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Summary   

In the United States, significant number of residential structures contains basements that 
are frequently habitable.  The energy consumption to heat and/or dehumidify the below- 
-the-grade spaces is significantly affected by the ability of the envelope to resist moisture 
infiltration. Clearly, the energy consumption is directly impacting the sustainability of such 
systems.   

This study investigates the performance of three different types of insulation installed 
in the interior of a basement wall system in a below-grade situation. All boundary 
conditions were simulated in a controlled environment with the testing of nine segments 
simultaneously. Damage to the damp-proofing layer on the exterior surface of the wall was 
introduced and moisture was present to simulate saturated soil. Three tests were conducted 
in order to represent a winter, summer, and artificial condition. Data was analyzed to 
determine the response of the systems to an imperfect environment. No condensation was 
detected throughout each experiment, leading to the conclusion that each insulation type 
performed as intended by the manufacturer in a moist environment. The insulation with the 
highest permeability showed evidence of a higher drying capacity in the artificial test. The 
damage to the damp-proofing layer did not have a significant effect on the performance of 
the wall system. 
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1 Introduction 

The purpose of this study is to analyze the effectiveness of insulation systems and moisture 
barriers used in residential basement wall systems. These experiments were conducted in 
a climate chamber, allowing for the interior and exterior temperature and relative humidity 
to be controlled and monitored. The variations of soil conditions present during in-situ 
studies were therefore eliminated, allowing for a direct comparison of different insulated 
basement wall systems. Various factors such as poor workmanship or differential settling 
of a structure that can lead to a reduction in the effectiveness of wall systems, including 
damp proofing systems, were simulated in order to analyze the response of the system to 
moisture infiltration. This study will allow for a greater understanding of the effect of 
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damage to moisture barriers in wall systems when significant moisture is present. It will 
also allow for the analysis of the response of the system as a whole to these conditions, 
including the interior insulation. 

The following were the main objectives of this study: 
▪ Analyze the effectiveness of selected insulation types in a moist below-grade 

environment when placed on the interior side of the wall 
▪ Determine the effect that a damaged damp-proofing layer has on a below-grade 

foundation wall system with interior insulation 
▪ Simulate a below-grade environment in a hot/cold box or climate chamber 
▪ Analyze the differences between different seasonal boundary conditions and the 

effect they have on the performance of a below-grade wall system 

2 Materials and methods 

Table 1 shows a summary of the variables that were tested in this study, including 
insulation type and amount of damage (expressed as percent by area) of damp-proofing 
perforation. They are broken down based on each of the nine specimens and are arranged 
in a similar configuration as in the test setup, as viewed from the exterior side of the wall. 

Table 1 Summary of Variables Tested 

 A1 B1 C1 
Insulation 

Type 
Polyisocyanurate Fiberglass XPS1 

Damage 0 % 0 % 0 % 
 A2 B2 C2 

Insulation 
Type 

Polyisocyanurate Fiberglass XPS1 

Damage 0.01 % 0.01 % 0.01 % 
 A3 B3 C3 

Insulation 
Type 

Polyisocyanurate Fiberglass XPS1 

Damage 0.05 % 0.05 % 0.05 % 

 

1XPS – Extruded Polystyrene 
 
Fig. 1 shows the instrumentation of the wall and thermal and mass movement separation of 
the instrumented segments. This setup permitted to subject all segments to equal conditions 
simultaneously. 

(a) (b) (c) 
 

(d) (e) 

Fig. 1 Schematic of the test setup (see Table 1) and instrumentation (a), separation  
of tested wall segments (b), impermeable foil (c), interior view (d), and exterior view (e). 
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Table 2 shows the interior conditions that were maintained during the experiments.   

Table 2 Summary of the interior test conditions. 

 Exterior Interior 
Test Description Temp (°C) RH (%) Temp (°C) RH (%) 

1 Winter 5 90 20 30 
2 Summer 9 85 20 40 
3 Artificial 22 80 18 50–60 

 
Thermal and wate vapor transmission properties of the materials used in the environmental 
chamber were experimentally determined.  This is important for subsequent modeling work 
(not part of this presentation). The data for individual components will not be presented here. 

3 Results and discussion 

Tests 1, 2, and 3 yielded a large volume of data and subsequent analysis. The condensation 
sensors placed on the surface of the CMU wall for each specimen did not read any value 
throughout each test, meaning no condensation was able to be detected by those sensors.  

Based on the accuracy of the temperature and relative humidity instrumentation, an 
error analysis was conducted with regard to water vapor pressures. Since both temperature 
and relative humidity are inputs for water vapor pressure calculations, both the accuracy of 
thermistors (± 1°C) and relative humidity sensors (± 2% RH) were used to find the limits 
of error for individual sets of data. The following graphs were developed for each test: 

▪ Water vapor pressure profiles  
▪ Temperature profiles 
▪ Plots of water vapor pressure over time for each variable at the interface of the wall 

and insulation  
▪ Error analysis of water vapor pressure plots  
▪ Plots of temperatures at each layer for individual specimens  

The interface between the CMU wall and insulation was focused on with regard to water 
vapor pressure due to vulnerability of that point in the below-grade wall system to moisture 
build up and condensation.  Fig. 2 shows typical results of the experiments, Fig. 3 shows 
the error analysis for the test 3 (see Table 2 for description).  

4 Conclusions 

Based on Fig. 2 (d) it is apparent that all three of the error envelopes for segments B1, B2, 
and B3 overlap. This prevents any conclusions from being drawn with regard to differences 
in water vapor pressure at the interface of the CMU wall and semi-rigid fiberglass 
insulation.  Fig. 3  shows that the error envelope corresponding to segment B1 does not 
overlap with that of segments A1 or C1 and represents a lower level of water vapor pressure 
during this 96 hour window of analysis. The conclusions above are based on the presented 
data.  No condensation was detected in any of the segments for any of the three tests. 
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(a) (b) 

(c) 
 

(d) 

Fig. 2 Typical experimental results. (a) pressure profile, (b) temperature profile,  
(c) fluctuation of temperatures during experiment, and (d) error analysis of WVP  

at the interface of CMU and insulation (inconclusive result). 

 
Fig. 3 Test 3 Error Analysis of WVP at the Interface of CMU and Insulation. 
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