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1. Introduction & Scope
Northland Geotechnical Specialists Ltd (NGS) was engaged by Jane Banfield to undertake subsoil
investigations, assess landslip movement and provide a design of landslide remediation works at 1A
Seaview Road, Paihia. The scope of works comprises:

1) Visual assessment of damage;
2) Review of investigation completed by others;
3) Undertake subsurface investigations;
4) Geomorphic assessment of the site and surrounding area from LiDAR terrain models and

historic aerial photographs;
5) Stability modelling to assess the landslip and remedial design measures;
6) Retaining wall analysis to design remedial works; and
7) Preparation of design drawings for the proposed terraced retaining walls.

This report is suitable to support a Building Consent application to Far North District Council (FNDC).

2. Background
A landslide has occurred on the subject property located adjacent to the southern side of the
dwelling and the southern property boundary. The landslide occurred in February 2021 during
intense rainfall in the Bay of Islands area. It is proposed to construct a system of two retaining walls
to stabilise the land supporting the dwelling and reinstate the amenity of the land to the south of
the dwelling. The lower (southernmost) retaining wall will facilitate creation of a stable platform
from which to construct the upper (northernmost) wall. Underpinning of exposed and inadequate
foundations is proposed as part of this works. The work will allow for extension of the existing
concrete surfaced accessway further to the south. SCS Structures has completed the structural
component of this design work. This report and drawings should be read in conjunction with the SCS
Drawings SK-SE-000 to -003.

3. Site Description

3.1. Property Description

The subject property is legally described as Lot 2 DP 124280 and covers an approximate area of
1105m2. The site is and irregular pentagon in shape, being approximately rectangular at the
southern end with dimensions of approximately 28m (E-W), 26m along the eastern boundary, 31m
along the western boundary and extending to a triangular point centrally at the northernmost point
at a maximum length of 47m.

The property has a total change in elevation of approximately 7m with a maximum elevation of
centrally on the eastern boundary and a minimum in the north eastern corner of the site. The
property has two distinct typically level terraces. The elevation drops steeply beyond the property
boundaries to both the east (up to 40 ) and south (up to 45 ) towards the foreshore.

The property is accessed by a long driveway from Seaview Road at the southwestern corner. The
property is bound by a vacant, grassed site (formerly a hotel) to the west, neighbouring residential
properties to the far north and the foreshore to the east and south. The land to the north, east and
south is vegetated with trees.
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The dwelling with attached deck on the eastern side is located at the southern end of the site and
has been constructed over several additions and alterations varying between one to three levels.

The landslide which occurred in February 2021 is located at the eastern end of the southern edge of
the dwelling on the steep slope to the south. The landslide is steep and shallow (<1m deep). Shallow
dwelling foundations have been exposed. A large tree to the west of the slip has previously been cut
down, with the remaining tree stump also causing tension in the area around the foundations. (Ref
Photo 1 below).

Photo 1: View to west along southern edge of dwelling showing exposed shallow foundation (right) and tree
stump (left)

A walkover of the foreshore indicates outcrops of slightly to moderately weathered intact greywacke
rock are present at the base of the slopes, as shown in Photo 2, below.

Photo 2: View to east along the base of the southern slope
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remediation, dated March 2022. NGS Ref 0213.
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Drawings SK-SE-000 to -003.
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RWU2a

6.9m length

Pole Set out   X* offset from        Y** offset from Elevation offset*** from
 Point   set out point (m)    set out point  (m) wooden deck, RL15.26 (m)
LW A     1        9.83  4.20   0.06
LW B     1        2.55  3.95   0.06
LW C     1        0.10  4.80   1.72
LW D     1        9.20  4.80   5.26
LW E     2        0.50  3.35   5.26
UWA     1        2.86  0.17   0.06  
UWB     1        0.00  1.07   0.26  
UWC     2        0.37  1.08   3.06

*X distance on bearing of 053deg
**Y distance on bearing of 332deg
***Elevation offset to top of pile

Lower wall pole to use for set out LW A - LW E

Upper wall pole to use for set out UW A - UW C

Set out point 1 - 2
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RWL1  1300   2100    light weight fill
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Retaining Wall Elevation - Upper Wall
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Typical Section

Dwelling above wall 

Timber lagging above 
natural ground level 
only (see note 1)

Upper Retaining Wall 
(see table & note 3)

Concrete packer

Double rails below 1.5m
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see insert
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indicative only
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Survey December 2021

Insert 1:25 at A3
H=V
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rail fixed with 4/100x 
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100x50 top rail fixed with 4/100x 
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50x50 battens fixed with 3/
60x 3.15 nails to each rails 
(100 max. gap)

100x50 bottom rail fixed with 4/100x 
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400x50 capping plate

200x50 rails 

2-M12 SS coach screws (grade 
304) with 150mm embedment 
and 50sq stainless steel washers 
under bolt head
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Notes:
1. Timber lagging: 200x50 H4 RS timber rails fastened to the back of 
each pole with 2/90x3.15mm dia. HDG FH nails. Stagger timber rail 
joints at each row over the poles. 
2. Drainage backfill: 7mm to 20mm clean scoria backfill or similar 
free draining material behind the retaining wall with filter cloth. 
110mm dia. draincoil placed behind the wall at the bottom rail laid to 
a fall of 1:100 and discharging at a suitable outlet with pipe outlet to 
base of slope. 
3. Timber pole: SED H5 High density timber poles. Paint cut edges 
and ends of the timber with a copper napthenate brush on preservat-
ive. Place large end down.
4. Concrete encasement: 17.5MPa concrete encasement with a 
75mm minimum cover to the sides and base of the pole. The hole 
must be thoroughly cleaned out and dry prior to placing any con-
crete. Provide a 75mm thick punch pad at the base of the hole. 
5. Fill: For retained height ≤2.0m fill behind wall to comprise well 
packed GAP40 with min clegg impact value (CIV) of 15. For retained 
height >2.0m fill behind wall to comprise light weight scoria or 
polyrock of bulk unit weight less than 16kN/m3 to be approved by En-
gineer prior to commencement. Lateral restraint of fill during con-
struction is the responsibility of the Constructor and safe working 
method shall be approved by the Engineer prior to commencement.  
6. Fall barrier: 1000mm high timber pedestrian barrier at the top of 
the retaining wall to be provided where fall height exceeds 1000mm. 
Maximum gap width of 100mm between any member. 
7. Sediment and erosion control to be in accordance with AC GD05.
8. Lower wall designed for a long term surcharge load of 2.5kPa.
9. Lower wall designed for short term construction load of 13T excav-
ator located 300mm behind wall. Excavator shall be parked overnight 
away from back of wall and with no active load.
10. Constructor to ensure pile bores are covered or fenced during 
works to maintain a safe site. 
11. A basic log of soil/rock condition for all piles is to be prepared by 
the Constructor.
12. Upper retaining wall to be constructed in stages to prevent under-
mining of dwelling. 
13. Drawings shall be read in conjunction with SCS Drawings SK-
SE-000 to -003

RETAINING WALL   Upper  Lower
MAX RETAINED HEIGHT  2200  2600
MIN EMBEDMENT   3800  6400
POLE DIAMTER (SED)     300    400
MIN ENCASEMENT DIAMETER   600    600# 
MAX CENTRES   1000  1400*
TOTAL POLE LENGTH   6000  9000

Table:

0                                       2.5                                     5.0                                     7.5   m

Scale 1:50 at A3 H=V

* Max centres Lower wall RWL3 only. See Figure 5 for each section
# 750mm encasement may be required if LED is very big or pole is not straight

Shotcrete facing below 
natural ground (see SCS 
Drawing SK-SE-003, Sec-
tions D & E for details). 
Section E shall be adop-
ted unless approval given 
from Engineer at time of 
construction.

Shot crete facing on 
slope above wall (see 
SCS Drawing SK-SE-
003 for detail)

Vertical geotextile 
strip drain btween 
each pole behind 
shotcrete. (see SCS 
Drawing SK-SE-003, 
Sections D & E for de-
tails)

Drainage 
(see note 2)

Remove loose fill & 
unsuitables and 
bench existing slope 
prior to fill placement. 
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11/03/2021
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Drainage 
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Concrete packer

Concrete encasement 
(see note 4 Figure 6)
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(see note 4 Figure 6)

see insert 
Figure 6

Existing ground level based 
on Williams & King Survey 
December 2021
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Section A      Upper (RWUa) Lower (RWL4&5)        
RETAINED HEIGHT        2200  2000
EMBEDMENT      3800  7000
POLE DIAMTER (SED)       300    400
MIN ENCASEMENT DIAMETER     600      600#

MAX CENTRES     1000  1200
TOTAL POLE LENGTH     6000  9000

0                               2.5                             5.0                             7.5   m

Scale 1:75 @A3 H=V

Table:

Notes:
For notes refer to Figure 6, Typical Section and SCS Drawings SK-SE-000 to -003

TREE STUMP REMOVAL IS A HIGH RISK ACTIVITY FOR DWELLING
Tree stump is not suitable to be left in place and shall be removed after construc-
tion of full upper wall and underpinning works is complete. This may require tem-
porary burial to allow progression of wall construction and subsequent exposure 
and removal. Removal must ensure no loss of support to the dwelling. The method 
shall be approved by Engineer before commencing.

RL10.0m

RL12.2m

Existing fill/loose soils

Residual soils

Highly weathered Greywacke

Moderately weathered Greywacke

Remove loose fill & 
unsuitables and 
bench existing slope 
prior to fill placement. 

Pohutakawa tree stump (indic-
ative only) See note regarding 
removal.

Timber lagging above 
natural ground level 
(see Note 1 Figure 6)

Shotcrete facing below 
natural ground (see 
SCS Drawing SK-SE-
003, Sections D & E 
for details). Section E 
shall be adopted un-
less approval given 
from Engineer at time 
of construction.

Vertical geotextile 
strip drain btween 
each pole behind 
shotcrete. (see SCS 
Drawing SK-SE-003, 
Sections D & E for de-
tails)

Cut spoil to be removed away 
from slope. No excavation al-
lowed until upslope wall is con-
structed.

# 750mm encasement may be required if LED is very big or pole is not straight

March 2022

Wooden deck overhang
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Dwelling above wall
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Concrete packer

Concrete packer

Concrete encasement 
(see note 4 Figure 6)

Concrete encasement 
(see note 4 Figure 6)

see insert 
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Section B      Upper (RWU2b)         Lower (RWL4)        
RETAINED HEIGHT   1450  2200 (typically 2000)
EMBEDMENT    4550  6800
POLE DIAMTER (SED)     300     400
MIN ENCASEMENT DIAMETER   600      600#

MAX CENTRES   1000  1300
TOTAL POLE LENGTH   6000   9000

0                               2.5                             5.0                             7.5   m

Scale 1:75 @A3 H=V

Table:

Notes:
For notes refer to Figure 6, Typical Section and SCS Drawings SK-SE-000 to -003

RL11.7m

Residual soils

Highly weathered Greywacke

Moderately weathered Greywacke

Shotcrete facing on 
slope above wall (See 
SCS Drawing SK-SE-
003 Section 3)

Existing exposed 
dwelling foundation
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Existing ground level based 
on Williams & King Survey 
December 2021

# 750mm encasement may be required if LED is very big or pole is not straight

Cut spoil to be removed away 
from slope. No excavation al-
lowed until upslope wall is con-
structed.

Vertical geotextile 
strip drain btween 
each pole behind 
shotcrete. (see SCS 
Drawing SK-SE-003, 
Sections D & E for de-
tails)

Remove loose fill & 
unsuitables and 
bench existing slope 
prior to fill placement. 

Compacted hardfill behind wall
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NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_A-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section A - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
INPUT DATA

SOIL PROFILE
Stratum   Elevation of    ------------------ Soil types -------------------
  no.    top of stratum    Left side                Right side
   1          10.00       1  Back Fill              1  Back Fill
   2           8.00       2  Res soils              2  Res soils
   3           7.00       3  HW Greywacke           3  HW Greywacke
   4           6.47       4  MW Greywacke           4  MW Greywacke

SOIL PROPERTIES
                  Bulk    Young's   At rest  Consol  Active  Passive
-- Soil type --  density  Modulus    coeff.  state.  limit    limit   Cohesion
No. Description   kN/m3  Eh,kN/m2     Ko     NC/OC    Ka       Kp      kN/m2
  (Datum elev.)          (dEh/dy ) (dKo/dy) (  Nu ) ( Kac ) (  Kpc ) ( dc/dy )
 1  Back Fill     18.00     20000    0.470     OC    0.283    3.960     1.000d
                                            (0.200) (1.241) ( 5.127)
 2  Res soils     18.00     25000    0.470     OC    0.260    4.448     6.000d
                                            (0.300) (1.185) ( 5.518)
 3  HW            19.00     50000    0.440     OC    0.237    5.023     10.00d
    Greywacke                               (0.200) (1.131) ( 5.965)
 4  MW            20.00    200000    0.398     OC    0.207    6.100     20.00d
    Greywacke                               (0.200) (1.052) ( 6.768)
 5  Existing      18.00     15000    0.530     OC    0.309    3.543     2.000d
    fill                                    (0.300) (1.299) ( 4.783)

Additional soil parameters associated with Ka and Kp
                          --- parameters for Ka ---  --- parameters for Kp ---
                            Soil      Wall    Back-    Soil      Wall    Back-
------- Soil type ------- friction  adhesion  fill   friction  adhesion  fill
No. Description             angle    coeff.   angle    angle    coeff.   angle
 1  Back Fill               30.00    0.667    0.00     30.00    0.333    0.00
 2  Res soils               32.00    0.667    0.00     32.00    0.333    0.00
 3  HW Greywacke            34.00    0.667    0.00     34.00    0.333    0.00
 4  MW Greywacke            37.00    0.667    0.00     37.00    0.333    0.00
 5  Existing fill           28.00    0.667    0.00     28.00    0.333    0.00

GROUND WATER CONDITIONS
 Density of water = 10.00 kN/m3
                                   Left side     Right side
 Initial water table elevation        1.00            1.00

 Automatic water pressure balancing at toe of wall :  No

WALL PROPERTIES
                         Type of structure = Fully Embedded Wall
                  Elevation of toe of wall =  1.00
             Maximum finite element length =  0.50 m
                  Youngs modulus of wall E = 1.2100E+07 kN/m2
               Moment of inertia of wall I = 9.6660E-04 m4/m run
                                       E.I = 11696 kN.m2/m run
                      Yield Moment of wall = Not defined

HORIZONTAL and MOMENT LOADS/RESTRAINTS
 Load             Horizontal    Moment      Moment     Partial
  no.  Elevation     load        load      restraint   factor
                   kN/m run   kN.m/m run  kN.m/m/rad  (Category)
   1       8.67        4.910      0            0         N/A
   2       8.67        2.520      0            0         N/A

SURCHARGE LOADS
Surch         Distance   Length    Width        Surcharge      Equiv. Partial
-arge           from    parallel  perpend. -----  kN/m2  -----  soil  factor/
 no.   Elev.    wall    to wall   to wall  Near edge  Far edge  type  Category
  1    10.00    3.66(L)  100.00     20.00     44.46     =         2     N/A
  2    10.00    4.50(L)  100.00     20.00     20.00     =         2     N/A
  3    10.00    0.00(L)  100.00      3.66      2.50     =         0     N/A
  4    10.00    0.30(L)    3.00      0.60     35.00     =         0     N/A
  5    10.00    2.70(L)    3.00      0.60     35.00     =         0     N/A
  6    10.00    0.30(L)    3.00      0.60     53.00     =         0     N/A
  7    10.00    2.70(L)    3.00      0.60     17.00     =         0     N/A

    Note: L = Left side,  R = Right side

CONSTRUCTION STAGES
Construction   Stage description
  stage no.    --------------------------------------------------------
      1        Apply surcharge no.1 at elevation 10.00
      2        Apply surcharge no.2 at elevation 10.00
               No analysis at this stage
      3        Apply load no.1 at elevation 8.67
      4        Excavate to elevation 8.00 on RIGHT side
               Toe of berm at elevation 1.00
               Width of top of berm = 0.10
               Width of toe of berm = 7.00
      5        Apply surcharge no.7 at elevation 10.00
      6        Apply surcharge no.6 at elevation 10.00
      7        Remove surcharge no.7 at elevation 10.00
               No analysis at this stage
      8        Remove surcharge no.6 at elevation 10.00
               No analysis at this stage
      9        Apply surcharge no.5 at elevation 10.00
     10        Apply surcharge no.4 at elevation 10.00
     11        Remove surcharge no.5 at elevation 10.00
               No analysis at this stage
     12        Remove surcharge no.4 at elevation 10.00
               No analysis at this stage
     13        Apply surcharge no.3 at elevation 10.00
     14        Excavate to elevation 7.00 on RIGHT side
               Toe of berm at elevation 1.00
               Width of top of berm = 0.10
               Width of toe of berm = 6.00
     15        Apply load no.2 at elevation 8.67

FACTORS OF SAFETY and ANALYSIS OPTIONS

 Stability analysis:
  Method of analysis  -  Burland-Potts
  Factor on passive for calculating wall depth = 2.00
  Passive limit pressures calculated by Wedge Stability

