M5, Vancouver and Terraine,
San Jose: Lessons Learned from
Conception to Construction

Harrison Glotman, Project Engineer, Glotman Simpson
Consulting Engineers

Chris Smith, Director, California Office, Glotman Simpson
Consulting Engineers

« CTBUH 2022
.. Steel-Timber Conference

T




WHY HYBRID?

LESSONS FROM CONCEPTION TO CONSTRUCTION
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WHY HYBRID?

HYBRID TYPES

GRAVITY SYSTEMS

LATERAL SYSTEMS

GRAVITY & LATERAL SYSTEMS




WHY HYBRID?

DRIVERS FOR HYBRID

PROGRAMMING & FUNCTIONALITY
ARCHITECTURAL DESIGN

CODE LIMITATIONS

INSURANCE OR “PERFORMANCE"
COST?
OTHERS?




WHY HYBRID? GETTING TALLER WITH TIMBER
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18 STORIES 12 STORIES 9 STORIES
BUILDING HEIGHT 270FT BUILDING MEIGHT 190 FT BUILDING HEIGHT 85 FT
ALLOWABLE BUILDING AREA 972,000 SF ALLOWABLE BUILDING AREA 648,000 SF ALLOWABLE BUILDING AREA 445,000 SF
AVERAGE AREA PER STORY 54,000 Sf AVERAGE AREA PER STORY 54,000 SF AVERAGE AREA PER STORY 45,000 SF

TYPE IV-A TYPE IV-B TYPE IV-C
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MAIN ALLEY PROTOTYPE MASS TIMBER TOWER WITH HPA ARCHITECTS
(VANCOUVER, BC)




WHY HYBRID? SYSTEMS CONSIDERED

POINT-SUPPORTED CLT SYSTEM POST, BEAM AND PANEL SYSTEM
PANEL-ONLY SYSTEM SPANNING TO TIMBER OR STEEL PANELS SPANNING TO BEAMS AND POSTS
GRID IS LIMITED (10'x12” MAX) MORE GRID FLEXIBILITY
THICKER PANEL REQUIRED RESIDENTIAL AND OFFICE APPLICATIONS

HOTEL/DORMITORY APPLICATIONS




POST + POST, BEAM POST, BEAM,

PANEL PANEL PANEL

| | ol
CLT Area (m? per floor) 495 495
CLT Volume (m? per floor) 99 109 99
Glulam Column Volume (m3 per floor) 15 8 0
Glulam Beam Volume (m3 per floor) 0 7 0
Steel Column (kg per floor) 0 0 5043
Steel Beam (kg per floor) 0 0 6326
Timber 195900 211900 158400
Steel 0 0 102321

$ 195,900.00 $211,900.00 $ 260,721.00

* Assumes a unit rate of 9 CAD/kg Steel, 1600 CAD/m3 CLT supply & 2500 CAD/m3 Glulam Supply
** Costs do not include install, but installation costs should be similar




WHY HYBRID? FUNCTIONAL REQUIREMENTS
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WHY HYBRID? STRUCTURAL PLAN
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WHY HYBRID? FUNCTIONAL REQUIREMENTS




WHY HYBRID? LATERAL SYSTEM

STRUCTURAL STEEL BRACED FRAME

SPECIAL REINFORCED
CONCRETE SHEAR WALLS

CONCRETE | STEEL

REQUIRED STIFFNESS

FIRE-RATING REQUIREMENTS

MEMBER SIZING AND COSTING
ARCHITECTURAL PROGRAM CONSTRAINTS
CONSTRUCTION SEQUENCING




WHY HYBRID? MIXING AND MATCHING MATERIALS

CORE WALL
SEE PLAN

TOPPING NOT SHOWN SP2 PANEL SPLINE
FOR CLARITY y 10N

AND CLT PANEL

3-PLY CLT PANEL

5-PLY CLT PANEL “SEE PLAN

-SEE PLAN

250 HIGH x 300 WIDE
x 8.5 THK EMBED PLATE
CW 4-20x150 LONG
NELSON STUD @ 1500 O/C

CONT NALER CW

- [ 20mm DIA ANCHOR BOLTS

EQUIVALENT PRE-DRILL BEAM 'WELDED TO TOP FLANGE
538511 | @000KC| FLANGES TOACCEPT SCREWS @700

SEE TABLE FOR SPACING
548510 | @azs 0C
55858 | @azsoc —
5850 | @000 SEE PLAN
57 |amoc

