
Title: The Analysis on the Collapse of the Tallest Gothic Cathedral

Author: Seong-Woo Hong, Professor, Kyungwoon University

Subject: Structural Engineering

Keyword: Structure

Publication Date: 2004

Original Publication: CTBUH 2004 Seoul Conference

Paper Type: 1. Book chapter/Part chapter
2. Journal paper
3. Conference proceeding
4. Unpublished conference paper
5. Magazine article
6. Unpublished

© Council on Tall Buildings and Urban Habitat / Seong-Woo Hong

ctbuh.org/papers

http://ctbuh.org/papers


CTBUH 2004 October 10~13, Seoul, Korea   913 

The Analysis on the Collapse of the Tallest Gothic Cathedral  
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1 Professor, School of Architecture, Kyungwoon University 
 
 

Abstract 
At the end of the twelfth century, a new architectural movement began to develop rapidly in the Ile-de-France area 
of France. This new movement differed from its antecedents in its structural innovations as well as in its stylistic 
and spatial characteristics. The new movement, which came to be called Gothic, is characterized by the rib vault, 
the pointed arch, a complex plan, a multi-storied elevation, and the flying buttress. Pursuing the monumental 
lightweight structure with these structural elements, the Gothic architecture showed such technical advances as 
lightness of structure and structural rationalism. However, even though Gothic architects or masons solved the 
technical problems of building and constructed many Gothic cathedrals, the tallest of the Gothic cathedral, 
Beauvais cathedral, collapsed in 1284 without any evidence or document.  
There have been two different approaches to interpret the collapse of Beauvais cathedral: one is stylistic or 
archeological analysis, and the other is structural analysis. Even though these analyses do not provide the firm 
evidence concerning the collapse of Beauvais cathedral, this study extracts some confidential evidences as 
follows: The bay of the choir collapsed and especially the flying buttress system of the second bay at the south 
side of the choir was seriously damaged. After the collapse, they reconstructed the quadripartite vault to a 
sexpartite vault. Through these evidences and analyzing the building, medieval masons based design decisions for 
the reconstruction on both structural exigencies and aesthetic preferences, and the adjustments they made to 
structure represent a balance between those concerns.  
Keywords: Gothic, Beauvais Cathedral, Vaulting System, Collapse 
 
 
1. Introduction 

Unlike previous architectural periods, High Gothic 
architecture that took shape in Northern Europe 
showed such technical advances as lightness of 
structure and structural rationalism. However, even 
though Gothic architects or masons solved the 
technical problems of building and constructed many 
Gothic cathedrals, one of the tallest of the Gothic 
cathedrals, Beauvais cathedral, collapsed in 1284 
without any evidence or document.  

There have been two different approaches to 
interpreting the collapse of Beauvais cathedral: one is 
through stylistic or archeological analysis, and the 
other is through structural analysis. Stylistic analysis, 
coupled with a review of the primary textual sources, 
provides us with information as to which parts of the 
building collapsed, and will enable us to distinguish 
between campaigns of repair which followed 
immediately after the collapse and later work of repair 
and restoration.(Murray, 1976)  

Structural analysis enables us to understand of the 
nature of structural forces and behavior. However, 

current analyses do not provide the firm evidence 
concerning the collapse of Beauvais cathedral, 
because they are based on previous analyses that 
contained misconceptions. Therefore, in this study, we 
will review art and architectural literature on the 
collapse of Beauvais cathedral, and point out the 
pitfalls of previous structural analyses. In order to 
avoid the problems that have previous research, this 
study examine thoroughly the intricate relationships 
among decisions made during the reconstruction. It 
will help us understand to gothic structural system and 
a greater extent the degree to which medieval masons 
really understood structure. 

 
1.1. Archeological Evidence  
When we analyze the cause of collapse in historic 

building, the most accurate evidence would be the 
documents written concerning the failure of the 
building. As the other Gothic architecture, 
unfortunately, the documents on Beauvais cathedral 
are extremely insufficient and archeological studies 
are also quite limited. Through the limited 
documentation and recent bibliographical study, we 
are able to understand the collapse and reconstruction 
of Beauvais.  