 Parameters for undrained strata:
  Minimum equivalent fluid density             =   5.00 kN/m3
  Maximum depth of water filled tension crack  =   0.00 m

 Bending moment and displacement calculation:
  Method  -  2-D finite element model
  Open Tension Crack analysis? - No
  Soil arching modelled?  -   No
  Non-linear Modulus Parameter (L) = 10.00 m

 Boundary conditions:
  Length of wall (normal to plane of analysis) = 20.00 m

  Width of excavation on Left  side of wall  = 20.00 m
  Width of excavation on Right side of wall  = 20.00 m

  Distance to rigid boundary on Left side  = 20.00 m
  Distance to rigid boundary on Right side = 20.00 m
  Elevation of rigid lower boundary = -10.00

  Lower rigid boundary at elevation -10.00 - Rough
  Rigid boundary on Left side           - Smooth
  Rigid boundary on Right side          - Smooth
  Wall / soil interface                   - Smooth



OUTPUT OPTIONS

 Stage ------ Stage description ----------- ------- Output options -------
  no.                                       Displacement   Active,  Graph.
                                            Bending mom.   Passive  output
                                            Shear force   pressures
   1 Apply surcharge no.1 at elev. 10.00        Yes          Yes     Yes
   2 Apply surcharge no.2 at elev. 10.00         No           No      No
   3 Apply load no.1 at elev. 8.67               No           No      No
   4 Excav. to elev. 8.00 on RIGHT side         Yes          Yes     Yes
   5 Apply surcharge no.7 at elev. 10.00        Yes          Yes     Yes
   6 Apply surcharge no.6 at elev. 10.00        Yes          Yes     Yes
   7 Remove surcharge no.7 at elev. 10.00        No           No      No
   8 Remove surcharge no.6 at elev. 10.00        No           No      No
   9 Apply surcharge no.5 at elev. 10.00        Yes          Yes     Yes
  10 Apply surcharge no.4 at elev. 10.00        Yes          Yes     Yes
  11 Remove surcharge no.5 at elev. 10.00        No           No      No
  12 Remove surcharge no.4 at elev. 10.00        No           No      No
  13 Apply surcharge no.3 at elev. 10.00        Yes          Yes     Yes
  14 Excav. to elev. 7.00 on RIGHT side          No          Yes      No
  15 Apply load no.2 at elev. 8.67              Yes          Yes     Yes
   * Summary output                             Yes           -      Yes

Program WALLAP - Copyright (C) 2017 by DL Borin,  distributed by GEOSOLVE
         150 St. Alphonsus Road, London SW4 7BW, UK    www.geosolve.co.uk

NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_A-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section A - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

STABILITY ANALYSIS of Fully Embedded Wall according to Burland-Potts method
 Factor of safety on nett available passive
 Passive limit pressures calculated by Wedge Stability

                                FoS for toe       Toe elev. for
                               elev. =    1.00     FoS = 2.000
                               ---------------    -------------
 Stage  --- G.L. ---   Strut   Factor  Moment      Toe    Wall    Direction
  No.   Act.   Pass.    Elev.    of    equilib.   elev.  Penetr       of
                               Safety  at elev.          -ation     failure
   1   10.00   10.00    ---    Conditions not suitable for FoS calc.
   2   10.00   10.00           No analysis at this stage
   3   10.00   10.00    Cant. 124.570     4.80     ***     ***      L to R
   4   10.00    8.00    Cant.   3.372     1.18     2.80    5.20     L to R
   5   10.00    8.00    Cant.   3.346     1.18     2.78    5.22     L to R
   6   10.00    8.00    Cant.   2.403     1.19     1.69    6.31     L to R
   7   10.00    8.00           No analysis at this stage
   8   10.00    8.00           No analysis at this stage
   9   10.00    8.00    Cant.   3.320     1.18     2.76    5.24     L to R
  10   10.00    8.00    Cant.   2.635     1.19     2.01    5.99     L to R
  11   10.00    8.00           No analysis at this stage
  12   10.00    8.00           No analysis at this stage
  13   10.00    8.00    Cant.   3.159     1.18     2.60    5.40     L to R
  14   10.00    7.00    Cant.   2.351     1.13     1.76    5.24     L to R
  15   10.00    7.00    Cant.   2.238     1.14     1.53    5.47     L to R

   Legend: *** Result not found



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_A-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section A - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

BENDING MOMENT and DISPLACEMENT ANALYSIS of Fully Embedded Wall
  Analysis options
  Length of wall perpendicular to section = 20.00m
  2-D finite element model.    Soil arching not modelled.
  Soil deformations are elastic until the active or passive limit is reached
  Passive limit pressures calculated by Wedge Stability
  Open Tension Crack analysis - No
  All soil moduli were factored to take account of
  3-D effects due to the finite length of wall:
                Modulus factors - Left side = 1.04
                                 Right side = 1.03

  Rigid boundaries:     Left side 20.00 from wall       Smooth boundary
                       Right side 20.00 from wall       Smooth boundary
  Lower rigid boundary at elevation -10.00               Rough boundary

Bending moment, shear force and displacement envelopes
Node    Y       Displacement         Bending moment       Shear force
 no.  coord   maximum   minimum    maximum   minimum    maximum   minimum
                  m         m       kN.m/m    kN.m/m      kN/m      kN/m
  1   10.00     0.108     0.000        0.0      -0.0        0.0       0.0
  2    9.50     0.098     0.000        0.9      -0.1        2.8      -0.6
  3    9.09     0.089     0.000        2.7      -0.5        5.2      -1.5
  4    8.67     0.081     0.000        5.3      -1.3       14.0      -2.5
  5    8.34     0.074     0.000       10.4      -0.7       17.9      -0.2
  6    8.00     0.067     0.000       16.8      -0.2       22.3      -0.2
  7    7.50     0.057     0.000       28.4      -0.2       24.7      -0.0
  8    7.00     0.048     0.000       41.3      -0.1       26.5       0.0
  9    6.74     0.043     0.000       48.2      -0.0       24.9       0.0
 10    6.47     0.039     0.000       54.4       0.0       21.9       0.0
 11    5.99     0.032     0.000       63.2       0.0       14.3      -0.5
 12    5.50     0.025     0.000       67.0       0.0        3.9     -12.9
 13    5.00     0.020     0.000       61.7       0.0        0.0     -21.4
 14    4.50     0.016     0.000       50.4       0.0        0.0     -33.5
 15    4.00     0.013     0.000       34.4       0.0        0.0     -27.9
 16    3.50     0.011     0.000       22.0      -0.0        0.0     -19.6
 17    3.00     0.010     0.000       14.7      -0.0        0.0     -11.2
 18    2.50     0.008     0.000       10.7      -0.0        0.0      -6.5
 19    2.00     0.007     0.000        8.0      -0.0        0.0      -5.8
 20    1.50     0.006     0.000        4.8      -0.0        0.0      -7.9
 21    1.00     0.005     0.000        0.0      -0.0        0.0      -1.8
 22    0.88     0.005     0.000        0.0       0.0        0.1      -0.0
 23   -0.56     0.004     0.000        0.0       0.0        0.0      -0.2
 24   -2.00     0.002     0.000        0.0       0.0        0.1      -0.1
 25   -4.00     0.001     0.000        0.0       0.0        0.1      -0.1
 26   -6.00     0.001     0.000        0.0       0.0        0.2      -0.1
 27   -8.00     0.001     0.000        0.0       0.0        0.3      -0.0
 28  -10.00     0.000     0.000        0.0       0.0        0.1      -0.0

Run ID. Section_A-lowerwall                                 | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section A - lower wall                                      | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)

Maximum and minimum bending moment and shear force at each stage
Stage  --------- Bending moment --------   ---------- Shear force ----------
 no.   maximum   elev.   minimum   elev.   maximum   elev.   minimum   elev.
        kN.m/m            kN.m/m              kN/m              kN/m
  1        0.2    5.99      -0.2    7.50       0.6    6.47      -0.2    8.00
  2    No calculation at this stage
  3        0.7    6.47      -1.3    8.67       2.4    8.67      -2.5    8.67
  4       32.5    5.99      -0.0    1.00      14.9    7.00     -19.6    5.00
  5       32.9    5.99      -0.0    1.00      15.1    7.00     -19.9    5.00
  6       67.0    5.50      -0.0    1.00      26.5    7.00     -33.5    4.50
  7    No calculation at this stage
  8    No calculation at this stage
  9       66.3    5.50      -0.0    1.00      25.2    7.00     -33.2    4.50
 10       66.6    5.50      -0.0    1.00      26.1    7.00     -33.2    4.50
 11    No calculation at this stage
 12    No calculation at this stage
 13       66.3    5.50      -0.0    1.00      25.4    7.00     -33.1    4.50
 14       57.9    5.50      -0.0    1.00      24.5    7.00     -27.6    4.00
 15       58.3    5.50      -0.0    1.00      25.6    7.00     -27.7    4.00

Maximum and minimum displacement at each stage
Stage -------- Displacement ---------   Stage description
 no.  maximum  elev.   minimum  elev.   -----------------
          m                m
  1    0.000   -0.56    0.000   10.00   Apply surcharge no.1 at elev. 10.00
  2    No calculation at this stage     Apply surcharge no.2 at elev. 10.00
  3    0.000    9.09    0.000   10.00   Apply load no.1 at elev. 8.67
  4    0.038   10.00    0.000   10.00   Excav. to elev. 8.00 on RIGHT side
  5    0.039   10.00    0.000   10.00   Apply surcharge no.7 at elev. 10.00
  6    0.106   10.00    0.000   10.00   Apply surcharge no.6 at elev. 10.00
  7    No calculation at this stage     Remove surcharge no.7 at elev. 10.00
  8    No calculation at this stage     Remove surcharge no.6 at elev. 10.00
  9    0.105   10.00    0.000   10.00   Apply surcharge no.5 at elev. 10.00
 10    0.106   10.00    0.000   10.00   Apply surcharge no.4 at elev. 10.00
 11    No calculation at this stage     Remove surcharge no.5 at elev. 10.00
 12    No calculation at this stage     Remove surcharge no.4 at elev. 10.00
 13    0.105   10.00    0.000   10.00   Apply surcharge no.3 at elev. 10.00
 14    0.108   10.00    0.000   10.00   Excav. to elev. 7.00 on RIGHT side
 15    0.108   10.00    0.000   10.00   Apply load no.2 at elev. 8.67



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_A-upperwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section A-upper wall                                        | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
INPUT DATA

SOIL PROFILE
Stratum   Elevation of    ------------------ Soil types -------------------
  no.    top of stratum    Left side                Right side
   1          11.50       5  Existing fill          5  Existing fill
   2          10.82       2  Res soils              2  Res soils
   3           9.54       3  HW Greywacke           3  HW Greywacke
   4           8.90       4  MW Greywacke           4  MW Greywacke

SOIL PROPERTIES
                  Bulk    Young's   At rest  Consol  Active  Passive
-- Soil type --  density  Modulus    coeff.  state.  limit    limit   Cohesion
No. Description   kN/m3  Eh,kN/m2     Ko     NC/OC    Ka       Kp      kN/m2
  (Datum elev.)          (dEh/dy ) (dKo/dy) (  Nu ) ( Kac ) (  Kpc ) ( dc/dy )
 1  Back Fill     18.00     20000    0.470     OC    0.283    3.960     1.000d
                                            (0.200) (1.241) ( 5.127)
 2  Res soils     18.00     25000    0.470     OC    0.260    4.448     6.000d
                                            (0.300) (1.185) ( 5.518)
 3  HW            19.00     50000    0.440     OC    0.237    5.023     10.00d
    Greywacke                               (0.200) (1.131) ( 5.965)
 4  MW            20.00    200000    0.398     OC    0.207    6.100     20.00d
    Greywacke                               (0.200) (1.052) ( 6.768)
 5  Existing      18.00     15000    0.530     OC    0.309    3.543     2.000d
    fill                                    (0.300) (1.299) ( 4.783)

Additional soil parameters associated with Ka and Kp
                          --- parameters for Ka ---  --- parameters for Kp ---
                            Soil      Wall    Back-    Soil      Wall    Back-
------- Soil type ------- friction  adhesion  fill   friction  adhesion  fill
No. Description             angle    coeff.   angle    angle    coeff.   angle
 1  Back Fill               30.00    0.667    0.00     30.00    0.333    0.00
 2  Res soils               32.00    0.667    0.00     32.00    0.333    0.00
 3  HW Greywacke            34.00    0.667    0.00     34.00    0.333    0.00
 4  MW Greywacke            37.00    0.667    0.00     37.00    0.333    0.00
 5  Existing fill           28.00    0.667    0.00     28.00    0.333    0.00

GROUND WATER CONDITIONS
 Density of water = 10.00 kN/m3
                                   Left side     Right side
 Initial water table elevation        1.83            1.83

 Automatic water pressure balancing at toe of wall :  No

WALL PROPERTIES
                         Type of structure = Fully Embedded Wall
                  Elevation of toe of wall =  7.30
             Maximum finite element length =  0.30 m
                  Youngs modulus of wall E = 1.2100E+07 kN/m2
               Moment of inertia of wall I = 3.9760E-04 m4/m run
                                       E.I = 4811.0 kN.m2/m run
                      Yield Moment of wall = Not defined

HORIZONTAL and MOMENT LOADS/RESTRAINTS
 Load             Horizontal    Moment      Moment     Partial
  no.  Elevation     load        load      restraint   factor
                   kN/m run   kN.m/m run  kN.m/m/rad  (Category)
   1      10.82        7.480      0            0         N/A
   2      10.82        3.840      0            0         N/A

SURCHARGE LOADS
Surch         Distance   Length    Width        Surcharge      Equiv. Partial
-arge           from    parallel  perpend. -----  kN/m2  -----  soil  factor/
 no.   Elev.    wall    to wall   to wall  Near edge  Far edge  type  Category
  1    12.47    0.90(L)  100.00     20.00     20.00     =       N/A     N/A

    Note: L = Left side,  R = Right side

CONSTRUCTION STAGES
Construction   Stage description
  stage no.    --------------------------------------------------------
      1        Fill to elevation 12.47 on LEFT side with soil type 1
      2        Change EI of wall to 4811.0 kN.m2/m run
               Yield moment not defined
               Reset wall displacements to zero at this stage
      3        Apply surcharge no.1 at elevation 12.47
      4        Apply load no.1 at elevation 10.82
      5        Excavate to elevation 10.00 on RIGHT side
      6        Excavate to elevation 9.00 on RIGHT side
      7        Fill to elevation 10.00 on RIGHT side with soil type 1
      8        Apply load no.2 at elevation 10.82

FACTORS OF SAFETY and ANALYSIS OPTIONS

 Stability analysis:
  Method of analysis  -  Burland-Potts
  Factor on passive for calculating wall depth = 2.00

 Parameters for undrained strata:
  Minimum equivalent fluid density             =   5.00 kN/m3
  Maximum depth of water filled tension crack  =   0.00 m

 Bending moment and displacement calculation:
  Method  -  2-D finite element model
  Open Tension Crack analysis? - No
  Soil arching modelled?  -   No
  Non-linear Modulus Parameter (L) = 6.000 m

 Boundary conditions:
  Length of wall (normal to plane of analysis) = 20.00 m

  Width of excavation on Left  side of wall  = 20.00 m
  Width of excavation on Right side of wall  = 20.00 m

  Distance to rigid boundary on Left side  = 20.00 m
  Distance to rigid boundary on Right side = 20.00 m
  Elevation of rigid lower boundary = 0.00

  Lower rigid boundary at elevation 0.00 - Rough
  Rigid boundary on Left side           - Smooth
  Rigid boundary on Right side          - Smooth
  Wall / soil interface                   - Smooth



OUTPUT OPTIONS

 Stage ------ Stage description ----------- ------- Output options -------
  no.                                       Displacement   Active,  Graph.
                                            Bending mom.   Passive  output
                                            Shear force   pressures
   1 Fill to elev. 12.47 on LEFT side            No           No      No
   2 Change EI of wall to 4811.0kN.m2/m run      No           No      No
   3 Apply surcharge no.1 at elev. 12.47        Yes          Yes     Yes
   4 Apply load no.1 at elev. 10.82              No           No      No
   5 Excav. to elev. 10.00 on RIGHT side        Yes          Yes     Yes
   6 Excav. to elev. 9.00 on RIGHT side         Yes          Yes     Yes
   7 Fill to elev. 10.00 on RIGHT side          Yes          Yes     Yes
   8 Apply load no.2 at elev. 10.82             Yes          Yes     Yes
   * Summary output                             Yes           -      Yes

Program WALLAP - Copyright (C) 2017 by DL Borin,  distributed by GEOSOLVE
         150 St. Alphonsus Road, London SW4 7BW, UK    www.geosolve.co.uk

NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_A-upperwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section A-upper wall                                        | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

STABILITY ANALYSIS of Fully Embedded Wall according to Burland-Potts method
 Factor of safety on nett available passive

