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Flooring Design Guide

3.3.2 DESIGN CONSIDERATIONS

Formwork

Where Hibond sheet is used as formwork, the trapezoidal shape of the profile provides resistance
to wet concrete (G) and construction loads (Q). Maximum formwork spans given in Section 3.3.4.1
Hibond Formwork Tables are based on design checks for bending, web crushing, vertical shear,
combined actions and deflection.

Hibond sheets must be laid in one continuous length between permanent supports. Short sheets
of Hibond must never be spliced together to achieve the span between temporary or permanent
supports.

Composite Slab

Design capacity of the Hibond Flooring System is largely dependent on interaction between the
concrete and the Hibond sheet commonly referred to as shear bond. Shear bond is a combination
of chemical bond between the concrete and the Hibond sheet and mechanical bond between the
concrete and the embossments in the webs of the Hibond sheet. This allows tension forces to be
transferred from the concrete into the Hibond sheet.

Capacities for the Ultimate Limit State were derived for positive bending, shear bond, vertical shear
and negative bending as appropriate. Each of these values was back substituted into the design
combinations for the applied actions using |.4 (dead load) + 1.6 (superimposed load).

The minimum resulting superimposed load, from all actions (including deflections), was used in
the tables.

Appropriate imposed floor actions (Q) should be determined in accordance with AS/NZS 1170.1.
All superimposed dead load (Ggp, ) is then added to the imposed action (Q) to give a design
superimposed load (Ggp; + Q) expressed in kPa for direct comparison with the tabulated data in
Section 3.3.5 Hibond Composite Slab Load Span Tables.

Fire Design

Fire resistance for the Hibond Flooring System may be achieved by several methods. These include
placement of additional reinforcement, spray-on insulation retardant, placement of suspended
ceilings, and increasing the overall slab thickness. We have considered placement of additional
reinforcement in the fire design tables.

This method is based on resistance to collapse (stability), the ability of the Hibond floor slab to
prevent flames passing through cracks formed in the slab (integrity) and limiting the temperature
increase on the unexposed side of the Hibond floor slab (insulation).

The fire design tables are based on design checks for bending (shear is rarely critical), in accordance
with NZS 3101, based on the load combination G + 5)Q for single spans which are effective in fire
emergency conditions (where U is the factor for determining quasi-permanent values for long term
actions). Full design methodology is provided in HERA Report R4-82.

The fire design tables include a superimposed dead load (Ggp, ) of 0.5 kPa in order that an imposed
action (Q) can be compared directly with the tables in Section 3.3.6 Fire Design Tables.

Continued on next page
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Flooring Design Guide

3.3.2 DESIGN CONSIDERATIONS continued
Additional Reinforcement

Mesh Reinforcement

Mesh reinforcement is placed at minimum cover (according to durability requirements outlined in
NZS 3101 Section 3.11) in order to provide:

e Control of cracks caused by shrinkage during curing.

* Nominal continuity reinforcement over supporting members where a floor is designed as a series
of simply supported Hibond floor slabs.

For propped construction consideration should be given to increasing nominal continuity
reinforcement over supports as crack widths will increase when props are removed. Guidance on
crack width tolerances is given in NZS 3101 and HERA Report R4-113.

Consideration should be given to orientating the top bar of the mesh to be parallel to the span of the
steel sheet. This will provide the optimum nominal continuity from the mesh.

The following guide features mesh sizes for various slab thicknesses based on the degrees of crack
control recommended in AS 3600 in conjunction with the exposure classification, concrete strengths
and cover to reinforcing in NZS 3101.

These guidelines do not cover special requirements for reinforcement at locations where the slab is
subject to high stresses due to deformation compatability (for example around columns).

Where NZS 3101 requires explicit crack control, this must be specifically determined by the design

engineer.

l. For composite slabs fully enclosed within a building except during construction (generally exposure
classification Al)

I DI (BRI Minor Moderate Strong
Design Slab Thickness Ds (mm)

110 665 663 334
120 665 662 333
130 665 661 2 x 662
140 664 334 2 x 662
150 664 334 2x 661
160 664 334 2 x 334
170 663 333 2x 334
180 662 2 x 662 2 x 333
190 662 2 x 662 2 x 333
200 662 2 x 662 Hlé6 @ 200

Note:

a. For nominal continuity reinforcement over supporting members where a floor is designed as a
series of simply supported Hibond floor slabs, use the ‘minor’ column in the table above.

b. Where ductile steel reinforcing bars (eg H16@200) are used the maximum area of longitudinal top
steel required is the greater of 75% of the area of transverse steel required in the table above or
the amount of longitudinal steel required for continuity from the load span tables in Section 3.3.5
or that determined by specific design. Reinforcing bars are Grade 500 to AS/NZS 4671.

Continued on next page
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Flooring Design Guide

3.3.2 DESIGN CONSIDERATIONS continued

2. For composite slabs in exposure classification A2 moderate or strong crack control is always
required.
TFI:TSI:::?S’ (Sr:\a:l) Design IS\EIE?I'?\?CT(:;::: II:;s (mm) e ST

120 10 662 333
130 120 661 2 x 662
140 130 334 2 x 662
150 140 334 2x 66l
160 150 334 2x334
170 160 333 2x 334
180 170 2 x 662 2x333
190 180 2 x 662 2x333
200 190 2 x 662 Hlé @ 200
210 200 2 x 66l HIé6 @ 200

Note:

a.

To illustrate the effect of exposure classification on crack control requirements the slab thickness has
been increased by |0mm to meet the minimum cover requirements of NZS 3101. This assumption
means that longitudinal top steel requirements over supporting members can be designed using the
load span tables in Section 3.3.5, provided that the extra thickness is treated purely as superimposed
dead load and the composite slab is designed to the original design slab thickness.

. Where ductile steel reinforcing bars (eg HI16@200) are used the maximum area of longitudinal top

steel required is the greater of 75% of the area of transverse steel required in the table above or
the amount of longitudinal steel required for continuity from the load span tables in Section 3.3.5
or that determined by specific design. Reinforcing bars are Grade 500 to AS/NZS 4671.

3. For composite slabs in exposure classification Bl strong crack control is always required.

TT::I:::;: (sr:iar:) Design glft:?l'?l?cﬁ:::: IIz;s (mm) SECHE g (et
125 110 2 x 662 HI0O @ 150
135 120 2 x 662 HIO @ 150
145 130 2x 661 HI2 @ 200
155 140 2x334 HI2 @ 150
165 150 2x334 HI2 @ 150
175 160 2x 334 HI2 @ 150
185 170 2x 333 HI0O @ 100
195 180 Hlé6 @200 | HIé6 @ 200
205 190 HI6é @ 200 | HI6 @ 200
215 200 HI6 @200 | HI6 @ 200

Note:

a.

October 2006

To illustrate the effect of exposure classification on crack control requirements the slab thickness has
been increased by |5mm to meet the minimum cover requirements of NZS 3101. This assumption
means that longitudinal top steel requirements over supporting members can be designed using the
load span tables in Section 3.3.5, provided that the extra thickness is treated purely as superimposed
dead load and the composite slab is designed to the original design slab thickness.

. Ductile requirements have been provided for this exposure classification to provide the flexibility

that longitudinal bars could be used in conjunction with the above for negative steel requirements.

. Where ductile steel reinforcing bars (eg Hl16@200) are used the maximum area of longitudinal top

steel required is the greater of 75% of the area of transverse steel required in the table above or
the amount of longitudinal steel required for continuity from the load span tables in Section 3.3.5
or that determined by specific design. Reinforcing bars are Grade 500 to AS/NZS 4671.

. Composite slabs in exposure classification B2 and C will require a thicker slab than those for Bl

above and a higher strength concrete — therefore specific design to NZS 3101 is required.

Continued on next page

Dimend



Flooring Design Guide

3.3.2 DESIGN CONSIDERATIONS continued

Ductile Reinforcement

Ductile reinforcement (to elongation requirements of BS 4449) may also be required in the following
instances:

* To gain full continuity over supporting members in continuous spans (refer Section 3.3.5 Hibond
Composite Slab Load Span Tables).

* To increase the fire resistance of the floor slab (refer Section 3.3.6 Fire Design Tables).

To distribute loads around openings in the floor slab.

To provide negative reinforcement necessary for floor slabs used as cantilevers (where the
contribution of the Hibond sheet is neglected in design).

Where a point load is not fixed in position and can occur anywhere on the floor slab (for example
car parks), placement of transverse reinforcement is required throughout the slab (minimum area
as for line loads).

When used as transverse reinforcement to distribute point loads and line loads; and resist
transverse bending in the composite slab as a result of point loads (refer Section 3.3.10 Design
Examples). The following two cases need to be considered.

Po=7.5kN

For a discrete point load < 7.5 kN it is practical to use 2 — H10 transverse bars over the effective
width of the Hibond slab (b,;, — refer BS 5950: Part 4 Clause 6.7) centred about the point load.

Where line loads perpendicular to the direction of slab span are present (<= 7.5 kN/m), transverse
reinforcing bars with a minimum cross sectional area of 2(D, — 55) mm? per metre of load length
(over the effective width of the line load) is required.

This equates to: HI0 @ 400mm centres for composite slabs | 10-150mm
H12 @ 400mm centres for composite slabs 160-200mm

Line loads running parallel to the span should be treated as a series of discrete point loads.
Po>7.5kN

For a discrete point load > 7.5 kN, transverse reinforcement is required to satisfy the following
moment resistance.

M*ans = P*bep / (15w) wherew = L/2 + b,and w # L
Where M*y.s = Factored bending moment in the transverse direction

P* = Factored concentrated point load

beb = Effective width of slab

L = Span of composite slab

b, = Concentrated load length in direction of slab span

Where line loads perpendicular to the direction of slab span are present (> 7.5 kN/m), P* is
represented as a factored load per metre and b, is taken as equal to one metre.

Line loads running parallel to the span should be treated as a series of discrete point loads.

This requirement is based on recommendations from the Composite Deck Design Handbook by
Heagler RB, Luttrell LD and Easterling WS; published by The Steel Decking Institute, lllinois 1997.
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3.3.3 HIBOND SECTION PROPERTIES

Flooring Design Guide

Overall 630 » Negative reinforcement
Cover 610 25mm minimum when required
3| cover Reinforcing mesh
126 26 130 _ - 1 = I
| | “ ‘ Slab thickness T! i " AW TS o
1 N\ — T\ Ds Tow, ety e T A
ysh 27.5mm HiBond sheet
Positive fire reinforcement
All dimensions (mm) are nominal when required

HIBOND FORMWORK PROPERTIES (PER METRE WIDTH)

Thickness | Weight Cross Sectional | Design Strength | Bending Strengths | Web Crushing Strength
mm kN/m Area A, Py M * M. P,, kN
mm?2 MPa kNm kNm End Internal
Support  Support
0.75 0.085 1058 550 5.46 6.51 14.52 29.05
0.95 0.108 1340 520 8.93 9.71 21.34 42.68
Thickness Bending/Web Crushing Shear Strength Second Moment of Area 106mm#*
mm Interaction Equation at P, Single Span Multispan
Internal Support Limited by: kN I I
0.75 |F,/29.05+ M7 /6.5 < 143 45.1 0.493 0.391
095 |F, /4268 + M /9.71 < 1.56 71.6 0.605 0.448
Notes

I. Design strength p, is 0.84 x ultimate tensile strength.
Shear strength values P, are derived from calculation as per BS 5950.
All other values are derived from test results.

F. is the reaction or concentrated load on Hibond rib.

o U AW

October 2006

M- is the negative bending moment in the Hibond sheet formwork at the internal support.

ysh is the distance from the bottom of the Hibond sheet to the neutral axis.

Continued on next page
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3.3.3 HIBOND SECTION PROPERTIES continued

0.75mm HIBOND COMPOSITE SLAB PROPERTIES (PER METRE WIDTH)

D, | Weight lg 106mm?* Yg mm I, 106mm4 Y., mm 1,, 106mm4
mm | kN/m | medium long | medium long | medium long | medium long | medium long

1o | 1.99 8.9 5.7 49.1 519 4.4 3.7 326 403 6.6 4.7

120 | 2.22 1.6 7.3 539 569 5.5 4.7 350 434 8.6 6.0
130 | 2.45 14.7 9.3 58.7 61.8 6.8 5.8 37.3 464 10.8 7.5
140 | 2.68 185 11.6 63.6 66.7 8.3 7.1 39.5 493 13.4 9.3
150 | 2.91 228 142 684 71.7 10.0 8.5 41.5 520 64 114
160 | 3.14 279 173 733 76.6 1.8 10.1 43.5 546 19.8 13.7

170 | 3.37 336 208 782 816 13.7 11.8| 454 572 23.7 163
180 | 3.60 40.1 247 | 83.1 86.6 159 13.7| 473 59.6 280 19.2
190 | 3.83 474  29.1 88.0 91.5 182 158 | 49.1 62.0 328 224
200 | 4.06 55.6 34.0 93.0 96.5 20.7 18.0 50.8 643 38.2 26.0

0.95mm HIBOND COMPOSITE SLAB PROPERTIES (PER METRE WIDTH)

D, | Weight Ig 106mm* Y, mm I, 106mm* Y., mm I, 106mm*

mm | kN/m | medium long | medium long | medium long | medium long | medium long
10| 2.0l 9.4 6.1 50.1 534 5.2 4.3 35,6 43.6 7.3 5.2
120 | 2.24 12.1 7.8 549 584 6.6 54 383 47.1 9.3 6.6
130 | 2.47 154 9.9 59.8 634 8.1 6.8 408 504 1.8 8.3
140 | 2.70 19.3 12.3 64.7 68.4 9.9 8.3 43.2 53.6 146 10.3
150 | 2.93 23.8 I5.1 695 734 1.9 9.9 456 56.6 178 125
160 | 3.16 290 183 745 784 140 11.8 478 595 21.5 15.1
170 | 3.39 349 219 794 835 164 139 499 624 257 179
180 | 3.62 41.6 26.0 843 885 19.0 lé.l 52.0 65.1 30.3  21.1
190 | 3.86 49.1 30.6 89.2 935 219 186 540 678 355 246
200 | 4.09 575 358 942 985 249  21.2 56.0 704 41.2 285

Notes
I. Dy is the overall thickness of the slab.