Beauvais cathedral was taken up to the triforium 
level between 1225 and 1245 under the first master 
who set solid foundations and erected the chevet up to 
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the level of the inner aisles. There was an interim 
period, 1245-50, when a small amount was done 
under a second master, and from 1250 on the work 
was carried on under the direction of a third master 
who finished the choir and chevet in 1272. Whether 
this third master was an intended by the first, and 
created the intermediate buttresses in porte-à-faux, 
although there seems to be no evidence that this 
construction was not intended by the first master.1  

According to the document, Beauvais Cathedral 
collapsed on Thursday November 29, 1284 at 8.00 
p.m.2 The vaults of the choir fell and several exterior 
pillars were broken. The same source tells us that  
“the disaster of 1284 was the second collapse which 
had occurred at the cathedral. The account of the first 
collapse has not been taken seriously by subsequent 
historians, because it was said to have occurred in 
1225.” (Murray, 1976)    

After the collapse of 1284, repairs to the choir were 
completed by about 1337. Work ceased during the 
Hundred Years War, and the completion of the transept 
was not begun until about 1500. Between 1564 and 
1569, before work on the nave was far advanced, a 
gigantic stone tower of some 150 m (490 ft)3 in 
height was erected over the crossing. In 1573 the 
tower collapsed. Damage from this disaster was 
repaired by 1578, although the tower itself was not 
replaced. No further major construction was 
undertaken after that date, leaving the cathedral in its 
present truncated condition.(Mark, 1982) [Fig. 1] 

 
 

 
Fig. 1. The choir from west. 

 
 

1.2. Reconstruction of Beauvais  
In attempts to analyze the reasons for the collapse 

of Beauvais cathedral, we should study the building 
itself through an archeological analysis. The most 
recent study is that of Murray, who surveyed the forms 
of tracery, capitals, molding profiles, and other details. 
He confirmed that the main body of the choir has been 
rebuilt from the level of the sill of the high triforium 
to the vaults. However, the hemicycle was not rebuilt  

and the main arcade remained intact so that the 
addition of extra piers divided each bay into two, and 
the choir was rebuilt with sexpartite vaults. The plan 
of Beauvais [Fig. 2] shows Murray's chronology of 
construction and his grid system of reference.  

 
 
 

 
Fig. 2. Plan of the chronology of construction and grid system  

 
 

Murray states that “the written sources hint at the 
possibility of the reuse of material in the high vaults, 
suggesting that parts of the original vaults might have 
survived.”(Murray, 1989) Murray also stated “while it 
is impossible to distinguish between new and re-used 
masonry in the vaults, it is noticeable that three of the 
present clerestory windows are different from the 
others in the tracery patterns used. It is probable that 
the original windows in the narrower bay at the west 
end of the choir may have survived the disaster, and 
that elements from these windows could have been 
recut and reused after 1284.”(Murray, 1976 & 1989)  
However, there is no way to have reused all of the 
stone from the original vault in the reconstructed vault 
without serious recutting of stone, because the 
curvature of stone of quadripartite vault is different 
from that of the stone of sexpartite vault and hence 
probably also the curvature of the surface of many 
individual stones. If they recut the stone, the rebuilt 
vault might be thinner than the original.  

On the exterior of the building, Murray believes 
that only the outer and inner uprights of the flying 
buttress system have been entirely rebuilt in the 
second bay of the choir at south side, because the 
uprights here lack the detached shafts and simple 
bases of the original units around the hemicycle. The 
section also shows that the height of flying buttress 
piers on the south is much lower than the piers on the 
north. The heights of the clerestory windows at choir 
are not only lower than at hemicycle, but tracery 
patterns are also different.4 [Fig. 3]  
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Fig. 3. Clerestory of upper choir from south. 

 
Murray found that significant reconstruction at the 

base of the hemicycle which belongs to a much later 
period. In the exterior of the hemicycle itself, all the 
major elements including the flying buttress system 
predate the collapse. (Murray, 1989)  [Fig. 4] 

 

 
Fig. 4. Upper hemicycle with flying buttresses. 

