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How To Do Thirty-Four Shake
Table Tests In One Summer

Story of NHERI TallWood Project 2017 Summer Testing
Shiling Pei
Assistant Professor
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Why doing shake table tests?

What | will talk

about today
Investigation / Validation
* Design the system so you * Build the system as is or

can build fast by your design

» Design it to be resilient or * Try replicate what will

repairable so you can test happen in reality
multiple times * Make a prediction

* Test under the prediction
circumstances for
validation

» Keep testing and generate
data to get your money
worth




Cross Laminated Timber (CLT)

* New kind of wood building material that can build high buildings
Concept _J__"* \-—_

CLT Panel

‘ Sustainable solid wood material; Fast and
New Mass-timber material (Cross Laminated environmental friendly construction process
Timber) enables building tall with wood due to prefabrication

Evolution of CLT System (for earthquakes)

Platform C stem
Invented Research in Trento Province, Italy P695 Project at Japan Platform
1990’s Slovenia and SOFIE project BEsCAIChIEE] FPL/CSU CLT tests

Macedonia 2009

NZ prestressed NEES-Planning
wood research 2013-15
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Principle Investigators
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NEHERI TallWood
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Objective: Develop and validate Resilience-based seismic
design for tall CLT buildings
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Non-structural system and building
envelop included but not shown
Individual Rocking Wall
' £y

Resilient CLT
Rocking wall
system

Gravity
columns

25ft

1 Detachable
connection
detail for
segmental
configurations

X Coupled Rocking Wall
40 ft

« Both individual and coupled
rocking walls included

* Intentional un-symmetric design
to induce torsion

* Include two configurations:

NHERI@UCSD Shake Table 3 Monolithic and Segmental
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First Year into NHERI TallWood

Design experience from recent mass
timber projects

7.24% Drift

= o
it (%)

Free time on UCSD Shake Table Knowledge on rocking wall component behavior

A Test is Possible in 2017

But additional funding needed.

/\_\ 15 THj‘:’ A SEHSIELF:?
* Industry: Katerra, Simpson Strong-Tie, gacy BRI
Softwood Lumber Board

* Collaborating institution: OSU, Tallwood
Design Institute

* Stake-holder: City of Springfield

* Partner: Forest Products Laboratory
Key:

Many people want to see this done.




A Three-Phase Test Program (Done Fast!)

Concept and Site Fabrication and

Structural Design

Reservation Construction

UCSD Workshop, talk Project team meeting | gistic arrangement,
ind Ik ! NSF in Denver, contact place all orders
to industry, talk to manufacturer (DR g

construction (Katerra)
Johnson

Phase 3
Traditional Platform CLT
shear Wall

Phase 2
Non-post-tensioned
Rocking Wall

Phase 1

Post-tensioned Rocking Wall

Disassembly and Removal

Overall Configuration Dictated by Research Objectives

Design and Plan done mid-April, material procurement for 1.5 months
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May: Back China for 3 Weeks
(While building parts were made and shipped)

* Thanks to the team work

/" Real-time Decision Making Anything not sure
John van de Lindt who to ask

v 4 v

E Andre Barbosa Alp Kirmizioglu

Anything related to Anvt_hing J’Emﬂ-_' to Anything related to
wood material rocking wall design/steel construction prep
@ detailing i 3

+
' . g Anything related to
"\ Joel Conte - site/equipment/instru |
%% mentation ra
Shiling Pei | will check with contact persons of each group

weekly. Feel free to let me know any issues. But
Delayed response keep in mind of the potential delay.
Urgent things please contact John

International trip not recommended one month before construction...

Back to UCSD June 15t. Construction...
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June 9

June 10-11 were weekend

... enjoy while we could.... |

June 12
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June 14

Gravity
system
done in

4 days




Rocking wall
base detail

Pour Concrete, test strength....
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June 23

Inserting Rocking walls

|| Inter-pa
k7 I

Post-
tension
By hand
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Instrumentation: Know your REUs!

Special Thanks to

LELLI VAN
DEN EINDE

Monica (Berkley) Joycelyn (UCSD) and Ali (UT Austin)

Plan for a week
at minimum

UCSD has over
300 channels to
use.

Need to work
with site crew to
hook all into
DAQ.

12/4/2017
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Over 350 Channels of Instrumentation

(about an entire week to set-up...)

