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Clause B1

New Zealand Building Code 
Clause B1 Structure
This Clause is extracted from the New Zealand Building Code contained in the First Schedule of 
the Building Regulations 1992. 
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This is an abbreviated list of definitions for words or terms particularly relevant to this Compliance 
Document. The definitions for any other italicised words may be found in the New Zealand 
Building Code Handbook.

1�
D E PA R T M E N T  O F  B U I L D I N G  A N D  H O U S I N G 1  D e c e m b e r  2 0 0 8

Definit ions B1/VM1/VM2/VM3/VM4  
& AS1/AS2/AS3/AS4

Adequate Adequate to achieve the objectives 
of the Building Code.

Alter in relation to a building, includes to 
rebuild, re-erect, repair, enlarge and extend 
the building. 

Baluster A post providing the support for the 
top and bottom rails of a barrier.

Boundary joist A joist running along the outer 
ends of the floor joists.

Building has the meaning ascribed to it by 
sections 8 and 9 of the Building Act 2004.

Building element Any structural and 
non-structural component or assembly 
incorporated into or associated with a 
building. Included are fixtures, services, 
drains, permanent mechanical installations 
for access, glazing, partitions, ceilings and 
temporary supports.

Chimney A non-combustible structure which 
encloses one or more flues, fireplaces or 
other heating appliances. 

Chimney back The non-combustible wall 
forming the back of a fireplace.

Chimney base That part of a chimney which 
houses the fireplace.

Chimney jambs The side walls of a fireplace. 

Combustible See non-combustible. 

Construct in relation to a building, includes 
to design, build, erect, prefabricate, and 
relocate the building.

Drain A pipe normally laid below ground 
level including fittings and equipment and 
intended to convey foul water or surface 
water to an outfall. 

Factor of safety in relation to any building 
means the ratio of resisting forces to applied 
forces for a given loading condition. It is 
generally expressed to two significant figures. 

Fireplace A space formed by the chimney 
back, the chimney jambs, and the chimney 
breast in which fuel is burned for the purpose  
of heating the room into which it opens. 

Fixture An article intended to remain permanently 
attached to and form part of a building. 

Flue The passage through which the products 
of combustion are conveyed to the outside. 

Gather That part of a chimney where the 
transition from fireplace to stack occurs. 

Good ground means any soil or rock capable 
of permanently withstanding an ultimate 
bearing pressure of 300 kPa (i.e. an 
allowable bearing pressure of 100 kPa using 
a factor of safety of 3.0), but excludes:

 a) Potentially compressible ground such as  
 topsoil, soft soils such as clay which can  
 be moulded easily in the fingers, and  
 uncompacted loose gravel which contains  
 obvious voids,

 b) Expansive soils being those that have a  
 liquid limit of more than 50% when tested  
 in accordance with NZS 4402 Test 2.2,  
 and a linear shrinkage of more than 15%  
 when tested, from the liquid limit, in  
 accordance with NZS 4402 Test 2.6, and

 c) Any ground which could forseeably   
 experience movement of 25 mm or  
 greater for any reason including one or a  
 combination of: land instability, ground  
 creep,subsidence, seasonal swelling and  
 shrinking, frost heave, changing ground  
 water level, erosion, dissolution of soil  
 in  water, and effects of tree roots.

COMMENT:

Soils (excepting those described in a), b) and c) above) 
tested with a dynamic cone penetrometer in accordance 
with NZS 4402 Test 6.5.2, shall be acceptable as good 
ground for building foundations if penetration resistance 
is no less than:

 a) 3 blows per 75 mm at depths no greater than the  
 footing width.

 b) 2 blows per 75 mm at depths greater than the 
 footing width.

Depths shall be measured from the underside of the 
proposed footing.

Definitions

Amend 4 
Dec 2000

Amend 4 
Dec 2000

Amend 7 
Apr 2007

Amend 7 
Apr 2007

Amend 8 
Dec 2008

Amend 8 
Dec 2008
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Hearth The insulating floor under the fire and 
in front and at the sides of the fireplace.

Intended use, in relation to a building:

 a) includes any or all of the following:

  i) any reasonably foreseeable occasional  
  use that is not incompatible with the  
 	 intended	use;

  ii) normal maintenance;

  iii) activities undertaken in response  
  to fire or any other reasonably   
  foreseeable emergency; but

 b) does not include any other maintenance  
 and repairs or rebuilding. 

Nominal pile width The least width of a pile 
in side view and is equal to the diameter in 
round piles. 

Non-combustible Materials shall be classified 
as non-combustible or combustible when 
tested to: AS 1530 – Part 1.

Other property

 a) means any land or buildings, or part of  
  any land or buildings, that are—

 i) not held under the same allotment; or

 ii) not held under the same ownership; and

 b) includes a road

Sitework means work on a building site, 
including earthworks, preparatory to or 
associated with the construction, alteration, 
demolition or removal of a building. 

Specified intended life has the meaning 
given to it by section 113(3) of the Building 
Act 2004.

Section 113(3) states:

 “(3) In subsection (2), specified intended 
life, in relation to a building, means the 
period of time, as stated in an application 
for a building consent or in the consent 
itself, for which the building is proposed to 
be used for its intended use.”

Strength reduction factor The factor by 
which the ultimate strength is multiplied to 
obtain the design strength.

COmmeNt: 

NZS 4203: 1992 uses the terms ideal strength in place 
of ultimate strength, and dependable strength in place 
of design strength.

Surface water All naturally occurring water, 
other than sub-surface water, which results 
from rainfall on the site or water flowing 
onto the site, including that flowing from a 
drain, stream, river, lake or sea. 

territorial authority (tA) means a city 
council or district council named in Part 2  
of Schedule 2 of the Local Government  
Act 2002; and—

 a) in relation to land within the district  
 of a territorial	authority, or a building  
 on or proposed to be built on any such  
 land, means that territorial	authority; and

 b) in relation to any part of a coastal marine  
 area (within the meaning of the  
 Resource Management Act 1991) that  
 is not within the district of a territorial		
	 authority, or a building on or proposed  
 to be built on any such part, means the  
 territorial	authority	whose district is  
 adjacent to that part. 

Verification method means a method by 
which compliance with the Building	Code	 
may be verified.
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1.0 General

1.0.1 The Standards cited in this Verification 
Method provide a means for the design  
of structures to meet the performance 
requirements of New Zealand Building Code 
Clause B1 Structure. For any particular  
building or building design, the Verification 
Method shall consist of NZS 1170 used in 
conjunction with the relevant cited material 
standards as modified by this Verification 
Method.

1.0.2 Modifications to the Standards, 
necessary for compliance with the New 
Zealand Building Code, are given against the 
relevant clause number of each Standard.

1.0.3 Citation of Standards in this Verification 
Method is subject to the following conditions.

a) The citation covers only the scope stated  
or implicit in each Standard. Aspects 
outside the scope, when applied to a 
particular building, are not part of the 
Verification Method.

b) Further limitations, modifications and/or 
constraints apply to each Standard as  
noted below.

c) Provisions in the cited Standards that are  
in non-specific or unquantified terms do  
not form part of the Verification Method. 
Non-specific or unquantified terms include, 
but are not limited to, special studies, 
manufacturer’s advice and references  
to methods that are appropriate, adequate, 
suitable, relevant, satisfactory, acceptable, 
applicable, or the like.  

d) Where NZS 1170 is used in combination 
with other Standards cited in this 
Verification Method and there are 
incompatibilities with these other 
Standards, then the underlying philosophy, 
general approach, currency of information 
and methods of NZS 1170 are to take 
precedence.  

e) An engineer with relevant experience  
and skills in structural engineering shall  
be responsible for interpretation of the 
requirements of the Standards cited  
when used for building structure design.   
A structural engineer who is chartered 
under the Chartered Professional Engineers 
of New Zealand Act 2002 would satisfy this 
requirement.

COMMENT

The Standards referenced in this Verification Method 
relating to building design require the application of 
specialist engineering knowledge, experience and 
judgement in their use. 

2.0 Structural Design Actions Standards

2.1 The requirements of the AS/NZS 1170 
suite of Standards are to be complied with.  
These comprise:

AS/NZS 1170.0: 2002 including Amendments 
1, 2 and 4, 

AS/NZS 1170.1: 2002 including Amendment 1, 

AS/NZS 1170.2: 2002 including Amendment 1, 

AS/NZS 1170.3: 2003 including Amendment 1, 

and NZS 1170.5: 2004.

COMMENT

This suite of Standards, together with their amendments, 
are referred to collectively in this Verification Method  
as “NZS 1170”.

2.2 The requirements of NZS 1170 are subject 
to the following modifications.

2.2.1 Material Standards Where NZS 1170 
calls for the use of appropriate material 
Standards, only those material Standards 
referenced in this Verification Method B1/VM1 
are included. Use of other Standards with  
NZS 1170 must be treated as an alternative 
means of verification.

Verification Method B1/VM1  
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(Revised by Amendment 4)
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2.2.2 Notes in NZS 1170“Notes” that relate 
to clauses, tables or figures of NZS 1170 are 
part of the Verification Method.

COMMENT

NZS 1170 makes a general statement that notes are  
not an integral part of the Standard. However, in many 
cases the content of the notes makes them an integral 
part of the interpretation of the Standard. In these 
cases, the notes have been specifically cited as being 
part of this Verification Method.

2.2.3 AS/NZS 1170 Part 0, Clause 4.1 
General Add the following to the end of the 
Clause:

 “The combination factors for permanent 
actions (dead loads) are based on the 
assumption that they have a coefficient  
of variation of approximately 10%. 
Situations where this assumption is  
not valid are outside the scope of this 
Verification Method.”

2.2.4 AS/NZS 1170 Part 0, Clause 4.2.4 
Replace the Clause with the following:

 “The combination of actions for checking 
strength and stability for the ultimate limit 
state for fire shall be as follows:

 (a) During the fire:

  (i) [G, thermal actions arising from fire,  
   ψ

l Q ]

 together with:

  (ii) a lateral force of 2.5% of (G + ψ
c
Q)  

   applied as per Clause 6.2.2.

 (b) After the fire until the building is either  
 repaired or demolished:

  (i) [G, thermal actions arising from  
   fire, ψl Q ]

 together with the more critical of either:

  (ii) a lateral force of 2.5% of (G + ψ
c
Q) 

   applied as per Clause 6.2.2.

 or

  (iii) a uniformly distributed horizontal face  
   load of 0.5 kPa in any direction.

Account shall be taken of the effects of the 
fire on material properties and the geometry 
of the structure.” 

2.2.5 AS/NZS 1170 Part 0, Clause 5.2    
Structural models Delete (a) to (d) in  
Clause 5.2 and replace with:

“(a) Static and/or dynamic response.

  (b) Elastic and/or non-elastic (plastic)   
  response.

  (c) Geometrically linear and/or geometrically  
  non-linear response.

  (d) Time-independent and/or time-dependent  
  behaviour.”

COMMENT

Each of the modelling approaches (a), (b), (c) and (d) 
allows only one method. This is unnecessarily restrictive 
since designers may decide to use both approaches for 
a particular building. Accordingly, “or” has been replaced 
with “and/or”.

2.2.6 AS/NZS 1170 Part 1, Table 3.2
Replace the entry for “R2, Other roofs (i) 
Structural elements” with:

“R2 Other roofs  (i) Structural elements 0.25 1.1  
 (See Note 1)”

2.2.7 AS/NZS 1170 Part 1, Clause 3.6 Barriers
In the first paragraph, second sentence, delete 
“… top edge or handrail…” and substitute  
“… top edge and rail…”

Delete the second paragraph and substitute:

“Apply as detailed below the uniformly 
distributed line loads (kN/m), uniformly 
distributed loads (kPa) and concentrated loads 
(kN) given in Table 3.3.  

For the purposes of applying loads, a rail shall 
be any handrail or any top rail having a width 
in plan of greater than 30 mm.  

The following are separate load cases, and 
one load at a time, either vertical or horizontal, 
is to be applied.

(a) Line loads (kN/m). Regardless of barrier 
height, line loads need not be applied more 
than 1200 mm above the floor (or stair pitch 
line):

 (i) For domestic and residential activities,  
 other residential (Row 2 of Table 3.3)

  • For barriers with a rail or rails:

   – apply the horizontal load to the  
    top rail 
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   – where the top of the barrier is not  
    a rail and where it is less than  
    200 mm above the top rail, the  
    horizontal load to the top of the  
    barrier may be reduced by 50%,  
    otherwise apply the full horizontal  
    load

   – apply the vertical load to the top    
    of the barrier.

  • For barriers without a rail, apply: 

   – the horizontal load at 900 mm  
    above the floor (or stair pitch line)

   – 50% of the horizontal load to the  
    top of the barrier

   – the vertical load to the top of the  
    barrier. 

 (ii) For all types of occupancy other than  
 Row 2 of Table 3.3:

  • apply the loads to the top edge of the  
   barrier and to the top rail 

  • where the top of the barrier is not a  
   rail and where it is less than 200 mm  
   above the top rail, the horizontal load  
   to the top of the barrier may be   
   reduced by 50%, otherwise apply the  
   full horizontal load.

(b) Distributed loads (kPa):

 For all types of occupancy:

 • consider the load as acting over the  
 whole area bounded by the top of the  
 barrier and the floor line for the full   
 length of the barrier  

 • distribute this load to the appropriate  
 solid portions of the barrier.

(c) Concentrated loads (kN):

 For all types of occupancy:

 • consider each concentrated load to be  
 distributed over a circular or square area  
 of 2000 mm2 

 • apply concentrated loads so as to   
 produce the most severe effect on the  
 structural element being considered 

 • concentrated loads applied more than  
 1200 mm above the floor (or stair pitch  
 line) may be reduced by 50%

 • where the barrier infill or balustrade   
  consists of parallel vertical members,   
  less than 100 mm wide and with spaces  
  between them of less than 100 mm,   
  50% of the concentrated load may be   
  applied to each vertical member.”

COMMENT

In Table 3.3, “external balconies” for domestic and 
residential activities applies to decks, balconies, 
verandahs and the like of individual houses as well as 
multi household unit buildings. Such barriers may be 
required by Clause F4 of the Building Code.

2.2.8 AS/NZS 1170 Part 1, Clause 3.8  
Car park Add to the last paragraph of  
Clause 3.8:  

“The basis for determining the horizontal 
impact actions on barriers quoted in the 
Clause, including the assumed deceleration 
distances, is given in Clause C 3.8 of the 
Commentary to AS/NZS 1170 Part 1. Different 
design actions may be derived using Equation 
C3.8, provided that:

(i) The deceleration length applied is based  
on analysis or tests.

(ii) The vehicle mass and associated velocity 
are not reduced from those quoted in 
Commentary Clause C3.8.”

2.2.9 AS/NZS 1170 Part 1, Appendix B
Replace the last paragraph with the following: 

“For the design of outdoor visitor structures 
as defined in SNZ HB 8630: 2004, the 
imposed actions must be as given by that 
publication with references to NZS 4203 
replaced by equivalent references to NZS 1170.”

2.2.10 AS/NZS 1170 Part 2, Clauses 3.2  
and 4.4.3 Add the following at the end of 
Clauses 3.2 and 4.4.3:

“Where local wind design information is more 
onerous than determined by this Standard and 
is published and required to be used by any 
territorial authority for its area, this local wind 
design information shall take precedence over 
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the equivalent information in this Standard  
for the determination of wind actions on buildings.  

Where such local wind design information is 
less onerous than that of this Standard, the 
use of such information is not part of this 
Verification Method.”

2.2.11 AS/NZS 1170 Part 2, Clause 4.3.1   
General Add the following to the end of 
Clause 4.3.1:

“Account must be taken of combinations of 
isolated tall buildings placed together that lead 
to local and overall increases in wind.”

2.2.12 AS/NZS 1170 Part 3, Clause 2.1  
Add the following at the end of Clause 2.1:

“Where local snow and ice design information 
is more onerous than determined by this 
Standard and is published by any territorial 
authority for its area, this local snow and ice 
design information shall take precedence over 
the equivalent information in this Standard  
for the determination of snow and ice actions 
on buildings.  

