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YALE LITERATURE.

Appreciation of Mr. Goodyear’s
Work,

The Macmillan Comipany has pub-
lished Vol. 1, No. 2, of the Memoirs of

Art and Archaeology of the Brooklyn
Institute Museum. This Memoir is by
Mr. William H. Goodyear, Yale 67, Cu-
rator of Fine Arts, Brooklyn Museum,
and relates to those architectural refine-
ments of St. Mark's at Venice of
which hie has becn the discoverer. The
entire title of the Memoir is as follows:
“T'he Architectural Refinenients of St.
Mark’s at Venice, with remarks on other
Churches showing a similar system ot
leaning verticles; especially those in
Orvieto, Vicenza, Milan, Pavia, Bo-
logna and Arezzo and including the
Renaissance Church of S, Giorgio Mag-
giore at Venice” With fourteen plans
and forty-four illustrations.

Mr. Goodyear has sent for pubhcanon
the following appreciative letters, which
have been called forth by the receipt of
this publication in Italy. The import-
ance of these letters comes from the high
standing of the writers and their close
personal relations with the monuments
of Venice. Professor Pompeo Mol-
menti is President of the Venetian
Royal Academy of Fine Arts and of its
great picture gallery and is also a prom-
ment member of the Italian Chamber of
Deputies, in which he recently delivered
an address on the fall of the Campanile
of St. Mark’s, Signor Yrancesco Sac-
cardo is a Veanetian architect who has
long been occupied with researches re-
garding St. Mark’s. Two of the chap-
ters of the text of Ongania’s magnificent
publication on St. Mark’s are from his
pen.  The father of Francesco Saccardo,
Commendatore Pietro Saccardo, has
been, untl quite recently, the architect
in charge of St. Mark’s and a certificate
from him regarding Mr. Goodyear’s
discoveries in that church, is one of the
most important features of the Memoir.

| Translation.]
(Veuetian) Royal Acadenty
of Fiue Arts.
The President.
Moniga, Brescia.
Dear Str and much honored collcague:
Pray accept the expression of my
whole profound gratitude for the send-

ing of your publications, which are an |

important contribution to the history of
Italian art io general and of Venetiau
art in particular. Your observations on
the ancient Italian architecture (Venice,
Bologna, Verona, ctc.) are truly inter-
esting and have all (he attraction of
originality.

Lvery Italian must be grateful to you
for the profound study which you have
devoted to his country’s art. But this
gratitude must begin with Veuice, whose

history in the past has so much resem- |

blance with the modern history of your
great country.

Accept, dear sir, the expression of my
profound respect and of my sincere ad-
miration.

Your very devoted

PoxpPeo MOLMENT!.

[Translation.]
Venice, Jan. 25th, 1903.

Dear Sir:—I am most grateful for
your goodness n sending me your #)16-
cious “Architectural Refinements o
Mark’s at Venice,” which I have gone
over with great satisfaction, and in
which I have admired your fine talent
and your marvellous and patient studies.

1 must tell you also that your investi-
gations, which have been crowned with
such fine results, give me an especially

particular pleasure, because I had myself |

already made, as an amateur, observa-
tions analogous to yours regardmg cer-
tain monuments of Venice and had ac-

quired the conviction that certain abuor-
mal featurcs of many of our most ancient
edifices were not the work of chance or
of decay, but were, on the contrary,
work of intention by the architects, who
secured by these means, that picturesque
character which most of the mediaeval
monuments possess.

My father, who is somewhat indis-
posed, has not been able, as yet, to send
you his great and hearty thanks for your
mteresting letters. He will write you
directly, as soon as he is able, but he de-
sires that 1 should express to you, with-
out delay, all his appreciation and all
his admiration for your interesting and
colossal work, which has no parallel
with us. He believes and I also helieve,
with very firm conviction, that it would
be highly useful to make known to the
[talians how, and with what enthusiasm
and high intelligence, our monuments are
being studied i America, and how the
philosophy is reaching us from the new
world, which had presided over the for-
mation and development of Italian Art.

My father begs me to convey to you
his hearty complimeats to which I add
the expression of my own high cousider-
ation.

I am, dear sir,
Your very devoted and
grateful servant,
FRrRANCESCO Saccarpo.

——
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THE ARCHITECTURAL REFINEMENTS

OoF

ST. MARK’S AT VENICE.

Preface.

In the Diary of John [ivelyn there is a passage relating to the
architecturazl commission which was appointed, i the reign of
Charles the Second, to examine and report upon the old Gothic
Cathedral of St. Paul's in London.  Evelyn was a member of this
commission, which was headed by Sir Christopher Wren.  The
cntry is found under date of July 27th, 1606. The cathedral was
destroyed soon after, by the fire of London. ere is the passage:

“I went to see St. aule’s church, where, with Dr. Wren, Ar.
I'rat, Mr, May, Mr. Thos. Chichley, Mr. Slingsby, the Dishop of
J.ondon, the Deanc of St. Paule’s, and several expert workmen, we
went about to survey the generall decay of that ancient and vener-
able church. and to set down in writing the particulars of what was
fit to be don, with ihe charge thereof, giving our opinion from arti-
cle to article.  IFinding the maine building to recede outwards, it
was the opinion of Mr. Chichley and Mr. Prat that it had been so
built aby origine for an cffect in perspective, in regard of the height;
but I was, with Dr. \WWren. quite of another judgment, and so we
entered it; we plumbed the uprights in several places.”

It was about 187¢ that this passage first attracted my attention.
as having somce possible relation to an observation which had been
made in Venice in 1870.  In that vear it was noticed that the casing
of certain piers in St. Mark's had been cut obliquely, so as to fit
and correspond with a svstem of vertical inclinations which also
“receded outwards.” The leans of the piers could, therefore, not
be less ancient than the casing itself.

This casing was undoubtedly ancient.  Inasmuch as accidental
movements and settlements of the building would probably not all
have taken place at once, immediately after the rough construction
was finished and before the casing was applied, this again would
argue that the [cans were constructive.

The note-book of 1870, in which this memorandum was entered,
is still extant. So also is a printed syllabus of 187¢. in which this
observation was recorded. [t was not, however, until 1887, thart a
photograph of the interior of S. Maria della Pieve at Arezzo fur-
nished an additional suggestion thar a system of constructive refine-
ments in the matter of leaning verticals which “reccde outwards,”
might be discovered in the architecture of medizval Europe,

Photographs are notoriously insufficient evidence as to the lean-
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FIG. 1. SANTA MARIA DELLA PIEVE, AREZZO.
From a photograph of the Brookiyvn Institute Survey, 1895, The widening in the piers at the transept
is about 28 inches.

ing lines of an interior, tnless they are made with great care, and a
clight tilting of a camera would produce a distortion. The photo-
graph which was examined in 1887 was therefore not regarded as
evidence. [t was considered purely as a memorandum, making
advisable a personal examination of the.church itseli. This exam-
ination was made in 18¢3.%

A tentative and preliminary examination of the church was made
or: the dates of July r8th, 19th. and zoth, in company with an archi-
tectural assistant. A\ second visit was made on the dates of August
16th, 17th, 18th, with two assistants, one of whom was an experi-
enced surveyor and engineering architect. and at this time photo-

*During a pralonged surveying trip of six months in Which many other phases cf
asymmetrical mediweval construction were <tudied. TFor the geberal results of this survey
«ee the list of publications on the third page of the cover.
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graphs were carcfullv taken and reliable estimates of the amount of
inclination were made (FFig. 1), The ground-plan of the chureh
was also surveved.®

It was during the Jater part of the trip of 1893, and subsequent
to the Arezzo observations, that the evidence {or the constructive
extstence of this "outward receding™ in medizeval architecture was
considerably enlarged.  In St Mark's, at Venice, the scanty and
hasty observations of 1870 grew into a definite and well-established
certainty,

During a six davs’ stayv in Venice (Sept. 6th-11th), many photo-
graphs were carefully taken, so as to serve as an exact record con-
cerning the leaning verticals and a few plumb measurements were
made.  The questions of construction were carefully considered
by the engineering expert, Mr. John W, MeKecknie, who had been
employed by the Survey for such purposes.

Alost important observations as to this particular phenomenon
were also made during the month of October, 1893, after Mr. Mc-
Kecknie's departure for the United States, in Pavia, Milan, Borgo
San Donnino, and Cremona: but these observations were not cor-
roborated by photographs or by any syvstematic record of measures,
owing to the unusual haste mvolved in the effort to visit a large
number of Tocalities before a fixed sailing date.

After return to the United States it appeared that two of the
stirvey photographs, which had been careiully taken to an exact
level and perpendicular, in churches where other reanements had
been noticed and surveved. also supplied the evidence of this refine-
nmient. These churches were the Cathedral of Trani and the chureh
of Ss, Giovanni ¢ I"aolo at Bologna.

In the Cathedral of Trani the piers of the great arch crossing the
nave at the transept recede outwards 12 inches and the very slight
thrust of the arch above them is resisted by the entire depth of the
transept walls (IFig, 2).

In the church of Ss. Giovanni ¢ Paolo at Bologna (Fig. 3) the
clerestory walls recede outwards 10 inches and they are tied in by
a transverse wall at the apse. so that aceidental outward movement
at this point. where the full widening continues, would be im-
possible.f

Thus, in 187, it was possible to publish a summary of the evi-
dence which had been secured up to that time on this matter, and
inasmuch as the old literary record, which has heen quoted, now
seemed to have gained considerably in significance, this publication
was given the title of “An Iicho from Evelvn's Diary. i

*Architectural Record. Vol, VIL, No. 2, 1897 p. 210,

$This echnrech was wvevisited in 1901, and the facts which were oviginally discovered
in a survey photograph were verified by personal observation.

fArchitectural Record. Vel. VIL, No. 2, 1897.



FIG. 2. CATHEDRAL OF TRANI. ARCH SPANNING THE NAVE.

Tracing from a Survey photograph of 18Y0..

The widening in the
piers of the arch is about a foot.

The walls of the nave curve in-
ward pear the ceiling. The original lines of the apse are concealed
by Renaissance stueco.



ST. MARK'S AT 'ENICE. 20

Bt ' TR W e,

IFIG. 3. SS. GIOVANNI E PAOLO, BOLOGNA.

Drawing over a Survey photograph of 1805. The widening in the walls of the
nave is 10 inches, and this widening extends to the point where the clerestory walls are
tied in by the wall of the apse.

There was still much to be done, even in a preliminary study of
this matter. In 1893 our surveving party had emploved a well-
qualified engineering expert, and his certificate had been published
regarding the constructive facts in S. Mark's and at Arezzo, in the
saper which has just been cited.  Notwithstanding. it appeared that
a certificate from the engineering architect in charge of St. Mark’s
was also to be desired.

It was especially in order to secure this certificate that a trip to
Ttalv was made in 1901.  An additional motive for this visit was
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the wish to verify and corroborate by photographs and mecasure-
ments, the hasty and insufficiently  substantiated observations of
1895, in Pavia and Milan.  The result was, however, not only to
make good the deficiencies of record for the cvidence already
known to exist, but also to secure wholly unexpected additional evi-
dence of a character which will doubtless challenge the attention
ol every architectural expert.

FFrom this point of our Mecemoir the evidence will he massed,
without regard to the date at which it was obtained. But the reason
for this method ol approach to the topic lies in the appeal which it
suggests for future rescarch: based on the positive certainty,
which has now been attained. that the churches which have heen
found to show this remarkable construction are not the only ones.

Sinee the survey photographs of S0 Alaria della Pieve at Arezzo
have been the arst referred o, it s well to add that this church has
heen chosen for an important preliminary illustration (Ifig. 1), not
only because it was the pivot from which our scarch for the given
refinement moved in 18g3.with a certainty that somewhere or other,
churches with similar phenomena would again be found, but also
because itis a peculiarly marked and detnite case,and therefore one
i which the diverging lines can casily e shown by a photograph.

This again makes it important to say that what is casily seen in
a photogrvaph is not always casily seen in a building.  The photo-
graph which is aceurately made to show an obliquity, or lean, often
produces an impression on the observer which is wholly foreign
to thac actuallv found in the building.  In the buildings themselves
these leans are inconspicuous.  They are discounted, or translated
by the eve, into other effects; whereas the photograph may appear
abnormal.

A remarkable indication of the absence of an abnormal appear-
ance in the buildings is the fact that these leans have not been pub-
lished as constructive,  Thus these verticals “receding outward™
really do partake of the nature of a refnement: i. c., they are in-
conspicuous, although they may not so appear to be, in the case of
the Arezzo photograph,

On the other hand, certain photographs of St Mark's approxi-
mate to the effect obtained in the building and mav assist the
student to understand the motive of this construction.  On the
whole, however. the purpose of this refinement should be stadied in
the buildings and not in the survev photographs.  These are sim-
ply illustrations of the existence of such leaning verticals; having
bheen made with all possible precautions to avoid the distortions
which are due to the tilting of the photographic plate. dloreover,
in the most important cases their evidence is supported by meas-
ures with the plumb-line.
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As to the purpose of this remarkable constructive system, it may
erow o be as much debated. and continue to be as little understood.
as the Greek horizontal curves themselves® Tt is perhaps not even
clear at present, in what sense the suggestion of Chichley and Prat,
as quoted by Bvelvn, should he taken,—"that it had been so built
aly origine, for an effect in perspective, in regard to the height.”
The main purpose of this publication is to so bring the facts to the
knowledge of experts that their views may he obtained.  Meantime.
it has already heen suggested by (he writer that one purpose may
have been to avoid the contracted and spindling effect which the
perspective convergence of vertical lines tends to produce in a lofty
nave,  There are also several churches, and St. Mark's is one ol
them, in which the effect may be compared to an emphasized de-
velopment of that entasis, or vertical curve, which has been proven
by the Drooklvn Instituie surveys to occur in the piers of some
medizeval churches. There is a palpable grace and suavity. a large-
ness of sweep and an elegance of design about these hending ver-
ticals which mayv be their all-sufficient explanation.

At present the important point is to collate as many facts as pos-
sible and what remains to be said in this paper as to possible mo-
tives will he best said after all the known facts have been presented.

No discussion on the point of motive could, however, he satis-
[actory which does not consider the evidence which has heen else-
where presented for the existence of other phases of architectural
refinements in medizeval churches,

The Constructive Evidence at Orvieto and Vicenza.

It is seli-evident that ouiward leaning walls or piers in vaulted
churches are presumably to be attributed to accidental causes and
that they are to he attributed especially to thrust from the vaulting,
tnless positive proof to the contrary he furnished. We shall there-
fore address ourselves to the proofs that the given facts are con-
structive in certain churches to be named,

IFor mstance. in the Gothic church of S, \gostino at Orvieto the
walls lean outward, while buttresses of (he same age, and of homo-
gencous construction with the wall, Jean inward.  This shows, of
course, that the walls do not lean outward accidentallv.  Several
photographs of this church were made on Sept. t7th, 1901, and a
drawing from one of them is published in Fig. 4. An enlargement
oi 23 x 35 inches from this photograph is exhibited in the Muscum
Norizonial cureas see Sonsnat of Lhe. srchmaloghnd Thelitate of Ammerten. Yot YT
2, New Jeries, 1902: Goodyear; "‘Architectural Refinements in Italian Churches.”

TA very remarkable demonstration tor the constructive existence of delicate curves
in medizval piers bas beeb found In the Cathedral of Vicenza., See the Journal of the

Archizeological Institute of America. Vol V1., No, 2, New Series, 1902, See alsa p. 47
of this Memoir.
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FIG. 4. S. AGOSTINO, ORVIETO.

