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INTRODUCTION 1. Introduction - New houses’ daylight impact

Development and forecast housing shortage the Netherlands
In numbers of homes. Source: Primos, 2018-2022 and forecast by Copital Value
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INTRODUCTION 1. Introduction - New house & Urban canyons’ impact

Geometry of Urban canyons [}
Geometry of urban blocks [l
Width and orientation of streets [

Roof Shapes ]

urban canyon

Hierarchy of the factors affecting the amount and quality of solar
radiation (Nasrollahi & Shokri, 2016)

: it i
iz 2
i i
!n . Ll

0 il

p. o 34 \ i

TITTT R RR AR R T T ena R T
e = iem csettin e = e ereitn
Influence of street direction (left two) and influence of roof shape (right two), both ) ) o o )
Simulation on existing building after change the surroundings on urban scale

with east-west street(left) and north-south(right). (Van Esch et al., 2012)



INTRODUCTION

2. Background- 3D City Models & Daylight Analysis
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INTRODUGTION 1. Introduction — Daylight simulation tool @

According to a survey of satisfaction Fernandez-Antolin’s
group (2020-2022) with 170 people working in
architecture field,

O complexity of use

O large amount of data entry

O a poor interface
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INTRODUCTION

1. Introduction — Revit or Rhino?
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INTRODUCTION

1. Introduction — Daylight standard & metrics
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INTRODUGTION 2. Background- New building & Urban canyons’ impact
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Different ways of daylight penetration into the building: Directly from the sky. Direct reflection from an external barrier. Reflection from
the floor and ceiling. Reflection from the ground, ceiling and the walls. (Nasrollahi & Shokri, 2016)
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2. Related work — Rhino Compute Simulation
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2. Related work —

® AUTODESK
FORGE

aimHus

BIM and simulation in web viewer

- T—a’-:;"gei;r-_z_é—‘

= e

© Mscoa: 3 OpsmSrestites Impiave s map.

View Revit models inside Mapbox using Autodesk Forge (Wallabyway, 2019)

BCIMS

DEFAULT MAP v < SELECT ABUILDING ~ ~| @
% ¥ b &
a P
“w » ‘q
Ko o PeySa Ormamentst Gar dews -
L '

et
Princs O o,
0.

s sEmi0 30

The Church of
Jesus Cheist of
% Latter-Day Saints.
D mentos ’-m,.,,,,“_

QaisIny

CDC BIM campus digital twin WebGL browser (CIMS lab, 2023)

npross0: 186

type FCWALLSTANGARDCASE
Glovalig 2
Ownert

0632 ARATWN Wermch
a“

Name: Muro BAXZICET\AsicoPartich X200 3K
e yeser163541

Bescrioton: nul

CtjectType: Muro bUCHR0E 1\ NDisico ParticAX 200FTV
capa de yeso

= CepectPocement 155
Dy Fepresematon: 182
Tag 163541

Place BIM model everywhere in Mapbox, reading IFC properties by

clicking elements before placing. (Helenkwok, 2023)
Expanding NYC Park Analysis , ., i
-—

Square Park

5 v, Waverly PL, W, 4 St snd Mscdougal Sthsrhatisn

facilities.

Select an analysis 1o display on the msp
® Oudoor Thermel Comfort

L e—
Average Surface Temperature °C
Surface temperature of each park was modelled using the EnergyPius simulation
engine. Specitically, a solar distribation of FullExteriorWithReflections was uzed 1
o

corect portion of solar energy was calculated for the
he summer solstice

n

o (@)t

NYC park analysis tool using Rhino, Vue.js, Mapbox.gl, apex-charts, Three.js, and Tailwind CSS (Pachuca, 2021)



INTRODUCTION 3. Research Questions 13

How to integrate BIM, GIS, and Daylight simulation, user interaction together?
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METHODS 4. Methodology
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4. Methodology
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METHODS Settings & Data preparation — 3D City Models in GH
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METHODS Settings & Data preparation — 3D City Models interaction in Mapbox
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METHODS Settings & Data preparation — BIM data preparation
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METHODS Settings & Data preparation — Correlation study settings

(a) with shading (b) without shading
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METHODS

