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GENERAL - SCOPE & APPLICATION

This technical specification provides surface regularity requirements for internal concrete floors that are either
supported by the ground or are suspended. The provisions can apply to a range of building uses including
industrial, warehousing, institutional, retail, commercial, office and accommodation, where different tolerances
are required for the specific use (e.g. high reach forklifts) and/or take account of final floor finishes that may be
applied (e.g. tiles).

Guidance on methods for measuring surface regularity are also provided in this technical specification.
The requirements and methods of assessing surface regularity are provided for two distinct floor areas:

Free-movement (FM)
Defined-movement (DM)

The requirements for surface regularity in this technical specification assume that the floor is to be horizontal,
cast to a constant finished floor level. Floors laid to falls or follow a camber may require further consideration.

The requirements in this technical specification are intended to modify and/or supersede surface regularity
requirements currently provided in NZS 3109 and NZS 3114 for concrete floors.

The relevant contents of NZS 3109 and NZS 3114 that are modified/superseded for concrete floor
construction are:

NZS 3109:1997 Table 5.2 (Profile tolerances for in situ construction)

NZS 3114:1987 Clause 304.1 (Surface plane variations) and Table 3 (Tolerances for abrupt deviations or offsets
and gradual variations)

ABBREVIATIONS & DEFINITIONS

Datum - a reference point taken for surveying.

Defined-movement areas - narrow aisles in warehouses where materials handling equipment (MHE) move
only in defined paths.

Departure from datum - the deviation in height of the surface from a fixed datum.
Flatness - surface regularity over short distances.

Free-movement areas - where MHE can travel randomly in any direction, typically in warehouses with wide
aisle racking systems, factories, retail outlets and food distribution centres.

Levelness - surface regularity over a longer distance, typically 3 m.

MHE - Materials Handling Equipment e.g. forklifts, high-access devices (this technical specification is not intended
to apply to ASRS - automated storage and retrieval systems or other more specialised equipment, manufacturers
should be consulted for specific floor surface requirements).

Propping - temporary support provided for suspended slabs during construction.
Side-shift - the ability of a truck to adjust the pallet transversely to the fork direction.
Surface regularity - generic term to describe the departure of a floor profile from a theoretical perfect plane.

VNA - Very Narrow Aisles.



GENERAL SURFACE REGULARITY
REQUIREMENTS - FREE-MOVEMENT AREAS

Surface profiles of floors must be controlled so that departures from a theoretically perfect flat plane are limited
to an extent appropriate for the planned use of the floor. Three properties for determining concrete floor surface
regularity are provided in this technical specification:

* Departure from datum
¢ Flatness
¢ Levelness

DEPARTURE FROM DATUM

To meet departure from datum requirements the deviation in height of the surface of all new floor construction
shall be within £ 15 mm of a fixed datum plane. Where a datum plane is not available, no point shall be outside
1 15 mm of the mean floor level, based on the survey results to determine the levelness of the floor.

Greater accuracy to a datum can be specified for small rooms, along the line of partition walls, in the vicinity of
door openings and where special equipment is to be directly installed on the floor.

It may be important to determine the as-built floor datum to be used as the basis of measurements, to avoid
confusion if the as-built datum is not the same as any assumed design datum.

FLATNESS AND LEVELNESS

The floor should have an appropriate flatness in order to provide a suitable surface for the operation of items
such as material handling equipment (MHE) and/or very high racking, and an appropriate levelness to ensure
that the building can function satisfactorily.

Flatness is generally related to variations over shorter distances whereas levelness is generally related to longer
distance. The differences between flatness and levelness are illustrated in Figure 1.

Level but not flat

/\/\/

Flat but not level

Figure 1. Flatness and levelness



Levelness (E) and flatness (F) requirements for five different floor classes as applicable for general free-movement
areas are prescribed in Table 1.

Table 1: Floor classes and permissible 957 percentile limits on levelness (E) and flatness (F) for free-movement floor areas

Property

Floor Class Typical floor use

E (mm) F (mm)

FM1 Where very high standards of flatness and levelness are required. 4.5 1.8
Reach trucks operating at above 13 m without side-shift.

FM2 Reach trucks operating at 8-13 m without side-shift. 6.5 2.0

FM3 Retail floors to take directly applied flooring (such as thin sheet tiles). 8.0 2.2
Reach trucks operating at up to 8 m without side-shift.
Reach trucks operating at up to 13 m with side-shift.

FM4 Retail Floors to take applied screeds. 10.0 24

Workshops and manufacturing facilities where MHE lift heights are
restricted to 4 m.

