Samantha deVries

Advisor: Dr.Thomas Boothby W
: | fnh Lo L | | | 1
i
:
|
l 1
b B i | in - alm
ﬁ w2 :ﬂx :tl%| I!}A%l l\liil —;;“~E : IRUIET 3 [
. . X r |u|\ gulu U"I !ul. (i T 1A 7\'}1’?]“75 ‘ ; el
Department of Architectural Engineering i ip b (b ..|{ 1) mgjj - At 2| e | EEE A f—; !

The Pennsylvania State University £ S -

Structural Option
Spring 2015

| 1141 Georgia Ave
Wheaton, Maryland




Building Overview iy £ — Project Team

E e ol T
* |58 Feet l: i

I

* 14 Stories T B 0 FEEERY:. i | ..l - Bonstra Haresign
180,000 Gross Square Feet : ?:f :’} % : ! fl: ; n‘ﬁ” i
e $44 Million ol SRS L 3 ¢ _‘ ._._‘ ‘ Owner Architect
« Constructed Feb.2013 —Aug. 2014 S -

Apartment Building

<% 8 General Contractor and CM Structural Engineer
Image Source: The George Apartments online
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Site Information

* Wheaton, MD
e North of D.C.

e Close to Metro Station

Building Introduction
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Existing Structural System

* |960’s Concrete Office Building

IaSrce:Whiting Turner Progress Photos
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Existing Structural System

* Steel Addition Layout
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Existing Structural System

* Steel Addition Layout

Image Source: Structural Building Documents
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Problem Statement
Redesign the Addition

* Building Reuse and Renovation
* Lightweight Addition

e Sustainable Alternative

Image urce:Whiting Turner Progress Photos

Problem Statement



Intro to Tall Timber

* Current Tall Wood Buildings Melbourne, Australia

* |0-story apartment building
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Intro to Tall Timber

Berlin, German
+  Current Tall Wood Buildings Y

e /-story apartment building

* E3 Project

Tall Timber Introduction



Intro to Tall Timber

ial Tall Buildin
+  Current Tall Wood Buildings Future Potential Tall Buildings

* |4-stories under construction in Norway

| 8-stories proposed in Canada

* 34-stories proposed in Sweden

Image Source: Rendering from the Nordic Page

Tall Timber Introduction



Intro to Tall Timber
Cross Laminated Timber

Image Source: archi-expo.com

. Cross Laminated Timber * Engineered Wood Panel Product
* Layers glued perpendicular (dimensional stability)
* At least 3 plies between 5/8” and 2" thick

e Max manufactured size 10’ x 40’

Tall Timber Introduction



Intro to Tall Timber
Cross Laminated Timber

e Cross Laminated Timber Engineered Wood Panel Product

Layers glued perpendicular (dimensional stability)

At least 3 plies between 5/8” and 2" thick

e Max manufactured size 10’ x 40’

Image Source: oodwindowstody.blogspot.com
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Intro to Tall Timber

Challenges of Using Wood in Tall Buildings
* Current Tall Wood Buildings

* Combustion during fire

* Cross Laminated Timber
* Connection details (steel loses strength in fire)

* Benefits and Challenges of tall wood

* Doesn’t meet code for buildings over 4-6 stories
* Historical fires in wood buildings
* Not used widely in US, therefore knowledge is limited

* Several topics require further research

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Intro to Tall Timber

Challenges of Using Wood in Tall Buildings Benefits of Using Wood in Tall Buildings
* Current Tall Wood Buildings

* Combustion during fire * Renewable construction material (sustainable)
* Cross Laminated Timber

* Connection details (steel loses strength in fire) * Versatile material
* Benefits and Challenges of tall wood

* Doesn’t meet code for buildings over 4-6 stories * Lightweight

* Historical fires in wood buildings * Fast construction time

* Not used widely in US, therefore knowledge is limited * Aesthetically pleasing if left exposed

* Several topics require further research * Heavy Timber burns slowly

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Proposed Solution
Proposed Structural System

* CLT Panels Span between Glulam Girders
* Glulam Girders span to Glulam Columns

e Concrete Shear Walls

Image Source: Sourceable Industry New & Analysis

Proposed Solution



Gravity Redesign Flexure

wl?
* CLT Floor Panel Design Ll
* Glulam Girder Design M
Srequired - F
* Glulam Column Design i
* Design Summary g s
* Comparison to Existing System
Cy =10
Cr=10
C;=1.0

Cp = 0.9 for Dead Load
Cp = 1.0 for Live Load
Cp = 1.6 for Fire Performance

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Gravity Redesign Flexure Deflections

. il wl?
* CLT Floor Panel Design o
: : Swlt
* Glulam Girder Design M N =
S’requi'red - F 384E T
* Glulam Column Design i
* Design Summary Mo b S L
= e Live Load Deflection Limit:
. Ty 1/360
. Comparlson ue EXIStmg System Dead and Live Deflection Limit”
1/240
Cy=10
C;=1.0
C,=1.0

Cp = 0.9 for Dead Load
Cp = 1.0 for Live Load
Cp = 1.6 for Fire Performance

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Gravity Redesign Flexure Deflections Fire Performance (using encapsulation method)

wl?
* CLT Floor Panel Design M= = Reauired Fire c..a'i’r’f;‘;“.‘{:u, v:..‘.’i"..l stf..-;é:?}.. ke el
es nce C r

eff
(in./hr) (in.) (in.)

Swl? .
Al
M 3R1E]
2

Srequwired =

M = Fb X S'required

Live Load Deflection Limit: D = L eitneed — (1D D)) = (04 ])
1/360
Dead and Live Deflection Limit”
11240 v (Pt D)rcduced [
Cu=10 e T N
C-=1.0
C.=1.0 , _ |
Cp = 0.9 for Dead Load #plies,esidual = #])]/(ﬁ‘-"nriginu/ i
Cp = 1.0 for Live Load
CD 1.6 for Fire Performance 4‘1\[_]"1'7'(, S (E; X ‘S'I'(,f(jtlil'( d ) resid.

Gravity Redesign



Gravity Redesign

CLT Floor Self-Tapping
» CLT Floor Panel Design Glulam Girder Design Process Same as CLT Except: Panel /\/ Screws
1 —
* Glulam Girder Design * More sides of material lost in fire performance design T |
* Glulam Column Design * Volume factor, Cv used in design T >
* Design Summary * Assumed to be fully braced by floor i
* Comparison to Existing System
2

Glulam ﬁE\

I-Beam Drywall

Girder Encapsulation

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Gravity Redesign

+ CLT Floor Panel Design Glulam Girder Design Process Same as CLT Except: Gt Eloor Pane)
¢ Glulam Girder Design * More sides of material lost in fire performance design g’
: : | =
e Glulam Column Design  Volume factor, Cv used in deS|gn ?/////
. j * Assumed to be fully braced by floor @ /
Design Summary Y y 11oo / , T 1 = Approximate

* Comparison to Existing System / "T777  Residual
Bty harss— Girder
Depth o Section

Glulam

Girder

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Gravity Redesign

Building Introduction

Compressive Strength

CLT Floor Panel Design = Cli

et (Sl s RESE Elin = E'(1 - 1.645COVE(1.05))/1.66
Glulam Column Design

Cp = B (Eee B ) \/[1+ (I‘T:E/lt‘ﬂé")]2 _ Fee/F:

Design Summary 2 o =

Comparison to Existing System
E=Fdy

Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign

Lateral Redesign

Fire Performance

4 sides now exposed to fire

E =G ChE.

