BUILDING DESIGN
CONSTRUCTION

3D Scanning Technology Solves University of lowa Children’s
Hospital’s Curved Wall Curveball

BY ROBYN M. FELLER

Gilbane Building Company utilized advanced 3D scanning technology as part of a virtual design and construction (VDC)
solution to ensure quality control throughout the lifespan of the project.
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A vibrant, colorful, curved wall art installation, a premier feature of the new $360 million, 14-story University of
lowa Children’s Hospital project, designed by Foster & Partners with Heery International preforming as Architect of
Record, stretches the entire length of the main area’s two-story lobby. Called “The Blooming Wall,” the installation
consists of 2,800+ extruded aluminum triangles attached to 1,000+ linear feet of radius wall. Windows, doors, and
signage interrupt the continuous feature, making layout difficult. With the art installation one of the last scheduled
construction items and its challenging nature of curved design, Gilbane Building Company utilized advanced 3D
scanning technology as part of a virtual design and construction (VDC) solution to ensure quality control
throughout the lifespan of the project.

CHALLENGES

Within days of stepping onsite at the new children’s hospital project in lowa City, Gilbane’s Sr. Project Executive,
Jennifer Halstead, knew they’d need to take special measures to handle the inherent challenges of this high-design
curved building project. They understood right away this was no job for a straight tape measure and a plumb bob,
but rather it required bringing in a team to do advanced 3D scanning and analysis.

Due to the irregular, radial form of the building, deviations between built conditions and the artist’s design intent
were expected. Accurate documentation of such conditions were needed before a solution could be found.
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As Alexis Carver, Senior VDC Manager at Gilbane, notes, “The heart of the challenge was that the art installation
drove the construction process and design of the wall layout, not the other way around.” The art affected the
timing, too, as they planned to finish the lobby last to allow for fabrication of artwork.

All 2,800 extruded aluminum triangular pieces needed to be installed at a very high tolerance—5” on center with
+/-1/4” accuracy at the outermost point of the triangle off the wall. Holding this tolerance would be problematic
on its own. When combined with layout and construction tolerances for six layers (two layers of plywood first,
followed by four layers of sheetrock)—the team faced a very daunting challenge.

To help illustrate the point, check out this video, http://www.bdcnetwork.com/gilbane-faro-case-study, which

highlights the project’s framing and drywall phases of scanning as well as design development, starting with
framed openings and basic layout to critical triangle placement to the final layout.

SOLUTION

Gilbane used the FARO Focus3D X 330 Laser Scanner to capture data from “The Blooming Wall” —the two-story
curved wall that runs around the lobby base—in order to confirm locations of the metal stud framing and to set
the openings prior to sheetrock installation at a location that ensured no triangle would be partially in an opening
in the finished product. The Gilbane team scanned throughout the construction lifecycle—from the framing to the
sheetrock to continue to verify the face of drywall and confirm it was within construction tolerances. Design
tolerances for the art installation were tighter than the standard construction tolerances of the supporting
structure, so verification and slight adjustments to the model continued as construction progressed. This ensured
all components were installed correctly and that the modeled conditions aligned with the as-built conditions. It
also allowed the trade partners an opportunity to provide constructability input and put together a plan to develop
their own triangle installation documentation.

Gilbane Building Company, the project’s Construction Manager, worked collaboratively with the trades through
each iteration, providing data as they needed it. The team digitally modeled the 2,800+ extruded aluminum
triangles, locating them within tolerance at 5” on center along the entire length of the lobby wall laser scan. The
scanning and analysis allowed them to identify instances where adjustments to wall openings were—and were
not—needed to meet aesthetic tolerance.

The end deliverable Gilbane provided to the architect was a plan to approve the color gradient pattern as well as
for the fabricator to incorporate the final layout into their shop drawings. Gilbane produced plans, section cuts,
and 3D views of the model to show exactly how many extruded triangles were required for the art feature, and the
exact length, color combination, and location for each of the individual triangles. In addition, these drawings also
revealed the lobby design’s rainbow-patterned color gradient, showing where each color starts, where it ends and
where it transitions to the next color.

