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ABSTRACT: The aim of this research is to quantify the pressures that are applied to the building 
envelope during washing. This study includes evaluation of a garden hose, as well as small and 
medium size water blasters typically used by a homeowner. Normal Maintenance of a building is 
mandatory for all building owners, and is one part of a building’s Intended Use as defined by the New 
Zealand Building Code (NZBC). Normal Maintenance is not specifically defined but has a limit; a 
maximum permitted force, defined by the NZBC and AS/NZS 1170:2002 Structural Design actions. 
This Limit State is the maximum force applied during the water penetration test. A prototype test rig 
was designed and built to measure the forces applied by the water to flat surfaces, intersections and 
internal corners. Measurements were recorded at various distances from the test rig. Directly relating 
the recorded data to the water penetration limit state, the building envelopes design limit, identifies 
cleaning processes that are inappropriate and breach NZ Building Act. Results identified that some 
commonly performed cleaning processes may subject a building’s exterior to forces significantly 
greater than they are tested or designed to withstand. 

Significantly, the greatest force a building’s envelope, its elements and details, will experience 
throughout its life are those applied during the cleaning of the building.  

Conference theme: Architectural. 
Keywords: normal maintenance, building envelope, high-pressure, water blaster 

 

Definitions: AS/NZS 1170.0: 2002 Structural Design Actions 

Limit State (LS) as: States beyond which the structure no longer satisfies the design criteria.  
Note: Limit states separate desired states (compliance) from undesired states (non-compliance)   

Serviceability Limit State (SLS) as: States that correspond to conditions beyond which specified criteria for a structure 
or structural element are no longer met. 
Note: The criteria are based on the intended use and may include limits on deformation, vibratory response, 
degradation or other physical aspects. 

Ultimate Limit State (ULS) as: States associated with collapse, or with other similar forms of structural failure. 
Note: This generally corresponds to the maximum load-carrying resistance of a structure or structural element but, in 
some cases, to the maximum applicable strain or deformation. 

 

1. INTRODUCTION 

This paper presents a study to quantify the pressure that water applies to a building element during cleaning. A 
building’s water penetration limit is identified to provide a term of reference for the quantified pressure. In-service 
performance of building products and systems revolve around the conditions they are subjected to. A principal 
function of a building’s envelope is to resist the forces of nature, such as wind driven rain (WDR), so there is no effect 
on the interior of the structure.  

Undertaking weathertightness performance tests requires knowledge… specifically the occurrence and 
level of extreme rainfall events for locations of interest.” (Cornick, S.M, Lacassee, M.A, 2005) 

Over the past decade, concerns have been raised that buildings are facing greater forces throughout their expected 
life than for which they are designed. This may be due to climate change increasing the frequency of cyclone or 
hurricane wind loads and how these forces affect the performance of the building. (Nielsen, Anker, et al, 2007) 
Current research has demonstrated increasing the speed and intensity of WDR to 56m/s and having a rainfall 
intensity of up to 762mm/hr will cause a detail to fail and water will enter the buildings structure wetting the insulation. 
(Bitsuamlak. Grima T, et al, 2009) Once the insulation in a typical New Zealand home is wet, “it almost never dries 
out”. (BRANZ 2009) While this environment and subsequent occurrences are rare, there may be more significant 
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forces affecting a building’s exterior arising from maintenance procedures. The artificial environment created when 
washing a building. 

The New Zealand Building Code (NZBC) bases durability requirements on “normal maintenance”. Most, if not all, 
cladding manufacturers require their products to be inspected and cleaned annually. (Hunn Report, 2002) The 
process of washing uses accelerated water, sometimes with a detergent, to dislodge stubborn dirt and grime. The 
characteristics of this artificial environment are unknown. It is stronger than the natural events on which we base our 
performance testing, as it is able to remove built up dirt and grime which is other wise unmoved.  

The NZBC requires the designer of the building to specify the maintenance procedures, which would include how to 
wash the building. The designer is aware of the buildings watertight design, its Limit State (LS). To comply with the 
NZBC the designer should be aware of the forces any chosen cleaning method will apply to the building and these 
forces are currently unknown. 

