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Strategy: Interoperability



Design Tools in a Digital work platform

Rhino

• Geometric Freedom

• Parametric Modeling

• Sketching and Iteration

• Surface Modeling and Analysis

• Fabrication

Revit

• Information-rich Model

• Coordination

• Drawings

• Schedules

• Tectonics Seattle 
2019



Interoperability - Transfer of digital data with high fidelity

• Allows the project to capture the strengths of each 
software and avoid the weaknesses

• Maintains consistency of data and avoids the extra 
work of building separate parallel models for each 
platform

• Develops an agnostic format that can apply to any
software application

• Tectonics Seattle 
2019



Transfer of data – single to single 

Rhino
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2019



Transfer of data – multiple to multiple

Rhino

• Tectonics Seattle 
2019



Multiple complexity with multiple complexity
• Tectonics Seattle 

2019



Using data for interoperability
• Tectonics Seattle 

2019



The CID: Central Information Database

• CSV format

• User-friendly

• Readable by all software applications

• Data-rich

• Single source of truth

• Becomes an archive of previous versions of the design

• Tectonics Seattle 
2019



Rhino/Grasshopper

Revit/Dynamo

SAP

Tekla

• Tectonics Seattle 
2019



Strategy: Designing Data for Fabrication



1D: Points

(X,Y,Z)



EXCEL INPUT DYNAMO OUTPUT











2D: Lines and Arcs

2-3 points shape orientation data

+ + +
unique identifier
structural data
materials
finishes
software-specific data



2D: Lines and Arcs

1. Generate structural wireframe in Rhino

• Tectonics Seattle 
2019



2D: Lines and Arcs

1. Generate structural wireframe in Rhino 

2. Analyze wireframe in structural analysis software, add 
member shapes, orientations, and other structural 
data

• Tectonics Seattle 
2019



• Tectonics Seattle 
2019



• Tectonics Seattle 
2019



2D: Lines and Arcs

1. Generate structural wireframe in Rhino 

2. Analyze wireframe in structural analysis software, add 
member shapes, sizes, orientations, and other 
structural data

3. Coordinate and Document in Revit

• Tectonics Seattle 
2019
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2D: Lines and Arcs

1. Generate structural wireframe in Rhino 

2. Analyze wireframe in structural analysis software, add 
member shapes, sizes, orientations, and other 
structural data

3. Coordinate with surrounding building elements in 
Revit

4. Generate Tekla model for Fabrication

• Tectonics Seattle 
2019



2D: Lines and Arcs

1. Generate structural wireframe in Rhino 

2. Analyze wireframe in structural analysis software, add 
member shapes, sizes, orientations, and other 
structural data

3. Coordinate with surrounding building elements in 
Revit

4. Generate Tekla model for Fabrication

5. Verify locations of members on site

• Tectonics Seattle 
2019





3D: Simple Surfaces

3-4 ordered points type data component models data

+ + +
unique identifier
structural data
materials
finishes
software-specific data