Where such local snow and ice design 
information is less onerous than that of this 
Standard, the use of such information is not 
part of this Verification Method.”

2.2.13 AS/NZS 1170 Part 3, Clause 5.4.3 
Add the following to end of Clause 5.4.3:

“For Regions N4 and N5 the minimum value 
of sg for the ultimate limit state only must be 
taken as 0.9 kPa.” 

2.2.14 NZS 1170 Part 5, Clause 1.4 
Add the following to the end of the Clause 1.4:

“Where a special study yields a site-specific 
uniform risk design spectrum for 500 year return 
period equivalent to a hazard factor, Z, of less 
than 0.08, a design spectrum equivalent to at 
least Z = 0.10 may be adopted and the minimum 
magnitude 6.5 earthquake need not be considered.

COMMENT:

In areas where the uniform risk hazard factor is less 
than 0.08, the use of a minimum hazard factor Z = 0.13 
implies design for earthquakes with extremely low 
probabilities of occurrence. For some projects in these 
areas this may involve considerable cost consequences 
and a reduction in requirements is acceptable when  
site-specific hazard studies are undertaken.”  

2.2.15 NZS 1170 Part 5, Clause 4.2 Seismic  
weight and seismic mass After: “0.3 is  
the earthquake imposed action (live load) 
combination factor for all other applications” 
add the following: 

“except roofs.

ψ
E = 0.0 is the earthquake imposed action 

(live load) combination factor for roofs.”

2.2.16 NZS 1170 Part 5, Sections 5 and 6 
Time history analysis Time history analysis  
is not part of this Verification Method.  

COMMENT:

Time history analysis is a highly specialised method of 
assessing structural response to earthquakes. It requires 
many detailed and interdependent assumptions to be 
made in relation to the nature of earthquake shaking 
and its propagation from the source, the properties of 
the building site and the detailed characteristics of the 
building and its structural elements. 

AS/NZS 1170 outlines the steps for time history analysis 
in some detail, but the applicability of each step needs 
to be evaluated on a building-by-building basis. More 
importantly, the output of the analysis needs to be 
examined carefully in each particular context. 

Time history analysis can be an acceptable aid to 
verifying compliance with structural requirements 
provided that:

• It is carried out by specialists with in-depth 
experience in applying the technique.

• The output of the analysis and the viability of the 
resulting structural design are reviewed by an 
independent team experienced in both analysis  
and design.                                   

2.2.17 NZS 1170 Part 5, Clause 5.2.2.3,   
equation 5.2(4) Delete equation 5.2(4)  
and replace with:

Cd(T) = C (T) Sp             … 5.2(4) 
       k

2.2.18 NZS 1170 Part 5, Clause 6.1.4.1   
Requirement for modelling Delete the  
last sentence of the first paragraph and 
replace with:

“The model shall include representation  
of the diaphragm’s flexibility.”

Delete the third (last) paragraph.
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3.0 Concrete

3.1 NZS 3101: Part 1 subject to the following 
modifications:

a) Replace clause 4.8 External walls that 
could collapse outward in fire with:

4.8 External walls that could collapse 
inwards or outwards in fire

4.8.1 Application

This clause applies to external walls which 
could collapse inwards or outwards from a 
building as a result of internal fire exposure.  
All such walls shall:

(a) Be attached to the building structure  
by steel connections;

(b) Be restrained by these connections, 
when subject to fire, from inwards or 
outward movement of the wall relative 
to the building structure; and

(c) Comply with the appropriate provisions  
of this Standard for walls.

4.8.2 Forces on connections

The connections between each wall and the 
supporting structure shall be designed to resist 
all anticipated forces. In the absence  
of a detailed analysis, the connections shall  
be designed to resist the largest of:

(a) The force resulting from applying Clause 
2.2.4 of Verification Method B1/VM1; 

(b) for walls fixed to a flexible structure of 
unprotected steel, the force required to 
develop the nominal flexural strength of  
the wall at its base;

(c) for walls fixed to a rigid structure such as 
reinforced concrete columns or protected 
steel columns or another wall at right 
angles, the force required to develop the 
nominal flexural strength of the wall at 
mid-height.

b) Amend Clause 9.3.9.4.13 Minimum area of 
shear reinforcement 

In Clause 9.3.9.4.13 c) delete the words after 
“750 mm” and substitute “and the depth of 
the precast unit is equal to or less than 300 mm.”

c) Amend Clause 18.7.4 Floor or roof members 
supported by bearing on a seating

 Add to the end of Clause 18.7.4 (g)(ii) add 
an additional sentence:

 “The details given by C18.6.7(e) may be 
applied to hollow-core units where the 
depth of the precast unit is equal to or less 
than 300 mm.”

3.2 NZS 3106

4.0 Concrete Masonry

4.1 NZS 4230

5.0 Steel

5.1 NZS 3404: Part 1 

 

5.2 AS/NZS 4600 subject to the following 
modifications: 

a) Actions must be determined in accordance 
with NZS 1170. All references to NZS 4203 
are replaced by equivalent references to  
NZS 1170.

b) The term “normative” identifies a 
mandatory requirement for compliance with 
this Standard.

c) The term “informative” identifies information 
provided for guidance or background which 
may be of interest to the Standard’s users. 
Informative provisions do not form part of 
the mandatory requirements of the Standard.

d) Where this Standard has provisions that  
are in non-specific or unquantified terms 
then these do not form part of the 
Verification Method and the proposed 
details must be submitted to the territorial 
authority for approval as part of the 
building consent application. This includes, 
but is not limited to, special studies and 
manufacturer’s advice.

e) All stages of construction of a structure or 
part of a structure to which this Standard 
is applied shall be adequately reviewed by 
a person who, on the basis of experience 
or qualifications, is competent to undertake 
the review.
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f) The extent of the review to be undertaken 
shall be nominated by the design engineer, 
taking into account those materials and 
workmanship factors which are likely 
to influence the ability of the finished 
construction to perform in the predicted 
manner.

g) At the end of the first paragraph of 
Appendix A add the words “Unless noted 
otherwise a document referred to below 
shall be the version of that document 
current at the date of issue of this Standard 
or if amendments are cited to this Standard 
in the “References” pages of Compliance 
Document B1 at the latest date of those 
amendments.”

h) Appendix B shall be read as normative with 
“shoulds” changed to “shalls”.

6.0 Timber

6.1 NZS 3603 subject to the following 
modifications:  

a)  Actions must be determined in accordance 
with NZS 1170. All references to NZS 4203 
are replaced by equivalent references to 
NZS 1170.

b)  Delete Clause 2.2.1.2 and replace with:

 “Machine stress-grading shall be in 
accordance with AS/NZS 1748 as modified 
by NZS 3622. Machine stress-graded 
timber shall have its properties verified, 
and be identified, in accordance with the 
requirements of NZS 3622.”

7.0 Aluminium

7.1 AS/NZS 1664.1 subject to the following 
modifications:

a) Actions must be determined in accordance 
with NZS 1170. All references to NZS 4203 
are replaced by equivalent references to 
NZS 1170.

b) The terms “capacity factor” and “strength 
limit state” are to be read as “strength 
reduction factor” and “ultimate limit state” 
respectively.

c) Where this Standard has provisions that  

are in non-specific or unquantified terms 
then these do not form part of the Verification 
Method and the proposed details must 
be submitted to the territorial authority for 
approval as part of the building consent 
application. This includes, but is not limited 
to, special studies and manufacturer’s advice.

d) All stages of construction of a structure or 
part of a structure to which this Standard 
is applied shall be adequately reviewed by 
a person who, on the basis of experience 
or qualifications, is competent to undertake 
the review.

e) The extent of the review to be undertaken 
shall be nominated by the design engineer, 
taking into account those materials and 
workmanship factors which are likely to 
influence the ability of the finished construction 
to perform in the predicted manner.

f) Clause 1.2 to read “MATERIALS This 
Standard applies to aluminium alloys listed 
in Table 3.3(A) that comply with AS 1734, 
AS 1865, AS 1866, AS 1867 and AS 2748.1.”

g) At the end of the first paragraph of Clause 
1.4 add the words “Unless noted otherwise 
a document referred to below shall be 
the version of that document current at 
the date of issue of this Standard or if 
amendments are cited to this Standard in 
the “References” pages of Compliance 
Document B1 at the latest date of those 
amendments.”

 

8.0 Earth Buildings

8.1 NZS 4297 subject to the following 
modifications:

Actions must be determined in accordance with 
NZS 1170. All references to NZS 4203 are 
replaced by equivalent references to NZS 1170.

9.0 Foundations

See B1/VM4 of this Compliance Document.
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10.0 Siteworks

10.1 NZS 4431

11.0 Drains

11.1  AS/NZS 3725 subject to the following 
modifications:

Clause 3 Add to the list of reference documents:

 “NZS 3101 The design of concrete structures.

 NZS 4402 Methods of testing soils for civil 
engineering purposes: Tests 2.4, 2.8, 4.1.1, 
4.2.1, 4.2.2, 4.2.3 and 5.1.1.  

 New Zealand Geomechanics Society, 
Guidelines for the field description of soils and 
rocks in engineering use.”

Clause 4 In the paragraph headed “(c) Select 
fill”, after the words “given in Table 1” 
add “or the New Zealand Geomechanics 
Society Guidelines”. 

Clause 5 In definition of Pt, replace  
“AS 4058” with “AS/NZS 4058”

Clause 6.4 Replace the word “may” with 
“shall”. Delete the words “Superimposed 
concentrated dead loads should be 
avoided.”

Clause 6.5.3.1 Delete the words “The 
appropriate road vehicle loading shall be 
specified by the relevant highway authority 
or owner”.

Clause 6.5.3.2.2.2 Replace the word “may” 
with “shall”. 

Clause 6.5.4.3 Delete the words “unless 
otherwise specified by the Relevant 
Authority”.

Clause 6.5.5 Delete the first words “For” and 
after the words “for aircraft types” add the 
words “is outside the scope of this Standard 
but...”

Clause 7 Replace the word “should” with 
“shall”. 

Clause 10.3 After the words “the test load” 
add “or proof load”. 

Appendix A Delete “Normative” and replace 
with “Informative” 

Appendix B Delete “Normative” and replace 
with “Informative”
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12.0 Windows

12.1 NZS 4211 subject to the following 
modifications:

a) References to air leakage, water leakage 
and operational effectiveness of opening 
sashes in NZS 4211, are non-structural 
considerations and do not apply to 
this Compliance Document. The more 
substantial of such references are listed  
in Amendment No 2, July 1992.

b) Where wind and other loads used are 
required by NZS 4211 to be determined  
in accordance with NZS 4203, they must be 
determined in accordance with NZS 1170.  
All other references to NZS 4203 are 
replaced by equivalent references to  
NZS 1170.
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1.0 Explanatory Note

1.1 This part of the Approved Document lists 
under category headings other Approved 
Documents and Standards, suitable as 
acceptable solutions.

1.2 In other parts of this Approved Document 
acceptable solutions are given for small 
chimneys and timber barriers. These 
are referred to in Paragraphs 8.0 and 9.0 
respectively.

1.3 Modifications to the Standards, necessary 
for compliance with the New Zealand Building 
Code, are given against the relevant clause 
number of each Standard.

2.0 Masonry

2.1  NZS 4229

3.0 Timber

3.1 NZS 3604

4.0 Earth Buildings

4.1 NZS 4299

5.0 Stucco

5.1 NZS 4251

6.0 Drains

6.1 AS/NZS 2566.1

6.2  AS/NZS 2566.2

6.3  AS/NZS 2032 

6.4  AS/NZS 2033
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7.0 Glazing

7.1 NZS 4223.1 subject to the following 
modifications:

Clause 1.2(e) Reword to read:

 “For framed, unframed, and partly framed 
glass assemblies in buildings up to 10m 
high glass shall be selected in accordance 
with section 5.”

7.2 NZS 4223.2

7.3 NZS 4223.3

7.4 NZS 4223.4

8.0 Small Chimneys

See B1/AS3 of this Approved Document.

9.0 Timber Barriers

See B1/AS2 of this Approved Document.

Amend 9
Sep 2010
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No specific test methods have been adopted 
for verifying compliance of timber barriers with 
NZBC Performance B1.
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1.0 Scope

1.0.1 This document applies to the 
construction of timber barriers for Housing. 
The solution described will have an expected 
life of 15 years.

COMMENT:

The 15 year life is based on the life expectancy of 
the nail plates and the circular tooth plate connectors 
described in this acceptable solution. These connectors 
can be fabricated from thicker steel, have different 
coatings or be made from other materials such as 
stainless steel, to give the barrier a greater life. 
If, however, a greater life is claimed it must be 
substantiated by supporting information.

1.0.2 Barriers complying with this document, 
satisfy NZBC F4 for the protection of children 
under the age of six years.

1.0.3 Timber used in the construction of the 
timber barriers shall be No. 1 framing grade 
Radiata Pine as specified in NZS 3631.

1.0.4 Cross-sectional dimensions of timber 
given in this document are call dimensions as 
specified in NZS 3601, unless otherwise noted.

COMMENT:

Actual timber dimensions will vary according to moisture 
content and level of finish e.g. roughsawn, gauged or 
dressed.

1.0.5 Barriers exposed to the weather shall have:

a) All timber treated to at least hazard class 
H3 in accordance with NZS 3640.

b) Mild steel fixings hot-dip galvanised as 
specified in AS/NZS 4680 for nails, and  
AS 1214 for bolts and coach screws.

c) Circular toothed plate connectors and nail 
plates, where required by this document, 
that are formed from 1.0 mm thick sheet 
mild steel with a zinc coating of at least  
275 g/m2 in accordance with AS 1397.

2.0 Construction

2.1 General

2.1.1 Barriers shall comprise balusters, top 
and bottom rails, and palings. The supporting 
floor shall have joists no less in size than  
125 mm x 50 mm. Where a boundary joist or 
blocking is used it shall have the same cross 
section as the joists.

2.2 Top rails

2.2.1 Top rails shall be Type 1 or Type 2 as 
shown in Figure 1. The size of the top rail 
depends on its span between balusters and is 
given in Table 1.

2.2.2 Top rails shall be fixed to each baluster 
with nails having a shank diameter of no less 
than 3.75 mm and penetrating the baluster by 
no less than 50 mm. The number of nails for 
each fixing shall be:

 2 for spans up to and including 1400 mm

 3 for spans greater than 1400 mm

2.3 Balusters

2.3.1 Baluster size depends on the type and 
span of the top rail and shall be as given in 
Table 2.
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 Maximum spacing Size of top  
 (c-c) of balusters rail 
 for top rail 
 (mm) (mm)

Type 1: 1000 75 x 50 
 1500 100 x 50 
 1800 125 x 50 
 2000 150 x 50

Type 2: 1000 75 x 50 
 1400 100 x 50 
 1500 125 x 50 
 1600 150 x 50 
 1700 200 x 50 
 1800 225 x 50

Table 1:  
 

Top Rail Sizes – Type 1 and Type 2  
Paragraph 2.2.1 and Figures 1 and 3

Amend 1 
Sep 1993

Amend 1 
Sep 1993

Amend 1 
Sep 1993

Amend 9 
Sep 2010

Amend 9 
Sep 2010

Amend 9 
Sep 2010
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 Baluster Maximum baluster spacing (c-c) 
 size for top rail 
 (mm) (mm)

 Type 1 Type 2

 50 x 100 400  40 
 75 x 50 600  600 
 75 x 75 800  800 
 100 x 50 1200 1200 
 75 x 100 1200 1200 
 100 x 75 1800 1700 
  100 x 100 2000 1800

Note: 

The first dimension given for the baluster is the depth measured perpendicular to the line of the top rail as shown in 

Figures 3 and �.

Table 2:  
 

Baluster Sizes   
Paragraph 2.3.1 and Figures 3 and 4

Figure 1:  
 

Top Rail Types 
Paragraph 2.2.1

ARCHIVED



2.3.2 Balusters can be fixed to an intermediate 
joist, end joist or to a boundary joist. The 
three situations are shown in Figure 2, and 
the corresponding fixing details are shown in 
Figures 3 and 4.