Drawing from a Survey photograph of 1901. The interior widening is shown in
the exterior outward leaning wall. The buttresses lean inward and are a portion
of the original construction.
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of the Brookivn Institute. In such enlargements the facts are
shiown with much greater clearness than in the small dimensions of
these pages.

The church is now in posscession ol the military anthortties at
Orvicto and the temporary absence of the Commander made it im-
possible for me to examine the interior. although 1 had visited Or-
vieto expressly to make these photographs.

The extertor of this church, then also closed and abandoned as
regards the interior, was first examined on July 1oth, 1895, but T did
not then realize its tmportance. being absorbed in a survey of the
Orvieto Cathedral, and m a study of quite different phenomena. ™
At thatl time, my conception of the outward receding vertteals was
that they would be confined to the clerestory or to the piers of the
nave as they have since proven to be at Arezzo, Perugia, Dologua
and Cremona. Tt had never dawned upon me that these leans for
itertor effect. might be tound in the exterior walls of a church. S
Agostino at Orvieto seemed at that date to be a species of ireak.
It was not till 1gor {hat the discovery of a stmilar case it Vicenza
led me to revisit Orvieto in order 1o make these photographs.

On Sept. 2d, 1901, the Gothie church of S, Lorenzo in Vicenza
(T71g. 3) was observed to have exterior side walls leaning outward
agatnst bhuttresses of the same age, and of homogencouns construc-
tion with the walls. which had outer perpendicular faces. This con-
struction proved to be the exterior phase of an interior ounward
Teaning of the aisle walls.

Several photographs were made in the interior and plumbs were
taken at various points. The original of IFig, 6 was taken so as tc
show the mner side of the wall which appears in the exterior of
I'ig. 5. The lean continues at the angle of the transept wall, which
has a depth of 10 [eet.

At this pomt no movement due to thrust is conceivable, and we
have thus an additional corroboration for the constructive facts as
shown by the extertor buttresses.

The lean amounts to 6inches in a height of 32 feet, at the angle,
and it amounts to g inches at the pilaster which is nearest to the
spectator in the photograph.

In the greater height of the exterior wall the lean amounts to
about a toot.  T'he thickness of the wall itself is 4 feet and the but-
tresses project 3 feet from the hottom ol the wall.  Similar facts
arc found m the left aisle and a photograph has heen taken to rep-
resent them.

Iig. 7 shows the nave of the same church, taken {from the High
Altar, and looking toward the facade. The outward receding, or
in this nave, begins in the clerestory walls. It only

spreading,

*Architectural Record, Vol VI, No. f p. b
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FIG. 5. S. LORENZO, VICENZA.

Drawing from a survey phoiograph of 1001. The interior widening is shown in the exterior
outward leaning wall. The outer faces of the butiresses are perpendicular, and they belong to
{he original construction,
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amounts to about 3 inches on each side in a height of 10 feet; a total

divergence of 6 inches.

The delicacy of feeling which called for

this divergence is certainly remarkable, bt we shall ind proofs in

FIG. 6. S. LORENZO, VICENZA.

From a Survey photograph of 1901.
Wall of the right aisle, looking toward
the transept. The outward leaning is
partially obscured by Renaissance monu-
ments. It amounts to 9 inches at the first
pier on the right, and to G inches at the
angle of the transept wall, Ip a height of
32 feet.

more than one building that lcans of as
small ait amount as o.10were systemali-
cally made for heights of 10 or 12 fect.®

S. Agostino at Orvicto and S. Lor-
enzo at Vicenza are the only buildings,
<0 far observed, in which the outside
walls of the building lean out,in connec-
tion with a svstem of interior leaning
verticals, but the aisle walls of St.
Mark's at Venice also lean outward, as
far as the interior surfaces are con-
cerned, as will be shown presently.

‘I'here arc five other churches, so far
found, in which the ceffect of the out-
ward lean is bailt inio the pilasters of
chapel walls which face the side aisles.
Thus, cight churches are kunown ax
present in whicl either the fact or the
effect of an outward lean is carried into
the vertical lines of the side aisles.

The five churches above mentioned
are: S. Giorgio Alaggiore. at Venice;
S, Ambrogio and S, Fuastorgio, Milan;
S. Michele and S, Francesco, Pavia.

The Constructive Evidence at Milan
and Pavia.

The four last mentioned cases were
all observed in 1895; but, as alrcady
noted, without adequate corroboration
or record, on account of hasty observa-
tion. All these churches have a system
of exterior chapels with walls at right
angles to the direction of the aisles and
of such depth as to make it positive

*The view of the aisle (Tig. 6) shows a peculiar
treatment of the vaulting, which is indicated by the
oblique lines of the timber beams, showing that the
capitals are lower on the side of the nave. The
vaulting is turned with a higher and shorter curve
on the side of the wall and with a depressed ionger
curve on the side of the nave. The purpose seems
to have been to throw the thrust of the vaulting
towards the nave and away from the outer wall. A
similar treatment of the aiste vaultings is found in
the Cathedral of Volterra.
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FIG. 7. S. LORENZO, VICENZA,

From a Survey photograph of 1901. The widening, which begins above the capi-
tals of the piers, is estimated at G inches in 16 feet.

that the sloping pilasters which face the ends of the walls are con-
structive.

S. Eustorgio at Milan is an ancient Romanesque church, The
slopes of the aisle pilasters, as shown by IFig. 8, were noted on Oct,
gth, 1895. Photographs and plumbs were taken on Sept. 1rth,
1901. The slope of the pilaster on which the lamp is hanging is 4}
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FIG. 8. 8. EUSTORGIO, MILAN,

Right aisle, looking toward 1he fagade. Drawing from a Survey photograph of 1001, The
average outward lean of the pilasters is 4 inches in 18 feet. All the pilasters of the left aisle have
corresponding leans, undsr similar conditions as regards thruet
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inches in 13 feet. The average slope of six pilasters is 4 inches and
the same uniform leans occur in the opposite aisle.

The case of S. Iustorgio is notable because no widening is known
to exist in the clerestory of the nave. No sighting was taken {rom
the lTevel of the clerestory, but ihere is no doubt. at Ieast, that the
aisle leans are muach 1he most pronounced in this church. This

FIG. 9. S. AMBROGIO, MILAN.

The Facade. Tracing from a phoiograph, to show the widening of {he central arch in the
upper portico.

would show that the aisle spreads were not merely an afterthought
or a parallel treatment derived originallv from the naves, hut that
the aisle leans were considered desirable in themselves, without
reference to the nave.

Inasmuch as the aisle walls must have been built hefore the clere-
story, it would be conceivable that the building had meantime
fallen into the hands of masons who did not practice the given re-
finement, but it can be otherwise proven that one motive of the



PLAN 1. THE COURT OF S. AMBROGIO, MILAN.

Showing leaps in lhe pilasters of the angles which are parallel with those of
the wall pilasters. At the angles of the wesl wall of the church these leans
are double. (Cowpare Fig. 10.) The measures (in decimals of a fool) were
taken with a plumb-line of 13 feel.
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debated construction was bascd on a feeling which was not limited
to the effect of a clerestory or of a church aisle.  This is shown by
the fact that the arcades of the entrance court of S. Ambrogio ex-
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FIG. 10. A PILASTER IN THE COURT
OF S. AMBROGIO, MILANXN.

Sketch showing the angle of (he court
near the entrance to tbe right aisle of
the cburch. The measures Tepresenting
the lean of the pilaster are (o be com-
pared with those of Plan 1, for the other
angles of the court. This sketch does
not attempt to reproduce the vertical
leans. It only represents the conditions
under which they occur,

hibit this refinement, and so does the
central arch of the upper portico of its
facade. (Iig. ¢.)

As regards the court of S. Ambrogio;
IFig. 10 and Plan 1; we shall confine the
proois for constructive arrangement, as
opposcd to the natural presumption of
thrust, to the obscrvation that the leans
are repeated in the pilasters at the four
angles of the walls of.the court, at
points where these pilasters are purelv
decorative  formulas and where no
thrust or other accidental movement
can be suggested as having affected
their vertical directions. The leans in
a doublc direction in the angles of the
facade wall of the church, where therc is
no thrust in either direction, are to be
carcfully noticed in Plan 1 and Fig. 10.
The significance of these leans is, of
course, to be related to the fact that
thev constitute parallels  with  other
Icans along the sides of the arcades.
which might be open to suspicion as not
constructive,if considered without refer-
ence to the angles.

In the side aisles of S. Ambrogio
(Iig. 11) the evidence for intention is
of such a nature that the mere illustra-
tion of the facts is sufficient to carry
conviction, as it also is in S. Eustorgio.
The chapel walls are 21 feet deep (about
the same in S. Lustorgio.) Tests with
the plumb-line on every pilaster show
that the facts are constant and uniform
in both aisles. 1n the illustration of the
right aisle the pilaster on which the
plumb-line is hanging leans back 2%
inches. The maximum lean in this aisle
is 51 inches. The average lean is 4
inches.

Tn the nave; TFigs. 12, 13; we fAind the
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FIG. 11. S. AMBROGIO, MILAN. RIGHT AISLE.

Drawing from a Survey pholograph of 1901, sbowing the plumb-line. The chapel walls bave a
depth of 21 feet. With a plumb-line of 13 feet the following plumbs were taken in this aisle
(foot-decimals): 1st pilaster (extreme rtight), .20; 2d pilaster (with plumb-line ip the drawing),
.20; 34 pilaster, .40; 4th pilaster, .44; 5th pilaster, .42; Gth pilaster, .30. The verticals of the
left aisle show corresponding inclinations.



From a Survey pholograph of 1901.

FIG. 12. S. AMBROGIO. MILAN. THE NAVE.

The piers of (he nave vaulting have uniform outward leans, beginning at the pavement,

and averaging from 3% to G inches, in a height of 30 feel. Compare Fig. 13.
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main piers, which rise to the springing of the vaulting, all con-
structed with outward receding verticals, and with uniform leans
amounting, by plumb mcasurement from the gallery to the pave-

ment, to 54 or G inches each. in a height of 30 feet.

(The alternating piers, which correspond to the
\ smaller bays of the aisles, fean into the nave in

\

( some cases. PPlambs from the pavement have

piers.)
I In view of the satisfactory evidence for the
” s side aisles it is hardly necessary to debate the

( still to e taken for several of these alternating

constructive evidence for the nave.

Ambrogio, 8. Maria della Pieve and the
Cathedrals of Perugia and Trani are the only
churches observed. in which (he leans of the
nave piers start from the pavement, with the full
amount of the ultimate inclination.  Whereas
the piers at Arezzo have a delicate but sensible
curve, those at Alilan have absolutely none. At
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Progia the side aisles are nearly as high as the

nave and a vaolting thrust has certainly to be
considered there as a possibility.  On the other
hand, when the weight of the galleries, the fow
side aisles and lieavy aisle vaultings of S, Am-
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brogio are considered, the proposition that the
nave vaulting could have pushed over the piers
to the amount of 6 inches and in a straight line
starting at the pavement, is too absurd even for
mention.

[n S, Michele at Pavia an aisle photograph

! : was taken with plumb-line in position but was less
successful - than  the  pictares  in the Milan

FIG. 13. S. AMBROGIO,
MILAN. churches.  The facts are of the same nature as

Sketch of the pier next regards the aisles and are represented by Plan
the choir. on the right > "The small amount of the leans is as notable
Rigeiatitho Dot as their uniformity (one exception)  With a line

of 9 feet the minimum is i of an inch, the maximum 2} inches,
The only plumbs for the nave are those taken with a short line of
feet in length, which was being used 1 the side aisles. The piers
curve back above (as judged by the eye).

As judged by the eve, the first three pairs of piers are marked
cases of curving outward, above: but the outer bend of the last
pair of nave picrs is slight. and no outward receding is perceptible
in the arch of the apse.  This absence of outward receding in the
apse is exceptional, as contrasted with Vicenza, Arezzo, Mi-
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lan. Dologna. horeo San Donnino. St. Mark’s and S. Giorgio
Maggeiore ai Venice.  In the Capella Palatina of Palermo. it is only
in the arch of the apse at the choir that the reAnement 1s found. Tt
mav be that repairs have obliterated the lines in S. Michele or that
masons were emploved. at some date, in the original building who
were mdifferent to this refinement.
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PLAN 2. THE NAVE OF S. MICHELE, PAVIA.

The plumb measurements, in foot-decimals. were taken in the aisles with a line
of O feet, reaching 1o (he capitals of the pilasters. The same short line was used
in the nave. Therefore, the measures for the nave do not represent the amount of
widening. They only indicate the vertical direction for the given heighi.

g

S. Francesco at Pavia is a Gothic chureh with chapels opening on
the side aisles like the churches just named. The walls of these
chapels are 12 feet deep. The pilaster leans are well defined in
these aisles and the outward spread appears in the nave. No meas-
ures or photographs have heen taken here. The observations date
from 1893 and the church was not examined in 1907.
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Borgo San Donnino and Cremona.

The ceffort had been made jo 1895 to examine all previously un-
visited important churches of North Ttaly, between the dates of
Oct. sth, when survey work was finished at Pisa, and Oct. 17th,
when passage had heen engaged from CGienoa for the Umited
States.  After depositing baggage and 350 photographic negatives
at Genoa, the following towns were visited, between the 7th and
the 17th, in the order named: Pavia, Milan, Piacenza, Cremona,
PParma, Borgo San Donnino, Modena, Ravenna, Ancona, Rimini,
PPadua, Vicenza.

No morce attention was paid at this time to the reinement dis-
cussed i this Memoir than to many others. The deficicncies of
record at PPavia aud MMilan were made good in 1901, as just de-
scribed, but Dorgo San Donnino was not revisited.

Tn 1895, the custodian of the Cathedral of Borgo San Donnino
allowed a survey of the pier spacings and height of arches to be
made on a Sunday morning, during low mass, when the church
was crowded with people.  The custodian carried the pole with
which the heights of the arches were taken and assisted with the
tapc in taking other measures. Tt was under such circumstances
that a hastv sketch was made of a well-deAned outward widening
in the pilasters of the arch at the apse, where the absence of strong
thrust, on the one hand, and the resistance to thrust, on the other
hand, made out a thoroughly impregnable case of construction.
An Alinart photograph, which has been recently procured of this
churceh, verifies the sketch made at that time and also indicates that
the same spread is found in the clerestory walls, The Alinari pho-
tographs of recent date have been found to be verv reliable as re-
gards the vertical lines.

During the same trip the Cathedral of Cremona was surveyed
for the ground-plan and careful observations were made of a uni-
form outward receding of the clerestory.  The photograph repro-
duced in g, 14 was subscquently made by a Cremona photog-
rapher, by direction of the writer, and forwarded to the United
States. The photograph is out of perpendicular and the drawing
from it (unlike the other drawings of this paper) is rectified. In
spite of the unrehability of the photograph as an exact record, the
essential facts are shown by the drawing.

Cremona Cathedral offers the only instance which has been no-
ticed, of a defined inward lean below, which reverses to a strong
outward bend above, Dy carcful estimate, in sighting by the eye,
the piers lean in about 6 inches on cach side and the pilasters and
clerestory walls Ican outward about a ifoot on cach side. The
pointed arches of the vaulting are in perfect condition and are ab-



FIG. 14. THE CATHEDRAL, CREMONA.

