e -,\raulu are st-mmrai ayslems wtnch are campmw ut’ curved ribs and aurfaae alemants that
distribute loads alang ribs and p#ur;as, and have grealest efficiency \ when resisting evenly distributed

. loads. Vaults can be hm{t of stone, masonry, thin gridvmall steel-reinforced concrete, lattice steel,
- ortimber frnmnu Vaults vary in kind according to the a:rangamnnl of thn m#umns and amhaa. and
 the degree of subdivision of the surfaces in between.

- The system of vaults is divided int mi'pnnwyaubsyﬂm burra! mlm cross mlns. complex rib

N ~ vaults, fan vaults. curved rib :.rautm. and cellular vaults. These subsyatam are defined by the degree
~ of subdivision of the vault am'fams, Suhdimun ui the vault surface increases the overall structural

o 'f-stmnmh by &dd'mg ﬂupth tnihq surface. It ahﬂuld be mted lhai system considerations have not
N 'spec‘ﬁca!!y nﬂ;dreaaud maustam;u tu iateral Imu:l& :

S -.-Bml nults dmtnttuhe :he ﬁnen of fum:a ulung n cuntmuous surfane

- Cross vaults subduide the surfaces by distributing the lines of force both along

the surface and along the resulting ribs located at the seams of each subdivision. This subsystem

s generated by the intersection of two pamendmular pamd awhas extruded across to meet at

~asingle apex.

~ Complexrib vaults further i increase 1ha degree of surface subdivision and the number of ribs

. byintraducing ribs and apex points to a pointed arch configuration.
- Fan vaults | mcraase the subdivision of the vault's surface and the number of ribs by means of

_an, array of pointed urches with: dilﬂanng pmﬂas mth tha ribs and surfaces between them forming
- ‘ashell.

S Curved rib vaults increase even further the deqree of aurfm:a subdmsmn by replacing the ribs
~ with a number ah:urves that distribute the fines of force.
- Cellular vaults distribute the lines of force pmﬁari!y along a highly ﬂubdmdad surface that

) ahmmaxes the: nead for ribs md dlatrlbutas the ina:is akmg tha sur{aca ul sanh facet.
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Barrel Vault
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The base unit of a barrel vault is formed by extruding a single arch in a straight line. The load

in a barre! vault is distributed within its eross section. Ribbed arches forming bays are sometimes
introduced to further stabilize the vault along its span. For any arch-based structure that resists load
predominantly through axial compression, the barrel vault creates an outward needs to be resisted
by an abutment or counteracted by adding parallel adjoining barrel vaults or by adding side vaults
perpendicular 1o the main barrel vault to form a cross vault or by means of a tie at the spring points.
The distribution of loads through masonry or steel-reinforced concrete surfaces produces a barrel
vaull form, the structural strength of which lies in its capacity to arch across a span onto load-bearing
points in the form of columns or walls, and to resist the outward thrust generated by this arch.

This embeds the barrel vault with an oplical aflect of ribbing and extrusion that remaing consistent
within any space it defines. The concave surface of a vault focuses sound near its center of
curvature, but sound at a distance from the center can be diffused to an extent that depends upon
the spectrum of the sound. Therefore, a barrel vault that is expansive and low can have an acoustical

or

Pz

affeci of focus, whereas one that is high and narrow can have an affect of diffusion. Ribs, facets i:"

and reticulation can modify the acoustical affect of a vault by adding diffusion, which may become mﬂ;l o

dominant. Many vault subsystems ia countared

T . . + by Bultressing

have a multiplicity of focal points. These can modify the acoustical affect of the vault by adding "E:ullinﬂhh

diffusion, which may become dominant. or by sdding o
tengion cabile
Erstriesiry the

The protogeometry of barrel vaults is flexible in several ways: gk s/

Scale: The scale of the barrel vault base unit can change to accommodate changes in plan such

as an increase in the width of the bays.

Depth: The section of a barrel vault can vary according to the rise produced by the curvature of
the arch.

Profile: The protogeometry of the barrel vaull allows it to tessellate horizontally and vary, as the
structural slrength is proportional to the range of curvature of the initial arch determining

the depth of its surface in section. Barrel vaults can tessellate horizontally along straight or curved
lines of growth to produce structures that are horizontal (naves) or curved (naves in the shape of

a half-torus).

Affect: The affective properties of a barrel vault can be multiplied when the base unit imbricates
or intertwines with external laclors, such as asymmetlries in response to the physical constrainis

of the site, environmental considerations, programmalic requirements, etc. As a result, in addition
to massiveness, solidity and orientedness, a barrel vaull structure can transmit other optical affects,
including non-orientedness, vaulling, extrusion, rbbing. An expansive and low barrel vault can have
an acoustical affect of focusing, whereas one that is narrow or high can have an affect of diffusion.
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Horizontal / Barrel Vault
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Horizontal / Barrel Vault
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The base unit of a cross vault is composed of two puointed vaults intersecting. Cross vaults
direct the primary forces along the principal axes of the arch surfaces, as they transter the loads
into columns. Vertical loads in a cross vault are distributed both along the lines of the ribs and along
the infill surfaces, where the groins are often given a thicker section in the form of a rib in order

