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SE595 This class shares a project completed for investigative engineering purposes—not for building 

design. The original goal of this project was to generate a visual aid of an engineering failure to be used as part of an 
expert witness report; however, the project evolved into much more. The families and corresponding model that were 
created incorporated structural engineering such that the model not only provided a visual aid to show deflection of 
roof members due to ponding water, but actually calculated the amount of deflection that could be expected due to a 
given amount of rain. We cover how these families (one structural framing family and one adaptive component) and 
the model were created, as well as the lessons learned after completing such a project. 

Learning Objectives 

At the end of this class, you will be able to: 

 See how structural engineering was incorporated into a custom structural framing family 

 See how an adaptive component was created to provide a visual aid showing ponding water 

 See how Revit Structure was utilized for a non-traditional investigative engineering deliverable 

 Discuss the challenges and “lessons learned” of this project 

About the Speakers 

Desirée (Dezi) received her bachelor's degree from University of California, Davis and her master's degree from 

Massachusetts Institute of Technology and now is a practicing structural engineer at Martin/Martin in Denver, 

Colorado. In the past several years she has been a regular Autodesk University speaker and has spoken at Revit 

Technology Conference USA.  In addition, she sits on the committee for RoMBIS (Rocky Mountain Building 

Information Society – a Denver area users group), the Chair of the Structural Engineers Association of Colorado's 

BIM committee, and she is currently serving as an AUGI board member and Treasurer. Finally, she also acts as a 

partner in her husband's BIM consulting company, BD Mackey Consulting. 

Self-proclaimed as “The Revit Geek”, Brian has spent more than 25 years in the AEC industry, about 10 of which 

have been focused on Revit and BIM.  After nearly a decade of working with Architects and Engineers to advance 

BIM in their companies, Brian started his BIM consulting company in 2011 to focus on custom high-level training and 

mentoring.  Brian has clients all over the US and Canada that generally tolerate his sarcastic nature in exchange for 

his wide breadth of BIM knowledge.  Brian showcases his love of talking about Revit, or maybe just his love talking, in 

a monthly light-hearted, occasionally irreverent, free Q&A webcast, Revit Radio.  Brian is a regular speaker at many 

conferences, including RTC North America, where he was voted top speaker two years running.  Brian and his wife, 

who met at Autodesk University, just welcomed “BIMbino” Vienna into their family. 

 

Email         dmackey@martinmartin.com 

Email         brian@BDMackeyConsulting.com 

Twitter      @RevitGeeksWife 

Twitter      @TheRevitGeek 

Blog        bdmackeyconsulting.com/blog 
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Introduction 

A client of Martin/Martin’s was asked to be an expert witness for a lawsuit, and he was originally 

looking for assistance in producing some visual aids and some basic calculations.  Martin/Martin 

acts as expert witnesses often, so this was not too usual of a request.  The client originally 

wanted to show three dimensional models of deflected double tee roof members, and also 

wanted help to solve how much water could pool in those deflected shapes.  As the project 

moved forward, and as the client started to see what was possible, the scope changed 

significantly. 

In the end, what was created was a custom double tee family that takes an input of initial height 

of water at a parapet wall, and then gives an output of deflection of the roof member, as well as 

total water that would accumulate in the deflected shape.  The family also adjusts to show the 

deflected shape.   

This family was then loaded into a project, and a portion of the roof was modeled.  Various initial 

heights of water, “rain events”, were input into the elements, and the results were documented 

in plans, sections, and 3D views, as well as in schedules. 

Finally, just to add something to the visual aid, the water level was to be indicated on the 

various views.  Instead of simply “faking it in”, Brian decided he wanted to help with the project 

by making an adaptive component that could be added to the roof model to show the accurate 

height and extent of the ponding water. 

Once finished, there were various lessons learned associated with the procedures to produce 

this work, particularly with the adaptive component and how it interacts with the roof model.  

This paper will discuss how the families and the model were created, and will also discuss some 

of the potential downsides and limitations to the chosen procedures. 
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Engineering 

Double “T” 

The first task was to create a double tee family that would show the deflected shape.  This was 

achieved by using the out of the box family and modifying the beam’s sweep to be an arc.  The 

arc was then constrained using the radius since directly constraining the deflection proved to be 

problematic.  Using basic geometry, the radius of the arc can be calculated from the chord 

length and the maximum distance between the chord and the arc.  The figure below shows the 

path of the sweep. 

 

The chord length is a given, however, the distance between the chord and the arc, which was 

given a parameter called “Sag”, is dependent upon the deflection of the beam, which in turn is 

dependent other variables, such as the amount of water. 

So the next step was to incorporate engineering into the family such that it could derive the 

“Sag”.  Since the roof had a constant slope, using the assumptions that water would puddle at 

the wall first, the low point, and the depth over any given beam would be linearly related to the 

distance of the beam from the wall, the family can calculate the height of water at each beam.   

The initial height of water at the wall is a given – it is the “rain event”, but the height of water at 

any one beam is dependent upon that beam’s distance from the wall.  Therefore a parameter 

was added such that each beam has a “row number”, which can then be used to determine the 

beam’s distance from the wall.   

Once the family determines the height of the water at the beam, it then converts this height of 

water to a volume, and then to a weight.  The figure below illustrates the equations used to 

determine the height and volume of water on any given beam. 
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Given the weight, or load, on any given beam, the deflection at midspan was determined based 

on some test data that was provided by the client.  A few data points were provided (load versus 

maximum midspan deflection), so using these points and linear interpolation between them, the 

deflection was approximated.  The double tees were installed with an initial midspan deflection 

of ½”, so this was also incorporated into the deflection amount.  