1

2

3

4
NOLA_PNL_003_GLZ_S04



Spherical Roof

Vertical Facades

Radial Grids

1. Generate driver surfaces and grids in Rhino

3D: Simple Surfaces
• Tectonics Seattle 

2019



3D: Simple Surfaces

1. Generate driver surfaces and grids in Rhino

2. Use driver geometry to generate workpoints for 
locating panel elements

• Tectonics Seattle 
2019



CURTAIN WALL  
NOLA_PNL_003_GLZ_S04

CURTAIN WALL  
NOLA_PNL_003_GLZ_S00

CURTAIN WALL  
NOLA_PNL_003_GLZ_SMB

CURTAIN WALL  
NOLA_PNL_003_COR_ALL

CURTAIN WALL  
NOLA_PNL_004_COR_BOT

CURTAIN WALL  
NOLA_PNL_004_LVR_ALL

Panels Types – Adaptive Components

1. Generate driver surfaces and grids in Rhino

2. Use driver geometry to generate workpoints for 
locating panel elements

3. Generate adaptive components for each panel type

3D: Simple Surfaces
• Tectonics Seattle 

2019



1. Generate driver surfaces and grids in Rhino

2. Use driver geometry to generate workpoints for 
locating panel elements

3. Generate adaptive components for each panel type

4. Use workpoint and panel type data to instantiate
panels in Revit

3D: Simple Surfaces
• Tectonics Seattle 

2019



3D: Simple Surfaces

1. Generate driver surfaces and grids in Rhino

2. Use driver geometry to generate workpoints for 
locating panel elements

3. Generate adaptive components for each panel type

4. Use workpoint and panel type data to instantiate
panels in Revit

5. Use workpoints to verify location of panels on site

• Tectonics Seattle 
2019



3D: Complex Curved Surfaces



3D: Complex Curved Surfaces



3D: Complex Curved Surfaces

1. Panelization of design surface in Rhino

• Tectonics Seattle 
2019



3D: Complex Curved Surfaces

1. Panelization of design surface in Rhino

2. Surface analysis in Rhino

• Tectonics Seattle 
2019



3D: Complex Curved Surfaces

1. Panelization of design surface in Rhino

2. Surface analysis in Rhino

3. Clean up and rebuild panels in Rhino to create Revit-
friendly surfaces

• Tectonics Seattle 
2019



3D: Complex Curved Surfaces

1. Panelization of design surface in Rhino

2. Surface analysis in Rhino

3. Clean up and rebuild panels in Rhino to create Revit-
friendly surfaces

4. Index panels in Rhino
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2019



3D: Complex Curved Surfaces

1. Panelization of design surface in Rhino

2. Surface analysis in Rhino

3. Clean up and rebuild panels in Rhino to create Revit-
friendly surfaces

4. Index panels in Rhino

5. Import panel model to Revit as a mass family, build 
panels as wall by face geometry

• Tectonics Seattle 
2019



3D: Complex Curved Surfaces

1. Panelization of design surface in Rhino

2. Surface analysis in Rhino

3. Clean up and rebuild panels in Rhino to create Revit-
friendly surfaces

4. Index panels in Rhino

5. Import panel model to Revit as a mass family, build 
panels as wall by face geometry

6. Document and Coordinate in Revit

• Tectonics Seattle 
2019
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Industry Impact I S, M, L, XL





Required 
Tensile 

Stress (psi)

фTn, 
Tensile 
Stress 

Capacity 
(psi)

Demand/Capacity 
Ratio

Required Compressive Stress 
(psi)

фPn, 
Compressive 

Stress Capacity 
(psi)

Demand/ Capacity 
Ratio

General 
Member 
(Global)

450 psi 540 psi 83% 1000 psi 8100 psi 12%

• Tectonics Seattle 
2019







Emerging trends
– Collaborative Team of Teams

– Delivery Informed Process

– High quality models for a fluid design 
process across the whole design team (no 
need for rebuilding)

– Proprietary vs. Open

– Specialist Niche vs. Usable by Everyone

– Empower users and design teams to build 
their own tools

– Change the world



Thank You.
Sanjeev Tankha, AIA
Director I Walter P Moore Enclosure Practice
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Façade Performance

§ TRANSPARENCY

§ Solar / Thermal control

§ ACOUSTIC  (fronts onto Hwy 101)

§ Accessible / Maintainable

§ MAXIMIZE SEATING

§ Water-proof /-management 

§ Quick Transport + Installation 
(tight + restricted schedule)

§ Risk/Continuity (back-up system)

§ Loads (seismic movement)  …

McClintock Façade Consulting  LLC     certified SBE / WBE

Ø Unitized narrow-cavity 
system

§ Resolve acoustic control with 
unitized movement and 
drainage requirements

§ Resolve access for cleaning 
(can be infrequent)

