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OPERATIONAL PERFORMANCE OF CROSS LAMINATED TIMBER

1. PROJECT CONTEXT PROJECT OVERVIEW

Building type: Residential with assembly spaces
Gross Floor Area: 15,120 m2

840 m2 (15 m x 56 m)

18 (17 in mass timber)

Building height: 54 m

Typical floor to floor height:

INTRODUCTION

Building Footprint:
The University of British Columbia is one of Canada'’s premier

universities, with a strong commitment to sustainability. UBC's
Vancouver Campus is home to a large portfolio of innovative
mass timber buildings, including Brock Commons Tallwood House
(Tallwood House), an 18-storey (54-metres) student residence.
Tallwood House provides 404 student beds in studios and four-
bed units, plus amenities for the campus community. The total
construction took about 18 months from November 2015 to

May 2017, and the building opened September 2017. It was the
tallest contemporary wood building in the world at the time of its
construction.

Total number of storeys:

Upper floor: 2.81 m / ground floor: 5 m
Total suites/total beds: 305/404
August 2017

Project Completion:

The structural system of Tallwood House is a hybrid mass timber
structure. The foundation, ground floor podium, stair, and elevator
cores are cast-in-place concrete. The primary structure on floors

2 to 18 is composed of cross-laminated timber (CLT) floor panels
and glue-laminated timber (GLT) and parallel strand lumber (PSL)
columns with steel connections. The building envelope is comprised
of prefabricated, steel-stud frame panels with a wood-fiber laminate
cladding, and a traditional SBS (styrene-butadiene-styrene) roof
assembly on metal decking.

REPORT INTENT

The Tallwood House project was intended to advance the design and
manufacture of mass timber products in Canada and demonstrate
that mass timber is a viable structural option for mid-rise and
high-rise buildings. The use of mass timber and engineered wood
products in high-rise construction is becoming more common
around the world leading to a growing interest in the performance of
mass timber over time.

This report describes the performance of the mass timber structure
in Tallwood House, between September 2017 and August 2019,
based on measurements of the moisture content in the prefabricated
CLT floor panels and the displacement of the vertical structural
system. It is intended to initiate discussions on the performance of
mass timber structure elements during building occupancy and lead
to further research that can explore the influential factors.

B 3§ 1 BN O\

Photo Credit: naturallywood.com. Photographer: KK Law

PhotoCredit: Seagate Structures. Photographer: Pollux Chung
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2. BUILDING MONITORING

Moisture performance sensors and vertical displacement sensors connected to data loggers were installed at various locations in Tallwood House, in

order to acquire a diverse set of data to monitor the mass timber structure.

MOISTURE PERFORMANCE SENSORS

Since wood products can be susceptible to moisture damage,
tracking moisture levels during construction and occupancy is
valuable in determining appropriate water protection strategies.

In order to study the moisture content of the CLT floor panels in
Tallwood House, multiple moisture sensors were installed in select
panels during their fabrication. Each monitored CLT floor panel
has six moisture sensors (MC1A, MC1B, MC2, MC3, MC4, MC5)
to measure moisture content at different layers, as well as two
temperature sensors (T1and T3) at different depths in the CLT
panel, as shown in Figure 1.

The floor sensors were positioned on alternate floors, see Figure 3,
with data from panels on Floor 4, 8,12, 16 in North-South locations,
and data from Floor 3, 6, 10, 14 data in East-West locations. The
data acquisition systems are continually accessed through remote
monitoring.

VERTICAL DISPLACEMENT SENSORS

Studying the differential vertical movement between different parts
of buildings is important to understand the cumulative effects of the
vertical settlement of wood structures. In mass timber and other
wood structures, this downward movement can be the result of
moisture-related shrinkage and the aggregate applied loads.

In Tallwood House, string pot sensors were installed to monitor
the vertical movement of the mass timber columns. These sensors
were assembled by connecting a no-stretch cable from the
bottom of one floor to the top of the next floor above, see Figure
2. The displacement of each GLT or PSL column is measured (in
millimeters) through cable movement by the sensor on the lower
floor. The sensor assembly was repeated on one line of exterior
columns continuously through all the 18 floors, allowing for the
possibility of floor-to-floor comparison. Like the moisture data,
the string-pot sensors are continually accessed through remote
monitoring.

