N Limberlost Place: A 10-Storey Slab-Banded Structure
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30-10M CONT. (15 TOP & BOT.)
CW 10M STIRRUPS @300 AS SHOWN

TAPE JOINT FROM ACOUSTIC UMDERLAY GL
TO SMOOTH TOOLED EDGE OF PRE-CAST
AS SHOWN.
CLT SHEAR REINFORCING SCREWS:
::gg g‘:gg @ﬁ HH?F;%IEES PSC10x300 SCREWS @45 DEGREES, FULLY
THAT aA‘JE@H ROOF ANCHOR EMEBEDDED INTO CLT. SEE PLAN VEW FOR PATTERMN
PROVIDE BROOMED TOP SURFAGE, R s T e e e
152%152 MW 8.1 x MW 8,1 WELDED EXTENSIVELY ROUGHENED, BRUSH Bmm THICK x 75mm WIDE STEEL PLATE IN 35mm DEEP
WIRE MESH REINFORCING FIREKES PERPANLICULAR TC-2RAN 7mm WIDE SAW KERF AT A 5 DEGREE BACK BEVEL AS
IN 40mm CONCRETE TOPPING MIST WITH WATER PRIOR TO SHOWN. SEE FLAN VEW FOR PATTERN
ACOUSTIC VAT AS PER ARCH POURING TOPPING LAYER TO
: W . ENSURE BONDING IS ACHIEVED. - o ik
g \ |
gl =
E o
al =
“FE - — / _ — =% = -
< - ToaR -- ' = | A l | = -l:. . ’ -..: : " = | - == l]-lzﬁ -. =
= A B — ! : ! : : i : = i : L — : 4-:
o FSC 8x180 @400 % = R L= i e | = i N ! =1 ! il a &
AT NOTCHES, TYP. g . i B I , - I - i ) : N =
_/ | E
CLT INFILL PAMEL 175 2 hr| CHAR 3
AS PER PLAN, TYP. - 5
E
PERPENDICULAR PANELS 200 400 s 400 400 400 400 L 200 =
MOTCHED AT UNDERSIDE B I|I

]li— T-PLY CLT SLABE BAND COMPOSITE
PANEL AS PER PLAN CW 100mm
PRE-CAST CONCRETE AMD 50mm
CAST-IN-PLACE COMCRETE TOPPING
AS SHOWN, TYP.

TYP. SLAB BAND SECTION




TO COLUMN CONNECTORS.

— CONTRACTOR / TIMBER ERECTOR TO SURVEY TOP OF HS5 5TUBS AT EA
LEVEL AND COMPARE TO BOTH THE THEORETICAL ELEVATION AND THE
RELATED ELEVATIONS OF THE TOP FLANGE OF THE DIROPPED STEEL BEAMS r
WITHIN THE CORE. H55 THEQRETICAL ELEVATION MUST BE MET AS A MIM. |
THE MAX. ELEVATION I5 +4mm FROM THEQRETICAL. IF ELEVATION IS FOUND )
TG BE TOD LOW AT TIME OF SURVEY, SHIFT UP USING THE DONUT SHIMS
NOTED PRICR TO IMSTALLING THE NEXT COLUMMN ABOVE
THIS IS5UE SHALL BE DISCUSSED W/ THE TIMBER ERECTOR PRIOR TO FINAL
SHOP DRAWINGS AS HAVING COL. 5TUBS TOO LONG 15 NOT A DESIRABLE
OUTCOME, THUS IT MAY MAKE SENSE TO ALWAYS PROVIDE COLUMNS
SLIGHTLY SHORTER THAN THEORETICAL AMD SHIM UP AS REQUIRED

AT ALL WALLUMN TO WALLUMN CONMECTIONS ON L2-LE, FROVIDE HSS
12TXA78XE.4 LLH BLOCK, 302rmm LONG, WITH Bmm END CAPS, ADHERED
DOWHN TO CONCRETE FLOOR WITH PL PREMIUM ADHESIVE AS A
PROGRESSIVE COLLAPSE PREVENTION MECHANISIM, TYF ALL COLUMN

[ GLULAM COLUMN AS PER PLAM

TIMEER FABRICATOR TO ENSURE THAT BEARING
PLATE DAPPED INTO GLULAM COLUMMN BASE IS
WITHIN 2mm FROM PERFECT SQUARE TO ENSURE
GOOD SEATING WITH HSS STUBS.