2. Slab weights are based on a dry concrete density of 2350 kg/m3 with no allowance for ponding.

3. Section properties are presented in terms of equivalent steel units as follows:
(a) Medium term superimposed loads are based on /3 short term and !/3 long term load
(ie modular ratio = 10) and apply to buildings of normal usage.
(b) Long term superimposed loads are based on all loads being long term (ie modular ratio = 18)
and apply to storage loads and loads which are permanent in nature.

4. Ig is the second moment of area of the gross composite Hibond section.
5. |l is the second moment of area of the cracked composite Hibond section.

6. |,, is the average value of gross (Ig) and cracked (l.,) sections to be used for deflection
calculations.

7. Yg is the distance from top of slab to neutral axis of the composite Hibond slab for gross section.

8. Y, is the distance from top of slab to neutral axis of the composite Hibond slab for the cracked
section.
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Flooring Design Guide

3.3.4 FORMWORK DESIGN
3.3.4.1 HIBOND FORMWORK TABLES

Maximum formwork spans for slab thicknesses between | [0mm and 300mm are provided in the
following tables.

The following notes apply to the formwork tables in this section.
I. Dy is the overall thickness of the slab.

2. Slab weights (G) are based on a wet concrete density of 2400 kg/m3 with no allowance for
ponding.

3. A construction load (Q) taken from BS 5950 is incorporated in these tables. This provides for
a minimum of 1.5 kPa and for spans (L) less than 3000mm, 4500/L kPa has been used.

L is the maximum span measured centre to centre between permanent or temporary supports.

5. Use of the double or end span tables and internal span tables assumes,

¢ All spans have the same slab thickness.

* The end span is within plus 5% or minus 10% of the internal span and that the end and
internal spans are both designed using the appropriate load span table.

* Double spans are within 0% of each other and the slab design is based on the largest span.

* Internal spans are within 10% of each other and the slab design is based on the largest internal
span.

Any variations to the above configurations require specific design using the Hibond Formwork

Properties table in Section 3.3.3.

6. These tables are based on minimum bearing of Hibond sheet given in Section 3.3.4.3.

7. It should be noted that double or end span capabilities may be less than single spans as the
interaction of bending and web crushing create a worse case.

8. Deflection limits incorporated in these tables are as follows:
a) L/180 maximum due to dead load (G) only.
b) D,/10 maximum, to avoid concrete ponding problems.

These limits are represented in the ‘Allow’ (allowable) column of the Hibond Formwork Tables.
The 5mm limit column should be referred to where soffit deflection is to be reduced.

9. For intermediate values, linear interpolation is permitted.

10. As a guide, formwork deflections of around |15 mm under dead load (G) should be expected
within the extent of the tables. Construction loads (Q) will increase deflections.

I'l. The design span of the formwork relates closely to site installation. If the Hibond sheet is
designed as an end span or internal span, the minimum nominal sheet length for construction
should be noted clearly in the design documentation to ensure that appropriate sheet lengths are
used by the installer to achieve the span type selected. Refer to Section 3.5 Installation.

Typical Formwork Slab %#}

Span Configurations | ] —— Hibond sheet
AN

PaN
Single span

This configuration can < L < L >« L "
only be used where all i

rt t. A A AN
supports are permanen Single span Single span Single span

L L L ‘

AN AN
End span Internal span End span

JaN A\ AN
October 2006 Double spans (use end span case) Dlmond



3.3.4.1 HIBOND FORMWORK TABLES continued
0.75mm HIBOND FORMWORK SPAN CAPABILITIES

Flooring Design Guide

Dy Slab Weight Concrete Quantity Maximum Span (L) mm
mm kPa m3/m?2 Single Double or End Internal
Allow. | 5mm limit| Allow. |5mm limit| Allow. | 5mm limit
110 2.03 0.0825 2500 2050 2800 | 2450 | 3150 | 2950
120 2.26 0.0925 2500 2000 2800 2350 | 3050 | 2850
130 2.50 0.1025 2500 1950 2750 2300 | 2900 | 2800
140 2.74 0.1125 2500 1900 2650 | 2250 | 2750 | 2700
150 2.97 0.1225 2400 1900 2550 2200 | 2600 | 2600
160 3.21 0.1325 2350 1850 2450 2150 | 2500 | 2500
170 3.44 0.1425 2300 1800 2350 | 2150 | 2400 | 2400
180 3.68 0.1525 2250 1800 2250 2100 | 2300 | 2300
190 391 0.1625 2200 1750 2150 2050 | 2250 | 2250
200 4.15 0.1725 2150 1750 2100 | 2050 | 2150 | 2150
210 4.38 0.1825 2150 1700 2000 2000 | 2100 | 2100
220 4.62 0.1925 2100 1700 1950 1950 | 2000 | 2000
230 4.85 0.2025 2050 1650 1900 1900 1950 | 1950
240 5.09 0.2125 2000 1650 1850 1850 1900 1900
250 5.32 0.2225 2000 1600 1800 1800 1850 1850
260 5.56 0.2325 1950 1600 1750 1750 1800 | 1800
270 5.79 0.2425 1900 1600 1700 1700 1750 1750
280 6.03 0.2525 1900 1550 1650 1650 1700 1700
290 6.26 0.2625 1850 1550 1600 1600 1650 1650
300 6.50 0.2725 1850 1550 1600 1600 1650 1650
0.95mm HIBOND FORMWORK SPAN CAPABILITIES
Dy Slab Weight Concrete Quantity Maximum Span (L) mm
mm kPa m3/m?2 Single Double or End Internal
Allow. |5mm limit | Allow. |5mm limit| Allow. [Smm limit

110 2.05 0.0825 2650 2200 2900 2500 | 3700 | 3050
120 2.29 0.0925 2650 2100 2850 | 2450 | 3650 | 2950
130 2.52 0.1025 2600 2050 2850 | 2400 | 3650 | 2850
140 2.76 0.1125 2600 2000 2850 2350 | 3650 | 2800
150 2.99 0.1225 2600 2000 2850 2300 | 3600 | 2750
160 3.23 0.1325 2500 1950 2800 | 2250 | 3500 | 2700
170 3.46 0.1425 2450 1900 2750 2200 | 3400 | 2650
180 3.70 0.1525 2400 1850 2700 | 2150 | 3300 | 2600
190 3.93 0.1625 2350 1850 2650 | 2150 | 3200 | 2550
200 4.17 0.1725 2300 1800 2600 2100 | 3100 | 2550
210 4.40 0.1825 2300 1800 2550 2100 | 3050 | 2500
220 4.64 0.1925 2250 1750 2500 | 2050 | 2950 | 2450
230 4.88 0.2025 2200 1750 2450 2000 | 2850 | 2450
240 5.11 0.2125 2150 1750 2400 | 2000 | 2800 | 2400
250 5.35 0.2225 2150 1700 2400 | 2000 | 2700 | 2400
260 5.58 0.2325 2100 1700 2350 1950 | 2650 | 2350
270 5.82 0.2425 2100 1650 2300 1950 | 2600 | 2350
280 6.05 0.2525 2050 1650 2300 1900 | 2500 | 2300
290 6.29 0.2625 2000 1650 2250 1900 | 2450 | 2300
300 6.52 0.2725 2000 1600 2250 1900 | 2400 | 2250

October 2006
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3.3.5 HIBOND COMPOSITE SLAB LOAD SPAN TABLES

Superimposed loads (Ggp; + Q) are presented for slab thicknesses between | |0mm and 200mm
and over a range of spans between 2.0m and 6.0m for single spans. For continuous design, negative
reinforcement requirements are presented for double or end spans and internal spans, with an
extended range of spans to 7.0m for the latter.

The following Notes apply to the composite slab load span tables in this Section.

I. Span types
L is the clear single span between permanent supports plus 100mm.
L is the double/end or internal span measured centre to centre between permanent supports.

2. The design superimposed load combination is Ggpn; + Q and must not be greater than the
superimposed loads given in the tables.

3. a) Medium term superimposed loads are based on /3 short term and !/3 long term (i.e. modular
ratio = 10) and apply to buildings of normal usage.

b) Long term superimposed loads are based on all loads being long term (i.e. modular ratio = 18)
and apply to storage loads and loads which are permanent in nature.

4. Deflection limits incorporated into these tables are as follows:
a) L/350 or 20mm maximum due to superimposed load (Ggp, + Q).
b) L/250 maximum due to superimposed load plus prop removal (G + Ggp, + Q).

The designer shall be satisfied that these limits are adequate for the application considered,
otherwise additional deflection checks must be made.

5. Propping requirements depend on the Hibond slab thickness and span configuration as formwork.
Refer to Section 3.3.4.1 Hibond Formwork Tables to determine formwork span capabilities.

6. The double or end span and internal span tables allow for 109% moment redistribution where
negative bending governs (typically thinner slabs on end spans), bounded by the shear bond value
where this governs.

7. Some values shown in the double or end span tables are less than corresponding values given in
the single span tables. This situation arises as,

a) Negative bending capacity has been limited to avoid compression failure of the concrete in
compression at the internal support.

b) Shear bond is proportional to vertical shear which is higher for a double span than a single
span. Also the shear bond span for an end span must be taken as the full span length using
BS5950 Part 4 (when normally the span between points of contraflexure would be used).

Continued on next page
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Flooring Design Guide

3.3.5 HIBOND COMPOSITE SLAB LOAD SPAN TABLES continued

8.

Use of the double or end span tables and internal span tables assumes,
* All spans have the same slab thickness.

* The end span is within plus 5% or minus 10% of the internal span and that the end and
internal spans are both designed using the appropriate load span table.

* Double spans are within 10% of each other and the slab design is based on the largest span.

* Internal spans are within 10% of each other and the slab design is based on the largest internal
span.

Any variations to the above configurations require specific design.

Example: For a 0.75mm Hibond slab of 130mm overall slab thickness on a double span of
3800mm we have the following:

4.3 HI2@200
where:
4.3 = Superimposed load kPa

HI12@200

H 12 negative reinforcing (saddle bars) placed at 200mm centres
to achieve the superimposed load.

. Steel areas in the double or end and internal span tables are calculated based on H12 reinforcing

bars (12mm diameter grade 500 to AS/NZS 4671) placed at 25mm top cover (Al exposure
classification — NZS 3101). Areas for other bar types, covers and sizes require specific design.

. Negative reinforcement must be placed on top of the mesh parallel with the Hibond ribs at

spacings indicated in the tables for the span and slab thickness considered.

. Negative reinforcement must extend at least 0.25 of the largest span plus 450mm each side of

the centre line of the support.

. The same negative reinforcing is required for both propped and unpropped construction.

Continued on next page
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Flooring Design Guide

3.3.5 HIBOND COMPOSITE SLAB LOAD SPAN TABLES continued

I4. Vibration limits expressed as maximum spans in the tables refer to:
- = = = Commercial offices, open plan with few small partitions (damping ratio = 0.025)
°°°°°°°° Residences with many full height partitions (damping ratio = 0.05)

Specific design is required for other floor uses. Refer Section 3.3.8 Floor Vibration.

I5. For intermediate values, linear interpolation is permitted.

Typical Composite Slab Span Configurations

N
Negative
; ——Hibond sheet
reinforcement < =
Single span
‘A L b.d L bd L L‘
“ \ VN VN V‘
= =~ ~ A
End span Internal span End span
%;}4;%
| ]
AN AN PaN

Double spans (use end span case)

L L L
%—*—*—% This configuration requires nominal

| ] continuity reinforcement to be placed
a0 o a0 2 overthe supports as described for
Single span Single span Single span .
a minor degree of crack control for
Mesh Reinforcement in Section 3.3.2.
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3.3.5 HIBOND COMPOSITE SLAB LOAD SPAN TABLES continued

0.75mm HIBOND - SINGLE SPANS
Medium term superimposed loads (kPa)

L Slab thickness (D) mm

mm 110 120 130 140 150 160 170 180 190 200
2000 | 162 | 19.6 | 21.0

2200 | 133 | 160 | 172 | 193 | 214

2400 | 112 | 135 | 143 | 160 | 177 | 195 | 214

2600 | 95 | 114 | 120 | I35 | 149 | 164 | 179 | 194 | 208

2800 | 82 | 9.8 | 104 | 15 | 127 | 139 | I51 | 163 | 175 | 188
3000 | 7.1 | 85 90 | 99 | 109 | 119 | 129 | 139 | 148 | 159
3200 | 62 | 74 78 | 86 94 | 103 | ILI | 119 | 127 | 136
3400 | 55 | 6.5 69 | 75 82 | 89 | 96 | 103 | 109 | Il6
3600 | 49 | 58 | 6l | 66 72 | 78 | 84 | 89 9.5 | 10l
3800 | 44 | 52 54 | 59 64 | 69 74 | 78 | 83 | 87
4000 | 40 | 47 | 48 | 53 57 | 6.l 65 | 69 72 | 76
4200 [36T 427 43 | 47 51 | 54 58 | 6.l 63 | 67
4400 | 29 : 3.8 39 | 42 45 | 48 | 5. 5.4 56 | 5.8
4600 | 23 ]73377F 36 ! 38 | 41 | 43 46 | 48 50 | 5.1
4800 | 1.8 | 26 i 32 [ 35 1 37 | 39 | 41 | 43 44 | 45
5000 20 | 29 % 32 33 35 ] 37 | 38 39 | 40
5200 1.6 23 i.29.) 30 [ 32 7 33 | 34 35 | 36
5400 1.8 | 26 28 | 29 | 3.0 | 3. 31| 3.
5600 21§ 25| 26 27 27 | 28 | 28
5800 1.6 23 3 24 | 25 [ 2577 25 | 25
6000 18 ] 22 | 22 | 22 ; 22 | 22

