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Abstract 
 
The city of Ottawa statistics indicate that the construction and demolition industry 
produces about 30% of the city’s non-residential waste including paper, drywall, wood, 
concrete, metal, and asphalt. The best way to reduce construction waste is not to produce 
the waste. Installing sensors in building envelopes to monitor their health and 
performance would help ensure the longevity of envelopes and hence reduce repair and 
demolition waste as well as reduce the impact on the environment. Monitoring results 
would provide timely warning of potential durability issues and assist in determining 
their contributing factors. This would aid in implementing an effective repair strategy. 
When tied into inspection and maintenance plans, monitoring results could assist in 
identifying envelope areas requiring priority conservation measures. The results will also 
contribute to a better understanding of in situ performance of a building envelope design, 
which will contribute to effective design and maintenance guidelines for other similar 
building envelope designs. This paper discusses monitoring as a tool for sustainable 
building envelopes. As an example, the monitoring system installed on the Peace Tower 
will be presented. The Peace Tower is a Federal Heritage Building and a National 
Historic Site in the heart of Canada’s capital Ottawa. It was built between 1919 and 1927 
as a memorial for peace following World War I. Hygrothermal and structural movements 
are monitored using approximately 190 sensors located at various locations in the 
composite masonry/concrete exterior walls of the tower. Selected monitoring results will 
be presented. 
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Introduction 
The durability of buildings is a subject of importance in view of current concern on the 
environment and global warming. Recent headlines highlighted that carbon dioxide in the 
atmosphere is increasing faster than expected. Carbon dioxide emissions in 2006 were 
35% higher than in 1990. One aspect of buildings’ impact on the environment is waste 
material from construction and demolition of buildings. The impact includes embodied 
energy and carbon dioxide emission in producing waste materials as well as the impact of 
the landfill.  
 
The city of Ottawa statistics [1] indicated that the construction and demolition industry 
produces about 30% of the city’s non-residential waste including paper, drywall, wood, 
concrete, metal, and asphalt. The best approach to reduce construction waste is to extend 
the useful life of the envelope and substantially reduce the production of waste. This 
paper discusses monitoring as a tool to help ensure the longevity of building envelopes 
and hence reducing repair and demolition waste and the impact on the environment. As 
an example application, the monitoring system installed in a heritage building, the Peace 
Tower, is presented, which demonstrates the performance information gained from such 
monitoring program.  
 
Monitoring as a Tool for Sustainable Buildings 

Building envelope health: Monitoring assesses health of building envelopes under actual 
environmental exposure conditions both outdoors and indoors. Initially, monitoring 
determines the normal behaviour of the building envelope under in-use conditions 
including occupancy function and environment loading. When a change occurs, it is 
recognized and diagnosed whether the change is expected or not and whether the change 
affects the building’s durability or not. 
 
Early detection: Sensors located in strategic locations, particularly difficult to reach 
locations such as attic space and within building envelope will provide timely warning of 
potential failure of environment control measures for heat, air, and moisture. Early 
detection reduces damages and hence reduces waste that would result from replacing 
damaged materials.  
 
Determine underlying cause of deterioration: Knowing the cause of deterioration ensures 
effective repair. Repair measures that address immediate symptoms of deterioration 
problems without addressing the underlying cause might make more harm than good. As 
a result, more material waste is generated. Monitoring data would assist in determining 
the cause whether it is moisture, thermal, structure loading, etc. This reduces waste 
resulting from implementing an improper repair strategy.   
 
Effective maintenance plans: Using monitoring results in planning priorities for 
maintenance programs ensure effective use of resources particularly when they are 
limited. Timely maintenance measures reduce long-term maintenance costs and 
materials’ waste.   
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Improved building envelope designs: Monitoring results provide feedback on the 
performance of novel building envelope systems and retrofit and repair strategies. The 
feedback contributes to development of durable building envelopes’ designs and effective 
maintenance strategies. As a result, demolition waste from nondurable systems and 
ineffective maintenance measures is reduced. 
 
