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1.0 Introduction

Pattle Delamore Partners Ltd (PDP) was engaged by Bay of Plenty Regional
Council (BoPRC) in November 2017 to undertake investigations and detailed
design of erosion protection works for a 50 m section of Waitangi Stream at
341 Spencer Road, Tarawera.

This report outlines the basis of the design, assumptions, risks and cost estimates
and should be read in conjunction with the drawings, schedule of quantities and
technical specifications for the works.

1.1 Background

Lake Okareka discharges to the headwater of Waitangi Stream via a pipeline
constructed in the 1960s. This pipeline was constructed to mitigate against
flooding at Lake Okareka caused by elevated lake levels.

The pipeline has historically discharged up to 240 L/s into the Waitangi Stream.
The pipeline was upgraded in 2014 to discharge up to 360 L/s, and since June
2017 a temporary above ground pumped system has increased the discharge
flowrate to 500 L/s.

Since increasing the flow from Lake Okareka to the Waitangi Stream, BoPRC has
been monitoring the stream for hydraulic, ecological and erosion effects. BoPRC
have identified approximately a 50 m section where the stream bed has been
eroding. This section is immediately downstream of a 1,050 mm diameter
culvert over a shared right-of-way at Waitangi Bay, accessed from Spencer Road.
The streambank is steeply incised in this section, with banks up to 6.0 m high.
Stream bed degradation is also impacting on the stability of the stream banks.
The house and garage at 341 Spencer Road are in close proximity to this section
of the stream on the true left bank, with some of the residential dwelling
structures coming within 1 to 2 m of the top of the streambank.

2.0 Investigations

2.1 Topographical Survey

A site survey has been carried out by SurveyOne Ltd on 13 November 2017. This
data has been utilised in the design and incorporated into the drawings.

2.2  Geotechnical Investigation

A geotechnical investigation at the site was carried out by PDP on 14 December
2017.

This investigation included a walkover of the site, five hand-augured
investigation boreholes and 10 Dynamic Cone (Scala) Penetrometer tests.

T01552501R001.docx PATTLE DELAMORE PARTNERS LTD
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The field work identified existing instability and slippage on both sides of the
stream bank. Subsequent slope stability modelling utilising results from the
onsite investigation and detailed topographical survey indicated that the 6.0 m
high streambank below the buildings at 341 Spencer Road was marginally stable,
with a factor of safety of approximately 1.0 (which is below the generally
accepted safe range of 1.4 to 1.6).

Further details of the geotechnical investigation and modelling are presented in a
technical memorandum dated 21 December 2017 included as Appendix A.
Further details of subsequent geotechnical modelling and analysis of the
proposed slope stabilisation works are outlined in Section 3.3.

3.0 Design

3.1 Concept Design Development

PDP developed an initial concept design for stream bank and bed erosion
protection works which was issued to BoPRC for discussion on 21 December
2017. However, following completion of the geotechnical investigation and slope
stability analysis, PDP identified that the existing dwelling at 341 Spencer Road
was at risk of slope instability and the stream bank protection works proposed at
that time did not satisfactorily mitigate this risk.

Therefore, following further discussion with BoPRC including a teleconference on
10 January 2018 with Andy Bruere and Niroy Sumeran from BoPRC, Darrell
Holder from Rotorua Lakes Council (RLC) and the landowner of 341 Spencer
Road, Richard Armstrong, PDP was instructed by BoPRC to modify the design to
incorporate slope stabilisation works to mitigate risk of slope failure and damage
to the existing dwelling and outbuildings. The design outlined in the following
sections has been undertaken on this basis.

3.2 Design Criteria

Based on discussion with BoPRC staff, key design criteria and controls which have
been adopted are outlined as follows:

a) Provide erosion protection to the toe of the stream bank to prevent
further erosion of the stream bed and adjacent banks;

b) Provide for stream bed protection to eliminate further stream bed
degradation;

c) Stabilise the slope of the stream banks to provide an adequate Factor of
Safety against potential slope failure in the long term (i.e. 1.4 to 1.6);

d) Utilise rip-rap and gabion baskets, if possible, in preference to a culvert
extension, concrete structure or sheet piling; and

T01552501R001.docx PATTLE DELAMORE PARTNERS LTD
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e) Access to the site is difficult and consideration must be given for access
for machinery, placement of materials and temporary flow management
during construction.

3.3  Geotechnical and Slope Stability Assessment

Stabilising the slope either side of the stream has been achieved by a
combination of the following:

a) Raising the stream bed to support the erodible bed and flattening the
steepness of the stream channel; and

b) Placement of gabions baskets against the steep slopes to provide a
gravity retaining structure.

The proposed design has increased the Factor of Safety against slope failure
across the extent of the proposed works from around 1.0, to around 1.4 to 1.6.

Details of the slope stability modelling for the proposed completed stream bank
remediation works is outlined in Appendix B.

3.4 Hydraulic Design

The erosion protection works have been designed in accordance with the Bay of
Plenty Regional Council Hydrological and Hydraulic Guidelines (2012) (BoPRC
Guidelines). In accordance with Section 4.5 of the BoPRC Guidelines, the design
requires that a passage for the 20 year Average Recurrence Interval (ARI) flow
must be maintained. In addition, an allowance for climate change effects has
been made in the calculation of this design flow.

3.4.1 Design Flow

A design flow of 3 m3/s (20 year ARI event) was calculated using the modified
Rational Method in accordance with Section 5.5.3 of the BoPRC Guidelines. This
flow was calculated for the section of Waitangi Stream downstream of the
private road at Waitangi Bay. Calculation of this design flow is included in
Appendix E.

Under most conditions discharge from Lake Okareka will contribute most of the
flow in Waitangi Stream. BoPRC has nominated a maximum flow of 500 L/s for
the discharge from Lake Okareka. It is expected that base flow in the Waitangi
Stream will be in the order of 5 L/s in summer and 30 L/s in winter (River Lake
Ltd, 16 October 2017). A conservative maximum baseflow of 100 L/s has been
assumed for design purposes.

A 1D hydraulic model was developed to assess velocity, flow depth and flow
regime in the Waitangi Stream in the location of the contract works. This model
was developed using the Hydrologic Engineering Center’s River Analysis System
(HEC-RAS) software (Version 5.0), produced by the US Army Corps of Engineers.
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The results of this analysis were checked using manual calculations based on
energy grade methods. HEC RAS outputs for velocity, flow depth and other
parameters are included in Appendix E.

3.4.2 Rip Rap Sizing

Rock rip-rap has been designed to line the channel bed. This rip rap layer has
been sized in accordance with Figure 7.1, Section 7.5.2 of the BoPRC Guidelines.
300 mm median diameter (Dso= 300 mm) and 400 mm median diameter rip rap
(Dso= 400 mm) has been used for the base of the channel.

The depth of rock rip rap in the base of the channel as specified on the drawings
is 1.5 times the median diameter. Rip rap is to be placed on a Bidim A44
geotextile, overlying compacted aggregate to minimise erosion of fine grained
material.

3.4.3 Erosion Protection at Bends

There is a slight bend in the channel at or about Cross Section B in the Drawings.
In accordance with section 7.5.2 of the BoPRC guidelines, a factor of 4/3 has
been applied to calculated velocities for this section, and rip rap sizing carried
out accordingly for additional protection (Figure 7.1, Section 7.5.2 of the BoPRC
Guidelines).

3.4.4 Drop Structure

As outlined in Section 3.1 the channel invert has been raised to the order of

2.0 m above the original stream invert to increase slope stability and reduce
hydraulic grade in the section of the stream adjacent to the buildings at

341 Spencer Road. A drop structure has been designed to return flows to the
base level of the downstream channel without causing scour erosion at the base
of the drop, or further downstream. This drop is approximately 2.1 m.

The drop structure has been designed using the methodology outlined in the

US Department of Transportation publication ‘Hydraulic Design of Energy
Dissipators for Culverts and Channels’ (Third Edition, July 2006). Two successive
drops have been used.

