Mass Timber Construction Management:
Design through Project Close Out
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The Engineer’s Role in Economy: OUTLINE

1. The challenge: Are we using mass timber effectively?

A. Case Study 1: A simple house
2. Mass timber panels and what they cost.
B. Case Study 2: A sustainability showpiece

3. Mass timber beams and columns and what they cost.
C. Bay studies

D. Case Study 3: Boulder office
4. Mass timber connections and what they cost
E. Case Study 4: Denver office
5. Steel beams and columns and what they cost
F. Case Study 5: Steel/timber hybrid office

G. Case Studies 6 and 7: Starting with timber



THE CHALLENGE

Are we using mass timber effectively?



Case Study 1 - Wyoming

In which we get our introduction to mass
timber
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What are they?

What does a structural engin dto consider?
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Some Mass Timber Panel Options

Nail Laminated Timber (NLT) Glue Laminated Timber (GLT)

Glulam Beams & Columns

Laminated Veneer Lumber (LVL)

and Mass Plywood Panels (MPP) Cross Laminated Timber (CLT)

Images Source: Structurecraft



CLT

Cross Laminated Timber

Images and Slide Courtesy of Fast and Epp



Common CLT Layups

3-ply 3-layer
(3.43”- 4.14")

5-ply 5-layer
(5.47”- 6.90”)

7-ply 7-layer
(7.52”-9.66")

9-ply 9-layer
(9.57”-12.42")
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Now we are going to talk about cost ... scary!

Someone has to go first



WHAT DOES CROSS LAMINATED
TIMBER COST?




CLT COST DEPENDS ON THE PRICE OF LUMBER
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CLT COST DEPENDS ON THE MANUFACTURER

Certified North American producers of structural CLT

Company State/Province  Country Panel size Typical species

e Structurlam BC Canada 10" x 40’ CLT SPF / Doug Fir

* Nordic Quebec Canada 8 x 64" CLT Black Spruce

DR Johnson Oregon U.S. 10" x 24’ CLT Doug Fir

e Smartlam Montana U.S. 10.5" x 40" CLT SPF

* Freres Lumber Co Oregon U.S. 12 x 48 MPP  Doug Fir

* International Beams Alabama U.S. 11.5 x 52’ CLT  Southern Pine
(w/ KLH) Quebec Canada

e Katerra Spokane, WA U.S. 12" x 60" CLT SPF

* Vaagen Timber Colville, WA  U.S. 4" x 60" CLT Doug Fir

Coming soon ... January 20207

* Kalesnikoff Castlegar, BC Canada 11.5" x 60" CLT SPF / Doug Fir



Multiple European Sources (14 +)

Company

 KLH
 AHC/Derix
* Stora Enso
* Hess
* Binderholz

Country

Austria, Switzerland, UK
Germany

Finland and Austria
Germany

Germany

APA







CLT COST DEPENDS ON THE TOTAL VOLUME OF WOOD

Thickness (in)
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CLT Thickness vs Span for Some North American

Manufacturers
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Dr K’s Generic CLT



Unit cost of CLT panels by length and number of plies
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Conceptual cost of Dr K’s
Generic CLT is intended 530
to include:
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THE GRID WILL AFFECT CLT FAB AND ERECT COST

Manufacturer constraints will affect design choices:
e Strength
e Stiffness
* Vibration
 Material species
 Material grade
* Layup
 Panel dimensions (erection speed)



Case Study 2 - Colorado
CSU Pavilion

In which we make an environmental
statement



U PAVILION

4240 Architecture
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CSU PAVILION

4240 Architecture



CSU PAVILION

4240 Architecture PCL
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WHAT DOES GLUE-LAMINATED
TIMBER COST?




Built up sections: available from G LT

some manufacturers for wide beams, large
columns. Widths of 24”+ available Glue Laminated Timber
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Dr K’s Glulam Beam Cost

Unit cost per cubic ft is a function of beam
width

Glulam Beam Cost as a function of width

Cost / Cubic Ft

0 2 4 6 8 10 12 14 16
Beam Width (in)




Dr K’s Glulam Column Cost

Unit cost per cubic ft is a function of column
width

Glulam Column Cost as a function of width
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Column Square Dimension (in)

Cost / Cubic Ft




WHAT DOES CONCRETE COST?




