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This essay was written as a contribution for the volume Notre-Dame de Jumièges, edited by
James Morganstern, which has yet to be published.
Introduction
Careful study of the proportions in medieval monuments can reveal much about the creative
processes that guided their design. This approach, however, depends on having precise data, in
two distinct senses: first, the original medieval design has to have been conceived and executed
with precision; and second, the medieval forms must be recorded with the same care. Both
criteria are well satisfied in the case of Notre-Dame de Jumièges. The careful plan and
photogrammetric survey of the building undertaken for the present project give very accurate
information about the position of every element in the building. And, while the plan and survey
reveal certain small irregularities and anomalies in the fabric, they also demonstrate that the
church was constructed with considerable precision, permitting geometrical hypotheses about its
design to be tested with great rigor. The proportions of Notre-Dame deserve particularly close
attention, because it was among the first major buildings designed during the second generation
of Romanesque architecture, with carefully cut stone construction and a regular bay system. In
broad terms, therefore, the 11th-century abbey church occupies a pivotal position between the
early medieval architectural tradition, which was largely dependent on Roman and Late Antique
precedents, and the Gothic tradition that would emerge in the mid-12th century.
In fact, the designers of Notre-Dame de Jumièges were already using dynamic geometrical
1
proportioning strategies very similar to those later employed by Gothic designers . For
example, the designers at Jumièges clearly used the system of square rotation, or quadrature; this
construction, shown in fig. 1a, yields proportions based on the quantity √2, the ratio of a square’s
2
diagonal to its side, which is approximately 1,414 . Analysis of Notre-Dame at Jumièges thus
complements the work of scholars such as Eric Fernie, who have long argued for the importance
3
of square rotation in other Romanesque monuments . The builders at Jumièges also used an
analogous construction based on the rotation of the octagon (fig. 1b), which one can call
On the Gothic geometrical tradition, see Bork, 2011.
Quadrature can be described as the inscribing of a square within a circle within a larger square.
Quadrature is equivalent to square rotation because, as the dotted lines in fig.1a indicate, the square
inscribed into the circle has the same size as the rotated square produced by connecting the midpoints of
the sides of the larger square.
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Eric Fernie, “The Ground Plan of Norwich Cathedral and the Square Root of Two”, Journal of the
British Archaeological Association, t. 129, 1976, p. 77-86, republished in The Engineering of Medieval
Cathedrals, éd. Lynn Courtenay, Aldershot, Ashgate, 1997). See also Eric Fernie, An Architectural
History of Norwich Cathedral, Oxford, Clarendon, 1993. In a related vein, see The White Tower, éd.
Edward Impey, New Haven, Yale University Press, 2009, p. 90-93.
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octature, that would enjoy great popularity among Gothic builders , and they evidently knew a
5
simple recipe to subdivide a line segment into equal thirds as well (fig. 1c) .
Fig. 1 : Three basic geometrical constructions evidently used at Notre-Dame de Jumièges:
1a) quadrature, 1b) octature, and 1c) the subdivision of a line segment into thirds.

The precision with which these principles were applied at Jumièges strongly suggests that both
the plan and the elevation of the abbey church were carefully planned in advance, probably using
scale drawings. Because no design drawings survive from the Romanesque era, their use has
6
often been seen as an innovation of the thirteenth century . The survival of the admittedly
anomalous plan of Saint-Gall, however, shows that plan drawings on vellum, even if somewhat
7
schematic, were already known in the Carolingian period . The sophisticated plan geometries of
abbot Suger’s Saint-Denis, moreover, would have been all but impossible to conceive if drawing
As fig. 1b demonstrates, octature is the inscribing of an octagon within a circle within a larger octagon.
The subdivision of a line segment into thirds, as indicated in fig. 1c, is achieved by the crossing of a
diagonal with a half-diagonal within a rectangle. A square is shown in fig. 1c, but any rectangle would
serve.
6
See, for example, Robert Branner, “Villard de Honnecourt, Reims and the Origin of Gothic
Architectural Drawing”, Gazette des Beaux-Arts 61, 1963, p. 129-46. For discussion of the rather
different drawing tradition that has been observed in the Romanesque era, see Éliane Vergnolle, “Un
carnet de modèles de l’an mil provenant de Saint-Benoît-sur-Loire (Paris, B.N. Lat. 8318 et Rome, Vat.
Reg. lat. 596)”, Arte medievale, t. 2, 1984, p. 23-56, and Vergnolle, 1994, p. 47.
7
See Walter Horn and Ernest Born, The Plan of Saint Gall, Berkeley, University of California Press,
1979; Eric Fernie, “The Proportions of the Saint Gall Plan,” Art Bulletin, t. 60, 1978, p. 583-589; Werner
Jacobsen, Der Klosterplan von St. Gallen und die karolingische Architektur: Entwicklung und Wandel
von Form und Bedeutung im fränkischen Kirchenbau zwischen 751 und 840 , Berlin, Deutscher Verlag
für Kunstwissenschaft, 1992; and the continuously updated website www.stgallplan.org.
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had not been used as a design tool in the mid-12th century . In this context, evidence from the
chronologically intermediate case of Jumièges can contribute significantly to the discussion of
9
medieval design practice and its history .
The plan of the nave (fig. 2 and 3)
Fig. 2 : Jumièges, Notre-Dame, first steps in geometrical generation of plan of nave.

Fig. 3 : Jumièges, Notre-Dame, full geometrical scheme for plan of nave.

