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The Arroyo Bridge, spanning 80-feet across a ravine near Los 

Angeles, is anchored by four, 35-foot deep concrete pilings, 

hand-bored into the hillside to provide adequate support in 

the alluvial soil. An asymmetrical superstructure of over 600 

discrete parts, the bridge is joined by unique part-to-part 

connections that frame the pedestrian walkway.

From a distance, the biomorphic shape integrates into 

a steep landscape of eucalyptus, coming into view only 

upon approach. The tubular silhouette draws inspiration 

from the vascular architecture of leaves and layered 

branching system of trees in the neighboring forest.

This project is the product of a 6-year research initiative. 

The pedestrian span was originally conceived as a specula-

tive design project during a design-build studio at the USC 

School of Architecture in 2014. It was later realized using 

a pioneering computational design and manufacturing 

process with humans and robots working side-by-side.

R. Scott Mitchell
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4 Robotic positioning for pile cap fabrication, Los Angeles (Gigante AG, 2019)

2 Bridge view from west (Iwan Baan, 2021)

3 Longitudinal section and plan cut (Gigante AG, 2019)

with KUKAprc on the university’s robots, the team proto-

typed fabrication workflows. Upon partnering with the 

Autodesk Robotics Lab (ARL), they developed a streamlined 

technique utilizing Mimic for Maya for simulation and robot 

pick-and-place code generation.

The design/fabrication team was awarded a residency 

at the Autodesk Technology Center in Boston. There they 

developed custom magnetic end-effectors and tooling for 

measurement and member placement. Using computa-

tional and fabrication tools, the team instructed robot arms 

to hold each part in position for human welders. The robot 

arm operated as a positioning and metrology device, elim-

inating formwork and material waste in order to minimize 

environmental impact. On average, it took the team thirty 

minutes per node to translate the geometric models into 

fully simulated and programmed instructions for the robot 

While computational tools and digital fabrication processes 

informed the numerous iterations of the bridge, progressively 

enhancing both its structural integrity and architectural 

design, the bridge’s complex geometry made it impossible 

and prohibitively expensive to build with traditional manual 

fixturing methods.

Due to limited site access, the design team developed an inno-

vative plan to build the bridge as components. Automating 

the assembly, in which parts are held in programmed robotic 

arms, enabled the welders to enter the workspace, making 

the bridge a unique study in collaborative robotics.

Using readily available parametric tools, the team identified 

optimal component breakouts and divided the bridge into 

30 unique nodes. Parameters for each node were based 

on fixture orientation, transport volumes and an assembly 

weight of approximately 500 lbs (227 kg). Working initially 
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6 Robotic positioning during fabrication, Boston (Gigante AG, 2019) 8 Node test assembly, Hawthorne (Gigante AG, 2020)

7 Bridge component nodes (Gigante AG, 2019)5 Robotic positioning simulation (Gigante AG, 2019)

arm. All robotic prefabrication was achieved with under 

one millimeter of tolerance, far more precise than the spec-

ified allowable limit of six millimeters.

Once positioned, each steel member was tack welded and 

braced for shipment. Following local codes, all structural 

welding had to be completed in a Los Angeles city-approved 

facility. The bridge was test assembled for the first time at 

a welding yard in Hawthorne, California. Although no two 

parts had ever been mated, the nodes fit together perfectly 

due to the closely defined tolerances. The complexity of 

the joints required the development of new welding tech-

niques. Abutment caps, anchor plates, decking, and railing 

components were fabricated simultaneously. Working with 

Leica Geosystems, a total station and custom prismatic 

tooling were used to verify the accuracy of all shop and 

site work.

Nodes were delivered to site as needed. An all-terrain tele-

handler forklift transported the nodes up the steep ravine. 

A scaffolding system in the canyon created a construction 

platform, where each node was received, locked in place 

and verified. A proprietary connector design allowed the 

alignment of critical pieces, limiting on-site welding to less 

than ten percent of the total job. The entire base span was 

installed in one week, reducing expected assembly time by 

more than fifty percent.
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10 Worm’s eye view (Iwan Baan, 2021)

9 Bridge installation (Gigante AG, 2020)
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