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Francine Muraahi and Leah Taratu Page

13 Ross Road No of Pages

Rotorua Date Oct 24

233840 By DA

LOADING SUMMARY

LOADINGS IN ACCORDANCE WITH NZS 1170

Importance Level = 2, Normal Structures and structures not falling into other levels
Design Life = 50 Years 

1. CALCULATION OF WIND ACTIONS

1.1 SITE WIND SPEED
Vsit,  = VR Md (Mz,cat Ms Mt) Eqn 2.2

Regional Wind Speed VR = 37.0 m/s Region A7, R=25 (Design Life=50, AEP=1/25)
Regional Wind Speed VR = 45.0 m/s Region A7, R=500 (Design Life=50, AEP=1/500)
Wind Direction Multiplier Md = 1.0 Any Wind Direction
Terrain/Height Multiplier Mz,cat = 0.87 Terrain Category 2.5
Shielding Multiplier Ms = 1.0

Topographic Multiplier Mt = 1.0

Ult Vsit,  = 39.15 m/s 140.94 Km/hr Ser Vsit,  = 32.19 m/s 

Wind Zone: High     Equvalent to NZS3604:2011

1.2 DESIGN WIND PRESSURE
p = (0.5 air) [Vdes,

2 Cfig Cdyn Eqn 2.4(1)

Density of air air = 1.2 kg/m3

Site Wind Speed Vdes, = 39.2 m/s From 2.2
Cfig = Cpn,kp for external pressures

Ka, Kc, Kl, Kp = 1
Cdyn = 1.0

Walls - windward d = 16.6 m 90
Cp,e = 0.7 Table 5.2(A) b = 7.0 m d/b = 2.37
Cp,i = -0.3 Table 5.2(B) h = 3.8 m h/d = 0.23

Cfig combined= 1.0 3.0 b/d = 0.42

Walls - leeward
Cp,e = -0.5 Table 5.2(A)
Cp,i = 0.0 Table 5.2(B) d = 7.0 m 0

Cfig combined= -0.5 b = 16.6 m d/b = 0.42

h = 3.8 m h/d = 0.54
Roof (R) - 90 deg 3.0 b/d = 2.37

Cp,e = -0.9

Roof (U) - 0 deg
Cp,e = -0.9

Roof (D) - 0 deg
Cp,e = -0.9

ULS SLS
p walls W = 0.92 kPa 0.62 kPa
p walls L = -0.46 kPa -0.31 kPa
p roof R = -0.83 kPa -0.56 kPa
p roof U = -0.83 kPa -0.56 kPa
p roof D = -0.83 kPa -0.56 kPa
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2. CALCULATION OF EARTHQUAKE ACTIONS

2.1 ELASTIC SITE SPECTRA
C = Ch(T) Z R N(T,D) Eqn 3.1(1)

Estimte of Building Period T1 = 0.4 Seconds
Spectral Shape Factor Ch(T) = 3.0 Class D - Deep Soil, T1 =<  0.4 seconds (assumed)

Hazard Factor Z = 0.24 Rotorua
Return Period Ru = 1 Ultimate - 1:500 return period (Table 3.5)

Return Period Rs = 0.25 Use 0.25 although no AEP specified for Serviceability

Near Fault Factor N(T,D) = 1.00

Cu = 0.72 Cs = 0.18

2.2 HORIZONTAL DESIGN ACTION COEFFICIENTS
Cd (T1) = C(T1) Sp / k Eqn 5.2(1)

Ordinate of Elastic Site Spectrum Cu(T1) = 0.72 From Eqn 3.1(1)

Cs(T1) = 0.18

Structural Perfomance Factor Sp = 1.3-0.3 4.4.2 Sp = 0.7 except where 1<u<2.0
Structural Ductility Factor = 1 Ultimate Category 3 (Section 12 NZS 3404)

= 1 Serviceability
Sp = 1 Ultimate
Sp = 0.7 Serviceability

Inelastic Spectrum Scaling Factor k = ( -1) T1+1 where T < 0.7s
0.7

k  = 1.00 Ultimate

k  = 1.00 Serviceability

Cd (T1) = 0.72 Ultimate
Cd (T1) = 0.13 Serviceability
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CANTILEVERED POST DESIGN - ACROSS

