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00. About us

B Corporate profile, as a design and construction company

mmm History of Takenaka Corporation

Domestic: Establishing companies 2nd construction business in apan
Oversazs: Establishing companies and construction business abeoad
Development: Development business In apan and zbroad

& TAKENAKA

Takenaka, the Past and Future

Sales

$12.6B

Since Its founding In 1610, Takenaka has specialized in architecture to produce a multitude of bulldings that have become landmarks, and

In this way, we have played a vital role in the development of our society. From the days of our founder Tobel-Masataka Takenaka, a master
bulider of shrines and temples, our phiosophy of spedalizing In butiding construction lives on. Today this spirtt is embodied I all of our work,
which has spread beyond the framework of architecture to prosperous and secure urban areation, not only in Japan but all over the world.
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00. About us

B Three Keywords to Understand the Origin of Japanese Major design contractors
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Master Temple and shrine

carpenters, or toryo, lead
groups of craftsmen with
their spirit and skills
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A E=EE Go/-tassha

Toryo mastered five different
skills in one personality

- Building Design

- Estimation

- Carpentry Work

- Drawing

- Detailing(Carving)

£ QL5

ﬁ / '

o .

YAy ‘
. ;1 : \ 1 t- »

= -

gnﬂ‘"\ ‘ >
w ok <

Cd

: -
.‘
. |
L.
~'~ - '~.0‘
- T
-. -~
\.'c.

Design-Build

The one-step service for
building lifecycle with the
continuous concept being the
most widely accepted project
delivery system in Japan for

over millennium
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00. About us

B Major Works

— B o

Tkyo Dome, 1st air supported stadium (1988) Abeno Harukas (2014)
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00. About us

B Major Works

Changi Airport Terminal 4 (2017) “Steel Nest” Sanel Construction Steel Structure DIVISIOI‘I New Office (2020)
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Shlbuya PARCO - HULIC bmldlng (2019) S Kyoyamo & Par Hyatt Kyot (2019)
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00. About us

B Major Works
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Suitengu Shrine(2016))
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TAKENAKA CARPENTRY TOOLS MUSEUM(2014)

Nagoya Castle Reconstruction
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00. About us

B Sustainable Design Group, 2019~

FM Center (2021) Broadcasting Center (2024)
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University (2022)

International School (2021)
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00. About us

B Sustainable Design Tool

Modeling
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00. About us

B What shape transmits the maximum amount of light while avoiding direct light exposure?
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00. About us

B What shape transmits the maximum amount of light while avoiding direct light exposure?

Angle (3Case) 44Case
30,45,60 degree

Height (3Case)
0.8m,1m,1.2m

Shape (2Case)
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00. About us

B What shape transmits the maximum amount of light while avoiding direct light exposure?
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00. About us

B \What shape transmits the maximum amount of light while avoiding direct light exposure?

VS

@ TAKENAKA Radiance Workshop2022 14



00. About us

B \What shape transmits the maximum amount of light while avoiding direct light exposure?
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00. About us

B \Which direction of the top light louvers is better for shading from the sun?

_______________________________________________________

East-West | VS ‘North-South |
South m—— Top Light Louver North  Sout o Top Light Louver North
—-__,' --__v
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00. About us

B \Which direction of the top light louvers is better for shadlng from the sun?

- Solar Radiation Reduction
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Background

Design Light Simulation

It is Important to balance the
calculation accuracy and

| Designer
calculation load... J

'% TAKENAKA Radiance Workshop 2022 19



Background

Design Study

Schematic Design Design Development

1PH

2PH

3PH

Zoning & Programming

Floor plan, Section
and Elevation Study

Detail Design

Volume Model

Pre Plan Design

Plan Adjustment

Inside
Material Opening

Outside

Daylight
Light
Electric Light

[lluminance
( sDA, ASE, UDI)

Simulation
(Annual)

Skin Pattern Skin Pattern (Variety) Skin Detall
X A O
O O O
A O O
O O O
A O

Envelope Solar Irradiance Accuracy +10%

Accuracy +20%

Accuracy +10%

Envelope Solar Irradiance

[lluminance

Required

Luminance

Glare

(DGP, PGSV)

Rendering Image

Accuracy

Simulation
(One-time)