Design calculations for this structure are included in Appendix E.

3.5 Flow Management during Construction

As shown on the drawings, a 450 mm diameter StormBoss™ polypropylene pipe
is to be installed in the channel. This pipe will be used to carry flows during the
construction period, and shall be blocked-off following. It will remain in-situ to
provide bypass flows during maintenance work if required.

The inlet arrangement to this pipeline, and shut-off system will need to be
confirmed during construction.
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3.6

Draft Construction Sequence

The contractor will be required to prepare a detailed construction sequence and
methodology to be approved by the Engineer.

The following draft construction sequence may be used by the Contractor as a
guide as to the construction sequence.

1.

Bypass stream flows around the Work Site:

- Request that the Principal closes the valve on the Lake Okareka
Pipeline to shut off the majority of the flow in Waitangi Stream for a
period to be agreed with the Principal which they will determine
based on current lake level and forecast rainfall;

— Install the 450 mm diameter polypropylene bypass pipeline as shown
on Sheet 102 of the Drawings (T01552501 — DWG-102) and establish
erosion proofing at outlet;

- Remove temporary erosion controls (i.e. plywood and steel
warratahs) from the waterway immediately prior to bulk filling;

— Carry out bulk filling of the streambed (compacted GAP65 aggregate)
to establish the foundation for the gabion structures and rip rap.

Maintain the bypass system for a period of 2 weeks to allow for
settlement of the placed fill.

Check finished levels and carry out any further filling following
settlement of the placed aggregate.

Construct the drop structure as shown on Sheet 205 of the Drawings.
This will include excavation using small excavator (approximately

1.5 tonne) and backfilling with compacted aggregate to form the lower
drop structure.

Work upstream to construct the cross sections as shown on the
Drawings.

- Level and prepare the surface and lay geotextile.
- Place, adjust and secure gabions.

— Fill gabions with specified gabion rock. Where the adjoining gabion
has not yet been placed, the end diaphragm should be left empty and
open to allow joining to be carried out once the next gabion is in
place. Close and secure rock filled structures using stainless steel
rings (maximum 150 mm centres).

Carry out remaining compacted backfilling behind gabions.

Place rip rap in channel.

T01552501R001.docx PATTLE DELAMORE PARTNERS LTD
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8. Construct the culvert headwall as shown on Sheet 206 of the Drawings.

9. Block-off/decommission temporary flow bypass pipeline.

4.0 Project Risks

Project risks are outlined in the Risk Register included in Appendix C. Key project
risks are:

a) Health and Safety risks during construction. This risk will be mitigated
by careful Contractor selection and ensuring that appropriate safety
plans are in place and all method statements are carefully planned.
Monitoring of the Contractor’s health and safety systems during the
project will also mitigate this risk. Access to the existing dwelling at
341 Spencer Road will also need to be restricted while the works are
undertaken.

b) Damage to private property during construction. This risk will be
mitigated by clear delineation of the Contractor’s working area.

c) Short term slope stability failure during construction. This risk will be
mitigated through project sequencing (carrying out filling of the
streambed first), minimising to excavation in design and during
construction, and monitoring of slope stability and protection measures
during construction.

d) Long term slope stability failure. The contract works have been
designed to provide a suitable long term factor of safety against slope
failure. This aspect is outlined in Section 3.0.

e) Fill material mobilised by flow and transported downstream. All
channel linings have been designed to avoid mobilisation of material
during design flood flows. If fill/rip rap material is mobilised, deep pools
have been included in the drop structure at the downstream end of the
contract works which will collect a volume of mobilised material. The
stream should be inspected by BOPRC periodically and after high flow
events for erosion damage and mobilisation of material, and
repairs/reinstatement carried out as required.

f) Erosion downstream of works. An engineered drop structure has been
designed to ensure downstream flow velocities are minimised.

g) Stream vanishes at low flows — flows through rip rap and gabions on
stream bed. Given the size of bed material required for erosion
protection to accommodate flood flows, low flows in the Waitangi
Stream may flow through the rock/gabions and not be visible as surface
flow. If this occurs regularly, and is problematic, weirs could be
constructed to raise the water level during low flows.

T01552501R001.docx PATTLE DELAMORE PARTNERS LTD
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5.0

h)

j)

k)

Continued eroding of stream bed under placed rip rap. If streambed
erosion persists in some locations due to changing flow conditions or
other factors, rip rap can be replaced with reno mattresses to provide
increased protection where required.

Difficulty sourcing larger boulders and rip-rap material. If suitable large
boulders cannot be sourced locally these may need to be imported at
additional cost. If this occurs, there may be scope to substitute gabion
baskets in place of large boulders in some locations.

Future access for maintenance. The works will not compromise existing
machinery access to this section of Waitangi Stream; however will not
improve maintenance access.

Resource consenting and lwi support. BoPRC has applied for resource
consent for the works under Section 330 of the Resource Management
Act (Emergency works). BoPRC understand that they are undertaking the
works prior to securing resource consent(s) at their own discretion and
risk.

Safety in Design

A safety in design register for the works is included in Appendix D. Key safety in
design aspects include:

6.0

7.0

Positive identification of services prior to commencing work;

Carrying out bulk filling of streambed initially to increase slope stability
before carrying out any works on the slopes;

Monitoring of slope stability during construction; and

Engineer review of Contractors Health and Safety Plan and Construction
Methodology.

Programme
March 2018 — Tender and award of contract.
Early March 2018 — Contractor to commence bulk filling in streambed.

April 2018 — Completion of works.

Cost Estimates

An Engineer’s Estimate for the works is included in Appendix F. All costs are
exclusive of GST.

It should be noted that actual construction costs may vary from this estimate on
the basis of competitive bidding, market conditions, inflation of bids, and other

T01552501R001.docx PATTLE DELAMORE PARTNERS LTD
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factors. It should also be noted that in this case the site constraints (limited
access, working areas and other challenges) could further influence actual
construction costs.

The Engineers estimate for the contract works is $315,000 excl. GST. This
estimate includes a 10% contingency sum.
8.0 References

River Lake Limited, Memorandum from Keith Hamill to Andy Woolhouse, Subject:
Lake Okareka overflow, Waitangi Stream: Ecology effects of increased
flow. Resource consent application CH17-00717, dated 16 October 2017.

US Department of Transportation, ‘Hydraulic Design of Energy Dissipators for
Culverts and Channels’. Hydraulic Engineering Circular No. 14, Third
Edition, (Publication No. FHWA-NHI-06-086, July 2006).
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INVESTIGATION Geotechnical Investigation PROJECT Waitangi Stream Erosion
Protection
CLIENT Bay of Plenty Regional PROJECT NO T01552501
Council

CLIENT CONTACT Andy Bruere PREPARED BY Noel Kelly

CLIENT WORK ORDER SIGNATURE p

NO/ PURCHASE ORDER : /
DATE 21 Decembeé017

1.0 Introduction

Pattle Delamore Partners Limited (PDP) have been engaged by Bay of Plenty Regional Council (BOPRC) to carry
out detailed design of erosion protection for a section of Waitangi Stream at Waitangi Bay, Lake Tarawera.
Waitangi Stream is steeply incised with streambanks up to 6.0 m high in the location of the proposed erosion
protection works. There is a house and garage in close proximity to this section of the stream on the true left
bank, with the structure coming within 1-2 m of the eastern bank of the stream at its closest point. The site

layout is shown on Figure 1, Appendix A.

PDP has carried out a preliminary desktop study, including an initial slope stability assessment of the
streambanks in accordance with their scope of work (outlined in Section 2.0). Based on this assessment, it was
determined that a geotechnical site investigation was required to further investigate the slope stability of the

stream banks, and the associated risk to the proposed contract works and adjacent property.

2.0 Preliminary (Desktop) Analyses

Preliminary slope stability analysis outputs are included in Appendix B. These preliminary analyses examined
the existing stability of the bank at both sides applying parameters relevant to the soil indicated to be present

on site.

