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ABSTRACT  
 

Forensic engineering of building enclosures and façades is the art of combining decades of experience building new 

façades, repairing and restoring existing façades, and conducting research and testing of façades and components to 

determine what caused a failure and how to fix it. This is not easy, and often involves a multivariable analysis to 

eliminate the things that are not contributing to the failure and narrowing in on the contributory failure mechanisms. 

Too often consultants quote deviations from codes, specifications, standards, and manufacturers’ instructions to 

explain why a failure occurred without having a complete understanding of the failure mechanism. This is not only 

irresponsible but has resulted in ill-fated and overly expensive repairs that do not solve the original problem. In a 

forensic investigation, it is critical that all contributory failure mechanisms be identified before referring to any codes, 

standards, etc., that may help determine responsibility for the failure. This paper summarizes the forensic engineering 

lessons from a seven-year forensic investigation of a systemic cladding failure affecting schools across New Zealand 

(NZ). These lessons were learned from the authors’ investigation of the schools’ as-built condition after several years 

in service; in situ monitoring; air and water testing of four schools; test hut construction, monitoring, and water testing; 

development and calibration of accurate 1D and 2D hygrothermal models that can be extrapolated to other school sites 

in NZ; laboratory testing to create material-specific mould and rot indices to allow “time to visible” mould and rot 

predictions; and further development of a NZ code risk index to include variables found to be contributory to failure. 

Using the forensic tools that we developed during this project, we were able to identify the primary failure mechanisms 

and the parties responsible. In addition, we were able to reduce the expected damages on the schools by focusing the 

repair work on areas that are predicted to fail instead of on comprehensive repairs to all areas. This is not a technical 

summary of the data from the case, but a story of the process and key findings. Finally, a methodology is outlined on 

how to design and implement an effective forensic investigation, effectively use codes and standards, and effectively 

defend and even strengthen your argument using data collected by others.  
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INTRODUCTION - WHAT IS REAL FORENSIC ENGINEERING? 

Forensic engineering of building enclosures and façades is the art of combining decades of experience 

building new façades, repairing, and restoring existing façades, and conducting research and testing of 

façades and components to determine what caused a failure and how to fix it. This is not easy, and often 

involves a multivariable analysis to eliminate the things that are not contributing to the failure and 

narrowing in on the contributory failure mechanisms. Too often consultants quote deviations from codes, 

specifications, standards, and manufacturers’ instructions to explain why a failure occurred without having 

a complete understanding of the failure mechanism. This is not only irresponsible but has resulted in ill-

fated and overly expensive repairs that do not solve the original problem. 

 

A typical enclosure forensic or expert report contains some variation of the following logic tree that was 

used by many experts in the New Zealand (NZ) schools case discussed in this paper.  

 

Typical Plaintiffs’ Experts Argument: 

1. Water got in and made things bad in some locations. 

2. Cladding was between the rot and the rain. 
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3. Performed some water/product/chemical testing in a lab and it failed. 

4. Therefore, the problem must have been defective cladding and installation instructions. 

5. The same cladding and details are present on all the buildings. 

6. Therefore, all cladding will fail eventually in all locations. 

7. Therefore, cladding needs to be replaced everywhere. 

QED (Quod Erat Demonstrandum), “latin for scientific microphone drop” 

 

Typical Defendants’ Experts Case: 

1. Cladding was not installed 100% perfectly according to installation guidelines and industry best 

practice. 

2. Found some areas that were installed “correctly” that were not failed. 

3. Therefore, problem must have been installation-related at nonconforming areas with mould and 

rot. 

4. Maintenance did not appear to be perfectly done.  

5. Did some testing on conforming and nonconforming installations and no water came in.  

6. Therefore, cladding and installation guidelines are not the problem. 

7. Bad details need to be fixed by installers and cladding maintained. 

8. Problems would not have occurred if you just installed and maintained it correctly. 

QED 

 

The problem with these arguments is that neither tells the entire story, and this makes them open to effective 

counterarguments. In the two arguments above, the experts found one or two causal factors that contributed 

to the problem and went “all in” with them to frame the entire multivariate problem. At best, this is 

inexperience; at worse, this is advocacy, and neither is forensic engineering. 

 

In a forensic investigation, it is crucial that all contributory failure mechanisms be identified and their 

relative contribution to the overall problem and damages known. This information allows the whole story 

to be told in a way that explains all the variations observed during the investigation. Only when this 

information is known can codes, standards, specifications, etc. be used to help determine responsibility for 

the failure. 

 

This paper summarises the results of a several-year-long forensic investigation into a multivariate 

cladding failure that involved 833 school buildings in all climate zones throughout New Zealand (Hubbs 

and Finch 2009). 