ENES OF HES STUBS TO BE MACHINED CUT
TO EMSURE A PERFECT SQOUARE SEATING ON
THE BEARING PLATE.

M [l
300mm LG, FOR TYP. COL-TO-COL, CONNECTION, AND 400mm LG Il PROVIDE 1.6mm THK, 250mm 0.0 AND 190mm
FOR COLUMMNS THAT ACCEPT EDGE PAMELS, I |0 DOMUT SHIMS AT THIS INTERFACE TO

H SHIM TOP OF H55 5TUB LIP TO OR (MAX. 4mm)

BEYOMD ITS THEQRETICAL DATURM

e eyl i H 19mmE ZING COATED SMOOTH SHANK ROD
PEC Bx1B0 @100 AT CLT PAMELS |
THAT HAVE & ROOF ANCHOR) I%%Lﬁ'l’lm BOARD I / WI COTTER PINE, TYP.
152x152 MW 2.1 x MW 3.1 WELDED H TYP. INSIDE WALL OF
WIRE MESH REINFORCING 1 g L7 HEE MEMBER TO TOP PL
IM &0 CONCRETE TOPPING A i

HS5 178@x3.5 INNER TUBE (ASD) GRADE)
2D0mie LG W/ 45rman LG VERTICALLY
SLOTTED HOLE

HSS 219213 OUTER TUBE (ALDD GRADE)
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gl pe—e—— $ oy
IREER= J

Gz - — AR
ACOUSTIC MAT AS PER ARCH,
ECJ 150

150

191

244

FSC 880 @400 —/ = g |
AT NOTCHES, TYF. /

o

GLT INFILL PANEL ——
A5 PER PLAN, TYP.

FERFENDICULAR F‘."«NELS
NOTCHED AT UNDEREIDE

CLT REINF. SCREWS PER 3601

CLT FOR ERECTION TOLERANCE

PROVIDE 8-108 x275mm LG A307 THREADED RODS DRILLED AND /

TAPPED INTO PLATE BELOW WITH LOCTITE, Wy Témm OD, 2bmm 1D
FLAT WASHER PL. AND 2 - WO98-500-204-250 DIN 2083 SPRING

WASHERS, STACKED COMNICALLY AND COMPRESSED COMPLETELY
Wi THE NUT, ALONG WY T6mm OR 89mm 10, 20mm PVC CAP [OR SIM.)
ADOHERED TO THE CLT W/ FL PREMIUM AS SHOWN, TO PROTECT
THE SPRING WASHER BEHAVIOUR. PROVIDE 41mm@ HOLE IN THE
300mm LG. FOR TYP. COL-TO-COL. CONMNECTION, AND 400mm LG

FOR COLUMMS THAT ACCEPT EDGE PANELS.

™
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E
45 LG VERT. SLOTTED HOLE
2508 HOLES [N CLT AROUND HSS TUBES

TYP. QUTER H35
TO BASE PL

GLULAM COLUMN AS FER FLAM

HQTEL

LIGHT CHECKING IS TO BE EXPECTED,
VERTICALLY, AT THE HEAD OF THE COLLUIMM,
DEPENDING O THE MOISTURE CONTENT



AT SLAB BAND EDGES,
EDGE ANGLE C/W 2-RC
STAGGERED, PLUS 10
ON VERT. LEG @400, *
SEE SECTION 3/5601

I

TP1

S8l
1 I
| SEE S700 SERIES
i FOR STAIR A
R/
@ @
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SB17

T
AT SLAB BAND EDGES, PROVIDE L228x102x13 LLV ) \ AT INFILL PANEL EDGES.JFROV\L
EDGE ANGLE C/W 2-ROWS OF PSH 8x80 @600 EDGE ANGLE C/W 2-ROWS OF P!
STAGGERED, PLUS 10M800 LG. WELDABLE DOWEL! w STAGGERED, TYPICAL AT INFILL
ON VERT. LEG @400. TYPICAL AT SLAB BAND EDG
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TESTING GOALS

