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THE FUNDAMENTALS
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THE FUNDAMENTALS s |

» Gravity only pushes down- Spans are
gravity’s nemesis, Columns are
gravity's friend.

« Spanning elements Bend, Compress,
Shear and Pull on materials

— All materials have unique strength and
stiffness properties prescribed by code,
and are optimal for different applications.

* Analysis of each element is broken
down into axial, shear, deflection and
bending moment plots







DETAILING THE GRAVITY SYSTEM




ROUGH SLAB THICKNESS ESTIMATES

Conventional Slab Post-Tensioned Slab Slabs with Drop Panels Drop Panel
Span (m) Interior End Cantilever| Interior End Cantilever| Interior End Cantilever| Depth Extent
6.0 200 225 2000 175 200 2400 150 175 2400 300 1200
6.5 200 225 2175 175 200 2600 175 200 2600 350 1300
7.0 225 250 2325 200 225 2800 175 200 2800 350 1400
— 7.5 225 275 2500 200 225 3000 200 225 3000 400 1500
€ 8.0 250 275 2675 225 250 3200 200 225 3200 400 1600
% 8.5 275 300 2825 225 275 3400 225 250 3400 450 1700
] 9.0 275 325 3000 250 275 3600 225 275 3600 450 1800
% 9.5 300 350 3175 275 300 3800 250 275 3800 500 1900
= 10.0 325 350 3325 275 325 4000 275 300 4000 550 2000
- 10.5 325 375 3500 300 325 4200 275 300 4200 550 2100
11.0 350 400 3675 300 350 4400 300 325 4400 600 2200
11.5 350 400 3825 325 350 4600 300 350 4600 600 2300
12.0 375 425 4000 325 375 4800 325 350 4800 650 2400
SPAN
|
T .
| 'bc

’a—c(min,)

SPAN
5 (min



SIZING THE COLUMNS

Height Span Column
12 Story 180" 14" X 48"
24'6" 18" X 48"
300" 20" X 48"
360" 26" X 48"
8 Story 180" 12" X 36"
24'6" 12" X 48"
30°0" 16" X 48"
36'0" 20" X 48"
4 Story 18'0" 12" X 24"
24'6" 12" X 30"
30'0" 12" X 36"

36'0" 12" X 48"



SCALE: 3/4"=1-0"

( 4) TRUSS CONNECTION SUPPORT DETAIL




DETAILING THE SEISMIC SYSTEM
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‘GOOD’ VIBRATIONS

1
"

:7 4th harmonic

Modes on a String - YouTube

Thisis —
“The Period”


https://www.youtube.com/watch?v=cnH2ltfW48U

"VIBRATIONS




DETAILING FOR DUCTILITY

*Exaggerated deformed VCD

Testing of a Full-Scale Steel Braced Frame Equipped with CAST CONNEX® High Strength Connectors™ - YouTube



https://www.youtube.com/watch?v=_AOSYakbGBo
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MORE SEISMIC LOAD

Acceleration (g)

BASICS OF EARTHQUAKE FORCES

Seismic Spectrain BC

1.2

. | 1.0 = Acceleration equal to Earth’s Gravity

Vancouver 2020

0.8
0.6
0.4

0.2

0 —0—

TALLER MORE FLEXIBLE BUILDINGS >




BASICS OF EARTHQUAKE FORCES

Seismic Spectrain BC
1.2 . .
1.0 = Acceleration equal to Earths Gravity

= 1 Vancouver 2020

o)
2 = 038
=]

T 06
2] s
c% D 04
i £ oo 0.16 = Acceleration equal to Moons Gravity
e 0 o
(=} 0 6 7 8 9 10
= Period (sec)
Building designed in this region— Can be tipped Building that fall in this region — Could be tipped

sideways and remain stable sideways and remain stable on the moon




Acceleration (Q)

Acceleration (g)

1.2

0.8

0.6

0.4

0.2
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0.5

NEW SEISMIC DESIGN LOADS

Vancouver City Hall (Site Class C)

Vancouver 2015

Vancouver 2020

2 4 6 8 10
Period (sec)

Victoria City Hall (Site Class C)

e \/ictoria 2015
Victoria 2020

2 4 6 8 10
Period (sec)

Acceleration (g)

Acceleration (g)

Burnaby Brentwood (Site Class C)

1.2

0.8

0.6
= Burnaby 2015

04 Burnaby 2020

0.2

0 2 4 6 8 10
Period (sec)

Kelowna Downtown (Site Class C)
0.25

0.2
0.15
0.1 = Kelowna 2015
0.05 Kelowna 2020
0 —
0 2 4 6 8 10

Period (sec)



MORE SEISMIC LOAD —>

WAIT...HOW MUCH HIGHER IN VICTORIA!?

