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Wikipedia

« Zen (f# or ) is a school of Mahayana
Buddhism notable for its emphasis on
practice and experiential wisdom —
particularly as realized in the form of

meditation known as zazen—in the
attainment of awakening. As such, it de-
emphasizes both theoretical knowledge
and the study of religious texts in favor of
direct individual experience of one's own
true nature.

buildingSMARTalliance”




Maluan Bay, Xiamen, China (Yang, 2007) Eco|ogica| Design — C|ty Scale

Ecology: the scientific study of systems of and the
among organisms and between the organisms and their environment.
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Eco-flows and Patterns

Maluan Bay, Xiamen, China (Yang, 2007)

G ST s ) ORNTY
Air Flows Patch elongation driven by natural
- forces, (Forman, 1995)
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Building Industry Infrastructure

Prelim design
DE%IQH
Working/drawings & specs
SR

P'é!liug ﬁ.ﬁﬁhﬁﬂﬁﬁng
Construction operations

f Commissioning

Frofessional and Trade Building Delivery Process Cperational I1slands
Responsibilites (Management (Ineffective coordination;
(Functional gaps) discontinuities) poOor communication)

Mattar S.G. "Buildability and Building Envelope Design". Proceedings, Second Canadian Conference on Building Science and Technology, Waterloo, Nov. 1983.
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Knowledge Islands

Paarerc
Ciorronet [esion

Aoontig
& [a
LLE R maEat

CLnfity
Cdouloim

Building Use and b ggﬁwae of 2000
Maintenance Product Models
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Building Model

Four-function model

Climate modifier

Container of activities
Cultural Symbol
Object of Investment
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Total Building Performance & Diagnostics

BUILDING DELIVERY PROCESS

Total Building
Performance
Mandates

Physiological
Psychological
Sociological

Mech & Elec Systems
Economical

Structural System
Envelope System
Interior System
External/Landscape

Spatial
Diagnostic

comprehensive and ) -
integrative design Indoor Air Quality measuring building

consideration for high : performange,
. Visual evaluating impacts and
performance and sustainable establishin
benchmarks

Building Integrity

Knowledge-based Design S —8 Knowledge Production

TBP Commissioning and POE
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Building Investment Decision Support (BIDS and e-BIDS)

Current Unit System: US/imperial Systel - —
[#)Email [El about nergy
A A )

b
e v

B J a
—
Case Study Selection

BIDS Tool
EVA” Matrix™

First Cost
Organizational
Technological
Productivity
Organizational
Productivity
Attraction /
Retention

Individual
Taxes, Litigation
Codes, Insurance

Heschong et al 2002b {
Schools 1
Alr <> " Fitzner 1985 | EPA 1939
6/38 Improved indoor air quality

Investments in energy efficiency yield productivity, health,
facility management and environmental gains.

Temperature

West Bend / Kroner et al 1992
Control

Plenum floor vs. conv. clg. $500,000
Lighting

Vattenfall Bid/Hedenstrém 01
Control

Upgraded Lighting System Energy Building | it it Decision Support

Network

York 1993
Access

Raised floor vs. poke through 25,670,518 m = i

s Enclosure Connectivity Interior
Privacy and €3 Banbury and Berry 1998a g
Interaction a2 Acoustic Privacy / Quiet

DSHA 1999 (14) | Silverstein $25170,518
et al 2000
Ergo chairs + keyboards 675%

Access to Nar'l i Heschong et al 2002b /

Daylighting in Schools - A

Ergonomics

<= VeriFone Inc. | Pape 98
Whole Building .. v v Whole Buikding B Select structural system components and materials considering their service
Daylighting = Individual Productivity lives and material cycles.

