INTRO:
CLEVELAND

Kristina Miele, PE
kmiele@fastepp.com

Fast + Epp

Disclaimer: This presentation was developed
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SKETCH: Hartshorne Plunkard Architecture






+ Structural engineers

+ Founded in 1985
+ 8b global staff -
+ Work In all materials = gp

+ Mass Timber expertise
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i LIDA Fast + Epp

HARBOR BAY

Forefront
Structural
Engineers

Hartshorne
Plunkard
Architecture
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Harbor Bay ast+Lpp

Structural

Real Estate Engineers

Design Team:
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RENDERING: Hartshorne Plunkard Architecture
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ALLOWABLE BUILDING HEIGHT

TABLE 504.3
ALLOWABLE BUILDING HEIGHT IN FEET ABOVE GRADE PLANE"
TYPE OF CONSTRUCTION
OCCUPANCY CLASSIFICATION TYPE ) TYPEN TYPE M TYPE IV TYPEV
SEE FOOTNOTES
A o A [\] A o Y A o
N§! UL 160 6S 35 65 55 63 S0 20
= S13D &0 60 &0 &0 &0 60 60 ) 0
SI3R &0 60 &0 60 &0 60 60 1) &0
S UL 150 85 75 85 75 85 0 &
TABLE 504 4comtinued
ALLOWABLE NUMBER OF STORIES ABOVE GRADE PLANE**
TYPE OF CONSTRUCTION
OCCUPANCY CLASSIMCATION TYPE | TYPEN TYPE M TYPEIV TYPE Y
SEE FOOTNOTES
A n A n A n T A n
NS* UL T 3 3
4 4 4 4 4
R-1" SIIR R 4 4 i
S UL 12 S h h h s 4 3
N§° UL I L 2
1 i A 4
R-2* SR 4 4 4 K 3
S UL | S S S s b 4 3

ALLOWABLE BUILDING STORIES
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AED

alternatively engineered design required

CLT not a recognized material

Accepted Based On:
* language adopted by

ICC Ad Hoc Committee on Tall Wood Buildings for 2021 IBC
* Data from USDA tests

» Additional code compliance for fire protection
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18 STORIES 12 STORIES 2SI%INFGSH:IGHT 85FT
BUILDING HEIGHT 270 FT BUILDING HEIGHT 180 FT ALLOV‘Jt\BlF‘BUILDING AREA 405,000 SF
ALLOWABLE BUILDING AREA  972.000 SF ALLOWABLE BUILDING AREA 648,000 SF AVERAGE AREA PER STORY 45.000 SF
AVERAGE AREA PER STORY 64,000 SF AVERAGE AREA PER STORY 54,000 SF '
TYPE IV-C
TYPE IV-A TYPE IV-B

2021 IBC

Tall Wood Provisions

Breneman, S; Timmers, M; Richardson, D, 7a/l Wood Buildings in the 2021 IBC Up to 18 Stories of Mass Timber, 2019; Woodworks Wood Products Council
Image Courtesy atelierjones, LLC



12 STORIES
BUILDING HEIGHT

180 FT

ALLOWABLE BUILDING AREA 648,000 SF
VERAGE AREA PER STORY 54.000 SF

TYPE IV-B

9 STORIES
BUILDING HEIGHT
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ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 SF

TYPE IV-C
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Breneman, S; Timmers, M; Richardson, D, 7a/l Wood Buildings in the 2021 IBC Up to 18 Stories of Mass Timber, 2019; Woodworks Wood Products Council

Image Courtesy atelierjones, LLC



O 1 FIRE RATING

What is the required
fire rating (mins) or

the building type

To Note:

03 rroTECTION

02 coverace

How much timber What satisfies the

can be exposed / coverage

how much must be requirement

covered?

IBC tables that are most often referenced typically call out
Allowable Building Height, # of Stories, and Allowable Area,

The new 2021 code also has some key information for engineers to

be aware of when looking into type 4 construction
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COVERAGE

01

FIRE RATING

BUILDING TYPEI TYPE TYPE |TYPEN TYPE %
ELEMENT n m v Dukirg  Pmtecton
temert (rutes)
A B A BA Blaglc Hr A B o Tz
Primary b 20 1 o 1® o3 |22|22 wT 1* 0 e 0]
stmct'ural t ~ —~
g??t’foész%ez) lormom 120 PROTECTION
Beanng
wals 3 2 1 02 2131212 2 1 0
 Bxteror 3 22 1 01 0|3 (2|2 wHT 1 0
NoncombusTbie Protection PrtectonContmuton
intenor A, nch Type X Gypsum x

IBC 2021
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MATERIAL AND SUPPLY
FIRE DESIGN