What Parameters to Monitor?  
Maurenbrecher et al. [2] discusses techniques of monitoring non-structural performance 
of exterior masonry walls, which is equally applicable to other building envelope 
systems. References [3 to 7] present examples of applying monitoring techniques to 
evaluate the performance of building envelopes. Monitored parameters and locations 
depend on the objectives of the monitoring program. Parameters include the following: 
 
Environment exposure conditions 
Outdoor and indoor environment exposure parameters determine environmental loadings 
of the building envelope including temperature, moisture, wind, and solar heat. 
 
Outdoor environment: In large monitoring programs such as in the Peace Tower, a 
weather station is installed on site to monitor outdoor exposure parameters, which include 
temperature and relative humidity of outdoor air, rainfall and its acidity (pH value), wind 
speed and direction, and solar radiation. Alternatively, air temperature and relative 
humidity are monitored on site and remaining parameters are obtained from local 
meteorological station. Moisture sensors, installed at various locations on the façade, 
monitor time-of-wetness (TOW) and dryness of the façade. Solar radiation sensors placed 
on the façade measure solar heat received directly by the façade from the sun as well as 
reflected radiation from the ground and adjacent buildings’ surfaces. 
 
The temperature and humidity of the air determine its dew-point temperature and the 
partial pressure of the water vapour in the air, which are a measure of moisture content in 
the air. The two parameters for both outdoor and indoor air affect moisture transport in 
the building envelope assembly and its drying potential depending on the hygrothermal 
properties of the building envelope assembly. Solar heat aids in the drying potential of 
the façade as well as in driving moisture into the building envelope. Solar heat also 
contributes to freeze-thaw cycles as the heat raises the façade temperature above freezing. 
Wind-driven-rain is a key mechanism of water entry into building envelopes. Wind 
pressure is also one of the driving forces of air infiltration and exfiltration through an 
envelope depending on its air tightness and effectiveness of the air barrier strategy. 
Infiltration and exfiltration of moisture-laden air poses risk of condensation on envelope 
surfaces in its path.  
 
Indoor environment:  Monitored parameters include temperature and relative humidity of 
indoor air. Air pressure differences between interior zones may also be monitored in 
order to determine the flow pattern of indoor air and its moisture load between interior 
zones. As noted earlier, the temperature and relative humidity determine the moisture 
load in indoor air. In winter, as indoor air temperature decreases, frost moves deeper into 
the wall and the risk of condensation within the envelope assembly increases.  
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Building envelope health 
Parameters that monitor performance of building envelopes include: temperature of 
surfaces in the envelope assembly, heat-flux through the assembly, moisture (TOW and 
moisture content), air pressure difference across the envelope, and structure movement. 
Figure 1 shows a photo of an example instrumentation of a masonry wall to monitor its 
hygrothermal behaviour. 
 

1 
2

3

 
Figure 1. A photo showing an example of instrumentation installed in a masonry wall. 
Shown are: a pair of stainless-steel screws moisture pins (1), wires for a stone moisture 
sensor & a thermocouple inserted at 200 mm depth (2), and a thermocouple glued to the 
surface (3). Notice that attempts are always made to reduce visibility of wires. All 
photographs by Raymond Demers. 
 
Surface temperature determines its potential for condensation. Temperature variation 
above and below freezing temperature determines the number of freeze-thaw cycles 
experienced by the envelope assembly. Temperature cycling also contributes to structure 
movement and gradual widening of cracks.  
 
Heat flux and the temperature difference across the envelope assembly determine the 
thermal resistance of the assembly. A decrease in the thermal resistance indicates changes 
in the thermal insulation value possibly a result of aging, settling, or wetness.  
 
Moisture is a key factor affecting the durability of building envelopes particularly in cold 
climates where freeze-thaw action can be a major factor. Various types of moisture 
sensors [8], see Figure 2, are mostly used to monitor TOW of surfaces. Some sensors are 
used to determine moisture content of the assembly.  
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Air pressure difference across an envelope assembly determines the likelihood of airflow 
(infiltration and exfiltration) through openings in the assembly. Air moving through the 
assembly may contribute to wetting of its surfaces as well as to their drying depending on 
the dew-point of the air and the temperature of the surfaces along its path. 
 

 
Figure 2. Various types of moisture sensors, from Left to right: a Sereda, a brick-ceramic, a 
stone, and a pair of stainless-steel screws moisture pins. 