Bork, 2013, p. 55-68.
Indeed, as Jacques Le Maho and Nicolas Wasylyszyn have proposed (Saint-Georges de Boscherville,
2000 ans d’histoire, Rouen, Édition GRAPC/ATAR, 1998, p. 23), it is very likely that a plan with
dimensions on it was used as early as 1113-1114 by the builders of the church of Saint-Georges de
Boscherville, 10 km east of Jumièges.
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It makes sense to begin our analysis with consideration of the nave plan at Notre-Dame de
Jumièges, since this part of the 11th-century building survives more completely than the transept
or the chevet. As the following paragraphs will show, moreover, the unfolding geometry of the
nave plan appears to have introduced several dimensions that would help to determine the
proportions of the transept and chevet, as well as the elevation of the nave itself. And, while this
suggests the possibility that drawings of the nave may have been executed before those of the
east parts of the building, it does not imply that the nave was constructed first, because the
production of drawings or comparable design aids necessarily preceded the laying out and
construction of the building.
The overall outlines of the Jumièges nave plan fit neatly within a double square, as the red lines
10
in fig. 2 indicate . Each square measures 22,48 m on a side, so that their outer faces, which
coincide with the outer faces of the building, stand 11,24 m from the longitudinal axis of the
building. The interaxial width of the nave also equals 11,24 m, or half of a square side, so that
the axes of the main arcades lie 5,62 m from the building’s axis. The face where the two great
squares meet coincides with the middle of the nave, defined by the axes of the compound piers
that divide the four eastern bays from the four western ones. The western face of the western
square, which lies 22,48 m further to the west, aligns quite precisely with the western face of the
wall separating the main nave vessel from the porch. The eastern face of the eastern square,
meanwhile, coincides closely with the western wall of the transept. Overall, therefore, there is
In all the figures, the colors of the lines suggest their likely place in the layout sequence. Following the
spectral sequence in the colors of a rainbow, red lines are the first to be established, followed in order by
orange, yellow, green, blue, and violet. The original medieval designers at Jumièges may not have
worked in the precise sequences proposed here, but a roughly analogous development from large simple
forms to details appears probable.
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good reason to believe that the whole nave of the church was established within a double square
measuring 22,48 m by 44,96 m. Based on the analysis of other Romanesque buildings in the
region, it is tempting to read these dimensions as 80 and 160 feet, respectively, where each foot
11
would measure 28,1 cm . The 11,24 m inter-axial width of the nave could thus be read as 40
feet.
Foot-based measuring rods were very likely used at Jumièges to help translate the design to the
building site. Many of the crucial dimensions in the nave plan, however, appear to have been set
using geometrically dynamic operations that would produce so-called “irrational” dimensions
12
like √2 that cannot be expressed in whole numbers . The western external faces of the western
towers, for example, lie 49,61 m west of the crossing, or 27,14 m west of the nave center, as the
13
numbers along the top and bottom of fig. 2 indicate . As this drawing makes clear, this
dimension can readily be found by circumscribing a great orange circle around the great red
square framing the four western bays of the nave. This simple maneuver, already seen
schematically in fig. 1a, would have been very natural for a draftsman using a compass while
developing his design as a scale drawing. It is unclear whether the arc would actually have been
swung at the building site at full scale using rope, as in the representation of Gunzo’s famous
dream of the layout at Cluny, or whether the relevant dimension was simply approximated using
measuring rods, but the overall logic of the design certainly seems to have been based on a
14
geometrically dynamic rotation process related to the Gothic use of quadrature . A comparable
great circle was apparently also circumscribed around the great red square framing the four
eastern bays of the nave. As subsequent discussion will demonstrate, such geometrical dynamics
determined many other aspects of the Jumièges design as well.
As the yellow lines in fig. 2 show, the next step in the design process was probably to strike
diagonals back from the outer points on the equators of the great orange circles, extending the
15
diagonals until they intersect the north and south sides of the original red framing squares .
These points of intersection, which lie 15,89 m to the east and west of the center of the nave,
align with the centers of the easternmost and westernmost columns of the main arcades, and with
the corresponding engaged half-columns on the outer walls of the aisles. Since these columns
Sur le pied utilisé à Jumièges et aux autres sites en Normandie, voir, comme introduction, Morganstern,
2003, p. 85-87 et Le Maho et Wasylyszyn, op.cit., note 6.
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On medieval design tools and measuring rods, see Lon Shelby, "Medieval Masons' Tools II. Compass
and Square", Technology and Culture, t. 6, 1965, p. 236-248, and Nancy Wu, “Hugues Libergier and his
Instruments”, AVISTA Forum, t. 11, n° 2, 1998/1999. A thorough discussion of the question, which,
however, places too much emphasis on arithmetic as opposed to geometric design modes, is Konrad
Hecht, Mass und Zahl in der gotischen Baukunst, Hildesheim, Georg Olms Verlag, 1979.
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That is to say that the plain numbers along the top of the figure are measured westwards from the
western crossing pier, while the italicized numbers along the bottom of the figure are measured outwards
from the axis of the middle pier of the nave.
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On Gunzo’s dream, see Anne Baud, Un grand chantier médiéval au cœur de l’Europe, Paris, Picard,
2003, p. 138-143 and pl. III. Of interest also, from a different point of view, is Carolyn M. Carty, “The
Role of Gunzo’ Dream in the Building of Cluny III”, Gesta, t. 27, 1988, p. 113-124.
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In this essay, the term “diagonals” will generally mean lines struck at 45 degrees to the main axes of the
building, unless otherwise indicated in specific cases.
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stand three bays from the center of the nave, the notional inter-axial length of a bay is one third
16
as great, or 5,30 m . This even subdivision of the space into thirds could easily have been found
using the simple geometrical construction shown in fig. 1c and replicated by the intersecting
green lines in fig. 3. All eight bays of the nave have this same notional length measured between
the axes, as the sequence of circles along the centerline of fig. 3 indicates; this consistent rhythm
can also be seen at level of the clerestory windows, which will be considered below. The first
and last bays of the nave thus terminate 4 x 5,30 m = 21,20 m from the nave center, or 21,19 m
when not rounded. This, however, is 1,29 m less than the size of the large generating squares,
each of which measured 22,48 m on a side. These “leftover” spaces at the eastern and western
ends of the nave are shown as green shaded strips in fig. 3. These strips may seem like
extraneous elements, but, as we shall see, their 1,29 m thickness turns out to be a crucial
dimension not only for the nave plan, but also for the elevation of the nave and for the plan of the
17
transept . Indeed, their presence reflects the basic logic of the whole design, which incorporates
the interaction of dynamic geometry and regular bay division.
Modular as well as geometrical strategies appear to have governed the insertion of the piers and
walls into this overall framework. The columns of the main arcade all have diameters
approaching 1,12 m, which, in effect, is one-tenth of the nave’s 11,24 m inter-axial width, or
one-twentieth of the 22,48 m distance between the exterior wall surfaces of the aisles, as the
small blue circles in fig. 3 indicate. The thickness of the outer walls of the aisles also closely
approximates 1,12 m, and the distance between their interior faces and the building centerline is
10,12 m, so that the total width of the original generating square can be expressed as 1,12 m +
10,12 m + 10,12 m + 1,12 m = 22,48 m. If these original generating squares were indeed meant
to have been 80 feet on a side, as proposed above, then the diameters of the columns of the nave
and the thicknesses of the north and south walls would all have been 4 feet, and the distance
between the interior wall surfaces would have been 72 feet (80 feet – 2 x 4 feet = 72 feet). A
related approach seems to have governed the placement of the half-columns along the walls of
the aisles, and the plinths on which they stand. As the dotted violet lines in fig. 3 indicate, the
distance from the longitudinal centerline of the building to the edges of the plinths averages 9,48
m, which is equal to the length of a double bay, less the diameter of a column (2 x 5,30 m – 1,12
m = 10,60 m – 1,12 m = 9,48 m). The forms of the nave piers will be discussed in more detail
below, after consideration of the rest of the plan.
The plan of the Romanesque transept and chevet (fig. 4)
Fig. 4 : Jumièges, Notre-Dame, overall geometrical scheme for plan of Romanesque transept and
chevet.

