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Project background
Funded by BRANZ Building Research Levy

Aim is to deliver insights into:
« The scale of the issue of percentages of framing in New Zealand
residential construction

« The effect that high percentages of framing, thermal bridging and
weak points have on as-built R-values

« The causes/reasons why high percentages of framing might be
occurring — working with frame and truss

« Exploring pragmatic and buildable solutions =
Report ER64
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Image source: Build magazine Condensation and thermal bridges Image source: Build magazine Aggravated thermal bridging
Malcolm Cunningham, 1 April 2005, Build 87 Malcolm Cunningham, 1 December 2011, Build 127
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Methodology

« (Case study approach — 47 newly
constructed houses from Auckland,
Christchurch, Wellington and Hamilton

2420

Key

= Net Wall Area

» Utilised combination of frame and truss - + ;
elevations and wall panel layouts R ————
alongside site data collection B = |

« Range of typologies, 1-3 storeys, variety
of different builders, companies, range of
different cladding types
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Frame and truss
Delivering 95%+ of all houses

Image source: https://www.thomsonsitm.co.nz/UserFiles/ThomsonsITM/Image/Frames%20and%20Truss/Generated/thomsons”itm_pre_nail_frames_and_truss_gallery_new09 midsize.jpg



Results

47 dwellings

71 separate building levels
1,103 individual wall panels
Thousands of sticks of timber



Headline results

The average percentage of timber framing compared to
the area of the wall is 34%

Lowest 24% — highest 57% (by level)

Range of drivers — structure and weathertightness,
cladding requirements, design

Little additional framing added on site — average across
house level = 2%

There are some significant uninsulated areas — average
3% but up to 10% (area by level)

BRANZ
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17% framing (net wall area) 25% framing (net wall area)
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30% framing (net wall area) 55% framing (net wall area)
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Key observations

« 3490 average wall framing ... higher than 14-20% framing content
generally assumed by regulators and industry

 Unlikely to-be getting expected performance across the whole wall
« Construction R-values across whole wall area lower than expected

« Thermal bridging and framing versus insulation as well as insulation
installation

« Some distinct weak points and blind spots - midfloors, corner
junctions, internal wall junctions, uninsulatable areas

 Areas of framing highest in those cold damp condensation-prone
areas — bathrooms, laundries, ‘back of your south-facing cupboard’



NZS 4218:2009 Definition for framed walls

“This includes studs, dwangs, top plates, and bottom plates, but excludes lintels,
additional studs that support lintels, and additional studs at corners and junctions”

Figure 8: Actual timber framing (left) compared to allowable definitions under NZS 4218 (right)
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Every picture tells a story

Timber framed - cavity
90 mm frame

Bevel-back weatherboard with cavity 90 mm frame
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Area type: South West Living
Studs: 400mm centres
Nogs: 800mm centres

Net Wall Area: 7.1m?
Framing %: 28.69%
Framing Area: 2.05m?
Uninsulated Area 0.3m?

R-Value with 2.0 insulation 1.75
R-Value with 2.8 insulation 2.06
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1.39
1.51

Area type: North West Kitchen
Studs: 400mm centres
Nogs: 800mm centres

Net Wall Area: 6.2m?2

Framing %: 51.49%
Framing Area: 3.19m?
Uninsulated Area 0.03m?

R-Value with 2.0 insulation 1.39
R-Value with 2.8 insulation 1.51
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Area type: South East Living
Studs: 400mm centres
Nogs: 800mm centres

Net Wall Area: 5.6m?
Framing %: 57.99%
Framing Area: 3.25m?
Uninsulated Area 0.m?

R-Value with 2.0 insulation 1.21
R-Value with 2.8 insulation 1.29

Funded from the

AN Building Research Levy










i, .té”u.'dr\fm!«nr.lh S, 5 g W

S % " i
e = PR G e e U S CEMEL. P e S 2 e

OO U

ils

‘.“‘ﬂf st

Corner deta




Internal wall ]unctlons

| | \‘w




esxge

ONINIGVATINYS

OEX9E

€038

Funded from the

BRANZ

>
>
(eh}
—
S o
()
p -
[48)
@
w0
[eD]
Bt
(@)}
k=
i
E
m




OEX9E

€038

Funded from the

BRANZ

Building Research Levy




ONINIGVATINYS

Funded from the

BRANZ

o
>
B
)
o
[&)
—
©
©
%)
5]
(n
o
=
L
=
oM




Weak points and
blind spots
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How do these affect

