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Credit(s) earned on completion of for continuing professional

this course will be reported to AIA education. As such, it does not

CES for AIA members. Certificates of include content that may be deemed
Completion for both AIA members or construed to be an approval or
and non-AlA members are available  endorsement by the AIA of any

upon request. material of construction or any

method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

This course is registered with AIA CES
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Course
Description

This presentation will provide an overview of Cross
Laminated Timber (CLT) including applicability,
design, construction, and lessons learned. KPFF will
share our current experience with this material and
its use in a variety of building designs
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Explain the benefits and limitations of CLT as a structural material in addition to provide
information avail-able for designers

2. Summarize regulatory challenges and current code requirements for the use of CLT particularly in
seismic applications

3. Classify typical gravity and lateral force resisting systems using CLT

4. Describe the design of the Framework project (12-story CLT) including the resilient/low damage CLT
core design



Mass Timber Design

18th January, 2018

e
-

Erlc McDonnell

Miller Hayashi Architects



WHAT IS MASS TIMBER ?

keptt



Mass Timber Suite




Mass Timber Suite
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Cross Laminated Timber (CLT)

Tranaverse Planks

CLT pancl configuration
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LongitudEnal Planks

i R N
G W e, M
=g s e s e e
SRR e M i
e P . M

I e e |
T e A ey
R e e o P VO e A B
S R S e e
[0 e s A S A S e
T e N iy
T P . M |

e e e ]
ey e A = ST e
R e R e LT i T
e L ]
N R B
e M e P
S A s et s

S e e
T T e M N |
e e S P R
[ sty e o e S O
e P e —— W
TR e e e o e e
RN e I e i

variabie

Example of CLT pancl cross-secrions and dircction of fbers of the top layers

J




CLT & TALLWOOD BUILDINGS
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Framework

Status: Proposed

Location: Portland

Framework uses an unusual “Low
Damage” post-tensioning system
in its cross-laminated timber
(CLT) shear walls, to counter
seismic activity.
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Tall Buildings in Numbers

Tall Timber: A Global Audit

This rmap highlights several examples of tall timber buildings currentiy built,
under canstruction, or proposed around the world [see page 47 for 1able)
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Ameanica in Fall 2017
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River Beech Tower, Chicago

This concept tower uses an

innovati m of diagrids and
prefabricated moedules to gain
helght (see page 40 for more details).

Status: Completed. 2009
Location: London

high-density howsng
be bt from
e cross- aminated
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Oakwood Tower, London

allest building if it were
actually bullt today.
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OUR JOURNEY
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Background & Experience

Mass Timber Experience

* 50+ years of design experience
* O CLT Projects Completed (in 5 States)
e 15+ CLT Projects in Design
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COMPLETED / PERMITTED CLT PROJECTS

COOLEY LANDING EDUCATIONAL FRAMEWORK, PORTLAND, OR
FACILITY, PALD ALTO, CA

Notable Projects in Design:

.’.i-c-)\ EASTSIDE OFFICE, FORTLAND, OR
. i’

FOG Studic

SHORELINE INTERNATIOMNAL HEALTH
@ SERVICES CLINIC, SHORELINE, WA

Hischiar Architiees

.f.” % GLENWOOD PARKING GARAGE.
\IL)  SPRINGFIELD, OR

Miller Hayashi Archiitects

LEWER Archatcoture

WINNER OF THE U.S. TALL
VISITOR CENTER, PULLMAMN, WA WOOD COMPETITION

LIBRARY! AT BOWN
CROSSING, BOISE, 1D

@ WASHINGTON STATE UNIVERSITY

:_':|2\: South Landing Office, Spokane, WA -
~ Katerra

(13) Idaho Basketball Arena, Moscow, ID -
Opsis Architecture

Oisen Kundig Architects

ROCKY MOUNTAIN INSTITUTE — |14 Office Building, Portland, OR - ZGF
@ INNOVATION CENTER, BASALT, CO FrAreh etk ivapory — Architects
WY'EAST CANOPY, HOOD RIVER, OR (15| PDXMNext, Portland, OR -
Dasis Architeciure — ZGF Architects

