Optimization of Mass Timber Framing
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(and other Project Typologies)
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Disclaimer: This presentation was developed by a third party and
Is not funded by WoodWorks or the Softwood Lumber Board.



Innovation...
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Traditional Project Team Project Implementation Gaps / Opportunities

...EXists In the Gaps
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Case Study:
INTRO Cleveland

LOCATION
Cleveland, OH

SIZE
500,000 SF

HEIGHT
O Stories

SYSTEM
Mass Timber / Post-
Tensioned Concrete

SECTOR
Residential Mixed-Use




Case Study:
INTRO Cleveland

LOCATION
Cleveland, OH

SIZE
/65,000 SF

HEIGHT
O Stories

SYSTEM
Mass Timber / Post-
Tensioned Concrete

SECTOR
Residential Mixed-Use
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Establishing a Project Delivery Framework

BTDDING AND

TEAM SELECTION ERARNING
MASS TIMBER UNDERSTAND L J
SYSTEM IDEAL SYSTEM Y LOGISTICS CONSTRUCTION
SELECTION USE OPTIMIZE
STRUCTURAL PRECONSTRUCTION
L ) GRID | )

PROJECT FEASIBILITY OPTIMIZATION PRECONSTRUCTION CONSTRUCTION LESSONS
—>
START PHASE PHASE AND DESIGN PHASE PHASE LEARNED
[ | INTEGRATION DESIGN CONSATD';“ICJ 26
EXPLORE DIALOGUE WITH
BUTLDING CODF AHJ ( ‘ Y

SD DD CcD



Feasibility Phase

Current Phase: Feasibility Phase

ASSEMBLE ROBUST TEAM CODE LIMITS PERTINENT INFORMATION 'STRUCRURAL GRID IMPACT
l § Up Next...
MASS TIMBER EXPLORE BUILDING DIALOGUE WITH UNDERSTAND IDEAL
SYSTEM SELECTION (0))] 3 AHJ SYSTEM USE
SLIGIRENTINETI EROJECE PROJECT SPECIFICS POTENTIAL OUTCOMES CONSIDERATIONS

GOALS

s .
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...................................................................................................................................................................................................................



Establishing an Optimization Process

ALLOW ITERATION ACROSS WIDE RANGE OF COLLECTIVELY DEFINE ACCEPTABLE SEARCH
INPUTS SPACE

ANALYZE RESULTS

MINIMIZE MEMBER VOLUME WITHIN PREFERRED

RANGES COLLECTIVELY DEFINE TARGET CRITERIA SELECT SCHEMES FOR REFINEMENT

DEPLOY EITHER WITH PARAMETRIC MODEL OR

PREDETERMINED LAYOUT ADJUST BOUNDS OF THE OPTMIZATION

CUSTOMIZABLE OUTPUT AND DATA COLLECTION INTEGRATE NEW INFORMATION



The Optimization Engine

Traditional Design Workflow

Optimization Workflow
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Optimization
Process

 Optimize Each
Member

* Optimize Floor
Systems

« Optimize Vertical
Systems

« Apply Real World
Constraints

 Collaborate
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Member Optimization

Column Element

TIMBER
PROPERTIES

REQUIRED FIRE
RATING

SIZE
CONSTRAINTS

%

COLUMN
DESIGN

MODULE

Beam Element

TIMBER
PROPERTIES

REQUIRED FIRE
RATING

WIDTH
PREFERENCES

MAXIMUM DEPTH

BEAM

DESIGN
MODULE

Panel Element

TIMBER
PROPERTIES e
DESIGN
REQUIRED FIRE MODULE
RATING




Strength,

Beam Depth

Serviceability, Fire

Beam Demand Capacity Ratio Envelope

21/2 | 31/8 ] 51/8 | 63/4 | 83/4

103/4]121/4])141/4]1153/4]|171/4]|191/4)| 211/4[231/4]351/4

0.20
0.21
0.24
0.27
0.29
0.36
0.37

0.53
0.71
037
0.84

Beam Width

Serviceability Controlled
Bending Controlled
Shear Controlled

Fire Controlled

Minimum Area Section



Material Grade: 20F-1.5E

Required Fire Rating: 0 Hours

Span: 18’

Tributary Width: 20°

Loading: Residential

Minimum Area Beam Size: 3.125 X45




Width Ratio (Unitless)