to articulate and stabilize the intersection. This distribution of loads, through layers of masonry as
well as reinforced concrete or a steel frame with infill panels of glass or timber, produces a thrust
that is concentrated along the groins, or the four diagonal edges farmed by the lines of intersection
between the vaults, and embeds the cross vault with an optical affective property of verticality and
cruciformity that remains consistent within any space it defines. The concave surface of a vault
focuses sound near its center of curvature, but sound at a distance from the center can be diffused
to an extent that depends upon the spectrum of the sound. Ribs, facets and reticulation can modify
the acoustical affect of a vault by adding diffusion, which may become dominant. Many vault
subsystems have a multiplicity of focal points. These can modify the acoustical affect of the vault

by adding diffusion, which may become dominant.

The protogeometry of a cross vault allows it to be flexible in several ways:

Scale: The scale of the base unit of a cross vault can change to accommodate changes in plan
such as an increase in the width of the bays, or asymmetries introduced to accommodate curvature.
Depth: The depth of the cross vault base unit can change according to the curvature of the
intersecting arches.

Profile: The protogeometry of the cross vault allows flexibility with regard to the degree of
steepness of the pointed section and the degree of asymmetry in the perpendicular alignment of

the apexes as they form crossed or staggered configurations. Cross vaults can tessellate horizontally
along straight or curved lines of growth to produce both horizontal structures {naves and apses)
and vertical siructures,

Affect: The affective properties of a cross vault can be multiplied when the base unit imbricates

or intertwines with external factors, such as asymmelries that respond to the physical constraints

of the site, environmental considerations, programmatic requirements, efc. As a result, in addition to
verticality and cruciformity, a barrel vault can transmit other optical affects, including structuredness,
horizontality, openness, axiality, closure, roundness, rectangularity, asymmeltry. The acoustical affect
is diffusion.

SYSTEM
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The base unit of a complex rib vault, a variation of the cross vault, introduces a series of ribs
which further subdivide the cross vault surface. Ribs that onginate from the vault spring line are
called Tiercerons while those that do not are called Lierne ribs (from the French ‘lier', to bind).

The ribs can produce a wide range of geometric and reticulated patterns, the star shaped pattern

is most common and in this case the vault is commonly referred to as a stellar vault. Complex rib
vaults direct the primary forces along the lines of the ribs and along the infill surface. Complex rib
vaults are made primarily of stone or masonry but can also be made of reinforced concrete, in which
the degree of steel reinforcement would correspond to an increase in the overall number of ribs.
The distribution of loads along the lines and surfaces of stone, masonry or steel-reinforced concrete
embeds the complex rib vault with an optical affective properly of verticality and stellatedness that
remains consistent within any space it defines. The concave surlace of a vault focuses sound near
its center of curvature, but sound at a distance from the center can be diffused to an extent that
depends upon the spectrum of the sound. Ribs, facets and reticulation can modify the acoustical
affect of a complex rib vault by adding diffusion, which may become dominant. Many vault
subsystems have a multiplicity of focal points. These can modify the acoustical affect of the vault

by adding diffusion, which may become dominant.

Complex rib vaults are flexible in several ways:

Scale: The scale and span of a complex rib vault can be increased by introducing lierne and
tierceron ribs, which further subdivide its surface.

Depth: Lierne and tierceron ribs follow the surface of the vaults, creating square and radial patterns,
and this subdivision of the surface of the vault can increase its depth.

Profile: The protogeometry of complex rib vaults is flexible in the range of cross-bracing patterns
created by the lierne and tierceron ribs, and also in the amount of subdivision that they introduce
to the surface of the vault. In addition, a complex rib vault allows the apex of the primary vault

to be placed higher than that of the secondary cross vaults, and also allows for an increase in the
subdivision of the surfaces of the cross vaults and therefore a larger number of ribs.

Affect: The optical affective property of a complex rib vault can be multiplied when the base unil
imbricates or intertwines with external factors, such as asymmetries that respond to the physical
constraints of the site, environmental considerations, programmatic requirements, etc. As a result,
in addition to verticality and stellatedness, a complex rib vault can transmit other optical affects,
including rectangularity, symmetry, diamonding, vaulting, horizontality, openness, cruciformity.
The acoustical affect is diffusion.
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Verticality, Reticulation, Subdivision, Diffusion”, Slowness’ Horizontal / Complex Rib Vault