FM5 General use floors - where surface regularity is less critical or achieving 15.0 3.0
tighter tolerance controls is not practical - typically suspended concrete
floors.
Notes:

1.

The E (mm) and F (mm) values are the permissible 95 percentile limits for levelness and flatness respectively.

2. Specific properties may also be prescribed to meet individual project requirements.
3.
4. For suspended concrete floors, particularly composite slabs on metal decking, setting tight surface regularity requirements

The specification of F properties may be optional for some projects.

is often not practical and may come at considerable construction cost. If tight surface regularity requirements are essential
(i.e. suspended slabs for use in storage facilities or supporting specialist equipment) it is recommended that this is
considered at the outset of a project, obtaining appropriate input, to ensure the structure is designed and constructed
with tight surface regularity requirements in mind. If tight tolerances for a suspended floor are required, the use of a
levelling screed could also be considered.

Critical dimensions (e.g. minimum slab thickness) for achieving compliance with structural design requirements may govern
and influence levelness.




METHODS FOR MEASURING SURFACE
REGULARITY — FREE-MOVEMENT AREAS

In the suggested method for measuring flatness and levelness a 3 m grid of points is accurately set out on the
whole of the floor area - see Figure 2. Elevation measurements are taken on or between these points. The grid
location should be recorded accurately so that the points can be revisited if subsequent level checks are needed.
Areas within 1.5 m of a wall, column or other structure should not typically be surveyed.

= survey point
for levelness
measurement

++ + —

3m 3 m | s = sample run
for flatness
measurement

Figure 2: 3 metre grid set out for establishing surface regularity

Levelness (E) is measured between all adjacent survey points 3 m apart on the grid. Property E is the elevation
difference (in mm) between adjacent survey points 3 m apart (not across the diagonals).

Flatness (F) is measured across a sample of the grid lines used to measure Levelness. The sample should
consist of a minimum total length of survey runs in metres calculated as the floor area in square metres divided
by 10. The runs should be distributed as evenly as practically possible over the entire slab to get a fair and even
distribution of data. The individual lines can have different lengths as long as the cumulative lengths of the lines in
each direction are within 5 percent of each other.

Property F is the change in elevational difference between two consecutive measurements of elevational
difference, each measured over 300 mm - see Figure 3.
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Figure 3: Examples of determining Property F elevational differences



SURVEYING REQUIREMENTS

Levelness and Flatness is measured using a precise level and staff, or other specialist digital equipment with
appropriate accuracy.

All surveying instruments shall be calibrated to an accuracy of 0.2 mm and all survey data should be reported to
0.1 mm.

Surveys should be carried out within 28 days of pouring a floor, or major sections of it, to check that ‘as-built’ it
complies with this technical specification.

For suspended floors, surface regularity measurements should be checked for compliance with this technical
specification before propping is removed.

DATA ANALYSIS AND PERMISSIBLE LIMITS

Levelness (E) and Flatness (F) data should be analysed and the 95™ percentile value is calculated.
Upper limits on the 95" percentile values for properties E and F are given in Table 1. The floor is non-compliant if:

the maximum permitted 95" percentile value is exceeded.
any point on the levelness survey grid is outside the +15 mm of the determined floor datum.

For small floor areas (less than approximately 150 m? and/or generating less than 20 points) the small sample size
may not provide reliable statistical data and judgement if compliance is achieved may need to be applied.

REPORTING

The 3 m grid layout should be shown in relation to the building set-out. The level of each grid point should be
shown. The difference between each adjacent grid point should be shown and the 95" percentile should be
calculated from this data.

The location of the flatness runs should be shown and linked to the levelness grid. Flatness (F) values should be
presented for each run and the 95" percentile should be calculated from this data.

ADDITIONAL CONSIDERATIONS

Where the required property limits are exceeded, it is recommended that individual measurements are examined
in detail to determine the significance of any possible effect on the performance of a floor.

The specified limit may be relaxed subject to the interested parties being satisfied that equipment can be
operated safely and the intended use of the floor is not adversely affected.

Settlement of ground supported slabs due to compression of the sub-grade under load with time can produce
changes in level and surface regularity.

Deflection of suspended slabs under load with time can also cause changes in level and surface regularity.

It is recommended that surveys are carried out within one month of completing the whole floor, or major sections
of it, to check flatness and levelness.



