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ABSTRACT

KEYWORD

Purpose: This study aims to generate building masses for different site shapes using Generative Design during
the early architectural planning stage and to examine the energy characteristics of each mass type by comparing
EUI (Energy Use Intensity). It proposes a Generative Design-based process integrating mass generation and energy
analysis. Method: This study analyzed 41 winning entries from design competitions for Administrative Welfare
Centers in Korea between 2016 and 2025. Site shape, site area, building area, gross floor area, number of floors, and
floor-to-floor height were examined. The sites were classified as square, rectangular, trapezoidal, or L-shaped, and
baseline models were established based on the average values from the case analysis and comparison conditions.
Building masses were generated using Rhino and Grasshopper, and EUI was calculated through energy simulations
using Ladybug and Honeybee. Results: A total of 2,000 building masses were generated, of which 1,485 duplicate
masses were excluded. Among the remaining 515 masses, 33 were selected as representative masses and classified
into compact, courtyard, and composite types. The square-plan mass had the minimum total EUI of 96.86kWh/m?,
whereas the U-shaped mass had the maximum total EUT of 103.87kWh/m”. Even under the same site area and
building scale conditions, the mass types that could be generated and their EUI values varied according to site
shape. These findings demonstrate that mass configuration and energy characteristics can be examined
simultaneously during the early architectural planning stage.
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Table 1. Literature review
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Table 2. Building overview of administrative welfare centers

Building overview

Case | GFA* | BA** | o |SA®sx BCR | FAR Bglli"wal;:R Case | GFA | BA | . | SA | BCR | FAR BéAl;"’wa:'I:R
no. | (m) | (m) (m’) no. | (w) | () o) | ) | )

) | &) | B | (W) ) |
13950 | 1,135 | 1/4 | 1,000 | 5974 | 13579 60 | 300 | 22 | 1927 | 877 | U3 | 2,074 | 4229 | 7321 | 60 | 250
2| 289 | 863 | 13 | 149 | 57.69 | 12986 | 60 | 250 | 23 | 2072 | 274 | 45 | 532 | 5147 | 193.16] 60 | 200
3| 2337 | 1325 | 3 | 9835 | 1347 | 23.76 | 20 | 100 | 24 | 2985 | 944 | 13 | 3,378 | 27.94 | 5863 | 60 | 180
4 [ 3229 | 1,093 | 13 | 1,998 | 547 | 9125 | 60 | 500 | 25 | 2369 | 59 | U4 | 1,002 | 5980 | 1708 | 60 | 220
5 | 1,805 | 443 | 14 | 617 | 71.87 [23675| 80 | 1300 | 26 | 3314 | 592 | 24 | 2,162 | 27.39 | 10L17| 60 | 200
6 | 3,039 | 444 | 24 | 746 | 5954 [19439| 60 | 200 | 27 | 2033 | 713 | 13 | 6011 | 1186 | 29.04 | 40 | 100
7| 2344 | 528 | 13| 1,890 | 27.93 | 66.06 | 60 | 150 | 28 | 2914 | 1968 | 3 | 3,965 | 49.63 | 7348 | 50 | 200
8 | 2978 | 1,058 | 13 | 6,612 | 1599 | 4503 | 50 | 300 | 29 | 994 | 253 | 13 | 468 | 5255 | 14241| 60 | 180
9 | 1,094 | 701 | 12 | 1926 | 3639 | 5094 | 60 | 300 | 30 | 1,740 | 1,042 | 3 | 2269 | 4595 | 7669 | 60 | 200
10 [ 3,140 | 691 | 15 | 1,157 | 5973 | 19821 | 60 | 250 | 31 | 5215 | 981 | 13 | 4910 | 1998 | 4478 | 20 | 80
1| 1,795 | 775 | 13 | 3,865 | 2006 | 4644 | 60 | 250 | 32 | 2,713 | 910 | 13 | 2,106 | 4319 | 11484| 50 | 250
12 | 978 | 320 | 13 | 535 | 5971 | 13647| 60 | 250 | 33 | 2830 | 971 | 13 | 1,819 | 534 |11493| 60 | 250
13 | 1407 | 299 | 1/4 | 498 | 5097 [20148| 60 | 220 | 34 | 999 | 418 | 13 | 1,000 | 3479 | 73.98 | 60 | 250
14| 2334 | 605 | 1/4 | 1243 | 4871 | 140.55| 60 | 250 | 35 | 3,116 | 1251 | 1/3 | 4473 | 27.96 | 469 | 60 | 230
15 | 5130 | 699 | 2/6 | 1,008 | 694 | 3513 | 70 | 900 | 36 | 4745 | 1,716 | 5 | 3,285 | 5227 | 8163 | 60 | 250
16| 2936 | 899 | 1/4 | 1,580 | 56.88 | 14506 | 60 | 200 | 37 | 5735 | 629 | 3/7 | 1,260 | 4992 | 24867 50 | 250
17 | 2328 | 527 | 14 | 1,306 | 4032 | 15554 60 | 250 | 38 | 5276 | 1253 | 1/5 | 2,553 | 5421 | 13229] 60 | 220
18 | 4701 | 975 | 24 | 1,807 | 53.94 | 157.14| 60 | 300 | 39 | 1,833 | 413 | 2/4 | 694 | 5947 | 151.64] 60 | 200
19 | 2579 | 447 | 25 | 989 | 4523 | 17388 60 | 250 | 40 | 6013 | 2,045 | 2/4 | 5,597 | 3653 | 6652 | 50 | 80
20 | 2317 | 1072 | U4 | 2714 | 60.0 | 300 | 60 | 400 | 41 | 2,186 | 648 | 14 | 1,150 | 5926 | 15013 | 60 | 220
21| 2,026 | 332 | 1/5 | 604 | 5665 | 2592 | 60 | 400 |Avemge| 2,840 | 823 | 1.2/3.8| 2,323 | 460 | 13132