Z\I o l Tfl

all unitisin mm

Hook Box
(string from
floor below)

Conduit
protecting

String Pot .
string

sy

(//,7?§mw
no ot 2000
| (easnea)
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Figure 3 : Location of the moisture content and temperature sensors installed CLT panels on each floor. (LEFT: East-West moisture monitoring sensors, RIGHT: North-South moisture monitoring sensors)
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3. STUDY METHOD & APPROACH

OVERALL TREND :
MOISTURE PERFORMANCE

To understand the trends in the moisture content and the internal
temperature of the CLT panels, daily data was plotted over the

period between September 2017 and August 2019. In the graphs, the

days were used as the x-axis and the corresponding moisture and
temperature values for every day was plotted as the y-axis to review
the trend with time. Figure X (left) presents the moisture data from
one of the floors (Floor 3) in the Tallwood House, sourced from
sensors in the East-West locations. Figure X (right) presents the
moisture data from multiple floors (Floor 4,8,12,16), sourced from
the North-South locations.

As seen in the graphs, the average moisture content (MC) from
the CLT panels was about 10-20%, consistent across the floor
locations. Moisture sensors on Floor 3 showed a diminishing trend
from a range of 12-18% MC during initial months of occupancy to a
range of 8-15% MC after two years in use, illustrating the drying of
the CLT panels over the time. The moisture levels did not show any
substantial spike or drop at any point during the monitored period,
and a similar drying pattern as observed in the data from other
floors.

The temperature data measurements indicated a visible variation
with the internal temperature of the CLT panels on Floor 3, between
18 and 30 degrees Celsius with the highest temperature during the
summer months and lowest during winter months. Similar trends
were observed for the other floors, although the lowest spike in
temperature on the higher floors reached 14 degrees Celsius.

Moisture Content (%)

Overall Trend - Floor 3

Sep Oct Nov  Dec | Jan Feb Mar  Apr May

Jun

== Internal Temperature

Date
8
Jul Aug  Sep Oct Nov  Dec

w= Moisture Performance

2019
Jan Feb  Mar  Apr May  Jun Jul Aug

Overall Trend - Floor 4, 8,12, 16

b

K]

B s

e A N D0 NS A A A~

= Internal Temperature

w= Moisture Performance

2019
May Jun

Internal Temperature (°C)

Figure 4: Overall Trend - Floor 3.

The moisture content and internal temperature
of the CLT panels plotted against the period from
September 1, 2017, to August 31, 2019 for sensors
at Floor 3, sourced from East-West locations.

Figure 5: Overall Trend - Floor 4, 8, 12, 16.

The moisture content and internal temperature
of the CLT panels plotted against the period from
September 1, 2017, to August 31, 2019 for sensors
at Floor 4, 8, 12, 16 that were sourced from

