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Executive Summary

NASH NZ commissioned the Smart Structure Laborat@®plL) of Swinburne
University of Technology to undertake thermal tesisa steel framed residential wall
panel to examine the potential for condensation tduthermal gradient across the
thickness of the wall. The testing and evaluatibmegults are preliminary in nature
and the scale of work was quite limited to deveigpbasic understanding of the
performance of this wall panel.

The wall panel measured approximately 1.9mx1.6m wad made of full scale
components. The test panel included building wi&mm XPS thermal break, R2.6
pink batts and 10mm plasterboard. The framing mesnNvere made of 0.75mm thick
G550 steel 90mmx40mm lipped C sections. The tedit dich not have a cladding
material.

A number of tests were conducted on the test wadillchv attempted to form
condensation and also to examine the drying patenfi the wall due to artificial
wetting within the wall construction.

These preliminary findings suggest that condensasiainlikely to occur for this type
of construction when the outside temperature i®asas 2°C and the humidity is as
high as 70%RH if indoor conditions are 20°C wittatwe humidity of 50%. The test
specimen did not visually show any condensatiothenXPS thermal break or on the
flanges of the studs.

Due to lack of condensation, the inside face ofXR& thermal break and pink batts
were sprayed with approximately 200ml of water osewall area of about 0.6m
between two studs. The Hot Room was maintained&t z2and 50%RH while the
Cold Room was maintained at 10°C and 70%RH. Atehmmditions, it took eight
days for the sprayed water to completely dry.
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1. Introduction

The New Zealand National Association of Steel-frdmdousing (NASH NZ)
commissioned the Smart Structure Laboratory (SSLBwinburne University of
Technology to undertake preliminary thermal testsaaypical full scale residential
steel framed wall panel to examine the potential dondensation due to thermal
gradient across the thickness of the wall.

The tests were conducted in an environmental chambieh has two adjacent rooms
with their own conditioning systems separated lmyavable divider. For this project,
the divider was replaced by a wall panel suppligdNBSH NZ. Thus, one side of the
wall was part of one room (Hot Room simulating iodenvironment) and the other
side of the wall was part of the adjacent room {CBloom simulating outdoor
environment).

The scope of the work was limited to whether cosdéon could form within the

wall and if moisture would dry out for given indoand outdoor temperature and
humidity scenarios which could be produced by thet Bnd Cold Rooms of the
environmental chamber. The testing was essenti@dgloratory in nature and

performed as a proactive measure to better unaerdtee performance of typical
components used in the test panel.

2. Specification of Test Wall

A typical steel framed wall panel was constructed supplied by NASH NZ for
testing. The panel measured
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It should be noted that wall did not include ex&drcladding material. The omission
of the exterior cladding is a conservative assuomptvhich indicates that there is no
insulation value offered by the cladding.



Figurel: Schematic diagram of the test wall.
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Figure 2: Steel frame with the insulation pink batt
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2.3 XPS Thermal Break

The thermal break in the test panel was 10mm tKie& sheets which are yellow in
colour. Figure 4 shows the general appearanceeothigtrmal break sheets. The XPS
sheets were screwed around the wall perimeter langd ¢he intermediate studs.

Figure 4: Photo showing XPS thermal break.

2.4 Insulation Batts

The insulation batts used for the test wall wkre5 I
%



Figure 5: Pink batts used for the test panel.

2.5 Internal Lining
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3. Test Setup and Instrumentation

The environmental chamber where the tests wereuaded is shown in Figure 6.
This chamber has two rooms with separate temperatn humidity controllers. The
two rooms are separated by an insulated removétiparwith each room having its
own door access.

(@)
Figure 6: Photos of the environmental chamber dsedesting: (a) exterior of the
chamber showing the two access doors; (b) intariew showing the removable
partition.



For this test the removable partition was replasét the wall test panel. The rooms
within the chamber were designated Hot Room whiéls wsed to simulate interior
conditions in a house and Cold Room for exteriorditions as shown in Figure 7. In
this setup, the plasterboard side of the wall veasnfy the Hot Room and the wrap
side of the wall was facing the Cold Room. Figureh8ws a photo of the wall in the
chamber during its installation.
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4. Test Programs and Results

4.1 Test Program |

In this test program, the Hot Room was set to gpature of 20°C with 50% RH.
The Cold Room was set to a target temperature Gf With 90% RH. The target
conditions for the cold room were optimistic as them conditioning system was not
designed for this scenario.

