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BETWEEN DESIGN AND CONSTRUCTION:
WREN’S USE OF FULL-SCALE ARCHITECTURAL MODELS
AT ST PAULS CATHEDRAL

Gordon Higgott

Perhaps no great building in early modern Europe is as fully documented as
St Paul’s Cathedral in London, and few can have so much primary material
available in published form.* About 28 5 drawings have come down to us from
Sir Christopher Wren’s office for the design and construction of the cathedral
from 1675 to 1710.2 This corpus is only a small fraction of what must have
existed, for it includes very few large-scale working drawings and just one
full-sized template (St Paul’s Collection, WRE/4/2/8). Amongst the working
drawings is a study of c.1692 for the attic of the apse which differs from the
completed work in many respects (figs 1 and 2). Drawings like this point to a
final stage in the design process which can be reconstructed from payments in
the building accounts for small-scale, and occasionally full-scale models, made
in wood, plaster and stone. All these ‘working models’ have disappeared, but
we know from descriptions in the building accounts that they were made by
carpenters, joiners, plasterers and masons to test out structural and decorative

1 The buildings accounts from 1633-41and 1663-1725 are in the London Metropolitan Archives
(LMA): MS, WA 25,471/1-15 and 16-44. Those from 1668-1725 were published in The Wren
Society (20 vols, Oxford, 1924-42), vols 13-16 (1936-39) (henceforth WS). The Contract Book
(1675-1709) and the Minute Book of successive building committees are in WS 16, pp. 3-137.
For Jones’s restoration work, see G. Higgott, ‘The Fabric to 1670’, in Derek Keene, Arthur Burns
and Andrew Saint, St Paul’s, The Cathedral Church of London 604-2004, New Haven/London,
Yale University Press, 2004, pp.171-90; and Vaughan Hart, Inigo Jones: the Architect of Kings,
New Haven/London, Yale University Press, 2011, pp. 241-252.

2 217 sheets are in the St Paul’s Cathedral Collection at London Metropolitan Archives (St
Paul’s Collection, WRE); see G. Higgott, Wren Office Drawings, online catalogue (March 2013):
http://tinyurl.com/Wren-Office-Drawings. 67 drawings are at All Souls College, Oxford; see
Anthony Geraghty, The Architectural Drawings of Sir Christopher Wren at All Souls College,
Oxford: A Complete Catalogue, Aldershot/Burlington, Lund Humphries, 2007. One drawing
for St Paul’s is at Sir John Soane’s Museum, London (SM vol. 111/71). Another is in a private
collection; see G. Higgott, ‘The Revised Design for St Paul’s Cathedral, 1685-90: Wren,
Hawksmoor and Les Invalides’, The Burlington Magazine, 146, August 2004, fig. 49.
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http://tinyurl.com/Wren-Office-Drawings

1. The attic above the apse at St Paul’s Cathedral, built 1693-94

2. Nicholas Hawksmoor, Study for the attic of the apse, ca 1692,
London, St Paul’s Collection, WRE/3/1/7



elements of the building and provide templates for the finished work.3 This
paper will look at a few well-documented examples of Wren’s use of full-scale
models at St Paul’s and consider what they reveal of his design methods during
the construction of the cathedral.

Research on Wren’s office over the past decade has established dates or date-
ranges for almost every drawing.* It is now known that Wren made several
major revisions to the design as construction moved upwards and westwards,
the most significant being the addition in 168587 of a two-storey western
body and the raising of ‘screen walls” above the outer walls of the aisles to
create an all-round two storey church body. These revisions were facilitated by
along-established contractual system of paying for masonry ‘by measure’, level
by level, as work progressed, rather than ‘by great’ (the contracting of a large
part of a building in advance).5 Masonry was measured and priced after agreed
heights had been built, typically 10 to 15 ft high (3—4.5 metres). In the first
decade of construction twenty-six masonry contracts for a series of levels and
areas were agreed in advance with up to five master-masons working in separate
quarters of the plan.® After 1685 Wren stopped using formal masonry contracts.
His enlargement of the design westwards and upwards in 1685—87 led to a
great expansion of masonry work. Henceforth the master-masons agreed by
‘memorandum’ rather than by contract to prices for masonry, based on those
in the earlier contracts.” This more flexible system of paying for masonry led to
closer collaboration between Wren and his master-masons on revisions to the
design when each level was being built.

Drawings from the first decade of construction include a group of designs
for the transept end-walls and door cases that were produced by a new master-
mason, Edward Pearce junior (c.1635-95), soon after he joined the workshop

3 About 8o such models are recorded in the building accounts; see ). W. P. Campbell, ‘The First
Complete List of All the Models Made for the Construction of St. Paul’s Cathedral, London,
1675-1720’, in Robert Carvais, André Guillerme, Valérie Négre and Joél Sakarovitch, Nuts
& Bolts of Construction History: Culture, Technology and Society, Paris, Picard, 2012, |,
Construction history. Knowledge and theorization, pp.173-83.