Acceleration (g)

Seismic Spectrain BC

Vancouver 2020
e \/ictoria 2020

e K elowna 2020

1.0 = Acceleration equal to Earths Gravity

0 1 2 3 4 5 6 7 8
Period (sec)

TALLER MORE FLEXIBLE BUILDINGS >




HOW DOES MY SOIL MAKE THIS
BETTER/WORSE (NBCC 2015)




HOW DOES MY SOIL MAKE THIS
BETTER/WORSE (NBCC 2015)
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HOW DOES MY SOIL MAKE THIS
BETTER/WORSE (NBCC 2020)

CLASS A
CLASS B
SF

DOWNTOWN VAN

CLASS C
CLASS D
! CLASSE

Green: Lower Loads
than NBCC2015 :
|

NBCC 2020:
Loading defined by N S
site measurements

Red: Higher
Loads than
NBCC2015

NBCC 2020

~
-~

HIGHER SEISMIC LOADS

|
WORSE GROUND CONDITIONS




SEISMIC VS. WIND

Seismic M2
Seismic M3
Wind M2
Wind M3

INTER-STORY DRIFT (%)

MILLIONS

OTM (K-FT)




WHEN TO GET A WIND STUDY?

- Code requires a wind-tunnel test for
structures with a period > 4.0 sec

- Generally, this applies for 40-storey tower +/-
- Depending on the seismic site classification
(B or better), a wind-tunnel test may help

realizing great savings for 30-40 storey range.

- Facade system could be a driver.




WHAT IF WE JUST HIDE FROM THE WIND
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IS IT JUST WIND & EARTHQUAKES
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IS IT JUST WIND & EARTHQUAKES?

PP TR STV W o 1

oftea Cum RESOE M
Qo2 s f e
SR A GAS

https://www.youtube.com/watch?v=1JZk95fa5SA




SLOPED COLUMNS ARE COOL (NBCC 2010)

Vo NBCC 2010

NN
HEENEEN
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Gravity Leaning forces not
explicitly addressed.

=
HORIZONTAL SHAKING



SLOPED COLUMNS ARE WERE COOL ( )
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SLOPED COLUMNS ARE DIFFICULT (NBCC 2020)

HORIZONTAL SHAKING j/

e
GRAVITY LEANING

NBCC 2020

More demand on core,
columns and diaphragms
from vertical accelerations.

Peer review for high
gravity leaning forces
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MY PROJECT HAS SLOPED COLUMNS...
WHAT CAN | EXPECT

Approximate Sloped Column Amplification Factor COIU mns Get B | g g er

Anything sloping more than 2%
triggers a code clause that
amplifies the column loads.

Larger slope- larger column
BUT, also adds more load to
core. UP TO 3x the LOAD!

5 10 12 14 16 18 20 2 24 2 28 30 - Peer Review for nnbalanced
Column Slope from Vertical (Deg) Sloped Stl’UCtU res



DO WALKING COLUMNS COUNT?

i Any column that has a base offset N |
ST from its position further up has an i A
g : e
- inherent sloped load path. =
b Walking columns = Sloped Columns 11— 3
b | |
e




MY COLUMNS TOTALLY ALIGN




MY ARCHITECT NEEDS SLOPED/WALKING COLUMNS.
WHAT SHOULD 1 DO?

Engage us to review as soon as

possible, can suggest how to:

-Balance the loads

-Proportion the core

-Road map to minimize the impacts

(Cost, Space inefficiency, Construction

complexity, Avoid peer review etc.)

What's the Cheapest Thing to do?

Limit Slopes, offsets, walking, rotating
columns, and transfers




WHAT HAPPENS TO MY COLUMNS AND WALLS?




AVOID COLUMNS CLOSE TO THE CORE

= = « End of Construction (Elastic)
e ENil 0 Conistruction (wy/ Shrinkage & Creep)

== =At1Year (w/o Const. Corections)
/it 5 Years (w/o Const. Corrections)
~—— SLAB
/ RESTRAINED BY
/ CLOSE
* / COLUMNS.
[ |

CORE

|4 HIGH

] COMPRESSION

|
1
AND TENSION
LOADS ON
INTERNAL
A COLUMNS.