View looking toward the fagade on the left side of the nave. From a local
photograph. The drawing is corrected for distortion. The piers leap into the
nave, to the height of the capitals, and the pilasters recede outward above the
capitals, The widening of the nave is estimated at 24 inches.
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solutely without the depression which an accidental widening of
two feet in the nave would have carried with it,

Cremona was revisited in 1901, especially in order to take the
heights of all the arches, a very difficult task to accomplish with a
pole, on account of their great height. The widening was again
carefully examined, but a photograph which was made of the nave
in parallel perspective proved to be a failure, when it was developed
at Pavia. On account of the great size of this church and the diffi
culty of access to the clerestory openings. which are above the
vaulting of the side aisles. it would be very difficult to  take
plumb measurements in this cathedral for the widening, but a good
survev pliotograph would supply satisfactory means of measuring
the exact amount.

The vertical bend at Cremona is not essentially different in prin-
ciple from that in St. Mark’s at Venice. although it is differently
planned.  This Cremona bend grades towards another type in
which there 1s a curve or entasis in the nave pilasters without any
marked recession. In the piers of the great arches which span
the nave of the Pisa Cathedral, at the transept crossing, there is a
well-defined vertical curve which leans out slightiv into the nave
and has a delicate return bend at the springing of the arch.® A\
certificate from the architect in charge of the Cathedral regarding
this and other curves was published in No. 1 of these Memoirs.

A fine illustration of this delicate vertical curve is found in the
Cathedral of Vicenza (IFig. 15). under circumstances which elim-
inate all possibility of explanation from accidental causes. As in
the quoted churehes at Pavia and Milan, the pilasters in the Vi-
cenza Cathedral face chapel walls of great depth (25 feet) with the
difference that these chapels open directly on the nave (Fig. 16).

These vertical curves were noticed on October 16th, 1895, the
dav before sailing from Genoa, and were photographed on Sept.
Ist, 19o1.  Similar verfical curves have Dbeen noticed in other
churches, but nowhere, outside of 8. PPaolo Ripa d'Arno at Disa,
where the conditions were so absolutely satisfactory for a demon-
stration of constructive existence, In S Paolo Ripa d'Arno the
vertical curves are found in flat pilasters which frame the arch of
the apse and which are projecting members of a solid wall. These
curves were measured and photographed in 1901, Iinlargements
of these photographs are exhibited in the Drooklvn Musceum.

These instances at \icenza and P’isa will undoubtedly react
on the view which will ultimatelv be taken of similar vertical
curves in other churches, but it is not advisable at present
to quote doubtful cases. Tn all vaulted churches with side aisles
which are lower than the nave, the aisle vaultings thrust in such

*Architectural Record, Vol. VII,, No. I, p. 77.
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IFI1G. 15, THE CATHEDRAL, VICENZA.
From a Survey photograph of 1401. Showing delicate vertical curves in the piers.

The condi-
tions of lhrust are shown by Fig. 16.
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a way as to tend to produce this kind of a curve accidentally, and
this tendencey is accented by the upper thrust of the higher nave
vaulting in the opposite direction. Under these circumstances
two demonstrated cases like those of S.
Paola Ripa d"Arno at Pisa and the
Cathedral of Vicenza are worth more
than hundreds of probabilities,  \What-
ever may be found in the future it is im-
possible to suppose that these instances
could be isolated and they prove the
whole point at issue, viz., that medieval
architecture does exhibit verv subtle re-
finements in vertical lines.  The absence
of aisle thrust at Vicenza is a notable
and rare oceurrence.

Although somewhat  aside from the
direct problem of this Memoir, all ob-
servaiions which demonstrate the exist-
ence of medieval architectural refine-
ments in the treatment of vertical lines
have the greatest possible value for the
ultimate comprehension of the system
of verticals which diverge outward.

The Cathedral of Siena shows in the
ruined and uncompleted part which was
to have been the new nave, a very pro-
nounced case of outward curving verti-
cals in the piers. Tn three separate
visits to Siena, twice in 1893 and once in

PIG. 16. THE CATHEDRAL, VICENZA,

From a Survey photograph of 1J01. Show-
ing the depth of the chapel walls.

1901, I have studied these piers withow Dbeing able to  decide
whether thrust had onlyv accented, or whether it had wholly caused
these bends.  Any expert who examines them without knowing
of otlier positively constructive instances will certainly decide that
thrust is the only cause. I am not certain that it is, and should
not like to affirm that it is not.

In order not to omit any known instance of the spread in Italy,
reference 1s made here to the Cathedral of Nosta as made known
to me by my friend, [hugh D, Rooper, Esq.. Retired Commander,
Roval Navy. of Richmond. Surrey, England.  The date of the com-
municaticn making chis announcement is August 12th, 1902.

S. Giorgio Maggiore at Venice.

The evidence supplied by the mentioned churches at Orvieto,
Vieenza, Pavia, and Milan, is so firmt and definite that it has secmed
possible to waive.in this Memoir. those details regarding the church
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1"1G. 17. 8. GIORGIO MAGGIORE. VENICE.
From a Survey photograph of 1901, View looking across the fagade wall
toward the right aisle. The plumb-line, of broad black lape, is held in position
by a pole. The pilaster leans 1% inches in 20 feet.
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I

of S. Maria della DPieve at Arezzo which have heen previously pub-
lished.* Defore taking up the important case of St. Mark's at
\"enice, we have to record a remarkable survival of “outward re-
ceding™ in the Renaissance church of S. Giorgio Maggiore at
Venice, by Palladio. The facts were overlooked by all the mem-
bers of our surveving partv in 18935, They were noticed and pho-

FIG. 18. S. GIORGIO MAGGIORE, VENICE.
The choir; from a Survey photograph of 1901. The widening Is estimated at 10 ipehes.

tographed in 1go1, on various dates between Aug. 16th and Aug.
3oth, inclusive.

Iiig. 17 shows the first chapel is the right aisle, with a tape and
piumb-hob hanging on the pilaster. This pilaster lcans back 3
inches in 2o feet, and the illustration is tyvpical for the entire church,

*Arcehitectural Record. Vol. VIIL, No. 2, p. 211,
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There is absolutely no thrust in question here, hecause ihe pilaster
plumbed is part of the right side wall of the church. The view is
taken looking along the facade wall of the church and the leaning
pilaster on the right of the picture is part of this entrance wall. The
purpose of the lean in Iig. 17. 1s obviously to work in a parallel to
the outward receding of these great pilasters of the facade wall.

Fig. 19 shows the right aisle with a plumb-line on one of the pilas-
ters. The lean is 54 inches in 20 feet. The facts as represented in
these pictures are uniform throughout the charch.

Fig. 18 shows the widening in the choir of S. Giorgio Maggiore,
which is also uniform throughout the nave. The outward lean at
the choir is not less than 5 inches on each side, between the capi-
tals and the pedestals. a distance of about 30 feet. The plumbs in
the nave were taken under great difficulties, on account of the dis-
tance from the pavement to the capitals. The widening may be
more than the 10 inches, at which the guoted plumbs would place it.

It is, of course. apparent in this church that the strong entasis
and the strong related diminution of the classic pilasters, are made
the means of obtaining the outward divergence. It is also appar-
ent that the diminution, applied to flat pilasters, as we find it in
the choir, or ¢lsewhere, in this church, is wholly unprecedented and
wholly inexplicable as a classic {reatment. | have already pointed
out in the Architectural Record; Vol. VII., No. 1, p. 92; that the
entasis in the Teatro Olimpico at Vicenza, by Palladio, is applied
to the Hat surface of the pilasters in such a way as to produce the
same vertical curve which is found in the Gothic Cathedral of
Vicenza. This peculiarity is also found in Palladio’s church of the
Redentore at Venice. The Redentore has, however, no widening
or outward receding. The same appearance, as regards use of the
entasis (again without widening) is found in S. Stefano at Vicenza,
by a pupil of Palladio.

The conceivable suggestion that the widening in S. Giorgio Mag-
giore is only the result of an exaggerated entasis is furthermore met
by the observation that the leans are not found on those sides of the
aisles which are adjacent to the nave, although the entasis is equally
strong on both sides. This fact has been tested by plumbs in both
aicles, and it corresponds to the f{acts which have been found in the
medizval churches as regards the aisles, viz., that the widening of
the aisle is worked in wholly on the outer side. This will also ap-
pear in St. Mark’'s. Thus, in Fig. 19, if measurement be taken from
the upper and fower ends of the plumb-line to the edge of the pilas-
ter opposite, the distances witl be found equal. The entasis is ob-
viously as strong on one side as on the other; but on the left side
of the aisle the pilaster is perpendicular, when its extremitics are
compared with the plumb-line. The same facts have been found to
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IFIG. 19 S GIORGIO MAGGIORE, VENICE.

The right aisle; from a Survey photograph of 1401. The black tape plumb-
line shows an outward lean of o'y inches in 20 feet. There is a corresponding
entasis on the left side of the aisle. but there is no lean ou that side. Compare
text.
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occur in the other aisle, So in IYig. 17 the right pilaster leans back.,
but il measurement he made from the plumb-line at top and hot-
tom, to the edge of the pilaster opposite, it will he found to he per-
pendicular; whercas the entasis is scen to be as strong on the one
side as’it is on the other.

St. Mark’s at Venice.

It has heen mentioned that the beginning of this special investi-
gation, as distinct from the examination of other features of me-
dieval architectural refinements; which were gencrally first no-
ticed in Pisa in 1870: was an observation in St. Mark's in that same
year.

The examination of St. Mark's in 1895 was made as carefully as
the six davs’ stay in Venice would perinit.  Subsequent study of
the church has been much assisted by the survey photographs
which were made at that time. These were taken with every pre-
caution which photographic science could suggest, to ensure a
record for future usc, especially as regards the vertical lines. These
records have been abundanily tested and verified bv the plumbs
taken in 190l

The main facts for the nave were shown in the publication of
18y7.by onc of these photographs and were shown still more visibly
by a tracing from the same picture; Iigs. 20, 21.

Por the transepts, only tracings were published, as the original
photographs were not suited for half-tone reproduction; Fig. 22,

As regards the main facts for the nave, they are now more ade-
quately illustrated by three photographs (among others) which are
reproduced in Ifigs. 23, 24, 25. These show the changes of direc-
{ton in the rising line better than 1fig. 20, which does not reach far
enough down into the nave for that purpose.

In these pictures we are able to distinguish the nearly perpen-
dicular piers, the outward inclination of the walls above the piers
to the top of the parapet and the continued lean of less amount,
and with a delicate return hend, up to the springing of the arches,
The varying measurcments for these various divisions of the ver-
tical lines will be mentioned presently.

One main purpose of the Italian {rip of 1901 was to bring the
publication of 1897 to the attention of Commendatore Pictro Sac-
cardo, the engincering architect in charge of St. Mark's, and
te obtain a certificate verifving the facts which were published
as being facts of original construction, as far as that church might
be concerned.  The circumstances under which this certificate was
obtained werc as follows.

Aly first call on Commiendatore Saccardo was made at his resi-



FIG. 20, ST. MARK'S, VENICE.
The nave, in parallel perspective: from a Survey photograph of 1895, The
Inches, at the transepts. Compare Fig. 21.
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dence on August 16th. e was politely sceptical as 1o any con-
structive widening or spread in St. Mark's, but agreed 1o mecet niwe
ar the churcl on the following day. We then met i the vestibule,
where e drew myv attention to a parting in the masonry over the
main entrance, as indicating an accidental widening of the build-

ing. Inreply to the question what the amount of the pariing might
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FIG. 21. WIDENING O THE NAVE IN ST. MARK'S.
Tracing from the photographic original of Fig. 20,

be, he answered that it was about ten centimetres. or four inches.
[ then entered the church with him and drew his attention to a
widening of nearly three feet in the nave (about 2 feet 104 inches at
the transepts) without parting and without flaitening of the crown
of the arches.

Signor Saccardo thereupon agreed that no yielding of supports
would account for such a widening in the upper portion of the
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clhurch and thar the arches and donies would have fallen, if the sup-
ports had gone apart accidentally to such an extent.  He frankly
admitted that he had not previously realized the full amounts of the
outward leans, as these were made known to him through the
published measurements of 187, and by using the illustrations of
the Architectural Record in face of the given portions of the church.

That the amount of these spreads has not been realized hitherto
by other modern experts, has appeared by personal conversation
with many of them.  The reason for this oversight, as in the case
of several similar oversights on the part of the members of our own
survev, is. o doubt. that the leans are about sutheient 1o correct the
perspective convergence in the vertical direction, so that the lines
appear perpendicular to casual observation. It mav be that this
correction was one purpose of the widening. There is also a nat-
vral tendeney to attribute anv individual deviatton from the per-
pendicular, which may be casually noticed, but not fully appre-
ciated, as to amount. to accidental causes.

Durig the interview with Signor Saccardo, we spent much time
it the gallertes and among the facts which were pointed out to hum
were those regarding the terminal north and south walls (and par-
apets) of the transepts (Figs. 32.0.33). These walls lean back about
16 inches (northy and about 154 inches (south) up to. and including.
the parapets. in a height of about 33 feet:while the adjacent arches
are perfectly true in both transepts. The arches nearesr these walls
would have spread. or parted, over a foot, in a width of about cight
feet. if vielding foundaions had caused a movement of the build-
ing. This amouuts to saving that the given arches would have col-
lapsed. The Teans of these walls were immediately conceded by
Signor Saccardo to be constructive,

Signor Saccardo’s attention was also drawn. in the salleries of
the transepts, (o the columuns which lean back against the gallery
piers, with capitals which are Tevel or dlted  downward and not
tilted hackward Tike the columns: Figs, 300 37, te used the words
“lavoro immenso.” Cosservazioni fine,” as these facts were pointed
out to him.  Many remarkable corroborations of the general main
facts were only subsequently ascertained and therefore could not
bhe made known to Signor Siaccardo at this interview,

IFollowing our tour of the church he kindlv undertook to ascer-
tain the amount of the forward constructive lean of the Poria della
Carta, which he had been the first to observe and which is men-
tioned 1 his letter. \We plumbed this together.”

At the close of our mterview. which occupied the entire morn-
ing, Signor Saccardo deputed Signor Agazzi, who is in charge of
1he mosaic repatrs, to give nie access to all parts of the chureh for

#\emoirs, Vol. 1.0 No 1 p. 140
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F1G. 22, NORTH TRANSEPT OF ST. MARK'S; FFACING NORTH.

Tracing from a Survey photograph of 18)5. The wall in face leans north, up to and includ-
ing the parapet; 16 inches in about 3} feet. The pilasters of this wall face the north and south
walls of the Chapel of St. Isidore. Compare Plan 3 and IFig. 1. The tracing shows the east
and west [eans of the transept, including those of the gallery columns on the east side. The
measurement entered on the tracing is an approximate estimate, based on the known width of
the transept. The south transept shows the same construction. Compare IFigs. 3G, 37, 38,
for the south transept.
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the taking of additional measures and photographs.  Assistants
were furnished, as needed for this work, from the employees of the
Opera. | am also muach indebted to Signor Agazzi for many cour-
tesies and for his constant kind attentions, during the remainder of
my stav in Venice,

The Certificate.