Edit Case Parameters

In a 2002 multiple building study, Heschong et al identify 7% to 26% higher test scores for school children in highly daylit .
classrooms than for children in classrooms with no to very littie daylighting. The average 15% improvement in test hew scenario
scores represents a significant measure of individual productivity.

http://cbpd.arc.cmu.edu/bidstrial
http://cbpd.arc.cmu.edu/bids

Cost-Benefit Tools to Promote High Performance Components; Flexible Infrastructures
and Systems Integration for Sustainable Buildings and Productive Organizations
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Financial Cost/Benefits Indices/ International Baselines

- $5,300 Turnover®

_ $765 (1.7%) Abseenteism®

CBPD/ABSIC BIDS™

$244 Lower Respiratory®

$101 Asthma®

$95 Allergies®

$92 Back Pain’

$73 Headaches®

$68 Cold®

$24 MSD®

$19 Throat Irritation®

$18 Eye Irritation®
Worktime $18 Sinus Conditions®

Loss

<—- : N Potential Benefits-of
$5,000 Health
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} $1,000 Connectivity
(Forrester Group)

12.5%
Productivity”

Salary Benefits Technology Rent/Mortgage Energy
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Design Performance Modeling

Reduce resources required to conduct performance simulation

Reducing time and effort required to prepare for simulations (applicable to all domains)

Drawings
Documentation

Etc. eometlry

deling

\ Variables Definition
\ E.g Materials & L ocation

~

\ \ Simuiation Parameters

\ Befinition i :
Why should we ~y Simulation Y

spend time on this? ~.""~-. -
N

Results processing
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Information Needs During Design Process

Significant time required to set up geometry — redundant tasks

DEBLIGGING OF o e

SIMULATHOM RLIMS

Bazjanac 2001

Significant effort required to deal with semantics — expert knowledge
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Examples of BIM Schemas and Languages

Industry Foundation Class (IFC)

A’'schema with definitions, relationships and rules.

Define a standard way of describing, representing, and interfacing
with A/E/C objects. Data representation in EXPRESS, data
exchange in STEP 21 format.

EXPRESS

Language developed within ISO-STEP community for
representing application interpreted models.

EXPRESS-G
Graphical means of depicting EXPRESS

GbXML
An XML-based schema representing the building information

(geometry, material properties..) for energy simulation purpose,
and being extended to other simulations

buildingSMARTalliance”
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Design Performance Modeling

Reduce resources required to conduct performance simulation

Reducing time and effort required to prepare for simulations (applicable to all domains)

Automatic
XML-Based

Parser .
Automatic

Default

Values
Drawings A
Documentation =
Etc.

User-editable
Input

buildingSMARTalliance”

Automated
Processing

Automatic

Engine

Selection _
A Automatic

Simulation

Files Creation
Improved
Analysis
Features

Results processing




Design Performance Modeling

Efficiency and consistency in defining BIM and assumptions

Externalizing project shared information

Shared Shared Shared
Building Construction Location

Information Properties Information <~ -
Model Database Database

Conflict?
Information Update?

SHARED OBJECT MODEL

Conflict?
Information Update?

v
G G G G G &G &b &g &> &

LIGHTING SIMULATIE ENERGY SIMULATION
ASSUMPTIONS ASSUNPTIONS

-geomelry abstractiafis -geomelry abstractions

-material properties -material properties

(reflectance, speculaiiy.etc.) (conductivity, specific heat, etc )}
-[uminare specification sighting design levei

-schedilles =schedules

Lighting Tool Energy Tool
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Design Performance Modeling

Efficiency and consistency in defining BIM and assumptions

Externalizing project shared information

Other domain apps

Shared
Building
Information
Model

buildingSMARTalliance”

Shared Shared
Construction > Location
Properties Information
Database Database

Parser Parser

Lighting Simulation Tool




Design Performance Modeling

Obtaining Operative Information for Design Decisions

Lighting simulations address low-level objectives, not higher-level questions typical of primary design
inquiries.