The temperatures at the locations shown in Figuen® relative humidity of the
chambers were recorded manually every 30 minutesglworking hours. The
temperature and humidity readings taken duringngsire reported in Appendix A.

From about 9am on 17/1/2013 to 5pm on the samettaytemperature of the cold
room decreased from an initial condition of 24°Q &8% humidity to 7.6°C and
88% RH.

The lowest temperature on the inside face of theS Xdheet was recorded by
Thermocouple No 10 at 10.7°C (see Table Al). Nadeosation was observed. This
is consistent with the Dew Point calculation shawfigure 10.
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Figure 10: Approximate Dew Point Temperatures fidfecent levels of humidity
estimated using the Magnus Formula.



The same conditions for both the Hot and Cold Ro@ras maintained overnight
until about 7:00am on the following day. At the énthe Cold Room temperature was
still higher than required (8.4°C) and the humiditgs 90%. No condensation was
observed.

It was decided at that point to lower the humiditythe Cold Room to decrease its
temperature. Hence the humidity was lowered to &B0% and within about 1 hour,
the temperature of the Cold Room dropped to 2.6’€hawn in Table A2.

This setup was maintained until 4pm on 18/01/2M@ring this time the lowest
temperature on the interior side of the XPS therpnebk was 5.4°C (see Table A2).
No condensation was observed and it seemed unligedbgcur. Similarly, the lowest
temperature on the stud flange was 12.5°C (Theromed\o 8) (see Table A2) with
no sign of any moisture forming.

It was decided to artificially wet the inside facEthe XPS sheet between the two
intermediate studs. This was performed by sprayibgnl of water directly on the
XPS sheet and adjacent pink batts. The Cold Roampédeature setting was increased
to 22 degrees to assess how long it would takéhdmoisture to dry out. After two
full days at this setting, the wall was completety.

4.2 Test Program I

This test program was concerned with the dryingeipioal of the artificially wetted
wall considering temperature variation on the egtegide of the wall during day and
night cycles.

The Hot Room was set to 20°C while the Cold Roors get to vary in temperature
between about 10°C (day temperature) and 3°C (niggrhperature) with
approximately 70%RH. The Cold Room was set to aghtbe day temperature for
approximately 6 hours (approx. 10am to 4pm) aner dftat the room cooled down to
as low as it can be achieved from about 4pm to @enfollowing day. Observations
and readings were made twice a day as listed ireAgig B.

The test started on Monday 5/2/13 with one cycleday and night temperatures
before spraying 192ml of water on the XPS sheetaaljacent pink batts between the
two intermediate studs on Tuesday 6/2/2013. Thgsexwere maintained for 3 days
until Friday 8/2/2013. Until that time, moisture svstill in the wall. It was decided for
the weekend (9/2-10/2) to maintain an average testyoe in the Cold Room of 6°C
which is the average between 3°C and 10°C until d&ynll/2. However, upon
inspection on Monday 11/2 it was found that loweshperature in the Cold Room
was 11°C. Due to malfunction of the conditioningituof the Cold Room, the
temperature could not be lowered than 10°C. HetheeCold Room temperature was
maintained at about 10°C until the wall dried ooimpletely. This occurred on
14/2/13, eight days after the spraying of water.

4.3 Test Program llI



This test program was essentially a repeat of Pesgram Il, after repair of the Cold
Room. In this test, the Hot Room was set to be0a€C2and 50% RH and the Cold
Room set to 10°C and approximately 70% RH. Thesepéeatures and relative
humidity values remained constant throughout th& t@eriod. No temperature
readings were taken from the thermocouples. Sintdafest Program I, 200ml of
water was sprayed on the XPS sheet and pink battgebn the two intermediate
studs over an area of about 0°6mhe dampness of the batts and XPS sheet was
checked every day by opening the wall and perfogmine inspection. It was
observed that after eight days from the time o&gimg the water, the XPS sheet and
batts were completely dry.