GRID SPACING
VOLUME ANALYSIS




BINDERHOLZ - SUPPLIER

PANEL SIZE
WOQOD SPECIES 4’ WIDTH
EUROPEAN SPRICE 40’ LENGTH

SHIPPING APPROVALS

BARGE PRG 320

ST. LAWRENCE SEAWAY
TO PORT OF CLEAVLAND

SEAGATE - INSTALLER



Fuos = 145 feey Koa / Yan / s / Ke
Kmoa = 1.00
1550
1239

1549
186
181

222282




Fire Design

Table 16.2.1A Char Depth and Effective Char

Table 16.2.18 Effective Char Depths (for CLY

Depth (for 'y = 1.5 in./hr.) with (i = 1.5in./hr.)
Char Fffective Char Kequired Efective Char Dapths, oy
" ’ e )
Required Fire Depth, Depth, s ——— e ——— Y
Resistance [ - 4 (hr.) - -
(b)) (in.) (n.) £ ' 4 ol | 4] 1A% 12104 .
1-Hour K K b-Hlowt % vl Badl Bzl Bos
| Va-Howur N ) § %o Mt 14 21 M 29 | 2% J 28 28] 28
2-Howr 26 How 44 45 ) 40 )4 ‘< 1N )“ - 16
1
dldy

o)

c=alchar

Three-sided exposure

NDS - National Design Specification for Wood



Table 16.2.2 Adjustment Factors for Fire Design?

I)

(Asp )
L | T ”® .
22 | - g % | 2 &
.,fg u = g 2 E . ot
a%g & - 5 2E| 22
53 “ z | & z
— - — i
Bending Strength Fy X 285 G Cy Cyy C -
Beam Buckling Strength Foe X 2.03 - - - - .
Tensile Strength F, X 2.85 Cy - - - -
Compressive Strength F. X 2.58 Cr - - - Cp
Column Buckling Strength Fee X 2.03 - = 3 a 5

Table 5.3.1 Applicabllity of Adjustment Factors for Structural Glued
Laminated Timber

ASD ASD and LRFD LRFD
omly only
2 = » i i
IR IEIE xR 5] R] B 5 8| 3
el 2| 51 5] 2l 151515 2 Al
- - - B 2 < . ¢ z - » =
a v > F s - " o - ] X X s > ! ~
’ 3| 3 ~ ¥ § 1 £ | 3 2l < s &
BIBIBIRIEARIRRERARIEY - |
- HEIEAEIEIBRIEAEIB IR ||
0= =]} HEAEAEL A .
L’_' l »
Fy p X Cp Cu ( C. Cv G C, ( 254 085

Cy C - - =+« =+ - -« - . EESSuSSE
x BBl Cy C - - - - - Ce - - EEmE
o G - - - - - - - - EEEnISES
x (B Cy C - .+« o« Cp - 240090 >
F. oF,x BBl Cy G - - - = - = - G DEliteEs

....
T lm
-~
(@]
&
e

- |m
»”
0
<

NDS - National Design Specification for Wood



Table 8 Layups for Binderholz BBS CLT panels with five layers and five laminations

I
' CLT Grade Layup Thickness | Lamination actual Thickness
Designation | [mm)] [mm] _
1 = 1 tom 2 .= l
100-5s 100 20 0 20 : 20 : 20 : 20
120-5s 120 20 © 30 20 : 30 : 20
BRS 125 NﬂQ-Ssi 140 | 40 - 20 : 20 Q 40
and 150-55 150 40 : 20 : 30 : 20 : 40
| BBS XL 160-5¢ 160 40 © 20 : 40 © 20 : 40 VARIED
180-55 180 a0 . 30 | 40 . 30 . 40+ LIRS
200-5s 200 40 © 40 : 40 @ 40 : 4q,
16.2.1.3 For cross-laminated timber manufactured
with laminations of equal thickness, the char depth,
+ d.har» Shall be calculated as follows: EQUAL
LAYER
THICKNESS
0813 "
ach;v :nl:nm hlam +Bt (t—(nlam tg )) (16'-3)

S4B 128 - 2005 (2040 3040 3040 20
Vs Mg P T

0w FAN | per el ey

B m g g s ey

) S

A (et per shel bave

PRODUCT INFO: Binderholz Bausysteme GmbH



Resdercal

Bay Data Material Volume

J7V CLT (3PLY)

205w x 008"

215w x 4500

M2wx 315h

SO00MM x S000mm
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5 o [ 4 o e - SETON 1A
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Studies
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Studies



VIBRATION
LATERAL
CONNECTIONS
COORDINATION




Response at design damping ratio = 1.5%

e Er 52 hAIMOSG
IO e SECOND harmonic
w— Third harmonic

Fourth harmonic

Response factor

— Combined (SASS

—-===R=8
4 //\

n

12 1.3 1.4 1.5 1.6 1.7 18 19
Walking frequency (Hz)

n

+ Vibration Design
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CONCRETE TOPPING;
SEE PLAN

DRAG-STRUT, SEE PLAN —
AND SCHEDULE

CLT PANEL; SEE PLAN -

1/4
14

1/4
174

BEAM; SEE PLAN -/

SEE BEAM SCHEDULE FOR —/

BEAM CONNECTION, TYP.