 

2. Review of Collapse Theories  
There are different theories concerning the collapse 

of vault at Beauvais. According to Desjardins and 
Pihan, the vault fell, because the choir piers were too 
widely spaced. Leblond thought that it was a 
consequence of the failure of some external buttresses. 
(Heyman, 1967) Frankl and Acland’s opinion is that 
the foundations were inadequate. 5  However, we 
cannot accept any of these theories, because there is 
no firm evidence. Thus, we will review the various 
collapse theories using both the stylistic and structural 
analysis, and then try to find some evidence of the 
collapse.  

 
2.1. Stylistic Analysis  
2.1.1. Viollet-le-Duc’s Theory  
The stylistic approach to the collapse of Beauvais 

Cathedral was initiated by Viollet-le-Duc who is 
usually considered to be the first serious technical 
investigator of Gothic buildings. Viollet-le-Duc 
believes that disorders had occurred in the structure: 
“In figure 5, monolithic columns are too slender so 

that they have given way, for they could not resist the 
weight brought upon them when the inner piers began 
to settle in consequence of the drying of the mortar of 
the coursed construction. In the disorder, the lintels L 
were broken and the large blocks M (tas-de-charge), 
in swaying, rested too heavily upon the top of the first 
flying-buttress (C); this latter was deformed and, the 
vault following the movement, the pressure upon 
these flying buttresses was such that they nearly all 
were forced outward and their action annulled. In 
consequence, the upper flying buttresses (N) were 
loosened somewhat, since the vault no longer pressed 
against them. The equilibrium was broken.” 
(Viollet-le-Duc, 1987) 

Viollet-le-Duc theory is correct if the slender 
column supports the horizontal force from vaults and 
roof. His theory, however, involved some critical 
problems. In figure 5, the cross section is not the 
typical bay, but is taken at the chevet. The statues can 
be seen on the easternmost choir bay and the 
hemicycle, but they did not exist on the original wall 
buttresses in the choir.6 Archeological studies indicate 
lack of evidence for the existence of the twin 
colonettes in the choir buttress.  

 

 
Fig. 5. Cross-section at the chevet (Viollet-le-Duc) 

 
Mark finds incorrect Viollet-le-Duc’s drawing and 

theory in which it shows the line of the intrados of the 
upper flyer filling the canopy opening; the flyer 
actually abuts the canopy higher than drawn. The 
motif of the surface-carved trefoil is found also on the 
intermediate buttresses (the slender shafts supporting 
the center of the flying buttress system) and the pier 
buttresses. On these the surface-carved trefoils do 
receive monolithic colonettes; however, they are not 
the sole support of the masonry above them, but rather, 
merely decorative elements.(Mark & Wolfe, 1976) 

If the collapse of Beauvais cathedral was caused by 
the failure of the monolithic colonettes as 
Viollet-le-Duc assumed, the monolithic colonettes in 
the hemicycle should have been replaced as in the 
choir.  
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2.1.2. Stephen Murray’s Theory  
One of most important investigations of Beauvais 

Cathedral is that of Stephen Murray, who closely 
examined the whole system of Beauvais cathedral, 
and then introduced to it his own theory. His 
hypothesis is that the second bay of the choir is the 
cause of the collapse, because this is the only bay 
where the lateral thrust of the high vaults was not 
counted by the heavier masonry at the east and 
western terminations of the choir.(Murray,1976) 

Murray surveyed the bay system at Beauvais 
cathedral, which he believed highly eccentric, the 
lateral dimension of each bay averaging around 
15.30m7 but the longitudinal dimension going from 
an enormous bay of 9.05m adjacent to the hemicycle 
to 8.76m and finally to a bay of 7.92m adjacent to the 
crossings. Even the shortest bay at Beauvais is 
considerably longer than the bays used at Amiens or 
Reims. Thus, Murray assumed that “the greater area of 
each of the vaults of the central vessel would produce 
a greater outward thrust, and believed that the heaviest 
vault of the central vessel was supported on its 
western side by a lower superstructure which was 
significantly weaker than in the adjacent bays.” 
(Murray,1976)  

To confirm his theory, Murray observed that the 
intermediary aisle piers at the second bay of the choir 
were rebuilt at two different periods, the pier on the 
north side towards 1300, and the pier and chapel 
dividing wall on the south side around 1517. It is very 
significant to note that the corresponding piers at the 
east side of the largest vault of the central vessel 
began to fail towards the end of the nineteenth century. 
Murray assumed that this buckling would probably 
have resulted from the inward thrust of these vaults 
coupled with the rotational movement produced by the 
tendency of the higher inner aisle vaults to push 
outwards. (Murray, 1976)8 We partially agree with his 
theory, but he did not answer following questions: 1. 
Why did only the south side flyer of the second bay 
collapse? 2. How did he get amount of the inward 
force, even the outward thrust of higher inner aisle is 
much less and not the major factor of collapse as he 
assumed.  