SURFACE REGULARITY REQUIREMENTS -
DEFINED-MOVEMENT AREAS

Defined-movement is usually associated with very narrow aisles (VNAs). In these aisles, the surface regularity of
the floor is a critical factor in the performance of the MHE.

If the precise positions of the aisles are not known at the time of floor construction, it is not appropriate to specify
the surface regularity of the aisles as defined-movement areas.

The survey methods are applicable only to the MHE pathways and are not relevant to the areas of floor under the

racking. Areas away from racking such as general goods movement/ loading/unloading areas should be regarded
as free-movement areas.

Figure 4. shows the static lean and how the variation in floor level across an aisle between the wheel tracks of

MHE is magnified at the top of the mast in direct proportion to its height. Variations in level also induce dynamic
movements in the mast that can magnify the static lean.

A = static lean
B = variation in floor level

1L |
A 1°

Figure 4: Static lean

The defined-movement specification appropriate for the racking top beam height needs to be specified.
Classifications of floors based on racking top beam heights are given in Table 2.

Table 2: Permissible limits on properties dZ, dX, d,Z, d X in defined-movement areas. Refer to Figures 5-7 for descriptions
of properties.

Floor Racking Property Property
T top beam Property dZ Property dX Property d_X
Classification - dz 2
helght SLOPE 2
Calculation - mm per m ZXZ oo dz x0.75 Fixed values Fixed values
2X 7L oo X 1.1
DM1 Over 13 m 1.3 Zx1.3 Zx1.0 2.9 1.5
DM2 8-13m 2.0 Zx2.0 Zx15 4.4 2.0
DM3 Upto8m 2.5 Zx2.5 Zx19 55 2.5




METHODS FOR MEASURING SURFACE
REGULARITY = DEFINED-MOVEMENT AREAS

SURVEYING TECHNIQUES

Aisles are surveyed over their full length along the wheel tracks of the MHE starting with the load axle at the first

rack upright.

Properties dZ and dX are measured using specialist digital equipment, commonly known as profileographs.
These produce continuous or semi-continuous data readings. Data readings should be taken at not greater than
50mm intervals. Properties d,Z and d X are derived by computation of the data for Properties dZ and dX. Refer to
Figures 5-7. illustrating the symbol and determination defined-movement properties and Table 3 for definitions

of properties.

Plan /
|

Elevation ! __---""__

Figure 5: Symbols for dimensions

Forward travel
of load axle

d,Z = dz,- dz,

Figure 6: Determination of d,Z



Forward travel

A\ 4

300 mm
—
d X =dX,-dX,
Figure 7: Determination of d X
Table 3: Defined-movement properties
Property Z the transverse dimension between the centres of the MHE front wheels, in m
Property X the longitudinal dimension between the centre of the front and rear MHE axles, in m

Property Z the cross-aisle slope between the centres of the MHE front wheels in mm/m

SLOPE
Property dZ the elevational difference in mm between the centres of the MHE front wheels

Property dX the elevational difference in mm between the centre of the front axle and the centre of
the rear axle

Propertyd,Z  the change in dZ mm over a forward movement over 300 mm along the wheel tracks

Property d X  the change in dX mm over a forward movement over 300 mm along the wheel tracks

DATA ANALYSIS AND PERMISSIBLE LIMITS

The survey data are analysed and compared with the permissible limits for properties dZ, dX, d,Z and d,X as given
in Table 2. The floor is non-compliant if any measurement in any aisle exceeds any permissable limit.

REPORTING

Data are typically presented graphically and should be in relation to the building layout. Summary data should be
provided for each aisle with non-compliances highlighted.

REMEDIATION

Where limits are exceeded, it may be possible to grind the high areas of the surface or to fill the low areas of the
surface. If wheel tracks have been ground or filled, the wheels should be in full contact with the floor surface so
that no transverse thrust or other stresses on wheels are created. Grinding and filling may affect the appearance
of the floor.
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POST-TENSIONED

SLAB
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All around New Zealand, Grouting Services has delivered post-tensioned
slabs for the country’s iconic businesses, buildings, bridges and sports
stadiums. In fact, we’ve specialised in post-tensioning for 50 years and
provide both a design and construction service. No wonder so many
Project Managers trust Grouting Services and its partnership with leading
slab construction company Conset Construction.

