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State of the Art & Concept Solution
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State of Art

¢

= 4 R
technelogy n corsructon "‘Commercial CAD-based solutions to include TCls
In construction planning are resource expensive
- il BIM F \ and lack dynamic consideration of design
" | Missing ntegrationofbiv: | T )| changes”
YU Moo ) ol — Turkan et al. (2014)
Lack of attention Problem definition
regarding TCls K /
Pcor Productivity st
ack of bilateral information
flow from design tc
constucton andback Use of TCI Ontology to describe the context of
temporary construction and align it to the building
topology ontology (BOT)
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Proposed Concept Solution

( Design/ Planning I Construction
Engineer Contractor - VDC Manager
Structural BIM Model BIM Model Building Parts Location-based Site Layout Plan
ﬁ < Type & Quantity Schedule +4D BIM
TCl Data Linked Data / Data Visualization
TCI datasel with link to Environment Automated Dashboard
specific building elements o
based on developed -
ontology CIB
Construction Site
Construction Progress Monitoring
—
Exicute —
T Specific product
information
Supplier
Provide TCls based on ExiCute
standard products
f!\
. n AL
L
TCI Products

Goals to be accomplished

a)

Automatically evaluate the
building model geometry

Identify required TCls to each
building element of the building
model by applying the rule-based
algorithm

Link the building objects with
their respective TCl-information to
the building locations and
schedule

Develop a TCl-utilization plan
based on the building elements,
their locations and schedule
information

Enable passive monitoring of the
TCl items with progress
monitoring data

Visualize data automatically and
interactively for all relevant
stakeholders
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I1l.  TCl Ontology
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BOT-Ontology

o
bot:Zone -+ e

bot-interfaceOf

bot:Zone

botInterface -------- /- -I"-.I- -----------------
bot:nterface

bot:Element - -f-- - A4 -GS | -

botinterfaceOf F=

bot-interfaceOf

bot-adjacentElement

11.10.2021 https://w3c-lbd-cg.github.io/bot/
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Missing ontology for temporary construction items (TCls)

[ bot:Element ] [ ” ]
Revit Data TCI Data
BIM Model Default Formwork
e 5 ¥ - 1N
Wall instance Default Formwork Panels T
wallinst:450d31df-4383-4692-9be4-9c0935e083ef-0008f0ba tci:
®
()]
|_
Pz
L ' - s
E <Wall_A> a tci:PCI, product:Wall . 8 _
05: <Formwork_Panel A> a tci:TCI, tci:FormworkVertical, tci:Panel . g o
O o 8
Ll
x
[ )
[ 4 L @6\ [ L ] *—=o 06— o—o
6.20 m < 240m 1.20 m 0.90 m 0.60 m 0.45m
0 J J
DTU r
8 11.10.2021 N I R!\S



ettt

Missing ontology for temporary construction items (TCls)

]

|

77

|

Primary Formwork Elements

tei:

Secondary Formwork Elements
tei:

©

3 I —

< :

g <Formwork_Panel_A> a tci:PrimaryTCI ;

£ tci:isSupportedBy <Supporting_Strut_A> .

S <Supporting_Strut_A> a tci:PushPullProp, tci:SecondaryTCI .

g = [=) [=) [=) A 2

3 @ 5

0] 5

D . I I : :

¢ 240 m ¢ 120m ¢ 0.90 m * 0.60m m
J
DTU ’

9 11.10.2021 NI R!\S

M



ettt

TCI-Ontology

tci-adjacentwall

---t> product:Wall

bot:Element,

rdfs: su'bC‘\aSSOT
; product:Floor

T rdfsisubClassOf___
_‘r[j-TS'subCIassQf

N product:Slab
tci: FormworkVertics!