Murray’s second hypothesis is porte-à-faux 9 
Murray in which the entire mass of the vertical 
members in the upper superstructure was not directly 
positioned over a supporting pier. He believes that the 
porte-à-faux was not direct cause of the collapse, but 
the weight of exterior flying buttress uprights at the 
second bay of choir was carried partially by the 
transverse arch over the outer aisle and it has caused 
the intermediary aisle piers to hinge inwards.[Fig. 5] 
Thus, he believes that this tendency to hinge would in 
turn dislocate the lower parts of the intermediary 
uprights for the flying buttresses, and the collapse 
resulted from the failure of the vertical members of 
the buttressing system at second bay of the choir. 
(Murray,1976)  

However, we can find the fault of his assumption 
through Heyman and Mark’s study: although they are 
not placed vertically over the supporting piers, there is 
in fact no sense in which they are falsely carried. 
Viollet-le-Duc would have agreed that, with proper 
design, the aisle arch could have carried them. Only 
collapse of the outer main buttresses will permit 
consequential collapse of the intermediate 
buttresses.(Heyman, 1967 & Mark, 1976)  

 
2.2. Structural Analysis  
2.2.1. Mainstone’s theory  
Mainstone suggested that the trouble of the Gothic 

structure system arose through ignorance of the safe 
limits of height or slenderness for a particular design 
of the supports and buttresses, and a particular choice 
of the manner of construction. He proposed three 
possible causes of serious failure of the Gothic 
structure: local shearing of the masonry, local crushing, 
and gross deformation of the slender supports that 
equilibrium of the vaulting ribs above or of the 
supports themselves could no longer be maintained by 
purely compressive actions within the masonry.10  

Mainstone assumed that the main vault collapse of 
Beauvais Cathedral was outward bowing. Because 
under the action of the larger outward thrusts of the 
main vaults, the eccentricities of the resultant 
compression have led to the more pronounced 
outward bows. He cited measurements made in 1903 
to support his theory that the original clear span of the 
vault of about 13m had increased by about 1m. Thus, 
he believed that the bowing was not much less 
immediately prior to the collapse, and then it would 
certainly have brought the slenderest upper parts of 
the piers close to the point of buckling and would 
have made the stability of the ribs of even a highly 
deformable Gothic vault most precarious.(Mainstone, 
1975)  

Even though outward bowing action at vault is the 
major factor of Beauvais collapse, however, the 
insufficient analysis is found in the reference used for 
confirming his theory. If a vault had increased 1 meter 
between 1272 and 1903, the clear span of vault would 
have increased only less than 1 cm at each pier, during 
12 years between construction and collapse. This 
small change cannot produce the collapse of building, 
because the overall building structure was not 
significantly changed.  

 
2.2.2. Jacques Heyman’s Theory  
Unlike previous analysis, Jacques Heyman 

proposed different approach. Heyman believed that 
aesthetic opinion is possible to argue endlessly about 
the relative merits of this and that structure, built in 
this or that century. As matter of structural fact, 
however there is almost no argument possible. The 
decay sensed by the eye after about 1250 stems from a 
slow relaxation of the firm structural grasp that had 
been acquired during the preceding hundred years. 
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Thus, he approached the collapse of Beauvais 
cathedral through structural principles, and then he 
insists the fact that Beauvais did stand for 12 years is 
ample experimental evidence that it was possible to 
achieve equilibrium between thrust and counter-thrust. 
Any small shifts in the structure cannot promote 
collapse of the structure, providing the overall 
geometry is not significantly changed.(Heyman, 1967) 