Over the past twenty years, washing buildings has progressed from low-pressure garden hoses and brushes to, more 
effective, high-pressure cleaning methods. The New Zealand Government’s Department of Building and Housing 
(DBH) have published warnings regarding the use of high-pressure water when used to clean a building as the 
applied forces are beyond those the envelope has been designed for. (DBH 2005) BRANZ recommend cleaning 
buildings with a “low-pressure hose and soft broom and leave the water blasting equipment just to the paths and 
drives.” Mainstream media have not reported the recommendations of BRANZ and the DBH. Despite these and 
subsequent warnings, the use of high-pressure water remains the preferred method of commercial building cleaners, 
painters, builders and building owners, who remain blissfully unaware of the forces being applied to the building 
envelope. There is no information available as to the specific magnitude of these or any other forces applied during 
the washing of buildings. While designers need to specify maintenance procedures, there is limited data to assess 
cleaning methods thereby determining a NZBC compliant or non-compliant activity.  

The aim of this research is to quantify the pressures applied to the building envelope when being washed. The study 
includes evaluation of a garden hose, as well as small and medium size water blasters typically used by a 
homeowner. A prototype test rig designed and built to measure the forces applied by the water to flat surfaces, 
intersections and internal corners. 

 

2. BACKGROUND 

The legal relationship between the NZBC, intended use, “normal maintenance”, building performance and building 
warrantees with respect to a buildings limit state is well established. The DBH article “Water blasters can damage 
your home” describes the potential damage of high-pressure water use, linking excessive pressure used while 
cleaning a building and potential damage. Australian and New Zealand combined standards establish the building 
limit state; the performance level a product must achieve to be deemed compliant with the NZBC. However, little 
information is available quantifying the pressure applied when washing a building.  

2.1. Government Departments 

31 August 2002, the link between a buildings condition of warranty, building maintenance and building performance 
was established. The Report of the Overview Group on the Weathertightness of Buildings to the Building Industry 
Authority informed the BIA that “most if not all” home-owners warranties state at least an annual inspection and 
cleaning of the building exterior is necessary and the “majority of home-owners are not aware of this and do not do 
it.” (Hunn Report, 2002) The DBH have determined:  

“normal maintenance” is considered to be work generally recognised as necessary to achieve the 
expected durability for a given element… (refer to ‘Normal Maintenance’) (DBH 2007)  

Although the DBH reference ‘Normal Maintenance’ which is not defined in the Building Act. Building durability and 
performance is reliant upon the LS not being exceeded. (Lacassee, M.A, 2003:17-19) The LS of a building element is 
the specific pressure it is tested to withstand and that pressure must not be exceeded during “normal maintenance”, 
the cleaning of the building.   

Effective from 1 July 2004, amendments to NZBC Compliance Document E2/AS1 stated regular maintenance 
included “washing exterior surfaces” and included comments that “high pressure water is not directed at sensitive 
junctions”. This is the first notification that some forms of washing a building were not appropriate. The DBH, 2005, 
reinforced these comments with an article in Codewords, its building controls newsletter. 

... a relatively small 1200 psi water blaster has a nozzle pressure of 8300 KPa that would cause a 
tremendous ‘punch’ on walls and joints… The materials, joints and seals used for cladding the average 
New Zealand house are simply not designed to withstand these excessively high pressures...  (DBH 
2005) 

Significantly, the term “tremendous ‘punch’” is the first mention of excessive pressures being applied to cladding 
systems and links excessive pressure with potential damage and failure. The article then alters its tone stating that 
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following some “simple rules” or using a “professional water blasting company with experience in building cleaning” 
may reduce the risk for potential damage. Significantly, this confirms the lack of knowledge within the industry as a 
whole. In June 2004, the Department of Conservation noted, in relation to cleaning the exterior of historical buildings: 

The one big disadvantage of waterblasting is that it injects a substantial amount of water into the 
fabric of what might otherwise be a reasonably dry structure 

This observation links high-pressure water with the ability to force water, past historical cladding techniques, into the 
structure of the building. No mention is made of the force applied to the cladding.   

2.2. New Zealand Standards  

Building Limit State (LS): Structural design actions and watertight testing. 

