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In the paper [3], analyzing the geometry of solidhe building introduced the concept of geometiitnpactness as “"quotient of external walls area and
volume of the building". This indicator shows howiech building material should be used to obtain ecjg cubature of the building. But it is also
appointed value and depends on the adopted unieaSurement.

In this paper will be proposed various ways of datring theindicator of relative geometric compactness ofgbkd.
The relative indicator of the geometric compactnedssolid with relation to cube. The first indicawill be presented theelative

geometric compactness of the solid relative to citbe defined in the following way. By implicatiove consider account the building (i.e. anguldidsof

the rectangular polygon and measure its base/fgaojection, building area), perimetprand volume (cubature) , wall surface area (extgrnal
land the total surface area A4 =. Ratio 51 (Geometric Compactness of Solid), is commonly cactipess, but expressed in
units [1/m].
Consider now a cube with edge length eggleometric compactness of cube expressed as tiermjuof
cec="2_F
- = - o (1)
Now assume that shape of the building with a cueatu is cubic and we determine the cube edge lengté. have and thus
/2. Then the surface area of a cube is expressée ifotm of A" . So, the geometric compactness of such a culpidd ®
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Hence, for , we can determine the quotient of teas(total) of the cube to the solid of the coargd building.

Then the resulting quotient of

6(4-H5 p-h+24 (43
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is relative compactness of solid relative to thbecuThe quotient (3) can be regarded as compactiesprism on the ared, perimeterp and heighth
relative to the cube. It is the relative geometbmpactnesRC of building, which is said in the literature [2].

The compactness of the rectangular solid with basea square and height equal height of the solidns@@er now a cuboid
with a square base with edge lengths equaid height equdl, geometric compactness of cuboid expressed apithteent of

2a+4a-h _2a+4h

G0Cd =——a—=—— 4
Suppose the solid of the building with a cubature is a prism of any basis and we determine the leofithe edge of the square of the cuboid base.
We have dand thus a . Then the cuboid area CAC" = 4. Then
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Hence, for , we can determine the quotient of tieas (total) of the solid cuboid to the prism py &ase (considered building). Then we

obtain the quotient (Relative Compactness of ssittl relation to Cuboid)
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For a cuboid with dimensiorss b, hwe obtain
o 4'iu-h}§h+2a-h .
T 2(a+b)-h+ 2a-b ™)

The quotient (7) can be regarded as compactnesshaoid with any base of arég perimetemp and heightrelative to the cuboid with a square base and
height h

Geometric compactness measured by compactness sé lod solid. We can finally resign from a heightaobuilding and base area of
solid: top and bottom. Hence the optimization waillly include area of shape of the base (plan ofhthiéding). Then geometric compactness of base

(referenced square) expressed as the quotient of

_da_ 4
GoE = P (8)
While the compactness of the figure base on Aread perimetep expressed as a quotient . Since , we have a . Than (8) takes
the form
-2
GES= 72 (9
Hence, for , we can determine the quotient of treas (base) square to the base (considered byildiingn we obtain the ratio (Relative
Compactness of solid with relation to Base)
1
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for a rectangle ofa, bwe obtain
1
2(m- B)F
_= 11
RCB==—1 (11

The relative indicator of the geometric compactnedssolid relative of the sphere. Consider now hesp of radius length,
geometric compactness of sphere expressed asdlierguof

GESph= LU
L T (12)
37
Now assume that shape of the building with a culatu is sphere and we determine the length of splaglies. We have ?.-.rand thus

# =. Then geometric compactness of sphere expressbe eatio of

GCSph= ;,
{ % a- h}? (13)
Hence, for , we can determine the quotient of teasi(base) of sphere to considered solid of tiidibg. Then we obtain the quotient of
z
RCS= GCGIGCS = rlapah) prht24_ (o)A h: ()
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which is the relative compactness of solid relatvehe sphere. The quotient (14) can be regardexrapactness of solidf prism with base of area,

perimeter p and heighth calculatedrelative to the spherdt is therelative geometric compactness R@lid (building), which is said in the literaturg][
Indicator in formula (14), approximately equal t84,it expresses the ratio of the area surfackeo§phere to its volume, with the assumption, that

volume is equal 1. Similarly, the number 6 in fotan(8) expressed ratio of area of cube to its velumith the assumption, that volume of cube is kfjua
The compactness of the sphere is therefore largio equal 4,84 - smaller) than cube (ratio e@ualarger). For purposes of illustration theseuealfor the
various Platonic solids are equal: for tetrahedrof)21; cube — 6; octahedron — 5,72; dodecahedf®B%; icosahedron — 5,148; sphere — 4,836. Sphere
therefore the most compact (,economical in buildinaterial”) solid.