§ Provide desiccant - capacity for 
1-2years min before re-charge  

Ø MH analysis



Using Analytics to Predict 
Performance

Façade Tectonic Seattle, July 16th, 2019



Managing Uncertainty

Ideal –

statistical analysis 
where the probability 
of failure, loads and 
design parameters are 
stochastic variables, 
similar to limit state 
design for structural 
engineering

Gut Feeling and 
Experience –

relying on your trusted 
advisor with grey hair 
to keep you out of 
trouble and to provide 
good advice based on 
what has and hasn’t 
worked in the past 



Managing Uncertainty

Ideal –

statistical analysis 
where the probability 
of failure, loads and 
design parameters are 
stochastic variables, 
similar to limit state 
design for structural 
engineering

Practical
?

Failure

Loads
Resistance

Pr
ob

ab
ilit

y
Sufficient information 

is rarely available



Managing Uncertainty

Gut Feeling and 
Experience –

relying on your 
trusted advisor with 
grey hair to keep you 
out of trouble and to 
provide good advice 
based on what has 
and hasn’t worked in 
the past 

Memory like 
an Elephant

Take the risk?



Finding Balance

Informed Design Decisions

• Best available information
• Professional judgement
• Assumptions that closely 

parallel reality
• Not too stringent or optimistic
• Experience



Case Study

• Sealed double skinned curtain 
wall proposed for an assembly 
occupancy in West Coast climate

• Double glazed with exterior IGU 
and interior IGU

• Exterior IGU with horizontally 
captured with thermal breaks and 
verticals structurally sealed

• Interior single light of glass four 
sided structurally glazed

• Concerns about potential for 
interstitial condensation during 
winter months 



Outline of Performance Analysis

• Undertake 3D thermal simulations to assess thermal performance 
and determine condensation potential of key surfaces

• Determine required volume of desiccant to mitigate condensation 
risk based on air exchange and condensation potential

• Perform energy simulation to assess the impact on condensation 
risk of ventilating the curtain wall cavity with building HVAC 
system

• Revisit required volume of desiccant to mitigate condensation 
• Revisit energy simulation to assess the impact on condensation 

risk of ventilating the curtain wall cavity with dedicated HVAC 
system

• Perform Computational Fluid Dynamic simulations to assess 
impact of air flow on surface temperatures and condensation risk



Thermal Analysis Methodology

Methodology
• Studied 3 conditions at head, sill and intermediate horizontal
• Thermal gradients modeled in 3D with Siemens Nx

– Design Exterior temperature: 55F 
– Design Exterior temperature: 40F (99% Winter Design, 

ASHRAE) 
– Interior temperature: 68F 
– Exterior Wind: 15mph 
– Nighttime conditions (no effects of solar radiation) 

• Established critical temperature index for each condition
• Determined Maximum allowed relative humidity
• Dew Point Analysis at Project Conditions



Thermal Analysis Results



Thermal Analysis Results



Estimating Desiccant Volume Methodology

• Assumed air leakage from the interior space will bring 
moisture into the sealed cavity

• Assumed the air leakage rate into the cavity followed the ideal 
gas law of PV=nRT

• Difference in volume was assumed to be the amount of air 
displaced from the cavity and the interior space

• amount of moisture brought into cavity calculated based on 
the overall moisture load of the interior space and and was 
varied weekly to account for different event schedules



Estimating Desiccant Volume



Analyzing Cavity Ventilation Methodology

• Effective 3D U-values and Temperature Index used in Energy simulations
• Dynamic building energy model created using EnergyPlus software 

using exterior weather data 
• An airflow network used to model bulk air movements between 

thermal zones including the curtain wall cavity
• air leakage through the curtain wall assumed to match NAFS 

requiement for curtain walls
• ventilating air for curtain wall cavity coupled with the HVAC operation 

for the main assembly space with and without economizer
• With hourly curtain wall cavity air dew point temperatures and 

temperature index hourly surface temperature compared to the air dew 
point temperature within the curtain wall cavity. 