In other words, 15,89 m / 3 = 5,30 m, accounting for rounding.
A rather similar use of a strip-like geometrical offset can also be seen in the 12th-century crypt of
Saint-Denis Abbey, where a geometrical interval defined in the chevet goes on to govern the pier
locations in the easternmost straight bays. See Bork, 2013, p. 60.
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The remains of the Romanesque transept and chevet of Notre-Dame are much more fragmentary
than the nave, but enough of their 11th-century fabric survives to permit geometrical analysis of
their design. This investigation reveals that the eastern portions of the building were originally
laid out with a scheme closely related to that in the nave, and subtly dependent upon it. The
conceptual priority of the nave, as mentioned previously, does not imply that the nave had to
18
have been built first. Indeed, as discussed elsewhere in this volume , on archeological grounds
there is reason to believe that work began east of the crossing. It is appropriate, therefore, to
consider the plan of this zone before exploring the porch at the nave’s western end, which was
19
probably built somewhat later .
The main geometrical frame of the building’s eastern section is a great square measuring 22,48
m per side, whose width thus matches that of the great double-square framing the nave. As the
broad black outlines in fig. 4 indicate, however, this new square is not simply appended to the
others, forming a triple-square. Instead, it abuts the last regular bay of the nave, and, in so doing,
overlaps the double-square of the nave on the same 1,29 m-wide strip that is left over when the
nave bays are set into the double-square frame. The western edge of this new square, therefore,
is 1,29 m west of the north/south axis of origin à 0, seen in the numbers in the upper half of fig.
20
4, while the square’s eastern edge is 21,20 m to the east of this axis of origin .
See above, p. 000-000.
For the archeology, see above, p. 000-000.
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The italicized units in the lower half of the figure, meanwhile, are measured east and west from the
middle of the crossing. In general, the italicized systems of numbers in the lower half of the figures are
measured from such locally relevant points, while the non-italicized numbers in the upper half are
measured in all cases from the eastern end of the nave.
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Within this space, the designer of the plan constructed two identical smaller squares, each 11,24
m on a side and aligned with the building axis. The first of these corresponds to the crossing, the
second to the two straight bays of the choir, which in turn are framed by the crossing and the
hemicycle. The half-columns marking the division between the eastern straight bay and the
hemicycle, significantly, are centered 0,64 m west of the eastern side of the great framing square,
in the middle of a shaded strip that is the eastern pendant of the 1,29 m-wide “leftover” strip seen
on the western side of the crossing. The placement of the columns thus offers thus offers
valuable evidence for the spatial organization of the building’s whole eastern end, which was
based on the consistent use of the 1,29 m strip width established in the nave design. The two
engaged half-columns that divide the two straight bays, finally, are centered halfway between the
eastern engaged columns and the eastern margin of the crossing bay, as the solid blue diagonals
in fig. 4 indicate.
The distance from the building centerline to the outer faces of the transept arms measures 19,91
m; as the dotted blue diagonals in fig. 4 demonstrate, this is the same as the distance between the
eastern and western shaded strips just described. The north and south walls of the transept fit
within strips 1,29 m wide, whose inner faces and centerlines stand 18,62 m and 19,27 m from the
building centerline, respectively. As subsequent discussion will reveal, the 19,27 m span to the
strip centerline played a particularly important role in governing the transept elevation. This
relationship deserves note as evidence for the precision of the design, because the exact structure
of the wall varied from place to place even before the transept was transformed by the Gothic
21
rebuilding campaign . This rebuilding produced walls that frame a rectangular area twice as
large as the main body of the original transept, whose eastern faces were abutted by rounded
absidioles that are indicated by arcs in fig. 4.
The geometrical center of the hemicycle lies 0,64 m, or half of the width of the strip, to the east
of the great square framing the transept and choir. Equivalently, one may also observe that it lies
1,29 m, or a full strip width, further east than the axis of the half-columns that separate the
straight bays from the hemicycle. The diameter of the hemicycle, naturally, corresponds to the
interaxial width of the central vessel of the nave, which, we have seen, measures 11,24 m. A
semicircle twice as large defined the outer wall of the Romanesque ambulatory, whose remains
now support the lower parts of Gothic piers. The thickness of the wall appears again to have
been 1,29 m, so that the inner surface of the wall would have been 9,95 m from the hemicycle
center.
The most crucial point about the geometries of the Romanesque transept and chevet is that they
make systematic use of a strip 1,29 m wide that we have already seen in the design of the nave.
This relationship demonstrates the conceptual priority of the nave zone, but it also underscores
The Romanesque wall surfaces are set back slightly with respect to the outer boundaries of the strip, for
example, and the southern wall is built at a slight angle to the proper building axis. It is nevertheless clear
that the strip governs the logic of the wall composition. This can be seen not only in the more precisely
constructed northwest corner of the north transept, visible in plan in fig. 4, but also in the arrangement of
the transept elevation, shown in fig. 9, as discussed below.
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the geometrical unity of the whole church design, suggesting that the building was carefully
planned as a whole before work began. Further evidence for this thesis follows from
consideration of its elevation and from the plan of the porch.
The plan of the porch and the western towers (fig. 5)
Fig. 5 : Jumièges, Notre-Dame, geometrical scheme for plan of porch.

West of the nave, the two towers flank the block that houses the porch. The notional width of this
block, whose width corresponds to that of the central vessel of the nave, is thus 10,12 m, or the
distance between the axes of the, less the radius of one column on each side (11,24 m – 2 x 0,56
m = 10,12 m). The outer face of the northern wall of the block aligns well with the inner face of
the north wall of the nave, 5,06 m north of the building’s axis, but the outer face of the southern
wall was built roughly 0,14 m too far to the north, for reasons to be explored below. The width
of the front of the block therefore measures 9,98 m instead of the 10,12 m that it should
theoretically be. Further confirmation for the importance of the latter dimension comes from
consideration of the block's east-west axis. The western wall of the porch, shaded in red in fig.
5, occupies a space between 2,53 m and 3,79 m beyond the western walls of the towers, as the
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italicized numbers in the lower half of fig. 5 indicate . These dimensions are just ¼ and 3 /8 of
the “intended” width of the porch, which, as we have noted, is 10,12 m. The stairs in front of the
porch, which seem to have been rebuilt, now end approximately 5,00 m to the west of the tower
walls, and it is tempting to imagine that they were originally meant to terminate 5,06 m in front.
If this is so, then the plan of the entire block, including the stairs, the porch, its walls, and parts
of the couloirs de circulation inside the latter could have been inscribed into a square measuring
The axis of origin of the italicized numbers in fig. 5 thus aligns with the western wall of the towers,
which was already defined by the sweep of the great red circle introduced in fig. 2.
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10,12 m on each side, whose center point would align with the western face of the towers, at the
italicized point 0, and whose eastern portion would thus fit between the towers.
Further support for this hypothesis comes from the shape of the western entrance to the porch,
and from the small passages leading into the bases of the towers. The north jamb of the western
entrance lies a familiar 2,53 m north of the building’s longitudinal axis, if one omits the paired
columns flanking the entryway, and the south jamb would occupy an analogous position, were it
not for the 0,14 m displacement toward the north noted above. The entrances from the porch to
the passages, meanwhile, occupy the spaces between 1,34 m and 2,68 m east of the center of the
block. The latter dimension, of course, is exactly twice the former. It can be found by drawing a
circle concentric with the block and tangent to the exterior of the porch’s western wall; this
circle, which has a radius of 3,79 m, intersects the diagonals of the composition 2,68 m east of
the center. The circle also determines the placement of the walls between the porch and the
circulation passages, which are shaded yellow in fig. 5. The outer faces of these walls stand 3,79
m beyond the building centerline; their inner surfaces, 2,83 m from the centerline, where the
circle cuts the inner face of the western wall of the porch. An analogous circle, larger by a factor
of √2, can be found by quadrature; it has a radius of 5,36 m, so that it sweeps just outside the
block to define the salient part of the exterior of its north wall. On the south side, of course, the
masonry again has been shifted some 0,14 m relative to this ideal geometry.
The location of the window slits in the western walls of the western towers may help to explain
the slightly pinched proportions of the porch. The slit in the northern tower is centered 7,87 m
north of the centerline of the building. It thus stands halfway between the arcades and the inner
face of the north wall of the bas-côté nord, which are respectively 5,62 m and 10,12 m from the
building axis (see also fig. 3). The slit in the southern tower is centered approximately 7,55 m
south of the centerline of the building, which is halfway between the axis of the arcades and the
socles of the south wall of the south aisle, which in turn are just 9,48 m from the centerline.
These subtly contrasting relationships are indicated by the blue diagonal lines in fig. 5. Since the
southern portion of the nave appears to have been constructed more hastily than the northern
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part, as suggested elsewhere in this volume , it is tempting to imagine that the builders of the
base of the southern tower may have mistakenly used the socle rather than the wall as their
geometrical reference. Such an error could have effectively pushed the southern wall of the
porch to the north.
Errors may also have crept into the building process during the implantation of the tower bases,
which are shown in fig. 5 as broadly outlined black squares. More precisely, these squares
represent the geometrical cores of the towers, defined by their main wall surfaces at ground
level, rather than by the buttresses that flank them. These squares should theoretically measure
5,94 m on a side, since they fill the space between the western walls of the towers and the
north/south axis of the westernmost nave piers, as fig. 3 has already shown, these elements lie
49,61 m and 43,67 m west of the crossing, and 49,61 m – 43,67 m = 5,94 m. The distance
between the northernmost limit of the block of the porch and the outer wall of the northern
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See above, p. 000-000.

tower, however, should be only 11,24 m – 5,36 m = 5,88 m, rather than 5,94 m, thus introducing
24
a difference of 0,06 m, based on the geometrical model presented in the preceding paragraphs .
Today, using a computer, it is possible to explore the relationships in that model with effectively
infinite precision, but a medieval draftsman creating a small scaled drawing by hand might easily
have overlooked such subtle discrepancies. Even in the Gothic era, the geometrical knowledge
of the draftsmen and designers remained overwhelmingly practical and constructive, rather than
25
theoretical and analytical . Small geometrical inconsistencies could therefore become evident
in the building process, and the slight northward displacement of the exterior face of the southern
wall of the porch at Jumièges may have been influenced by such an event in the layout of the
bases of the towers. It is clear, nonetheless, that the towers were meant to rise from notionally
square bases, since they terminate in stories with octagonal and circular plans at the north and
south, respectively. Before exploring the upper stories of the towers, however, it makes sense to
consider the elevation of the main church vessel above which the towers rise. To set the stage
for that discussion, though, it is helpful first to examine the plans of the masonry columns and
compound piers in the nave.
Plans of the columns and compound piers of the nave (fig. 6)
Fig. 6: Jumièges, Notre-Dame, steps [étapes] in geometrical development of columns (left) and
compound piers (right) of nave, with their supports.