 

 
Figure 3. A photo (PT991119) showing a displacement sensor tucked under a windowsill to 
monitor movement across a repaired crack. 
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Displacement sensors, Figure 3, are used to monitor movement between adjacent walls 
with dissimilar construction and movement across existing or repaired cracks. The latter 
determines whether a crack opening is stable or changing. In special monitoring 
programs such as the Peace Tower, vibration sensors may be installed to monitor 
dynamic movement of the building envelope due to seismic events, blasting, wind, etc. 
 

The Peace Tower 
The monitoring program of the Peace Tower is presented, which is an example of a 
comprehensive monitoring program. It includes both hygrothermal performance and 
structure movement of the building envelope. The Peace Tower (Figure 4) is a Federal 
Heritage Building and a National Historic Site in the heart of Canada’s capital Ottawa. It 
was built between 1919 and 1927 as a memorial for peace following World War I. The 
Peace Tower is 92 meters tall with exterior base dimensions at the corner buttresses of 
approximately 13 by 13 meters. The walls are 1.8 meters thick at the base and narrow to 
0.6 to 0.9 meters at the observation level just below the clock face. The exterior walls are 
a composite construction of concrete faced with building stone. Three types of sandstone 
are used in the walls: Nepean sandstone for the body of the wall and the softer Wallace 
and Ohio sandstone for decorative features. The walls at the clock level are ashlar stone 
masonry with no concrete backup. The roof structure is 100 mm thick reinforced concrete 
with copper roofing over wood battens. A 14-meter high section of the north wall was 
removed and rebuilt in 1981 to accommodate an inclined elevator shaft, the world’s first 
slanted elevator. The rebuilt section was built with a steel frame cladded with a 100 mm 
thick Nepean sandstone veneer. Saïd et al. [7] describes the Peace Tower and its 
monitoring program in detail. 
 

 
Figure 4. View of the south façade of the Peace Tower and the Centre Block (Canada’s 
Parliament building).  
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The Monitoring Program 

Following completion of the 1996 conservation work of the Peace Tower, approximately 
190 sensors were installed in the tower to monitor the health of the composite masonry-
concrete exterior walls, particularly the impact of the recent conservation work. The 
sensors monitor temperature, humidity, moisture, heat flow, air pressure difference across 
the exterior walls as well as between interior zones, tilt, and movement across selected 
repaired cracks. In addition, a weather station was installed on the rooftop. Vibration 
sensors were also installed to monitor the dynamic movement of the tower due to seismic 
events, elevator movement, ceremonial gun shots, and near by construction excavation. 
Figure 5 shows schematic of the Peace Tower’s vertical elevation showing monitored 
levels and Figure 6 shows a plan view at level 2 showing monitored locations. Figures 1 
and 3 show some of the installed sensors. 
 

Level 0 (Main door)

Level 1 (Memorial chamber)

Level 2 (Refuge area)

Level 3 (Electrical room)

Level 5 (Bell mechanism)

Level 4 (HOC security storage area)

Level 6 (HOC security storage area)

Level 7 (Keyboard room)

Level 8 (Washrooms)
Level 9 (Observation deck)

Level A (Clock face deck)

Level B (Elevator machine room)

Level C

Level D

Level E
Level F (Roof platform)

1D

1H 1I

6A

5A
Central
staircase

Access door small bells
Access door medium bells

Access door large bells

North
staircase

 
Figure 5. A schematic of the Peace Tower’s vertical elevation showing monitored levels. 

 
 
 

2nd Canadian Conference on Effective Design of Structures, May 20-23, 2008, pp. 115-131. 7



 

 

North 

Figure 6. Plan view at Level 2 showing locations of moisture sensors on the façade and in 
the composite masonry-concrete walls and buttresses.  

 
Selected Monitoring Results 
Monitoring results for the period 2004-2005 are presented, which demonstrate the 
performance information gained from monitored health parameters of the building 
envelope of the Peace Tower. 
 