4 See G. Higgott, Wren Office Drawings, passim; A. Geraghty, Architectural Drawings, op. cit.
(note 2), pp. 10-3, 65-69; and G. Higgott, ‘The Revised Design’, op. cit. (note 2), pp. 534-47.

5 Wrendescribed three methods of contracting masonry (the third is ‘by day’) in a letter to the
Bishop of Oxford in 1681; see WS 5, pp.19-20.

6 WS 16, pp. 7-21. For the role of masons at St Paul’s, see James W.P. Campbell, Building St
Paul’s, London, Thames & Hudson, 2007, pp. 70-96.

7 For example, an undated memorandum of c.1686 to master-masons John Tompson and
Samuel Fulkes which describes their agreed areas of work at the west end; WS 16, p. 22.
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in September 16788. A fluent draughtsman and a virtuoso sculptor and carver,
who had long collaborated with Wren, Pearce was the first master-mason at St
Paul’s to use models extensively for masonry construction and carving. In 1685
he was paid £39 ‘for making of Divers Modells, & other extraordinary Works,
by order of Mr Surveyors, in the two years last past’.? Amongst at least nine
models listed in this payment is one of the modillioned cornice of the main
internal entablature of the cathedral (‘Model of the great Modelion Cornish’).
A study by Pearce for this cornice in ¢.1682—83 is probably preparatory for
the model.* This model (probably in wood) can be linked to payments for
a full-sized model of the whole internal entablature of the choir which the
carpenters built 7z situ in the first quarter of 1683. The full-sized model was
plastered by John Grove and painted by Edward Bird.* A payment for painting
of the cornice of the model in 1690 suggests that this part was retained in the
workshop as a template for the masonry carving.*?

The practice of testing full-sized wooden models 77 situ and using them as
workshop templates was not new to Wren’s surveyorship at St Paul’s. During
his restoration of the medieval cathedral between 1633 and 1642, Inigo Jones
had used stage-carpentry techniques to mock-up in timber, canvas and plaster,
full-sized replicas of several high-level decorative features to judge their effects
from ground level and change them where necessary.” These included models
of the main eaves cornice (January 1636) and of the scrolls which flanked
the upper nave at the west end (June 1641).* In September 1639 Jones set
up two models of the entablature and balustrade above the columns of the
west portico. A month later these models were painted ‘several Tymes, and in
November 1639 the model of the balustrade was altered, apparently to conform

to Jones’s interpretation of an obscure passage in Vitruvius’s treatise about the

8 Weren Office Drawings, WRE/2/1/2-7 and WRE/2/4/1-12. For Pearce’s career, see |. Roscoe,
with Emma Hardy and M. G. Sullivan, A Biographical Dictionary of Sculptors in Britain, 1660-
1851, New Haven/London, Yale University Press, 2009, pp. 961-95; and A.V. Grimstone,
Building Pembroke chapel: Wren, Pearce and Stone, Cambridge, Pembroke College, 2009,
pp. 24-6,63-8.

9 WS13,p. 198. By contrast, his colleague Edward Strong was paid only £8 in 1685 ‘for making
of Models from the beginning of the Work to this time’ (WS 13, p.199).

10 WRE/2/4/18. Other drawings that can be linked to models in this payment include a fluently
rendered study by Pearce for the over-door panel above the transept door, WRE/2/4/6, which
probably relates to ‘severall Modells for the Head of the great South Door’.

11 WS 13, pp. 149-50.

12 WS 13, p. 168. The contracts for carving the cornice in 1685 required the masons to refer to
‘the Design and Model of the same’; WS 16, p. 20.

13 See G. Higgott, ‘The Fabric to 1670’ op. cit. (note 1), p. 181; John Summerson, ‘Inigo Jones:
Covent Garden and the Restoration of St Paul’s Cathedral’, in ). Summerson, The Unromantic
Castle and Other Essays, London, Thames and Hudson, 1990, p. 61.

14 GLMS, WA 25,471/5 and 15.



positioning of pedestals in relation to columns.* Both models were taken down
in December that year, and in January 1641 the model of the cornice was in the
“Tracery house,” where it presumably served as a template.