A CASE STUDY – NEW ZEALAND SCHOOL CLADDING FAILURES 

The authors of this paper were two of the lead international building science and façade engineering experts 

among a team of local NZ experts for the plaintiff in a billion-dollar nationwide leaky schools and defective 

cladding lawsuit. For over seven years, we investigated and documented the performance of the cladding; 

set up and performed hygrothermal monitoring and façade testing of four schools and a test hut; performed 

laboratory testing of hygrothermal material properties; developed a mould sensitivity index for the cladding; 

used calibrated hygrothermal models to extrapolate the findings; analyzed all of the field, lab, and simulated 

data; and synthesized all the data into expert reports and rebuttals. Finally, we prepared extensively with 

lawyers for the litigation that was ultimately settled out of court in the plaintiff’s favour midway through 

proceedings and just weeks prior to our deposition in court. This case study provides an opportunity to 

share the scientific approach taken to help our team win this case and what real forensic engineering can 

and should be for legal cases in the fairness of all parties involved. This is not a technical summary of the 

data, but a story of the forensic engineering process and lessons for experts with some unique building 

science findings along the way.  
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Background of the Case Study 

This case study covers a building construction litigation case against a single supplier of a cladding used 

on over 833 school buildings across all regions of NZ. The technical issues are straightforward; however, 

demonstrating the performance of the cladding and when and why failure occurs on all of the schools is 

not. Surveying all of the school buildings and finding the damage and obvious deficiencies is a significant 

time-consuming undertaking that doesn’t necessary determine causal factors. It takes a scientific and 

methodical approach to demonstrate where and why a cladding system may be systemically defective or 

prone to premature failure across an entire country. All building materials will eventually fail, but premature 

failure that causes unexpected damage or harm is not tolerated and is therefore the focus of many similar 

legal actions. A real forensic engineering process must separate normal from unexpected behaviour.  

When the authors became involved with the case, our local expert team was at the stage of surveying 

moisture-related failures of so-called leaky schools in NZ. The issues were primarily related to moisture 

ingress through the cladding interfaces that caused staining, mould growth, and deterioration to the plywood 

cladding and backup wood-frame wall assemblies. Initially, two major cladding suppliers in NZ were 

named as defendants in the case; however, an early settlement occurred with a fibre cement board cladding 

supplier, leaving the plywood cladding supplier as the sole focus of our work. Figure 1 shows the painted 

plywood cladding on typical 1- and 2-storey school buildings with the insulated open-stud wood-frame wall 

assembly that was present at almost all of the school buildings.  

The type of rain control strategy employed in the walls was a concealed barrier with unsupported and often 

poorly detailed building paper behind the cladding. The building paper was used to manage the moisture 

that bypasses the plywood cladding, and sheathing was rarely present behind the building paper (see Figure 

1). The walls relied on the cladding and interior gypsum board for lateral load resistance. Some schools had 

large cork/fiber boards or other classroom functional finishes at the interior. Present-day wall design and 

construction practices in NZ most often employ a drained and ventilated rainscreen that separates the 

cladding from the building paper shown, though this was not common at the time this cohort of school 

buildings was built in the early 2000s to 2010s.  

   
Figure 1: Two of the four monitored schools with plywood cladding and a typical wall assembly. 

Our role on the team of local experts was initially to set up and install field building enclosure monitoring 

equipment and perform façade testing for four randomly selected schools of less than 10 years of age and 

varying conditions. The purpose of this work was to collect real-world data on how the cladding and backup 

walls were performing from a heat, air, and moisture standpoint at different schools and understand where 

and why failures were occurring. This work grew over several years of involvement, and the case unfolded 

as uncovered within the following sections.  

The Value and Challenges of Hygrothermal Field Monitoring  

The most direct way to measure and understand seasonal and long-term moisture performance of building 
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enclosures is to monitor them in-service with carefully selected and installed hygrothermal sensors. By 

directly measuring temperature, relative humidity (RH), moisture content (MC), and liquid water within 

wall assemblies at materials and interfaces, you can get to the heart of understanding when, where, and why 

moisture problems occur and what might be considered normal or abnormal performance. In this case, we 

wanted to know what normal moisture levels would be for the plywood cladding and backup wall interfaces 

plus moisture levels at details where interfaces in the cladding system, such as flashings or a window 

installation, were present. This process builds off the authors’ own experience with similar large-scale 

building enclosure field monitoring projects (Hubbs & Hircock 2003, Finch & Straube 2007, Aoki-Kramer 

et al. 2010).  