Aresidual_ — (b _ 5”) X (d _ 5”)

f . P’reduced
=
Aresidual

Conclusion

Construction Management

Appendix



Gravity Redesign

* Design Summary

Design Summary
Structural Floor Elements

Element
yp. CLT Floor Panel
yp. Glulam Girder*
loor Panel (26' bay)

Typical Column | Interior |  Exterior | -

At addition base 12"x 12:3/8" 12"x 12:3/R"

5 Level at Parapet Penthouse Roof
Perimete 15"

r |Eside | 1912 19 1/2" 25 1/2"
Girders 19 112"

Penthouse
| Typ.Ext. | 1238 | 101" | 812" | - |
2 81

10 1/2" 812" | 812" | -

10 1/2" 81/2" 81/2"
10 1/2" g1 | - |
123/8" | 1012 | 82" | - |

*Note: All girders have bf = 12" and bw = 4" for improved connection constructability

12 9
12 3/8" 10 12" 812"
101/ 10 1/2" 81/2" 81/2"
| E | 123

2

**All columns have bw = 12 to match the girder flange width

Gravity Redesign

Design Summary
e |2t Level
» 7-ply panel on 12t |evel
* [8” deep girder
* All other levels
* 5-ply panel
* Typical girder |15” deep
* Typical Column 12” x |0 1/2” at base



Gravity Redesign

* Comparison to Existing System

Floor Covering # :
Topping for Sound Insulation =
= Ts |
CLT Floor Panel S = 3
5/8” ““
e
Glulam
Girder , '
*—K—/\ ﬁ bY)
Single Layer S/8
$. Drywall
G =
= O 4
= o,
= =
"‘T 6? Typical Floor-Floor Height
> o | =107-47

Gravity Redesign

Floor Covering -

Concrete Topping & Steel Deck fn
| AN /—'Ep g L\ / \ ] :ﬂ
"
L =] S‘ i
I ) *2
Kl\ Floor —
'f Joist o
r’ P
0
Mechanical W—Sh ape \/\ v
=~ Allowance Cizdor Single
G S Layer
‘2 = Drywall
2 2
. >
= 3
4 = Typical Floor-Floor Height
cC Bc — 10) - 493




Gravity Redesign

* Comparison to Existing System

Floor Covering # :
Topping for Sound Insulation =
T > 5 |
CLT Floor Panel S = ,S
5/8” ?
e
Glulam
Girder , '
*—K—/\ ﬁ bY)
Single Layer S/8

? Drywall

>

Typical Floor-Floor Height
= 10> = 4>

9’ - 4” Typical
8’ - 8” Typical

Gravity Redesign

Floor Covering -
e Concrete Togplng & Steel Deck il:
in
L =] S‘ i
I ) "‘2
Kl\ Floor —
7 Joist o
r e
2
Mechanical W—Sh ape \/\ e
<> Allowance Girder Single
IS =t Layer
= E Drywall
2 2
‘- o
S =
4 = Typical Floor-Floor Height
A o| =10-4”
[



Gravity Redesign

* Comparison to Existing System

Floor Covering # :
Topping for Sound Insulation =
T > 5 |
CLT Floor Panel S = ,S
5/8” ?
e
Glulam
Girder , '
*—K—/\ ﬁ bY)
Single Layer S/8

? Drywall

>

Typical Floor-Floor Height
= 10> = 4>

9’ - 4” Typical
8’ - 8” Typical

Gravity Redesign

Floor Covering -

Concrete Topping & Steel Deck fn
= /_QP g %
"
L =] S‘ i
I ) *2
Kl\ Floor —
'f Joist o
r’ P
0
Mechanical W—Sh ape \/\ o)
=~ Allowance Cizdor Single
= ~ Layer
= E Drywall
2 2
. >
= 3
4 = Typical Floor-Floor Height
oC Bc — 10) - 493




Lateral Redesign

 [ateral Introduction

Lateral Redesign

i

i




e e W

Lateral Redesign
* Rigid Diaphragm

* Lateral Introduction
* Lateral System Behavior % n%w %
* Shear Wall Design TTTTT 11111 [

* Lateral Design Summary

* Semi-Rigid

[

LJ

L FTTTTITITTTTl

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Lateral Redesign

* Shear Wall Design

i
L

In-Plane Deflections

Lateral Redesign

50°-37

76" - 0"

J]

i

26°

47

124°- 67

T LTI
7.

7

42°-07

/ w{
%mmmmu%
.




Lateral Redesign

* Shear Wall Design

i
L

76" - 0"

In-Plane Deflections 50°-3” ‘
* From ETABS Model —
* Compare to L/360 |

In-Plane Floor Deflection Checks

"Length" | Max Displ. | Avg. lat. Disp. | Eff. Disp. | allowable disp.
0.823

o8 | ok

i

Grid 2.3 0.901 0.078 _

Grid 3-5 50.25 0.270 0.220 1675 | ok |

Gritss | 1ais 010 w10
Grid 6a-10 0.178 0.225 -0.047 2.533 = -
Grid 10-12 0.190 1.400

FRRRRRERRRRNY! T
7

7

Lateral Redesign

42°

_0”




Lateral Redesign

* Shear Wall Design

i
L

76" - 0"

In-Plane Deflections 50°-3” ‘
* From ETABS Model —
* Compare to L/360 |

In-Plane Floor Deflection Checks

"Length" | Max Displ. | Avg. lat. Disp. | Eff. Disp. | allowable disp.
Grid 2.3 0.901 0.078 0.877

i

Grid 3-5 50.25 0.270 0.220 1.675

Grid 3-9 124.5 0.108 4.150 e 124- 6"
il 0.178 0.225 -0.047 2533 26~ 24 -

/

|lllllllwllllllllé
7.

7

Lateral Redesign

427 - 07

%
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Lateral Redesign

* Shear Wall Design

Drift Check (L/400)

* Deflection of Lateral Elements Only

i
L

Drift Check at Shear Walls

Shear Wall | Height (f9) Allow. | Drift
© 7| Disp. |  Drift | Disp. |  Drift | Drift |Check

Elev/ Stair Core | 80 | 0.135 0.000141 0.000565 |0.003 | ok |
Stair Core 0.000128 0.238 0.000248 | 0.003 | ok

80 |
Grid 3 AB
Grid 3 CD
Grid 10

Lateral Redesign



Lateral Redesign

* Shear Wall Design

Drift Check (L/400)

* Deflection of Lateral Elements Only

i
L

* Drift due to both Diaphragm and Lateral Elements

 [.0D + 0.5L + 0.7WV for total building drift

Drlft Check at Shear Walls

X direction Y dlrectlon Allow. | Drift

mm Drift | Check
Elev/ Stair Core | 80 | 0135
StairCore | 80 | 0123 | 0000128 | 0238 | 0000248 |0003] ok

Grid 3 CD
Grid 10

Lateral Redesign

Overal Drift Check (Including Diphragm Deflection

Height (ft)| Disp. |  Drift | Allow. | Check |
Penthouse | 80 | 042 [ 000044 | 0.0025

Level 12 63.33 0.00197 0.0025



Lateral Redesign

* Shear Wall Design

Drift Check (L/400)

* Deflection of Lateral Elements Only

i
L

Drlft Check at Shear Walls

X direction Y dlrectlon Allow. | Drift

| Disp. | Drift | Displ |  Drift | Drift |Check
“
StairCore | 80 | 0123 | 0000128 | 0238 | 0000248 |0.003| ok |

Lateral Redesign

* Drift due to both Diaphragm and Lateral Elements
 [.0D + 0.5L + 0.7WV for total building drift