2.3.3 Where a baluster is fixed to an 
intermediate joist, its fixings depends on the 
baluster spacing and the depth of the joist, 
and shall comprise either of M12 bolts or  
M12 bolts with double sided circular toothed 
plate connectors, as determined from Table 3.

2.3.4 Where a baluster is fixed to an end joist 
or a boundary joist, it shall be fixed with two 
M12 bolts in all situations, and the baluster 
shall be no further than 85 mm from the 
required blocking or adjacent joist as shown in 
Figure 4.

2.3.5 Boundary joists shall be fixed to each 
joist adjacent to a baluster with two 12 mm 
diameter coach screws, and with two nail 
plates (one at the top and one at the bottom) 
as shown in Figure 4. Coach screws shall have 
a minimum penetration of 100 mm and shall 
have a 50 x 50 x 3 mm washer. Nail plates 
shall comply with Paragraph 1.0.5 c) and shall 
be capable of carrying a tension  
force of 4.0 kN (capacity load as defined in 
NZS 3604). The boundary joist shall be fixed  
to all other joists with three nails of 3.75 mm 
shank diameter, penetrating 50 mm into  
the joist. 
 
See Comment page 28.
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Amend 1 
Sep 1993

Figure 2:  
 

Fixing Positions for Balusters 
Paragraph 2.3.2
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Figure 3:  
 

Baluster Fixed to Intermediate Joist 
Paragraphs 2.3.2, 2.4.1 and 2.5.3

Amend 2 
Aug 1994

Amend 2 
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Figure 4:  
 

Baluster Fixed to Boundary Joist or End Joist 
Paragraphs 2.3.2, 2.3.4, 2.3.5, 2.3.6, and 2.4.1

Amend 2 
Aug 1994

Amend 2 
Aug 1994

Amend 2 
Aug 1994

Amend 1 
Sep 1993

Amends 1  
and 2
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COMMENT:

1. The nail plates may be of any type provided the  
above requirements are met. Acceptable types 
include plates with hammer-down claws or plates 
with pre-drilled holes for subsequent nailing.

2. The coach screws may be replaced with any fixing(s) 
of equal durability and capable of carrying a shear load 
of 4 kN (capacity load as defined in NZS 3604).

2.3.6 The end joist blocking required in 
Paragraph 2.3.4 shall be fixed with two  
12 mm diameter coach screws, and with  
two nail plates (one at the top and one at the 
bottom) as shown in Figure 4. Coach screws 
shall have a minimum penetration of 100 mm 
and shall have a 50 x 50 x 3 mm washer. 
Nail plates shall comply with Paragraph 1.0.5 
c) and shall be capable of carrying a tension 
force of 4.0 kN (capacity load defined in  
NZS 3604).

COMMENT:

1. The nail plates may be of any type provided the  
above requirements are met. Acceptable types 
include plates with hammer-down claws or plates 
with pre-drilled holes for subsequent nailing.

2. The coach screws may be replaced with any fixing(s) 
of equal durability and capable of carrying a shear load 
of 4 kN (capacity load as defined in NZS 3604).

2.3.7 End and edge distances for bolts and  
for bolts with circular toothed plate connectors 
are given in Table 4.
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 Type of bolted connection

Baluster  
spacing (c-c) Joist size (mm)  
(mm) 

  125 x 50  150 x 50  200 x 50 225 x 50 250 x 50 300 x 50 350 x 50

 400 B A A A A A A

 450 B A A A A A A

 600  B B A A A A

 800   B B A A A

 900   B B B A A

 1000   B B B A A

 1200    C B B B

 1350     B B B

 1400     C B B

 1500     C B B

 1600      C B

 1700      C B

 1800      C C

 2000       C

Connection types:  A – Two M12 bolts 
 
    B – Two M12 bolts with 50 mm double sided circular toothed plate connectors 
 
    C – Two M12 bolts with 63 mm double sided circular toothed plate connectors

Note:

All bolts shall have �0 x �0 x 3 mm washers each end.

Table 3:  
 

Bolted Connection of Baluster to Intermediate Joist  
Paragraph 2.3.3 and Figure 3

Amend 1 
Sep 1993

Amend 2 
Aug 1994

Amend 1 
Sep 1993

Amend 1 
Sep 1993

Amend 2 
Aug 1994

Amend 2 
Aug 1994

Amend 2 
Aug 1994
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2.3.8 Coach screws shall be fixed in predrilled 
holes located centrally in the width of the floor 
joist or blocking. The diameter of the predrilled 
holes shall be:

a) Over the shank length, no less than the 
shank diameter and no more than the shank 
diameter plus 1.5 mm, and

b) Over the threaded length, no more than the 
root diameter of the screw.

2.3.9 The depth of the hole drilled to the 
diameter for the threaded length shall be at 
least two diameters greater than the intended 
depth of the screw. Coach screws shall not be 
hammered into place but shall be turned with 
a wrench.

2.4 Bottom rails

2.4.1 Bottom rails (see Figures 3 and 4) shall 
span between balusters and be sized and 
fixed in accordance with Table 5.

2.5 Palings

2.5.1 Palings shall comprise 25 mm thick 
timber spanning between the top and bottom 
rails. Palings shall have a minimum width of  
65 mm and be installed with a gap between 
palings of no more than 100 mm.

COMMENT:

Lightweight infills other than timber palings may be 
acceptable. The infill would require specific design.

2.5.2 Palings shall be fixed to the top and 
bottom rails with:

a) Two 60 mm x 2.8 mm shank diameter nails 
if the paling is 200 mm wide or less.

b) 60 mm x 2.8 mm shank diameter nails at 
150 mm centres if the palings are wider 
than 200 mm.

2.5.3 With a Type 1 top rail the palings shall be 
fixed to the top rail using a 50 mm x 50 mm 
batten as shown in Figure 3. The batten shall 
be fixed to the top rail with 75 mm x 3.15 mm 
shank diameter nails at 300 mm centres.

2.6 Timber moisture content

2.6.1 Timber in balusters and elements to 
which they are connected should be installed 
at similar moisture contents. The moisture 
content shall not exceed 20%.
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 Dimension as shown in Figure 3 

Fixing a b c 
 (mm) (mm) (mm)

M12 bolt 25 96 48 
M12 bolt with 50 mm C.T.P. 31 89 32 
M12 bolt with 63 mm C.T.P. 36 95 37

Note: 

C.T.P. – double sided circular toothed plate connector.

Table 4:  
 

Edge and End Distances for Bolts   
Paragraph 2.3.7 and Figure 3

Baluster   Bottom rail 
spacing  
(c-c) Size  Nail 
(mm) (mm)  fixing (No)

Up to 1600  75 x 50  2 
Up to 1700 100 x 50  2 
Up to 1800 150 x 50  3 
Up to 2000 100 x 75  3

Note: 

All nails shall be 3.�� mm shank diameter and 

penetrate no less than �0 mm into the baluster.

Table 5:  
 

Bottom Rail Sizes and Fixings to Baluster 
Paragraph 2.4.1 and Figure 3

Amend 1 
Sep 1993

Amend 2 
Aug 1994

Amend 2 
Aug 1994

Amend 2 
Aug 1994
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2.7 Alternative details

2.7.1 Where Figures in this acceptable 
solution show rails and top battens fixed 
to the outer face of balusters, it is also 
acceptable for them to be fixed to the inner 
face. It is also acceptable for the bottom rail 
and top batten to be cut between balusters.

2.7.2 Palings may be nailed to either side of 
the rails and top battens.
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No specific test methods have been adopted 
for verifying compliance of small chimneys 
with NZBC Performance B1.
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Scope

This acceptable solution applies to small 
chimneys and to supporting hearth slabs for 
solid fuel burning domestic appliances. It is 
to be read in conjunction with the Approved 
Document for NZBC C1 which has additional 
requirements to prevent outbreak of fire.

1.0 Chimney Construction

1.1 General

1.1.1 Type

The acceptable solutions described in this 
document are for chimneys built of brickwork, 
concrete or precast pumice concrete, that 
are connected to timber frame or masonry 
buildings complying with NZS 3604 or  
NZS 4229.

1.1.2 Height

The height of any chimney measured from the 
top of the chimney foundation slab to the top 
of the chimney stack shall not exceed 9 m. 
Chimneys shall not cantilever more than 2.4 m 
above the fixing at roof level (refer Paragraph 1.7).

1.1.3 Size

The width (measured along the building line) 
and depth (measured perpendicular to the 
building line) shall not exceed:

a) For the foundation and chimney base

 – precast pumice   1600 mm wide 
 concrete  x 1050 mm deep

 – brickwork or concrete  1200 mm wide 
    x 1050 mm deep

b) For a brick chimney stack

 – single skin    500 mm wide 
 (see Figure 2)  x 500 mm deep

 – double skin    1200 mm wide 
 (see Figure 3)  x 680 mm deep

c) For a concrete or precast    1200 mm wide 
pumice concrete   x 700 mm deep 
chimney stack

1.1.4 Chimney liners

Where chimney liners are used they are to be 
separated from the chimney to ensure free 
thermal movement. This shall be achieved by 
coating the liner with a suitable debonding 
agent or by wrapping it in a combustible 
material no less than 0.25 mm thick.

1.2 Chimney wall thickness

1.2.1 Chimney wall thicknesses shall be no 
less than:

a) Brick

 – single skin (see Figure 2) 155 mm 
– double skin (see Figure 3) 245 mm

b) Concrete   170 mm

c) Precast pumice concrete  85 mm

These thicknesses apply to the chimney stack, 
gather and chimney base.

1.3 Foundations

1.3.1 Chimneys shall be built on a foundation 
comprising walls and slab for suspended 
floors (see Figure 1(a)), or on a thickened slab 
for floor slabs on ground (see Figure 1(b)).

1.3.2 The chimney foundation slab shall be 
constructed in reinforced concrete, founded 
on good ground, and have:

a) A thickness of no less than 200 mm, and 
be placed at a depth of no less than  
300 mm below surrounding ground level.

b) Reinforcement as shown in Figure 1.

c) D12 starters at 400 mm maximum centres, 
to match vertical steel locations in the 
chimney.

1.3.3 The chimney foundation walls shall be 
150 mm thick reinforced concrete, 190 mm 
thick concrete masonry, or brick construction 
complying with Figures 2 or 3. Vertical and 
horizontal reinforcing steel shall be as given in 
Paragraph 1.6. 
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Figure 1:  
 

Chimney Foundation 
Paragraphs 1.3.1, 1.3.2 b) and 1.4.1, and Figures 2, 3, 4 and 5
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Figure 2:  
 

Brick Chimney with Liner 
Paragraphs 1.1.3 b), 1.2.1 a), 1.3.3, 1.6.1, 1.7.2, 1.7.5 and 1.7.6
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Brick Chimney Without Liner 
Paragraphs 1.1.3 b), 1.2.1 a), 1.3.3, 1.6.1, 1.7.2, 1.7.5 and 1.7.6
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1.4 Hearths

1.4.1 Hearth slabs shall be of concrete no less 
than 75 mm thick, reinforced with D10 bars 
located centrally at 225 mm centres each way. 
See Figure 1.

1.5 Chimney breasts

1.5.1 The widths of openings in chimney 
breasts, and their supporting lintels, shall 
comply with Table 1.

1.6 Reinforcing

1.6.1 Reinforcing of foundation walls, chimney 
bases (including the gathers) and chimney stacks 
(see Figures 2 to 5 inclusive) shall comprise:

a) D12 bars at 400 mm maximum centres 
vertically. Laps in bars shall be no less than 
300 mm.

b) R6 bars at 200 mm centres horizontally. 
These will be in the form of closed stirrups 
in the stack and U bars elsewhere.

c) Double horizontal reinforcing at any change 
in direction of the vertical steel (e.g. at the 
gather/stack intersection).

1.6.2 Bars which do not extend for the full 
height of the chimney shall be stopped in  
the gather:

a) In reinforced concrete and brick, by 
continuing these bars through to the far  
face of the gather and terminating with  
a 200 mm leg.

b) In precast pumice concrete, by anchoring 
the last 200 mm of the bar in a high 
strength cementitious grout. (See Figure 5.) 
Refer Paragraph 1.8.3 g) for grout details.

1.7 Chimney restraint

1.7.1 Chimneys which are not constructed 
integrally with the building shall be secured 
by floor and roof brackets. An acceptable 
alternative for brick and precast pumice 
concrete chimneys is that they be restrained 
by a roof tie used in conjunction with closely 
spaced wall ties. (Refer Paragraphs 1.7.5 to 
1.7.16.)

1.7.2 Where a packer (see Figures 2, 3, 6 
and 7(b)) is shown between the chimney and 
building it shall be:

a) Concrete, brick, steel (angle, channel or  
Z section), or any insulating material which 
has a long term operating temperature of 
no less than 150°C,

b) Secured in place to prevent it dislodging, 
and

c) Capable of withstanding a compressive 
force of 10 kN without shortening by more 
than 1.5 mm.

COMMENT:

C/AS1 Part 9 requires a 50 mm separation between 
the chimney and any combustible material. Where the 
chimney fixing described does not prevent the chimney 
moving within this gap, a packer is shown.

1.7.3 Floor and roof brackets

The brackets shall comprise a 50 mm x 4 mm 
hot dip galvanised steel strap placed around 
the chimney. Each leg of the strap shall be 
horizontal and shall be bolted to the joists with 
three M12 bolts at 75 mm centres as shown 
in Figure 6.
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Opening width Lintel 
 reinforcing

Brick 
1.0 m maximum 65 x 10 mm m.s. 
 flat or  
 80 x 60 x 5 mm 
 m.s. angle

Concrete 
Up to 900 mm Two D10 rods 
900 – 1500 mm D12 upper rod 
 D16 lower rod

Precast pumice 
1.0 m maximum Two D10 rods

Note: 

Horizontal reinforcing rods to concrete and precast

pumice are to be placed one above the other at a

spacing of �� mm, and have R� ties at 1�0 mm

maximum centres.

Table 1:  
 

Chimney Breast Openings and Lintels 
Paragraph 1.5.1 and Figure 4

Amend 5 
Jul 2001
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Figure 4:  
 

Reinforcing Details – Concrete and Brick Chimneys 
Paragraph 1.6.1

ARCHIVED



�3

S T R U C T U R E
S M A L L  C H I M N E Y S

D E PA R T M E N T  O F  B U I L D I N G  A N D  H O U S I N G J u l y  1 9 9 2

Acceptable Solution B1/AS3

Figure 5:  
 

Reinforcing Details – Precast Pumice Concrete Chimney 
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1.7.4 Brackets shall be located so that the 
distance between the top of the chimney 
foundation slab and the first bracket, and the 
distance between adjacent brackets does not 
exceed 3.0 m. Where a chimney foundation 
wall is integral with a building foundation 
wall, then the height to the first bracket may 
be measured from the top of the building 
foundation wall.

1.7.5 Alternative fixing using roof tie and   
  closely spaced wall ties

This alternative chimney fixing shall apply only 
from the gather to roof level. It requires that 
either the top of the chimney foundation slab 
or a floor bracket complying with Paragraph 
1.7.3 be located within a distance of 2.5 m 
below the first of the closely spaced wall ties. 
(See Figures 2 and 3.) If the latter applies, 
the chimney below this bracket shall be fixed 
by floor brackets spaced in accordance with 
Paragraph 1.7.4.

1.7.6 Brick chimneys

Brick chimneys shall be restrained at roof level 
by a zinc coated 50 x 1.0 mm mild steel ‘U’ 
strap used in conjunction with closely spaced 
wall ties. The strap shall be:

a) Cast into the grout and wrap around the 
reinforcing steel (see Figures 2 and 3),

b) Placed at no more than 20° from the 
horizontal,

c) Used in conjunction with a packer 
(complying with Paragraph 1.7.2) placed at 
the same level, and

d) Fixed with twelve 30 x 3.15 mm galvanised 
nails to roof or ceiling framing.

