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Class Description 

 

Lean construction hinges on two critical concepts: recognizing what waste is, and 

improving processes to reduce it. In construction, finding waste is the easy part, 

implementing effective solutions to minimize it can be more challenging. BIM can 

facilitate innovative workflows that improve performance, if you can think outside the 

box.  

 

If Daniel has learnt anything during the last 

20 years working in the AEC industry, it is 

that…he’s pretty lazy. Let’s face it, 

construction is hard work! Whether he was 

pounding nails on site or gazing into a 

computer in the office, the wasted time and 

energy throughout projects seemed 

unacceptable to him. Always Daniel 

lamented “there has to be an easier way!” 

His aversion to the drudgery eventually led 

him to BIM. “Alas, there is an easier way! It is 

possible to reduce all that wasted time, 

material and effort using technology!” All 

that would need to change is…the entire 

industry. So now, instead of toiling away, 

Daniel spends his time finding the easy way 

out by improving construction processes 

using BIM in order to reduce work (read: 

waste).  
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Introduction 

Although Lean concepts originated in the manufacturing sector, the methodology is 

quickly becoming standard in project-based production such as buildings. Lean 

construction isn't a new notion, but has recently been gaining more traction for a few 

specific reasons. First, competition is fierce in the AECO industry and firms are looking to 

be as competitive as possible by being as economical as possible. Reducing waste in 

both process and materials can have a significant impact on profitability. Secondly, the 

construction sector is notoriously inefficient and wasteful. Aside from the well 

documented productivity issues, a tremendous amount of material waste is generated 

from new construction projects. I think the industry is finally coming to the understanding 

that we must be more sustainable. 

 

Process Variability 

Lean construction methodology is a multi-faceted and strategic process improvement 

initiative that will transform how a company does…everything. Initially firms target 

obvious big ticket items with clear payback, but those who have been on their lean 

journey for any significant length of time, learn to see waste everywhere. From the 

workers on site waiting for late material, down to the minute finger movements of 

somebody in the office without the proper keyboard set up. It’s all waste that can be 

eliminated. Regardless how insignificant it looks at face value, even a half second 

improvement on something that is done hundreds of thousands of times over the 

course of the year, will add up to something substantial. It’s very easy to accept the 

status quo as the best way to do something because “it’s always been done that way”. 

This presentation is intended to explain first, the kinds of waste to look for, and second, 

how BIM can be used to reduce the variability in the processes that causes that waste. 

Variability can be thought of as inconsistencies or unpredictability in the process. At its 

simplest, be it manufacturing widgets or building a hospital, the “process” is: using 

drawings, to assemble material, using people and equipment. Whereas the typical 

manufacturing process is very linear, i.e. one phase in the process can’t happen 

without the previous step being completed, building construction is…messy. Many steps 

Typ. Production process 
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happen simultaneously, start and stop, vary greatly in complexity and duration and is 

completed by a different combination of stakeholders, every time! Moreover, the 

“product” is unique, so the chance to refine the process on the next one is limited at 

best. Nevertheless, we can target certain wastes in many parts of the standard delivery 

process which will improve the overall flow, in turn increasing efficiency. 

 

So, what is “waste”? Toyota, where 

much of today’s lean methodology 

evolved, expands the definition of 

“waste” into the 3 M’s; distinct but 

connected concepts of Muda 

(waste), Muri (overburden) and 

Mura(unevenness). Although there 

are 8 distinct types of Muda, which I’ll 

get to next, Muda is usually caused, 

or amplified, by other contributing 

factors which is why the 3 M’s must 

be taken into account 

simultaneously. Some of these concepts will become self-evident as the class 

progresses, but for immediate purposes I’m going to concentrate on the 8 specific 

types of waste. 

Lean tools  

There are many tools and processes that can aid in this transformation: Last Planner 

System (LPS), target value design, first run studies, Kanban, poka yoke, Obeya room, 

Takt time, 5S, chaku-chaku, jidoka … just to name a few. This presentation will be sure 

not to review even one of the multitude of tools available, save one, (the most 

important in my mind) BIM! Partly because this is only a 75min presentation, but mostly 

because I don’t know what most of those are. I will stay in the realm of VDC and the 

tools BIM offers such as: clash detection, 4D analysis, asset management, live model 

collaboration and other integrated technologies.  

The 8 wastes 

Waste can generally be broken down into 8 different categories. Depending where you 

get your information there are a few different acronyms to help remember them. I 

prefer DOWNTIME, because, well… it makes sense given the context. So without further 

delay.  