 

For the monitoring system at the four schools, we selected wireless dataloggers with wired temperature, 

RH, and MC sensors. We installed these carefully to avoid disrupting the cladding finish from within the 

buildings by temporarily removing the drywall and stud cavity insulation. This approach allowed us to 

place sensors in the wood cladding and backup framing at precise depths and locate them in areas of 

potential wetting to the building paper or wood. On the exterior of the walls, we installed driving rain and 

surface condensation sensors nearby, a weather station on the roof, and indoor temperature/RH sensors 

within the classrooms. The data could be reviewed remotely as each of the dataloggers reported into a data 

acquisition computer connected to a cellular data connection, allowing close observation and data integrity. 

Remote observation was not without challenges, and on several instances in the three years of monitoring, 

our colleagues in NZ had to reboot or reconfigure the equipment to physically facilitate the data collection. 

Figure 2 shows the typical sensor placement within the wall cavities from the interior plus the supplemental 

indoor and outdoor boundary condition sensors.  

 

  

 

 

Figure 2: Typical wall assembly sensor placement, indoor sensors, and outdoor sensors for each school. 

 
While field monitoring is excellent at collecting real-world information about the performance of building 

enclosures, the placement of sensors discretely throughout assemblies of occupied buildings can be 

challenging. Although we were able to select acceptable monitoring locations at four different school 

buildings that were generally representative of the performance of the cladding and wall assemblies, we 

were not able to collect data at all elevations or at the worst-case wetting locations for various practicality 

reasons. For this reason, we built a test hut to collect more data under better controlled boundary and 

construction conditions. Later, we used hygrothermal modelling to assist with extrapolations of the findings 
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beyond the four schools and NZ climate zones they covered. However, for the hygrothermal modelling 

extrapolation to be defendable and useful, we needed good baseline data from the actual schools and 

material data from school building materials to calibrate models.  

 

Our team took material samples of the plywood cladding from each of the schools for hygrothermal property 

laboratory testing and moisture pin electrical resistance calibration. We performed the latter when we 

recognized after a few months of monitoring that there was a large difference between what we and the 

building surveyors were seeing for normal moisture levels. We later determined that as much as a 10% 

absolute MC difference was occurring between moisture meters in the field and the actual MC of the 

plywood (e.g., thinking you are reading 30% MC when the actual MC is closer to 20%). This was a critical 

finding for the entire team, requiring us to infer potential damages by relying in many cases on moisture 

surveys and MC data taken at a single point in time.  

 

The field monitoring uncovered probably as many questions as it answered, but it helped to refine our 

understanding of the normal and wetted behaviour of the cladding and its influence on the backup wall 

structure. Our monitoring demonstrated how the exterior boundary conditions, predominantly exposure to 

wind-driven rain, resulted in periodic wetting of the cladding, and in vapour diffusion and capillary moisture 

transfer through the cladding and into the building paper and backup framing, regardless of any interface 

or flashing.  

 

The monitoring also uncovered several locations where the cladding and its associated flashing and 

interface details were leaking water into the wall cavity, requiring further review and testing. Moreover, the 

plywood cladding at each of the schools was painted with various manufacturer recommended paints of 

varying lifespan and recoating maintenance timelines, which further confounded the variables influencing 

hygrothermal behaviour. As a result, we needed to conduct further analysis and modelling to understand 

the impact of various coatings on the in-service performance we observed. Figure 3 shows a school where 

two centre-of-wall location moisture levels are influenced by the overhang protection above, resulting in 

elevated MCs of the sheathing and a visible mould index of 5 versus 0 for the protected area of the same 

cladding.  

 

  
Figure 3: Example of monitoring data showing side by side moisture levels of centre-of-wall plywood  

MC and subsequent mould index (see more below) directly influenced by the overhang protection above. 

 
As a final step in the monitoring process, we deconstructed and removed the sensors three years after initial 

installation in most school walls. This removal allowed for our follow-up review of the physical conditions 

of the walls and presence of any new moisture damage or mould growth. Moreover, from the time we 

started the monitoring program to completion, we became aware of a NZ exposure risk score embedded 

within Acceptable Solutions and Verification Methods (E2/AS1) that is used to evaluate the risk of external 
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moisture and the selection of appropriate building enclosure assemblies (i.e., one use is to assess the risk of 

a wall on a building and determine whether a rainscreen wall is necessary for the building code). While this 

standard wasn’t in effect at the time the buildings were constructed, we used this standard to evaluate each 

of the monitored sensor locations and developed a risk score. This risk score proved to be a good indicator 

of performance and useful for comparing our findings between schools and the test hut. This risk score was 

later correlated with performance, as covered later.    

