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Preface

This is the third and final report on a study of new housing construction quality. In
earlier work, the physical construction quality of new houses at various stages was
inspected. This found a small percentage had a significant number of defects in both
compliance and aesthetic details. These defects arose from a variety of factors
including lack of skills, poor management and inadequate details on the drawings. In
this project, it was decided to investigate the quality of the building consent
documentation.
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Abstract

This is the third and final report on a study of new housing construction quality. In this
project, it was decided to investigate the quality of the building consent
documentation. A total of 52 sets of drawings were inspected — about 50% on site and
the rest in the office of the building inspectors. The two main categories of concern
were readability and completeness. The on-site inspections also checked whether the
details on the drawings were followed in practice. The project found that quite a high
percentage of drawings did not have adequate or complete details.
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1. Executive summary

This is the third and final report on a study of new housing construction quality. In this
project, it was decided to investigate the quality of the building consent
documentation.

The positive aspects from the inspections are that documentation for over 85% of
houses had:

e clear spacing and easy to read drawings

e complex junctions that were well detailed

e drawings that followed a logical sequence related to the build

e bracing details provided.

The negative aspects were that over 30% of houses had documents with:

e not all necessary details provided

e drawings that referred to standards for details (i.e. details were not provided on
the plans)

e no list of materials provided.

The building inspectors were asked to rate the documents, in an overall summary
assessment, on a 1 = very poor to 5 = very good scale. The average score was 3.4.
One house rated 1 and another rated 5.

Licenced building practitioners (LBPs) were the builders in charge on most sites visited.
However, for 26% of the site inspections, the builder in charge was not an LBP. This
raises questions about the quality of day-to-day work done without qualified oversight.
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2. Introduction

This project inspected plans and specifications for 52 new houses in four locations. The
aim was to quantify the level of detail supplied and document readability and
completeness.

The work arose out of an earlier project that inspected 225 houses under construction
in several locations around New Zealand. That project! found approximately 8% of
houses had four or more Building Code compliance defects, and a similar percentage
had finishing defects. The partial inspection of documents on site plus a postal survey
of builders (see Appendix A) indicated that inadequate drawings and specifications was
part of the reason for a quite high level of defects in new housing.

It was decided in this new project to concentrate on the drawings and specifications
for new houses to obtain more detail about the quality of the documents. The
documents were assessed for readability and completeness by building surveyors. The
actual data provided was assessed against expected data using a tabular format, with
space for comment, as the assessment method (see Appendix B). The inspections
were carried out by Realsure Ltd, a firm of property inspectors, in five geographically
spread territorial authorities.

! Page, 1. (2015). New House Construction Quality Survey 2014. Study Report SR335. BRANZ
Ltd, Judgeford, New Zealand; Page, 1. (2014). New Housing Condition: A Preliminary
Assessment. Study Report SR316. BRANZ Ltd, Judgeford, New Zealand.
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3. Detailed results

3.1 Readability and completeness

Figure 1 shows readability assessments — how user-friendly the drawings and
specifications were.

Generally, the houses scored well on these criteria. However, there was still a
proportion (around 10-15%) of houses where readability in terms of clarity, sequence
and being specific to the job were not up to standard. The bottom bars in Figure 1
relate to scale, colour and 3D — 'nice to have’ features but not essential and may not
be necessary on simpler designs.

Readability of plans and specifications

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Specification Notes in the Plans I

Clear spacing & layout for easy reading

The plans are job specific

The specifications are job specific.

Specifications follow a logical sequence of the build

Font & size provided make the plans easy to read.

Cross section detailing followed by actual detailing.
Plan Layout follow a logical sequence of the build
Specifications are a separate document

Plans are to one consistent scale.

n=52

Plans are in colour

Complex junctions are shown in 3D

Figure 1. Readability of consent documents.

Figure 2 shows completeness assessments — were all the required details to build a
house provided?

Again, the houses scored quite well on most of the criteria. About 85% of the houses
had their complex junctions well detailed. Some of the houses were simple in layout
without complex junctions, so this score is encouraging. Also, 91% had bracing details
provided. The other 9% had reference to manufacturers’ bracing guides for the fixing
details. This is inconvenient and is possibly ignored on site if the manufacturer’s guides
are not immediately available.