To confirm his theory, Heyman introduces 
Benouville and Ungerwitter’s structural analysis. 
Benouville analyzed structural action on the 
tas-de-charge of the first bay at the choir, showing a 
redrawing of the conditions at the tas-de-charge and 
force polygon in that area. On the tas-de-charge action, 
he assumed that an inclined poussée totale from the 
rib vault is 42,5 tonnes, a slightly inclined force is 
76.2 tonnes,11  and two thrusts contributed by the 
lower flying buttress are 3 and 5 tonnes.12 All these 
forces give a vertical resultant of 111 tonnes 
transmitted to the main nave pier and then to the 
foundations. After Benouville calculated the lines of 
thrust for the complete cross-section of Beauvais, he 
concluded that equilibrium is satisfied everywhere and 
these lines of thrust lie completely within the masonry.  

Using Benouville’s solution, Heyman confirmed 
that the structure of Beauvais cathedral is stable, 
because a thrust line can be found lying wholly within 
the masonry. Thus, Heyman re-analyze Benouville’s 
solution to reinforce his collapse theory.  

Heyman considers the function of the intermediate 
buttress which was assumed to have the critical 
problem and porte-à-faux. If it had been omitted, each 
flying buttress would have had to span 9.5m instead of 
the 4.5m If the buttress of 9.5m span is geometrically 
similar to that of 4.5m span, all its proportions would 
have been increased in the same ratio, 9.5/4.5. The 
introduction of the intermediate pier reduce the values 
of the passive thrusts of the flying buttresses.13  

Heyman concludes that the typical Gothic structure 
is an example of an assemblage of structural elements 
acting one on another to assure complete equilibrium 
of a whole. The structure can accommodate a wide 
range of forces take away one portion, and all the rest 
is likely fall. Without trivial accidents, the complete 
structure was so stable that it would remain for 
centuries.(Heyman, 1967) However, he did not closely 
examine the whole structure, because only south side 
was seriously damaged and the building was not 
stable against the wind. Heyman believes that both 
flying buttresses must resist the pressure of the wind 
on the vertical wall of the choir, but they would not 
resist the gust wind on the slender clerestory wall of 
the choir. If the building was stable condition and 
detail problem was the cause of the collapse, why they 
reconstructed the whole choir area and reduced bay 
size.  

 
2.2.3. Robert Mark’s Failure Theory  
Robert Mark, who is interested in analyzing the 

structural forces, acting on Gothic building under dead 
and wind loading conditions, examined the cause of 
the collapse at Beauvais through photoelastic models 
which have some problems. First, he considers the 
notion that the high vaults of Beauvais surpassed the 
limits of construction in stone. That is, 
Viollet-le-Duc’s remark this notion that “the final limit 
at which construction of the great churches of the 
thirteenth century could arrive.”(Mark & Wolfe, 1976)  
However, Mark did not believe that the height limits 
of construction in stone could have been attained. For 
evidence, he used Heyman’s note that stone can be 
piled as high as a mountain, and pointed out that the 
height of Beauvais is in fact exceeded by many Gothic 
buildings and the repaired vaults of Beauvais have 
stood to this day. Thus, Mark concluded that this 
notion is patently false and the structure failed in some 
way as yet unknown. (Mark & Wolfe, 1976)    

Yvon Villarceau noted the height to which a 
prismatic column could be built before crushing at the 
base due to its own weight. 14  In the absence of 
instability, he states that the column could stand to a 
height of over a mile. In the Gothic cathedral, however, 
columns have to accommodate the weight of the roof 
and other parts of the structure which are not 
self-supporting, and then a cathedral would stand 
1,500 ft high before the columns started crushing.15 
Villarceau advocates a factor 1/10 on the height of his 
self-crushing column so that the stresses (nominal) 
should be limited to 1/10 of the crushing stress of the 
material. Thus a cathedral might be built, at this stress 
level, to a height of 150 ft.16  

Through Villarceau’s analysis, we can assume that 
Beauvais cathedral reached the limits of construction 
in stone, because Beauvais is about 170 ft to the soffit 
of the timber roof, and that Mark misunderstood the 
general structure analysis used for the evidence of his 
analysis.  