0.75mm HIBOND - SINGLE SPANS
Long term superimposed loads (kPa)

L Slab thickness (D) mm

mm 110 120 130 140 150 160 170 180 190 200
2000 | 162 | 196 | 21.0
2200 [ 133 | 16 | 172 | 193 | 214
2400 [ 112 | 135 | 143 | 160 | 17.7 | 195 | 214
2600 | 95 | 114 | 121 | 135 | 149 | 164 | 179 | 194 | 208
2800 | 82 | 98 | 104 | 115 | 127 | 139 | 151 | 163 | 175 | 188
3000 | 7.1 8.5 90 | 99 109 | 119 | 129 | 139 | 148 | 159
3200 | 62 | 74 78 | 86 94 | 103 | IL1 | 119 | 127 | 136
3400 | 54 | 65 69 | 75 82 | 89 96 | 103 | 109 | 116
3600 | 43 | 57 6.1 6.6 72 | 78 84 | 89 95 | 10
3800 | 34 | 46 54 | 59 64 | 69 74 | 78 83 | 87
4000 |26 ] 36_| 48 | 53 57 | 6.l 65 | 6.9 72 | 76
4200 ["20] 72871 39 | 47 51 | 54 | 58 | el 63 | 67
4400 122 [7377] 42 45 | 48 5.1 5.4 56 | 58
4600 6 4 24 | 33 41 | 43 46 | 48 50 | 5.1
4800 1018 [726 | 35| 39 | 4l | 43 44 | 45
5000 ] 2.0 28 { 35 37 38 39 | 40
5200 21 [72977 33 34 35 | 36
5400 : 6 | 23 |_30_] 3. 3.1 | 3.1
5600 E 1.7 241 27 28 | 28
5800 1.8 [72577 25 | 25
6000 ; 2.0 22 | 22
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Flooring Design Guide

3.3.5 HIBOND COMPOSITE SLAB LOAD SPAN TABLES continued

0.95mm HIBOND - SINGLE SPANS
Medium term superimposed loads (kPa)

L Slab thickness (D) mm
mm 110 120 130 140 150 160 170 180 190 200

2000 17.8 21.7
2200 14.7 17.8 19.1 21.4
2400 12.3 14.9 15.9 17.8 19.8 21.9
2600 10.5 12.6 13.5 15.0 16.7 18.4 20.1 21.9

2800 | 9.0 | 109 | 115 | 128 | 142 | 156 | 17.1 | 185 | 199 | 214
3000 | 7.8 | 94 | 100 | L1 | 122 | 134 | 146 | 158 | 169 | 182
3200 | 69 | 82 | 87 | 96 | 106 | I1.6 | 126 | 136 | 145 | 156
3400 | 61 | 73 | 76 | 84 | 92 | 100 | 109 | 11.8 | 126 | 134
3600 | 54 | 64 | 68 | 75 | 81 | 89 | 96 | 103 | 109 | I17
3800 | 49 | 58 | 60 | 66 | 72 | 78 | 84 | 90 | 96 | 102
4000 | 54 | 59 | 64 | 69 | 75 | 79 | 84 | 89

.......... I
4200 40 : 47 T 49 53 5.7 6.2 6.6 7.0 7.4 7.8
4400 33 ¢ 42 44 | 48 5.2 55 59 6.3 6.6 6.9

4600 | 2.7 387 40 ! 43 | 46 | 50 53 5.6 58 | 6.l
4800 | 2.1 30 i 36 | 39 | 42 | 45 48 5.0 52 | 5.4
5000 | 1.6 2.4 33 ¢ 36 38 ) 41 | 43 4.5 47 | 48
5200 1.9 28 i .33, 35 [ 37 1 39 4.0 42 | 43
5400 22 3.0 32 | 34 | 35 | 36 37 | 39
5600 1.7 | 25 3 29| 3. 327, 33 | 34 | 35
5800 2.0 2.7 4 28 2.9 3077 30 | 3.
6000 1.5 22 | 26 2.7 27 4, 27 | 28

0.95mm HIBOND - SINGLE SPANS
Long term superimposed loads (kPa)

L Slab thickness (D) mm
mm 110 120 130 140 150 160 170 180 190 200

2000 17.8 21.7
2200 14.7 17.8 19.1 21.4
2400 12.3 14.9 15.9 17.8 19.8 21.9
2600 10.5 12.6 13.5 15.0 16.7 18.4 20.1 21.9

2800 9.0 10.9 1.5 12.8 14.2 15.6 17.1 18.5 199 | 214
3000 7.8 9.4 10.0 1.1 12.2 13.4 14.6 15.8 16.9 18.2
3200 6.9 8.2 8.7 9.6 10.6 1.6 12.6 13.6 14.5 15.6
3400 59 7.3 7.6 8.4 9.2 10.1 10.9 1.8 12.6 13.4
3600 4.9 6.4 6.8 7.5 8.1 8.9 9.6 10.3 10.9 1.7
3800 3.9 53 6.0 6.6 7.2 7.8 8.4 9.0 9.6 10.2

4000 30 | 42 54 5.9 6.4 6.9 7.5 7.9 8.4 8.9
4200 24 1 33 4.6 53 5.7 6.2 6.6 7.0 74 7.8
4400 1.8 § 26 3.6 4.8 52 55 59 6.3 6.6 6.9

4600 20°% 29 | 39 | 46 | 50 | 53 | 56 | 58 | 6.l
4800 15 3 22 |30 | 42 | 45 48 | 50 | 52 | 54
5000 1 17 | 24 3371 41 43 | 45 | 47 | 48
5200 1.9 26 | 3571 39 4.0 42 | 43
5400 : 20 | 28 |_35_] 36 | 37 | 39
5600 E 15 | 22 [730 | 33 34 | 35
5800 1.7 23 [73077 30 | 3.1
6000 ; 18 | 25 1 27 | 28
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Flooring Design Guide

3.3.6 FIRE DESIGN TABLES
INTRODUCTION

Fire resistance ratings are given for slab thicknesses between | |0mm and 160mm, plus 180mm and
200mm slabs, for single spans between 2.0m and 6.0m with live loads of 3 kPa to 5 kPa.

Fire resistance ratings can also be adjusted for loads of 1.5 kPa and 2.5 kPa, refer Note 5 below.

The following notes apply to the Hibond flooring fire design tables in this section.

The fire resistance ratings tabulated are equivalent times in minutes of exposure to the standard
fire test (NZS/BS 476) that satisfy the criteria for insulation, integrity and stability based on simply
supported spans. Fire resistance ratings shown in bold italics are limited by insulation criteria.
The beneficial effects of continuous spans and/or negative reinforcement at supports may be
accounted for by specific design.

L is the span measured centre to centre between permanent supports.

. Spans of up to 4.0m do not require any supplementary fire reinforcing steel to achieve a Fire

Resistance Rating (FRR) of up to 30 minutes. Spans greater than 4.0m require supplementary fire
reinforcing steel as outlined in the following tables.

. The fire resistance ratings given are based on the following conditions. If design conditions differ

from the following, specific design will be required.

* The minimum cover to the fire reinforcement is 25mm to the bottom of the profile and 40mm
to the side of the rib.

* A superimposed dead load (Ggp, ) of 0.5 kPa has been included. Where Ggp, is greater than
0.5 kPa specific design to HERA Report R4-82 is required.

* The self weight of the Hibond slab is based on a concrete density of 2350 kg/m3 and an
allowance of 5% for concrete ponding during construction.

* The long term live load factor (AS |170.0) used for 5 kPa live load is 0.6. For all other live
loads 0.4 has been used.

* Specified concrete strength, f'. = 25 MPa and Type A aggregate.

¢ Reinforcement is grade 500 to AS/NZS 4671 and is assumed to be continuous over the length
of the clear span.

* Design moment capacity of the concrete slab is calculated in accordance with NZS 3101 and
any contribution from the Hibond steel is neglected.

Live loads less than 3 kPa.

* For alive load of 2.5 kPa, increase FRR by 4 minutes for the corresponding live load, span and
slab thickness published for the 3 kPa live load, provided that the fire resistance rating is not
limited by insulation criteria.

* For alive load of I.5 kPa, increase FRR by 10 minutes for the corresponding live load, span and
slab thickness published for the 3 kPa live load, provided that the fire resistance rating is not
limited by insulation criteria.

For intermediate values linear interpolation is permitted provided that the two values are within
the extent of the tables. For example, interpolation can be used to derive the fire resistance
ratings for 170mm and 190mm overall slab thicknesses. No interpolation is permitted between
30 minutes and the tabulated values — in this case the next greater steel content given in the fire
design tables must be used.

Fire resistance ratings have been provided for spans up to where a value of Ggp, + Q = 1.5 kPa
can be achieved from the Load Span tables in Section 3.3.5. Therefore these fire resistance rating
tables must be used in conjunction with Section 3.3.5 Hibond Composite Slab Load Span Tables as
satisfaction of fire resistance rating does not always ensure the load capacity and deflection criteria
are met.

Continued on next page
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Flooring Design Guide

3.3.10 DESIGN EXAMPLES
3.3.10.1 EXAMPLE: FORMWORK

A 250mm overall thickness slab is required to span 4800mm c/c between permanent supports using
the Hibond sheet as permanent formwork only. Two alternatives are available in design.

a) Using 0.75mm Hibond from Section 3.3.4.1, select the formwork span capabilities for a 250mm
overall thickness slab, i.e.

single 2000mm
double or end 1800mm
internal 1850mm

Using two rows of props, there are two end spans and one internal span. The maximum span of
Hibond in this configuration is,

1850 + 2 x 1800 = 5450mm
= the required span of 4800mm - OK

Therefore 0.75mm Hibond with two rows of props at third points may be considered.

b) Using 0.95mm Hibond from Section 3.3.4.1, select the formwork span capabilities for a 250mm
overall thickness slab, i.e.

single 2150mm
double or end 2400mm
internal 2700mm

Using one row of props, there are two end spans only. The maximum span of Hibond in this
configuration is,

2 x 2400 = 4800mm
= the required span of 4800mm -~ OK

Therefore 0.95mm Hibond with one row of props at midspan may also be considered.
Continued on next page
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3.3.10 DESIGN EXAMPLES continued
3.3.10.2 EXAMPLE: RESIDENTIAL AND POINT LOADS

A suspended slab in a residential dwelling is required to achieve a double span of 2 x 3600mm in
each of the living and garage areas.

Living area loading,
live load, Q .5 kPa
superimposed dead load, G, 0.3 kPa

design superimposed load, Ggp; + Q 1.8 kPa

Garage loading,
live load, Q 2.5 kPa
or point live load, Py 13.0 kN

Living Area Floor
From Section 3.3.5, select the double or end span superimposed load and negative reinforcement for
a 0.75mm Hibond slab of | |0mm overall thickness, with one row of props at midspan. This gives,

superimposed load = 3.2 kPa
= GSDL + Q = |.8 kPa .. O.K

Minimum mesh requirement throughout the Hibond slab from Section 3.3.2 Additional
Reinforcement assuming a minor degree of crack control is one layer of 665 mesh at minimum cover.

From Section 3.3.5 0.75mm Hibond — Double and End Spans, the area of negative reinforcement
required over the internal support is H12 bars at 250mm c/c.

Length of reinforcement required is 3600 / 4 + 450 = 1350mm each side of the support centre line.

For the living area floor use a 0.75mm Hibond slab of | |0mm overall thickness with one row of
props at midspan. A 665 mesh is required throughout the slab plus HI2 x 2700mm longitudinal top
reinforcement at 250mm c/c, laid atop the mesh at minimum cover, over the internal support.

Garage Floor
From Section 3.3.5, select the double or end span superimposed load and negative reinforcement for
a 0.75mm Hibond slab of | 10mm overall thickness, with one row of props at midspan. This gives,

superimposed load = 3.2 kPa
=2Ggp + Q= 25kPa -~ OK

Minimum mesh requirement throughout the Hibond slab from Section 3.3.2 Additional
Reinforcement assuming a minor degree of crack control is one layer of 665 mesh at minimum cover.

From Section 3.3.5 0.75mm Hibond — Double and End Spans, the area of negative reinforcement
required over the internal support is HI2 bars at 250 m c/c.

Length of reinforcement required = 3600 / 4 + 450 = 1350mm each side of the support centre line.

Continued on next page
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3.3.10 DESIGN EXAMPLES (3.3.10.2 continued)

For the 13.0 kN point load, detailed checks are required using BS 5950: Part 4 Section 6.
Please note that this point load check method is only valid for spans between 2.0m and
5.0m, due to the use of empirically derived formulae.

Vertical Shear: The critical load position occurs when the edge of the 13 kN point load is at a
distance d, from the edge of the support. Given a load width, b, of 300mm, the effective load
width is,

b,, = effective load width
= b, + 2 (D - 55) where D is the overall depth of Hibond composite slab
=300 + 2 x (110 —-55) = 410mm b, is the width of the concentrated load

ds = 110-27.5 = 82.5mm

The distance between the centre lines of the point load and nearer support (a), given a support
width of, say, 150mm is,

a =b,/[2+ d;+ support width /2 where d is the distance from the top of the Hibond
= 150 + 82.5 + 75 = 307mm composite slab to the centroid of the Hibond sheet

Assuming the load is centred at least b, / 2 from the slab edge, the effective width of resisting
Hibond slab is,

b.. = effective width of the slab in shear
=bm+a(l—a/L)
=410 + 307 x (I —307/ 3600)

= 690mm

er

Applied shear at 307mm from the central support per 690mm width is,

V* = design shear force for strength

1.4 G (0.625 L —307) + 1.6 Po 2L —aL/(L—a)) / (2L) where Pq is the point live load
1.4 x1.99 x 106 x 690 x 1940 + 1.6 x 13.0 (2 x 3600 — 307 x 3600/(3600 — 307))/(2 x 3600)
23.5 kN / 690mm

Design concrete shear stress (V) from BS 8110 may be calculated using specified cube compressive
strength of concrete, f, of .25 specified compressive strength of concrete, f, = 31.25 MPa and A,
of 1058mm?2/m from formwork properties table, Section 3.3.3 Hibond Section Properties,

V. =0.632(f, Ap/ 250 d,)0-333 (400 / d,)0-25
= 0.632 x (1.60)0-333 x (4.85)025
= [.10 MPa

Vertical shear capacity (V,),

= 156 d; v,

= 156 x 82.5x 1.10 x 103 = 14.1 kN/rib

= 14.1 x 690 [ 305 = 31.9 kN/690mm

= V* = 23.5 kN/690mm - OK

Continued on next page
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3.3.10 DESIGN EXAMPLES (3.3.10.2 continued)

Punching Shear: Assuming the load is centred at least b,/2 from the slab edge, the critical
perimeter (u) for the Hibond slab is,
u =4{b, + (Ds-55) + d;}
= 4x (300 + 55 + 82.5) = 1750mm

Applied shear over critical perimeter area is,

V* = 14G + 1.6 Pq
1.4 %4382 1.99 x 106 + 1.6 x 13.0
= 21.3 kN

Punching shear capacity (V,,),
V, =u(Ds-55) v,
= 1750 x 55 x .10 x 10-3 = 106 kN
= V¥ =1213kN .. OK.