Structural Component and response
of interest

Instrumentation used

Global overall building
e Inter-story drift
e Torsion
e Acceleration

10 string potentiometers from diaphragm to fixed reference
towers hy the shake table
36 accelerometers on floor and roof diaphragms

Rocking wall
e Post-tension force
® Rocking uplifts
e Panel deformation

16 load cells for post-tension rod forces

30 (20 at rocking base, 10 between walls) LVDT
displacement sensors for wall uplift and panel relative slip
16 String potentiometers to measure panel shear
deformation

Diaphragm
e Panel deformation
e Concrete-wood slip
e Chord forces

50 Strain gages on tension straps

53 LVDT at panel splices and concrete/wood for slip
26 String potentiometers for out-of-plane diaphragm
deformation

Gravity frame
e Rotation at column joints

16 string pots attached at column face to measure uplift and
join rotation

Shear key
e Shear force transfer

24 Strain gages on the shear keys

\

S N /7

1 e 7 |
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A total of 14 earthquake tests conducted

P h a Se 1 Te St P rog ra m D | Ground Motion | Hazard level | PGA (g) | Sa @ 0.9 sec (g)
Acceleration response spectrum |
25t -—sLte |}
* Why 147 ---DBE |
* Day 1: Feel it out (test 1~5) 5 TMCER H
Baby steps s | |
]

* Day 2: Public test 1 (test 6) % !
NSF public test e ' i
* Day 3: Public test 2 (test 7~8) 1 osfh !
CA commissioner & congress i AR T R 1
woman I %02 o4 08 08 1 12 14 16 18 2 1
. .. H Period[sec] |
* Pushing the limit (test 9~14) B i [P | gl

Still Day 3, after the visitors left SLE: Service Level Earthquake (frequent)

DBE: Design Basis Earthquake (Design code)
MCE: Maximum Considered Earthquake (2500 yr return period)

12/4/2017

Public Test Northridge x 2 (Test 6) Whet Grothd otonte

use? John got a good idea...

Publicity is a natural part of a big shake table test.
Check project website for my interview with the Weather Channel.

Just be prepared

* Public test broadcasted via Facebook
* About 50 invited guests observed test on site (sponsors, industry, engineers, building officials)
* Local TV stations, NSF sent production crew.
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The MCE+ Shake (Test 14) 5% drift

Close up on Rocking Wall

) ) ‘Ewﬂ Global Response = ‘Em Sl @
Building Performance .= - ©
* White noise period 0.85 sec - mu “e[j”
. . o | = | ==
* Maximum drift 5% (test 14) i . Lo ”W
. H """"\'i“f 1}E||W,,Wﬁ!||"u [ — B u', A —
» Maximum base shear 430 kN (96 LA o
kips) (Building total weight 171 T T T T T e © "
kips) . o - -
* Diaphragm mostly linear rigid ERE A £ H‘
* Some PT bars yielded in MCE F SUDITIIINEE S SN
events ,
* No damage to wood
Journal paper to be submitted to J. of Structural Eng. EE
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Removal of the Rocking Wall

No Damage after 14 earthquakes

7L )

b

0.0 fo 80, 80 0Q10 2

Slight compression deformation at the rocking Chipping of wood at the
wall corner rocking wall corner

12/4/2017

End of Phase |
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Phase 2: Katerra Wall (13 tests)

* A new Rocking wall design without post-tension T
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Remove rocking walls, end of Phase 2

Phase 3: Platform CLT shear walls

* Designed based on “fresh” seismic factors
from P695 project

* Damage expected on shear walls during large
seismic events

» 7 earthquake tests
* Collaborated with FPL on this

17



USCD Shake Table P695 Testing

Aug 2017-Sep 2017

Courtesy John W. van de Lindt, Colorado State University

Phase 3 main findings

12/4/2017
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Someone has to pay

—

for this =» Disassemble the Specimen (Septemper)

\&

One benefit of a resilient design is you can leverage demolishing costs

Lessons learnt

* Need to involve industry

* Plan ahead and manufacture ahead
get comparative quotes before you
arrive on site (or prepare a ton of

cash) :
* Think about staffing, plan for PI B “Everybody ha# a
rotation (Always have a leader on site plan until they get
to make the call) l punched in_theface.”
* Rely on experience of the site staff | == Mikg Tysonv ot
(Because they are awesome!) . | { "

* Do a budget, then x1.5 (or x2 is
better)

* Plan for change of plan

- ---h' ii

‘.f

-
: |
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Remember we are testing a
10-story building in 20207

Email me if you:

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

Spei@mines.edu

I uploaded my
list to
DesignSafe.
Did you get it?

Wish List for 2020

* Hope the Best for the UCSD 3D table
upgrade by 2020!

* We need better online Broadcasting

infrastructure: The camera is good for > o [/
monitoring, but not enough band-width ( N4 !je

for real-time dynamic test observation

* We need better absolute displacement
monitoring sensors (imagine collection
data for the 10-story specimen, string-
pots are not the solution)

12/4/2017
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S|LIB

SOFTWOOD
| LUMBER BOARD
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N

OREGON

Actively seeking research and industrial partners!
Contact us if you are interested!

And the wondru team NHERI@ N

UC an DieggMW]W

1 will be back.

--former customer

Making Friends is Our Business.

--Budweiser |
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NHERI TallWood Project updates:
Nheritallwood.mines.edu

NEEREI T'allWood

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
1il12020. 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 fullscale.

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 5 3 brie it ofth nevsest develapment i
{he profect Please check the RESEARCH b
for mors detais

Orfolow s on Facebook for update for this
profectand 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

ank You! & Questions?

spei@mines.edu

COLORADOSCHOOLOFMINES

EARTH « ENERGY ¢ ENVIRONMENT
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