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CLT: A New Way to Build Tall in 100 Years

Home Insurance Ingalls Building, Forte Building,
Building, Chicago 1884. Cincinnati 1903. Melbourne 2012.
10 Story, 42 m (138 ft) 16 story, 64 m (210 ft) 10 story, 32.2 m (106 ft)
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Different Approaches for Tall CLT Building

High Performance All Wood

Hybrid system

Panelized Platform
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NHERI TALLWOOD @

NHERI
* Objective: Develop and validate a Resilience-based seismic design

methodology for tall wood buildings

 Website: nheritallwood.mines.edu
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Why Target Very High Performance (Resilience)?

* Because we need to

* Large earthquakes render buildings
un-useable for a LONG time

 Current code does not address loss
of use, but owners care.

* Because we can
* Mass-Timber still relatively light

* Mass-Timber systems can be very
low damage (New Zealand -
researchers pioneered this Effort) Torre Higgins Building: The 20-story office building in

Concepcion’s city center had significant damage, including
four stories that collapsed starting on the 12th floor. (2010
Chile Earthquake)



Our Vision

Minimize Owner Loss
Improve community
hazard resilience

e Say you have a 18-story Mass Timber building on the West Coast ‘

-

~

Seismic Hazard Levels

System performance

Structural components

Non-structural

Estimated

(POE") components Repair Time#*
Tier 3: Resilience (Resilient structural systems implemented, PBSD)
Service Level Continuous Operation Elastic/Resilient system No damage 0~30 min
Earthquake operational
(50% in 30 yrs.)
Design Basis Immediate Occupancy Resilient system Minor contents 1~7 days
Earthquake operational damage
(10% in 50 yrs.)
Maximum Considered Planned Damage? Resilient system repair Moderate damage 1~2 months
Earthquake needed at planned
(2% In 950 yrs.) locations
Near Fault Ground Limited Damage Damage extended to Moderate damage 2~6 months

Motions

Probability of Collapse
negligible

unplanned locations,

repair may be costly
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Post-tensioned CLT rocking wall

Tested at WSU in the Planning Project
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The plan to address what
we don’t know

i i

10-story test
validation in 2020

Tall Wood Archetype

LEVERARCHITECTURE

Task 1. Tall CLT Building Architypes

Task 2
Structural
Response
Modeling

Task 3
Non-structural
Performance
Modeling

Task 4
Sub-Assembly
Testing

Task 5
Whole Building performance
characterization

Methodology/ model
Validation

Developing
Design Methodology

Task 6
RBSD methodology

RBSD for test
building

Task 8
Full-scale shake
table test validation
of RBSD using a 10-
story CLT building

Task 9. Results Dissemination

S

bearing plate

Pair of SC-CLT Walls —
With UFP Energy . |
Dissipators

|| 8! Non-uplifting

| gravity column
| with lateral

Shear Keys

load feiction
b?"?;i"s

N days following an earthquake”

1) Select building resilience target
e.g. “With 70% probability the building will be functional in

¥

Almost done...

2) Isolated Component Fragilities
Pl el

sa
Acceleration sensitive

(ICF) - Damage

Sd

Deformation sensitive
components components

L .

3) Aggregate repair estimation to

develop Sub-

Assembly (SA) functional fragilities

¥

4) Probability of SA recovery as
function of time

UCSD 2017 2-story test

RBSD
Complete

I Yes

6) Does whole building
functionality fragility satisfy
resilience target?

Pr (Building functien)

-—)

5) Aggregate whole building functional
fragility using system reliability

RBSD framework and methods



Timeline

B In-house research
B Experimental study

2016 2017 2018 2019 2020

Tasks

1. Archetype

2. Structural model

3. Non-structural model

4.a 2-story shake tests

4.b Biaxial system tests

5. Holistic model

6. RBSD

/. Specimen design

8. Shake table test

9. Education/Outreach




18-story Archetype LEVERARCHITECTURE

TYPE IA =
Archetype Development i o
sgEEEsSSSS g B E Bi S
- SESESESSSST 0O EE B M S
* Archetype meeting at GEESESESEr EEE S
s e B EE g
LEVER Architecture, Nov 2016 T SRR BIR
I T imE N
T N om O AN N
Rk & iR E Ew o
L ok 1T BN S oy
L . Wy -
G LE & as
A L W ogy &
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* Archetypes representing key
market for Tall wood

e 3~4 building heights, different
floor arrangements

Wrapping up Archetypes by May 2017



Lehigh test

* Phase (1): Investigating the response of SC-
CLT walls under in-plane loading.