                                FoS for toe       Toe elev. for
                               elev. =    7.30     FoS = 2.000
                               ---------------    -------------
 Stage  --- G.L. ---   Strut   Factor  Moment      Toe    Wall    Direction
  No.   Act.   Pass.    Elev.    of    equilib.   elev.  Penetr       of
                               Safety  at elev.          -ation     failure
   1   12.47   11.50    Cant.  25.902     7.90    10.85    0.65     L to R
   2   12.47   11.50           No analysis at this stage
   3   12.47   11.50    Cant.  21.165     7.85    10.72    0.78     L to R
   4   12.47   11.50    Cant.  13.959     7.88    10.57    0.93     L to R
   5   12.47   10.00    Cant.   4.598     7.69     8.29    1.71     L to R
   6   12.47    9.00    Cant.   2.260     7.57     7.43    1.57     L to R
   7   12.47   10.00    Cant.   3.661     7.67     7.94    2.06     L to R
   8   12.47   10.00    Cant.   3.220     7.68     7.81    2.19     L to R



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_A-upperwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section A-upper wall                                        | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

BENDING MOMENT and DISPLACEMENT ANALYSIS of Fully Embedded Wall
  Analysis options
  Length of wall perpendicular to section = 20.00m
  2-D finite element model.    Soil arching not modelled.
  Soil deformations are elastic until the active or passive limit is reached
  Open Tension Crack analysis - No

  Rigid boundaries:     Left side 20.00 from wall       Smooth boundary
                       Right side 20.00 from wall       Smooth boundary
  Lower rigid boundary at elevation 0.00                 Rough boundary

Bending moment, shear force and displacement envelopes
Node    Y       Displacement         Bending moment       Shear force
 no.  coord   maximum   minimum    maximum   minimum    maximum   minimum
                  m         m       kN.m/m    kN.m/m      kN/m      kN/m
  1   12.47     0.058     0.000        0.0      -0.0        0.0       0.0
  2   12.24     0.055     0.000        0.0       0.0        0.0       0.0
  3   12.00     0.051     0.000        0.0       0.0        0.2       0.0
  4   11.75     0.047     0.000        0.1       0.0        0.7       0.0
  5   11.50     0.043     0.000        0.4       0.0        1.7       0.0
  6   11.33     0.040     0.000        0.8       0.0        2.5       0.0
  7   11.16     0.037     0.000        1.3       0.0        3.6      -0.7
  8   10.99     0.035     0.000        2.0       0.0        4.8      -1.8
  9   10.82     0.032     0.000        2.9       0.0       17.6      -2.6
 10   10.66     0.029     0.000        5.8       0.0       18.1      -0.3
 11   10.50     0.027     0.000        8.7       0.0       18.7      -0.7
 12   10.25     0.023     0.000       13.6       0.0       20.1      -0.7
 13   10.00     0.019     0.000       18.8       0.0       21.8      -0.2
 14    9.77     0.016     0.000       24.0       0.0       21.8       0.0
 15    9.54     0.013     0.000       28.9       0.0       22.1       0.0
 16    9.27     0.010     0.000       34.3       0.0       23.2      -9.5
 17    9.00     0.008     0.000       39.9       0.0       24.9     -13.2
 18    8.90     0.007     0.000       41.9       0.0       19.2     -13.3
 19    8.65     0.005     0.000       41.0       0.0        0.0     -25.4
 20    8.40     0.004     0.000       29.2       0.0        0.0     -46.5
 21    8.10     0.003     0.000       15.5       0.0        0.0     -36.8
 22    7.80     0.003     0.000        7.1       0.0        0.0     -22.0
 23    7.55     0.002     0.000        2.9       0.0        0.0     -14.2
 24    7.30     0.002     0.000        0.0      -0.0        0.0      -2.6
 25    7.23     0.002     0.000        0.0       0.0        0.0      -0.0
 26    6.61     0.002     0.000        0.0       0.0        0.0      -0.0
 27    6.00     0.001     0.000        0.0       0.0        0.0      -0.0
 28    4.80     0.001     0.000        0.0       0.0        0.0      -0.0
 29    3.60     0.001     0.000        0.0       0.0        0.0      -0.0
 30    2.40     0.000     0.000        0.0       0.0        0.0      -0.0
 31    1.20     0.000     0.000        0.0       0.0        0.0       0.0
 32    0.00     0.000     0.000        0.0       0.0        0.0       0.0

Run ID. Section_A-upperwall                                 | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section A-upper wall                                        | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)

Maximum and minimum bending moment and shear force at each stage
Stage  --------- Bending moment --------   ---------- Shear force ----------
 no.   maximum   elev.   minimum   elev.   maximum   elev.   minimum   elev.
        kN.m/m            kN.m/m              kN/m              kN/m
  1        0.9    8.90       0.0   12.47       1.4   11.50      -1.0    8.40
  2    No calculation at this stage
  3        1.4    8.90       0.0   12.47       2.1    9.54      -1.5    8.40
  4        1.9    8.90       0.0   12.47       4.9   10.82      -2.6   10.82
  5       20.9    9.54      -0.0   12.47      17.9   10.00     -18.6    8.65
  6       39.2    8.65      -0.0   12.47      24.9    9.00     -43.7    8.40
  7       39.1    8.65      -0.0   12.47      24.2    9.00     -43.7    8.40
  8       41.9    8.90      -0.0   12.47      22.3    9.00     -46.5    8.40

Maximum and minimum displacement at each stage
Stage -------- Displacement ---------   Stage description
 no.  maximum  elev.   minimum  elev.   -----------------
          m                m
  1    0.002   12.47    0.000   12.47   Fill to elev. 12.47 on LEFT side
  2    Wall displacements reset to zero Change EI of wall to 4811.0kN.m2/m run
  3    0.001   12.47    0.000   12.47   Apply surcharge no.1 at elev. 12.47
  4    0.001   12.47    0.000   12.47   Apply load no.1 at elev. 10.82
  5    0.023   12.47    0.000   12.47   Excav. to elev. 10.00 on RIGHT side
  6    0.054   12.47    0.000   12.47   Excav. to elev. 9.00 on RIGHT side
  7    0.054   12.47    0.000   12.47   Fill to elev. 10.00 on RIGHT side
  8    0.058   12.47    0.000   12.47   Apply load no.2 at elev. 10.82



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
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                                                       Units: kN,m
INPUT DATA

SOIL PROFILE
Stratum   Elevation of    ------------------ Soil types -------------------
  no.    top of stratum    Left side                Right side
   1          11.70       1  Back Fill              1  Back Fill
   2           9.70       2  Res soils              2  Res soils
   3           8.40       3  HW Greywacke           3  HW Greywacke
   4           7.40       4  MW Greywacke           4  MW Greywacke

SOIL PROPERTIES
                  Bulk    Young's   At rest  Consol  Active  Passive
-- Soil type --  density  Modulus    coeff.  state.  limit    limit   Cohesion
No. Description   kN/m3  Eh,kN/m2     Ko     NC/OC    Ka       Kp      kN/m2
  (Datum elev.)          (dEh/dy ) (dKo/dy) (  Nu ) ( Kac ) (  Kpc ) ( dc/dy )
 1  Back Fill     18.00     20000    0.470     OC    0.283    3.960     1.000d
                                            (0.200) (1.241) ( 5.127)
 2  Res soils     18.00     25000    0.470     OC    0.260    4.448     6.000d
                                            (0.300) (1.185) ( 5.518)
 3  HW            19.00     50000    0.440     OC    0.237    5.023     10.00d
    Greywacke                               (0.200) (1.131) ( 5.965)
 4  MW            20.00    200000    0.398     OC    0.207    6.100     20.00d
    Greywacke                               (0.200) (1.052) ( 6.768)
 5  Existing      18.00     15000    0.530     OC    0.309    3.543     2.000d
    fill                                    (0.300) (1.299) ( 4.783)

Additional soil parameters associated with Ka and Kp
                          --- parameters for Ka ---  --- parameters for Kp ---
                            Soil      Wall    Back-    Soil      Wall    Back-
------- Soil type ------- friction  adhesion  fill   friction  adhesion  fill
No. Description             angle    coeff.   angle    angle    coeff.   angle
 1  Back Fill               30.00    0.667    0.00     30.00    0.333    0.00
 2  Res soils               32.00    0.667    0.00     32.00    0.333    0.00
 3  HW Greywacke            34.00    0.667    0.00     34.00    0.333    0.00
 4  MW Greywacke            37.00    0.667    0.00     37.00    0.333    0.00
 5  Existing fill           28.00    0.667    0.00     28.00    0.333    0.00

GROUND WATER CONDITIONS
 Density of water = 10.00 kN/m3
                                   Left side     Right side
 Initial water table elevation        1.83            1.83

 Automatic water pressure balancing at toe of wall :  No

WALL PROPERTIES
                         Type of structure = Fully Embedded Wall
                  Elevation of toe of wall =  2.70
             Maximum finite element length =  0.50 m
                  Youngs modulus of wall E = 1.2100E+07 kN/m2
               Moment of inertia of wall I = 9.6660E-04 m4/m run
                                       E.I = 11696 kN.m2/m run
                      Yield Moment of wall = Not defined

HORIZONTAL and MOMENT LOADS/RESTRAINTS
 Load             Horizontal    Moment      Moment     Partial
  no.  Elevation     load        load      restraint   factor
                   kN/m run   kN.m/m run  kN.m/m/rad  (Category)
   1      10.37        4.910      0            0         N/A
   2      10.37        2.520      0            0         N/A

SURCHARGE LOADS
Surch         Distance   Length    Width        Surcharge      Equiv. Partial
-arge           from    parallel  perpend. -----  kN/m2  -----  soil  factor/
 no.   Elev.    wall    to wall   to wall  Near edge  Far edge  type  Category
  1    11.70    3.66(L)  100.00     20.00     28.80     =         2     N/A
  2    11.70    5.80(L)  100.00     20.00     52.40     =         2     N/A
  3    11.70    3.66(L)  100.00      2.14      0.00     21.60     2     N/A
  4    11.70    0.00(L)    3.66    100.00      2.50     =         0     N/A
  5    11.70    0.30(L)    3.00      0.60     35.00     =         0     N/A
  6    11.70    2.70(L)    3.00      0.60     35.00     =         0     N/A
  7    11.70    0.30(L)    3.00      0.60     53.00     =         0     N/A
  8    11.70    2.70(L)    3.00      0.60     17.00     =         0     N/A

    Note: L = Left side,  R = Right side
          A trapezoidal surcharge is defined by two values:
          N = at edge near to wall,  F = at edge far from wall

CONSTRUCTION STAGES
Construction   Stage description
  stage no.    --------------------------------------------------------
      1        Apply surcharge no.1 at elevation 11.70
      2        Apply surcharge no.2 at elevation 11.70
               No analysis at this stage
      3        Apply surcharge no.3 at elevation 11.70
      4        Apply load no.1 at elevation 10.37
      5        Excavate to elevation 9.70 on RIGHT side
               Toe of berm at elevation 2.70
               Width of top of berm = 0.10
               Width of toe of berm = 7.00
      6        Apply surcharge no.6 at elevation 11.70
      7        Apply surcharge no.5 at elevation 11.70
               No analysis at this stage
      8        Remove surcharge no.5 at elevation 11.70
               No analysis at this stage
      9        Remove surcharge no.6 at elevation 11.70
               No analysis at this stage
     10        Apply surcharge no.7 at elevation 11.70
     11        Apply surcharge no.8 at elevation 11.70
     12        Remove surcharge no.7 at elevation 11.70
               No analysis at this stage
     13        Remove surcharge no.8 at elevation 11.70
               No analysis at this stage
     14        Apply surcharge no.4 at elevation 11.70
     15        Excavate to elevation 8.70 on RIGHT side
               Toe of berm at elevation 2.70
               Width of top of berm = 0.10
               Width of toe of berm = 6.00
     16        Apply load no.2 at elevation 10.37

FACTORS OF SAFETY and ANALYSIS OPTIONS

 Stability analysis:
  Method of analysis  -  Burland-Potts
  Factor on passive for calculating wall depth = 2.00
  Active limit pressures calculated by Wedge Stability

 Parameters for undrained strata:
  Minimum equivalent fluid density             =   5.00 kN/m3
  Maximum depth of water filled tension crack  =   0.00 m

 Bending moment and displacement calculation:
  Method  -  2-D finite element model
  Open Tension Crack analysis? - No
  Soil arching modelled?  -   No
  Non-linear Modulus Parameter (L) = 9.000 m

 Boundary conditions:
  Length of wall (normal to plane of analysis) = 20.00 m

  Width of excavation on Left  side of wall  = 20.00 m
  Width of excavation on Right side of wall  = 20.00 m

  Distance to rigid boundary on Left side  = 20.00 m
  Distance to rigid boundary on Right side = 20.00 m
  Elevation of rigid lower boundary = -10.00

  Lower rigid boundary at elevation -10.00 - Rough
  Rigid boundary on Left side           - Smooth



  Rigid boundary on Right side          - Smooth
  Wall / soil interface                   - Smooth

OUTPUT OPTIONS

 Stage ------ Stage description ----------- ------- Output options -------
  no.                                       Displacement   Active,  Graph.
                                            Bending mom.   Passive  output
                                            Shear force   pressures
   1 Apply surcharge no.1 at elev. 11.70        Yes          Yes     Yes
   2 Apply surcharge no.2 at elev. 11.70         No           No      No
   3 Apply surcharge no.3 at elev. 11.70        Yes          Yes     Yes
   4 Apply load no.1 at elev. 10.37              No           No      No
   5 Excav. to elev. 9.70 on RIGHT side         Yes          Yes     Yes
   6 Apply surcharge no.6 at elev. 11.70        Yes          Yes     Yes
   7 Apply surcharge no.5 at elev. 11.70         No           No      No
   8 Remove surcharge no.5 at elev. 11.70        No           No      No
   9 Remove surcharge no.6 at elev. 11.70        No           No      No
  10 Apply surcharge no.7 at elev. 11.70         No           No      No
  11 Apply surcharge no.8 at elev. 11.70        Yes          Yes     Yes
  12 Remove surcharge no.7 at elev. 11.70        No           No      No
  13 Remove surcharge no.8 at elev. 11.70        No           No      No
  14 Apply surcharge no.4 at elev. 11.70        Yes          Yes     Yes
  15 Excav. to elev. 8.70 on RIGHT side         Yes          Yes     Yes
  16 Apply load no.2 at elev. 10.37             Yes          Yes     Yes
   * Summary output                             Yes           -      Yes

Program WALLAP - Copyright (C) 2017 by DL Borin,  distributed by GEOSOLVE
         150 St. Alphonsus Road, London SW4 7BW, UK    www.geosolve.co.uk
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                                                       Units: kN,m
Summary of results

STABILITY ANALYSIS of Fully Embedded Wall according to Burland-Potts method
 Factor of safety on nett available passive
 Active limit pressures calculated by Wedge Stability

                                FoS for toe       Toe elev. for
                               elev. =    2.70     FoS = 2.000
                               ---------------    -------------
 Stage  --- G.L. ---   Strut   Factor  Moment      Toe    Wall    Direction
  No.   Act.   Pass.    Elev.    of    equilib.   elev.  Penetr       of
                               Safety  at elev.          -ation     failure
   1   11.70   11.70    ---    Conditions not suitable for FoS calc.
   2   11.70   11.70           No analysis at this stage
   3   11.70   11.70    ---    Conditions not suitable for FoS calc.
   4   11.70   11.70    ---    Conditions not suitable for FoS calc.
   5   11.70    9.70    Cant.   3.711     2.82     5.98    3.72     L to R
   6   11.70    9.70    Cant.   3.591     2.82     5.85    3.85     L to R
   7   11.70    9.70           No analysis at this stage
   8   11.70    9.70           No analysis at this stage
   9   11.70    9.70           No analysis at this stage
  10   11.70    9.70    Cant.   2.393     2.84     3.84    5.86     L to R
  11   11.70    9.70    Cant.   2.368     2.84     3.78    5.92     L to R
  12   11.70    9.70           No analysis at this stage
  13   11.70    9.70           No analysis at this stage
  14   11.70    9.70    Cant.   3.447     2.82     5.73    3.97     L to R
  15   11.70    8.70    Cant.   2.135     2.79     3.13    5.57     L to R
  16   11.70    8.70    Cant.   2.032     2.79     2.80    5.90     L to R

NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_B-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section B - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

BENDING MOMENT and DISPLACEMENT ANALYSIS of Fully Embedded Wall
  Analysis options
  Length of wall perpendicular to section = 20.00m
  2-D finite element model.    Soil arching not modelled.
  Soil deformations are elastic until the active or passive limit is reached
  Active limit pressures calculated by Wedge Stability
  Open Tension Crack analysis - No
  All soil moduli were factored to take account of
  3-D effects due to the finite length of wall:
                Modulus factors - Left side = 1.04
                                 Right side = 1.03

  Rigid boundaries:     Left side 20.00 from wall       Smooth boundary
                       Right side 20.00 from wall       Smooth boundary
  Lower rigid boundary at elevation -10.00               Rough boundary