Façade Air and Water Testing of Schools and Monitored Walls 

After one year of uninterrupted baseline field hygrothermal monitoring, we performed façade air and water 

testing on each of the test walls that were monitored in the four school buildings. For the field testing regime 

we followed NZ 4284, which is used primarily as a laboratory test for the evaluation of façade systems 

similar in testing fundamentals to the widely adopted procedures of ASTM E1105/E783 for field water and 

airtightness testing of window and façade systems. 

 

The purpose of the façade testing was to test and quantify the behaviour of the as-built walls exposed to 

standardized laboratory test procedures as well as document and quantify any water leaks within our tested 

wall areas. The monitoring data was indicating some leakage events during certain wind-driven rain events, 

but we wanted to physically observe the wetting paths and the direct impact on different sensors by liquid 

water or redistribution within damp, insulated cavities. This testing was performed with the knowledge of 

the measured in-service boundary conditions, including historical weather at each of the schools. As a 

result, we modified the test procedures to first test at measured maximum building pressures (i.e., the 100–

150 Pa typically observed due to wind on a low-rise building) prior to testing to the higher standardized 

pressures (i.e., above 300 Pa) to observe how leakage locations and pathways were impacted within the 

concealed wall spaces. Figure 4 shows the typical testing setup.  

 

   
Figure 4: Typical NZ 4284 air leakage and water testing setup used for field testing of façades at each 

of the wall areas monitored at each school. 

 
At each of the four schools, the test procedure uncovered various leakage points with visualized pathways 

uncovered by removal of the drywall and insulation and use of tracer dyes in the post-testing regime. All 

of this was performed with the dataloggers collecting real-time data to witness MC and RH spikes caused 

by the gradual wetting through the materials and immediately via leaks; Figure 5 is an example of the 

location of defect and sensor response. The careful deconstruction allowed us to observe water staining and 

mould growth on materials for later calibration with the hygrothermal modelling and predicted mould 

indexes. The testing also allowed us to verify those wall areas that were not influenced by leaks and good 

indicators of centre-of-wall performance and therefore useful for 1D hygrothermal simulation locations.  
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Figure 5: Documentation of leakage paths, real-time moisture uptake during testing, and end result  

of years of leakage in the form of visible mould growth and model-predicted mould growth index to help  

calibrate the hygrothermal model and prediction tools developed later. 

 
One side benefit of physically visiting the schools during our monitoring operations was to witness the 

cause of an unexplained—and seemingly unexplainable—wetting phenomena and high mould index at one 

of the monitored wall areas. Late one night, shortly after wrapping up the façade testing at one of the 

schools, we were cleaning up and checking that all of the doors were secure. While walking alongside a 

wall that we were monitoring, we were struck by the powerful spray of an irrigation sprinkler from the play 

field—it not only soaked us, but the bottom half of the wall we were monitoring. We immediately ran back 

inside, and instead of drying off, we pulled up the monitoring computer data and found almost perfect 

correlation of this wall’s wetting with the school’s sprinkler timer schedule. This had important 

ramifications for the validity and extrapolation of any data from this site and required us to check all other 

sites for similar conditions. Fortunately, this was the exception; and yes, there was damage and mould 

growth within this wall, just now no longer directly useful to the claim.  

A Controlled Test Hut to Fill in the Missing Pieces 

During the setup of the field monitoring program, we realized we would be unable to collect all the physical 

evidence from the four school buildings that we would have liked. So we pitched the idea of creating a 

controlled small test hut for field monitoring to fill in the missing pieces of evidence. Building enclosure 

test huts allow for the controlled field exposure of different assembly design or detailing variables side by 

side and to observe relative differences in performance. We developed the concept for a single-story, full-

size square test hut with cladding and typical window, flashing, roof, and base-of-wall details. The test hut 

was built off-site and included the same sensor and datalogging equipment setup as the four schools. We 

positioned it in an open farm field in a severe North Island climate zone with the intent of collecting data 

over two years. The test hut panels were also configured so we could place sensors closer to the base of 

cladding and in locations that could not be accessed in the schools where frequent wetting was observed. 

Our team also performed laboratory testing of material properties for the plywood cladding and paint finish 

along with moisture pin calibration (see Figure 6). After one year of monitoring the test hut, we performed 

façade air/water testing like the schools to observe how controlled water testing would influence moisture 

uptake into the cladding and through details.  
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Figure 6: Test hut monitored to measure field performance of different plywood cladding paints and  

influence of typical manufacturer details constructed as close to the manufacturers’ guidelines.  

