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1 Introduction 
WSP New Zealand Limited were engaged by Tauranga City Council (TCC) in November 2019 to 

undertake remedial design to repair a damaged section of the Mauao (Mt Maunganui) base track 

located on the southern side of Mauao.  

WSP were also engaged to undertake the construction monitoring phase of the project. The track 

was damaged by a landslide following several days of sustained rainfall in April 2017 during the 

passing of ex-tropical cyclone Debbie. 

This document summarises our site visits to observe construction of earthworks and the 

installation of soil nails and horizontal bored drains for the Mauao base track repair. 

Site visits were undertaken from 28 November 2019 to 16 March 2020 to observe critical aspects of 

construction. This report provides a record of site visits that were undertaken to observe the 

required hold points during the construction period. 

The site of the underslip repair is on the southern side of Mauao approximately 620m south west 

along the Mauao base track from the Pilot Quay carpark which is located at the north western end 

of Pilot Bay. The site location is indicated on Figure 1 below. 

The slip repair involved widening the existing track where the width was reduced due to the 

underslip in combination with the installation of soil nails and horizontal bored drains to improve 

the overall stability of the site. 

Figure 1- Site Location Plan (Source: TCC Mapi). 

 

2 Related Reports 
The following documents and reports formed the basis of our investigations, design and 

construction documents for the reinstatement of the Mauao base track. 

• Mauao Base Track Repair Options Assessment dated 12 November 2019. 

• Mauao Base Track Temporary Works Assessment dated 22 November 2019. 

• Mauao Base Track Reinstatement Design Report dated 18 December 2019. 

• Mauao Base Track Reinstatement – Project Technical Specification dated 18 December 2019. 

• Mauao Base Track Construction Review Letter dated 19 December 2019. 

• Mauao Base Track, Crack Observations and Recommendations dated 6 March 2020. 
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6 Confirmation of Geotechnical Ground Model 
The geotechnical ground model was based on hand augers and field mapping of geologic units 

on site.  Ground conditions observed during construction were generally as described in the 

design report. Figure 2 from our design report summarises the geotechnical ground model used 

for the design of the soil nails. 

 
Figure -2 Ground Model 

 

7 Geology 
The following geology interpretation supplements the geology section of our design report.  The 

various stratigraphic units were confirmed during construction. 

The geology encountered at the site (Figure 3, borehole logs 1 – 5, Appendix B) comprised a 
sequence of colluvium and air fall tephra units (above the level of the base track), alluvial deposits 
of the Matua Subgroup (directly below the base track) and a weakly welded ignimbrite (near the 
toe of the slope). 
 
The weakly welded ignimbrite encountered at the base of the slope has characteristics similar to 
the Te Puna Ignimbrite described by Briggs et al. (1996)1 i.e. a non-welded to partially-welded, buff 
brown ignimbrite which weathers to a firm clay. It is plausible that Te Puna Ignimbrite could exist 
at this site given that sections have been described at Matakana Island, Pahoia, and Omokoroa 
(Briggs et al., 1996). 
 
The materials encountered in HA02 and HA05 are typical of the Matua Subgroup; interbedded, 
volcanic tephra derived clays, silts and sands (Briggs et al., 1996). The Matua Subgroup 
encompasses all sediment deposited in fluvial, estuarine and lacustrine regimes between 
approximately 2 million to 50 thousand years ago (Briggs et al., 1996). Shear vane readings indicate 
that some of the silts and clays are highly sensitive, meaning that these materials lose a significant 
amount of strength when the peak strength is overcome. Sensitive materials are typically wet to 
saturated due to the ability of the unique halloysite clay minerals to bind with pore water (Kluger 
et al., 20182). 
 

                                                   
1 Briggs, R.M., Hall, G.J., Harmsworth, G.R., Hollis, A.G., Houghton,B.F., Hughes, G.R., Morgan, M.D., Whitbread-Edwards, A.R. 