BRACING DEMAND 

(a) SEISMIC WEIGHTS 

W  = Q = 0.3

G Q WIDTH LENGTH WG WQ E

ROOF 0.350 0.250 8.200 17.400 49.94 0.00

INTERNAL WALL 0.300 2.450 34.000 24.99 0.00

EXTERNAL WALL 0.300 2.450 48.000 35.28 0.00

FLOOR 0.350 1.500 7.250 16.600 0.300 42.12 54.16

TOTAL 152.33 54.16 KN

b) Seismic Actions Coefficients (refer loadings page)

C (T ) = 0.72 ULS

C (T ) = 0.13 SLS

No. Posts 27

F  = C (T ). W

= 5.5 kN ULS Each pile fixing to have a 12kN lumberlok connection
= 1.0 kN SLS =>>  Qn = 9.6 kN >> FH,max

(where  =0.8) =>> OK

LATERAL WIND DEMAND

R = 0.80 m ROOF RISE ABOVE EAVES

w  = 16.60 m BRACING LINE WIDTH 1

w  = 16.60 m BRACING LINE WIDTH 2

H  = 3.00 m WALL HEIGHT

p = (0.5 air) [Vdes,
2 Cfig Cdyn

= 0.920 Cfig Cdyn  kPa 

F  = p (c  - c ) (w +w )/2 R C C

= -2.44 kN -0.800 -0.600

F = p (c  - c ) H  (w +w )/2 C C

= 55.0 kN 0.700 -0.500

F = 57.4 kN

N = 27 Shared over number of piles extending from the ground level

F = F N

= 2.1 kN, ULS
= 1.4 kN, SLS
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Design for the foundation piles to support the proposed house.

Using a ductility factor of m = 1.0 due to elastic 
nature of cantilevered bracing posts.

Piles in the across direction will be critical, because it will attract a greater amount of wind load.
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LATERAL STRENGTH OF PILE
SHORT HEAD PILE IN CONHESIONLESS SOIL

NOTE FOR SELECTION OF Kp
1) - Identify phi for soil (as per Page 1)
2) - Identify backslope of post (as per Page 1)
3) take theta  as 0 as looking at the lower soil below base of post (where ground is level)
4) Interpolate delta  between value of  and 0 given on ratio assigned for friction on back of wall

25
Ratio phi to Delta 0.5 As per Williams and Waite (1993)

 = 0
ground slope  = 0 at base of Post

Kp at  = 0 = 2.46
Kp at  =  = 4.29

Therefore Kp = 3.38

Hu = Kp Ds L3  / {2 (f + L)}

WHERE Hu = ULTIMATE LATERAL STRENGTH OF PILE (kN)
Kp = COEFFICIENT OF PASSIVE EARTH PRESSURE

= 3.375
= 3.38

SOIL 25.00 o

Ds = 0.50 m PILE DIAMETER
L = 1.0 m LENGTH OF PILE SHAFT

16.0 kN/m3

f = 0.45 m HEIGHT ABOVE GROUND OF APPLIED LOAD
f= 0.45 m f + 0.0m FOR UNSUPPORTED HEIGHT

0.8

Hu = 7.4 kN per pile
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LOCATION OF MAXIMUM PILE SHAFT MOMENT
MEASURED FROM THE GROUND SURFACE
gs = { 2 Hu / ( 3 Kp  Ds) } ^1/2

= 0.43 m

MAXIMUM PILE SHAFT MOMENT

M* = Hu [ 2/3 { 2 Hu / (3 Kp Ds G ) } ^ 1/2 + f ]
= 5.5 kNm

POLE SIZE

M*pole = (f+gs) x V*max

= 4.84 kNm MOMENT IN POLE

Timber 125 x 125 mm SG8 Pile
As per NZS3605:2001, Anchor piles are to be proof tested to meet a minimum bending moment strength of 6kNm