UNIVERSITY OF

e« Determin -of-plane shear
etermine out-ot-plane shea NORTHERN BRITISH COLUMBIA

capacity of TCC

» Determine stiffness and capacity of

various shear flow connector options Fa St - E pp

e Determine ultimate capacity of TCC
assembly for the project

« Validate stiffness of TCC bands for - I

I*l Na t raIR FG ace s naturelles STRUCTURLAM

model calibration & vibration e
Canad Intelligence In Wood

analysis




connector [screws]

RIS TG T E I I T B OTFIE
7T 77
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connector [steel plates]
B D e e T R R T D A R ]

CLT / | S

connector [HBV]

T T PSR L U R LA T e _;._ _.: T a R s a e P T T T, L AU -
i L L P P S N SR I, e
| I T L)

0 N N N N N 777320 A TS







“v ﬂ‘ e wmE = T
BY STRUCTURLAM \ STRKCTURLA‘EA,‘(‘.tQN

STRUCTURUJM COM LT «=F 8 S e -
L II- _ —_— a-?ﬁ:h.‘a " e

STRUCTURLAM

b e

BY

v

' -2




'r';'.'.'nIJ{.‘;'{;..‘,*-.

L] [ ¥ i
L]




_|_

STRUCTURAL TESTING PROGRAM

Series Description Connector Designation Test Type #of L Lo be b
Type tests [mm] [mm] [mm] [mm]
Small scale Test 1 [See Table 6] steel plates SC Tl Shear 6 1000 - 300 300
Small scale Test 2 [See Table 6] steel plates SC_T2 Shear 6 1000 - 300 300 18 S m a” Scal e
Small scale Test 3 [See Table 6] steel plates SC T3 Shear 6 1000 - 300 300 Te StS
Half scale, Raw CLT - HS UR CLT Bending 4 5030 4170 2200 2400
Half Scale, Half Reinforced CLT Panels - HS HR CLT Bending 4 5030 4170 2200 2400
Half Scale, Full Reinforced CLT Panels - HS FR CLT Bending 4 5030 4170 2200 2400
Half scale, Raw CLT w/ Type 1 TCC screws HS UR CLT TCC | Bending 2 5030 4170 2200 2400
Half Scale, Half Reinforced CLT Panels w/ Type 1 TCC screws HS HR CLT TCC_| Bending 2 5030 4170 2200 2400
Half Scale, Full Reinforced CLT Panels w/ Type 1 TCC screws HS FR CLT TCC | Bending 2 5030 4170 2200 2400 30 H a|f SC a| e
Half scale, Raw CLT w/ Type 2 TCC steelplates HS UR CLT _TCC Il Bending 2 5030 4170 2200 2400
Half Scale, Half Reinforced CLT Panelsw/ Type 2 TCC steel plates HS HR CLT TCC I Bending 2 5030 4170 2200 2400 TeStS
Half Scale, Full Reinforced CLT Panels w/ Type 2 TCC steel plates HS FR CLT TCC Il Bending 2 5030 4170 2200 2400
Half scale, Raw CLT w/ Type 3 TCC HBV HS UR CLT_TCC_lll Bending 2 5030 4170 2200 2400
Half Scale, Half Reinforced CLT Panels w/ Type 3 TCC HBV HS HR CLT TCC Il Bending 2 5030 4170 2200 2400
Half Scale, Full Reinforced CLT Panels w/ Type 3 TCC HBV HS FR CLT TCC Il Bending 2 5030 4170 2200 2400
Full Scale, Half Reinforced CLT Panels w/ Type 1 TCC screws FS HR CLT_TCC_ | Bending 3 9630 8770 2200 2400
Full Scale, Half Reinforced CLT Panels w/ Type 2 TCC steel plates FS HR CLT TCC Il Bending 3 9630 8770 2200 2400
Full Scale, Half Reinforced CLT Panels w/ Type 3 TCC HBV FS HR CLT TCC Il Bending 3 9630 8770 2200 2400 1 2 F u | | Sca| e
Full Scale, Half Reinforced CLT Panels w/ Type 1 TCC screws FS HR CLT TCC I Torsion 1 9630 8770 2200 2400
Full Scale, Half Reinforced CLT Panels w/ Type 2 TCC _ steel plates  FS_HR CLT TCCIl  Torson 1 9630 8770 2200 2400  1€StS
Full Scale, Half Reinforced CLT Panels w/ Type 3 TCC HBV FS HR CLT TCC Il Torsion 1 9630 8770 2200 2400