5. Summary and Conclusions

Preliminary tests were performed on a typical exksteel-framed residential wall
panel to assess the potential for consideratiominvithe wall due to differential
indoor and outdoor temperatures.

The wall panel measured approximately 1.9mx1.6m wad made of full scale
components. The test panel included typical mdsemaluding building wrap, 10mm
XPS thermal break, R2.6 pink batts and 10mm plasted. The framing members
were made of 0.75mm thick G550 steel 90mmx40mmelip@ sections. The test wall
did not have a cladding material.

The exterior side of the wall was located in a CGRwbm which attempted to simulate
outdoor conditions and the interior side was ina Room which simulated indoor
conditions (20°C and 50%RH). The lowest temperaagat@eved in the Cold Room
was approximately 2°C with 70% RH. For these coodg of Hot and Cold Rooms
there was no condensation visible on the XPS thidoneak of stud flanges.

These preliminary findings suggest that condensasiainlikely to occur for this type
of construction when outside temperature is asdev2°C and the humidity is as high
as 70%RH.

Due to lack of condensation, the inside face ofXR& thermal break and pink batts
were sprayed with approximately 200ml of water osewall area of about 0.6m
between two studs. The Hot Room was maintained&t 2and 50%RH while the
Cold Room was marinated at 10°C and 70%RH. At tleeswlitions, it took eight
days for the sprayed water to completely dry.

Further testing and analysis would be beneficiakdmsider other cooler climate
conditions to fully assess the performance oftype of construction.



Appendix A —Test Program | Results

Table Al: Readings from first day of testing

Test Proaram |

Day Thursday
Date 17/01/2013
Time 9:30 AM | 10:00 AM |10:30 AM|11:00 AM| 11:30 AM| 12:00 PM| 12:® PM| 1:00 PM | 1:30 PM | 2:00 PM| 2:30 PM| 3:00 PM 3:30 PNl 4:0(°M|4:30 PM|5:00 PM
Cold Room temp 24 15.3 12.6 11.7 10.4 9.9 9.2 9 8.7 8.5 8.3 8.4 8.1l 718 716 7.6
Cold Room RH 48% 75% 80% 84% 84% 85% 86% 86% 87% 879 87% 87% 81% 88% 8B% 88%
Hot Room temp 19 19.7 19.8 19.9 19.9 19.9 20 20 20 19.9 19.9 19.9 20 19.9 20 1 20.
Hot Room RH 58% 60% 52% 52% 51% 52% 50% 50% 50% 509 50% 500 49% 49% 50% 48%
Probe Temp 12.1 11.4 11.2 11
Probe RH 83.1% | 86.1%| 87.1% 87.59
Thermocouple readings in degree

1 21 20.7 20.7 20.6 20.5 20.7 205 20.5 20.5 20.5 206 20.5 20505 2 205 20.7

2 21.3 20.7 20.5 205 20.4 20.5 20.3 20.3 20.4 20.4 203 20.4 4 20D. 204 20.4 20.4

3 23.3 18.4 16.6 15.9 15.2 14.7 14.3 14.4 14 14 14.5 13.8 18.7 5 13. 134 13.3

4 23.3 17.1 14.4 13.7 12.8 12.3 11.9 11.7 11.4 11.8 119 11.1 9 1p. 10.9 10.6 10.2