1.7.7 Wall ties (see Figure 7(a)) shall be 
located in mortar joints at 225 mm maximum 
centres up each side of the chimney, except 
that pairs of ties shall be used for chimneys 
wider than 600 mm.

1.7.8 Wall ties shall be constructed from either 
4 mm diameter galvanised bar or  
25 x 1.5 mm zinc coated steel strip capable  
of withstanding a load of 1.2 kN without 
elongating or shortening by more than 1.5 mm.

1.7.9 Where zinc coating of components is 
required it shall be no less than 300 g/m2 in 
accordance with AS 1397.

1.7.10 Nails used to fix straps to roof or  
ceiling framing shall be spaced at no less  
than 35 mm in Radiata Pine, and 70 mm in  
other timbers.

1.7.11 Acceptable alternatives to the cast-in 
‘U’ strap are:

a) Any proprietary bracing strip system of 
equal durability to the ‘U’ strap described in 
Paragraph 1.7.6, and capable of carrying a 
seismic force of 12 kN without elongating 
by more than 1.5 mm, or

b) A cast-in hot dip galvanised, deformed  
6.0 mm reinforcing bar bent to a ‘U’ shape, 
with each end fixed to the roof or ceiling 
framing with six 50 x 4.0 mm galvanised 
fencing staples.

1.7.12 The ‘U’ strap or either of the acceptable 
alternatives may be wrapped around the 
outside of the chimney rather than be cast-in, 
provided that if strap is used it shall be painted 
with a zinc rich primer.

1.7.13 Precast pumice concrete chimneys

Precast pumice concrete chimneys shall be 
restrained at roof level either by a 50 x 1 
mm ‘U’ strap wrapped around the chimney, 
or by a hot dip galvanised deformed 6 mm 
reinforcing bar placed into the grout around 
the reinforcing steel, together with either 
fixing brackets or fixing ties (see Figure 7(b)).  
Straps and bars shall satisfy the relevant 
requirements of Paragraphs 1.7.6 to 1.7.12.

1.7.14 Fixing brackets (see Figure 7(b)) shall 
be made from 5.0 mm thick mild steel angle 
and drilled with:

a) A 50 mm diameter hole to suit the 
reinforcing duct location, and

b) A 14 mm diameter hole for the 12 mm 
diameter coach screw fixing to the double 
stud.

1.7.15 Fixing brackets shall be located in 
mortar joints between the units, and be 
spaced at no less than 480 mm centres for 
stacks up to 600 mm wide, and no less than 
320 mm centres for stacks wider than 600 mm.
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1.7.16 Fixing ties shall comprise 4 mm 
galvanised wire hairpins, which are hooked 
behind the reinforcing ducts and secured to 
the required adjacent double studding with 
four heavy duty fencing staples. The ties shall 
be located in mortar joints between the units 
and be at no less than 320 mm centres for 
stacks up to 600 mm wide, and no less than 
160 mm centres for stacks wider than 600 mm.

1.8 Materials and construction

1.8.1 Brickwork

Brick chimney construction shall conform to 
the relevant sections of NZS 4210. 

1.8.2 Concrete

Chimneys, foundations and hearth slabs of 
reinforced concrete, shall comply with the 
relevant clauses of NZS 3109 for ordinary 
grade concrete.

1.8.3 Precast pumice concrete

Pumice concrete units for use in precast 
chimneys shall:

a) Have pumice aggregate which:

 i) is free of combustible and organic   
 matter, and

 ii) has a maximum aggregate size of no  
 greater than 19 mm, with at least 40%  
 but not more than 60% of the aggregate  
 retained by a 4.75 mm standard test  
 sieve, and

b) Have a mix ratio by volume of no more than 
five parts of mixed pumice aggregate to 
one part of cement,

c) Have a compressive strength of no less 
than 7 MPa at 28 days when cured and 
tested in accordance with NZS 3112: Part 2,

d) After adequate curing, be air dried and kept 
under cover during storage, transport and 
on the site,

e) Be laid dry. (Work left unfinished should be 
protected from rain.)

f) Be joined with mortar which complies with 
NZS 4210, and

g) Have ducts filled with grout complying 
with NZS 4210, except over the last 200 
mm where bars are anchored in the 
gather (refer Paragraph 1.6.2 b)). At these 
locations a non-shrinking cement-based 
grout, which attains a minimum compressive 
strength of 30 MPa at 7 days, shall be used.

1.8.4 Concrete masonry

Concrete masonry construction for chimney 
foundation walls shall conform to the relevant 
sections of NZS 4229.

1.8.5 Reinforcing steel

Reinforcing used in chimneys is to conform  
to AS/NZS 4671, and shall: 

a) For brick, be embedded centrally in the 
thickness of the grout,

b) For in-situ concrete, have cover to the steel 
in accordance with NZS 3109,

c) For precast pumice concrete, be placed with 
grout in the preformed ducts in the units.

1.8.6 Hot dip galvanising

Hot dip galvanising shall comply with  
AS/NZS 4680.

1.9 Systems to resist horizontal 
earthquake loadings

1.9.1 The bracing described in Paragraphs 
1.9.2 to 1.9.6 shall be provided in those 
buildings where one or more of the following 
apply:

a) The area of the room containing the 
chimney exceeds 24 m2,

b) The length of the wall on which the  
chimney is located exceeds 3.5 m  
between supporting braced walls which  
are perpendicular to it. This length may 
be increased to 6.5 m where the wall is 
supported, at each floor level and at the 
roof or ceiling level, by either a structural 
diaphragm which conforms with the 
relevant requiements of NZS 3604 or by 
dragon ties. The dragon ties shall:
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 i) consist of a continuous length of 100 x  
 50 mm timber fixed in accordance with  
 NZS 3604 clauses 8.3.3.3 and 8.3.3.4,

 ii) be run as a pair, with one dragon tie  
 going from the wall on which the   
 chimney is located, back to each of the  
 supporting braced walls. The enclosed  
 angle between the wall on which the  
 chimney is located and each dragon tie  
 shall be 60°, and

 iii) be located no more than 1.5 m out from  
 each supporting braced wall.

c) The floor area on any level of the building, 
for a given chimney type (see Table 2), is 
less than:

 i) 50 m2 for chimney Type 1,

 ii) 75 m2 for chimney Types 2, 3 and 4,

 iii) 150 m2 for chimney Types 5, 6 and 7.

1.9.2 The building supporting the chimney 
shall contain bracing elements to resist 
earthquake loads from the chimney. These 
loads are applied at roof level and at each  
floor to which the chimney is connected.  
The bracing elements necessary are additional 
to those required by NZS 3604 or NZS 4229.

1.9.3 The number of bracing units to be 
provided for each chimney connection (see 
Paragraph 1.9.4) is given in Table 2. The 
number of bracing units to be provided at any 
level shall be the sum of the bracing units 
required at each of the chimney connections 
above the level being considered.

COMMENT:
As an example: for a standard precast pumice concrete 
chimney in a two storey building in Zone A, that is 
connected to the building by a roof bracket and by floor 
brackets at ground and first floor, the number of bracing 
units required are:

 Location   Bracing units  
     required

 – Just below roof level 60

 – Just below first  60 + (60% of 60) = 96 
   floor level

 – Just below ground 60 + (60% of 60) + 60 
   floor level   = 156

1.9.4 A chimney shall be considered as 
connected to the building when:

a) At roof level: it is held either by a roof 
bracket or by a roof tie,

b) At ground floor level: it is held by a floor 
bracket or the chimney base is integral with 
the building foundation wall,
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    Number of bracing units required 
   at the roof connection and at each 
Chimney Type Max size of chimney: floor connection according 
construction   to earthquake zone: 
   (See Note 1)

 Stack Base Zone A Zone B Zone C

Precast pumice 
– standard 1  500 x 400 1600 x 1050  60 50 40 
– large 2 1100 x 400 1600 x 1050  110 90 70

Brick 
– single skin 3  500 x 500 1200 x 1050 90 70 60 
– double skin 4  590 x 590 1200 x 1050 130 100 80 
 5 1200 x 680 1200 x 1050 240 200 160

Concrete 6  590 x 590 1200 x 1050 210 170 140 
 7 1200 x 700 1200 x 1050 390 320 260

Note:

1. The number of bracing units required at floor connections other than the ground floor shall be taken as �0% of the 

value given in the table.

Table 2:  
 

 Bracing Units Required for Each Chimney Connection to Resist Earthquake Loadings 
 Paragraphs 1.9.1c) and 1.9.3
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c) At an intermediate floor level: it is held 
either by a floor bracket or by closely 
spaced wall ties spanning the floor.

1.9.5 For earthquake ground movement in the 
direction perpendicular to the wall on which 
the chimney is located, structural diaphragms 
shall be provided at roof/ceiling level and 
at each floor level to which the chimney is 
connected. The diaphragms shall comply  
with all relevant clauses of NZS 3604 and  
NZS 4229.

1.9.6 For earthquake in the direction parallel 
to the wall on which the chimney is located, 
the bracing units required as determined from 
Paragraph 1.9.3 shall be provided solely by 
that wall.

2.0 Solid Fuel Burning Domestic 
Appliances

2.1 Chimneys

2.1.1 Chimneys for solid fuel burning 
appliances shall comply with Paragraph 1.0 
or with the relevant sections of AS/NZS 3869 
and AS/NZS 2918 for sheetmetal chimneys.

2.2 Hearth slab

2.2.1 Solid fuel burning domestic appliances 
weighing no more than 130 kg shall be 
supported on a 65 mm thick hearth slab that is:

a) Reinforced with 665 mesh, or D10 rods at 
300 mm centres each way, placed centrally 
in the slab thickness,

b) Supported on a timber or concrete floor,  
or integral with a concrete floor. (The floor 
supporting the hearth slab shall comply with 
NZS 3604 or NZS 4229 as appropriate), and

c) Comprised of ordinary grade concrete 
complying with the relevant clauses of  
NZS 3109.

2.2.2 Hearth slabs on a timber floor shall be 
held in position by supporting members on all 
four sides of the hearth. These members shall 
each be held by four screws with a minimum 
shank diameter of 4.88 mm that penetrate the 
floor framing by 50 mm.

2.2.3 Hearth slabs on concrete floors shall  
be secured in position by four D10 starter  
rods. The rods shall be located in each corner 
of the hearth slab and they shall terminate 
each end with standard hooks complying with  
NZS 3109.

Spread of fire 
2.2.4 Paragraphs 2.2.1 to 2.2.3 provide an 
acceptable structural solution, but depending 
on the particular installation, different hearth 
dimensions may be necessary to meet the 
spread of fire requirements of NZBC Clause 
C1.3.2. Hearth slabs for solid fuel burning 
appliances shall comply with AS/NZS 2918. 
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Verification Method B1/VM4 
Foundations
(Revised by Amendment 4)

1.0	 Scope	and	Limitations

1.0.1 This document covers the ultimate limit 
state design of foundations, including those of 
earth retaining structures. Methods are given 
for determining ultimate bearing and lateral 
sliding strengths.

1.0.2 This document does not describe a 
means of determining the value of the soil 
parameters used in the document (e.g. cI,  
fI and su). The derivation of these parameters, 
which must be based on the most adverse 
moisture and groundwater conditions likely  
to occur, is outside of the scope of this 
verification method.

COmmENT:

Appendix A contains information on the types of 
investigations that may need to be conducted to 
determine the soil parameters.

1.0.3 Serviceability limit state deformations 
are not covered in this document. The 
determination of such deformations and their 
acceptability to the design in question needs 
to be considered but is outside the scope of 
this document.

COmmENT:

Appendix B contains information which may be of 
assistance in designing for serviceability limit state 
deformations.

It is intended that design provisions to cover 
serviceability limit state deformations be added to the 
document in the future.

1.0.4 This document assumes general ground 
or slope stability and provides methods 
only for ensuring against local failure of the 
foundation. Overall ground stability needs 
to be verified before this document can be 
applied; this is outside the scope of this 
verification method.

1.0.5 This document must not be used to 
design foundations on loose sands, saturated 
dense sands or on cohesive soils having a 
sensitivity greater than 4.

COmmENT:

Saturated sands may be subject to liquefaction during 
earthquake loading and sensitive clays exhibit a rapid 
decrease in undrained shear strength once the peak 
strength has been mobilised. The design of foundations 
on these materials needs special considerations which 
are not covered in this verification method.

1.0.6 This document shall not be used for 
foundations subject to continuous vibration.

COmmENT:

Although this document covers foundations subject  
to vibration from earthquake loading it does not cover 
those applications where foundations are subject to 
continuous vibration such as from the operation of 
certain machinery.

1.0.7 The “Comments” and “Informative 
Appendices” of this document provide 
comment, background or general information 
but do not form part of this verification method.

COmmENT:

Appendix C contains a worked example showing how 
some of the provisions of this document are used.

2.0	 General

2.0.1 Foundations must be designed for the 
load combinations given in AS/NZS 1170 Part 0, 
as amended by B1/VM1. Strength reduction 
factors given in this document must be used 
to determine the design strength of the 
foundation. The design loadings must not 
cause the foundation’s design strength to  
be exceeded.

2.0.2 The design procedures of this document 
must be performed by a person who, on 
the basis of experience or qualifications, is 
competent to apply them.

2.0.3 The building's foundation elements or 
the elements of earth retaining structures 
shall be designed in accordance with the 
appropriate material Standards, as given in 
B1/VM1.

2.0.4 Foundations may be shallow or deep.  
A shallow foundation is one in which the 

Amend 8 
Dec 2008

Amend 8 
Dec 2008

ARCHIVED



depth from the ground surface to the 
underside of the foundation is less than five 
times the width of the foundation. All other 
foundations are considered to be deep.

2.0.5 In assigning values for soil parameters 
the worst groundwater condition shall be 
considered.

COmmENT:

For cohesive soils the fully saturated condition will 
generally give the lowest strength and stiffness.

2.0.6 Foundation strength for cohesive soil 
depends on loading duration and whether 
consolidation can occur. For this reason the 
distinction is made between short term  
(e.g. initial load application, earthquake  
actions or wind gusts) and long term loading 
(e.g. permanent loads such as foundation  
dead load). For the short term case no 
consolidation occurs and the calculations  
shall be in terms of undrained shear strength 
(i.e. shear strength of the soil su) and total 
stress. For long term loading, full consolidation 
occurs and the calculations shall be in terms 
of drained shear strength and effective stress 
(i.e. soil parameters being cohesion, cI, and 
the angle of shearing resistance fI).

2.0.7 For cohesionless soils consolidation 
occurs very quickly so drained strength shall 
be used in all cases.

2.0.8 Supervision	and	verification		
	 	 of	soil	parameters

Design assumptions and soil parameters 
shall be verified during construction. The 
designer shall nominate what supervision, 
including verification of soil parameters, will be 
undertaken during the construction period.

3.0	 Shallow	Foundations

3.1	 General	Provisions

3.1.1 The ultimate bearing strength shall be 
based on the most adverse moisture and 
groundwater conditions likely to occur.

3.1.2 Founding depths in clay soils known 
to exhibit swelling and shrinking behaviour 
shall be chosen so that the underside of the 

foundation is beneath the zone of soil affected 
by shrinking and swelling caused by seasonal 
weather changes, and the root systems of 
nearby trees and shrubs.

3.1.3 Consideration shall be given to the 
possibility of any surcharge adjacent to a 
shallow foundation being removed during the 
life of the foundation, so reducing the available 
ultimate bearing strength.

3.1.4 Foundations subject to moment loading 
shall not be proportioned such that the point 
of application of the reaction force on the 
underside of the foundation is closer to the 
edge than B/6, for a rectangular foundation,  
or r/2, for a circular foundation.

3.2	 Ultimate	and	design	bearing	strength	
and	design	bearing	pressure

3.2.1 The design bearing pressure qd shall  
be determined by dividing the design vertical 
forces (derived from combinations of factored 
vertical loads) by the effective area of the 
foundation. See Paragraph 3.3 for notation  
and the definition of effective area.