Pearce left the St Paul’s workshop in 1690 after a dispute over rates of pay for
raising masonry to higher levels. In the following year Nicholas Hawksmoor
was first paid as a draughtsman in the monthly accounts, although he had been
working in this capacity at St Paul’s since about 1685."7 Soon after his arrival
in the St Paul’s office Hawksmoor began preparing large-scale drawings for
execution, often in collaboration with Wren’s leading master-mason, Edward
Strong, who took charge of making models at the final stages between design
and execution. In the five years before work started on the substructure of the
dome in early 1696, Strong’s men built several small-scale, part-models of the
dome in masonry, probably to explore the complex structure of the drum and
peristyle.” Two models were finished in 1691, and in June 1694 Strong’s men
built ‘a large Modell of 1/8% of the Great Dome’.*? In December 1695 the
masons were paid to ‘Alter and Add to the Modell of the Legg [quarter] of the
Dome,’ just before work began at the base of the structure in January 1696.2°
This suggests a final revision, probably connected with the sloping of the inner
wall of the drum.?

Wren’s use of masonry models as design-tools was not unusual in the
European context. At the Doéme des Invalides in Paris, between 1687 and
1691, Jules Hardouin-Mansart’s master mason, Pierre Lemaistre, made about
fifteen models in stone and plaster of entablatures, cornices, statues and other
high-level features while construction progressed to the upper levels, the most
expensive being ‘le grand modele fait de platre des deux attiques au dessus de l'ordre
exterieur du dome, built in 1689.22 Immediately after this model was finished
Mansart changed the attic from two stages (‘deux attiques’) to one, and by 1691
he had completed the dome and lantern. It is possible that Lemaistre’s model

15 WA 25,471/11; the passage, in Book Il (iv, 5) of De Architectura, concerns the scamilli impares;
see G. Higgott, “Varying with reason”: Inigo Jones’s theory of design’, Architectural History,
35,1992, pp. 65, 71-2.

16 WA 25,471/15.

17 See G. Higgott, ‘The Revised Design’, op. cit. (note 2), pp. 539-41.

18 See G. Higgott, ‘Geometry and Structure in the Dome of St Paul’s Cathedral’, in Anthony
Gerbino and Stephen Johnston, Compass & Rule: Architecture as Mathematical Practice in
England, 1500-1750, New Haven/London/Oxford, Yale University Press/Museum of the
History of Science/Yale Center for British Art, 2009, pp. 164-7.

19 WS 14, pp. 80, 86, 134.

20 WS1s,p. 5.

21 Wren Office Drawings, WRE/5/3/5: a large-scale study by Nicholas Hawksmoor for the
peristyle of the dome, c.1695, the earliest to show the sloping wall of the inner drum.

22 See Bertrand Jestaz, Jules Hardouin-Mansart, Paris, Picard, 2008, Il, Documents, p. 129; see
also the discussionin I, pp. 388-9.
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of the attic was a full-scale structure, as there is an additional payment for ‘la
charpenterie dud. modele’, which could mean the carpentry for erecting the
model in situ. Without detailed building accounts for the construction of the
Invalides church we cannot know exactly what was done. At St Paul’s Cathedral,
by contrast, we have clear evidence that Wren employed full-scale models when
making two late changes to the fabric in the 1690s.

Between November 1693 and June 1694, Edward Strong’s team built the
attic above the eastern apse (see fig. 1). This curved masonry parapet covers
the end of the roof of the choir and has a circular window to admit light into
the roof space. A study by Nicholas Hawksmoor, drawn in ‘laid-out’ rather
than true elevation, shows all the dimensions of the central part of the attic
in feet and inches, nearly as built, and includes a profile of the mouldings in
the central panel (see fig. 2)2. But though resembling a working drawing it is
some way removed from the built fabric. The completed attic is flanked by long
scrolls crowned by pairs of winged cherubs and has a larger moulding around
the central round window, enriched with carvings. Several stages of model-
making in wood and stone were needed to develop the design to this degree
of complexity. Between December 1692 and June 1693 Edward Strong’s team
made at least three masonry models for ‘the East End above the Great Cornice,’
the first of which was probably based on a wooden model made earlier by the
joiner Charles Hopson.?* In November 1693 Strong’s men built and carved
the main wall of the attic, but not the scrolls. The scrolls were an afterthought,
for in March 1694 the carpenters made a Model for the Scrowles to stand on
the Cornice at the East End’.?5 The wording, and the use of carpenters for the
work, indicates a full-sized wooden model, placed next to the completed attic
wall. In the same month Strong’s masons were paid to ‘Alter Modell of East End’
(meaning their masonry model) and in May the scaffolds were raised to allow
the masons ‘to carve the Scrowles and Cherubim heads at East End’.2¢ Wren
had probably intended scrolls on each side of the central parapet to conceal the
roof from view. The full-size model allowed him to judge their effect before
finalising the profiles and carved ornaments.

Soon after they had finished the attic at the east end, Wren, Strong and
Hawksmoor turned their attention to the internal entablature of the dome.
Between July and September 1697 the carpenters were building centres for
the arches ‘in the thickness of the Entablature’ around the base of the dome,

23 Wren Office Drawings, WRE/3/1/7; see also the preliminary pencil study, WRE/3/1/4.

24 WS 14, pp. 109 (Dec. 1692), 112 (May 1693), 113 (June 1693); and WS 15, p. 11 (Aug. 1696, a
retrospective payment to Hopson for several models).