OREGONIAN BUILDING MEZZANINE

PORTLAND, 08 I.,fl_ﬁ,} Three K-12 Projects, Portland Metro, OR

ZEF Architects

(17) Dublin Station, Dublin, CA - BAR
= Architects / Katerra

@ ALBINA YARD, PORTLAND. OR
vl

LEVEFR Architecture



RESEARCH -> DEVELOPMENT -> IMPLEMENTATION -> DISSEMINATION

© STRUCTURLAM
° @ ZURICH
VANCOUVER WOODRISE - BORDEAUX® @ WTCE — VIENNA/GRAZ
DR JOHNSON® ©® KLH / HASSLACHER / BINDERHOLZ

* LITERATURE REVIEWS

* PHYSICALSITE VISITS

* GLOBAL MANUFACTURING CAPABILITIES
* COLLABORATION WITH ACADEMIA

* DESIGN GUIDES / CODE DEVELOPMENT

@ NEW ZEALAND
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* LITERATURE REVIEWS

* PHYSICAL SITE VISITS
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e COLLABORATION WITH ACADEMIA

* DESIGN GUIDES / CODE DEVELOPMENT
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* LITERATURE REVIEWS

* PHYSICAL SITE VISITS

* GLOBAL MANUFACTURING CAPABILITIES @ NEW ZEALAND
* COLLABORATION WITH ACADEMIA
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UNITED STATES
THE NORFH-AMERICAN CONTEXT
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Code Limitations

* Fire Ratings

* Seismic Considerations
Manufacture Capabilities
Contractor Experience

Aesthetic Preference



WHY MASS TIMBER ?
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Why Mass Timber ?

e Sustainability
* Renewable Resource
e Carbon Sink
* Architectural Warmth / Biophilia

* Rural Economic Development
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Why CLT ?

Structural Benefits

e High Strength - Low Mass
 Dimensionally Stable

* Spans 2-Directions

* Fire Ratings

Construction Benefits

* Panelized / Prefabrication
* Speed of Construction

* Reduced Workforce

* Quiet Construction




Why CLT ?

Prefabrication / Speed of Erection

ALBINA YARD




CHALLENGES & LIMITATIONS
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Challenges & Limitations




Challenges & Limitations

Fire - Predictable Char Rates

N ‘:;; . £ A % T ! ;
After fire scene. Shows a wood beam supporting twisted steel I-beams.
(Forest Products Laboratory)



Challenges & Limitations

Structural & Architectural Limitations:

* Allowable Spans (versus concrete and steel)
* Crushing Perpendicular to Grain

e Shrinkage / Creep

e Vibrations / Acoustics

e Limited Local Supply Chain / Install Capabilities

Regulatory Challenges:

e Gravity: Limited obstacles

« Seismic => Performance Based Design

Performance-Ratec
Cross-Laminated
Timber

* No prescriptive code path

 Limited technical data available

 Deformation compatibility of connections

* Fire: Exceed existing heights & areas => Performance Based Design Aza




FRAMING OPTIONS
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CLT Manufacturers
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" AHCDERIX O

@ STRUCTURLAM @ NORDIC
:”KATERRA: @ SMARTLAM
° >
KLH USAO
°
@ DR JOHNSON »
°
o0 s
SEags. | DR Johnson | Riddle, OR Panel Sizes: DF CLT3-7, 10’ x 37’ (-> 43’-6")
= Smartlam | Columbia Falls, MT Panel Sizes: SPF-S CLT3-9 10’ x 40’
Structurlam | Penticton, BC Panel Sizes: SPF CLT3-9, 10’ x 40’
Nordic | Chibougamau, QB Panel Sizes: Black Spruce (SPF) CLT3-9, 8’ x 64’
Katerra | Spokane, WA Panel Sizes: Species? CLT3-9, 12’ x 60’

European Panel Sizes: Spruce CLT3-9, 7’-6” x 39’-6”



CLT Manufacturers

AHC DERIX O

& D LT M M P STRUCTURCRAFT® : AR URLAM ® NORDIC
Y
KLH USAO
@ FRERES LUMBER
® DR JOHNSON
Y
e °
Structurcraft| Vancouver, BC DLT Panel Sizes: 12’ x 60’ x 14”

Freres Lumber | Lyons, OR MMP Panel Sizes: 12’ x 48’ x 12”




Gravity Framing Options

Allowable CLT Floor Spans

Floor

CrossLam® Floor Panel Load Table

MAX. SPAN (ft) FLOOR LIVE LOAD (psf)
P#; IéL f;:ﬁf nesiggntial clg::ﬁ;:;m Maéggrl:‘lcal A;:EE};Lw Ll1h§£ ry
L/300* L/240 L/300* L/240 L/300* L/240 | L/300* | L/240 | L/300* | L/240
(4) (5) 4] (5) (4] (5) (4) (5) (4) (5)