*GFA: gross floor area, **BA: building area, ***B/F: basement/floors, ****SA: site area, *****BCR: building coverage ratio, ******FAR: floor area ratio
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Table 3. Winning entries from design competitions

Table 4. Site shape classification criteria

Site shape and building mass Site Shape Criteria
Case 5 Simplified | Case . Simplified (a) Square AR < 1.2
no. Site shape massing no. Site shape massing (b) Rectangular AR > 1.2
¢ k I (c) Trapezoidal 0 > 10°
1 i @ A, | 2 (d) L-shaped 1A > 20%
L_—_—_—-:_ *AR: aspect ratio, **0: deviation angle, ***IA: indentation area ratio
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Table 5. Site and building information

Division Value
Site area 2,300m’
(a) Square 25
. (b) Rectangular 24
Site Total number of cells (c) Trapezoidal 20
(d) L-shaped 21
Cell size 9.19mx9.19m (84.46m?)
Gross floor area 5,405.19 (m?)
o Building area 1,351,30m* (16 Cell)
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HHAME TG ab to slab height 4.0m
Number of floor 4 (16m)
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Fig. 3. Grasshopper implementation overview
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Table 6. Simulation input conditions

Table 7. Excluded massing types

Division Condition Massing types 1 11 11 Count | Total
Location Seoul :7;; 77777777777 :7 777777
Building type Office building L | i e
WWR 50% i L] 4 i
Exterior wall 0.24W/m*-K : :
i 2 i . i
Building U-value Exter.wr roof 0.15W/n; K ' n Uk
Exterior floor 0.2W/m™K Courtyard [ U | i i 16
U-value 1.5W/m>-K - u F m L B :
Window SHGC 04 482
construction | Visible light H E
transmission 04 T D ,J 95
] ] L]
Program Medium office-open office
. Occupant density 0.057 people/m’ : ] 1
(zgizttlizizl Lighting power density 6.6W/m’ Composite | i Hﬁ 203
Equipment power density 10.3W/m? mass ’ [ | ‘ [ ] rli
Operation time 07:00~20:00
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Table 8. Mass typology according to site shape