A few davs after this interview the [ollowing Teiter came to hand,
in answer to a request for an opinion on the widening of the nave,
for an opinion on the outward leaning columns ol the fagade™ and
for an opinion on the horizontal curves in elevation of the gallery
parapets.t

Signor Saccardo’s qualifications as an expert on these points are
undoubted.  Tle has been for many vears emploved on the repairs
of St. Mark's and has published a monograph on this subject. 1le
has also been one of the collaborators on the text of the magnifi-
cent publication of St. Mark's by Ongania.  1lis rescarches con-
cerning the piling and foundations of the church have been repub-
lished by DBoito, and by Mothes, in Tis history of medieval archi-
tecture in Ttaly, which is considered the leading German authority
on this subject. The diagram of the piling and foundations of St.
Mark's which is published by Mothes, is credited to Saccardo.i

BASILICA DI 8. MARCO

IN VENEZIA

DIREZIONE DEI RESTAURI
E DELLO STUDIO DI MOSAICO.

VENEZIN, 19 Agosto, 1901,
CIHIARISSINO SIGNORE :

Permettemi anzitutto che mi congratuli con Voi deghi importanti
studi che andate facendo da molti anni sopra i monumenti antichi
¢ inispecie intorno a certe particolarita i costruzione in gran parte
sin qui ignorate ¢ che rivelano sapienti ¢ ingegnosi artifizi usati
dagli architetti che I eressero. per ottenere effettt prospettivi sing-
olari.  (iid si sapeva come, per esempio, ne” monumenti i archi-
tertura medioevale siavesse il costame d' inchinare all” infuori i
frontoni ¢ le cuspidi con gli ornamenti sovrapposti, come si fa
anche in oggi per i quadri ¢ per le statue. Tn particolare questo
artifizio vedest usato assai marcatamente nelle cuspidi della facciata
principale delta nostra Bascilica i San Marco: non cosi in quelle
delle facciate laterali, perche 1" architetto che le ricostrui. nei res-
tauri i circa trenta apni or sono. non capt il magistero che aveva
presieduto al loro collocamento ¢ e mise a piombo. Lo stesso
artifizio vedesi usato nella Porta della Carta del Palazzo Ducale ¢ in
tanti altri monumenti anche {vori di \enezia, come per esempio nel
Sepolero degli Scaligeri a Verona,  Siosa def pari che nella stessa

*Memoirs, Vol. 1., No. |, p. 1)

TArchitectural Record, Vol. VI.. No. 4, p. 503, 187,

IMothes: Die DBaukunst des Mittelalters in [talien. g, 269, p, 744, Vol, [[., show-
ing the foundations of St. Mark's, is borrowed from the work of Ioito, and w0 cred-
ited. Oa n. TO8 mention is made of the fact that Boito had  repudblished the investiga-
tions and drawing of Saccardo,
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nostra Basilica la facciata principale ¢ disposta in curva sensibil-
mente rientrante.

Cosi i sei minareti della stessa facciata non sono ceguali in altezza,
ma vanno salendo da una parte ¢ dall” altra verso la cuspide cen-
trale.  Che s fa cecezione quello dell” angolo sud-ovest, cegl ¢
perché fu rifatto in seguito ad un incendio ¢ ¢hi lo rifece non s
accorse dell” artifizio ¢ lo costrusse eguale al penultimo.

\'oi poi trovaste nuove particolaritic i questo - genere che 1o
aveva sempre creduto accidentali, ma che essendo comuni a fanti
altri monumenti devono accettarsi quali veri artifizi di costruzione,
Tali sono le colonne della facciata della nostra Basilica sensibil-
mente pendenti all” infuori nell” ordine inferiore ¢ a piombo nel
superiore. Tali sono pure i picdritt interni sostinenti le volie mag-
aiori che I inclinano all” indentro, aumentando cosi notevolmente
la corda dell” arco che si corrisponde, i confronto della basce. senza
che U arco presentd qualsiasi abbassamento o deformazione @il ¢he
dimostrerebbe che cosi fossero stati disposti fino dall” origine. Tali
sono finalmente 1 parapetti delle gallerie. composti a plutei. che
vanno da un arcata all, altra lungo le braceia della erociera, i quali
sono marcatamente curvilinee con la convessita all” insa. Bisogna
certo ammettere che specialmente m quest vlomo esempio qualehe
deformazione possa exsere stata causati. o per lo meno awnentata,
dallo squilibrio dei pesi delle masse nwirali sopra un terreno cede-
vole come quello di Venezia. Tuttavia 1l caso ¢ troppo costante
perehe si possa ammetterlo siccome puramente accidentale in via
assoluta.

Del resto gl studi che voi andate facendo sono molto interes-
canti ¢ possono condurre anche ad altre scoperte pin important
ancora; per cui sono a congratularmenc ¢ in part tempo vi prego di
credermi quale ho 1 onore di professarmi,

\ostro dev. servo,
PIETRO Syccarnbo.

Sig. Wl T Goodyear, Caratore delle Belle Arti

nel Musco di Brooklvir a Nuova York.

TRANSLATION,

Basilica of S, Marco in Venicee.

Direction of Repairs and of the Stadio of Mosaices.

\eniee, August 19ih, 1901.
\'ery Dear Sir:

Allow me tirst of all to congratulate vou on the important studies
which vou have made for many vears of the ancient monuments
e cspecially regarding certain pardeulars of construction which
hitherto have been geuerally overlooked and which reveal inge-
nious and scientific artifices. on the part of the architects who buatl
them. Tor obtaining special opiical effects. Tt has been already
known how, for example. it was customary in medieval architeciure
to incline forward the gables and pinnacles, as is still done for pic-
tures and statues.  This artifice 1s particularly apparent in the pin-
nacles of the princeipal facade of our DBasilica of San Marco, hut
not so in those on the lateral facades, hecause the architect who re-
stored them some thirty vears ago did not comprehend the art
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which had directed vheir original collocation, and therefore he set
them upright.  The same artifice |of forward leaning | is visible in
the Porta della Carta ofihe Doge's PPalace and in many other mon-
uments even outside of \enice: as, for example, in the Tombs of
the Scaligers at Verona, It s likewise known that the principal
facade ol our Basilica is constructed with an inward curve m plan.®
The six pinnacles of the same fagade are likewise of unequal height
and so arranged thar they rise toward the centre. 1 the one at the
southwest angle makes an exception, that is because it was restore |
after a fire by one who did not perceive the artifice and who made it
cqual to the last but one.

Nou, however, have found new features of this kind which 1 had
ahwavs supposced to be accidental, but which, being common (o so
many other monuments, mest be accepted as true artifices of con-
struction,

Such are the jorward leans of the cohmmns of the lower order of
our Dasilica facade, whereas those over them are perpendicular.f

Such are the interior piers supporfing the larger domes, which
lean inward. 3 thus considerably inercasing the cord of the arvch, as
compared with the distance between the bases [of the piers| with-
out any settlement or distortion of the arch: which proves that they
had been originally built in this manner.

Such are. Anallv. the parapets of the galleries which connect the
arcades ol the rransepts and which are distinetlv curved in cleva-
tion and with a rising convexity. Tt must certainly he admitted in
this last instance that some distortion may have heen caused. or at
lcast angmented, by the pressure of the masonry masses on the
vielding sotl of Venice.  Flowever, the occurrence is too uniform
U be considered as purely accidental.

For the rest, vour studies are most interesting and mav lead to
other discoveries still more important ; for which vou are to be
congratulated. and I heg vou to believe me

Your most humble servant,
PrErro Saccarno.
[ lLngineering Architect in charge of St Mark's at Venice. ]

The Plumbing of St. Mark’s.

Nothing had been done in 1893 in the wav of plumbing the
church in detail. o account of the limited stay in Venice.  In that
vear the effort to examine every important medizeval church and
cathedral in Taalv and the study of many distinet phases of archi-
tectural refinements, had involved a close cconomy of time as re-
gards individual churches.

The work was now undertaken of ascertaining the general direc-
ton of the vertical surfaces and supports of the church, as far as
this could be done with a pole and plumb-line from the pavement
and by taking plumbs from the galleries.  IFor the walls of the

*Architectural Record, Vol. VI., No, A, I8)7, p. AN, and Fig. 44 of this Memoir.
7See Memoirs of Art and Archieology, Vol 1., No. 1, pp. 19-22,
1i. ., In the downward direction.
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side aisles scaffolds or other special arrangements, involving time
and expense, would have been necessary, and dehinite measure-
nients cannot be quoted at present in the aisles, above the height
which is accessible from the pavement,

The work was tentative, hastily carried out, and subject to re-
vision, as regards close accuracy; mainly on account of varyving
lengths of the plumb-line. when obstructions in the way of pulpits,
benehes, confessional boxes and steps were encountered.  Allow-
ances have also to be made for the fact that a plumb-line of 171
fect was used in the nave, while a line of 15 fect was used in the
transepts.  Thus the pole measurements in the transepts are
shightlvy under-stated, as compared with those in the nave and in the
aisles of the nave. The measurements for the leans of the piers
are also slightly under-stated if their whole height be considered,
bLecause they are surrounded by settees which prevent dropping
a line to the paventent.

The plans which arc published for these plumbs are not hnal, or
perfect, as regards details. but they show the necessity for more
iLorough and more carcfully executed sorveys, They reveal a
very remarkable series of facts as regards the svstem of vertical
widening, in all parts of the building, and as regards the uniformity
of dircction and relative cquality of the vertical leans, at distand
but corresponding points.  \n astonishing series of incidental cor-
roborations has been brought to light for the general main facts, as
already published for the nave.

Measurements have been made by the plumib-line at a multitude
of points, where cven the suggestion of accidental movement is
impossible.  The correspondences in results at remote, but corres-
ponding, points, render the theory of carcless construction in the
verticals equally impossible.

in spite of the free-hand irregularities of counstruction in this
church, where errors of several inches and irregularities of marked
amount can. in many cases, certainly he nothing more than hold
and frank indifference to closely accurate work, it can now be
proven that refinements of leaning verticals were planned. in which
one-tenth of a foot in twelve fect was the amount of variation delib-
erately sought in some cases. This appears, for instance. from the
measurements for the widening in the north vestibule : Plan 14.p.96.

The quotation of the measures in decimals of hundredihs of a
foot has. however, no general significance and must not he sup-
posed to argue any cffort on the part of the builders at closely ac-
crrate results in every given case, or in all corresponding cascs.
The measures themselves prove the contrary, by their correspond-
ences in dircction, on the one hand, as comparcd with their varja-
tions in detail on the other. The measures are guoted in decimals,
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GROUND-PLAN OF ST. MARK'S.

Measurements in foot decimals for plumbs from the pavement with a line of length 17.30 ft. in the nave, and 15 ft. in the transepts. The darts show the direction of the leans.
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FIG. 23. NORTH SIDE OF THE NAVE OF ST. MARK'S.

From a Survey photograph of 101, As compared with IFig. 20 (which shows
the widening, but does not include the bend), this view shows the outward bend,
contrasted with the nearly perpendicular lower piers in the nave. The lamp chain
furnishes a ptumb-line. For plumb measurements compare p. 5. The curve in
elevation of the gallery string-course and parapet is also shown. Compare [Fig. 42
for the north gallery curve.
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because they are so found in the note-hooks of record and they are
generally mentioned without reduction to the more casily grasped
statement in inches, in order that they may appear as taken.

FIG. 24. SOUTH SIDE OF THE NAVE OF
ST. MARK'S.
Tracing from a Survey enlargement of 1901.

The general reasons for taking meas-
ures i foot hundredths are well known
to surveyors. These reasons do not at
all imply that the odd hundredihs are
niformly  important.  The reason is
simply that measures cannot he quoted.
or taken down, in uniform stvle, when
sixteenths, cighths, or quarters of an
inch have to be mentioned.  For rapid
worl, and rapid uniform entrv, a tape
marked off in feet, tenths and hun-
dredihs, is much the most convenient.
How much importance is to he at-
tached to the odd hundredths in subse-
quent reading of the measures is quite
another matter and a careful examina-
tion of this question has also  been
made (p. 97).

The quotations will begin with the
main general facts for the nave,

The Nave of St, Mark’s.

The estimate of the survev of 1893
for the widening of the nave at a given
point (Fig. 21) was based on a photo-
graph (IYig. 2o0) so taken in parallel per-
spective and so carcfully levelled for
the true perpendicular that the amount
of widening might be estimated from
the known width of the mnave at the
pavement,

This estimate is now supplemented
and corroborated by plumbs taken in
detail on cach side of the nave. for the
tlirece separate divisions in its height up
to the springing of the arches: viz, the
piers  from the pavement up to the
moulding or capital, the pilaster cas-
i1 g or wall from the capitals of the piers
to the string-course which corresponds
to the top of the parapet. and the mo-
saic wall, from this string-course up to
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the springing of the arch (IFigs. 23, 24, 25). Pole measurciuents can-
not be taken in the gallery on this upper face of the wall at the
points indicated by the estimate of Fig. 21. All three sections were
therefore plumbed on the sides of the piers which are nearest the
spectator in Ifgs. 23, 24, 235,

The measures of the lcaning verticals for these various divisions
are given below so that they may be read from the pavement up, or
from the mosaic wall dowmwvard, as [ollows:

I'rom the top of the parapet to the springing of the arch; about
13 feet.

Left; 33 inches.  Right; 5 inches.

IFrom the capital moulding to the parapet string-course; about
12 feet.

Leit: 8 inches. Right: 8} inches.*

I'rom the settees on the pavenent o the capital moulding of
the piers; about 18 feet.

Left; 1) inches. Righe: ¥ inch.

Total: ILeft; 13} inches. Right; 14} inches.

On the right side of the ¢hurceh, however, the two upper faces
step back. At the capital of the pier the right pilaster steps back
about 2 inches (Ifig. 2¢).  This is included in the plumb from the
parapet: but the stepping back of the mosaic wall at the parapet
amounts to about 2} inches. This lies between the plumb taken
upward and the plumb taken downward, and must be added to the
tetal widening, which thus amounts to about 30 inches for the
given sectional plance.

This result corresponds very closcly with the estimate obtained
from the survey photograph of 1893; allowing for the fact that the
lower piers. at the point there considered, lean off more than those
just quoted.

They lean off ; right, .17, as against .05 (’lan 4, p. 68).

They lean off : feit, .30, as against .15 (Plan 5, p. 70).

This gives an extra widening of .27 or 34 inches, for the lower
piers, which brings the sum total up to about 33} inches, without
knowledge of what the variations mayv be for the avo upper divi-
sions, at the point where the survey photograph of 1893 gives a
total of 2.00 or about 34% inches.

An appearance in the church of having gone over to the right is
produced by the leaning verucals of the right pier at the choir
(Fig. 39). These are shown by the survey photographs to be more
inclined on the right than on the left and they are easilv to he noted

#This measurement on the right side of the church includes a stepping back of =
inches. so that the actual lean is about 6% inches. The stepping back ef faces is men-
tioned in the text which follows,
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I'IG. 25. SOUTH SIDE OF THE NAVE OF S8T. MARK'S.

View from the pavement; from a Survey photograph of 1893, As com-
pared with Fig. 20, which does not include the verlical bend. this view
shows the nearly perpendicular lower piers, as contrasted with the change
in vertical direction above their capitals. It also shows the delicate re-
turn curve of the mosaiz wall, below the arch. The lamp chain furnishes
a plumb-line. For plumb measurements compare p. (i,
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in Fig. 39, as constructive. Measurements at this point by plumb.
are obstricted helow by the pulpit and cannot be taken at all from
the galleries. The appearance in the church of having gone over to
the right is also accented by the stepping back of faces, as already
mentioned.  Fig. 24, showing plumb-lines in position, is drawn
from a tracing over a Museum enlargement, from the photographic
series of 1go1.