 

One of the confounding variables we encountered on the schools was the use of different types, colours, 

and coats of paint. Therefore, we set up the test hut with different paint conditions and colours to observe 

the impact these properties had on the moisture transfer through the plywood cladding on different rain and 

solar orientations. In addition to the condition of the paint, at each of the test schools we were only able to 

monitor the condition of existing details as they were constructed, whether perfectly constructed or not per 

the manufacturer’s details or guidelines. At the test hut, a master builder carefully constructed details 

exactly per the cladding manufacturer’s recommendations and test. We found that even in the laboratory-

like installation conditions and inspections that the test hut was built to, it was nearly impossible to construct 

the details to the level of tolerance and expectation of the cladding manufacturer; some of the details were 

even unbuildable.  

 
Based on key findings from our field monitoring of the four schools and test hut, including the façade 

testing, we concluded the following: 

• Exposure to driving rain, primarily as a lack of roof overhang on the low-rise schools, plays the 

biggest role in overall moisture risk and is reflected in the E2/AS1 risk score (more later). Base-

of-wall locations are also prone to wetting from splash back at grade further from the protection 

of the overhang.  

• Centre-of-wall locations, away from all details or potential defects, show increased wetting in 

exposed wall areas. Sensitive materials, including the building paper, may be subject to mould 

growth in these locations.  

• Leakage locations cause significant wetting of cladding, framing, and building paper plus lead to 

elevated RH conditions within the stud cavities, increasing overall mould risk.  

• The mould index (covered later from parallel laboratory testing) correlates well with our field 

observations where leaks through the cladding occurred.  

Laboratory Testing for Accurate Model Inputs and a New Mould Index 

To better understand the physical material properties of the wood cladding and its paint finish, we 

performed laboratory testing to determine the following: water absorption (A-value), vapour permeance, 

moisture storage function, bulk density, specific heat capacity, thermal conductivity, and solar absorptivity. 

These properties are the minimum input for the WUFI 1D and 2D hygrothermal computer simulation 
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models. Moreover, the properties collected allowed us to better understand the differences between 

performance of the schools’ and test hut’s cladding. As an example, the unpainted cladding had an average 

wet cup vapour permeance of between 689 and 861 ng/Pa‧s‧m2. The painted wood samples had total 

permeance values of between 104 and 326 at the schools and up to 567 ng/Pa‧s‧m2 for the new test hut paint. 

These values were impacted overall by the number of paint coats, thickness, and age. Water absorption 

values for the painted plywood cladding ranged from a low (highly repellant and low absorptivity) of 0.0067 

kg/m2‧s0.5 for one of the fresh test hut samples to a low (more absorptive) of 0.00536 kg/m2‧s0.5. A-values 

for the edge of plywood ranged from 0.04 to 0.2 kg/m2‧s0.5 depending on the time of wetness and presence 

of back-priming/edge priming or bare wood. These significant differences and the extra care and 

measurement of the actual materials were critical to reduce our uncertainty and guessing when trying to 

calibrate the WUFI model with the measured field data. As would be expected, we found the variability in 

paint properties had a considerable impact on the uptake of moisture into the wood in the field and hence 

risk to the wall assemblies.  

 

In addition to the material characterization work for WUFI 1D and data comparison, we also performed 

testing to develop improved MC correction factors (Garrahan A/B values) to correct electrical resistance 

readings and handheld moisture meter data for the expert team. This testing uncovered a significant 

discrepancy: the handheld moisture meters typically read higher than the actual gravimetric MC of the 

plywood. In our case, the correction factors yielded a downward adjustment of 5–10% for MCs that we 

were concerned about depending on the plywood specimen (e.g., 30% reading is actually 20% gravimetric).  

 

We also performed additional moisture uptake testing to quantify the moisture uptake through the end grain 

of the plywood for using a WUFI 2D model for visualization purposes. This data also correlated well to our 

physical observations of water staining and occasionally mould growth and/or wood swelling on the bottom 

few inches of the face of the plywood cladding.  

 

Finally, the laboratory testing portion of the work included mould index testing of the plywood cladding, 

building paper, and stud framing from the walls in NZ. We tested samples from each of the schools and test 

hut to determine their mould index sensitivity following a small-scale reproduction of Vittanen’s VTT 

mould index (Vittanen & Ojanen 2007). The laboratory setup also included the same fungi used in the 

original research so that the sensitivity class could use the same mould index calculation and growth factors. 

We performed this testing alongside other companion research into mould and wood decay in efforts to 

compare different mould prediction and decay risk models (Lepage et al. 2019, Lepage 2021). Our testing 

found that most of the materials, including building paper and framing, fell into the very sensitive to 

sensitive category for mould risk, with only the new test hut and one school plywood cladding at the 

medium resistant category (which is the category one would assume by default for many wood construction 

materials). This finding and impact of higher sensitivity to mould growth and model predictions was 

corroborated by physical observations on-site. Figure 7 shows the sensitivity testing setup and results of 

school and test hut materials.  
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Figure 7: Vittanen mould sensitivity testing setup and results of school and test hut materials.  

