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Life Cycle Monitoring

Monitoring technologies are available to track products and
materials through:

e TG

Manufacturing Transportation Installation Service life Renewal



Material Service Lifetime

wear in steady state wear out

failure rate
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Visual Inspection

Quality Assurance Are all membranes Exposed



Point in Time Measurements

Capacitance Scan
> Infra-Red Thermography
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The inspection is obsolete the moment you walk off the site.
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DigiSCAN
A manual procedure in which we

evaluate typical inverted roof decks to
pin-point leaks.
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Immediately after membrane Prior to covering with With overburden in place.
installed. overburden.
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Treasure tranqull moments tucked away from the
bustle of the city through enchanting lush gardens,
timber decks and private patlos, open green
spaces, and recreatlon areas.

Renr s by TMU










Damage “by others”




Damage “by others”







“by others”

Damage




Damage “by others”




Damage “by others”




Existing Parkade Decks




Water Features
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BUILDING Inverted Roof Monitoring

16 Stainless

Concrete / Paving Topping
or Green roof over 8” under 8” of soil
To inspect the membrane To Inspect the membrane

you need a jackhammer to you would need a shovel and
get into it. knife.

Green Roof Overburden




LM

LAl

= Jr—'

B

T

7o)

[ PRI Ly

M TR Db 1

il i il

F | s

=
o




BUILDING ' .
INTELLI"




BUILDING |
INTELLI

Project: MB Hydro head quarters. Winnipeg, Manitoba
36,000 sq ft Green Roof completed 2009
LEED Platinum, Most Energy Efficient Building in North America

Moisture Detection Tape installed AFTER membrane Installed

Installation coordinated with roofing and green roof contractors. " ’
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VIDEO: Buildingintelli MDS Install
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BUILDING = Conventional Roof Monitoring
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SMT Relay Interface
4 NO/NC outputs

w0 BAGnet

Reports, Trends, and Analysis
Event Email, Text, SMS, Pager




) 7 55 jE:3 | E:73 PO 1 P! 53573 pos
C B N o e o — ot
™ | EK] 5 | i3 V4! Z 3 Foo 163 3K 37
SO 1 RN €N KZAmm R L 5 fo1 [
LT L% | Lk ™ 57 -
T13 m_r>23 155 xk] 76 F94
i i | 5T T? TT 1
pis bO4 282 85 44 3 02 P99 122
33 31 s
bot 50 75 a1 | %31
272 pac fBss oo  pas 54 po2  pos 14
(553 71 =1 10 7k i
VS T v 5] 7T 0 T TPt S b7
223 T v | %73 k7 Foo b14
o7 14 7NN VRN NN CGCHENN iR 3 5 36 =T D0 b1
| 3] X33 (X3 T1 | 313 | 29 5 _J!’SR_'_'W_'
o 06 15 £Z) m—r\u <74 F!—Tm SR e ;i )
za 535 101 5 208 278 320 7 3 5 =

July 27 2015




STZ Lz e \ ~
SI02Z ‘SZ 0 N M pod o
B ) 1 -W -ﬂ 1 x i} [Wp)
ST €2 0
. «—l
10z ‘1z e o
N @ A (o]
| "B 2 B 1~
(@]
oo
=)
ST 60 0 A
10z 20 e
S1ez ‘s e umw »
10z 20 0
10z ‘10 e
1oz 6z une
o d I
SIE "Lz unf < % o
SI0E ‘52 une = - T
1oz £z une
ST0Z “1Z unC o - KN < 0
R I 3 ©
1oz 81 une e i L
oo
erez L1 unp ]
ool
S102 ‘g1 unp e
o - )] 'rd N
sioz €1 un a8 N W)
1oz ‘71 unp 1
1oz ‘50 unr —~
SI0E ‘20 un. R N T < ] KN
Gaark { &2 [ E
H stz o unt ool o
m o m
| €102 ‘g0 une 288 ﬂ
/| . ™+ o
[ st o HHHS o] % )
H si0z ‘g Aew ] > <o e
<10z ‘82 Aew o
L L L L L S10Z 92 Af
g g g g g N N N o
i oF F F i N s B E E k
A d
N [w] T 0 23
T ¢ 0 )
-~ - > b= 0 > ~ 7]
- M »a “ - N —hn M
A : ! 4 i KN
o <
00 o ]
™ — r kv 0 ﬂ ® — — [
o N\ N ) @ -0 -
(=  pmcomm— ey
W) N @ - 2
3 4 12 :
Ko ] n et O 2™ - 2] )
- ko A m 2 5 B B =
Lo llﬁl!.
T & ) I o
O 3 2] - O
fel ‘ed it} g 1o o » e
2 2 m fr N R ﬂ 4 - >
i o R =
59 N o N N
= ¥ I > -
»N K K >
o [ 5 i E
(el .
N —
- »l e D Ty » 2 A
= - > Hm b=d I ko m et
s s
oy <
2 o 2 g S
ooy iz cinte




