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ON GEOMETRIC FORM GENESIS DIRECTED BY BUILDINGS' EFFICENCY-
CANTON TOWER CASE STUDY

1. ENERGY PERFORMANCE OF BUILDING
ENeRGY E OF BUILDINGS 15 A VARIETY OF PURPOSES. INTERESTS IN THE ENE ICE RANGE FROM GLOBAL TO REGIONAL, AND FINALLY SYSTEMS, U ¥ ENERGY PERFOR-
MANCE DATA INCLUDE POLICY MAKERS, OWNERS, DESIGNERS, OPERATORS, BUILDING RATERS, AND RESEARCHERS. MANY TOOLS (0 5] HAVE BEEN DEVELOPED TO AMALYZE BUILDING ENERGY PERFORMANCE IN DIFFERENT WAYS, AT DIFFERENT LEVELS OF PRECISION,
AND AT DIFFERENT STAGES IN THE LIFE OF A BUILDING. WITH EACH OF THESE TOOLS, THE BUILDING ENERGY PERFORMANCE 15 "-! 0 y | NER THAT FITS THE NEEDS OF THE USERS, HOWEVER, THE METHODS AND METRICS FROM THESE TOOLS ARE OFTEN INCONSISTENT
WITH EACH OTHER. IN ADDITION, E NUMBERS ARE MISUSED TO PREDICT ENERGY ! ¢ efim: ACCURACY OF THE NUMBERS. (1)

ENERGY EFFICIENT BUILDING [EEB] 15 ONE HAVING HIGH STEPEN LEVEL OF USLFUL ENERGY WHICH MEANS THAT IN PROCESS OF hm“ IMATION THE LSS OF ENERGY 15 MINIMIZED, IN ORDER FOR BUILDING T0 BE CATEGORIZED A5 EEB, 1T HAS TO USE LOW LEVEL OF
ENERGY ON ONE HAND AND TO FIT THE EVERYDAY NEEDS (SUCH AS HEATING, HOT WATER SYSTEMS, COOLING SYSTEMS, VENTILATION mnupqﬁ't-s] FOR THE USERS’ COMFORT ON THE OTHER. THE MOST COMMON SOURCES OF REUSABLE ENERGY ARE WIND AND SUN, WHOSE EX-
PLOATATION |5 DETERMINED BY THE CUMATE REGION AND WEATHER CONDITIONS,
N OHDER TO MAKE GNE BUILDING A5 EFFICIENT 45 ROSSIBLE THERE ARE WIDE RANGE OF ENGINEERING METHOGS. SOME OF THESE ARE WIND TURBINES AND SOLAR COLLECTORS. THE USE OF MATHEMATICAL AND PHYSICS CALCULATIONS WHILE ESTABLISHING WHICH MATERIALS
WILL BE USED IS THE PROCESS SHOWING MOST ACCURATE PARAMETERS SUCH AS PERCENTAGE OF FACADE SUN EXPOSURE OR INFLUENCE OF THE WIND ON THE BUILDING,

DESIGN OF THE EEB DEMANDS INTRODUCTION OF NORMS. FOR THE BUILDING E AMALYSIS, IN ADDITION T0 THIS, DEVELOPMENT OF NEW (T TOOLS IS MEEDED AS BEST SOLUTION FOR EARLY PHASE OF PLANNING AND OPTIMIZATION OF FUTURE BUILD-
NG, (2] OF THE BLILDMNG GI EXPLOITS ENERGY OF THE SUN AND WIND WOULD REDUCE MISTAKES AND ENHANCE THE FINAL PRODUCE. THIS WAY INFLUENCES AND PERFORMANCES ARE ALREADY TESTED VIA SOFTWARE WHICH ALLOWS INTEGRATION
OF 30 MODEL AND INFLUENCES THAT THE BUILDING IS EXPOSED TO. (3) v

BULDING GEOMETRY 15 AN IMPORTANT INPUT TO THE ANALYSIS PROCESS; HOWEVER, THERE ARE NO STANDARD OF THESE TEAMS, SPECIFICALLY FOR THE LISE IN ENERGY ANALYSIS. WITHOUT STANDARD DEFINITIONS AND METRICS OF BUILDING GEOM-

ETRY, TME ANALYSIS RESULTS MAY BE QUESTIONABLE AND DIFFICULT FOR MEANINGFUL COMPARISONS. THESE DUILDING GEGMETRY DEFINITIONS AND METRICS ARE INTENDED T0 BE USED FOR CHARACTERIZING BUILDING GEOMETRY N MEASURED ENLRGY ANALYSES AND FOR DE-
FIMING DETAILED ENERGY SIMULATION INPUTS. THE STUDY AIMS TO HELP OTHER USERS HAVE A BETTER OF BUILDING (1)