 

Calibrated Hygrothermal Modelling to Better Understand Behaviour and Extrapolate the Findings  

Hygrothermal modelling is the computer simulation of heat, air, and moisture transfer through building 

enclosure assemblies. Models are useful to demonstrate and observe how walls respond to the sun, rain, 

temperature, RH, wind, wetting/drying every moment of the year. Unfortunately, models are only as good 

as the accuracy of the inputs ahead of the analysis and dissemination of the results. Hygrothermal modelling 

can be a very useful and powerful forensic engineering tool in circumstances where you can calibrate the 

model and physically confirm its accuracy to closely represent the conditions within the building enclosure 

assembly under question. Field monitoring and controlled test hut monitoring data provide both the data to 

assist with calibration of the model and the physical conditions (over time) for confirmation of physical 

conditions. In the NZ school buildings, we had 5–10 years of field performance with occasional wetting in 

some areas prior to installation of the sensors plus 1–3 years of field data coupled with physical and visual 

observations during reviews and façade water testing. In our test hut, we began monitoring on day 1 so we 

got physical and visual observations of the conditions only at the end during decommissioning. We also 

performed laboratory measurements of the important properties of the cladding and wall assembly materials 

so that we could reduce the number of variables for calibration of the model. We also had measured 

indoor/outdoor boundary conditions, including wind-driven rain and other surface transfer properties from 

the laboratory tests. Our hygrothermal modeling calibration exercise using WUFI as the computer 

simulation program is summarized in Figure 8.  
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Figure 8: WUFI calibration process and process of assessing different variables. 
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As part of the case, we ran and analyzed hundreds of WUFI simulations to develop a calibrated model. The 

calibration showed good correlation between measured and simulated results, although through this 

process, we also inherently learned the minor importance of certain real-world variables and cladding 

material properties. With the calibrated WUFI model, we performed a parametric analysis to assess the 

different orientations of each school, the influence of exposure to wind-driven rain, and the effect of 

changing the climate file (to represent similar schools elsewhere in NZ). Finally, we used the calibrated 

WUFI model to perform the time-dependent mould index estimations using the material property 

sensitivities we measured in the lab. We used WUFI to extrapolate and predict the surface RH/time 

necessary for the VTT mould index over 15 years.  

 
The key findings of our hygrothermal analysis are summarized by the following points:  

• Driving rain exposure is the biggest influence of moisture performance and mould/decay risk. 

Walls without defects can fail systemically with sufficient wetting; however, these large areas of 

exposed walls are uncommon in 1–2 storey school archetypes. Sheltered walls that are not 

exposed to rain wetting, such as under large overhangs, and not exposed to splash back at grade 

will typically perform adequately across NZ. This means that every school building will have 

areas of no damage where they are protected from rain compared to areas of damage where 

exposed.  

• The plywood cladding on schools in wetter coastal and colder climatic regions of NZ are more 

likely to experience wetting and mould growth than those in sheltered walls and those in drier 

communities.  

• Walls facing north (facing the sun in the southern hemisphere) tend to be drier than those facing 

south, especially as the wind-driven rain is from the south. 

• Indoor RH can contribute to the wetting of the plywood cladding by outward vapour diffusion in 

colder climates (South Island) of NZ. This is because of the lack of interior vapour control in 

most NZ schools.  

• Paint properties, including water repellency, colour, and solar absorptivity, strongly influence 

moisture uptake, wetting, and drying. Dark, highly water-repellant paints result in drier conditions 

than light-coloured paints.  

• Cladding installed over a drained and ventilated cavity (i.e., rainscreen) significantly reduces the 

risk of mould growth and decay to the cladding and backup wall.  

 

In conclusion, the hygrothermal performance of the cladding at the centre of wall (away from the influence 

of leaks/defects in the cladding installation) can alone result in mould growth and decay in locations across 

NZ where exposure to rainwater wetting is high. This is tempered by protection of the walls with overhangs, 

orientation to the sun, and paint properties. The addition of leaks into the system to a cladding already on 

the edge push the assembly into conditions conducive for mould growth and decay over time. Wood 

treatments, such as the CCA treated plywood used at the test hut, have a higher resistance to mould growth 

than the tributyltin (TBT) treated plywood used at the time these schools were constructed. The use of 

rainscreen claddings, now current practice in NZ, also significantly negates the risk of dampness, mould, 

or decay of the cladding or backup.  