Distribution of Widening in the Nave as Regards the Various
Divisions of Its Height.

Tt has just heen observed that there are three separate divisions
in (he sides of the nave up o the springing of the arches. The
amount of inclination in these various divisions appears from the
quoted measures (p. 63) to be the greatest in the shortest division
of all, i. e., the central division. [For instance. on the left side of
the nave the central division leans 8 inches in about 12 feet,
whereas the pier below Teans 1} inches in about 18 feet. and the
wall above leans 3¢ inches in about 13 feet. It mav also he observed
that the comparisons of amount for cach section tallv very closely
on the two sides of the nave.

The sudden change in the amount of the leans above the capitals
of the piers, which is indicated by these measures, is ecasilv per-
cetved in the photographs and in the building. At least, it is easily
pereeived after it is known to exist.  TYig. 23 shows it with special
clearness.

This sudden increase of inclination at the given point, which is
found to be a uniform and constant fact i all portions of the nave.
15 a complete and decisive proof that no accidental movement has
pushed these verticals out of plumb.  No expert, who mav have his
attention called to this feature of the church in the building itself,
will hiesitate for an instant as to his verdict regarding construction.

The conditions of resistance and support for this central vertical
division of the nave, which is found to have the greatest inclination,
arc shown by the aisle views (IFFigs. 26, 30). Plan 3 (p. 62) will show
that the detail measures for the nave were taken at a point where
the whole length of each solid transept wall has to be reckoned
with. in the matter of accidental lateral movement.

The  Aisles and Walls of St. Mark’s.

So far. the quoted measures have only supplemented in detail an
observation for the nave which has already been published, which
had already appeared to be ol an impregnable character, and
which has been verified as constructive by the engineering expert
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who was in charge of the church ar the tinme of my most recent

visit to \'enice.
As regards the matter which follows, for the aisles and walls, the
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PLAN 4. RIGHT

A\ISLE OF

ST. MARK'S.

nieasures were not onlv taken afer the
interview with Signor Saccardo, but the
results obtaimed were not anticipated.
It scemed advisable. betore  leaving
Venice, to plumb the chureh in detail,
as far as it could be done rapidly and
this was undertaken as a matter of
vecord, but as a record which was not
expected to supply any especially novel
facts. Consequently the measures were
not collated at the time when they were
taleen.

The mere entry of them on a ground-
plan, which is the essential preliminary
to any comparison of results, could not
be undertaken, owing to the pressure of
other oceupations, until  September.,
(goz.  This will  explain some  de-
ficiencies of the record.  Its value lies
in the suggestion that the work of a
professional survevor has been made
necessary by its resules,

As regards the plumbs for the pters,
the capitals could e reached with a
pole, by standing on the setiees, and no
particular apologies are necessary re-
garding these measures. As regards
the walls, the measures have the value
of bearing a dcfinite relation to those
of the piers, because thev were taken
with a Itne of the same length on the
walls of the nave (17} feet).  This is
really a material point, but the (uestion
as to the whole amount of the wall
leans has still to be answered.

This uncertainty is connecled with
the peculiar construction of the galler-
ics of the church, which, aside from the
ends  of the transepts, arc narrow
passages standing free from the side
walls, which therefore rise to the whole
height of the building. There are, how-
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FIG. 26. THE RIGHT AISLE OF ST. MARK'S.

Accurate wash drawing, from a Survey enlargement of 1901, Showing a plumb-line on
the engaged colump. The plumb measurements entered beneath the drawing are found on
Plan 4. As contrasted with the double . 'asurenient for each pier in Plan 4, only one plumb
is entered for each pier. This view has the importance of showing the upper wall of the
aisle. The entargcment indicates no change in the vertical direction of the wall uptil the
mosaic¢ surface is reached.
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ever. several survey photographs which indicate continuous leans
in these walls, up to the beginning of the mosaic wall (i, ¢. up to the
height of the galleries), and these pictures were very carefully
taken for future reference in the matter of the vertical lines. The
enlargements  which are  exhibited in the Brooklvn Institute
Aluseum have great value in this matter and the true perpendicu-
lars arc established for two of them with absolute certainty (Figs.
206, 30).

It {s with reference to the aisles that we now again draw atten-
tion to the fact that a very insignificant amount of the widening in
the nave is obtained in the piers, between the pavement and the
capital moulding. Tor the first three piers of the nave, on cach
side, the amount of leaning on the side of the aisles is as follows. in
the direction from facade to transept:

Right: .12, 121 .00. .03: .10, .12 (lan 4).*
I.eft: .20, .20: .00, .12 .24, .20 (Plan §5).

Whercas some of these amounts are- insignificant, and would
hardly be considered, were it not for the proven intention oi the
widening higher up in the nave. it will appear that the engaged col-
umns of the aisle walls Iean outward in much greater degree (Plans
4. 5). These engaged columns of the aisles determine the domi-
nant vertical effect of the walls, on account of their strong projec-
tien and massive size (Figs. 20, 30). The piers which continue the
tines of the aisles across the transepts are also so placed as to line
with these columus, as distinguished from the walls of the nave,
and the pilasters of the transept walls at the entrances to the aisles
oi the choir are again placed in the same line with these engaged
columns, as distinguished from the walls of the nave, Thus the ver-
tical effects of the aisles are determined by the columms and by the
piers and pilasters which are hined with them.

We will now consider that portion of the entire plan of the
plumbs which is limited to the right aisle : Plan 4.

Among the remarkable facts disclosed by this plan, we note the
uniformly higher average of the wall and column leans as against
those of the piers of the nave. The maximum lean oi the nave
piers on the right side, is .12, or 14 inches. The maximum lean of
the engaged columns is .43 or 3}

(FFig. 206.)

inches, and the minimum is .33,

We next remark the arrangement by which the piers in the tran-
sept are Jeaned off so as to maintain a parallel direction with the
verticals of the engaged columms of the aisle (IFigs. 27 and 20).

We next notice the continnation of this parallel outward slope

*As each pier was plumbed twice on each side, at the points marked by gdarts, tle
measures are quoted as taken.
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I'IG. 27. RIGHT AISLE OF ST. MARK'S, AT THE CHOIR.

Accurate drawing from a Survey enlargement of 1901. The photograph includes a plumb-
line. The pier in the foreground is also scen in Fig. 2G. The plumb measurements are taken
from Plan 4, and allowance has been made in the entry of 40 for (be entire height of tbe
pier. The pier in the foreground faces the pier in Fig. 29. For (he contrast in measures
between the two sides of the pier in the foreground (.3G apd -30) compare text, p. 77.
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FIG. 28. ST. MARK'S. EAST PIER, SOUTH TRANSEPT, AND
PILASTER IN THE REAR.,

Accurate drawing from a Survey enlargement of 1901.
was taken to show the plumb-line hanging on the watl pilaster, which leans .23
with line of 10 feet. This wall pilaster is thus constructed in parallel lean with
the foreground pier. Compare Plan 4. The foreground pier is the same as
shown in Fig. 27. The wall pilaster is shown more clearly, as regards situa-

tion and separation from (he pier, in Fig. 34.

The photograph
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FIG. 29, ST. MARK'S. WEST PIER. SOUTH TRANSEPT. AND WALL OF THE
SOUTH (RIGHT) AISLE. LOOKING WEST.

Irom a Survey photograph of 1894. Showing the upper wall of the right aisle in the
direction opposed {o thai of Fig. 26G. Compare Fig. 4. The view shows the perfect form
of the arch in the transept and the diminished lezn of the transept column. Compare Fig.
353 for the adjacent arches and column:. TTor contrast in the plumbs on opposite sides of
the pier. compare text. p. 77,
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into the aisle of the choir in the pilaster which faces the cast wall of
the south transept (IMig. 27).

This leads us to consider the points in this series of measures at
which even the suggestion of accidental miovement by thrust or
subsidence is impossible.  One of these is the point just indicated
where the lean of 4o is entered. This pilaster is a solid portion of
the south transept east wall.

On the opposite side of the same pilaster (Plan 4) we read the
measure .25 (line of 16 feet). THere the pilaster is purely a deco-
rative formula and vet it continues the lean. parallel with the sides
of the piers which are mn line wich it in the transept.

IFig. 28 shows a plumb-line hanging beside this pilaster.

As regards guestions of movement, or thrust, we also notice the
engaged column enfered in the plan as leaning .33 agamst the en-
tire length of the west wall, south transept.  I1g. 26 shows this col-
umn and the plunb-line..

I'ig. 29 is a view looking back down this south aisle toward the
west entrance. The columns facing the pier have been plumbed and
arce entered on the plan as leaning off .50 cach. or 6 inches cach.
The pier itsell has been plumbed as leaning south .60 at one angle
and 47 at the other (on the north side) or an average lean of
over 6 inches on the side which lines with the aisl2. 1t was on this
pier that the observation of 1870 was first made as regards the
oblique cutting of the casing (p. 23).

No attention was paid to the pier casings in 1893 or 1901, as it
did not scem necessary to descend to this detail, but the conclusion
based upon them in 1870 1s now proven to be a valid one.

We have so far conhned our attention to the south aisle. Plan
5 will enable us to compare the north aisle with it.  The same gen-
eral facts are found here, with the qualification that the wall meas-
ures are not quite uniform. There are indications of a repair at the
point where the entry of .03 toward the south is found on the plan,
and more exact information is needed here as to repairs which may
have obliterated the old construction.  On the other hand, the
facts are uniform for all the engaged columns and these deternine
the vertical effect by their heavy projection.

IFig. 30 shows one of these columns with a plumb-line. The in-
clination is 6 inches.  This column leans against the entire length
of the north transept west wall.  ITere again the theory of thrust or
accidental movement must be abandoned.  Moreover, on the op-
posite side of the north aisle wall the engaged columns feansin the
direction opposed to those inside the same wall (Plan 5). This ar-
rangenient is connected with the construction of a spread, or wid-
ening. in the verticals of the north vestibule (Plan 14 or Plan 3).

We now return to Plan 3. in order to notice the correspondences
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FIG. 3. LEFT (NORTH) AISLE OF ST. MARK'S.

Accurate drawing from a Survey enlargement of 1901, Showing a plumb-line on the
engaged column and continuation of parallel leans in the transept piers and in the aisle
of the choir. Compare Plan o, from which the plumb measurements under the drawing
are taken, The entry of .40 is an average for the double measures on the plan (.85
and .H40).



=6 MEMOIRS

O ARCHALEOLOGY.

with the south aisle as regards the continuation of the leaning ver-
ticals through the transept and into the aiste of the choir.
At the begiming of the choir aisle we find the entry .32 for the

.07

PLAN 5. LEFT AISLE OF ST. MARK'’S.

pilaster terminating the north transept
cast wall.  Ilere again is a point where
accidental movement is out of the ques-
tion. The entry of .02 north, on the
opposite side of this pilaster practically
represents a perpendicular and does not
repeat the interesting continuity of par-
allels observed at the corresponding
point in the south transept, as shown
by Fig, 28.

The Transepts.

We now turn into  the ransepts
(Plans 6, 7) and notice; first, that all
four columms, m cach transept (cotummns
as distinet from piers). continue. with
closely corresponding measurements, as
regards their own verticals, but in much
less amount than dhe aisle  sides  of
the adjacent piers, the north and south
leans of the aisles and nave,

There is one columnar lean of .38:
north transept. cast side: but the aver-
age for cight columns is only .26,
There 1s no exception 1o the rule that
the column next the pier leans more
than the one next the wall.  Nost re-
markable is the fact, to which there is
no excepiion, that every one of the four
piers adjacent o the ransept columns
leans heavilvy on the side which liaes
with the aisle, but leans considerably
less on the side adjacent to the colummn.
Thus 1n the north transept (P’lan 6) the
average lean of the west pier is .40 on
the aisle side and .17 on the column
side. (These averages are obtaimed by
adding together the two measures on
one face of the pier and dividing by
two.)

The east pier in the same transept
leans average .44 on the aisle side
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and average .28 on (he column side.  In the south  transept

(I’lan 7) the west pier leans average .33 on the aisle side and aver-
age 41 on the column side (compare Ifig. 29). The cast pier in
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PLAN 6. NORTH TRANSEPT OIF ST. MARK'S.

Sectional pertion of Plan 3. Plumbs tor a line of 15 feet on all transept walls
and columns. Kigs. 22, 31, 32, relate to this plan.

the same transept leans .30 on the aisle side and .30 on the
column side (compare lfigs. 27, 28).

The uniformity of these variations could not well be accudental
and movement due to thrust or subsidence would have been the
same on two opposite sides of one pier. An obvious explanation
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would be that the columns of the transept are placed in line with
the engaged columns which face the piers and are not in line with
the piers themsclves. These piers have therefore no counter
thrust from the transept arches to assist in preserving their equili
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PLAN 7. SOUTH TRANSEPT OF ST. MARK'S.

Sectional portion of Plan 3. Plumbs for a line of 13 feet on trapsept walls
and columns. TRigs. 33, 34, 35, 36 relate to this plan. Figs. 87. 38, are gallery
views in this Lransept.
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FIG. 1. ST. MARK'S. NORTH TRANSEPT. EAST GALLERY.

From a Survey photograph of 1895. Showing the northward lean of the north wall. For plumb [rom
the parapet, compare Fig. 32. The measures below the piclure are pavement plumbs, line of 15 feet. Note
the pilaster in northeast angle of the transepl aisle, wiih lean .22. Compare Plan (5. The arches are true.
The view also shows a horizontal curve in elevation of the gallery parapet. Compare Figs. 33, 4. 30 for
the south transept.

brivm.  therefore the leans were diminished on the outsite o
cach pier as a means to slabilitv. This, at least. is a plausible
explanation of a curious fact.

It is alro (o be remarked that. in spite of the leans of these piers
and of their engaged columns, the arches of the transepts are
perfectly true (IFigs. 29, 31. 34. 35).

The Transept End Walls.

TFrom the columns of the transepts we pass to the north and
south walls of the transepts (Plans 6, 7). IHere the leans increase
to a phenomenal extent. In three instances the pilasters of the
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FIG. 32. ST. MARK’S. NORTH TRANSEPT, WEST ANGLE.

Accurate drawing from a Survey photograph of 1893. TUnder the drawing are
plumbs from the pavement, with line of 15 feet (Plan (). By plumb from the
parapet (about 33 feet) the pilaster leans north 16 inches (the same average
amount for the entire north wall). Plan U shows approximate perpendiculars on
the opposiie side of the same wall. The arch adjacent to the pilaster Is true,
The adjacent column leans .18, or about 2 inches. Compare Fig. 31 for the op-
posite angle of the wall. Compare Fig. 33 for the south transept.
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end walls lean twice as much or over twice as much, in the same
height, as the columns do. In the north transepr the fourth
instance shows no great change (cast side). The adjacent arches
are true in all cases: Figs. 31, 32, north transept: I'tgs. 34. 35.
south ransept.

At this point, we are able to supplement the plumbs from the
pavement by the plumbs which have been taken from the galler-
ics,  Before quoting these we shall, however, stop to notice that
these north and south leans are not only found in the pilasters
which are in line with the columns, but that thev also appear in
the wall surfaces, throughout their enlire extent, including the
pilasters in the transept aisle angles (Plans 6, 7).

The outward leans of these terminal transept walls are most
remarkable.  Thev are not appreciated by the eve as to their full
amount, except by sighting. even when the observer has  full
tnowledge of the measurements. These end walls rise only to the
height of the galleries (Fig. 22). Thev terminate in parapets
v hich also lean outward (Fig. 32).%  Behind these are deep galler-
ies reaching back to the exterior walls; whercas clsewhere the
calerics are narrow passages standing free from the walls.