rdfs:subClassOf tci:FormworkHorizontal

'Co'mslflgﬁ e & 1dfs.subClassOf
rdfs:subClassOf iForm <
- --Mdfs:5UDCIassOf =" work
rdfssubClassOf [y
; . tci-Panel
rdfs:subClassOf
;  rdfs:subClassOf
i rdfs subClassOf tcrTimberFilling
tci-Confi ;
gép:z,rh:jgl ! \ A" rdfs:subClassOf
e rdfs:subClassOf tciPrimary <
tu:_hﬁ;ﬁroductcatalogue 3 ; ittt TCl ™ rssunClassof ___
tciProduct * rdfs:suDClassor H e ; tciCornerPanel
Catalogue B i - ] 4w
terPERIProduct i S ; TrsISubClassor
H ) rdfs'subClassof  1018:SUDClassOf rdfs:subClassOf
H s i H tci-InsideCorner
i Secon rdfs:subClassOf K
. . b tci:DefaultPrimTCI tci:QutsideCorner
__rdfssubClassor o, @anTCl g i
tci:Coupler el w_Mdfs:subClassOf '
BN SN R
rars:subClassor, } tci:DefaultSecTCl
rdfs:subClassQr & rdfssubClassOf
tci:PushPullProp /" rdfs:subClassor
tciTieRod i tci-Waler
tci:Wingnut
" 00 https://alex-schlachter27.github.io/LBD-for-TCI/TCI DTU N I R’\S
https://w3id.org/lbs/tci# -—
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IV. TCI Management with the ontology
(Competency Questions)




Competency Questions

~

~

CQ1

§ J

How to calculate the TCI utilization with
building element quantities?

- )

- J

Wil Length

Revit Data Primary
TCls
BIM Model

CQ2

CQ3

S

How to differentiate, where an
automatic calculation is suitable and
where a custom calculation is needed
by an engineer?

How to link TCI quantities to time

scheduling?

Task ID

WallLength

Revit Data
BIM Model

Location
T T
\ Schedule
/ TCI Data 7
Default Formwark ;  LBS Data \
P court Location-based i
G 4 Schedule ) et
Instances \\_-—‘ / / IC
A
\’/
e Planned Planned
TCls.

Start Date End Date
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Competency Question 1

How to calculate the TCI utilization with building element quantities?

[ Get TCI information ]

[ Get PCI information ]

SELECT # WHERE { SELECT * WHERE {
7TCI a 7tciSet, tci:Panel ;

7s a product:Wall ;
props:elementID 7ID ; props:length 7length ;
props:length 7length ; props:height 7Theight ;
props:area Tarea ;

props:angle 7angle .
OPTIONAL { 7s bot:adjacentElement 7adjacentElements } } props:width ?width ;
: ? 5
props:weight 7weight . }

200m
330m

I
= NIRAS
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Simple
Formwork
Calculation
Algorithm

CALCULATION STEPS

STEP 1

Place biggest available form on wall and reduce
remaining wall length by the length of the selected form

240m 380m

STEP 3

Repeat Step 2 until there is no form available still fitting in
the remaining wall length an add filling material to cover the rest

240m 240m 020m 120m

STEP 2

Place biggest form, which is still fitting in the remaining
wall length and reduce the remaining wall length again

240m 240m 1.40m

STEP 4

Add secondary formwork elements which are used to support
the installation and use of the panels

14 11.10.2021
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Competency Question 2

How to differentiate, where an automatic calculation is suitable and

where a custom calculation is needed by an engineer?

q bot:adjacentElement

[ Get PCI information ]

SELECT # WHERE {
7s a product:Wall ;
props:elementID 7ID ;
props:length 7length ;
props:angle 7angle .
OPTIONAL { 7s bot:adjacentElement 7adjacentElements } }