This equates to a bending strength fb = 23MPa fb = 23 MPa    Z= 0.33 mm3 x 106

       =>  Mn= k1*k4*k8*fb*Z  k1 = 1.00  k4 = 1.00  k8 = 1.00

Mb = 6.0 kNm > M*    OK

CHECK SERVICEABILITY
E = 4400 MPa
I = 20.35 x 106 mm 4

p l^3/3EI 0.39 mm

NUMBER OF BRACED PILES REQUIRED

FOR LATERAL RESISTANCE
P* = 5.5 kN
Hu = 7.4 kN =>> OK FOR LATERAL RESISTANCE

FOR BENDING
M* = 4.8 kNm
Mn= 5.99 kNm =>> OK FOR BENDING
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Check Bearing Capacity
 Internal Piles

UDL(kN/m) G Q WIDTH BREADTH WG WQ

ROOF 0.00 0.00
INTERNAL WALL 0.350 2.450 2.050 1.76 0.00

FLOOR 0.400 1.500 3.300 2.050 2.71 10.15
TOTAL 4.46 10.15

LOAD COMBINATIONS ULTIMATE wu = 1.2G + 1.5Q = 20.58 KN

 External Piles
UDL(kN/m) G Q WIDTH BREADTH WG WQ

ROOF 0.350 0.250 3.900 2.050 2.80 2.00
EXTERNAL WALL 0.450 2.450 2.050 2.26 0.00

FLOOR 0.400 1.500 2.200 2.050 1.80 6.77
TOTAL 6.86 8.76

LOAD COMBINATIONS ULTIMATE wu = 1.2G + 1.5Q = 21.38 KN

LOADING (1.2G+1.5Q) = 21.38 KN (maximum)
Pile Weight (pi x d^2/4xlx(24kN/m3) = 8.011 KN

29.392 KN

HOLE DIAMETER = 0.50 m
HOLE DEPTH = 1.7 m

FACTORED ULTIMATE BEARING CAPACITY (kPa) = 150 (ULS END BEARING = 300 kPA)

Breq  = (R*x 4 / UBC )1/2  = 499 mm  
=> 'PILE DIAMETER  OK
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DECK PILES - NORTH EAST
CANTILEVERED POST DESIGN

BRACING DEMAND 

(a) SEISMIC WEIGHTS 

W  = Q = 0.3

G Q WIDTH LENGTH WG WQ E

ROOF 0.00 0.00

INTERNAL WALL 0.00 0.00

BARRIER 0.00 0.00

DECK 0.350 2.000 1.700 10.200 0.300 6.07 10.40

TOTAL 6.07 10.40 KN

b) Seismic Actions Coefficients (refer loadings page)

C (T ) = 0.72 ULS

C (T ) = 0.13 SLS

No. Posts 8

F  = C (T ). W

= 1.5 kN ULS Each pile fixing to have a 6kN lumberlok connection
= 0.3 kN SLS =>>  Qn = 4.8 kN >> FH,max

(where  =0.8) =>> OK

LATERAL WIND DEMAND Deck has now walls or roof, therefore wind can be neglected.
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Design for the foundation piles to support the proposed deck.

Using a ductility factor of m = 1.0 due to elastic 
nature of cantilevered bracing posts.

24/10/2024  233840-STR-S001-Pile Design.xlsm

Version: 2, Version Date: 28/11/2024
Document Set ID: 20977632



Francine Muraahi and Leah Taratu Page

13 Ross Road No of Pages

Rotorua Date Oct 24

233840 By DA

DECK PILES - NORTH EAST
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LATERAL STRENGTH OF PILE
SHORT HEAD PILE IN CONHESIONLESS SOIL

NOTE FOR SELECTION OF Kp
1) - Identify phi for soil (as per Page 1)
2) - Identify backslope of post (as per Page 1)
3) take theta  as 0 as looking at the lower soil below base of post (where ground is level)
4) Interpolate delta  between value of  and 0 given on ratio assigned for friction on back of wall

