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The construction industry is among the least digitized.

McKinsey Global Institute industry Relatively low . - Relatively high
digitization index; 2015 or latest digitization digitization
available data @ Digital leaders within relatively undigitized sectors
Assets Usage Labor
\ oA Z
22 9% 2% 3 % 2% % 2% 2828
%& 7% % D % N, B\ & N\, RBNL T
2% 2 e § BT SN T T AT
% 2N\ 0 = D, S D o e} o. ?%
% % \% \ B\ 5 R 2 RNy
2 % > © e '§> RS
Sector 2 B
icT? IEEEEE 44
Media | — — i | —l —| p———

Professional services [ ] e | | | [ | |
Finance and insurance B B B B

Wholesale trade - -- - -
Advanced manufacturing = [ ] [ [ 1
Oil and gas [l [ e [ P
Utilties . [/ I I

Chemicals and pharmaceuticals - - -- -
Basic goods manufacturing !- ! - - !

Mining I B E B
Real estate o [ [ ] .|
Transportation and warehousing m- - O
Education © [N [ [

Retail trade e Il =
Entertainment and recreation - -- ---
Personal and local services ---_---
Government L ii-i -
Healthcare ! !- g --
Hospitality [ N [ [ | |

Construction BNl EEEEEE EEEE
Agriculture and hunting N S | ] o

GESTION ¥ PRODUCTIVIDAD PARA LOS PROYECTOS DE CONSTRUCCION

VIGILADO Por sl Ministerio da Educacidn Nacionsl



Preambulo

PROBLBVIASY DESAF0S ENLASINTERACCIONES CELOS FUIPOS DE

DISEND DEPROYECTOS DECONSTRUDOON

Total
n Main Problems Averag.e Y(.ea_r Occurrences Links Link
of Publication
Strength

1 communication 2015 70 124 569
2 collaboration 2015 56 109 487
3 coordination 2015 41 103 369
4 trust 2015 30 95 300
5 information exchange 2015 28 77 238
6 fragmentation 2016 27 81 261
7 identification of roles 2016 26 89 263
8 project/design complexity 2015 24 74 211
9 no colocation 2014 23 79 221
10 high interdependence 2016 19 72 199
11 integration 2015 17 64 177
12 information flow 2014 16 56 134
13 cooperation 2013 15 59 155
14 knowledge exchange 2014 15 47 110
15 shared understanding 2016 15 57 133
16 team cohesion 2016 14 67 154
17 commitment 2014 13 70 174
18 project changes 2016 11 60 132
19 multiple disciplines 2016 10 50 112
20 transparency 2015 10 46 95
21 uncertainty 2016 10 52 102
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L ean en e| d iseﬁ O Gestion de interesados Herrera et al. (2020)

SM, Specialist designers are involved during early stages of the project.
SM, Builders are involved during early stages of the project.
SM; The identification of requirements of the stakeholders is exhaustive, in which requirements, constraints, technical specifications and special

requirements are defined.
SM, The participation of clients in the design phase involves the systematic participation and support during meetings concerning decision

making and resolution of problems.
SM; The design of the product and the construction process are carried out simultaneously.
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| ean en el diseno Planificacién y Control Herrera et al. (2020)

Project planning considers delivery dates, phases, milestones, task subdivision programs, and control instances. All of these, immersed in a
scheme in which gaps, buffers, and points are clarified, can be used to perform pull/push actions within the program.

With regard to project planning, this is considered to be information about internal and/or external projects of the organization, generated
through a benchmarking exercise.

Project planning is conducted collaboratively among various stakeholders.

Project planning is carried out at different levels (global, phase, intermediate, and weekly).

The constraints in the design process are identified and registered collaboratively and released by a responsible person. Then the constraints
are followed.

The coordination of project information between the different stakeholders is performed through a single platform, which allows systematic
updates and continuous communication between stakeholders.

Objetivos de
proyecto

trabajo
A 4

LAST PLANNER|

il
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| ean en el diseno Toma de decisiones Herrera et al. (2020)

There is a protocol to solve problems collaboratively.

The last planner identifies the problem and performs a causal analysis (e.g., the 5 Whys method).

The solution to the problem is implemented, monitored, and documented to verify that the problem was solved.

In the decision-making process, options are evaluated, designed, and tested, and the results are validated and applied.

The moment to make decisions is the last responsible moment, and all the information that could be gathered at that moment is used.

To make decisions, information of internal and/or external projects of the organization is used, generated through a benchmarking exercise.

The decision-making mechanism is a meeting with all stakeholders involved, in which a specific technique is used, for example, Choosing

by Advantages or others.