(1996). Geology of the Tauranga Area. Occasional Report No. 22, Department of Earth Sciences, University of Waikato.  
2 Kluger, M.O., Moon, V.G., Krieter, S., Lowe, D.J., Churchman, G.J., Hepp, D.A., Seibel, D., Jorat, E., Morz, T. (2016). A new 

attraction-detachment model for explaining flow sliding in clay-rich tephras. Geology, 45(2):131-134. 
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Ashes interbedded with colluvium were encountered above the Matua Subgroup. The lack of 
horizontal marker beds make it difficult to place these ashes within the Matua Subgroup or 
Hamilton Ashes, which typically overlies the Matua Subgroup in the wider Tauranga area. The 
colluvium encountered at the site is typified by the presence of rhyolite gravel and mottled 
colours. The thick sequence of colluvium (~3.5m) indicates that slope instability above the site has 
been an historically active process. 
 
The landslide debris consists of weak, remoulded Matua Subgroup and possibly the Te Puna 
Ignimbrite. 
 
Figure - 3 Geologic units observed in the slip scarp. 

 
 

8 Test Records and Design 
Soil nail pull-out testing was carried out in accordance with Section 9.4 of FHWA-NHI-14-007, 

FHWA GEC 007, February 2015. In total, 7 acceptance and 3 verification tests were conducted 

during the works. Our soil nail design was based on a factored pull-out resistance of 5.3kN per 

metre. 

Based on the testing it was shown that the unfactored pull-out resistance in the Matua Subgroup 

materials ranged from 5.5 to 21.5kN per metre with the majority of the anchor tests achieving 

greater than 8.25kN per meter above track level. It was believed that the 5.5kN test was an outlier 

and may have been due to defects in the soil grout interface. 

Verification testing conducted in the Te Puna Ignimbrite below the track achieved 1.0x the 

factored design load without extension or creep and no failures. All acceptance tests carried out in 

the Te Puna Ignimbrite returned results of 8.25kN per metre without failure. Just over 5% of all 

nails were tested which is in accordance with the FHWA standard referenced above. 

During construction the design slope model was updated to incorporate the actual pull out 

resistance achieved in the field. The revised slope stability model (Figure 3) achieved a FoS of 1.36 

when incorporating the unfactored pull-out resistance of 8.25kN per metre which is satisfactory. 

All test records are contained in Appendix B. 
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9 Outstanding Items/ Defects 
As of June 2020, the following items remained outstanding and still need to be addressed. 

• Hydroseeding of the MacMat R and all other bare areas. 

10 Geotechnical Monitoring and Maintenance 
As recommended in our previous correspondence with TCC and our geotechnical design report 

WSP recommended the following inspections to monitor the ongoing performance of the site. 

• Inspections to determine the condition of site drainage, including culverts, swales and 

horizontally bored drains. 

• Inspection of cut slopes noting for signs of erosion or slippage. 

• Topographical survey and inspection of the toe area of the slip repair to monitor coastal 

erosion. 

• General track condition and vegetation establishment. 

 

Since May 2020, WSP has been engaged by TCC to continue to monitor the site and produce 

regular monitoring reports. 

11 Closure 
Based on our inspections and testing, we can confirm that the soil nail and track construction 

meet the criteria outlined in WSP’s geotechnical design report reference 2-9B463.00, dated 18 

December 2019 except for those items stated in section 9 above. 

For further information regarding the contents of this report please contact the author. 
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Site Photograph Records 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Site Inspection Photos 

 

Photograph 1 – 1st test anchor installation prior to track widening. 

 

Photograph 2 – Setting out of soil nails above track level. 
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Site Inspection Photos 

 

Photograph 3 – Excavations for track widening. Cultural monitor inspecting the 

excavation. 

 

Photograph 4 – Further track widening and soil nail installation. 
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Site Inspection Photos 

 

Photograph 5 – Earthworks for track widening advancing. 

 

Photograph 6 – Subgrade preparation. 
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Site Inspection Photos 

 

Photograph 7 – Soil nail installations, top row above track level. 

 

Photograph 8 – WSP installation of set out pegs for checking track alignment. 
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Site Inspection Photos 

 

Photograph 9 – Setup for test anchors. 