Typical Lighting Simulation

3. Formulating

objectives solvable What is the 4. Analysis of results

by lighting illuminance ng htl ng SIRmeusljlttlgn

simulation distribution in this i I i
o Simulation (llluminance data)

Is there sufficient
illuminance on
workplane in all Check all occupied spaces

occupied spaces? if
Is there any glare

illuminance > threshold
problem?

on workplane

Is the lighting
performa nce Ch_eck if number of
. . satisfactory spaces
satisfactory in compliant with regulations
5. Operative Information
for design decision

2. Formulating well-formed . o
problem by considering context this buildin
and making relevant

assumptions. =) 1. Design Question

buildingSMARTalliance”




Design Performance Modeling

Obtaining Operative Information for Design Decisions

Providing post-processing analysis toolkit
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Tone-mappers

Luminance data inspection and false-color
analyses

Luminance ratios calculator
Data comparisons

LEED rating system Credit 8.1 & 8.2 calculators
Tabulation of results
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N-Dimensional Mapping — BAPP Dymola Model
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BIM Application in Continuous Commissioning

A product model for commissioning

Based on standards, products, designers, and commissioning authority

Redurn Air is pulled
from building through
raturn air ducts

Return Air
= ’j Damper

Direct Evaporative Cooling cools VAV Box containk
. - buidling supply air by sending air induction fan and re
cots blking sopiy o Teoughh e pade soreyed i, cail o reheat it f
CAUSE evapor ation ant
Steam Preheat Coil Irough heal Iransfer henca coaling of the air strsam 5pacss 26 necded.
heats building supply air ({Drip pan balow carries
through heat transfer. moisture from coil).

Slatic Pressure

steam from boiler to heat
water for Preheat Coil.

"Cooling Tower provid
cold glycol solution to —
Cooling Coil.

Hot Waler Supply -
Supplied by local
boiler wi in building

*Maote: Supply of heating and cooling medium may come from
cantral plant or local building boiler and cold water supply.
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Future Challenge: Integrative Information Management

THE ROBERT PREGER

Intelligent Workplace

€ > 800

e ety Stated B Latest rmaciees ||
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BIM Tools Development-Information Visualization

) IW DATABASE - Mozilla Firefox
File Edit “iew Go EBookmarks Tools Help

QZI - I_i,\ - @ \:.'I @ ||'_| hittp:/{128.2,109,121 fadmin.php

P Getting Started EE Lakest Headines | | ecotect - Google Search

‘felcome to the Robert Preger Intelligent Workplace Device, System and Sensor
Databaze. vou are currently login as A0MINE TRATOR ou will be able to WEW, EOIT,
HNEW and DELETE object in the database.

Ceiling #01 Resaurce Object [ NEW | [ WIEW & EDIT | [ DELETE |

#02 Service System [ WEwW | [ wIEw& EDIT | [ DELETE |

#02 Service Device NEW! PIEWY & EDIT ] Sensor v DELETE

. =.. : Query Browser - root@localhost:3306 / bingeo2 8] x|
Working : ; FHFle Edit Yiew Query Seript Took Window Help

Space : - ' : : ] D SELECT * FROH ifest_coz maru 1 . : m
i T ' L Gobek  Mew  Refesh Erecutes  Stop

110,0,00 {200:0

Schemata | Bookmaiks

=T
10y Edit Tiew Query gempt Inole Window Help

Bay?_M ) : SELECT + FROM oper_infordSlo o -
Bayd_F u)
Erecute~  5iop

Goback  Hen Refresh

/@ Resultset 1

twpe device. | oun_. | time_how lime_dats | sample.._ | sensor_location... [ sensor_location. . | sensor_losation.. [ install_dats | recal_dats | gasDetscted
» F am 17ans 200708110 =] 2500 10 04212007 he 02