View

[lluminance
(Electric Light )

NB Value

& TAKENAKA

Accuracy £10%

Accuracy +20%

Accuracy £10%

| Accuracy £20% > Accuracy +10% 2> >

[ Accuracy £20% ) Accuracy +10% P D3

Accuracy +25%

D Accuracy=20% ) Acouracy +10% DD DD

Accuracy +25%

IR > >>

[ Accuracy £20% ) Accuracy +10% S DD Dg

| Accuracy +10% DD DD
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Background

Building Features 6Elem. Simulation Setting 7Elem. Indicator Accuracy 5Elem.
® Type of shading ® Reflectance properties
® Type of window ® Analysis model detail ® sDA
Floor height ® Parameter setting ® ASE
Surrounding buildings x Calculation Methods e DGP, DGPs
One’s gaze Number of sky divisions @ PGSV, PGSVsat
Season How to calculate DGP/PGSV Annual DGP
Time Computation program
Designer
v

Objective : To create guidelines for simulation settings for designers

@ TAKENAKA Radiance Workshop 2022 21



Basic analysis model

Typical large, open space office in Japan
Desktop monitor

Desk

Filling
\ cabinet

3.0m

A

A O b\

fl

Glass (transmittance : 65%)

Shading (ex. Eaves)

@ TAKENAKA Radiance Workshop 2022 22



Building features — shading and window

=Type of Shading : 6 types

=

il

/

/

g

/

/

/

/

Light Shelf Horizontal Vertical Lattice
Louver Louver Louver

Eave

None

(LL)

(VL)

(HL)

(LS)

=Type of Window : 3 types

Small Window

Horizontal Window

Curtain Wall

23
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Simulation setting

Building Features 6Elem.

® Type of shading

Simulation Setting 7Elem

® Reflectance properties

Indicator Accuracy 5Elem

® Type of window ® Analysis model detail ® sDA
Floor height ® Parameter setting ® ASE
Surrounding buildings x Calculation Methods é DGP, DGPs
One’s gaze Number of sky divisions PGSV, PGSVsat
Season How to calculate DGP/PGSV Annual DGP
Time Computation program

Low Med High
Accuracy X O

Load

O

% TAKENAKA

Radiance Workshop 2022
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Simulation setting - Reflectance properties

Low

plastic
All

Equal diffusion surface

'% TAKENAKA Radiance Workshop 2022 25



Simulation setting — Analysis model detail

Low

None

& TAKENAKA

Med

Shading

Shading

Fixtures

A

Desktop monitor

Desk

Radiance Workshop 2022 26




Simulation setting - Parameter setting

% TAKENAKA

Three levels to match Honeybee Plus component,

|[HB Plus Radiance Parameters Grid-based]| default settings in 2020.

Low

0.25
3
5000
16
128
2.0E-06
4
0.25
0
64
0.5
0
0.5
0
0.8
1

Med

0.2
S|
15000
64
2048
6.7E-06

0.5

0.5

256
0.25

0.25
0.7
0.5

High
0.1
6
25000
128
4096
5.0E-03
8
0.75
1
512
0.05
3
0.15
1
0.15
1

IZBITBDCEDT 7 4 )L S

Radiance Workshop 2022
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Calculation of error rate

By 2PH w By rtrace
M — T/
£=— X 100 [%]

¢ : Relative Error
M : Examined value

T : True value

@ TAKENAKA Radiance Workshop 2022 28



Result — Errors due to different grades of models and calculation parameters

L d 0 I - -
M =9=n High model Condition : Minimum value of sDA / ASE
odel Parameter _ | . | |
m L Fixtures blocked light and lowered desk surface illumination.
Low . 4

High Fear of overestimating desk surface illumination if the low grade model is used.

sDA : Minimum with parameter Low condition

High ASE: No difference between parameter grades
High m Ly ASE is strongly affected by the direct radiation component.
High -
Be careful with parameters when evaluating with sDA.
sDA in Curtain wall ASE in Curtain wall
50 15
40
S 20 2
7 5
10
0
None Eave LL None Eave

RVRVE\BR\RVE\E\RY

IEEEgg dFsgp
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Result — Errors due to different grades of models and calculation parameters

L d . . ..
M =9ET High model Condition : Minimum value of sDA / ASE
odel  Parameter _ _ _ o
m L Fixtures blocked light and lowered desk surface illumination.
Low e
High Fear of overestimating desk surface illumination if the low grade model is used.
Med High sDA : Minimum with parameter Low condition

High -

Be careful with parameters when evaluating with sDA.