- ) 7 55 jE:3 | E:73 PO 1 P! 53573 pos
Nz i 5! CZEN Sz
™ B 5 | i3 Z ) oo
SO 1 RN €N KZAmm R L S o6 5 fo1 [
LT L% | Lk ™ 57 -
T13 m_r>23 155 xk] 33 76 F94
i i | 5T T? TT 1 5
bis__bos 2 be> 85 44 33 o2 Pag b3
33 o1 > V3
£06 e 75 a1 | 331 PS
272 pac fBss oo  pas 54 P92 pos b4
(553 71 =1 10 7k
VoY VT R v ] L7 i TS 3§ 0 bs7
| 723 T il | 273 7 Foo 3E
o7 14 N R iR (OGN 3 S 36 p o0 b1
| 3] X33 (X3 T1 | 313 | 29 5 _J!’SR_'_'W_'
o o 15 £Z) S x4 1 524 i R TR v ;i mum S
za 101 53 208 278 320 7 3 5 -




ROOF INVESTIGATION




ROOF INVESTIGATION




Membrane

Insulation

Vapor Retarder

Roof Deck

ROOF INVESTIGATION

@ Relative Humidity / Temp
@ Moisture Content (PMM)

Gateway - BiG Laptop

3 ;;l'l
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[y T —y

SMT A3 Wireless data-logger
sends data in real-time with a
permanent installed Building
Intelligence Gateway(BiG) and View
Data remotely over the internet

OR
Collect Data on your next site visit,
using your laptop.




WOOD CONSTRUCTION




WOOD CONSTRUCTION







[[ 2 High Rise Moisture
_4 Monitoring

.| Low Slope Unvented Roof
] Deck Spray Foam

-

I*SE I' 'Window Replacement

"Monitoring Under Sill

lﬁ m\:{ Wall Remediation
s Monitoring

Case Studies

= Polylso Shrinkage
Monitoring

A% Window Study
M Occupant Comfort

f . Differential Pressure
 - Monitoring Projects

ﬁ‘""“'“

Pedestrian Tunnel
/



The Future
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INTERIOR INSTALLATIONS




INTERIOR INSTALLATIONS




WALL INVESTIGATIONS

Sheathing within exterior
bathroom walls were
previously deteriorated from
air exfiltration.

Sheathing replaced as part of a
larger full enclosure
rehabilitation. Bathrooms all
fully rehabilitated.




WALL INVESTIGATIONS




WALL INVESTIGATIONS




WALL INVESTIGATIONS

2T *Plywood dries down

I behind sprayfoam on inside
SRR VIS RS SRR and self-adhered
membrane & metal flashing
detailing on exterior

10

24, 2010, 11:00pm |

eAir leakage addressed,
Moisture levels following

SPUF center kit duct (1d40/19) normal seasonal trends
SPUF bath duct (14417172

left (14d1/210
SPUF right druer duct (1ddz2/217

May 01, 2009, 01:00 am
May 31, 2009, 01:00 am
Jun 30, 2009, 01:00 am
Jul 30, 2009, 01:00 am
Aug 29, 2009, 01:00 am
Sep 28, 2009, 01:00 am
Ot 28,2009, 01:00 am
Mow 26, 2009, 11:00 pm
Dec 26, 2009, 11:00 pm
Jan 25,2010, 11:00 pm
Mar 27, 2010, 01:00 am
Apr 26, 200, 01:00 amn
May 26, 2010, 01:00 am
Jun 25, 2010,01:00 am