2. SOFTWARE FOR THE SIMULATION OF THE DAYLIGHT AND WIND ENERGY - VASARI

1M THIS PAPER WE PRESENT SIMULATIONS OF THE DAYLIGHT AND WIND ENERGY. FOR SIMULATIONS AUTODESK VASAR | 1 COM/INDEX.HTM) WAS USED BECAUSE THIS SOFTWARE ALLOWS THE ENGINEER TO DESKGN THE MOST OPTIMAL GEOMETRY AC-
CORDING TO THE NEXT PARAMETERS: DEGREE OF THE FAGADE SUN EXPOSURE, PERCENTAGE OF THE FAGADE PART INFLUENCED RY SUN AND THE SIDE THAT IS IN THE SHADOW. LISING THE VASARL, IN THE FOLLOWING TEXT WILL BE SHOWN VISUALIZATION OF IMPACT THESE TWO FAC-
TORS HAVE ON A VARIOUSLY GEOMETRY OF THE BUILDING, it

[N DRDER TO CALCULATE IMPACT OF THE WIND ENERGY SOFTWARE ALLOWS THE USER TO PREDEFINE CLIMATE CONDITIONS, GEOGRAPHICAL LOCATION, DATE AND TIME FOR THE DURATION OF THE SIMULATION. N THIS WAY IT IS POSSIBLE TO VARY THE GEOMETRY IF HE BUILDING
USING THE SAME PRESET OF THE INFLUENTIAL PARAMETERS. AFTER FURTHER ANALYSIS OF THE DATA ENGINEER 15 ABLE T DETERMINE THE BEST FORM OF THE BUILDING FOR THE CONDITIONS GIVEN.

__RESULTS ARE T0 BE INTERPRETED AND ANALYZED I8 THE WAY MEEDED AND HERE THEY REPRESENTED AS GRADATION OF COLORS DERE!
3. PRIMARY GEOMETRIC FORM AND OBJECTIVE OF THE STUDY : .

THE MAIN OBIECTIVE OF THIS STUDY IS TO INVESTIGATE THE INFLUENCE OF
SOLAR INSOLATION AND WIND POWER ON SURFACES OF MIGH-RISE BUILDING,
THE ANALYSIS 15 BASED UPDN GENESIS OF THE FORM OF CANTON TOWER,
WHOSE GEOMETRY 15 GENERAL iyPERBOLONDS, (Fiss, 1, 2]

PRIMARY GEOMETRIC FORM FROM WHICH THE GENERAL HYPERBOLDID 15 DE-
MOVED 15 CYUNDER. [FiG, 3.) IF WE CONSIBER SUN RAYS TO DE PARALLEL THEN
THEY FORM ILLUMINATION DIVIDING UNE WHOSE ENDS ARE LINKED WITH THE
ENDS OF THE BASE DIAMETER. IF THE BASE CIRCLE |5 SUBSTITUTED WITH ELLIPSE
THE MEW FORM 15 ELLIFTIC CYLINDER [FIG. 4.) WHOSE CHARACTERISTICS ARE
SAME AS IN THE CYLINDER IN FIG. 3. THE CHANGE OF THE SUN POSITION WL
INDUCE THE CHANGE OF THE ILLUMINATION DIVIDMNG LINE, BUT ITS LINK TO THE
END POINTS ©F THE DRAMETER OF BASE WILL REMAIN, |F THE DIMENSION OF THE
XIS OF THE UPPER ELLIPSE 15 REDUCED THE NEW FORM 15 CREATED. IT 15 TRUN-
CATED COME. [FIG. 5.) PERCENTAGE OF THE SUN EXPOSE OF THE FACADE FOR
THIS FORM STAYS THE SAME ACCORDING TO CHANGE IN THE SUN POSITION,

FE5. T ANALYSIS
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4. ANLYSIS OF HE TRANSFORMATION OF PRIMARY GEOMETRICAL FORMS - TWISTING [ 4
[N ORDER TO DESIGN THE FORM OF THE CANTON TOWER, 1T 15 NEEDED TO PRIMARY s hﬁ
LINE A {CALLED TWIST AXIS| PERPENDICULAR TO PLANE B. (Figs. 5,7,8) (4) ROTATION OF THE UPPER RASES OF i ;ains B'l
LOND [FiG. 6.) AND GENERAL HYPLRBOLOID (FIGS. 7, AND 8.).