ASE: No difference between parameter grades
Ly ASE is strongly affected by the direct radiation component.

sDA in Curtain wall

N \ 15
40 N N A\
< 30 N0
= ]
S 20 2
7 5
10
None Eave 0

TrIl

S TAKENAKA

ASE in Curtain wall

X

N

None Eave

T3l

N

N
N
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Result — Errors due to different grades of models and calculation parameters

L d 0 I - -
M =9=n High model Condition : Minimum value of sDA / ASE
odel Parameter _ | . | |
m L Fixtures blocked light and lowered desk surface illumination.
Low . 4

High Fear of overestimating desk surface illumination if the low grade model is used.

sDA : Minimum with parameter Low condition

High ASE: No difference between parameter grades
High m Ly ASE is strongly affected by the direct radiation component.
High -
Be careful with parameters when evaluating with sDA.
sDA in Curtain wall o A§P in (ilirtain _v:all
0 15 " i
40
5 2,
10
0
None Eave LL None Eave

RVRVE\BR\RVE\E\RY

IEEEgg dFsgp
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Result — Errors due to different grades of model and calculation parameters

Legend Calculate the error rate using the High-High condition for each shading as the true value.
Model Parameter

ﬂ When the model was Low, the error rate was larger for some types of shading.
Low e

High The larger the solar shading effect of the shades, the larger the error rate.
-
Med It is important to analyze the shading geometry from the early design stage.
High
High
Model : Low Med
sDA error rate in Curtain wall 150 ASE error rate in Curtain wall
50
30 =, 40
20 2 30
10 = 20
o il JLLr 5 )
10 o LI “ |

None Eave LS HL VL

- B
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Need to evaluate daylight distribution

In large Japanese-style, open-spaces offices, the "difference in DA distribution” becomes too large to ignore.

DA distribution by analysis parameter
( Window type : Curtain Wall, Shading type : Eave)

Low Med

solar radiation

Mid

I Low

Even though the error rate for sDA Is clear —there was a 16% error between Low and High).

sDA : 47.9% sDA : 56.4% sDA : 57.5%

Low has insufficient indirect calculation, and the distribution of DA is different from Med and High.
-

Indicators used to quantitatively assess differences in distribution should also be considered.

@ TAKENAKA Radiance Workshop 2022 33



Histogram of DA by grade of analysis

Low

Creating a DA Histogram

BT Rl -

Med 0 20 40 60 80 DA[%] Differences in appearance of

DA distribution

1. Interquartile Range

2. first quartile

piR ce R A -~

By comparing the above two,

20 40 60 80 DA[%]

o

It may be possible to

guantitatively evaluate the

distribution accuracy.

0 20 40 60 80 DA[%]

@ TAKENAKA Radiance Workshop 2022 34



Histogram of DA by grade of analysis

Low First quartile Interquartile Range
e >
— —

Creating a DA Histogram

e e -

Med 0 20 40 60 80 DA[%] Differences in appearance of

DA distribution

1. Interquartile Range

2. first quartile

-
By comparing the above two,

It may be possible to

guantitatively evaluate the

distribution accuracy.

0 20 40 60 80 DA[%]

@ TAKENAKA Radiance Workshop 2022 35



Evaluation of distributional differences
The first quartile / interquartile range for each condition and the error rate for each High condition
as the true value were calculated.

When appearance difference are visible, the error rate was more than 10%.

Distribution error could be evaluated using first quartile count/ interquartile range error with a threshold of = 10%.

Calculation Parameter Grade

Low

2
.'..I — '

Med

High

Calculation Model Grade

Low

|

Med

High

_

15t quartile [%] Interquartile Range [%0] Error [%0]

70 - 80 - 30
60 ~ 70 20
50 - 60 -
50
40
- 40
30

W : 1st quartile

10
. _
-10 -
I -20 -
-30 -

L M H L M H
Parameter Model

M : Interquartile Range

L M H
Parameter

L M H
Model

Parameter Model
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The effect of calculation parameters on accuracy

& TAKENAKA

Considerations up to this point

. 4

Continuous examination
v

Study the effect of -aa parameters on

calculation accuracy and calculation load.