Feb

= 309 MC 1 - SPUF left druyer duct (1440s17) = 305 MC 2
= 303 MC 3 - SPUF hath duct <1dd0/213 201 MC 1
= 201 MC 2 - SPUF kitchen duct (14417190 201 MC 3
= 101 MC 1 - left bath duct 14427170 = 101 MC 3




ROOF RESEARCH

-3 3 different insulation assemblies

Soprarock DD+ - R-21.9 Polyiso - R-21.0

(2.5” + 3.25” R-3.8/inch)
(DD)

(2.0” + 1.5” R-6.0/inch)
(1S0)

All insulation

_ assemblies
Hybrid - R-21.5 approximately R-21
(2.0” Polyiso + 2.5” Soprarock DD+) nominal.

(1ISO-DD)




ROOF RESEARCH

-+ 9 roof assemblies total in grid




ﬁ[ ROOF RESEARCH

I Temperature

Sensor Installation

~¢ Temperature

-+ Heat Flux

~% Relative Humidity
-3 Displacement

Heat Flux Relative Humidity Displacement




ROOF RESEARCH

Plan is continue
monitoring for at 3+
years to look at long-
term effects and aging

3' Below O-deck

Bé\ T- Temperatu re *  Temperatures Heat Flux
T RH- Relative Humidity Relative Humidity
HF — HEEt FIUJ{ Insulation Movement

L
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ROOF RESEARCH

Roof Membrane Cap Sheet Temperatures

80
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o

e Ambient Exterior

e \W-|SO T-CAP

W-ISO-SW T-CAP

(O
o

o
o

Temperature [°C]

w
o

N
o

W-SW T-CAP

e (-1SO T-CAP

e (3-1SO-SW T-CAP

e (3-SW T-CAP

e B-|SO T-CAP

e B-|SO-SW T-CAP

10

B-SW T-CAP

0

Jun 30 0:00

Jun 30 6:00

Jun 30 12:00

Jun 30 18:00 Jul 10:00

W- white, G-grey, B-black, SW-stone wool, ISO - polyiso




ROOF RESEARCH

Interior Metal Deck Surface Temperatures - White vs Black Color for 3 Insulation Strategies
100

w
[0¢]

W-ISO TEMP-DECK

W-ISO-SW TEMP-DECK

w
(0)]

W-SW TEMP-DECK

w
B

e B-|SO TEMP-DECK

w
N

= == B-[SO-SW TEMP-DECK

w
o

B-SW TEMP-DECK

== == Exterior Air
Temperature

= == |nterior Air
Temperature - Black
Interior Temperature -

24 \ 75 White

Jun 30 0:00 Jun 30 6:00 Jun 30 12:00 Jun 30 18:00 Jul 10:00

N
[00e]

Metal Deck Surfrace Temperature - °C
Metal Deck Surface Temperature - °F

N
[¢)]

Heat capacity of stone wool as installed here is 3.4x higher than polyiso.




ROOF RESEARCH

Heat Flux Sensors

0
8
-5
©
(4]
T
0 _ﬁ_ga&-a&-\. -
o= = .‘.. - u-;’;': e \W-|SO HF
° » C 4
X 4
-5 - W-ISO-SW HF
W-SW HF

e B-|SO HF

Heat Flux [W/m?]

=== B-[SO-SW HF
eeoccooe B—SW HF

Heat Gain

Jun 30 0:00 Jun 30 6:00 Jun 30 12:00 Jun 30 18:00 Jul 10:00




ROOF RESEARCH

100

Avg. Daily Energy Transfer [W-hr/m? per day]

-250

M Feb21to23

M Apr 13 to 15

May 9 to 12

M June 30 - July 2

Average Average Solar

Outdoor Intensity on

Temperature horizontal roof,

all hours of day

Feb21-23 | 4.4°C(39.9°F) 27 W/m’
Apr13-15 | 6.9°C (44.4°F) 200 W/m’
May 9-12 18.7°C (65.6°F) 261 W/m’
Jun30-2 | 25.8°C(78.4°F) 331 W/m’