Bending moment, shear force and displacement envelopes
Node    Y       Displacement         Bending moment       Shear force
 no.  coord   maximum   minimum    maximum   minimum    maximum   minimum
                  m         m       kN.m/m    kN.m/m      kN/m      kN/m
  1   11.70     0.083     0.000        0.0       0.0        0.0       0.0
  2   11.35     0.077     0.000        0.3      -0.0        5.8      -0.3
  3   11.00     0.071     0.000        4.2      -0.2       12.9      -1.0
  4   10.68     0.065     0.000        8.9      -0.6       15.7      -1.7
  5   10.37     0.060     0.000       14.1      -1.3       23.4      -2.5
  6   10.04     0.054     0.000       22.0      -0.6       26.8      -0.2
  7    9.70     0.048     0.000       31.6      -0.2       30.6      -0.3
  8    9.20     0.039     0.000       46.5      -0.3       27.2      -0.3
  9    8.70     0.032     0.000       59.2      -0.4       25.0       0.0
 10    8.40     0.027     0.000       65.3      -0.3       24.5       0.0
 11    7.90     0.021     0.000       69.5      -0.1       17.4      -5.1
 12    7.40     0.016     0.000       64.7       0.0       12.9     -17.0
 13    6.95     0.012     0.000       60.3       0.0        0.0     -48.4
 14    6.50     0.010     0.000       47.2       0.0        0.0     -39.2
 15    6.00     0.008     0.000       28.1       0.0        0.0     -31.9
 16    5.50     0.006     0.000       15.3       0.0        0.0     -18.9
 17    5.00     0.005     0.000        9.2       0.0        0.0      -8.9
 18    4.50     0.005     0.000        6.4       0.0        0.0      -4.4
 19    4.00     0.004     0.000        4.9      -0.0        0.0      -2.9
 20    3.50     0.003     0.000        3.5      -0.0        0.0      -3.3
 21    3.10     0.003     0.000        2.0      -0.0        0.0      -4.4
 22    2.70     0.003     0.000        0.0      -0.0        0.0      -1.2
 23    2.58     0.003     0.000        0.0       0.0        0.0      -0.0
 24    1.29     0.002     0.000        0.0       0.0        0.0      -0.2
 25    0.00     0.001     0.000        0.0       0.0        0.0      -0.2
 26   -2.00     0.001     0.000        0.0       0.0        0.0      -0.2
 27   -4.00     0.001     0.000        0.0       0.0        0.0      -0.1
 28   -6.00     0.000     0.000        0.0       0.0        0.1      -0.1
 29   -8.00     0.000     0.000        0.0       0.0        0.1      -0.0
 30  -10.00     0.000     0.000        0.0       0.0        0.0       0.0



Run ID. Section_B-lowerwall                                 | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section B - lower wall                                      | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)

Maximum and minimum bending moment and shear force at each stage
Stage  --------- Bending moment --------   ---------- Shear force ----------
 no.   maximum   elev.   minimum   elev.   maximum   elev.   minimum   elev.
        kN.m/m            kN.m/m              kN/m              kN/m
  1        0.1    6.95      -0.2    8.70       0.5    7.40      -0.2    9.70
  2    No calculation at this stage
  3        0.3    6.95      -0.4    8.70       0.9    7.40      -0.3    9.70
  4        0.4    7.40      -1.3   10.37       2.4   10.37      -2.5   10.37
  5       19.3    8.40      -0.0    2.70      12.6    9.70     -12.4    6.95
  6       19.4    8.40      -0.0    2.70      12.6    9.70     -12.5    6.95
  7    No calculation at this stage
  8    No calculation at this stage
  9    No calculation at this stage
 10       69.5    7.90      -0.0    2.70      30.6    9.70     -48.4    6.95
 11       69.5    7.90      -0.0    2.70      30.6    9.70     -48.4    6.95
 12    No calculation at this stage
 13    No calculation at this stage
 14       66.8    7.90      -0.0    2.70      27.7    9.70     -46.6    6.95
 15       62.1    7.40      -0.0    2.70      24.2    8.70     -33.2    6.50
 16       62.9    7.40      -0.0    2.70      25.0    8.70     -33.1    6.50

Maximum and minimum displacement at each stage
Stage -------- Displacement ---------   Stage description
 no.  maximum  elev.   minimum  elev.   -----------------
          m                m
  1    0.000    9.20    0.000   11.70   Apply surcharge no.1 at elev. 11.70
  2    No calculation at this stage     Apply surcharge no.2 at elev. 11.70
  3    0.000   -2.00    0.000   11.70   Apply surcharge no.3 at elev. 11.70
  4    0.000   10.68    0.000   11.70   Apply load no.1 at elev. 10.37
  5    0.017   11.70    0.000   11.70   Excav. to elev. 9.70 on RIGHT side
  6    0.017   11.70    0.000   11.70   Apply surcharge no.6 at elev. 11.70
  7    No calculation at this stage     Apply surcharge no.5 at elev. 11.70
  8    No calculation at this stage     Remove surcharge no.5 at elev. 11.70
  9    No calculation at this stage     Remove surcharge no.6 at elev. 11.70
 10    0.072   11.70    0.000   11.70   Apply surcharge no.7 at elev. 11.70
 11    0.072   11.70    0.000   11.70   Apply surcharge no.8 at elev. 11.70
 12    No calculation at this stage     Remove surcharge no.7 at elev. 11.70
 13    No calculation at this stage     Remove surcharge no.8 at elev. 11.70
 14    0.072   11.70    0.000   11.70   Apply surcharge no.4 at elev. 11.70
 15    0.082   11.70    0.000   11.70   Excav. to elev. 8.70 on RIGHT side
 16    0.083   11.70    0.000   11.70   Apply load no.2 at elev. 10.37

Run ID. Section_B-lowerwall                                 | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section B - lower wall                                      | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_B                             |
1A Seaview Road                                             | Date: 9-03-2022
Section B                                                   | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
INPUT DATA

SOIL PROFILE
Stratum   Elevation of    ------------------ Soil types -------------------
  no.    top of stratum    Left side                Right side
   1          11.70       1  Back Fill              1  Back Fill
   2           9.70       2  Res soils              2  Res soils
   3           8.40       3  HW Greywacke           3  HW Greywacke
   4           7.40       4  MW Greywacke           4  MW Greywacke

SOIL PROPERTIES
                  Bulk    Young's   At rest  Consol  Active  Passive
-- Soil type --  density  Modulus    coeff.  state.  limit    limit   Cohesion
No. Description   kN/m3  Eh,kN/m2     Ko     NC/OC    Ka       Kp      kN/m2
  (Datum elev.)          (dEh/dy ) (dKo/dy) (  Nu ) ( Kac ) (  Kpc ) ( dc/dy )
 1  Back Fill     18.00     20000    0.470     OC    0.283    3.960     1.000d
                                            (0.200) (1.241) ( 5.127)
 2  Res soils     18.00     25000    0.470     OC    0.260    4.448     6.000d
                                            (0.300) (1.185) ( 5.518)
 3  HW            19.00     50000    0.440     OC    0.237    5.023     10.00d
    Greywacke                               (0.200) (1.131) ( 5.965)
 4  MW            20.00    200000    0.398     OC    0.207    6.100     20.00d
    Greywacke                               (0.200) (1.052) ( 6.768)
 5  Existing      18.00     15000    0.530     OC    0.309    3.543     2.000d
    fill                                    (0.300) (1.299) ( 4.783)

Additional soil parameters associated with Ka and Kp
                          --- parameters for Ka ---  --- parameters for Kp ---
                            Soil      Wall    Back-    Soil      Wall    Back-
------- Soil type ------- friction  adhesion  fill   friction  adhesion  fill
No. Description             angle    coeff.   angle    angle    coeff.   angle
 1  Back Fill               30.00    0.667    0.00     30.00    0.333    0.00
 2  Res soils               32.00    0.667    0.00     32.00    0.333    0.00
 3  HW Greywacke            34.00    0.667    0.00     34.00    0.333    0.00
 4  MW Greywacke            37.00    0.667    0.00     37.00    0.333    0.00
 5  Existing fill           28.00    0.667    0.00     28.00    0.333    0.00

GROUND WATER CONDITIONS
 Density of water = 10.00 kN/m3
                                   Left side     Right side
 Initial water table elevation        1.83            1.83

 Automatic water pressure balancing at toe of wall :  No

WALL PROPERTIES
                         Type of structure = Fully Embedded Wall
                  Elevation of toe of wall =  2.70
             Maximum finite element length =  0.50 m
                  Youngs modulus of wall E = 1.2100E+07 kN/m2
               Moment of inertia of wall I = 9.6660E-04 m4/m run
                                       E.I = 11696 kN.m2/m run
                      Yield Moment of wall = Not defined

HORIZONTAL and MOMENT LOADS/RESTRAINTS
 Load             Horizontal    Moment      Moment     Partial
  no.  Elevation     load        load      restraint   factor
                   kN/m run   kN.m/m run  kN.m/m/rad  (Category)
   1      10.37        4.910      0            0         N/A
   2      10.37        2.520      0            0         N/A

SURCHARGE LOADS
Surch         Distance   Length    Width        Surcharge      Equiv. Partial
-arge           from    parallel  perpend. -----  kN/m2  -----  soil  factor/
 no.   Elev.    wall    to wall   to wall  Near edge  Far edge  type  Category
  1    11.70    3.66(L)  100.00     20.00     28.80     =         2     N/A
  2    11.70    5.80(L)  100.00     20.00     52.40     =         2     N/A
  3    11.70    3.66(L)  100.00      2.14      0.00     21.60     2     N/A
  4    11.70    0.00(L)    3.66    100.00      2.50     =         0     N/A
  5    11.70    0.30(L)    3.00      0.60     35.00     =         0     N/A
  6    11.70    2.70(L)    3.00      0.60     35.00     =         0     N/A
  7    11.70    0.30(L)    3.00      0.60     53.00     =         0     N/A
  8    11.70    2.70(L)    3.00      0.60     17.00     =         0     N/A

    Note: L = Left side,  R = Right side
          A trapezoidal surcharge is defined by two values:
          N = at edge near to wall,  F = at edge far from wall

CONSTRUCTION STAGES
Construction   Stage description
  stage no.    --------------------------------------------------------
      1        Apply surcharge no.1 at elevation 11.70
      2        Apply surcharge no.2 at elevation 11.70
               No analysis at this stage
      3        Apply surcharge no.3 at elevation 11.70
      4        Apply load no.1 at elevation 10.37
      5        Excavate to elevation 9.70 on RIGHT side
               Toe of berm at elevation 2.70
               Width of top of berm = 0.10
               Width of toe of berm = 7.00
      6        Apply surcharge no.6 at elevation 11.70
      7        Apply surcharge no.5 at elevation 11.70
               No analysis at this stage
      8        Remove surcharge no.5 at elevation 11.70
               No analysis at this stage
      9        Remove surcharge no.6 at elevation 11.70
               No analysis at this stage
     10        Apply surcharge no.7 at elevation 11.70
     11        Apply surcharge no.8 at elevation 11.70
     12        Remove surcharge no.7 at elevation 11.70
               No analysis at this stage
     13        Remove surcharge no.8 at elevation 11.70
               No analysis at this stage
     14        Apply surcharge no.4 at elevation 11.70
     15        Excavate to elevation 8.70 on RIGHT side
               Toe of berm at elevation 2.70
               Width of top of berm = 0.10
               Width of toe of berm = 6.00
     16        Apply load no.2 at elevation 10.37

FACTORS OF SAFETY and ANALYSIS OPTIONS

 Stability analysis:
  Method of analysis  -  Burland-Potts
  Factor on passive for calculating wall depth = 2.00
  Active limit pressures calculated by Wedge Stability

 Parameters for undrained strata:
  Minimum equivalent fluid density             =   5.00 kN/m3
  Maximum depth of water filled tension crack  =   0.00 m

 Bending moment and displacement calculation:
  Method  -  2-D finite element model
  Open Tension Crack analysis? - No
  Soil arching modelled?  -   No
  Non-linear Modulus Parameter (L) = 9.000 m

 Boundary conditions:
  Length of wall (normal to plane of analysis) = 20.00 m

  Width of excavation on Left  side of wall  = 20.00 m
  Width of excavation on Right side of wall  = 20.00 m

  Distance to rigid boundary on Left side  = 20.00 m
  Distance to rigid boundary on Right side = 20.00 m
  Elevation of rigid lower boundary = -10.00

  Lower rigid boundary at elevation -10.00 - Rough
  Rigid boundary on Left side           - Smooth



  Rigid boundary on Right side          - Smooth
  Wall / soil interface                   - Smooth

OUTPUT OPTIONS

 Stage ------ Stage description ----------- ------- Output options -------
  no.                                       Displacement   Active,  Graph.
                                            Bending mom.   Passive  output
                                            Shear force   pressures
   1 Apply surcharge no.1 at elev. 11.70        Yes          Yes     Yes
   2 Apply surcharge no.2 at elev. 11.70         No           No      No
   3 Apply surcharge no.3 at elev. 11.70        Yes          Yes     Yes
   4 Apply load no.1 at elev. 10.37              No           No      No
   5 Excav. to elev. 9.70 on RIGHT side         Yes          Yes     Yes
   6 Apply surcharge no.6 at elev. 11.70        Yes          Yes     Yes
   7 Apply surcharge no.5 at elev. 11.70         No           No      No
   8 Remove surcharge no.5 at elev. 11.70        No           No      No
   9 Remove surcharge no.6 at elev. 11.70        No           No      No
  10 Apply surcharge no.7 at elev. 11.70         No           No      No
  11 Apply surcharge no.8 at elev. 11.70        Yes          Yes     Yes
  12 Remove surcharge no.7 at elev. 11.70        No           No      No
  13 Remove surcharge no.8 at elev. 11.70        No           No      No
  14 Apply surcharge no.4 at elev. 11.70        Yes          Yes     Yes
  15 Excav. to elev. 8.70 on RIGHT side         Yes          Yes     Yes
  16 Apply load no.2 at elev. 10.37             Yes          Yes     Yes
   * Summary output                             Yes           -      Yes

Program WALLAP - Copyright (C) 2017 by DL Borin,  distributed by GEOSOLVE
         150 St. Alphonsus Road, London SW4 7BW, UK    www.geosolve.co.uk



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_B                             |
1A Seaview Road                                             | Date: 9-03-2022
Section B                                                   | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

STABILITY ANALYSIS of Fully Embedded Wall according to Burland-Potts method
 Factor of safety on nett available passive
 Active limit pressures calculated by Wedge Stability

                                FoS for toe       Toe elev. for
                               elev. =    2.70     FoS = 2.000
                               ---------------    -------------
 Stage  --- G.L. ---   Strut   Factor  Moment      Toe    Wall    Direction
  No.   Act.   Pass.    Elev.    of    equilib.   elev.  Penetr       of
                               Safety  at elev.          -ation     failure
   1   11.70   11.70    ---    Conditions not suitable for FoS calc.
   2   11.70   11.70           No analysis at this stage
   3   11.70   11.70    ---    Conditions not suitable for FoS calc.
   4   11.70   11.70    ---    Conditions not suitable for FoS calc.
   5   11.70    9.70    Cant.   3.711     2.82     5.98    3.72     L to R
   6   11.70    9.70    Cant.   3.591     2.82     5.85    3.85     L to R
   7   11.70    9.70           No analysis at this stage
   8   11.70    9.70           No analysis at this stage
   9   11.70    9.70           No analysis at this stage
  10   11.70    9.70    Cant.   2.393     2.84     3.84    5.86     L to R
  11   11.70    9.70    Cant.   2.368     2.84     3.78    5.92     L to R
  12   11.70    9.70           No analysis at this stage
  13   11.70    9.70           No analysis at this stage
  14   11.70    9.70    Cant.   3.447     2.82     5.73    3.97     L to R
  15   11.70    8.70    Cant.   2.135     2.79     3.13    5.57     L to R
  16   11.70    8.70    Cant.   2.032     2.79     2.80    5.90     L to R

NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_B                             |
1A Seaview Road                                             | Date: 9-03-2022
Section B                                                   | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

BENDING MOMENT and DISPLACEMENT ANALYSIS of Fully Embedded Wall
  Analysis options
  Length of wall perpendicular to section = 20.00m
  2-D finite element model.    Soil arching not modelled.
  Soil deformations are elastic until the active or passive limit is reached
  Active limit pressures calculated by Wedge Stability
  Open Tension Crack analysis - No
  All soil moduli were factored to take account of
  3-D effects due to the finite length of wall:
                Modulus factors - Left side = 1.04
                                 Right side = 1.03

  Rigid boundaries:     Left side 20.00 from wall       Smooth boundary
                       Right side 20.00 from wall       Smooth boundary
  Lower rigid boundary at elevation -10.00               Rough boundary