Concrete

* Cost based on unit price ;o
per cubic yard r

* Topping only in this
study



Bay Studies



Estimating the “Conceptual Cost” of a structural bay

e CLT Cost
e Wood Beams and Girders
e Wood Columns

e Wood connections
e Beams, Girders, Columns

e Steel Beams and Girders
e Steel Columns
e (Concrete

Conceptual cost estimates that
follow are appropriate only for
illustrating the relative difference
between similar systems.

They are not accurate enough to
compare steel vs concrete vs mass
timber systems




Estimating the “Conceptual Cost” of a structural bay

“Conceptual Costs” do not Conceptual cost estimates that
include follow are appropriate only for
o Lateral systems illustrating the relative difference

between similar systems.

e General conditions

 General requirements They are not accurate enough to
e Construction time c.ompare steel vs concrete vs mass
timber systems

* Shipping
* Protection
 Finishes etc. etc.



ing span

20 ft timber bents, no beams, CLT of vary

WOQOD A - 20' Girder, no beams
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Square Grid w/ secondary beams, 3-ply CLT of varying span

WOOD C - Square Grid, Beams spaced to use 3-ply CLT

10.0
9.8
9.6

560

o

o

g 8
il

(34) 1apai9 01 WBjay Jea) 5 3
3

< M~ O @ W ow ~N O o =

ch oh Sh 03 03 03 0O o — —

4 IR =T 20 71 @ 919

._1.

550

w—Clear Ht

oo

- 9EX0E

i
F

! 87 X 87 R EIER

BT X 8T Rk bR
9T X 9T QECECR:ELE
=) (=] =] = 5
S S S S
§5/1s02
|enjdasuoc)

~QEX0E

BLx8L

9ix9¢

X4 4

CexLl

0Lx0¢

gIX8T

91*91



Square bay, CLT with 2 equal (varying) spans

WOOD D - Square Grid, One beam centered in bay
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Case Study 3 - Colorado
Boulder Loading Dock

In which we push the grid to its limit



BOULDER LOADING DOCK

OZ Architecture Quinlan KL&A



\\ BOULDER LOADING DOCK

=4

e e e RS ,«a
* Typely, Sprlnklered Construction
. * 2-story
e 2012 IBC

» 7-ply 5-layer CLT Floors

* 5-ply CLT roof

* 3-ply CLT shear walls

* Stora Enso and Ligna Terra
e 25x30Grid

OZ Architectu ré



BOULDER LOADING DOCK

OZ Architecture Quinlan KL&A



BOULDER LOADING DOCK
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Typical Connections

~—CLT WALL PANEL

""/.——PROVIDE CONTINUOUS MOISTURE
; PROTECTION FOR CONCRETE
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CLT TO INTERIOR BEAM CONNECTION



25 x 30 Grid
" 1 , 7-ply 5-layer CLT Floors
T\ 5-ply CLT roof
' \ ' 3-ply CLT shear walls

' OZ Architecture



30 ft timber bents, no beams, CLT of varying span
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WHAT MASS TIMBER CONNECTIONS
COST?