12




ROOF RESEARCH

~# Visual indication to observe roof getting dirtier over time




ROOF RESEARCH




-+ Amount of reflection expected to decrease as cap sheet
becomes soiled/ages

Solar Radiation and Reflected Radiation

8

2

2

Solar Radiation [W/m7]
S

8

&

0

Jan 13

~# White membrane reflects more solar radiation

A

ROOF RESEARCH

Average Incident Solar
Radiation Reflected

White (High) = 54%
White (Low) = 53%
Grey = 29%

Solar Radiation
— Reflected Solar - White (High)
— Reflected Solar - White (Low)
=== Reflected Solar - Grey




Leak Detection in a Pedestrian Tunnel

DETAIL D
SCALE1:50

south view

DETAILE
SCALE 1 :50

DETAILC
A\ SCALE1:50
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Pedestrian Tunnel
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Precast segments




Bentonite, mechanically fastened




Waterproofing, Drainage, and Insulation




Sequencing




Square Grid on tunnel roof
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ROOF INVESTIGATION

2 LAYERS 20-mil LIQUID APPLIED WATERPROOF

MEMBRANE (ECOLINE-R OR EQUIVALENT)

3/4" EXTERIOR GRADE T4G PLYWOOD SHEATHING

(SLOPE TO DRAIN AS PER PLAN)

2X4 STRAPPING

11-7/8" TJI (REFER TO STRUCTURAL DRANINGS)

?)61"6_7PﬁLéYURETHANE SPRAY FOAM INSULATION (R40)
2" GNB.

TOTAL ASSEMBLY INSULATION VALUE: R40




17C | 12.87kph | humidity:59
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ROOF INVESTIGATION
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ROOF INVESTIGATION

Group :: Sheathing Moisture Content
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Jan 27,2013,11:00pm |

-
(=]

pr12,2010,0200 an
26,2010,0200am |-

Jan 04,2010, 12:00 am

Jan 18,2010,1200 am |-
Feb15,2010,1200 am [
Mar 01,2010,12:00 am |-
Mar 15, 2010,0200 am |-
Mar 29, 2010, 0200 am |-
Jun07,2010,02:00am |-
Jun21,2010,02:00am |-
Jul 05, 2010, 0200 am -
Fel 10,2013, 11:00pm |
Felb 24, 2013, 11:00pm |
Mar11, 2013,01:00am |-
Mar 25,2013, 0100 am |
Apr 08, 2013,01:00am |
Apr 22,2013, 0100 am |

A
Apr

]
E
o
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=
o
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]
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Feb 01,2010,1200 am |
May10,2010,02:00 am |
May24,62010,02:00 am [

=~ Kitchen Sheathing - MC - High Level (1416/17) = Dining Sheathing - MC - vented (1416/21) Sheathing - MC - wented (14167210
- Kitchen Low Sheathing - MC (1464/17) ~ Living Rm South Sheathing - MC (1461/17) Fm South Sheathing - MC (146117
= Living Rm Morth Sheathing - MC (1461/21)




ROOF INVESTIGATION

Group :: Truss Moisture Content
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= Kitchen Truss - MC - High Level (1416/19) = Dining
= Living Rm South Truss - MC (1461/19) -~ Living
= Kitchen Low Truss - MC (1464/19)

— kitchen Truss - MC - High Level (1416/19) = Dining Truss - MC (no T comp) - vented (1416723
— Liwing Em South Truss - FC (13461719 Living Em North Truss - MC (1461/23)
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ROOF INVESTIGATION
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ROOF INVESTIGATION
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Sensor Event - Resistance Affected
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ROOF INVESTIGATION
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WINDOW MONITORING

3

T

_ Tape Moisture
SMT-A2 Detection Sensor

e iy s




WINDOW MONITORING




BUILDING INTELLIGENCE - Investigations

Exterior Conditions: Interior Conditions:

- Solar radiation Rh/T, Radiation, Duct Pressure,
- Glass temperature Supply Temp, Lights On/Off,

- Weather station data Curtain Status,Interior Glass T

12



BUILDING INTELLIGENCE - Investigations
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EXTERIOR INSTALLATIONS

NODE/INPUT(1564/17) -
SensorlD(37187
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SENSOR PRESSURE