Finally, given this final deflection, the radius of the arc-shaped sweep could be determined, and 

the deflected shape of the beam could be shown.  Below shows two conditions: an initial 

condition with no water, and then the approximate deflected shape given a 10” initial height of 

water. 

 

 

Since the client originally also wanted to know the amount of water that would settle into the 

deflected shape, a formula was also included in the family to calculate that volume.  However, 

once the adaptive component was created, this calculation became unnecessary. 
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Model 

The portion of the roof to be modelled was a wall, the low point of the roof, and then four bays of 

beams running parallel to the wall.  Each beam was to be 75’-0” in length, and each bay was to 

have 20 beams.  The roof sloped up away from the wall at a given ½”:8’-0” slope.  The model 

itself was simple enough, but it was repeated for every rain event, so there were 13 partial roof 

models in all. 

Once modeled, the beams in the various roof scenarios were given a couple of inputs: row 

number (to help determine each beam’s distance from the wall) and initial height of water.  Each 

rain event was then scheduled, which allowed summarization of items such as final weight of 

water, final deflection, etc.  Also within the schedule, the final height and volume of water at the 

parapet wall could be determined by utilizing calculated values, but once the adaptive 

component was added to the project some of these calculations became redundant.  (The final 

height of water was achieved by subtracting the volume of water that would settle into each 

deflected shape from the initial volume of water, summing these values for the entire roof, and 

then using basic triangular geometry to determine the final height of water.) 

Below is a figure that shows the deliverable the client received for each “rain event”. 

 

Since the beams could only support a finite amount of load, eventually they would fail.  So the 

rain events were increased until this limit was reached.  The rain event that reached that limit 

represents the point where catastrophic failure would occur.  
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Water Volume 

Determining the best approach for displaying the water was based on how many different 

variations were needed.  Drawing a simple filled region may work if there were only a couple 

variations, however since there were twelve different variations that didn’t seem viable.  An 

adaptive component seemed like the correct approach (Plus it was an excuse to use adaptive 

components for a “real-world” application).  Initially it seemed as though there was going to be a 

bunch of math required to accomplish the family, but in the end there were only two parameters, 

and neither involved any math. 

Adaptive Family 

Since the Double Tee family had all of the engineering built in, all that was needed was to host 

the water family onto the double tees, and it would adapt as the double tees adjusted.  Since it 

was a constant, and given, the height 

was set using a value for the water 

depth.  The double tee has endpoints 

and a midpoint of an arch that will 

deflect according to the calculations, 

therefore the family needed six 

adaptive points.  Three of the points 

were hosted on the first double tee and 

the other three were hosted on the last 

double tee.  This family needed to have 

a flat top and a sloping curved bottom.  

Additional reference points, some 

hosted to intersections and reference 

lines were added to the rig.  Then a solid was created from the rig, and a material was 

associated.  The next sections describe these steps in greater depth. 
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Adaptive Points 

The first step was to create six reference points and change them to be adaptive points.  Once 

adaptive, they needed to have their orientation be vertical on placement, which can be adjusted 

in the properties.  Setting the orientation is an extremely critical step in any adaptive family. 

 

The next step was to host a reference point on the horizontal planes of points 1 and 3.  Those 

two points will then have the parameter for water volume added to the offset property.  These 

points are going to be used to control the depth of the water and all of the information in the 

family related to the top will work off of these points. 
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A center point for the top of the surface was also needed, so a reference line was connected to 

the above two points.  To insure the reference line was hosted to the points, 3D was checked in 

the options bar.  Then a reference point was placed on the midpoint of the reference line.  This 

center point was need to help calculate the back arc of the waterline. 

 

The next step was to create a reference for the water volume to adjust to the slope of the double 

tees.  This required points to be hosted between the front and back points, as well as on the top 

of the surface.  In order to accomplish this a reference line was needed to be used as an 

intersection for other points.  So reference points were hosted on each of the above three 

points, and an offset parameter was added to send them towards the back of the family.
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Reference Lines 

Reference lines were placed between all of the host points, which was required to finalize 

creation of the rig.  All of the reference lines were created with 3D snapping selected before 

placing the lines.  Reference lines were created between the front and back points, as well as 

vertically from adaptive points 1 and 3.  The final step was a spline through adaptive points 1, 2 

and 3. 

 

The key to the adaptation of the family was to have points hosted on the reference lines that run 

between the adaptive points.  The points are then set to be hosted on the intersection of the 

reference lines above them. 

 

Once the points were hosted by intersection, a spline through points was created. 
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Creating the form 

Once the adaptive rig was in place it was time to create the solids to represent the water.  This 

was achieved by selecting the five front reference lines, as well as the reference line that 

represents the back arc, and clicking Create Form. 

 

The last step was to create a material parameter and associate it to the solid. 

The adaptive family was then loaded into, and placed in the project. While creating the family 

and testing it out in the project, making the reference points visible assisted in understanding 

and verification of the family. 
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Conclusion 

After exploring the methodology behind the adaptive component, seeing how it actually 

interacted with the model, and then seeing the potential outputs from the adaptive component, it 

would be interesting to go back and refine some assumptions and calculations.  For example, 

the adaptive component calculates its own volume, which is why it was previously stated that 

using the family to calculate the final volume of water was unnecessary.  

The problem faced in making this process more exact would be that finding the solution would 

be an iterative process – meaning the adaptive component relies on the custom family but then 

custom family would rely on the component, and so on.  In the end the results were reasonable, 

and it was possible to not only calculate, but also to show when a catastrophic failure due to 

ponding water would occur. 
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