* 3/8” interstory drift for non-structural elements

Overal Drift Check (Including Diphragm Deflection

Height (ft)| Disp. |  Drift | Allow. | Check |
Penthouse | 80 | 042 | 000044 | 0.005

Level 12 63.33 0.00197 0.0025

Interstory Drift

| Level  |Height(ff)] Disp. | Allow.(n) | Check |
Penthouse | 80 | 016 | 0375 | ok |




Lateral Redesign

* Shear Wall Design

Drift Check (L/400)

* Deflection of Lateral Elements Only

i
L

Drlft Check at Shear Walls

X direction Y dlrectlon Allow. | Drift

| Disp. | Drift | Displ |  Drift | Drift |Check
“
StairCore | 80 | 0123 | 0000128 | 0238 | 0000248 |0.003| ok |

Lateral Redesign

* Drift due to both Diaphragm and Lateral Elements
 [.0D + 0.5L + 0.7WV for total building drift

* 3/8” interstory drift for non-structural elements

Overal Drift Check (Including Diphragm Deflection

Height (ft)| Disp. |  Drift | Allow. | Check |
Penthouse | 80 | 042 | 000044 | 0.005

Level 12 63.33 0.00197 0.0025

Interstory Drift

| Level  |Height(ff)] Disp. | Allow.(n) | Check |
Penthouse | 80 | 016 | 0375 | ok |

Level9 | 31 | 008 | 0375 | ok
--“--"-7-_
| NoGood _




Lateral Redesign Overturning Moment

* Has been an issue in taller wood buildings due to low mass

Lateral Introduction

* Typically design for uplift

Lateral System Behavior

Shear Wall Design * Oiriginal concrete portion very heavy

* OTM not an issue for this building

Lateral Design Summary

[

LJ

2

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Lateral Redesign

* Shear Wall Design

i
L

Hand Spot Check of Shear Wall Design

* Checked at critical section

* Enough concrete for shear

* Minimum reinforcing provided in field of wall
* Design controlled by flexure

* Reinforcing required at ends

Lateral Redesign

Image Source: Structural Building Documents



Lateral Redesign

* Lateral Design Summary

20'-1 172"

|
5-ply CLT Panels Span
Between Girders

]
8" Concrete Shear Walls
8" Concrete
Shear Walls

Lateral Redesign

Wall Design

8 concrete wall w/ 2 curtains rebar
H#4’s at |18 o.c.Vertical
H#4’s at 10" o.c. Horizontal

Typ. #6’s in the Corners and Ends



Construction Managsement
8 Breadth Topics:

* [ntroduction ,
e Mechanical

 Schedule Analysis .
4 * No concealed spaces, mechanical is exposed

e Cost Analysis ,
4 * Chose new mechanical system

e System Comparison .
Y P * Construction Management

* Schedule Analysis

* Cost Analysis

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Construction Managsement
& CM Scope

* |Introduction : ..
Structure in Addition

* Schedule Analysis

Partitions
* Cost Analysis

Shear walls for full building
* System Comparison

Sound insulation

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Construction Management

Schedule Assumptions Estimated Schedule Time:
* Introducti
e * Pre-fabricated panels * Steel:9 months
? SRl G e + CLT not found in RS Means * Wood: 4 months

* Cost Analysis , .
* Construction similar to precast concrete

* System Comparison

Steel Addition Concrete topping needs to cure

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Construction Management

Cost Assumptions Estimated Cost:
* Introducti
B  CLT product from Structurlam product info * Steel: $2.17 Million
* Schedule Analysi
chedule Analysis * All other cost information from RS Means * Wood: $2.76 Million

* CostAnalysi
ost Analysis * 5% estimate added to labor (not many CLT buildings in US)

* System C '
YSEEM ~-Omparison * No addition for waste included due to prefabrication

* Lower General Conditions Costs in Wood

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Construction Management

Schedule Estimate Cost Estimate
* Introduction e Wood Addition: 9 months * Wood Addition: $2.76 Million ($25 per SF)
* Schedule Analysis * Existing Steel Addition: 4 months * Existing Steel Addition: $2.17 Million ($19 per SF)
* CostAnalysis * 5 months shorter for wood addition * 30% increase for wood addition
* System Comparison * Approx. |9 months to 14 months * $44 million total cost to $44.59 million (1.5% increase)

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Conclusions
Proposed Goals

* Summary
* Redesign Addition Gravity System in Wood

* Acknowledgements

* Design appropriate shear wall system for gravity design

Investigate feasibility of wood in design for fire performance

Investigate cost and schedule feasibility

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Conclusions
Proposed Goals

* Summary . .
» Redesign Addition Gravity System in Wood — *  Gravity system met goals for redesign

* Acknowledgements

* Design appropriate shear wall system for gravity design

Investigate feasibility of wood in design for fire performance

Investigate cost and schedule feasibility
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Conclusions
Proposed Goals

* Summary . .
» Redesign Addition Gravity System in Wood — *  Gravity system met goals for redesign

* Acknowledgements

o Design appropriate shear wall system for gravity design = =) Lateral design met strength and deflection requirements

Investigate feasibility of wood in design for fire performance

Investigate cost and schedule feasibility

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Conclusions
Proposed Goals

* Summary . .
» Redesign Addition Gravity System in Wood — *  Gravity system met goals for redesign

* Acknowledgements

* Lateral design met strength and deflection requirements

Design appropriate shear wall system for gravity design = ==——fp

* Deflection and vibration controlled over fire performance

Investigate feasibility of wood in design for fire performance =l

Investigate cost and schedule feasibility

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Conclusions
Proposed Goals

* Summary . .
Redesign Addition Gravity System in Wood — *  Gravity system met goals for redesign

* Acknowledgements

* Lateral design met strength and deflection requirements

Design appropriate shear wall system for gravity design = ==——fp

* Deflection and vibration controlled over fire performance

Investigate feasibility of wood in design for fire performance =l

Investigate cost and schedule feasibility — =———————) Wood redesign 30% more expensive, but can be built in less

than half the schedule

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Conclusions Thank you to the following people:

* Summary * The engineers at Rathgeber/Goss Associates

* Acknowledgements * My parents

The AE faculty and my advisor Dr.Thomas Boothby

* My classmates and friends

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix




Thank You
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Appendix Gravity System Lateral System CM Breadth Mech Breadth

- Appendix Contents * Sound andVibrations * Drift  CLT CostTable * Plans
* Typical Opening * In-Place Deflections * Quantity Tables * Sample Apartment
* Floor Tables * Shear Wall Reinforcement * CostTables * Hand Calculations
* Beam Tables e Overturning Moment * Schedule Tables
* Column Tables * Hand Spot Check * Schedule

* Design Values

Building Introduction Problem Statement Tall Timber Introduction Proposed Solution Gravity Redesign Lateral Redesign Construction Management Conclusion Appendix



Appendix Sound Performance Vibration Performance

e Sound and Vibrations * Topping required for sound insulation * Single spans isolated apartments from each other

* Additional weight and height included in design * Vibrations not as important for residential

* Thicker panel required for 12t level, assembly occupation

Type of CLT Thickness Vibration Controlled Equivalent UDL
: Span, L Criterion
(in.) (ft.)