Such errors, which would appear equally readily on the north and south towers, are independent of the
previously described problem with the southern wall of the porch.
25
See Bork, 2011, and Lon Shelby, Late Gothic Design Techniques, Carbondale, Southern Illinois Press,
1977.
24

It is important to consider the format of the columns and compound piers for two main reasons:
first, because this analysis helps to demonstrate how design principles seen at large scale in the
building as a whole continue to function at a smaller scale in its details; and second, because the
dimensions established in the piers will influence the overall proportions of the main arcades. As
noted previously in the discussion of fig. 3, the diameter of each column is 1,124 m, or one tenth
of the width of the nave. The upper row of fig. 6, with a column at left and a compound pier at
right, now shows how this dimension also plays an important role in the design of the compound
piers. The core of a standard pier is in principle a square measuring 1,590 m on a side; this
dimension exceeds the 1,124 m diameter of the column by a factor of 1,414, or √2. In
geometrical terms, therefore, one can see the core of the pier is a square developed from the
column size by quadrature. Indeed, it is necessary only to draw a square around the circle of
diameter 1,124 m, a larger circle around the square, and a larger square, measuring 1,590 m on a
side, around the larger circle. The engaged half-columns of the pier, which are shown in yellow
in the diagram and whose centers are aligned with the centers of the faces of the pier, each have a
diameter of 0,795 m, which is smaller than 1,590 m by a factor of 2, and smaller than 1,124 m by
a factor of √2. In geometrical terms, the diameter of each half-column equals the space between
the points where the diagonal lines in the pier section cut the original circle. As a result, the total
length of a compound pier is 2,384 m, as the label at the top of the figure indicates. This is the
quantity that must be taken into consideration in the layout of the main arcades, as subsequent
discussion will demonstrate.
The second row of fig. 6 shows how further details can be added to the column and pier designs.
At left, one sees that the column sits on a square plinth measuring 1,357 m on a side. This
dimension, again, can be found by a geometrical operation related to quadrature. One simply
draws a diagonal in one quadrant of the column, and then constructs a small circle in the space
between this diagonal and the exterior face of the column. A diagonal struck through the center
of this small circle will intersect the cardinal axis of the composition at a point that becomes the
midpoint of the framing square. A similar strategy can be seen further to the right, in the
diagram showing the compound pier. Each half-column in the pier stands on a semicircular base
with a diameter of 1,028 m. To find this dimension, one constructs small circles, shown in green
in the diagram, centered on the points where the diagonals of the pier intersect the original circle
of 1,124 m diameter. The diagonals of the pier then cut the small green circles at points 1,028m
apart. The larger green circles concentric with the yellow ones describe the round bases of the
half-columns, and blue rectangles extended from the sides of the core of the pier to frame these
circles, in turn, delineate the plinths of the half-columns.
As the right diagram of the third row of fig. 6 indicates, one quadrant of the compound pier
differs from the others. More specifically, the half-column facing the central vessel of the nave,
toward the top of the diagram, stands further than the others from the geometrical center of the
composition, because it abuts a narrow dosseret, instead of emerging directly from the main
block of the pier. And, thus, as our diagram shows, whereas the dark violet circle describing the
half-column engaged to the dosseret is tangent to the large blue circle enclosing most of the pier,
on the three other sides the green circles that frame the bases of those half-columns are tangent to
the large blue circle, and the light violet circle describing the base of the half-column engaged to

the dosseret protrudes beyond the large circle. In a sense, then, if one includes the low blocks
inserted between the east and west plinths and the dosseret, in plan the core of the pier becomes a
notional rectangle, measuring 1,706 m in the north-south direction and 1,590 m in the east-west
direction.
Interestingly, some of the dimensions generated in the compound piers appear to have been used
to define the dimensions of the socles beneath the cylindrical columns. The face of these square
socles that borders the central vessel of the nave aligns with the face of the dosseret of the pier,
as the upper dotted line connecting the two diagrams in the third row of fig. 6 indicates. When
reflected symmetrically around the center of the column, the resulting square frame measures
1,822 m on each side. Within that frame, a red circle and then a green octagon can be inscribed,
according to the principle of octature illustrated in fig. 1b. The facets of the inscribed octagon,
which in this case are 1,683 m apart, align with the upper edge of the bevel that borders the socle
of the column on all sides. When all of these geometrical operations are taken into account, one
arrives as the complete format of the columns, piers, and their supports, as shown in the fourth
row of fig. 6. With these results in hand, it now becomes possible to understand the elevation of
the nave, not just in its overall outlines, but also in its details.
The elevation of the nave (figs. 7, 8, and 9)
Fig. 7 : Jumièges, Notre-Dame, first steps in geometrical generation of elevation of nave.

Fig. 8 : Jumièges, Notre-Dame, full geometrical scheme of elevation of nave.

Fig. 9 : Jumièges, Notre-Dame, geometrical scheme for upper window of nave.