co2Sensor Bayd_F 423 174013 2007-05-10 2500 2500 1200 04212007 MA coz
co2Sensor Bay? N 428 1740113 2007-05-10 2500 2500 1200 04212007 MA coz
co2Sensor Bapl0_Y 421 174013 2007-05-10 2500 2500 1200 04212007 MA coz
co2Sensor BayB W 434 1740113 2007-05-10 200 500 1200 04212007 MA coz
co2Sensor BayE_R 433 174013 2007-05-10 200 500 1200 05012007 MA coz
co2Sensor Bay5 S 3 174013 2007-05-10 200 500 1200 05012007 MA coz
co2Sensor Bayd_F 383 174213 2007-05-10 1200 04212007 Ma coz
co2Sensor Bay?_M 427 174213 2007-05-10 1200 04212007 Ma coz
co2Sensor Bay10 Y 400 17:4213 2007-05-10 1200 04212007 MA coz
co2Sensor Bayd W 473 174213 2007-05-10 1200 04212007 Ma coz
co2Sensor Bay_R 437 174213 2007-05-10 1200 05012007 MA coz
co2Sensor Bay5_s 382 174213 2007-05-10 1200 05012007 Ma coz
co2Sensor Bay3 F 382 174414 2007-05-10 1200 04212007 MA coz
co2Sensor Bay?_M 425 174414 2007-05-10 1200 04212007 Ma coz
co2Sensar Bay10_Y 290 174414 2007-05-10 1200 04212007 MA coz
co2Sensor BayB W 433 174414 2007-05-10 1200 04212007 MA coz
co2Sensor BayE_R 442 174414 2007-05-10 1200 05012007 MA coz
co2Sensor Bay5 S 405 174414 2007-05-10 1200 05012007 MA coz
co2Sensor Bayd_F 386 174614 2007-05-10 1200 04212007 MA coz
co2Sensor Bay? N 430 174614 2007-05-10 1200 04212007 MA coz
co2Sensor Bapl0_Y 4 174614 2007-05-10 1200 04212007 MA coz
co2Sensor BayB W 174614 2007-05-10 1200 04212007 MA coz
co25ensor Bayb_R 443 174614 2007-05-10 1200 05012007 MA coz
co2Sensor Bay5_s 405 17.46:14 2007-05-10 1200 05012007 Ma coz
co2Sensor Bay3 F 385 174815 2007-05-10 1200 04212007 MA coz
A J Oy co2Sensor Bay?_M 437 174815 2007-05-10 1200 04212007 Ma coz
— co2Sensor Bay10 Y 392 174815 2007-05-10 1200 04212007 MA coz

Underfloor

h
0,0.0)

3 rows Fetched in 0.00;

gl
3983 rows Fetched in 031153 (0.00695) \ ” | M L | P searth \
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BIM Tools Development - Information Visualization

EE®
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BIM Tools Development - Information Visualization

indows Internet Explorer

Start: | | select  End: |

|select [ submit ]

Temperature trend in bay 3 from BOSCH
Mote

2]
=~

5]
@

Temperature

: '!\llé'r'qh‘.,{ﬂﬁiw'

EMTW T F S

78 9101
1213 14 15 16 17 18
19 20 21 22[3] 24 25
26072629 30 A
234567 8

Today

= http:{flocalhost: /0704 3DServerfinforDisplay2. jsp?bayNum=3sensors

—en,

LS AT - |g, http:flocalhost: 7070/%30Serw V| 4| X |,

'i:? ahe |’f,éhttp:ll'll'localhost:?EI?D,I'XSDServer...i | ﬁ”ﬁ - B E_él il Q‘"Pa

06:00 12:00
Time

|— Indoor Temperature (C)
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Welcome to the 3D sensor networl: data page

Latest values from modes, bay 3,time: 2007-08-14 21:10:08.0

Sensor Type

L atest Value

Plot Graph

Ternp_Min

24 B1785717946872

Ternp_Max

26.9445615384615

today history

RH_min

31.8540000000009

EH_max

33. 1072535612536

today history

Light_rnin

36.26007 407407 41

Light_rmax

40.8453418803419

today history

PIR_min

0. 49546008547 0086

FIR _max

0.50273158034188

today history

Acoustics_min

4. 5736581196551

Acoustics_max

10.2236564 1022564

today history




Sustainable Building Information Model

Virtual IIIIIIIIIIIII* Real

DATAIMSL - Mozilla Firefox
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What does your hard disk look like?
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Building Life Cycle Phases Version control