 

 

The 3 M’s 
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Defects – Anything that requires 

rework after design is done. 
Defects are all the re’s in a 

project: redesign, reissue, request 

(RFI), reorder, rework, remove 

etc. Defects are mistakes that 

were made upstream in the 

value chain. I hate to pick on the 

designers (not really) but drawing 

mistakes propagate waste from 

many, many, MANY different 

angles. Anything on the 

construction documents that is 

unclear or incomplete has to be 

clarified through an RFI. An RFI has multiple types of waste attached to it as we will see. 

Granted, designers can’t be absolutely faulted for drawing mistakes. Typical 

procurement processes facilitate drawing inaccuracies because it forces designers to 

produce drawing based on assumptions or incomplete information which essentially 

builds defects into the process.  

 

Overproduction – Producing or ordering too much of anything to soon. There are 

obvious examples on every construction site. Look around and you’ll see piles of studs 

that were cut to length and never used, or bent rebar that wasn’t needed. Again, 

drawings are a prime example of overproduction, most notably during the typical DBB 

process but is prevalent regardless of delivery. Designers have to produce drawings in 

order to tender the project. Typically, once more detailed information comes in from 

the subcontractors, there is a period of value engineering that has to take place to 

bring the project down to budget. BANG, redesign, reissue, re-tender… rework.      

 

Waiting - Waiting for the previous step in the 

process to complete. So, what are the sub-

contractors doing when the designers are 

redesigning…waiting for information i.e. workers 

waiting for work. More than likely they are trying 

to stay busy by moving around the project 

doing things out of sequence, and when the 

drawings are ready, they will be busy elsewhere. 

Now, there is work waiting for workers. 

Regardless, it’s all variation and waste that can 

be removed from the process.  

Zzzzzz… 
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Excess Inventory 

 

Non-Utilized Talent - Team members that are not effectively engaged and contributing 

to the process. The BIGGEST issue is construction, IMHO. Why do we overproduce 

drawings based on assumptions, just to redo all that design after we get feedback from 

the ones who are eventually going to execute the work? As competent as the 

designers are, 2 things are commonly overlooked or even ignored when producing 

contract documents: installation and maintenance code and basic constructability. 

Granted this is a bigger issue in the Canadian market because there are far fewer 

mechanical design builders and the design-procure-construct process is more 

disconnected. Nevertheless, whenever there is scope that needs to be tendered, the 

subject matter experts are brought in late. Alternate delivery methods like IPD aim to 

eliminate this problem by bringing trade contractors into the conversation early.  

 

Transportation - Moving items or information that is unnecessary to perform the process 

from one location to another. Transportation waste happens for a lot a different reasons 

for example, wrong orders causing multiple deliveries, or having to move material 

around site because of a poorly planned staging area. Maybe, there is no staging area 

and material has to be stored off site. Sometimes material suppliers are long distances 

from the project because a specified product isn’t 

available locally. What about when part of a project 

is delayed because of a defect and people leave 

temporarily to another area or completely new site? 

As a BIM professional, I tend to think about the 

transportation of drawings and data. Drawings are 

printed, couriered, scanned, emailed, uploaded, 

downloaded, printed, mailed, faxed (yes it still 

happens), over and over again. Simultaneously, BIMs 

are detached, emailed, uploaded to multiple cloud 

servers, then updated and redistributed again and 

again!  

 

Inventory - Material or information not being 

utilized and sitting idle. Who has ever been to a 

site and NOT seen pile of material laying (or 

blowing) around? People and equipment 

have to manoeuvre around or move that 

inventory until it finally get used. Excess 

inventory can be an effect of overproduction 

or just poor planning. Where BIM is concerned, 
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I see a ton of excess data “inventory” in models. Families laden with parameters that 

are seldom if at all needed or complex in geometry when it doesn’t need to be (think 

keyboards). Just like on site, too much information in the model makes things slow or 

encumbering and like the other wastes, one leads to the others. Excess inventory 

causes excess waiting, transportation, motion and, if that inventory gets damaged, 

defects.  

 

Motion – Materials, equipment or information moving unnecessarily due to workspace 

layout, misplaced items or user interface. Motion waste can be subtle, like the extra 6 

inches an office worker has to reach for a phone, or it can be downright obvious like 

the 60 meters a site worker may have to walk to look at a set of drawings, or the 60 

floors a project engineer may have to travel to access a computer. Mobile technology 

has eliminated a lot of that in just the last 5 years but motion waste is still a major 

productivity killer. More than that, motion waste can be a huge safety problem and 

can lead to things like repetitive strain injury (RSI).  

 

Extra Processing – Performing any activity that does not provide value to the project. 

There are a lot of moving parts along the typical value chain of construction. 