To assess the compactness of buildings from amleagPtatonic solids we choose a cube, because afighis angles walls. Indicators of
geometric compactness of solidswith relation todhlee have a universal and unequivocal charactgrd® not give an objective assessment of ratithef
compactness of the solid (the building). The prtporof compactness show only indicatoRCQO relative compactness of a rectangular buildinghwi
relation to a square base.

Indicators of compactness of solids whose basesraotgangular polygons. Next we take care rectamqudygons [1] inscribed in a

rectangle (Fig. 1). We will say, that the rectamguiolygon W (with sides ..., X Xa,...Xe, Xt'y..o Xy Vi'veo MO0 oY W0's-.. 0 W) iSinscribed in a rectangle
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P (with sides % ¥, X, y) if and only if and each side of the rectangleoRtains at least one side of the polygos B¥ not considering degenerate

polygons, and have quite broad class of figuresasgeime that the reported polygons are simplyexed, and generally multi-connected (can haveshole
(Fig. 1c). Connectedness of the polygon (genedstgrmined for a flat collection) means that thg @vo points of the polygon can be connected pogyli
(polygonal line [4]) lies inside the polygon. Cowtexiness of polygon Winscribed in a rectangle P means, that every piallel to the sides of the
rectangle P, containing the points inside the regieacontains the interior points and boundary {s0of the polygon W(Fig. 1). Then every point of the
edge of the rectangle P is the projection of atle&o points of the boundary polygoreVBo we can use the sides of the polygan(&fter parallel moving
respectively to the axi®X, OY at the edge of the rectangle P) ,to wallpaper’eedfithe rectangle P (Fig. 1a). Some parts of tedlpaper” will impose on
itself several times (Fig.1b,c). Thus it easilydals that the length of the perimeter of the polydW is larger than or equal to the length of the peténof
the rectangle P. In some cases it may be highdrtheam to analysis of shapes will be useful to kiloevdifference in length of perimeter of theseifes.

The relative defect of perimeter in the rectangufeglygon. If we denote by perimeter of region F wigation to the polygon W

inscribed in a rectangle P, we can write

plWpd = plF) + ap(Wy) (15)
where
== —
Ap(W) = D 20 xuia + ) 2 ai (16)
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but means the sum of measures orthogonal projediiotige axisOX of all parts of the sidesf.' ) polygon W parallel to the axi©X, that straight
line parallel to the axi®Y intersect in total 2points, withi=0,1,...n-1 (Fig. 1a), means the sum of measures orthogoogctions to the axi®Y of

all parts of the sides'\(yk') polygon W parallel to the axi®Y, that straight line parallel to the ax@X intersect in total points, with j=0,1,...m-1 (Fig.
1b,c). Numbers 12 (2m) indicate the maximum number of sides of polygos p&frallel to axiOX (OY), that crosses the line parallel to the &3 (OX).
Quantity , defined by the formula (15), will be eallperimeter defecbf a polygon W. Determined by formulas (15), (16) perimeter defec

polygon W: depends on a unit of measurement of length and,dbas not give an unambiguous measure of theetitfe, between the perimeter of

the rectangular polygon and rectangle. Hence tih@nad is to determine theelative perimeter defedf the polygon W as the quotient of

Ap(We)
) (17)

g, (wgh =
and therefore not appointed a unit of measuremewiation in length of the rectangular perimetertioé polygon described on the rectangle. From an
economic and ecological (energy saving) point efwiwe have when the relative perimeter defect uditlimg design solution takes values close to

zero. But it remains an open volume of "loss" cdusg a possible reduction in the surface area i@cgangular polygon, so the building cubature. This

volume "loss" reflects another indicator relatedh® area of the polygon.

L , b) p¥ . ) pr
|
¥ . s / v

g X

Xy

7

= =
o £ o L o £

Fig. 1: Rectangular polygons inscribed in a regia® (with sides’y, X, y) with
dimensionxxy
The relative area defect of the rectangular polyglhe second parameter characterizing the geometryertangular polygon Wis his area

. Area of rectangular polygon can be expressed as
dalWwy) = alF) — Aa (W) (18)
where can be callegrea defecbf a rectangular polygon. Then the quotient
o e alWg)
Dnl._TL'Lp.} = IH':F::' (19)

called arelative area defeadf rectangular polygon Y\n relation to that described in the rectangl&lfs indicator expresses the percentage of "los#1ie
surface area (the building cubature) in relatiothi® area of rectangle, and while keeping the sfzgerimeter of the rectangular polygon (suchrasa i
normal rectangular polygon [4]) is part of "losd'tlee construction on the given resources consumgif building materials in the construction of titgect

and the demand for energy during using the building
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