North -South locations.
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RELATION WITH CLIMATE DATA Moisture Sensor - Weather Date
— — Date — 01-Sep-17 to 31-Aug-19
Sep | Oct Nov Dec | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Jan Feb Mar Apr May Jun  Jul Aug /:/gure 6: Moisture Sensor - Weather.
A study comparing the moisture content and temperature data with o 20 T I N 5 § The moisture content of the CLT panels in Floor 3
the local climate conditions at UBC was conducted for Floor 3 to = Do | é and its relation to external climate conditions
investigate possible correlations to the CLT performance between E» =TS i j = = 10 S (X-axis - Days from September 1, 2017, to
September 1, 2017, and August 31, 2019. Daily data of the rainfall and 3 H—‘ ‘ % A t31 2019
September 1, 2017 and August 31,2019, Dty dtaof thevaintalond 5| il |||||“||»u||H..||..mhMHm\m! Il A mﬂ!h.,.mnﬂmh.\\mm.uhm.m\w,”“...m.,n| Il . 3 R
Admin Station, an online platform that shares historical climate data Dual Y-axis- Left: Climate conditions and
with the public. The values of the average daily relative humidity o 00— I'VW(I WJ/\W M\M s Right: Moisture content values in %)
were taken from the UBC climatology station located at the Totem Z 80 \; i WM WWMWW WMM Py
field. £ 60 e -
E 40 %aﬁfﬁ Ew%:ﬁiﬁ sﬂ o S —————— - e —| 10 §
The 3 segment graph was plotted for Floor 3 with the days as the 5 5 [ I 3
x-axis and the real climate conditions, separated as mean daily “ 0o =
temperature, relative humidity, and rainfall as the y-axis. The 80 ™~ =
moisture content (graph X) and temperature (Graph X) were also 2 \\N\,\ ?E’
plotted as a second y-axis. £ L [~ 20 2
B i = —_— == o S
E ¥ %;ﬁ?i e e e Fot = |, ¢
The analysis did not show any correlation between the overall drying % 20 R 1 B
trend in the moisture content of the CLT panel and the external o] IH T |‘ f ‘ ‘\ | ’m\‘ N ! o MR .‘,h | .}L H oL HJ\.M\ L. ‘|| \ n’\\‘ 1 ‘ L \‘ o Z
climate conditions (at least the three used above). However, a small
correlation was observed between the variations of the internal
temperature of the panels with the outside temperature, with
increased CLT temperature during the hotter periods in July/August. Internal Temperature Sensor - Weather o Date
A few spikes in internal CLT temperature also occurred during 2017 ) 2018 ate ‘ ) 2019 O rSepd7toslAugds i 7. Internal T ture S Weath
certain days with high rainfall. No correlation was observed between sep_Oct | Nov | Dec Feb . Mar _Apr May Jun . Ml sep Oct Nov Dec | Jan  Feh Mar Apr. May Jun Jul 30 © lgure /- Internal femperature >ensor - vveatner.
i i idi N = The internal temperature of the CLT panels
the internal temperature of the CLT panels and relative humidity. g 2 WWWW@QWW @‘M @W% 20 3 _ . p - f p .
= & in Floor 3 and its relation to external climate
o N il | H\MH\HHHHWH! i HIHH“!"!HWNH“
g H\ ”W ‘ HH \\‘|H“HHWH‘H Ml [ I Hw\”h\m“”\ by nhmm\\WHV“IW”I‘MHH HHN ‘ M ‘ ‘ “H H ‘w‘H’\\\I\\”’\\I\WW\u‘\H\MH‘ I \\N\h\l\\h.H“mM!m.W il i M|H|m H‘ H\'HV\M H‘” o 3 (X-axis - Days from September 1, 2017, to
| i g August 31, 2019;
o 100 WW 0 & Dual Y-axis- Left: Climate conditions and
.\é 80 wwwww% mmmmw%w WWWM % Right: Internal Temperature values in °C)
o« 20 :’é
u
% 40 10 ‘_p:
3 20 5
(=4 -
0 o E
80 wm Af =0 g
%o A W@@@&%éww A Wiy pRimpadpp AN | 2
g 4 i
| |
ol | IN i \”J I \‘ L“MA\M‘I J\ “ [‘mk |n”|| A H.“ H \‘L “ ]‘J l N‘IIM‘ I’ " “‘ L H‘"I \| ‘ [ “ 10 E
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MOISTURE CONTENT: East - Moisture Sensors Floor 3 == Floor 14 Eftse e
RELATION WITH FLOOR HEIGHT g e
Sep Octzoj.gov Dec | Jan Feb Mar Apr May JunZOl?ul Aug Sep  Oct Nov  Dec Jan Feb  Mar AerOl?Vlay Jun Jul  Aug = Figure 8: East - Moisture SGHSOI’S.
The four graphs on pages 5 and 6 compare the moisture content in A I | = g The moisture content of the CLT panels and its
the CLT panels at different floor heights, against the local climate 9‘2 30 S m— L - ] ey E relation to the floor height, by comparing the
condit?ons, specifically mean daily temperature, relative humidity, E 20 f——— ':237 — x%:_;cfz s data from the sensors at Floor 3 and Floor 14 in
and rainfall. The graphs on page 5 compare the measurements < amr i 10 g
e T, 1 \H\hmm!\m wunh e o i dRTR |
and West sides of the building. The graphs on page 6 compare O o M1, o, I T LA \ DAL R i " L Jl 0 2 (X-axis - Days from September 1, 2017, to
measurements from sensors on Floor 4 and Floor 16, which were 100 20 August 31, 2019;
located on the North and South sides. The comparisons assessed S VVV\ WMWWW M 5 Dual Y-axis- Left: Climate conditions and
variations in moisture content due to floor altitude, or correlation to g % J ‘ WV\V" L/\r"'\\ W 20 § o ‘ -
climate conditions. £ o0 «..,__% LA g [ T S 1 £ Right: Moisture content values in %)
I T —— “"_Eﬁ = = e —/ o
g 40 S=—m—— e :“ e —r———— ——x ,_u.’. i el | — e > = |, ::3