Shear Bond: It is assumed in this calculation that the slab is fixed to the supports on at least three
sides. An empirical formula is used to convert the point live load (Pg) into a superimposed load.
Hence Gy, + Q equates to,

Po (19000 -3 L)

0.00743 (- 0.393 L2 + 3200 L — 3.52 x 10¢)
Gsp + Q = 13.0x 8200 / (0.00743 x 2.91 x 10¢)
= 4.9 kPa
Section 3.3.5 0.75mm Hibond — Single Spans Medium term superimposed loads table is then used for
all span conditions for shear bond calculations (i.e. single spans, double or end spans, internal spans)
to compare empirically derived Ggp; + Q to available superimposed load,

superimposed load = 4.9 kPa
= Ggp + Q = 4.9 kPa -~ OK

Negative Bending: Assuming the load is centred at least b, / 2 from the slab edge, the effective
width of resisting Hibond slab (b)) is,

bey, = by + 2a(l —a/L)single spans
or by =by, + 1.333a(l —a/L) continuous
Maximum bending occurs when the point load is at midspan. Thus the effective width is,
by, =410+ 1.333x 1800 x (I —0.5)
= 1610mm

The applied bending moment for strength (M*) over the internal support due to the point load is,

M* = 1.6 Mg/ b where Mg, is the design live load moment
= 1.6 x0.094 x 3600 x 13.0/ 1610
= 4.37 kNm/m

This is converted into an equivalent superimposed load,

Gsp + Q =4.37x 108/ (0.063 x 1.6 x 36002)
= 3.3 kPa
> 3.2 kPa (from Section 3.3.5 0.75mm Hibond
Composite Slab Load Span Tables Double and End Spans) ... No good

Therefore garage slab must be increased to 120mm as,
4.3 kPa > 3.3 kPa - O.K

Negative bending is generally critical for point loads on thin slabs over continuous spans.
Continued on next page
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3.3.10 DESIGN EXAMPLES (3.3.10.2 continued)

Positive Bending: Using an empirical formula to convert the point live load into a superimposed

load,
GopL+Q = 1000 Pq

(0.00247 L2 — 14.65 L + 27100)
=13000 / 6371 = 2.04 kPa

Section 3.3.5 0.75mm Hibond — Single Spans Medium term superimposed loads is then used for
all span conditions for positive bending calculations (i.e. single spans, double or end spans, internal
spans) to compare empirically derived Ggp; + Q to available superimposed load for the 120mm
Hibond composite slab,

superimposed load = 5.8 kPa
= Ggp + Q = 2.04 kPa - OK.

Positive bending is rarely critical.

Deflection: It is assumed the 13.0 kN point load is of short term duration and deflection is not
likely to cause damage to finishes. However to illustrate the methodology, using b, in bending and
l,, = 8.6 x 106 mm4/m from Section 3.3.3 (medium term), the imposed deflection under the point
load at midspan (3) is,

3, = 0.015Pq L3/ E | where E; is the Modulus of Elasticity of the Hibond sheet and
| is the second moment of area
= 0.015 x 13.0 x 36003 / (205 x 103 x 8.6 x 1610)
= 3.2mm (L / 1125)
< the limit of L / 350 - OK

In summary, for the garage floor use a 0.75mm Hibond slab of 120mm overall thickness with

one row of props at midspan. A 665 mesh is required throughout the slab plus H12 x 2700mm
longitudinal top reinforcement at 200mm c/c, laid atop the mesh at minimum cover, over the internal
support. It would be sensible to adopt this configuration over the living area floor also, for practicality.

Transverse Reinforcement: In this example as Pq > 7.5 kN (13.0 kN), ductile transverse
reinforcement is required to be provided to satisfy the following moment resistance.

M*trans = P*ben / (15w) wherew = L/2 + b, and w # L
Where M*y.,s = Factored bending moment in the transverse direction

P* = Factored concentrated point load

beb = Effective width of slab

L = Span of composite slab

b, = Concentrated load length in direction of slab span

This requirement is based on recommendations from the Steel Decking Institute, lllinois, to resist
transverse bending in the composite slab as a result of the concentrated load.

Continued on next page
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3.3.10 DESIGN EXAMPLES continued
3.3.10.3 EXAMPLE: INSTITUTIONAL BUILDING DEFLECTION

A heavy equipment floor in a hospital is required to form a single span of 4800mm given a long term
superimposed load of 3.5 kPa.

Using Section 3.3.5 0.75mm Hibond — Single Spans long term superimposed loads table, select the
single span superimposed load for a 0.75mm Hibond slab of 150mm overall thickness, with one row
of props at midspan (Section 3.3.4.1). This gives,

superimposed load = 3.5 kPa
= GSDL + Q = 3.5 kPa .. OK.

This configuration borders the region of the table where vibration becomes critical (with a
minimum damping ratio of 0.025; commercial offices, open plan with few small partitions)
and the equipment is likely to be vibration sensitive. Therefore resonance checks are
required using specific design.

Alternatively, the slab thickness may be increased for the purposes of this example to, say, |80mm
using 0.75mm Hibond with two rows of props at third points, or 180mm using 0.95mm Hibond
with one row of props at midspan. This would provide better dampening to the floor, however the
equipment is likely to be vibration sensitive and therefore a detailed vibration analysis of the floor
would be required by the design engineer.

Deflection of the floor is to be minimised by reducing the allowable limit from L /250 to L,/400.
For this limit, deflection is made up of two components. Dead load deflection from prop removal is
(for one or two props),

5GLg*/ (384 El)
and the superimposed load deflection is,

5 (GspL + Q) Lys*/ (384 E, )

For the 0.95mm Hibond slab of 180mm overall thickness, refer Section 3.3.3 Hibond Section
Properties for long term superimposed loads,

G =3.62kPa, I, = 21.1 x 106 mm4/m

’ Tav

Hence G + (Ggp, + Q) = 3.62 + 3.5 =7.12 kPa

and 9G4 q = Combined dead and superimposed load deflection at midspan
5x 7.12 x 48004 / (384 x 205 x 107 x 21.1)

= | Imm (or Ly/435)

< the limit of L,/400 - OK.

For a 0.75mm Hibond slab of 190mm overall thickness Section 3.3.3 Hibond Section Properties gives
(for long term superimposed loads),

G = 3.83 kPa, I,, = 22.4 x 106 mm*/m
Hence G + (Ggp, + Q) = 3.83 + 3.5 = 7.33 kPa
and 8g.q = 5x7.33 x 4800% / (384 x 205 x 107 x 22.4)
= | Imm (or L./435)
=< the limit of L, /400 - OK.

Therefore, use a 0.75mm Hibond slab of 190mm overall thickness with two rows of props at
third points and, assuming a minor degree of crack control is required, use 662 mesh at minimum
cover throughout, or a 0.95mm Hibond slab of 180mm overall thickness with one row of props at
midspan and, assuming a minor degree of crack control is required, use 662 mesh at minimum cover
throughout.

Continued on next page
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3.3.10 DESIGN EXAMPLES continued
3.3.10.4 EXAMPLE: COMMERCIAL OFFICE FIRE RESISTANCE

A banking chamber floor is required over continuous spans of 2600mm c/c with a fire resistance
rating of 49 minutes.

Office loading (medium term),
live load, Q 4.0 kPa
superimposed dead load, Gg; 0.5 kPa

design superimposed load, Ggp; + Q 4.5 kPa

In terms of structural ability, Section 3.3.5 gives medium term superimposed loads well in excess of
4.5 kPa over a 2600mm span for a Hibond slab of 120mm overall thickness.

If the floor is designed as a series of single spans, nominal continuity reinforcement is required over
the internal supports. From Section 3.3.5 Hibond — Single Spans Medium term superimposed loads,
a 0.75mm Hibond slab with one row of props at midspan (from Section 3.3.4.1) may be used, or an
unpropped (from Section 3.3.4.1) 0.95mm Hibond slab may also be used. Assuming a minor degree
of crack control and to provide nominal continuity reinforcement over the internal supports, from
Section 3.3.2 Additional Reinforcement, 665 mesh is required at minimum cover over the entire
floor area.

This configuration may lead to unsightly cracking of the slab and therefore longitudinal
steel at minimum cover over the supports and a moderate or strong degree of crack
control could be considered.

As an alternative, the floor may be designed as a continuous slab by providing full continuity
reinforcement over the internal supports.

End Spans
From Section 3.3.5 0.95mm Hibond — Double and End Spans, the area of negative reinforcement
required over the first internal support is HI2 bars at 200mm c/c.

The length of reinforcement required is 2600 / 4 + 450 = | 100mm each side of the support centre
line.

Internal Spans
From Section 3.3.5 0.95mm Hibond — Internal Spans, the area of negative reinforcement required
over the other internal supports is HI2 bars at 200mm c/c.

The length of reinforcement required is 2600 / 4 + 450 = | 100mm each side of the support centre
line.

The fire resistance rating (FRR) is checked from Section 3.3.6 Fire Design Tables, for a 0.75mm
Hibond slab of 120mm overall thickness using H12 reinforcement every third Hibond pan. This gives,

FRR = 69 minutes
= the required 49 minutes -~ OK

Therefore, use an unpropped 0.95mm Hibond slab of 120mm overall thickness with H12 longitudinal
bottom reinforcement every third pan at 25mm bottom cover and 40mm cover to the side of the
Hibond rib. In terms of top steel, 665 mesh is required throughout the slab plus HI2 x 2200mm
longitudinal top reinforcement at 200mm c/c over all internal supports, laid atop the mesh at
minimum cover.

Continued on next page

October 2006 Dimend



Flooring Design Guide

3.3.10 DESIGN EXAMPLES (3.3.10.4 continued)

Detailed calculation of the fire resistance rating for the preceding example.

Insulation Criteria: The minimum effective thickness for 49 minutes is 66mm for Type A aggregate,
using HERA Report R4-82 Section 5. The effective thickness (h,) for the 120mm Hibond composite
slab is,

he =h; +0.5h, {(, + 1)/ (1, +13)} where h, is the depth of concrete above the top
of Hibond (D, — 55), h, is the depth of Hibond
sheet (55mm) and |}, |, and |5 are profile
dimensions of the Hibond sheet
= 65 + 27.5 {(182 +130) / (182 + 126)}
= 93mm
= the minimum of 66mm - OK

Stability and Integrity Criteria: For the Hibond composite slab, integrity criteria are satisfied
if the stability requirements are met. It is assumed the Hibond slab acts as a series of single spans
in the calculation of stability. The load combination is G + {5)Q under fire emergency conditions
(clause 4.2.4 AS/NZS 1170.0). This gives,

uniformly distributed load

G + Ggp + 1Q

=(2.24x 1.05 + 0.5) + 0.4 x 4.0 = 4.45 kPa
5% ponding applied to self weight, G

w

producing a design bending moment,

M*= w L2 / 8
= 4.45 x 26002 x 10-6 / 8
= 3.76 kNm/m width of Hibond slab

The required fire resistance rating is greater than 30 minutes, therefore any contribution to

the moment capacity of the slab from the Hibond steel is neglected, and supplementary “fire”
reinforcement is provided. The slab moment capacity is calculated using a strength reduction factor
of ¢ = 1.0 and the effective yield stress is based on the temperature of the reinforcement (refer
NZS 3101).

Consider H12 reinforcement (f, = 500 MPa) placed every third pan (A, = 123mm?/m width) at
25mm bottom cover and 40mm cover to the side of the Hibond rib. Using HERA Report R4-82
Section 6,
u; = 46mm, u, = 98mm, u3; = 3Imm where u|, u, and u; are the position
of reinforcement bars

u +u, =144<5u; =155 .. OK.
ujoru, =46or98 <4u; = 124 - OK
and,
v =1 /(1 /4605 + 1 [9805 + | [3]105) where v is the coefficient used to
=2.34 calculate temperature of the

reinforcing bars
Continued on next page
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3.3.10 DESIGN EXAMPLES (3.3.10.4 continued)

The temperature in the reinforcement (6,) at 30 minutes is given by,
B, = 900 — 350 vy = 8I°C

and at 60 minutes,

0, = 1175-350y = 356°C

For a fire resistance of 49 minutes the temperature by linear interpolation is,

0, =8l +19/30x(356—8l) = 255°C

The effective yield stress of the reinforcement for 250°C < 6, < 720°C is,

fyre = fy {(720-T) / 470} where fyre is the yield strength of elevated temperature
and f, is the lower characteristic yield strength of non-
prestressed reinforcement
= 500 x {(720 - 255) /470} = 494 MPa

Hence the moment capacity of the slab for reinforcement (Ryg) at an elevated temperature is,

Rrg = A fy = 123x494 x 103 = 60.7 kN/m

Where A; = Area of non-prestressed tension reinforcement
= 113 /(3 x0.305) = 123mm?/m width (= H12 every 3rd Hibond pan)

and,
where a is the depth of equivalent rectangular stress block
b is the width of concrete compression face
d is the distance from extreme compression fibre to the centroid of the non
pre-stressed tension reinforcement

a = Ryg / (0.85f'_b)
= 60.7 x 103 / (0.85 x 25 x 1000) = 2.8mm
d = 120-31 = 89mm

Hence internal lever arm between centroids of compression and tension resultant forces (jd) is,

jd =d-0.5a=87.6mm

and,
where M, is the nominal flexural strength of the section

éM,=1.0x60.7x 103 x 87.6 = 5.32 kNm/m
= M* = 3.76 kNm/m width - OK

Hence HI2 reinforcement every third Hibond pan will achieve a fire resistance rating of greater than
49 minutes for insulation, instability and integrity.
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3.4.2 DESIGN CONSIDERATIONS

Formwork

Where Flatdeck sheet is used as formwork, the profile provides resistance to wet concrete (G)
and construction loads (Q). Maximum formwork spans given in Section 3.4.4.1 Flatdeck Formwork
Tables are based on design checks for bending, web crushing, vertical shear, combined actions and
deflection.