Analyses indicated that both sides of the bank were marginally stable, both exhibiting a Factor of Safety (FoS) of
approximately 1.0 (the typically acceptable FoS for long term stability of a slope is 1.5 to 1.6). Further analyses,
examining the effects of erosion protection at the toe indicated only marginal improvement to the stability of

the slopes, an insufficient improvement to infer satisfactory long term performance.

3.0 Site Walkover and Investigation

Following the preliminary analysis findings, a site investigation was deemed necessary to provide confidence in
any further analysis and design of erosion protection and remediation measures. The ground investigation was
subsequently scoped and carried out alongside a walkover survey on December 14 2017. Works on this day
comprised the following:

e A walkover survey of the site noting any existing instability and slippage;

e Five hand-augured investigation holes (“Hand Augers”) to depths of between 1.0 m bgland 4.0 m
bgl to investigate soil types and depths on site; and

e 10 Dynamic Cone or ‘Scala’ Penetrometers (DCP) to depths of up to 4.0 m bgl to investigate soil
density.

An annotated site plan is included in Appendix A and draft investigation logs are included in Appendix C.

Results of the walkover survey are shown on Figure 1, with sketch cross-sections A-A’, B-B’ and C-C’ also
enclosed. The most pertinent points to note from the investigation are as follows:

T01552501R002.docx
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e Asignificant proportion of the existing banks are currently experiencing instability, with shallow slips

noted on both sides of the stream. In particular, a significant area of slippage has been noted
approaching the crest of the slope, immediately behind the adjacent residential property.

e The existing slopes adjacent to the property and elsewhere are steep, approaching 65° - 85° in places.
The layout of the intrusive soil investigation is shown on Figure 1. The investigation encountered the following:

e Alluvium and debris: Typically light grey silt with varying content of fine sand and trace gravel.
Encountered up to 1.6 m.
e Volcanic Ash: Typically yellow brown fine sandy silt, encountered as soft or loose. Ash was

encountered from surface or underlying alluvial layers to end of hole (EoH) at all Hand Auger locations.

e DCPs were also carried out at locations along the stream bed to establish the depth of loose or soft
material overlying a competent bearing stratum. These encountered soft material to depths of
between 600 mm and 2.10 m bgl.

4.0 Conclusions and Recommendations

e A preliminary slope stability analysis of the existing slope banks, applying estimated soil parameters,
concluded that slopes at either side of the stream are currently marginally stable. This analysis
indicated a less than acceptable Factor of Safety for long term stability of the slopes.

e Soil information and testing carried out during the subsequent investigation confirmed that the
parameters applied during the preliminary investigation were appropriate to the soils in question.

e The conclusion of the preliminary analysis and site investigation is confirmed by the observation of
numerous shallow slips on the banks of Waitangi Stream. The age of the observed failures is unknown.
The age/timeframe of slope failures is often difficult to assess accurately without historical survey
information, photographs or other references.

e  Of particular note are the risks and possible implications for the property to the east of the stream
(true left bank). As the slope currently stands, there is a possibility of further slope failure which may
progress towards and possibly undercut the structure(s).

e While proposed erosion protection measures at the toe of the slopes may prevent any further de-
stabilising removal of toe material, such measures will not significantly improve the overall long-term
stability of the slopes.

On this basis, PDP recommend the following:

e To mitigate risk of instability due to excavations at the toe of the slopes, any toe erosion measures shall
be installed in a sequential manner, as outlined in the Technical Specification for the works.

e The implication of long-term instability of the banks should be considered. The risk of instability may
be acceptable at locations removed from any structures; but less so adjacent to the residential
property to the east of the stream.

e Onthis basis, it is recommended that adjacent to the residential property, retaining measures (such as
sheet piling, significant gabion structure, mass-blocks etc.) or alternative solution (such as raising of the
stream bed, construction of a culvert structure or slope re-profiling) be incorporated into the erosion
protection works.

e Such remedial measures will require further feasibility assessment and design. Following assessment, a
combination of such measures may be deemed appropriate.

T01552501R002.docx
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Limitations

This memorandum has been prepared by PDP on the specific instructions of Bay of Plenty Regional Council for
the limited purposes described in this memorandum. PDP accepts no liability to any other person for their use

of or reliance on this memorandum, and any such use or reliance will be solely at their own risk.

The findings in this memorandum are based on field observations and a series of hand auger holes and Scala
Penetration testing at the site. Engineering geological conditions at the site have been interpolated based on
this information using engineering geological experience. The interpolated conditions and parameters cannot
be guaranteed to be accurate.

Slope stability analyses and subsequent recommendations have been made on the basis of preliminary
information and should not be relied upon for detailed design of retaining structures. The final designer(s) may

consider further investigation to be necessary to inform detailed design and construction.

T01552501R002.docx
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Appendix A: Site Plan and Sections

T01552501R002.docx



S3ULIN : . /
[ ]

v I )Bu:
QL1 S¥3INLYVA IOWYIId 31LLvd Ll i i Bl
\ (3 g ST 0

NV1d HOLAMS TO399N3 11 F4N9IA

(ev) [T o1

=
A=ve
" & : PUIWIILINEG WIS L
H = a ok
W b TPAWOILIODG VIS i
| : p ¥ 2o Goiv .mV|
| 4 ¢
! - S 39 WO LY \\
| g B
,,v / YOI 30 9oL //w
|

.wé&&im J/I;N
IS DevILSIED




!//v/ (

PATTLE DELAMORE PARTNERS LTD

solutions for your environment

JOB NAME

L Paseq  STREAM

PAGE No.

WS

JoB NO.(TO "S QSC /

DESIGNED  ({

AL

CHECKED

Seenos A AT

AT
uj {
% L.
&
é M D
7 E T
? | L1
$ Iy 3 é‘x 9
— )
&9 F
W 4 3 LT
g @ .
=l § Nl
X n W Q
2 \ |
bre % < N
o .
3113 i
T v
W 2 T
© &
2 <=
2 SREES ) SRR
\ i
;-e_:'\:\—?\ .‘.;\ \ n \ ) \ 1
L v v \ T ¥ ]
o o W\ 3 N A — o

1QQ

\ ,

SCALE

DUDFIELD BRYCE

|



CR%
-
L]
AN
8
O
8 (8
Z | x
=9 | O
. 0 =
o w p=
ay B
=~
-
5
R
]l \
| O| —
T V7,
M I
gl v|—
w | 2] W
nNn -2 o
2 |z |w
=) o <
= = a

PATTLE DELAMORE PARTNERS LTD

lutions for your environment

7/ so

)

(\u,dl{\.)\ o) ()

22905
. B=gveeae

SNad W3\

D\\

30935 LIS W3

(SHG SN S

) et e A Ca IR SN

SIS (OIS | MONG 2 dols

\O7YR

DUDFIELD BRYCE




JOB NAME

PAGE No.

2/3

OO iz paianens pawwens o | ranaca SrPER™
I JOBNV\CWT?/S'QQ DESIGNED C'(:

DATE ,g / 1z /Ij— CHECKED
4 i

Z &
g S/
»

1 . O
(v j ‘o
G S R | -

R e S

(N w

3 | ;

[ | %)

» 43 |
( (_gﬁ Py

'e

VM 1CE S teD
Bo ~ &0
S\er

SCoZ? v\0Q v
\«h%\-

C N

SEC\ON

DUDFIELD BRYCE



Pattle Delamore Partners Limited pd

TECHNICAL MEMORANDUM

Appendix B: Slope Outputs
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INVESTIGATION Waitangi Stream Stabilisation PROJECT
and Erosion Protection

CLIENT Bay of Plenty Regional PROJECT NO T01552501
Council
CLIENT CONTACT Andy Bruere PREPARED BY Noel Kelly
CLIENT WORK ORDER SIGNATURE
NO/ PURCHASE ORDER /
DATE 16 Marct/Ols

Introduction

A geotechnical investigation and assessment carried out by Pattle Delamore Partners Ltd (PDP) along a section
of Waitangi Stream at Lake Tarawera (Dated December 2017) concluded that that the existing slope gradients
along the stream currently possess a significant risk of movement or failure.