» Differential Pressure sensors with 0.1Pa resolution

*  Wireless CO2 sensors capable of measuring 0-5000ppm

* RH/T sensors used both indoor and outdoors

* Pulse Counting sensors for measuring energy usage

* Temperature monitoring for measuring when the gas fireplaces were
turned on/off

* Exterior weather station used to correlate climatic events with
internal sensor readings w




SENSOR PRESSURE
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SENSOR PRESSURE

* Pressure Differences across exterior building enclosure

* Pressure Differences from the corridors to the suites

* Pressure Differences across floors and ceiling to the zones above
and below

* Pressure Differences between adjacent suites

* (C02 Concentration & Dew Points in ventilation air, corridors and
suites

* Exterior Temperature

* Wind Speed and Direction




SENSOR PRESSURE

Figure 7-23: Typical SMT-A3 unit being installed in  Figure 7-24: Typical data acquisition unit installed
a wall above a suite entrance door above a suite entrance door

Figure 7-25: Typical exterior pressure tap configuration




SENSOR PRESSURE

Ventilation air is heated or cooled
by make-up air unit (MAU)
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SENSOR PRESSURE

Average Suite to Comridor Pressures by Floor and Exterior Temperature
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SENSOR PRESSURE

Pressures Across Exterior Enclosure During Strong West Wind - Floor 11
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ROOF INVESTIGATION

Measure conditions leading to dimensional change in
polyiso roof insulation.

L2l



ROOF INVESTIGATION
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FLOOD MONITORING

UBC Life Sciences Centre
Interstitial Floor Flood Monitoring
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FLOOD MONITORING




BALCONY INVESTIGATION

Air leakage from suites leaking into exterior walkways of a
wood frame building caused widespread damage.

Rehabilitation to repair wood framing and air-seal joist spaces

from interior.
Lzl

North facing walkway — low drying potential if leaks do occur.



BALCONY INVESTIGATION




BALCONY INVESTIGATION

*  Walkway Repair & Verification using moisture content monitoring.

* Sensors installed at locations of severe damage and at control locations.




BALCONY INVESTIGATION
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ATTIC MOISTURE
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ATTIC MOISTURE
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ATTIC MOISTURE




ATTIC MOISTURE

Wire Moisture Pin Bonded
with Conductive Epoxy

Conductive
Moisture Pin

Non-conductive
Sheath on Pin




ATTIC MOISTURE
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WALL MONITORING




WALL MONITORING
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WALL MONITORING
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WALL MONITORING
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WALL MONITORING
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MOISTURE SENSORS




RH Air 20% 40%

MC Wood! 4.5% 71.7%

MC Gypsum 0.1% 0.5%
MC Sandstone <0.5% <0.75%

N

60%

11%

0.75%
<1%

80%
16%
1%
1.75%

95%

24%
2%
2%

H,0 >

30%
4%

35%
>6%

>40%



Moisture
Content %
a0 Germination of
fungal spores
and flourishing
growth
35

Germination and growth

Fiber saturation point 28
P Fungal growth sustained

(no germination)

1

19

- Immune to
fungal growth

Fungal Growth in Wood (CMHC)



POINT MOISTURE SENSOR

Photo courtesy Delmhorst
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EMBEDDED MOISTURE SENSOR

* Research Grade

* Integrated Temprature

*  Moisture Content &
Level

*  Wood, Gypsum,
Insulation, Concrete,
Masonry
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LINEAR MOISTURE SENSORS

16 Stainless * Presence of moisture
3 \\ steel * Wide coverage area

Copper * Limited accurancy

WALL



DIELECTRIC MOISTURE SENSORS

Fringing ElectricField Sensing

Photo courtesy Kett




DIELECTRIC MOISTURE SENSORS

Fringing ElectricField Sensing




WWiDACH mounted to inside of

arapet

L
Route Sensor Cables under
Parapet Cap Flashing

|

FROST SENSORS
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FROST SENSORS




DISPLACEMENT SENSORS

*  Custom mounting options
* Various ranges and resolutions

12



DISPLACEMENT SENSORS

|




ENVIRONMENTAL SENSORS

* Wind speed

* Wind direction

* Temperature

* Relative Humidity

* Ultra Violet Radiation
* Solar Radiation

* Precipitation

* Timed photographs
Pan-tilt-zoom camera




DIFFERENTIAL PRESSURE SENSORS

* Differential wall pressure

* Pitot tube to interior space
* Range +/- 250 pascal

* Auto zero feature




DIFFERENTIAL PRESSURE SENSORS
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HEAT FLUX SENSORS

Guidelines for field deployment:

*  Heat Flux sensors should be embedded in the material under test. Installation on the
surface could be influenced by external factors.