The overall elevation of the central vessel of the nave of Notre-Dame develops within a double
square identical to the one that governed its plan, as a comparison of fig. 3 and 7 reveals. The
numbers along the bottom of fig. 7 match those along the top margin of fig. 3, measuring the
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distances west from the crossing . The dotted green circles and half-circles in both drawings,
27
similarly, demarcate the eight bays, each 5,30 m long, that comprise the nave . The shaded
green strips correspond to the “leftover” spaces, each 1,29 m wide, between these bays and the
double square framing the compositions, which measures 22,48 m by 44,96 m. Moving into the
vertical dimension, it is evident that the top of this double square coincides with the top edges of
the blocks flanking the arches of the upper windows.
Most of the main levels of the elevation can be found by constructing sloping lines and unfolding
arcs within the bay divisions. So, for example, the height to the abaci above the capitals of the
arcades, 6,58 m, can be found by striking a diagonal from the lower right corner of the double
square until it intersects the vertical separating the two eastern bays of the nave. The height of
28
the arcade zone to its upper cornice, as perceived in elevation , is 10,60 m, or two bay lengths,
and the wall section thus created is a square. The tribune level, as seen from the nave, occupies
the space between the latter level and height 14,99 m, which is greater than 10,60 m by a factor
of 1,414, or √2. In geometrical terms, therefore, the top of the tribune can be found by striking a
red diagonal from the bottom of the central pier of the nave until it reaches the corniche
supérieure des grandes arcades, and then using that diagonal as the radius of a yellow arc that
swings upwards, until it reaches the vertical axis of the central pier. The next important level in
the elevation occurs at height 17,18 m, one bay length (5,30 m) below the top of the double
square. This level, which is indicated by the intersection of the diagonal that rises from the
lower right corner of the double square and the vertical dividing bays 5 and 6, marks the bottom
29
of the upper capitals of the crossing . A yellow ray drawn from the bottom of the vertical axis of
the central pier to the point of intersection at height 17,18 m, when swung upward until it
intersects the vertical axis of the central pier at height 17,98 m. This level establishes the
baseline of the glacis of the upper windows in the eastern bays of the nave. Although some
slight adjustments to the window design appear to have been introduced in the western bays, as
subsequent discussion will reveal, the present analysis already suffices to show that a very
simple system of sloping lines and unfolding arcs, can locate the main levels of the nave
elevation within the armature of this double square.
Fig. 8 adds nuance to this picture, allowing the design of the successive stories to be understood
in detail. At the base of this image, one sees the plans of the column and pier already seen in fig.
6. As that illustration has shown, the width of the columns and piers of the arcades measure
1,124 m and 2,384 m respectively. Since a nave bay is 5,30 m long, the free span between a
column and the adjacent pier is 5,30 m – (1,124 m + 2,384 m)/2 = 3,546 m. This span is the
As the upper right corner of fig. 7 makes clear, the eastern end of the double square coincides with the
eastern face of the crossing tower’s surviving western wall.
27
In practice, the bay lengths in the arcades are not completely regular. This is particularly evident in the
double bay adjacent to the crossing, visible at right in fig. 7. As fig. 2 shows, though, the alignments are
much more precise on the south, and in the western half of the nave. It seems clear, therefore, that regular
bay divisions were intended.
28
The floor of the tribune, in fact, is located directly above the arches of the arcades, but this is not
apparent from the floor of the central vessel.
29
In the 17th century, the Maurists chose the same level for the capitals that supported the false vaults with
which they covered the nave.
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diameter of the intrados of the lower arc of the arches of the arcades, which thus has a radius of
3,546/2 m = 1,773 m. Using the previously defined height to the capitals, 6,58 m, one thus finds
that the total height of the openings of the arcades measures 6,58 m + 1,773 m = 8,36 m,
accounting for rounding. The radius to the extrados of the upper arcs of the arcades can also be
found, as the blue diagonals in bays 2 and 3 of fig. 8 show, by constructing a 45-45-90 right
triangle whose hypotenuse extends horizontally from the center of the arch to the far side of the
adjacent pier’s rectangular core. The tops of these arcs thus reach a height of 9,25 m, except in
the bay adjacent to the crossing, which differs from the others in having a single arch, instead of
30
two . In general, the construction of the nave becomes more regular and more precise further to
the west.
The rhythm of the wall articulation changes subtly as one moves from the arcades into the
tribune and the level of upper windows. In the arcades, in each double bay, the individual
arcades are grouped into pairs by the alternation of the piers and columns and shunted toward the
columns. The centers of the arches in bay one and bay two, therefore, are closer together than
the centers of bay two and bay three, and so on. In the tribune and in the level of the upper
windows, however, where there is no such alternation, each window is centered in one of the
regular bays, each of which again measures 5,30 m. In the tribune level, the geometry is very
simple. As previously indicated, the tribune, as perceived from the central vessel, extends from
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height 10,60 m to 14,99 m and thus would appear to be 4,39 m tall. The arches of the arcatures
spring halfway between these levels, at height 12,79 m, as the dotted green diagonals in bay 3
32
demonstrate, and the width of the arcature measures 3,48 m . Another green dotted diagonal in
bay 4 rises from height 14,99 m to height 19,37 m, thereby establishing the top of the glacis of
the upper windows. The distance from the top of the tribune to the tops of the glacis is thus
33
equal to the apparent height of the tribune, as perceived in elevation . On the exterior of the
building, this same 19,37 m level corresponds to an important set-back in the upper wall, where
the roof above the north tribune was seated. The top of the wall falls at a height of 23,76 m,
which is 1,29 m above the top of the great double square. The designer of the elevation, in other
words, added a strip on top of the double square equal in width to the “leftover” strips between
the regular bay divisions and the margins of the double-square, as already described in our
34
analysis of the nave plan . This relationship can be seen most clearly in the western bays of the
nave, which appear to have been constructed more precisely than those to the east.
Fig. 9 shows the geometry of the upper window in the second bay of the nave. A red square 5,30
m per side fills the space between height 17,18 m and the top of the great double square at height
On the arch of the bay adjacent to the crossing, see above, p. 000.
In short, 14,99 m – 10,60 m = 4,39 m. See also, however, note 27 above.
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Thus, the width of the bay, less two times the difference between the width of the bay and the apparent
height of the tribune, or 5,30 m – 2 x (5,30 m – 4,39 m) = 5,30 m – 2 x (0,91 m) = 5,30 m – 1,82 m = 3,48
m.
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That is 14,99 m + 4,39 m = 19,38 m, or 19,37 m, accounting for rounding.
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It is interesting, in this connection, that a line at height 1,29 m coincides with the top of
the present socles, which date from the 17th century. Since this dimension matches the width of the strip
seen in so many components of the 11th-century design, it is tempting to imagine that this alignment
reflects something of the medieval design.
30
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22,48 m. Within that square, an orange octagon and a circle both centered at height 19,83 m can
be inscribed. The circle cuts the orange rays to the corners of the octagon at points 2,03 m apart.
Yellow verticals through these intersection points neatly frame the edges of the windows. The
upper intersection points fall at height 22,28 m, the level that serves as the center for all of the
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arches over the window. The boundary between the inner and outer moldings, for example, is
defined by a green arc with diameter 2,03 m that rises to height 23,29 m. The width of the
window opening proper was evidently meant to be 1,33 m, which is smaller than 2,03 m by
factors of quadrature and octature; 1,33 = 2,03 x 0,707 x 0,924 = 2,03 x cos (45°) x cos (22,5°).
The extrados of the outer molding has a diameter of 2,73 m, which is larger than 2,03 m by the
same dimension: 2,73 – 2,03 = 2,03 – 1,33 = 0,70. The top of the molding thus rises to a height
of 23,64 m, just below the top of the wall, at height 23,76 m. At the base of the window, the top
of the glacis falls at height 19,37 m, as previously noted. The baseline of the glacis here falls at
height 17,83 m, rather than at the 17,98 m level seen in the eastern bays. This new level can be
found by striking a green arc downward from height 17,98, within the wedge defined by the rays
of the octagon. Despite such small variations between bays, the overall geometry of the window
remains gratifyingly clear, both intrinsically and in relation to the larger framework defined by
the elevation of the nave.
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As many scholars have noted , the sequence of stories above the western porch, shown on the
left side of fig. 8, aligns only partially with the articulation of the nave walls. The interior space
of the porch rises to 6,58 m at the vault center, a level that corresponds with the abaci of the nave
capitals. In the next story, two wall arches rise to height 13,32 m, where the abaci beneath the
large arch separating the nave from the western block are located. This height of 13,32 m can be
found by bouncing diagonals below within the box defined by the front and rear wall planes of
37
the porch . As these diagonals continue upward, their intersections with the wall planes define
heights 16,94 m, 17,57 m, and 18,20 m, coinciding respectively with the intrados of the vault
above the western tribune, the extrados of the same vault, and the supports of the windows in the
western wall of the upper level. Because this zone of the building is rather plain, there are few
systematic alignments to cross-check, which makes it difficult to determine whether these were
the exact alignments intended by the designer. It is possible to speak with much greater precision
about the more richly articulated transept elevation, however, and about the upper levels of the
three towers.
The elevation of the transept (fig. 10)
Fig. 10: Jumièges, Notre-Dame, geometrical scheme for elevation of west wall of transept.
The arches spring, in other words, from this height 22,28 m, rather than from the height 22,48 m that
marks the top of the great double square. As noted previously, though, height 22,48 does mark the top
edge of large blocks flanking the window openings in many of the bays.
36
See above, p. 000-000.
37
It is appropriate to use the term “wall planes” here because fig. 8 involves vertical lines extruded
upwards from the wall locations defined at ground level in fig. 5, rather than the physical surfaces of the
walls themselves, which are somewhat thinner than the red and green shaded boxes defined by the wall
planes in the model.
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The western wall of the transept at Notre-Dame, most of which still stands, appears at first
glance to be formally and geometrically distinct from the walls of the nave. The walls of the
nave appear to soar upwards, thanks to the long vertical lines of the half-columns that now define
38
the double bay system . In the transept walls, by contrast, horizontals predominate, and the
overall character of the structure appears to be more muscular. Different levels are articulated in
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the transept than in the nave as well, giving the compositions very different proportions . In
addition, the proportions of the north arm of the transept do not match those of the south arm,
where the upper arcade begins at a lower level than that of the north arm.
Despite these apparent disjunctions, however, there is compelling evidence that the west walls of
the transept share an underlying geometrical structure not only with each other, but also with the
nave walls. In a certain sense, this is not surprising, because elements such as the aisles and
tribunes had to connect to both sets of walls, thereby binding them together. Yet, geometrical
analysis shows that the connections between these components are deeper and more precise than
simple constructional necessity would require. Even the asymmetry between the walls of the
two arms can be understood as deliberate variations on a theme, with both variations embodying
the same design principles.
Contributing to the differences between the walls of the two arms of the transept is the
incorporation of a stair turret at the north corner of the crossing tower. Its inclusion effectively
compresses the rest of the composition, which therefore can be broader to the south. Fig. 10
The half-columns flanked by shafts date from the 17th century, but they replace half-columns flanked by
dosserets dating to the 11th century, so that the visual effect would have been similar.
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Again, this is because, in the transept, one sees the “real” height of the tribune, which is not expressed
in the nave.
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shows these relationships more precisely. Critical geometrical givens in the transept wall design
include the location of the axes of the arcades 5,62 m from the longitudinal axis of the building,
of the piers of the outer walls of the aisles, which occupy the spaces between 9,95 m and 11,24 m
from this axis, and of the centerlines of the outer walls of the transept, 19,27 m from the axis of
the building. All of these dimensions, which were described in the discussion of the transept
plan, occur in both the north and south arms. And, in both arms the articulation of the lower wall
appears to have been governed by the subdivision into fourths of the interval between 11,24 m
and 19,27 m. This subdivision is particularly obvious on the north, where the large Romanesque
arch that frames the Gothic window occupies the middle two of these four slices, but the window
placement to the south shows a similar logic. In both arms, in any case, the outer frame of the
wall composition falls three quarters of the way across this interval in question, that is 17,27 m
from the longitudinal axis of the building.
To the north, though, there is another crucial dimension, 7,95 m, which is the distance from this
central axis to the north edge of the turret. As the arc swung from the bottom center of the nave
in fig. 7 shows, this distance is √2 greater than the 5,62 m distance to the axis of the arcades,
indicating the use of simple quadrature. The dimension 7,95 m is important also because it was
used in the north arm as the inner boundary of the composition of the upper wall, instead of the
5,62 m arcade axis used in the south arm. In the north arm, therefore, the upper wall
composition is narrower than on the south, with its center at 12,61 m instead of 11,45 m from the
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building centerline, as the numbers across the top of fig. 10 indicate .
In the vertical dimension, the proportions of the wall of the north arm of the transept are
established by a simple octature construction, analogous to the one introduced in fig. 1b. The
baseline for the composition of the upper wall occurs at height 12,79 m, which marks the middle
of the elevation of the tribune established previously in our discussion of the elevation of the
nave. A green diagonal launched from the axis of the crossing pier at this level intersects the
yellow vertical centerline of the upper wall at a height of 19,78 m, establishing the level from
which the four arches in the arcades of the upper gallery of this arm spring. A circle centered at
this level and framed by the verticals located 7,95 m and 17,27 m from the building centerline
intersects the green diagonal at height 16,49 m, the baseline of the arcades. The upper lateral
corners of the octagon inscribed within the circle, in turn, establish the level where the wall steps
back above the arcades of the gallery, at height 21,56 m, and the top facet of the octagon, at
height 24,08 m, locates the level where the wall ends.
The wall of the south arm reveals an analogous geometry, but its details are slightly different,
since the composition also involves quadrature more than octature. In this case, the center of the
figure falls at height 18,61 m, where the yellow diagonals launched from the crossing pier axis
and the frame of the outer wall converge. This becomes the level from which the arches in the
arcades of the upper gallery spring. The northern margin of the arcades is defined by the side of
a green square inscribed by quadrature within a large circle centered at this level. The bottom of
the arcades, at height 15,70 m, coincides with the bottom side of the next smaller square
The overall width of the upper wall compositions in the two transept arms are indicated with the broad
orange lines at the bottom of fig. 10, which are repeated at height 12,79 m.
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inscribed in the quadrature sequence. The top of the wall above the arcades, at height 20,67 m,
coincides with the top of a square that is yet one step smaller. And, if one draws an octagon
(indicated in blue in fig. 10) concentric with the squares, whose upper right lateral corner is
located at this level, one finds that its right facet marks the junction of the transept wall and that
41
of the crossing tower .
The elevation of the crossing tower (fig. 11)
Fig. 11 : Jumièges, Notre-Dame, geometrical scheme for elevation of crossing tower.