25
Ratio phi to Delta 0.5 As per Williams and Waite (1993)

 = 0
ground slope  = 0 at base of Post

Kp at  = 0 = 2.46
Kp at  =  = 4.29

Therefore Kp = 3.38

Hu = Kp Ds L3  / {2 (f + L)}

WHERE Hu = ULTIMATE LATERAL STRENGTH OF PILE (kN)
Kp = COEFFICIENT OF PASSIVE EARTH PRESSURE

= 3.375
= 3.38

SOIL 25.00 o

Ds = 0.40 m PILE DIAMETER
L = 1.1 m LENGTH OF PILE SHAFT

16.0 kN/m3

f = 0.45 m HEIGHT ABOVE GROUND OF APPLIED LOAD
f= 0.45 m f + 0.0m FOR UNSUPPORTED HEIGHT

0.8

Hu = 7.4 kN per pile
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DECK PILES - NORTH EAST
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LOCATION OF MAXIMUM PILE SHAFT MOMENT
MEASURED FROM THE GROUND SURFACE
gs = { 2 Hu / ( 3 Kp  Ds) } ^1/2

= 0.48 m

MAXIMUM PILE SHAFT MOMENT

M* = Hu [ 2/3 { 2 Hu / (3 Kp Ds G ) } ^ 1/2 + f ]
= 5.7 kNm

POLE SIZE

M*pole = (f+gs) x V*max

= 1.38 kNm MOMENT IN POLE

Timber 125 x 125 mm SG8 Pile
As per NZS3605:2001, Anchor piles are to be proof tested to meet a minimum bending moment strength of 6kNm

This equates to a bending strength fb = 23MPa fb = 23 MPa    Z= 0.33 mm3 x 106

       =>  Mn= k1*k4*k8*fb*Z  k1 = 1.00  k4 = 1.00  k8 = 1.00

Mb = 6.0 kNm > M*    OK

CHECK SERVICEABILITY

E = 4400 MPa

I = 20.35 x 106 mm 4

p l^3/3EI 0.07 mm

NUMBER OF BRACED PILES REQUIRED

FOR LATERAL RESISTANCE
P* = 1.5 kN
Hu = 7.4 kN =>> OK FOR LATERAL RESISTANCE

FOR BENDING
M* = 1.4 kNm
Mn= 5.99 kNm =>> OK FOR BENDING

24/10/2024  233840-STR-S001-Pile Design.xlsm

Version: 2, Version Date: 28/11/2024
Document Set ID: 20977632



Francine Muraahi and Leah Taratu Page

13 Ross Road No of Pages

Rotorua Date Oct 24

233840 By DA

DECK PILES - NORTH EAST
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Check Bearing Capacity
Deck Piles

UDL(kN/m) G Q WIDTH BREADTH WG WQ

ROOF 0.00 0.00
BARRIER 0.00 0.00

DECK 0.350 2.000 1.000 1.850 0.65 3.70
TOTAL 0.65 3.70

LOAD COMBINATIONS ULTIMATE wu = 1.2G + 1.5Q = 6.33 KN

LOADING (1.2G+1.5Q) = 6.33 KN (maximum)
Pile Weight (pi x d^2/4xlx(24kN/m3) = 5.127 KN

11.454 KN

HOLE DIAMETER = 0.40 m
HOLE DEPTH = 1.7 m

FACTORED ULTIMATE BEARING CAPACITY (kPa) = 150 (ULS END BEARING = 300 kPA)

Breq  = (R*x 4 / UBC )1/2  = 312 mm  
=> 'PILE DIAMETER  OK
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DECK PILES - SOIUTH WEST
CANTILEVERED POST DESIGN

BRACING DEMAND 

(a) SEISMIC WEIGHTS 

W  = Q = 0.3

G Q WIDTH LENGTH WG WQ E

ROOF 0.00 0.00

INTERNAL WALL 0.00 0.00

BARRIER 0.00 0.00

DECK 0.350 2.000 1.500 6.650 0.300 3.49 5.99

TOTAL 3.49 5.99 KN

b) Seismic Actions Coefficients (refer loadings page)

C (T ) = 0.72 ULS

C (T ) = 0.13 SLS

No. Posts 6

F  = C (T ). W

= 1.1 kN ULS Each pile fixing to have a 6kN lumberlok connection
= 0.2 kN SLS =>>  Qn = 4.8 kN >> FH,max

(where  =0.8) =>> OK

LATERAL WIND DEMAND Deck has now walls or roof, therefore wind can be neglected.
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Design for the foundation piles to support the proposed deck.