bot:adjacentElement

(@,

200m

6.20m ©
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ase Study — Results

23.10m 19.70 m 28.00m 7.77Tm
- |
\ / N - :
Element ID: 2927850 Element ID: 12215927 Element ID: 12215876
Wall Type: VGY35 Wall Typa: vGY47 Wall Type: VGY35
Panel 270x240: 36 p. Panel 270x240: 32p. Panel 270x240: 44 p.
Panel 270x30: ap. Panel 270x45: ap. Panel 270x120: 4p.
Corner-In 270x60: 1 p. Corner-In 270x60:  0p. Corner-In 270x60:  1p.
Corner-Out 270x20: 1p. Corner-Qut 270x20: 0 p. Corner-Out 270x20: 1 p.
Timber Filling: 19em Timber Filling: 5cm Timber Filling: 6cm
8
z 1 @
K] Element ID: 2927851 o
o E Wall Type: VGY35 ©
= 2 Panel 270x240: s2p. 3
= 5 Corner-In 270x60: 2 p.
8 38 Element ID: 2927852 Element ID: 2927861 Corner-Out 270x20: 2 p.
E] wall Type: VGY35 Wwall Type: VGY35 Timber Filing: 4em
o -l Panel 270x240: 56 p. Pane| 270x240: 116 p.
?_ Panel 270x90: 4p. Panel 270x90: 4p.
2 Corner-In 270x60: 2 p. Corner-In 270x60: 2 p.
5 Corner-Out 270x20: 2 p. Corner-Out 270x20: 2 p. Element ID: 2927853
o Timber Filling: 14 cm Timber Filling: 7em Wall Type: VGY35
L Panel 270x240: 8 p.
g Panel 270x120: 4p.
& Panel 270x90: 4p.
@ Corner-In 270x60: 2 p.
] Corner-Out 270x20: 2 p.
o Timber Filling: 12¢em e
S
Y 3
70.95m
g N R : N Element ID: 2929010 Element ID: 2927854
( Project Name | | Location ‘ ‘ Level | [ Wall Type Wall Type: VGY35 wall Type: VGY35
Panel 270x240: 12p. Panel 270x240: 4p.
SDU SUND Building Section Basement In-Situ Walls Corner-In 270x60: 1 p. Corner-In 270x60: 2 p.
In Odense 45.1 VGY35 & VGY47 Corner-Out 270x20; 1 p. Corner-Out 270x20: 2 p.
q g q Y, Timber Filling: 8cm Timber Filling: 25¢cm
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Competency Question 3

How to link TCI quantities to time scheduling?

inst:Wall_A
a bot:Element, product:Wall ;
prope:elementID "641019" ;
props:revitGUID Ocabldl-1d6f 3-9a bd8cE300£ L7
tciicountDefaultCoupler 8 ;
tci:countDefaultPanel330x120 2
tci:countDefaultPanel330x240 6

BIM Model tci:countDefaultPushPullProp 10 ;
teci:countDefaultTieRod 12 ;
TCIl Data \ teci:countDefaultWingnut 12 ;

tci:countTimberFilling 2 ;
LBS Data

Revit Data

Default Formwork tcithasTimberFillinglength "0 ““xsd:decimal ;
bot:adjacentElement inst:Wall B , inst:Wall C ;
props:angle 90.0 ;
props:area 24.0 ;
props:height 3.0 ;

Location-based props:length 8.4 ;

Schedule props:level ' Ll
1lbs:hasLocation "Le oct [
lbe:taskActualEndDate """ “xsd:dateTime ;
1lbe:taskActualStartDate " )= '~"xad:dateTime ;
1be:taskPlannedEndDate "2019-( """ xed:dateTime ;
1bs:taskPlannedStartDate "2019 “"xad:dateTime ;
1lbs:taskProgressCompletion "0.55"" "xsd:nonNegativelnteger ;
lbs:taskProgressDate "2019-04-17"""xsd:dateTime ;

DTU ’
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System Architecture

Dynamo }
g Scrlpts N : ( [ Mobile Application |
‘ HTTP POST l :
\ ‘l RDF Database (Triple Store)

Rewt Data \ Request oS,
/ Y Pvth - - —e N Exicute
‘ / ]—D{Pv on }\ ‘I g

/ SN \ [ [ TCl Calculation Program

Client

Q
S k—‘ — O\ | - ~
0 L \ \\ ‘\\ sé‘ Jena Fuseki S T Automated
Q LBS Data A; / \ Dashboard
e .
= 7 http://
o o Progress /// localhost:3030 | HTTPGET saL ul
- ‘“ | /TCI-Demo-../ Request ]
- | |
E ; -.[ } l‘I RDF Graph \ PowerBI J
| . )