£ SLT3 390 [ 11.50 | 1360 | 1143 | 1294 | 1043 | 11.70 | 970 | 10.71 8.64 | 9.06
& S5LT5 666 | 16.22 | 21.07 | 16.22 | 20.14 | 16.12 | 17.88 | 15.10 | 16.10 | 13.60 | 13.71
%-, SLT7 942 | 20.42 | 2775 | 2042 | 26.16 | 20.42 | 23.14 | 1995 | 20.98 | 18.10 | 18.01
E 5LT9 12.18 | 24,35 | 33.32 | 24.35 | 31.56 | 24.35 | 28.14 | 24.35 | 2563 | 22.14 | 22.14
E 5LT3 390 [ 11.50 | 14.83 | 11.50 | 13.81 | 11.50 | 11.97 | 10.71 | 10.71 9.06 | 9.06
3 SLTS 6.66 | 16.22 | 20.00%* | 16.22 | 20.00%*| 16.22 | 17.88 | 16.10 | 16.10 | 13.71 | 13.71
é SLT?7 9.42 *US CLT Handbook recommends L/300 for preliminary design. 18.01 | 18.01
.g SLTO 12.18 **Span is governed by maximum panel length of 40t - design as simple span using table values above.

Timber Concrete Composite (TCC)

HSK System

Screwed Systems

|
[ m——
STRUCTURLAM
e
y



Gravity Framing Options

Support Structure

Steel Framing;:
30’x30’ Bays with Purlins

Glulam Framing:

20'x20’ Bays with Purlins

16'x30’ Bays with CLT

20’-22’x30’ Bays with TCC, NLT, DLT, MMP
30'x30’ Bays with pre-fabricated rib panels

Two-Way CLT Slabs:
10’x16’ Bays
20'x20’ Bays w/CLT

i
) iy
I "pf
)

Drop Caps
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Framing Connections

Special Considerations
Exposed Versus Concealed Connections
Fire Rating Requirements
Drift Demand & Capacity
Proprietary Versus Custom
Tolerances / CNC & Shop Fit-up
Constructability

Proprietary Connections

Exposed Options:
Simpson Strong Tie

Concealed Options:
Sherpa
Knapp - Ricon, Gigant, Megant




Framing Connections

Custom Connections




PROJECT EXAMPLES
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ROCKING
SHEAR WALL
fig. 3

BEAM-COLUMN CONNECTION
fig. 2

SPRINGFIELD
OREGON
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SUMMARY OF BUILDING TYPES

« Office
* Residential / Hotels
 Mixed Use

* Class ‘A’ Office Space
* Residential / Hotels

* Civic

 Higher Ed / K-12




FRAMEWORK

kptt



U.S. TALL WOOD BUILDING PRIZE COMPETITION

USDA BSIE
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Owner:

Image 21: Condominiurm Structurs

Home Forward

Condominium #B
Beneficial Bank Level Use
12 Roof Deck
Project Team: 711 | Afiordable Housing
project”

Condominium #4

LEVER ARCHITECTURE

. Level | Use

Walsh Construction / StructureCraft e | i

KPFF, ARUP, PAE 3 | Beneficial Offices
2 Albina Bank Offices

Project Facts: 2 | community Room

12 Stories - 135 ft £ | wibeRankRdn
1 Spet Hetail Kiosk

Mixed Use

90,000 Sq. ft.

Type 1B Equivalent Construction



STRUCTURAL DESIGN

CLT CORE

GLULAM BEAM GLULAM BEAM

=——— CLT CORE

‘! ' CONTINUOUS
CLT DECK
- CLT PANELTO- \
PANEL CONNECTOR :ﬁlh !
:}E f GLULAM COLUMN
EXTERNAL ;
POST-TENSIONING \‘§ :
ELEMENT \l NE
\
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CORE FRAMING FLOOR

Gravity System - Gypcrete & CLT5 Floor Panels spanning to Glulam Beams and Columns
Lateral System - Resilient Post-tensioned Rocking CLT Walls

