from 
the south wall, Durham Cathedral. PHOTO: PETER COFFMAN
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~ �Fig. 5.1. A 7' 0" square had 
its centre determined by 
the intersection of its diag-
onals. From this centre 
point, a circle with a radius 
3' 6" was then inscribed in 
the square.

~ �Fig. 5.2. The square was then 
quartered into four equal 
squares. A diagonal of a lower 
square was then rotated to 
determine the extent of a chord 
of the circle.

~ �Fig. 5.5. The lip moulding on the plinth was 
added at a width of about 3". The plinth plan, 
as an enclosing rectangle, then completes 
the pier’s cross-section. 
Note the English royal foot measurements that 
may have alternatively determined some longer 
lengths for this pier. The observed lengths are all 
within 1.1" of the proposed whole number lengths 
of the English royal foot.

~ �Fig. 5.3. The diagonal of a rectangle, 
formed by a lower half-side of the 
larger square and the length to the 
chord, was then rotated to determine 
the extent of the base for the attached 
‘half-shafts.’

The cross-sectional design of the simplest compound pier type, Durham Cathedral.

 
Figure 5.1 
A 7' 0" square had 
its centre 
determined by the 
intersection of its 
diagonals. From 
this centre point a 
circle with radius 
3' 6" was then 
inscribed in the 
square. 

 
 

7'0"

3'6"

 
Figure 5.3 
The diagonal of a rectangle, 
formed by a lower half-side 
of the larger square and the 
length to the chord, was then 
rotated to determine the 
extent of the base for the 
attached ‘half-shafts.’ 
 

 

7'0"

3'6"

c. 4'11.4" 
c. 5'0"

c. 6'3/4" 
c. 6'0"

 
Figure 5.5 
The lip moulding on the 
plinth was added at a width 
of about 3". The plinth plan, 
as an enclosing rectangle, 
then completes the pier’s 
cross-section. 
 
Note the English royal foot 
measurements that may have 
alternatively determined 
some longer lengths for this 
pier. The observed lengths 
are all within 1.1" of the 
proposed whole number 
lengths of the English royal 
foot. 
 

 
 

 
Figure 5.2 
The square was 
then quartered into 
four equal squares. 
A diagonal of a 
lower square was 
then rotated to 
determine the 
extent of a chord 
of the circle. 
 

 
 
 

7'0"

3'6"

c. 4'11.4" 
c. 5'0"

 
Figure 5.4 
The widths of the three 
attached ‘half-shafts’ may 
have been determined by two 
simple whole number ratio 
approximations for the side 
of the square to its diagonal: 
14:20 and 17:24 all 
expressed in inches (as a 
twelfth of the English royal 
foot). 
 

 
 

~ �Fig. 5.4. The widths of the three attached 
‘half-shafts’ may have been determined by 
two simple whole number ratio approxi-
mations for the side of the square to its 
diagonal: 14:20 and 17:24 all expressed in 
inches (as a twelfth of the English royal foot).
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~ �Fig. 6.1. A 7' 0" square had 
its sides divided in half 
twice (i.e., quartered) to 
form 4x4 1' 9" squares.

~ �Fig. 6.4. The width of the central ‘half-shafts’ 
are 1' 6" on the top, and set by the swing of 
the half-diagonals of the (3' 6") square on 
the extension at the bottom (equivalently the 
diagonals of the 1' 9" squares could have 
been used).

~ �Fig. 6.2. Diagonals of the appro-
priate 2x2 squares are rotated to 
determine the extensions of the plan 
above and below. The extensions 
have a width of 3' 0" at the top, and 
two squares or 3' 6" at the bottom.

~ �Fig. 6.5. The two off-
centre ‘half-shafts’ at the 
bottom are determined 
by the half-diagonals of 
the 1' 9" squares on the 
bottom left and right sides.

~ �Fig. 6.3. A further extension is added 
at the top and bottom extending 
out the length of the diagonal of a 
1' 9" square. These larger extensions 
have a width of 6' 0" at the top, and 
four squares or 7' 0" at the bottom.