Stakeholders come into the process intermittently with varying scopes and input. Every 

time a new stakeholder reviews scope and has to make changes due to 

constructability or coordination, that’s extra processing. Although that can be 

considered part of the normal, iterative construction process, the severity (i.e. cost) of 

the extra processing depends largely on when it takes place. The later in the process, 

the greater the cost typically (Think MacLeamy curve).   

 

Case Study 1- Form table wobble 

 

This was a pretty straight forward concrete 

parkade structure; however, it was of 

significant scale and required complex 

formwork for a double sloped suspended slap. 

Our concrete specialist wanted to reduce 

cycle times of the form tables by first, 

standardizing concrete geometry and 

simplifying formwork (see image 1), and 

second, reduce fabrication labour and 

fabrication time. First we worked with the 

design consultants and mocked up a form 

table layout that standardized geometry while 

Image 1 -Standardized form tables 
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meeting the design and engineering requirements. The second part was a little 

trickier…Typically, the form tables are set flat and the slopes are framed in on top after 

the tables are set (see image 2). In order to reduce the framing we needed to tilt the 

tables to match one slope direction, and frame only the back slope (see image 3) 

…which the supplier said was “impossible, you absolutely cannot tilt the tables!!!”  

 

 

 

Orange represents secondary 

framing on level tables.  

Image 2 – Level tables 

Image 3 – Slanted tables 

Form Table tilted to match one 

slope ~ 2 degrees 

88 degrees 
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So we made them tilt the tables. Well, first we modelled the slab and formwork exactly 

how we needed (see image 4). Then we made them tilt the tables. Because we 

modelled the tables precisely, we could now do all sorts of things, like:

 

Prefabricate all the wedges needed for the back slope (image 5) 

 

Provide table prop and corner elevations to the surveyor on site to set the tables 

(image 6), as well as provide a 3D contour model of the slab to set the concrete itself, 

(image 7). 

Image 4 – table virtual mock up 

Image 5 – wedge fabrication 
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All said and done, we reduced defects in the drawings, form tables AND structure itself 

by bringing the content experts together early to improve the typical process.  

 

Case Study 2 – Rebar Rats nest 

 

During a renovation to a student housing complex, it was established that 5 new 

vertical service lines would have to be cored from the 8th floor mechanical room down 

to the basement level, through existing 8” thick slabs. The core hole sizes were quite 

substantial, the largest being 10”, and located near a core wall, which meant there 

was critical reinforcing and conduit runs. However, the biggest challenge was the very 

short schedule of the project. There was a hard finish date and adding to the 

challenge, the building was occupied. This phase of the project was extremely 

disruptive and would need to happen at a time when the building was unoccupied. It 

was originally scheduled after the term finished; however, there was a limited window 

of opportunity to complete this work during reading week, a time when the building 

would be empty. At the time, reading week was only days ahead, therefore analysis 

Image 6 –prop elevations Image 7- slab topo 
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would have to be finished and decisions be made quickly or the project would be 

burdened with risk in terms of meeting the schedule. 

 

Because of the short window of opportunity, it was suggested 3D scanning could 

expedite the coring analysis. The 3D scan would be used in conjunction with the ground 

penetrating radar (GPR), which first determined the location and size of reinforcing 

steel and in-slab conduit and power boxes (image 8).  

 

 

 

 

Once the in-slab obstructions were identified, a 3D scanner was utilized to capture all 

surrounding building geometry as well as the GPR information, which was physically 

drawn on the floor. The resulting 3D scan is shown in image 9. The full scan was then 

imported into Revit and the 

scan data converted into digital 

model geometry. The walls, 

floors and all the in-slab rebar 

and conduit were modelled as 

shown in image 10. With the full 

building model of the affected 

areas, quick analysis of the full 

piping runs that need to be 

cored was completed. The 

structural engineer identified 

rebar running in a radial 

direction from the central core, 

as most critical to the structural integrity of each building. The scanning helped identify 

that reinforcement was placed differently from floor to floor, shown in image 11, making  

Image 9 -Full scan registered 

Image 8 –ground penetrating radar (GPR) results 
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the coordination of the core holes very challenging. Working within the constraints 

given by the engineers in terms of acceptable rebar cutting, hole sizes, space 

tolerances etc., piping was modelled through the slabs, shown in image 12. Using the 

model, the path of least impact to the radial reinforcement and critical electrical feeds 

on 

Image 10 -Rebar model from scan 

Image 11 – rebar bird’s eye view  

Image 12 –new services  
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each floor was identified which provided the structural engineer and the owner with 

the certainty required to proceed with the core drilling. The structural engineer used the 

information provided by our model, the core hole locations with associated information 

about what rebar was to be cut, to quickly run their structural analysis and approve of 

each slab penetration. This maximized the piping constructability and minimized the risk 

of compromising the structural integrity of the floors. It also provided the engineers a 

crystal clear picture of the impact above and below the floor at hand.  