• The annual number of hours with a risk a condensation determined by 
summing up hours when the surface temperature was lower than the 
cavity air dew point temperature



Analyzing Cavity Ventilation Results



• For the whole year, the total number of hours with a risk of 
condensation was determined to be 549 hours for the ventilated 
scenario. 

• Allowing to a margin of safety of 2°C (3.5°F) above the 
condensation threshold, the ventilated scenario results in 3027 
hours at risk, while the unventilated scenario yields 2769 hours at 
risk. 

• ventilating the double curtain wall façade cavity with conditioned 
air from the does not help to reduce the risk of condensation

• Providing a dedicated system supplying dry heated air for the cavity 
alone could potentially alleviate the issue. 

Analyzing Cavity Ventilation Results



SAN FRANCISCO  CONSERVATORY OF MUSIC
MARK CAVAGNERO ASSOCIATES



Façade System Details
(CS Erectors)

McClintock Façade Consulting  LLC     certified SBE / WBE



Façade System Details
(CS Erectors)

McClintock Façade Consulting  LLC     certified SBE / WBE



Façade Maintenance Access Mockup

McClintock Façade Consulting  LLC     certified SBE / WBE



Façade Performance

§ TRANSPARENCY

§ Solar / Thermal control

§ ACOUSTIC  (fronts onto Hwy 101)

§ Accessible / Maintainable

§ MAXIMIZE SEATING

§ Water-proof /-management 

§ Quick Transport + Installation 
(tight + restricted schedule)

§ Risk/Continuity (back-up system)

§ Loads (seismic movement)  …

McClintock Façade Consulting  LLC     certified SBE / WBE

Ø Unitized narrow-cavity 
system

§ Resolve acoustic control with 
unitized movement and 
drainage requirements

§ Resolve access for cleaning 
(can be infrequent)

§ Provide small back-up 
conditioned, de-humidified, 
dedicated air supply system



SAN FRANCISCO  CONSERVATORY OF MUSIC
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Art of Simulation &
Biology in
Façade Design

Sean Quinn
HOK Performance Design Leader
16 July, 2019





Adept at studying nature's R&D 
labs and translating into solutions 
that effectively meet design 
challenges. 

Trained in the biomimicry design 
methodology systems.

Help companies find, vet, 
understand and emulate these 
effective strategies.

Advance concepts to prototypes.

BIOLOGIST AT THE DESIGN TABLE
Biomimicry in Building Design



NEW SONGDO CITY
Spinal Structure & Honeycomb



NEW SONGDO CITY
Humpback Whale Fin



NEW SONGDO CITY
Asynchronous Forms to Reduce Drag & Shear



LARGO DE BATATA
Sao Paulo, Brazil



LARGO DE BATATA
Stormwater Management & Treatment



DC CONSOLIDATED FORENSICS LAB
Kinetic Facades



ARTIC
Adaptive Facades



WORLD BIOMES



GENIUS OF BIOME
Temperate Broadleaf Forest



GENIUS OF BIOME
Beavers: Ecosystem Engineers



GENIUS OF BIOME
Series of Upstream Barriers



GENIUS OF BIOME
U.S. Coast Guard Headquarters



GENIUS OF BIOME
Replication at Scale



GENIUS OF BIOME
CALIFORNIA COAST



“California Biome”

Temperate Steppe

Mediterranean Vegetation

Montane Forests

Xeric Shrubland

California Coast

CALIFORNIA COAST
Ecotone Systems



CALIFORNIA COAST
Dynamic Ecotones: Oak Woodland & Coast Redwood



CALIFORNIA COAST
Buttercup: Color & Light Distribution



CENTRAL & WOLFE
Design Application



CENTRAL & WOLFE
Computational Design & Building Smart







Data Drivers for Smart
Cities, Buildings & Facades

Sean Quinn
HOK Performance Design Leader
sean.quinn@hok.com
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