Following discussions with Bay of Plenty Regional Council (BOPRC), PDP have designed a remedial solution to

address the instability risk, while maintaining flow through the stream.

Geotechnical Design

To satisfy the geometrical, hydrological and environmental constraints of the site, a retaining solution has been
proposed which combines the following components:

e Raising the elevation of the existing river bed with rockfill;
e Shoulder reinforcement (regrading) of the existing slopes using granular backfill; and
e Retention of slope reinforcement using filled gabion baskets.

The above components required geotechnical design to ensure economy and safety of the solution.

The geotechnical investigation and assessment carried out by PDP provided an indication of the nature and
strength of the soils at Waitangi Stream. A summary of the encountered ground conditions is presented below:

e  Alluvium and debris: Typically light grey silt with varying content of fine sand and trace gravel.
Encountered up to 1.6 m; and

e Volcanic Ash: Typically yellow brown fine sandy silt, encountered as soft or loose. Ash was
encountered from surface or underlying alluvial layers to end of hole (EoH) at all hand auger locations.

Geotechnical parameters for the above materials were applied to analyses and calculations based on a
combination of in-situ testing, back analyses of existing slope movements, literature derived values and
professional judgement.

Material Unit Weight Apparent cohesion, | Friction Angle (°) *Undrained Shear
(kN/m?3) ¢’ (kPa) Strength (cu)

Alluvium 17 1 32 -

Volcanic Ash 16 1 35 -

Rockfill and 19 0 36 -

Granular Fill

Note: The alluvial and volcanic material is predominantly granular and very unlikely to exhibit undrained

conditions

T01552501R003.docx
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Slope Stability

In order to ensure the stability of the remedial solution, a number of analyses and calculations were carried out,
including slope stability analyses, sliding and overturning calculations. To satisfy seismic design requirements, a
design horizontal seismic coefficient (amax) was derived applying the methods outlined by Earthquake
geotechnical engineering practice, Module 6: Earthquake resistant retaining wall design (MBIE, 2016) and the
NZTA Bridge Manual (2016), assuming a 1/1000 year return period seismic event. The derivation of amax is
provided Appendix A.

A series of slope stability analyses were carried out to assess the stability of the gabion structure against global
(rotational) failure and the stability of the backfill sloped behind the gabion structure. Both were examined for
a range of conditions, namely average stream flow, (design flood flow 20 year average recurrence interval) and
in response to the prescribed seismic event. Graphical outputs of these analyses are presented in Appendix B.

Results of these slope stability analyses are presented in Table 1. Achieved Factors of Safety (FoS) are presented
alongside ‘target’ values, which are based on industry standard guidelines.

Table 1: Summary of slope stability analysis results

Section Analysis Factor of Safety — Static | Factor of Safety — Static Factor of Safety
Normal GWL High GWL Earthquake*
Target Actual Target Actual Target Actual
B- Global stability | 1.5 1.550 1.2 1.489 11 1.173
North
Upper slope 15 1.531 1.2 1.531 11 1.129
stability
B- Global stability | 1.5 1.587 1.2 1.517 1.1 1.177
South
Upper slope 1.5 1.667 1.2 1.667 1.1 1.220
stability
C- Global stability | 1.5 1.831 1.2 1.768 1.1 1.454
North
Upper slope 15 1.482 1.2 1.482 11 1.147
stability
C- Global stability | 1.5 1.482 1.2 1.44 11 1.150
South
Upper slope 1.5 1.447 1.2 1.447 11 1.081
stability
D- Global stability | 1.5 1.656 1.2 1.594 11 1.252
North
Upper slope 1.5 1.770 1.2 1.770 1.1 1.290
stability
D- Global stability | 1.5 1.558 1.2 1.533 1.1 1.211
South
Upper slope 15 1.699 1.2 1.699 11 1.255
stability
Global stability | 1.5 1.877 1.2 1.771 11 1.280

T01552501R003.docx
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G- Upper slope 15 1.994 1.2 1.994 1.1 1.496
North stability

G- Global stability | 1.5 1.779 1.2 1.692 11 1.249
South
Upper slope 1.5 1.985 1.2 1.807 1.1 1.394
stability

* Design horizontal seismic ground acceleration value of 0.15, applying a 1:1000 year return period event and

allowing some movement of the gabion structure.

It is evident that all but four analyses achieve target values. Of the four which do not meet the criteria, the
maximum deviation is 3.5% from the target value. Given the conservatism inherent in the analysis method,
such a marginal non-compliance is very unlikely to affect the safety and stability of the retaining wall. Slope
stability of the proposed solution is therefore considered satisfactory.

Gabion Stability

The proposed gabion structures were also checked for sliding, overturning and bearing failure. These analyses,
presented in Appendix C; a summary of results is presented in Table 2.

Table 2:Summary of gabion static stability analysis results

Section Degree of Utilisation (=Achieved FOS/Target FOS, %)
Overturning Sliding Bearing*

Section B 22% 66% 13%
Section C, North 15% 75% 23%
Section C, South 15% 66% 26%
Section D 10% 53% 13%
Section G 5% 31% 14%
*Assuming an allowable bearing pressure of 300kPa (rockfill)

The Degree of Utilisation (DOU) is well below 100% for all cases under static loading. The overall design is
therefore considered satisfactory in terms of gabion sliding, bearing and overturning under static loading
conditions.

In addition to static loading conditions, an assessment of the safety of the design in response to seismic loading
was carried out. This assessment examined the critical case under static conditions (Section C, North), applying
a design horizontal seismic acceleration coefficient of 0.15, as applied to the above slope stability analysis.
Table 3 presents a summary of the results of the seismic analysis of the design at Section C (North):

T01552501R003.docx
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Table 3: Summary of gabion seismic stability analysis results

Section Degree of Utilisation (=Achieved FOS/Target FOS, %)

Overturning Sliding Bearing

Section C, North, wall 83% 70%
tilted at 6 degrees

Section C, North, wall 74% 60% 63%
tilted at 8 degrees

As shown, adjusting the gabion wall tilt to 8 degrees increases the DoU against bearing failure due to seismic
loading to acceptable values. Therefore, a gabion tilt of 8 degrees is required in the vicinity of Section C (North),
while a tilt of 6 degrees has been demonstrated to provide sufficient stability elsewhere.

Long term settlement
It is noted that the investigation encountered loose alluvial deposits up to 2 m below the existing stream bed

level. Should some cohesive material be present below the stream bed, there may be a small risk of long term
(post construction) minor settlement of the gabion structure. A typical measure to manage this risk would be to
excavate this loose/soft material and replace with rockfill; however, the potential benefits of such a measure

are likely to be outweighed by the risk of excavation inducing slope failure during construction.

Conclusions and Recommendations

Previous analyses have shown that the slopes at Waitangi stream are currently marginally stable, exhibiting an
unacceptable Factor of Safety against long term movement or failure. A remedial solution incorporating rockfill,
gabion walls and slope reinforcement has been proposed in order to provide adequate long-term safety and
stability of the slopes.

The set of analyses outlined in this document have examined the suitability of these measures. These analyses
have concluded that, subject to the conditions contained in this report, that the measures provide adequate
safety against failure for both static conditions and for a 1/1000 year return period prescribed seismic loading.

The measures shall be constructed in accordance with Drawings T01552501; 201 - 207 and the specification. In
particular, the contractor shall note the following:

e To minimise the risk of excessive long-term settlement of the gabion structures, it would be advisable
to place the rockfill bedding (i.e. the raising of the stream bed) over the entire length of the scheme
and then to allow some time for consolidation before construction of the gabion structures.

e  Gabions shall generally be tilted at 6 degrees from horizontal; and 8 degrees from horizontal around
Section C (north), the area of and almost vertical slope face.

e  Backfill behind the gabions shall be placed in a sequential and layered fashion. Backfill lifts shall be
placed in no more than 200 mm layers and shall be compacted prior to placement of the subsequent
layer.

e The layers are to be compacted to achieve a CBR of 6%.

e The slope angle of backfill behind/above the Gabion baskets shall not exceed 1(v):2(h).

e Lightweight rock such as pumice shall not be acceptable as a filling material for Gabion baskets. Fill for
the Gabion baskets shall be approved by the designer prior to construction.