~ �Fig. 6.6. The same sized off-centre 
‘half-shafts’ are set at the top. The 
left and right sides are added same 
as the one at the bottom. The pier 
cross-section is then complete.

The cross-sectional design of the second simplest compound pier type, Durham Cathedral.

 
Figure 6.1 
A 7' 0" square had its sides 
divided in half twice (i.e. 
quartered) to form 4x4 1' 9" 
squares. 
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Figure 6.4 
The width of the central 
‘half-shafts’ are 1' 6" on the 
top, and set by the swing of 
the half-diagonals of the (3' 
6") square on the extension at 
the bottom (equivalently the 
diagonals of the 1' 9" squares 
could have been used). 
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Figure 6.3 
A further extension is added 
at the top and bottom 
extending out the length of 
the diagonal of a 1' 9" square. 
These larger extensions have 
a width of 6' 0" at the top, 
and four squares or 7' 0" at 
the bottom. 

 

 

 6'0"

 3'0"  3'0"

1'6" 1'6" 1'6" 1'6"

 
Figure 6.2 
Diagonals of the appropriate 
2x2 squares are rotated to 
determine the extensions of 
the plan above and below. 
The extensions have a width 
of 3' 0" at the top, and two 
squares or 3' 6" at the bottom. 
 

 

1'6" 1'6"

 3'0"

 
Figure 6.5 
The two off-centre ‘half-
shafts’ at the bottom are 
determined by the half-
diagonals of the 1' 9" squares 
on the bottom left and right 
sides. 
 

 
 
Figure 6.6 
The same sized off-centre 
‘half-shafts’ are set at the top. 
The left and right sides are 
added same as the one at the 
bottom. The pier cross-
section is then complete. 

 

 

 
Figure 6.5 
The two off-centre ‘half-
shafts’ at the bottom are 
determined by the half-
diagonals of the 1' 9" squares 
on the bottom left and right 
sides. 
 

 
 
Figure 6.6 
The same sized off-centre 
‘half-shafts’ are set at the top. 
The left and right sides are 
added same as the one at the 
bottom. The pier cross-
section is then complete. 
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also uses the 7' 0" module and its square, and the 
square’s side to its diagonal (figs. 6.1-6.5). As illus-
trated by R. W. Billings23 a 7' 0" square subdivided 
into 16 squares all with sides of 1' 9" (a quarter of 
7' 0") is a key to this pier type’s geometry.

The other five general pier types (e.g., fig. 7) 
also appear to apply similar geometry, and the 7' 0" 
module and its square are important to them as 
well. The piers were laid out and constructed with 
considerable care and accuracy. A remarkable fea-
ture of that accuracy is the slight change in the 
inner vessel in-the-clear width of 9.96 m (32' 8") 
in the choir to 9.85 m (32' 4") in the nave. This 4" 
shortening is explicitly achieved by a 2" shift in the 
east-west axes of the east and west halves of the 
northeast and southeast crossing piers (fig. 10).24 
These large wall-like piers have north to south sides 
widths of approximately 13', yet the masons had 
the stone fabric cut and under control to make a 
fine-tuned 2" shift in each of these two massive 
crossing piers. Additionally, the English royal foot 
(0.3048 m) appears to figure prominently in all the 
piers as further discussed below. Indeed, the wall 
thickness of the arcades in the choir, transepts and 
nave, a fundamental measure for the piers, is equal 
to the 7' 0" module.

Measure and the piers

There is further evidence for the use of the English 
royal foot (0.3048 m) at Durham Cathedral, noted 
by Bony,25 and similar to that noted by Fernie at the 
churches at Great Paxton and North Elmham.26 

23 . Idem, plate LIX.
24 . Idem, plate I. The shifts in the east west axes of these two crossing piers is apparent in this plan.
25 . Bony, p. 32, fn.15.
26 . Fernie, “Historical Metrology,” p. 391-394, figure 3; Fernie, Eric, 1983, The architecture of the Anglo-Saxons, London, B. T. Batsford, p. 131-132.
27 . Bony, p. 32, fn.15.
28 . This discussion follows closely McCague, 2000, “The mathematics of building and analysing a medieval cathedral,” Proceedings of the Canadian 
Society for History and Philosophy of Mathematics, vol. 13, p. 169-171.