* Phase (2): Investigating the response of SC-
CLT walls and the gravity system under
biaxial loading.

o Phase (2-a): No gravity load transfer to rocking
walls

o Phase (2-b): Gravity load transfer to rocking
walls

* Phase (3): Investigating the interaction of
non-structural elements with SC-CLT walls
and the gravity system.

®

SIVIART




 SPRINGFIELD
‘: ; 9

OREGON




In the next 3 years...

Key data obtained from
Lehigh test and UCSD
2-story tests

Numerical model
validation and update

Developing RBSD for
Archetype space

Design Validation
specimen

Come to San Diego and see how we do in 2020

Non-structural system and building

Resilient CLT _
Rocking wall envelop included but not shown
Individual Rocking Wall
system "4 N
Gravity H o
)
columns 4=
LN
N E]-l ’ /
Detachable ° i H i [%
connection [T il
detail for B
segmental X Coupled Rocking Wall

configurations 40 ft

* Both individual and coupled
rocking walls included

* Intentional un-symmetric design
to induce torsion

* Include two configurations:
Monolithic and Segmental

‘ NHERI@UCSD Shake Table
Full-scale 10-story building seismic test at NHERI@UCSD shake table

And after that...




LET'S SET I'T ON FIRE

Sam Zelinka Shiling Pei Tara Hutchinson Brain Meacham David Barber

ortpdopthicoLdn wnes  UCSan Diego

Forest Products Laboratory

* A collaboration among Forest Products Lab, Colorado School of
Mines, UCSD, Worcester Polytechnic Institute, and ARUP.

e Currently seeking funding to conduct systematic full-system fire test
of tall wood building using the shake table specimen.



Systematic Multi-scale Fire Tests

* Trying to address questions related to mass-timber fire design and performance
concerns.

Multi-scale Testing Program
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Facility: UCSD
New Knowledge:
System level tall
wood building
fire performance,
Vertical fire
spread, building
envelope and

exterior fire
performance.
New Mnowleten Hew linowladge: Post-earth uake.commercial S sef
Char rate, Adhesive Fire-induced structural q from the world’s
effects, etc. degradation compartrr!ent performance, wood largest wood
exposure impact. building fire test.




Email us if you:

Are interested in support these research efforts
(Industry Sponsorship)
have a product, system, or idea you want to test
(Research Collaboration)



Summary

* Tall Wood has great potentials to be a high-performance competitor in high
seismic regions.

 NHERI TallWood project focuses on tall wood building with open floor plan
and resilient rocking wall system.
* Two-story test coming this Summer
* Leigh compatibility tests coming this Fall
* Ten-story seismic test in 2020, with potential fire tests following.

* Light-weight and ductile, a new generation of high-performance wood
buildings will emerge after key knowledge gaps are filled through research
in the near future
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Nheritallwood.mines.edu

Welcome to NHERI Tall Wood Project

This is an NSF-funded project to develop and validate a resilient-based seismic design
methodology for tall wood buildings. The project started in September 2016 and will last
till 2020. The project team will validate the design methodology through shake table
testing of a 10-story full-scaled wood building specimen at NHERI@UCSD. It will be the
world's largest wood building tested at full-scale

An NSF-funded planning project was completed in 2016 and provided the conceptual and
technical preparation of this project. More information about the planning project and its
(downloadable) deliverables can be found here: NEES Tall Wood Planning Project

Updates/Highlights

This is a brief list of the newest development in
the project. Please check the RESEARCH tab
for more details.

Or follow us on Facebook for updates for this
project and more:

01/2017: Team seeking donations and
preparing for sub-assembly tests at
NHERI@Lehigh

11/2016: Archetype meeting of the
project held at LEVER Architectures
Portland OR office

09/2016: Kick-off conference call

Follow NHERI TallWood Project updates @ Thank YOU I & QueStiOnS?

spei@mines.edu

COLORADO MINES
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