WOOD CONNECTIONS ARE A DESIGN/COST DRIVER

“Wood structures are just connections held together by members”
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Mass timber design

connections
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Connection Cost — Different Connection “Classes”

‘\




Connection Cost based on “Connection Class”

Cost for each class is based on ... Cost increases with ...
e Connection material e Connection “Class”
e Screws and bolts * Simple screws
e Beam end fabrication \l
¢ Glrder fabrlcathn ° Comp ex h|dden Custom
 Field Installation connector
e Reaction carried




Case Study 4 - Colorado
Platte Fifteen

In which we get serious about economy



PLATTE FIFTEEN

Office / Retail

Type lII-B Construction
1 floor concrete below grade
1 floor concrete above grade
3 floors + roof in mass timber
Concrete cores

30’ x 30’ grid

OZ Architecture
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PLATTE 15

Office / Retalil

Type IlI-B Construction=
30’ x 30’ grid
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Early Pricing showed mass timber came at a premium

Project Options - Price Compairison

$30,000,000 ELLL 428,000,000 $28,000,000

$12,000,00 $12,000,00

$10,000,00 $10,000,00

Base = Drilled Piers Option #2 = Option #3 = Drilled Option #4 =
and CLT "Bathtub" and CLT Piers and Structural "Bathtub" and
Steel Structural Steel

Slide courtesy of Adolfson & Peterson Construction



Platte Fifteen — Cost Control

Critical cost control decisions for
~ | mass timber are made here

Construct



Selecting a CLT / Glulam Manufacturer for Platte 15

e GC used Choosing by Advantages (CBA)
* Wood species (like paint colors!)
* Manufactures’ unique efficiencies
e Strength of coordination team
* Project history
* North American vs. Overseas
e Facility visit

Slide courtesy of Adolfson & Peterson Construction



Choosing By Advantages (CBA)

ALTERNATIVES
e CLT PRODUCER #1 CLT PRODUCER #2 CLT PRODUCER #3
Material Aesthetics
Owner preference for lighter color ﬂ Spruce Eu ropean Spruce
Advantage: 0 85 100
Servicing Zero Lot Line
Can delivery be sequenced or "hot loaded" Yes Yes Container
Advantage: 60 60 0)
Replacement Flexibility
Distance from project| 1300 miles 2100 miles 5400 miles
Advantage: 40 25 0)
Local Crew for Installation
Installed by Colorado Crews Yes No Yes
Advantage: 20 0 20
Total Importance: 120 170 120

Total Cost:

Slide courtesy of Adolfson & Peterson Construction




Getting trades comfortable

Mass timber may be new to many of the
subcontractors.

Comfort with the system will affect the
cost.

Slide courtesy of Adolfson & Peterson Construction



Wood Bay Study: 15x15 up to 30x30

15’

20’

30’ 25



Wood Bay Study

WQOD STUDY E - 3-Ply CLT Timber Grid
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20x30 Double girder,
no beams, 7-ply CLT

STRUCTURAL OPTION A
Baseline per 100% SD Set

SUMMARY
Primacy Material{sy  CLT, GLULAM, CONCRETE

Shuctural Geid a2
Clear Helght at Foor 11510 34°
Cloar Helght at Girders 947 3"

Foor Assemtsty L7S-2 CLT /40.25" + Sound
mid ¢+ 3" Concrate
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Boarms WA
Fessible Constriktion Type Type IV
Pro's:

* No beams, only girders
* Mochanical can run paraliel 10 shructur
« Possbie etficingy In nstalation wen 607
girder Smension
Con's
sA-typical offce grid
«Type IV construcbion prodbits concesied

VAl

3 e © paons
—— AT X : *B0 girders are Iingly sourced o North
\ \ America
*Approdsate wood volume - B FI3FT?

Visual Mmmu

o

=
.
e

RPN v =
= ”

LERRALIpRANBIORYINE L

e
o.r

3 ,:\‘\. ik
.‘ \\N s
- Y
l{%\\ 1 e :
A i g
l %\ \ H

I
ﬁﬁl‘rxﬁa'
4

AROMTAE P
e 18U
Lo B )

$ KLE&EA, Inc.

