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Executive Summary 

In this report submission, the Phase II of the AE/DOE Hygrothermal Pilot Study is presented. 

The monitored data and the subsequent hygrothermal modeling have provided a definitive 

differentiation in performance of these two crawlspace systems for the mixed to hot and humid 

climates found in the south east climate zone.    

The sealed crawlspaces for the particular buildings investigated clearly showed superior 

performance in comparison to the ventilated crawlspace system for both hygric and thermal 

performance. The benefits of the sealed crawlspace applications in the South East were found 

in Charlotte, Wilmington and Raleigh.  Conditions were found to be drier than in the 

corresponding ventilated system. With the conditions examined (especially modeling), with 

adequate drainage and low water table level, the ventilated crawlspace did not enter the 

catastrophic failure region. However, the surface moisture contents at certain locations in the 

crawlspace floor did exceed the values of 16 % for wood. The modeling results have shown 

the importance of the presence of an effective vapor retarder on all ground surfaces and wall 

surfaces. Without an effective vapor barrier, the sealed crawlspace may lead to moisture 

accumulation especially when the ground water table level is high.  

The experimental investigation has demonstrated the mold growth potential for the ventilated 

crawlspace, while none was observed for the sealed crawlspace configuration. As fibers, 

pollutants, radon gas, dust particles may accumulate with time in the crawlspace attention 

should be taken to have pressures in the crawlspace lower than in the house.  

Using the modeling analysis it was concluded that the crawlspace energy performance is 

benefited more when the joist floor is insulated rather than the perimeter wall for the sealed 

cases.  Insulated perimeter though provides a slightly higher temperature and enhances the 

moisture performance. Attention should be given to the type of insulation used in the 

perimeter. During the winter periods a net outward vapor pressure is occurring and 

condensation may occur at the interface of the insulation and polyethylene vapor retarder.
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INTRODUCTION   

The work reported in this document is part of a larger research project administered by 

Advanced Energy Corporation, and funded by the U.S. Department of Energy (DOE) through a 

National Technology Laboratory (NTEL) research solicitation. The results reported are for 

phase II of the project. The overall objective of the project is to investigate the thermal, 

moisture, and indoor air quality performance characteristics of sealed versus ventilated crawl 

spaces for residential buildings in the South East of the USA. The Oak Ridge National 

Laboratory research participation has concentrated on the development of scientific 

hygrothermal performance data of crawl spaces by means of experimental monitoring and 

advanced hygrothermal modeling of a defined set of crawl space designs in the south east 

region of USA. The approach proposed is still an innovative moisture engineering one, 

accomplished by blending a set of experimentally determined crawl space performance data 

with accurate hygrothermal loading data, coupled to an advanced moisture engineering model.  

Two phases of work are required to achieve the overall objective of the project. These form the 

two decision points at the end of year 1 and year 3 of the larger project. For detailed 

information on Phase I, the reader is referred to the Report I Pilot Study by Karagiozis [2002].  

Throughout this project, a system engineering approach has been adopted. This required an 

integrated and flexible approach by all team members, managers (AEC), and the executive 

scientific advisory board.   

Three distinct activities were identified as responsibilities by ORNL for both Phase I and II of 

the pilot project:  

a) Manage the hygrothermal performance field study to obtain comparative information on 

the performance differences between sealed versus ventilated crawl spaces. 

b) Conduct a hygrothermal performance analysis to develop data on crawl space system 

performance and to calibrate the hygrothermal model. This moisture engineering tool 
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was used to provide insight and assistance in analyzing issues related to building code 

provisions for improved crawl space construction. 

c) Summarize and report these findings for both the pilot and main study.  

The planned effort for all three activities initially had a duration of 34 months, but was 

interrupted for a period of 1 year, and reinitiated again in late 2003. All aspects of the research 

project  proceeded according to the planned schedule with the exception of last 3 months of 

delay due to the simulation extension and activities relating to the input reworking.   

In Phase 2  specific deliverables encompassed the following sub-activities:  

 

Continue to collect hygrothermal experimental data in both the sealed and ventilated 

crawlspace, analyze the data, and develop system information 

 

Perform a series of simulations using advanced hygrothermal modeling of the phase 2 

pilot study. 

 

Prepare a final report : Pilot Hygrothermal Performance Study   

It is important to understand that the intention of the pilot study is to provide realistic 

continuous crawl space system and sub-system information, data verification that did not exist 

at present. The data have critical value to the research community, research partners, and 

DOE, as they are expected to provide classical benchmark data not only for modeling crawl 

spaces, but also for developing experimental monitoring protocol.  