Design Oculus 6 Pillars
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BIM Interoperability

fiG Project: phipps at projects.oculustech.com

File Edit VMiew Go Window Help

‘Double-click Mouse’ to display/access BIM files

- i Files: blah-models -Ol =]
<:] - | E> - | @ | o ||hﬂp3: Harojects File Edit Wiew Go Window Help
[ | branches _D_C‘\ D_G -------------------------------------------- @- | E>v | ﬂ | e | O ||C ‘wisersimwallvcstblah-models _I
t i % Mame I Size I fodified Commited Fevision | Author I @I @I
ILng % ‘ ’ [=HLZ) i Circulatian Ty 2244 30.Jan 2007 1802 ramwal O O =]
- Mouse Over | dirids 45 30 Jan 2007 12:02 30 Jan 2007 18:02 778 mwall o
Architectu IE ag. End of Phase 1 Alr Circulstion 4721 30 Jan 2007 18:02 30 Jan 2007 15:02 775 mwwall g @]
N, A . a =] results b 0 Today 22:44
D K DeS(_:r! ptlon. Pre-DESIQn Complete EHLZ) Building Envelope Todsy 22044 30 Jan 2007 15:02 778 mwvall (& ]
Civil Revision: 32 =) cirids 4530 Jan 2007 18:02 30 Jan 2007 18:02 fameal O O
D Date: Wed Jul 26 17:0029 EDT 2007 ;%I. EBiuilding Envelope 3664 30 Jan 2007 18:02 30 Jan 2007 1802 TS mvvall g [&]
: '-.__ . ¥ | reguirements doc 0 Today 2244
Ele C%l Author: ‘]P‘:_ltterson [Z] resutts bt 0 Today 22 44
> - Path: /metrics/tag/EndofPhasel =HCT) fookar 13 .Jun 2007 D30 O May 2007 22 ... 1Esdmeal D O
1 mechanical d ance metrics: ) one 13 Jun 2007 00:30 06 May 2007 22 1654 mvall (&)
- coolin n - S £a p B— idems-tag-infa.xml 273 23 May 2007 11:04 23 May 2007 11:.. 1679 mevall [N M
4 IZ] testing td 24 08 .Jun 2007 14:37 08 Jun 2007 14:37 1708zaucct © O
b Mechanical e ee0
requiremerts txt o !
. T T =T
[ rnodeling Flumhing
1 plurnbing ahrukkal The LEED Accreditation metric is an aggregate of all
[ structural

LEED credits (which may be viewed separately) and is

| weater-momt . .
s displayed as a color and number of credits secured.

Water Management

_Q D [0 perdommance-co ol
BIM files & results are easily CFD Modeling i P i o
accessed, amended and —o = 4'&:& S vsncinne: Sl iemn @ ua
resubmitted to models or CostAnalysis T ~ —— T
programs. Results are recorded © N —é— = oo tvey | s ] — S
against each respective run and Energy Modeling B e e O e en 7

o

may be compared visually for LEED Documents
improvement or degradation. L o

Life Cycle Analysis
O

Living Building Challenge

Pre-Design

« branches ‘swim lanes’ enable concurrent
exploration of design alternatives

buildingSMARTalliance”

* performance metrics are visible to all participants at all times
» effects on performance are displayed immediately




BIM - Design Phase

Repository

working copy 9 ' E:gzl(tg;
commit

Q Detailed View of Repository

run simulations

buildingSMARTalliance”




BIM - Building Operational Phase

o (1) :
g Repository
3 <

9 Files &

. Results

Q Detailed View of Repository

working copy .

run simulations
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Information Needs Through Building Life Cycle (NBIMS 2007)

|
R

Information
Backbone

-

& ( Exchanges
_r!-‘_

Knowledge
| over time

Project Team
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Gone out...here is a computer simulation of your dinner
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Thank you