T01552501R003.docx
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This memorandum has been prepared by Pattle Delamore Partners (PDP) on the specific instructions of Bay of
Plenty Regional Council for the limited purposes described in the memorandum. PDP accepts no liability if the
memorandum is used for a different purpose or if it is used or relied on by any other person. Any such use or
reliance will be solely at their own risk.

This memorandum has been prepared by PDP on the basis of information provided by Bay of Plenty Regional
Council. PDP has not independently verified the provided information and has relied upon it being accurate
and sufficient for use by PDP in preparing the memorandum. PDP accepts no responsibility for errors or

omissions in, or the currency or sufficiency of, the provided information.
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GABION WALL DESIGN

STATIC LOADING

PROJECT NAME: Waitangi Stream Stabilisation PROJECT #: T015501

LOCATION: Waitangi Stream, Lake Tarawera SECTION: Cross Section B
DESIGNED BY Noel J Kelly CHECKED BY

NOTES: Stability assessed in accordance with the Load Factor Resistance Design Method as recommended

by the NZ Building code

LB ___
[N 7]
P w
) va
Xvq ]I
Pvs
,——\;/\ O-w,
AVS )kps
Xg &
E
3 ] W Yns
‘% P B/Cosw £
Yrp=di3 *5_3_"%{@ Bsina]
e )
Descriptions symbols Input Units Notes
Values

Backfill slope angle above wall B 27.000 ° <o
Angle of internal friction O 36.000 °
Wall friction reduction by geotextile fr 33.000 % Back of wall
Angle of wall friction o] 24.120 ° d(100-fr)/100
Inclination angle to vertical plane w | 6.000 ° for wall with straight back (no offsets)
Back of wall angle to horizontal a 96.000 ° 90+w
Cohesion c 0 psf Ignore cohesion
Surcharge q 5.000 kPa
Soil density Ys 19.635| kN/m3
Rock density yr 20.500, kN/m3
Void in gabion v 20.000 %
Gabion density Yo 16.400 kN/m3 yr(100-v)/100
Actual height of wall H 2.088 m (hCosw) Corrected for inclination
Embedment d | 0.000 m Om to ignore passive thrust
Width of base B 1.5 m
Allowable soil bearing capacity da | 300.000 kPa

Retaining wall is: SATISFACTORY in overturning 22%

SATISFACTORY in sliding 66%
SATISFACTORY in eccentricity

SATISFACTORY in bearing 13%




DESIGN PROFILE
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-B -2 -1 ( 2 3 4 5 6 7 9
-2 x
Row#  Width Height offset Area X Moment Y Moment
(m) (m) (from toe) (m) (m?) (m) (m?) (m) (m?)
15 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000
3 0.1 0.1 0.50 0.010 0.550 0.006 2.050 0.021
2 0 1.0 0.50 1.000 1.000 1.000 1.500 1.500
1 5 1.0 0.00 1.500 0.750 1.125 0.500 0.750
h= 2.1 2.510 0.849 2.131 0.905 2.271
LFRD PARAMETERS
bbc Resistance factor for bearing capacity 0.5
bsl Resistance factor for sliding 0.8
op Resistance factor for passive earth pressure 0.5
aG_stab Load factor for self weight (stabilising) 0.9
0G_desty Load factor for self weight (destabilising) 1.2
OEP_des| Load factor for earth pressure (destabilising) 1.5




CALCULATIONS

COULOMB'S THEORY

BACK

Active earth pressure Ka
coefficient

Active soil thrust Ps
Active surcharge thrust Pq

Horizontal active soil thrust  Phs

Horizontal active surcharge Phq
thrust

Vertical active soil thrust Pvs
Vertical active surcharge Pvg
thrust

FRONT

Inclination angle to vertical ~ wp
Front face angle to horizontal ap

Backfill slope Bp
Angle of wall friction Op
Passive earth pressure Kp
coefficient

Passive soil thrust Pp

Sin*(a+®)
Sin? a Sin(a-0) 1+ Sin(®+d)  Sin(d-B)
Sin(a-0) Sin(a+p)
0.552
0.989 0.950 1+ \/ 0.867 0.156
0.950 0.839
0.552
1.876 = 0.294
0.5Kays H2
12.609 kN/m3
Sina KaqH
Sin(a+pB)
0.995 3.075
0.839
3.646 kN/m
PsCos(6- w)
11.984 kN/m
PqgCos(6- w)
3.465 kN/m  Harallel comp
PsSin(6- w)
3.922 kN/m  pen component
PqgSin(8- w)
1.134 kN/m
0.000
90-wp
90.000
0.000
0.000
Sin%(a-®)
Sin% a Sin(a+d) 1- Sin(P+0) Sin(d+p)
Sin(a+d) Sin(a+p)
0.655
1.000 1.000 1- \/ 0.588 0.588
1.000 1.000
0.655
0.170 = 3.852
0.5Kpys d?
0.000 kN/m

2




Check Overturning:
Vertical distance to Phs

Vertical distance to Phq

Overturning moment

Weight of Gabion

Horizontal distance to Wg

Horizontal distance to Pvs

Horizontal distance to Pvg

Vertical distance to Pp

Resisting moment

Overturning factor of safety

Check Sliding

Total Normal forces

Frictional force

Total Resisting Forces

Yhs
Yhq

> Mo

Xg

Xvs

Xvq

YPp

>Mr

SFo

SW

Ff

>Fr

Total Driving Forces at base > Fd

Siding factor of safety

SFs

H/3-BSinw
H/2-BSinw

(YhsPhs +

4613
2AYg
41.164

Ysinw +
0.939
B/Cosw +
1.565
B/Cosw +
1.602
d/3
0.000

(Wg Xg)*aG_stab +

0.539

0.887

YhqPhq))*aEP_destab

kKNm/m

kN/m
XCosw
m

(H/3-BSinw)Tanw

m

(H/2-BSinw)Tanw

m

Pvs Xvs + Pvg Xvg +

42.730 kNm/m
>Mr
>Mo
Dezes T = 2000

(WgCosw)*aG_stab +
47.624
>W
47.624
27.681
Ff + CoswPp
27.681
PsCosd +PqCosd)*aEF

18.382

SFr
>Fd

(PsSind + PqSind) -
kN/m
*Tan® * ¢sl
0.727 0.800
- NgSinw)*aG
2 1.000

PpYPp

O.K

PpSinw

O.K




Check the Eccentricity of Resultant Force
(Resultant is in middle one third)

Eccentricity

Check Bearing

Applied bearing pressure

Right

Left

e

0.5B

0.750
-B/6

-0.250

SW

31.749

IA

O.K

(SMr -
SW
0.800
e <
-0.050 <
oK
6e/B)
0201 )
< 300.000
< 300.000

Mo)

+B/6

0.250

O.K

O.K




GABION WALL DESIGN

STATIC LOADING

PROJECT NAME: Waitangi Stream Stabilisation PROJECT #: T015501
LOCATION: Waitangi Stream, Lake Tarawera SECTION: Cross Section C
DESIGNED BY Noel J Kelly CHECKED BY

