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5.4 WATER RESISTIVE BARRIERS (WRB) 

A prime function of a weather resistive barrier (WRB) is to shed the water, which may penetrate the cladding. 

A WRB also functions to reduce airflow and modify transport of water vapor through the wall. This means that 

moisture balance of the adjacent materials could be impacted by a thermally driven water vapor, which is 

influenced by the outdoor temperature and solar radiation. In other words, moisture performance of WRB 

products must be evaluated within a context of adjacent wall components, and service conditions. 

Since a number of shortcomings was identified in the methods used or testing WRB, a basis enabling 

evaluation of a wide range of traditional and new WRB products had to be developed. This chapter reports 

work of 4 MSc students at Concordia U (2001-3) and a PhD work of Pazera (2004-6) at Syracuse U. The 

following test methods were developed in this program: modified inverted cup (MIC) test for measuring the 

maximum possible total moisture transmission, moisture flux (MF) test for measuring moisture flow to an OSB 

or plywood substrate, and liquid penetration resistance (LPR) test for measuring onset and the rate of the 

liquid phase transport. These test methods can be used for evaluating the effect of penetrations, outdoor 

weathering, and contribution of detergent dissolved in the interstitial water.  

5.4.1 Research objectives 

A comprehensive program of work included methodology for characterization of WRB products on the material 

level and WRB interaction with adjacent components on the system level; and specifically: 

1. Review of test methods: 

 Examination of effect of various substrates on moisture transfer through selected WRB  

 Effect of water head on moisture transfer through WRB, 

 Effect of weathering on moisture transport through WRB, 

 Effect of various additives such as detergent (from stucco) and 

 Effect of fasteners on moisture transmission to OSB and plywood substrates. 

2. Development of material classification. 

3. Development of performance-oriented methodology for characterization of WRB in material 

standards. 

4. Review of interaction between WRB and adjacent components in stucco assemblies. 

5.4.2 Classification of WRB 

The following five types of WRB have been identified (Weston, 2003): 

 Type C: Asphalt - impregnated cellulose fiber based WRB 

 Type P:  Polymeric fibrous WRB 

 Type M:  Micro - porous film WRB 

 Type PP: Perforated polymeric film  

 Type LA: Liquid applied (trowel grade) WRB 

Type C WRB is manufactured by impregnating or saturating base paper or felt with asphalt to impart water 

resistance. The main raw material utilized in the manufacturing of the base paper are recycled waste paper 

i.e., newspapers, old rags and chemical pulp. Depending on the selection of the manufacturing process, the 

saturation is performed in a form of water emulsion concurrent or subsequent to the process of manufacturing 

paper. The degree of saturation ranges from 50 percent to 175 percent, based on the weight of the fibers. 

The asphalt/cellulose ratio is higher in felts than in papers. Since the rags are softer and more porous than 
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the paper, asphalt penetrates deeper into the rags (ASTM, 1963). The barrier properties of the finished WRB 

product are a function of the physical properties of the dry fiber matrix (pore size), and possibly the source of 

the cellulose fiber, the properties of the asphalt, and the asphalt/cellulose ratio. Figures 14 and 15 illustrate 

the structure of Grade D building paper. Figure 16 shows the structure of felt. 

 

 

 

 

 

Figure 14: Structure of type C (Grade D building paper) viewed with a Scanning Electron 
Microscope (SEM), magnified 200 times. 

 

 

 

 

 

 

 

 

 

 

Figure 15: Cross section through a type C (Grade D building paper) viewed with SEM, 

magnified 100 times. 

 

 

 

 

 

 
 
 
 
 

Figure 16: Structure of type C (felt) WRB viewed under SEM, magnified 200 times. 
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Type M: Micro porous films: 

These products incorporate a micro-porous film as a barrier material. These products are manufactured by 

stretching monolithic films, which are filled with particles. The stretching action creates pores around or at the 

particles as shown in Figure 17. Typically, the pore size and particle distribution determine WRB properties. As 

a result of fragile characteristic of the micro-porous, the products are always reinforced by woven or non-

woven scrims. 

 

 

 

 

 

 

 

 

Figure 17: Structure of type M (micro-porous) WRB viewed with SEM, magnified 500 times 

Type P: Polymeric fibrous WRB products: 

These products are composed of compressed fibrous mats in which the fibers and pores are small 

enough to provide a barrier to water. The fibers are made of hydrophobic polymers such as 

polyethylene or polypropylene. The barriers properties are a function of the pore size and volume. 

Figures 18 and 19 show the structure of type P WRB. 

 

 

 

 

 

 

 

 

 

Figure 18: Structure of type P (polymeric fibrous) WRB viewed with SEM, magnified 200 times  

 

Type PP: Perforated polymeric films: 

The type PP WRB constitutes monolithic polymeric films that have been mechanically punctured. Material 

properties depend on the size and the number of penetrations. These materials might be supported by woven 

or non-woven scrims. The structure of these materials is illustrated in Figures 20 and 21. 
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         Figure 19: Cross section through type P WRB viewed with SEM, magnified 100 times 
 
 
 
 

 

 

 

 

              Figure 20: Structure of type PP (perforated polymeric) WRB viewed with SEM, magnified 50 times. 

 

 

 

 

 

Figure 21: Cross section through type PP WRB viewed with a SEM, magnified 100 times  
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Type LA: Liquid applied (trowel) WRB:  

Liquid applied WRB are either manufactured in plant or in a field application of wood-based, composite 

sheathing. These composite products are typically used as the substrate in EIFS. The structure of type LA 

WRB is illustrated in Figures 22 and 23. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22: Structure of type LA (liquid/trowel applied) WRB viewed under SEM 
magnified 50 times. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 23: Cross section through type LA WRB viewed with a SEM,  
magnified 50 times 
 

5.4.3 Review of test methods  

To analyze utility of laboratory tests one must examine how the WRB product functions under service 

conditions, and how changes in boundary conditions can affect moisture transmission through these 

materials. This entailed placing the WRB products between a layer of water and various types of 

hygroscopic sink. Such a test was called moisture flux test (MF test, see Figure 24).  Vacuum-cast 

gypsum, oriented strand-board (OSB), thick, adsorbing paper (used in chromatography) and a 

desiccant (calcium chloride anhydrous) were used as the hygroscopic sinks  

Figure 25 shows the falling rate of moisture transmitted through the type C and P membranes in the 

MF method. It is also evident that the rate of transmission is dependent on the properties of moisture 
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sink used. The rate of transmission remained high and almost constant from the beginning to the end 

of the test, when a frequently changed desiccant was used in the modified inverted cup (MIC) 

method.  