The accurate layout and the use of the English 
royal foot in regard to the cross-section or plan 
of the simplest compound pier type at Durham 
Cathedral were argued by Bony.27

Many of the art historical criteria that 
Kidson and Fernie employed for investigating the 
geometry and measure in the design of medieval 
buildings are also essentially statistical in nature. 
While keeping the plausible range of knowledge 
of mathematics of the medieval period strictly in 
mind, particularly the knowledge of the master 
masons, one can apply modern mathematics and 
statistics to try to recover the particular propor-
tions and modules or standard measurement units 
that were employed in designing and constructing 
a building, such as Durham Cathedral.28

Statistics can be helpful in placing the 
analyses of building measurements that attempt 
to recover original design schemes, such as that at 
Durham Cathedral, on a more solid foundation. 

~ �Fig. 7. Looking northwest at the first pier from the  
west end in the north nave arcade, Durham Cathedral. 
PHOTO: PETER COFFMAN
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Some statistical tests have been developed for the 
circular data analysis of standard measurement 
units and modules. Circular data are measure-
ments that can be meaningfully plotted on a circle 
as angles from 0 to 2π radians. In the case of a 
standard measurement unit such as the English 
royal foot, one can picture a circle with a cir-
cumference of 1 English royal foot. If the build-
ing measurement lengths are then individually 
‘wrapped’ counter-clockwise around the circle 
starting with the beginning of each length at the 
0 radians point on the circle, one can then check 
for the ends of the lengths clustering around this 
0 radians point. If the ends of the lengths are close 
to the 0 radians point, then the measurements are 
generally close to a whole number of English royal 
feet. By way of background on this matter, the stat-
istician D. G. Kendall applied techniques of cir-
cular data analysis, including the cosquantogram 
statistic, for the possible presence of a module 
unit in megalithic stone circles in Britain.29 In 
that application, observed length measurements 

29 . Kendall, David George, 1974, “Hunting quanta,” in F. R. Hodson (ed.), The place of astronomy in the ancient world, Philosophical Transactions of the 
Royal Society of London, Series A, vol. 276, p. 231-266 (remarks: p. 273-276).
30 . Lanos, Philippe and Guy Jumel, 1992, “La méthode du quantogramme dans la recherche d’unités de mesure inconnues : Application à la recherche 
de métriques anciennes dans les paysages,” Revue d’Archéométrie, vol. 16, p. 123.

are ‘wrapped’ around a circle with circumfer-
ence equal to the module unit under considera-
tion. A resulting statistic, the cosquantogram,  
is   where u is the quan-
tum, module or unit, xi is the ith measurement, 
and n is the total number of measurements. The 
cosquantogram statistic has a normal probabil-
ity density function with mean 1 and variance 0, 
C(u) ~ N(0,1), approximately for large n.30 This 
method can also be adapted and applied to 
analyzing the measurements of medieval buildings.

Due to the small number (n) of resulting 
independent measurements of a building with 
many symmetric and repetitive elements, boot-
strapping techniques provide simulations that can 
be helpful to calculate probabilities correspond-
ing to the calculated values of the cosquantogram 
statistic. This approach, using the cosquanto-
gram with bootstrapping, was undertaken to help 
examine the hypothesis that the English royal 
foot (0.3048 m, same as the later British Imperial 
foot still in use) was used in the designing of 

Pl inth Lengths of the E ight P ier Types at 
Anglo-Norman Durham Cathedral

Target length* Average** length Minimum length Maximum length Number of 
obser vations