30x30 Single girder and
beams w/ 3-ply CLT

STIIGTUIA_L OPTION B .
30X30 Single Span, Single Girder CLT3
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Platte Fifteen Bay Study
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PLATTE 15

OZ Architecture KL&A & Nordic



PLATTE 15

50+ ft panels
span five 10 ft N

bays OZ Architecture Adolfson & Peterson Construction (] A & Nordic
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STEEL / TIMBER HYBRIDS

Collegiate Peaks Bank-=RiNo

Surround Architecture




WHAT DOES STEEL COST?
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Steel Pricing

Material Cost +

Detailing and Fabrication Cost +
Erection Cost

Total Cost

Approximately 2/3 of cost is labor and handling, not material



So ...

Fewer larger pieces are usually
more economical than many
small pieces

W10x26 spanning 20 ft 51,161 / pc S 4,255 / ton
W16x40 spanning 30 ft S 1,705/ pc S 2,707 / ton

W24x84 spanning 50 ft S 3,906 / pc S 1,771/ ton
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Steel frame with beams @ 10 ft o.c., CLT spans 10 ft




Hybrid Bay Study: 15x15 up to 30x30

15’

20’

30’ 25



Open office — 30 x 30 steel grid with 3-ply CLT
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HYBRIDE - 3-Ply CLT on Steel Grid’
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Hybrid vs Wood Grid
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Case Study 5 - Colorado
Boulder Office

In which we explore hybrid solutions



Type llI-B Construction

2-Stories

Hybrid steel frame with CLT floors
e 30x30grid

itecture KL&A



Open office — 30 x 30 steel grid with 3-ply CLT

HYBRIDE - 3-Ply CLT on Steel Grid'
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Typical Connections

CLT EDGE AT CFS WALL - SECOND FLOOR

_—— SLIP CLIP

,—— CLT PANEL W/ CONC TOPPING SLAB
' AND ACOUSTIC MAT RE: PLAN

1\1,/21 T ASSY SCREWS STAGGERED

RE: 1/XXX
————— STL BM RE: PLAN

“—— CF STUD WALL

@

3/4" =1-0"

10

Type IlI-B Construction

Hybrid steel frame with CLT floors
30 x 30 grid

€ BM

/o | ; ' L AR Pl

RE: PLAN

CONC TOPPING SLAB RE: PLAN

CLT PANEL RE: PLAN, BUTT
ENDS OVER BEAM AS
REQ'D

5/16°x3 1/2° ASSY SCREWS ©
1'-0°0C EACH SIDE OF JOINT

STL BM RE: PLAN

AT SIM, NO CONC TOPPING SLAB

TYPICAL CLT PANEL TO BEAM

3/4"=1-0"



Case Study 6 - Colorado
Denver RiNo Office

In which we raise the floor
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DENVER RiNo OFFICE

Grid: 20 ft x 20 ft Typical

Type llI-B, fully sprinklered
3-stories above grade

93,000 sf

Roof:  3-ply CLT

Floor 3: 3-ply CLT

Floor 2: 7-ply CLT

(High ceiling retail space below)
* Floor 1: Concrete

(Parking below)

tres birds workshop
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WOOD D2 - Square Grid, One beam centeredin bay
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Square bay, CLT with 2 equal (varying) spans
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DENVER RiNo OFFICE

Grid: 20 ft x 20 ft

Type IlI-B, fully sprinklered
3-stories above grade
93,000 sf

3-ply CLT roof

3-ply CLT floor 3

7-ply CLT floor 2

Concrete floor 1

tres birds workshop

J-LAYER CLT FLOOR PANEL,
ATTACH TO GLE W/ SCREWS —.