.   

 

 

 

 

 

 

 

Figure 24: A comparison of two test methods:  (a) moisture flux method where specimen is placed in 

contact with the test substrate (here gypsum) and (b) modified inverted cup (MIC) is an ASTM E96 test 

method where 250 Pa water head is specified. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: A comparison of results measured with MF test method (falling flow rates) and MIC test 

method (constant flow rates). 

Modified inverted cup (MIC) 

To specify the boundary conditions on both sides of the tested material we selected the thickness of 

the water layer poured on the top of the specimen to be 25 + 1 mm and the desiccant as specified by 

ASTM test method E96 to be placed under the test specimen. We designate this test method as a 

modified inverted cup (MIC) and recommend its use for material characterisation. With hydrostatic 

pressure of 250 Pa and driving force for water vapour diffusion at its maximum (the difference 

between nominal 100 % RH and 0% RH) the test was proven to discriminate between acceptable 
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products and those that showed insufficient water resistance. Note that test methods employed in this 

industry were not capable of such discrimination. 

Liquid penetration resistance (LPR) test 

Sometimes the knowledge of the iquid flow through the WRB is needed. The specific questions are 

asked about: 

 Time to the onset of liquid flow when a small but long-lasting water head is applied to one 

surface of the WRB, 

 Time to the onset of liquid flow when these conditions are applied to both surfaces of the WRB, 

 The rate of liquid flow once the liquid flow is established. 

To this end another test method was developed and a test set-up is shown in Figure 26. 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 26: Liquid penetration resistance (LPR) test 

The experimental set-up included a sealed plastic container with 100 mm inside diameter.  A plastic 

mesh was inserted at the bottom of the container to, support the WRB membrane.  At the side of the 

container, an opening was drilled and a capillary outflow tube was inserted. The bottom of the 

capillary tube was located 25 mm above top surface of WRB. A brass fitting with a 4-mm opening 

was installed in the cover of the container to provide equalisation pressure inside the container with 

the ambient.  The WRB membrane was sealed with a wax-paraffin mixture and the sealed set-up 

with the specimen is placed in a wide tank filled with water slightly above the level of the test 

specimen. Water is added slowly on both sides of the specimen the specimen’s upper surface is 

subjected to 250 Pa of hydrostatic pressure and the lower surface is exposed to 500Pa. 

We compare three types of WRB products namely, type C (asphalt impregnated cellulose fibre 

membranes), and type P (polymeric fibre membranes) and type PP (perforated polymeric materials).  

The values represent an average result for two products each tested on three specimens. The test 

procedure included establishing the period to the onset of the liquid flow (the time in days for a visible 

increase in water level inside the container), and the rate of liquid filtration subsequent to the onset of 
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liquid flow. If water flow is established in less than 1 day the WRB failed the test. This occurred with 

tested type PP (PP9) and (PP11) WRB products.  

It was evident that under 250  10 Pa of hydrostatic pressure the period between 2 and 6 days was 

necessary to initiate a continuous liquid flow through type C WRB. No visible liquid flow was 

observed through type P WRB for seven days. For one product the test was extended to three weeks 

and still no visible breakthrough was recorded. It may be assumed that the period to the onset of 

continuous liquid flow depends on the removal or dissolution of entrapped air in the pore matrix of the 

material. Even though water was in contact with the specimen’s upper and lower surfaces, air 

remained entrapped in the pore structure of the WRB. The process of air dissolution and diffusion 

depends on the nature of the pores, applied water pressure difference, temperature and electro-

osmotic conditions of the pore water. For type PP products the onset of liquid flow was instantaneous 

and this might be attributed to the presence of mechanically induced penetrations. These 

penetrations extend through the WRB matrix, and differ from the connectivity of the pores, 

Table 1 shows the liquid flow rates and the corresponding standard deviation measured through 

various WRB products with 250  10 Pa pressure difference following the onset of equilibrium.    

Table 1:  Liquid flow rates measured following the onset of equilibrium 

WRB code 

Liquid flow 

rate, kg/sm2 

Standard 

deviation 

C1  2.14E-05 5.44E-07 

C2 1.80E-05 4.57E-07 

C3 1.88E-05 4.64E-07 

C4 2.10E-05 9.10E-07 

C5 2.17E-05 7.24E-07 

PP9  2.24E-04 1.12E-05  

PP11 9.33E-04 8.74E-05 

The water permeability can be obtained by dividing rate of water flow by the corresponding 

hydrostatic pressure (250 Pa).  To ascertain the validity of the measured data, the results were 

compared to water permeability values recalculated from air permeability measured at 25C. 

Determination of air flow through the WRB products 

Four type C and type P membranes were tested for airflow resistance prior to and following a 4-

month exposure on an outdoor weathering rack and the results are summarized in Table 2. Table 2 

shows that air permeance of the WRB products was not significantly affected by the outdoor 

weathering.  

Table 2:  Air permeance in l/(m2 s Pa) measured on 0.01 m2 specimens 

Class Air permeance  

fresh 

Air permeance 

aged 

 L/(m2 s Pa) L/(m2 s Pa) 
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C 2.62E-03 1.87E-03 

C 2.22E-03 2.35E-03 

P 1.20E-04 1.45E-04 

P 2.57E-05 3.42E-05 

Effect of modifying water viscosity 

Figure 27 shows changes of surface tension as the effect of adding detergent (soap) to water. Such 

an action was suspected from workers applying plaster when it became less workable after some 

time of plastering. 

 

 

 

  

 

 

 

 

 

Figure 27: Effect of detergent on surface tension of water 

 

 

 

 

 

 

 

 

Figure 28: Effects of 1% detergent/ OSB extracts on water transmission rate  

Figure 28 shows that neither detergent not OSB extracts affected significantly the rate of moisture 

transmission. 

5.4.4 Effect of outdoor weathering on moisture flow (type C and  P) 

Exposure to weather i.e., rain, sunlight, and pollutants prior to the installation of the cladding system 

may affect field performance of the WRB. Therefore the effects of weather on the moisture 
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transmission through these membranes after 4 month of direct weather exposure on the roof of the 

building at Concordia University in Montreal with a South-West orientation are shown in Table 3. The 

results were obtained on Type C and P products with the MIC test. 

Table 3: Moisture transmission coefficient, kg/(m2sPa), determined with the MIC test method on  fresh 

and specimens of product C weathered during a four-month period. 