Environment exposure conditions 
Outdoor environment:  In 2005, outdoor exposure conditions were similar to that in the 
previous year 2004. Outdoor air temperature ranged from -30ºC in January to 35ºC in 
July. The latter is close to the extreme value 38ºC recorded by Environment Canada for 
Ottawa. The south face of the SE buttress experienced about 20% more freeze-thaw1 
(F/T) cycles than in 2004 (Figure 7, Graph (A)). The other faces of the SE and NW 
buttresses experienced about the same number of F/T cycles as in 2004. As usual, the 
south façade (actual orientation is 30° offset) and the west façade experienced the highest 
number of F/T cycles because these orientations have more exposure to the sun than the 
north and east façades. Because of its lighter mass construction, the north veneer wall 

                                                 
1  A freeze-thaw cycle is defined as a temperature drop below 0ºC and a return above zero. Within masonry 
walls, freezing may occur at a lower temperature because of dissolved salts. 
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experienced higher F/T cycles than the N-face of the NW-buttress (45 cycles compared to 
37 cycles). 
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Graph (A). Annual freeze-thaw cycles experienced by the façade. 
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Graph (B). Annual freeze-thaw cycles experienced at 200-mm depth in walls of the NW and SE 
buttresses and at 90-mm depth in the north veneer wall. 

 
Figure 7. Annual freeze-thaw cycles experienced by the exterior walls at level 2 for the 
monitoring period 2001 to 2005. Outdoor air is also shown for comparison. 
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The number of F/T cycles experienced by the south façade (119 cycles) and the west 
façade (98 cycles) in 2005 is considered high. However, freeze-thaw cycles do not cause 
damage to the masonry or the mortar unless they have high moisture content (>75% 
moisture by pore volume). Frost damage potential also depends on the rate of freezing 
and the pore structure of the material. 
 
Freeze-thaw cycles were also experienced within the exterior walls, but the number of 
cycles was much less than that experienced by the façade. Figure 7, Graph (B), shows 
F/T cycles experienced at level 2 at 200-mm depth in the buttresses and at 90-mm depth 
in the north veneer wall. Similar to the façade, the south and west façades experienced 
the highest F/T cycles (38 and 32 cycles respectively). At Level 9 (the Observation area 
level), the number of F/T cycles experienced by the west face at 50-mm depth was in the 
high side (70 cycles).  
 
The F/T cycles results indicate that the south and west façades should be given priority in 
the spring inspection in order to insure that mortar joints are in good conditions ahead of 
the rainy spring and summer seasons. So far frost damage has only been observed in few 
areas in mortar joints in the west façade at decorative feature areas where snow usually 
accumulates and areas where snowmelt drains straight onto the masonry. Repair of 
damaged mortar joints should be given priority because they provide potential paths for 
water (wind-driven rain, melted snow, and run off water) ingress into the walls. 
 
Indoor environment: The control of the conditioned air in the Observation area in 2005 
was much better than in the previous year. The air temperature was maintained in the 
range 22ºC to 25ºC. The relative humidity, not controlled, followed outdoor air RH 
variations. It ranged from 10% to 30% during winter and 35% to about 60% during 
summer, which are common seasonal conditions. Under the noted conditions, there was 
no condensation potential on the walls’ surfaces including the glazing on the north 
façade. The temperature of the glazing and its frame were always above the air dew point 
temperature. 
 
In the refuge area (level 2), the baseboard heaters did well in maintaining indoor 
temperature around 20ºC during winter. Occasionally the temperature was down to about 
12ºC. In the summer months, the temperature followed the variation in outdoor air 
temperature. It varied from 20ºC to about 30ºC. As expected, indoor air was quite dry 
during winter where it varied from 6% to 16% in the refuge area. This contributed to the 
drying of the walls into indoors during winter months. In the summer, RH varied in the 
range 35% to 60% and occasionally increased to about 70%. 
 
In the roof space, air temperature at the top of the roof space (level E) varied from –13ºC 
in January to 44ºC in June-July 2005. At the bottom, in level B, air temperature was 
warmer to about 4ºC in winter because of the electric fan heater. The reverse occurred in 
the summer; the air temperature in Level B was lower than that in Level E as driven by 
natural stratification where warmer air rises to the top and cooler air descends to the 
bottom. The air relative humidity followed humidity variations outdoors. It ranged from 
quiet dry condition 12% to almost 100%. High relative humidity values were common to 
both winter and summer. In winter: frost and condensation are common on the glazing 
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and the concrete walls particularly at level E. The electric fan heater below in level D-2 
has small effect on the air temperature at level E. The walls appeared to be managing the 
frost condition. Frost, however, when formed on the stairs and the concrete floor, present 
hazard conditions to service personnel. 
 