The crossing tower at Jumièges, like the transept, displays a geometrical structure based on the
relationship between squares, circles, and octagons. Because of the intimate relationship
Two other octagon-based relationships in the south transept arm also deserve note, although they
involve a high degree of conjecture. First, one can observe that the lower right corner of the smaller blue
octagon in fig. 10 coincides relatively closely with the location of a putlog hole. This raises the intriguing
possibility that the scaffoldings used in construction may have followed, at least to some degree, the
geometrical armature described here. Further evidence for this hypothesis comes from the north arm of
the transept, where a series of putlog holes falls at a level coinciding with the bottom of the green framing
circle. A second relationship involves the top edge of the wall in the south transept. This wall now
terminates at a height of 23,20 m, coincident with the top facet of the smaller blue octagon shown in fig.
10. The wall, now robbed, formerly rose three courses higher, as one can see near the crossing tower, and
its original height seems to have corresponded closely to the 24,08 m seen at the top of the north arm.
The fact that the wall broke down to a level aligned with the octagon in the figure may well be pure
coincidence. In light of the strong evidence for the use of octagon-based geometries at Jumièges, though,
it is at least conceivable that this breakage pattern may reflect some particularity of the way that the wall
was constructed above the geometrically-determined height of 23,20 m.
41

between the tower and the crossing, it makes sense to begin analysis of the composition at the
baseline defined by the tops of the abaci above the capitals of the crossing, at height 17,98 m.
Because the distance between the axes of the piers is 11,24 m, as noted already in fig. 2,
diagonals struck upward from these abaci will converge 5,62 m higher, at height 23,60 m. This
level serves as the baseline for a great red square, 11,24 m on a side, that rises to height 34,84 m,
where the three double bays in the upper story of the tower begin. Within this square, an orange
octagon can be inscribed. The lower corners of the octagon’s lateral facets, at height 26,89 m,
align with the baselines of the glacis of the windows in the lower story of the tower, while the
upper corners of these facets, at height 31,54 m, align with the tops of the capitals flanking the
windows. Verticals framing the windows, meanwhile, rise to meet the points where the upper
diagonal facets of the octagon intersect the diagonals of the square. These alignments
demonstrate clearly that octagonal geometries helped to govern the elevation of the crossing
tower, even though the octagon is not expressed explicitly.
Further evidence for the importance of the octagonal geometry comes from consideration of the
wall thickness and total height of the crossing tower. The outer surfaces of the tower walls frame
an orange circle circumscribed around the octagon, following again the principle of octature
introduced in fig. 1b. These surfaces therefore extend slightly beyond the pier axes. The interior
surfaces in the upper story of the tower are moved inward to the same degree, as the two small
blue circles at height 34,84 m indicate. Blue diagonals framed by the inner edges of these circles
converge at height 39,99 m, coincident with the top edge of the tower. Meanwhile, the upper
diagonal facets of the orange octagon can be extended, as green lines, to converge at height
37,17 m, a level aligned with the astragales of the capitals in the upper story; a second pair of
diagonals tangent to the orange framing circle converge at height 37,82 m, at the level of the tops
of the abaci above the same capitals.
The geometry of the turret flanking the tower involves the principle of quadrature, as noted in
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our discussion of the transept wall . The outer edge of the turret, therefore, can be found by
constructing the arc of a circle concentric with the orange octagon and struck through the corners
of the square that frames it, at heights 23,60 m and 34,84 m. The central axis of the turret stands
halfway between its outer edge and the side of the octagon, as the small circle at level 29,22 m
indicates. The shaft of the tourelle terminates at height 41,59 m, where this vertical axis
intersects a diagonal rising from the center of the baseline of the upper double bays. As the
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following paragraphs will demonstrate, this height closely matches that of the western towers .
This alignment clearly shows that the designers of the abbey church were thinking of the towers
as parts of an aesthetically coordinated ensemble.
The elevation of the northwestern tower (fig. 12)
Fig. 12 : Jumièges, Notre-Dame, geometrical scheme for elevation of northwest tower.