Weak points and
performance?
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What are the drivers of"these-percehtages of. framing?
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Exploring framing
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A modest 3-bedroom house plan
« 25° degree hipped roof %

n -
« Light roof cladding
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Typical scenario showing studs at 600 mm centres
and nogs at 800 mm
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Scenario showing studs at 600 mm centres and nogs
at 480 mm maximum for vertical shiplap cladding
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Studs at 600 mm centres set out for rigid air barrier
(RAB) and no nogs

Note: this would be problematic for fabricator delivery




What we found

* Framing is primarily determined by structure and weathertightness
but also influenced by cladding choices, fixing requirements,
technical literature (e.q. fire and bracing), some builder/designer
preference

« There is little ‘unnecessary’ or ‘excessive’ framing

« Percentages of framing higher than assumed even on a modest
house

* 90 x 45 mm framing at 600 mm centres ranged from 27% to
359%b0 by volume with different cladding scenarios

* 90 x 45 mm framing at 400 mm centres ranged from 31%b to
37% by volume with different cladding scenarios
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“Despite the skills of an
experienced detailer working
to optimise framing...

...on a simple single-storey
house ...

...It was a significant
challenge even to get below
a percentage of framing of
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What are the construction (or system) R-values

of walls of hew-build residential buildings?

Guy Penny PAD
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How are walls of new-build residential properties performing (thermally)?
Can we (easily) improve the thermal performance of walls?

To answer these questions, we selected 5 of the 47 surveyed properties and calculated their
whole-wall construction R-Values (as-built) and modelled the following variables:

Treatment 1. 3 different levels of insulation (R2.0, R2.2, and R2.8)
Treatment 2.  With and without the effects of weakpoints

Treatment 3.  With framing at 25%

The 5 properties are located in Auckland (2), Wellington (1) and Christchurch (2)
= 3 xsingle level, 2 x double level

= 3 —4 bedroom
= Framing percentages range from 26 - 36%

= Floor area range from 110 — 145m?
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What is Construction (or System) R-value?

= The R-value of an assembly (or a system) made up of different materials

o Includes the R-values of all the individual materials in the system

o To calculate the construction R-Value of a wall we include all the different materials
e.g. wall lining, framing, insulation, building wrap, ventilation cavity, cladding, air gaps

What area of a wall does Construction R-Value apply to?

= NZS 4218:2009: (NZ Standard for Thermal Insulation — Housing and Small Buildings)

o Construction R-value for walls is defined as the R-value of a typical area of the wall,
excluding the effects of openings or corners

o To show compliance - the typical area must be R1.9 (Zone 1 and 2) or R2.0 (Zone 3)
- the R-value of light timber framed walls shall be no less than R1.5 (E3/AS1)
= This Research:
o We're interested in the construction R-value of the whole—wall area (net wall area = openings excluded)

o Although openings are excluded, the effects on whole-wall R-value due to timber framing associated with
openings and corners are included in our calculations
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Treatment 1: As — Built
How are these walls performing as-built? What is the effect of different insulation levels?
= Modelled whole—wall construction R-values with R2.0, R2.2 and R2.8 insulation

Treatment 2: With Weakpoints Resolved
What effect will resolving 6 common weakpoints have on whole-wall construction R-values?
= As above with weakpoints resolved
o 5 weak-points (bundled): external corners, internal corners, wall junctions, mid-floor, top plate
o Floor slab edge modelled separately

Treatment 3: With 25% framing
What effect will limiting the framing to 25% have on whole-wall construction R-values?

= Repeat Treatment 1 and 2 with 25% Framing
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To calculate whole-wall construction R-values we used:

U-Value and Total Thermal Resistance of a Building Element in Accordance with I1SO 6946

« A R-Value Calculator

Project:
Passive House Academy of NZ ISO 6946
U-Value calculator o, e
- - it Suface Recztnce Russl DIIMKIW - Thicksczd  Thermol Conductiviy L inWlmk)

« Applied PSI values to all framing ot e = s SOICEAE

associated with edges, corners e e £ [ooelomioe

and Open | ngs i, plasterboard 10 0.220
« The modelling metho_dolo(?yéand .

results were peer reviewed by .