Flatdeck sheets must be laid in one continuous length between permanent supports. Short sheets
of Flatdeck must never be spliced together to achieve the span between temporary or permanent
supports.

Composite Slab

Design capacity of the Flatdeck Flooring System is largely dependent on interaction between the
concrete and the Flatdeck sheet commonly referred to as shear bond. Shear bond is a combination
of chemical bond between the concrete and the Flatdeck sheet and mechanical bond between the
concrete and the vertical ribs of the Flatdeck sheet. This allows tension forces to be transferred from
the concrete into the Flatdeck sheet.

Capacities for the Ultimate Limit State were derived for positive bending, shear bond, vertical shear
and negative bending as appropriate. Each of these values was back substituted into the design
combinations for the applied actions using 1.2 (dead load) + 1.5 (superimposed load).

The minimum resulting superimposed load, from all actions (including deflections), was used in
the tables.

Appropriate imposed floor actions (Q) should be determined in accordance with AS/NZS 1170.1.
All superimposed dead load (Ggp)) is then added to the imposed action (Q) to give a design
superimposed load (Ggp; + Q) expressed in kPa for direct comparison with the tabulated data in
Section 3.4.5 Flatdeck Composite Slab Load Span Tables.

Fire Design

Fire resistance for the Flatdeck Flooring System may be achieved by several methods. These include
placement of additional reinforcement, spray-on insulation retardant, placement of suspended
ceilings, and increasing the overall slab thickness. We have considered placement of additional
reinforcement in the fire design tables.

This method is based on resistance to collapse (stability), the ability of the Flatdeck floor slab to
prevent flames passing through cracks formed in the slab (integrity) and limiting the temperature
increase on the unexposed side of the Flatdeck floor slab (insulation).

The fire design tables are based on design checks for bending (shear is rarely critical), in accordance
with NZS 3101, based on the load combination G +15)Q for single spans which are effective in fire
emergency conditions (where s is the factor for determining quasi-permanent values for long term
actions). Full design methodology is provided in HERA Report R4-82, except that for Flatdeck the
contribution of that portion of the steel decking rib that is embedded into the slab and therefore
shielded from direct exposure to the fire, is calculated by determining the temperature due to
conduction of heat from the exposed pan of the decking.

The rib element is subdivided into 10 elements and the temperature of each element is determined
using the method from HERA Report R4-131 Slab Panel Method (3rd edition). The strength at
elevated temperature (yield strength as function of temperature) is also determined in accordance
with this report. The contribution of each element to the overall moment capacity of the slab is
calculated in accordance with normal reinforced concrete design procedures.

The fire design tables include a superimposed dead load (Ggp, ) of 0.5 kPa in order that an imposed
action (Q) can be compared directly with the tables in Section 3.4.6 Fire Design Tables.

Continued on next page
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3.4.2 DESIGN CONSIDERATIONS continued
Additional Reinforcement

Mesh Reinforcement

Mesh reinforcement is placed at minimum cover (according to durability requirements outlined in
NZS 3101 Section 3.11) in order to provide:

e Control of cracks caused by shrinkage during curing.

* Nominal continuity reinforcement over supporting members where a floor is designed as a series
of simply supported Flatdeck floor slabs.

For propped construction consideration should be given to increasing nominal continuity
reinforcement over supports as crack widths will increase when props are removed. Guidance on
crack width tolerances is given in NZS 3101 and HERA Report R4-113.

Consideration should be given to orientating the top bar of the mesh to be parallel to the span of the
steel sheet. This will provide the optimum nominal continuity from the mesh.

The following guide features mesh sizes for various slab thicknesses based on the degrees of crack
control recommended in AS 3600 in conjunction with the exposure classification, concrete strengths
and cover to reinforcing in NZS 3101.

These guidelines do not cover special requirements for reinforcement at locations where the slab is
subject to high stresses due to deformation compatability (for example around columns).

Where NZS 3101 requires explicit crack control, this must be specifically determined by the design

engineer.

l. For composite slabs fully enclosed within a building except during construction (generally exposure
classification Al)

L DI (ER I Minor Moderate Strong
Design Slab Thickness Ds (mm)

110 665 663 334
120 665 662 333
130 665 662 2 x 662
140 664 335 2 x 662
150 664 334 2x 661
160 664 334 2 x 334
170 663 333 2x 334
180 662 2 x 662 2 x 334
190 662 2 x 662 2x 333
200 662 2 x 662 Hlé6 @ 200

Note:

a. For nominal continuity reinforcement over supporting members where a floor is designed as a
series of simply supported Flatdeck floor slabs, use the ‘minor’ column in the table above.

b. Where ductile steel reinforcing bars (eg H16@200) are used the maximum area of longitudinal
top steel required is the greater of 75% of the area of transverse steel required in the table
above or the amount of longitudinal steel required for continuity from the load span tables in
Section 3.4.5 or that determined by specific design. Reinforcing bars are Grade 500 to AS/NZS 4671.

Continued on next page

October 2006 Dimend



Flooring Design Guide

3.4.2 DESIGN CONSIDERATIONS continued
2. For composite slabs in exposure classification A2 moderate or strong crack control is always
required.
Required Slab AS 3600 Criteria Moderat st
Thickness (mm) | Design Slab Thickness Ds (mm) oderate rong
120 110 662 333
130 120 662 2 x 662
140 130 335 2 x 662
150 140 334 2x 661
160 150 334 2x334
170 160 333 2x334
180 170 2 x 662 2x334
190 180 2 x 662 2x333
200 190 2 x 662 Hlé @ 200
210 200 2x 661 Hlé6 @ 200
Note:
a. To illustrate the effect of exposure classification on crack control requirements the slab thickness has

been increased by |0mm to meet the minimum cover requirements of NZS 3101. This assumption
means that longitudinal top steel requirements over supporting members can be designed using the
load span tables in Section 3.4.5, provided that the extra thickness is treated purely as superimposed
dead load and the composite slab is designed to the original design slab thickness.

b. Where ductile steel reinforcing bars (eg H16@200) are used the maximum area of longitudinal top

steel required is the greater of 75% of the area of transverse steel required in the table above or
the amount of longitudinal steel required for continuity from the load span tables in Section 3.4.5
or that determined by specific design. Reinforcing bars are Grade 500 to AS/NZS 4671.

3. For composite slabs in exposure classification Bl strong crack control is always required.

TT\TCCII:II::es‘: (sr:::’\) Design glilf?l'%(:cﬁr:::: Igs (mm) SRR S (e,
125 110 333 HI0 @ 150
135 120 2 x 662 HIO @ 150
145 130 2x 661 HI12 @ 200
155 140 2x 334 HI2 @ 150
165 150 2x 334 HI2 @ 150
175 160 2 x 334 HI2 @ 150
185 170 2x 333 HI0 @ 100
195 180 2 x 333 Hlé6 @ 200
205 190 Hi6é @ 200 | HIé6 @ 200
215 200 HIé6 @200 | HI6 @ 200

Note:

a.

To illustrate the effect of exposure classification on crack control requirements the slab thickness has
been increased by I5mm to meet the minimum cover requirements of NZS 3101. This assumption
means that longitudinal top steel requirements over supporting members can be designed using the
load span tables in Section 3.4.5, provided that the extra thickness is treated purely as superimposed
dead load and the composite slab is designed to the original design slab thickness.

b. Ductile requirements have been provided for this exposure classification to provide the flexibility

that longitudinal bars could be used in conjunction with the above for negative steel requirements.

. Where ductile steel reinforcing bars (eg H16(@200) are used the maximum area of longitudinal top
steel required is the greater of 75% of the area of transverse steel required in the table above or
the amount of longitudinal steel required for continuity from the load span tables in Section 3.4.5
or that determined by specific design. Reinforcing bars are Grade 500 to AS/NZS 4671.

d. Composite slabs in exposure classification B2 and C will require a thicker slab than those for Bl
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above and a higher strength concrete — therefore specific design to NZS 3101 is required.
Continued on next page
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3.4.2 DESIGN CONSIDERATIONS continued

Ductile Reinforcement

Ductile reinforcement (to elongation requirements of BS 4449) may also be required in the following
instances:

* To gain full continuity over supporting members in continuous spans (refer Section 3.4.5 Flatdeck
Composite Slab Load Span Tables).

* To increase the fire resistance of the floor slab (refer Section 3.4.6 Fire Design Tables).

To distribute loads around openings in the floor slab.

To provide negative reinforcement necessary for floor slabs used as cantilevers (where the
contribution of the Flatdeck sheet is neglected in design).

Where a point load is not fixed in position and can occur anywhere on the floor slab (for example
car parks), placement of transverse reinforcement is required throughout the slab (minimum area
as for line loads).

When used as transverse reinforcement to distribute point loads and line loads; and resist
transverse bending in the composite slab as a result of point loads (refer Section 3.4.10 Design
Examples). The following two cases need to be considered.

Po=7.5kN

For a discrete point load < 7.5 kN it is practical to use 2 — H10 transverse bars over the effective
width of the Flatdeck slab (b,,, — refer BS 5950: Part 4 Clause 6.7) centred about the point load.

Where line loads perpendicular to the direction of slab span are present (<= 7.5 kN/m), transverse
reinforcing bars with a minimum cross sectional area of 2(D, — 55) mm? per metre of load length
(over the effective width of the line load) is required.

This equates to: HI0 @ 400mm centres for composite slabs | 10-150mm
H12 @ 400mm centres for composite slabs 160-200mm

Line loads running parallel to the span should be treated as a series of discrete point loads.
Po>7.5kN

For a discrete point load > 7.5 kN, transverse reinforcement is required to satisfy the following
moment resistance.

M*ans = P*bep / (15w) wherew = L/2 + b,and w # L
Where M*y.s = Factored bending moment in the transverse direction

P* = Factored concentrated point load

beb = Effective width of slab

L = Span of composite slab

b, = Concentrated load length in direction of slab span

Where line loads perpendicular to the direction of slab span are present (> 7.5 kN/m), P* is
represented as a factored load per metre and b, is taken as equal to one metre.

Line loads running parallel to the span should be treated as a series of discrete point loads.

This requirement is based on recommendations from the Composite Deck Design Handbook by
Heagler RB, Luttrell LD and Easterling WS; published by The Steel Decking Institute, lllinois 1997.
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3.4.3 FLATDECK SECTION PROPERTIES

Flooring Design Guide

Overall 324

‘ | Cover 300

o ks

71 43 72 4371

9

L

|—ysh 14.1mm

All dimensions (mm) are nominal

25mm Negative reinforcement
minimum when required
cover Reinforcing mesh
_l - . ) _._.{_ : g ]
— e e e
Slab thickness T/~ . B
Ds | e
J &
T Positive fire
Flatdeck sheet reinforcement
when required

FLATDECK FORMWORK PROPERTIES (PER METRE WIDTH)

Thickness Weight Cross Sectional | Design Strength Bending Strengths
mm kN/m Area A, Py M.t M.
mm?2 MPa kNm kNm
0.75 0.094 1180 550 4.2 2.73
0.95 0.118 1495 550 5.10 3.6l
Thickness [Shear Strength| Second Moment of Area 106mm* |Web Crushing Strength
mm P, Single Span Multispan P,, kN
kN I x tve I x~ve End Internal
Support Support
0.75 95.1 0.503 0.369 68.3 90.5
0.95 123.6 0.670 0.502 95.0 126.5
Notes

|. Design strength Py is 0.84 x ultimate tensile strength.

2. ysh is the distance from the bottom of the Flatdeck sheet to the neutral axis.