 

Case Study 3 – Cloud 9 

 

This is a 6 storey condo complex 

currently in construction. We 

decided to go all in on this one 

in terms of VDC. We started with 

an internally developed 

concrete model for estimating 

purposes as well as future lift 

drawings because we self 

preform our own concrete (see 

image 13). We collaborated with the steel and MEP trades who provided coordinated 

construction models that were incorporated along with the architectural design model. 

The granularity of the model facilitated model based layout which we used as a bi-

directional QA/QC tool. Oh, and I should mention, this is the first time anybody outside 

the VDC team has done anything with BIM…ever. Regardless, we had an eager 

surveyor, agreeable 

trades and keen client 

with a CM delivery, 

enough to dive in with 

both feet. What is a little 

risk? With all these 

workflows happening 

simultaneously, the real 

challenge was 

communication. We 

opted for the cloud 

collaboration platform 

BIM Track to handle all 

our collaborative 

efforts. Not without its 

Image 13 –lift drawings  
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challenges, once the full team was trained and accepted the fact “no, we didn’t need 

this 20 years ago, but we’re doing it anyway” we eventually saw efficiencies across the 

board. We were able to plan our formwork deliveries precisely for each pour, using just 

in time delivery to reduce material inventory (image 14). Because we had such 

comprehensive geometry in 

the model, we have only one 

surveyor laying out formwork, 

pipe and HVAC hangers, 

preserts, embeds etc. What 

once was 2, 3 even 4 different 

surveyor scopes, is being done 

single handedly. Additionaly 

with the bidirectional workflow 

between model and field, we 

can quickly check any 

potential constraints or 

conflicts. For example in 

image 15, we neede to check 

the shorring tie back against 

the rebar and formwork. It was 

easy enough to shoot a quick point and reload into the model for comparison. Any 

conflict could be solved with minimal extra processing. The real key to this project is the 

enhanced communication enabled by our cloud collaboration site. Everything flowed 

through BIM Track, which 

  

 

Image 14 –formwork inventory  

Image 15 – survey QA/QC  
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eliminated anybody waiting for information. Additionally, it reduces the potential for 

defects because there is no chance that outdated information can be in circulation.  

 

Case Study 4 – HELP! 

 

The last example was a 140M University performing arts centre. It was a hard tender 

project that required 20M of value engineering immediately after project award. In 

many ways, this project was the opposite of lean construction. The fact that it needed 

to be almost completely redesigned…during construction, screams extra processing, 

defects, waiting, not to mention the non-utilized talent.  To miss the mark on budget so 

badly suggests the right people were definitely not involved during design. BIM became 

sort of a survival tool in this case. Some of the changes that had to take place required 

extra planning and control. We introduced a post tensioned slab throughout to reduce 

floor to floor heights as well as concrete volume, resulting in the need to sleeve all 

penetrations as well as locate all inserts (hangers, embeds etc.). When we asked our 

trades to provide sleeving drawings 

based on an uncoordinated set of 

drawings that was in the middle of 

redesign, they said… Up to 

this point everything was done 2D CAD 

(I know right?). We had to take it in 

house and model…everything. What’s 

more, the steel scope of the project 

fluctuated so rapidly as changes were 

made, the steel trade’s contract was 

held up which delayed shop drawings. 

We won the job and had an obligation 

to keep to the schedule, BIM was the 

only way to get the information we 

needed when we needed. Our internal 

VDC team essentially acted as a one 

stop third party modeller and shop 

drawing producer for all mechanical, 

electrical and steel trades. Providing all 

sleeving drawings (image 16), initial steel 

shop drawings (image 17) and directing 

trade where hangers would have to be 

located (image 18).   

Image 16 – MEP sleeving drawings  

Image 17 – steel shop drawings  
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During the process, the model proved useful for many other processes like quantifying, 

prefabricating and colour coding installation of timber boards for custom formwork 

(image 19).   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although there was a ton of process waste on this project, much of it was unavoidable 

because of flawed procurement methods. Unfortunately it is common for projects to be 

designed over budget and require substantial VE after construction starts. The trend is heading 

towards more collaborative delivery methods but it is a real problem now and an enemy to 

lean construction. However, if we are to only focus on how BIM contributed after “the incident” 

we see that we reduced defects because we coordinated and located sleeves and inserts. We 

used the same model for MEP and steel coordination and shop drawings, reducing processing 

times. We stayed ahead of the schedule and eliminated wait times for information. When we 

were developing the model we had all content experts in the room, utilizing the talent of 

everybody and not producing on assumptions.  

Image 18 – colour coded hanger locations  

Image 19 – colour coded timber boards  