The broad pilasters which face these walls in line with the
columns of the transept aisles. correspond to wall faces above,
which risge to the springing of the arches ([Fig. 32).

The plumbs of the ground-plan for these walls. represent less
than hali the height to the top of the parapets and the plumbs
from the galleries must now be uoted.

By plumb from the top of the parapet in the west angle of the
north transept (I9ig. 32) the lean of the pilaster is 16 inches in 33
feet (approximate height).

By plumb from the top of the parapet in the east angle of the
south transept the lean of the pilaster is 133 inches in the same
height.  Ifig. 33 shows the plumb-line which records this result and
15 the most remarkable picture of the entire series.  This meas-
ure is an understatement. having been taken from a plumb-bob
hanging level with the top of a confessional box.

By plumb of the face of the same wall near the center and 1o right
of the door lecading to the Doge's Palace the wall leans 134 inches
ir 30 feet. (ITg. 353 [n this south transept gallery the central
part of the parapet consists of an open railing which allows of
dropping a plumb-line from the level of the gallery floor. The
height is therefore less. than in plumbing from the parapet, as
shown in Iig. 33. (In the north transept gallery the parapet is a
solid wall, so that the line cannot be dropped from the floor level.)

*This is a positive and remarkable fact for the solid parapet ¢f the north transept
and was one of the points which especially interested Signor Saccardo. I have
no record for the open railing of the routh trancepr gallery.
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IF1G. 3. ST. MARK'S. SOUTH TRANSEPT, LOOKING EAST.

Wash drawing from a Swrvey pholograph of 1101, The plumb-line hanging on the pilas-
ter records a lean of 15% inches. The adjacent column leans .20, or under 2V, inches. The
arches are lrue: compare Fig. 4. The wall as plumbed near the centre leans 13} inches, not
including lhe parapet; line of 30 feel. Compare Plan 7 for pavement plumbs. The oppo-
site cide of Lhe souih wall (in ithe magazine) is not perpendicular. as in the north transept.
The lean has the same amount on both cides (no entry in plan).
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FIG. 34. ST. MARK'S. SOUTH TRANSEPT. RAST GALLERY.

Accurate drawing from a Sutvey photograph of 1845, See p. 101 for ihe apparent obliquily in eleva-
tion, of (he parapel. as an illusion. DBelow the drawing are entries of pavement plumbs, from Plan 7. The
star shows the locality of the parapet plumb as represented in TFig. 3. This view (Ifig. 34) shows more
clearly than IFig. 28 the situation of the wall pilaster with lean .25. Tt also shows the pilaster in the south-
east angle of the transept aisle, with lean .27. The double leans of these pilasters, east as well us south,
are entered on Plan 7. The curve in elevation of the gallery parapet is to be noted.

Let us now examine IFig. 33 with reference (o the possible sug-
eestion of accidental movement.  In that case the wall would have
nioved awayv from the adjacent arch about 14 inches at (he level
of the top of the arch (the whole lean being more than 134 inches to
the top of the parapet). This arch iisell s only 8 feet wide. It is
perfectly true and the colmn which supports it only leans .20 or 2}
inches, This arch would have collapsed 1§ the wall had gone over
to the extent of 1535 inches.

Iig. 34 gives a better view of these arches and includes a series
of natural plumb-lines which are furnished by the lamp chains, At
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FIG. 35, 3T. MARK'S. SOUTH TRAXNSEPT. \WEST GALLERY.
Accurale wash drawing, from a Survey photograph of 1803, The star below the drawing is near the
location of the gallery plumb of 13 inches lean for the wall (line of 30 feet). The pavement plumb .38

marks the pilaster in the aisle angle, Compare Plan 7 for the double leans. The column leans of .23 and
.30 are to be compared with the pilaster 4. The column and wall above this pilaster are perpendicular.
The arches are true. Tte gallery parapet has a curve in elevation.

three other corresponding points the conditions are the same. as
regards the ruin which would have befallen the arches if the walls
had moved outward accidentallv.  These points are shown by Tigs.
3% 31,32,

It is hardly necessary to draw attention to the fact that in no
instance does the column next to the wall pilaster show the same
lean.  Tn the pavement measures for the north transept (I’lan
6). the west pilaster leans .47 and the adjacent column leans .18,
The cast pilaster leans .35 and the column leans .30 (the only close
approximation). In the south transept (Plan 7} the west piiaster



ST. MARK'S AT ['ENICL. 85
leans .49 and the colummn leans .25. The cast pilaster leans .39 and
the column leans .20.

It has already been stated that the leans of these end walls were
first observed in 1893.% that they were examined by Signor Sac-
cardo in my company, and that they were included in his verdict as
to construction, although mnot specifically  mentioned in his
certificate.

In view of this verdict, it is really superfluous to point to the
lines of resistance in the side walls of the chapel of St. Isidore (Plan
6) and in the walls of the exit passage to the Doge’s Palace (Plan
7). or to point to the cast and west walls of the transepts, up to
which these slopes are carried even in the pilasters at the angles
of the transept aisles.

It may, perhaps, be worth mentioning that both of these tran-
sept end walls lean agaimst thrust.  The north wall leans against
the vaulting of the chapel of St. Isidore and is perpendicular in-
side that chapel. The south wall leans avainst the thrust of the
vaulting of the magazine and of the chapel of the treasury. Inside
the magazine the inclination continues; the chapel wall was inac-
cessible.

Before leaving Venice | took the levels in both galleries of the
south transept. I found the cast gallery of the south transept ( Fig.
34) to be level within .07. and the west gallery to he level withir
t0 (Fig. 35). This proves that the depressions of the pavement.
however caused, have not affected the galleries or the end walls.
An apparent obliquity in ¥ig. 34 is an optical illusion, as explained
at p. 101, The irregularities of the pavement are considered at
. 104.

As regards the piers and walls of the transept galleries above
the line of the parapet, they return very nearly, if not «uite, to the
true perpendicular in the south transept. Figs. 34, 35. At one
angle of the north transept (east side) the upper wall is nearly per-
pendicnlar (Fig. 31).  The upper wall of the west angle shows a
continuation of the inclination which is found in the pilaster below
but in lTess amount (Fig. 32). The facts regarding the perpendicu-
lars above the leaning walls are of the highest importance.  They
are especially well shown in Fig. 35, but also in Fig. 34: if it be
noted that the wall face is more closely perpendicular than the en-
gaged column. The drawings for these illustrations give strictly
accurate reproductions of the verticals of the survey photographs.
Tt hoth photographs and drawings the facts may be tested by the
natural plumb-lines which are offered by the lamp chains in the
centres of the pictures.

*Arclitectural Record, Vol. VII1., No. 2, IR07: Fig. .
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East and West Widening of the Transepts.

The transepts have another system of leaning verticals, which is
at right angles to the one so far described ; that is to say, a system

FIG. 3ti. ST. MARK'S. SOUTH TRANSEPT,
WEST SIDE, LOOKING SOUTH.

of widening from cast to west (Fig. 22).
This system crosses the svstem of the
nave and relates to the ransverse di-
reetion of the transepts.  Dut whereas
in the transept system so far described.
the verticals are nearly, or quite, per-
pendicular  above the parapets, with
marked feans below ; this sccond system
shows a contrary arrangement, at least
on the west side of both transepts.  On
the west side of both transepts the west-
ward leans are accenwated above as
they arce in the nave. but they are not
found as regards the piers. Plan 3 gives
a connected view of hoth transepts.

The same piers which tean south 6o,
47 (Plan 7y and north .45, .35 (Plan 6)
and with engaged colwmns also lean-
ing sonth .50, .50. and north. .28, 28 arc
practically perpendicular, as regards the
ast and west direction.  In the adja-
cent piers similar facts are observed.

On the other hand, Fig. 36 shows the
westward lean of the engaged column
i the west gallery of the south tran-
sept. - The capital is set. however, so as
to tip forward: undeubiediv so as o
avoud the foreshortening of its carved
decoration.  IYig. 36 ts an accurate wash
drawing from a Nava photograph.

Fig. 37 shows the corresponding
westward Jean of the companion col-
unn, as photographed in the west gal-
lery of the south transept from the op-
posite direction, and again with a capital
which does not lean westoward, but which
is set to a level. The plumbing of this
column gives a lean of .24, or about 3
inches, with a line of fength 9.04.

Iig. 38 shows the leaning columm,
corresponding to the last, in the op-



FIG. 37. ST. MARK'S. SOUTH TRANSEPT, WEST GALLERY,
LOOKING NORTH.

From a Survey photograph of 1901. Showing column which is the mate of the
gallery column shown by Fig. 36. By plumb measurement this column leans west .24
or 3 incbes (line of {).G4). The capital Is set tn dip downward and does not lean back
with tbe column. Typical for the wegtward widening on tbe west side of both tran-
septs. Compare Fig. 38 far a column of the east gallery.
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FIG. 38. ST. MARK'S. SOUTH TRANSEPT, EAST GALLERY,
LOOKING NORTH.

From a Survey photograph of 1901. Showing a leaning column. to be compared
with the plumb-line of che lamp chain. -The column is opposite to the onhe shown
by Fig. 37. For ibe nortb transept compare Fig. 22 for the leaning columns of the
east gallery.
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posite transept gallery. The enlargements of these  photo-
graphs up 1o 23x33 inches. in the Brooklvn Tnstitute Museum, are
very valuable for illustration of the more remote colummar leans
on the gallery walls of the north transept.

As regards the piers on the cast side of the transepts, all four
of them lean east, from the pavement up. in amounts which are
shown by Plans 6, 7. 8 and by Plan 3, which has the advantage
of showing these piers in one connected line. The plumbs of the
piers which are faced by the puolpits are especially interesting (lan
S, Fig. 309).

We next observe the remarkable fact thar these cast and west
leans are repeated in the same pilasters of the north and south

PLAN S ST. MARK’S. THE ENTRANCE TO THE CHOIR.

Sectional portion of Plan 3. Compare Fig. 3. Pavement plumb with a

line of 15 feet. Showing the double leans of the piers, as called for by the
intereection of the norih and scuth widening of the nave and transepts
with the east and west widening of the (ransepts. Compare DPlans 6, 7, or
P’lan 33, for the entire line of eastwaid luang, which extends to the pilasters of
the north and south trangept walls.

transept end walls, which have been already deseribed as having
the phenomenal outward (morth and south) leans. \We now find the
same pilasters showing also cast and west leans (Plans g, 10),
obviously under conditions climinating anv possible suggestion of
accident.

Plans . 10, also show that the same cast and west leans are
repeated i the pilasters of the transept aisle angles which have
alrcady Deen specified for north and south leans. Thus cach
one has a double Tean, like the pilasters just mentioned.  (No meas-
ures were taken in the northwest angle of the north transept on ac-
count of the modifications 1 plan which are connected with the
exit.)

We next notice the east transept walls (PPlans 11, 12); with leans
uniformly cast: and with pilasters, at the turn into the choir, also
showing double leans. The north and south leans at (hese points
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PLAN 9. ST. MARK'S. NORTH
TRANSEPT, NORTH WALL.

To illustrate the east and
west widening system of the
three pilasters. The portheast
angle pilaster, leaning .30 east
and .22 porth, is showp by
Fig. 31, on which the eastward
plumbs are omitted.

PLAN 10. ST. MARK'S. SOUTH
TRANSEPT, SOUTH WALL.

To illustrate the east and
west widening system of the
tour pilasters. The southeast
angle pllaster, leaning .20 east
and .27 soutb, is shown by
Fig. 34, on which tbe eastward
leans are omitted. The south-
west angle pilaster, leaning
10 west and .38 south, is
shown by TFig. 385, on which
the westward plumbs are
omitted.
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have alrcady been described in connection with the aisles of the
nave (pp. 74. 70, Iig. 27).

Ilere again are points where the constructive facts are bevond
cavil of any sort.

The west walls of both transepts show uniform outward leans,

PLAN 11. ST. MARK'S. NORTH TRANSEPT, EAST WALL.

To illustrate the eastward widening system and the double lean at the choir
angle, as cualled for by its intersection with the north and south system. This
pilaster, leaning .42 east and .32 north, is shown by Fig. 30, on which the entry
of .32 north denotes it.

but of insignificant amount (I'lan 3). Tt has still to be ascertained
what the facts may be above the height of 15 feet. The repetition
of the same slope in the pilaster of the southwest aisle angle of
the south transept is significant and leads us to pay more atteution,
than we otherwise might do, to the small amounts of leaning in

PLAN 12, ST. MARK'S. SOUTH TRANSEPT, EAST WALL.

To illustrate the eastward widening system and the double lean at the choir
angle, as called for by iis Interseciion with the north and south system. This
pilaster, leaning .28 east and .40 south, is shown by Fig. 27, on which the entry
of .#) south and the plumb-line denote it. The opposite side of the same pilaster
is shown by Fig. 28.

these walls.  The slight amount of these mcasures for the height
recorded, repeats a peculiarity already described in the west line of
transept piers which corresponds to them (p. 86). These have heen
already noted as practically perpendicular as regards cast and
west direction (I’lan 3.)
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Widening of the Choir.

As regards the casing wall of the choir, plumbs were taken on
both sides.  The plumb-line measurement on the south side of the
choir is shiown by Figs, go. 41: Man 13, FFor the length of line
used (obstruction farther downy the same amount of inclination
was found on both sides, viz., 4 inches. The entire slope from
pavement to parapet is probably aboutr 8 inches. No plumbs were

FIG. 39. THE CHOIR OF ST. MARK’S.



FIG. 40. ST. MARK'S. VIE\WW OF THE APSE,.

Accurate drawing from a Survey enlargement of 190%. The plumb-
line appears In the original photograph. The lean is 4 inches uat the
plumb-bob. Compare Fig. 41 and Plan 1.3,
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FIG. 41. ST. MARK'S. PLUMBING THE APSE.

Detail of Fig. 40. Accurately drawn to scale, from an enlargement of the original
photograph. The same amount of widening was plumbed at the corresponding point on
the opposite side of the choir. Compare Plan 13.
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taken for the upward direction in the galleries of the choir. The
downward tilt of the capital ol the engaged colummn in the right
choir gallery is very notable (Iig. 39). This appears to be another

60 b

These measures from parapet
e fopavement and approximate.

PLAN 13. ST. MARK'S. THE APSE.

To illustrate the location of the plumb-line in Figs. 40 and 41. These
measures are the only ones entered on any of the ground-plans for plumbs
from the gallery, and are approximations. The obstructions to accurate plumb-
ing are shown by Fig. 40.

case ol an arrangement intended to evade [oreshortening of the
decoration of the capital.

Westward Lzans in the Nave.

We now return to the nave, in order to notice the westward leans
of the piers (I’tan 3). These are repeated in the engaged columns of
the west (entrance) wall, which is perpendicular in the vestibule, on
the other side of the gallery stairs. What the facts may be for the
upper west wall has still to be ascertained. The measures for the
limited height are not uniform in results on the northern half of this
wall, but they are uniform as regards the engaged columns. The
changes ol direction in the wall may be due to repairs. It would
Irave heen easy to take plumbs from the gallery parapet, but I
omitted to do this; not having realized until my return to the United
States, that as far as piers and engaged columns are concerned,
the facts are uniform with those in the transepts. This is an omis-
sion which results {rom lack ol time to study carefully the results
of the mcasures taken, while still in Venice. The omission of
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plumbs for the columns of the nave has the same explanation

(I’lan 3).