 

Initial Aug – 

Dec 2001 

Dec – March 

2002 

1.19E-09 7.12E-10 7.74E-10 

1.54E-09 1.27E-09 1.21E-09 

7.51E-10 5.06E-10 5.32E-10 

9.37E-10 5.75E-10 4.69E-10 

9.18E-10 7.81E-10 6.69E-10 

Measurements show that (within the precision of the test method) there is no change in water vapour 

permeance for Type P membranes and perhaps a slight improvement for Type C membranes. 

Generally speaking, both types of WRB show the same level of water vapour control. 

The WRB exposed during July to November were also tested with the LPR method.  

 

 

 

 

 

 

Figure 29 Comparison of liquid flux for () weathered, and () fresh type C products. 

The results in Figure 29 show that the rate of liquid flow was changed in a significant manner. As it is 

shown in Figure 29, the weathering caused at least double increase in flow through WRB type C. 

 Effect of penetrations on moisture transmission 

Two types of penetrations were tested: nails used to fasten a metal reinforcement to the substrate 

and staples used to fasten the WRB to the OSB or plywood substrate. Tests were performed on four 

WRB products (see Table 4). 

Table 4: Effect of penetrations on moisture transmission rate, kg/m2s, measured with different test 

methods on type C and type P products. 
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Test Type C Type C 

Ponding OSB 0.70E-06 1.00E-06 

Ponding OSB + nail 3.74E-06 3.01E-06 

Ponding OSB+staple 4.99E-06 2.04E-06 

Ponding Plywood 0.89E-06 0.81E-06 

Ponding Plyw. + nail 2.16E-06 2.93E-06 

Ponding Plyw. + staple 0.85E-06 0.89E-06 

Flow rate in  MIC test 2.98E-06 2.89E-06 

 

Test Type P  Type P 

Ponding OSB 0.38E-06 0.50E-06 

Ponding OSB + nail 0.64E-06 2.43E-06 

Ponding OSB + staple 3.53E-06 3.18-06 

Ponding Plywood 0.52E-06 0.63E-06 

Ponding Plyw. + nail 2.96E-06 2.39E-06 

Ponding Plyw.+ staple 3.87E-06 2.08E-06 

Flow rate in  MIC test 3.07E-06 4.06E-06 

Results from the tests, which included different penetrations (Table 4), show increased transmission 

coefficient. The impact of penetrations is not consistent from case to case. When OSB was used as 

the substrate, the increase appears to be higher for staples. When plywood was used as a substrate 

the increase was higher for nails, though generally not as high as that for OSB.  Since the spacing of 

mechanical fasteners in the laboratory tests was about 4 times higher than that typical for a building 

site, the effect of mechanical fasteners is overestimated.   

5.4.5 Summary of the testing of moisture performance of WRB      

There are two separate components of controlling moisture performance of water resistive barriers: 

pore size and osmotic control of the material. Air and water vapor permeance did not change in the 

process of weathering but the rate of liquid flow did because the porosity did not change while the 
mechanism of osmotic control was reduced. It was surprizing to find out that changes in surface 

tension had so little effect in MIC testing but when we examined effect of water head on the flow rate 

(Figure 17) we found out that it did not have any effect. This was the proof of moisture transport after 

some time is primarily in the vapor phase. On the other hand, the liquid penetration test showed 

clearly the effect of weathering on water transmission. 

The project on moisture performance of WRB is a good example of the need to look for adequate 

test methods for testing the complex material performance. The mechanism of weathering that 

includes settling of fine dust particles on the surface of the membrane and changing its osmotic 
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behaviour cannot be measured by gas permeability methods. It is of no surprize that most of the 

traditional methods such as a boat test did not discriminate between liquid and vapor transmission. 

Only the separation of the moisture phases achieved in this project showed clearly the difference. 

Incidentally, we have observed that even a fresh membrane that passed all the tests was leaking 

water in the places it was touched with “dirty” fingers.  

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Effect of water head in 10 day long MIC test on class C and P water resistive barriers 

Figure 31: Results of MF test on plywood alone or with nails and staples (4 times more than in field) 

compared to the rate of moisture flow in MIC test on the plywood alone. 

Evaluating moisture performance of WRB we need to consider effect of penetration by nails or 

staples. This was done using moisture flux test and compared with the reference level when testing 

the same material with MIC method (Figure 31). Now, we can compare all tests on WRB (Figure 32). 
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Figures 31 and 32 show that the MIC test generates higher water vapor permeability than a MF tests 

with typical membrane penetrations. MIC test is repeatable and reproducible which the MF test is 

not. We have also learned to use liquid penetration resistance tests for evaluation of weathering and 

aging of WRB materials. 

 

 

 

 

 

 

 

 

 

 

Figure 32: Summary of the WBR testing 

Having developed the measuring methods we were able to study some problems with WRB 

application and found out that typical failure of polymeric WRB consists of interaction between dust 

particles and ions affecting osmotic conditions on the surface. We have also found out that using two 

WRB membranes protects the second membrane from this weather-related problem. With other 

words the so-called 10, 30 or 60 minutes classes that are based on combination of liquid and vapor 

transmission through the material do not provide any important information. In conclusion, using two 

different membranes next to each other (independently what is the class of each of them) provides 

the best long-term protection. 
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5.5 WATER VAPOR BARRIERS (RETARDERS)   

A vapor barrier (retarder) is used to control movement of moisture by diffusion. A consensus seems 

to have been reached that in cold climates vapor barriers are needed at the warm side of exterior 

enclosures with cavities. While many of condensation problems in buildings are associated with air 

leakage and airtightness is essential, yet airtight houses have some need to examine also water 

vapor diffusion. 

Water vapor barriers were first introduced by Rowley (1937) as means to prevent condensation in 

insulated buildings. Insulation was shown modified temperatures, making the material on the warm 

side warmer and that on the cold side colder. A vapor barrier retards water vapor diffusion but does 

not totally prevent its transmission. Conditions inside and outside of buildings vary continually and air 

movement and ventilation can also provide wetting or drying at various times. Requirements for 

vapor retarders in building enclosures are not very stringent because moisture entering one side of a 

wall cavity can be stored and released at a later time, or transmitted immediately out of the cavity.  

In addition to vapor permeance, the following properties of vapor retarders are important:  

 Strength in tension, shear, impact, and flexure 

 Elasticity 

 Thermal stability                                                 

  Inertness to other deteriorating mechanisms 

  Ease of application, and sealing of its joints 

Any vapor retarder's effectiveness depends on its vapor permeance, installation and location within 

the insulated section. The vapor retarder is located at or near the surface exposed to the higher 

water vapor pressure. It is usually a thin sheet or coating, but it could be a composition of several 

layers. 