174

LATERAL DESIGN

aal

— 316 [\

" SEE EMBED SCHEDULE
FOR CONNECTION
@ CONCRETE WALL

PR CONCRETE SHEAR

WALL: SEE PLAN
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CAPACITY
PARALLELTO
GRAIN

COLUMN
BEARING
PLATE

-
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PROVIDE SMIM AS REQD —\
HSS: SEE SOMEDLE )

v COLUMN. SEE PLAN

(4F34°Q BOLT Wi SLOTTED
HOLES @ HANGER PLATE AND
COLUNN TOP PLATE

ASSY SCREWS (SEE
SCHEQULE)

-———— - - -

N

(4)58° @ GLUEDIN HLTI
HAS-E RODS (6° EMBED) N
34706 5" LG HOLES CW
NUT & WASHER

CUT CLY PANEL LOCALLY TO
FACILITATE INSTALLATION:
PER CLT SUPPLIER, 8° MAX

/- CLY PANEL; SEE PLAN

v

/T&B; SEE
HEDULE

-
58 P
-\7‘3

34" BULT-UP HANGER
PLATE (TYP) SEE
SCHEDULE FOR SIZE
BEAM; SEE PLAN
WixHx! 18" PLATE, Wi

TO MATOH COLUMN
DIMENSIONS

COLUMN. SEE PLAN
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CENTRAL BEAM




Full thread SWG ASSY® Screws as Reinforcement

White Paper

lv |z d a lZ a lv
£
M| MI
) =i (O ~
—_— s Q £
L N 2 \
¢ A — _1 —— e —
SWG ASSY* VG / %_"—_——_ : R
£ ——— =
j‘ 3 '- _ «,W _— ———
3 g ~ —_— - — ——— — = ‘ == ==
Jf |® | =+ £
a— TECHNICAL NOTE
2 Effect of Large Diameter Horizontal Holes

on the Bending and Shear Properties
of Structural Glued Laminated Timber
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JANUARY 13, 2021

Ascent

Alejandro Fernandez
Senior Project Engineer
Woodworks

Disclaimer: This presentation was developed by a third party
and is not funded by WoodWorks or the Softwood Lumber
Board

Thornton Tomasetti



WHO ARE WE? Thornton Tomasetti
1500

ENGINEERS,
ARCHITECTS,
SCIENTISTS AND
OTHER
PROFESSIONALS

Q “@ v
G PROJECTS IN
© Qé‘/oo © O
R © 5 COUNTRIES
© ® ©
©
50+
© © o OFFICES

5

Thornton Tomasetti CONTINENTS




WHO ARE WE?

Weidlinger _
Transportation Forensics

Weidlinger
Applied
Science

Sustainability

Facade Renewal

Engineering

Weidlinger *7j

I ﬁ,\ Property Loss
Protective Design

[\ Y Consulting

Construction Structural

Thornton Tomasetti . . . .
Engineering Engineering




Thornton Tomasetti

ENGINEERING

MASS TIMBER ESRRNTUALSMASS
SOLUTIONS _ CONSTRUCTION

Engineering Essentials 4 ) ¢ - Engineering Essantials
Mass Timber ; S s Mass Timber
Construction &= : Construction
hosted by Paul Becker R et nosted by Paul Becker

Gunnar Hubbard: S === -=: Chris Minerva:
Why Mass Timber Is R lconic Structures and
the Material of the Future v . want tayey - = Creative Use of Timber

- I

WWW.THORNTONTOMASETTI.COM/
CAPABILITY/MASS-TIMBER-CONSTRUCTION

Engineering Essantials 5 Engineering Essentials

Thornton Tomasetti

. Mass Timber
' | Construction
E nosted by Paul Becher

T Rl

¢ John Peronto:

Designing the World's

Tallest Mass Timber Bullding

Mass Timber
Construction
nosted by Paul Becher

Fali 3930
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RIVER BEECH

Chicago
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TEAM M
NEW LAND

ENTERPRISES
DEVELOPER

/\

CDSMITH

o - s GENERAL CONTRACTOR
N\
S 7’
ARCHITECT Qg:&" v 7 l
s — (7
L7 _ -~ SWINERTON M a CadMakers
/s - . P
- ;\J\BER TIMBER CONTRACTOR DETAILER
. =" 55T
Thornton Tomasetti ~ wh
S.E.R.
WIEHAG

CLT GLULAM



COORDINATION

© CD Smith/CAD Makers/Swinerton//Korb/TT
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TYPICAL FLOOR PLANS

4 B B

TYPICAL PARKING LEVEL TYPICAL RESIDENTIAL LEVEL AMENITIES LEVEL (L25)



CONNECTION TO NATURE
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PERMITTING
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Dates indicate
approved permit year
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S81I0)S GZ
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A
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Ascent (2020)

Framework (2017)

Milwaukee, WI

Portland, OR



PERMITTING
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IBC 2015

Chapter SPS 361
ADMINISTRATION AND ENFORCEMENT

Subchapter | — Scope and Application

{6) Alternatives. Nothing i chs, 595 361 to 366 Is intended to prohib®t or dscourage the design and
utikzation of new Bullding products, SyStems, COMPONNLS, Of Mternate pracices, provided written
approval from the department is obtained frst.

Note: Chapter SPS 361, sulbch. VI contains regquirements for approval of Bullding products and
alternate standards,

Subchapton VI — Product and Standard Review and Approval

SPS 36150 Buiding product approvals.
(1) Voluntary approval
{a) Materials, equpment, and products regulated under cha. SPS 361 10 3566 may receive a
written approval from the department indicating code complance.
(v}
1. Approval of materialy, equipment, and products shall be based on sufficient data,
tests, and other evidence that prove the material, equipment, or product is in compliance
with the standards specfied in chs. 595 301 to 364,
2. Tests, compiation of data, and calculations shall be conducted by a qualified
mndependent third party.
(2) Anemate approval.
(8) Materialy, equpment, and prochacts that meet the intent of chs. 555 361 to 366 and which
are not approved under sub. (1] shall be permitted # approved in writing by the department.
{b)
1. Approval of materialy, equipment, and products shall be based on sufficlent data,
tests, and other evidence that prove the material, equipment, or product meets the intent of
the standards specified in chs, 575 161 to 366,
2. Tests, compiation of data, and calculations shall be conducted by a qualified
ndependent third party.

WISCONSIN COMMERCIAL BUILDING CODE



P E R M ITTI N G Milwaukee's 25-Story Ascent Stacks Up as Tall Timber Role

Model

Fire officials accept the unprecedented use of the sustainable matenal in a 284-ft-
tall wood and concrete frame
Engineering News-Record

AR

-
AR

350
=
-

e

https://www.enr.com/articles/50905- , , .
mI|WaukeeS-25-StOry-aSCGI’]t-StaCkS- ApProvals took two years for Ascent. an unprecedented 28471l wood and concrete tower under way in Milwaukee
up-as-tall-timber-role-model Ce St

Montage by Scott Ming for ENR-rendering by Thornton Tomasett, photo courtesy CO Sawth



FIRE

Determining Fire Ratings:

=  Char
= Calculations (Char Method)
= Full Scale (Global) Testing
= Element (Member) Testing
= Connection Testing
=  Product Certificates
= Concealment
= |ntumescent Paint (connections only)

®
N DS TECHNICAL REPORT NO. 10
wiwmon CALCULATING THE FIRE
RESISTANCE OF EXPOSED

WO0O0D MEMBERS

0

IBC NDS TR-10




FIRE

3 HOURS TEST

© Korb + Associates
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CONNECTIONS

INFILL BLOCK v

GLULAM COLUMN




FOUNDATION




FOUNDATION

STATIC TESTING




ASCENT

TYPICAL PARKING LEVEL




ASCENT

TRANSFER LEVEL




ASCENT

TYPICAL TIMBER LEVEL

GLULAM BEAM

CLT SLAS

GLULAM COLUMN

A ’

A&' A/v\,>1‘6’8” CLY MANUFACTURER: KLH

-

RC CORE

TYPCAL GRID

cuammanviacruree:  WIEHAG



CONSTRUCTION SEQUENCE

CONSTRUCTION SEQUENCE



ASCENT

DEC 3, 2020
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This concludes The American Institute of Architects Continuing Education Systems Course




THANK YOU

Contact info
afernandez@ThorntonTomasetti.com
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COPYRIGHT MATERIALS

This presentation is protected by US and International Copyright laws.
Reproduction, distribution, display and use of the presentation without
written permission of the speaker is prohibited.

© Thornton Tomasetti Inc. 2021
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