25 WS 14, p. 130.

26 Ibid., pp.131-3.



3. The internal entablature of the dome, built 1697-98
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ready for the setting of the entablature (fig. 3). In the same period Strong was
paid for building ‘a Modell for the Intablature for the Inside of the Dome at
full bignesse ... Setting and Taking up the severall sorts of Work till it was
approved... Carving 9 Cherubim’s heads...”? Cherubs’ heads are not part of
the completed entablature. However, they are mentioned in a payment for a
masonry model by Strong in October 16942® and they appear in a pencil study
for the dome entablature by Hawksmoor, on the back of the sheet at All Souls
College (fig. 4).2° This study must be preparatory for Strong’s model of 1694.
It shows the cherubs’ heads placed like metopes in the frieze between paired
versions of the consoles and suggests that the ‘Setting and Taking up of severall
sorts of Work’ in 1697 involved repositioning stone consoles, singly or in pairs,
and setting the carved stone cherubs’ heads between them to test out their
appearance from church-floor level.

Aided by a gifted draughtsman and a versatile master-mason, who could mock
up elements of the design in stone and timber, Wren was modelling parts of
the building iz sizu. His techniques recall those used by Gian Lorenzo Bernini
at Sant’Andrea al Quirinale in Rome in the early 1660s, where, according a
contemporary account, Bernini ordered his stuccoist, Antonio Raggi, to
re-work figures over the windows, and went up on the scaffolding himself to
make changes ‘with his own hands’.3° Not long afterwards, in August 1665,
Bernini stated in conversation with the architect Carlo Vigarani in Paris that
it was the architect’s duty ‘to have a good eye in assessing contrapposti, so that
things should not only appear simply to be what they were, but should be
drawn in relation to objects in their vicinity that change their appearance’.3
By contrapposti he meant the visual impression created by parts of an object
seen in relation to each other and their surroundings. Wren, who met Bernini
in Paris at around this time, shared the Italian’s conviction that perceptions
of the building from a variety of vantage points should guide the architect in

27 WS 15, pp. 28-29.

28 WS 14, p. 139: ‘12 days Mason modelling the great Cornice of the Dome at 2s 6d per day. For
9 ¥2 days Carver in Modelling Cherubims heads in same. 3s 4d per day.’

29 A.Geraghty, Architectural Drawings, op.cit. (note 2), p. 70, n° 83, verso. | am very grateful to
Dr Geraghty for his advice on this paper.

30 ‘..e pill volta é salito sopra a raggiustarle con le proprie mani’: from an account written in
1672; see G. Bauer, ‘Bernini e i “modelli in grande™’, in Gianfranco Spagnesi and Marcello
Fagiolo Dell’Arco (eds), Gian Lorenzo Bernini Architetto e l’architettura europea del Sei-
Settecento, Roma, Istituto della encyclopedia italiana, 1983-1984, |, pp. 286-8, where Bauer
also describes Bernini’s use of full-scale models of statues on his St Peter’s colonnades in
1657-61. | am most grateful to Andrew Morrogh for drawing my attention to this study, and
for his comments on a draft of this paper.

31 Paul Fréart de Chantelou, Diary of the Cavaliere Bernini’s Visit to France, ed. Anthony Blunt,
Princeton, Princeton University Press, 1985, pp.139-40 (23 August 1665), and p. 17, n. 46
(commentary by G. Bauer).



4. Nicholas Hawksmoor, Study for the dome entablature, ca 1694,
Oxford, All Souls College, G.83v

the final stages of the design. In a passage in his first “Tract’ on architecture,
written several decades later, Wren argued that the architect should use his
understanding of perspective to judge how a feature would appear from the
ground. Only after all the viewing positions have been considered should the
design be finalised; for things which appear well in a drawing ‘may not be good
in the Model, especially where there are many Angles and Projectures; and every
thing that is good in [the] Model, may not be so when built [...] but this will
hold universally true, that whatsoever is good in Perspective, and will hold so
in all the principal Views, whether direct or oblique, will be as good in great, if
this only Caution be observed, that Regard be had to the Distance of the Eye
in the principal Stations’.32

It was an approach to architectural design that Wren owed in part to working
methods established at St Paul’s by Inigo Jones in the 1630s. It depended on
close collaboration between his master-masons and draughtsmen, and it placed
Wren in the mainstream of the European Baroque.

32 Lydia M. Soo, Wren’s “Tracts” on Architecture and Other Writings, Cambridge/New York,
Cambridge University Press, 1998, p. 155.
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