Exterior walls moisture performance 
Moisture in exterior walls:  Moisture diffusion and possible capillary suction rates vary 
over the tower’s façade because the exterior walls include the hard Nepean stones, the 
softer Ohio and Nova Scotia Wallace stones, and the mortar. The stones are backed with 
a less permeable dense concrete. Moisture movement in and out of the walls takes the 
path of least resistance that is the mortar and the soft stones. As a result, the locations of 
the soft stones in the exterior walls and buttresses are managing higher moisture load than 
the locations of the hard Nepean stones. These locations should be checked regularly and 
given priority in the maintenance program 
 
Figure 8, Graph (A) shows an example of wetness pattern of the west façade of the NW 
buttress. Moisture pins sensors (stainless-steel screws inserted to a 10-mm depth in a 
mortar joint) indicated that façade wetness occurred mostly in April to November 
months. Figure 8, Graph (B) shows the changes in moisture conditions at the 200-mm 
depth, the stone-concrete interface, in the west façade of the NW buttress. Moisture 
content started increasing in October and peaked in December-January. This indicates 
that during the fall-winter months, moisture movement was mostly inward where it 
accumulated at the less permeable concrete interface. With the start of favorable drying 
conditions outdoors in the spring, accumulated moisture started to dry to outdoors and the 
wall returned to its initial moisture conditions in June-July months; i.e. no net moisture 
accumulation over the 2005 period. Similar moisture variation pattern was observed in 
the north face of the NW buttress and the south face of the SE buttress. 
 
In the E-face of SE buttress, at the 200-mm depth, the moisture variation pattern was 
different. Moisture started increasing in May, remained high during the summer months, 
and returned to its initial conditions in November. Wind driven rain is a primary factor 
for the noted moisture variation pattern as the east is the prevailing wind driven rain 
direction in Ottawa. Similar to the other faces, there was no net moisture accumulation 
over the 2005 period. 
 
Moisture in Wall-cavities: In 2004-2005, the data showed a wetness-drying pattern in the 
interior surfaces of the NW and SE buttresses at the level 9 (Observation area). Wetness 
appeared to increase during November 2004 to March 2005 with occasional drying 
(return to initial condition). This indicates that the walls were mostly drying to the 
interior cavity space during these months. The reverse occurred in April as wetness 
decreased and returned to its initial conditions in May 2005. During the period June to 
September 2005, wetness cycled between increasing and return to initial conditions. In a 
visual inspection in September 2007, the north façade at the Observation level appeared 
damp (see Figure 9). However, the Wallace stone and the mortar joints were in good 
condition indicating that the wall is managing its moisture load under subjected 
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environmental conditions. A helping factor is the north façade was subjected to low 
freeze-thaw cycles (37 cycles in 2005). 
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Graph (A). The façade 

0

40

80

120

160

200

Ja
n-

04

Ja
n-

04

M
ar

-0
4

M
ar

-0
4

Ap
r-0

4

M
ay

-0
4

Ju
n-

04

Ju
l-0

4

Au
g-

04

Se
p-

04

O
ct-

04

N
ov

-0
4

De
c-

04

Ja
n-

05

Fe
b-

05

M
ar

-0
5

Ap
r-0

5

M
ay

-0
5

Ju
n-

05

Ju
l-0

5

Au
g-

05

Se
p-

05

O
ct

-0
5

N
ov

-0
5

De
c-

05

Date

W
et

ne
ss

 (8
00

/R
-k

oh
m

)

 
Graph (B). At 200 mm depth 

Figure 8. Example of wetness variation pattern of the façade and at 200-mm depth of the 
W-face of the NW buttress, level 2. The vertical scale is an arbitrary wetness scale. It shows 
changes in moisture conditions. The scale is determined by the formula, 800/R, where R (in 
k-ohm) is the measured resistance of the moisture sensor. 
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In the north wall cavity at Level 1I, there was no indication of condensation on the 
gypsum and steel surfaces during 2005. Their surface temperatures were above the dew 
point temperature throughout 2005. 
 