S S b ABBOT SERLO | GLOUCESTER. UK : 1072 FOUNDATIONS; 1242 NAVE:
(FOUNDATHOMS] - © 1331 CHONR: 146467 CENTRAL TOWER
Tl
] L]
/ s
R :
Wi omiclt Tih basa u
- gt i S
gty 4 1y
e e re 1 I !
5 i ]
] <" &
- ' '
f=r r \ 1
! L
= i
} P
!
L) I [} .
V bBasa unit b
'
The mangulaled patiern This i it
p is space defined
o by the liasna and by a herizanal comple ¥
b vault struchure
tha pairind Cross saull surincos : :'-':1-1“. an 1:-u|.>.|
onhancing th affoct of 5 ol diflusion "0 ;
verticalily transmittod by o aecount of g
tha peinted arch dimensions, of slownoss ]
base unit ¢
(] "': 5
I JL
% i i
-— L il | \
% " "
V % .. 5 . - - X
Fa in| ¥ 1 F - B o= - -
L & ] L B iE i) ' 3
i - =¥ BHagg uml o
L .
. , 2 '} f_.-' i T & et s The usa of extonane
& I . ribbing allowed the cross
A wvirlall 1o infersect th main
oy L ey vaull at varying heighta, as
i i . in base units @, b, and o
il
i 0 sathedral m procuG ~|1.!|F ey hamecental tesselation of & compdas rkb va nated and slorcomnecied o

rmblage conmiels of a nple bay composed of a nave with am and a r of subedrvision of tho vaulls
& 8, with Considerably mone lacels occurnng on the nive and the transept, whate the llerne snd bercenon nbs croato & star shapod
on accoun of which this type of vaull 18 commanly refaerrad 1o s a stollar vault The nave of Gloucastor cathodral tranamits an oplical
{wiriicably, subdivisean and rehculabon, and an acou a affect ol diffuscan and slowness




TESSELLATION F SYSTEM a7

Horizontal / Complex Rib Vault

196 AFFECT " <
Horizontality, Reticulation, Diffusion’, Slowness
e . £ HOLYCROSS | H. PARLER, A JORG. H RMANY . 1330

e whil @

base: uml b

Eawe unid e




1948 . AFFECT TESSELLATION / SYSTEM 199

Continuity, Asymmetry, Pointedness, Verticality, Diffusion’, Slownes Horizontal / Complex Rib Vault

BREAEE RS AR = iREErEsReE s PEsEEEEaEE BEsBEEE S

ST.VITUS CATHEDRAL M. OF ARRAS, F PARLER FRAGUE, CZECH REPUBLIC 1334-1352

|
1 1
L} 1
i
[
! e W "
" wtidl
] ! Babw
OATHET WO
bass e
N The use of thees differant
e | l
fr - e

| Bl Lk, respE

i wedlh o




200 - AFFECT

Cellularity, Reticulation, Verticality, Ribbing, Diffusion’
e A

' Slowness”

TESSELLATION / SYSTEM 201

Horizontal / Cellular and Complex Rib Vault
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The base unit of a fan vault is assembled from a set of curved ribs - all with the same curve
and spaced equidistantly in a radial pattern — that describe a curved shell surface, or conoid.
These are butted together tangentially fo form a spandrel, a flat surface between them which
ensures their rigidity. Vertical loads in a fan vault are distributed along both its ribs and its surface,
tollowing the contours of the conoids. Fan vaults can be made of stone or masonry. The distribution
of loads along the lines and surfaces of stone and masonry embeds the fan vault with an optical
affective property of ribbing and striatedness that remains consistent within any space it defines.
Whilst the fan vault has a concave radial section it also has convex horizontal sections with

varying radiuses. The resulting profile has a complex curvature that transmits much diffusion.
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Fan vaults are flexible in several ways:
Scale: The number and density of the curved ribs can change the scale of the subdivision of the
vault's surface.

Depth: The surfaces spanning between the curved ribs can be formed to fit flush between them, Latosal thrust

% countered

or they can be deepened to create a corrugated surface that increases the overall surface. et

Profile: The protogeometry of the fan vault allows for flexibility in the range of curvature of the ribs :‘,’ﬁ:‘&ﬁ'“'
and in the tangential distribution of the conaids, increasing or decreasing accordingly the surface a jeraian oable
of the spandrel. Fan vaults can tessellate horizontally along straight or curved lines of growth to sptinglog po

produce horizontal forms.

Affect: The distribution of loads along the lines of the ribs and the conoids' surfaces embeds fan
vaults with a curved and ribbed affective property that remains consistent within any shape they
define. The affective property of a fan vault can be multiplied when the base unit imbricates or
intertwines with external factors, such as asymmetries that respond to the physical constrainis of the
site, environmental considerations, programmatic requirements, efc. As a result, in addition to nibbing
and striatedness, the fan vault can transmit other optical affects, including hyper-curving, ribbing,
closure, vaulting. The acoustical affect is diffusion,
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In addopting the fan vaull, English magons tumed away from two cemunes of Tolding and nbbeng lo sxperemon] Gnca again with curved shell
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Curved Rib Vault
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The base unit of a curved rib vault is composed of a cross vault with an additional set of curved
ribs, some of which are derived from the intersection of the surface of the vault with that of a
projected sphere. Vertical loads in curved rib vaults are distributed along the lines of the ribs and
along the contours of the infill surface. Curved rib vaults can be made of stone or masonry, but can
also be made of reinforced concrete, or a mixture of the two. The distribution of loads along the
lines and surfaces of stone, masonry or steel-reinforced concrete embeds the curved rib vault with
an optical affective property of hyper-curving and ribbing that remains consistent within any space
it defines. The concave surface of a vaull focuses sound near its center of curvature, but sound at a
distance from the center can be diffused to an extent that depends upon the spectrum of the sound.
Variations in the radius and direction of curvature of the curved rib vault create a multiplicity of focal
points. Together with the ribs, facets and reticulation, these transmit diffusion as the dominant affeet,
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Curved rib vaults are flexible in several ways:

Scale: The protogeometry of curved rib vaulls is flexible in the number of ribs and in the variations
of the patterns they form as well as the scale of the subdivisions in relation to the surface of the vaull.
Profile: The range of overall curvature can vary, whether in the ribs themselves or in the surfaces
between them, which can be shaped individually where the ribs are detached from the vault's
surface. In addition, the curvilinear ribs form petal-like subdivisions that can gradually increase the
curvature of the vault surface.