This study showed that the moisture content of the CLT panels was § 20 s
slightly higher on the upper floors: the sensors on Floor 14 showed 0 0
3-5% higher MC compared to Floor 3. Both Floor 3 and Floor 4 had 80— 0 =
a similar drying trend, although there was greater variations on Floor = T, = [~ ?E’
14 than Floor 3, and greater variation in the East sensor than the E SO ol ‘| | | \-{[ =t ) ff\wjﬂ 02
West sensor, including a small spike in winter 2019 in the moisture E 20— i }: ‘?}L: =3 — xﬁfgfi ..:Z o N S~ ﬁ - §
content of the east sensors. The overall trend in moisture content s U Tk " B o g = ][ty I —— |10 3
in all the floors did not seem to be affected due to external climate <0 ‘ ‘ ‘ ‘ ’ l ‘ ‘ ‘ ’ ’ ‘ ‘ ’ ‘[ ) ‘ ‘ H ‘ M ‘ ‘ ‘ ©
conditions. o1 Ll M‘ DA o ol AL L ol L . NS \M‘\H IR A e
West - Moisture Sensors Eloor:3 m; Floor 14 Date
01-Sep-17 to 31-Aug-19
2017 2018 pate 2019 _ ,
Sep Oct Nov Dec | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Jan Feb Mar Apr May Jun Jul Aug = /:/gure 9:- West - Moisture Sensors.
40 g The moisture content of the CLT panels and its
% 30 2 5 relation to the floor height, by comparing the
§ 20 = ii W \\m‘wﬁhh‘iw“‘““ e m i S data from the sensors at Floor 3 and Floor 14 in
5 10 :?, the West.
EO\»MMWMMMNWMwwwwwmmmwwwmmmwwwlmg .
__ 100 30 August 31, 2019,
&\3’ 80 VAW‘UWVVVV"’VW" W WWMWMW M V‘W,\M\M N,Vv WMM ?g Dual Y-axis- Left: Climate conditions and
E 50 L 20 % Right: Moisture content values in %)
E 20 _\‘*.—: : ; § e == - !Il" e = e SN 0 g
0 0
80 30 =
E == ; | i ’ é%i E R == I iiis iimmme— g: = L g
é —————"_14 ‘JJ‘“‘MJ‘;M s .h““m; ‘ R -‘ oot 1 e ET-=== -e?re*ﬁs-— 10 é
20 2
=
0 || |“ Il \”. [N | i L“_U_L Al |‘\ ‘| | ‘m‘x ‘ u”\\ vl Mﬂl“ J_L MMJL‘;‘JLM ‘ \ r‘ ‘ ” | HM\ I‘ ‘ | | “ .0
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MOISTURE CONTENT: North - Moisture Sensors Floor:4 s Floor 16 'gftse st Aues
-Sep-17 to 31-Aug-
RELATION WITH FLOOR HEIGHT 201 o1s O 016 ’ ’ _ .
Sep  Oct Nov Dec | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Jan Feb Mar Apr May Jun Jul  Aug F/gure 10: North - Moisture Sensors.
30
As noted on the previous page, the moisture content of the CLT P e S . ) The moisture content of the CLT panels and its
panels was slightly higher on the upper floors: the sensors on Floor & 30 =T "‘“\hﬁﬁ.\ﬁ__ — — 20 2 relation to the floor height, by comparing the
16 showed 10-15% higher MC compared to Floor 4. This is a notable g 0 ﬁ\— — I — o L § data from the sensors at Floor 4 and Floor 16 in
larger variation than between Floor 3 and 14. It should be noted e T e A —— ATETETIT S
thatthe sensors on Floor 1, posiion o the North and St o : | \ H \H\IHHHHV\HVHWHHWM! H\H\HHHH\HHHHNHN“H“HHH\ i il NHWHH\HH\\NHHHN\N\H“HHHWNHHHHHHH : o
that the sensors on Floor 16, position on the North and South o H\INIHWHHW\.‘.um|um|H\Huum‘.mn m.‘nmu.,mmm.. ,N.ﬂ..mmummm\wmMn\hmmmw il Ll vHmN\w\|||.m||\|.u||n||“|.|.m.""|m mmm!WWWH\Iﬂ\ﬂm\M“IHW“ li : T
than the highest East-West sensors. Either orientation or additional 20 August 31, 2019;
height could be factor in the variation. Floor 16 also showed moisture g - ’—VW“ m WWWW M g Dual Y-axis- Left: Climate conditions and
data from the South location that did not follow the drying trend and g m‘&r L/\AA. W 20 }'j,' o ' _O
maintained a consistent and higher moisture content than the other E 60 *—‘_ j: v ) I S S Right: Moisture content values in %)
floors. Y e e ——— + ——— e
3 0 2
§ 20 2
0 0
80 30
T~ — Q\O/
E 60 T T Y R i e S | i W 20 E
£ bttt - T 5
& =T T T B —— : b
f— SR e — - — = w0 S
20 @
0 H |“ ol I” I ‘ ‘ Ih Mm | ‘ ” ||' J"lm\“ | “ |.‘ L. ‘“ |||‘| \L “ | ‘m‘ ‘ ‘1 vl ||m ‘ A ”"In! ’ Mh ‘Ll |I“ H J‘\ H |}I ‘ “I‘\n‘l“\ b “ | Hh Ll ’ [ |‘ 0 =
South - Moisture Sensors Floor 4 == Floor 16 Date
Date 01-Sep-17 to 31-Aug-19
‘ Sep OthOllzov Dec | Jan Feb Mar Apr May Jun201?ul Aug Sep Oct Nov Dec | Jan Feb = Mar Apr201l\94ay Jun  Jul | Aug % Figure 11: South - Moisture Sensors.
. e ey A ~ g The moisture content of the CLT panels and its
% T 2l E relation to the floor height, by comparing the
IS = %_’_-.__q i e g .
] S data from the sensors at Floor 4 and Floor 16 in
,E oy il 0 e
® 2 the South.
= HHH‘”N "\Hihﬂmm’ l m‘”“ll”’mm“ “W m ”“m wa HHHWHWH“HMH“MMMMH‘Hl\mmh\n \H\\‘\Hm hl\h \mhl\‘ﬂh\Hl\ul\”ﬂuw I ” i, I\H” m an”“m ‘ m‘” 0 g (X‘ axis - D ays fI’O mS eptem ber 7, 2077/ to
__ 100 30 August 31, 2019;
e\é 20 b@&@gﬁw % Wﬁﬁfé@#&mﬁéﬁ%& WWFWW\{ ‘z’ Dual Y-axis- Left: Climate conditions and
E 60 ﬁ“ —~— ‘,:;\_;m ”‘ [ ey ' 0 ‘% Right: Moisture content values in %)
§ 20 é
0 0
80 A eSS A S asssia ——EESSNEST—esS e PN * g
’g 60 & Tt | | | 20 E
R = N S _:_ = ;fﬁ:;:;i: — T ;:::1 | S
£ —_——— —_— —_— ==l = ; —— W::: 10 5
0 ‘l “| il I” i1 Mm ‘H‘ M ‘ ‘| |\u|‘ ‘ Ll 1 | H.H “ “ “ "I x’. M\. - “ | H“‘I \| ‘ ‘ | ‘{ i 0 =
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MOISTURE CONTENT: Floor 3: East - West Moisture Sensors == East == West Eftse s