Gypsum fiberboard FERMACELL of 1.0 in. (25 mm)
Sub-floor ISOVER EP3 of 0.79 in. (20 mm)
Honeycomb acoustic infill FERMACELL of 1.18 in. (30 mm)

Image Source: CLT Handbook
Honeycomb acoustic infill FERMACELL of 1.18 in. (30 mm)

Kraft paper underlayment
5-layer CLT panel of 5 5/16 in. (135 mm)

Image Source: CLT Handbook

Appendix



Appendix
* Typical Opening

Welded
Connection

Steel /7/

Angle

Opening

3-Ply CLT

Partition

Steel Plate
- /\/

)

D—
\f\ 5-Ply CLT

™~

Floor Panel
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Typical CLT Floor Panel Design Non Typical CLT Floor Panel Design

Strength Checks Strength Checks
Level Span | Panel | FbSeff* | D+L* Cd M OKk? Level Span | Panel | FbSeff* | D+L* M Ok?
Typical Level 20.8 | 5-ply | 10400 76 1 4090.3 | good Typical Level 26 | 7-ply | 18375 80 6760 | good
12th Level 208 | 7-ply | 18375 140 1 7534.8 | good 12th Level 26 | 9-ply | 18375 144 12168 | good
Penthouse Roof | 20.8 | 5-ply | 10400 66 1 [3552.1| good PenthouseRoof | 26 | 7-ply | 18375 70 5915 | good
*9-ply would have higher FbSeff, however value was not tabulated and 7-ply value worked,

Appendix

 Floor Tables

*D+L controlled over other combinations
*9-ply would have higher FbSeff, however value was not tabulated and 7-ply value worked,
so new FbSeff was not calculated to save time

Deflection Checks
Level Span El D L Defl L | Defl D+L Deflection Checks
Typical Level 20.8 | 5-ply | 4.40E+08 36 40 0.38 1.03 Level Span | Panel EI D L Defl L
12th Level 20.8 | 7-ply | 1.09E+09 40 0.38 0.69 Typical Level 26 | 7-ply | 1.09E+09 40 40 0.38

Penthouse Roof 20.8 | 5-ply | 4.40E+08 36 30 0.28 0.97 12th Level 26 | 9-ply | 1.60E+09 44 100 0.64
Penthouse Roof 26 | 7-ply | 1.09E+09 40 30 0.28

Fire Design Check Fire Design Check
Orig.h | Resid. H | Approx | FbSeff : Level Panel | Orig.h | Resid. H| Approx | FbSeff

Level Span | Panel

Typical Level

26

5-ply

9.625

7.125

5-ply

10400

43

12th Level

26

7-ply

12,375

9.875

7-ply

18375

70

Penthouse Roof

26

5-ply

9.625

7.125

5-ply

10400

39

Typical Level

7-ply

9.625

1125

5-ply

10400

46

12th Level

9-ply

12.375

9.875

7-ply

18375

73

Penthouse Roof

7-ply

9.625

7123

5-ply

10400

42

*D+L is reduced using the same assumptions as before *D+L is reduced using the same assumptions as before
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I : EI
12758.8 2.30E+10
10549.8 1.90E+10
8623.1 1.55E+10 - : s
T CARETID Typical Girder Redesign for Inverted T-Shape

5535.1 9.96E+09 Level Gird. sw|Floor L+D M (in-Ibs) bf Cv

482 75970 B | Strength | Typical Level 26 700 435600 12 0.90
3332.2 6.00E+09

25118 1.526+09 Design (12th Level 50 1400 870000 12 0.89

1851.3 3.33E+09 Penthouse Roof 50 660 426000 12 0.90
1330.0 2.39E+09

927.0 1.67E+09
620.3 1.12E+09 Level D+L El Defl. L |Defl. D+L| Lim. L L OK?

6676.6 1.20E+10 . |Typical Level 3.33E+09| 0.432 0.96 0.667 : good

5478.5 9.86E+09
T e 12th Level 6.00E+09| 0.600 1.00 0.667 : good

3543.7 6.38E+09 Penthouse Roof 3.33E+09| 0.324 0.989 0.667 : good
2783.4 5.01E+09

214523 3.86E+09 ; : : =
1617.4 2.91E+09 Level Origh | Resid w | Resid h Seff M (in-Ib)

1187.9 2.14E+09 Typical Level 12 15 7 12.5 182.3 242700
S ko L.5zB00 12th Level 12 18 1525 280.3 442500
575.3 1.04E+09
367.4 6.61E+08 Penthouse Roof 12 15 7 125 182.3 256500

207.1 3.73E+08 *Qr along Grid 4 at 12th Level and Penthouse

Appendix

e Girder Tables

Normal Conditions

Residual Section during Fire
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Girder Tables

Strength
Design

Level

Wall sw

Perimeter Girder Along Grid 2* (West side)

Gird. sw

Floor L+D

DHL**

M (in-Ibs)

bf

Cv

Sact

Typical Level

450

50

1092

1592

955200

12

0.38

554.8

12th Level parapet

200

50

1872

2122

1273200

12

21

0.87

649.0

12th Level penthouse

350

50

2830

3280

1968000

12

0.86

085.1

Penthouse Roof

200

50

962

1212

727200

12

18

0.89

469.3

Level

L (plf)

El

Defl. L

Defl. D+L

Lim. L

Lim. D+L

L OK?

D+L OK?

Typical Level

520

7.80E+09

0.240

0.982

0.667

good

good

12th Level parapet

1300

9.96E+09

0.470

0.915

0.667

good

good

12th Level penthouse

2000

1.90E+10

0.379

0.743

0.667

good

good

Penthouse Roof

390

6.00E+09

0.234

0.974

0.667

good

good

Fire/
Char
Design

Level

D+L

Orig h

Resid bf]

Resid h

Resid bw

Seff

Red. Load

M (in-Ib)

Typical Level

20

1592

12

o

19.5

7

17

4

240.1

1012.0

607200

12th Level parapet

20

2122

12

21

18.5

341.6

1136.5

681900

12th Level penthouse

20

3280

12

253

23

531.1

1280.0

768000

Penthouse Roof

20

1212

12

138

7
7
7

15:5

4
4
4

196.3

772.5

463500

*Or along Grid 4 at 12th Level and Penthouse
**D+L was the controlling case for other girders, and will therefore be the only case considered in non typical giders

Perimeter Girder Along Grid 12* (East side)

Strength
Design

Level

Span

Wall sw

Gird. sw

Floor L+D

D+L**

M (in-1bs)

bf

Depth

Cv

Sact

Sreq

OK?

Typical Level

20

450

50

340

1340

304000

12

19.5

0.83

554.8

381.0

good

12th Level parapet

20

200

50

1512

1762

1057200

12

19.5

0.88

554.8

501.0

good

12th Level penthouse

20

350

50

2830

3280

1968000

12

25:5

0.86

985.1

958.0

good

Penthouse Roof

20

200

50

735

985

591000

12

18

0.89

469.3

2717.9

good

Level

L (pl)

El

Defl. L

Defl. D+L

Lim. L

Lim. D+L

L OK?

D+L OK?