Depth

Optimal Beam Depth to Width Ratios

15.00 e wwess High Grade

s me e Mid Grade
e e Low Grade
semewes Long Span
w= wm == Short Span

sememmn |arge Trib

10.00
== wm= == Small Trib

5.00

0.00
0.0 0.5 1.0 15 20

Required Fire Rating (Hours)



Fire Rating and Required Fire Rating
- - 0 Hour 1 Hour 2 Hour 3 Hour
Ta I Ie r B Ul Id N g S 23 8.75 10.75 14.25 15.75
22 10.75 10.75 14.25 17.25
21 10.75 12.25 14.25 17.25
> [l S LB s B B N R
for “g hter loaded 18 14.25 14.25 15.75 19.25
columns 17 14.25 14.25 17.25 19.25
16 15.75 15.75 17.25 19.25
- As load increases, g o er [ en [us e
= = _Q . . . .
fire im pact reduces €] 13 17.25 17.25 19.25 21.25
= [ 19.25 19.25 19.25 21.25
> 1 19.25 19.25 19.25 21.25
S| 19.25 19.25 19.25 21.25
v 21.25 21.25 21.25 23.25
8 21.25 21.25 21.25 23.25
7 21.25 21.25 21.25 23.25
6 21.25 21.25 21.25 23.25
5 23.25 23.25 23.25 23.25
4 23.25 23.25 23.25 23.25
3 23.25 23.25 23.25 25.25
2 23.25 23.25 23.25 25.25
1 25.25 25.25 25.25 25.25

Minimum Sqguare Column Size




Span (ft)

CLT Panel Evaluation

CLT DC Ratios (5 Ply)

Bending | Shear | Fire | LTDef | STDef [ Vibration
10 0.17 0.12 0.27 0.24 0.15 0.64
10.5 0.19 0.13 0.30 0.27 0.17 0.67
11 0.21 0.13 0.32 0.30 0.19 0.69
115 0.23 0.14 0.35 0.33 0.21 0.72
12 0.25 0.15 0.39 0.37 0.24 0.74
12.5 0.27 0.15 0.42 0.41 0.26 0.77
13 0.29 0.16 0.45 0.45 0.29 0.80
13.5 0.31 0.16 0.49 0.49 0.32 0.82
14 0.34 0.17 0.52 0.54 0.35 0.85
14.5 0.36 0.18 0.56 0.59 0.39 0.88
15 0.39 0.18 0.60 0.65 0.42 0.90
15.5 0.41 0.19 0.64 0.71 0.46 0.93
16 0.44 0.19 0.69 0.77 0.50 0.96
16.5 0.47 0.20 0.73 0.84 0.54 0.98
17 0.50 0.21 0.77 0.91 0.59 1.01
17.5 0.53 0.21 0.82 0.98 0.64 1.04
18 0.56 0.22 0.87 1.06 0.69 1.07
18.5 0.59 0.23 0.92 1.14 0.74 1.09
19 0.62 0.23 0.97 1.23 0.80 1.12
19.5 0.65 0.24 1.02 1.32 0.86 1.15
20 0.69 0.24 1.07 1.41 0.92 1.17

Utilization (Unitless)

1.5

CLT DC Ratios (5 Ply - E1)

Span (ft)

m—— Eending
e Shear
e Fire (2 Hr)
== == | T [Oef
==s= ST Def
Vibration



System Optimization: Floor Framing

CLT SPAN DIRECTION



System Optimization: Floor Framing

5Ply CLT 7 Ply CLT
890 ft3 GLT Beam 820 ft3 GLT Beam
508 ft3 GLT Column 451 ft3 GLT Column
5,835 ft3 CLT Panel 8,168 ft3 CLT Panel
7,233ft3 Total 9,439ft3 Total

. Beam . Beam
@ Column ® Column
@ Panel ® Panel

30% Volume
Increase



System Optimization: Vertical Framing

3 Bays 5 Bays
21,736 ft3 GLT Beamn 14,478 ft3 GLT Beam
33,177 ft3 GLT Column 39,339 ft3 GLT Column
140,030 ft3 CLT Panel 140,030 ft3 CLT Panel
820 ft3 GLT Beam 194,94 3ft3 Total 193,847ft3 Total
8,168 ft3 CLT Panel