Bending moment, shear force and displacement envelopes
Node    Y       Displacement         Bending moment       Shear force
 no.  coord   maximum   minimum    maximum   minimum    maximum   minimum
                  m         m       kN.m/m    kN.m/m      kN/m      kN/m
  1   11.70     0.083     0.000        0.0       0.0        0.0       0.0
  2   11.35     0.077     0.000        0.3      -0.0        5.8      -0.3
  3   11.00     0.071     0.000        4.2      -0.2       12.9      -1.0
  4   10.68     0.065     0.000        8.9      -0.6       15.7      -1.7
  5   10.37     0.060     0.000       14.1      -1.3       23.4      -2.5
  6   10.04     0.054     0.000       22.0      -0.6       26.8      -0.2
  7    9.70     0.048     0.000       31.6      -0.2       30.6      -0.3
  8    9.20     0.039     0.000       46.5      -0.3       27.2      -0.3
  9    8.70     0.032     0.000       59.2      -0.4       25.0       0.0
 10    8.40     0.027     0.000       65.3      -0.3       24.5       0.0
 11    7.90     0.021     0.000       69.5      -0.1       17.4      -5.1
 12    7.40     0.016     0.000       64.7       0.0       12.9     -17.0
 13    6.95     0.012     0.000       60.3       0.0        0.0     -48.4
 14    6.50     0.010     0.000       47.2       0.0        0.0     -39.2
 15    6.00     0.008     0.000       28.1       0.0        0.0     -31.9
 16    5.50     0.006     0.000       15.3       0.0        0.0     -18.9
 17    5.00     0.005     0.000        9.2       0.0        0.0      -8.9
 18    4.50     0.005     0.000        6.4       0.0        0.0      -4.4
 19    4.00     0.004     0.000        4.9      -0.0        0.0      -2.9
 20    3.50     0.003     0.000        3.5      -0.0        0.0      -3.3
 21    3.10     0.003     0.000        2.0      -0.0        0.0      -4.4
 22    2.70     0.003     0.000        0.0      -0.0        0.0      -1.2
 23    2.58     0.003     0.000        0.0       0.0        0.0      -0.0
 24    1.29     0.002     0.000        0.0       0.0        0.0      -0.2
 25    0.00     0.001     0.000        0.0       0.0        0.0      -0.2
 26   -2.00     0.001     0.000        0.0       0.0        0.0      -0.2
 27   -4.00     0.001     0.000        0.0       0.0        0.0      -0.1
 28   -6.00     0.000     0.000        0.0       0.0        0.1      -0.1
 29   -8.00     0.000     0.000        0.0       0.0        0.1      -0.0
 30  -10.00     0.000     0.000        0.0       0.0        0.0       0.0



Run ID. Section_B                                           | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section B                                                   | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)

Maximum and minimum bending moment and shear force at each stage
Stage  --------- Bending moment --------   ---------- Shear force ----------
 no.   maximum   elev.   minimum   elev.   maximum   elev.   minimum   elev.
        kN.m/m            kN.m/m              kN/m              kN/m
  1        0.1    6.95      -0.2    8.70       0.5    7.40      -0.2    9.70
  2    No calculation at this stage
  3        0.3    6.95      -0.4    8.70       0.9    7.40      -0.3    9.70
  4        0.4    7.40      -1.3   10.37       2.4   10.37      -2.5   10.37
  5       19.3    8.40      -0.0    2.70      12.6    9.70     -12.4    6.95
  6       19.4    8.40      -0.0    2.70      12.6    9.70     -12.5    6.95
  7    No calculation at this stage
  8    No calculation at this stage
  9    No calculation at this stage
 10       69.5    7.90      -0.0    2.70      30.6    9.70     -48.4    6.95
 11       69.5    7.90      -0.0    2.70      30.6    9.70     -48.4    6.95
 12    No calculation at this stage
 13    No calculation at this stage
 14       66.8    7.90      -0.0    2.70      27.7    9.70     -46.6    6.95
 15       62.1    7.40      -0.0    2.70      24.2    8.70     -33.2    6.50
 16       62.9    7.40      -0.0    2.70      25.0    8.70     -33.1    6.50

Maximum and minimum displacement at each stage
Stage -------- Displacement ---------   Stage description
 no.  maximum  elev.   minimum  elev.   -----------------
          m                m
  1    0.000    9.20    0.000   11.70   Apply surcharge no.1 at elev. 11.70
  2    No calculation at this stage     Apply surcharge no.2 at elev. 11.70
  3    0.000   -2.00    0.000   11.70   Apply surcharge no.3 at elev. 11.70
  4    0.000   10.68    0.000   11.70   Apply load no.1 at elev. 10.37
  5    0.017   11.70    0.000   11.70   Excav. to elev. 9.70 on RIGHT side
  6    0.017   11.70    0.000   11.70   Apply surcharge no.6 at elev. 11.70
  7    No calculation at this stage     Apply surcharge no.5 at elev. 11.70
  8    No calculation at this stage     Remove surcharge no.5 at elev. 11.70
  9    No calculation at this stage     Remove surcharge no.6 at elev. 11.70
 10    0.072   11.70    0.000   11.70   Apply surcharge no.7 at elev. 11.70
 11    0.072   11.70    0.000   11.70   Apply surcharge no.8 at elev. 11.70
 12    No calculation at this stage     Remove surcharge no.7 at elev. 11.70
 13    No calculation at this stage     Remove surcharge no.8 at elev. 11.70
 14    0.072   11.70    0.000   11.70   Apply surcharge no.4 at elev. 11.70
 15    0.082   11.70    0.000   11.70   Excav. to elev. 8.70 on RIGHT side
 16    0.083   11.70    0.000   11.70   Apply load no.2 at elev. 10.37

Run ID. Section_B                                           | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section B                                                   | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_C-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section C - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
INPUT DATA

SOIL PROFILE
Stratum   Elevation of    ------------------ Soil types -------------------
  no.    top of stratum    Left side                Right side
   1          15.22       6  light weight fill      6  light weight fill
   2          12.84       2  Res soils              2  Res soils
   3          11.00       3  HW Greywacke           3  HW Greywacke
   4           9.15       4  MW Greywacke           4  MW Greywacke

SOIL PROPERTIES
                  Bulk    Young's   At rest  Consol  Active  Passive
-- Soil type --  density  Modulus    coeff.  state.  limit    limit   Cohesion
No. Description   kN/m3  Eh,kN/m2     Ko     NC/OC    Ka       Kp      kN/m2
  (Datum elev.)          (dEh/dy ) (dKo/dy) (  Nu ) ( Kac ) (  Kpc ) ( dc/dy )
 1  Back Fill     18.00     20000    0.470     OC    0.283    3.960     1.000d
                                            (0.200) (1.241) ( 5.127)
 2  Res soils     18.00     25000    0.470     OC    0.260    4.448     6.000d
                                            (0.300) (1.185) ( 5.518)
 3  HW            19.00     50000    0.440     OC    0.237    5.023     10.00d
    Greywacke                               (0.200) (1.131) ( 5.965)
 4  MW            20.00    200000    0.398     OC    0.207    6.100     20.00d
    Greywacke                               (0.200) (1.052) ( 6.768)
 5  Existing      18.00     15000    0.530     OC    0.309    3.543     2.000d
    fill                                    (0.300) (1.299) ( 4.783)
 6  light         16.00     20000    1.917     OC    0.163    8.766
    weight fill                             (0.200) (0.000) ( 0.000)

Additional soil parameters associated with Ka and Kp
                          --- parameters for Ka ---  --- parameters for Kp ---
                            Soil      Wall    Back-    Soil      Wall    Back-
------- Soil type ------- friction  adhesion  fill   friction  adhesion  fill
No. Description             angle    coeff.   angle    angle    coeff.   angle
 1  Back Fill               30.00    0.667    0.00     30.00    0.333    0.00
 2  Res soils               32.00    0.667    0.00     32.00    0.333    0.00
 3  HW Greywacke            34.00    0.667    0.00     34.00    0.333    0.00
 4  MW Greywacke            37.00    0.667    0.00     37.00    0.333    0.00
 5  Existing fill           28.00    0.667    0.00     28.00    0.333    0.00
 6  light weight fill       42.00    0.667    0.00     42.00    0.333    0.00

GROUND WATER CONDITIONS
 Density of water = 10.00 kN/m3
                                   Left side     Right side
 Initial water table elevation        1.83            1.83

 Automatic water pressure balancing at toe of wall :  No

WALL PROPERTIES
                         Type of structure = Fully Embedded Wall
                  Elevation of toe of wall =  6.22
             Maximum finite element length =  0.50 m
                  Youngs modulus of wall E = 1.2100E+07 kN/m2
               Moment of inertia of wall I = 9.6660E-04 m4/m run
                                       E.I = 11696 kN.m2/m run
                      Yield Moment of wall = Not defined

HORIZONTAL and MOMENT LOADS/RESTRAINTS
 Load             Horizontal    Moment      Moment     Partial
  no.  Elevation     load        load      restraint   factor
                   kN/m run   kN.m/m run  kN.m/m/rad  (Category)
   1      13.63        6.950      0            0         N/A
   2      13.63        3.570      0            0         N/A

SURCHARGE LOADS
Surch         Distance   Length    Width        Surcharge      Equiv. Partial
-arge           from    parallel  perpend. -----  kN/m2  -----  soil  factor/
 no.   Elev.    wall    to wall   to wall  Near edge  Far edge  type  Category
  1    15.22    0.30(L)    3.00      0.60     35.00     =       N/A     N/A
  2    15.22    2.70(L)    3.00      0.60     35.00     =       N/A     N/A
  3    15.22    0.30(L)    3.00      0.60     53.00     =       N/A     N/A
  4    15.22    2.70(L)    3.00      0.60     17.00     =       N/A     N/A
  5    15.22    0.00(L)    3.00      5.00      5.00     =       N/A     N/A

    Note: L = Left side,  R = Right side

CONSTRUCTION STAGES
Construction   Stage description
  stage no.    --------------------------------------------------------
      1        Apply load no.1 at elevation 13.63
               The effect of strut/anchor stiffness at this elevation
               will be included while applying this load
      2        Excavate to elevation 12.62 on RIGHT side
               Toe of berm at elevation 6.22
               Width of top of berm = 0.10
               Width of toe of berm = 6.40
      3        Apply surcharge no.3 at elevation 15.22
      4        Apply surcharge no.4 at elevation 15.22
      5        Remove surcharge no.3 at elevation 15.22
               No analysis at this stage
      6        Remove surcharge no.4 at elevation 15.22
               No analysis at this stage
      7        Apply surcharge no.1 at elevation 15.22
      8        Apply surcharge no.2 at elevation 15.22
      9        Remove surcharge no.1 at elevation 15.22
               No analysis at this stage
     10        Remove surcharge no.2 at elevation 15.22
               No analysis at this stage
     11        Apply surcharge no.5 at elevation 15.22
     12        Excavate to elevation 11.62 on RIGHT side
               Toe of berm at elevation 6.22
               Width of top of berm = 0.10
               Width of toe of berm = 5.40
     13        Apply load no.2 at elevation 13.63

FACTORS OF SAFETY and ANALYSIS OPTIONS

 Stability analysis:
  Method of analysis  -  Burland-Potts
  Factor on passive for calculating wall depth = 2.00

 Parameters for undrained strata:
  Minimum equivalent fluid density             =   5.00 kN/m3
  Maximum depth of water filled tension crack  =   0.00 m

 Bending moment and displacement calculation:
  Method  -  2-D finite element model
  Open Tension Crack analysis? - No
  Soil arching modelled?  -   No
  Non-linear Modulus Parameter (L) = 9.000 m

 Boundary conditions:
  Length of wall (normal to plane of analysis) = 20.00 m

  Width of excavation on Left  side of wall  = 20.00 m
  Width of excavation on Right side of wall  = 20.00 m

  Distance to rigid boundary on Left side  = 20.00 m
  Distance to rigid boundary on Right side = 20.00 m
  Elevation of rigid lower boundary = -10.00

  Lower rigid boundary at elevation -10.00 - Rough
  Rigid boundary on Left side           - Smooth
  Rigid boundary on Right side          - Smooth
  Wall / soil interface                   - Smooth



OUTPUT OPTIONS

 Stage ------ Stage description ----------- ------- Output options -------
  no.                                       Displacement   Active,  Graph.
                                            Bending mom.   Passive  output
                                            Shear force   pressures
   1 Apply load no.1 at elev. 13.63              No           No      No
   2 Excav. to elev. 12.62 on RIGHT side         No           No      No
   3 Apply surcharge no.3 at elev. 15.22         No           No      No
   4 Apply surcharge no.4 at elev. 15.22        Yes          Yes     Yes
   5 Remove surcharge no.3 at elev. 15.22        No           No      No
   6 Remove surcharge no.4 at elev. 15.22        No           No      No
   7 Apply surcharge no.1 at elev. 15.22        Yes          Yes     Yes
   8 Apply surcharge no.2 at elev. 15.22        Yes          Yes     Yes
   9 Remove surcharge no.1 at elev. 15.22        No           No      No
  10 Remove surcharge no.2 at elev. 15.22        No           No      No
  11 Apply surcharge no.5 at elev. 15.22        Yes          Yes     Yes
  12 Excav. to elev. 11.62 on RIGHT side         No           No      No
  13 Apply load no.2 at elev. 13.63             Yes          Yes     Yes
   * Summary output                             Yes           -      Yes

Program WALLAP - Copyright (C) 2017 by DL Borin,  distributed by GEOSOLVE
         150 St. Alphonsus Road, London SW4 7BW, UK    www.geosolve.co.uk



NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_C-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section C - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

STABILITY ANALYSIS of Fully Embedded Wall according to Burland-Potts method
 Factor of safety on nett available passive

                                FoS for toe       Toe elev. for
                               elev. =    6.22     FoS = 2.000
                               ---------------    -------------
 Stage  --- G.L. ---   Strut   Factor  Moment      Toe    Wall    Direction
  No.   Act.   Pass.    Elev.    of    equilib.   elev.  Penetr       of
                               Safety  at elev.          -ation     failure
   1   15.22   15.22    Cant.  87.208    10.59     ***     ***      L to R
   2   15.22   12.62    Cant.   2.980     6.39     7.87    4.75     L to R
   3   15.22   12.62    Cant.   2.345     6.40     6.93    5.69     L to R
   4   15.22   12.62    Cant.   2.329     6.40     6.90    5.72     L to R
   5   15.22   12.62           No analysis at this stage
   6   15.22   12.62           No analysis at this stage
   7   15.22   12.62    Cant.   2.525     6.39     7.24    5.38     L to R
   8   15.22   12.62    Cant.   2.486     6.39     7.18    5.44     L to R
   9   15.22   12.62           No analysis at this stage
  10   15.22   12.62           No analysis at this stage
  11   15.22   12.62    Cant.   2.744     6.39     7.57    5.05     L to R
  12   15.22   11.62    Cant.   1.835     6.36     ***     ***      L to R
  13   15.22   11.62    Cant.   1.711     6.36     ***     ***      L to R

   Legend: *** Result not found

NORTHLAND GEOTECHNICAL SPECIALISTS                          | Sheet No.
Program: WALLAP  Version 6.06  Revision A51.B69.R55         | Job No.    0213
                             Licensed from GEOSOLVE         | Made by :    RB
Data filename/Run ID: Section_C-lowerwall                   |
1A Seaview Road                                             | Date: 9-03-2022
Section C - lower wall                                      | Checked :
-----------------------------------------------------------------------------
                                                       Units: kN,m
Summary of results

BENDING MOMENT and DISPLACEMENT ANALYSIS of Fully Embedded Wall
  Analysis options
  Length of wall perpendicular to section = 20.00m
  2-D finite element model.    Soil arching not modelled.
  Soil deformations are elastic until the active or passive limit is reached
  Open Tension Crack analysis - No
  All soil moduli were factored to take account of
  3-D effects due to the finite length of wall:
                Modulus factors - Left side = 1.04
                                 Right side = 1.03

  Rigid boundaries:     Left side 20.00 from wall       Smooth boundary
                       Right side 20.00 from wall       Smooth boundary
  Lower rigid boundary at elevation -10.00               Rough boundary

Bending moment, shear force and displacement envelopes
Node    Y       Displacement         Bending moment       Shear force
 no.  coord   maximum   minimum    maximum   minimum    maximum   minimum
                  m         m       kN.m/m    kN.m/m      kN/m      kN/m
  1   15.22     0.151     0.000        0.0      -0.0        0.0       0.0
  2   14.86     0.141     0.000        0.4      -0.0        1.2      -0.2
  3   14.50     0.132     0.000        1.3      -0.2        2.6      -0.9
  4   14.07     0.120     0.000        3.3      -0.8        4.6      -2.0
  5   13.63     0.108     0.000        6.2      -1.9       15.0      -3.4
  6   13.24     0.097     0.000       12.4      -0.8       17.1       0.0
  7   12.84     0.086     0.000       19.8      -0.0       20.2       0.0
  8   12.62     0.080     0.000       24.4       0.0       21.5       0.0
  9   12.12     0.068     0.000       35.0       0.0       23.3       0.0
 10   11.62     0.055     0.000       46.5       0.0       27.3      -0.1
 11   11.31     0.048     0.000       55.0       0.0       27.0      -0.1
 12   11.00     0.042     0.000       63.4       0.0       26.7      -0.1
 13   10.50     0.032     0.000       74.6       0.0       16.2     -12.5
 14   10.00     0.024     0.000       80.7       0.0        6.7     -19.8
 15    9.57     0.019     0.000       81.5       0.0        0.0     -17.4
 16    9.15     0.015     0.000       78.8       0.0        0.0     -15.5
 17    8.82     0.012     0.000       67.2       0.0        0.0     -58.2
 18    8.50     0.011     0.000       46.1       0.0        0.0     -58.8
 19    8.00     0.009     0.000       23.6       0.0        0.0     -31.8
 20    7.50     0.007     0.000       13.4       0.0        0.0     -14.4
 21    7.00     0.006     0.000        8.4       0.0        0.0      -9.9
 22    6.61     0.006     0.000        4.5       0.0        0.0     -10.7
 23    6.22     0.005     0.000        0.0      -0.0        0.0      -2.8
 24    6.10     0.005     0.000        0.0       0.0        0.0       0.0
 25    5.05     0.004     0.000        0.0       0.0        0.1       0.0
 26    4.00     0.003     0.000        0.0       0.0        0.1       0.0
 27    2.00     0.001     0.000        0.0       0.0        0.1       0.0
 28    0.00     0.001     0.000        0.0       0.0        0.2       0.0
 29   -2.00     0.000     0.000        0.0       0.0        0.2       0.0
 30   -4.00     0.000    -0.000        0.0       0.0        0.2       0.0
 31   -6.00     0.000    -0.000        0.0       0.0        0.2       0.0
 32   -8.00     0.000     0.000        0.0       0.0        0.2       0.0
 33  -10.00     0.000     0.000        0.0       0.0        0.0       0.0