BRANZ 2

Thicknesz of Component:

.............................. €

Thermal Resistance of Unheated Space (¢.9. Roof Space) R, i ArcaRatio:I 63 | 28.0% I 2.9% |

.
External Surface Resistance R,, :i [,
B
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Results

As-built
whole-wall
R-values
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As-built
with 5
weak points
resolved
Floor slab edge

remains
uninsulated

1.39

1.44

1.57

As-built
with floor slab
edge insulated

1.70

1.81

2.02

1.95

2.06

2.35



Results

As-built

whole-wall

R-values |
1.26 1.39 1.70 1.95
1.30 1.44 1.81 2.06
1.40 1.57 2.02 2.35
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Results et
weak points
250/0 present
framing
whole-wall _
R-values - 1.26
L
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1.33

1.38

1.53

25%
framing
with 5

weak points
resolved

1.48

1.55

1.73

25%
framing

with floor slab
edge insulated

1.84

1.97

2.30

2.15

2.29

2.74




Results
Wall construction R-values average of 5 houses (Auckland, Wellington Christchurch)

3 x single level 2 x two levels Net wall timber percentage 26-36% Floor area 110-145 m?

1.26 1.39 1.70  1.95 1.33 1.48 1.84 2.15

130 1.44 1.81 206 138 1.55 1.97  2.29
L 1
'R28 140 1.57 202 235 1.53 1.73 230 274
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Results

Figure 1: Whole - Wall Construction R-values with Different Insulation and Upgrade Levels
(with AS-BUILT Framing Percent)

3.00
2.50

2.00

Whole-Wall Construction R-Value

1.50 [mm o o o o - —— - —
1.00
0.50
0.00
R2.0 R2.2 R2.8
As-built
Note: Red dashed line indicates

the minimum wall R-value (R1.50)

for light timber walls to comply Insulation and upgrade level
with E3/AS1 (paragraph 1.1.1) m HSE1 m HSE2 HSE3 HSE4 HSES
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Results

1. As-built walls of typical timber construction achieve a whole wall construction R-value of between
R1.26 -R1.4

2. If floor-slab edge is effectively insulated, walls achieve between R1.70 — R2.0 (~ 30% - 40% increase)

3. If 5 common weak-points are resolved, walls achieve between R1.39 - R1.47 (~15% increase)

4. If all 6 weak-points are resolved, walls achieve between R1.95 — R2.35 ( ~ 55% - 68% increase)

5. Reducing framing to 25% of net wall area, increases R-values by 5-10% (R2.0), 6-12% (R2.2), 9-16% (R2.8)

6. Actual whole wall construction R-values will be less than reported here as we have not accounted
for losses from poorly fitted insulation or air movement through the wall.
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Conclusions
1. New-build dwellings are not consistently achieving good wall system R-values across the whole-wall

2. Many parts of the wall are (well) below R1.5
This does not satisfy the requirement stated in E3/AS1 — paragraph 1.1.1

1.1 Thermal resistance

1.1.1 R-values for walls, roofs and ceilings
shall be no less than:

a) For light timber frame wall or other framed
wall constructions with cavities, 1.5.

3. To achieve whole-wall construction R-values > R2.0 within the same/typical approach to wall
design, several different interventions can be applied:

= Weakpoints: Must have effective floor-slab edge insulation (minimise other weakpoints)

= Framing %: Reduce the amount of framing where possible
= Insulation:  Must be a minimum of R2.5 (ideally R2.8) and well-fitted

= Openings: Minimise number and size

Funded from the
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Conclusions.....continued

= Ultimately, thermal bridging through timber framing is still not addressed by this
approach and will continue to be a source of heat loss and potential location of
condensation and mould.

= If we are to build healthy, energy efficient houses, actual
whole-wall construction R-values must be considerably
higher than what we have found in this research (>R3.0?)

= To do this we must address thermal bridging in walls
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Advanced framing and insulation solutions






Zero Energy House — zeroenergyhouse.co.nz

+ About + Site + Design

Nog 9045

insulation 90mm (R2.5)

S0 W04

Extemal batton 45143

—  Insutation 43mm (R1.2)

Extermal services cavity

Emctical catée

plumbing

oo

— Botiom piate 135x4

Vertcal baten

Busting weap

cuoeng

+ Structure

ZERO ENERGY HOUSE

+ Water Lighting + Materials

Nog 80x43
Insusanon 90mm R2 3)
Sha 140x45

GIb batten 43143

Insutation 45mm (R1.2)

pumbin
Elecyia cable

Internal services cavity

Ga

Bottom plate 140843

Verteal batten
Sarking board 33mm
wood fitve (R0.7)
Buang wrap it
required?

Vertcal batten

Cuaing

+ Performance

Nog 90x43
Insulation S0mm (R2 5)
Swa 0
Gib batten 43543
Opton for airght bamier of
088 o Prockma betwoen
$20s and Datens
Insutation 4%mm (R1.2)

Internal services caty

Electical cable

phumbing
Gib

Bottom plato 135x45

Vertcal boten

Butang wiap

Coasang

Blog

Nog 90:3
Iesutation 90mm (R2.5)
Stud 140045

O batten 45343

Insutation 45 (R1.2)
gumtiog
Jockical catée

Ieternal secvices cawty

G

Botom plate 140x43

Vertica baten

Busang weap onty
(n0 sarking)
Vertical baten

Cuddng

140mm studs, 90 nogs, external 35mm

External battening, 90mm stud, no nogs. Internal battening, 90mm stud, 90mm nogs. 140mm studs, 90 nogs.

insulated sarking board.