AS/NZS 4211:2008, Specification for performance of windows, AS/NZS4284:2008, Testing of building facades and 
NZBC Acceptable solution E2/VM1 all contain a watertightness test to verify an appropriate level of service exists for 
tested samples. All obtain the applied load for the water penetration test from AS/NZS 1170:2002, Structural design 
actions, Part 2, wind actions; a load of 60% of the Wind Serviceability Limit State (Ws), generally 600 Pa. The scope 
of E2/VM1 includes windows, doors and cladding systems for housing and communal residential buildings. The 
sample wall section tested contains a vented cavity which permits equalisation of pressure between the exterior and 
internal face of the cladding and joinery. The cyclic pressure tests the assembled wall’s performance at the 
differential pressure. Therefore, the LS, the level of tested performance, for materials and systems passing the 
E2/VM1 test is 300 Pa.  

The LS is the Wind Serviceability Limit State (Ws) derived in AS/NZS 1170.2:2002 Structural design actions Part 2: 
Wind actions, Section 1, clause 1.4 includes the building’s intended use; yet our buildings fail to be designed for the 
point loads and pressures induced by the “normal maintenance” conducted for the building. This may be attributed to 
section 2, calculation of wind action, failing to include a factor for intended use. Furthermore, AS/NZS 1170.0:2002, 
Section 3, Annual Probability of Exceedance (AEP), states, “The design should include consideration of appropriate 
maintenance…” Not considering appropriate maintenance limits the AEP for Wind Serviceability Limit State to that of 
wind. This is a critical failure limiting forces applied during washing a building to those applied by wind. The kinetic 
energy produced by the water, weighing 833 times greater than air, can be considerably more when compared to that 
produced by the wind.    

Kinetic Energy (Pa) = ½ m V ²                  (1) 

Where Pa is Pascal, m is mass and V is velocity. Low velocity water applies greater loads than wind driven rain and 
affects a small area at any one time. 

 

3. RESEARCH METHOD 

Theoretical data of flow analysis was not possible given the many variables present. The ability to measure the actual 
pressure applied to a surface would provide a realistic result. Therefore, to achieve the aim of the research an 
experimental apparatus to simulate an area of building envelope was constructed. Critical applications from cleaning 
methods will affect small areas of construction as the cleaner moves closer to the building.  

     

Fig 1a & 1b. Many cleaners have been observed as close as 200mm from a building envelope. 

This close proximity produces a small area of effect. Couple this with sensitive building details generally being of 
small dimension in at least one direction; wall intersections, material junctions and flashing details, a target size of 
33mm diameter was adopted. Two variants also of 33mm diameter simulated an intersection and an internal corner. 
In addition, a flat target of 19mm diameter was necessary when the area of affect could not completely cover the 
33mm target. This occurred when the cleaning method was close to the target and produced a narrow spray. 
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Fig 2. The four targets, flat 33mm, intersection internal corner and flat 19mm. 

The target connected to a commercially available Avery Berkel T109 load cell of 6 Kg capacity with a threaded rod. 
This enabled the target to be isolated outside a protective enclosure ensuring forces were resisted only by the target. 
Fig 3 represents the load cell with electrical cable exiting to a strain gauge amplifier. The flat target is installed 
beyond the protective case which restricts water aimed at the target from hitting the load cell. It is critical that only the 
water hitting the target registers a load on the load cell. The load cell was bolted to a mounting bracket securely fixed 
to a rigid heavy weight test bench restricting all induced movement.  

 

Fig 3. Load cell within the protective case (lid removed), flat target outside the case. 

Loads applied to the target were fully resisted by the load cell, amplified with a strain gauge amplifier, and recorded 
by an IQ VmA-40 controller. The controller recorded four samples per second, which downloaded into Excel. A Trio 
model PR-630 supplied dual DC power. Opus Central Laboratories assisted with technical services including wiring 
diagram and software to install the load cell and strain gauge amplifier. 

3.1 Apparatus Calibration: Avery Berkel T109 load cell of 6 Kg capacity. 

The apparatus was calibrated in the following manner. A zero Kg load was applied to the load cell, followed by a 6Kg 
load, with the load cell output recorded for each. The average of more than 80 samples was graphed. A lineal, 
straight-line, graph plotting applied load vs. average load cell output enables plotting of any known load cell output to 
the corresponding applied load. The load cell output for an applied 2Kg load was compared with the expected output 
from the graph. The error was 0.0711%, ±50 Pa for a 33mm diameter target, hence precision of the apparatus 
confirmed as satisfactory and load cell amplifier shielding to reduce electrical interference was not necessary.    