7' 6'  11. 6 5" 6'  11" 7' 1/8" 9

8' 7 '  11. 4 6" 7 '  10 2 9/ 3 2 " 8' 0" 11

11' 11'   1. 5" 11'   0 " 11' 3"         2

12' 11'  10 . 0 9 "     11'  7  11/16" 11' 11 1/4"    5

13' 12 '  11.7 5"     12 '  11 1/ 2 " 13' 0"         2

15' 14'  10 . 5"      14'  10 1/ 2 "   14' 10 1/2"    1

16' 16'   1. 5" 16'  1  1/ 2 " 16' 1 1/2" 2

17' 16'  11"        16'  11" 16'  11" 1

* In units of the English royal foot (the British Imperial foot, 0.3048m)
** Arithmetic mean 

~ �Table 1. 
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Anglo-Norman Durham Cathedral, particu-
larly in the cross-sectional lengths of the main 
ashlar facing of the plinths of the piers (i.e., the 
full lengths of the plinths of the piers, not the end 
widths of the plinths of the piers which align with 
the thickness of the walls overhead) (figs. 9-10). 
The resulting data set for the eight pier types was, 
expressed in metres: 2.125, 2.425, 3.391, 3.609, 
3.956, 4.534, 4.915, 5.156. In the British Imperial 
foot unit (English royal foot), the measurements 
are: 6.97, 7.96 11.13, 11.84, 12.98, 14.88, 16.13, 16.92 
(equivalently 6' 11.65", 7' 11.46", 11' 1.5", 11' 10.09", 

31 . McCague, Durham Cathedral, p. 36, table 1; p. 129, table 2; p. 130-131, table 3.
32 . Fernie, “Historical metrology,” p. 384.
33 . The statistical analysis and plotting were done with statistical computer programs S-PLUS (which was the predecessor of the open source software 
R) and R.

12' 11.75", 14' 10.5", 16' 1.5", 16' 11").31 Averages 
(arithmetic means) were used where multiple cor-
responding measurements were taken and applica-
ble. The ranges from the minimums to maximums 
for the corresponding measurements were small 
as given in Table 1. A reasonable range for foot 
units is from 0.25 m to 0.36 m. Further, another 
established foot unit to consider, though seem-
ingly unlikely in this later period, is the Roman 
pes monetalis (0.2957 m).32 A plot of the analysis33 
(fig. 8) shows strong evidence against rejecting the 
hypothesis of a module of 0.3048 m, the length of 

~ �Fig. 8. Cosquantogram plot for the statistical analysis for the presence of a module unit in the plinth lengths of the piers 
at Anglo-Norman Durham Cathedral.
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the historically documented English royal foot.34 
The hypothesis of the 0.3048 m module was based 
on historical records independent of the Durham 
Cathedral measurements, so the prior probabilities 
can be employed. The prior probability p < 0.001 
indicates very strong evidence against rejecting the 
hypothesis of the 0.3048m module or unit at a sta-
tistical significance level α = 0.001. (However, even 

34 . Grierson, Philip, 1972, English linear measures: An essay in origins, Reading, University of Reading, p. 16-19. The English royal foot has been historic-
ally documented plausibly back to the first third of the twelfth century. 
35 . The measurements in metres are transformed into angles on the circle from 0 to 2π radians (one complete revolution around a circle’s circumference) 
by multiplying the lengths by 2π and dividing by 0.3048 (because the measurements have been ‘wrapped’ around a circle of circumference 0.3048 m). 
An alternative statistical test is Rayleigh’s Test of Uniformity. The null hypothesis is that the underlying probability density function for the measure-
ments is circular uniform having no mean direction (which means no underlying unit measurement such as a foot unit). The a priori test of the unit of 
0.3048m would involve an alternative hypothesis of a specified mean direction of 0 radians. The resulting test statistic is  = 0.8075, p = 0.000208 < 0.001. 
There is again very strong evidence at the statistical significance level of α = 0.001 to not reject the alternative hypothesis of a specified mean direction 
of 0 radians corresponding to the module of 0.3048m. A description of Rayleigh’s Test of Uniformity is given in Pewsey, Arthur, Markus Neuhäuser, 
and Graeme D. Ruxton, 2013, Circular statistics in R, Oxford, Oxford University Press, p. 81.

without this a priori hypothesis, the probability of 
a maximum value of the cosquantogram as high as 
this function’s value at 0.3048 m is still relatively 
small at slightly less than 0.01, which still indicates 
strong evidence against rejecting the hypothesis of 
a module of 0.3048 m at a statistical significance 
level α =  0.01.35) The hypothesis of a module of 
0.2957 m (the length of the Roman pes monetalis) 

~ �Fig. 9. Durham Cathedral ground plan.  
BILLINGS, DURHAM, PLATE I.