5.5.1 Classification of WV barriers 

The unit of measurement typically used in characterizing the water vapor permeability is the “perm” 

(1 perm = 57.2 ng/m2
 s Pa).  Materials can be separated into four classes based on their 

permeability. 

 Class I, impermeable vapor barriers: 0.1 perms or less,  

 Class II, semi- impermeable  vapor barrier: 1.0 perms or less,  

 Class III, semi-permeable: 10 perms or less  

 Class IV.  permeable or breathable: more than 10 perms,  

Materials classified as impermeable to water vapor are rubber membranes, polyethylene film, glass, 

aluminum foil, sheet metal, oil-based paints, vinyl wall coverings, and foil-faced insulating sheathings. 

Materials classified as vapor semi-permeable to water vapor are plywood, OSB, expanded 

polystyrene (EPS), faced polyisocyanurate, heavy asphalt impregnated building papers, the paper 

and bitumen facing on most fiberglass batt insulation and most latex based paints.  

Materials that are generally classified as permeable to water vapor are unpainted gypsum board and 

plaster, un-faced fiberglass insulation, cellulose insulation, unpainted stucco, lightweight asphalt 

impregnated building papers, asphalt impregnated fiberboard, exterior gypsum sheathings and 

“housewraps.” 
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temperature sensor

thermostat

water 25 °C

sealant

membrane sample

ambient climate 23 °C / 50 % R.H.

Condensation-cup

aluminium powder

Since we use two basic test procedures: a dry cup (0 to 50 %RH); and a wet cup test (50 to 100 

%RH) and there is confusion as two which method should be used. For instance, a Kraft facing on a 

fiberglass batt is a barrier when tested with a dry cup but not a barrier when tested with the wet cup 

test procedure. This is actually good for wall assemblies in cold climates. In the summer, interior 

relative humidity are typically above 50 percent and the Kraft facing becomes semi-permeable (5 to 

10 perm range) allowing the wall to dry to the interior. In the winter, when the interior relative humidity 

are kept low (30 to 35 percent range) the Kraft facing becomes a vapor barrier again (in the 1 perm 

range). This is in essence a “smart” vapor retarder; a vapor barrier during the winter that becomes 

semi-vapor permeable in the summer. 

One must define vapor control on a regional climatic basis and specify the vapor control more 

precisely. Lstiburek (2002) proposed the following:  

 Severe Cold Climates: Class I vapor barriers are required on the room side. 

 Cold Climates: Class II vapor barriers are required on the room side of all assemblies. 

 Mixed Climates: Class III semi-permeable materials (1-10 perms) are recommended on the 

room side of all assemblies. 

 Hot-Dry Climates: vapor barriers are not required. 

 Hot-Humid Climates: Class II vapor barriers are required on the exterior side of assemblies 

that are not ventilated  

5.5.2 Laboratory tests on the vapor barriers  

Permeance is usually expressed in ng/(s·m2·Pa) and permeability in ng/(s·m·Pa). Whereas 

permeability refers to water vapor flux per unit thickness, the term permeance is used in reference to 

a material of a specific thickness. Whenever a building product is made of two dissimilar materials, 

only water vapor permeance is meaningful for characterizing vapor transfer through that product. 

We need to introduce another test method for testing water vapor retarders under high humidity 

conditions (Kiessl et al, 2001) called condensation cup presented at Figure 33. 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Condensation cup, a test method for testing WV transmission from the condensation on 

the bottom side of the WV retarder (Kiessl at al, 2001). 
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The condensation cup has been developed to examine WV transmission in the situation when water 

condenses on the surface of the retarder because some of the smart retarders e.g. Hygrodiode has 

been designed to increase rate of transport in such a situation.  

Table 5: Vapor permeability of the retarders measured by cup-tests (conditions in the climatic 

chamber  23 °C, 50 % R.H. and conditions in the cup are shown below)  

 Vapor 
Vapor Permeability [perm]  1) 

 retarder dry-cup 

23 °C/3 % 

R.H. 

wet cup 

23 °C/100 % 

R.H. 

condensation-cup 

25 °C/100 % R.H. 
dry-cup 

(repetition) 

 Hygrodiode 0.25 0.4 – 1.8 11 -- 

 Smart 

 Retarder 
0.85 13 22 -- 

 Kraft Paper 1.1 2.2 16 2.7 

  
1)  

 1 perm = 5.74510
-11

 kg/(Pasm
2
) 

Table 5 is quoted from Kiessl (2001) to highlight the difference between averages of standard test 

methods such a dry and wet cup and the narrow range WV transmission tests such as condensation 

cup used in Fraunhofer Institute for Building Physics. Incidentally Kraft paper is known for nearly 100 

years as a “smart retarder”   

Nevertheless, Table 5 illustrate effect of liquid water on the surface of the water retarder. We have 

demonstrated it also by a comparison of two test methods using vary similar boundary conditions and 

the same material but one of them (modified inverted cup) used water in contact with membrane 

while the other (double cup) did not. 

Test 1: Modified inverted cup (water on the membrane) 

Desiccant (calcium chloride, 200g) was placed in the lower cup. It was changed each time, and then 

re-dried at 200 ºC in the oven for 2 hours for next use. Water inside the upper cup reached the depth 

of 25mm. Test area A = 0.00785 m2  

Table 6: Average permeance and standard deviation in modified inverted cup (100 to 0 %RH) 

 

Specime

ns WVT (mean) 

Permeance(mean), 

perm 

Standard 

Deviation 

A-1 0.362 0.628 0.0908 

A-2 0.339 0.588 0.0688 

A-3 0.334 0.579 0.0693 

B-1 0.366 0.635 0.0597 
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B-2 0.339 0.588 0.0672 

B-3 0.338 0.586 0.0518 

Test 2: Double cup (wet cup on the bottom and dry cup on the top) 

Table 7: Average permeance and standard deviation in a double cup test (desiccant on the 

membrane)  

 

Specimens WVT(mean)  Permeance (mean),perm   Standard Deviation 

A-1 0.200 0.327 0.0150 

A-2 0.204 0.333 0.0128 

A-3 0.181 0.296 0.0091 

B-1 0.165 0.270 0.0091 

B-2 0.153 0.250 0.0236 

B-3 0.165 0.270 0.0091 

                        

The assumption that identical results should be obtained from both test methods even though they 

use very similar boundary condition in terms of the water vapor concentration is not justified. One can 

observe that both test series have internal consistency and standard deviations small enough to 

exclude a random error of such a magnitude. The difference between these two tests series was a 

presence of water on the membrane or lack of it. 
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5.6 PROTECTIVE COATINGS ON WOOD-BASED SUBSTRATES TO BE USED AS WRB1  

Polymeric coatings applied as liquid (or trowel, TA-WRB), when applied to exterior wood based 

sheathing used with EIFS systems, can fulfill functions of weather resistive barrier. As the coating 

becomes bonded to the sheathing, it becomes integrated with its structure and will be subject to 

certain conditions that may not affect membrane type of WRB's. This type of is type of WRB must 

function to prevent passage of water and air and endure an exposure to extended weathering 

conditions.    