With regard to developing the scanning process, Ken Grothman, VDC Engineer with Gilbane, says, “We had to be
very thoughtful and take our time, with a methodical scanning approach. We were only moving about 15 feet
between each scan location in order to get a really good solid look at the wall framing from every angle.”
Additionally, they had to ensure the accuracy of the documents they produced. Grothman adds, “Having the laser
bounce all around the studs produces a “fuzzy” quality that diminishes our ability to pinpoint framing locations.”
He further notes, “As the wall curved away at the extents of each scan, accuracy and fidelity started to diminish,
resulting in the short distances between scans for sufficient—and more importantly accurate—scan overlap.”

Additionally, to manage the complexities of working at a jobsite under construction (i.e. there is a lot of worker
and equipment traffic in the building), much of the scanning occurred at the end of shifts to minimize the amount
of people, tools and supplies scanned and cluttering up the point cloud. This allowed the scanning team, which
consisted of two people running two Focus3D X 330 Laser Scanners for most of the project, to see as much of the
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wall as possible. Then, in processing, the scanning team ensured they applied appropriate filter settings in the
software to remove extra data, including people and tools.

Grothman notes that the bulk of processing utilized SCENE Software with Autodesk® Recap™ acting as a file
converter to get the point cloud into an Autodesk-friendly format. The majority of the processing focused on
filtering stray data points and manually cropping scans—because the extents of each scan were affected by the
wall curving away—and removing scan debris (i.e. people, moving equipment, glass reflections, etc.). He says,
“Once we had the scans pulled down to only the best data, registration (assembling all the scans into one cloud)
was next. We used target-based registration to begin and with a fine tooth comb ensured the tightest registration
tolerances by removing poor sphere fits and visually inspecting the cloud to verify accuracy.”

Cloud to cloud registration followed with custom parameters (i.e. very close search distances and high sampling
values) to bring the scans the rest of the way home. The end result was a point cloud with an average tolerance of
just over 1Imm, an extremely favorable result for this feature’s tight tolerances.

THREE SETS OF SCANS

Gilbane’s scanning team currently completed three rounds of scanning during the different phases of the project:
first with just the metal stud framing installed, then after installing the intermediate layers of plywood, and finally
at the end of the drywall installation. Scanning at the different phases of construction allowed the team to head off
any issue in real-time. For example, they could test for any bulging or misalignment before too much drywall went

up.
Framing phase

The wall is curved along multiple radii. As framing was installed, the team verified that the studs followed the
architectural design. For this first set of scans at the framing stage, the crew performed more than 100 scans to
maintain very short distances between each scan location.

Initial drywall phase

After the first two layers of drywall were installed, Gilbane completed the same set of scans to ensure the drywall
still followed the curve. Was an unintentional change to the curvature accidently introduced during installation?
For this stage, with the less reflective drywall surfaces, the team only scanned 60 times to compile an accurate
point cloud.

Final layer of drywall

Scanning at the final layer verified that the in-place product would support the modeled layout of the triangles.
In total, approximately 250 scans completed the point cloud over the course of the three- to four-month period.

RESULTS

Prior to laser scanning, the initial construction schedule showed 80 working days for artwork installation. Once
Gilbane stepped in with the FARO 3D laser scanning and modeling solutions, the team reduced the planned
installation by 40 days (approximately two months) for this critical sequence item due to a more efficient and
accurate layout. Through use of the laser scanner, the team generated a constructible solution and installation-
ready documents to assist the trade contractors involved with final installation. In addition, the entire team,
including the fabricator, gained a thorough understanding of the layout process, specifically, the critical layout
points to ensure that the triangle spacing did not accumulate tolerances through layout around the building.
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Gilbane’s team completed the process of the scans end-to-end, from scanning on-site, to processing, and
importing the scan in Autodesk® Revit®. Gilbane also did the final analysis, finding the issue areas and
documenting the problems as they came up, rather than having the trade contractors incorrectly working on a
section and needing to go back to make adjustments.

The scanning process and model overlay provided the entire team with a very high confidence in this feature art
installation’s plan at a critical point in the project.
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CONCLUSION

Ultimately, the laser scans facilitated a highly detailed fabrication and installation plan, and the subsequent QA and
QC measures for this high-design, curved and complex art installation. Gilbane’s comprehensive 3D laser scanning
solution, consisting of FARO Focus3D Laser Scanners, SCENE Software and a suite of Autodesk® Software, was
instrumental in implementing a time sensitive and collaborative approach. In doing so, Gilbane was able to benefit
by:

e  Maximizing schedule optimization

e  Reducing project costs

e Increasing team communication, collaboration and cohesion

e  Ensuring higher project quality

e Creating a safer jobsite through better understanding of project workflow
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