-Sep-17 to 31-Aug-
RELATION WITH ORIENTATION o ot Date v ’ ?
‘ Sep Oct Nov = Dec Jan Feb Mar Apr May Jun Jul Aug  Sep  Oct Nov Dec | Jan Feb Mar  Apr May Jun Jul Aug . = /:[gure 72 F/OOI’ 3 East - \/VeslL /\/]oisture Sensors.
The four graphs on pages 7 and 8 compare the moisture content L e 2 The moisture content of the CLT panels and its
of CLT panels in different orientations against the local climate 9‘2 30 = relation to the orientation, by comparing the
condlt!ons, specifically mean daily temperature, relative humidity, E 20 & [ T S data from the East and the West sensors at
and rainfall. The graphs on page 7 compare the measurements from < g
the East and West sensor locations in Floor 3 and Floor 14. The g II]’\I M\h il W m“ ‘ H iz Floor 3.
graphs on page 8 compared the North and South sensor locations 0 lidi v u"‘”’""“"”" = (X-axis - Days from September 1, 2017, to
in Floor 4 and 16. The comparisons assessed the influence of —100F . August 31, 2019;
orientation and sun exposure on moisture content at different floor & - 5 Dual Y-axis- Left: Climate conditions and
heights in the building. £ £ , , ' _
€ 60 £ Right: Moisture content values in %)
5 = S
T [ENE =
This study showed that the moisture content in the East oriented : V=== =
panels was 3-5% higher than the West oriented panels, on both § 20 5
Floor 3 and Floor 14. . Floor 3 sensors in the East orientation showed 0 0
a larger decrease in the first year and then a steady drying trend in 80 [~~~ ~ 20 =
the next two years. Floor 14 sensors in the East orientation showed T a0 s =
a larger moisture decrease in the first year, but also a fluctuation in E T Ll T T~ 20 g
moisture content in 2018 and a small spike in winter of 2019. The £ e I
data from the West- orientated sensors on both floors was more 3 = e 10 3
consistent and stable. ’ ‘ ‘ u JLJ 2
| \ HMM o ,ﬂ ol , 0
mm West Date
St Date 2ot 01-Sep-17 to 31-Aug-19
i 1
Jun Jul Aug Sep | Oct Nov Dec | Jan | Feb Mar  Apr May Jun Jul Aug Figure 13: Floor 14: East - West Moisture Sensors.
30
_ g The moisture content of the CLT panels and its
9:: E relation to the orientation, by comparing the
§ § data from the East and the West sensors at
g :3 Floor 14.
2 (X-axis - Days from September 1, 2017, to
R _ August 31, 2019;
&;’ ?\E’ Dual Y-axis- Left: Climate conditions and
- % Right: Moisture content values in %)
z e
o =
0
80 =
T — &
E 60 - é
= —_——1 = o
S 3
20 g
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MOISTURE CONTENT: Floor 4: North - South Moisture Sensors Notth mm; South gfz_e oS LAue 15
-Sep-17 to 31-Aug-.
RELATION WITH ORIENTATION 2017 2018 Date 2019 _ .
Sep  Oct  Nov Dec | Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Jan Feb Mar Apr May Jun _ Jul  Aug Figure 14: Floor 4: North-South Moisture Sensors.
The study showed the moisture content in the South oriented panels 40 ? g The moisture content of the CLT panels and its
was 1-3% higher than the North-oriented panels, on both Floor 4 and & 30 T e 20 & relation to the orientation, by comparing the
. =3 ""\—- il mew E
14, Some sonsors mthe South location on Foor 16 mantamed S 2fFPE — . ¢ data from the North and the South sensors ot
o consistet and hgher mojsture content, whil th sensors nthe o[l b ah dmMHnM\hHMH\H!mw‘H\!\HH\HHVM\H\HHHMHHHMn\mn Tl ”” ;] e
North location followed the drylng trend. On both FlOOI’S, the data ta A \|I||\ 1 il | |[‘\|I\‘1I‘ M il |I\|‘| Sl ! ‘”‘ o, il 0 = (X‘GX[S _ DGyS ]Crom 5€ptember 7/ 2077/ to
from the North and South oriented sensors was generally more 100 30 August 31, 2019;
consistent than data from the East and West-oriented sensors, with & - ’—VW“ Wm WWVVY\W M & Dual Y-axis- Left: Climate conditions and
no major spike or fluctuations. For all floors and orientations, the £ L/\/'\ W 20 E L ' -
moisture content had no clear correlation with any of the climate E 60| || -7 ] 1 & Right: Moisture content values in %)
data. é 40 == 10 g
§ 20 é
0 0
80 30 -
E 60 :jL;m e L 20 E
e e
'5 g AR ST I | T T - 10 2
* ol L
0 H l“ I \” ‘ Ik ‘ ‘ MMM“MLMM ‘ “ [‘Mv ol \ vl WMMMLMML |I“ H J‘\ |’! ‘ ‘u'nuh L \| I H“\ I‘ ‘ | | 10
Floor 16 : North - South Moisture Sensors North == South Date
Date 01-Sep-17 to 31-Aug-19
Sep OthOlﬁov Dec | Jan Feb Mar Apr May JunZOlEJ;u] Aug Sep Oct Nov Dec | Jan Feb Mar Apgoj.(l\allay Jun | Jul | Aug - /:[gure 15: Floor 16: North-South Moisture Sensors.
R e il e s e == ~ g The moisture content of the CLT panels and its
92 30 e o 20 E relation to the orientation, by comparing the
M, Wmmwhﬁw =
§ 20— T e w - . e S data from the North and the South sensors at
5 10 é Floor T6.
= 0 ”WNMHM“,||||I“‘I I\Han\H H“MHH\|||M”MHHH‘\ \ ||"||f|H’||HHM—HHH Mﬂw hm Hmw ‘HmmmmV‘H‘”wmMHHIWH‘HI\HMW\m\h\‘wn hl\h \\'hl\‘\h\\H\\H]\HMW I ”‘ i, nHﬂ W“ m ’WWMH 0 g (X- axis - D ays from September 7, 201 Z to