For more information, visit groutingservices.co.nz or call 09 837 2510.
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Flatness and Levelness
Certus Eloor Profile Assessment

* Defined Movement, High Bay & Narrow Aisle
« Fast & Accurate Measure
» Self-Propelled & Laser Guided

* Reporting to UK Concrete Society TR 34 4" ed., Fmin,
EN 15620, DIN 15185 & VDMA
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« Confirmation of specification « Efficiency of use
achieved prior to handover « Early assessment of aisle
usability
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specification
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« Classification compliance

BUILDER « Static lean assessment

« Assessment of construction
methodology

« Aisle wheelpath grind
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tie wires, tensions and ties tight, with a 50%
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combined size of 32mm, up to 61mm, with 115

to 205 ties per coil, 4000 ties per charge, with

the MAX® 40 minute fast charger. The MAX®

fastening solutions

www.sifco.co.nz

RB611T TwinTier™ Re-bar-tier is lightweight, E E
with a compact body. [
Made in Japan. kY

Battery operated re-bar-tying tool for: E .

* Precast concrete products * Floors and walls
* Building foundations * Retaining walls
* Road and bridge construction « Swimming pool walls

New Zealand’s leading forklift and MHE solutions provider

Crown’s extensive range of electric and internal combustion forklifts, combined with innovative fleet
management technologies are designed to lower your operating costs and improve warehouse efficiencies.
For proven performance, genuine expertise and unrivalled support — there’s nothing like a Crown.

Sales ¢ Rentals ¢ Fleet Management ¢ Service ¢ Parts ¢ Driver Training

Call 0800 802 002 Email contact.newzealand@crown.com or visit www.crown.com
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N to our steel.
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' 3 the only local manufacturer of reinforcing steel to have third party

1 ,'| ACRS certification. So when we say our SEISMIC® reinforcing steel is
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R tested to meet the AS/NZS 4671 standard, you can be sure it's been
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A steel bar about to be tested in one of five testing machines at our laboratory in Otahuhu.
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Sika is a global leader in flooring solutions - from the concrete, up.

We can supply everything from concrete admixtures to finishing

aids, curing aids, surface hardeners and levelling mortars, through to

sealants and durable floor coatings. Give us a call. 0800 745 269. BUILDING TRUST
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CODEMARK sttty e

ENGINEERED STRENGTH e

READY Super Slab is an engineered flooring system, known as a raft foundation, that can be used on all ground
conditions regardless of your land classification.

READY Super Slab is now CodeMark-certified meaning building consent authorities will accept it as complying with the
New Zealand Building Code®. You will still need to apply for consent, however the CodeMark means no delays at council.

Visit alliedc te.co.nz tod load the READY Super Slab technical manual, or view the CodeMark Certificate.

specified in the CodeMark certificate and READY Super Slab techricat

“Must be used

Consult your Allied Concrete representative for specialised information
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make hard easy 0800 4 255 433 | www.alliedconcrete.co.nz

FIRTH.CO.NZ

THE TRUSTED

CONC
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When a Dramix slab holds the
World Record for the best floor
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Why would you consider anything else?
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DENKA® GSA Shrinkage Reducing and Compensating Additive

Providing options:

STANDARD DOSE LOWER DOSE

* For very large joint-free floors * For broad applications requiring

- Dosed at 11% of cementitious content reduced shrinkage

» Results in smaller net shrinkage * Dosed at 25kg/m?3

« For warehouses, cool stores, reservoirs, * Needs no specific design
abattoirs, basements, freight depots, food * Full workability

factories, sports venues, etc - For restrained situations eg suspended
+ Specified since the early 1970s for large
shrinkage-compensated slabs on grade

LIMITED
Call 07 575 5410 or visit: wwvw.demden.co.nz

WORLD LEADING PT FLOORS

BBR Contech has delivered more than three million m? of post-tensioned

Inthe past 55 years BBR Contech has gained extensive experience in a huge range of post-tensioning
projects. We've earned a reputation for our innovation and adaptability, and our ability to exceed client
expectations in complex and technically challenging situations.

The BBR Contech team looks to understand the goals and processes of consulting engineers and
building owners. Our experience in designing and constructing post-tensioned slabs to meet precise
requirements means we can maximise utility while mitigating expensive risks. Talk to our team during
initial design and specification stages to help develop a bespoke solution.

Christchurch Wellington Auckland
P 033390426 P 045691167 P 09274 9259
E chc@contech.co.nz E wgn@contech.co.nz E akl@contech.co.nz

www.contech.co.nz

BBR Contech worked alongside flooring specialist Conslab to deliver floor flatness that is at the highest level in the
world on the James Pascoe Group Distribution Centre in Auckland. The project was awarded the Post-tensioning
Institute (PTI) 2017 Award of Excellence in the Slab-on-Ground category.
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