The completeness of bracing, junction and uplift fixing details were recorded
separately. Uplift details were the worst, with over 30% of houses not having these
details. Bracing and junction details were absent in 10-15% of houses. Taking the
detailing together, 43% of houses do not have all details provided. This relates mainly
to bracing, junction and uplift details and is matter of concern since the council
inspector on site may not pick up the absence of these details.

3
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Completeness of plans and specifications
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Plans and Specifications provided
Wind/Corrosion/EQ/Risk matrix info is present

Bracing details are provided

Complex junctions are well detailed

Cross section details are provided subsequently
Uplift fixings are well documented on the plans
Details referenced in cross sections are shown.

Plans are complete (no referral to Standards)
Materials list is well documented

All details are provided

Alternative solutions are clearly documented

n=52

Details shown that are not applicable to this build

Multiple choices for detailing of junctions.

Figure 2. Completeness of consent documents.

Summing the readability and completeness criteria gives a total of 27 questions. If all
answered yes, this represents a perfect score in the survey. The average score was
18.4, and the range was from 5 to 25, i.e. there were no perfect scores but a
significant number of houses were in the 21-25 range (see Figure 3). Note the chart
items total 25 questions, not 27, because 2 questions were omitted from the charts as
they were similar to others already included.

Houses with Positive Document features

30
25

20

15
10
0 — — I

<5 6-10 11-15 16-20 21-25 >25

Nnumber of houses

6]

Number of positive features ~ Maximum feasible score is 27.

Figure 3. Positive features in the documents.

As well as checking various aspects, the inspectors were also asked to give an overall
rating for the documents for each house on a 1-5 scale. The results are shown in

4
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Figure 4. The average score was 3.4, and at the extremes of 1 and 5, there was one
house for each.

Overall inspector's score

-

25 =3

m45 m5

10

Figure 4. Inspectors’ overall score — 1 (very poor) to 5 (very good) scale.

We would expect there to be a relationship between the overall score and the number
of positive document features. This relationship is shown in Figure 5 as a bubble chart
where the size of the bubbles represents the number of houses at that point. For
example, the largest bubble is at inspector score 4 and 21 positive document features
per house, and the size of the bubble represents four houses with this combination.
The smallest bubbles are for just one house.

Overall score v # positive features in documents

w
o

10
D y =4.00x + 4.45
R?2=0.51
0
1 1.5 2 2.5 3 3.5 4 4.5 5

Number of positive readability &
completeness attributes per house

Inspectors overall score

Figure 5. Overall score versus number of positive features in the documents.

The R-squared value is 0.51, indicating some correlation between the two measures,
which is to be expected. It is likely that some aspects of the documents weigh more
than other aspects in the inspectors’ assessment of the overall score. Hence, we would
not expect there to be an exact relationship between the nhumber of positive features
and the overall assessment score.

5
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3.2 Other measures

These other measures are specific to the on-site inspections and ask:

Is the on-site work in accordance with the documents?

Is there a process for recording variations?

What is the builder’s experience in years and are they an LBP?

What is the builder’s view on readability and completeness of the drawings?

One house out of the 27 inspected on site was found to be significantly different in
that the slab layout and the wall cladding was different to that on the drawings. There
was no record of a variation to the consent issued by the council for this house.

All the other houses complied with the drawings in layout, materials and details, but
they were not all complete in documentation, with 52% incomplete in provision of the
necessary details.

In 10 of the 27 houses inspected on site, the builder in charge said they did not have a
process to document any variations.

Twenty of the builders in charge on site were licensed building practitioners (LBPs) and
seven were not. The average experience of LBPs was 17 years and only 5 years for the
non-LBPs. The overall rating scores between the two groups (LBPs and non-LBPs) were
very similar (3.7 versus 3.6) as was the number of positive document features
recorded in the inspections (20.1 versus 20.0), respectively.

The builders’ views on the readability and completeness of the documents was close to
those formed by the Realsure inspectors, for example, they were in disagreement on
missing details for only three houses out of those inspected on site.
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4, Method

The document assessments were done in two ways:

e In the office for 25 sets of documents sent by the territorial authority to the
Realsure inspectors.
e Another 27 sets were inspected on site.