Run ID. Section_C-lowerwall                                 | Sheet No.
1A Seaview Road                                             | Date: 9-03-2022
Section C - lower wall                                      | Checked :
-----------------------------------------------------------------------------
Summary of results   (continued)

Maximum and minimum bending moment and shear force at each stage
Stage  --------- Bending moment --------   ---------- Shear force ----------
 no.   maximum   elev.   minimum   elev.   maximum   elev.   minimum   elev.
        kN.m/m            kN.m/m              kN/m              kN/m
  1        0.5   11.62      -1.9   13.63       3.6   13.63      -3.4   13.63
  2       32.8   11.00      -0.0   15.22      15.1   12.62     -15.1   10.00
  3       52.5   10.50      -0.0   15.22      21.4   12.62     -24.3    8.82
  4       53.1   10.50      -0.0   15.22      21.5   12.62     -25.0    8.82
  5    No calculation at this stage
  6    No calculation at this stage
  7       52.8   10.50      -0.0   15.22      21.0   12.62     -24.9    8.82
  8       52.8   10.50      -0.0   15.22      21.0   12.62     -25.0    8.82
  9    No calculation at this stage
 10    No calculation at this stage
 11       52.5   10.50      -0.0   15.22      20.3   12.62     -24.8    8.82
 12       67.7   10.00      -0.0   15.22      23.7   11.62     -50.0    8.82
 13       81.5    9.57      -0.0   15.22      27.3   11.62     -58.8    8.50

Maximum and minimum displacement at each stage
Stage -------- Displacement ---------   Stage description
 no.  maximum  elev.   minimum  elev.   -----------------
          m                m
  1    0.000   14.07   -0.000   -6.00   Apply load no.1 at elev. 13.63
  2    0.044   15.22    0.000   15.22   Excav. to elev. 12.62 on RIGHT side
  3    0.079   15.22    0.000   15.22   Apply surcharge no.3 at elev. 15.22
  4    0.080   15.22    0.000   15.22   Apply surcharge no.4 at elev. 15.22
  5    No calculation at this stage     Remove surcharge no.3 at elev. 15.22
  6    No calculation at this stage     Remove surcharge no.4 at elev. 15.22
  7    0.080   15.22    0.000   15.22   Apply surcharge no.1 at elev. 15.22
  8    0.080   15.22    0.000   15.22   Apply surcharge no.2 at elev. 15.22
  9    No calculation at this stage     Remove surcharge no.1 at elev. 15.22
 10    No calculation at this stage     Remove surcharge no.2 at elev. 15.22
 11    0.079   15.22    0.000   15.22   Apply surcharge no.5 at elev. 15.22
 12    0.124   15.22    0.000   15.22   Excav. to elev. 11.62 on RIGHT side
 13    0.151   15.22    0.000   15.22   Apply load no.2 at elev. 13.63



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
57.9 kNm/m k1 = 0.6 duration k1 = 0.6 duration
27.6 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.5 m k21 = 0.9 steamed k21 = 0.85 steamed
6 m = 0.8 = 0.8
0 mm V* = 53.8 kNm/pole M* = 112.9 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 142.5 Mn = 113.3
deflection 41 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 3.776E-06 9.817E-05 1.8 8.91 0.0 0.0
125 125 125 0.009 1.198E-05 9.219E-06 1.917E-04 3.5 13.92 0.0 0.0
150 150 150 0.013 2.485E-05 1.912E-05 3.313E-04 6.0 20.04 0.0 0.0
175 175 175 0.018 4.604E-05 3.541E-05 5.262E-04 9.5 27.28 0.0 0.0
200 200 200 0.024 7.854E-05 6.042E-05 7.854E-04 14.2 35.63 0.0 0.0
225 225 225 0.030 1.258E-04 9.677E-05 1.118E-03 20.2 45.09 0.0 0.0
250 250 250 0.037 1.917E-04 1.475E-04 1.534E-03 27.7 55.67 0.0 0.0
275 275 275 0.045 2.807E-04 2.160E-04 2.042E-03 36.8 67.35 0.0 0.0
300 300 300 0.053 3.976E-04 3.059E-04 2.651E-03 47.8 80.16 0.0 0.0
325 325 325 0.062 5.477E-04 4.213E-04 3.370E-03 60.8 94.07 0.0 0.0
350 350 350 0.072 7.366E-04 5.666E-04 4.209E-03 75.9 109.10 0.0 0.0
375 375 375 0.083 9.707E-04 7.467E-04 5.177E-03 93.4 125.25 0.0 0.0
400 400 400 0.094 1.257E-03 9.666E-04 6.283E-03 113.3 142.50 142.5 113.3

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section A -
Lower wall Long Term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
66.6 kNm/m k1 = 0.8 duration k1 = 0.8 duration
33.2 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.5 m k21 = 0.9 steamed k21 = 0.85 steamed
5.5 m = 0.8 = 0.8
0 mm V* = 64.7 kNm/pole M* = 129.9 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 190.0 Mn = 151.1
deflection 38 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 3.776E-06 9.817E-05 2.4 11.88 0.0 0.0
125 125 125 0.009 1.198E-05 9.219E-06 1.917E-04 4.6 18.56 0.0 0.0
150 150 150 0.013 2.485E-05 1.912E-05 3.313E-04 8.0 26.72 0.0 0.0
175 175 175 0.018 4.604E-05 3.541E-05 5.262E-04 12.7 36.37 0.0 0.0
200 200 200 0.024 7.854E-05 6.042E-05 7.854E-04 18.9 47.50 0.0 0.0
225 225 225 0.030 1.258E-04 9.677E-05 1.118E-03 26.9 60.12 0.0 0.0
250 250 250 0.037 1.917E-04 1.475E-04 1.534E-03 36.9 74.22 0.0 0.0
275 275 275 0.045 2.807E-04 2.160E-04 2.042E-03 49.1 89.81 0.0 0.0
300 300 300 0.053 3.976E-04 3.059E-04 2.651E-03 63.7 106.88 0.0 0.0
325 325 325 0.062 5.477E-04 4.213E-04 3.370E-03 81.0 125.43 0.0 0.0
350 350 350 0.072 7.366E-04 5.666E-04 4.209E-03 101.2 145.47 0.0 0.0
375 375 375 0.083 9.707E-04 7.467E-04 5.177E-03 124.5 167.00 0.0 0.0
400 400 400 0.094 1.257E-03 9.666E-04 6.283E-03 151.1 190.00 190.0 151.1

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section A -
Lower wall Med Term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
67 kNm/m k1 = 1 duration k1 = 1 duration

33.5 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.5 m k21 = 0.9 steamed k21 = 0.85 steamed
5.5 m = 0.8 = 0.8
0 mm V* = 65.3 kNm/pole M* = 130.7 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 237.5 Mn = 188.8
deflection 106 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 3.776E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 9.219E-06 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 1.912E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 3.541E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 6.042E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 9.677E-05 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.475E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.160E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.059E-04 2.651E-03 79.7 133.60 0.0 0.0
325 325 325 0.062 5.477E-04 4.213E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 5.666E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 7.467E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 9.666E-04 6.283E-03 188.8 237.50 237.5 188.8

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section A -
Lower wall Short Term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
58.3 kNm/m k1 = 1 duration k1 = 1 duration
27.7 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.5 m k21 = 0.9 steamed k21 = 0.85 steamed
6 m = 0.8 = 0.8
0 mm V* = 36.0 kNm/pole M* = 75.8 kNm/pole
1 Seismic = 1 otherwise = 1.5 n = 237.5 Mn = 188.8

deflection 0 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 3.776E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 9.219E-06 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 1.912E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 3.541E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 6.042E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 9.677E-05 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.475E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.160E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.059E-04 2.651E-03 79.7 133.60 0.0 0.0
325 325 325 0.062 5.477E-04 4.213E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 5.666E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 7.467E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 9.666E-04 6.283E-03 188.8 237.50 237.5 188.8

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section A- Lower
wall Seismic

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 28/02/2022 Checked

300 mm E = 12.1 GPa = E
1 m fs = 3.5 MPa fb = 52 MPa

39.1 kNm/m k1 = 0.6 duration k1 = 0.6 duration
43.7 kN/m k20 = 1 shaved k20 = 0.85 shaved
3.82 m k21 = 0.9 steamed k21 = 0.85 steamed
4.07 m = 0.8 = 0.8

6 mm V* = 65.6 kNm/pole M* = 58.7 kNm/pole
1.5 Seismic = 1 otherwise = 1.5 n = 93.7 Mn = 59.6

Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 123 124 0.009 1.121E-05 1.121E-05 1.823E-04 3.3 13.79 0.0 0.0
125 148 149 0.013 2.350E-05 2.350E-05 3.177E-04 5.7 19.88 0.0 0.0
150 173 174 0.018 4.389E-05 4.389E-05 5.076E-04 9.2 27.10 0.0 0.0
175 198 199 0.023 7.532E-05 7.532E-05 7.611E-04 13.7 35.42 0.0 0.0
200 223 224 0.030 1.212E-04 1.212E-04 1.088E-03 19.6 44.86 0.0 0.0
225 248 249 0.037 1.854E-04 1.854E-04 1.496E-03 27.0 55.41 0.0 0.0
250 273 274 0.044 2.723E-04 2.723E-04 1.996E-03 36.0 67.07 0.0 0.0
275 298 299 0.053 3.867E-04 3.867E-04 2.596E-03 46.8 79.85 0.0 0.0
300 323 324 0.062 5.338E-04 5.338E-04 3.306E-03 59.6 93.74 93.7 59.6
325 348 349 0.072 7.193E-04 7.193E-04 4.135E-03 74.6 108.74 0.0 0.0
350 373 374 0.083 9.494E-04 9.494E-04 5.092E-03 91.8 124.86 0.0 0.0
375 398 399 0.094 1.231E-03 1.231E-03 6.186E-03 111.6 142.09 0.0 0.0
400 423 424 0.106 1.570E-03 1.570E-03 7.426E-03 133.9 160.43 0.0 0.0

Title 1A Seaview Road, Paihia. Section A -
Upper Wall Long term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre



Timber Pole Capacity

Job no 0213 Design by RB

Date 28/02/2022 Checked

300 mm E = 12.1 GPa = E
1 m fs = 3.5 MPa fb = 52 MPa

39.2 kNm/m k1 = 0.8 duration k1 = 0.8 duration
63.7 kN/m k20 = 1 shaved k20 = 0.85 shaved
3.57 m k21 = 0.9 steamed k21 = 0.85 steamed
4.07 m = 0.8 = 0.8

6 mm V* = 95.6 kNm/pole M* = 58.8 kNm/pole
1.5 Seismic = 1 otherwise = 1.5 n = 125.0 Mn = 78.4

Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 121 124 0.009 1.067E-05 1.067E-05 1.757E-04 4.2 18.38 0.0 0.0
125 146 149 0.013 2.256E-05 2.256E-05 3.082E-04 7.4 26.51 0.0 0.0
150 171 174 0.018 4.239E-05 4.239E-05 4.945E-04 11.9 36.13 0.0 0.0
175 196 199 0.023 7.307E-05 7.307E-05 7.440E-04 17.9 47.23 0.0 0.0
200 221 224 0.030 1.180E-04 1.180E-04 1.066E-03 25.6 59.81 0.0 0.0
225 246 249 0.037 1.810E-04 1.810E-04 1.469E-03 35.3 73.88 0.0 0.0
250 271 274 0.044 2.664E-04 2.664E-04 1.963E-03 47.2 89.43 0.0 0.0
275 296 299 0.053 3.790E-04 3.790E-04 2.557E-03 61.5 106.46 0.0 0.0
300 321 324 0.062 5.239E-04 5.239E-04 3.260E-03 78.4 124.98 125.0 78.4
325 346 349 0.072 7.069E-04 7.069E-04 4.081E-03 98.1 144.99 0.0 0.0
350 371 374 0.083 9.342E-04 9.342E-04 5.030E-03 121.0 166.48 0.0 0.0
375 396 399 0.094 1.212E-03 1.212E-03 6.116E-03 147.1 189.45 0.0 0.0
400 421 424 0.106 1.548E-03 1.548E-03 7.348E-03 176.7 213.91 0.0 0.0

Title 1A Seaview Road, Paihia. Section A -
Upper Wall Med term (overexcavation)

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre



Timber Pole Capacity

Job no 0213 Design by RB

Date 28/02/2022 Checked

300 mm E = 12.1 GPa = E
1 m fs = 3.5 MPa fb = 52 MPa

41.9 kNm/m k1 = 1 duration k1 = 1 duration
46.5 kN/m k20 = 1 shaved k20 = 0.85 shaved
3.57 m k21 = 0.9 steamed k21 = 0.85 steamed
4.07 m = 0.8 = 0.8

6 mm V* = 46.5 kNm/pole M* = 41.9 kNm/pole
1 Seismic = 1 otherwise = 1.5 n = 156.2 Mn = 98.0

Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 121 124 0.009 1.067E-05 1.067E-05 1.757E-04 5.3 22.98 0.0 0.0
125 146 149 0.013 2.256E-05 2.256E-05 3.082E-04 9.3 33.14 0.0 0.0
150 171 174 0.018 4.239E-05 4.239E-05 4.945E-04 14.9 45.16 0.0 0.0
175 196 199 0.023 7.307E-05 7.307E-05 7.440E-04 22.4 59.03 0.0 0.0
200 221 224 0.030 1.180E-04 1.180E-04 1.066E-03 32.0 74.76 0.0 0.0
225 246 249 0.037 1.810E-04 1.810E-04 1.469E-03 44.2 92.35 0.0 0.0
250 271 274 0.044 2.664E-04 2.664E-04 1.963E-03 59.0 111.78 0.0 0.0
275 296 299 0.053 3.790E-04 3.790E-04 2.557E-03 76.9 133.08 0.0 0.0
300 321 324 0.062 5.239E-04 5.239E-04 3.260E-03 98.0 156.23 156.2 98.0
325 346 349 0.072 7.069E-04 7.069E-04 4.081E-03 122.7 181.24 0.0 0.0
350 371 374 0.083 9.342E-04 9.342E-04 5.030E-03 151.2 208.10 0.0 0.0
375 396 399 0.094 1.212E-03 1.212E-03 6.116E-03 183.8 236.82 0.0 0.0
400 421 424 0.106 1.548E-03 1.548E-03 7.348E-03 220.8 267.39 0.0 0.0

Title 1A Seaview Road, Paihia. Section A -
Upper Wall Seismic

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
62.1 kNm/m k1 = 0.6 duration k1 = 0.6 duration
33.1 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.3 m k21 = 0.9 steamed k21 = 0.85 steamed
5.2 m = 0.8 = 0.8
6 mm V* = 64.5 kNm/pole M* = 121.1 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 165.6 Mn = 136.7
deflection 27 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 126 131 0.010 1.229E-05 9.457E-06 1.955E-04 3.5 15.33 0.0 0.0
125 151 156 0.014 2.538E-05 1.953E-05 3.367E-04 6.1 21.73 0.0 0.0
150 176 181 0.019 4.689E-05 3.607E-05 5.334E-04 9.6 29.24 0.0 0.0
175 201 206 0.025 7.980E-05 6.139E-05 7.949E-04 14.3 37.87 0.0 0.0
200 226 231 0.031 1.276E-04 9.816E-05 1.130E-03 20.4 47.61 0.0 0.0
225 251 256 0.039 1.942E-04 1.494E-04 1.549E-03 27.9 58.46 0.0 0.0
250 276 281 0.047 2.840E-04 2.185E-04 2.060E-03 37.1 70.43 0.0 0.0
275 301 306 0.055 4.019E-04 3.091E-04 2.672E-03 48.2 83.51 0.0 0.0
300 326 331 0.065 5.531E-04 4.254E-04 3.395E-03 61.2 97.70 0.0 0.0
325 351 356 0.075 7.434E-04 5.718E-04 4.238E-03 76.4 113.00 0.0 0.0
350 376 381 0.086 9.790E-04 7.531E-04 5.210E-03 94.0 129.42 0.0 0.0
375 401 406 0.097 1.267E-03 9.744E-04 6.321E-03 114.0 146.95 0.0 0.0
400 426 431 0.110 1.614E-03 1.241E-03 7.579E-03 136.7 165.60 165.6 136.7