 

Photograph 10 – Horizontal drain installed above track level. 
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Site Inspection Photos 



 

Photograph 11 – Installation of Macmat R above track level. 

 

Photograph 12 – Installation of first row of anchors below track level. 
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Photograph 13 – Installation of safety fence posts. 

 

Photograph 14 – measuring hole depths for posts. 
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Photograph 15 – Completion of stage 2 of works as per design report. 

 

Photograph 16 – Soil nail installation, lower slope. 
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Photograph 17, 18 – All soil nails completed and Macmat for lower slope. 
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Job Name: Anchor No.

Date: 3.03.2020

NOTE: LOAD SHOWN BELOW IS 80% OF THE TENSILE BREAKING STRAIN FOR GRADE 500 RB25 BAR Notes:

60t Jack cross sectional area

 = 80.3cm² / stroke of 50mm

1 2 Proof test load x 4 Anchors

Alignment Load 1 minute 0.00 50.00

0.17 Proof test load UMS 101.2 3.12 29.57 Reset due to compaction 45mm

0.33 Proof test load UMS 196.5 6.48 40.72 Timber frame bed snapped during test

0.50 Proof test load UMS 297.8 8.21 13.17

0.67 Proof test load UMS 399.0 8.76 2.59 Test conducted by BH

0.83 Proof test load UMS 494.3 10.03 -6.32

1.00 Proof test load ( Creep test) 10 minutes 595.6 11.21 -15.89

Alignment Load 1 minute 0.87 25.32

*Deflection readings are required during this period as detailed below

1 2

1 11.21 15.89 UMS = Until Movement Stabilises

2 11.21 15.90

4 11.21 15.90

5 11.22 15.91

6 11.23 -15.91

10 11.23 -15.91

Clients Rep:
Dial gauge  1   = bar extension 1

Dial gauge  2  = compaction 2 Engineer:

0.57

Time (minutes)

3.36

CYLINDER EFFECTIVE AREA (cm²)

TONNES OF FORCE REQUIRED X 1000

2.25

1.68

1.11

1820 - Mauao Base Track

Extension (mm)
HOLD TIME

Dial gauge reading (mm)

QA03c -Testing sheet RB25 Bar

*********THESE LOADS MUST NOT BE EXCEEDED UNDER ANY CIRCUMSTANCES**********

2.79

LOAD 3.36 t psi

RB25 196kN

2b

CALCULATING GAUGE PRESSURE REQUIRED

(Multiply by 14.233 for PSI gauge)

 = kgf/cm² (gauge pressure)



Job Name: Anchor No.

Date: 3.03.2020

NOTE: LOAD SHOWN BELOW IS 80% OF THE TENSILE BREAKING STRAIN FOR GRADE 500 RB25 BAR Notes:

60t Jack cross sectional area

 = 80.3cm² / stroke of 50mm

1 2 Proof test load x 4 Anchors

Alignment Load 1 minute 1.25 50.00

0.17 Proof test load UMS 101.2 1.65 38.79 Total Comression of face material 

0.33 Proof test load UMS 196.5 2.11 30.01 44.27mm

0.50 Proof test load UMS 297.8 3.27 23.02

0.67 Proof test load UMS 399.0 3.56 18.72 Test conducted by BH

0.83 Proof test load UMS 494.3 4.23 12.36

1.00 Proof test load ( Creep test) 10 minutes 595.6 5.09 5.73

Alignment Load 1 minute 1.67 43.22

*Deflection readings are required during this period as detailed below # Best test setup anchor on level (ish) 

ground
1 2

1 5.09 5.73 UMS = Until Movement Stabilises

2 5.09 5.73

4 5.09 5.73

5 5.10 5.73

6 5.10 5.73

10 5.11 5.73

Clients Rep:
Dial gauge  1   = bar extension 1

Dial gauge  2  = compaction 2 Engineer:

0.57

Time (minutes)

3.36

CYLINDER EFFECTIVE AREA (cm²)