Typical Level

420

7.80E+09

0.194

0.831

0.667

good

good

12th Level parapet

1050

7.80E+09

0.485

0.978

0.667

good

good

12th Level penthouse

2000

1.90E+10

0.379

0.743

0.667

good

good

Penthouse Roof

315

6.00E+09

0.189

0.792

0.667

good

good

Fire/
Char
Design

Level

D+L

Origh

Resid bf|

Resid h

Resid bw

Seff

Red. Load

M (in-1b)

Typical Level

20

1340

12

19.5

7

17

4

240.1

858.0

514300

12th Level parapet

20

1762

12

19.5

17

288.4

054.0

572400

12th Level penthouse

20

3280

12

25.5

23

531.1

1280.0

768000

Penthouse Roof

20

985

12

13

7
7
7

15.5

4
4
4

196.3

628.5

377100

*Or along Grid 4 at 12th Level and Penthouse
**D+L was the controlling case for other girders, and will therefore be the only case considered in non typical giders
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Typical Perimeter Girder in the E -W Direction

Appendix
ngn BB 1217 50| 50| st0 [ o] 1 | 15

* Girder Tables Hecitn 13
" [12th Level penthouse | 21 | 350 | 50 | 400 | 264600 | 12 | 15
PenthouseRoof [ 21 ] 200 [ 50 [ 250 [ 165375 | 12 | 13 |

.= ..‘ ‘..-v.b_‘:
Tl v 3"'{ ;‘ GE"
Cold Wood - | Levd  [SpanD@ID*| EI | Defl. Defl. Lim, OK?
ST PR
pamd P -
Heated Zone e E@
St |
S R
Choe laver BB PER: Lo [SpauD (in°] Origw [ Ovig h] Resid w [Resid b] Self Red. LoadM (i 1b) Sreq [OK?
b Ldyel S ] i
o R ' good Image Source: CLT Handbook
SIS g Design
Shtereo
S *Dead Loads here include approx. girder self-weight and exterior wall load. Floor dead and live loads are assumed to be carried to

= the typical floor girders by the CLT panel and are not included. Therefore there is no live on carried by this girder type.

Appendix



Appendix

Column Tables

Gravity Loads (psf, Ibs for SW)

C. SW (per floor)
Typical Level
12th Level

Floor Heights (ft)

Typical Level 10.33
12th Level 11.67
1675

Wood Properties

ot [ 1

Column and Ext. Wall Load Information

.
| ColTyper | DA | v T Level | Roof
“Typdat | 415 | 0 | 0 | 4150 |
208 | 9338 | 1068 | -
:
B [ 1m0 | 30 | usas | -
—Cc [ ms [ o0 | 0 [ 0
D [ 0 | 0o | 0 [ 0
— o | o [ -

3

6 10350 11845 | -
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Column Tables

Column Design: Various Levels, Strength, Fire Performance (See Design Summary for Splicing and Final Sizing Choices)
D+L (Ibs) | width| depth | Cv | F*c | Fee |Fee/f*c] Cp | F'c | fe |strok?|red. D+L] resid. A |fe (fire)| fire ok?
250555 12.375 1917[6548] 3.42 [0.96] 1844 | 1687| 0.915 | 131061

| A [ 231749 | 12 [12.375]0.98 [1917]6548] 3.42 |0.96] 1844 [1561] 0.846 | 149435 | 51.6 | 2895 | 0.981

B | 133740 [ 10.5| 12 [ 1.00 [1948]5013] 2.57 [095] 1842 [1061] 0.576 | 99434 | 38.5 | 258 | 0877 |
¢ [ 1%%5 [ 105 12 [1001048[5013] 2.57 [0.95] 1842 [1584] 0860 | 102911 | 385 | 2673 | 0.907
—E | 249545 | 12 [12375[098 [1917] 6548 3.42 [0.96] 1844 [1680] 0.911 | 125884 | 516 | 2438 | 0.826 |
F | 201340 | 12 [ 12375098 1917 6548 3.42 | 096 1844 |1356] 0.735 | 133364 | 516 | 2583 | 0875 |
Typ InL| 218600 | 10.5| 12 | T.00|1948| 5013] 2.57 [095] 1842 |1733] 0942 | 112905 | 385 | 29% | 0995 |
— A [ 200336 | 12 [12375[098 [1917] 6548 3.42 [0.96] 1844 [1349] 0.731 | 127531 | 516 | 2470 | 0857 |
B | 113095 [10.5| 12 [1.00[1948]5013] 2.57 [095] 1842 | 898 | 0.487 | 83183 | 385 | 2161 | 0133 |
—E | 213030 [ 10.5| 12 [ 1.00[1948[5013] 2.57 [095] 1842 [1691] 0918 | 105148 | 385 | 2731 | 0927 |
—F | 170815 [ 10.5| 12 [ 1.00 1948 5013] 2.57 [0.95] 1842|1336 0.736 | 111523 | 385 | 2897 | 0983 |
Typ.Int| 186645 | 10.5 | 12 | 1.00 [ 1048| 5015| 2.57 [ 055] 1842 |1481[ 0804 | 04749 | 385 | 2461 | 0855 |
T A | 168924 [ 10.5| 12 [ 1.00[1948[5013] 2.57 [095] 1842 [1341] 0.728 | 105628 | 38.5 | 2744 | 031
B | 92450 [ 85 | 12 [1.02[1990]3285] 1.65 [0.89] 1780 [ 906 0509 | 66931 | 245 | 2732 | 0959 ]
—C [ 147775 [10.5| 12 [1.00[1948[5013] 2.57 [095] 1842 [1173] 0.637 | 73479 | 385 | 1909 | 0.648 |
D | 132585 | 85 | 12 [1.0[1990]3285] 1.65 [0.89] 1780 [1300] 0.730 | 65989 | 245 | 2695 | 0946 |
T E | 176515 [ 10.5| 12 [ 1.00 [1948]5013] 2.57 [095] 1842 [1401] 0.761 | 84411 | 385 | 2193 | 0744 |
—F | 140290 [ 10.5| 12 | 1.00 1948 5013] 2.57 0.95] 1842|1113 0.605 | 89681 | 385 | 2329 | 0991

[ Typ. Int.| 154690 | 10.5 ] 12 |1.00 1948|5013 2.57 |0.95] 1842 |1228] 0.667 | 76593 | 38.5 | 1989 | 0.675 |
| Typ. Ext.| 91397 | 85 | 12 |1.02]1990|3285] 1.65 |0.89] 1780 | 896 | 0.503 | 57792

Level 10

| B | 71805 [ 85 | 12 [1.02[1990|3285] 1.65 |0.89] 1780 [ 704 | 039 | 50680 | 24.5 | 2069 | 0.726 |
| D | 109370 | 85 | 12 [1.02[1990|3285] 1.65 |0.89] 1780 [1072] 0.602 | 52778 | 24.5 | 2154 | 0.757 |

| E | 140000 | 85 | 12 [1.02]1990]3285] 1.65 |0.89] 1780 [1373] 0771 | 63675 | 24.5 | 2599 | 0.913 |
| F [ 109765 | 85 | 12 [102]1990]3285 1.65 [0.89] 1780 1076 0.605 | 67840 | 24.5 | 2769 | 0972 |
| B | sne0 | 85 | 12 [1.02]1990]3285] 1.65 |0.89] 1780|502 | 0282 | 34429 | 24.5 | 1405 | 0.493 |
| E | 103485 | 85 | 12 [1.02]1990[3285] 1.65 [0.89] 1780 [1015] 0570 | 42939 | 24.5 | 1753 | 0615 |
| B | 30515 |675] 105 |1.05]2039]1623] 0.80 |0.66] 1355431 0318 | 18178 | 9.6 | 1889 | 0.871 |
| D | 62040 |675] 12 ]1.03]2012]1623] 0.81 |0.67]1349[777] 0576 | 26355 | 123 | 2151 | 0.997 |
| E | 66970 |675] 12 [1.03]2012[1623] 0.81 [0.67] 1349|827 0613 | 22203 | 123 | 1812 | 0.840 |
[ Typ.Int.| 32210 | 85 | 10.5 [0.99[1922]1250] 0.65 [0.57] 1102 [ 361 ] 0328 | 20838 | 193 | 1082 | 0614 |
| C | 22780 |675] 12 [1.00]1940] 788 | 0.41 [038] 742 | 281 ] 0379 | 13568 | 123 | 1108 | 0933 |
a