ROOF &
| | - | |
-
. T A L
h GLUNAM BEAM ~— £ 4
4;:/:-—
-
bl
! -— - | .
/ |
GLULAM GIRDER, / '
6" MIN BEARING ON TIMBER COL — 1
‘.
M
'\ _~ RAISED FLOOR SYSTEM,
7" RE: ARCH
TIMBER COLUMN ~——_ P
7 _— R3/8°%8%0'-8" SIOE PATE,
, 2 TYP EACH SIDE OF COLUMN
y ’-- —~ ”~
1o © L - ’I
o 910 @ = R1°%8°%0"'-8" BEARING PLATE
iV o __— PIPE 3 STD SHOP WELDED 10
J-LAYER CLT FLOOR PANEL, e —m BEARING PLATE
ATTACH T - 1T :
st Vi 7 ' = 1/2"% AJO7 THROUGH BOLT
LEVEL 3 \ o
e Il Dt I el B o, ﬂ’;ﬁ e S e et
4 o~
L7 M~
L ‘\_\
I T~ PIPE 2 1/2 XXS SHOP
< B ol 77 WELDED TO LOWER Z
GLNAM BEAM — T BEARING PLATE,
BUT TOP OF PIPE BEARS ON
AV BOTION OF T0P BEARING
. % PLATE

GLULAM GIROER, |
6" MIN BEARING ON TIMBER cOL —

TIMBER COLUMN —

TS B /4740~ 10" BEARING PLATE,
ATTAGHED TO TIMBER COLUMN WTH SCREWS



Case Study 7 - Colorado
Denver University

Pioneer Career Achievement Center
(DU PCAC)

In which we search for the sweet spot



Denver

Burwell Center f

Grid 24 ft x 24 ft e
3-ply Doug Fir CLT floors
5-ply Doug Fir CLT shear walls
Doug Fir glulam beams

Doug Fir glulam columns

[}

Early design images

Hi ”‘ [I I:B:]A I

,

Lake Flato Architects and SA+R
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Burwell Center for Career

Denver Universit

 Grid 24 ft x 24 ft
e 3-ply Doug Fir CLT floorg.
N 5-ply Doug Fir CLT she
MJR Doug Fir glulam bea

&

BOug Fir glul

Y

ke F""Iato Architects and SA+R



Denver University — BCCA

Burwell Center for Career Achievement

* Grid 24 ft x 24 ft

e 3-ply Doug Fir CLT floors

e 5-ply Doug Fir CLT shear walls
* Doug Fir glulam beams

e Doug Fir glulam columns

Lake Flato Architects and SA+R KL&A



Denver University — BCCA

Burwell Center for Career Achievement

* Grid 24 ft x 24 ft !

e 3-ply Doug Fir CLT floors N e ===

* 5-ply Doug Fir CLT shear walls e e o
* Doug Fir glulam beams 2
e Doug Fir glulam columns




Square bay, CLT with 2 equal (varying) spans

WOOD D - Square Grid, One beam centered in bay
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Some important topics that affect
cost but not addressed here ...

Fire Rated Construction
MEP Coordination



Proposed IBC Table 601
Fire Resistant Rated Construction

BUILDING ELEMENT Type | Type ll Type lll Type IV Type V
A B A B A B A B C HT A B

Primary 3 2 1 0 1 0 3 2 , AT 0
structural frame

Bearing walls Exterior 3 2 1 0 2 2 3 2 2 2 1 0
Interior 3 2 1 0 1 0 3 2 2 1/HT 1 0

Nonbearing Exterior See Table 602
walls : e
Inteior 9 9 0 0 0 0 0 0 0  swm 0 0
2304.11.2
Floor 2> 2 1 0 1 o 2 2 2 °Ao4
Roof 15 1 1 o 1 o 15 1 1 T 43 9




Tall Wood requires design for fire rated assemblies
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Some conclusions

 Don’t hammer square pegs into round holes
* When establish grid, remember:
— Timber: Wood volume is key Cost usually goes up with span
— Steel: Number of pieces is key  Cost usually goes down with span

* Collaboration and coordination is critical
 Engage fabricators early!
* Architects, engineers, contractors, fabricators, erectors all have a part
to play in optimizing systems
e After grids are set, don’t forget other factors
* Connection cost
* Constructability