-
1
—
T
Level

~=—— COLUMN
TRANSFER

CORE

| {—= 20"
b
4

! |

SUPPORTING
COLUMNS

[ 0z 04 05 05 1 12 14

Shortening (Inches)

Also, more costly core and foundations! CO LUMNS SHRink




IS IT ALL BAD NEWS?
WHAT DO WE DO ABOUT IT?

K.I.S.S.
-Limit Slopes, offsets, walking, rotating
columns, and transfers

If we want to keep it exciting... we
are well-equipped to run a peer review
and non-linear analysis. We've been
doing it for many years in the United
States.

Good news is the simpler the structure,
the better it performs from an
embodied carbon and cost standpoint.

While conventional means of
construction are getting more
restrictive, advances are being made in
mass timber and sustainability.




ALIGNMENT - ALL ABOUT THE MASSING
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ALIGNMENT - ALL ABOUT THE MASSING
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UNLOCKING THE POTENTIAL OF PT

« ADVANTAGES

— Longer spans with thinner assembly § ¢
ey | G
= v

— Potential elimination of transfers J
— PTis about 3x stronger than rebar, but also 3x the price S " e =
! : ,
M 3 ;

« DISADVANTAGES

—  Future flexibility for office/commercial tenants
— In-slab duct coordination for residential
— Potentially adds a day to the schedule -

S

i
Covnan




TOPT ORNOT TO PT Case Study (1)
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DOES PT MAKE SENSE IN THIS CASE?

- All tower columns had to transfer due to architectural constraints.
- Only 1 extra column was required to control deflection (no impact on the unit layout)
- Extra construction time, in-slab duct conflicts, increased risks (cost, installation, etc.)




TOPT ORNOT TO PT Case Study (2)
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DOES PT MAKE SENSE IN THIS CASE?

- Most transfers were eliminated.
- More space flexibility for unit planning.
- Additional construction time on the typical floors offset by the savings in transfers.




GETTING TO NET ZERO

Vancouver's Carbon

Pollution
2907\2221 50%
SNIAS /O carbon
-10% | neutral
negative

emissions

On Track: Policy and Embodied Carbon - Glotman Simpson



https://glotmansimpson.com/on-track-policy/

GETTING TO NET ZERO

BUT HOW?

Typical GWP Distribution in High-Rise Residential Buildings

e ~ See link below to our ON TRACK
S series on the levers we can pull to

. achieve net zero by 2050

https://glotmansimpson.com/blog/

Dism'(:':tbi:vnetgata ;orJa single tower dev;alopt(r(z::{l;'ZO-s-t;r::st?nﬁan - E I I m I n ate tran Sfe rs—un I oC k th e
potential of PT

Columns 5% To 15%

- Performance-based concrete and
e === material specifications

Foundations 5% To 40%

- Optimize structural element
strength and sizing (i.e.
foundations, columns etc..)

- Track embodied carbon through the
design

Layout of a one-way beam transfer (left) vs. a two-way slab transfer (right)



https://glotmansimpson.com/blog/

INTEGRATED GWP PROJECT CALCULATOR

TOTAL QUANTITY:

CONCRETE VOLUME: 40,317 CY

FORWORK AREA: 1,260,409 SF.

)
@ AVERAGE DEPTH:

@ FORMWORK RATIO:

@ GLOBAL WARMING POTENTIAL:

MISCISIEEL WOCD ETC)
| e
\

+-17.1" +/-1.65 311.2 KgCO2e/m?
% N i

GLOBAL WARMING POTENTIAL PERCENTAGE EMBODIED CARBON INTENSITY
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OING TALLER WITH TIMBER

LTI
F
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18 STORIES

BUILDING HEIGHT 270FT
ALLOWABLE BUILDING AREA 972,000 SF
AVERAGE AREA PER STORY 54,000 Sf

TYPE IV-A

——— e e o —— - —

12 STORIES

BUILDING HEIGHT 190 FT
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY 54,000 SF

TYPE IV-B

— 3 S
- -—
— 1
— -
-
- -
ol e -
e
3 STORIES
BUILDING HEIGHT 85 FT
ALLOWABLE BUILDING AREA 445,000 SF
AVERAGE AREA PER STORY 45,000 SF

TYPE IV-C




GOING TALLER WITH TIMBER

SPECIAL REINFORCED ONE-WAY CLT PANELS
CONCRETE SHEAR WALLS.

(NON-COMBUSTIBLE CORE)

STEEL HSS
COLUMNS

STEEL BEAMS

CONCRETE TRANSFER SLAB




GOING FARTHER WITH TIMBER
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