3 \ / Ontology ‘| ‘
wn | Client T
3’.‘" —— [ Simple Table

TClI Default Data | Visualization

/\ - // '}Q' ———%  SPARQLQUERY | ———  * R

| : HTTP \

|

\PEN/ ’ L Request } Combined Data 7

Graph

TCl Product Data
F Y & B B | -
[ & L L 2 |

1. Data Sources & Extraction 2. Data Management 3. Data Processing & Querying 4. Visualization & Distribution
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Results of the Case Study

> N B 7 : N R A )
( Revit Data TCI Data : Supplier | LBS Data Progress Data
|
BIM Model Default Formwork : TCI Produd Catalogue | Location-based Exicute
= | ' Schedule ® N
LARNN : : 7 b
; a0 gg | PERI | / ()
T N | MAXIMO MX15 | o/ A S l'
|
J . B e e 7 NG Y Q Y
[ Desired Data to develop a TCI utilization plan ]
Revit TCl VICO Exicute
props: | props: taskPlanned taskPlanned taskProgress taskProgress taskActual taskActual
le Primary F F rk
e s | B OO OOt it o ondery, Formmor S ot B GriDe EndDate Date Completion  StartDate EndDate
string m string integer m string integer DoteTime DoteTime DoteTime % DoteTime DoteTime
585914  6.20 |Default Panel 330x240 4 2.40 Default Wingnut 12 | 2019-04-04 11:00 2019-04-08 07:28 | 2019-04-06 11:00 70.0 2019-04-04 11:00 NULL
Default Panel 330x120 2 1.20 Default Tie Rod 12
{Wooden filling material 2 0.20 Default Coupler 16
Default PushPull Prop 6
Default Waler 0
644734  6.20 |Default Panel 330x240 4 2.40 Default Wingnut 12 2019-04-0807:28 2019-04-09 11:57 | 2019-04-08 16:00 100.0 2019-04-08 11:00 2019-04-08 16:00
Default Panel 330x120 2 1.20 Default Tie Rod 12
Wooden filling material 2 0.20 Default Coupler 16
Default PushPull Prop 6
Default Waler 0
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TCI Utilization Plan

Power Bl Dashboard Visualization

TCITypes| ~ TCITypes2 ~ i
17302020 11/11/2020 b yp Locations

: : Formwork oAl A N1-3

Total TCI Cost Total TCI Cost
598,922 € @Cum StackRent_stat @Cum StockRent_dyn
Total StockRent_dyn 2ME N1
1,512,450 € e - ‘
Total StockRent_stat f
e Mar 2020 May 2020 Jul 2020 Sep 2020 Nov 2020 T Utilization &
. N : ar ay u ap ov .. 5/3/2020 hd
Saving Potential {for spec. period) Remalnlng Stock
TCl Quantities 532020 TCl Allocation 90.82% 29.89%
(daily) Utilization (dynamic) Utilization {static)
Y TCls @®Default.. ®Defaultl... ®Default... ®DefaultP... ®DefaultP... ®DefaultP... ® DefaultP.., »
TCls Quantity ® DailyUtilization @Dynamic Stock @Static Stock
DefaultWingnut 796
Defaultwaler o 10K DefaultCoupler
DefaultTieRod 736 DefauleTickod
DefaultPushPullProp 234 Pefaultifingnut
DefaultPanel270x240
DefaultPanel270x90 16 e =
DefaultPanel270x60 0 petaitrusheulrron [
DefaultPanel270:90 |
DefaultPanel270x45 4 5K
DefaultinsideCormner2 7020
DefaultPanel270x240 360 )
DefaultOutsideCorner270w55
DefavultPanel270x120 ]
E DefaultPanel270x120 |
Defau\lOu»tswdeCcmerZ?OxSS 12 efaultPansl 27045
DefaultinsideCorner2 70x20 12 J DelauliPanel27:50 |
DefaultCoupler 1668 ok . il n'“ Defaultwaler
Mar 2020 May 2020 Jul 2020 Sep 2020 Now 2020 K 5K
< >
= NIRWNS
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Questions?
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