Performance Based Design - Pursued for Fire Desigh and Seismic Design



TYPICAL FRAMING PLAN
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POST-TENSIONED CLT
ROCKING WALL CORE

GLULAM BEAM

FINISHED FLOOR OVER
LIGHTWEIGHT CONCRETE
TOPPING SLAB

CONCEALED STEEL CONNECTOR

GLULAM COLUMN

RAINSCREEN FACADE
SYSTEM
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260 FT (79 m)

TYPE IB
® 6 & o oyl D O O 06 06 O 6 6 6 6 o &6 o 0o O o6 o O o 180FT(55m)max

3 LT M
, : oA LIT0eD :
b RO
J AR [l gz
— 85 FT (26m) max
=1 N TYPE IIIB
e il i T =
W il illli 0 FT (Om)

400-600 YR DOUGLAS FIR FRAMEWORK ALBINA YARD
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FIRE DESIGN

Fire Assemblies / Testing

2 hour floor & wall assembly - DR Johnson

Connections - Project specific

Penetrations - Existing manufacture data
Performance Based Fire Modeling

Proving equivalence

Determining how much wood can be exposed
Structural Fire Design

Floor Assembly - Tested

Glulam beams & columns - Apply char depths




SEISMIC RESILIENCE




SEISMIC LATERAL SYSTEM

PREcast Seismic Structural Systems

Concrete Core

U shaped Fiexural Plate
(UFP)

Steel Braced Frames

All Timber Solution

Resilient Solution

Post-Tension Rocking CLT Walls

Self-Centering
Shear Wall Elevation
Resilient / Low Damage
. ; ; Fig. 10. Details of the post-tensioned shear wall system. Fig. 11. Details of the U-shaped flexure plate (UFP) for the
Quickly / Easily Repairable shes et ythch

NEES.  NEESR-CR: Rocking Wall Project )\
for Seismic Resilient Structures NEES




RIGID PANEL ROCKING BEHAVIOR

D —i

G (gravity)

Wall panel

Connector i

"
120
N 7]
|
B0 b— M}:’ /| g I |
] / —
0 — 4/)4,,[ 7ﬁ [
= I =
=,
= 0
]
3 T ———
T AT
R0 \ LY LT Wil GA-SNH-DBA
[ 171 2.3m x 2.3m CUREE
| / { 4 A Brackets + HTT-18{ n=18; 12d nails)
-90 18 5N 16d, D=3.9 mm, =89 mm  H
-120 | | | | ‘ |

-120 -100 -80 -60 -40 -20 0O 20 40 &GO 80 100 120

Total Displacement [mm]

Figure taken from “Design and Performance of CLT Structures under
Lateral Loads” by Marjan Popovski.

Qverturning Moment (k-in)

T

_.._lv_r

5000

4000 -

3000
2000 -
1000 -
ol
=1000 -
—2000 -

_3000_

—5000

1: Decompression -~

2. WDS1
3. WDS3
4 PT1

o ———

-2 -

10-8 6 -4 -2 0 2 4 6 8
Drift (%)

Figure taken from “Seismic Design and Testing of Rocking
Cross Laminated Timber Walls” by Ryan Ganey.
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SEISMIC FORCE-RESISTING SYSTEM

ER

o

End

Precast column

wall

/-,------
\

{Unbonded

Connector

Resilient Rocking Mass Timber Wall (c) Pre WEC wall

Figure taken from “Seismic Analysis of Low-Damage Precast Wall with
End Columns (preWEC) Including Interaction with Floor Diaphragms” by
Henry R.S., Aaleti, S. Sritharan, S and Ingham, J. M.



SEISMIC FORCE-RESISTING SYSTEM

Energy
dissipating
reinforcement

Gap

Dead end

- Sealed End

Precast concrete
wall panel

Unbonded
post-tensioning
tendon

Duct

Horizontal joint between
precast panels within wall

Grout bed

Region of large
compression strains

Foundation

ACIITG-5.2-09

Requirements for Design of a Special

Unbonded Post-Tensioned Precast
Shear Wall Satistying ACI ITG-5.1
(ACI ITG-5.2-08) and Commentary

