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ABSTRACT: Atriums is a spatial form that often appears inldngs, atriums with good natural lighting
can not only be used for their own, but also gigessideration to the rooms around atriums. It can b
effectively reduce the lighting energy consumptibmthis paper, Zhong Gang International Trade @sy
example, use computer to simulate the effect ofurats natural lighting, analyze the benefits and
shortcomings. Then refer to the best cases of alalighting atrium, conclude the natural lightingpdes,
propose lighting optimal solutions for Zhong Gantgftnational Trade City, and use computer simufatio
verify the results.
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According to statistics, China's lighting energynsomption accounts for 13% of total electricity
consumption, it almost accounts for 40% of totatrgg consumption in large commercial buildings. So
there is enormous energy saving potential of aechite lighting. (Figure 1 is the proportion of the
equipment power consumption of a large commerciddling in Beijing.)
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1 PROJECT INTRODUCTION

B ure 2[2]

Zhong Gang International Trade City is located auth Lake District, Jiaxing City, Zhejiang Province
It is a multi-merchandise center facing the whodmdtze River Delta. Its total gross area is 2508ffare
meters. It is the first professional market withegy-saving and environmental protection in Chinhlae
main building of International Trade City is Y-stkeapn which six floors on the ground and one floor
underground, 40m of total height, and 6m of stagight. The two wings of the building have seveiuats
in three forms. All of the atriums use natural tigly to reduce lighting energy consumption.

2 ATRIUMS’ STATUS QUO AND LIGHTING SIMULATION

The atriums studied in this paper are located @& Yshape's two wings of the building, marked the
atriums No 1 to No 7 as Figure 3. No 1 to No 6 sixestory-high, and have top natural lighting. Narid
No 6 have side-lighting at the same time. Top liglane which supported by the metal grid is paradiehe
roof. Space around the atriums was directly corateeaiith the atriums. The space can maximize usgig |
from the atrium. Atrium No 7 is located in the leftthe north wing. It has three-story-high andtheside
lighting.

This paper will simulate the natural lighting etfieof these atriums. The simulation software ist&cio
Analysis 2010 which presented by Autodesk company.
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2.1 Model simplification and establishment

Using Ecotect to simulate the natural lighting, steuld simplify the model first. The simplified tdis
is as Figure 3 and Figure 4. After finishing thedwlp establish the analysis grids according to géahe.
The density of grid number is 140X85. China’s amettural lighting standards ordain that illuminanveéue
is got at 0.75m height from the ground, so setthadysis grids at 0.75m height from each floor.

ey i | )

Figure3 Figure 4 Figure 5

2.2 Interior illuminance simulation

Use the option of Natural Light Levels in Ecotegtich can calculate indoor illuminance, daylight
factors, and reflected components along with theigieSky llluminance. According to the provision of
China’s architectural lighting standards, set tky ifuminance model as CIE Overcast Sky Conditiset,
Design Sky llluminance value as 5000lux. Then dateueach story’s illuminance, Figure 6 to Figufe 1
respectively floor 1 to floor 6.

2.3 Full-time natural lighting simulation

Based on the illuminance simulated data, use ttieropf Daylight Autonomy in Ecotect, which gives
percentage of time throughout the year that eaaft poll need no additional light to maintain thelected
level. Set the time as whole year, in accordancd Whina's architectural lighting standards, se¢ th
Required Lighting Level as 500lux. And then do ttedculation of each story, data of Floor 1 to 6 is
respectlvely shown in Figure 12 to Flgure 17.
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Figure 6 to Figure 17