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section B- Lower
wall Long term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
47.9 kNm/m k1 = 0.8 duration k1 = 0.8 duration
34 kN/m k20 = 1 shaved k20 = 0.85 shaved
3.8 m k21 = 0.9 steamed k21 = 0.85 steamed
4.75 m = 0.8 = 0.8

0 mm V* = 66.3 kNm/pole M* = 93.4 kNm/pole
1.5 Seismic = 1 otherwise = 1.5 n = 190.0 Mn = 151.1

deflection 45 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 3.776E-06 9.817E-05 2.4 11.88 0.0 0.0
125 125 125 0.009 1.198E-05 9.219E-06 1.917E-04 4.6 18.56 0.0 0.0
150 150 150 0.013 2.485E-05 1.912E-05 3.313E-04 8.0 26.72 0.0 0.0
175 175 175 0.018 4.604E-05 3.541E-05 5.262E-04 12.7 36.37 0.0 0.0
200 200 200 0.024 7.854E-05 6.042E-05 7.854E-04 18.9 47.50 0.0 0.0
225 225 225 0.030 1.258E-04 9.677E-05 1.118E-03 26.9 60.12 0.0 0.0
250 250 250 0.037 1.917E-04 1.475E-04 1.534E-03 36.9 74.22 0.0 0.0
275 275 275 0.045 2.807E-04 2.160E-04 2.042E-03 49.1 89.81 0.0 0.0
300 300 300 0.053 3.976E-04 3.059E-04 2.651E-03 63.7 106.88 0.0 0.0
325 325 325 0.062 5.477E-04 4.213E-04 3.370E-03 81.0 125.43 0.0 0.0
350 350 350 0.072 7.366E-04 5.666E-04 4.209E-03 101.2 145.47 0.0 0.0
375 375 375 0.083 9.707E-04 7.467E-04 5.177E-03 124.5 167.00 0.0 0.0
400 400 400 0.094 1.257E-03 9.666E-04 6.283E-03 151.1 190.00 190.0 151.1

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section B- Lower
wall Med term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.3 m fs = 3.5 MPa fb = 52 MPa
69.5 kNm/m k1 = 1 duration k1 = 1 duration
48.4 kN/m k20 = 1 shaved k20 = 0.85 shaved
3.8 m k21 = 0.9 steamed k21 = 0.85 steamed
4.75 m = 0.8 = 0.8

0 mm V* = 94.4 kNm/pole M* = 135.5 kNm/pole
1.5 Seismic = 1 otherwise = 1.5 n = 237.5 Mn = 188.8

deflection 44 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 3.776E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 9.219E-06 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 1.912E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 3.541E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 6.042E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 9.677E-05 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.475E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.160E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.059E-04 2.651E-03 79.7 133.60 0.0 0.0
325 325 325 0.062 5.477E-04 4.213E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 5.666E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 7.467E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 9.666E-04 6.283E-03 188.8 237.50 237.5 188.8

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section B- Lower
wall Short term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.2 m fs = 3.5 MPa fb = 52 MPa
62.9 kNm/m k1 = 1 duration k1 = 1 duration
33.1 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.3 m k21 = 0.9 steamed k21 = 0.85 steamed
5.2 m = 0.8 = 0.8
0 mm V* = 39.7 kNm/pole M* = 75.5 kNm/pole
1 Seismic = 1 otherwise = 1.5 n = 237.5 Mn = 188.8

deflection 28 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 4.091E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 9.987E-06 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 2.071E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 3.837E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 6.545E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 1.048E-04 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.598E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.339E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.313E-04 2.651E-03 79.7 133.60 0.0 0.0
325 325 325 0.062 5.477E-04 4.564E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 6.138E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 8.089E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 1.047E-03 6.283E-03 188.8 237.50 237.5 188.8

Title 1A Seaview Road, Paihia. Section B- Lower
wall Seismic

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre



Timber Pole Capacity

Job no 0213 Design by RB

Date 4/03/2022 Checked

300 mm E = 12.1 GPa = E
1 m fs = 3.5 MPa fb = 52 MPa

2.9 kNm/m k1 = 0.6 duration k1 = 0.6 duration
4.8 kN/m k20 = 1 shaved k20 = 0.85 shaved
2.6 m k21 = 0.9 steamed k21 = 0.85 steamed
1.6 m = 0.8 = 0.8
0 mm V* = 7.2 kNm/pole M* = 4.4 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 80.2 Mn = 47.8
Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 4.909E-06 9.817E-05 1.8 8.91 0.0 0.0
125 125 125 0.009 1.198E-05 1.198E-05 1.917E-04 3.5 13.92 0.0 0.0
150 150 150 0.013 2.485E-05 2.485E-05 3.313E-04 6.0 20.04 0.0 0.0
175 175 175 0.018 4.604E-05 4.604E-05 5.262E-04 9.5 27.28 0.0 0.0
200 200 200 0.024 7.854E-05 7.854E-05 7.854E-04 14.2 35.63 0.0 0.0
225 225 225 0.030 1.258E-04 1.258E-04 1.118E-03 20.2 45.09 0.0 0.0
250 250 250 0.037 1.917E-04 1.917E-04 1.534E-03 27.7 55.67 0.0 0.0
275 275 275 0.045 2.807E-04 2.807E-04 2.042E-03 36.8 67.35 0.0 0.0
300 300 300 0.053 3.976E-04 3.976E-04 2.651E-03 47.8 80.16 80.2 47.8
325 325 325 0.062 5.477E-04 5.477E-04 3.370E-03 60.8 94.07 0.0 0.0
350 350 350 0.072 7.366E-04 7.366E-04 4.209E-03 75.9 109.10 0.0 0.0
375 375 375 0.083 9.707E-04 9.707E-04 5.177E-03 93.4 125.25 0.0 0.0
400 400 400 0.094 1.257E-03 1.257E-03 6.283E-03 113.3 142.50 0.0 0.0

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section B -
Upper wall long term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 4/03/2022 Checked

300 mm E = 12.1 GPa = E
1 m fs = 3.5 MPa fb = 52 MPa

3.8 kNm/m k1 = 1 duration k1 = 1 duration
6.3 kN/m k20 = 1 shaved k20 = 0.85 shaved
2.6 m k21 = 0.9 steamed k21 = 0.85 steamed
1.6 m = 0.8 = 0.8
0 mm V* = 6.3 kNm/pole M* = 3.8 kNm/pole
1 Seismic = 1 otherwise = 1.5 n = 133.6 Mn = 79.7

Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 4.909E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 1.198E-05 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 2.485E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 4.604E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 7.854E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 1.258E-04 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.917E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.807E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.976E-04 2.651E-03 79.7 133.60 133.6 79.7
325 325 325 0.062 5.477E-04 5.477E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 7.366E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 9.707E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 1.257E-03 6.283E-03 188.8 237.50 0.0 0.0

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section B -
Upper wall seismic

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.2 m fs = 3.5 MPa fb = 52 MPa
67.7 kNm/m k1 = 0.6 duration k1 = 0.6 duration
48.7 kN/m k20 = 1 shaved k20 = 0.85 shaved
5.22 m k21 = 0.9 steamed k21 = 0.85 steamed
6.4 m = 0.8 = 0.8
6 mm V* = 87.7 kNm/pole M* = 121.9 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 171.2 Mn = 142.1
deflection 42 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 131 138 0.011 1.460E-05 1.217E-05 2.223E-04 4.0 17.06 0.0 0.0
125 156 163 0.016 2.931E-05 2.443E-05 3.750E-04 6.8 23.78 0.0 0.0
150 181 188 0.021 5.306E-05 4.422E-05 5.852E-04 10.6 31.61 0.0 0.0
175 206 213 0.027 8.895E-05 7.412E-05 8.622E-04 15.5 40.56 0.0 0.0
200 231 238 0.033 1.405E-04 1.171E-04 1.215E-03 21.9 50.62 0.0 0.0
225 256 263 0.041 2.119E-04 1.766E-04 1.653E-03 29.8 61.79 0.0 0.0
250 281 288 0.049 3.074E-04 2.562E-04 2.186E-03 39.4 74.08 0.0 0.0
275 306 313 0.058 4.322E-04 3.602E-04 2.822E-03 50.9 87.48 0.0 0.0
300 331 338 0.067 5.915E-04 4.929E-04 3.571E-03 64.4 101.99 0.0 0.0
325 356 363 0.078 7.913E-04 6.594E-04 4.441E-03 80.1 117.62 0.0 0.0
350 381 388 0.089 1.038E-03 8.649E-04 5.443E-03 98.2 134.36 0.0 0.0
375 406 413 0.101 1.338E-03 1.115E-03 6.586E-03 118.8 152.21 0.0 0.0
400 431 438 0.113 1.699E-03 1.416E-03 7.878E-03 142.1 171.18 171.2 142.1

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section C- Lower
wall Long term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.2 m fs = 3.5 MPa fb = 52 MPa
52.8 kNm/m k1 = 0.8 duration k1 = 0.8 duration
24.4 kN/m k20 = 1 shaved k20 = 0.85 shaved
5.65 m k21 = 0.9 steamed k21 = 0.85 steamed
6.72 m = 0.8 = 0.8

0 mm V* = 43.9 kNm/pole M* = 95.0 kNm/pole
1.5 Seismic = 1 otherwise = 1.5 n = 190.0 Mn = 151.1

deflection 0 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 4.091E-06 9.817E-05 2.4 11.88 0.0 0.0
125 125 125 0.009 1.198E-05 9.987E-06 1.917E-04 4.6 18.56 0.0 0.0
150 150 150 0.013 2.485E-05 2.071E-05 3.313E-04 8.0 26.72 0.0 0.0
175 175 175 0.018 4.604E-05 3.837E-05 5.262E-04 12.7 36.37 0.0 0.0
200 200 200 0.024 7.854E-05 6.545E-05 7.854E-04 18.9 47.50 0.0 0.0
225 225 225 0.030 1.258E-04 1.048E-04 1.118E-03 26.9 60.12 0.0 0.0
250 250 250 0.037 1.917E-04 1.598E-04 1.534E-03 36.9 74.22 0.0 0.0
275 275 275 0.045 2.807E-04 2.339E-04 2.042E-03 49.1 89.81 0.0 0.0
300 300 300 0.053 3.976E-04 3.313E-04 2.651E-03 63.7 106.88 0.0 0.0
325 325 325 0.062 5.477E-04 4.564E-04 3.370E-03 81.0 125.43 0.0 0.0
350 350 350 0.072 7.366E-04 6.138E-04 4.209E-03 101.2 145.47 0.0 0.0
375 375 375 0.083 9.707E-04 8.089E-04 5.177E-03 124.5 167.00 0.0 0.0
400 400 400 0.094 1.257E-03 1.047E-03 6.283E-03 151.1 190.00 190.0 151.1

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section C- Lower
wall Medium Term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.2 m fs = 3.5 MPa fb = 52 MPa
53.1 kNm/m k1 = 1 duration k1 = 1 duration
24.4 kN/m k20 = 1 shaved k20 = 0.85 shaved
4.72 m k21 = 0.9 steamed k21 = 0.85 steamed
6.4 m = 0.8 = 0.8
0 mm V* = 43.9 kNm/pole M* = 95.6 kNm/pole

1.5 Seismic = 1 otherwise = 1.5 n = 237.5 Mn = 188.8
deflection 74 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 4.091E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 9.987E-06 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 2.071E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 3.837E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 6.545E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 1.048E-04 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.598E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.339E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.313E-04 2.651E-03 79.7 133.60 0.0 0.0
325 325 325 0.062 5.477E-04 4.564E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 6.138E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 8.089E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 1.047E-03 6.283E-03 188.8 237.50 237.5 188.8

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section C- Lower
wall Short term

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size



Timber Pole Capacity

Job no 0213 Design by RB

Date 9/03/2022 Checked

400 mm E = 12.1 GPa = E
1.2 m fs = 3.5 MPa fb = 52 MPa
81.5 kNm/m k1 = 1 duration k1 = 1 duration
58.2 kN/m k20 = 1 shaved k20 = 0.85 shaved
5.65 m k21 = 0.9 steamed k21 = 0.85 steamed
6.72 m = 0.8 = 0.8

0 mm V* = 69.8 kNm/pole M* = 97.8 kNm/pole
1 Seismic = 1 otherwise = 1.5 n = 237.5 Mn = 188.8

deflection 25 mm Check Vn > V* OK Check Mn > M* OK

SED Size

Diameter (at
max

moment)

Diameter
(at max
shear) As I I/m Z  Mn / pole  Vn / pole

mm mm mm m2 m4 m4/m m3
kNm kNm

100 100 100 0.006 4.909E-06 4.091E-06 9.817E-05 3.0 14.84 0.0 0.0
125 125 125 0.009 1.198E-05 9.987E-06 1.917E-04 5.8 23.19 0.0 0.0
150 150 150 0.013 2.485E-05 2.071E-05 3.313E-04 10.0 33.40 0.0 0.0
175 175 175 0.018 4.604E-05 3.837E-05 5.262E-04 15.8 45.46 0.0 0.0
200 200 200 0.024 7.854E-05 6.545E-05 7.854E-04 23.6 59.38 0.0 0.0
225 225 225 0.030 1.258E-04 1.048E-04 1.118E-03 33.6 75.15 0.0 0.0
250 250 250 0.037 1.917E-04 1.598E-04 1.534E-03 46.1 92.78 0.0 0.0
275 275 275 0.045 2.807E-04 2.339E-04 2.042E-03 61.4 112.26 0.0 0.0
300 300 300 0.053 3.976E-04 3.313E-04 2.651E-03 79.7 133.60 0.0 0.0
325 325 325 0.062 5.477E-04 4.564E-04 3.370E-03 101.3 156.79 0.0 0.0
350 350 350 0.072 7.366E-04 6.138E-04 4.209E-03 126.5 181.84 0.0 0.0
375 375 375 0.083 9.707E-04 8.089E-04 5.177E-03 155.6 208.74 0.0 0.0
400 400 400 0.094 1.257E-03 1.047E-03 6.283E-03 188.8 237.50 237.5 188.8

Load Factor

spacing
M(Wallap) =
V(Wallap) =

Depth to max moment
Depth to max shear

Increase in dia./metre

Title 1A Seaview Road, Paihia. Section C- Lower
wall Seismic

Shear Capacity Moment Capacity
Bending and Shear only (no Axial)

Chosen Size
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A FOR REVIEW & COMMENT SCS 3.03.22

JANE BANFIELD FOUNDATION REMEDIAL WORKS
1A SEAVIEW RD, PAIHIA

GENERAL ARRANGEMENT

NOTES:

1.0   GENERAL NOTES
        1.1 - All dimensions are in mm
        1.2 - All dimensions shall be verified on site
                by the Contractor prior to fabrication / or
                construction commencing.
        1.3 - Structural drawings shall be read in
                conjunction with the drawings of other
                Consultants (e.g. Architect, Geotech)
2.0   TEMPORARY WORKS
        2.1 - The Contractor shall be responsible for
                the design & procurement of any
                temporary works should these be
                required such as propping or temporary
                working platform or formwork.
7.0   DRILL IN CONCRETE ANCHORS

        7.1 - Contractor is to locate all existing
                 reinforcement at fixing
                 locations by x-ray or scanner prior to
                 any drilling.
        7.2 - No existing reinforcement to be cut or
                damaged.
        7.3 - Pilot drill all holes as added precaution.

9.0   CONSTRUCTION NOTES
        9.1 - Any discrepancies, unexpected
                conditions exposed on site, or structural
                details missing shall be referred to the
                engineer for resolution.
        9.2 - The Contractor shall keep the engineer
                abreast of progress on site to enable
                inspections of completed work.
        9.3 - All levels & dimensions to be confirmed
                on site by the Contractor.
        9.4 - Refer to NGS Ltd Geotech drawings for
                all retaining wall requirements, locations,
                sizes & set out of retaining.
        9.5 - Do not use the structural drawings for
                set out dimensions.  Contractor to carry
                out site measurements.
        9.6 - All works to comply with the Contractor's
                Health & Safety Manual and the Health
                & Safety at Work Act 2015.
        9.7 - Contractor's proposed methodology and
                sequencing for installation of reinforced
                concrete underpinning piles to be
                submitted to the engineer for review and
                approval prior to commencing the work.

NP3

NP4

P1

P2

P3
P4

P5

(E) PILE REFERENCE LABELS

(N) PILE REFERENCE LABELS

NP1

NP2

GENERAL LAYOUT PLAN
1:50 A3

1
-

EXISTING CONCRETE PILE

NEW CONCRETE PILE

4No. OFF NEW 450mm DIAM BORED
CONCRETE UNDERPINNING PILES.  SEE
DETAILS AND SECTION VIEWS ON SK-SE-001
TO 002.

SK-0011

(PILES SHOWN INDICATIVELY ON GENERAL LAYOUT PLAN)

NOTE: BACKGROUND TAKEN FROM NGS LTD DRAWINGS

B PRELIMINARY ISSUE SCS 4.03.22

1 FOR BUILDING CONSENT & CONSTRUCTION SCS 10.03.22
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A FOR REVIEW & COMMENT SCS 3.03.22

JANE BANFIELD FOUNDATION REMEDIAL WORKS
1A SEAVIEW RD, PAIHIA

STRUCTURAL DETAIL SHEET 1

(E) PILE FORMED
BELOW (E) GROUND.