Fi5, 8 GENERAL HYPERBOLOM- TWISTING TRUNCATED CONE
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5. ANALYSIS OF THE INSOLATION OF MODIFIED FORMS .
IN FIGURE 9§ ONE CAN OBSERVE LEVEL OF INSOLATION FOR THREE FORMS WHERE THE POSITION OF SUN 15 THE SAME [,
LATION 15 REACHED FOR THE LOWER PART OF THE FORM WHILE THE UPPER PARTS REACH VERY lw I.Q&rs sE
OF THE FORM |5 I THE SHADOW, -
5. ANALYSIS OF THE WIND IMPACT ON THE MODIFIED FORMS I ‘_
|F GINE DOES COMPARATIVE ANALYSIS OF THE IMPACT OF THE WIND ON THE GENERATED: FOI'A-O gbr
CYLINGER, ELUPTIC CYLINDER AND TRUNCATED CONE ARE FORMS WITH VERY GOOD STABIIT l’as?i
TE THE DIAMETER OF THE BASE) AND S0 THE SIMULATIONS OF THE WIND IMPACT ARE NOT
Y THE TWIST ROTATION COULD EVOKE STABILITY PROBLEMS, STRUCTURE OF GENERAL HYPERBOLDID €A !
18 THIS CASE THERE ARE LITTLE CHANCES FOR THE CONSTRUCTIVE REMFORCEMENT. ROTA . i 3 T . I T
TERMINED BY THE SMALL DEGREE OF ROTATION OF THE UPPER Bast. (Fis, 10). ' L N | F %
-

GEOMETRY OF THE CANTON TOWER |5 GRADUALLY GEMER-  THREE DIMENSIONAL G # IN Fig. 12, THE @F THE " . ENGI-
aten (FiGs. B, 7, B). LOWER BASE 15 ACTUALLY LARGER EL-  NEERS USED THE KN T n ITILATION AND ATH CONDITIONING, URBAN DESIGNERS AND ARCHITECTS INCREASINGLY FACE UP TO
UIPSE WHILE THE UPPER IS SMALLER ONE ROTATED FOR THE  PRODUCE t'NUIIONMEw-MIIJ HigH o | E ALEN: Mél . THE PROJECT INTRODUCED HERE AIMS AT INVESTIGATING THE INTER DEPENDENCES
ANGLE A, WHICH 15 THE ANGLE NEEDED FOR THL ELUPSES TO BETWEEN SHAPES OF BUIL E LMATE ARE OFTEN NEGLECTED IN BUILDING ENEAGY ANALYSIS, (5] THIS GEGMETRY IMPLIES
BE PERPENDSCULAR, WHICH CAN BE SEEN THE STRUCTURE 1N LOW LEVEL OF INSDI ONES WHERE THE 15 HIGH HAVE COLLECTORS WITH

SER TEAM FACED WAS THE FREQUENT MONSCONS, IM ORDER TO KEEP THE FREE FORM BOTA-

THE FIBST PROGECTION, (P16, 11.) THE PHOTOVOLTAK
TION OF THE BASES |5

DADERT : .
= " ; T CABASITY T0 RECEIVE SOLAR ENERGY UNDER THE SAME CONDITIONS DUE TO THEIR GEOMET-
RO ) Fon Basic GEOK &uunsn THE PERCENTAGE OF INSDLATION IS THE SAME FOR ALL SIDES, THE CYLINDRI-
{ L & ‘H TOTAL SOLAR INSOLATION ON HIGH-RISE BUILDINGS. IN ORDER TO COMPARE THE EF-
L 5 o INSOLATION RECEIVED ON CYLINDRICAL SHAPE IS USED AS THE BASE REFERENCE
7 f‘".m"\'! M INTEGRATION OF 30 MODELING SOFTWARE FOR THE ANALYSIS OF THE ENERGY
“rriien méunur OF THE DESIGN AND SAVE THE RESOURCES NEEDED TO IMPRAOVE EXISTING STRUC-
v TO THE GEOMETRIC SHAPES, THE IMPACT OF SOLAR RADIATION ON HIGH-RISE
| NG ; 1A MED THAT THE ENERGY CONSUMPTION FOR COOLING INTRODUCED IN SUCH
1 L THE wnn Qimcr.
i v . i " prasivigs A
e ot : 0 s, B
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STABILITY IS SECURED.
-

FiG. u GEOMETAY OF THE CANTON TOWER SEEN N FINST PROACCTION  FiG. 12 JINSOLATAON]
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