3 ANALYSIS OF SIMULATION RESULTS

As the illuminance simulated results shown in Fégérto Figure 11, the atriums’ own space can get
adequate natural lights. On Floor 1 of the atriuitheninance is still 1200lux, fully satisfy theqeirements
for 500lux of luxury store. Begin with the edgetbé atriums, Light Level decays sharply, and theasion
is different on each floor. There is an atrium e tnhorth side of the left-wing, so left-wing’s lighg
condition is considerably better than the right-gvithe simulated results of second floor (Figurg shbw
that Floor 2 has a greater range of lighting théoof~1 (Figure 6). Because the lights reflect fréirst
floor’s ground to second floor’s ceiling, then eflect to second floor’s ground. On Floor 3 (Fig8jeLight
Level of No. 7 atrium in the left wing decays meskarply. Although it has north-side lighting, thendow
height is only one third of Floor 1's. It shows tililae height of windows have a great effect on-igigting
atriums. In other words, illuminance of side-ligtgiatrium is very uneven at different heights.Ha tase of
top lighting, the results show that there are sligjfferences between various heights in the atrgjpace.
Look at the simulated results of Floor 4 to FloqF@&ure 9 to Figure 11). Floor 6 (Figure 11) ie thp floor,
so the lighting range is much larger than FlooFijre 9) and Floor 5 (Figure 10). Synthesizingudated
results, we can find that in top-lighting atriurhe fowest and the highest floors have better Iighéffects
than middle floors. Lights can better diffuse oe tiop floor, but the lights can't reach the lowtrigs
because of blocking and height. Due to light reftecand diffusion on the surface of first floogsound,
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the lighting effects of Floor 1 and Floor 2 havehenhanced. But the lights can’t reach the higteeies.

Full-time natural lighting simulation takes intocatint the weather conditions throughout the year. |
can measure more comprehensive conditions of rdiginting. As shown in Figure 12 to Figure 17, hwvit
natural lighting, each story can reach the requilfechinance in most of the year. In poor weathenditions,
as shown in illuminance simulated results, onlydlreims’ own space and the surrounding areas eachr
the required illuminance, most space still needfiad lighting. Both two simulations have showhat
lighting conditions of the junction area betweee ttwo wings is worse than the others. In the fulet
natural lighting simulation, this area has the tlemse of satisfying the illuminance requiremenhefefore,
natural lighting of the area should be improved.

4 NATURAL LIGHTING OPTIMIZATION AND SIMULATION

There are quite a number of outstanding caseserusle of atriums’ natural lighting. The atrium of
Genzyme Center (Figure 18) is set the reflectolis faom the top to the bottom floor. The atrium of
Germany Capitol (Figure 19) has a fixed structuréhe inverted cone-shaped reflector. Dacheng Sappo
Edifice in Japan (Figure 20) sets a system of ctfle panels in the edge of each floor around thiera.
The reflective panels can automatically adjustdooadance with the direction of sunlight. Thesehuds
have achieved good effects of natural lighting.

International Trade City’s atriums are locatedvio twings of the building, not as large and compéete
the Genzyme Center’s and the Germany Capitol'ssfiaee is too narrow because of plane’s constrdints
installing a central reflector system, the viewtted atriums will be blocked. The atrium of Dach&apporo
Edifice is also small, so its reflector system isrenappropriate for International Trade City. Btg i
automatic control system is very expensive, takivgcost into considerations, we decide to usalftype
reflective panels in International Trade City.

With the analysis of the plane, atrium No 3 andfNare beside the worse-lighting area, and they have
greatest impact on natural lighting of the areaysaonsider setting reflectors in these two atrgjpace. As
there are beams on the floors’ edges in the atridhgsreflectors can be installed on the surfadeth®
beams. Modeling 1m high beams in the previous Etotedel and set beam material as paint.

Figure 1¢3] Figure 194] Figure 2([5] Figure 21
4.1 Selection of the reflectors’ location

First, calculate the natural lighting conditionstioé area without reflective panels. As Ecotectsduoat
support calculating multiple reflections of lighy Eiself, we need to export the original data taliRace.
Calculation condition set to CIE Overcast Sky Ctindi viewing angle is set as shown in Figure 2bfike
was shown in Figure 22, the results shown in Fi@®¢o Figure 28.