9,550ft3 Total

® Beam
® Column
@ Panel

) Beam

O Beam
lumn
@ Colu ® Column
@ Panel ® Panel

2% Framing Volume
Decrease
[ 1 | +Shallow Corridor




Project
Optimization

Early iteration and
collaboration is key

Architectural and site
requirements
influence layout
options

Establish collective
goals

47,773 ft3 GLT Beam
28,942 ft3 GLT Column
213,616 ft3 CLT Panel

290,331ft3 Total

® Beam
® Column
@ Panel
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Analyzing Data

Standard Deviation (SD) Fitness Values SD Value Trendline Mean Value Trendline
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Establish Optimization Criteria

Lowest Volume Lowest Member Count Lowest Depth

Total Volume Member Count System Depth
Mefnb Rank 0 Me”’fb Rank 0 Rank 0
Couny : Coupy i
aQ Generation 39 // Ind. 5 Generation 38 // Ind. 5 Generation 41 //Ind. 7
IR e e . s . | et
,\6@ " Total Volume &6@ " Total Volume Total Volume
< Rank: 0 / 2500 < Rank: 2039 / 2500 Rank: 1458 / 2500
@ Fitness Value: 54291 T Fitness Value: 65776 Fitness Value: 62237
o v}
] Member Count 4 Member Count Member Count
K = Rank: 1601 / 2500 RS = Rank: 0 / 2500 Rank: 2372 / 2500
'_%J\ Fitness Value: 3196 % Fitness Value: 2142 Fitness Value: 3825
2
i Dept‘(\ System Depth Dep&‘(‘ System Depth o System Depth
Ccore® Rank: 156 / 2500 Cortid Rank: 1527 / 2500 cord®” Rank: 0 / 2500
Fitness Value: 16 Fitness Value: 24 Fitness Value: 14
Corridor Depth Corridor Depth Corridor Depth
Rank: 1197 / 2500 Rank: 221 / 2500 Rank: 697 / 2500
Fitness Value: 16 Fitness Value: 11.875 Fitness Value: 14
5 Ply Span 5 Ply Span 5 Ply Span
Rank: 2346 / 2500 Rank: 2469 / 2500 Rank: 896 / 2500
Fitness Value: 19.548427 Fitness Value: 19.548427 Fitness Value: 17.155

High Member Count High Volume Highest Member Count



Explore Options

LEAST VOLUME

Parallel Coordinate Plot

72928 4029 24 24 1955

54291 2142 14 105  15.16
Volume Neernbues Oversht Cormidor Max QLT
Coure Depth Depth Span

Taseanry Tmesy

LEAST MEMBERS

Parallel Coordinate Plot
72228 4Q?9 24 24

14 105

Overad Comdor

Count Depth Depth

-
-
-
-
-
-
-
-
-
-
-
-
-
-«
-
-

19.55

15.16

Sean

v

LOWEST AVERAGE

Parallel Coordinate Plot

72928 4029 24 24
54291 2142 14 10.5
Volume Member Oversh Conmidor

Count Oepeh Depth

AAAAAAAAAAAAAAAY

19.55

15.16
Max QY

Span

==




Filter Results

Parallel Coordinate Plot

72928 4029 24 24
I MRAX RS WY

s\

= -_——r 2 A
e "'//

/ \

L =SSNy IN
54291 2142 14 16.5

Volume Count SystemD CorridorD

- 7;75‘?’,—,—:—'

15.16

Span

\

Increasing Fitness



icing

Documentation and Pr

TYPICAL TOWER FRAMING PLAN

SCALE: 3/32" = 1'-0"

LEGEND:

INDICATES BBS 125 200 AB CLT PANEL (7.9" THICKNESS) WITH 3/8" ACOUSTIC MAT AND 2 1/8"
NORMAL WEIGHT CONCRETE TOPPING REINFORCED WITH 3.0 PCY OF EUCLID CHEMICALS

TUF-STRAND SF FIBERS.