 
Figure 9. Photo showing dampness of the north façade at the Observation level. Notice the 
good condition of the Wallace stone and the mortar joints. The gray stain is a result of run-
off water from the lead flashing above. 

 
Moisture on interior surfaces: There was no indication of surface condensation on the 
north-glazing units in the Observation area. The surface temperatures of the glazing and 
the frame were above the dew-point temperature of indoor air during the 2005 period. At 
the clock level (level A), periods of condensation were recorded in January, July, and 
October 2005 by the Sereda moisture sensor located by the 6-O’clock numeral on the 
inside surface of the clock’s north glazing, see Figure 10, Graph A. The condensate dried 
out within 2 to 3 days (an example is shown in Figure 10, Graph B). 
 
In the roof space, at the top, level E, condensation is prevalent on the interior concrete 
surfaces from November to May. The surface temperature of the north wall is mostly 
below the dew-point temperature of indoor air in these months. The condensate turns into 
frost from December to March when surface temperature dips below freezing. In 2005, 
the surface temperature of the north wall ranged from –16ºC in January to 36ºC in June-
July. 
 
About half way the roof space at Level C, occasional condensation occurred several times 
on the interior concrete surface during April to November 2005 when temperature of the 
surfaces fall below indoor air dew-point temperature. The temperature’s usual diurnal 
variation pattern of the roof’s interior concrete surfaces ranged from about –11ºC in 
January to 37ºC in June and July, 2005. Indoor air temperature varied from –5ºC in 
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January to 38ºC in June and July. The air relative humidity varied from 15% in April to 
100% in September. 
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Graph A. During 2004 and 2005 
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Graph B. Selected period September 13 to October 11, 2005 

 

Figure 10. Periods of condensation recorded by the Sereda moisture sensor located by the 6-
O’clock numeral on the inside surface of the clock’s north glazing during 2004 - 2005. 

 
Structural movement: 
Structure displacement: Five displacement sensors were placed across former cracks to 
determine whether cracking would re-occur. A 6th displacement sensor was placed 
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horizontally across the vertical intersection between the north veneer wall and the NW 
buttress in order to monitor expected movement at the interface of the two claddings. 
Figure 11 shows the location of the six displacement sensors. 
 

61
62 & 86 

57 

81 

North 

40

Sensor No. 40: at former crack 
passing through the windowsill 
of the south window of the 
Memorial chamber. 

Sensors Nos. 57 & 62: level 2 
(Refuge level) 
Sensors Nos. 81 & 86: level 3.
Sensor No. 61: across the 
vertical intersection between 
the north wall cladding and the 
NW buttress (level 2; Refuge 
level) 
 

 
Figure 11. Locations of the six displacement sensors. 

 
Crack displacement: The displacement sensor (# 40 in Figure 11) located in the south 
façade under a windowsill at level 1D changed its normal behaviour in July 2005 (see 
Figure 12). The displacement showed a gradual contraction leveling off to approximately 
-1.2 mm. The permanent contraction means that there was no restraint to shrinkage 
movement probably due to loss of pointing mortar. Figure 3 shows the condition of the 
mortar joint in November 1999 and Figure 13 shows its condition in September 2007. 
The displacement at this location is expected and probably was there since the tower’s 
construction. A finite element analysis [7] indicated that horizontal tension stresses are 
induced at this location under pure gravity load. Frost damage was probably an aiding 
factor in the loss of the pointing mortar once it lost adhesion to the stones. The south 
façade has been experiencing high number of freeze-thaw cycles (see Figure 7). The 
crack at this location provides a high potential path for water entry into the wall because 
snow usually accumulates right above it. 
 
The other four displacement sensors located across former cracks indicated possible 
hairline cracks that have remained stable. The displacement sensor located across the 
intersection of the north veneer wall and the NW buttress showed a displacement of about 
0.5 mm, which is expected because of the light construction of the north veneer wall and 
the heavy construction of the buttress.  
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Figure 12. Displacement under a windowsill in the south façade at level 1D over 2004 – 2005 
monitoring period. Daily values are based on hourly average before midnight; datum value 
is January 1st, 2000 and displacement is corrected for temperature. 