Note: SC = Small Scale; FS = Full Scale; HS = Half Scale; UR= Unreinforced or Raw; HR = Half Reinforced; FR= Full Reinforced
CLT = Cross-Laminated Timber; TCC = Timber Concrete Composite
L = total span, Lo = clear span, b = width of concrete top, by = width of CLT panel

60 Total Tests
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SMALL SCALE TESTS
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HALF SCALE TESTS

SERIES 2A:
UNREINFORCED
CLT

SERIES 2B:

HALF

REINFORCED CLT

SERIES 2C:

'

REINFORCED CLT

EIRINASE CLT

—

E—1000—34

f—1000—

s Pz

~&

*@ 2400a245E CLT

r r
SERIES 2A:RAW UNREINFORCED CLT
P2 g
2400a45ECLT

| |
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SERIES 2A: RAW HALF REINFORCED CLT
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SERIES 2ZA: RAW FULL REINFORCED CLT
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PLAN VIEW OF HALF SCREWS REINFORCED CLT

| shssges & = 8 3 & a4

aasasss » onom @ @ aeh

PLAMN VIEW OF FULL SCREWS REINFORCED CLT

200MM DIA HOLE
FOR ETEEL TUBE

200MM DIA HOLE
FOR STEEL TUBE

ZH0MM DA HOLE
FOR STEEL TUBE
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1-FOINT
LOADING
REINFORCED

CONCRETE m I 73
B R R R T b ooy
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240mMSE LT
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SERIES 4A:TCC TYPE II WITH UNREINFORCED CLT

1-POINT
LOADING
REINFOREED
TE DRy

u BEF EA LT AT B VERE, Q1 F
2 o I B EPVSCE DG O VSIS B

l
L

SHEAR REMFORDNG 4D0NBGE CLT
SCREWS 45° @30
POl QUTSEN K SPan
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SERIES 4B: TCC TYPE 11 WITH HALF-REINFORCED CLT

1-POINT
LOADING

REINFORCED
CONCRETE

SHEAR RENFORCING 240M24SE LT
SFCREWSITT G022
PO DUTSICH s SFAN

F——1000— ’/’j

i 1
L - y

SERIES 4C: TCC TYPE 11 WITH FULL-REINFORCED CLT
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HALF SCALE TESTS
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PLAN VIEW OF TYPE Il TCC WITH FULL SCREWS REINFORCED CLT
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FULL SCALE TESTS

RERFORCED,
e i |

1-POINT
LOADIMG

4

g

AT LT

REKFORCED

CORTRETE —\

S

SERIES 5/6A: FULL SCALE TCC TYPE | WITH HALF-REINFORCED CLT
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LOADIMNG
S A—— . — P

]

2400m2nE LT

RAEKFORCED

EORCRETE )

fae
SERIES 5/6B: FULL SCALE TCC TYPE 11 WITH HALF-REINFORCED CLT
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LOADIMG
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SERIES 5/6C: FULL SCALE TCC TYPE I WITH HALF-REINFORCED CLT
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PLAN VIEW OF FULL SCALE TYPE Il TCC WITH HALF-REINFORCED CLT
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6 tests: Bending 6 tests : Bending
4.8m Span Raw Panel 9.6m Span TCC

3 tests: Torsion
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HALF SCALE RESULTS

Farce [kN]

Force [kN]

