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The Challenge  

Construct and automate a state of the art test facility compliant with ASTM E 2357 for “Determining 

Air Leakage of Air Barrier Assemblies”. 

 

The Solution 

DSA and Tremco collaborated to use LabVIEW and cRIO to create an easy to use automated test 

system that saved Tremco thousands of dollars by eliminating the need to outsource testing and even 

allowed for the generation of revenue by contracting their facility. 

 

Background 

Tremco Commercial Sealants & Waterproofing is a world-leading supplier of sealants and 

waterproofing for the commercial construction industry. Tremco’s products include high-performance 

joint sealants, waterproofing membranes, air barrier systems and deck coatings. Data Science 

Automation (DSA) is a premier National Instruments Alliance Partner that specializes in automating 

and educating the world leading companies. Tremco chose DSA because of DSA’s deep knowledge of 

National Instruments products, disciplined project development process, its staff of skilled Certified 

LabVIEW Architects and Certified Professional Instructors, and its unique focus on empowerment 

through education and co-development. 

 

In order to quantitatively characterize the air leakage of an air barrier system, a specific ASTM test 

procedure must be followed. There are a small number of qualified test facilities able to perform the 

tests and facility rental costs are very high. Prior to the development of this corporate resource, 

Tremco outsourced their testing to an out-of-state test lab. Because of the high facility costs, Tremco 

could not afford to conduct as many tests as they would have liked. A more convenient and cost 

effective means of testing enabled Tremco to better characterize and refine their air barrier system 

designs to create a superior product. 

 

Air Barrier Leakage Testing 

In practice air barrier systems used in residential and commercial buildings consist of two, generally 

separate, independent components:  

1. the air barrier itself and  

2. the transition between the wall assembly and window/curtain wall system.  
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In order to quantitatively characterize the effectiveness of an air barrier system, its leakage must be 

measured under a variety of conditions as specified by ASTM E 2357. : 

• Constant Pressure 

• Constant Vacuum 

• Cyclic Pressure/Vacuum 

The system allows the user to configure a sequence of system states (both sucking and blowing), 

along with parameters that specify either a time duration or a parameter stability criterion for step 

completion.  

ASTM E 2357 is intended to simulate the performance of various air barrier materials along with 

accessories when combined into an assembly. By testing the air barrier and engineered transition 

assembly as a continuous unit, it provides the ability to evaluate the performance of the building 

envelope as well as the performance of components and wall elements, which is critical to continuity 

throughout the facade. 

The Tremco Sustainable Building Solutions Test Facility 

The Tremco Sustainable Building Solutions Test Facility (Figure 1) was designed and constructed for 

the purpose of testing air and water leakage performance for various configurations of wall systems 

common in construction of multi-family residential and commercial construction projects. These 

configurations include transitional components from roof-to-wall, below-grade-to-wall, punched 

openings for windows and penetrations, and other common occurrences such as sheathing joints, 

corners, and expansion joints. Exposures to test articles are designed to simulate varying degrees of 

wind conditions by providing a pressure differential between the interior side of a test assembly and 

the exterior side that would exist with actual wind loading. Because wind blowing normal to a surface 

creates a positive pressure condition, and wind blowing across a surface creates lift, or a negative 

pressure condition, it is a requirement that both conditions are represented in the testing. All tests 

performed are in accordance with ASTM test methods E2357, E283, E330, E331, and E547. 

 

The Sustainable Building Solutions Test Facility test wall system incorporates a stationary wall 

constructed with a steel frame and ½ in. Plexiglas secured to one side of the frame. Test assemblies, 

commonly called “bucks”, are moved into place and pressed against the Plexiglas wall with hydraulic 

rams. A strip of foam weather stripping is applied to the edge of the test assembly pressed against the 

Plexiglas to serve as a gasket so that a controlled volume is maintained between the interior side of 

the test assembly and the Plexiglas wall and that air leakage is strictly focused on the test sample. 

 

According to the Air Barrier Association of America (ABAA), in order for a manufacturer to declare their 

product is an 'assembly', they must determine what materials are to be used, what components will 

be incorporated, and treatment of penetrations. Tremco has done exactly that, and now there is 

documented proof of its compatibility and performance. According to ABAA, testing of an integrated 

assembly such as this one is a huge benefit to the design professional because issues such as 

compatibility are dealt with by the manufacturer rather than the design professional using a trial and 

error method. 

 

Compared to traditional test methods, ASTM E 2357 provides a higher level of confidence to the 

building owner and occupants that the building is airtight, providing more occupant comfort, reducing 

HVAC requirements, and increasing the lifespan of the building. "Testing the entire wall assembly 

under real-life conditions is a ground-breaking opportunity for the industry," Chuck Houk, Vice 

President/General Manager of Tremco Commercial Sealants & Waterproofing, said. "Tremco is proud 

to be a leader in this innovative approach to eliminating any guesswork when it comes to constructing 

more energy-efficient and sustainable buildings." The domain expertise of Tremco, guiding the skills 

and training from of Data Science Automation combined with the tightly integrated cRIO controller 

hardware and intuitive LabVIEW software made the success of the team a certainty. 

 

For air leakage to be measured on the test assembly, the cavity space between the Plexiglas wall and 

the test assembly has to be evacuated or pressurized to prescribed conditions according to the test 

method requirements. A mass flow meter is used to measure the air flow into or out of the cavity 

space. Once the pressure differential reaches equilibrium, all measurement of air flow recorded by the 

mass flow meter is attributed to leakage through the test article. Because air leakage is directly 
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related to the cavity pressure, it is important that the cavity pressure be held to +/- 1 Pa over 

sustained periods of time. This is made possible by utilizing the PID control functionality of LabVIEW 

built into the State Machine architecture that Greg Cala with Data Science Automation helped Tremco 

develop. 