TONNES OF FORCE REQUIRED X 1000

2.25

1.68

1.11

1820 - Mauao Base Track

Extension (mm)
HOLD TIME

Dial gauge reading (mm)

QA03c -Testing sheet RB25 Bar

*********THESE LOADS MUST NOT BE EXCEEDED UNDER ANY CIRCUMSTANCES**********

2.79

LOAD 3.36 t psi

RB25 196kN

4d

CALCULATING GAUGE PRESSURE REQUIRED

(Multiply by 14.233 for PSI gauge)

 = kgf/cm² (gauge pressure)



Job Name: Anchor No.

Date: 3.03.2020

NOTE: LOAD SHOWN BELOW IS 80% OF THE TENSILE BREAKING STRAIN FOR GRADE 500 RB25 BAR Notes:

60t Jack cross sectional area

 = 80.3cm² / stroke of 50mm

1 2 Proof test load x 9 Anchor

Alignment Load 1 minute 1.25 50.00

0.17 Proof test load UMS 101.2 1.85 41.50 Total Comression of face material 

0.33 Proof test load UMS 196.5 5.11 17.82 80.75mm 

0.50 Proof test load UMS 297.8 6.72 -6.11

0.67 Proof test load UMS 399.0 11.32 -19.87 Test conducted by BH

0.83 Proof test load UMS 494.3 11.67 -21.31

1.00 Proof test load ( Creep test) 10 minutes 595.6 15.73 -30.75

Alignment Load 1 minute 1.75 -28.32

*Deflection readings are required during this period as detailed below

1 2

1 15.73 -30.75 UMS = Until Movement Stabilises

2 15.73 -30.82

4 15.73 -30.85

5 15.74 -30.85

6 15.74 -30.85

10 15.74 30.85

Clients Rep:
Dial gauge  1   = bar extension 1

Dial gauge  2  = compaction 2 Engineer:

0.57

Time (minutes)

3.36

CYLINDER EFFECTIVE AREA (cm²)

TONNES OF FORCE REQUIRED X 1000

2.25

1.68

1.11

1820 - Mauao Base Track

Extension (mm)
HOLD TIME

Dial gauge reading (mm)

QA03c -Testing sheet RB25 Bar

*********THESE LOADS MUST NOT BE EXCEEDED UNDER ANY CIRCUMSTANCES**********

2.79

LOAD 3.36 t psi

RB25 196kN

4e

CALCULATING GAUGE PRESSURE REQUIRED

(Multiply by 14.233 for PSI gauge)

 = kgf/cm² (gauge pressure)



Job Name: Anchor No.

Date: 3.03.2020

NOTE: LOAD SHOWN BELOW IS 80% OF THE TENSILE BREAKING STRAIN FOR GRADE 500 RB25 BAR Notes:

60t Jack cross sectional area

 = 80.3cm² / stroke of 50mm

1 2 Proof test load x 4 Anchors

Alignment Load 1 minute 0.00 50.00

0.17 Proof test load UMS 101.2 0.52 46.20 Total Comression of face material 

0.33 Proof test load UMS 196.5 11.33 26.18 73.11mm 

0.50 Proof test load UMS 297.8 15.70 9.24

0.67 Proof test load UMS 399.0 18.74 -3.27 Test conducted by BH

0.83 Proof test load UMS 494.3 19.21 -18.78

1.00 Proof test load ( Creep test) 10 minutes 595.6 20.13 -23.11

Alignment Load 1 minute 1.08 45.21

*Deflection readings are required during this period as detailed below

1 2

1 20.13 -23.11 UMS = Until Movement Stabilises

2 30.13 -23.78

4 20.14 -23.82

5 20.14 -24.01

6 20.14 -24.09

10 20.14 -24.97

Clients Rep:
Dial gauge  1   = bar extension 1

Dial gauge  2  = compaction 2 Engineer:

0.57

Time (minutes)

3.36

CYLINDER EFFECTIVE AREA (cm²)