The Vestibules.

The vestibule measures have next to be considered.  DPlan 14
shows the north vestibule which also has a constructive widening.

PLAN 14. ST. MARK'S, NORTH
VESTIBULE.

To iltustrale the system of widening.
The columns leah in oppocite directions
on opposite sides of the church wall
The lengith of plumb-line was 11.70,
and the vesiibitle eolumns have about
that height, exclusive of capitals.

The verticals of the west vestibule
were not systematically  plumbed,  as
there were indications that the columns
on the right of the main central en-
trance had been reset during modern
repairs,

Summary for St. Mark’s.

We are now in a positton 1o summar-
ize the results of all these plumbs, as re-
cards the correspondences of  vertical
direction.

There are cleven wall surfaces of the
church, not including  the  vestibule
walls. inwhich the system of an outward
widening has been found.  These walls
arc: the north wall of the nave: cast,
north, and wesi walls  of  the north
transept : north and south mmer walls of
the  choir (outer walls not plumbed):
rast, south, and west walls of the south
transept: south wall and west wall of the
nave.

[n two of these walls the svsiem s
dizcovered in all of the engaged col-
unms which give the dominant vertical
cffect to the aixles, although the meas-
ures, as found in the note-book record.
arc not uniform as regards direction for
the walls themselves, up to the height
attainable. On one of these walls (north
wall of the nave) a survey photograph
shows the lean in the wall itself at a
higher altitude and at the same point

where a perpendicular was found by the line.  FFor boil of these

walls the question whether repairs may have vitiated some of the
mcasures has still to be examined and plumbs from above have still
to he taken.
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The whole number of plumbs taken from the pavement inside
the church and in the north vestibule was 160,

Al of these plumbs show uniform and corresponding results, as
regards direction of the vertcals, in the dominant direction for the
given member or surface. with the exception above nentioned
and an insignificant exception in the north vestibule.  One column
is perpendicular in the north vestibule and has probably heen reset.
(Plan 1), The perpendiculars on the south wall of the north vesu-
bule can hardly be regarded as exceptions. The wall is very low
and the columms projeet fromic at such short intervals as o control
the vertical effeet.

[ all of those architectural members of the transepts. both
pilasters and piers, where a double lean is called for. by the meceting
or intersection of the two svstems of dominant leans, the double
lean is Tound.

Accuracy of Masonry Constructicn in St. Mark’s.

Certain results as to the margin or limit of ¢rror in the mechani-
cal accuracy of the masonry of S Mark’s may be gathered from
a comparison of some of the measurements. Bejore these compari-
sons are made, it mav be recalled that the appearances of rough
construction are generally found in the galleries and in the surfaces
which are covered by mosaics.  In the marble casing oi the chureh
the cloge fitting of  the slabs speaks for tiself. and this  pre-
supposes careful cutting and accurate cutting. ar least after the
curves of the galleries have been recognized as  constructive,
together with certain other obliquitics of the galleries which have
been proven to be constructive at Disa, and which probably are
constructive here.

To take up the tests for accuracy we will begin with the souih
transept end wall (Plan 10). The plumbs run as follows (outside of
the pilasters i the aisle anglesy:

55 .00, 390 .02, 000 40, 4.

The limit of error is therefore .16, or 13 inches in 135 feet.

The series of plumbs Trom the pavement for the north transept
end wall (Plan g) is ax Tollows {omitting the aisle angle):

A7 47 45 .35 H0.

The limit of erroris .12 or 11 inches in 13 feet.

These discrepancies may. of course, be due to accidental move-
ment. as well as to inaccurate building. \We bave already seen that
the plumbs for the entire amount of widening in the nave tallv
within one inch, o the two sides, as regards the sum total, and tha:
they also tally quite closely as compared for the ihree separate
vertical divisions.

TE we examine the entire series o plumbs jor (he cast side of
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both transepts, inclading the aisle angles (Plans 11, 12) they are
found to run as follows (the pilaster phunbs are entered in paren-
thesis): .
.30, .30. .15, (.42); (.28), .28, .17, .20.

The slopes of the walls, as distinet from the pilasters, show an
extreme variation, or error, of .15 or 14 inches.  This corresponds
to the limit of error in the end walls. The pilasters (measares in
parenthesis), at the angles of the choir walls, vary .14, or about 1}
inches.

Another (est as to accuracy 18 obtained by comparing the meas-
urcs for the vertical deviations in piers which were certainly meant
to he perpendicular on two opposite sides.

TFor instance, the west transept pier in line with the south wall
of the nave (Plan ) has the following cast and west measures:
west side .02, .02, lean cast; cast side: .00, .00.  I'he Limit of error
here is .02 in 17 feet. The corresponding pier (Plan 5) in line with
the north nave wall, shows inclinations on the west side of .05 and
1o, leaning east: and inclinations on the cast side of .03 and .03,
leaning west.  This pier must have been intended to be perpendic-
ular as regards the cast and west verticals,  The limit of error is
Jdoin 17 feet.

It appears also that the accuracy of the masonry varies with the
amount of widening which was desired.  Thus it is clear that
the columns i the north vestibule were set to a maXimum lean of
1o in 11 feet. with one error of .05 and one column perpendicular,
which we must consider an error of .10, unless it has hecn reset by
a modern repair.

Some interesting conclusions are reached by comparing the
piers of the nave.  The leans on the nave side of the piers are given
bhelow :

South Side (PMlan 4): 05, .15 .05, .05: .15, .17
North Side (IMan 3): .17, .17: .10, .15; .30, 30.

Tlere the limit of error. as regards the two angles on the same
side of any one picer. is .05. As regards (he contrast of correspond-
ing measures on opposite sides of the nave the limit of error is .15,
As regards variation bhetween the piers of one line, the limit is
close to .15.

Let us next consider the opposite sides of cach separate pier.
We begin at the left nave pier next the entrance (Plan 3), adding
tegether the measures of cach side, dividing by two, and contrast-
ing the results.

First pier: The limit of error in contrasting the north and south
sides 1s .03.

Second pier: Iirror about .o4. in contrasting the north and
south sides,
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Third pier: Irror about .08, in contrasting the north and south
sides.

Similar comparisons for (he right nave line of piers have the fol-
lowing results: Limit of error: for the first pier .03; for the sec-
ond pier .04 for the third pier .05.

These figures show, as regards single piers in the nave, that the
variations [rom exact correspondence of two opposite sides may
run up to .08 (line of about 17 feet). The hgures also show that
piers were intentionally leancd which do not lean over .10, because
the uniform correspondence, as regards direction of the two sides,
of picrs which lean about .10 would be otherwise nexplicable.  In
other words it must not be concluded that a pier was meant to be
perpendicular simply because 1t only leans .10. This would also
appear from the north vestibule plambs (Plan 14).

These hgures would also show that the much larger variations
between the two sides of the four particular piers which have been
described at pp. 76, 77 must be intentional. It would be incredible
that such correspondences of variation as are there described could
be accidental inaccuracies and impossible that two sides of one pier
should vary from accidental movement.

It is extremely important to obscrve that there are only two
piers in the church having opposite sides which do not lean in the
saime direction. These arc the two west piers of the transepts
which line with the walls of the nave. The west pier in the north
transept (Ilan g) has the following measures for east and west
direction. The opposite sides lean together, but very slightly; .os,
.10, lean east: .05, .03, lcan west,

The west pier of the south transept (Plan 4) has the measures:
.02..02. lean east on the west side: .00, .00 (or perpendicular) on the
east side.

Strictly speaking, only one of these piers has sides which lean
tcgether, and there are only two piers in the church whose oppo-
site sides do not lean i one direction. The small amount of varia-
tion in the two instances is notable. For if variations of .20 or .30
were due to inaccurate construction, we should find piers in which
the opposite sides would diverge, or converge, to the amount of .40
or .6o. li variations of .10 were generally due to careless construic-
tion, we should find piers in which the sides would diverge, or con-
verge, .20.

These comparisons lead to the result {hat practically none of the
leans ol St. Mark's are due to carcless constrisction, although the
vatiations of amount in different cases, as regards a given direc-
tion, sometimes represent variations of accuracy in the masonry.
We are thus obliged to eliminate inaccurate construction as a
cause of the phenomena, by a process of reasoning wholly different
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FIG. 42. ST. MARK'S. NORTH GALLERY OF THE NAVE.

From a Survey photograph of [805. Showing the curve in elevation of the parapel. Compare Fig.
Iso shaws this curve. Similar curves are shown by Figs. 31, 34, 35.

2. which

from that which was based on the series of correspondences at
remote but corresponding points. We are therefore reduced to
three alternatives: svstematic  purpose, subsidence, or thrust, as
being the cause of any particular lean.

It would be unreasonable to conceive that no accidental move-
nents have taken place in a bulding as old as St. Mark's and aone
such movement has been mentioned in this paper (p. 36). It may
be considered as proven. however, that no accidental movement
has taken place.in the particular verticals which have been plumbed
by this survey, of a greater amount than .15 in 15 feet, or in that
ratio for greater heighes. This limit of crror. already established
by our comparisons, may represent accidental movement, as well
as the mitations of accuracy in the masonry.,
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Gallery Levels and Gallery Curves,

There are some apparent obliquities in clevation in the galleries,
suggesting settlement, which are simply optical illusions, produced
by obliquities in plan. These are translated by the eve into obliqui-
tics in elevation, which might then be naturally presumed to be
owing to settlement of the piers and generally arc so interpreted.
[For instance. in the accurate drawing irom a survey photograph
(Ifig. 34) it 1s impossible for the eve not to assume a downward
direction of the south gallery parapet from south to north.  TTow-
ever, if subsidence of foundations had taken place in connection
with the quoted 1354 inches lean of the end wall to the south, of
course. the parapet would be oblique in the contrary dircction.

As already mentoned, T have taken the levels in this gallery and
found the two ends of the curving parapet to be level within .o7.
The appearance of obliquity in clevation is due to an obliquity in
plan which is shown by the ground-plan, No. 3.

\When the photograph original of Iig. 34 was made in 1893, the
line of the transept wall was assumed to be the normal cast and
west line and the apparent ebliquity of the gallery parapet is due to
this evvor. After the obliquity in plan has been observed, it still
appears to the eye to bein the east gallery rather than in the south
gallery and is translated by the eve into a northward dip of the cast
gallery in the church itseli, just as it appears in the photograph.
The divergence of the cast gallery from a true vectangle, as regards
the south gallery. amounts 1o over 18 inches in 30 feet.

\When the given obliquity in plan is scen above the level of the
cveat produces an effect contrary to that of 9. 3+ Thus in Ivig.
33 the gallery appears to go down to the right.  1lere again the
south transept south wall was assumed as the normal line.

The parapet of the north gallery of the nave (Fig. 42) appears,
to an observer in the south gaflery. to dip downward in the diree-
tion of the choir. | have taken the levels between the two ends of
this parapet and found it to be level within .10, 1lere again an ob-
hquity of plan (sce ground-plan No. 3) is partly responsible for
this appearance, but. aside from the cffect of obliquity in plan, all
the gallery curves in St. Mark's are built with a gradual rise and a
rather abrupt dip at the end of the carve,

This dip is well shown in the gallery and parapet curves which are
illustratcd by Figs. 31 and 34. There is a consequent appearance
in the curves of being out of level and consequently an inference
that they are due to settlement. Tt was to ascertain what might be
the facts in this regard that I took the levels in the central north and
south galleries of the nave and in the ecast and wesg calleries of the
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south transept. No oblignities in elevation were found. The limit
of variation from a true level was nowhere over .10.

The two short galleries next the gallery over the west vestibule
have marked obliquities in elevation (Iig. 43), but as soon as we
notice that one side of the arch is longer than the other, it is evi-
dent that they are not due to settlement. The drop of the short
south gallery was found by level to be about 4o.

These notes Dbear in two directions. They draw attention to
the constructicn of the horizontal curves in elevation, which are
mentioned in Commendatore Saccardo’s certificate and they tend

FIG. 43. ST. MARK’'S SOUTH SHORT GALLERY OF THE NAVE,

Tracing from a Survey enlargement of 130L. The gallery is obiique .40, by con-
struction. The north short gallery of the nave has the same obliquity.

to show that the accidental movements in St. Mark's have not been
of an imiportant character.

The general problem of the horizontal curves in St. Mark's is so
bound up with the problem in other Italian churches and cloisters
that we must dismiss the subject here, as far as the question of in-
tention is concerncd, with a reference to the verdict of Saccardo
and with the remarlk that the existence of constructive curves in
medizval Italian architecture has been decisively proven for other
buildings.*
of Americn Vo1 Vi S (Niw Seriea). T, e latter publication. conging 2 oriiae

cate from the engineering architect in charge of the Pisa Cathedral for the curves in
that building. which is also published in Vol. I, No. |,of these Memoirs
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lorizontal curves in elevation are found in the main north and
scuth galleries of the nave (IFig. 42); in the cast and west galleries
of the south transept (IFigs. 34. 33); and in the cast gallery of the

FIG. 44. ST. MARK'S FACADE.

From a Survey photograph of 1001, Showing the bend or curve in plan, concave to
the Piazza. The amount of curve is 10 inches.

north transept (Fig. 31). The west gallery of the north transept
has no curve. There are also curves in plan in the transept end
calleries,  The careiul cutting and fitting of the casing which is
connected with the curves in elevation is shown by the hali-tones,
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FFigs. 31 and 42, and has Deen accurately reproduced in the draw-
ings which were made for Figs. 34. 35. It is clear, if these curves
had heen due to settlement, that the casing must have been laid on
after the scttlement had ended. It would be absurd to suppose that
any such series of uniform movements in all parts of the church
had uniformly antedated the period of the casing.

Ilig. 44 shows the curve in plan of St. Mark’s fagade which s
mentioned as an zesthetic device in Signor Saccardo's letter.  This
curve was measured in 18935 as having ten inches deflection.  An
illustration was published in the Architectural Record. Vol VI,
No. 4. 1897: p. 480.

As regards the obliquities in the short galleries of the nave which
have been mentioned (Fig, 43) they may be, and probably ave, re-
lated in purpose, to obliquitics in the Pisa Cathedral which have
been published and which have been verified as constructive by the
architect in charge of the Cathedral.®

The Pavement of St. Mark’s.

Many depressions in the pavement of St Mark's are obviously
due to accidental causes. One change of level tn the pavement of
the church is certainly constructive. This is a gradual upward
slope from entrance to choir, amounting to 7L inches (survey of
1895). Inasmuch as cightyv-five churches in Italy have been ob-
served to have a constructive slope in the rising direction, from
entrance to choir, there is no doubt that this instance is construc-
tive.t

‘Fherc is no reason why the rises in the transept pavement toward
the chotr should not be of the same class. The fact that the transept
galleries are found to be level as far as tested (no levels were talken
in the north transept) indicates that these pavement slopes are also
constructive. If change of level in the transept pavement were due
to subsidence the galleries would be out of level.

As regards the great rising curve of the pavement across the
nave, which is especially strong near the choir, no expert should
venture an opinion before examining the pavement of S, Donato at
Murano. The ancient pavement, in opus Nlexandrinum. of this
church. has a rising curve across the nave of a very marked amount
which 1s certainly constructive.  This may be the first published
miention regarding this curving pavement, although it has been no-
ticcd by more than one observer. The English architect Strect was
the first to announce that certain main undulations in the pavement
of St. Mark's are constructive.i These undulations have undoubt-

*Memoirs of the Museum, Vol I, No. 3, and Journal of the Archgeological Institute
of Amenwes, Vol. VI, No. 2. New Series,

sArchitectural tecord, Vol. VI, No. 2: 1898

ilrick and Marble in the Middle Ages, p. 159,
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edly contributed to the general oversight of the fact that the leaning
verticals of St Mark's are intentional.