Refer to the setting approach of reflectors locaiio Dacheng Sapporo Edifice, installing reflectors
staggered by floors. Atrium space is provided wigimdrails on both sides of the floor, so set ulectdrs on
handrails in the model, reflectors’ material is teeinetal. Now there are 2m high reflective panatsshown
in Figure 29. Calculate the lighting conditions tlesults are shown in Figure 30 to Figure 35.

According to the light reflection principle, theearcan get reflected lights though setting refisctm
the south-side beams of the two atriums. Changk tee north-side beams in the atrium to the origina
material, remove the reflectors on handrails, ckatig south-side beams into reflective panelgalins
reflectors on south-side handrails , as shown guifiéi 36, then calculate, and the results are showigure
37 to Figure 42.

Finally, calculate the lighting effects of the amigh 2m high reflectors around the atriums, asnshn
Figure 43, and the results as shown in Figure #4guore 49.
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Comparing the results, staggered installation authsside installation of reflectors exert bettifees.
And then compare with these two kinds of instadlatifrom Floor 2 to Floor 5, the effect of southesi
installation is better than the effect of staggenestallation. Overall consideration, installingfleetive
panels on the south-side of the atrlums is thediaste.

Tgure 57

?ure 22 to Figure 49
4.2 Selection of the reflectors’ height

The heights of reflectors can also affect the lightcondition. After determining the installation
location, we need to simulate natural lighting effeof reflective panels with different heights.

In the previous step, we have completed the simomladf 2m high reflective panels, then remove
reflectors of the south-side handrails, stimulagbting effects with 1m high reflectors, the resudte shown
in Figure 50 to Figure 55.

Figure 56 to Figure 61 are the Figure 37 to Figitén the previous step.

As each story is 6m highreflectors can be installed below the beams. Tbezefwe stretch the

reflective panels of south-side beams to 2m, amdove reflectors of the handrails. Calculate again t
research the impact of the different location of @igh reflective panels, the results are showniguie 62
to Figure 67.

Lastly couple with the reflective panels of the theside handrails, calculate the area’s lightinfgaf
with 3m high reflective panels. The results arerghn Figure 68 to Figure 73.

Comparing the results, overall consideration, 3ghhieflectors have the best effects. Installingtigh
reflective panels on the beams and handrails is¢ltend. Comparing the results of the respectivgest
setting 1m high reflectors has the best resultsherfirst floor. The lighting effects of Floor 2|der4 and
Floor 5 have slight differences between installidgn high and 3m high reflectors. With economic
considerations, 2m height is more appropriate. @orF3 and Floor 6, the effect of 3m high reflestds
more excellent than other heights.

The final optimized design is integrated of allndaAs shown in Figure 74 and Figure 75, reflective
panels have been installed on the south-side oftifngms. Set 1m high reflectors on the beams effitist
floor. Set 2m high reflective panels on the beantd lzandrails of Floor 2, Floor4 and Floor5. Set [digh
reflectors on the beams and handrails of Floor @ Elpor6. In this way, we can achieve the bestltasu
Lighting simulated results are shown in Figure @&igure 81.

Figure 74 Figure 75
i

Figure 50 to Figure 73

Figure 76

Figure 74 to Figure 81
In the situation of setting reflectors by the siatidn results, lighting situation of the area ipmoved
obviously. Although it is difficult to reach theliminance requirements in cloudy days, artificighting
energy consumption can be reduced.
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5 SUMMARY AND FUTURE DIRECTIONS

Architects should have a comprehensive understgndinthe architecture. In the design process,
architects should take into account the effect nergy-saving by architectural form itself. The @sh
method of this paper can be combined with the degrgcess. Bring energy-saving design into prelamin
design phase, in order to arouse the architectarewvess of energy saving in lighting. This papdy on
studies on the problem of atriums’ natural lightimigh computer simulation, the actual operatioredidd be
verified, so in subsequent studies, the resultb®ftudies need to be applied to practical dgsigjects, to
gradually execute and verify effects, and obtagéabtual measured data.
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