~ �Fig. 10. Durham Cathedral ground plan.  
BILLINGS, DURHAM, PLATE II.
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can reasonably be rejected with prior and even 
posterior probabilities considerably greater than 
a significance level of α = 0.05. Please note the plot 
(fig. 8) with the reasonable range for foot units 
from 0.25 m to 0.36 m on the horizontal axis shows 
that only units in the approximate range of 0.30 m 
to 0.31 m seem plausible. The only documented 
unit in that range is 0.3048 m, the English royal 
foot, and being close to the maximum point in the 
graph makes this unit all the more plausible. As an 
additional note, the two piers at the far east end of 
the original Anglo-Norman fabric were truncated 
by the original side apses. The length of those trun-
cated piers is approximately 3.645 m (11' 11½”)36 
which is, of course, very close to 12 English royal 
feet. The inclusion of this measurement in the 
above statistical analysis would have made the 
already very strong results even stronger. However, 
due to these two works not being full piers, it was 
deemed scientifically stricter to not include them. 
We also mentioned earlier a 7' 0" module, 7 English 
royal feet, that is also evidence that helps support 
the case for the use of the English royal foot in the 
design and construction of Durham Cathedral. 
The design and implementation of building plans 
and elevations likely often involved both modules 
and practical-geometric motifs. Statistical meth-
ods for testing hypotheses of the presence of both 
modules and geometric proportions need to be 
further developed. Such methods may necessarily 
be quite involved.

Another intriguing aspect of the measure-
ments of the simplest compound pier type is that 

36 . Billings, Plate I.
37 . Fernie, Eric, 1985, “Anglo-Saxon lengths: The ‘northern’ system, the perch and the foot,” Archaeological Journal, vol. 142, p. 249.
38 . Zupko, Ronald Edward, 1985, A dictionary of weights and measures for the British Isles: The Middles Ages to the twentieth century, Memoirs of the 
American Philosophical Society, vol. 168, Philadelphia, American Philosophical Society, p. 199; “Inch,” in J. A. Simpson et al. (eds.), The Oxford English 
Dictionary, 2nd ed., Oxford, Oxford University Press, vol. 7, p. 790.
39 . Idem, p. 109, 149, 199.
40 .  Zupko, Ronald Edward, 1977, British weights and measures, A history from antiquity to the seventeenth century, Madison, University of Wisconsin 
Press, p. 14; cf. Fernie, “Perch and the foot,” p. 252.
41 . Fernie, “Perch and the foot,” p. 250-253; cf. Fernie, 1991, “Anglo-Saxon lengths and the evidence of the buildings,” Medieval Arcchaeology, vol. 35, p. 5.

a twelfth of the English royal foot, possibly an 
inch unit, may have been employed. In the Anglo-
Saxon metrological system, it is not definitely 
established whether or not there was a relation-
ship between the fingerbreadth (or digit) and inch 
with a foot.37 However, it should be added that the 
word inch, ynce in Anglo-Saxon, derives from the 
Latin uncia, meaning “a twelfth,”38 and in regard 
to known linear measure relationships, typically 
a twelfth of a foot unit. Now, considering more 
specifically the period shortly after the Norman 
Conquest, there is historical documentation of 
the digit (digitus in Latin), inch (uncia), and foot 
(pes) c.1075 in England.39 In addition to the units 
of measure brought by the Normans to England, 
they supposedly allowed the continuation of many 
Anglo-Saxon units of measure.40 The English royal 
foot appears to be such an example of continuity,41 
and likely an English royal inch, itself most likely 
a twelfth of the English royal foot.