Investigations included tests to assess both durability and structural concerns. Full-scale tests were 

performed to address the following structural considerations: 

 The effects of tension stress in the coating introduced by wall bending (caused by wind forces) 

and/or bowing (related to drying of the framing elements) on integrity of the coating and joints.  

 Expansion of sheathing caused by moisture pickup after application of the TA-WRB. 

 The effect of shear in the plane of the wall caused by wind and seismic forces on the integrity of 

the coating system at the joints of the sheathing board  

                                                             

1
 Based on unpublished work of late Dr. Donald Onysko and Mark Bomberg. 
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 The effect of nail popping caused by drying of framing, on the coating integrity. 

 Adhesion tests to confirm that moisture in the substrate at time of application will not adversely 

affect the bond to the substrate after drying.  

 Cyclic aging tests under various environmental conditions (durability of the coating, particularly at 

joints in the substrate) 

 Drainage tests of the system (not discussed here) 

We recognized that, for these types of polymerized materials, a test involving the combination of 

mechanical and environmental loads is more appropriate than testing for each of these effects 

separately. This combination may cause cracking and embrittlement of the trowel-applied coating.  

A new test method was developed. This involved measurement of creep/relaxation of the coated 

specimens with joints subjected to an initially predetermined tensile strain, followed by 20 cycles in 

which conditions varied from periods of high temperature (65 + 2oC) and high humidity (90 + 5 %RH) 

to periods of freezing (-10 + 3oC).  Final performance was assessed by measuring the average rate 

of water penetration of joints that were subjected to this cyclic exposure.   

5.6.1 Structural Considerations 

 

 

 

 

 

 

 

 

Figure 34: Testing building settlement to examine displacement of joints 

 

        

 

 

 

 

 

 

 

 

Figure 35: Sheer wall test to examine displacement of the joints 
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Figure 36: Bending wall test to examine effect of tension on the joints 

Unlike membrane WRB, trowel-applied coatings fulfilling a WRB function are to resist distortions 

expected of the framing, mainly at joints between the structural sheathing panels.  

Tension stress in the coating   

Overall distortion of a wood framing system leads to effects that can stress the coating. Tension 

stresses are of particular concern. These are experienced when the structure experiences suction on 

the leeward face of the building or when bowing occurs during drying of lumber framing. Tension 

stresses can also develop in joints as panels resist rotational motion caused by racking caused by 

wind and seismic forces. 

When panels are applied horizontally, the joints can be subject to tension. The coating or the joint 

reinforcement must be able to take the tension stress without damage. If cracking does occur, this 

could allow unintended air and/or water leakage into wall cavities. The ability of the structure to take 

this without damage to the TA-WRB was evaluated by applying a bending test on sample walls to 

simulate this stress. Two 1200 x 2400 test panels were fabricated for each of 3 manufacturers with a 

joint at mid span. The coating and embedded fabric was applied as prescribed by the manufacturer. 

One assembly had the two half panels spaced 4-mm apart and the second assembly had the two 

half panels spaced 2-mm apart at the joint. Load testing of the specimens was undertaken by 

applying a transverse bending moment using central line loading at a maximum displacement rate of 

8 mm/min on a test span of about 2300 mm. A maximum deflection of 13.5 mm was applied which 

represented a span to deflection ratio of about L/170. The load and deflections were recorded 

continuously and the load reported at deflections of L/720, L/360, L/180 and at the maximum 

deflection. Observations on coating integrity were reported throughout the whole test.   

Stretching of the coating at the joint between the two half panels was also measured at each edge. 

Expansion of panels caused by absorption of water from the coatings had resulted in a mean gap 

closure of 1.13 mm. This suggests that even without any specific panel wetting, the code minimum 

recommendation of use 2-mm initial gaps will result in compression and partial extrusion of coating 

that entered the butt joint gap. Consequently the industry recommendation that a minimum 3.2-mm 

gap be used is warranted.  
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Figure 37: Wood based substrate – typical joints seen from the back side. 

Stretching of the coating at the gaps occurred during tests. The mean stretch imposed on the joint at 

the maximum applied load was 0.58 mm. The main factors controlling the stretching at the gap are 

nail stiffness and distribution, as well as the stiffness of the materials involved.  These tests give, for 

a wood stud depth of 89 mm, an estimate of the range of stretch that can be expected, i.e., up to 0.9 

mm was measured as a worst case. 

No apparent failures were noted in the reinforced coatings throughout the tests on any of the panels 

manufactured for this pilot investigation up to a maximum displacement of 13.5 mm on a 2286 mm 

span (90 inches) which was the maximum deflection set for the electro-hydraulic loading system. 

While no tests to joint failure were conducted in this study, this may be required as part of the 

national technical requirements.  

Shear resistance of wall systems  

Shear tests were performed on several 2400 x 2400-mm sized walls that were built with full and half 

panels to provide both horizontal and vertical joints in each wall. These were subject to shear strain 

for comparison to the results for an additional test wall that did not have any coating applied.  

Typically the shear capacity of wood framed construction called upon to resist wind and seismic 

forces is limited by the capacity of the nailed attachment to the framing and by the tear-out of the 

fasteners at sheathing edges, or by anchorage limitations. Filling or reinforcing the joints between 

panels affects the way that the shear walls resist those forces. Instead of having individual panels act 

relatively independently, the presence of the coating was expected to provide a significant degree of 

buffering between panels.  

None of the wall samples built included the flashing details that would normally be installed. All 

manufacturers used embedded mesh over all vertical and horizontal joints within the wall assembly, 

but none at the top or bottom of the main wall panels as this was unnecessary for the tests.   

The non-coated wall was tested to failure using a monotonically applied load to a maximum lateral 

load for comparison to those walls having a TA-WRB coating. A maximum load of 16,030 kN was 
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achieved. At that load level rotation of the individual panels caused rotation of individual panels and 

crushing at the edges where they butted together. Failure at perimeter nails also occurred. This 

represented a failure load of 6570 N/m of wall (450 lb./ft). 