100 30 August 31, 2019;
e UL L VLATNESTITEY N RNy S A 5 g | N
> 80 VoW AR TN m« = Dual Y-axis- Left: Climate conditions and
2 LN u ! VV ) li ' T V ) 111 % g Right: Moisture content values in %)
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INTERNAL TEMPERATURE:
RELATION WITH FLOOR HEIGHT

The four graphs on pages 9 and 10 compared the internal
temperature of the CLT panels at different floor heights, against the
local climate conditions (mean daily temperature, relative humidity,
and rainfall). The graphs on page 9 compare the measurements from
sensors on Floor 3 and Floor 14 located in East and West sides of the
building. The graphs on page 10 compare the measurements from
sensors on Floor 4 and Floor 16 located in North and South. Similar
to the previous moisture content analysis, the comparisons assessed
variations in internal panel temperature due to floor altitude or
correlations to local climate conditions.

This study showed that the internal temperature of the CLT panels
varied with the external mean daily temperature for both the East
and West oriented sensors on both Floor 3 and Floor 14. Specifically
the internal temperature of the CLT panels increased when the
external temperatures was high in the summer months. On both
floors, there were also some spikes of internal temperature that
seems to be connected to days of high rainfall, but the correlation is
not consistent. The internal temperatures of the CLT panels in the
East and West locations, were very similar between the lower and
upper floors throughout the year.
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Figure 16: East - Temperature Sensors.