 

Tying it All Together – Relatable Risk Metrics and Exposure Categorization 

Given the amount of data collected and findings discussed, we made significant effort to analyze and 

disseminate the higher-level findings into relatable bite-sized metrics that would quantify the performance 

of the plywood cladding and backup wall for different exposure conditions. We hoped that all the compiled 

data would quantify our key conclusion of the case: that the cladding can work under some conditions but 
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will fail when the exposure to wetting is too high. As mentioned above, during our investigation work we 

discovered the exposure risk score embedded within the New Zealand Building Code, specifically E2/AS1. 

This risk score is a simple additive numeric scoring system that assesses the building risk based on wind, 

building height, exposure of roof/wall junctions, overhang (eaves) width, and geometry complexity of the 

building enclosure. This score is used to provide acceptable solution guidance for different building 

enclosure systems, including drained and ventilated rainscreen walls. For example, it is recommended in 

the current literature that plywood cladding must be installed over a drained and ventilated cavity where 

the risk score is above 7. For scores of 6 and below, direct-fixed cladding (concealed barrier per the 

monitored schools and test hut) would be acceptable. Note that the facing orientation of the wall to wind-

driven rain and solar effects is not included in the mould index score. This is one downside of the risk score 

when looking at individual walls versus whole buildings, which have walls facing all orientations that can 

be considered as having different overall risk scores.  

 

We subjectively scored exposure and risk for each of the monitored locations (with sensor data) and then 

ran a 15-year mould-index model prediction based on the measured data extrapolated over a longer period; 

missing data points were supplemented with the calibrated hygrothermal simulation models. Figure 9 

depicts the results of this analysis plotted by monitoring location for the different school walls scored on 

the x-axis versus the predicted VTT mould index after 15 years. Note that mould is visible with a VTT 

mould index of 3. A score of zero indicates no mould growth, and a score of 1 or 2 indicates mould growth 

at the microscopic scale but still not ideal for health. From our data, we found an observable trend toward 

a higher mould index in the medium- to high-risk exposure walls (above 6). Also note that many areas did 

not predict mould given the actual wetting of a medium-risk wall. Typically, this occurs where the wall 

does not face the predominant driving-rain orientation (no wetting) or faces the sun and receives more 

drying. Regardless, the data also support the NZ building code recommendation that medium-risk scored 

walls should be constructed with drained/ventilated cavities (i.e., rainscreen); the hygrothermal modelling 

results also support this recommendation. The demonstrated usefulness of a carefully considered risk score 

can then be used to extrapolate the findings, or to quickly scan the population of school buildings by risk 

score and identify which schools likely require repairs, where those which are likely performing acceptably. 

We anticipated using this model and data to assist with the quantification of damages across NZ and the 

resolution of the litigation case should it have proceeded that far. This would have been done in conjunction 

with our other knowledge of the schools from physical investigations, although the modelling results would 

help to quantify the areas of cladding requiring repair in a fair manner for the case.  
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Figure 9: Predicted mould index versus NZ exposure risk score for all monitored school locations.  

 

Using the Defendant’s Rebuttal to Strengthen Your Own Case 

In a forensic engineering case, you can often use the defendants’ rebuttal to strengthen your own position. 

In our case, reports by the defendants’ experts were used in a combination of the following three common 

tactics: 

 

1. Taking publications and papers out of context and opining to discredit our methodology. 

2. “Cherry picking” test openings and observations at schools to support their opinions. 

3. Performing their own testing using a nonstandard methodology and making erroneous conclusions. 

 
As an example of tactic one, the defendants’ experts criticized our research by quoting articles and opining 

many similar versions of these quotes:  

 

“The outputs from the software cannot precisely account for all factors in the real world.” 

and  

The plaintiffs’ experts “tampered with their WUFI models by using their monitoring data to manipulate 

them.” 

 

This type of evidence is easily and effectively countered using the words of the original author of the quoted 

or referenced paper for clarification, such as in the example below: 

 

The gold standard for research-grade studies is to conduct a physical experiment and benchmark 

the model output results to the physical measurements… Physical testing, supported by modeling, 

an understanding of building science and building practise is not only an acceptable means of 

understanding and predicting the behaviour and long-term performance of building enclosures, 

this combination is the best approach available to science and industry. 

 

An example of cherry picking is shown in the upper photos in Figure 10 where the defendants’ experts 

made exploratory openings at school walls in areas that they deemed to be correctly installed. These test 

openings revealed pristine conditions where underlying wall components and the siding were in near-new 
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condition. This was shown as proof of performance when installed correctly. This evidence could be easily 

countered with the lower photographs shown in Figure 10, which were taken from far enough away to show 

the overhangs above; and by calculating the very low exposure risk score and performing a hygrothermal 

analysis that predicted no risk of visible mould or decay when the walls are rarely (if ever) wetted. 