Depth: The petal-like surface subdivisions can be inscribed flush with the ribs, or they can be
deepened to increase the overall area of the surface.

Affect: The affective property of a curved rib vault can be multiplied when the bage unit imbricates
or intertwines with external factors, such as asymmetries that respond to the physical constraints
of the site, environmental considerations, programmatic requirements, etc. As a resull, in addition
to hyper-curving and ribbing, a curved rib vault can transmit other optical affects, including ribbing,
closure, axialily, verticality, pointedness. The acoustical affect can be focusing or diffusion.

Predating lamefda shells, curved nib vaulls respond 1o lead bearing lorces similarly, whers tha load 8 shared batween the nbs and the surface
ol the vaull, bn addition, the curvature of the nbs ollows them 1o have 80 increased eeigtance to latoral forces. In soma cases, the radial and foral
pattems created by the nbs results from the nlerseation of an sscribod sphare and the surface of a cross vault,




210

AFFECT

~ Cunvilinearity, Ribbing, Diffusion”

ryddinear nbs form
|-k divicing

doubly curved

surfacos,

TESSELLATION / SYSTEM

Horizontal / Curved Rib Vault

21

R B R R R R AR RS R RSN R

uslical alfec

VLADISLAY HALL : B.REID : PRAGUE. CZECH REFUBLIC | 14831500

The curved APANNING

Curved f
i, The ¢ A o
ate bo thie load L

o ] thee =

aring
1 ol diffus

SMLE Y




Curvilinearity, Ribbing, Diffusion”

TESSELLATION / SYSTEM

Horizontal / Curved Rib Vault

garidy af the
wiult

§ e il i ol the

of diulfus

face rs r ihan ollowine
recarily and ribbang, and an acous

ni




A AFFECT

Curvilinearity, Ribbing, Variegation, Diffusion’, Slowness"

TESSELLATION / SYSTEM
Horizontal / Curved Rib Vault
n E ....-.......i;n...-.-.-n.-.--.-u-......_...... bt e st LI L AL b b . TERFERR RS aLaR

P.PARLER

215

T

TR T T T e

KUTNA HORA. CZECH REPUBLIC

1420

ibdivic
irvnd Hibs &1 vRrying o A
trmnErntimg oo wlbc wknng i
and vanzgalion

-

" i ¥
- il

ER t

bans unit A

bape vt b

Curved nbis con pick ug
cauned by lateral

ntarwoaving ol
forcas through the
curved nbs.

WEE L
A

cirls by imbrodo

| 51 Barbara irarse

ther than
g belween the nave and th & moreases the sl
| i it of ooyl 1

W, rEEng and i

mwnkeer of which

croms vaull, wh
1= an op

eanng lines of the
i e snams of the sarf

he efevation, all OrY 1T NI
and an acoustical affect of d




216

EAtEAEmE AR R ARG EA A R R R T P SR i S B A e S S P ———" ¥

The base unit of a cellular vault is composed of vaults made of pointed arches, with the ribs
eliminated, which are formed by the infill surfaces of the vault and subdivided into prismatic
surfaces. Cellular vaults direct the primary forces along the surfaces of the prisms, which spring
from the side walls toward the apex, generating a crystalline trace which in plan remains a regular
diagonal grid. Cellular vaults can be made of bricks covered on the underside with a thick layer of
plaster to form a smooth surface. The possibility of building these in folded steel plates could be

explored. The distribution of loads through brick shells — or folded steel plates — allows for different

degrees of subdivision on the surface. This distribution of loads along the lines and surfaces of
a masonry shell, steel-reinforced concrete, or folded steel plates embeds cellular vaults with an
optical aifective property of cellularity and pointedness that remains consistent within any space
they define. The concave surface of a vault focuses sound near its center of curvature, but sound
at a distance from the center can be diffused to an extent that depends upon the spectrum

of the sound. However, this focusing is overwhelmed by the diffusion created by the curvature
variations and prismatic surfaces.

Cellular vaults are flexible in several ways:

Scale: The protogeometry of cellular vaults is flexible in the number of surface subdivisions it
allows as well as the range of scales in subdivision.

Depth: The degree of surface corrugation corresponds to the degree of subdivision of the vault's
surface. The depth of the overall surface can be increased by increasing the subdivision of the
surface as well as the depth of each of tha surface folds.

Profile: Changes in the curvature of each of the surfaces also increases or decreases the
crystalline character of the vault's surface. Cellular vaults can tessellate horizontally along straight
or curved lines of growth to produce horizontal or curved structures.