3.2.2 The ultimate bearing strength qu is  
that pressure, exerted on the ground by 
the building foundation, which causes the 
ground to fail by mobilisation of all available 
shear strength. It shall be evaluated using the 
provisions of Paragraph 3.3.

3.2.3 The design bearing strength qdbs shall be 
determined by multiplying the ultimate bearing 
strength by the appropriate strength reduction 
factor (see Paragraph 3.5.1).

3.2.4 The design bearing pressure shall not 
exceed the design bearing strength.

3.3	 Ultimate	limit	state	bearing	
strength	for	shallow	foundations

3.3.1 The procedures specified in the 
following text apply to foundations of any 
size. The formulae are limited to soil profiles 
that for a depth beneath the underside of 
the foundation of at least two times the 
foundation width can be represented with 
single values for the density, angle of shearing 
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resistance, cohesion, and if appropriate, 
undrained shear strength.

Notation:

AI  effective foundation area (m2). For a  
 rectangular foundation AI = BILI. For a  
 circular foundation see Figure 2.

B  foundation breadth (m).

BI  the smaller of 2(X + eb) and 2(B – X – eb)  
 (see Figure 1) (m).

De  minimum horizontal distance from the  
 edge of the underside of the foundation  
 to the face of an adjacent downward  
 slope (m).

Df  depth to the underside of the foundation (m).

H  design horizontal load, the resultant of  
 the factored horizontal forces applied to  
 the foundation (kN).

Huf unfactored horizontal foundation load (kN).

L  foundation length (m).

LI  the smaller of 2(Y + el ) and 2(L – Y – el )  
 (see Figure 1) (m).

Mb design moment applied about an axis  
 parallel to the breadth direction of the  
 foundation (kNm).

Mc design moment applied to a circular  
 footing (kNm).

Ml  design moment applied about an axis  
 parallel to the length direction of the  
 foundation (kNm).

Nc, Nq, Ng bearing strength factors.

Pp  ultimate lateral resistance derived from  
 passive earth pressure (kN).

R  reaction on underside of foundation =  
 qd AI (kN).

S  ultimate shear strength between the base  
 of the foundation and the ground (kN).

V  design factored vertical foundation load (kN).

Vuf  unfactored vertical foundation load (kN).

VI  effective design factored vertical load =  
 V – ufAI (kN).

X  the distance from the edge of the   
 foundation, along the x axis, to the point  

 of application of the design vertical   
 foundation load V (m).

Y  the distance from the edge of the   
 foundation, along the y axis, to the point  
 of application of the design vertical   
 foundation load V (m).

Z  the distance from the edge of a circular  
 foundation, along the z axis, to the point  
 of application of the design vertical   
 foundation load V (m).

c  cohesion (kPa).

cI  effective stress cohesion (kPa).

eb  Ml/V (positive when R is further along  
 the x axis than V, see Figure 1) (m).

ec  Mc/V (positive when R is further along  
 the z axis than V, see Figure 2) (m).

el  Mb /V (positive when R is further along  
 the y axis than V, see Figure 1) (m).

q  vertical total stress in ground adjacent to  
 the foundation at depth Df (kPa).

qI   vertical effective stress (sI
v) in ground  

 adjacent to the foundation at depth Df (kPa).

qd  design bearing pressure = V/AI (kPa).

qu  ultimate bearing strength (kPa).

qdbs design bearing strength = Fbcqu (kPa).

r  radius of a circular foundation (m).

su  undrained shear strength (kPa).

u  pore water pressure at a given position  
 in the soil profile (kPa).

uf  pore water pressure at depth Df (kPa).

x  axis through design vertical foundation  
 load V in direction of foundation breadth.  
 The axis starts at the foundation edge  
 and is positive in the direction towards V.

y  axis through design vertical foundation  
 load V in direction of foundation length.  
 The axis starts at the foundation edge  
 and is positive in the direction towards V.

z  axis through the centre of a circular  
 foundation and the design vertical   
 foundation load V. The axis starts at the  
 foundation edge and is positive in the  
 direction towards V.
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g  soil unit weight (kN/m3).

gI  soil unit weight required for effective  
 stress analysis for soil beneath the water  
 table = g – gw (kN/m3).

G  g when the water table is deeper  
 than 2B beneath the underside of the  
 foundation and gI when the water table  
 is above this.

gw  water unit weight (kN/m3).

Fbc strength reduction factor for bearing  
 strength (see Paragraph 3.5.1).

Fpp strength reduction factor for resistance  
 derived from passive earth pressure (see  
 Paragraph 3.5.1).

Fsl strength reduction factor for sliding   
 resistance (see Paragraph 3.5.1).

f  angle of shearing resistance (degrees).

fI  effective stress angle of shearing   
 resistance (degrees).

sI
v  vertical effective stress at a given depth  
 in the soil profile = SgiTi – u where gi is  
 the unit weight and Ti is the thickness of  
 the ith soil layer above the depth at  
 which sI

v is required (kPa).

v  slope, below horizontal, of the ground  
 adjacent to the edge of the foundation  
 (degrees). 

3.3.2	Ultimate	bearing	strength

The general expression for the ultimate bearing 
strength for a shallow foundation subject to 
vertical, shear, and moment loading is: 

qu  =  clcslcdlcilcgNc + qlqslqdlqilqgNq 

    + 1/2GBIlgslgdlgilggNg 

For undrained analysis (f = 0) use the 
following form of the general equation:

qu  =  sulcslcdlcilcg Nc + lqgq 

For drained analysis use the following form of 
the general equation:

qu  =  cIlcslcdlcilcg Nc + qIlqslqdlqilqgNq 

    + 1/2g
IBIlgslgdlgilggNg  

The bearing strength factors are obtained from 
Figure 3 or the following equations:

Nq = eptanftan2 ( 45 + 2 
– 
f) 

where e is the mathematical constant = 2.7183

Nc = (Nq – 1 )cotf for f > 0, but has a value of   
  5.14 for f = 0

Ng = 2(Nq – 1)tanf

The l factors in the above equation are:

a) Shape factors: lcs, lqs and lgs

 where:  

 lcs = 1 + (BI__  
LI )(Nq  ___

Nc ) 
 lqs = 1 + (BI_ __   

LI  ) tanf

 lgs = 1 – 0.4 (BI_ __   
LI  )

b) Depth factors: lcd, lqd and lgd

 where:

 • for f = 0 and 
Df___
BI   <_ 1:

 

  
  lcd = 1 + 0.4 and (Df__

BI )
 

 • for f = 0 and Df_ __
BI  

> 1:

  lcd = 1 + 0.4 tan-1 (Df__
BI ),  where tan-1 is   

   in  radians
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X + eb

ebX

V Ml

R B - X - eb

B

(as shown e  is
positive)

b

(a)  Cross-section through foundation width

(b)  Plan showing effective area of foundation

Mb
Ml

V

B

B'

L'

L

R

Y
X

x

eb

le

Notes:
1.
2.
3.

Section (a) above drawn through foundation width. Section through foundation length similar.
B' is the smaller of 2(X + e  ) and 2(B - X - e  ). Similarly L' is the smaller of 2(Y + e ) and 2(L - Y - e ).
M can be applied anywhere on the foundation and does not have to be applied at the location of V.

b b l l

Figure	1:		
	

Bearing	Strength	Stress	Block	for	a	Shallow	Rectangular	Foundation	Subject	
to	Vertical	Load	and	moment 
Paragraph 3.3.1
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Notes:
Effective area A' shall be represented by an equivalent rectangle of length L' and breadth B', where:

M

R

e

L'

B'

2r
Z

V

c

c

z

A' = r   cos    ( )  - 1 - (Note: cos   ( ) is in radians.)2             -1                                          2 -1

B' =                    A'
0.25

1 -
1 +

0.25
1 +
1 -

L' =                    A'

where:

e  + Z - r
r

 =                    when e  + Z > r, or                     otherwise
r

r - e  - Zcc
c

A = 2 r2   cos-1 () -     1- 
2

Figure	2:		
	

Effective	Foundation	Area	for	a	Circular	Foundation	Subject	to	Vertical	Load	and	moment 
Paragraph 3.3.1

 Notes
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• for f > 0:

  lcd = lqd – 
(1 – lqd)

                      

Nq tanf

 

  
–  for Df <_ 1: 

         Bl 

   lqd = 1 + 2tanf(1 – sinf)2( Df___
B

l )
  –  for 

Df___
B

l  > 1:

   lqd = 1 + 2tanf(1 – sinf)2tan-1( Df___
B

l ),
   where tan-1 is in radians

 • for all cases

  lgd = 1

c) Load inclination factors: lci, lqi and lgi

 where:

 • for f = 0

 

  lci  = 0.5 (  1 +l   1 –  ___H      )
  lqi = 1

 • for f > 0

  – for horizontal loading parallel to LI

    lqi = lgi = 1–  ______Huf______     ____ 
                                    (Vuf + AIcI cotfI)

 
    lci = lqiNq – 1  
             

_______ 
                   Nq – 1

  –  for horizontal loading parallel to BI

    lqi  = (1  
        0.7Huf

 
       

       _  ______________)3
 

                  

Vuf + AIcI cotfI

  

 

 
    lgi  = (1  

        Huf
 

       
        _ ______________)3

 
                  

Vuf + AIcI cotfI

 

   lci =  lqiNq  – 1 
            

________
 

             
Nq – 1

  

d) Ground inclination factors: lcg, lqg and lgg

 For horizontal ground lcg = lqg = lgg = 1

 For inclined ground, the permitted slope 
(angle v below the horizontal) depends on 
soil angle of shearing resistance f and the 
distance De between the foundation and 
the slope face:,

 • where f >_ 0 (drained analysis)

  v shall not be > f

 • where f = 0 (undrained analysis)

  v shall not be > 45°
 The ground inclination factors shall be:

 • for De <_  2B

  lcg = lqg = lgg = 1

 • for De < 2B

  lcg = 1 – v(1 – De /2B)/150

  lqg = lgg = (1 – tan(v(1 – De/2B)))2 

3.3.3	Local	shear 

For sands with relative densities less than 
40% and clays having liquidity indices greater 
than 0.7, the bearing strength shall be 
evaluated using 0.67c for cohesion and  
tan-1(0.67tanf) for the angle of shearing 
resistance.

COmmENT:

The formulae in Paragraph 3.3.2 assume a general 
shear failure of the soil but for the soils specified in this 
Paragraph a local shear failure is likely.
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3.4	 Ultimate	limit	state	sliding	
resistance

3.4.1 When the loading is not normal to the 
foundation base, foundations shall be checked 
for failure by sliding.

3.4.2 The ultimate sliding resistance shall 
comprise the sum of the ultimate sliding 
strength between the base of the foundation 
and the ground, and any available passive 
earth pressure in the direction of sliding at the 
side of the foundation.

3.4.3 Passive earth pressure shall not be   
considered if:

a) For foundations in clay soils, it is possible 
that the clay could shrink away from the 
vertical faces of the foundation, or

b) The possibility exists that the soil in front of 
the foundation may be removed by erosion 
or by building or landscaping work in the 
future.

3.4.4 For drained conditions, the ultimate 
sliding strength shall be:

 S = cIAI + VI tandI

The value of dI shall be taken as the angle 
of shearing resistance (fI) of the foundation 
soil for cast-in-situ concrete foundations and 
0.67fI for smooth precast foundations.

3.4.5 For undrained conditions, the ultimate 
sliding strength shall be:

 S = AIsu
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Bearing	Strength	Factors 
Paragraphs 3.3.2 and 4.1.3
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3.4.6	Design	sliding	resistance

The design horizontal load H shall not exceed 
the design sliding resistance, that is:

 H <_ FsIS + Fpp Pp 

3.5	 Strength	reduction	factors

3.5.1 Strength reduction factors to be applied 
to shallow foundation design shall be within 
the range given in Table 1.

The designer shall nominate in the design the 
strength reduction factors chosen along with 
substantiation as to why the values chosen are 
considered appropriate. The values chosen 
shall be to the approval of the territorial authority.

COmmENT:

The value of the strength reduction factor used in 
design will depend on the designer’s knowledge of the 
site and the investigations undertaken. As a guide the 
lower end of the range will generally be appropriate 
when a limited site investigation is undertaken, average 
geotechnical properties are used, published correlations 
are used to obtain design parameters or there will be 
minimal construction control. The upper end of the 
range will generally be appropriate when a comprehensive 
site investigation and laboratory testing is undertaken, 
geotechnical properties are chosen conservatively, site 
specific correlations are used for design parameters and 
there will be careful construction control.

4.0	 Pile	Foundations

4.0.1 The ultimate axial compressive pile 
strength for a single pile shall be determined 
using either or both of the following methods:

a) Geotechnical calculation,

b) Static load testing.

COmmENT:

Where piles are driven, a driving formula, such as the 
Hiley Formula, may provide a useful means of assessing 
the comparative strength of the individual piles at a 
particular site.

4.0.2 Using geotechnical calculation, the 
ultimate axial compressive pile strength is  
the sum of the ultimate pile point-bearing 
resistance and the shaft resistance.

4.0.3 When determined by static load testing, 
the ultimate axial compressive pile strength 
shall be taken as no more than that load which 
produces a penetration or pile settlement of 
0.1 times the: 

a) Nominal pile width for driven piles,

b) Bell diameter for belled piles,

c) Estimated minimum bulb diameter for 
bulbed piles.

Suitable procedures for static load testing are 
described in AS 2159 Section 8, ASTM D1143 
and BS 8004 Section 7.5.

4.0.4 The design pile vertical or lateral strength 
of a single pile or pile group shall be determined 
by multiplying the ultimate strength by the 
appropriate strength reduction factor (see 
Paragraph 4.7.1). The design strength shall be 
greater than the applied factored loads.
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Load	combination	 	 	 	 Strength	reduction	factor	range

For	bearing	(Fbc)	and	passive	earth	pressure	(Fpp):

Load combinations involving earthquake overstrength 0.80 – 0.90

All other load combinations 0.45 – 0.60

For	sliding	(Fsl):

All load combinations, including earthquake overstrength 0.80 – 0.90

Table	1:		
	

Strength	Reduction	Factors	for	Shallow	Foundation	Design	
Paragraph 3.5.1	 	
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4.1	 Ultimate	vertical	strength	of	single	
piles

4.1.1	Notation

Ab  area of pile base (m2).

BG  width (between pile extremities) of a pile  
 group (m).

C  circumference of the pile shaft (m).

Db  diameter of the pile base (m).

Ds  diameter of the pile shaft (m).

H  design horizontal load applied to the pile  
 head (factored applied loads) (kN).

Hu  ultimate lateral strength of a pile (kN).

Ko  the coefficient of earth pressure at rest  
 = 1 – sinfI for loose sand and normally  
 consolidated clay, and (1 – sinfI)   OCR  
 for over-consolidated soils.

Kp  coefficient of passive earth pressure  
 = (1 + sinfI)/(1 – sinfI).

Ks  factor that expresses the horizontal  
 effective stress at the pile/soil interface  
 in terms of the vertical effective stress  
 (see Table 2).

L  length of the pile shaft (m).

LG  length (between pile extremities) of a  
 pile group (m).

M  design moment applied to the pile head  
 (factored applied moments) (kNm).

Mult ultimate moment strength of the pile  
 shaft (kNm).

OCR over-consolidation ratio being the   
 previous maximum effective   
 stress/current effective stress.

Rd  relative density as measured in   
 accordance with Test 4.2.3 of NZS 4402.

V1  ultimate strength of an individual pile in  
 the group (kN).

VB  ultimate strength of the block of soil  
 enclosed within the pile group (kN).

VG  ultimate strength of the group (kN).

Vbu ultimate base resistance (kN).

Vsu ultimate shaft resistance (kN).

Vu  vertical pile strength (kN).