Tests of walls with coatings required significantly higher forces that precipitated failures at the anchor 

bolts. Modifications to anchorage and bracing eventually resulted in a test wall reaching a 

significantly higher failure load. The maximum load attained was 32650 N, or 13,390 N/m (917 lb./ft). 

At that load level, the lateral bracing partly gave way and precipitated failure. The coating fabric 

peeled away from the joint in the middle of the wall as a result of the shear strain between panels 

below the mid height position in the wall.   

Our conclusions follow: 

 The shear behavior of the walls with TA-WRB coatings confirmed that performance was 

significantly different from conventionally built walls. The WRB coating buffered the joint space 

between panels yet allowed some shear strain to take place. The entire test wall acted more as 

a single unit. Based on the limited tests conducted, the capacity of the walls with TA-WRB 

applied may be more than twice as strong as a conventional wall built in the same way. 

 Hold-down anchors are required to properly take advantage of the increased shear capacity of 

walls with TA-WRB coatings. 

 Since the shear behavior of walls with TA-WRB offers the design community with some beneficial 

advantages, it was recommended that properly designed tests be conducted to demonstrate the 

properties that can be counted on for design. No special requirements were included in the 

proposed national Technical Requirements for conventional construction in this regard.  

 The improved shear stiffness of the walls provides a better base for installation of EIFS that will 

reduce stress on the insulation and finish coating during lateral sway of the building, particularly 

a reentrant corners were cracking is often noted in less resistant structures.  

5.6.2. Influence of nail popping on the integrity of the WRB coating 

Nail popping is caused by drying of wood from the time that nails are put into place. This is a 

common occurrence in wood frame construction. It results in the potential for significantly increased 

airflow through the framed structure because the structural panels are less firmly clamped to the 

framing. Normally, when the WRB consists of single or multiple sheet materials placed against the 

sheathing, and these materials are clamped by the cladding or by batten strips, these membranes 

overcome this deficiency and restrict that flow. In the case of TA-WRB coatings, the air and water 

tightness of the wall depends on the coating to retain its original integrity. Relative nail popping can 

lead to emergence of nail heads through the coating if there is insufficient elasticity.Test walls were 

built to assess this but pneumatically applied nailing resulted in such deep embedment of the nail 

heads into the OSB sheathing that they were well protected by the coating and no surface disruption 

was noted.  

Subsequent tests were more controlled. Nails were installed with the heads flush with the sheathing 

surface and only one coat of the coating was applied. Backout of the nail heads by 1 mm resulted in 

some failures in the coating. To acknowledge some variable indentation resulting from the method of 

assembly, it was recommended that nail head embedment be 1-mm below the substrate surface. 

The test permitted back-out of 1-mm without coating failure. Manufacturers of TA-WRB commonly 

recommend that nail head locations be swabbed with a second dab of coating. The test recommend 
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assures that there is sufficient local flexibility to prevent damage to the coating. 

5.6.3 Moisture related concerns 

Excess construction moisture in substrates may reduce compatibility of the coating and the wood . 

Effect of wet substrate on adhesion of TA-WRB to the sheathing 

The influence of moisture content of the substrate on the ability of the TA-WRB coating to adhere is 

also an issue. The test used for assessing adhesion of the coating was ASTM standard D5651-95 (a) 

was modified below.  

The three moisture conditions were provided as described below. 

(a) As received (dry) 

(b) Soak 300-mm square specimens for 1 hour, wipe dry, and then apply coating on one side 

(c) Soak 300-mm square specimens for 24 hours, wipe dry, and then apply coating on one side. 

The TA-WRB was subsequently cured as per manufacturer’s recommendations. The specimens 

were trimmed and the central portion of each specimen was sawn into four 75-mm square test 

specimens. To each specimen, steel cylinders were bonded with hot melt adhesive. They were 

pulled away from the surface to determine the surface bond strength.  

Creep/relaxation tests under environmental cycling 

Preliminary testing led to development of test protocols for evaluating the ability of TA-WRB joints to 

survive environmental cycling that was based on other work involving polyurethane materials. The 

pilot study involved test specimens cut from full-sized walls assembled for other tests in this series. 

Half of the specimens were cut from joints where a normal thickness coating was applied and half 

where manufacturers were instructed to use a thin application. The specimen size was 150 mm wide 

and about 175 mm long. The mounting frame is shown in Figure 38. 

 

  Figure 38: Metal frame with a specimen mounted for testing. 
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Table 8: Specimens cycled under tension in environmental cycling exposure 

 

 

  

 

 

 

(*) Note: A transition period of one hour was applied between high and low temperature exposures.  

Test specimens were exposed to room conditions (25ºC ± 5ºC, and 45% ± 10% RH) during this 

transition to prevent thermal shock. 

5.6.4 Application of the test methodology to the reference material 

Two 1200 x 2400 mm test panels @ 400-mm spacing need to be built from S-GRN wood framing 

and held under covered but unconditioned storage for sufficient time to dry to a low moisture 

contents (approximately 12%). The realistic cure time for this type of product was believed to 

minimum 21 days. 

 Bending tests which induce tension stress at joints in the coating  

Span /thickness of sheathing: 11-mm OSB (dry-as received) (panel direction applied perpendicular to 

the studs), span 90” (2286 mm) 

Coating Thickness: Each panel to have ample coating thickness along half the panel width 

and a lighter coating along the other half panel width 

Nailing Schedule:  nominal nailing [6” at the perimeter and 12” in the field of the panel, i.e. 

@ 6”/12”] to the studs, and @ 3” to the wall plates 

Nail type:   2.5-inch standard spiral nails, hand or auto-nailed 

Gap between panels  4-mm for one assembly and 2-mm gap for the second assembly 

Applied load: concentrated line load at midspan distributed uniformly  

Monitored deflection: continuously, noted at L/720, L/360, L/180 to a max. of 13.5-mm. 

Rate of Loading:  4 minutes to maximum deflection, then hold for 4 minutes. 

Observations: examine for crack development in the joint at midspan, record 

deflection when first appearance of crack occurs. 

 

Load testing of the specimens was undertaken by applying a transverse bending moment (using 

central line loading, as shown in Figure 39.  

Hot cycle Cold cycle Total Total 

Conditions Time Conditions Time Cycles Time 

      

65 + 2oC 

90 + 5% RH 

18 h (*) 

 

-10 + 3oC 

 

5 h (*) 

 

20 

 

480 h 
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Ample coating thickness 

nails @ 3-inches 
to wall plates 

nails @ 12-inches in the  Light coating thickness 
field of the panel 

nails @ 6-inches at panel edges 
  Bending test on panel to produce tension stress on joints   

 

 

 

                 

 

 

 

 

 

 

 

 

 

 

Figure 39: Load was applied at a uniform rate of displacement (8 mm/min) until a maximum 

deflection of 13.5 mm was reached (L/170). The load and deflections were recorded continuously 

and the load was reported at deflections of L/720, L/360, L/180 and at the maximum deflection.  