Affect: The affoctive property of a cellular vault can be multiplied when the base unit imbricates
or intertwines with external factors, such as asymmetries that respond to the physical constraints
of the site, environmental considerations, programmatic requirements, etc. In addition to cellularity
and pointedness, a cellular vault can transmit other optical affects, including verticality, asymmetry,
vaulting, horizontality, symmetry, cruciformity, centeredness, rectilinearity. The acoustical affect

is diffusion.

SYSTEM znw

Cellular Vault

Lateral thrust

s countered

by buttresding
e vull with
odjucent vaults,
of by adding

& tenson cable
Bisttweaed tha
springing posnts
ol the arch.

=S

In sompanson o complex nibovaults, The surfaco of tha vault she collular vault, which has boon subdrvided inle a ranes af discialg managoahls
components, mites the introduction of further vauiting within these ssgmaents. Moat of the collular vaults ware mada of brick. The nbloss, curving
oolte wore atabiized by the combined forces of thrast, grivety and the mechanical imorocking of bricks. Tha falding producod by the calis add
tha necessary stiffness which tha rips would have provdoed. Generally, celluar vaulis cover smafior spans than do complox rib or cross vaults




218 AFFECT

Cellularity, Ribbing, Pointedness, Diffusion’, Slowness”

TESSELLATION / SYSTEM 218

Horizontal / Cellular Vault

T e L TR E L LR PR PR EE TR -

ST MARY'S CHURCH H. BRUNSBERG, CHOIR STARGARD SZCZECINSKL, POLAND 12921380

b wnll @s celiularity i

binan wnil &

aolliilir
it

ubdvided

ahallow

shaped vau
D @ sl

niroducod. The
Thio defloramn




AFFECT

Diamonding, Cellularity, Variegation, Diffusion’

8 form

8 progdusndg hy fh Baim

LECevlinl esp

TESSELLAT ¢ SYSTEM 221
Horizontal / Cellular Vault
e e S et F A A SR SRR -

of damonding

Collulpr vaults 1
I ical a
cid#fussnn

I a .
i L 1 T
1¥ & = f
+ & | m
1 . 3| i

ollation o a collular vauli

i i # of bays. The
tha vaiill into facets. Tha dogros of i Ui of lacets, Wwh
mibsted m such & wiy the tho nes of B cross

raredeng, collutanty and vanegation, and an acoustical affect of diffusien




222

AFFECT

Diamonding, Cellularity, Differentiation, Diffusion”

er trianguiated
ombedding the space

s ol dismonding and M
o iy,
i
L
Callular va 1
transrmil an
atoustical altec
af diffus
g 1
c §
L i

TESSELLATION F SYSTEM 223

Horizontal / Cellular Vault
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Horizontal / Céilular Vault
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The base unit of a surface dome consists of an arch rotated around its vertical axis to form

a smooth surface. Vertical loads are carried by a combination of arching (in-plane forces) and
bending moments within the shell, Surface domes are circular in plan, and additional arches and
pendentives are required to integrate them with a square or polygonal plan. Surface domes can be
made of masonry or reinforced, thin-shell concrete. The distribution of loads along the lines and
surfaces embeds domes with an optical atfective property of enclosure and non-orientedness that
remains consistent within any space they define. Near its center of curvature, the concave surface
of a basic dome focuses sound. At a distance from the center, sound can be diffused. The extent to
which sound is diffused depends upon its spectrum. A dome that is large and low has an acoustical
affect of focusing, whereas a dome that is small or high has one of diffusion. The acoustical affect
of focusing of a dome is much stronger than that of a vault but, like the vault, the affect can be
modified by ribbing, pleating and scalloping. This adds diffusion, which may become the dominant
affect. Other dome subsystems can have a multiplicity of focal points. These add diffusion, which
may become the dominant affect.

Surface domes are flexible in several ways.

Scale: The protogeometry of the surface dome can be flexible in the range of curvature of its section
and in the variety of plan forms that can be generated by its aggregation with smaller half-domes,

side arches, or pendentives.

Depth: The range of curvature of the dome's section can vary its overall depth, ranging from

shallow to steep.

Profile: Surface domes can tessellate concentrically and horizontally along straight or curved

lines of growth to produce horizontal or curved structures.

Affect: The optical affective property of a surface dome can be multiplied when the basa unit
imbricates or intertwines with external factors, such as asymmetries thal respond ta the physical
constraints of the site, environmental considerations, programmatic requirements, etc. As a result,

in addition to enclosure and non-orientedness, a surface dome can transmit other optical affects, Tha ratio of thess fwo acfions is relsted 1o 8/5.
including axiality, cruciformity, scalloping, faceting, multi-scaling, The acoustical affect is focusing, As B/S goos 10 12, bencing prodeminates;
although at a distance from the center it can become diffusion.

as BYS goea to 4, arching predominates.