*Column Types are labeled on the following floor plan
Note: As long as "OK?" column values are less than 1.0, the size has passed design checks. (Value is ratio of fp/Fc)
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Laminations in the
Minor Strength Direction of the CLT

Laminations in the
Major Strength Direction of the CLT

JPCI 1
. - : % -
Lamination Thickness in CLT Lay-up Major Strength Minor Strength
CLT (in.) Direction Direction
CLT Thick-
Grade ness FoSero Elero GAero FSerrso Elesroo GAenrso
(in’) = .L .L = (lbl-ftl (106 'b-"’ (106 lbo (lbl-ﬁl 106 Ibn- (106 Ib-
/ft.) in?/ft.) /ft) /ft.) in%/ft.) /ft.)
41/8 (13/8 (13/8|13/8 4,525 115 0.46 160 3.1 0.61
El 67/8 |13/8(13/8(13/8|13/8|13/8 10,400 440 0.92 1,370 81 1.2
95/8 13/8(13/8(13/8|113/8|/13/8|13/8(13/8(18,375 | 1,089 1.4 3,125 309 1.8
41/8 |13/8|13/8|13/8 3,825 102 0.53 165 3.6 0.56
E2 67/8 |113/8|13/8(13/8|13/8|13/8 8,825 389 11 1,430 95 1.1
95/8 113/8(13/8(13/8113/8|13/8|13/8(|13/8(15,600 963 1.6 3,275 360 1.7
41/8 (13/8 (13/8|13/8 2,800 81 0.35 110 2.3 0.44
E3 (67/8 [13/8|13/8(13/8|13/8|13/8 6,400 311 0.69 955 61 0.87
95/8 13/8(13/8(13/8|113/8|13/8|13/8(13/8(11,325 769 1.0 2,180 232 1.3
2 O s aNndbooO

CLT
Grade
f!:»,o - f:,o fc,o fv,o fs,o fb,90 E 0 ft,90 f¢:,9¢) f\',90 f5,90
(psi) (10%si) (psi) (psi) (psi) (psi) (psi) (107psi) (psi) (psi) (psi) (psi)
El 4,095 1.7 2,885 | 3,420 | 425 140 | 1,050 1.3 525 | 1,235 | 425 140
E2 3,465 1.5 2,140 | 3,230 | 565 190 | 1,100 1.4 680 | 1,470 | 565 190
E3 2,520 1.2 1,260 | 2,660 | 345 115 735 0.9 315 900 | 345 115
E4 4,095 1.7 2,885 | 3,420 | 550 180 | 1,205 1.4 680 | 1,565 | 550 180
V1 1,890 1.6 1,205 | 2,565 | 565 190 | 1,100 1.4 680 | 1,470 | 565 190
V2 1,835 1.4 945 | 2,185 | 425 140 | 1,050 1.2 525 | 1,235 | 425 140
V3 2,045 1.6 1,155 2,755 | 550 180 | 1,205 1.4 680 | 1,565 | 550 180
For SI: 1 psi = 6.895 kPa
©) The characteristic values may be obtained from the published allowable design values for lumber in the United States
as follows:
f, , = 2.1 x published allowable bending stress (F,), f , = 2.1 x published allowable tensile stress (F ),
f ,= 1.9 x published allowable compressive stress parallel to grain (F ), f = 3.15 x published allowable shear stress (F ),
and f*o = 1/3 x calculated f‘.o'
ase SO : ANndboo

DOUGLAS-FIR GLUED LAMINATED BEAM SECTION PROPERTIES AND CAPACITIES
F, = 2,400 psi, E = 1.80 x 10¢ psi, F, = 265 psi

3-1/8-INCH WIDTH

Depth (in.) 6 7172 9 10-1/2 12 131/2 15 16-1/2 18 19-1/2 21 2212 24 25-1/2 27
Beom Weight (Ib/fi) 4.6 5.7 6.8 8.0 91 103 1.4 125 137 148 160 171 182 194 205
A (in2) 18.75 23.44 2813 3281 37.50 4219 4688 5156 5625 60.94 6563 7031 7500 79.69 B84.38
§ (in.2) 18.75 29.30 4219 5742 7500 9492 117.2 1418 1688 1980 2297 2637 3000 3387 379.7
| (in.4) 56.25 109.9 189.8 301.5 4500 640.7 8789 1170 1519 1931 2412 2966 3600 4318 5126
El (10 Ib-in.2) 1013 1978 3417 5426 8100 1153 1582 2106 2734 3476 4341 5339 6480 7773 9226
Moment Copacity (Ib-f) 3750 5859 8438 11480 15000 18980 23440 28360 33750 39610 45940 52730 60000 67730 75940
Shear Capocity (Ib) 3313 141 4969 5797 6625 7453 8281 9109 9938 10770 11590 12420 13250 14080 14910
3-1/2-INCH WIDTH
Depth (in.) 6 7172 9 10-1/2 12 13172 15 16-1/2 18 19-1/2 21 22172 24 25-1/2 27
Beom Weight (Ib/fi) 5.1 6.4 7.7 89 102 1155 128 140 153 166 1729 191 204 217 230
Af(in) 2100 2625 3150 3675 4200 47.25 5250 5775 63.00 6825 7350 7875 84.00 8925 9450
§ (ind) 2100 3281 4725 6431 8400 1063 131.3 1588 1890 2218 257.3 2953 3360 3793 4253
I (in4) 63.00 1230 2126 3376 5040 717.6 9844 1310 1701 2163 2701 3322 4032 4836 5741
EI(10% Ib-in.%) 134 2215 3827 6078 9072 1292 1772 2358 3062 3893 4862 5980 7258 8705 10330
Moment Capacity (Ib-f) 4200 6563 9450 12860 16800 21260 26250 31760 37800 44360 51450 59060 67200 75860 85050
Sheor Copadity (Ib} 3710 4638 5565 6493 7420 8348 9275 10200 11130 12060 12990 13910 14840 15770 16700
5.1/8-INCH WIDTH
Depth (in.) 12 1312 15 16-1/2 18 19-1/2 2 22172 24 25-1/2 27 28-1/2 30 31-1/2 33
Beom Weight (Ib/fi) 149 168 187 206 224 243 262 280 299 318 336 355 374 392 4.
A (in2) 6150 69.19 7688 8456 9225 99.94 1076 1153 1230 1307 1384 1461 1538 1614 169.1
§ (ind) 1230 1557 192.2 2325 2768 3248 3767 4324 4920 5554 6227 6938 7688 8475 930.2
| (in4) 7380 1051 1441 1919 2491 3167 3955 4865 5904 7082 8406 9887 11530 13350 15350
EI (10 Ib-in.%) 1328 1891 2595 3453 4483 5700 7119 8757 10630 12750 15130 17800 20760 24030 27630
Moment Capacity (Ib-f] 24600 31130 38440 46510 55350 64960 75340 86480 98400 111100 124500 138800 153800 169500 186000
Sheor Copacity (Ib) 10870 12220 13580 14940 16300 17660 19010 20370 21730 23090 24450 25800 27160 28520 29880
5.1/2-INCH WIDTH
Depth (in.) 12 13172 15 16-1/2 18 19-1/2 21 22172 24 25-1/2 27 28-1/2 30 31-1/2 33
Beom Weight (Ib/fi) 160 180 201 221 241 261 281 301 321 341 361 381 401 421  44.)
ge d0 o 00d A O
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1604.3 Serviceability. CC.1.2 Drift of Walls and Frames. Drifts (lateral deflections)
Structural systems and members thereof shall be designed to have adequate stiffness to limit deflections and lateral drift. of concern in serviceability checking arise primarily from the
; effects of wind. Drift limits in common usage for building de-

sign are on the order of 1/600 to 1/400 of the building or story

height [Ref. CC-7]. These limits generally are sufficient to mini-

° I I “'f d mize damage to cladding and nonstructural walls and partitions.
Wlnd Drlft CheCk CONSTRUCTION S or D+ L%9 Smaller drift limits may be appropriate if the cladding is brit-