The document assessment checklist was mainly in tabular format with space for
comment as needed (see Appendix B).

In the on-site inspections, the work was inspected to see if it conformed to the
documents. The builder in charge was asked to fill out a short questionnaire on their
experience and qualifications, (the first page in Appendix B). There were also brief
questions on whether they found the documents readable and complete with the
necessary details.

Details provided on the drawings were not checked for efficacy, i.e. they were not
checked to see how well they would work, whether an alternative detail would be
better or even whether they would work at all.
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5. Discussion

The inspectors’ overall score of an average of 3.4 suggests the quality of the contract
documents is just above average (which is a score of 3.0) so there is some
improvement required.

Particular areas of concern are that, in 43% of houses, not all details were provided,
and in 31% of houses, the uplift fixing details were not provided. Provision of bracing
details was one of the high scores, at 91% of houses, but that still leaves 9% of
houses with no bracing details. The Realsure inspectors said that, for some of these
missing detail houses, the builder would go back to the designer for the details.
Alternatively, the drawings often had notes referring the builder to manufacturers’
detailing. Often that literature was not on site or the particular detail to use was not
clear. This suggests a high potential for the builders to get the uplift connection, wall
junctions and bracing details wrong.

The brief to the inspectors did not ask whether the detail was likely to work in practice
so we may have missed possible shortcomings in the drawings. We know that, in some
sets of drawings, the details were copied from other projects. Some of these may not
work on the new project, and this is also a potential source of defects in construction.

The scores for the documents were very similar between LBP and non-LPB sites. We
would not necessarily expect a difference in score since the builder’s involvement in
producing the documents is nil. However, it was hoped that LBPs could be more
assertive and demand better documentation from the designer and request missing
details as required. LBPs are better qualified and more experienced than non-LBPs to
request this information.

The use of previously used drawings was quite common and can cause confusion. For
20% of inspections, some of the drawing details were not applicable. In some but not
all cases, the detail was stamped ‘not applicable’. Cross-sections often had humbered
references to a detail, but the actual detail was not found in 33% of inspections.
Designers need to generally take more care with their drawings, ensuring that all
relevant detail is included, and exclude non-relevant details. Examples of deficiencies in
documentation are shown in Appendix C.

The on-site inspections were quite small in number at 27, so to draw many conclusions
is somewhat unwise. However, there is an issue that seven out of the 27 builders in
charge were non-LBPs, and it could be that these people are making significant
decisions on a day-to-day basis for which they are not qualified. In these cases, a
company LBP will visit as required to sign off various stages, but the amount of their
day-to-day oversight is uncertain.
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See Study Report SR335, in footnote 1, for the detailed results of this postal survey.
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Appendix B: Document assessment checklist

Date

Region

Number of years building

LBP

Licensing category

Most experience in

Readability of plan
Missing details?

Comments

Do the plans flow and
follow a logical sequence
(way the building built)?

Comments

Are the specifications
house specific?

Are the plans at a
consistent scale?

Are the plans and
specifications in a font
type and size that is
easily read?

Do you have a process of QO Yes

documenting any
variations to the plans or
specifications?

If no, would it be
beneficial if a process
accompanied each set of
plans?

4 Yes 4 No
O Residential construction O Mix of commercial/residential
Q Labour only Q Full contract Q Mix of both
Q Good Q Average O Below average Q1 Poor
O Yes d No
4 Yes 4 No
O Yes d No
O Yes d No
4 Yes 4 No
d No
O Yes d No

10
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Realsure Ltd
Postal: P O Box 48034
Silverstream
the house inspectors Upper Hutt
Phone: 0508 732 578
04 9390296
Web: www.realsure.co.nz

Plan review sheet in-office

Client: BRANZ Site address:
Date:

Stage of construction: Plan review Project number:

Scope: To review plans for residential buildings:

e (Clear and easy to read.

e Details generally in accordance with Building Code.

e Correct details present for the building materials used.

e Sufficient detail is present for the joinery, bracing, roof and complex details.
Readability Yes | No | Comments: (N/A if not applicable)

1. Are the plans job specific with a
contents page?

2. Are the specifications job specific
with a contents page?

3. Does the plan layout follow a logical
sequence of the build?

4. Do the specifications follow a logical
sequence of the build?

5. Are the specification notes also on
the plans?

6. Are the plans to one consistent
scale?

7. Does the font type and size
provided make the plans easy to
read?

8. Is there clear spacing and layout for
easy reading?

9. Does the position of the cross-
section detail lead on to the actual
detailing?

10. Is there a clear and logical
connection between the cross-
section details and the actual detail
shown on the subsequent pages?