In his next step, Mark analyzed the function of the 
Beauvais structure using small-scale photoelastic 
models. While this analysis has been applied to study 
of Gothic monuments, 17  Mark thought that the 
application of photoelastic modeling to Beauvais is 
speculative, because it has several limitations as 
follows: 1. the full nature of the original structure is 
unknown, 2. no typical bay 18  existed in the 
Beauvais,  3. analyses of this type are usually 
facilitated by the assumption of typical bay.  

Mark’s dead load experiment revealed that just 
above the side aisles and just below the junction with 
the lower flyers the intermediate buttresses were bent 
by horizontal forces large enough to initiate cracking. 
(Mark & Wolfe, 1976) When tensile stress on the 
exterior portion of the leeward intermediate buttress 
caused by wind loading was added to the tensile stress 
on the inside edge above the aisle was about 10 times 
the tensile strength of the lime mortar, and it was only 
slightly less on the outside edge below the flyers. 
Moreover, since the tensile stress on the buttresses 



  

918   CTBUH 2004 October 10~13, Seoul, Korea 

would have alternated as the wind changed direction, 
cracks could have developed on both sides, and these 
cracks would have been difficult to detect because of 
the locations of these cracks. (Mark, 1990) 
 
 

 
Fig. 6. Photoelastic interference pattern in model of Beauvais. 

 
 

Mark concluded that the tensile stresses produced 
by winds exceed the capacity of unreinforced masonry 
construction. It caused the crack of the slender upright 
buttresses. Within the twelve-year period after the 
completion of the choir, cracking under alternating 
wind loads caused an intermediate buttress to 
deteriorate so badly that the horizontal forces acting 
on it slid a section from its support. If an intermediate 
buttress had collapsed, the system of flying buttresses 
above it would have been unsupported at its center, 
causing the flyers to fall and allowing the horizontal 
thrust of the high vaults to push out a section of the 
clerestory wall and trigger the sequential fall of the 
vaults. (Mark, 1990)  

To prove his theory, Mark introduced archeological 
evidence of reconstruction of building. The 
replacement of its quardripartite vaults with sexpartite 
vaults can be interpreted as an attempt to reduce the 
horizontal forces, because the extra piers needed to 
support the new vault would have absorbed some of 
the wind loads on the clerestory and hence reduced the 
loads transmitted to the intermediate buttresses 
through the flyers. Moreover, the four western 
intermediate buttresses (two on the north and two on 
the south of the choir), which were rebuilt after the 
collapse, are far larger in section than those in the 
hemicycle. The extra sets of flyers and bars seem to 
have been intended mainly to support the intermediate 
buttresses, especially those around the hemicycle. 
(Mark, 1990)  

From Mark’s analysis, the wind load must be the 
major cause of the collapse, but the intermediate 
buttresses were not major factor. Heyman said that 
just as for the flying buttresses of Beauvais, only 
collapse of the outer main buttresses would permit 

consequential collapse of the intermediate buttresses. 
(Heyman, 1967) There is also no archeological 
evidence concerning the reconstruction of the four 
intermediate buttresses (except the south second bay 
at the choir) after the collapse. Furthermore, the extra 
sets of flyers and bars might be intended to support 
not the intermediate buttresses but the slender 
clerestory walls, because clerestory wall was more 
unstable than the intermediate pier.  

 
3. Conclusion  

The several factors of the collapse at Beauvais were 
reviewed through the stylistic and structural analysis, 
but none clearly answered the basic question: what is 
major cause of collapse of Beauvais cathedral? To 
answer this question, it is useful to re-review the 
previous theories, and then narrow our knowledge 
down the most general theory. In this study, we are 
able to extract some evidence with confidence from 
the previous theories as follows:  

1. the bay of the choir collapsed and the flying 
buttress system of the second bay at the south side of 
the choir was seriously damaged.  