Two deflection transducers were used, one at each edge of the assembly, in the event that loading or 

deflection was not uniformly centered. The transducers used were LVDT’s. The average deflection 

was reported. Observations on coating integrity or failure of the bond in the joint were made 

throughout the test.  Separation at the joint between the two half panels was also measured at each 

edge. 

Results 

The gaps between panels were made exactly 4-mm and 2-mm using thickness gauges as spacers. 

On examination of the backs of the panels before test, it was observed that the gaps were no longer 

spaced at those dimensions.  It was concluded that moisture pickup, both from the atmosphere and 

from the TA-WRB at time of installation were responsible for the expansion and partial closure of the 

gaps despite the partial filling of the gaps by the trowel applied coating. The intent of close-nailing at 

the ends of the panel assemblies (at 75 mm) was to assure that when panel expansion took place, 

take-up of expansion would occur primarily at the gap between half panels. The results are shown in 

Table 9. 

      Table 9: Closure of gaps resulting from expansion of the OSB sheathing 

 

 Initial Measured Gap Widths Mean Mean 

Manufacture

r 

Gap Width (mm)   Measured Closure 
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 (mm) 1 2  Gap, mm of Gap, mm 

reference 4 3.40 3.06  3.23 0.77 

reference 2 0.55 1.00  0.78 1.23 

The mean gap closure of 1 mm suggests that even without panel wetting, other than that provided by 

the coating, the industry practice of using 2-mm initial gaps will result in compression and partial 

extrusion of coating that entered the butt joint gap. The thicker coating, which was the normal 

recommended application rate, resulted in less closure of the gap along that edge of the panel.   

Stretching of the coating at the gaps when the panels were subject to bending was measured with 

callipers. Finishing nails were installed into the edges of the OSB half-panels on either side of the 

gap, about 75 mm apart. Callipers were then used to measure the distance between these nails at 

each stage in the loading. The difference between the initial measurement and the interim 

measurement represented the stretch in the joint at each load stage. The stretch measurements at 

the maximum deflection applied are presented in Table 10. 

Table 10: Stretching of TA-WRB coating when subject to tension by panel bending 

 

 Initial Initial Stretched Initial Stretched Mean Mean Mean 

Manufacture  Gap Gauge
* 

Gauge
* 

Gauge
* 

Gauge
* 

Measured Measured Measured 

 Distance Length Length Length Length Stretch Stretch Stretch 

 (mm) Left Side Left Side Right Side Right Side Left Side Right Side  

  (mm) (mm) (mm) (mm) (mm) (mm) (mm) 

Reference 4 74.33 74.65 59.77 60.35 0.32 0.58 0.45 

Reference 2 69.01 69.51 68.34 69.02 0.50 0.68 0.59 

The gauge length is the distance between two reference nails set into the panels on either side of the 

gap 

The mean stretch imposed on the joint at the maximum applied load was 0.52 mm. The main factors 

controlling the stretching at the gap are nail stiffness and distribution, as well as the stiffness of the 

materials involved. A summary of bending tests on two panels is provided in Table 11. To avoid 

confusion in examining the information provided, as explanation of some of the information provides 

by the test system software in these figures, values referred to as “index” refer to the data point in the 

array which was used to calculate the span/deflection ratio.  

No apparent failures were noted in the reinforced coatings throughout the tests to a maximum 

displacement of 13.5 mm on a 2286 mm span (90 inches) which was the maximum deflection set for 

the electro-hydraulic loading system.  This represented a deflection-to-span ratio of about L/170.  As 

there was no anticipated need to examine the mode of failure, the loading was halted at that point. 

 



273 

 

Table 11: Summary of bending test results on two test panels 

 

Test 

# 

Specimen 

Comment 

 

Peak 

Load 

KN 

Load 

L/180 

KN 

Load 

L/240 

KN 

Load 

L/360 

KN 

Load 

L/720 

kN 

L/180

Index 

L/240

Index 

L/360

Index 

L/720I

ndex 

6 MC4 4mm 5.67    5.316    4.042    2.755    1.487    648    496    344    189    

7 MC2 2mm   5.65    5.346    4.042    2.749    1.454    625    475    323    167    

Mean  5.87 5.443 4.131 2.813 1.556 624 473 321 167 

 

The bending tension tests on full-scale test panels of this size showed that the coating and fabric 

reinforcement across the transverse joint did not experience any difficulty in accommodating for the 

stretch without failure to a deflection-to-span ratio of at least L/170.  

Conclusions of bending tests 

The panels absorbed moisture from the air and from the TA-WRB at time of application and the gaps 

tended to close.  

 It is noted that none of the panels were taken to failure in these tests. This was to enable samples 

to be cut for other tests. 

 Additional supplementary tests not reported here were also done. These included shear wall 

tests. Based on those tests and the bending tests reported here, we are satisfied that the 

reference TA-WRB system would have provided satisfactory results in a bending test to failure. It 

is further noted here that the test to failure specified by the evaluation guide resulting from this 

work is not associated with a criterion but has been included for potential future use. 

5.6.5 Adhesion tests in relation to moisture in the substrate  

Excess construction moisture in substrates may render the coating and the wood to be less 

compatible and reduce the ability of the TA-WRB coating to adhere. The test used for assessing 

adhesion of the coating shall be ASTM standard D5651-95(a) except as modified below.  

Specimen number and size:  3 specimens 300 mm square for each of three conditions   

Thickness of sheathing/ coatong: 11 mm OSB, as recoemnded by the manufacturer 

Test specimen size: 75 mm square (4 cut from each specimen) for a total of 12 test 

specimens per moisture condition.  

In this test, steel cylinders are bonded to the surface of the coating. These were they pulled away 

from the surface to determine the tension adherence capacity of the coating. The details of the test 

are provided in ASTM D 5651. 

The three moisture conditions are described below. 

(d) As received (dry) 

(e) Soak 300-mm square specimens for 1 hour, wipe dry, apply coating on one side 
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(f) Soak 300-mm square specimens for 24 hours, wipe dry, apply coating on one side  

After curing the specimens were trimmed and the central portion of each specimen was sawn into 

four 75-mm square test specimens. To these specimens, steel cylinders having a cross-sectional 

area of 1 in2 were bonded to the coating and then tested in tension to determine the surface bond 

strength  

Table 5: Peak bond in MPa obtained for adhesion tests of reference TA coating. 