SECTION
1:20 A3

1
-

1,
34

0 
m

m

950 mm

(E) 100THK GRND
BEARING SLAB
(ASSUMED)

(E) CLADDING TO
EXTERNAL WALL

CAREFULLY REMOVE (E) STORMWATER PIPE AND
PROVIDE TEMPORARY ROUTE TO BEACH.  REINSTATE
STORMWATER PIPE TO ORIGINAL DISPERSION DEVICE
AT THE COMPLETION OF THE WORKS.

(E) PILE FORMED
ABOVE GROUND.
 P1

(N) TIMBER POLE RETAINING WALL
BEYOND (SHOWN INDICATIVELY).
REFER TO NGS DRAWINGS FOR ALL
SET OUT AND DETAILS.

(N) TIMBER RETAINING WALL RAILS
(SHOWN INDICATIVELY).  REFER TO
NGS DRAWINGS FOR DETAILS.

(N) BACKFILL SHOWN
INDICATIVELY.  REFER TO NGS
DRAWINGS FOR DETAILS.

1,
80

0 
m

m

(N) 450mm  BORED REINFORCED CONCRETE
BEARING PILE.  3m DEPTH.  ANTICIPATED 1.2m
EMBEDMENT INTO HIGHLY WEATHERED
GREYWACKE.
(BEARING PILE ONLY PROVIDING REINSTATED AND
ENHANCED LOAD PATH TO SOLID BEARING).
RETAINING FUNCTION PROVIDED BY TERRACED NGS
TIMBER POLE SYSTEM).

SECTION
1:10 A3

A
-

85
0 

m
m

INFERRED (E)
GROUND LINE

ASSUMED (E) FILL
BETWEEN GROUND
LINE AND U/S (E)
SLAB.

INFERRED HIGHLY
WEATHERED
GREYWACKE

APPROX DEPTH TO WEATHERED
GREYWACKE AS PER NGS HA9.
INFERRED TO RUN PARALLEL
WITH GROUND SURFACE.

(E) GROUND LEVEL

-
A

-
B

8-D16 LONGITUDINAL BARS
R10 CIRCULAR HOOPS OR
SPIRAL AT 150mm c/c

50mm COVER
ALL ROUND

100mm COVER AT BASE.  2 CIRCULAR HOOPS
AT TOP AND BOTTOM POINTS OF PILE.

SECTION
1:10 A3

B
-

8-D16 LONGITUDINAL BARS
R10 CIRCULAR HOOPS OR
SPIRAL AT 150mm c/c

50mm COVER
ALL ROUND

450

50c

AS CONFIRMED BY NGS
EXCAVATION @ P1

100 mm

CAREFULLY
REMOVE 100mm
SOIL UNDER

4-HD16 DOWEL BARS x 500 LONG
DRILL AND EPOXY IN PLACE.
EPCON-C6 OR EQUIV.
150mm MIN EMBEDMENT.

M
IN

30
0

50
 m

m

45°

50c

(E) PILE P1

G
AP

15
0

15
0

30
0

(N) 450  PILE NP1

(N) 300THK
INSITU CORBEL.

60 mm

1 FOR BUILDING CONSENT & CONSTRUCTION SCS 10.03.22
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JANE BANFIELD FOUNDATION REMEDIAL WORKS
1A SEAVIEW RD, PAIHIA

STRUCTURAL DETAIL SHEET 2

(E) PILE FORMED
BELOW (E) GROUND.

SECTION
1:20 A3

2
-

950 mm

(E) 100THK GRND
BEARING SLAB
(ASSUMED)

(E) CLADDING TO
EXTERNAL WALL

(N) TIMBER POLE RETAINING WALL
BEYOND (SHOWN INDICATIVELY).
REFER TO NGS DRAWINGS FOR ALL
SET OUT AND DETAILS.

(N) TIMBER RETAINING WALL RAILS
(SHOWN INDICATIVELY).  REFER TO
NGS DRAWINGS FOR DETAILS.

(N) BACKFILL SHOWN
INDICATIVELY.  REFER TO NGS
DRAWINGS FOR DETAILS.

1,
80

0 
m

m

60
0 

m
m

INFERRED (E)
GROUND LINE

INFERRED HIGHLY
WEATHERED
GREYWACKE

APPROX DEPTH TO WEATHERED
GREYWACKE AS PER NGS HA9.
INFERRED TO RUN PARALLEL
WITH GROUND SURFACE.

(E) GROUND LEVEL
(APPROX)

SK001
A

SK-001
B

AS CONFIRMED BY NGS
EXCAVATION @ P5

100 mm

CAREFULLY
REMOVE 100mm
SOIL UNDER

M
IN

45°

15
0

15
0

30
0

SECTION
1:10 A3

C
-

8-D16 LONGITUDINAL BARS
R10 CIRCULAR HOOPS OR
SPIRAL AT 150mm c/c

50mm COVER
ALL ROUND

30
0

50
 m

m

50c

(E) PILE P3

G
AP

(N) 450  PILE NP3

(E) PILE P4

4-HD16 DOWEL BARS x 500 LONG
PER (E) PILE.
DRILL AND EPOXY IN PLACE.
EPCON-C6 OR EQUIV.
150mm MIN EMBEDMENT.

(N)  INSITU
CORBEL.

60 mm 60 mm

100mm COVER AT BASE.  2 CIRCULAR HOOPS
AT TOP AND BOTTOM POINTS OF PILE.

C.O.S

1 FOR BUILDING CONSENT & CONSTRUCTION SCS 10.03.22
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JANE BANFIELD FOUNDATION REMEDIAL WORKS
1A SEAVIEW RD, PAIHIA

STRUCTURAL DETAIL SHEET 3

SECTION
1:10 A3

E
-

VERTICAL STRIP DRAIN
PRODRAIN 20 x 100mm WIDE OR EQUIVALENT.
INSTALLED AS PER MANUFACTURERS
RECOMMENDATIONS IN SHOTCRETE APPLICATION.

SECTION
1:10 A3

D
-

VERTICAL STRIP DRAIN
PRODRAIN 20 x 100mm WIDE OR EQUIVALENT.
INSTALLED AS PER MANUFACTURERS
RECOMMENDATIONS IN SHOTCRETE APPLICATION.

SECTION
1:20 A3

3
-

(E) 100THK GRND BEARING
SLAB & PERIMETER STRIP
FOOTING (ASSUMED)

(N) TIMBER POLE RETAINING WALL
SHOWN INDICATIVELY.  REFER TO
NGS DRAWINGS FOR SET OUT AND
DETAILS.

(N) 75mm MIN THICKNESS SHOTCRETE FOR
SURFACE PROTECTION OF EXISTING EARTH
SLOPE.  30MPa SHOTCRETE. MACRO POLY FIBRE
SHOTCRETE AS PER MANUFACTURERS
RECOMMENDATIONS FOR PURPOSE OR GALV SE62
MESH CENTRAL.
** SEEK CLIENTS GUIDANCE ON ANY PREFERRED
FINISHING TO SHOTCRETE.

100
MIN

RETAINED EARTH SIDE

CONCRETE ENCASED
TIMBER POLE.  REFER TO
NGS DRAWINGS FOR
TIMBER POLE RETAINING
DETAILS AND LAYOUT.

100THK 30MPa SHOTCRETE ARCH.  NO DOWELS.
 MACRO FIBRE REINFORCED AS PER FIBRE
MANUFACTURERS RECOMMENDATIONS.

(E) GROUND LEVEL
(APPROX)

CENTRELINE OF SHOTCRETE ARCH
COINCIDES WITH PILE CENTRELINES.

M12 SS COACH SCREWS x 300LONG
@ MAX 400c/c
MIN 100 EMBEDMENT INTO TIMBER POLE.
MIN 100 EMBEDMENT INTO SHOTCRETE.  CORE DRILL THROUGH CONCRETE
ENCASEMENT PORTION AND BACKFILL AROUND COACH SCREW WITH
EPCON C6
(ALTERNATIVELY LOCALLY BREAK OUT CONCRETE ENCASEMENT TO GAIN
ACCESS FOR DRILLING TIMBER AND MAKE GOOD ENCASEMENT PORTION
WITH SHOTCRETE.)

100THK SHOTCRETE INFILL CENTRED
BETWEEN PILES.  SE62 GALVANISED
MESH LOCATED CENTRALLY.

1 FOR BUILDING CONSENT & CONSTRUCTION SCS 10.03.22

100
MIN

700
PILE SPACING

700
PILE SPACING

CONSTRUCTION JOINTS TO BE CLEAN AND FREE
OF LOOSE MATERIAL.  IF TIMBER POLE
ENCASEMENT IS POORLY COMPACTED, LOCAL
REMOVAL OF ENCASEMENT CONCRETE BACK TO
TIMBER POLE MAY BE REQUIRED.  CONTRACTOR
TO COORDINATE WITH THE ENGINEER PRIOR TO
SHOTCRETE APPLICATION.
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STRUCTURAL CALCULATION REPORT

FOUNDATION REMEDIAL WORKS
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DESCRIPTION:

Following the occurrence of a slip in close proximity to the existing dwelling at 1
Seaview Rd, Paihia, and subsequent geotechnical investigations by Northland
Geotechnical Specialists (NGS), SCS Structures Ltd (SCS) was engaged to
assist with the NGS design solution by covering specialist structural input for
reinforced concrete underpinning and shotcrete stabilising works.

SCS Structures carried out an initial site visit on 26/01/22 which incorporated a
high level visual assessment of parts of the dwelling.  No obvious signs of
movement were observed during this initial site walkover.  No assessment of the
building condition in general or compliance with current building code was
attempted.

The presence of an old dead Pohutukawa tree stump was observed in close
proximity to the existing foundations within the zone of influence of the slip.  The
NGS geotechnical inspection suggests that tension cracking was present in the
soil profile above the tree stump and that some rotation at the base of the stump
may have caused this.  This raised concerns about the vertical load carrying
load path of the adjacent existing foundations to solid bearing material in the
vacinity of this stump.  NGS locally hand excavated to expose the depth of
existing piles.  Some loose soil was found and it appeared that there was a gap
under the pile P1.  The existing piles are noted to be of varying depths and
appear to consist of what was a fully embedded length cast against the soil
surrounding the hole dug for the pile, and then an upper formed square or
rectangular segment extending up to slab or perimeter strip footing level.  The
gap between formed piles above ground was lined with some sort of RC lining
wall assumed to be 100mm thk.  It is assumed that fill material was placed on
top of the existing ground, retained by the lining wall and pile extensions to
create the formation level for the adjacent ground floor slab.

Therefore it was concluded that as part of the overall land stabilisation & ground
retention works being carried out by NGS that SCS would provide design and
details for a reinstated and strengthened vertical load path to competent bearing
strata (Highly Weathered Greywacke) for the existing piles labelled P1-P5.
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DESIGN PHILOSOPHY:

1. New RC piles are bearing piles only to reinstate and enhance the vertical load
path to the competant highly weathered greywacke.  Ground retention to be
provided by NGS tiered retaining wall system.

2. 4 new RC piles proposed.  1 in front of each existing pile except at existing
piles P3& P4 which are located right next to ea other.  Here just one new pile will
suffice.

3. New piles to be 450mm diam bored concrete piles taken down 3.0m below
existing ground level.  This is on the basis that depth to top of highly weathered
greywacked in NGS hand auger location HA9 was 1.8m, and then we anticipate
1.2m of embedment into they highly weathered greywacke.

4. Underpinning detail to be developed to allow transfer of vertical load from
existing piles to the new piles through a continuous robust load path.

5. Due to physical and geometrical constraints it is assumed that the new
underpinning piles will be eccentric to the existing piles.  Therefore a bridging
element will be needed to tie the existing and new piles together and the new
piles will need to be designed for the induced moment due to this eccentricity.

6. Design life of new underpinning piles = 50yrs

SHOTCRETE
5. Two conditions of shotcrete required.

  (5.1)  When existing ground is excavated in front of the new NGS 'upper
retaining wall' the soil is expected to arch adequately between piles in the short
term, but to protect against long term case and frittering of this vertical soil face a
shotcrete detail is proposed to act between the new permanent piles.

  (5.2) Part way along the building between the seaward corner and the carpark
area the building footprint steps back at ground level.  This creates a new
condition where there is a slope of exposed existing soil above the top of the new
NGS upper retaining wall and the edge of the existing foundation.  This soil slope
is currently showing signs of frittering and for the long term protection against
erosion of the slope which could ultimately undermine the existing footing it is
proposed to protect this slope with a shotcrete lining.
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DESIGN LOADINGS:
Loadings calculated as per NZS1170

Imposed Load Allowances: NZS 1170.1:2002
Residential floor load = 1.5kPa
Residential deck load = 2.0kPa
Roof access for maintenance = 0.25kPa

Dead Load Allowances:
Lightweight roof = 0.5kPa
External wall = 0.5kPa x 5m = 2.5kN/m (Ground to roof)
Lightwt timber floor = 0.5kPa (Sunroom floor at L1)
L1 partitions allowance = 0.5kPa

L0 slab = 0.11*24 = 2.64kPa
L0 Floor finishes = 20mm x 24 = 0.48kPa
L0 partitions allowance = 0.5kPa

Allowance for SW of (E) perimeter strip footing = 0.2*0.3m*24 = 1.44kN/m
Allowance for SW of (E) pile = 0.3*0.3m*24* 2.25m long = 4.86kN
Allowance for SW of (E) lining wall = 0.1m*24*1.4m = 3.36kN/m

Floor trib width allowance to (E) strip footing =2.5m allowance
(E) strip footing  / lining wall trib width allowance = 1m

Dead load demand allowance per new underpinning pile:
G = (5.12kPa x 2.5m*1m) + (2.5*1m) + (4.8*1m) + 4.86 = 25kN

Live load demand allowance per new underpinning pile:
Q = (1.5kPa *2.5m*1m * 2 levels) = 7.5kN

LOAD COMBINATIONS
1.2G+1.5Q = 41kN
1.35G = 34kN

PILE DESIGN:

DURABILITY
Exposure category A2 to NZS3101 table 3.1 = Surfaces in contact with the
ground (in non-aggressive soils).
Min cover as per Table 3.6 = 30mm for 30MPa concrete A2, 50yr design life.
Choose 50mm cover.
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PILE DESIGN:

450mm diam bored insitu RC piles
Ag = 0.15e6mm2
As min = 0.8% * Ag = 1272mm2 (CL14.3.6.5)
Try D16 longitudinal bars
Min number of bars = 1272 /201 = 6.33 bars

M* = 41kN * 0.7m = 30kNm ULS
Mn = 75kNm with 8-D16's longitudinal steel, R10 links at 200c/c, 50mm cover

all round, 30MPa normal concrete.

M*/Capacity = 30/75 = 40% utilisation < 100% Therefore OK

See GEN-COL calculation below.
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PILE DESIGN:

Check shear in pile: CL10.3.10.5
Adopt min steel = R10's at 150mm c/c, OK by inspection

PILE BEARING
450 diam pile OK by inspection for ULS demand of 41kN

Therefore adopt 450mm  bored reinforced concrete piles
6-D16 longitudinal bars, R10 links @ 150c/c, 30MPa Normal concrete

use 4-HD16 dowel bars x 500long.  Drill and epoxy with 150mm
embedment EPCON C6 or equivalent.

One new pile per existing pile, except at (E) P3 & P4 which are paired
up next to each other.

CHECK DOWEL BARS

Try HD16 rebar dowels x 500long with EPCON C6 with 150mm embedment

Phi.Vuc = 12kN (e = 90mm)
Xvc = 0.91 (for fc'=30MPa)
Xvd = 2.0
Xva = 0.7 (e = 90, a = 120)
Xvn = 0.84 (n = 4, a/e = 1.33)
Xvs = 1.0 (not corner)

Therefore, Phi.Vurc = 12.8kN * 4 anchors = 51kN > 41 ULS Demand OK
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SHOTCRETE DESIGN:

Check to span between timber poles in timber retaining walls.

LOADING:
At rest earth pressure = 11.5kPa (given)

SPAN:
Max span = 700mm face of pole to face of pole.

DEMAND:
Take 400mm wide strip
M* = 11.5*0.4*0.7*0.7/8 = 0.28kNm
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Therefore 100thk, min 30MPa shotcrete ok for bending with SE62 mesh central
for max 700mm span.

Demand per M12 coach screw = 1.6kN ULS with coach screws at 400c/c
OK by inspection.  Use 300mm long with 100mm embedment into shotcrete.
Long coach screw to penetrate timber pole and some variability in concrete
encasement anticipated.
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B2
We are not able to cover Clause B2 as there is no effective verification method for B2 contained
within the Building Code.
However, we supply this letter to confirm that for the structural elements shown in our
documentation:
Concrete – Concrete strength and covers have been selected in accordance with Section 3 of NZS
3101:Part 1, and Section 4.5 of NZS 3604:2011 as applicable.
Exposed Steel Connection Hardware - to NZS3604 exposure classification Zone C
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