INDICATES GLULAM TIMBER BEAM SIZE IN INCHES / MM. SEE QUANTITY

INFORMATION FOR TOTAL VOLUME AND PIECE COUNT
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Pre-Construction Phase

Current Phase: Precon Phase
Construction Arc

PARTNERED BIDS SOLE SERVICE MT BIDS RELATED TRADES

l | )
1]

Ml BIDDING AND TEAM :
SELECTION 1

4 Up Next. ..
| v v Y :
INTEGRATE TRADES INTO
DESIGN TNPUT TIMBER SYSTEM INPUT BID DOCUMENTS POTENTTAL VE BIN PROCESS - FINAL BIM MODEL _F—F
A
L }

L J

y |

CONSTRUCTION
DOCUMENTS

DESIGN
DEVELOPMENT

N | EMATIC DESIGN

|

DESIGN TEAM DESIGN REFINEMENT DESIGN COMPLETION

Current Phase: Precon Phase
Design Arc



Common
Challenges

« MEP Penetrations

« Trade Coordination
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Window Wall / Curtain Wall Attachment



Connection Efficiency




Construction Phase

Current Phase: Construction Phase

t

| M CONSTRUCTION
gl ADMINISTRATION

----------
..........................................................................................................................................................................................
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Erection Logistics
Off Site Fabrication

Schedule
Impact



Schedule Impact: Connection Considerations
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Simple Bearing Connections Trade Ready Connections




Schedule Impact: Connection Considerations

(8 )/~ COLUMN; SEE PLAN
‘ (4)-5/8" @ GLUED-IN HILTI
HAS-E RODS (6" EMBED) IN
3/4"@x6.5" LG HOLES C/W

PROVIDE SHIM AS REQ'D

HSS; SEE SCHEDULE \ i \/ — A e
(4)-3/4"@ BOLT W/ SLOTTED . i
HOLES @ HANGER PLATE AND | | e
COLUMN TOP PLATE Lo l/ I
m oo PER CLT SUPPLIER, 6" MAX
CONCRETE Sng ,'ZTA% ' I} CLT PANEL; SEE PLAN
; 7 5% ¥ SRSy l II‘, ax ';,é‘ o g S S @ i 5
A =T T — . -\ \l R = ==—= I
v —n ! D —| —1
T I - — —1 I T
|H|‘
I
5/8 |
iy \ (
! \ 5/8 | = JeB
INTUMESCENT PAINT @ ALL EDGES * T&B; SEE
AND AROUND 3.2" PERIMETER TOP SCHEDULE

AND BOTTOM OF PLATE

|
/*I’

3/4" BUILT-UP HANGER
PLATE (TYP); SEE
SCHEDULE FOR SIZE

BEAM; SEE PLAN

WxHx1 1/8" PLATE; WxH
TO MATCH COLUMN
‘ DIMENSIONS

ASSY SCREWS (SEE
SCHEDULE) /
COLUMN; SEE PLAN

|
INTERIOR COLUMN
1

PR |
I~~~ "7771

Custom Connections




Logistics
Considerations

« Mockups
« Rigging
 Laydown Areas

« Temporary Water
Protection

Tower Crains and Mobile Rigging




Logistics
Considerations

« Mockups
« Rigging
 Laydown Areas

« Temporary Water
Protection

5

7 e
Ny,
/

v
(i

R DA R VS N E
N I AN .

121kl

ks

| By
R i
‘4\.

/ :

Laydown Area




Post-Construction Phase

Current Phase: Postcon Phase

& TRACKING INSTALLATION RENTAR TR %
v it COORDINATION .
CHALLENGES
IDENTIFY SCHEDULE EVALUATE ERECTION /
PINCH POINTS SHIPPING CHALLENGES
SCHEDULE
: : 5 Up Next...
- LESSONS LEARNED :
: DESIGN :
: DETAIL REVIEW COORDINATION PROCESS :
3 CONSTRUCTABILITY
2 REVIEW



Lessons
Learned...

 Further
Prefabrication

 Trade Mentality

« Embrace Technology

...Opportunities



Lessons
Learned...

« Prefabrication
 Trade Mentality

« Embrace Technology

(Rig Iike and ironworker, handle like a carpenter)

..Opportunities



...Opportunities




Productivity Controls

Member Information

Member Name: P95
Member GUID: 6381b(5d-8810-40cd-851b-
Pieces / Day
40

Crew Size

Progress Information
© Tower Crane

Next Piece:
@ Gantry Crane

Construction Progress

EE TN

O Overlay

...Opportunities




Josh Dortzbach, PE, SE

Principal, Forefront Structural Engineers
Principal, Interstice

jdortzbach@forefrontstructural.com

Eric Guenther, SE

Principal, Interstice
Project Manager, Forefront Structural Engineers

eguenther@interstice.studio

K

FOREFRONT

STRUCTURAL

ENGINEERS,

INC.
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