In figure 5.4, note that the central ‘half-shaft’ 
has an associated proportioning of 7":17":7". This 
proportioning involves one of the simple approxi-
mations mentioned earlier for the side of the square 
to its diagonal, 17:24 (since, of course, 7 + 17 = 
24). If the masons were starting with the length 
of the ‘half-shaft’ (c. 17"), the geometric operation 
could have been simply swinging down the diag-
onals of the square of sides c. 17". However, the 
commencement from a square of sides 7' 0" seems 
much more likely. In result, the masons would have 
needed to subdivide the chord of 6' 0" (fig. 5.5) or 
close to 71" (fig. 5.4). This procedure would also 
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require subdividing the length of 7" + 17" + 7" = 31" 
which is a much more awkward geometric con-
struction42 compared to the simple expanding out 
from the 17" length. Thus, it seems quite plau-
sible that the masons used the subdivisions of 
6":14", then 7":17":7", and then 14":6" based on the 
simple approximations of the side of the square to 
its diagonal of 14:2043 (by noting, of course, that  
6 + 14 = 20) and 17:24. The individual elements of 
the ratios 6, 14, 7, 17, 7, 14, and 6 in inches sum to 
the chord length of 71" or close to 6' 0" as needed.

The demonstration of the employment of a 
standardized foot unit in a medieval building is 
challenging enough, let alone an even smaller or 
finer unit such as an inch. Only short measure-
ments and details, such as the measurements of 
‘half-shafts,’ can be used for evidence of an inch 
unit. Medium and long measurements may con-
tain errors close to, or larger than, an inch, and 
thereby produce too much ‘noise’ or roughness 
to allow as fine a determination as an inch unit. 
However, the case for this inch, one twelfth of 
English royal foot, at Durham Cathedral is sug-
gestive, and it would be worth exploring in other 
short length measurements in this cathedral.

In overview, architectural history can bene-
fit from the critical assessment and use of com-
puter, scientific, and statistical methods. Wolfgang 

42 . To demonstrate this awkwardness to the modern reader, this geometric construction, in modern mathematical terms, involves a proportioning of 
√2−1:1:√2−1. The 3 individual elements total 2√2−1. To start from this total length as 1 unit, each individual element in √2−1:1:√2−1 is divided by 2√2−1. 
This operation results in an equivalent proportioning of (3−√2)/7:(1+2√2)/7:(3−√2)/7 which, as intended, has individual elements that now sum to 1. The 
geometric construction of the length (3−√2)/7 is awkward. It involves tripling the 1 unit line segment by extending itself twice giving a length of 3. Next 
the diagonal of the 1 unit square is taken from the tripled line segment giving a length of 3−√2. Finally, the resulting line segment length is divided into 
a seventh part. This division can be done by several known geometric constructions. One of the constructions was given by Euclid, 1956, The Thirteen 
Books of Euclid’s Elements, Thomas L. Heath (ed. and trans.), 3 vols., 2nd ed., New York, Dover Publications, VI.9. These geometric constructions allow 
one to divide a line segment into any given (whole) number of equal line segments. In this case, the line segment is divided into sevenths giving equal 
line segments of length (3−√2)/7 as required. It should be emphasized that the modern terminology and mathematical expressions above involving the 
square root of two would have been foreign to the medieval masons. However, the geometric constructions would have been familiar. Nevertheless, the 
complete construction is awkward, unnecessarily involved, and its choice seems too indirect and arbitrary, compared to the straightforwardness, ease 
and ready f low of steps given in figure 5.4.
43 . By halving each element in 14:20, note, of course, that this ratio is equivalent to the even simpler 7:10.
44 . Wiemer, Wolfgang and Gerhard Wetzel, 1994, “A report on data analysis of building geometry by computer,” Journal of the Society of Architectural 
Historians, vol. 53, p. 448-460; Wiemer, 1999, “Proportion analysis of medieval churches by computer—Final success after 150 years of failure?” Computers 
and the History of Art, vol. 8, no. 2, p. 89-108.
45 . Fernie, Norwich Cathedral, p. 96-97, figures 28-29.