The internal temperature of the CLT panels and
its relation to the floor height, by comparing the
data from the sensors at Floor 3 and Floor 14 in
the East.

(X-axis - Days from September 1, 2017, to
August 31, 2019;

Dual Y-axis- Left: Climate conditions and

Right: Internal Temperature values in °C)

Figure 17: West - Temperature Sensors.

The internal temperature of the CLT panels and
its relation to the floor height, by comparing the
data from the sensors at Floor 3 and Floor 14 in
the West.

(X-axis - Days from September 1, 2017, to
August 31, 2019;

Dual Y-axis- Left: Climate conditions and

Right: Internal Temperature values in °C)
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OPERATIONAL PERFORMANCE OF CROSS LAMINATED TIMBER

INTERNAL TEMPERATURE:
RELATION WITH FLOOR HEIGHT

Similarly to the graphs on the previous page, the internal
temperature of the CLT panels varied with the external mean daily
temperature for the North and South oriented sensors on Floor 4
and Floor 16, with an increase in temperature correlating to higher
external temperature in the summer. However, in both North and
South locations, there was a distinct although small difference
between internal temperatures on Floor 4 and Floor 16, with the
sensors on Floor 16 measuring a consistently higher temperature
through the years. Floor 4 also had a greater fluctuations and
notably lower internal temperature than Floor 16 during the winter
months.

South - Temperature Sensors
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Figure 18: North - Temperature Sensors.

The internal temperature of the CLT panels and
its relation to the floor height, by comparing the
data from the sensors at Floor 4 and Floor 16 in
the North.

(X-axis - Days from September 1, 2017, to
August 31, 2019;

Dual Y-axis- Left: Climate conditions and
Right: Internal Temperature values in °C)

Figure 19: South - Temperature Sensors.

The internal temperature of the CLT panels and
its relation to the floor height, by comparing the
data from the sensors at Floor 4 and Floor 16 in
the South.

(X-axis - Days from September 1, 2017, to
August 31, 2019;

Dual Y-axis- Left: Climate conditions and
Right: Internal Temperature values in °C)
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OPERATIONAL PERFORMANCE OF CROSS LAMINATED TIMBER

INTERNAL TEMPERATURE:
RELATION WITH ORIENTATION

The graphs on pages 11 and 12 compare the internal temperature
of the CLT panels and the mean average daily outside temperature
for the period between June 1, 2018, and December 31, 2018. The
graphs on page 11 compare the measurements from the East and
West sensor locations in Floor 3 and Floor 14. The graphs on page
812 compared the North and South sensor locations in Floor 4 and
16. The comparison over 6 month period assessed the correlations
between internal temperature of the CLT panels and the external
temperature, as well as variations due to higher altitude, and
orientation.

On both Floor 3 and Floor 14, the higher internal temperature
measurements of the CLT panels correlated to higher outside

air temperature in June, July and August, although the internal
temperature generally remained steady when the external
temperatures dropped in November and December. During the
summer months, the West-oriented sensors on Floor 3 measured
slightly higher temperatures than the East-oriented sensors. No
similar variation was measured on Floor 14, however, there were
greater fluctuations in the data from the East-oriented sensor than
the West-oriented sensors on Floor 14.
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Figure 20 : Floor 3: East - West Temperature
Sensors. The internal temperature of the CLT
panels against the average outside temperature,
comparing the measured values in Floor 3 in
East-West locations.