3.2 Cleaning Methods 

The selection of cleaning methods provided a broad cross-section of commonly used cleaning processes in common 
use. No particular manufacturers product was tested, merely a small and medium water blaster likely to be owned or 
easily obtained by a homeowner from a hire company.  

These were; Mains pressure supply hose, with and without a pressure-reducing valve. (372 KPa, 55 psi) and (607 
KPa, 88 psi), 1450 psi water blaster with fan attachment (9990 KPa), and a 3000 psi water blaster with fan 
attachment (20100 KPa) 

Each method was applied to the target at ranges varying between 0.2m to 4.0m, recording more than 80 samples at 
each recorded distance. This provided time for observation along with an ample sample for analysis. The targets 
were installed in a vertical manner to simulate a wall detail, an intersection of two walls and an internal corner detail. 
Water was applied horizontally at all times; at right angles to the flat target, at right angles to the junction of the faces 
of the intersection detail, and at equal angles to each face of the internal target. This produces the maximum force to 
be experienced by these building elements when washed. In addition, a data recording sheet for each method 
included; test number, date and cleaning method sampled, source pressure (machine specifications or mains supply 
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pressure), flow rate, nozzle type (fan or jet), angle, target size, shape, distance to the applicator and notes or 
comments. 

 

4. RESULTS AND DISCUSSION 

4.1 Data Collection: 

The methods sampled produced considerable volumes of water, often covering considerable area. The high-pressure 
water produced relatively fine droplets of water easily affected by wind. For these reasons sampling took place over 
several days at an exterior site during calm conditions. Significant observations included the swirling, visibly turbulent, 
flow produced by the water blasters along with the concentrated flow of a garden hose without a fan setting.  

4.2 Data Analysis: 

The recorded loads were calculated as pressure applied onto the target with the following calculation; 

P = F / A                     (2) 

Where F is the load applied in Newton, A is the area of the target in m² and P is pressure in Pascal.  

The data was combined and graphed, distance from the target vs. the pressure on the target. (fig 4) Each curve 
represents one type of cleaning process applied to a flat surface; circles on the curve indicate the average result of 
80 samples at the given distance. Internal and intersection targets were sampled at a distance of 500mm for both 
water blasters tested. Point a is the flat target average, b the intersection detail average, and c the internal corner 
detail average for the 1450psi water blaster. Point d is the flat target average, e the intersection detail average, and f 
the internal corner detail average for the 3100psi water blaster. These details performed in a similar manner, 
recording increases in pressure of generally 20% for junctions and 50% for internal corners. When the angle of 
approach to the surface was inclined to 45° the pressure reduced by generally 60%. This follows the general 
principles of hydraulics and is not represented on the combined graph for clarity.  

Point h is a hose flow with out spray; g is the same flow with detergent added. The addition of detergent reduced the 
applied pressure by approximately 13%. This is expected, as the air entrainment, foaming, would reduce the density 
of the flow. All application types would experience reduced pressure when adding a detergent to the flow - the danger 
arising after application, when the building is rinsed clean.  

The methods tested formed three distinct curve patterns; Firstly, the garden hose with and without a pressure 
reducing valve (PRV) applying a jet of water, curves 3 and 4, produced pressure of 5.3 KPa and 9.5 KPa respectively 
2.0m from the target. These extreme results were produced by a concentrated relatively high density flow able to hit a 
small target over considerable distance. These gained pressure more rapidly as they closed with the target, with the 
flow becoming more concentrated i.e. increasing in density.  

Secondly, the soft fan of the garden hose, curves 1 and 2, applied the least pressure, generally below the limit state 
0.5m from the target with PRV installed, and 1.0m from the target for the non-regulated supply. The dispersion of the 
flow provides a lower density than the jet application. The lower velocity of the hose application produces a gentle 
curve plot not demonstrating the rapid exponential increase experienced by the water blasters.  