5-PLY TO 3-PLY

CONC TOPPING
ST | $ -SEE PLAN

3PLY CLT PANEL
-SEE PLAN
25M WELDABLE REBAR
C/W TERMINATORS
G 12X140mm ASSY KOMBI k] CONT NAILER CW
=P ol GRIDLINE (szpm PT SCREW OR APPROVED 20mm DIA ANCHOR BOLTS
T CLT PANEL AND EQUIVALENT PRE-DRILL BEAM WELDED TO TOP FLANGE
NALER @900 FLANGES TO ACCEPT SCREWS @rns0oic
-SEEPLAN kil €| 'SEE TABLE FOR SPACING
548510 | @4250/C
! 55459 | @42500C WBEAM
56858 | @1500/C -SEE PLAN
= 57 @600 0/C
T
400 HIGH x 300 WIDE 3-PLY BOTH SIDES

 20mm THK EMBED PLATE
C/W 2-25M WELDABLE
REBAR + (4) 20x150 LONG
NELSON STUD

/2™ CLT PANELS TO STEEL BEAM CONNECTION DETAIL
\asy/ e,

@ STEEL BEAM TO CORE WALL CONNECTION DETAIL

1:10
$208.1 HMG/STH




WHY HYBRID? STRUCTURAL PLAN

SPECIAL REINFORCED ONE-WAY CLT PANELS
CONCRETE SHEAR WALLS.

(NON-COMBUSTIBLE CORE)

V7
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STEEL HSS
COLUMNS

/

/

YYYY

STEEL BEAMS

/

CONCRETE TRANSFER SLAB
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NORTH WEST PERSPECTIVE VIEW

TERRAINE WITH STUDIO GANG (SAN JOSE, CA)
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WHY HYBRID? EXPLORING THE ALTERNATIVES

GLULAM COLUMNS - 18"x18"
GLULAM BEAMS - 5.5"x16"

3-PLY CLT DECK - 4"
CONCRETE TOPPING SLAB - 2"

Mass Timber
Post + Beam + Panel

STEEL COLUMNS - HSS8x8
STEEL BEAMS - W16x36

3-PLY CLT DECK - 4"
CONCRETE TOPPING SLAB - 2"

10°-0"

Timber-Steel Hybrid
Steel Column/Beam + CLT Panel

POST-TENSIONED
CONCRETE SLAB - 8"

CONCRETE COLUMNS - 16"x40"

All Concrete
Columns, Post-tensioned Slabs




WHY HYBRID? EMBODIED CARBON BENEFITS
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65% Avoided
& Offset by

22% Emissions Avoided

50% Avoided
& Offset by

18% Emissions Avoided

| 34,000,000 kg CO2¢ | | 36,000,000 kg CO2e

Emissions Emissions




WHY HYBRID? OVERCOMING MASSING CHALLENGES
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WHY HYBRID? OVERCOMING MASSING CHALLENGES

CANTILEVERING IN MASS TIMBER

FULLY THREADED RODS TO BE
COUNTERSUNK INTO COLUMN

CANTILEVERED STEEL
BEAM

STEELPLATETO
RECIEVE BEAM.
PLATE WILL NEED TO
BE SPRAYED OR
ENCAPSULATED TO
ACHIEVE 2hr FIRE
RATING

ASSY WG FULLY THREADED
SCREWS

GLULAM
COLUMN
CONTINUOUS

GLULAM GIRDER

CANTILEVERED STEEL STUB SOLUTION

GLULAM COLUMN
RUNS

CONTINUOUS:
WITH BEAMS
FLANKING THE
SIDES. IF WE USE

ALTERNATIVELY
WE PROCEED
WITH ONE,

L
[

GLULAM COLUMN

DWL AND EPOXY INTO
INTO COLUMN ABOVE

ASSY VG FULLY THREADED

/_ SCREWS

GLULAM BEAM

EFFECTIVE CHAR /

DEPTH PER NDS
TABLE 16.2.14

OVERSIZE BEAM TO
ACHIEVE
SACRIFICIAL LAYER
AND PROTECT
STEEL CONNECTION

;8

TO BEAM CONNECTION DETAIL

(TYP)

\ BEARING PLATE FOR:
SUPPORT OF THE
WOOl

D BEAM

HOLES ALLOWING
FOR SCREW
INSTALLATION TO
BE FILLED/PLUGGED

m COLUMN

LEVEL 14

K

_ LEvEL 1
T

e

LEVEL T

T8I

LEVEL 10

1
-
B
L

T

LBELS

-0

iBELS
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WHY HYBRID? OVERCOMING MASSING CHALLENGES
CANTILEVERING IN MASS TIMBER