(X-axis - Days from June 1, 2018, to

December 31, 2018;

Dual Y-axis- Left: Outside temperature in °C and

Right: Internal temperature in °C)

Figure 21 : Floor 14: East - West Temperature
Sensors. The internal temperature of the CLT
panels against the average outside temperature,
comparing the measured values in Floor 14 in
East-West locations

(X-axis - Days from June 1, 2018, to

December 31, 2018,

Dual Y-axis- Left: Outside temperature in °C and

Right: Internal temperature in °C)
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OPERATIONAL PERFORMANCE OF CROSS LAMINATED TIMBER

INTERNAL TEMPERATURE:
RELATION WITH ORIENTATION

Similar to the pervious graphs, higher internal temperature
measurements of the CLT panels on both Floor 4 and Floor 16

correlated to higher outside air temperature in June, July and August.

Generally, the internal temperature of the South-oriented sensors on
both floors remain steady into the winter month, although there was
a drop in internal temperatures on Floor 16 at eh end of December
correlating to the lowest external temperatures. The North-oriented
sensors on both floors measure a small but consistent trend of
decreasing in internal temperature from the summer to winter
months. Throughout the year, the internal temperatures on the
South side of the building were consistently higher than those on
the North side, for both Floors, and the difference increased during
October, November and December.
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Figure 22 : Floor 4: North - South Temperature
Sensors. The internal temperature of the CLT
panels against the average outside temperature,
comparing the measured values in Floor 4 in
North-South locations.

(X-axis - Days from June 1, 2018, to

December 31, 2018;

Dual Y-axis- Left: Outside temperature in °C and

Right: Internal temperature in °C)

Figure 23 : Floor 16: North - South Temperature
Sensors. The internal temperature of the CLT
panels against the average outside temperature,
comparing the measured values in Floor 16 in
North-South locations.

(X-axis - Days from June 1, 2018, to

December 31, 2018;

Dual Y-axis- Left: Outside temperature in °C and

Right: Internal temperature in °C)
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VERTICAL MOVEMENT

The performance analysis also included readings from the vertical
movement string pot sensors. The readings from the sensors for

all the floors were plotted over the period between September

2017 and August 2019. The days were used as the x-axis and the
corresponding vertical displacement values were marked against
the y-axis. The data was almost continually recorded on the upper
floors, however, the sensor data the lower floors was temporarily
unavailable for the period between August 20, 2018, and February 4,
2019.

The study showed a vertical compression of about 0.25-Tmm
over the two year period on all floors above Floor 7. The vertical
compression in the bottom floors was significantly greater: about
2 to 4 mm over the same period.. The highest displacement was
recorded on Floor 4-5: about 4mm over two years.

Overall, there was an average shortening of about 0.8-1 mm over the
total height of the building over the two year period. There seems to
be a slight upward trend in the 2019 data, with the most significant
displacement occurring by March 2019, and then reducing
afterwards.
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Figure 24 : Vertical movement recorded by the
string pot sensors installed on each floor for the
days between September 1, 2017, and August 31,
2019.

(Note : the negative values mean shortening of
the panel and the positive values mean expansion
of the panel.)
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4. CONCLUSION

In conclusion, the brief study of the sensor data monitoring the
moisture content of the CLT panels and the vertical movement of
the mass timber structure in Tallwood House for the first two years
revealed that:

* The moisture mitigation measures taken by the CLT panels during
construction have been working well and continuing to provide good
performance during the first two years of building occupancy.

* Though the internal temperature of the CLT panels varied with time of
the year, the temperature variation inside the panels did not seem to
affect its internal moisture content.

* The moisture content of the CLT panels was influenced more by the
higher altitude and orientation than the amount of rainfall or relative
humidity.

* Vertical compression varied above and below the seventh floor, with
the greatest compression recorded on the mid-level floors (4-5).

This study was intended as a report of the sensor data in

Tallwood House, with some preliminary correlation analysis, not a
comprehensive assessment. Additional research should be pursued
to fully explore the specific factors and conditions that impact

the moisture and compression in the mass timber structure. The
building's internal environment conditions, as well as the influence
of individual occupant behavior (e.g. opening windows, use of space
heating or humidifiers, or longer showers), could be worth exploring
and may have stronger correlation on the structural conditions than
external factors.

Photo Credit: naturallywood.com. Photographer: KK Law
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