As previously observed, it was quadrature that generated the outer edge of the turrett, 7.95m from the
building centerline (fig. 10).
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Indeed, the alignment is quite precise, if one measures to the base of their cornices, as described below.
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The western towers of Notre-Dame are among the most visually dynamic 11th-century ancestors
of the great Gothic towers that would dominate the skylines of late medieval Europe. As
previously noted, the towers at Jumièges rise from square bases, with the north tower ending in
octagonal and the southern one in octagonal and circular stories. In these towers, as in many
spired towers of the Gothic era, the interplay between square, octagonal, and circular geometries
was fundamental to the formal logic of the whole composition. As fig. 5 showed, the square at
the base of each tower measures 5,94 m on a side, so that the core of each tower fills the space
west of each aisle. In elevation, it makes sense to treat the top of the nave wall, at height 23,76
m, as the geometrical baseline of the tower composition. This idea has appeal in the abstract,
because each tower takes on an independent existence when it rises above the body of the
church. More importantly, though, the articulation of the towers shows that their designer really
did consider this level as their baseline.
The upper part of the northwestern tower is composed of four stories. As fig. 12 shows, however,
the elevation of this part of the tower can be understood within a stack of three squares, each
5,94 m on a side, so that each replicates the footprint of the tower as seen in the plan ground
story. As in the design [conception] of the church as a whole, the establishment of the plan
clearly had conceptual priority over the creation of the elevation. The projection of the plan into
the third dimension through the stacking of squares, moreover, clearly marks this tower as a
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distant ancestor of the pinnacles described in design booklets of the 15th century . At
Notre-Dame, the alignment between the story divisions and the square modules is subtle,
because the designer established four stories of diminishing height within the framework of three
equally-sized squares. The design thus becomes more intricate as it rises.
44

See Shelby, op. cit., note 25.

The relationship between the first story and the first square is very straightforward. The lower
half of the first square, between heights 23,76 m and 26,73 m, was partially masked by the roof
of the nave, and the upper half of this square, which constitutes the first story of the tower,
between heights 26,73 m and 29,70 m, is decorated with three blind niches. The bottom half of
the second square, between heights 29,70 m and 32,68 m, contains all but the arches of the
double bays and the blind niches that ornament the next story. Above that level, the plan of the
tower changes from square to octagonal, and its elevation, composed of alternating double bays
and blind niches, becomes more complicated. Before going on to consider these details, it is
worth noting that the smooth section of the tower ends at height 41,59 m, which is the top of the
third square; this height matches precisely that of the turret of the crossing tower. Above this
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level, a projecting cornice caps the body of the tower. As noted elsewhere in this volume , each
tower once carried a pointed wooden roof. The destruction of these roofs makes it impossible to
evaluate their geometrical structure, but the surviving masonry can be analyzed with great
precision.
The crucial geometrical ingredient in the design of the upper stories of the northern tower is the
interplay between octagons and their circumscribing circles. The plan of those stories can be
found by constructing a series of nested circles and octagons within the overall framework of the
stacked squares. As shown in fig. 12, this composition is shown centered at height 32,68 m,
coincident with the center of the second square. First, an orange octagon can be inscribed in that
square. Next, a yellow circle can be circumscribed around that octagon. Yellow verticals
framing this circle align with the eastern and western facets in the two upper storiesof the tower.
An yellow octagon can also be framed by those verticals, and a green circle can then be
circumscribed around that octagon. Green verticals framing that circle align with the faces of the
tower at and below height 33,70 m. In fact, this green outer framework sets the full width of the
tower both at ground level, and at its upper termination, as defined by the cornice. The top edge
of the cornice falls at height 42,10 m, where the diagonals of the third square intersect the green
framing verticals. The bottom edge of the cornice, similarly, is located at the level just below,
where these diagonals intersect the yellow verticals describing the tower faces.
The remaining heights in the tower can be found through simple permutations of this
octagon-based geometry. So, for example, the prominent story division at height 35,14 m marks
the level where the diagonals of the second square intersect the upper diagonal facets of the
green octagon concentric with that square. The division at height 33,70 m, similarly, marks the
level where the rays struck from the center of the green octagon to the upper corners of its lateral
facets cut verticals descending from the intersections at height 35,14 m. The width of the green
octagon’s facets, in turn, determines the width of the central facets of the two upper stories of the
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tower, as the inner set of green verticals indicates. And, if a small blue octagon is constructed
See above, p. 000.
Careful readers will note that this definition of facet width introduces a subtle inconsistency: if the
central facets of the two upper étages of the tower are framed by the central facet of the green octagon, as
proposed here, then one would expect that the total width of the tower at these two levels would be set by
the total width of the green octagon, rather than by the width of the orange one inscribed within it, which
is only 0,924 as great, as the construction in fig. 1b shows. As this inconsistency reveals, the upper
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between the latter verticals and centered at level 38,62 m, in the middle of the third square, then
its lower diagonal facets will cross the diagonals of the square at height 37,60 m, which is
marked by the cornice and abaci that support the arches of the third story. The lateral facets of
the blue octagon terminate at height 39,13 m, where another cornice marks the base of the final
story of the tower. Diagonals that extend the upper diagonal facets of the octagon converge at
height 40,66 m, where abaci and cornices seat a final set of arches. In the final analysis, then, the
precision of the relationships that we have discussed demonstrates very clearly that the designers
of the Jumièges towers were already using the systems of square and octagon rotation that their
Gothic successors would employ.
The plan of the Gothic chevet (fig. 4 and 13 [for some reason the French use the singular “fig.”
even when there is more than one fig.)
At Jumièges, the strong continuity between Romanesque and Gothic planning traditions can also
be seen in the remains of the heavily rebuilt eastern end of Notre-Dame, despite its poor state of
preservation. The 13th-century builders replaced the absidioles on the east face of the transept
with large rectangular extensions, and they wrapped a corona of radiating chapels around the old
ambulatory, paying careful attention to the geometrical structure of the Romanesque fabric as
they did so. In the transept extensions, for example, the inner faces of the eastern walls align
precisely with the centerlines of the Romanesque half-columns that separate the straight bays of
the choir from the hemicycle; these faces, in other words, stand 16,21 m east of the center of the
crossing, as the italicized numbers in fig. 4 and 13 indicate. The inner faces of the Gothic
transept extensions stand 18,62 m from the building centerline, aligned with the interior of the
strip framing the northern and southern walls of the Romanesque transept, and the outer faces of
the wall stand 19,27 m from the building’s centerline, aligned with the central axes of the north
and south walls of the Romanesque transept.
The southern portions of the chevet are far better preserved than those to the north. On the south
side, bundled piers still rise to frame the entrances to radiating chapels. These piers appear to
stand on the remains of the original Romanesque ambulatory wall, so that their inner faces,
centers, and outer faces stand 9,95 m, 10,60 m, and 11,24 m respectively from the hemicycle
center. The depth of these piers in other words, is the familiar 1,29 m (11,24 m - 9,95 m)
inherited from the Romanesque nave design, and the location of the outer faces, at 11,24 m from
the longitudinal axis of the nave, continues that of the outer faces of the aisles. The outer walls
of the chevet, similarly, fit into the strip whose inner margin, center, and outer margin lie 14,93
stories of the north tower are not regular octagons in plan, even leaving aside the existence of the stair
turret in its northwest corner. Instead, their cardinal facets are longer than their diagonally-oriented
facets. Their articulation reveals that this was a deliberate decision on the part of the designer, rather than
a mistake. Likewise, in the third étage of the tower, the cardinal faces present double bays, while the
diagonal faces have simple blind niches. In the upper story, by contrast, it is the cardinal faces that have
blind niches framed by wide wall strips, while the diagonal faces have double bays flanked by narrower
wall strips. This deliberate play between the types of faces, like the difference between the octagonal top
of the north tower and the cylindrical top of the south one, suggests that the designer of the towers was
engaging in self-conscious play with the idea of nested octagons and circles.