 

Specimen Dry  1-hour wetting 24-hour 

wetting 

1 1.08 0.60 0.92 

2 1.08 1.13 1.11 

3 0.87 0.68 1.02 

4 0.72 1.09 1.12 

Mean 0.94 0.88 1.04 

 

There were traces of wood fibers from the OSB attached to the surface of the coating that had been 

pulled away. No failures occurred within the OSB itself. These tests demonstrate that the results for 

pre-wetted substrates are in the same order of magnitude as for dry material and much better than 

the criterion of 0.3 MPa. 

5.6.6 Creep and environmental cycling exposure 

During the service life, the trowel applied membranes (TA-WRB) must retain their functional 

characteristics and, in particular, their continuity over joints in OSB or plywood panels. To this end an 

accelerated aging program and quantification of the material performance at joints of the OSB 

panels.  

The test description can be summarized as the following: 

 Two specimens with a joint between fastened within a frame and stretched to a 

predetermined amount. 

    These specimens are exposed to cyclic environmental conditions until a separation between 

them occurs or the specified number of cycles is completed. 

 The specimens are then subjected to a water transmission test and the quantity of moisture     

absorbed by the OSB substrate is compared with one permitted to pass through the test area 

of WRB 

On completion of the bending tests, samples of the OSB with the coating were cut from the full-scale 

wall panels directly at the joints between two panels to perform the creep and environmental cycling 

exposure tests. At first, the specimens were conditioned in the laboratory at 25 ± 3 ºC and 45 ± 10 % 

RH  to reach moisture equilibrium. The overall dimensions of specimens with joints varied depending 

on the width of the gap between the two pieces of OSB at the joint, ranging from 150 by 153 mm to 

150 by 175 mm. 
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To introduce the creep/relaxation the specimens were restrained in rigid frames with predetermined 

tension or compression strains. Anchors were utilized to mount a specimen in the frame. By 

tightening the outside nut, the specimen was subjected to tension. After the specimens were installed 

into the test frames under no stress, a specified stretch of 40% was gradually applied. 

Table 6: Width of the joint (mm) as delivered and with 40% tension strain applied to permit creep and 

environmental exposure cycling test in the stressed state. 

  

  Width of the joint, mm, when supplied for testing Joint width 

Specimen 1 2 3 4 5 6 7 Avg at time = 0 

11-Thin-A 

2.8

6 

3.0

6 

3.0

2 

3.0

9 3.2 

3.2

5 

3.3

1 3.11 4.36 

11-Thin-B 

3.3

8 

3.2

3 

3.2

8 

3.5

3 

3.4

1 

3.3

1 

3.2

5 3.34 4.68 

11-Thin-C 

2.9

3 

2.9

8 2.9 

2.9

5 

2.9

8 

3.1

6 3.2 3.01 4.22 

11-Thick-A 

3.3

5 

3.2

6 

3.4

8 

3.4

5 

3.5

1 

3.4

3 

3.4

4 3.42 4.78 

11-Thick-B 

3.6

6 

3.6

6 

3.4

6 

3.4

8 

3.4

9 3.6 

3.5

7 3.56 4.98 

11-Thick-C 

3.2

8 

3.6

8 

3.3

1 

3.4

3 

3.3

7 

3.6

1 

3.4

9 3.45 4.83 

 

 

Figure 40: Front and back of the specimen after environmental cycling 
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Figure 41: Specimen after environmental and water penetration testing  

 

 

   

 

 

 

 

 

 

Figure 42: Testing water penetration through WRB with a nail in the coating 

Table 7: Environmental cycling exposure of specimens with joints under tension  

 

 Hot  Cold  Total Total 

Series Conditions Time Conditions Time Cycles Time 

B 65 + 2
o
C 18 h 

(*)
 -10 + 3

o
C 5 h 

(*)
 20 480 h 

 90 + 5 %RH      

(*) Note: A transition period of one hour was applied between high and low temperature exposures.  

Test specimens were exposed to room conditions (25 ºC±5 ºC, and 45 %±10 % RH) during this 

transition to prevent thermal shock. 

Evaluation of moisture transmission after creep and environmental cycling exposure 

The moisture transmission rate was measured after the creep and environmental cycling exposure 

test by bonding to the top surface of the WRB a cylinder with a 100-mm inside diameter. This 
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cylinder is filled with water to a 25-mm depth. The remaining part of the top surface and the edge 

surfaces of the specimen are also sealed with a wax-paraffin mixture to prevent absorption of 

moisture that could be spilled during the test (see Table 7).   

Table 8: Rate of moisture flow, kg/m2s, measured in 3 tests on undamaged specimens after 

exposure to the creep and environmental cycling  

Sample code Specimen 1 Specimen 2 specimen 3 

C11thin 1.09E-07 1.08E-07 1.04E-07 

C11thick 1.10E-07 1.30E-07 1.39E-07 

Since this system involves mechanical fasters, the rate of moisture transmission was also 

determined on specimens that had a screw penetrating through the coating.  The mechanical 

fastener was located in an area within the 100 mm diameter cylinder used for the moisture 

transmission test.  These results are provided in Table 9. 

Table 9: Rate of moisture flow, kg/m2s, of specimens with a screw in the region of the joint after 

exposure to the creep and environmental cycling  

The criterion set for this test, with one fastener located in the area exposed to the water head is 5.0 

E-05 kg/m2s. This criterion is identical to one developed for in section 5.4.4 for the WRB sheet 

products. 

 

 

Reading Time Change in weight, g Transmission rate, kg/s.m2

interval, s Spec. 1 Spec. 2 Spec. 3 Average Spec. 1 Spec. 2 Spec. 3 Average 

0 0.000 0.000 0.000 0.000 0.000 0 0 0 0

1 23.375 2.544 1.584 2.887 2.338 2.08E-06 1.29E-06 2.36E-06 1.91E-06

2 74.125 4.613 3.192 8.800 5.535 1.44E-06 1.12E-06 4.12E-06 2.23E-06

3 124.125 5.698 4.100 13.347 7.715 9.15E-07 7.66E-07 3.83E-06 1.84E-06

4 171.250 7.535 5.601 17.382 10.173 1.43E-06 1.17E-06 3.14E-06 1.91E-06

5 213.750 8.424 6.541 20.697 11.887 9.42E-07 9.96E-07 3.51E-06 1.82E-06

Note: The average moisture transmission rate was  1.95 E -06 kg/s.m2 (SD 1.9 E -07 kg/s.m2) 