5 22.2 21 19.9 19.3 19 18.9 18.7 18.5 18.5 18.5 18.6 18.4 184 3 18.18.2 18.3

6 22.8 20.7 18.7 17.9 17.4 17.1 16.7 16.5 16.4 16.4 164 16.4 3 16. 16.1 16 16.1

7 224 20.9 19.5 18.9 18.6 18.4 18.2 18 18 18 17.9 1B 17.8 7.7 7 1f7.17.8

8 22.9 205 18.8 18 17.4 17.2 16.8 16.7 16.5 16.6 166 16.6 164 63 1 16.2 16.3

9 21.5 20.8 20.9 20.6 205 20.5 20.4 20.4 20.4 20.7 2044 20.4 5 20. 204 20.4 20.5

10 23.5 17.8 14.9 13.9 13.2 12.5 12.1 12 11.7 11.6 12 115 11.1 1 1j1.10.9 10.7

11 22.2 21.1 20.3 19.8 19.5 19.4 19.3 19.2 19.3 19.4 192 19.3 2 19.19.1 19 19.2

12 22.9 20.4 18.5 17.1 17.3 16.9 16.6 16.6 16.7 16.5 164 16.4 3 16. 16.1 16 16

13 15.6 13.3 12.3 11.4 10.8 10.3 10.2 9.8 9.7 8.9 9 8.9 8l4 85

14 21 21.4 20.9 21 21 21.2 21.2 21.4 21.2 21 21)2 21 21.2 21.2 21




Table A2: Readings from second day of testing

Test Proaram |

Day Friday
Date 18/01/2013
Time 6:50AM | 8:00 AM | 8:30 AM | 9:00 AM | 9:30 AM |10:00 AM [10:30 AM [11:00 AM | 11:30 AM [12:00 PM| 12:30 PM 2:30 PM 3:30 PM | 4:00 PM 4:30 PM
Cold Room temp 84 2.6 3 2.3 2.2 2 2 1.9 1.8 1.8 1.9 35 2
Cold Room RH 90% 70% 70% 71% 71% 2% 2% 2% 2% 729 2% 1% 1%70% 67%
Hot Room temp 20 20 20 19.9 19.9 19.9 20 20 19.9 20 20 B 9 821 218
Hot Room RH 50% 50% 50% 50% 50% 50% 50% 50% 50% 509 50% P% P%56% 58%
Probe Temp 6.5 6.2 5.8 5.7 7 19.9
Probe RH 97.0% 98.0% 98.6% 99.1% 96.1%  80.0Y
Thermocouple readings in degree
1 20.5 20.8 20.5 20.4 20.3 20.5 20.3 20.3 20.4] 20.B 20 18.5 18.5 19.§
2 20.3 20.5 20.3 20.3 20.1 20.3 20.2 20.2 20.3 20.p 20 18.4 18.4 19.5
3 14.9 13.4 12.8 12.5 12.4 12.5 12.3 12.3 12.4] 12.8 12 11.6 10.5 19.5
4 10.2 6.9 6.8 6.4 6.2 6.1 6.2 6 6 5.9 6 [ . . 6.2 .82
5 18.5 17.8 17.4 17.4 17.1 17.1 17.1 17.1 17 17 17| b.7 5.7 1 15.8 15.9 18.3
6 16.3 14.7 14.4 14.3 14 14 14 13.9 13.9 13.9 13.8 2929 1 12.9 13.2 18.2
7 17.7 16.7 16.3 16.2 15.9 15.9 15.8 15.8 15.8 15.f7 15,8 14.5 14.8 17.8
8 16.2 14.5 14.2 14 13.8 13.7 13.7 13.7 13.5 13.5 13.p 12.7 13 17.8
9 20.5 20.7 20.2 20.2 20 20.3 20 20.1 20.1 20.1 20.p 8. 18.4 18.4 18.4 19.8
10 10.3 6.9 6.8 6.3 6 5.9 59 5.8 5.8 5.7 5.8 1 . 6.819.8
11 19.4 19 18.7 18.5 18.4 18.5 18.4 18.4 18.4 18.4 18.4 6. 16.9 17 17 18.9
12 16.4 14.8 14.7 14.5 14.2 14.2 14.2 14.2 14.1 14.1L 14 13.4 13.5 18.5]
13 4.3 3.4 3 2.8 22
14 21 21.8 21.4 21.1 21.1 21.7 21.2 21.2 21.2 21.2 21, 19.8 19.3 20.5

1.5



Figure Al: Thermocouple readings for Test Progranldcations A and B (refer to Figure 9 for looatidetails)



Figure A2: Thermocouple readings for Test Progranldcations C, D and E (refer to Figure 9 foraiban details)



Appendix B —Test Program Il Results

:3  Readings from Test Program I
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Figure B1. Dry state of XPS foam and insulatiortdbat

Figure B2. Spraying water to insulation batts afSXoam



Figure B3. First day check Figure B4. Setday check

Figure B5. Third day check



Figure B6. Fourth day check Figure B7. Fiftly daeck

Figure B8. Sixth day check



Figure B9. Eighth day check (Completely dry)