m, 15,56 m, and 16,22 m from the hemicycle center. The latter dimension is precisely 1,5 times
the 11,24 m width of the main vessel, and 15,56 m is halfway between 11,24 m and the 19,91 m
salience of the transept, as the triangular construction in the upper right of fig. 13 indicates.
Fig. 13 : Jumièges, Notre-Dame, geometrical scheme for plan of Gothic chevet.

The geometry of the Gothic chevet is based on the subdivision of the composition into seven
equal wedges, each of which corresponds to a single radiating chapel. Since the geometrical
center of the hemicycle is slightly east of the transept extensions, the ambulatory as a whole
subtends more than 180°. In fact, it subtends 191,4° in total, or 95,7° to each side of the building
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centerline, so that each chapel wedge measures 27,2° . This means that the centers of the piers,
which fall on the circle of radius 10,60 m, are 4,98 m apart. The centers of these piliers can be
taken as the endpoints for semicircular arcs extending into the radiating chapels. The midpoints
of these arcs serve as the geometrical centers of the chapels. Around these midpoints can be
constructed green squares, whose inner faces are tangent to the large arc of radius 10,60 m that
passes through the centers of the piers. These squares are 4,38 m on a side, generally fit well

This subdivision could have been determined empirically, but it is tempting to imagine instead that the
designer intended each wedge to be exactly 27°, a number that arises naturally from the combination of
square and pentagonal geometries. Since squares have 90° angles, and pentagons 72° angles, the
“leftovers” are 18°, which is exactly 2 /3 of 27°. This may appear overly complicated, but Richard Nash
Gould has conclusively demonstrated that just such a geometry governed the layout of Suger’s
twelfth-century chevet at Saint-Denis, so its use at Jumièges over a century earlier would be quite
feasible. For a description of Gould’s still unpublished work, see Bork, 2013, p. 55-68 .
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into the chapels, and define the outlines of the wedge-shaped buttress masses that separate them
. The two western chapels present slightly distorted geometries because of the way that the
chevet intersects with the eastern extensions of the transept, but their overall layout still follows
the model that we have proposed. The axial chapel was extended eastward in a separate
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campaign, introducing new geometries more intricate than those of the other chapels .

The location of the surviving pier base on the southeastern part of the hemicycle, which probably
occupies its original place, attests to an interesting subtlety in the overall planning of the chevet.
Its center appears to have been found by striking a ray inward from the corresponding engaged
pier between the southwestern axial chapel and its neighbor, towards a point slightly west of the
hemicycle’s geometrical center. More specifically, the ray seems to have been drawn to a point
where the building axis intersects the eastern face of the great square, outlined in black in fig. 13,
that governs the original layout of the transept and choir. This point lies 16,86 m east of the
center of the crossing tower, as the italicized numbers in fig. 13 indicate. It is thus halfway
between the geometrical center of the hemicycle, which is 17,50 m east of the tower center, and
the central axis of the engaged half-columns separating the choir from the hemicycle, which are
16,21 m east of the tower center. Dual centers can be seen at other Gothic chevet designs,
including that of abbot Suger’s St-Denis, but the particular way the system was applied at
Jumièges shows that the 13th-century builders in this case were paying close attention to the
geometrical logic of their 11th-century predecessors.
Conclusion
In sum, therefore, the abbey church Notre-Dame at Jumièges presents a fabric of striking
geometrical unity, despite its fragmentary condition, its obvious inbuilt asymmetries, and its
This construction works almost perfectly in the second chapel from the south. Its neighbor to the
northeast is slightly different, because the wedge between the two chapels has been reduced on its
northeastern face.
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The composition of the axial chapel evidently began with the construction of a double square, aligned
along the main axis of the building, each square of which measures 4,98 m on a side, thus coinciding with
the chord of the same length between the centers of the two eastern piers. Within the eastern square of the
axial chapel, an octagon rendered in green can be constructed, followed by two circles, a blue one
circumscribed around the octagon, and a green one inscribed within it. The western margin of the smaller
green circle is tangent to the division between the two straight bays of the chapel. The rays connecting
the corners of the octagon intersect the smaller circle 2,30 m from the building centerline; the dotted
green lines extended west from these intersection points locate the inner walls of the chapel. The distance
from the chapel center to its outer walls 3,25m, which is greater than 2,30m by a factor of √2; these walls
surfaces are indicated by the blue octagon in the fig.13. Violet lines struck between the corners of the
eastern bay of the chapel locate its geometrical center. Since this point lies west of the octagon’s
geometrical center, the lines from the center of the bay through the octagon’s corners do not correspond to
the radii of the octagon; instead, they lie at angles of 53,2°, as the label in fig. 13 indicates. The buttresses
extrapolated along these lines, therefore, are not symmetrically disposed with respect to the wall facets
that they intersect. Each buttress is a double square, whose basic dimension is given by the previously
established wall thickness, as the violet arcs within the buttresses indicate.
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incorporation of both Romanesque and Gothic masonry.
The entire 11th-century church appears to have been planned carefully in advance, probably using
drawings. The proportions of the surviving Romanesque fabric reflect the use of dynamic
geometrical design strategies, such as quadrature and octature, that would have occurred
naturally to a draftsman armed with a compass. The plan of the nave, for example, is ordered by
two large squares, and the length of most of the western part of the building seems to have been
determined by drawing a circle around the western square of the nave. A third large square
anchors much of the transept and chevet, and two similar large squares envelop most of the
nave’s elevation. This geometrical approach to the design of the nave also produced a strip 1,29
m wide that would play an important role in the planning of the Romanesque transept and
chevet, as well as the elevation of the nave itself. The design of specific components of the plan
and elevation appears to be somewhat more complex, and quadrature and octature were used
extensively, as one sees in the layout of the upper windows, for example.
Modular as well as geometrical design strategies were evidently also used in 11th-century
Jumièges. The double square of the nave, for example, measures 22,48 m by 44,96 m, which, if
a basic foot of 28,1 cm were used, would suggest a nave of 80 feet by 160 feet. And, on a
smaller scale, since the columns of the arcades, which measure 1,124 m in diameter, are
one-tenth as wide as the distance between the axes of those arcades, which equals 11,24 m, it is
tempting to read those dimensions as 4 and 40 feet respectively.
The most striking and surprising aspect of the Jumièges design, though, is surely its geometrical
sophistication. Evidence from the abbey church clearly demonstrates that many of the design
principles typically associated with the Gothic era were already being used with great assurance
in the mid-11th century. The 13th-century builders at Jumièges, conversely, clearly understood
and appreciated the work of their Romanesque predecessors. Analysis of Notre-Dame at
Jumièges thus provides valuable new evidence for the continuity of geometrical design traditions
in the later Middle Ages.