*  Ryvalue is a static value so the building must be at steady state in order to calculate it. To
do this use two HF sensors once the outer sensor equals the inner sensor then take delta T
over Q and calculate R value.

R Value (US) = RSI x 5.67, RSI = deltaT/Heat Flux




MONITORING SYSTEMS




NODES -A2

Internal RH/T
1- Moisture

1- Ext RH or pressure

*  Wireless live

* Datalogging

*  Hybrid wireless

* Battery —long life

* 16x memory as WIDAQ
* USB rechargeable

* Standalone PC device

Other models:
*  Pressure A2
e Water resistant A2



NODES —A3

SN: 8015
SMT 03/12

i -
D) ) ) )
WIRLDY

(L]}

Internal RH/T options: *  Wireless live * 16x memory as WIDAQ
* 4 moisture/4 temp * Datalogging * USB rechargeable
* (CO2, delta pressure * Hybrid wireless * Standalone PC device

* Custom Dev * Battery —long life
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GATEWAY DATA COLLECTION

T SMT BiG - Building Intelligence Gateway 0,842 (rev638) =13
Fle  Wiew  Conmect

W Mode: BN Event: | Gateway

i b Mew,.. = |Browsaby: 4% Node - | Sensor View: I List ~ 1 Fl:'MIDH:aJ

Hame I Fimmare | Sensor MNode Input | Poled  Last Readng Aeadng Date

i B 1 W Moizture 4 1035 1 na 1050 (8/04/23-13: 4049
& South 17th [decommissioned) 1003 # futonomous Sensor 10035 2 ) .23 0504423134850
W South Sth 1023 i Moistue B 1035 3 na 344 09044231348 52
U West 24th 1035 @ Autoromous Sensor 1005 4 na 1808 08/04/23-13:40:54
4 South 27th 13z # futonomous Sensor 10035 g i) 10115200 DS04/23-13 4855

¥ South Clustehesad 1152 B Auloromous Sensar 1035 15 1) 123,00 09/04/2313.48 55
U wWest 14th - @ Autoromous Sensor 1035 16 ] 484800 0304/ 231 34855

¥ East Bh 1185 @ Autonomous Sensor 10035 286 mo .00 080205121517
UF Eadl 15 AL |
4 * < ¥

22004/2009 230472009 2:55:41 P - 24/04/20093 1 2:35:29 AM 24004/2009 W Py
i Naxt export: 48m 11s Debug Log

* Real time data
* Wireless datalogging



Sensor Applications
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BUILDING '

INTELLI

The sensor is dry (10000kohm)
(#118 Mds) PHYID: until rain related event (shown in

blue bars on back ground)
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> Roof Monitoring
Linear detection sensors installed into roof system for moisture

detection. Installation to new construction or even in existing construction
during reroofing.

Penetration Monitoring
Install moisture detection around roof penetrations from the underside
of the roof deck. Installation can be applied to new or old buildings.

Indoor Leak Protection
Monitor indoor plumbing, mechanical equipment, and under tubs and
showers for water leaks.

Indoor Air Monitoring
Monitor indoor conditions for relative humidity, CO2, and temperature.

Sample Moisture Monitoring
Sensor probes installed into wall system from exterior to interior.
Installation to existing construction with minimal disruption to clading.

« Extensive Moisture Monitoring

Linear detection sensors installed into wall system from exterior to interior.
Installation to new construction or even in existing construction during
routine maintenence or renovations.




INTERIOR INSTALLATION
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CONCRETE
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Scupper & downspout
Parapet cap flashing
Control Joint

Wall-window interface
Balcony door threshold
Balcony rail attachment
Vent hood

Downspout attachment
Saddle detail

Deck Drain

Jct between different materials
Window head

Window jamb

Windowsill

Overflow scupper

Planter

Wall concrete slab interface
Balcony-wall interface