A A1 Starciard

Reporied by ACH lanovation Task Group 5




RESILIENT POST-TENSIONED ROCKING CLT WALLS

Resilient Self-Centering Solution

POST-TENSIONED ROCKING CLT WALL

ACCESSIBLE POST-TENSIONING ANCHORAGE

‘PINNED’ GLULAM COLLAR BEAM TO

GRAVITY BEAM-TO-COLUMN
CONNECTION BOUNDING COLUMN CONNECTION

BOUNDING GLULAM COLUMNS CLT WALL PANELS

UFP DUCTILE CONNECTORS

CLT FLOOR PANELS OVER >
GLUE LAMINATED BEAMS LI

CLT FLOOT-TO-WALL CONNECTION

CLT SHEARWALL SPLICE
GLULAM ‘COLLAR' BEAMS

HIGH-STRENGTH POST-TENSIONED
THREAD BAR

Y A
ROCKING TOE DETAIL ENERGY DISSIPATION DEVICE

< CONCRETE BASE

STATIC STATE




RESILIENT POST-TENSIONED ROCKING CLT WALLS

DUCTILE UFP COLUMN-TO-WALL CONNECTION

Pl

T

STATIC STATE ROCKING STATE



PERFORMANCE BASED DESIGN

Structural Design
Post-Tensioned Rocking Walls
Extensive Review of Existing Research

Nonlinear Response History Analysis
Project-Specific Component Testing

CLT Diaphragm
Analytical Modeling
Connections - Drift Compatibility / Fire Rating

Project Specific Full-Scale Testing

Review
Authority Having Jurisdiction

Independent Peer Review Team

Research Partners

i
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DESIGN CRITERIA

Demonstrating Code-Equivalent Performance
1. Strength-Level Wind
2. Establish Minimum Seismic Strength

3. Deformation- and Force-Controlled Actions and Drift
Verification at MCEg

Opportunities for Enhanced Performance I

1. Reparability Earthquake ’
2. Serviceability Wind
3. Serviceability Earthquake I h—

REEC

VI T R
i

i 1 1
‘l‘ﬂil ARRERRIY vllii H HigIlk



Framework

Performance-Based Seismic Design




UNIQUE CONSIDERATIONS FOR TALL MASS TIMBER

Effective Shear Modulus of CLT

Shear Capacity and Demand of CLT

Splicing Timber Panels for Earthquake Demands
Post-Peak Crushing Performance of CLT
Deformation Compatibility of the Gravity System
Beam Elongation in the Gravity System

CLT Diaphragms

LRFD and Expected Properties of Wood

00 N O O B~ W bR

Post-Tensioning Loss
10. Fire Rating and Char Depth



UNIQUE CONSIDERATIONS FOR TALL MASS TIMBER

1. Effective Shear Modulus of CLT
2. Shear Capacity and Demand of CLT
3. Splicing Timber Panels for Earthguake Demands




EFFECTIVE SHEAR MODULUS OF CLT

CLT to Concrete Comparison

Concrete CLT
£, = 5000psi (34.5 MPa) DF No. 1 CLT/ Concrete
Elyg 2015ksi*, 1025ksi*, 50%
GA 1610ksi*A, (35 to 75ksi)*, 210 5%

Notes
1. Cracked section modifiers for concrete taken as 0.5 for El« and 1.0 for GA..
2. GA.; for CLT based on Flaig and Blaf (2013) and Brandner et al. (2015)

Shear -, Torsion :

19

-

Figures taken from “Shear Properties of Cross Laminated Timber (CLT) under in-
plane load: Test Configuration and Experimental Study” by P. Dietsch.



BARE WALL TESTING

L

POST-TENSIONED ROCKING CLT WALL
FLEP!BT—]BEMW

as necessary based i
long-4erm monitaing and instrumentafion program
w2z e CLTfL

e CLTWALL PANELS: Projct-speciic
leural and shear sifinss testing
af Oregon State University

CLTSHEARWALL SPLICE: Project-specific:
strangth and stiffness testing ot Oregon
State University

GLULAM "COLLAR" BEAMS.

CLTFLOOT-TO-WALL CONNECTION:
Adapted from research on rocking steed
bragad fromes

[EXTERNAL POST-TENSIONED THREADBAR

Project-specifc deformation compaiibity
testing af Portan State Universy

“PINNEDY GLULAM COLLAR BEAM TO
[BOUNDING COLLIMM COMNECTION

REPLACEABLE UFP ‘FUSE’:
U-shaped fieaal plate (UFP)
based on festing comgleted as
part of PRESSS ressarch

ENERGY DISSIPATION DEVICE

ROCKING TOE DETAIL:
Project-specific strengthenad ductiity
testing al Oregon State Universiy

FRAMEWORK - RESILIENT POST-TENSIONED ROCHING WALL
- Based on PRESSS (Precast Seismic Structural

in ACH Innovation Task Group 5.1-07 document.
- Adapted from the PréWEC (Precast Concrete Wall with End Column) system
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SHEAR CAPACITY AND DEMAND OF CLT WALLS
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Shear forces

Figure taken from “Verification of CLT-plates under loads in plane” by
Bogensperger, Moosbrugger and Silly.