Thirdly, water blasters can be classified by their nozzle energy output, measured in Bar Litres per minute and 
classified on table AS/NZS 4233.1:1999 High pressure water (hydro) jetting systems, fig A1. The water blasters of 
which the larger water blaster is a Class A high-pressure water jetting system with energy output of 2,364 bar litres 
per minute (BL/min). This machine applied pressure to a flat surface nearing the limit state of 300 Pa 2.7m from the 
target and increases exponentially within 1.0m. The smaller water blaster, producing 492 BL/min, does not meet the 
definition of a Class A high pressure water jetting system. Testing concluded this unit exceeds the limit state of 300 
Pa 0.6 m from the flat target, increasing exponentially within 0.5m. The observed flow of the water blasters was 
visibly turbulent when compared to the garden hose fan setting. This extreme turbulence increases the interaction 
between the water and the atmosphere creating greater significant frictional head loss.  

The shape of curve plotted is related to the energy loss experienced by the flow path. Turbulent flow energy loss is 
proportional to Velocity². The high-pressure of the water blasters produce extreme velocities close to the nozzle, in 
excess of 100 m/sec.  

 Q = V  A  

Where Q is the flow in m³, V is velocity in m/sec and A is area of the target in m². This rapid velocity produces a high-
energy loss due to friction with the atmosphere when compared to the lower velocities of the garden hoses (approx. 
15 m/sec). Both flows are exponential as velocity squared, but the water blasters more significantly, as indicated by 
curves 5 and 6 of the combined graph fig 4. This phenomenon makes water blasters potentially far more damaging 
as they close with a building element and underpins the multiple warnings recommending they are not used to clean 
buildings.  
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Water blasters can etch out soft weatherboard, tear out mortar from brick joints, knock off paint film 
along cladding edges, dislodge sealant, force water into joints where water would never otherwise get 
to, etch away paint film thickness – and much more. If the building did not leak before it was ‘cleaned’ 
by water blasting, there is a high chance it will afterwards. Where buildings are regularly cleaned in this 
way, parts of them may never get a chance to dry out, and decay of materials and framing could 
result.” (DBH, 2005) 

All flow paths have features in common, beginning small and disperse to a larger diameter flow. This reduces the 
density of the flow as it moves away from the nozzle. The characteristics of the dispersion are dependent on the flow 
rate, initial pressure, size and shape of nozzle – all samples had their own individual characteristics. The flow is faster 
near the centre of any flow, indicated by substituting the smaller 19mm diameter target for the 33mm target in test 
300. This resulted in greater pressure, hence velocity, at the centre of the flow. 

The overarching result is that all those methods that were tested create surface pressures that exceed the Building 
Limit State of 300 Pa. Indeed, the methods involving the medium water blaster produced results above the Limit 
State at distances greater than 2.0m from the target surface while the garden hose with jet spray produced results 
above the Limit State at all distances tested. 
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Fig 4. Combined “point of application” pressure graph. 
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5. CONCLUSION 

Very little if any knowledge is internationally available in this area of research. 

The experimental apparatus was consistent and precise, evaluating the pressure applied by the various cleaning 
methods at the point of application. Trends were apparent between each method and the various targets: flat, 
intersection and internal.  Intersection and internal corner details increased the force applied to the cladding, which 
follow the general principals of hydraulic engineering.  

This research has found forces applied during “normal maintenance” must not exceed the building envelopes LS. It is 
limited to;  cleaning with a garden hose, having mains pressure restricted to less than 500 KPa, the nozzle set to a 
soft fan setting and is applied no closer than 1.0m to the surface being cleaned – or a process producing an 
equivalent effect to the cladding. The buildings limit state must not be exceeded. Therefore, care must be taken when 
directing water at internal corners, where pressure increases, and in an upward or horizontal direction, as this is 
beyond the scope of the limit state and usually not designed for.  

The greatest forces to affect a building envelope are those created during the cleaning of the building. Common 
preferred methods of building washing often exceed the limitations of “normal maintenance”, the buildings LS. 
Observed cleaning procedures are likely to exceed a building’s ULS, hence are likely to cause water ingress and 
create significant product durability issues.   

NZBC E2/VM1 Water penetration testing is conducted with a maximum differential pressure of 300 Pa. This design 
limit, LS, must not be exceeded during “normal maintenance” – washing the building. Therefore, it is imperative soft 
cleaning methods are developed, current cleaning methods assessed, and when necessary excluded from use. 
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