2. After the collapse, they reconstructed the 
quadripartite vault as a sexpartite vault.  
Thus, the flying buttress system would be the major 
cause of collapse at Beauvais, because it is obvious 
that they wanted to reduce horizontal forces. The 
Gothic building is unstable without flying buttress, 
and if an angle of vault or flying buttress is steep, 
building would be more stable. Even though original 
curvature of quadripartite vault at Beauvais was not 
known, the angle of inclination of the original vault 
was less than sexpartite vault, so it has more 
horizontal thrust to threaten building stability. Tall 
clerestory window and slender clerestory wall may be 
another problem of Beauvais structure. To resist the 
pressure of the wind on the vertical wall of choir, 
flying buttresses must positioned below the 
tas-de-charge. Unfortunately, at Beauvais two flyers 
were placed over the tas-de-charge. In Amiens and 
Reims cathedral also two flyers were place same as 
Beauvais, but the height of building is shorter, the pier 
is thicker and heavier, inclined force from the 
tas-de-charge to the top of building is heaver, and 
horizontal forces are much less than Beauvais. After 
collapse, they put iron rod at the below the 
tas-de-charge. Therefore, horizontal forces from the 
wind and vaults, and the slender clerestory wall 
would cause the major collapse of Beauvais, 
because the flyers did not sufficiently resist the 
pressure of the wind as the master expected. Based 
on our study, the future study should answer the 
following questions; why had High Gothic building 
and flying buttress gradually vanished after the 
collapse of Beauvais?, why do gothic buildings 
have three flyers and the lowest flyer positioned 
below the tas-de-charge?, and why is the position 
of the flying buttress different?  
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1 Robert Branner and scholars have made a detailed study of the 
chronology; Branner, Le maître de la Cathédrale de beauvais, Art de 
France, Paris, 1962, pp.77-92.,  J. Heyman (1967-68, pp.17-19), 
and  M. Salvadori( 1980, pp. 218-219).  
2 Bucquet aux Cousteaux Collection, Vol. XXIII, p.1.; “the great 
windows also smashed; the holy chases of St. Just, St. Germer and Ste. 
Eutrope were broken and the divine service ceased for forty years. 
Several pillars were interposed in the choir arcade in order to fortify 
it.”as cited by Murray, Beauvais Cathedral, p. 112.  
3 R. Mark(1976, p.463) studied on height of cathedral. However, 
Heyman(“Beauvais Cathedral,” p.17) gives the height of the tower at 
153(503feet), and Murray gives the tower height as 439 feet 3inches. 
Murray’s unit is the king’s foot, though, so that in modern measures 
the tower height would have been 143 m(469ft.). 
4 Murray (1976 p.41.) surveyed that “The three windows have a 
main oculus which is larger in relation to the rest of the tracery than in 
the case of the other windows. The sticks of tracery seem flatter and 
with less projection; the central unit of the three lancets lacks the 
upper trilobed element used in the other windows, and the other two 
side lancets do not have spherical triangles. Finally, the enclosing 
arches of the three windows in all of the other clerestory windows a 
more awkward curve is apparent. Of course, these differences could 
have arisen from the existence of subdivision within the workshop, 
with two autonomous groups of masons working simultaneously on 