W  pile weight (part of the dead load) (kN).

ca   the undrained adhesion (total stress) at  
 the soil/shaft interface in a clay soil, or  
 the adhesion at the boundary of a pile  
 group = αsu (kPa).

cI
a  drained (effective stress) adhesion at the  
 soil/shaft interface in a cohesive soil, or  
 the adhesion at the boundary of a pile  
 group (kPa).

f  for a free head pile, the distance above  
 the ground surface at which the   
 horizontal shear is applied (= M/H); and  
 for a restrained head pile, the distance  
 above the ground surface at which the  
 restraint is applied (m).

fo  length of pile shaft assumed to be   
 unsupported in cohesive soil = 1.5Ds (m).

gc, gl, gs position along the pile shaft at   
 which yielding occurs for piles in over- 
 consolidated clay, normally consolidated  
 clay, and sand respectively (m).

n  number of piles in the group.
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Pile	material	 dI	 	 Ks

	 	 Rd	<		40%	 Rd	>		40%

Steel 20° 0.5 1.0

Concrete 3fI/4 1.0 2.0

Timber 2fI/3 1.5 4.0

Table	2:		
	

Values	of	dI	and	Ks	for	Pile	Shafts	 	
	
Paragraphs 4.1.1 and 4.1.4 b) and c)
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q  vertical stress in the soil at a depth equal  
 to the base of the pile shaft, total stress  
 for undrained analysis and effective  
 stress for drained analysis (kPa).

su  undrained shear strength (kPa).

Fpc strength reduction factor for pile   
 strength (for both vertical and lateral  
 strength) (see Paragraph 4.7.1).

α  adhesion factor (see Figure 5).

g  unit weight of the soil in which the pile  
 is embedded, chosen to give the total  
 stresses for undrained loading in   
 cohesive soil and effective stresses for  
 drained loading (gI beneath the water  
 table) (kN/m3).

G  g when the water table is deeper than  
 2B beneath the underside of the foundation  
 and gI when the water table is above this.

dI  drained angle of shearing resistance at   
  the soil/shaft interface (see Table 2)   
  (degrees).

f  angle of shearing resistance (degrees).

fI  effective stress angle of shearing   
 resistance (degrees). 

x  rate of increase in undrained shear   
 strength with depth (kPa/m).

( )average the average value of the parameter in  
 the brackets taken over the length of the  
 pile shaft.

4.1.2	Vertical	strength

The vertical pile strength is:

Vu = Vsu + Vbu

4.1.3	Base	resistance

The undrained base resistance of piles in 
cohesive soil is:

Vbu = (9su + q) Ab

The drained base resistance, when the soil 
is sufficiently uniform to be represented by 
single values of cI, fI, su and g for a distance 
of three pile shaft diameters above and below 
the pile base, shall be:

Vbu = (9cI + qINq + 0.6 Db GNg) Ab

The values of Nq are taken from Figure 4 and 
Ng from Figure 3.

4.1.4	Shaft	resistance

a) For undrained loading of piles in cohesive 
soils:

 Vsu = (ca)average CL

 where ca = αsu and values for α are given in 
Figure 5 for both driven and bored piles.

b) For drained loading of piles in cohesive 
soils:

 Vsu = {(cI
a)average + (s I

vKotandI)average} CL

 The value of dI is taken from Table 2.

c) For drained loading of driven piles in 
cohesionless soils:

 Vsu = (s I
vKstandI)average CL

 Values for Ks are given in Table 2.

4.2	 Column	action

4.2.1 Piles which stand unbraced in ground, 
water, or other material incapable of providing 
lateral support, shall be designed as columns.

4.2.2 For a column partly embedded in the 
ground, the effective length is dependent 
upon the position of end restraint, which in 
turn is dependent upon the nature of the 
ground. End restraint shall be assumed at a 
depth of no less than:

a) 3 times the nominal pile width in very stiff 
soil. (For clays an undrained shear strength 
greater than or equal to 100 kPa, and for 
sands a relative density greater than or equal 
to 50% shall be regarded as very stiff soil.)

b) 6 times the nominal pile width in firm soil. 
(For clays an undrained shear strength 
between 50 and 100 kPa, and for sands a 
relative density between 30 and 50% shall 
be regarded as stiff soil.)

c) 9 times the nominal pile width in other soil 
conditions.
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Figure	4:		
	

Nq	Values	for	Pile	Foundations 
Paragraph 4.1.3

Figure	5:		
	

Adhesion	Factor	for	Piles	in	Cohesive 
Paragraphs 4.1.1 and 4.1.4 a)
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4.3	 Ultimate	lateral	strength	of	single	piles

4.3.1 In the following paragraphs the terms 
“free head” and “restrained head” pile are 
used. Free head piles are classified as short 
and long. Restrained head piles are classified 
as short, intermediate and long. These terms 
are explained as follows:

a) A free head pile has no restriction against 
head rotation when lateral displacement 
occurs. For a short free head pile the 
magnitude of the maximum bending 
moment in the embedded shaft is less than 
the ultimate moment strength of the pile 
shaft, and the ultimate strength is 
controlled by the embedment length of the 
pile shaft. The strength of a long free head 
pile is controlled by the ultimate moment 
strength of the pile shaft and not by the 
embedded length.

b) For a restrained head pile subject to lateral 
displacement, the head rotation is 
constrained at the pile head by a fixing 
moment. A short pile is one in which the 
head moment and the maximum pile shaft 
moment are less than the ultimate moment 
strength of the pile section. For an 
intermediate length restrained head pile the 
head moment is equal to the ultimate 
strength of the pile shaft and elsewhere the 
shaft moments are less than Mult. For a 
long restrained head pile the head moment 
and the maximum pile shaft moment each 
have a magnitude of Mult.

4.3.2	Undrained	lateral	strength	of	piles	in			
	 	 cohesive	soil	having	a	constant		 	
	 	 undrained	shear	strength	with	depth	

a) Free	head	piles

 i) short free head piles

  The ultimate lateral strength of a short  
 free head pile is given by:

  

  Hu = 9suDs [   
____________

_

__

__

____________  
 

                    
2[(f + L)2 + (f + fo)

2]   
                            – (L + 2f + fo)]

  The location, measured from the   
 ground surface, of the maximum pile  
 shaft moment is:

     

  gc =    
Hu 

        

_______ + fo

 
          

9suDs

  The maximum moment in the pile shaft is:

  Mmax = Hu ( f + fo +    
Hu 

                                 

_______ )
 

                                  

18suDs

  
  If Mmax is greater than Mult the strength  

 must be evaluated as for a long free  
 head pile.

 ii) long free head piles

  The ultimate lateral strength of a long  
 free head pile  

  Hu = 3suD s     9(f + fo)2 +            – 3(f + fo)

  The location of the maximum pile   
 shaft moment (Mult) is obtained from  
 the same equation as for the short pile.

b) Restrained	head	piles

 i) short restrained head piles

  The ultimate lateral strength of a short  
 restrained head pile is:

  Hu = 9suDs (L – fo) 

  The pile head moment is:

  Mmax = 0.5Hu (L + 2f + fo)

  If Mmax is greater than Mult then the  
 intermediate length case, ii) below, is  
 appropriate.
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 ii) intermediate restrained head piles

  The ultimate lateral strength of an   
 intermediate length restrained head  
 pile is: 

  Hu = 9suDs   (L + 2f + fo)
2 + (L – fo)

2 + 

                   – (L + 2f + fo)]

  The location, measured from the ground  
 surface, of the maximum pile shaft   
 moment is:

 

  gc =
   Hu

 
     

–––––  + fo

 

       

9suDs

  
  The pile shaft moment at this depth is:

  Mmax = Hu     Hu      + f + fo  – Mult 
                 

_______

 
                  

18suDs

  
  If Mmax calculated from this equation is   
  greater than Mult then the long case, iii)   
  below, is appropriate.

 iii) long restrained head piles

  The ultimate lateral strength of a long  
 restrained head pile is:

  Hu = 9suDs   (f + fo)
2 + 

4Mult   – (f + fo)

 

  The location of the maximum pile shaft   
  (Mult) is obtained from the same equation  
  as for the intermediate length pile.

4.3.3	Undrained	lateral	strength	of	piles	in			
	 	 normally	consolidated	cohesive	soil

Normally consolidated cohesive soils have a 
linear increase in undrained shear strength 
with depth, starting with a value of zero at 
ground surface level.

COmmENT:

Only the long free head pile and intermediate and long 
restrained head piles are considered. Short piles are not 
normally used in such material.

The rate of increase in undrained shear 
strength with depth is denoted by x (kPa/m).

a) Long	free	head	pile

 The ultimate lateral strength of a long free 
head pile is obtained by solving:

 Hu 2   2Hu  + f  – Mult = 0 

   
    

___
 

 
 

   

9Dsx

 
 The location, measured from the ground 

surface, of the maximum pile shaft moment 
(Mult) is:

 gI =       2Hu 
 

 

        
____

 
          

9Dsx

b) Restrained	head	pile	

 i) intermediate restrained head piles

  The ultimate lateral strength of an   
 intermediate length restrained head  
 pile is:

  
Hu =  

3DsL
3
x  

+
  Mult 

      
_______    ____

 
      

2(f + L)     f + L

  The location of the maximum pile shaft  
 moment (Mult) is obtained from the same  
 equation as for the long free head pile.

  The pile shaft moment at this depth is:

  
Mmax = Hu  2     2Hu

    

+ f  – Mult

 
   

            

 __   _____   
              3     9Dsx 

  If Mmax calculated from this equation  
 is greater than Mult then the long   
 case, ii) below, is appropriate.

 ii) long restrained head piles

  The ultimate lateral strength of a long  
 restrained head pile is obtained by   
 solving:
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Hu  

2      2Hu

    

+ f  – 2Mult = 0

 
 

  

__ ______   
   3     9D sx 

 The location of the maximum pile shaft   
 moment is obtained from the same   
 equation as for the long free head pile.

4.3.4	Drained	lateral	strength	of	piles	in		 	
	 	 cohesionless	soil

a) Free	head	piles

 i) short free head piles 

  The ultimate lateral strength of a short  
 free head pile is:

  
Hu =

  KpDsL
3
g 

      
________

 
       

2(f + L)

  The location, measured from the ground  
 surface, of the maximum pile shaft   
 moment is:

 

  
gs = 

      2Hu 
     

    ______
 

              
3KpgDs

  The maximum pile shaft moment is:

  
Mmax = Hu 2      2Hu

 
              

_   _______  + f  
                    

3     3KpDsg

 ii) long free head piles

  The ultimate lateral strength of a long  
 free head pile is obtained by solving  
 the following equation:

  
Hu 2      2Hu      + f  – Mult = 0

 
   _   _______   
   

3    3KpDs
g

 

  The location of the maximum pile shaft  
 moment (Mult) is obtained from the same  
 equation as for the short pile.

b) Restrained	head	piles

 i) short restrained head piles

  The ultimate lateral strength of a short  
 restrained head pile is:

  Hu = 1.5KpDsL
2g

  The magnitude of the maximum pile  
 head moment is: 

  
Mmax = Hu( 2L + f)    

_
 

   
3

  If Mmax is greater than Mult then the  
 intermediate length case, ii) below,   
 is appropriate.

 ii) intermediate restrained head piles

  The ultimate lateral strength of an   
 intermediate length restrained head  
 pile is:

  
Hu = 

 KpDsL
3
g      Mult

 
      

________ + _____
 

             
2(f + L) 

     
f + L

 

  The location, measured from the ground  
 surface, of the maximum pile shaft   
 moment is:

  

  
gs =

      2Hu 
      ______

 
        

3KpDsg

 

  The pile shaft moment at this depth is:

  
Mmax = Hu 2      2Hu

   
              _   _______ + f  – Mult 
              

3     3KpDsg

 

  If Mmax calculated from this equation is  
 greater than Mult then the long case,  
 iii) below, is appropriate.
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 iii) long restrained head piles

  The ultimate lateral strength of a long  
 restrained head pile is obtained by solving:

 
   Hu   2       2Hu

      

+  f   – 2Mult = 0

 
          __    ______        
   3 

 
   3KpDsg

  The location of the maximum pile shaft  
 moment is obtained from the same  
 equation as is used for the intermediate  
 length case.

4.4	 Pile	groups

4.4.1	Ultimate	vertical	strength	of	pile	groups

The undrained vertical strength of a pile 
group considered as a single block in a 
cohesive soil is:

VB = (9su + q) BG LG + 2 (BG + LG) L (ca)average

The drained strength of a pile group considered 
as a single block of soil is given by:

VB = (cI + qI Nq + 0.6 BG GNg) BG LG + 
  2 (BG + LG) L {(cI

a)average + 
  (sI

v Ko tandI)average } 

The ultimate vertical strength of the group is 
determined from:

1          1          1
 

__  =  ____  +  ____ 
V

2
      n

2
V

2
         V

2
   

  
G           1           B 

 

4.4.2 If only part of an embedded friction pile 
length is in satisfactory material, the surface 
area calculated as providing frictional 
resistance shall be limited to the surface areas 
in contact with that material.

4.5	 Downdrag

4.5.1 Downdrag may be generated when a 
pile shaft passes through a compressible soil 
layer. Downdrag shall be considered as dead 
load applied to the parts of the pile below the 
compressible layer. It shall be added to the 
imposed loadings and factored accordingly.

4.6	 Ultimate	lateral	strength	of	pile		 	
	 	 groups

4.6.1 If piles are spaced at centre to centre 
intervals of less than 4.0 times the nominal 
pile width, the ultimate lateral pile strength 
shall be reduced. The reduced value shall be 
calculated as a percentage of the ultimate 
lateral pile strength for an isolated pile by 
linear interpolation between the two values 
given in Table 3.

4.7	 Strength	reduction	factors

4.7.1 Strength reduction factors for design of 
ultimate vertical and lateral strengths in pile 
foundations shall be within the range given in 
Table 4.

The designer shall nominate in the design the 
strength reduction factors chosen along with 
substantiation as to why the values chosen  
are considered appropriate. The values chosen 
shall be to the approval of the territorial authority.

COmmENT:

The value of the strength reduction factor used in 
design will depend on the designer’s knowledge of the 
site and the investigations undertaken. As a guide the 
lower end of the range will generally be appropriate 
when a limited site investigation is undertaken, average 
geotechnical properties are used, published correlations 
are used to obtain design parameters or there will be 
minimal construction control. The upper end of the 
range will generally be appropriate when a comprehensive 
site investigation and laboratory testing is undertaken, 
geotechnical properties are chosen conservatively, site 
specific correlations are used for design parameters and 
there will be careful construction control.

5.0	 Pile	Types

5.1	 Concrete	piles

5.1.1 Precast concrete piles, including 
prestressed piles, shall withstand without 
damage or significant cracking, the stresses 
arising from manufacture, handling and 
transportation, in addition to those arising from 
driving and imposed loadings.
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5.1.2 Belled bases of cast-in-situ concrete 
piles shall be no less than 100 mm thick at the 
edge of the required base and, unless the bell 
is reinforced, the conical surfaces shall slope at 
an angle from the horizontal of no less than 60°.

5.2	 Steel	piles

5.2.1 The design of steel piles shall  
be based on the nett steel section after 
deducting an appropriate thickness for future 
loss by corrosion.

This verification method does not describe a 
means of determining the amount of corrosion 
and proposals must be submitted to the 
territorial authority for approval.

COmmENT:

The amount deducted needs to take account of the 
aggressiveness of the soil. Further guidance can be 
found in AS 2159 Section 6.3 or the HERA Design and 
Construction Bulletin No 46.

5.2.2 Allowance for corrosion loss need not be 
made for steel encased in concrete provided 
cover to the steel is no less than:

a) 30 mm for prestressed concrete,

b) 50 mm for precast concrete,

c) 75 mm for cast-in-situ concrete.

5.3	 Timber	piles

5.3.1 Timber piles shall comply with NZS 3605 
or NZS 3603 as applicable, and be naturally 
durable or treated to the appropriate hazard 
level as recommended by NZS 3640.