Using a ductility factor of m = 1.0 due to elastic 
nature of cantilevered bracing posts.
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DECK PILES - SOIUTH WEST

Job Title

Site Address

City

Job No.

LATERAL STRENGTH OF PILE
SHORT HEAD PILE IN CONHESIONLESS SOIL

NOTE FOR SELECTION OF Kp
1) - Identify phi for soil (as per Page 1)
2) - Identify backslope of post (as per Page 1)
3) take theta  as 0 as looking at the lower soil below base of post (where ground is level)
4) Interpolate delta  between value of  and 0 given on ratio assigned for friction on back of wall

25
Ratio phi to Delta 0.5 As per Williams and Waite (1993)

 = 0
ground slope  = 0 at base of Post

Kp at  = 0 = 2.46
Kp at  =  = 4.29

Therefore Kp = 3.38

Hu = Kp Ds L3  / {2 (f + L)}

WHERE Hu = ULTIMATE LATERAL STRENGTH OF PILE (kN)
Kp = COEFFICIENT OF PASSIVE EARTH PRESSURE

= 3.375
= 3.38

SOIL 25.00 o

Ds = 0.40 m PILE DIAMETER
L = 1.1 m LENGTH OF PILE SHAFT

16.0 kN/m3

f = 0.45 m HEIGHT ABOVE GROUND OF APPLIED LOAD
f= 0.45 m f + 0.0m FOR UNSUPPORTED HEIGHT

0.8

Hu = 7.4 kN per pile
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DECK PILES - SOIUTH WEST

Job Title

Site Address

City

Job No.

LOCATION OF MAXIMUM PILE SHAFT MOMENT
MEASURED FROM THE GROUND SURFACE
gs = { 2 Hu / ( 3 Kp  Ds) } ^1/2

= 0.48 m

MAXIMUM PILE SHAFT MOMENT

M* = Hu [ 2/3 { 2 Hu / (3 Kp Ds G ) } ^ 1/2 + f ]
= 5.7 kNm

POLE SIZE

M*pole = (f+gs) x V*max

= 1.06 kNm MOMENT IN POLE

Timber 125 x 125 mm SG8 Pile
As per NZS3605:2001, Anchor piles are to be proof tested to meet a minimum bending moment strength of 6kNm

This equates to a bending strength fb = 23MPa fb = 23 MPa    Z= 0.33 mm3 x 106

       =>  Mn= k1*k4*k8*fb*Z  k1 = 1.00  k4 = 1.00  k8 = 1.00

Mb = 6.0 kNm > M*    OK

CHECK SERVICEABILITY

E = 4400 MPa

I = 20.35 x 106 mm 4

p l^3/3EI 0.06 mm

NUMBER OF BRACED PILES REQUIRED

FOR LATERAL RESISTANCE
P* = 1.1 kN
Hu = 7.4 kN =>> OK FOR LATERAL RESISTANCE

FOR BENDING
M* = 1.1 kNm
Mn= 5.99 kNm =>> OK FOR BENDING
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DECK PILES - SOIUTH WEST

Job Title

Site Address

City
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Check Bearing Capacity
Deck Piles

UDL(kN/m) G Q WIDTH BREADTH WG WQ

ROOF 0.00 0.00
BARRIER 0.00 0.00

DECK 0.350 2.000 0.750 1.625 0.43 2.44
TOTAL 0.43 2.44

LOAD COMBINATIONS ULTIMATE wu = 1.2G + 1.5Q = 4.17 KN

LOADING (1.2G+1.5Q) = 4.17 KN (maximum)
Pile Weight (pi x d^2/4xlx(24kN/m3) = 5.127 KN

9.295 KN

HOLE DIAMETER = 0.40 m
HOLE DEPTH = 1.7 m

FACTORED ULTIMATE BEARING CAPACITY (kPa) = 150 (ULS END BEARING = 300 kPA)

Breq  = (R*x 4 / UBC )1/2  = 281 mm  
=> 'PILE DIAMETER  OK
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