Site shape .
s (a) Square (b) Rectangular (¢) Trapezoidal (d) L-shaped
Compact | Square 4
p: q vg\ o ®f1/
M (2) 3 - (4) (2) (4) (2) )
L-a | < <3 L2 . L >
M (2 3) 4) ()] 3 3) (2)
L-b e S < >
M ) 3) 4) (2) (4) (2) i
U-a 1 p P S g ’ )
Courtyard
M 2) - 3) 4) @ 4) M
U-b « | p ' S «
4 S . . .
M ) 3) 4) ) (4) (2)
T-a A ; < »
M ) 3) 4) M 3) M ()
M () 3) 4) ) 4) m 4)
S+S* ) < ; > | <% X 4 - / >
Compositd \(é%\ \V \(V v \$>(<< S L /\/
mass U] () 3) 4) (2) 4) 2) 4)
RAR** \ 5| < y > =9 »
Total mass count 33 17 6 8
Site shape | Case Case Case . Case
W 0. (a) Square no. (b) Rectangular 0. (¢) Trapezoidal no. (d) L-shaped
Compact | Square 1 »\ / 19 )\ 33 % » -
L 7 ’ 13 2 35 41
\/\/ < -
Courtyard| U 6 /\ ; 18 7 27 A 39 i
T 5 14 - -
( A
\i/
Composite] ~
+ . g - -
Mass RER 4 . )\\ 7 i
*S+S: squaretsquare, **R+R: rectangletrectangle
o|2 A7 Y WAL A2 Aolsttt, Generative Designof & Table 9. Buildable area for mass generation by site shape
49 Cell 1709] A2 LE thA] o)A 84.46m’2 T AR5 A% Site .
PFsded ol A 4 Qe Cello] A%t B o2 2570, shape | @ S | © Recmeih|(©) Trpesoidel] © oshaped
1 o) 7] 2470, AbckElE g A 2070, LA g1 A] 21702 R E QL SA 2,300(m?)
o = 29 WAL AHury 2 2k
ot ol wHE Grid Cell 48 142 A 2,112m’, BSL* | 2,112(md) 2,108(m%) 2,111(md) 2,095(m?)
2] 2,027m?, Aeke]E tiA] 1,689m? LAE tiA] 1,774m?=2 414
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3] E5] AAA 0 2] A el E sk
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FAE LAY A= 157 Fd AAIE 4 F Cellz F4517] ©f
29 A 73 Grid Cell 74 0] ATt} *BSL: building setback line, **Buildable grid area
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Table 10. EUI simulation results for square site

Division | Mssing EUL (Whior)
types mw [ o | o | @
Square 79.66
L-a 83.35 80.35 83.89 80.36
L-b 80.26 83.58 80.36 82.78
U-a 83.51 82.03 82.90 82.47
Cooling U-b 83.68 82.41 82.70 82.34
T-a 83.07 79.95 82.77 80.07
T-b 79.81 82.60 79.79 83.04
S+S 82.68 79.94 82.95 79.79
R+R 82.56 80.29 82.85 79.90
Square 17.20
L-a 18.35 18.44 18.60 18.26
L-b 18.04 18.76 18.26 18.57
U-a 19.97 20.02 20.11 19.81
Heating U-b 20.20 19.89 20.10 19.66
T-a 18.69 18.53 18.72 18.25
T-b 18.37 18.86 18.39 20.46
S+S 18.84 18.25 18.59 18.52
R+R 18.85 18.27 18.57 18.52
Square 96.86
L-a 101.70 98.79 102.48 98.61
L-b 98.30 102.34 98.61 101.36
U-a 103.48 102.05 103.00 102.28
Total U-b 103.87 102.30 102.81 102.01
T-a 101.76 98.48 101.48 98.32
T-b 98.18 101.46 98.18 103.50
S+S 101.52 98.19 101.54 98.30
R+R 101.41 98.57 101.42 98.41
*Minimum EUI: light blue, **Maximum EUL light coral
Average by Mass Type  —--- Overall Average
8273 8278
4 [sss" L el P P .égfle I
s 1
5
?o 70
g | |
S / /
* Square  L-a L-b U-a T-a T-b R+R
20 P mss 100 aess s
o 1
: B
S ‘ :
s, n
2 f
0 | n
U-b T-a S+S R+R
105 A 1S 1%7[_) 2 1n 10033 9959 . 9995, 109,65
s, |0 . R
MRl .
Eall . .
Square U-a U-b T-a T-b S+S R+R

Fig. 4. EUI results by massing type
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Table 11. Masses with minimum and maximum EUI by site shape

Site Shape Minimum Maximum
Z
(a) Square \ % \ § Z
W | W -
Total EUI
(KWh/m?) 96.86 103.87
<
(b) Rectangular \ % \ %
> W =t
Total EUI
(KWhim?) 96.86 102.30
<
(c) Trapezoidal \ / : \ P,
% / v \ ?/ v
Total EUI
(KWhin?) 96.86 98.79
<« “Q?
@ Lshaped | B8 g ' z
NA 2 o § Z o
Total EUL
(KWhin?) 98.18 103.87
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