Figure taken from “Shear Properties of Cross Laminated Timber (CLT)
under in-plane load: Test Configuration and Experimental Study” by P.
Dietsch.
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Figure taken from “Shear strength and shear stiffness of CLT-beams loaded in plane” by Flaig and Blab.
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WALL SPLICE TESTING Oregon State

ACCESSIBLE POST-TENSIONING ANCHORAGE :
_ Re-strssing o cecur as necessaay based an
""" long-tem monitaring and instrumentation program
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ROCHING T0E DETAL:
Project-<pecic strengthensd ductity

testing af Oregan State Universiy

FRAMEWORK - RESILIENT POST-TENSIONED ROCKING WALL
- Based on PRESSS (Precast Setsmic Structural Systems) research and codification in ACI Innovation Task Group 5.1-07 document.
- Adapted from the PreWEC (Precast Concrete Wall with End Column) system
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WALL SPLICE TESTING




UNIQUE CONSIDERATIONS FOR TALL MASS TIMBER

Effective Shear Modulus of CLT
Shear Capacity and Demand of CLT
Splicing Timber Panels for Earthquake Demands

Post-Peak Crushing Performance of CLT

Deformation Compatibility of the Gravity System
Beam Elongation in the Gravity System

CLT Diaphragms

LRFD and Expected Properties of Wood
Post-Tensioning Loss

10. Fire Rating and Char Depth
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CLT CRUSHING TESTING Oregon State

ACCESSIBLE POST-TENSIONNG ANCHORAGE:
. Re-strssing to ocour s necessany based on
" long-term monitaring and instrumentatian program
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FRAMEWORH - RESILEENT POST-TENSIONED ROCKING WALL

- Based on PRESSS (Precast Seismic Structural Systems) research and codification in ACI innovation Task Group 5.1-07 document.
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UNIQUE CONSIDERATIONS FOR TALL MASS TIMBER

5. Deformation Compatibility of the Gravity System

6. Beam Elongation in the Gravity System




DEFORMATION COMPATIBILITY AND BEAM ELONGATION

con

Rendering courtesy of Lever Architecture




Portland State
BEAM-COLUMN SUBASSEMBLY TESTING UNIVERSITY
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Framework

Full Scale Beam-Column Connection Testing



UNIQUE CONSIDERATIONS FOR TALL MASS TIMBER

Effective Shear Modulus of CLT

Shear Capacity and Demand of CLT

Splicing Timber Panels for Earthquake Demands
Post-Peak Crushing Performance of CLT
Deformation Compatibility of the Gravity System
Beam Elongation in the Gravity System

CLT Diaphragms

LRFD and Expected Properties of Wood
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Post-Tensioning Loss
10. Fire Rating and Char Depth



CLT DIAPHRAGMS

WCTE 201 6 AN APPROACH TO CLT DIAPHRAGM MODELING FOR SEISMIC
DESIGN WITH APPLICATION TO A U.S. HIGH-RISE PROJECT

August 2225, 2016 | Mienna, Austria Scott Br 1, Eric McD 1P, Reid B. Zi man?
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Typical CLT Span Direction

Figure 17: Diaphragm Deflection to N-8 Load (mm scale)



FRAMEWORK - ERECTION STRATEGY
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ONGOING RESEARCH
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NSF / NHERI FUNDED COLLABORATIVE RESEARCH

Resilience-Based Seismic Design for Tall Wood Buildings

Collaborative Research: A Resilience-based Seismic Design

Methodology for Tall Wood Buildings

Resilient CLT
Rocking wall
systerm

Gravity
calumns

Detachable
connaction
detail for
segmental
configurations

NHERI@UCSD Shake Table

HERI TallWood
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NSF / NHERI FUNDED COLLABORATIVE RESEARCH

Resilience-Based Seismic Design for Tall Wood Buildings
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UCSD 2-STORY SHAKE TABLE TEST
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This concludes The American Institute of Architects
Continuing Education Systems Course

kepft

111 SW Fifth Avenue, Suite 2500
Portland, OR 97204
503.227.3251

eric.mcdonnell@kpff.com