10 09 08 07 O6 05 04 03 02 01

Radiance Workshop 2022
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The effect of calculation parameters on accuracy - Analysis model

Simple analytical model for benchmarking v

Monitor
~ point

0.71m

I/
_ Area D
I/
I/

4

_Area C
/7

4

/7

_Area B
/]

/7

_Area A

C\Q ® O\. ® O\Q ® Q\O .\

1) Christoph F. Reinhart, Oliver Walkenhorst; Validation of dynamic Y "
RADIANCE-based daylight simulations for a test office with
external blinds, Energy and Buildings 33 (2001) 683-697

Solar radiation
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The effect of calculation parameters on accuracy — Calculation parameters

% TAKENAKA

For
Examined
value

(Variable)
6
4096
128
4096
5.0E-03
8
0.75
1
512
0.05
3
0.15
0.15

For
True
value

0.1
6
4096
128
4096
5.0E-03

0.75

512
0.05

0.15
0.15

Radiance Workshop 2022
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The effect of calculation parameters on accuracy — Calculation of errors

% TAKENAKA

Root Mean Square Relative Error

n—1 2

1 E .—E..
RMSRE = —Z at i
Et

n : Number of all monitors
i . I-th monitor point
E,; :Resultof calculation at the 1-th monitor point

E.; :True value at the I-th monitor point

Rad

iance Workshop 2022
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The Effect of Calculation Parameters on Accuracy — Time reduction rate

Calculation Time Ratio

T
CTR =
true
T . Calculation time when using parameters for examined values

T . Calculation time when using parameters for true values

true

@ TAKENAKA Radiance Workshop 2022 41



The Effect of Calculation Parameters on Accuracy - Results

When -aa is small (-aa < 0.4), there is no difference in error for each area.

When -aa is large (-aa> 0.4), the accuracy is poor in the order of A> B> D> C.

When -aa < 0.4, the error is sufficiently small, but the CTR is significantly reduced compared to -aa = 0.1.

ol Setting aa=0.1 is too much and inefficient!

1 05
T 0.9 D
2 0.8 0.4
x 0.7
' r i &
c 0.6 0.3 3
~ 05 -
é 0.4 Bo 0.2 = B
M
= 0.3 X
= 0.2 | ] /79N | 0.1 A
© 0.1 o, B N C
0 0.1020.30405060.70809 1
-ad
- CTR 1+ RMSRE(A) —<-RMSRE(B) 4 RMSRE(C) - RMSRE(D) —+ RMSRE(ALL)

S TAKENAKA
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Summary
Schematic Design Design Development
3PH

1PH 2PH
Design Stud Zoning & Programmin Floor plan, Section Detail Design
g y J g g and Elevation Study g
Plan Adjustment

Pre Plan Design

Volume Model
Skin Pattern (Variety)

Skin Pattern

Skin Detall

Envelope Solar Irradiance Accuracy £10%

Required

I lluminance Accuracy +10%

Simulation
(Annual)

Accuracy

( sDA, ASE, UDI)

.

(L]

Reflectance properties

Type of shading

Analysis model detail

Type of window...
Parameter setting...

Designer
Radiance Workshop 2022
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What do you think about the ACCURACY and LOAD of simulation in the design field?

Thank you for listening!

Question?

Please use simple English...



https://isarchitecture.com/ask-an-architect-may-2017-edition/
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odel of
Contractor 50 Model o . Cabinets & Review Shop Drawings &
Recommendation Interior & Exterior ) )
Zoning Preliminary Built-ins Design /" Consultant's \ | Hardware, Lighting & Work with Fabricators | Provide Additional -
Budget Site i Accessory Selection
E hon Ijr'zis Review Bl Pl Cost Esti Reflected Prawings mw@, to Answer Draw;naa & Design hy
_ . Ceiling Plans ; , Provide Contractor eedvack
I P Drawings /! Cost Estimate | | Construction | o o Questi g
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< : By Contractor [ Punch List
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