 

 
Figure 13. Photo (Pt070920-24) showing the condition of the mortar joint in September 
2007. 

 
Structure Tilt: The tilt of the tower along its two E-W and N-S axes is measured at the 
following three locations over the height of the tower: 
• level 2 about 23-m above ground level (… Tower’s height), 
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• level B (bottom of roof space) about 68-m above ground level (about 3/4 Tower’s 
height). Level B has three tilt sensors; one measures the tilt in the N-S direction and 
two sensors measure tilt in the E-W direction placed opposite to each other on the 
north and south walls, and   

• level E (top of the roof) about 89-m above ground level. 
 
The tower’s tilt in both the E-W and N-S directions, with one exception, showed the 
normal yearly cyclical movements and appear to gradually increase in value with time 
(Figure 14). The exception occurred at Level 2, where the tilt meter in the E-W direction 
hardly showed any annual cyclical movement and seems to gradually decrease in value 
with time. This suggests that there is a very small gradual change in the tower’s structure. 
Also the very small tilt in the E-W direction at level 2 is due to restrain by the connection 
to the Center Block building close to this level.   
 
Over 2004 – 2005 period, the largest tilt movement was about 1 mm/m in the E-W 
direction at the top of the tower. The resulted tilt behaviour of the structure is a result of 
its 30º offset, which expose the E, W, and S façades to the sunrise and sunset heat. 
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Figure 14.  Tower’s tilt in the E-W direction at levels over the period 2004-2005. 

 
Conclusion 
The paper discussed in situ monitoring of building envelopes’ health as a tool to improve 
their durability and nourish their sustainability. Monitoring helps reduce the building 
envelope impact on the environment by two factors: reducing impact of demolition’s 
waste on landfills and reducing the embodied energy and carbon dioxide emission 
associated with waste material. By shedding the light on the underlying factors for 
durability issues, monitoring results ensure effective maintenance and repair strategies. 
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Feedback from in situ performance of building envelope designs and retrofits contributes 
to development of effective design and maintenance guidelines. 
 
The paper also discussed common monitoring parameters that include outdoor and indoor 
environment exposure conditions, building envelope hygrothermal behaviour, and 
structure movement. The monitoring program of the heritage building, the Peace Tower, 
has been presented to demonstrate the performance information gained from such 
monitoring program.  

Monitoring results indicated areas in the façade requiring priority in the inspection and 
maintenance programs. This included: 
- The south and west façades because they are experiencing high number of freeze-

thaw cycles. It is important to insure that mortar joints are in good conditions ahead 
of the rainy season. Openings created by the loss of the pointing-mortar provide high 
potential path for water entry into the wall, which would greatly affect the durability 
of the walls. 

- The soft-stone areas in the façade because they are managing higher moisture load 
than the hard stone areas.  

 
Moisture sensors in the masonry-concrete walls provided information on moisture 
condition, a key parameter affecting the walls’ durability. Results showed the wetting and 
drying pattern of the walls. During the fall-winter months, moisture movement was 
mostly inward, where it accumulated at the less permeable concrete interface. In the 
spring, accumulated moisture dried to outdoors and the walls returned to its initial 
moisture conditions in June-July months. Thus, over the 2005 monitoring period, there 
was no net moisture accumulation in the exterior walls and they appeared to be managing 
their moisture load well. 
 
Displacement sensors showed long-term movement trend of former cracks. Some sensors 
indicated possible hairline cracks that have remained stable. The sensor monitoring a 
repaired crack under a windowsill in the south façade showed a gradual contraction 
leveling off to approximately -1.2 mm a result of pointing mortar loss. Frost damage was 
probably an aiding factor in the loss of the pointing mortar once it lost adhesion to the 
stones. The crack at this location provides a high potential path for water entry into the 
wall because snow usually accumulates right above it.  
 
In conclusion, the monitoring program provided an insight into in situ performance of the 
composite masonry-concrete wall system as well as the use of hard and soft stones in the 
cladding. The monitoring system continues keeping an eye on the health of the heritage 
tower’s building envelope and provides information that help ensure its longevity. 
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