October 2006
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3.4.3 FLATDECK SECTION PROPERTIES continued

Flooring Design Guide

0.75mm FLATDECK COMPOSITE SLAB PROPERTIES (PER METRE WIDTH)

D, | Weight Ig 106mm?* Yg mm I, 106mm4 Y., mm l,, 106mm*

mm | kN/m | medium long | medium long | medium long | medium long | medium long
10| 2.63 13.4 8.3 59.0 61.7 6.3 53 374 46.2 9.9 6.8
120 | 2.86 172 10.6 642 67.0 7.8 6.6 39.8 493 12.5 8.6
130 | 3.09 21.6 133 693 722 9.5 8.0 420 523 156 10.7
140 | 3.32 268 164 744 774 1.4 9.6 442 55.2 19.1 13.0
150 | 3.55 32.7 20.0 79.5 826 134 114 46.3 579 23.1 15.7
160 | 3.78 39.5 240 846 878 156 133 48.3 60.6 276  18.7
170 | 4.0l 47.1  28.6 89.7 93.0 18.1 15.4 50.2 63.2 326 22.0
180 | 4.24 55.6 337 94.7 98.1 207 178 52.1 65.7 38.1 25.7
190 | 4.47 650 393 99.8 103.2| 235 20.2 54.0 68.1 443 298
200 | 4.70 755 455 1048 108.3| 265 229 55.8 70.5 51.0 342

0.95mm FLATDECK COMPOSITE SLAB PROPERTIES (PER METRE WIDTH)

D, | Weight Ig 106mm* Y, mm I, 106mm* Y., mm I, 106mm*

mm | kN/m | medium long | medium long | medium long | medium long | medium long
10| 2.65 14.0 8.8 59.9 63.1 7.5 6.1 40.8 50.0 10.7 7.5
120 | 2.88 179 11.2 65.1 68.5 9.3 7.6 435 534 13.6 9.4
130 3.12 22.5 14.0 70.3 738 .3 9.3 46.0 56.8 6.6 11.7
140 | 3.35 278 173 75,5 79.1 135 11.2 484 599 206 143
150 | 3.58 339 210 80.6 844 160 133 50.8 63.0 249 172
160 | 3.81 408 25.2 85.7 89.6 18.7 15.6 53.0 66.0 29.7 204
170 | 4.04 48.6 299 90.8 94.8 21.6 18.1 552 68.9 35.1 240
180 | 4.27 573 352 959 100.0f 248 209 573 71.6 41.0 280
190 | 4.50 67.0 41.1 101.0 105.1| 282 239 594 744 476 325
200 | 4.73 77.7 475 106.0 110.3| 31.8 27.0 614 77.0 547 373

Notes

I. Dy is the overall thickness of the slab.

2. Slab weights are based on a dry concrete density of 2350 kg/m3 with no allowance for ponding.

3. Section properties are presented in terms of equivalent steel units as follows:
(a) Medium term superimposed loads are based on %/3 short term and !/3 long term load
(ie modular ratio = 10) and apply to buildings of normal usage.

(b) Long term superimposed loads are based on all loads being long term (ie modular ratio = 18)
and apply to storage loads and loads which are permanent in nature.

4. Ig is the second moment of area of the gross composite Flatdeck section.

5. |l is the second moment of area of the cracked composite Flatdeck section.

6. |, is the average value of gross (Ig) and cracked (l.,) sections to be used for deflection

calculations.

Yg is the distance from top of slab to neutral axis of the composite Flatdeck slab for gross section.

8. Y, is the distance from top of slab to neutral axis of the composite Flatdeck slab for the cracked
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3.4.4 FORMWORK DESIGN
3.4.4.1 FLATDECK FORMWORK TABLES

Maximum formwork spans for slab thicknesses between | [0mm and 300mm are provided in the
following tables.

The following notes apply to the formwork tables in this section.

l.
2.

D, is the overall thickness of the slab.

Slab weights (G) are based on a wet concrete density of 2400 kg/m3 with no allowance for
ponding.

A construction load (Q) of |.5 kPa is incorporated in these tables.
L is the maximum span measured centre to centre between permanent or temporary supports.

Use of the double or end span tables and internal span tables assumes,

¢ All spans have the same slab thickness.

* The end span is within plus 5% or minus 10% of the internal span and that the end and
internal spans are both designed using the appropriate load span table.

* Double spans are within 10% of each other and the slab design is based on the largest span.

* Internal spans are within 10% of each other and the slab design is based on the largest internal
span.

Any variations to the above configurations require specific design using the Flatdeck Formwork

Properties table in Section 3.4.3.

These tables are based on minimum bearing of Flatdeck sheet given in Section 3.4.4.3.
Deflection limits incorporated in these tables are L/180 maximum due to dead load (G) only.

These limits are represented in the ‘Allow’ (allowable) column of the Flatdeck Formwork Tables.
The 5mm limit should be referred to where soffit deflection is to be reduced.

For intermediate values, linear interpolation is permitted.

As a guide, formwork deflections of around 15mm under dead load (G) should be expected
within the extent of the tables. Construction loads (Q) will increase deflections.

The design span of the formwork relates closely to site installation. If the Flatdeck sheet is
designed as an end span or internal span, the minimum nominal sheet length for construction
should be noted clearly in the design documentation to ensure that appropriate sheet lengths are
used by the installer to achieve the span type selected. Refer to Section 3.5 Installation.

Typical Formwork Slab Span Configurations

L
I ] —— Flatdeck sheet
JaN PaN
Single span

L L L
¢ b« > > This configuration can only be used

' ' ' I where all supports are permanent.

AN A
Single span Single span Single span

L L L ‘

AN A
End span Internal span End span

VAN A AN Continued on next page
Double spans (use end span case)
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3.4.4.1 FLATDECK FORMWORK TABLES continued
0.75mm FLATDECK FORMWORK SPAN CAPABILITIES

Flooring Design Guide

Dy Slab Weight Concrete Quantity Maximum Span (L) mm
mm kPa m3/m?2 Single Double or End Internal
Allow. 5mm limit| Allow. 5mm limit| Allow. 5mm limit

110 2.68 0.11 2300 1950 2700 | 2200 2700 | 2050
120 2.92 0.12 2200 1900 2650 2150 2650 | 2000
130 3.15 0.13 2200 1900 2550 2100 2550 | 2000
140 3.39 0.14 2150 1850 2500 | 2050 2500 | 1950
150 3.63 0.15 2100 1800 2450 2050 2450 | 1900
160 3.86 0.16 2050 1800 2400 2000 2400 | 1900
170 4.10 0.17 2000 1750 2350 | 2000 2350 | 1850
180 4.33 0.18 2000 1750 2350 1950 2300 | 1850
190 4.57 0.19 1950 1700 2300 1900 2300 | 1800
200 4.80 0.20 1900 1700 2250 1900 2250 | 1800
210 5.04 0.21 1900 1700 2200 1900 2200 | 1750
220 5.27 0.22 1850 1650 2200 1850 2150 | 1750
230 5.51 0.23 1850 1650 2150 1850 2150 | 1750
240 5.74 0.24 1800 1650 2100 1800 2100 | 1700
250 5.98 0.25 1800 1600 2100 1800 2100 | 1700
260 6.22 0.26 1750 1600 2050 1800 2050 | 1700
270 6.45 0.27 1750 1600 2000 1750 2000 | 1650
280 6.69 0.28 1700 1600 2000 1750 2000 | 1650
290 6.92 0.29 1700 1550 1950 1750 1950 | 1650
300 7.16 0.30 1650 1550 1950 1750 1950 | 1650

0.95mm FLATDECK FORMWORK SPAN CAPABILITIES

D, Slab Weight Concrete Quantity Maximum Span (L) mm
mm kPa m3/m?2 Single Double or End Internal
Allow. 5mm limit| Allow. 5mm limit| Allow. 5mm limit
110 2.71 0.11 2500 2050 3000 2350 2950 | 2200
120 2.94 0.12 2450 2000 2900 | 2300 | 2900 | 2150
130 3.18 0.13 2400 2000 2850 | 2250 | 2850 | 2150
140 3.41 0.14 2350 1950 2800 | 2250 | 2800 | 2100
150 3.65 0.15 2300 1900 2750 2200 2700 | 2050
160 3.89 0.16 2250 1900 2700 | 2150 | 2650 | 2050
170 4.12 0.17 2200 1850 2650 2150 2600 | 2000
180 4.36 0.18 2150 1850 2600 | 2100 | 2550 | 2000
190 4.59 0.19 2150 1800 2550 | 2050 | 2550 | 1950
200 4.83 0.20 2100 1800 2500 | 2050 | 2500 | 1950
210 5.06 0.21 2050 1800 2450 2000 2450 | 1900
220 5.30 0.22 2050 1750 2400 | 2000 | 2400 | 1900
230 5.53 0.23 2000 1750 2400 2000 2350 | 1850
240 5.77 0.24 2000 1750 2350 1950 | 2350 | 1850
250 6.00 0.25 1950 1700 2300 1950 | 2300 | 1850
260 6.24 0.26 1900 1700 2250 1900 | 2250 | 1800
270 6.47 0.27 1900 1700 2250 1900 2250 | 1800
280 6.71 0.28 1850 1650 2200 1900 | 2200 | 1800
290 6.95 0.29 1850 1650 2200 1850 2200 | 1750
300 7.18 0.30 1850 1650 2150 1850 | 2150 | 1750
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3.4.5 FLATDECK COMPOSITE SLAB LOAD SPAN TABLES

Superimposed loads (Ggp; + Q) are presented for slab thicknesses between | |0mm and 200mm
and over a range of spans between 2.0m and 7.2m for all span configurations. For continuous design,
negative reinforcement requirements are presented for double or end spans and internal spans.

The following Notes apply to the composite slab load span tables in this Section.

I. Span types
L is the clear single span between permanent supports plus 100mm.
L is the double/end or internal span measured centre to centre between permanent supports.

2. The design superimposed load combination is Gg; + Q and must not be greater than the
superimposed loads given in the tables.

3. a) Medium term superimposed loads are based on 2/3 short term and !/3 long term (i.e. modular
ratio = 10) and apply to buildings of normal usage.

b) Long term superimposed loads are based on all loads being long term (i.e. modular ratio = 18)
and apply to storage loads and loads which are permanent in nature.

4. Deflection limits incorporated into these tables are as follows:
a) L/350 or 20mm maximum due to superimposed load (Ggp, + Q).
b) L/250 maximum due to superimposed load plus prop removal (G + Ggp, + Q).

The designer shall be satisfied that these limits are adequate for the application considered,
otherwise additional deflection checks must be made.

5. Propping requirements depend on the Flatdeck slab thickness and span configuration as
formwork. Refer to Section 3.4.4.1 Flatdeck Formwork Tables to determine formwork span
capabilities.

6. Use of the double or end span tables and internal span tables assumes,
* All spans have the same slab thickness.

* The end span is within plus 5% or minus 10% of the internal span and that the end and
internal spans are both designed using the appropriate load span table.

* Double spans are within 10% of each other and the slab design is based on the largest span.

* Internal spans are within 10% of each other and the slab design is based on the largest internal
span.

Any variation to the above configurations requires specific design.

7. Example: For a 0.75mm Flatdeck slab of |30mm overall slab thickness on a double span of
3800mm we have the following:

8.9 HI6@200
where:
8.9 = Superimposed load kPa

H16@200

H 16 negative reinforcing (saddle bars) placed at 200mm centres to achieve the
superimposed load
Continued on next page
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3.4.5 FLATDECK COMPOSITE SLAB LOAD SPAN TABLES continued

8. Steel areas in the double or end and internal span tables are calculated based on H16 reinforcing
bars (i.e. 6mm diameter grade 500 to AS/NZS 4671) placed at 25mm top cover (Al exposure
classification — NZS 3101). Areas for other bar types, covers and sizes require specific design.

9. Negative reinforcement must be placed on top of the mesh parallel with the Flatdeck ribs at
spacings indicated in the tables for the span and slab thickness considered.

10. Negative reinforcement must extend at least 0.25 of the largest span plus 450mm each side of
the centre line of the support.

I 1. The same negative reinforcing is required for both propped and unpropped construction.

12. Vibration limits expressed as maximum spans in the tables refer to:
= = = = Commercial offices, open plan with few small partitions (damping ratio = 0.025)
°°°°°°° Residences with many full height partitions (damping ratio = 0.05)

Specific design is required for other floor uses. Refer Section 3.4.8 Floor Vibration.
13. For intermediate values, linear interpolation is permitted.
Typical Composite Slab Span Configurations

R
Negative

; [ ]
reinforcement ~ ~

Flatdeck sheet

Single span
-t > R
A A A A
End span Internal span End span
%;;%ﬂ
| ]
AN AN AN

Double spans (use end span case)

%;’k;*‘;ﬁ This configuration requires nominal

: : continuity reinforcement to be placed

VaN A A /A over the supports as described for
Single span Single span Single span a minor degree of crack control for

Mesh Reinforcement in Section 3.4.2.
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3.4.5 FLATDECK COMPOSITE SLAB LOAD SPAN TABLES continued

0.75mm FLATDECK - SINGLE SPANS
Medium term superimposed loads (kPa)

L Slab thickness (D) mm

mm 110 120 130 140 150 160 170 180 190 200
2000 | 186 | 203 | 218 | - - - - - -] -
2200 | 160 | 173 | 188 | 203 | 21.8 | - - - — | =
2400 | 139 | 152 | 164 | 177 | 190 | 203 | 216 | - - | -
2600 | 122 | 134 | 144 | 156 | 167 | 178 | 190 | 202 | 213 | -
2800 | 109 | [1.8 | 128 | 138 | 148 | 158 | 169 | 179 | 189 | 200
3000 | 9.7 | 106 | 15 | 124 | 133 | 142 | I50 | 160 | 17.0 | 179
3200 | 88 | 95 | 103 | ILI | 119 | 128 | 136 | 144 | 153 | 6.l
3400 | 79 | 86 | 93 | 100 | 108 | 116 | 123 | 131 | 138 | 146
3600 | 7.0 | 78 | 85 | 92 | 98 [ 105 | 112 | 119 | 126 | 133
3800 | 65 | 7.0 | 78 | 83 | 90 | 96 | 102 | 109 | 115 | 12
4000 |_ 59 | 65 | 71 | 76 | 82 | 88 | 94 | 99 | 105 | LI
4200 54 1 59 | 65 | 70 | 75 | 81 | 86 | 90 | 97 |02

oooooooooo

4400 | 46 54_| 60 | 64 69 | 74 79 | 84 89 | 9.4
4600 | 37 t 5.0 55 | 5.9 64 | 68 73 | 77 | 83 | 88