Wiemer developed a helpful computer program, 
called DBM, to analyze building measurements.44 
In the statistical analysis of measurements, there 
are two basic approaches: 1) model-based and 2) 
exploratory. The first puts forward a specific model 
and tests it. The second tests the plausibility of wide-
ranging parameters and models. Both approaches 
have their strengths and potential shortcomings. 
Fernie has, in effect, taken more the approach of 1) 
with convincing results. DBM allows for approach 
1), but Wiemer has taken more the approach of 2) 
with partially convincing results. The increased 
use of statistics in this area is valuable to give a 
more objective assessment, particularly in regard 
to contentious theories. However, the import of 
computer programs, and scientific and statistical 
methods into architectural history needs to be 
viewed critically as to whether these methods are 
being applied properly, and to what extent they 
complement or adjust existing methods.

Conclusion

Cross-sectional pier plans of Durham Cathedral 
apply constructive geometry, in a manner similar 
to those at Norwich Cathedral as established by 
Fernie.45 In complement with the geometry, the 
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English royal foot (the same as the later British 
Imperial foot, 0.3048 m) was also used. Further, 
7' 0", the thickness of the arcade walls at ground 
level in the nave, transepts and choir, is an important 
module length right down to the scale of the piers.

The methods of analyzing pier forms used 
here can be applied at other buildings. The rep-
etition of the same geometric motifs at different 
levels of scale is compelling evidence for the geo-
metrical design of a historic building. Additionally, 
a statistical analysis added further evidence for the 
use by 1093 of the English royal foot (0.3048 m) at 
Durham Cathedral. The massive columns and piers 
at Durham Cathedral were indeed well coordi-
nated in sharing similar geometry and measures 
among themselves, and the building as a whole.

In the broader context of medieval art history 
and literature, a central facet of design was the use 
of practical or constructive geometry, proportions, 
modules, and standard measurement units. One 
finds some similar methods for design in early medi-
eval illuminated manuscripts and sculpted crosses 
as shown by Robert David Stevick,46 Old English 
poems and early medieval Latin poetry as shown 
by Stevick47 and David R. Howlett,48 and medieval 
English town planning as shown by T. R. Slater.49

46 . Stevick, Robert David, 1994, The earliest Irish and English bookarts: Visual and poetic forms before A.D. 1000, Philadelphia, University of Pennsylvania 
Press; Stevick, 1999, “Shapes of early sculpted crosses of Ireland,” Gesta, vol. 38, no. 1, p. 3-21.
47 . Stevick, 1994.
48 . Howlett, David R., 1994, “The shape and meaning of the Old English poem ‘Durham,’” in David Rollason et al. (eds.), Anglo-Norman Durham, 
1093-1193, Woodbridge, Suffolk, Boydell Press, p. 485-495.
49 . Slater, T. R., 1981, “The analysis of burgage patterns in medieval towns,” Area, Institute of British Geographers, vol. 13, p. 211-217; Slater, 1987, “Ideal 
and reality in English episcopal medieval town planning,” Transactions, Institute of British Geographers, New Series, vol. 12, p. 191-203.
50 . Anonymous, c.1100, Thomas Arnold (ed.), 1882-1885, Symeonis monachi Opera omnia, Roll Series, London, Longman, vol. 75, no. 2, p. 352-353; 
Translation in Rollason, 1993, “Durham Cathedral, 1093-1193, sources and history,” in Michael J. Jackson (ed.), Engineering a cathedral, London, Thomas 
Telford, p. 7.

Additionally, the use of constructive geo-
metry and measurement units had a variety of 
iconographic and religious significance that can 
be inferred from Biblical allusions, the liturgy, 
craft manuals, and descriptions of the mechan-
ical and liberal arts. The chronicler’s praise that 
the new Anglo-Norman Durham Cathedral was 
“being built of such beautiful workmanship in 
his [Saint Cuthbert’s] honour”50 was, in substan-
tial part, due to the geometric and metrological 
design methods for the prominent piers, and the 
entire cathedral.
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