GOALS OF PHASE II  

The goals of Phase II of the hygrothermal pilot study is to characterize the multi-year 

crawlspace-building-environment performance, develop the needed understanding and 

recommended improved crawlspace performance. A list of these goals are:   
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To monitor the retrofitted, proposed configuration , in terms of the hygrothermal 

response in a crawlspace environment to develop a set of experimental data, that will 

demonstrate the differentiable performance of two different crawlspace designs, the 

ventilated and the seal systems.  

 
To develop input parameters from the greater AEC field study project, and other 

sources (material properties, etc). Integrate knowledge from air flow measurements, 

RH, moisture content and develop system performance characterization. 

 

To develop a number of  parametric analysis of the performance of crawlspaces in the 

south-east of USA. 

STATE OF UNDERSTANDING    

Currently, 2005, the most adopted method for constructing crawlspaces in the South-

East of the US, are ventilated crawlspace systems. Poorly constructed crawlspaces contribute 

to presence of mold problems, indoor air problems, and increase the cost of operation of the 

home s mechanical equipment.  Many problematic crawlspaces have an excavated crawl 

space floor without providing an effective drainage, have poorly installed ground cover, and are 

naturally ventilated with exterior air. Today s moisture induced problems can be caused by 

very different reasons than those in the 40 s, 50 s and 80 s. One example is the presence of 

mechanical equipment in the crawlspaces, during the cooling period, condensation is formed 

on or around the region of the leaky ducts.  This was not an issue in the 40 s, 50 s and even 

70 s, but is probably a main problem for 1990 s and 2000.   

Indeed, local exterior climate plays one of the determining influence decisions factors, 

along with the air tightness of the floor, and the leakiness of the mechanical systems especially 

the duct work. Many have advocated that if the decision is to include the mechanical 

equipment in the crawlspace, the unvented option should be recommended.  However, the fact 

is that both systems can perform satisfactory. However, as we will demonstrate later in this 

report are there have been some very important advantages to insulating the crawlspace walls 

and sealing the crawlspace [DOE Fact Sheet] such as reducing problems associated with 

ventilating the crawlspace , employing less insulation, eliminating or reducing the requirement 

for insulation piping and ductwork, less impact of air sealing of floor. In the DOE Fact Sheet put 
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assembled before the start of this crawlspace project, 2000, three energy efficiency 

approaches were demonstrated.  

PROJECT BACKGROUND INFORMATION  

In May, 2001, a contract between the Advanced Energy Corporation and the Oak Ridge 

National Laboratory was signed and the collaborative research agreement was initiated for 

phase I.  Phase II was renegotiated after a 1.5 year interruption (although AEC was able to 

maintain the data collection system running without any interruption during this period) and 

was focused in continued understanding of the ventilated versus sealed crawlspace systems 

coupled with a limited number of parametric using hygrothermal modeling to develop better 

understanding of the physics involved in these two very different moisture management 

strategies.  

  

Figure 1: Three insulated crawlspace designs; 2000 Crawlspace Insulation Technology Fact Sheet 
Improve comfort and increase durability in the home , Energy Efficiency and Renewable Energy 

Clearinghouse (EREC)  
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Particular information on the set-up and monitoring equipment, sensor calibration and 

crawlspace locations can be found in first report by Karagiozis [2002].  The details will not be 

repeated in this report. In previous report, a series of preliminary simulations were performed 

to determine the possible thermal and moisture distributions in both sealed and ventilated 

crawl space basements. Selection of the monitoring locations for the relative humidity, 

temperature, and moisture conditions were based on a series of preliminary hygrothermal 

simulations. These simulations were performed for a period of three years and only data from 

the third year were used for defining the monitoring location. This approach of using advanced 

hygrothermal modeling for defining the placement of sensors is still considered the most 

valuable approach. The integration of modeling and field monitoring not only provides valuable 

data after experimental data is gathered, but also allows identification of locations where 

significant hygric thermal and moisture gradients are present. This is of particular importance 

when monitoring moisture accumulations, as just a few millimeters depth or distances between 

monitoring locations may show very significant differences.  Essentially those simulations 

provide the scientific justification for the number and selection of the sensor placement.  

ORNL has been collecting data recorded on a 15 minute basis averaged every half and hour 

and stored into an array file once an hour. An automatic data acquisition system was 

developed to monitor the crawl space performance for a variety of criteria, including: conditions 

that indicate mold growth (T and RH dependent), conditions that could support moisture 

accumulation in building materials (moisture content dependent), relative moisture content 

inside and outside the crawl space, thermal temperature differences. Crawlspace collected 

data include pressure conditions, and exterior conditions such as solar irradiation, 

temperature, relative humidity, wind speed and orientation, see Table 1. The field monitoring 

work provided measured hygrothermal performance data for crawl spaces that are ventilated 

or sealed.  A total of 111 sensors with the exception of a few sensors that failed during the 

course of the experimental investigation.   