                                                                                         
different windows, using different plans, but the re-use of pre-collapse 
material provides a much more likely explanation. If this were, indeed, 
the case, the tracery elements re-used would provide us with the 
possibility of reconstructing the pattern used in the original choir as 
six-unit windows with two groups of three lancets.”  
5 P. Frankl,(1962, p.101): “The collapse at Beauvais was not caused 
by the height of the vault, which stood over 150 ft. above the ground, 
but by the inadequate foundations.” J. Acland, Medieval Structure: the 
Gothic Vault, 1972, pp. 110-111: “The first architect of Beauvais 
cathedral designed a choir between 1230 and 1240 with vaults higher 
than any other Gothic church. He introduced a glazed triforium before 
its use at Amiens, pushed the crown of the vault to over 157ft. above 
the floor, and spaced the piers widely. In this first use of the glazed 
triforium, all wall surfaces were cut away, to be replaced by 
translucent and traceried panels. But he had failed to provide adequate 
foundations for the crushing loads so generated.” However, Mark 
(1976, p.464) say, “differential foundation settlement is often the 
cause of severe structural damage to buildings, and there are presently 
no signs of any major differential settlement in the existing fabric.”  
6 Mark (1976, p.467. ) states “the missing statues, sexpartite vaulting, 
inserted piers, blocked lower clerestory window heads and changed 
mullions and tracery details are the major archeological evidence that 
the collapse was confined to the choir and that the easternmost bay of 
the choir is substantially closer to the original state of the choir 
structure in 1272 than other portions of the straight bays.” 
7 14.50 m. at Amiens and 14.65 m. at Reims surveyed by Murray, but 
he did not mention either clear span or center-to-center. 
8 Murray observed that the chapel wall at bay 8 provided the extra 
strength at this point which allowed the piers at c8 and f 8 to remain 
solid for six centuries after the completion of the choir. Thus, Murray 
suggests that the absence of such support in bay 7 was a critical factor 
leading to the collapse of 1284.  
9 Murray (1976) states “such overhang is a fairy common feature in 
gothic design. The use of porte-à-faux at Beauvais and the flyers of 
Notre Dame at Dijon excited the interest of Viollet-le-Duc because he 
considered that the practice exemplified the use of the principle of 
elasticity, which he considered as a key to gothic structural design.” 
10 Mainstone (1975, pp. 214-216) explains that local shearing was 
most likely to occur where two members met at an angle without a 
third to stabilize the joint. This happened particularly at the ends of a 
flying buttress. Where, for instance, the lower end met the outer 
buttress pier, there was a risk of it simply pushing the top off the pier. 
But this risk was easily removed by extending the pier above the end 
of the flying buttress or capping it with a pinnacle. The other two 
possible causes of failure both had their roots, to a large extent, in 
initial departures from strict axially of the lines of action of the 
resultant compression in the masonry. 
11 1 tonne=0.98 ton, Heyman (1967, p.20.) says that this total force is 
due to the weight of the material above the formeret, the parapet, and 
the great timber roof, combined with a small horizontal force 
contributed by the upper flying buttress, this total force of 76.2 tonnes 
having been determined from previous analysis (not given by 
Benouville) of a high section. 
12 Heyman (1967, pp. 20-21.) questioned that Benouville gives no 
account of how he determined the forces of 3 and 5 tonnes contributed 
by the lower flying buttress (nor, indeed, of why he splits up a single 
force into these two components, although, as will be seen below, his 
train of thought on this matter is in fact quite clear). However, 
according to the principles of limit analysis applied to masonry 
construction, there is no need for him to account for values of these 
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forces. 
13 Heyman (1967, pp. 27-29): all the forces should be increases by 
the factor (9.5/4.5), i.e. the larger flying buttress would weigh some 47 
tonnes,and the minimum passive buttress thrust becomes between 10.3 
and 20 tonnes, of the full vault thrust of 20 tonnes. The upper flying 
buttress, however, would lean against the flat wall of the parapet, also 
with a minimum force of about 10 tonnes, and some distress could be 
caused to the masonry in this region. 
14 Villarceau, L'établissement des arches de pont. c.r. Acad. Sci. 
Paris, Mémoires présentés par divers savants. 12, 1854, p. 503. 
Heyman (1966, p.251.) explained that the calculation is simple; a 
medium sandstone of weight say 150 lb/ft3  and crushing strength say 
6000 lb/in2 (Ungewitter gives 4300 to 12,800 lb/in2 ) can be erected. 
15 Heyman (1966, p. 251.) says: It is assumed that a certain minimum 
slenderness ratio for the columns has been established to prevent 
instability. 
16 Heyman explains: It is clear that if nominal working stresses are 
limited to such low values, the question of the strength of the masonry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                         
can be expected to hardly enter the calculations. Instead it is likely that 
individual structural elements, and the structure as a whole, must be 
proportioned on the basis of stability. A flying buttress will not, in 
general, fail by crushing, but may, if badly proportioned, buckle; 
similarly, the mode of failure of a main buttress will be one of 
overturning about its base. 
17 This method only have been applied by Robert Mark, but this 
analysis on Gothic cathedral could not provide accurate result, 
because structural behavior of Gothic building did not act two 
dimensional, its structure is too complex. 
18 Mark (1976, p.472.) mentioned that the lengths of three major 
vessel bays of the original construction diminish from east to west, the 
proportions from east to west being approximately 25:42, 24:42, and 
23:42. Changing bay sizes mean also that the loads change from bay 
to bay. Inspection of the existing fabric shows that sections of the 
various pier buttresses and flyers in the hemicycle and choir also vary 
considerably 
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