 
Figure 10 Upper shotos show examples of “correct installation” wall areas with no damage to support the 

defendants’ claim that the building would have been fine if only the insulation had been installed correctly. 

Lower photos taken by the authors  show the low level of exposure due to overhangs above. 

 

Much can be learned and even used to support your own evidence by examining the defendant’s testing and 

conclusions as well. In this case, the defendants tested three different installation specifications: 

1. The current installation manual; 

2. The installation procedures published at the time the buildings were built, with best industry practise 

of the time; and  

3. The allegedly deficient installation methodology used at the schools.  

 

When all three samples were tested, no water leakage was observed on the inside of the building paper. The 

defendants concluded that this proved the product and installation instructions were sufficient, and that even 

if installed improperly, the product would have worked. Based on this conclusion, the defendants further 

concluded that very poor installation and lack of maintenance caused the failure. 

 

This result and conclusion initially confused us. We had performed controlled field testing on five in-situ 

buildings built like test sample 3 and a test hut built similar to sample 2, and we had experienced several 



 

 

16th Canadian Conference on Building Science and Technology - Toronto, Ontario 2022 
Page 16 

uncontrolled water leakage paths during our testing. In addition, we expected to see a difference in water 

resistance between the perfectly constructed sample 1 and the defective sample 3 where we could literally 

see through the sample at the window-to-wall interface.  

 

The defendants prevented us from retesting their samples and only allowed us to perform a visual review. 

However, while we were visually reviewing the samples, we accidentally spilled some water from our 

beverage container onto the sample and it leaked from the exterior to the interior at the windowsill interface 

(Figure 11). 

 

 
Figure 11: Water infiltration through a test wall sample resulting from an ad-hoc beverage spill test. 

 

When we reviewed documentation, we were able to isolate the error in the test methodology. In order to 

visualize the results of the testing, the defendants’ experts installed a layer of plexiglass on the inside of the 

stud wall, then drilled a hole through the plexiglass so the test pressure would be applied across the sample. 

This allowed the researchers to view the back of the building paper during testing and to check for leaks. 

However, the plexiglass was installed tight to the studs and nogging (a NZ term for the horizontal blocking 

between studs); this had the net effect of restricting the lateral flow and preventing the test pressure from 

being applied to much of the wall, and in particular all of the interfaces more than one stud cavity away 

from the hole. This lack of a pressure difference across much of the sample is the reason that even the 

“defective” sample 3, which had holes in the exterior water-shedding surface that were visible from the 

interior, did not leak water when tested but did leak when we spilled water on it without the plexiglass 

present (see Figure 12). 
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Figure 12: Plexiglass installed on interior preventing test pressure from being applied evenly to test 

specimin (note the lateral stud and nogging restricting air flow between the hole in the plexiglass and the 

windowsill). 

 

Due to the test pressure methodology errors, none of the defendants’ samples leaked (visible liquid water 

infiltration) during the water testing, and therefore the testing results could not be used to compare the 

relative water penetration resistance of the different samples. Once the water testing had been completed, 

the defendants’ expert team performed detailed thermographic scans of the sample from the interior. The 

defendants’ experts did not make any conclusions based on these thermographic scans. When we reviewed 

the thermographic scans, we could clearly see where the wood and building paper were wetted. These 

wetted areas show as cooler temperatures caused by the evaporating water. We were able to correlate these 

wetted areas to our own field testing, test hut, and WUFI predictions. We used this data to strengthen our 

opinion that this type of absorptive wetting was the cause of the deterioration and visible mould, and not 

bulk water leakage on the majority of the buildings as our models predicted (see Figures 13 and 14). 

 

  
 

Figure 13: Thermographic image (left) taken by the defendants’ experts showing wetting anomolies at the 

head and sill of window (centre), which correlate to the authors’ measured moisture monitoring results 

during in-situ testing (right). 

 



 

 

16th Canadian Conference on Building Science and Technology - Toronto, Ontario 2022 
Page 18 

 

 
 

Figure 14: Thermographic image (left) taken by the defendants’ experts showing wetting anomolies at the 

base of panel detail (centre), which correlates to the authors’ predicted moisture uptake using WUFI 2D 

modelling (right). 

 

Closure 

In the end, this case settled in favour of the plaintiff part of the way through the litigation proceedings and 

just prior to the authors taking the stand. The forensic investigation described in this paper helped to define 

the contributory causal factors and their role in the failure as well as better define the actual predicted 

damages. These findings facilitated a settlement and helped prevent a costly complete trial. The 

methodology was able to predict and quantify expected damages on the schools by focusing the repair work 

on areas that actually needed repairs based on exposure and moisture damage.  
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