As regards the questions which are raised by the pavement of St.
Mark’s it mavbe added that most instructive remarks on the science
of piling as practiced in \enice, have heen published by Mr.o CoTH
Blackall, an architect of Boston.® In 1885, when Signor Boni was
in charge of St. Mark's, Mr. Blackall was able, with his co-opcera-
tion, to undertake the necessary excavations and to make an ex-
haustive examination of the piling of the Campanile. Tt was proven
the foundations have stood (he test for

by this examination that
centuries without moving an inch.”

In the 16th century Vasari mentioned in his Life of Arnolio i
Cambio, that the Campanile of St. Mark's “has never sunk, even
by a hair's bread{h.”

The weight of the Campanile is estimated by Mr. DBlackall at
about 13,000 tons. The piers of St. Mark's have individually only
a fraction of such a weight to support and there is no cause to sup
pose that they were less carcfully founded. The special causes
which led to the downfall of the Campanile have been mentioned by
Signor Saccardo, in the Architectural Record. Vol. XTI., No. 7.
1902,

I'rom these various considerations we should again conclude
that the accidental movements in St. Mark’s have not been very
important.  These considerations were all mentioned in the “Iicho
from LEvelvn's Diare.” but for casual or inattentive observers the
phenomena which have been described tend to suggest accidental
movement by thrust and subsidence. Tt was on (his account that
the opinion of Signor Saccardo. who is so thoroughly
familiar with the piling and foundations of the church, was so espe-
cially desired. and it is on this account that the corroborations of
this opinion. which were subsequently obtained, have been carcfully
narrated.

The Question of Repairs.

One main purpose of this publication is to forestall the farther
obliteration of the architectural refinements of St. Mark's, which
had assumed alarming proportions under the predecessors  of
Signor Boni and Signor Saceardo.

The fall of the Campanile (which itself had a northward lean.
not due to sctilementy) is destined to awaken doubts as to the sta-
bility of other ancient buildings and it is destined to draw attention
to all leaning verticals m the ancient monuments and to awalken
consequent suspicion as to their stability.

*“American Architect’’ for Aungust 290th, 1887,
“See the quoted article by Mr. Blackall.
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The tmportance of calling the attention of the Italian authori-
ties, of all Furopean governments, and ol all experts in charge of
ancient buildings, to the facts which are Iierewith published ts suffi-
ciently obvious.  The phenomena of the spread or widening are
certannly not confined (o Italy and they are certainly to be Tound
there in many churches. aside [rom those deseribed i this Memoir.

The danger that authorities in charge of repairs may innocently
destrov important features of architectural refinement is sufficiently
apparent. St Mark's, especiallyv, should be handled as carefully as
a canvas of Titian or a statue by Praxiteles. [t mayv be not less apt-
Iv compared to a picce of old lace as regards the care which should
be given it

That the danger is nor imaginiry js shown by the announcement
im these Memoirs, Vol 1, No. 1, that the lower line of columns on
St Mark's facade has a constructive jorward lean {as mentioned in
Saccardo’s certthcate) and by the Tact that the columns at the south-
west angle of the facade have heen reset in a perpendicular positton
by the modern repatrs of that angle. "The tncorrect resetting of the
pinnacles and statues of the north and sowh facades has been men-
tioned in Naccardo’s Tetter. 1L also appears probable that the evi-
dence for a widenmg in (he wesl vestibule has been destroved by a
resetting of the columns.

Although most of the churches in Norchern Lurope, aud a cer-
tain number in Italv, have still to e examined as regards the ex-
istence of this remarkable refinement of widening the vertical lines
in the rising direction, it is safe to prediet that no other chureh will
e found to show so consistent and far-reaching an application of
it as St Mark’s. It 1s also true that this church s peculiarly ex-
posed to the obliteration of the evidence, through repairs of the
casing and the resctiing of columns and (hroagh the natural pre-
stunption that accidental movemenis are responsible for the de-
flected verticals.

Purpose of the Widening.

The discussion of the purposes of this rehnement has heen
avoided i this paper, as involving a possible clemene of debate,
of uncertainty, or of difference of opinion: and because, the im-
porfant thing at present is to establish the facts and to induce ex-
perts to consider the resulting effects in the given churches, and
espectally in S Mark's,

The ultimate explanation of any such refinement must be that it
appeared to the builders an improvement, as against other churches
which did not possessit. The ultimate esseuce of this improvement
may probably lie in the fecling which leads us to prefer a free-hand
wrawing to a mechanically executed architectural clevationor archi-
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teetural section.  That the widening effect is an improvement in St.
Mark’s, as against chiurches which do not possess it. is indubitable
in the opinion of the writer.

To an age which has heen thoroughly satistied, for three or four
centurics, with absolutely rectilinear buildings, with mathematically
accurate measurements of construction, and with absolutely svm-
metrical correspondences in all architectural members and features;
which has even exalted these things as an ideal of perfection in
building; the whole subject of architectural refinements is a
matter of difficult apprehension. Tt is probable. however, that no
artist who compares a rectificd and schematic drawing of any por-
tion of St. Mark’s with a survey drawing or photograph for the cor-
resporuling view, will hesitate to prefer the latter. Ifor example, let
TFig. 20 be conceived as rectified and corrected into a drawing with
straight and rigid upright lines and it will obviously lose charm
and beauty. No other explanation scems really necessary.

Nothing has been said, so far, of the fact that the great side
arches of the nave also recede outward, in continuation of the ver-
tical inclination of the walls below (Fig. 20). This is a very essen-
ial feature, and probably the most important element, in the gen-
era' cffect of this device. If some attention he given to this detail
it will probably e of material assistance to an appreciation of this
refinement.,

Tn the case of St. Mark's there is no doubt that the ceffect of
spaciousness in the upper portion of the church is much enhanced
by the given device. It is also clear that the graceful bend of the
verticals (for instance, in Tig. 23) is preferable to the rigidity of the
straight line. The real question at stake i1s whether we have not a
demonstration in such devices of the formalism and decadence of
modern architectural taste. The most significant fact is probably
the one that we have to labor for an explanation. It is quite cer-
tain that those who are best aware of the admitted deficiencies of
modern archifccture will he most sensitive to the beauties which
arc undoubtedly inherent in this refinement.

The fact that vertical curves of a very delicate character have
been discovered by the writer in other churches is undoubtedly in
point. The fact that vertical bends have been found at Cremona
and Pisa, of a somewhat different character, should not be over-
leoked.

It is also probable that a carcful discussion of the vertical bends
of St. Mark's would involve giving a less summary consideration
to the horizontal curves of this church than they have received in
this paper.

The refinement of forward leaning and hending verticals on the
facade of this church has heen discussed in the preceding Memoir
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and has also its bearing here on the general question. So have
those refinements in the setting of the pinnacles and staiues of the
facade which were discovered by Signor Saccardo.

\"arious other architectural refinements of medizeval Ltalian archi-
tecture which have been elsewhere published by the writer, have 3
bearing on the general qaestion. So also have those preliminary
observations of M. Ruskin which preceded all others in this diree-
ton. as far as medieval building is concerned.™

If all these various devices be interpreted to demonstrate a pro-
found distaste for formal and rigid architecture. it becomes casier
to comprehend the widening of the verticals.  Contrariwise it will
be difficult to conceive that the widening and bending of the ver-
ticals was mtentional without giving serious thought to the signifi-
cance of the horizontal curves.t

A pecaliarly interesting problem is offered by the leaning walls
at the north and south extremities of the transepts.  In this in-
stance a widening effect pure and simple can hardlv be in question.
The north and south widening does not continue above the para-
pets to any marked degree and the faces of the walls which con-
tinue the vertical lines of the pilasters of these walls are cither per-
pendicular, or hend toward the perpendicular, above the level of the
parapets. Tt is difficult to suppose that a widening effect could he
attempted by a device which does not widen above. In the second
place these walls are, for the most part, seen tn face. [t would be
impossible, morcover, in view of the distance between the transept
walls, for the eve to include them in one view. It may be  con-
ceived that the widening m the nave would logteally carry with it a
parallel treatment tn the supports and surfaces of the transepts, but
it is questionable whether this motive would suffice to explain the
additional amount of inclination.  On the other hand, #f the hend
of the entire line, rather than the lean of a part of it. be considered,
we find a motive which unites with that which must probably
he ascribed to the horizontal curves and to the obliquities in
clevation.

The refinements of Sto Mark’s have peculiar significance, on ac-
count of the roagh. and to modern wavs of thinking, frequently
careless, workmanship in this church. No other important church
in Ttaly is so roughly built in certam particulars. Tt is such work-
maunship. especially as shown in the use of heterogenouns materials,
which has given our modern critics the impression that medieval
builders were incapable of subtleties. It is, no doubt, difficult for
modern taste to understand the co-existence ol offhand indiffer-

*Seven Lamps of Architecture: ““The Lamp of Life.”” A list of publications by the
writer, ob architectural refinements, is given on the third page of the cover.

«The excellent arlicle on *"Hefinements.,”” by Mr. G. L. Heins, in the Dictionary of
Architecture, which has been edited by Mr. Russell Sturgis (Macemiltan) offers a solid
bLasis for future discussion.
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ence to formal regularity with the carefally planned construction of
intentional  subtletics.  Dut it must now be admitted that these
things did co-exist.

Ontside of the buildings themselves, any satisfactory study of the
phenomena, and of their purpose, must be made with the assist-
ance of enlarged photographs.  Nlustrations of the size employed
in this paper can hardly be considered as satisfactory, on account of
the reduction of dimensions.  The DBrooklvn Institute Museum
is. at present. the only centre in which such enlarged photographs
arc exhibited. It is helicved that the importance of the facts which
arc illustrated by them is such as to make similar enlargements of
value also (o other institutions of learning.  All of the drawings
and hali-tones which are mentioned in the titles of the illustrations
as reproducing survey photographs, represent negatives which have
fornished very satisfactory cenlargements, with two exceptions.
Many have the vnusual dimensions of 25 x 35 inches® Ii is
hardly necessary to say that the drawings which are published,
have been made with scrupulous fidelity, over tracings from the
photographs. All of these drawings have been made by Mr. Her-
bert B Judy of the Museum staff, with a few exceptions whiclh were
drawn or traced by Mr. McKecknie for the carlier Architectural
Record publication.t  The surveyv photographs, which are dated by
the captions of 185, were all made by Mr. MeKecknie under direc-
tron of the writer.  All photographs which are dated 1o 1901 were
made by the writer.

Disappearance of the Tradition.

The problem offered by the disappearance of medizval archi-
tectural refinements, without a survival of record or tradition re-
garding them has been elsewhere considered by the writer.i It has
been elsewhere shown that the number of Ttahan churches which
exhibit architectural refinements is much smaller in the late Ttalian
Giothic than in earlier periods and that these refinements dwindle
very dectdedly in amount and in variety, as the Renaissance period
approaches.  On the other hand, although it was undoubtedly the
Renatssance which led to the abandonment of these refinements, the
surveys ol the Brooklyn Institute Muscum have recently discovered
very interesting instances of isolated Renaissance survivals of them,
One of great importance has still to be published.  Another

*The exceptions are I7igs. 26 and 34, but the right aisle is also represented by an ex-
cellent unpublished enlargement, taken without the plumb-line. The jllustrations which
yepresent enlargements of size 25 x5 inches are named on the second page of the cover.
The Museum exhibit includes many unpublished enlargements of great importance.

7The following drawings and tracings were made by Mr. McKecknie: IMigs. 3, 1. 21, 22,

IEspecially jn the Architectural Record, Vol. VII., No. 1, “*A Discovery of the Entasis
in Medimval Italian Architecture,”” 1897, and in these Memoirs, Vol. I., NXo. I, ‘A Ren-
aissance leaning Facade at Genoa.’'
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was published in the Jast Memoir, and in (he present paper we have
the instance of S. Giorgio Maggiore at Venice.

Tt is hardly necessary to re-emphasize the significant fact that a
refinement was practiced as recently as the time of Palladio, of
which only one literary record has survived. and that record made
by a man who did not himsclf agree with the two architects who
Delieved that the main building of the old St. P'aul’s “receded out-
wards™ for an optical reason. The disappearance of tradition. re-
garding the medizeval refinements shows that we have much to
learn as historians. \We are more than familiar with the overthrow
and disappearance of classic ancient culture in carly medieval 12u-
rape, but we are less disposed to realize ihe overthrow and disap-
pearance of the medizeval culture which was effected by the Renais-
sance.

The 1solated case of Renaissance survival which was shown for
medizeval leaning facades in the preceding Memoir, is here paral-
leled by an isolated case of Renaissance survival for the widening
or spread. Tt may possibly be found in other Renaissance churches,
but it is quite certain that it will not be found in manv.

It 1s probable.on the other hand. that a very considerable number
ol medizeval instances remain to be noticed in Ttaly alone. It is also
certain that a very large number of Ttalian Medizeval churches and
cathedrals, and many which show otlier reinements, do not show
this onc.

No solid foundation for the study of medizval architectural
refinements can be laid without systematic publication of the
cathedrals and churches which arce destitute of refincments.  Gen-
crallv speaking, matters are m shape for such a publication, on the
part of the Brooklyn Institute Survey, in the case of the ITtalian
peninsula, as far as all the well known and generally quoted monu-
rents are concerncd. My experience has, however, led me to the
conclusion that no refinement so casily escapes notice as the widen-
ing reinement, and I am inclined to believe that it may have been
overlooked by our examination in some instances, It may simply be
said that all the well known churches of Italy, and many which are
not well known, have been examined and that all known cases in
[taly have been mentioned.  Somece known instances in northern
llurope are reserved,

Since there is no church in Italv in which this reAnement is so
widely and carefullv applied as St. Mark's at \"enice, the probabil-
ities are at present that a Byzantine subtlety is originallv in ques-
tion, but farther rescarches in the original centres of TDyzantine
building must be made, hefore this can be considered as more than
a probability.  Nothing of the kind has been noticed in S, Vitale at
Ravenna or in S, Cirtaco at Ancona.
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The presence of this particular refinement in some churches, when
considered in comncction with its absence in others, shows cither
that the tradition was limited to cerlain masonic guilds or that it
was limited to an esoteric knowledge, possessed and handed down
by individual architects or master masons. Motives of economy
may explain the omission in some cases.

The given refinement has not been found in the large class of Ital-
1an timber-roofed columpar basilicas, of which the Pisa Cathedral is
the most famous example, although it is found, as mentioned (p.
27), m the nave arch of the timber-roofed Cathedral of Tran
and in the apse arch of the timber-roofed Capella PPalatina at
Palermo. Santa Maria della Pieve at Arezzo was also originally a
timber-roofed building and, although it was vaulted by Vasari, it
has been restored to its original form. It has, however, picer sup-
ports and has other relations to Lombard and northern archi-
tecture,

In conclusion it should not be overlooked that the world of
archeology is much indebted to Mr. and Mrs. August Lewis, of
New York, and to the Trustees of the Brooklvn Institute Museum,
for their encouragement and support of these surveys.

Museum of the Brooklyn Institule of Arls and Scicnces.,
Dec.. 1902,
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