Data from the two systems were retrieved on a weekly basis (with the exception of the 

interrupted 1 year period). A few problems in Phase II occurred interfacing with the sealed 

crawl space, but the Advanced Energy staff resolved the faulty conditions/connections in a 

timely fashion.  
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Table 1: Original List of Instrumented Sensors   

Sealed Vented Total 

Soil MC / T 3/2 3/2 6/4 

Air RH / T 2/2 2/2 4/4 

Block Inside Face MC/T  1/1 1/1 1/1 

Block RH / T 1/1 1/1 2/2 

Wood Joist MC / T 15 / 15 17 / 17 32/32 

House Air RH / T 1/1 1/1 2/2 

Air Velocity  4 4 

Pressures 4 4 8 

    

Wind speed / Direction   1/1 

Solar Radiation- horiz.   1 

Exterior Air RH / T   1/1 

Total Sensors 49 57 111 

 

In the AEC report Pilot Hygrothermal study [2002] by Karagiozis, the complete instrumentation 

configuration was presented in graphical manner both the sealed and vented crawl spaces. 

Additional measured data on the air leakage of the two pilot houses, crawlspace, ducts, and 

leakage between crawl space and other building components were conducted by Advanced 

Energy, Davis et al [2002]. This parallel activity building characterization (air leakage 

characterization) and the corresponding data derived provided the necessary sub-system 

evaluation that allowed load-based data measured by the pilot study to be applicable to other 

conditions. In others words, it allowed the modeling of crawl spaces by evaluating the system 

and sub-system independently from environmental loads. This is exactly what this report 

Phase II, employed to extend the performance analysis to an array of crawl space designs.   
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In each of the pilot crawl spaces, three joist were monitored--Joists A, B, and C. Joists A and C 

were chosen because the simulations showed that these locations have dynamic hygrothermal 

performances that were influenced by geometric parameters, such as whether they are placed 

next to the ground surfaces (JOIST C) and whether they are shielded by the surrounding 

exterior environmental loads (JOIST B).JOIST A was chosen because the simulations 

indicated that air flow through the vents affect the moisture distribution in the vented crawl 

space. The moisture content and temperature was monitored in the rim joist and the sill plate 

for each of the joists. In the middle of the joist, three moisture contents and temperatures were 

also monitored, one at the outer most surface of the sub-floor, one 4.5 inches from the sub-

floor, and one 10 mm from the surface of the joists. Two sets of relative humidity sensors at 

the NE and SW regions of the crawl space were positioned to evaluate the sensitivity of the 

differences between the two crawl space regions, one having the bulk of the HVAC ducting 

(blocking effects) and the other having relatively open crawl space areas.  

Four crawl space pressure differences were measured:  

a) Pressure difference between crawl space and interior 

b) Pressure difference between South Face at vent 

c) Pressure difference of crawl space (average of 4 walls) 

d) Pressure difference between North Face at vent   

The moisture content and ground temperature was also monitored at three locations for each 

crawl space at 8 inches under the ground. Three hotwire anemometers were installed to 

measure the velocity at three of the vents, and another one at the relative humidity and 

temperature stations. This was done to allow a better understanding of the flow dynamics of 

the crawl spaces at openings and in the interior of the crawl space.  

In the sealed crawl space, a wooded block was recommended by the scientific advisory 

committee to be installed with temperature, relative humidity, and moisture content sensors 

placed behind the polyethylene sheet in contact with the concrete block crawl space wall. This 

was installed in the NE corner, as it was assumed from the environmental load analysis to 

have the highest hygric loads.  
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Experimental Analysis of the Sealed and Ventilated Princeville 
Crawlspaces 

Measured conditions in the houses with vented or sealed crawlspaces  

The conditions in the monitored crawlspace homes were either vented or sealed crawlspaces 

and have been monitored during the period 2001-2004 (including the interrupt period). The 

temperatures, relative humidities, moisture contents and air velocities were measured for 

indoor air and crawlspace air, and the applicable elements for the wood joists and concrete 

blocks in the sealed and vented crawlspaces.  

In this part of the report, the results from the last year of the measurements are presented. 

This experimental interval extends from October 2003 till October 2004. These results are 

expected to be representative of the performance of sealed and vented crawlspaces.  



 

10

 
Details and measurement locations of crawlspace measurements  

In the following paragraphs we use notations SC house and VC house when referring to the 

Sealed Crawlspace House and to the Vented Crawlspace house, respectively.   

  

Figure 2: Sealed crawlspace with insulation at the exterior perimeter and without floor insulation.  

  

Figure 3: Vented crawlspace with insulated floor. Vented crawl space does not have supply duct 
coming out of duct trunk line as shown in the figure.   
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Figure 4: Measurement locations in the floor plan of the sealed crawlspace house. 
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Figure 5: Measurement locations in the floor plan of the vented crawlspace house. 
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