 

Testing normally begins by performing a preliminary air leakage test. Then the test standard indicates 

the test article is to be exposed to a sustained and cycled wind load exposure in order to condition the 

air barrier system. Finally a secondary air leakage test is performed to measure any damage that may 

have been sustained during the wind load exposures. Above and beyond the standard air leakage test, 

we also measure the performance of the air barrier system to water leakage (Figure 2). With the test 

facility capable of exposing test articles to wind loads up to 147 mph with a concurrent water spray 

exposure simulating an 8 in. per hour rain storm, we are able to produce conditions that fall under the 

definition of a Category 4 hurricane. This extreme level of testing helps to ensure that the built 

environment designed to prevent conditioned air from leaking to the outside, also prevents water 

intrusion into the structure during and after a significant wind/rain storm event. 

 

Prior to constructing the Sustainable Building Solutions Test Facility, measurement was only possible 

through contracting with a third party laboratory. This is time consuming and very expensive, and in 

reality, is not a sustainable practice. We understood that constructing our own facility represented 

freedom to test whatever we were able to construct, and the budget would extend much farther – 

helping us to become a premier developer of creative practice and ideas that would ensure improved 

performance for the building envelope. After construction of the facility was complete, we immediately 

began to realize the financial benefit – performing over 400 tests for approximately 20% of the cost of 

performing these tests at a third party laboratory. We also were able to partner with a third party lab 

who witnesses tests at our facility and writes reports – just as if tests were performed at their lab – 

for a fraction of the cost.  

 

Data Acquisition, Control and Reporting 

The centerpiece our system is the NI Compact RIO 9073 with an 8 slot integrated chassis. This system 

was chosen due to its versatility and simplicity of use and application. The original programming was 

performed using LabVIEW 2010 Developer Suite which provided seamless operation and interaction 

with the Compact RIO. The controllers for the electronic actuated valves and the Variable Frequency 

Drive used to control the blower all use a 0 to 10 V modulated signal from an NI 9264 Analog Output 

module. Readings from pressure transducers, linear position sensors (Figure 3), and feedback from 

the variable frequency drive are all 4-20 mA signals that are read using an NI 9207 Analog Input 

module. For temperature measurement, Type K thermocouples were used and were read using an NI 

9213 16 channel thermocouple module. The solenoids for the pneumatic valves were controlled with a 

24 V signal from an NI 9476 Digital Output module. During testing, the observers view the data on a 

large, wall-mounted flat panel display (Figure 4). 

 

Upon bringing the external lab experts into our facility and having them witness tests and perform 

calibrations on our equipment, we have received comments from the laboratory that our facility is 

state-of-the-art and they have full confidence in the measurements we record. They are especially 

appreciative of the report generation module, and the fact that the data is automatically recorded and 

delivered to a Microsoft Excel template where the data is quickly positioned for rapid analysis. 

 

About the Authors 

Mr. Mattox had previous experience working with LabVIEW programs – having been formerly 

employed with a fire testing laboratory in San Antonio, TX. As such, he was familiar with LabVIEW and 

the functionality, but only as a user of LabVIEW software developed by others. That was enough to 

convince him to start his search for hardware and software by contacting National Instruments. His 

success in the design and development of the Sustainable Building Solutions Test Facility would not 

have been possible without the excellent support of many individuals along the way, starting with the 

local NI sales staff for the Northeast Ohio region around Cleveland, Som Sreedhar and Hillary Emer. 

They helped him tremendously, out of the gate, to understand the appropriate NI products required 

for the tasks to be accomplished. Mr. Mattox also recognized early that LabVIEW training was critical 

to his success, so he purchased the 1 year LabVIEW Training and Certification Membership offered 

through NI, via Data Science Automation (DSA). Through this coursework, he was introduced to many 

LabVIEW Architects from DSA in small class settings – each of whom went above and beyond his 
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expectations in helping him advance his knowledge on how to use this powerful tool. Through this 

program, he was also able to take advantage of the introductory LabVIEW student offer with DSA, and 

worked with Greg Cala who helped him develop the fundamental architecture and user interface for 

the system. Through the knowledge gained in his coursework, he was empowered to adapt that 

fundamental architecture - building a tool that has been quoted by leaders in the building science 

community who have toured our facility that Tremco has “set an example for where all testing 

facilities should be. The software Tremco has developed for use with the facility produces accurate, 

repeatable results which give credibility to the ABAA research program.” Tremco could not have been 

happier with the choices we made to partner with NI and DSA in developing this successful testing 

program. 

 

Dr. Cala has been using and teaching LabVIEW for nearly 20 years. He began his LabVIEW use as a 

research engineer and federal employee conduction gas turbine heat transfer research at the US Air 

Force Research Lab Propulsion and Power Directorate at Wright-Patterson Air Force Base outside 

Dayton Ohio. He joined Data Science Automation in 1998 and is now Chief Technology Officer and 

Business Partner there. 

 

Contact Information 

Gregory C. Cala, gcc@DSAutomation.com 
Tim Mattox, tmattox@tremcoinc.com 
 
 

 

 

 

Figure 1. Air Barrier Wall Test System showing the wet side (left) with nine horizontal spray 

bars and the dry side (right) where pressure and vacuum are applied through three flexible 

hoses. 
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Figure 2. Close-up view of one of the spray nozzles on the wet side of the Air Barrier Test 

Wall. 
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Figure 3. Linear encoder used to measure wall deflection when under wind load. 
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Figure 4. Run-time data visualization is made easy with a large display. 

 