The geometry of a shall tends to b governod by the sol weight of the unit and the distribution of extamal loads 1o be carried by the unit.
The aim is 1o alter the goometry to achieve predominantiy axial intomal forcos and minimize bending moments.
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Sokullu Mehma! Pasha is formed by the horzonlal tesselation of a surlace dome base unil, repeated, ecaled and mierconnecied by arches and pendeantives
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far and the square plans, with the central dome intorconnected with 1he hall-domes by a sot of our srches and su pendentves. Sokullu Mehmel Pasha
trangmits an optical aftect of scallopang, rotundily and symmatry, and an acoustical alfect of diffusion and slowness
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Rotundity, Centrality, Diffusion”, Slowness” Horizontal / Surface Dome
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Rotundity, Axiality, Asymmetry, Diffusion’, Slowness™
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Hagia Sophia is formnd by thi hornsonial to
Tha Base unil is composed of @ full dome n 1
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ge way to the two half-dames on two siden, and two arched olevalions piesced by a larga number of openings on the other two, Bolh the main
and {hwe hall-domes ara given namaw openings alang thew base i order to ntroduge natural light into the interior. Hagia Sophia transmits an
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Horizontal / Surface Dome
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Cruciformity, Rotundity, Asymmetry, Uniformity, Diffusion’, Slowness "
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Horizontal / Surface Dome
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Rotundity, Irregularity, Informality, Diffusion”
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MICOSIA, CYPRUS

Horizontal / Surface Dome
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accordingly, Nivosia Culiural Genter Iransmds an optical atfoct of rotundity, imegularity and informality, and an acoustcal alfent af diffusion.
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The base unit of a ribbed dome consists of a hemispherical form composed of ribs which are
connected by infill surfaces. Ribbed domes direct the loads along the lines of the ribs and the infill
surfaces between them. Ribbed domes can be built of masonry covered by plaster to achieve a
smooth surface, but they can also be built of reinforced concrete. As with surface domes, the amount
of bending to arch action varies with the geometry of the dome. Ribs are much more effective at
resisting bending moments and are therefore more efficient at greater plan depth to section height
(B/S) ratios. The distribution of loads along the lines of the ribs and the infill surfaces between them
embeds ribbed domes with an optical affect of plealing and scalloping that remains consistent within
any space they define. Near its center of curvature, the concave surface of a basic dome focuses
sound, while the ribs add diffusion, the extent of which depends upon the spectrum of the sound.

Ribbed domes can be flexible in several ways:

Scale: Different scales of apertures can be introduced on the surface of the dome, in the sections
between the arches,

Depth: The protogeometry of the ribbed dome is flexible in the capacity of the corrugation to
generate varied plan shapes each with different shapes.

Profile: The ribs allow the infill surfaces between to assuma shapes that fall outside the curve
without affecting the structural integrity of the dome. The surfaces between ribs can range from
concave lo convex, according to the type of plan. When the shape of the infill section departs from
that of a catenary curve, the load-bearing forces of the main span are no longer shared between
the ribs and the infill, and the ribs take on the primary load bearing role.

Affect: The optical affect of a ribbed dome can be multiplied when the base unit imbricates

or intertwines with external factors, such as asymmetries that respond to the physical consiraints
of the site, environmental considerations, programmatic requirements, etc. As a result, in addition
to pleating and scalloping, ribbed domes can transmit other optical affects, including verticality,
rotundity, pleating, faceting, squareness, triangularity. The acoustical affect is focusing and diffusion.
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BASE UNIT

Ribbed Dome

Tha ratio of these twe actions i related 1o B/S.
As BIS goes to 12, bonding predominates;

&3 B/S goes 1o 4, archeng predomnales.
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- Ribbing, Roundness, Uniformity, Focusing” Horizontal / Ribbed Dome
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Pleating, Rotundity, Undulation, Focusing’, Diffusion”
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Horizontal / Ribbed Dome
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~ Pleating, Scalloping, Diffusion’, Focusing”
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Horizontal / Ribbed Dome
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Pleating, Scalloping, Diffusion”
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Horizontal / Ribbed Dome
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Horizontal / Ribbed Dome
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. Pleating, Scalloping, Diffusion”
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The base unit of a stacked arch dome is composed of a tier of corbelled arches that form

a regular polygon in plan. Similarly to a kar-bandi dome, a stacked arch dome is composed of an
open-top ring around which the first tier of arches is arrayed. The arches grow in size progressively
toward the base, transferring the loads downward to the braced keystones of the nested arches.
Each polygon is rotated so that its vertices touch the mid-point of each side of the polygon beneath,
resulting in a lattice-like structure that allows for a far greater number of apertures than a masonry
shell dome. Stacked arch domes direct the loads along the lines of the arches, from one conic
section to another. A stacked arch dome can be made of masonry, but also of reinforced-concrete
rib-and-infill. The distribution of loads along the lines of the arches embeads the stacked arch dome
with an optical alfective property of asymmaetry and twisting that remains consistent within any
space it defines. The stacked arch dome transmits an acoustical affect of diffusion which tends

to overwhelm any affect of focusing of the dome shape.

Stacked arch domes are flexible in several ways:

Scale: The protogeometry of the stacked arch dome is flexible in the combination it allows of
differantly scaled polygonal plan forms across different tiers, most commonly pentagons, and in
the range of the radii of the arches as they move upward that stack upon one another, creating
different dome profiles.