4800 | 29 : 42 5.0 1 54 59 | 6.3 6.8 7.3 7.7 | 8.
5000 | 23 i .34 | 46 .50 | 55 5.9 6.3 6.7 7.1 | 75
5200 | 1.7 27 i 38 | 47 | 51 | 55 5.9 6.2 66 | 7.0
5400 | - 20 i3 44 47 1 5. 5.4 5.8 6.1 | 65
5600 | - 1.6 24 i 34 44 ,_ 47_| 50 5.4 57 | 6.0
5800 | - - 19 i 28 4.1 44 1 47 5.0 53 | 56
6000 | - - - i22 | 3. 4.1 | 44 _| 46 49 | 52
6200 | - - - 7% 25 3.4 4 4.4 46 | 49
6400 | - - - - 119 | 28 37 | 40 | 43 | 46
6600 | - - - — 5 22 | 30 [737°1 41 | 43
6800 | - - - - 1.7 2.4 33 | 38 | 4.
7000 - - - - - - 1.9 2.7 35 | 3.7
7200 - - - - i - - - 2.1 2.9 3.5
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3.4.5 FLATDECK COMPOSITE SLAB LOAD SPAN TABLES continued

0.75mm FLATDECK - SINGLE SPANS
Long term superimposed loads (kPa)

L Slab thickness (D) mm

mm 110 120 130 140 150 160 170 180 190 200
2000 | 186 | 203 | 21.8 - - - - - - -
2200 | 160 | 17.3 188 | 203 | 218 - - - - -
2400 | 139 | 15.2 164 | 17.7 19.0 | 203 | 21.6 - - -
2600 | 122 | 13.4 144 | 156 167 | 17.8 19.0 | 202 | 213 -
2800 | 109 | 11.8 128 | 13.8 148 | 15.8 169 | 17.9 18.9 | 20.0
3000 | 9.7 10.6 1.5 | 124 13.3 | 142 5.1 16.0 17.0 | 17.9
3200 | 8.8 9.5 103 | II.I 1.9 | 128 13.6 | 14.4 153 | 16.1
3400 | 7.7 8.6 9.3 10.1 10.8 | 11.6 123 | 13.1 13.8 | 14.6
3600 | 6.5 7.8 8.5 9.2 9.8 10.5 1.2 | 11.9 12.6 | 13.3
3800 | 5.1 6.9 7.8 8.3 9.0 9.6 102 | 109 1.5 | 121
4000 | 40 | 55 7.1 7.6 8.2 8.8 9.4 9.9 105 | 1.1
4200 [ 3.1 | 44 5.9 7.0 7.5 8.1 8.6 9.1 9.7 | 102
4400 |23, 34 | 47 6.2 6.9 7.4 7.9 8.4 89 | 94
4600 | 1.7 : 26 , 37 | 50 6.5 6.8 7.3 7.7 83 | 88
4800 - P19 2.9 ': 4.0 5.3 6.3 6.8 7.3 77 | 8.
5000 B 22 | 32 | 43 5.5 6.3 6.7 7.1 7.5
5200 S 1.6 2.4 3.4 4.5 5.8 6.2 66 | 7.0
5400 - & - - 18 [ 7261 36 4.7 5.8 6.1 6.5
5600 - i - - - 2.0 '_ 28 | 38 49 57 | 6.0
5800 R - - - 227 7 30 4.0 50 | 5.6
6000 - i - - - - le !1_23_] 32 4.1 5.2
6200 | - i - - - - - 1.7 1 25 33 | 42
6400 - - - - - - - 118 26 | 34
6600 - - - - - - T 20 | 27
6800 | - i - - - - - - - - | 21
7000 - - - - - - 0 - - 1.5
7200 - - — - — — - v — —
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3.4.5 FLATDECK COMPOSITE SLAB LOAD SPAN TABLES continued

0.95mm FLATDECK - SINGLE SPANS
Medium term superimposed loads (kPa)

Flooring Design Guide

L Slab thickness (D) mm

mm 110 120 130 140 150 160 170 180 190 200
2000 | 19.8 | 215 | 23.0 - - - . - - -
2200 | 169 | 184 198 | 212 | 227 _ _ _ _ .
2400 | 146 | 159 17.1 | 186 19.8 | 21.1 22.4 - — -
2600 | 13.0 | 14.1 152 | 163 174 | 186 197 | 209 | 22.1 .
2800 | 115 | 125 135 | 145 155 | 16.5 175 | 18.6 19.6 | 20.6
3000 | 103 | 11.2 120 | 129 139 | 148 | 157 | 166 175 | 185
3200 | 9.2 100 | 108 | 11.7 125 | 133 14.1 14.9 158 | 16.6
3400 | 8.3 9.1 9.8 10.5 113 | 120 | 128 | 135 143 | 15.1
3600 | 7.5 8.2 8.9 9.6 103 | 109 1.6 | 123 13.0 | 13.7
3800 | 6.9 7.5 8.1 8.7 94 | 100 | 106 | 112 119 | 125
4000 | 63 | 6.8 7.4 8.0 8.6 9.2 9.7 10.3 109 | 115
4200 | 5.7 7, 6.3 6.8 7.3 7.9 8.4 8.9 9.5 10.0 | 10.5
4400 | 52 | 58 | 62 6.7 7.2 7.7 8.2 8.7 92 | 9.7
4600 | 42 : 53 | 57 | 62 6.7 7.1 7.6 8.0 85 | 9.0
4800 | 34 : 48 53 1 57 6.1 6.6 7.0 7.4 79 | 83
5000 | 2.7 :.39..| 49 _53_] 57 6.1 6.5 6.9 73 | 78
5200 | 2.1 3.1 4.4 49 | 52 | 56 6.0 6.5 68 | 72
5400 | 1.6 25 i 36..| 45 48 71 52 5.7 6.0 64 | 6.7
5600 - 1.9 2.9 4.0 46 ,_ 49 | 53 5.6 59 | 62
5800 - - 2.3 3.3 43 4.6 4.9 5.2 55 | 58
6000 - - 17 i 26 | 36 43 | 45 | 48 5.0 5.4
6200 _ . _ 2.1 3.0 4.0 42 45 48 | 50
6400 - - - 1.6 2.4 33 39 | 42 | 44 | 47
6600 - - - - 1.8 2.6 3.6 39 4.1 4.4
6800 - - - - - 2.1 2.9 36 | 38 | 4.
7000 _ . _ . _ 1.6 2.3 3.2 1 38
7200 _ _ _ _ _ _ 1.8 2.6 34 1 36
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Flooring Design Guide

3.4.5 FLATDECK COMPOSITE SLAB LOAD SPAN TABLES continued

0.95mm FLATDECK - SINGLE SPANS
Long term superimposed loads (kPa)

L Slab thickness (D) mm

mm 110 120 130 140 150 160 170 180 190 200
2000 | 19.8 | 215 | 23.1 - - - - - - -
2200 | 169 | 184 19.8 | 21.2 22.7 - - - - -
2400 | 14.6 | 159 17.1 18.6 19.8 | 21.1 22.4 - - -
2600 | 13.0 | 4.1 152 | 163 174 | 186 19.7 | 209 | 22.1 -
2800 | 1.5 | 125 13.5 | 145 155 | 165 175 | 186 19.6 | 20.6
3000 | 103 | 11.2 120 | 129 13.9 | 148 157 | 16.6 175 | 185
3200 | 9.2 10.0 108 | 11.7 125 | 13.3 14.1 14.9 158 | 16.6
3400 | 8.3 9.1 9.8 10.5 1.3 | 12.0 128 | 13.5 143 | 15.1
3600 | 7.2 8.2 8.9 9.6 103 | 109 1.6 | 123 13.0 | 13.7
3800 | 5.9 7.5 8.1 8.7 9.4 10.0 106 | 11.2 11.9 | 125
4000 |_ 4.7 | 63 7.4 8.0 8.6 9.2 9.7 10.3 109 | 115
4200 | 3.7 7, 5.1 6.8 7.3 7.9 8.4 8.9 9.5 10.0 | 105
4400 | 28 . 40 | 55 6.7 7.2 7.7 8.2 8.7 92 | 9.7
4600 | 2.1 : 32 , 44 | 58 6.7 7.1 7.6 8.0 8.5 9.0
4800 | 1.6 i 24 35 | 47 6.1 6.6 7.0 7.4 7.9 8.3
5000 - :.18.| 27 _38_] 50 6.1 6.5 6.9 7.3 7.8
5200 - - 1ol 30 | 41 | 53 6.0 6.5 6.8 7.2
5400 - - sl 23 3.2\ 43 5.5 6.0 64 | 6.7
5600 - - - 117 25 ,_ 35 | 45 5.6 5.9 6.2
5800 - - - F 1.9 27 | 37 4.7 55 5.8
6000 - - ST T 2.0 29 | 39 4.9 5.4
6200 - - - o 1.5 2.3 3. 4.0 5.0
6400 - - - - - - 1.7 1 24 | 32 | 42
6600 | - - - — 5 - - 18] 26 | 34
6800 - - - - i - - - - 119 | 27
7000 - - - - - - - - — 71 2
7200 - - - - i - - - - - 1.5
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Flooring Design Guide

3.4.6 FIRE DESIGN TABLES
INTRODUCTION

Fire resistance ratings are given for slab thicknesses between | |0mm and 160mm, plus 180mm and
200mm slabs, for single spans between 2.0m and 7.2m with live loads of 3 kPa to 5 kPa.

Fire resistance ratings can also be adjusted for loads of 1.5 kPa and 2.5 kPa, refer Note 4 below.

The following notes apply to the Flatdeck flooring fire design tables in this section.

The fire resistance ratings tabulated are equivalent times in minutes of exposure to the standard
fire test (NZS/BS 476) that satisfy the criteria for insulation, integrity and stability based on simply
supported spans. Fire resistance ratings shown in bold italics are limited by insulation criteria.
The beneficial effects of continuous spans and/or negative reinforcement at supports may be
accounted for by specific design.

L is the span measured centre to centre between permanent supports.

. The fire resistance ratings given are based on the following conditions. If design conditions differ

from the following, specific design will be required.

* The minimum cover to the fire reinforcement is 25mm to the bottom of the profile.

* A superimposed dead load (Ggp, ) of 0.5 kPa has been included. Where Gqp, is greater than
0.5 kPa specific design to HERA Report R4-82 is required.

* The self weight of the Flatdeck slab is based on a concrete density of 2350 kg/m3 and an
allowance of 5% for concrete ponding during construction.

* The long term live load factor (AS 1170.0) used for 5 kPa live load is 0.6. For all other live
loads 0.4 has been used.

* Specified concrete strength, f'. = 25 MPa and Type A aggregate.

* Reinforcement is grade 500 to AS/NZS 4671 and is assumed to be continuous over the length
of the clear span.

* Design moment capacity of the concrete slab is calculated in accordance with NZS 3101.

e Contribution to fire resistance from the Flatdeck steel decking has been included as noted in
Section 3.4.2 Design Considerations.

Live loads less than 3 kPa.

* For alive load of 2.5 kPa, increase FRR by 4 minutes for the corresponding live load, span and
slab thickness published for the 3 kPa live load, provided that the fire resistance rating is not
limited by insulation criteria.

* For alive load of 1.5 kPa, increase FRR by |2 minutes for the corresponding live load, span and
slab thickness published for the 3 kPa live load, provided that the fire resistance rating is not
limited by insulation criteria.

For intermediate values linear interpolation is permitted provided that the two values are within
the extent of the tables. For example, interpolation can be used to derive the fire resistance
ratings for |70mm and 190mm overall slab thicknesses.

Fire resistance ratings have been provided for spans up to where a value of Ggp, + Q = 1.5 kPa
can be achieved from the Load Span tables in Section 3.4.5. Therefore these fire resistance rating
tables must be used in conjunction with Section 3.4.5 Flatdeck Composite Slab Load Span Tables
as satisfaction of fire resistance rating does not always ensure the load capacity and deflection
criteria are met.

Continued on next page
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Flooring Design Guide

3.4.10 DESIGN EXAMPLES
3.4.10.1 EXAMPLE: FORMWORK

A 230mm overall thickness slab is required to span 4800mm c/c between permanent supports using
the Flatdeck sheet as permanent formwork only. Two alternatives are available in design.

a) Using 0.75mm Flatdeck from Section 3.4.4.1, select the formwork span capabilities for 2 230mm
overall thickness slab, i.e.

single 1850mm
double or end 2150mm
internal 2150mm

Using two rows of props, there are two end spans and one internal span. The maximum span of
Flatdeck in this configuration is,

2x 2150 + 2150 = 6450mm
= the required span of 4800mm -~ OK

Therefore 0.75mm Flatdeck with two rows of props at third points may be considered.

b) Using 0.95mm Flatdeck from Section 3.4.4.1, select the formwork span capabilities for a 230mm
overall thickness slab, i.e.

single 2000mm
double or end 2400mm
internal 2350mm

Using one row of props, there are two end spans only. The maximum span of Flatdeck in this
configuration is,

2 x 2400 = 4800mm
= the required span of 4800mm -~ OK

Therefore 0.95mm Flatdeck with one row of props at midspan may also be considered.
Continued on next page
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Flooring Design Guide

3.4.10 DESIGN EXAMPLES continued
3.4.10.2 EXAMPLE: RESIDENTIAL AND POINT LOADS
A suspended slab in a residential dwelling is required to achieve a double span of 2 x 3600mm in

each of the living and garage areas.

Living area loading,
live load, Q 1.5 kPa
superimposed dead load, G, 0.3 kPa

design superimposed load, G, + Q 1.8 kPa

Garage loading,
live load, Q 2.5 kPa
or point live load, P  13.0 kN

Living Area Floor
From Section 3.4.5, select the double or end span superimposed load and negative reinforcement for
a 0.75mm Flatdeck slab of | |0mm overall thickness, with one row of props at midspan. This gives,

superimposed load = 7.1 kPa
= GSDL + Q = |.8 kPa .. O.K.

Minimum mesh requirement throughout the Flatdeck slab from Section 3.4.2 Additional
Reinforcement assuming a minor degree of crack control is one layer of 665 mesh at minimum cover.

From Section 3.4.5 0.75mm Flatdeck — Double and End Spans, the area of negative reinforcement
required over the internal support is H16 bars at 200mm c/c.

Length of reinforcement required is 3600 / 4 + 450 = 1350mm each side of the support centre line.