11. Are the plans in colour?

12. Are complex junctions shown in 3D?

11
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Completeness Yes | No | Comments: (N/A if not applicable)

1. Plans and specifications provided?

2. Are the design bases present?

e Wind zone

e Earthquake zone
o Corrosion zone

e E2 risk matrix

3. Are the plans complete or do they
just reference another standard or
document?

4. Are all the details shown on the
cross-sections actually within the
plans?

5. Do the plans include the bracing
details or do they just reference
proprietary systems in another
document?

6. Is the actual cross-section detail on
subsequent pages?

7. Are there missing details?

8. Are Alternative Solutions clearly
documented?

9. Are there multiple choices for the
way to detail one junction?

10. Are there details shown that are not
applicable to this build?

11. Are complex junctions well detailed?

12. Are the uplift fixings well
documented on the plans or is the
reader sent to another document or
proprietary system?

13. Is the material list well documented
and in a way that it can be easily
checked?

On site Yes | No | Comments: (N/A if not applicable)

1. Builders’ questionnaire completed?
Does the builder have a process of
documenting variations to the build?

3. Does the on-site layout match the
plans and specifications?

4. Do the materials used match the
plans. If no, has there been a
variation to consent document
noted?

5. Has the detailing on the plan been

followed?

Overall rating: 1 (very poor) — 5 (very good)

12
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Summary
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Appendix C: Deficiencies in documentation

Details are referenced but are missing or are not applicable.

Helpful 3D detail, but clarity is adversely affected by the horizontal lines.

14
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GEOTECHNICAL REPORT.

C ENGINEERING DE SIGN
CONSULTANTS

]
lE PRODUCT LITERATURE.

ACT 2004 TO CARRY (
THE BUILDING CONSE
IS AT MO

'8

Not all of these references are helpful to the builder: What part of the geotechnical
report does the builder need to read? What manufacturer’s product literature
applies?

Handwritten notes can be difficult to read.

15
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Bracing plan has no key to the bracing type.

A materials list is good to have but can be difficult to read.

16
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LINEA AN AAVITY EYTEDNAI AARNEDR NETAN

Typical examples of use of manufacturers’ details — not all details are relevant for
this house.

17
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Typical example of reference to manufacturer’s literature for construction details.

Bracing plan is very difficult to read.

18
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The Realsure inspectors took photos of drawings showing items of interest, and some of these
photos are reproduced above Examination of all the photos indicate that designers often
provide a lot of information, but not all of it is relevant. For example, whole pages of
manufacturer’s installation literature with many diagrams is sometimes copied onto the
drawings. It is not immediately clear which detail is relevant to the house. Similarly, whole
figures from NZ Standards are copied showing several details, and the one to use is not always
apparent. On the positive side 3-D diagrams from manufacturers and the NZ Standards are
increasingly being inserted onto the drawings, and can be very helpful. A summary of a scan
through all the drawing photos is in Figure 6 and Figure 7.

Photographs showing poor drawing features.

Manufacturers drawings copied but which
detail applies?

Detail(s) referenced in cross-section is not
provided

NZ Standards figures copied but which detail
applies, and where?

Details copied from other houses but not all
are applicable

Hard to read and untidy drawings

Key to bracing code is not provided on the
drawings

o

5 10 15 20

Number of houses in sample

Figure 6. Analysis of drawing photos — poor features.

Photographs showing good drawing features.

Helpful 3-D diagrams are provided which
are relevant to the house

Well documented notes on materials,
connectors and risk matrix.

enetrations are el oresentes
penetrations are well presented

0 5 10 15

Number of houses in sample

Figure 7. Analysis of drawing photos — good features.
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