5.3.1.1 NZS 3605 shall be subject to the 
following  modification:

 Clause	4.2.4.1 after “limitations for” add 
the word “verified”
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Pile	spacing	 %	of	isolated	pile	lateral	resistance

4.0 x nominal pile width 100 
1.0 x nominal pile width (palisade type wall)  25

Table	3:		
	

	Closely	Spaced	Piles,	Design	Lateral	Resistance	
	Paragraph 4.6.1

method	of	assessment	of	ultimate	geotechnical	strength	for	load	 Range	of	values	of	Fpc	
combinations	not	involving	earthquake	overstrength

Static load testing to failure 0.65 – 0.85 
Static proof (not to failure) load testing 0.70 – 0.90 
Static analysis using CPT (Cone Penetrometer Test) data 0.45 – 0.65 
Static analysis using SPT (Standard Penetrometer Test) data in cohesionless soils 0.40 – 0.55 
Static analysis using laboratory data for cohesive soils 0.45 – 0.55 
Method of assessment of ultimate geotechnical strength for load 0.80 – 0.90 
 combinations including earthquake overstrength

Table	4:		
	

Strength	Reduction	Factors	for	Deep	Foundation	Design	
Paragraph 4.7.1

Amend 9
Sep 2010
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A1.0	Site	Investigation

A1.1	General

A1.1.1 No specific site investigation procedures are given in this document. The following 
information is provided for guidance only.

A1.1.2 The ground conditions at the building site should be investigated to the extent considered 
necessary, by a person with appropriate expertise and experience, to provide essential site data 
for design of the proposed building. Both preliminary and detailed investigations may need to  
be undertaken.

A1.2	Preliminary	investigation

A1.2.1 The preliminary site assessment may include investigation of:

a) General land form, geology and any conditions likely to facilitate landslip, soil creep, shrinkage 
and expansion, or subsidence.

b) Information available from records of previous constructions, excavations, fillings, drains and 
concealed works, on and adjacent to the site.

c) History and behaviour of neighbouring buildings and details of their foundation types, depths 
and loadings.

d) Potential for flooding (see also NZBC E1) and seasonal changes of soil characteristics.

e) Seasonal, tidal or other natural groundwater changes.

f) Presence of corrosive soil, groundwater and effluents (see also F1/VM1).

A1.3	Detailed	investigation

A1.3.1 Detailed investigation may include:

a) Test bores and excavations.

b) Visual inspection.

c) Laboratory and field testing of soil and rock samples.

d) Advice from other people with relevant expertise.

A1.4	Recording	information

A1.4.1 The description of the foundation material should be recorded. A suitable method for 
describing soil and rock is contained in “Guidelines for the field description of soils and rocks in 
engineering use” published by the New Zealand Geotechnical Society.

A1.4.2 The site investigation record should include a site plan showing the locations of the test 
bores and excavations.
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B1.0	 Serviceability	Limit	State	Deformations	(Settlement)

B1.0.1 No specific method is given for determining foundation settlement. The following 
information is provided for guidance only.

B1.0.2 Foundation design should limit the probable maximum differential settlement over  
a horizontal distance of 6 m to no more than 25 mm under serviceability limit state load 
combinations of AS/NZS 1170 Part 0, unless the structure is specifically designed to prevent 
damage under a greater settlement.

B1.0.3 The basis for analysing settlement should be stated in the design. The analysis shall pay 
due consideration to:

a) Size, shape and depth of the foundations,

b) Proximity and influence of proposed and existing foundations,

c) Variability of the ground,

d) The presence of compressive or expansive materials,

e) Rate of consolidation,

f) Groundwater level,

g) Extent of fill placed and ground removed when constructing the foundation, and

h) Likelihood of liquefaction, internal erosion, soil collapse or other special feature.
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C1.0	 Description	of	Wall,	Limit	States	and	Soil	Properties

A gravity retaining wall backfilled with dry sand and founded on clay. In addition to static loading 
the effect of a horizontal earthquake acceleration of 0.20g is considered (there is no vertical 
acceleration component to the earthquake). The additional active thrust generated by the 
earthquake loading is assumed to act 0.6 times the height of the wall above foundation level.  
The proportions of the wall and the various soil properties are given in Figure C1.

There are six ultimate limit states to be considered:

1st  Short term bearing capacity failure of the foundation beneath the wall,

2nd  Short term sliding at foundation level,

3rd Short term bearing capacity failure under earthquake loading,

4th Short term sliding under earthquake loading, 

5th Long term bearing capacity failure of the foundation beneath the wall,

6th Long term sliding at foundation level.

Short term analysis (both for the initial static loading of the foundation and the earthquake loading) 
is performed in terms of total stress and uses the undrained shear strength (su) of the clay whilst 
the long term analysis is done using effective stresses and uses the strength parameters cI and fI 
for the clay (see Paragraph 2.0.6). The thrust from the sand backfill is based on effective stresses 
and is the same for all cases (see Paragraph 2.0.7). 
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C2.0	 Earth	Pressure	Coefficients

Active pressure coefficient for the sand backfill (d = f /2). . . . . . . . . . . . . . . . . . . 0.30

Active pressure coefficient for the sand backfill under EQ (0.20g) . . . . . . . . . . . . 0.45

Passive earth pressure coefficient for clay (f = 25o and d = f /2). . . . . . . . . . . . . 3.50

C3.0	 Load	Factors	and	Strength	Reduction	Factors

Load factor for dead loads that improve stability  . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0

Load factor for static active earth thrusts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.6

Load factor for active earth thrusts under earthquake. . . . . . . . . . . . . . . . . . . . . . . 1.0

Strength reduction factor for static and EQ bearing failure (Fbc) . . . . . . . . . . . . . . 0.45

Strength reduction factor for passive earth pressure (Fpp) . . . . . . . . . . . . . . . . . . 0.45

Strength reduction factor for static and EQ sliding failure (Fsl) . . . . . . . . . . . . . . . 0.80

C4.0	 Notation

The notation in Figure C2 is used to identify the weights and active thrusts on the wall, whilst in 
Figure C3 the actions on the foundation are shown.  
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C5.0	 Loadings

C5.1	 Active	thrusts

Unfactored	active	thrusts:

Static active thrust per metre from backfill (kN/m) . . . . . . . . . . . . . . . 0.3 x 16 x 42/2  =  38.40 
Static active thrust per metre from surcharge . . . . . . . . . . . . . . . . . . . . . . . 0.3 x 6 x 4 = 7.20 
Total static active thrust per metre of wall. . . . . . . . . . . . . . . . . . . . . . . . . . .38.4 + 7.2 = 45.60

EQ active thrust per metre from backfill . . . . . . . . . . . . . . . . . . . . . . . 0.45 x 16 x 42/2 = 57.60 
EQ active thrust per metre from surcharge . . . . . . . . . . . . . . . . . . . . . . . 0.45 x 6 x 4 = 10.80 
Total EQ active thrust per metre of wall . . . . . . . . . . . . . . . . . . . . . . . . .57.60 + 10.80  =  68.40

Difference between static and EQ active thrust from backfill . . . . . . . . . 57.60 – 38.40  =  19.20

Factor	static	active	thrusts	and	find	location	of	resultant:

Factored static active thrust from backfill (kN/m) . . . . . . . . . . . . . . . . . . . . 38.40 x 1.6 = 61.44 
Factored static active thrust from surcharge . . . . . . . . . . . . . . . . . . . . . . . . . . 7.2 x 1.6  = 11.52 
Total factored active thrust per metre of wall . . . . . . . . . . . . . . . . . . . . .61.44 + 11.52 = 72.96

Take moments about heel to get location of active thrust (m) 
  hpa_static = (38.40/3.0 + 7.20 x 0.5) x 4/45.60 = 1.44

Horizontal component of static thrust (kN/m) . . . . . . . . . H = Pah_static = 72.96 x cos15  = 70.47 
Vertical component of static thrust (kN/m) . . . . . . . . . . . . . . . Pav_static = 72.96 x sin15 = 18.88
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For static loading: H = P

(P  passive soil strength in front of the foundation,
if present, contributes to the sliding strength.)

ah_static

e X

B'

B

For EQ loading: H = P        + Hah_EQ inertia

R

V h

(R = q  B')
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Pp

d
d

pa

H
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Figure	C3:		
	

Actions	on	the	Wall	Foundation 
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Factor	EQ	active	thrusts	and	find	location	of	resultant:

Factored EQ active thrust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57.60 x 1 + 10.80 x 1 = 68.40

Take moments about heel to get location of active thrust (m)
  hpa_EQ = (38.40/3.0 + 10.80 x 0.5 + 19.20 x 0.6) x 4/68.40 = 1.74

Horizontal component of EQ thrust (kN/m) . . . . . . . . . . . . . . . . Pah_EQ = 68.40 x cos15 = 66.07

Vertical component of EQ thrust (kN/m) . . . . . . . . . . . . . . . . . . Pav_EQ = 68.40 x sin15 = 17.70

C5.2	Weights	(load	factor	1.0)	and	resultant	vertical	forces	on	the	wall

Weight of wall stem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ws = 3.6 x 0.3 x 25 = 27.00 
Weight of wall foundation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wf = 2.65 x 0.4 x 25 = 26.50 
Weight of backfill above the heel of the wall. . . . . . . . . . . . . . . . Wbf = 3.6 x 1.35 x 16 = 77.76 
Vertical force from surcharge above heel . . . . . . . . . . . . . . . . . . . . . Wsur = 3.5 x 1.35 = 4.73

Static vertical force on foundation (kN/m)
  V = V_static = 18.88 + 27.00 + 26.50 + 77.76 + 4.73 =  154.87

EQ vertical force on foundation (kh = 0.2 and kv = 0) (kN/m)
  V = VEQ = 17.71 + 27.00 + 26.50 + 77.76 + 4.73 = 153.69
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= 66.07

38.40cos(15) = 37.09; 10.80cos(15) = 10.43; 19.20cos(15) = 18.55
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	C5.3	 Horizontal	forces	applied	to	the	foundation

For the first, second, fifth and sixth ultimate limit states the horizontal force is:

 H = Pah_static = 70.47 kN/metre length of wall

For the third and fourth ultimate limit states the inertia of the wall is added to the active thrust to 
determine H: 
Horizontal inertia force on the weight of the wall stem (Ws). . . . . . . . . .  27.00 x 0.20 = 5.40 
Horizontal inertia force on the weight of the wall foundation (Wf) . . . . .  26.50 x 0.20 = 5.30 
Horizontal inertia force on the weight of fill over heel (Wbf) . . . . . . . . . . . 77.76 x 0.20 =  15.55 
Horizontal inertia force on the surcharge over heel (Wsur) . . . . . . . . . . . . . . 4.73 x 0.20 = 0.95

 Hinertia = 5.40 + 5.30 + 15.55 + 0.95 = 27.20

Take moments about heel to get location of resultant inertia force (m):

 hinertia = [(15.55 + 5.40) x (0.4 + 3.6/2) + 5.30 x 0.2 + 0.94 x 4]/27.20 = 1.87

 HEQ = Pah_EQ + Hinertia = 66.07 + 27.20 = 93.27 kN/metre of wall

The weights of the various components of the wall and the horizontal inertia forces generated by 
the earthquake horizontal acceleration of 0.20g are given in Figure C5.

C6.0	 Surcharge	Pressures	at	Toe

Total stress surcharge pressure in front of wall (kPa) . . . . . . . . . q = gclayDf = 18 x 0.4 = 7.2

Effective stress surcharge pressure in front of wall (kPa) . . . . . qI = gI
clayDf = 8.2 x 0.4 = 3.3
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Virtual back of wall
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C7.0	 First	Ultimate	Limit	State	(short	term	static	foundation	bearing	failure)

Find X (location of V) by taking moments about heel.

Moment of the vertical forces: 

 (77.76 x 1.35/2 + 4.73 x 1.35/2 + 27.00 x (1.35 + 0.15) + 26.50 x 2.65/2) = 131.29

 X = 131.29/154.87 = 0.848

Eccentricity: e = 70.47 x 1.44/154.87 = 0.655

BI1 = 2 x (0.848 + 0.655) = 3.01 
BI2 = 2 x (2.65 – 0.848 – 0.655) = 2.29

BI is the smaller of BI1 and BI2:

BI = 2.29  (Distance from R to foundation edge = BI/2 = 1.15 > B/6 . 
.
 . ok (Paragraph 3.1.4))

Design bearing pressure:  qd = V/BI = 154.87/2.29 = 67.6 kPa

Determine ultimate bearing strength qu = sulcslcdlcilcgNc + lqgq

For this case f = 0, so Nc = 5.14. lcs shall be taken as 1.0 as foundation is assumed to be long 
compared to its width. Also lcg = lqg = 1.0 as the foundation is horizontal. Thus we need only to 
evaluate lcd and lci.

 lcd = 1 + 0.4 x Df/BI = 1 + 0.4 x 0.4/2.29 = 1.07

 lci = 0.5(1 + =(1 – H/BIsu)) = 0.5 x (1 + =(1 – 70.47/2.29 x 75)) = 0.88

 qu = suNclcdlci + q = 75 x 5.14 x 1.07 x 0.88 + 7.2 = 370.19

 qdbs = quFbc = 370.19 x 0.45 = 166.6  qd = 67.6 Thus	OK	as	qdbs	>	qd
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C8.0	 Second	Ultimate	Limit	State	(short	term	static	foundation	sliding	failure)

The design sliding resistance is derived from the shear strength on the base and the passive 
resistance from the clay in front of the embedded part.

Ultimate shear strength:  S = su BI = 75 x 2.29 = 171.75

Passive resistance:  Pp = 2 su Tf + 0.5 gclayTf
2 where Tf is the foundation thickness

        = 2 x 75 x 0.4 + 0.5 x 18 x 0.42 = 61.44 

Design sliding resistance:  SFsl + PpFpp = 171.75 x 0.8 + 61.44 x 0.45 = 165.1

            H = 70.5 Thus	OK	as	SFsl	+	PpFpp	>		H

C9.0	 Third	Ultimate	Limit	State	(short	term	foundation	bearing	failure	under	EQ)

Find X (location of V) by taking moments of vertical forces about heel.

Moment, as for the first ultimate limit state = 131.29

X = 131.29/153.69 = 0.854

To get eccentricity we need to add the moment of the horizontal inertia forces to that of the lateral 
thrust from the backfill:

e   = (66.07 x 1.74 + 27.20 x 1.87)/153.69 = 1.079

BI1  = 2 x (0.854 + 1.079) = 3.87 
BI2  = 2 x (2.65 – 0.854 – 1.079) = 1.43

BI is the smaller of BI1 and BI2:

BI   = 1.43  (Distance from R to foundation edge = BI/2 = 0.72 > B/6 . . . ok (Paragraph 3.1.4)

Design bearing pressure:  qd = V/BI = 153.69/1.43 = 107.46 kPa
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Determine ultimate bearing strength:

For this case f = 0, so Nc = 5.14. lcs shall be taken as 1.0 as foundation is assumed to be long 
compared to its width. Also lcg = lqg = 1.0 as the foundation is horizontal. Thus we need only to 
evaluate lcd and lci.

lcd  = 1 + 0.4 x Df/BI = 1 + 0.4 x 0.4/1.43 = 1.11

lci  = 0.5(1 +   (1 – H/BIsu)) = 0.5 x (1 +   (1 – 93.29/1.43 x 75)) = 0.68

qu  = suNclcdlci + q = 75 x 5.14 x 1.11 x 0.68 + 7.2 = 298.17

 

dbs  = quFbc = 298.17 x 0.45 = 134.2  qd = 107.5  Thus	OK	as	qdbs	>		qd

C10.0	 Fourth	Ultimate	Limit	State	(short	term	foundation	sliding	failure	under	EQ)

The design sliding resistance is derived from the shear strength on the base and the passive 
resistance from the clay in front of the embedded part.

Ultimate shear strength:  S = su BI = 75 x 1.43 = 107.25

Passive resistance:  Pp = 2 su Tf + 0.5 gclayTf
2 = 2 x 75 x 0.4 + 0.5 x 18 x 0.42 = 61.44 

Design sliding resistance:  SF sl + PpFpp = 107.25 x 0.8 + 61.44 x 0.45 = 113.5

    H = 93.3  Thus	OK	as	SF sl	+	PpFpp	>	 H

C11.0	 Fifth	Ultimate	Limit	State	(long	term	foundation	bearing	failure)

For this case we work in terms of effective stress. 