[
15004 @ unreinf. 15004 b
[ 7, —
half-reinf. N
i J \
1250 _ 1250 i ) -
full-reinf. e e : &
L unreinf.
1000 = 1000 RS =
Fouc= 860 ~5 = F .= B60 half-reinf.
for R R R R R S T B essag R ELRATALES = -
N — = ! NS b i,
750 4 | : S 750 : full-reint,
Fiss™ 619 . Fl =619 :
500 - —— 52-u-1 500 ;o —— S3-u-A1
— — §2-u-2 . — — S$3-u-A2
—52-h-3 I |=——83-h-B3
250 — — S2-h-4 250 P — — $3-h-B4**
— S2-f-5 £ j— S3-f-C5*
: : — - S £ o . S3fCE
0 T T 3|2é T 4?.1" T T SI E‘ 1 0 12;5 ; $1I8 T T T T 83 fl CB 1
0 10 20 30 40 50 B0 70 80 0 10 20 30 40 50 60 70 80O
Displacement [mm] Displacement [mm]
“*reached maximum
15004 C =~ actuator capacity 15004 d L=mmEe
A\ R
A =
1250 / 1250+ o o A
4 oy *
i [ 7 T T 1 - \
" [ = ] i N
1000 1 . L , = 1000+
[ ] S = i
Fodcseo @ half-reint. = hagin, e unreinf.
. - - ot ' I half—reinfr —
7801 : full-reint, Gy i ,
F, .o 619 : F, o] 619 :
e TETLLL] -J: --------------------------------------------------- ¥ o R s ihse 4: o i il s iyl fU”-l’elnf.
500 § —— S4-u-A1 500- X S5-u-A1
a — — S4-u-A2 — — S55-u-A2
. — 34-h-B3** b — 35-h-B3
250 4 P 3 — — S4-h-B4* 250+ E — — S5-h-B4
i — S4--C5* E o —— S5-f-C5
o — — 54-f-C6** E 0 — — 55--C6
U 11 |Iil i14$ T T T T T 1 0 10? i14? T T T T T 1
0 10 20 30 40 50 80 70 80 0 10 20 30 40 50 60 70 80

Displacement [mm]

Displacement [mm]
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FULL SCALE RESULTS
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TESTING
CONCLUSIONS

Concrete layer increased out-of-plane

i
EEEEEE

shear capacity of panel significantly

Design had sufficient capacity; some

adjustments were made in weak axis. BTN AR )

Kerf plates proved to be a stiff, safe,

and economical solution for shear flow ¥

Vibration observations helped calibrat,__..:' =

models.
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SMOKE CURTAING ATTACHED
O WS OF CLT BELOW.

[




30-10M CONT. (15 TOP & BOT.)
CW 10M STIRRUPS @300 AS SHOWN

TAPE JOINT FROM ACOUSTIC UMDERLAY GL
TO SMOOTH TOOLED EDGE OF PRE-CAST
AS SHOWN.
CLT SHEAR REINFORCING SCREWS:
::gg g‘:gg @ﬁ HH?F;%IEES PSC10x300 SCREWS @45 DEGREES, FULLY
THAT aA‘JE@H ROOF ANCHOR EMEBEDDED INTO CLT. SEE PLAN VEW FOR PATTERMN
PROVIDE BROOMED TOP SURFAGE, R s T e e e
152%152 MW 8.1 x MW 8,1 WELDED EXTENSIVELY ROUGHENED, BRUSH Bmm THICK x 75mm WIDE STEEL PLATE IN 35mm DEEP
WIRE MESH REINFORCING FIREKES PERPANLICULAR TC-2RAN 7mm WIDE SAW KERF AT A 5 DEGREE BACK BEVEL AS
IN 40mm CONCRETE TOPPING MIST WITH WATER PRIOR TO SHOWN. SEE FLAN VEW FOR PATTERN
ACOUSTIC VAT AS PER ARCH POURING TOPPING LAYER TO
: W . ENSURE BONDING IS ACHIEVED. - o ik
g \ |
gl =
E o
al =
“FE - — / _ — =% = -
< - ToaR -- ' = | A l | = -l:. . ’ -..: : " = | - == l]-lzﬁ -. =
= A B — ! : ! : : i : = i : L — : 4-:
o FSC 8x180 @400 % = R L= i e | = i N ! =1 ! il a &
AT NOTCHES, TYP. g . i B I , - I - i ) : N =
_/ | E
CLT INFILL PAMEL 175 2 hr| CHAR 3
AS PER PLAN, TYP. - 5
E
PERPENDICULAR PANELS 200 400 s 400 400 400 400 L 200 =
MOTCHED AT UNDERSIDE B I|I

]li— T-PLY CLT SLABE BAND COMPOSITE
PANEL AS PER PLAN CW 100mm
PRE-CAST CONCRETE AMD 50mm
CAST-IN-PLACE COMCRETE TOPPING
AS SHOWN, TYP.

TYP. SLAB BAND SECTION



















Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.
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