TONNES OF FORCE REQUIRED X 1000

2.25

1.68

1.11

1820 - Mauao Base Track

Extension (mm)
HOLD TIME

Dial gauge reading (mm)

QA03c -Testing sheet RB25 Bar

*********THESE LOADS MUST NOT BE EXCEEDED UNDER ANY CIRCUMSTANCES**********

2.79

LOAD 3.36 t psi

RB25 196kN

5b

CALCULATING GAUGE PRESSURE REQUIRED

(Multiply by 14.233 for PSI gauge)

 = kgf/cm² (gauge pressure)



Project:   

ID
DATE DRILLED 

DD/MM/YY
ANCHOR TYPE

HOLE DIAMETER

(mm)
DEPTH (m)

HOLE INC. 

(Deg)
FROM DEPTH TO DEPTH GROUND CONDITIONS NOTES

DATE 

GROUTED

GROUT RETURN 

COMMENTS

GROUT 

VOLUME (litre 

mixed)

LOG 

RECORD

GROUT 

SAMPLE

28/11/2019 RB25 100.00 4.00 15.00 0.00 4.00 Mud 28/11/2019 32.00 1346

29/11/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 2/12/2019 80.00 1347

28/11/2019 RB25 100.00 10.00 15.00 0.00 8.00 Mud 28/11/2019 80.00 1346

8.00 10.00 Fractured rock.

7/12/2019 RB25 100.00 15.00 15.00 0.00 15.00 Mud 7/12/2019 80.00 1058

28/11/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 28/11/2019 80.00 1346

2/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 2/12/2019 80.00 1347

29/11/2019 RB25 100.00 10.00 150.00 0.00 10.00 Mud 2/12/2019 80.00 1347

3/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 3/12/2019 80.00 1349

4/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 4/12/2019 80.00 1058

3/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1350

3/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 3/12/2019 80.00 1349

3/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1350

Drill and Grout Logs

Mount Track

1B

2A

3A

1A

Test Anchor

TOP SECTION

2B

4A

4B

5A

5B

1C

3B



3/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 3/12/2019 80.00 1349

4/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 5/12/2019 80.00 1059

3/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1350

4/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 5/12/2019 80.00 1059

4/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 5/12/2019 80.00 1059

5/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 5/12/2019 80.00 1060

5/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 5/12/2019 80.00 1060

7/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1061

5/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 5/12/2019 80.00 1060

7/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1061

7/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1061

7/12/2019 RB25 100.00 10.00 15.00 0.00 10.00 Mud 7/12/2019 80.00 1062

29/11/2019 50mm PVC 100.00 10.00 50.00 0.00 4.50 Mud N/A 1348

4.50 10.00 Hard Moist Clay

29/11/2019 50mm PVC 100.00 10.00 70.00 0.00 5.00 Mud N/A 1348

5.00 10.00 Hard Moist Clay

Drain 1

Drain 2

8B

6A

9A

9B

10A

10B

11A

12A

7B

8A

6B

7A



9/12/2019 RB25 100.00 8.00 15.00 0.00 1.00 Midden pits / shells 9/12/2019 85.00 1062

1.00 8.00 Mud

9/12/2019 RB25 100.00 8.00 15.00 0.00 1.00 Midden pits / shells 9/12/2019 85.00 1062

1.00 8.00 Mud

6/12/2019 RB25 100.00 6.00 15.00 0.00 6.00 Mud 6/12/2019 55.00 1063

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1063

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1063

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1064

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1064

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1064

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1065

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1065

9/12/2019 RB25 100.00 8.00 15.00 0.00 8.00 Mud 10/12/2019 65.00 1065

11/12/2019 50mm PVC 100.00 10.00 5.00 0.00 10.00 Mud N/A 1066

11/12/2019 50mm PVC 100.00 10.00 5.00 0.00 10.00 Mud N/A 1066

11

Drain 1

Drain 2

6

7

8

9

10

5

BOTTOM SECTION

1

2

3 (Sac)

4
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Monitoring frequency 

 

As per our options report we suggested the following frequency for monitoring. 
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