Depth: The infill surfaces under the arches and in the pendentives between them can vary in
depth, altering the overall depth of the dome surface and therefore its environmental performance.
In addition, given that the infill surfaces are not load-bearing, they can be removed to act as
openings and vary the porosity of the dome surface.

Profile: Stacked arch domes can tessellate concentrically and horizontally along straight or
curved lines of growth 1o produce horizontal or curved structures.

Affect: The optical affective property of a stacked arch dome can be multiplied when the base
unit imbricates or intertwines with external factors, such as asymmetries that respond 1o the
physical constraints of the site, environmental considerations, programmatic requirements, etc.
As a result, in addition to asymmetry and twisting, a stacked arch dome can transmit ather optical
affects, including enclosure, stacking, arching, rotundity, faceting, stellatedness and conicality.
The acoustical atfect of stacked arch domes is diffusion.

BASE UNIT

Stacked Arch Dome
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Conicality, Stacking, Arching, Rotundity, Diffusion”
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Vertical / Stacked Arch Dome

ettt e e e e R L L L L L L R Lt AL bbb bbb

The size of Ina apartures |
that can ba nrrc}:luu@ # e
ko the o S L

determined by it
ol tha archos

Tho constrochon ol
tho dome

tos a lorm
e alfocin
stacking

el nrch

Stackod tiems of arches, with

t i i & Pwalve-sded polygon i plan

tho number of sides of oach ther s reduced
hi of tha archon as they span
mats an opt alect ol comcality

267




2648 AFFECT

Faceting, Stacking, Arching, Rotundity, Diffusion”
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-Enclosure, Stacking, Arching, Rotundity, Diffusion”
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Stellatedness, Stacking, Arching, Rotundity, Diffusion”
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Faceting, Stacking, Arching, Rotundity, Axiality, Diffusion”
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Vertical / Stacked Arch Dome
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Yazdi-Bandi Dome
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The yazdi-bandi dome base unit is a tier, or track, composed of smooth, finely grained,
diamond-shaped modules of differing sizes, with very small flat and horizontal star-shaped pieces
in between,

Each tier interlocks with the tiers above and below. Yazdi-bandi domes direct the loads along

the diagonal borders between the diamond modules, and along the surfaces between these lines.
The yazdi-bandi dome historically has been an ornamenl! added 1o underlying structural elements
to introduce granularity to an otherwise smooth surface. A yazdi-bandi dome can be made of
reinforced concrete, with the steel reinforcement following the diamond pattern subdividing its
surface. The distribution of loads along the lines and surfaces of the yazdi-bandi dome embeds

it with an optical affective property of diamonding and gradation that remains consistent within any
space it defines, The variation of curvature of yazdi-bandi domes creates an acoustical affect of
diffusion that dominates any focusing from the overall dome shape. This diffusion i1s enhanced by
any diamonding of the surface.

A s haped
hanzantal slomon

Yazdi-bandi domes are flexible in several ways:

Profile: The protogeometry of the yazdi-bandi dome can be flexible in the degree of corrugation
that is achieved by the granulation of the dome's surface, based on the degree of its subdivision
by diamond-shaped modules.

Plan: The yazdi-bandi dome system can tessellate using varying numbers of pointed arches

at its base. From the round plan of the oculus at the top, the yazdi-bandi dome can tessellate into
a polygonal plan form, often rectangular, and a series of arches al ground level, which facilitates
its combination with other types of base unit in arder to allow for horizontal growth.

Depth: The number of tracks forming a yazdi-bandi dome as well as the diameter of the tracks can
be varied to achieve different sections to the dome which in turn determine the depth of its plan.
Affect: The oplical affective property of the yazdi-bandi dome can be multiplied when the base

muartar pasts
unit imbricates or intertwines with exlernal factors, such as asymmetries that respond to the physical
constraints of the sile, environmental consideralions, programmalic requirements, etc. As a resull, desokiagd
in addition to diamonding and gradation, a yazdi-bandi dome can transmit other oplical affects, feceled module

including conicality, rotundity, orthogonality, asymmetry, cruciformity, orientedness. The acoustical
affect is diffusion, although sometimes it is focusing
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The base unit of a kar-bandi dome, a variation of the ribbed dome, is compaosed of a
series of arches infill surfaces (pendentives) arranged around a compression ring, or oculus,
This compression ring can serve as a support for a smaller dome, which is a special feature of
the kar-bandi system, or it can be left open. Kar-bandi domes direct the lcads along their surface,
starting from the compression ring at the top through the set of poinied arches at the basa.
Kar-bandi domes can be made of masonry covered with plaster lo achieve a continuous surface,
and they can also be made of reinforced concrete. The distribution of loads along the surface of

a kar-bandi doma embeads it with an optical affective property of crystallinity and stalactiformity that
remains consistent wilhin any space it defines. The varialions in curvature, faceting and ribbing all
add diffusion which often dominates focusing.

Kar-bandi domes are flexible in several ways.,

Depth: The protogeometry of a kar-bandi dome can be flexible both in the degree of corrugation

of the dome's surface and in the resulting plan.

Profile: The variability of the top aperture also contributes to the flexibility of this system,

Kar-bandi domes can tessellate horizontally to produce horizontal structures. Traditionally, it has
been used in Bazaar intersections, as il is able to transition many sided intersections o create

a uniform structural ceiling.