NOTES: Stability assessed in accordance with the Load Factor Resistance Design Method as

recommended by the NZ Building code

qurcne’®® c?
LB /
F7
//
Pvq @ //
Xvq I //
,\[‘ Puvs| ?6
Kvs 6-;;) Phq H
Ps
Xg ’l =F ﬂ-'w Phs
| PRI We levs/ ’ H’/3H &
(G R — S AP 1BSinw
Descriptions symbols Input Units Notes
Values
Backfill slope angle above wall B 27.000 ° <o
Angle of internal friction () 36.000 °
Wall friction reduction by geotextile fr 33.000 % Back of wall
Angle of wall friction o] 24.120 ° d(100-fr)/100
Inclination angle to vertical plane w | 6.000 0 for wall with straight back (no offsets)
Back of wall angle to horizontal a 96.000 ° 90+w
Cohesion c 0 psf Ignore cohesion
Surcharge q 5.000 kPa
Soil density Ys 19.635| kN/m3
Rock density yr 21.666) kN/m3
Void in gabion % 15.000 %
Gabion density Yg 18.416 kN/m3 yr(100-v)/100
Actual height of wall H 3.083 m (hCosw) Corrected for inclination
Embedment d | 0.000 m Om to ignore passive thrust
Width of base B 1.5 m
Allowable soil bearing capacity ga | 300.000 kPa
Retaining wall is: SATISFACTORY in overturning 15%
SATISFACTORY in sliding 75%
SATISFACTORY in eccentricity

SATISFACTORY in bearing 23%




DESIGN PROFILE
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Row # Width Height offset Area X Moment Y Moment
(m) (m) (from toe) (m) (m?) (m) (m?) (m) (m?)
15 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
4 0.1 0.1 0.010 0.050 0.001 3.050 0.031
3 1.0 1.0 1.000 0.500 0.500 2.500 2.500
2 1.5 1.0 0.00 1.500 0.750 1.125 1.500 2.250
1 1.5 1.0 0.00 1.500 0.750 1.125 0.500 0.750
h= 3.1 4.010 0.686 2.751 1.379 5.531
LFRD PARAMETERS
dhbc Resistance factor for bearing capacity 0.5
obsl Resistance factor for sliding 0.8
op Resistance factor for passive earth pressure 0.5
aG_stab Load factor for self weight (stabilising) 0.9
aG_dest: Load factor for self weight (destabilising) 1.2
OEP_des Load factor for earth pressure (destabilising) 1.5




CALCULATIONS

COULOMB'S THEORY

BACK

Active earth pressure
coefficient

Active soil thrust

Active surcharge thrust

Horizontal active soil thrust

Horizontal active surcharge
thrust

Vertical active soil thrust

Vertical active surcharge
thrust

FRONT
Inclination angle to vertical

Front face angle to horizontal ap

Backfill slope
Angle of wall friction

Passive earth pressure
coefficient

Passive soil thrust

Ka = Sin?(a+®)
Sin? a Sin(a-0) 1+ Sin(P+0) Sin(P-B)
Sin(0-0) Sin(a+f)
0.552
0.989 0.950 1+\/ 0.867 0.156
0.950 0.839
0.552
1.876 = 0.294
Ps = 0.5Kays H2
= 27 477 kN/m3
Pqg = Sina KaqH
Sin(a+p)
= 0.995 4.539
0.839
= 5.383 kN/m
Phs = PsCos(5- w)
= 26.115 kN/m
Phg = PgCos(8- w)
= 5.116 kN/m Harallel comp
Pvs = PsSin(d- w)
= 8.546 kN/m  pen component
Pvg = PgSin(5- w)
= 1.674 kN/m
wp = 0.000
90-Wp
90.000
Bp = 0.000
Op = 0.000
Ko = Sin?(a-d)
Sin? a Sin(a+0) 1- Sin(P+d) Sin(P+B)
Sin(a+0) Sin(a+pB)
0.655
1.000 1.000 1-\/ 0.588 0.588
1.000 1.000
0.655
0.170 = 3.852
Po = 0.5Kpys a?
= 0.000 kN/m

2




Check Overturning:

Vertical distance to Phs

Vertical distance to Phq

Overturning moment

Weight of Gabion

Horizontal distance to Wg

Horizontal distance to Pvs

Horizontal distance to Pvq

Vertical distance to Pp

Resisting moment

Overturning factor of safety

Check Sliding

Total Normal forces

Frictional force

Total Resisting Forces

Yhs

Yhq

> Mo

Xg

Xvs

Xvq

YPp

> Mr

SFo

SW

Ff

SFr

Total Driving Forces at base  Fd

Siding factor of safety

SFs

H/3-BSinw
H/2-BSinw

(YhsPhs +

10.626
2AYg
73.849
Ysinw +
0.826
B/Cosw +
1.600
B/Cosw +
1.654
d/3
0.000

(Wg Xg)*aG_stab +

0.871

1.385

YhqgPhq))*aEP_destab

kKNm/m

kN/m
XCosw
m

(H/3-BSinw)Tanw

m

(H/2-BSinw)Tanw

m

Pvs Xvs + Pvg Xvq +

71.360 kKNm/m
> Mr
> Mo
. ems 2 1.000

(WgCosw)*aG_stab +

86.949

>W
86.949
50.538
Ff + CoswPp

50.538

PsCosd +PgCosd)*aEF

38.039

SFr
>Fd

(PsSind + PqSind) -

kN/m
*Tan® * sl
0.727 0.800
- NgSinw)*aG
= 1.000

PpYPp

O.K

PpSinw

O.K




Check the Eccentricity of Resultant Force
(Resultant is in middle one third)

Eccentricity

Check Bearing

Applied bearing pressure

Left

Right

e

0.5B

0.750
-B/6

-0.250

SW

57.966

IN

IN

O.K

6e/B)

0.206

IA

IA

I

I

O.K

300.000

300.000

Mo)

+B/6

0.250

O.K

O.K




GABION WALL DESIGN

STATIC LOADING

PROJECT NAME: Waitangi Stream Stabilisation PROJECT #: T015501
LOCATION: Waitangi Stream, Lake Tarawera SECTION: Cross Section C
DESIGNED BY Noel J Kelly CHECKED BY

NOTES: Stability assessed in accordance with the Load Factor Resistance Design Method as

recommended by the NZ Building code

qurcne’®® c?
LB /
F7
//
Pvq @ //
Xvq I //
,\[‘ Puvs| P4
Kvs 6-;;) Phq H
)yPs
Xg ’l =F ﬂ-'w Phs
| PRI We levs/ ’ H’/3H &
(G R — S AP 1BSinw
Descriptions symbols Input Units Notes
Values
Backfill slope angle above wall B 27.000 ° <o
Angle of internal friction () 36.000 °
Wall friction reduction by geotextile fr 33.000 % Back of wall
Angle of wall friction o] 24.120 ° d(100-fr)/100
Inclination angle to vertical plane w | 6.000 0 for wall with straight back (no offsets)
Back of wall angle to horizontal a 96.000 ° 90+w
Cohesion c 0 psf Ignore cohesion
Surcharge q 5.000 kPa
Soil density Ys 19.635| kN/m3
Rock density yr 20.500) kN/m3
Void in gabion % 20.000 %
Gabion density Yg 16.400 kN/m3 yr(100-v)/100
Actual height of wall H 2.088 m (hCosw) Corrected for inclination
Embedment d | 0.000 m Om to ignore passive thrust
Width of base B 1.0 m
Allowable soil bearing capacity ga | 300.000 kPa
Retaining wall is: SATISFACTORY in overturning 15%
SATISFACTORY in sliding 66%
SATISFACTORY in eccentricity

SATISFACTORY in bearing 26%




DESIGN PROFILE

10
9
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0
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Row # Width Height offset Area X Moment Y Moment
(m) (m) (from toe) (m) (m?) (m) (m?) (m) (m?)
15 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000
3 0.1 0.1 0.00 0.010 0.050 0.001 2.050 0.021
2 1.5 1.0 0.00 1.500 0.750 1.125 1.500 2.250
1 1.0 1.0 0.00 1.000 0.500 0.500 0.500 0.500
h= 2.1 2.510 0.648 1.626 1.104 2.771
LFRD PARAMETERS
bbe Resistance factor for bearing capacity 0.5
osl Resistance factor for sliding 0.8
dp Resistance factor for passive earth pressure 0.5
aG_stab Load factor for self weight (stabilising) 0.9
0G_dest: Load factor for self weight (destabilising) 1.2
QEP_des Load factor for earth pressure (destabilising) 1.5