The strength parameters for the clay become: cI = 12.5 kPa and fI = 25o. Furthermore the water 
table is at the ground surface in front of the wall so the buoyant density (18 – 9.81 = 8.2 kN/m3) 
controls the effective stresses.
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In addition there is a small positive water pressure acting on the underside of the wall which 
reduces the vertical load applied to the foundation.

u = 0.4 x 9.81 = 3.92 and Vdrained = 154.87 – 3.92 x 2.65 = 144.48

This has the effect of changing slightly X and e, hence BI and qd. We have from the first ultimate 
limit state the moment about the heel of the wall of the vertical forces = 131.29 kNm per metre 
length of the wall, so:

X = (131.29 – 3.92 x 2.65 x 2.65/2)/144.48 = 0.813

Eccentricity of load:   e = 70.47 x 1.44/144.48 = 0.703

BI = 2 x (2.65 – 0.813 – 0.703) = 2.27

Design bearing pressure:  qd = Vdrained /B
I = 144.5/2.27 = 63.7 kPa

For f equal to 25o the bearing capacity factors are: Nc = 21, Nq = 11 and Ng = 9.

Determine ultimate bearing strength:

qu_drained  = cIlcslcdlci lcgNc + qI lqslqdlqilqgNq + 0.5BIgIlgslgdlgilggNg

Shape factors lcs, lqs and lgs shall be taken as 1.0 as foundation is assumed to be long compared 
to its width. Also ground inclination factors lcg,lqg and lgg = 1.0 as the foundation is horizontal. 
Thus we need only to evaluate depth and load inclination factors.

Depth factors:

lqd    = 1 + 2tanfI(1 – sinfI)2(Df /B) = 1 + 2tan(25)(1 – sin(25))2(0.4/2.27) = 1.05

lcd    = lqd – (1 – lqd)/NqtanfI  = 1.05 – (1 – 1.05)/11tan(25) = 1.04

lgd    = 1

Load inclination factors:

lqi    = (1 – 0.7H/(Vdrained + cIBIcotfI))3 = (1 – 0.7 x 70.47/(144.48 + 12.5 x 2.27 x cot(25)))3 = 0.46

lci    = (lqiNq – 1)/(Nq – 1) = 0.40

lgi    = (1 – H/(Vdrained + cIBIcotfI))3 = (1 – 70.47/(144.48 + 12.5 x 2.27 x cot(25)))3 = 0.28

qu_drained  = cINclcdlci + qINqlqdlqi + 0.5BIgINglgdlgi 

    = 12.5 x 21 x 1.04 x 0.40 + 3.3 x 11 x 1.05 x 0.46 + 0.5 x 9 x 2.27 x 8.2 x 1 x 0.31 = 152.70

qdbs_drained = qu_drainedFbc = 152.70 x 0.45 = 68.7  qd = 63.7

     Thus	OK	as	qdbs_drained	>	qd

C12.0	 Sixth	Ultimate	Limit	State	(long	term	foundation	sliding	failure)

The design sliding strength is derived from the sliding resistance on the base and the passive 
resistance from the clay in front of the embedded part.

Sliding resistance:  Sdrained = cIBI + VdrainedtanfI = 12.5 x 2.27 + 144.48 x tan(25) = 95.75

Passive resistance:  Pp_drained = 0.5Kpg
ITf

2 + 2cITf Kp  
     = 0.5 x 3.5 x 8.2 x 0.42 + 2 x 12.5 x 0.4 x 3.5 = 21.00

Design sliding strength:  SFsl + PpFpp = 95.75 x 0.8 + 21.00 x 0.45 = 86.05

    H = 70.5  Thus	OK	as	SFsl	+	PpFpp	>		H
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C13.0	 Comments

The above calculations reveal that, for static loading, it is the long term case that is critical. Also 
for the short term cases the sliding strength derived from passive earth pressure in front of the 
embedded foundation is significant. 

If the horizontal earthquake acceleration is increased much above 0.2g the third ultimate limit  
state becomes the limiting case as bearing failure is initiated. However, as explained in clauses 
4.11.2.4 and C4.11.2.4 of NZS 4402: 1992, controlled sliding and tilting of the foundation  
during the passage of an earthquake is possible if the resulting post-earthquake permanent 
displacements are acceptable. The procedures and criteria for this approach are beyond the  
scope of this document.
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No specific acceptable solution for foundations 
has been adopted for complying with the 
Performances of NZBC B1.
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respectively.

Barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Timber barriers

Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.9.2, 1.9.4
 building elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 2.0.3
 earth buildings. . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM1 8.0, AS1 4.0
 
 masonry buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.1
 timber framed buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.1

Children . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 1.0.2

Chimneys. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .AS1 1.2, 8.0, AS3 2.1
 bracing units . . . . . . . . . . . . . . . . . . . . . AS3 1.9, 1.9.3, 1.9.6, Table 2
 brick chimneys . . . . . . . AS3 1.1, 1.1.3 a) b), 1.2.1 a), 1.6.2 a), 1.7.1,
  1.7.6, 1.8.1, 1.8.5 a), Figures 2, 3, 4, 7, Table 1
 cantilever height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.2
 chimney bases . . . . . . . . . . . . . . . . . . . . AS3 1.1.3 a), 1.6.1, 1.9.4 b)
 chimney breasts . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.5, Table 1
 chimney depth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.3
 chimney height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.2
 chimney liners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.4
 chimney lintels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .AS3 Table 1
 chimney materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.8
 chimney stacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.2, 1.6.1
 chimney wall thicknesses . . . . . . . . . . . . . . . . . . . . . . .AS3 1.2, 1.2.1
 chimney width. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.1.3
 concrete chimneys . . . . . . . . . . . . . AS3 1.1.1, 1.1.3 a) c), 1.2.1 b) c), 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.6.2 a) b), 1.7.1, 1.7.13, 1.8.2,  
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.8.5 b), Figures 4, 5, Table 1

 concrete masonry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.8.4
 floor brackets . .AS3 1.7.1, 1.7.3, 1.7.4, 1.7.5, 1.8.4, 1.9.4 b) c), Figure 6
 foundations . . . . . . . . . . . . . . . . AS3 1.1.2, 1.1.3 a), 1.3, 1.3.1, 1.3.2, 
  1.3.3, 1.7.4, 1.7.5, 1.8.4, Figure 1
  foundation slabs. . . . . . . . . . . . . . . . AS3 1.1.2, 1.3.2, 1.7.4, 1.7.5
 gathers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.6.1, 1.6.2, 1.7.5
 packers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.7.2, 1.7.6 c)
 precast pumice concrete chimneys . . . . . . . . . AS3 1.1.1, 1.1.3 a) c), 
  1.2.1 c), 1.6.2 b), 1.7.1, 1.7.13, 1.8.3,  

 1.8.3 c), 1.8.5 c), Figures 5, 7, Table 1
  compressive strength . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.8.3 c)
  construction of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.8.3
 restraint . . . . . . . . . . . . . . . . . . . . AS3 1.7, 1.7.1, 1.7.13, Figures 6, 7
 roof brackets . . . . . . . . . . . . . . . . . . .AS3 1.7.1, 1.7.3, 1.7.4, Figure 6
 roof ties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.7.5
 structural diaphragms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.9.5
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Chimneys (continued)
 wall ties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.7.5, 1.7.7, 1.7.8
   closely spaced wall ties . . . . . . . . . . . . . . . . . . . AS3 1.7.5, 1.9.4 c)

Concealed works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 A1.2.1 b)

Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Design, concrete

Design
 aluminium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 7.0
 concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 3.0 

concrete masonry . . . . . . . . . . . . . . . . .VM1 4.0, AS1 2.0, AS3 1.3.3
 drains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Drains
 earth building. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 8.0
 foundations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Foundations
 loadings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 2.0
  earthquake . . . . . . . . . . . . . . . . . . VM1 1.0, 2.0, AS3 1.9, Table 2
  limit state . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM1 2.0, 7.1
 
 
 siteworks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 10.0
 steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 5.0
 strength reduction factor. . . . . . . . .VM4 2.0.1, 3.5.1, 4.7, Tables 1, 4 

structural design actions Standards . . . . . . . . . . . . . . . . . . . VM1 2.0 
 timber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM1 6.0, AS1 3.0
  see also Timber barriers
 windows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Windows

Drains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM1 11.0, AS1 6.0

Earth retaining structures . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 2.0.3
  

Effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 A1.2.1 f)

 

Floor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 2.1.1

Foundations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 9.0, VM4
 design parameters
  continuous vibration. . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.6
  depth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 2.0.4
  ground stability. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.4
   long-term loading . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 2.0.6
   short-term loading . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 2.0.6
  serviceability deformations . . . . . . . . . . . VM4 1.0.3, Appendix B
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Foundations (continued) 
pile foundations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.0

  belled piles. . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 4.0.3 b), 5.1.2
  bulbed piles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.0.3 c)
  concrete piles
   cast-in-situ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.4.4
   precast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 3.4.4, 5.1.1
   downdrag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.5
  nominal width . . . . . . . . . . . . . . . . . . . . . . . VM4 4.0.3, 4.2, 4.6.1
  notation . . . . . . . . . . . . . . . . . . . . . . VM4 4.1.1, Figure 5, Table 2
  pile driving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 5.1.1
  pile driving formula . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.0.1
  pile groups
   design pile lateral strength . . . . . . . . . . . . . . . . . . . . VM4 4.0.4
   design pile vertical strength . . . . . . . . . . . . . . . . . . . VM4 4.0.4
   ultimate lateral strength . . . . . . . . . . . . . . . VM4 4.6.1, Table 3
   ultimate vertical strength . . . . . . . . . . . . . . . . . . . . . VM4 4.4.1
  single piles
   base resistance. . . . . . . . . . . . . . . . . . VM4 4.1.3, Figures 3, 4
   column action design . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.2
   design pile vertical strength . . . . . . . . . . . . . . . . . . . VM4 4.0.4
   design pile lateral strength . . . . . . . . . . . . . . . . . . . . VM4 4.0.4
   lateral strength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.3
    drained cohesionless soil . . . . . . . . . . . . . . . . . . VM4 4.3.4
    free head pile. . . . . . . . . . . . VM4 4.3.2 a), 4.3.3 a), 4.3.4 a)
    restrained head pile . . . . . . .VM4 4.3.2 b), 4.3.3 b), 4.3.4 b)
    undrained cohesive soil . . . . . . . . . . . . . . . . . . . . VM4 4.3.2
    undrained consolidated soil . . . . . . . . . . . . . . . . . VM4 4.3.3
   shaft resistance . . . . . . . . . . . . . VM4 4.1.4, Figure 5, Table 2
   ultimate axial compression . . . . . . . . . .VM4 4.0.1, 4.0.2, 4.0.3
   vertical strength . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.1.2
  strength reduction factors . . . . . . . . . . . . . . . . . .VM4 4.7, Table 4
  types
   concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 5.1.1, 5.1.2
   steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 5.2.1, 5.2.2
   timber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 5.3
 shallow foundations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.0
  design bearing pressure . . . . . . . . . . . . . . . . . . .VM4 3.2.1, 3.2.4
  design bearing strength . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.2.3
  design sliding resistance . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.4.6
  local shear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.3.3
  moment loading. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.1.4
  notation . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.3.1, Figures 1, 2
  soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 3.1.2, 3.4.3
  strength reduction factors . . . . . . . . . . . . . . . . . .VM4 3.5, Table 1
  surcharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 3.1.3
  ultimate bearing strength. . . . . . VM4 3.1.1, 3.2.2, 3.3.2, Figure 3
  ultimate sliding resistance . . . . . . . . . . . . . . . . . . . . . . . VM4 3.4.2
  ultimate sliding strength . . . . . . . . . . . . . . . . . . .VM4 3.4.4, 3.4.5
 see also Chimneys, foundations
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Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 A1.2.1 a)

Glazing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS1 7.0

Ground
 good ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.3.2

Ground conditions . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.2, Appendix A

Ground water . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.2, Appendices A, B
 conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.2
 seasonal changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 A1.2.1 e)
 tidal changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 A1.2.1 e)

Hearths . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.4, 2.2, 2.2.1, 2.2.2, 2.2.3
 hearth slabs. . . . . . . . . . . . . . . . . . . . . . . .AS3 2.2, 2.2.1, 2.2.2, 2.2.3

Hot dip galvanising . . . . . . . . . . . . . . . . . . . . . AS2 1.0.5 b), AS3 1.8.6

Landslip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 A1.2.1 a)

Loadings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .see Design, loadings

Masonry. . . . . . . . . . . . . . . . . . . . . . . . . . see Design, concrete masonry

Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS3 1.8
 chimneys. . . . . . . . . . . . . . . . . . . . . see Chimneys, chimney material 

Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 1.0

Piles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Foundations

Reinforcing steel. . . . . . . . . . . . . . . . . . .AS3 1.3.2 b) c), 1.4, 1.6, 1.6.1, 
  1.6.2, 1.8.5, 2.2.1 a), Table 1

Settlement . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 4.0.3, Appendix B
 differential settlement. . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 B1.0.2
 factors affecting settlement . . . . . . . . . . . . . . . . . . . . . . .VM4 B1.0.3

Site characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 Appendix A

Site investigations . . . . . . . . . . . . . . . . . VM4 3.5.1, 4.7.1, Appendix A
 detailed investigations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 A1.3
 preliminary investigations . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 A1.2
 recording information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 A1.4

Siteworks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Design, siteworks

Slope stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.4

Small chimneys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Chimneys

Soil properties . . . . . . . . . . . . . . . VM4 1.0.5, 2.0.6, 2.0.7, Appendix A

Soil shrinkage and expansion . . . . . . . . . . .VM4 3.1.2, 3.4.3, A1.2.1 a)

Soils
 adverse moisture conditions. . . . . . . . . . . . . . . . . . . . . . . . VM4 1.0.2
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Solid fuel burning domestic appliances. . . . . . . . . . . . . . . . . . AS3 2.0

Steel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Design, steel

Stucco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS1 5.0

Subsidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .VM4 A1.2.1 a)

Timber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see Design, timber

Timber barriers . . . . . . . . . . . . . . . . . . . . . . . . . . .AS1 1.2, 9.0, AS2 1.0
 alternative details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 2.7
 balusters . . . . . . . . . . AS2 2.1.1, 2.2.1, 2.2.2, 2.3, 2.4.1, 2.7.1, 2.7.2,
  Figures 2, 3, 4, Tables 1, 2, 3, 5
 connections. . . . . . . . . . . . . . . . AS2 1.0.5 b) c), 2.2.2, 2.3.3 to 2.3.9,
  2.5.2, 2.5.3, 2.7.2, Figures 2, 3, 4, Tables 3, 4
 construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 2.0
 dimensions of timber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 1.0.4
 exposed to the weather . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 1.0.5
 joists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 2.1.1, 2.3.8
  blocking . . . . . . . . . . . . . . . . . . . . . . AS2 2.1.1, 2.3.4, 2.3.6, 2.3.8
  boundary joists. . . . . . . . . .AS2 2.1.1, 2.3.2, 2.3.4, 2.3.5, Figure 4
  end joists . . . . . . . . . . . . . . . . . . .AS2 2.3.2, 2.3.4, 2.3.6, Figure 4
  intermediate joists . . . . . . . . . . AS2 2.3.2, 2.3.3, Figure 3, Table 3
 materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 1.0.3
 moisture contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 2.6.1
 palings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .AS2 2.1.1, 2.5
 rails
  bottom rails . . . . . . . . . . . . . . AS2 2.1.1, 2.4, 2.5.2, 2.7.2, Table 5
  top rails . . . . . . . . . . . . . . . . . . AS2 2.1.1, 2.2, 2.3.1, 2.5.1, 2.5.3, 
    2.7.1, 2.7.2, Figure 1, Tables 1, 2

Timber connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS2 1.0.5 b) c)

Windows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VM1 12.0
 glazing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AS1 7.0
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