Zero Energy House — zeroenergyhouse.co.nz

T B

T
ol

/

'Y&fy\z W

1

AV

7mm EcoPLY Bracing
Untreated plywood SP1 brace panel.
Refer to engineers drawing S03

Wall - Thermal Insulation - Layer 1-
90mm Autex GreenStuf R2.0 Wall
PADS insulation.

— Wall - Thermal Insulation - Layer 2
45mm Autex GreenStuf R1.0
Masonry Wall Blanket insulation.
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X
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Miscellaneous Flashing

Corner and Weathering flashing
with hem edge folds compatible to
NZBC E2/AS1

Funded from the

BRANZ

Building Research Levy

Miscellaneous Flashing
Corner and Weathering flashing

50
with hem edge folds compatible to

NZBC E2/AS1

_Wall - Thermal Insulation - Layer 1

90mm Autex GreenStuf R2.0 Wall
PADS insulation.

Wall - Thermal Insulation - Layer 2
45mm Autex GreenStuf R1.0
Masonry Wall Blanket insulation.

Timber Framing (Horizontal Cladding)

90x45mm Radiata Pine MSG8 H1.2
Treated timber wall framing. Studs @
600 maximum crs with 135x45
Heartwood Macrocarpa bottom plate.
70x45 horizontal internal battens @ 800-
900 maximum crs vertically face fixed to
studs for interior lining fixing. Fix bottom
plates with M12 bolts @1400 crs to
concrete slab over DPC.

)/
M”

45

N

/

/_3( b(

k.‘,(",,f -
AAAAAAA,
WY X\‘ .

X Y

90

S

L Cavity Battens - Vertical
Nominal 45x20 Untreated Heartwood
Macrocarpa on studs at 600mm
maximum crs.

Building Wrap
‘Tekton weatherization system'
including wrap, cill and seal tapes.

Horizontal Rusticated
Weatherboards

Horizontal Rusticated Macrocarpa
Weatherboards. Heartwood, Dressing
Grade, Untreated, Natural Finish.

Fix with 75x3.25mm annular grooved
nails.




Advanced framing and insulation solutions

SuperWall / SuperWindow

10mm GIB lining

Pro Clima Intello
membrane

Terra Lana R1.2 insulati

Terra Lana R3.2 insulat

Selected skirting ﬁ -

70 x 45 strapping @600crs

Selected tile flooring —l =
/N

H3.2, 9mm structural plywood

ProClima Solitex Extasana Wall underlay with
approved tapes.

t&————BBS Vertical Larch Weatherboards with

selected finish

~——Cavity closer with vent slots

~———————H3.1, 40x40mm horizontal timber castellated
cavity battens

Slab foundation system
Refer to structural documentation
for further details

50 min

——DPC between bottom plate and floor slab

d ground

Bottom plate fixing max 1.2m crs and no more
than 150mm from any change of direction as
per NZS3604:2011 figure 7.21 & figure 8.12
Refer to Engineer for bracing element
requirements

ve

225 min to unpaved ground
150 min to pa

5 VH grade EPS. Fix to concrete with
‘Wurth W-GS-K or similar nylon anchors.

Min 150mm stepdown from top of slab to paved
ground or 225mm to unpaved ground

Fibre glass mesh plaster system.
Seal to DPM with butyl tape.

www.superhome.co.nz

BRANZ
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High-performance details

detail and make-up thermal performance

For more information see: - | |
 Jason Quinn and Elrond Burrell
High-performance details | .
Build 182 :
1 February 2021 :

(a) E\WW External Wall Timber stud

with service cavity timber
« BRANZ External Research

The most commeon wall const ruction used in high

Element

90mm frame no serv

1.2 isulator
sarvics cave

tagens at 600mm
canters (8%
Smbar) )

Material R-value

performance butldings are a 140 stud with 2 &4

45mm thick Intersor batten over a fhexible air / a0/4
vapour control layer (3) and vented cavity 80rnm frame 45me
e po r cladding. This construction element performance

is a function of the thickness of the layers, timber s R1 2 nsulaton 0 1 canters (8% timber)
fraction in the layers and insulatson secvce ety

i batters o
performance/install quality. This wall thermal s brzmprorind
performance is highly dependent on installation