.8 tle. An absolute limit on interstory drift may also need to be im-

Roof members: posed in light of evidence that damage to non-structural partitions,

Su pportlng plaster Ceiling cladding and glazing may occur if the interstory drift exceeds
) . Y 38 in. actices ¢ ac
Supportl ng nonplaster cei Ilng about 10 mm (3/8 in.) unless special detailing practices are made

to tolerate movement [Refs. CC-6, CC-8]. Many components can

Appendix

Not su PpPO rtin g ce i ng accept deformations that are significantly larger.

Floor members f3 60 — / / 240 Use of the factored wind load in checking serviceability is

excessively conservative. The load combination with an annual

Exterior walls and interior probability of 0.05 of being exceeded, which can be used for
pa rtitions: checking short-term effects, is

With brittle finishes D +0.5L +0.7W (CC-3)
With flexible finishes obtained using a procedure similar to that used to derive Eqs. CC-

— la and CC-1b. Wind load, W, is defined in Chapter 6. Due to its
Farm buildi ngs _— .-’/ 180 transient nature, wind load need not be considered in analyzing
Greenhouses | - | - | /120 e st o creep otk fone e setons
Deformation limits should apply to the structural assembly as a
whole. The stiffening effect of nonstructural walls and partitions
may be taken into account in the analysis of drift if substanti-
f. The wind load is permitted to be taken as 0.7 times the "component and cladding” loads for the purpose of determining deflection limits herein. ating information regarding their effect is available. Where load
cycling occurs, consideration should be given to the possibility
that increases in residual deformations may lead to incremental
structural collapse.
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Shear Wall Reinforcement

Typical Required Reinforcement in Wall Ends or Corners*

PH | @W# | @# | ©# | - | -

9 | ©#6 | D# | ©#6 | @#6 |  ®)#
8 | ©# | @# | ©# | @# | @®#6

*All walls typically have 2 curtains of #4's at 18" o.c. vertical and 10" o.c. horizontal
in the field of the wall

Modeling Assumptions Using ETABS:
* All bases pinned

* Only lateral system and loads modeled

* 4000 psi NW concrete

* Concrete cracking modifier of 0.7 for walls
* CLT floor modeled as orthotropic

* Only addition modeled

* Actual elevations above ground level used

e Automatic ASCE 7-05 wind loads used and verified
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* Overturning Moment

Appendix



Appendix

e Shear Wall Hand Check at Critical Section
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e Shear Wall Hand Check at Critical Section
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Appendix
* CM Cost Analysis

Structurlam Products Ltd Budget Pricing for CrossLam (Cross Laminated Timber Panels) CDN$

1
A5

[ Panel | #of [ Panel [BlankPanel |
9.6
137
| str9 | 9 | 309mm | 17.5

Note: it'scolumnslor2or3..notl+2orl+30rl1+2+3

Fasterner, Hardware, Shop Drawings

Visual Grade
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Item Quantities

A e n d iX ; Quantity Per Level
P P VA Sysra [eins - Typ. Level 12th Level |Penthouse -

1
8

=)

0
11.43

ta
270 5
625 25
30
30 22
830

h

F. 455 513
10.9 12.34
336 336
798 798

Steel Columns

Steel Columns

* CM Cost Analysis Item Quantities

Gty Syste s - ——
F. | 10780 | 0 | 5500
1560
F. 6600 1990

=
=
-

| | | 8

310
5

2
g

F
LF
.
SF.
.
F
.
Bos [ B | 1250
£

SE | ios0 | 12840 | 4300
1280 | 12840 | 4300
T 750 750 130

Shear Wall System Items z Quantity Per Level -

SF. 1650 1510 1140 | 8860
Rebar (#5's @ 24" 0.C.) Ton 0.36

105 105
2700 2700

1100
| 77040 |
4300

| 522
138

196

Wall Insulation E. 5980 6704 1803 38405
Studs 2" x 3", pneumatic nailed

12840 12840

0
12340 12340 5500 79540
7

Sound Attenuation for Floor .F.

Glulam Typ Beams
Glulam Perimeter Beams
Glulam Columns

27 18
> > 207 207
1250

204

2 1
3640 4110 3760 | 26070

Quantity Per Level

Z
SIS 7 E w|lwn|ln|n|ln
P || o i | M| M| |
S
m
B
=
IIIIIIIHHII
&
7]
(4]

Fri
S

Shear Wall System Hewms Uit Existing Typ.|Addition Typ.|Penthouse

a2t m| e e e| e || e e
3 b | Pt |t [ P | | Pt |
N
o0

2
50 64
0.51 0.705 | 7.335

Cast in Place Concrete X

Rebar (#4's @ 18" O.C.) Ton

t-‘
o3|

=
g
)
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Appendix
* CM Cost Analysis

Project Name: 11141 Georgia Ave Wood Addition

Line Number
From Structurlam
Products Budget

Wheaton Ave, Maryland

Description

3-ply CLT Panels (including visual grading)
7-ply CLT Panels (including visual grading)

Pricing Provided in a|9-ply CLT Panels (including visual grading)

CLT Presentation
07 21 16.20 1320
06 11 10.40 6125
09 81 16.10 4200
06 18 13.20 8138
06 18 13.20 8142
06 18 13.20 4400

03 30 53.40 4200
03 21 11.60 0700

3-ply Partitions

Blanket Insulation, mineral wool batts 3.5" thick
Studs 2" x 3", pneumatic nailed

Sound Attenuation for Floor

Straight Glulam Beam, 20' span, 6.75" x 15" (Tvp.)
Straight Glulam Beam, 20' span, 6.75" x 18" (Perim.)
Alternate Pricing, columns including hardware
Subtotal

Wall, free-standing, 8" thick

Reinforcing in place, walls, #3 to #7

Subtotal

General Requirements @5%

Sales Tax @ 5.75%
Subtotal A
GCO&P

Subtotal B
Contingency @5%
Sutotal C

Location Adjustment Factor

Grand Total 2.756.051.73 Grand Total

Material
571,558.68
246,153 41

25.301.17
261,207.18
23.043.20
42.367.50
132,036.40
86.400.00
75.900.00
79,513.50
1,543.481.05

115.863.00
1,659.344.05
82,967.20
1,742.311.25
100,182.90
1.842.494.15
92.124.71
1.934.618.86

Labor
11,731.50
3.669.55
542.26
8,372.03
8.833.23
57.,902.25
192.486.80
11,610.00
8.844.00
4.375.45
328,367.06
138.516.00
3,960.90
142.476.90
470.843.96
23,542.20
494 386.16

404.386.16
271.418.00
765.804.16

Estimate Total

1.871.848.11

258.339.90
2.130.188.01

2,236.697.41

2,700.423.01
135,021.15
2.835.444.17
79,302 44

Division 03/04
Subtotal

Estimate Subtotal
Sales Tax
Subtotal

GC O&P
Subtotal
Contingency
Subtotal

Location Adjustment

Project Name: 11141 Georgia Ave Existing

Location:

Line Number

05 12 23.75 0900
05 12 23.75 1300
0512 23.75 0740
0512 23.75 1520
05 12 23.75 2700
05 12 23.75 1520
052119100160
0521 1910 0200
0531 13.50 5140
0531 13.50 2100
05 0521.90 2010
05 05 21.90 2010
05 05 23.10 2200
05 12 23.78 0320
03 22 11.10 0200
03 30 53.40 3250
0541 13.30 5190

04 22 10.34 5600
03 21 11.60 0700

Division 01

Wheaton Ave, Maryland

Description

W 10x49

W 12x22

W10x33

W12x35

W16x26

W14x22

Open Web Joist 12K3

Open Web Joist 16K3

Floor Decking, Composite decking, 1.5" deep, 20 ga.
Roof Decking, under 50 squares, 1.5" deep, 22 ga.
Weld, 4 passes, 1/2" thick plus avg 150% (half over head)
Weld, 4 passes, 1/2" thick + 20% for vertical

3/4" diameter bolts 2" long

Angles, 3"x3"

Welded Wire Fabric 6x6 W2.1xW2.1

Elevated Slab, regular 4000 psi conc., 2-1/2" floor fill
Framing, stud walls, 10" high, 6" wide, studs 12" O.C.

8" CMU solid grouted reinforced altenate cources
Reinforcing in place, walls, #3 to #7

General Requirements @10%

3058
2016
4788
625
310
630
16200
1100
77040
4300
522
1380
8330
1960
813.4
81340
4630

Subtotal

Estimate Subtotal
Sales Tax @ 5.75%
Subtotal A
GCO&P

Subtotal B
Contingency @5%
Sutotal C

S.F.
Ton

Material
218,922.22
64,512.00
229,824.00
31,875.00
11,780.00
23,940.00
76,464.00
5,720.00
180,504.72
9,318.10
872.78
2,307.36
13,119.75
3,743.60
15,389.53
81,421.34
74,080.00

$  33,579.40
$  2,780.00

Labor Estimate Total

$ 15,595.80
$ 6,431.04
$ 24,418.80
$ 2,168.75
$ 871.10
$ 1,789.20
$  63,342.00
$ 2,475.00
$ 36,208.80
$ 1,720.00
$ 15,111.90
$  31,960.80
$  28,405.30
$ 3,214.40
$  21,148.40
$  69,139.00
$  66,672.00

$ 390,672.29 $ 1,434,466.69 Division 05

$ 42,085.00
$ 1,501.20

$1,080,153.80 § 434,258.49 $1,514,412.29 Subtotal

$ 108,015.38
$ 1,188,169.18
$ 68319.73
$ 1,256,488.91
$ 125,648.89
$1,382,137.80

$ 4342585

Gen. Requirements

$ 477,684.34 § 1,665,853.52 Estimate Subtotal

§ 477,684.34
$ 262,248.70

Sales Tax
Subtotal
GC O&P

$ 739,933.04 §2,122,070.84 Subtotal

$

106,103.54 Contingency

$ 2,228,174.38 Subtotal

Location Adjustment Factor : -$  62,388.88 Location Adjustment

Grand Total $ 2,165,785.50 Grand Total
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Appendix
* CM Schedule Analysis

Schedule Analysis: 11141 Georgia Ave Wood Addition Redesign
Qty Crew Type #on Crew Daily Output

03 41 13.50 Precaset Slab Planks (5-ply CLT)

03 41 13.50 Precaset Slab Planks (7-ply CLT)

03 41 13.50 Precaset Slab Planks (9-ply CLT)

03 47 13.40 Tilt-up walls (Double 3-ply Partitions)

Mineral Wool Wall Insulation

2x3 Studs in wall

Sound Attenuation for Floor

Straight Glulam Beam, 20' span, 6.75" x 15" (Typ Beams)
Straight Glulam Beam, 20’ span, 6.75" x 18" (Perim. Beams)
Alternate Pricing, columns including hardware

Wall, free-standing, 8" thick

Reinforcing in place, walls, #3 to #7

[o W= N o W SR ]

(=]
= |

Labor Hours  Hrs per item

Schedule Analysis: 11141 Georgia Ave Existing

W10x49

W12x22

‘W10x33

W12x35

W16x26

W14x22

Open Web Joist 12K3

Open Web Joist 16K3

Floor Decking, Composite decking, 1.5" deep, 20 ga.

Roof Decking, under 50 squares, 1.5" deep, 22 ga.

‘Weld, 4 passes, 1/2" thick plus avg 150% for half overhead
‘Weld, 4 passes, 1/2" thick + 20% for vertical

3/4" diameter bolts 2" long

Angles, 3"'x3"

Welded Wire Fabric 6x6 W2.1xW2.1

Elevated Slab, regular 4000 psi conc., 2-1/2" thick floor fill
Framing, stud walls, 10' high, 6" wide, studs 12" O.C.

8" CMU solid grouted reinforced altenate cources
Reinforcing in place, walls, #3 to #7

Qty

Crew Type # on Crew Daily Output

E-2

E-2

E-7

E-7

E-4

E-4
E-14
E-14

1 Sswk
2 Sswk
2 Rodm
C-8

2 Carp
D-8

4 Rodm

CO 0O 0O 0O OO o0

ot
W W

8
8
2
2
1
2
2
8
2
5
4

Labor Hours Hrs per item
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Appendix
* CM Schedule Analysis

1-Ma=-13

Wood Structare

L7&8 Install Cohanns
L7 Intall Grders

L7 Instal CLT Panels
L8 Intall Grders

L8 Instal CLT Panels
LO&10 Instzll Cokumms
LO Intall Girders
LOInstal CLT Panels
L10 Intall Girders
L10 Instz]l CLT Panek
L11&12 Install Colinms
L11 Intall Girders
L11Insta]l CLT Panek
L12 Intall Girders
L12 Instal CLT Panek
PH Inztall Colunms
PH Inz1l Girders

PH Inatal CLT Panck
Walls

Shear Walls L7
Partitionz L7

Shear Walls L8
Partitionz L8
ShearWalls L9
Partitionz L9

Shear Walls L10
Partitions L10
ShearWalls L11
Partitions L11

Shear Walls L12
Partitions L12
ShearWalls PH
Partitions PH

Redesigned Wood Addition Structure Schedule

1-Mar-13

Steel Structure

L7&8 Install Columns

L7 Install Beams and joists
L7 Steel Deck/pour concrete
L8 Install Beams and joists
L8 Steel Deck/pour concrete
L9&10 Install Columns

L9 Install Beams and joists
L9 Steel Deck/pour concrete
L10 Install Beams and joists
L10 Steel Deck/pour concrete
L11&12 Install Columns

L11 Install Beams and joists
L11 Steel Deck/pour concrete
L12 Install Beams and joists
L12 Steel Deck/pour concrete
PH Install Columns

PH Install Beams and joists
PH Steel Deck/pour concrete
Masonry Bearing Walls
CMU Walls

Partitions

Level 7

Level 8

Level 9

Level 10

Levelll

Level 12

Penthouse

Existing Steel Addition Structure Schedule

8-Nov-13
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|

e MeChanlcaI Plans I ~—— 3/4” Refrigerant Pipe

Existing Exhaust Pipes

(Following Alternate Path)
_>

i ‘
"
VRV Unit — 5 I
T VRV Wall Unit
3
Il

‘ ‘
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* Mechanical Sample Apartment
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e Mechanical Calcs
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