CALCULATIONS

COULOMB'S THEORY

BACK

Active earth pressure
coefficient

Active soil thrust

Active surcharge thrust

Horizontal active soil thrust

Horizontal active surcharge
thrust

Vertical active soil thrust

Vertical active surcharge
thrust

FRONT
Inclination angle to vertical

Front face angle to horizontal ap

Backfill slope
Angle of wall friction

Passive earth pressure
coefficient

Passive soil thrust

Ka = Sin?(a+®)
Sin? a Sin(a-0) 1+ Sin(P+0) Sin(P-B)
Sin(0-0) Sin(a+f)
0.552
0.989 0.950 1+\/ 0.867 0.156
0.950 0.839
0.552
1.876 = 0.294
Ps = 0.5Kays H2
= 12.609 kN/m3
Pqg = Sina KaqH
Sin(a+p)
= 0.995 3.075
0.839
= 3.646 kN/m
Phs = PsCos(5- w)
= 11.984 kN/m
Phg = PgCos(8- w)
= 3.465 kN/m Harallel comp
Pvs = PsSin(d- w)
= 3.922 kN/m  pen component
Pvg = PgSin(5- w)
= 1.134 kN/m
wp = 0.000
90-Wp
90.000
Bp = 0.000
Op = 0.000
Ko = Sin?(a-d)
Sin? a Sin(a+0) 1- Sin(P+d) Sin(P+p)
Sin(a+0) Sin(a+pB)
0.655
1.000 1.000 1-\/ 0.588 0.588
1.000 1.000
0.655
0.170 = 3.852
Po = 0.5Kpys a?
= 0.000 kN/m

2




Check Overturning:

Vertical distance to Phs

Vertical distance to Phq

Overturning moment

Weight of Gabion

Horizontal distance to Wg

Horizontal distance to Pvs

Horizontal distance to Pvq

Vertical distance to Pp

Resisting moment

Overturning factor of safety

Check Sliding

Total Normal forces

Frictional force

Total Resisting Forces

Yhs

Yhq

> Mo

Xg

Xvs

Xvq

YPp

> Mr

SFo

SW

Ff

SFr

Total Driving Forces at base  Fd

Siding factor of safety

SFs

H/3-BSinw
H/2-BSinw

(YhsPhs +

4.885
2AYg
41.164
Ysinw +
0.759
B/Cosw +
1.068
B/Cosw +
1.104
d/3
0.000

(Wg Xg)*aG_stab +

0.592

0.940

YhqgPhq))*aEP_destab

kKNm/m

kN/m
XCosw
m

(H/3-BSinw)Tanw

m

(H/2-BSinw)Tanw

m

Pvs Xvs + Pvg Xvq +

33.575 kKNm/m
> Mr
> Mo
. esl3 2 1.000

(WgCosw)*aG_stab +
47.624
>W
47.624
27.681
Ff + CoswPp
27.681
PsCosd +PgCosd)*aEF

18.382

SFr
>Fd

(PsSind + PqSind) -

kN/m
*Tan® * sl
0.727 0.800
- NgSinw)*aG
= 1.000

PpYPp

O.K

PpSinw

O.K




Check the Eccentricity of Resultant Force
(Resultant is in middle one third)

Eccentricity

Check Bearing

Applied bearing pressure

Right

Left

e

0.5B

0.500
-B/6

-0.167

SW

47.624

IN

IN

O.K

6e/B)

0.615

IA

IA

>W

300.000

300.000

Mo)

+B/6

0.167

O.K

O.K




GABION WALL DESIGN

STATIC LOADING

PROJECT NAME: Waitangi Stream Stabilisation PROJECT #: T015501
LOCATION: Waitangi Stream, Lake Tarawera SECTION: Cross Section D
DESIGNED BY Noel J Kelly CHECKED BY

NOTES: Stability assessed in accordance with the Load Factor Resistance Design Method as

recommended by the NZ Building code

qurcne’®® c?
LB /
F7
//
Pvq @ //
Xvq I //
,\[‘ Puvs| P4
Kvs 6-;;) Phq H
)yPs
Xg ’l =F ﬂ-'w Phs
| PRI We levs/ ’ H’/3H &
(G R — S AP 1BSinw
Descriptions symbols Input Units Notes
Values
Backfill slope angle above wall B 27.000 ° <o
Angle of internal friction () 36.000 °
Wall friction reduction by geotextile fr 33.000 % Back of wall
Angle of wall friction o] 24.120 ° d(100-fr)/100
Inclination angle to vertical plane w | 6.000 0 for wall with straight back (no offsets)
Back of wall angle to horizontal a 96.000 ° 90+w
Cohesion c 0 psf Ignore cohesion
Surcharge q 5.000 kPa
Soil density Ys 19.000 kN/m3
Rock density yr 20.500) kN/m3
Void in gabion % 20.000 %
Gabion density Yg 16.400 kN/m3 yr(100-v)/100
Actual height of wall H 2.088 m (hCosw) Corrected for inclination
Embedment d | 0.000 m Om to ignore passive thrust
Width of base B 1.5 m
Allowable soil bearing capacity ga | 300.000 kPa
Retaining wall is: SATISFACTORY in overturning 10%
SATISFACTORY in sliding 53%
SATISFACTORY in eccentricity

SATISFACTORY in bearing 13%




DESIGN PROFILE

10
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7
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0
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Row # Width Height offset Area X Moment Y Moment
(m) (m) (from toe) (m) (m?) (m) (m?) (m) (m?)
15 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000
3 0.1 0.1 0.00 0.010 0.050 0.001 2.050 0.021
2 1.5 1.0 0.00 1.500 0.750 1.125 1.500 2.250
1 1.5 1.0 0.00 1.500 0.750 1.125 0.500 0.750
h= 2.1 3.010 0.748 2.251 1.003 3.021
LFRD PARAMETERS
bbe Resistance factor for bearing capacity 0.5
osl Resistance factor for sliding 0.8
dp Resistance factor for passive earth pressure 0.5
aG_stab Load factor for self weight (stabilising) 0.9
0G_dest: Load factor for self weight (destabilising) 1.2
QEP_des Load factor for earth pressure (destabilising) 1.5




CALCULATIONS

COULOMB'S THEORY

BACK

Active earth pressure
coefficient

Active soil thrust

Active surcharge thrust

Horizontal active soil thrust

Horizontal active surcharge
thrust

Vertical active soil thrust

Vertical active surcharge
thrust

FRONT
Inclination angle to vertical

Front face angle to horizontal ap

Backfill slope
Angle of wall friction

Passive earth pressure
coefficient

Passive soil thrust

Ka = Sin?(a+®)
Sin? a Sin(a-0) 1+ Sin(P+0) Sin(P-B)
Sin(0-0) Sin(a+f)
0.552
0.989 0.950 1+\/ 0.867 0.156
0.950 0.839
0.552
1.876 = 0.294
Ps = 0.5Kays H2
= 12.201 kN/m3
Pqg = Sina KaqH
Sin(a+p)
= 0.995 3.075
0.839
= 3.646 kN/m
Phs = PsCos(5- w)
= 11.596 kN/m
Phg = PgCos(8- w)
= 3.465 kN/m Harallel comp
Pvs = PsSin(d- w)
= 3.795 kN/m  pen component
Pvg = PgSin(5- w)
= 1.134 kN/m
wp = 0.000
90-Wp
90.000
Bp = 0.000
Op = 0.000
Ko = Sin?(a-d)
Sin? a Sin(a+0) 1- Sin(P+d) Sin(P+p)
Sin(a+0) Sin(a+pB)
0.655
1.000 1.000 1-\/ 0.588 0.588
1.000 1.000
0.655
0.170 = 3.852
Po = 0.5Kpys a?
= 0.000 kN/m

2




Check Overturning:

Vertical distance to Phs

Vertical distance to Phq

Overturning moment

Weight of Gabion

Horizontal distance to Wg

Horizontal distance to Pvs

Horizontal distance to Pvq

Vertical distance to Pp

Resisting moment

Overturning factor of safety

Check Sliding

Total Normal forces

Frictional force

Total Resisting Forces

Yhs

Yhq

> Mo

Xg

Xvs

Xvq

YPp

> Mr

SFo

SW

Ff

SFr

Total Driving Forces at base  Fd

Siding factor of safety

SFs

H/3-BSinw
H/2-BSinw

(YhsPhs +

4613
2AYg
49.364
Ysinw +
0.848
B/Cosw +
1.565
B/Cosw +
1.602
d/3
0.000

(Wg Xg)*aG_stab +

0.539

0.887

YhqgPhq))*aEP_destab

kKNm/m

kN/m
XCosw
m

(H/3-BSinw)Tanw

m

(H/2-BSinw)Tanw

m

Pvs Xvs + Pvg Xvq +

45.450 kKNm/m
> Mr
> Mo
. ess2 2 1.000

(WgCosw)*aG_stab +

55.621

>W
55.621
32.329
Ff + CoswPp

32.329

PsCosd +PgCosd)*aEF

17.052

SFr
>Fd

(PsSind + PqSind) -

kN/m
*Tan® * sl
0.727 0.800
- NgSinw)*aG
= 1.000

PpYPp

O.K

PpSinw

O.K




Check the Eccentricity of Resultant Force
(Resultant is in middle one third)

Eccentricity

Check Bearing

Applied bearing pressure

Left

Right

e

0.5B

0.750
-B/6

-0.250

SW

37.081

IN

IN

O.K

6e/B)

0.063

IA

IA

>W

I

I

O.K

300.000

300.000

Mo)

+B/6

0.250

O.K

O.K




GABION WALL DESIGN

STATIC LOADING

PROJECT NAME: Waitangi Stream Stabilisation PROJECT #: T015501
LOCATION: Waitangi Stream, Lake Tarawera SECTION: Cross Section G
DESIGNED BY Noel J Kelly CHECKED BY

NOTES: Stability assessed in accordance with the Load Factor Resistance Design Method as

recommended by the NZ Building code

qurcne’®® c?
LB /
F7
//
Pvq @ //
Xvq I //
,\[‘ Puvs| P4
Kvs 6-;;) Phq H
)yPs
Xg ’l =F ﬂ-'w Phs
| PRI We levs/ ’ H’/3H &
(G R — S AP 1BSinw
Descriptions symbols Input Units Notes
Values
Backfill slope angle above wall B 27.000 ° <o
Angle of internal friction () 36.000 °
Wall friction reduction by geotextile fr 33.000 % Back of wall
Angle of wall friction o] 24.120 ° d(100-fr)/100
Inclination angle to vertical plane w | 6.000 0 for wall with straight back (no offsets)
Back of wall angle to horizontal a 96.000 ° 90+w
Cohesion c 0 psf Ignore cohesion
Surcharge q 5.000 kPa
Soil density Ys 19.000 kN/m3
Rock density yr 20.500) kN/m3
Void in gabion % 20.000 %
Gabion density Yg 16.400 kN/m3 yr(100-v)/100
Actual height of wall H 1.094 m (hCosw) Corrected for inclination
Embedment d | 0.000 m Om to ignore passive thrust
Width of base B 1.5 m
Allowable soil bearing capacity ga | 150.000 kPa
Retaining wall is: SATISFACTORY in overturning 5%
SATISFACTORY in sliding 31%
SATISFACTORY in eccentricity

SATISFACTORY in bearing 14%




DESIGN PROFILE

10
9
8
7
6
5
4
> o
//
3 /
) //
o
1
0
'1 T T
B -2 -1 2 3 4 5 6 7 9
-2 x
Row # Width Height offset Area X Moment Y Moment
(m) (m) (from toe) (m) (m?) (m) (m?) (m) (m?)
15 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000
2 0 0.1 0.00 0.010 0.050 0.001 1.050 0.011
1 .5 1.0 0.00 1.500 0.750 1.125 0.500 0.750
h= 1.1 1.510 0.745 1.126 0.504 0.761
LFRD PARAMETERS
dhbc Resistance factor for bearing capacity 0.5
obsl Resistance factor for sliding 0.8
op Resistance factor for passive earth pressure 0.5
aG_stab Load factor for self weight (stabilising) 0.9
aG_dest: Load factor for self weight (destabilising) 1.2
OEP_des Load factor for earth pressure (destabilising) 1.5




CALCULATIONS

COULOMB'S THEORY

BACK

Active earth pressure
coefficient

Active soil thrust

Active surcharge thrust

Horizontal active soil thrust

Horizontal active surcharge
thrust

Vertical active soil thrust

Vertical active surcharge
thrust

FRONT
Inclination angle to vertical

Front face angle to horizontal ap

Backfill slope
Angle of wall friction

Passive earth pressure
coefficient

Passive soil thrust

Ka = Sin?(a+®)
Sin? a Sin(0-0) 1+ Sin(®+0) Sin(P-B)
Sin(0-0) Sin(a+f)
0.552
0.989 0.950 1+\/ 0.867 0.156
0.950 0.839
0.552
1.876 = 0.294
Ps = 0.5Kays H2
= 3.348 kN/m3
Pqg = Sina KaqH
Sin(a+p)
= 0.995 1.611
0.839
= 1.910 kN/m
Phs = PsCos(5- w)
= 3.182 kN/m
Phg = PgCos(8- w)
= 1.815 kN/m Harallel comp
Pvs = PsSin(d- w)
= 1.041 kN/m  pen component
Pvg = PgSin(5- w)
= 0.594 kN/m
wp = 0.000
90-Wp
90.000
Bp = 0.000
Op = 0.000
Ko = Sin?(a-P)
Sin? a Sin(a+0) 1- Sin(P+d) Sin(P+p)
Sin(a+0) Sin(a+p)
0.655
1.000 1.000 1-\/ 0.588 0.588
1.000 1.000
0.655
0.170 = 3.852
Po = 0.5Kpys a?
= 0.000 kN/m

2




Check Overturning:

Vertical distance to Phs

Vertical distance to Phq

Overturning moment

Weight of Gabion

Horizontal distance to Wg

Horizontal distance to Pvs

Horizontal distance to Pvq

Vertical distance to Pp

Resisting moment

Overturning factor of safety

Check Sliding

Total Normal forces

Frictional force

Total Resisting Forces

Yhs

Yhq

> Mo

Xg

Xvs

Xvq

YPp

> Mr

SFo

SW

Ff

SFr

Total Driving Forces at base  Fd

Siding factor of safety

SFs

H/3-BSinw
H/2-BSinw

(YhsPhs +

1.062
2AYg
24.764

Ysinw +
0.794
B/Cosw +
1.530
B/Cosw +
1.549
d/3
0.000

(Wg Xg)*aG_stab +

0.208

0.390

YhqgPhq))*aEP_destab

kKNm/m

kN/m
XCosw
m

(H/3-BSinw)Tanw

m

(H/2-BSinw)Tanw

m

Pvs Xvs + Pvg Xvq +

20.208 kKNm/m
> Mr
> Mo
S 02t 2 1.000

(WgCosw)*aG_stab +

26.803

>W
26.803
15.579
Ff + CoswPp

15.579

PsCosd +PgCosd)*aEF

4.868

SFr
>Fd

(PsSind + PqSind) -

kN/m
*Tan® * sl
0.727 0.800
- NgSinw)*aG
= 1.000

PpYPp

O.K

PpSinw

O.K




Check the Eccentricity of Resultant Force
(Resultant is in middle one third)

Eccentricity

Check Bearing

Applied bearing pressure

Left

Right

e

0.5B

0.750
-B/6

-0.250

SW

17.868

IN

IN

O.K

6e/B)

0.143

IA

IA

I

I

O.K

150.000

150.000

Mo)

+B/6

0.250

O.K

O.K




Pattle Delamore Partners Limited pd

TECHNICAL MEMORANDUM

Appendix C: Slope Outputs

T01552501R003.docx
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Appendix C

Risk Register
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Appendix D

Safety in Design Risk Register
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Appendix E

Hydraulic and Hydrologic Calcu
Sheets
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