


5:55am on 7th August 2014

• 1 km section of the Underwood- North 
Makarewa subtransmission line collapsed 
during a period of high winds

• 16 softwood poles toppled in the direction of 
the prevailing wind 

• Initiated by rotten softwood pole

















Standard confusion 

ESR84 NZS4203/NZS3605

Wind pressure (Pa) 850 1081

Softwood strength factor
1

2
= 0.5 1.16 × 0.71 × 0.76 = 0.65



Pole Post-event

Number AS/NZS7000 Actual design ESR84 NZS4203 AS/NZS7000

37079 171% 108% 143% 123% 171% Softwood

37078 130% 82% 108% 98% 130% Softwood

37077 130% 82% 108% 98% 130% Softwood

40876 130% 81% 107% 97% 130% Softwood

119251 57% 42% 56% 50% 57% Hardwood

117875 146% 91% 120% 108% 45% Softwood

42694 133% 83% 110% 99% 42% Softwood

42693 122% 77% 102% 92% 39% Softwood

42692 163% 103% 136% 118% 52% Softwood

42691 155% 96% 127% 114% 50% Softwood

42690 167% 105% 138% 121% 54% Softwood

42689 140% 87% 115% 103% 45% Softwood

42688 128% 80% 106% 96% 41% Softwood

42687 134% 84% 111% 99% 43% Softwood

42686 116% 73% 97% 87% 37% Softwood (Rotten)

42685 164% 104% 138% 118% 53% Softwood

42684 134% 84% 111% 99% 43% Softwood

42683 142% 88% 117% 104% 45% Softwood

42682 169% 107% 142% 121% 54% Softwood

42681 166% 105% 139% 119% 53% Softwood

42680 177% 114% 151% 126% 81% Softwood

42679 Hardwood strain

42678 116% 73% 97% 83% 116% Softwood

42677 82% 54% 71% 62% 82% Softwood

Strain

Pre-event
Comment



• Tested to TLC

• Calculated strength = 
1.54*TLC

• Designed to 1.54*TLC?
(TLC=Top load capacity)



• Rotten pole initiation

• Poles not strong enough

Failure causes



• Rotten pole initiation

• Poles not strong enough

• Footing failure?

Failure causes
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Proposed development of 
footing design method

To validate or develop a fit for 
purpose footing design method 



Footing design elements

Input ground 
condition 

information

Design load 
information

Footing 
engineering 

design method

Footing 
design

Site-based 
design changes

Site specific 
information

Installed 
footing



AS/NZS7000:2016 Appx L
Soil parameters



AS/NZS4676
Soil parameters



AS/NZS7000 Appx L



AS/NZS7000:2016 Appx L



AS/NZS4676:2000
Varying embedment depth



AS/NZS4676:2000
Fixed embedment depth



HB 331:2012



Footing design method in practice
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Rule of thumb/Experience CATAN guided Other engineering based
method



Getting informed

• Install multiple poles with different footing 
designs

• Pull them to failure (where failure is defined 
the pole resisting 20% less than peak load)



Possible test permutations

• Testing could include any of the following variants:

• It may be desirable to perform duplicate tests for each variant

• The total number of test variants and test sites will depend on 
the extent of industry support for the testing

Location
Setup 

variant
Pole type Hole Embedment Donut Backfill Breast block Soil type

Site 1 Test 1 Busck B11.0 Augered Standard Yes AP40 N/A Site specific

Site 1 Test 2 Busck B11.0 Augered Standard Yes AP40 N/A Site specific - Saturated

Site 1 Test 3 Busck B11.0 Augered Standard Yes Original N/A Site specific

Site 1 Test 4 Busck B11.0 Augered Standard Yes AP40 (no compaction) N/A Site specific

Site 1 Test 5 Busck B11.0 Augered Standard Yes AP40 cement stabilised N/A Site specific

Site 1 Test 6 Busck B11.0 Augered Standard Yes Concrete N/A Site specific

Site 1 Test 7 Busck B11.0 Augered Standard No AP40 N/A Site specific

Site 1 Test 8 Busck B11.0 Augered Standard Yes AP40 600mm Site specific

Site 1 Test 9 Busck B11.0 Augered Standard Yes AP40 900mm Site specific

Site 1 Test 10 Busck B11.0 Augered -0.8 Yes AP40 N/A Site specific

Site 1 Test 11 Busck B11.0 Augered -0.4 Yes AP40 N/A Site specific

Site 1 Test 12 Busck B11.0 Augered +0.4 Yes AP40 N/A Site specific

Site 1 Test 13 Busck B11.0 Augered +0.8 Yes AP40 N/A Site specific

Site 1 Test 14 Double Busck B11.0 Augered Standard Yes AP40 N/A Site specific

Site 1 Test 15 Busck B9.5 Augered Standard Yes AP40 N/A Site specific

Site 1 Test 16 Busck B12.5 Augered Standard Yes AP40 N/A Site specific

Site 1 Test 17 Busck B12.4 Augered Standard Yes AP40 N/A Site specific

Site 1 Test 18 Hardwood 11m Augered Standard Yes AP40 N/A Site specific



Multiple sites

• Representative sites

• Pool resources to 
support a site

• Establish a design 
method to last a 
generation, for the 
cost of a pole 
replacement in 
town



Test set-up - Option #1



Test set-up - Option #2

≈100m



Test set-up – Plan view

Truck

Soil assessment 
location

Test poles

L > H/2



Sensors
• Pole top load – Ground-line moment and shear

• Ground line displacement

• Ground line rotation

Inclinometer

Laser 
range 
finder

Dynamometer



Geotechnical

• Scalar penetrometer (including torque 
measurement)

• Shear vein

• Hand auger

• Auger torque log (if possible)

• Geotechnical assessment (SPT)

• Geotechnical maps

(a focus on using tests which are cheap, simple and 
low cost)



Rough plan for next steps

• Identify project participants (contact: 
crathbone@powernet.co.nz, 021 515 910)

• Develop proposal

• Perform testing at first site

• Prepare feasibility report based on initial results

• Refine test programme (if applicable)

• Perform test at additional sites (number TBD)

• Prepare final report, including design 
recommendations

mailto:crathbone@powernet.co.nz