HSS POST,
SEE PLAN
CLT PANEL NOTCHED
- T TO SUIT PROFILE
OF H38

+
GLAZING PER ARCH
O
b oo
n 1
1 1 1
CLOSED CELL STYROFOAM " [ T Wwon "
VOID MATERIALS 1IN
STRUCTURAL DENSITY N /
SINGLE SHEAR PLATE R BLANVEW
-SEE DETAIL 1/8609 FOR v
CONCRETE TOPPING TYPICAL CONNECTION
14V 312 LT PANEL PER PLAN TS LR Y ¥
TN T T T T T T T 3PLY WITH 2* CONCRETE
TOPPING
ey wse St LA L
N
Wy / @ W BEAM
{ L) SEE PLAN
W BEAM
-SEE PLAN *
Laxdx 112" CW 14DIAX2 112" LONG ‘CLT PANEL Mi=55 kipiit \
SIMPSON SDS25312 SCREWS @16" O/C. AT CONNEGTION VE=15 kips " TYP
ANGLE MAY REQUIRE INTUMESCENT NOT SHOWN
TO ACHIEVE 2HR FRR FOR CLARITY
ey
STIFFENER PLATE 1/4" @36" O/C SINGLE SHEAR PLATE ——————f+—— 38
-SEE DETAIL 1/S609 FOR
W BEAM TYPICAL CONNECTION
-SEE PLAN
L

TYPICAL FILLER WELD
PER ELEVATIONS

1= 1.0
S22t HMGISTH

@ NOTCHED BEAM AT BALCONY

ALT: SLOTHSS




WHY HYBRID? COLUMN SIZING AND DIFFERENTIAL SHRINKAGE







CHINATOWN #7

HYBRID GRAVITY
*  PI1-L2 RC SLABS + COLUMNS ~. & N\

*  L2-ROOF, CLT SLABS + STEEL FRAME S AN
HYBRID LATERAL 1 S
*  P1-L2, RC SHEARWALLS + RC DIAPHRAGMS

*  L2-ROOF, STEEL SCBFS + RC DIAPHRAGMS




HYBRID GRAVIT ,
*  PODIUM (3 - = Q@DE”LIM;;A,BQNS (SEISMICITY)
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WHY HYBRID?

CITY REVIEWS/APPROVALS

FIRST CLT PROJECT IN CITY OF LA (COLA)
CITY OF LA, “FLEXIBLE” DIAPHRAGM FOR CLT
FINAL DESIGN EMPLOYED ACOUSTIC CONCRETE

TOPPING AS RC DIAPHRAGM

FIRST IS NOT ALWAYS BEST

HAVE ALTERNATE DESIGN STRATEGIES IN
PLACE AND/OR CONSIDER AM&M APPROVAL
PATH w/ PEER REVIEW

BENT —————> | .. - ol R
PLATE N




WHY HYBRID?

CHALLENGES & DRAWBACKS

®* MORE MATERIALS = MORE TRADES = GREATER POTENTIAL
FOR SCOPE GAPS

DIRECT CONVERSATIONS WITH GC TO UNDERSTAND WHO
IS DOING WHAT, SIMPLE SCOPES CAN BE AN OVERSIGHT
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WHY HYBRID?
CHALLENGES & DRAWBACKS

®* MORE MATERIALS = MORE TRADES = GREATER POTENTIAL
FOR SEQUENCING & CONSTRUCTABILITY CHALLENGES
GC AND SUBS MUST COORDINATE DETAILS AND

SEQUENCING

NOTCH OUT CORNER OF

CLT FOR STANDARD BOLT
TIGHENING CLEARANCES,
OCE & STRUCTURLAM TO

COORDINATE

SHEAR PL 5/8", 516 FILLET
EA. SIDE @ Cx, W/ (2) 34'0 N
BOLTS @ Wx WEB

oo

i
/
TYPICAL GUARDRAIL BASE
J

!
]
|
| TYPICAL GUARDRAIL FASTENED TO ANGLE WITH
| ASSEMBLY PER ARCH SOCKET SCREW OR WELD i
'I (ESR-3842) (PER HANDRAIL SUPPLIER/ I
DESIGNER) /
/
/
Wl

Lax4x3i8 CONT.

W10x PER PLAN

TYPICAL C12x30 FASCIA

ALONG BALCONY EDGE
I
¥ I
s
&
A
DRAINAGE GAP
-PER ARCH
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