Affect: The affective property of a kar-bandi dome can be multiplied when the base unit imbricates
or intertwines with external factors, such as asymmetries that respond to the physical constraints of
the site, environmental considerations, programmatic requirements, etc. As a result, in addition to
crystallinity and stalactiformity, a kar-bandi dome can transmit other optical affects, including nbbing,
stellatedness, symmelry, faceting, diagonality pleating, asymmetry, rectangularity, orientedness,
rotundity, non-crientededness, cellulanty, non-repetition. The acoustical affect is dilfusion.
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The base unit of the kaseh-sazi dome is composed of small shallow domes and a kar-bandi
dome each made up of pendentive surfaces which span from a polygonal plan to a top circular
ring. The shallow domes resting above the kar-bandi can take any shape or height as they do not
have to provide structural strength to the entire assemblage. Structure is provided by the kar- '
base whilst the shallow domes cover the opening formed by the kar-bandi. The kaseh-sazi dome
system is therefore a hybrid assemblage which can be tessellated horizontally to create forms
with a shallow demed ceiling. Kaseh-sazi domes direct the loads along both the upper and the
lower surfaces, towards the pointed arches that form the perimeter. Kaseh-sazi domes are made
primarily of masonry, where the pattern of the bricks can eliminate the need for form-work, but
other surface-based construction techniques, such as steel-reinforced concrete, could also be
used. This distribution of loads along masonry surfaces embeds kaseh-sazi domes with an optical
affective property of rectilinearity and crystallinity that remains consistent within any space they
define. The multiplicity of focal points, variations of curvature and faceting all create diffusion as
the dominant affect.

Kaseh-sazi domes are flexible in several ways:

Scale: The protogeometry of a kaseh-sazi dome can be flexible in the degree to which the scale
of the overall surface can be subdivided to accommodate polygonal plan forms with an increasing
number of faces.

Depth: The depth of the dome that forms the upper section of a kaseh-sazi dome can be shallow
or deep and this alters the depth of the overall section.

Profile: Kaseh-sazi domes can tessellate horizontally along straight or curved lines of growth to
produce horizontal forms.

Affect: The affective praperty of a kaseh-sazi dome can be multiplied when the base unit imbricates
or intertwines with external factors, such as asymmetries that respond to the physical constraints
of the site, environmental considerations, programmatic requirements, etc. As a result, in addition
to rectilinearity and crystallinity, a kaseh-sazi dome can transmit other optical affects, including
ribbing, stalactiformity, stellatedness, diagonality, pleating, rotundity, symmetry, faceting, rotundity,
asymmetry. The acoustical affect is diffusion.

BASE UNIT :

Kaseh-Sazi Dome
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The base unit of the mugarnas dome is composed of variable but repeating plan forms,
or *“tracks”, which are stacked, corrugating the surface of the dome. Each track is composed of four
major elements: pendentives (shaparak), flat surfaces (takht), squinches (tas), and extruded vertical
planes. The pendentive is the most important of these elements, as it determines the position of
all the others. The squinches are positioned between the pendentives, and the pendentives and
squinches provide a transition between the ground plan and the plans of the subsequent trays,
The flat surfaces, which act as a iransition zone for very complex tracks, are the only flat element.
The number of flat surfaces depends on the desired complexity of the dome. Toward the top of
the dome they disappear, and the track radius is closed by pendentives and squinches. A mugarnas
must include at least two trays; it can, however, have as many as desired. The trays must always
be of the same height. Mugarnas domes direct the loads along the surface of each element of
the assembly. Mugarnas domes can be made of stone or brick masonry, with a stucco or wood
surface-finish, The distribution of loads along the surfaces of a mugarnas dome embeds it with
an optical affective property of granulanity and stepping that remains consistent within any space
it defines. The multiplicity of focal points and curvature variations create an acoustical affect of
diffusion which often overwhelms the focusing of the overall dome shape.

Mugarnas domes are flexible in sevaral ways:

Plan: The protogeometry of a mugarnas dome can be flexible in its capacily to accommaodate to
variable plan forms, adjusting to a vast range of polygonal plans and offering a similarly vast range
of arched openings at their base.

Profile: Changes in the degree of subdivision of the plan affect the degree of corrugation in the
section. The height and depth of each of the elements of a mugarnas dome, and their aggregation,
can affect the overall profile, making it steeper or shallower.

Scale: The scale of subdivision of the dome's surface also offers a range of granularity. Mugarnas
domes can tessellate concentrically and horizontally along straight or curved lines of growth to
produce horizontal or vertical structures.

Depth: The curvature and depth of each element of a mugarnas dome assembly can affect the
overall depth of the section.

Affect: The affective property of a mugarnas dome can be multiplied when the base unit imbricates
or intertwines with external factors, such as asymmetries which respond to the physical constraints
of the site, environmental considerations, programmatic requirements, etc, As a result, in addition
to granularity and stepping, a mugarnas dome can transmil olher optical affects, including faceting,
rotundity, symmetry, enclosure. The acoustical affect is diffusion.
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