5. Implementation — Load BIM in Mapbox per room & Interaction
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5. Implementation — 3D City Models interaction in Rhino & Mapbox
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5. Implementation — Daylight Simulation Workflow Automation
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Get Coordinates for simulation grid
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METHODS 5. Implementation — Daylight Simulation Workflow Automation
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Array(2), 112: Array(2), 113: Array(2), .} &
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2) [4.370876475889724, 52.00634867502791]
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2) [4.3714723704363125, 52.00675088904111]
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METHODS

5. Implementation — SBI Script

West (270° Azimuth)

Inputs Geometry Outputs
(- ———————~— 0 .

r 11 Elevation
ik Location E ﬂ Airmass Factor |—
| N
[ window P—{ Gird || Area »  sBl-aM
| | =
ir ¢ i Direct | Zenith Angle } ~— Area
' Facade -. » Daylight ) I
B d Simulation Angle of Incidence J
L - Time . J [ SBI Effeciency ]
|| Surroundings |! SR )
| | Step Hours |
| S o : : :

4 Simulation Grid
Zenith
Zenith
Sun
Zeniey hoctzoatsl

North (0° Azimuth)

South (180° Azimuth)

(@)

correlation between altitude angle,

Normal
to tilted
surface

(b)
zenith angle and angle of incidence N
Airmass (AM) as a function of solar zenith angle 6z (Mardaljevic Q%mbl\la 2021

<z

S




METHODS 5. Implementation — View Lumen Script 36
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METHODS 5. Implementation — Data analysis
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METHODS

5. Implementation — Data analysis
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5. Implementation — Data analysis: DA - SBl % North Group ‘
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METHODS

5. Implementation — Data analysis: sDA - SBl

X North Group
X South Group

7000

6000

5000

4000

SBI-AM

ol ®2 03

y=122.51x +2257.9
R?=0.8657

Analysis:

4 @5 @6

y =55.983x + 1650.8

p-osszs o ® Ea
ot o
° . - .
LI

<" y=58.654x +762.46
R?=0.9073

50 60 70 80 90 100
SDA[%]

Overall strong correlation, 1 exception

* South better fitting than North

rooms

7000

X South Group

Comparison of Fit between North and South Groups to sDA-SBI Correlation Across Different Scenarios
= Scenario 1 {R'=0.9119)
Scenario 2 (R'=0.8657)
—— Scenario 3 (R'=0.9073)
Scenario 5 (R'=0.8578)
X North Group

6000
5000
=
= 4000
&
3
a3k
3000
Scenario 1 North Group: R* = -
i Scenario 1 South Group: R? = 0.900
A Scenario 2 North Group: R? = -0.944
Scenario 2 South Group: R” = 0.834
2000 Scenario 3 North Group: ¢ = -0.17
- Scenario 3 South Group: R* 4
ok 0.
€
1000 10 20 30 0 50 %0 70 50 50
SDA [%]

Greatest impact moderating variable :Geometric features of




METHODS

5. Implementation — Data analysis: UD| - SBI
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METHODS

8. Data analysis : DA — Sky Lumen
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METHODS

5. Implementation — Data analysis: sDA — Sky Lumen
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5. Implementation — Data analysis: UDI — Sky Lumen
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5. Implementation — Data analysis: LOD compute time and accuracy
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METHODS

5. Implementation — Data analysis: different radil compute time and accuracy
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METHODS 5. Implementation — Data analysis: different radil compute time and accuracy
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RESULTS 6. Results — User interface @
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RESULTS 6. Results — North vs. South @
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RESULTS 6. Results - Potential to utilize SBI & Sky Lumen @
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RESULTS
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RESULTS 6. Results — Moderating variables
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1. 3D city models loaded in Rhino and application for simulation and interaction?

2.

Front-end (Mapbox)

Connector (Rhino Compute)

Back-end (GH)
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(Settings)
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Sync to GH
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How can BIM model be integrated into Rhino and GIS platform for automated per- room daylight simulation ?
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Connector (Rhino Compute)

Back-end (GH)

Load BIM (gITF) per room

Dynamo + Rhi

no.inside.Revit
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Input + GH script + Output
(Settings)
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3. Implement promising new metrics (SBI & sky-lumen) on application?

4.

SBI - CBDM

Sky Lumen - CBDM

Conclusion
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Implementation: Window coordinates

Impact of varying LODs in 3D city models on accuracy and time, workflow optimization.
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More than just an application -
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Requirements for BIM as input
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RESULTS

To what extent can a web application conduct per-room daylight analysis on BIM models to
effectively demonstrate the influence of dynamic changes within an urban context?
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Thank you!
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TUDelft
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