After making the decision, specific actions are taken to verify whether satisfactory results were obtained. In addition, the lessons learned are

identified and documented.
Seven Steps to Effective

Decision Making QD
S tmonm
@ TAKE ACTION
> =
ALTERNATIVES
S
- U T
- -
IDENTIFY
THE DECISION
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BIM: Pre-Construccion

1139

ID Use

U, Cost estimation

U, 4D planning

U; Site analysis

U, Space programming

Us Design review

Ug Code validation ‘“:;L‘.‘;Tﬂ;::.m,,.‘ T
U, Sustainability evaluation

Ug Engineering analysis :
Uy Design authoring :
Uio 3D coordination

Source: Data from Rojas et al. (2019).
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Herramientas
| ean — Diseno

Last Planner System

Bolviken et al. (2010)

«—

Design production
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Phase schedule, production

Strategic plans

Lookahead schedule

Production = Week 5-9

Weekly work plan

Production = Week 2-4

Operational
plans

Plan | Week -15(-14|-13|-12(-11|-10|-9 | -8 |-7|-6|-5 -4|-3|-2|-1|0
. Lookaheadschedule] x | x | x [x |x [x [(x)

Design

Weekly work plan X | x| x [x [x

Lookahead schedule x| x| x | x [ X (x)

X X X

Production Weekly work plan

Teamplan (x)] x

Only sound activities Design completed Construction start-up
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Herramientas Lean en el diseno

Tool/Practice Description
Target Value Design It uses the client’s
(TVD) requirements to generate

(Ballard, 2011; Lee,
2012; Macomber et al.,
2012; Zimina et al., 2012)

value by design, while
continuously improve and
reduce wastes in project
development.

Set-based design (SBD)
(Lee et al., 2012; Parrish
et al., 2007; Sobek et al.,
1999; Ward et al., 1995)

Designers develop integrated
design solutions for different
criteria considering schedule
and budget that will be
narrowed collectively until a
satisfactory solution.

Choosing by Advantage
(CBA)

(Arroyo et al., 2015;
Arroyo, Tommelein, &
Ballard, 2016; Parrish &
Tommelein, 2009; Suhr,
1999)

Improves the decision-
making process, aligning
criteria to evaluate design
alternatives, promoting
consensus.

Biotto (2019)
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Tool/Practice Description
Agile Design Agile applied in the design
Management management to embrace

(Demir & Theis, 2016)

changes and add value for
designers and client.

Design Structure Matrix
(DSM)

(Browning, 2001;
Eppinger & Browning,
2012; Koskela et al.,
1997; Tuholski &
Tommelein, 2008)

It is a network modelling tool
that visually represents
elements of a system and
their interactions, and it
supports its decomposition
and integration of problems.

Last Planner System in
Design

(Ballard, 1999a; Bolviken
etal., 2010; Khan &
Tzortzopoulos, 2015;
Koskela et al., 1997;
Tzortzopoulos et al.,
2001; Wesz et al., 2013)

LPS applied in the design
stage to increase the design
process transparency,
designers’ collaboration and
communication. It improves
workflow stability and
reliability.
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Literature review

. . , Ly
Investigacion a

Lean design

BIM uses on

management planning and

(LDM) practices design phase

Variables 19 LDM practices 10 BIM uses
Sample

64 projects (Chile, Colombia, Spain)

Data collection Interviews and project assessment

Reliability analysis / Descriptive analysis

l ' '

Association analysis/Pearson chi-square test

Data analysis

-

Causal analysis/necessity and sufficiency

v

r

Discussion of results

EEEREEREEEEE

Contributions

v

Herrera et al. (2021)
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Investigacion

Table 3. BIM levels

47 FORO ACADEMICO BIM COLMAYOR

Level General description

1 Traditional methods [two-dimensional (2D) model].

2 Low use of BIM and little information in the model.

3 Medlum use of BIM and sufficient information for BIM. Table 5. Level of association according to standardized contingency

- High use of BIM. coefficient

5 Full use of BIM. The best tools are utilized

to realize all its applications. Ceand Level of association

+0.70 or higher Very strong relationship
0.40-0.69 Strong relationship
0.30-0.39 Moderate relationship

Table 4. Summary of project characteristics 0.20-0.29 Weak relationship

wy 3o : \ 0.01-0.19 No or negligible relationship
Count Build t Infrastructu t Total
ountry uilding projec nfrastructure projec ota 0.00 No relationship

Colombia 12 2 14

Chile 20 12 32

Spain 12 6 18

Total 44 20 64

Herrera et al. (2021)
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Investigacion

2

=
& |83

= _...m_._%
m | =
-— _,.r...U
3 |™!
= I __m
m .W ZKCS
o o
R
o o
[#)]
*
- <
@ ©
7 B

(b)

(@)




47 FORO ACADEMICO BIM COLMAYOR
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Lean el d

Dm8

DM6 DM7

bDM2 DM3 Dm4  DMS

PC1 PC2 PC3 PC4 PCS PC6 DM1

SM2 SM3 SM4  SM5

SM1

Fig. 3. LDM practices assessment. (Data from Herrera et al. 2020.)
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BIM: Pre-Construccion
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Fig. 4. BIM uses assessment. Herrera et al. (2021)




Asociacion Lean + BIM
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Table 7. Consistency score between p, and p;

Condition Outcome Necessity Sufficiency
Pi P 0.8738 0.6733
P Pi 0.6733 0.8748

Lean es una condicion necesaria para

tener un alto nivel de desarrollo BIM,

pero no es condicidn suficiente.

Herrera et al. (2021)
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Colaboracion en el diseno

BIM

Fem T\
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Galaz-Delgado et al. (2021)
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Colaboracion en el diseno

Interaccion

Proyecto A (tradicional) Proyecto B (BIM/Lean)

Herrera et al. (2021)
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Colaboracion en el diseno

Colaboracion

Proyecto A (tradicional) Proyecto B (BIM/Lean)

Herrera et al. (2021)
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