. r Maserad § wabse Materal R walue
quality and wind tightness as discussed in the ——— Ry
Appendixs e ———— —

The walls without a service cavity are not

recommended as it is Alfficult to test far 0 laC0aq TABLE

alrtightness and there are doubts on durabilicy of QT /v
the air control layer membrane if used without a e 4
ervice cavity, Additionall; e po

service cavity, 2 nally, there is the potential At s 900 WRE { R2.2 fibire Insulation vy ao
far high moisture levels at the fexible wall x

underlay without an AVCL. Additional cautions

0/0 WRE | R¢.0 fibire insulation Yy =
and advice in front matter i
240745 WRE | 4.0 tiew insulation | AVCL / R 2 fibee insulation ¥y xx
W0/L5 RAB | R0 fibre insulation no dwangs / AVCL / L2 fibee insulation b2l xx
High Performance Construction Details Compendiim High Perfarmance Construction Details t‘umlk‘:l:l;';'"
1224 /

| |
description and cautions cost and carbon table




High-performance details

For more information see:
 Jason Quinn and Elrond Burrell
High-performance details

Build 182

1 February 2021

BRANZ External Research
Report ER61

detail CAD

thermal performance

Boundary Condition  qfw//m'l 9'Cl Ritm" K3/ W)

e
S

S
e I

29 EWFS External Wall to Floor Slab 140/45
timber wall to slab on ground with continuous
under-slab and 50mm overhung edge

RESULTS TABLE

A fully insulated slab on ground with irsalation
continuousty under all the foocings/ thickenirgs

REFERENCE - x,
‘i’ REFERENCE and up the ouside face of the skab edge ls the mos!
M AREA commen floot coastruction in high performance

Iommes at this tin he slab edge insuation
0350 WAMK) 6208 W/Tmi0 thickness of somm shown here |s the practia
upper limit with 1500 structural stud wall and
fus 0.782 without tapering the oetside edge of other

construction

Cost per linear As this slab is special engineering design (SED) the

mere. :{‘ shab YYS/m thickening  the sl edge thickness varies bt
250mm Is the smallest we have seen. The main bedy

Cost per linear of the slab iss shown here with 150mes of £65 tut

metre of slab xx kgCO,eq slabs with 250mm of EPS hawe been bullt i the
edpe 0 /m South Esland, Additional advice and cautions inthe

front matter

High Performance Construction Details Compendnim
ny14

LW/ tm )

The edge insulation is shown as XPS as this is a
location where the enhanced thermal performance,
Rad capacity and dusablisty s useful but VH grade
EPSis also commonly used

The DPM can wun up the face of the slab edge
msulation and under the 140 and 4% sl plates for
pmeietary edge msulation render systems. If the
EPSis tobe plastered directly, or a presection board
s tobe used, it is recommended that the DPC un.
Bhe 5ill plate run cut over the edge insulation to
Prewest arry potential for capillary water 1o reach the
underside of the sl plate

This undersiab insulation depends on the ground
being free draining under the slab to allow the
insulation to dry and remsain dry in practice. if the
site has ground water and or floods regulasly another
slab system is recos ded as the Insulation
performance may be impacted by the water content

This junction performance can bes significatly
impacted by gaps in the insulation and / o
conductive fasteners | bolts | screws through the face
of the edgge insulation. Hold down balts far the sill
plates ta the slab have little impact. Metal straps that
run from inside to outside under the sill are to be
avaided

High Performance Construction Details Compendium
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performance cost and carbon table

description and cautions



Wall solutions webinar video available

— » YoulTube - Search

Advanced Framing Solutions Webinar
15 October 2020

! Verney Ryan, Beacon Pathway Inc -~ :
verneyr@beaconpathway.co.nz B Ee e _
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Creating homes and neighbourhoods that worll

" well into the future and don't cost tl\e Earth L ah
i L h ' 18
> " ‘) 0:01 /225 38 © Beacon Pathway Inc ~ - * E D A f 'l--l

Beacon Pathway Webinar - Advanced Framing and Insulation Solutions for Walls

https://youtu.be/_altm506jcA
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Future pathways

« Many advanced framing and insulation
solutions are pragmatic and buildable using
familiar approaches

« Scope to develop these further as Alternative
and Acceptable Solutions

» Collaborative ‘whole of sector’ approach
required — industry, government, research,
education, training

Image source: https://www.thomsonsitm.co.nz/UserFiles/ThomsonsITM/Image/Frames%20and%20Truss/Generated/thomsons”itm_pre_nail_frames_and_truss_gallery_new09 midsize.jpg
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