For the living area floor use a 0.75mm Flatdeck slab of | |Omm overall thickness with one row of
props at midspan. A 665 mesh is required throughout the slab plus HI6 x 2700mm longitudinal top
reinforcement at 200mm c/c, laid atop the mesh at minimum cover, over the internal support.

Garage Floor
From Section 3.4.5, select the double or end span superimposed load and negative reinforcement for
a 0.75mm Flatdeck slab of | |0mm overall thickness, with one row of props at midspan. This gives,

superimposed load = 7.1 kPa
= GSDL + Q = 2.5 kPa .. O.K

Minimum mesh requirement throughout the Flatdeck slab from Section 3.4.2 Additional
Reinforcement assuming a minor degree of crack control is one layer of 665 mesh at minimum cover.

From Section 3.4.5 0.75mm Flatdeck — Double and End Spans, the area of negative reinforcement
required over the internal support is H16 bars at 200mm c/c.

Length of reinforcement required is 3600 / 4 + 450 = 1350mm each side of the support centre line.

Continued on next page
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Flooring Design Guide

3.4.10 DESIGN EXAMPLES (3.4.10.2 continued)

For the 13.0 kN point load, detailed checks are required using BS 5950: Part 4 Section 6.
Please note that this point load check method is only valid for spans between 2.0m and
5.0m, due to the use of empirically derived formulae.

Vertical Shear: The critical load position occurs when the edge of the 13 kN point load is at a
distance d, from the edge of the support. Given a load width, b, of 100mm, the effective load
width is,

b,, = effective load width

=b, + 2 (D - 57) where Dy is the overall depth of Flatdeck composite slab
= 100 + 2 x (110 -57) = 206mm b, is the width of the concentrated load
d =110 - 14 =96mm

S

The distance between the centre lines of the point load and nearer support (a), given a support
width of, say, 150mm is,

a =b,/2+d;+ support width /2 where d is the distance from the top of the Flatdeck
=50+ 96 + 75 =22Imm composite slab to the centroid of the Flatdeck sheet

Assuming the load is centred at least b, / 2 from the slab edge, the effective width of resisting
Flatdeck slab is,

b.. = effective width of the slab in shear
=bm+a(l—a/L)
=206 + 221 x (1 — 221 / 3600)

= 4]13mm

er

Applied shear at 221 mm from the central support per 413mm width is,

V* = design shear force for strength

1.4 G (0.625L—221) + 1.6 Po 2L —al/(L—a)) / (2L) where Pq is the point live load
1.4 x2.64 x 106 x 413 x2029 + 1.6 x 13.0 (2 x 3600 — 221 x 3600/(3600 — 221)) / (2 x 3600)
= 23.2 kN/413mm

Design concrete shear stress (V) from BS 8110 may be calculated using specified cube compressive
strength of concrete, f, of .25 specified compressive strength of concrete, f, = 31.25 MPa and A,
of I 180mm2/m from formwork properties table, Section 3.4.3 Flatdeck Section Properties,

V. =0.632(f, Ap/ 250 d,)0-333 (400 / d,)0-25
= 0.632 x (1.54)0-333 x (4.17)025
= 1.04 MPa

Vertical shear capacity (V,),

V, =300dv,
= 300 x 96 x 1.04 x 10-3 = 30.0 kN/trough
= 30.0x 413 / 300 = 41.3 kN/413mm
= V* =232 kN/413mm .. OK.
Continued on next page
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Flooring Design Guide

3.4.10 DESIGN EXAMPLES (3.4.10.2 continued)

Punching Shear: Assuming the load is centred at least b,/2 from the slab edge, the critical
perimeter (u) for the Flatdeck slab is,
u =4{b, + (Ds-57) + d;}
=4x (100 + 53 + 96) = 996mm

Applied shear over critical perimeter area is,

V* = 14G + 1.6 Pq
1.4 %2492 x 2.63 x 106 + 1.6 x 13.0
= 21.0 kN

Punching shear capacity (V,,),

V, =u(D,-57)v,
= 996 x 53 x 1.04 x 103 = 54.9 kN

= V¥=21.0kN .. OK.

Shear Bond: It is assumed in this calculation that the slab is fixed to the supports on at least three
sides. An empirical formula is used to convert the point live load (Pg) into a superimposed load.
Hence Gy, + Q equates to,
Po (15000 — L") L
14 (—0.16 L2 + 3200 L — 3.52 x 106)

= 13x24.61 x 106 [ (14 x 5.93 x 10¢)
3.85 kPa

Section 3.4.5 0.75mm Flatdeck — Single Spans Medium term superimposed loads table is then used
for all span conditions for shear bond calculations (i.e. single spans, double or end spans, internal
spans) to compare empirically derived G, + Q to available superimposed load,

superimposed load = 7.1 kPa
= Ggp. + Q = 3.85 kPa - OK.

Negative Bending: Assuming the load is centred at least b, / 2 from the slab edge, the effective
width of resisting Flatdeck slab (b)) is,

by =b,t2a(l-a / L) single spans ~ where a = span/2
or by =by, + 1.333a(l —a/L) continuous
Maximum bending occurs when the point load is at midspan. Thus the effective width is,
b, =206 + 1.333 x 1800 x (I —0.5)
= 1406mm

The applied bending moment for strength (M*) over the internal support due to the point load is,

M* = 1.6 Mg/ b where Mg, is the design live load moment
= 1.6 x 0.094 x 3600 x 13 / 1406
= 5.0 kNm/m

This is converted into an equivalent superimposed load,

Gsp, + Q =5.0x108/(0.063 x 1.6 x 36002)
= 3.8 kPa
=< 7.1 kPa (from Section 3.4.5, 0.75mm Flatdeck
Composite Slab Load Span Tables Double and End Spans) .. O.K.

Continued on next page
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Flooring Design Guide

3.4.10 DESIGN EXAMPLES (3.4.10.2 continued)

Positive Bending: Using an empirical formula to convert the point live load into a superimposed

load,
GopL+Q = 1000 Pq

(0.00247 L2 — 14.65 L + 27100)
=13000 / 6371 = 2.04 kPa

Section 3.4.5 0.75mm Flatdeck — Single Spans Medium term superimposed loads is then used for
all span conditions for positive bending calculations (i.e. single spans, double or end spans, internal
spans) to compare empirically derived Gsp; + Q to available superimposed load,

superimposed load = 7.1 kPa
= GSDL + Q = 2.04 kPa .. O.K

Positive bending is rarely critical.

Deflection: It is assumed the 13.0 kN point load is of short term duration and deflection is not
likely to cause damage to finishes. However to illustrate the methodology, using b, in bending and
L,y = 9.9 x 106 mm#/m from Section 3.4.3 (medium term), the imposed deflection under the point
load at midspan (d) is,

9, = 0.015 Pq L3/ E | where E is the Modulus of Elasticity of the Flatdeck sheet and
| is the second moment of area
= 0.015 x 13.0 x 36003 / (205 x 103 x 9.9 x 1406)
= 3.2mm (L/ 1125)
< the limit of L / 350 - OK

In summary, for the garage floor use a 0.75mm Flatdeck slab of | |0mm overall thickness with

one row of props at midspan. A 665 mesh is required throughout the slab plus HI6 x 2700mm
longitudinal top reinforcement at 200mm c/c, laid atop the mesh at minimum cover, over the internal
support.

Transverse Reinforcement: In this example as P5 > 7.5 kN (13.0 kN), transverse reinforcement is
required to be provided to satisfy the following moment resistance.

M*ans = P*bep / (15w) wherew = L/2 + b,and w # L
Where My = Factored bending moment in the transverse direction

P* = Factored concentrated point load

beb = Effective width of slab

L = Span of composite slab

b, = Concentrated load length in direction of slab span

This requirement is based on recommendations from the Steel Decking Institute, lllinois, to resist
transverse bending in the composite slab as a result of the concentrated load.

Continued on next page
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3.4.10 DESIGN EXAMPLES continued
3.4.10.3 EXAMPLE: INSTITUTIONAL BUILDING DEFLECTION

A heavy equipment floor in a hospital is required to form a single span of 5200mm given a long term
superimposed load of 4.0 kPa.

Using Section 3.4.5 0.75mm Flatdeck — Single Spans Long term superimposed loads table, select the
single span superimposed load for a 0.75mm Flatdeck slab of 160mm overall thickness, with two
rows of props at midspan (Section 3.4.4.1). This gives,

superimposed load = 4.5 kPa
= GSDL + Q = 4.0 kPa - O.K.

Although this configuration lies in the region of the table where vibration is not critical
with a minimum damping ratio of 0.025 (commercial offices, open plan with few small
partitions), the equipment is likely to be vibration sensitive and therefore a detailed
vibration analysis of the floor would be required by the design engineer.

Deflection of the floor is to be minimised by reducing the allowable limit from L /250 to L.,/400.
For this limit, deflection is made up of two components. Dead load deflection from prop removal is
(for one or two props),

5GL.*/ (384 )
and the superimposed load deflection is,

5 (GspL + Q) Lys*/ (384 E, )

For the 0.75mm Flatdeck slab of 160mm overall thickness, refer Section 3.4.3 Flatdeck Section
Properties for long term superimposed loads,

G =3.78kPa, I, = 18.7 x 106 mm4/m

’ fav

Hence G + (Ggp, + Q) = 3.78 + 4.0 = 7.78 kPa

and 8g.q = Combined dead and superimposed load deflection at midspan
5x 7.78 x 5200* / (384 x 205 x 10° x 18.7)

= 19.3mm (or L,/269)

> the limit of L /400 .. No good

The deflection of the 0.75mm Flatdeck slab of 160mm overall thickness is greater than the limit of
L./400, therefore a greater slab thickness is required.

Try a2 0.75mm Flatdeck slab of 200mm overall thickness Section 3.4.3 Flatdeck Section Properties
gives (for long term superimposed loads),

G = 4.7 kPa, |, = 34.2 x 106 mm*/m
Hence G + (Gsp, + Q) = 4.7 + 4.0 = 8.7 kPa
and 0o = 5x 8.7 x 5200* / (384 x 205 x 107 x 34.2)
= |1.8mm (or L,/440)
=< the limit of L,,/400 - OK.

Therefore, use a 0.75mm Flatdeck slab of 200mm overall thickness with two rows of props at third
points and, assuming a minor degree of crack control, use 662 mesh at minimum cover throughout.
Continued on next page
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3.4.10 DESIGN EXAMPLES continued
3.4.10.4 EXAMPLE: COMMERCIAL OFFICE FIRE RESISTANCE

A banking chamber floor is required over continuous spans of 3000mm c/c with a fire resistance
rating of 60 minutes.

Office loading (medium term),
live load, Q 4.0 kPa
superimposed dead load, Gy, 0.5 kPa

design superimposed load, Gsp; + Q 4.5 kPa

In terms of structural ability, Section 3.4.5 gives a medium term superimposed load well in excess of
4.5 kPa for a 3000mm span with a Flatdeck slab of 120mm overall thickness.

If the floor is designed as a series of single spans, nominal continuity reinforcement is required over
the internal supports. From Section 3.4.5 Flatdeck — Single Spans Medium term superimposed loads,
a 0.75mm Flatdeck slab with one row of props at midspan (from Section 3.4.4.1) may be used.
Assuming a minor degree of crack control and to provide nominal continuity reinforcement over the
internal supports, from Section 3.4.2 Additional Reinforcement, 665 mesh is required at minimum
cover over the entire floor area.

This configuration may lead to unsightly cracking of the slab and therefore longitudinal
steel at minimum cover over the supports and a moderate or strong degree of crack
control may be considered.

As an alternative, the floor may be designed as a continuous slab by providing full continuity
reinforcement over the internal supports.

End Spans
From Section 3.4.5 0.75mm Flatdeck — Double and End Spans, the area of negative reinforcement
required over the first internal support is H16 bars at 250mm c/c.

Length of reinforcement required is 3000 / 4 + 450 = 1200mm each side of the support centre line.

Internal Spans
From Section 3.4.5 0.75mm Flatdeck — Internal Spans, the area of negative reinforcement required
over the other internal supports is H16 bars at 250mm c/c.

Length of reinforcement required is 3000 / 4 + 450 = 1200mm each side of the support centre line.

The fire resistance rating (FRR) is checked from Section 3.4.6 Fire Design Tables. For a 0.75mm
Flatdeck slab of 120mm overall thickness with live load Q = 4.0 kPa (0.5 kPa superimposed dead
load is assumed in the Fire Design tables) and 3000mm span the FRR for various fire reinforcing steel
configurations can be checked.

The beneficial effect of the Flatdeck ribs encased in concrete is taken into consideration when
calculating the Fire Resistance Ratings of the Flatdeck composite slab.

Using Flatdeck and no additional reinforcing this gives

FRR = 120 minutes
= the required 60 minutes -~ OK

Therefore use a 0.75mm Flatdeck slab of 120mm overall thickness with one row of props at midspan
— no additional bottom reinforcement is required to achieve the required Fire Resistance Rating. In
terms of top steel, 665 mesh is required throughout the slab plus HI16 x 2400mm longitudinal top
reinforcement at 250mm c/c over all internal supports, laid atop the mesh at minimum cover.

A detailed methodology of the fire resistance calculation is given in the Hibond design examples in
Section 3.3.10.4 Example: Commercial Office Fire Resistance.

Continued on next page
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3.4.10 DESIGN EXAMPLES (3.4.10.4 continued)

This method uses HERA Report R4-82 to satisfy Insulation, Stability and Integrity criteria, except that
for Flatdeck the contribution of that portion of the steel decking rib that is embedded into the slab
and therefore shielded from direct exposure to the fire, is calculated by determining the temperature
due to conduction of heat from the exposed pan of the decking.

The rib element is subdivided into 10 elements and the temperature of each element is determined
using the method from HERA Report R4-131 Slab Panel Method (3rd edition). The strength at
elevated temperature (yield strength as function of temperature) is also determined in accordance
with this report. The contribution of each element to the overall moment capacity of the slab is
calculated in accordance with normal reinforced concrete design procedures.

October 2006 Dimend






