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DETAILED ENGINEERING EVALUATION
31 JULY 2013

FOR:
MONAVALE GATEHOUSE

AT:
FENDALTON ROAD, CHRISTCHURCH
Preamble

This report covers our assessment of the structural condition of the Monavaie
Gatehouse building at Fendalton Road, Christchurch, following the
magnitude 6.3 earthquake on 4 September 2010, 22nd February 2011 and
13t June 2011, Our assessment is based on a visual inspection of the outside
and inside where it was deemed to be safe fo enter. This was carried cut on
the June 2011 and July 2011 with other visits since to confirm findings.

This report describes the damage observed, and comments on remedial
work options for both temporary securing of the building, and long term
repair where appropriate. This report also covers a detailed structural
strength assessment and provides some investigation and assumptions that
will allow an assessment to be made as to whether to reconstruct or
demolish. It does not cover any detailed design or specification of remedial
works or temporary securing.

A Detailed Engineering Evaluation procedure {(DEE) has recently been
developed by CERA to provide consistent, comprehensive and auditable
guidelines which help restore confidence in the remaining building stock in
Canterbury. We have used these guidelines to form the basis for our detailed
engineering evaluation.

The DEE process follows a two step process, firstly a qualitative assessment then
a guantifative assessment, if necessary.

The qualitative assessment involves visual review of the structure and its
conditions in order to ascerfain whether the structure does or does not fall
within required capacity limitations without completing any complex analysis.
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The quantitative assessment involves analylically calculating the capacity of
the structure in terms of the current code requirements i.e. to estimate the
percentage of new building strength available (%NBS]).

The overall objective of this assessment is to determine if a strengthening
solution is required or not. This report covers a qualitative assessment.

More specifically, this report covers:

° Describes the existing building, its construction, and struciural
system

e Outlines the level of investigation undertaken and where
information was obtained

® Summarises earthguake damage caused by the recent
Canterbury earthquakes

o Reviews the building’s performance in the recent Canterbury
earthquakes

o Identifies critical structural weaknesses

o Assesses the building’s seismic strength relative to New Building
Standard {NBS}, commonly referred o as “current code”

o Proposes repair works fo reinstate the building as close as

practically possible to pre earthquake levels.

Scope of Investigation

In June 2011 and again in July 2011, and subsequent visits to continually
assess damage or movement and verify findings.

We visually inspected the building including:
o The exterior from ground level
o The interior

Existing building plans were not available o be reviewed and therefore
were unable been utilized as part of this report.

Preliminary and detailed Geotechnical investigations and reports
completed by Land Development and Exploration Ltd have been obtained.

We have reviewed these and included their recommendations into our
reinstatement designs.
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This report is based on our assessment of the building at the time it was
inspected. Photos attached in Appendix A are indicative of the damage
and findings. Any subsequent loading by aftershocks, or high winds, may
initiate further damage.

Building Description

General description:

The Monavale Gatehouse is a two-sforey unreinforced brick homestead built
in 1905. In 1948, a single storey timber add-on was constructed in the North-
West corner. There is a single storey brick and timber shed immediately
adjacent to the West of the main house.

The Gatehouse is listed as a Category 2 Heritage building in the Chrisichurch
City Plan and Historic Plans Trust. The building was being used as a residential
dwelling, but is currently unoccupied due to earthquake damage.

Roof construction:
Clay tiles on fimber purlins and rafters with lath and plaster ceiling to
undersides.

External Wall consfruction:
Cavity brick construction with plastered finish fo exterior.

Internal Wall construction:
Brick wall construction to part and timber framed walls line with lath and
plaster with some hardboard linings.

First Floor construction:
Timber tongue and grooved flocring on tfimber joists with lath and plaster
ceilings under.

Ground Floor construction:
Timber fongue and grooved flooring on fimber joists and bearers.

Foundations:
Concrete ring foundation to exfernal walls with concrete piles internally.
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Structural System

Gravity Structural System:

The gravity structural system can be described as simple beams supporied
on walls. Clay tiles sit on battens and rafters transferring their load fo brick
walis with tongue & grooved flooring laid over timber joists sitting on
brickwork.

Lateral Structural System:

The lateral structural system consists of nominal timber diaphragms to roof
and first floor transferring loads from face loaded brick walls to in-plane brick
wadlls acting in shear to concrete ring foundations.

Existing Structural Strengthening

No additional strengthening has been carried out on this structure.
Strength

The strength of the building has been determined as a % NBS using
methodologies provided by NZSEE. A “Preliminary Detailed Assessment”, which
includes calculations, has been completed as opposed to an IEP {"Initial
Evaluation Procedure”) as this is deemed more accurate. We have compared
the design code level at that time to that of today as an estimate at this time.
Qur assessments are as follows:

Assessment Parameters:

Before September 2010:
The strength of the building before September 2010 is estimated as

Hazard factor 0.3 (post 19th May 2011} 21% NBS

On day of inspection:
The strength of the building on the day of inspection is estimated as

Hazard factor 0.3  Across 10% NBS [estimated only)
Along 15% NBS (estimated only)
Single %NBS in current state 10% NBS (estimated only)
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It must be understood that this strength is based on the overall building strength
and not individual elements.

Strength of Building after reconstruction is completed:

Hazard factor 0.3 > 67% NBS

Areas of Structural Vulnerability

The areas of Structural Vulnerabillity include:

) Brick Chimneys.
° Narrow width brick walls at north wall bay window
® Lack of connection between floor/roof and walls.

Damage Description

Damage caused by the earthquakes to the Monavale Gatehouse is described
below. Refer to Appendix B for marked-up drawings indicating damaged
locations.

Damage to front porch:

o The upper half of the front brick porch has moved outwards
and shifted anti-clackwise.

e A horizontal crack with up to a 70mm offset through one of
the porch columns, and cracking {up to 10mm wide) to the porch
arches.

Damage to exterior brick walls:

e Cracks to Eastern brick walls. From the interior, the East wall has
a lean outwards slightly.

o Significant cracks to Northern brick wall adjacent bay window. There
is up to a 10mm offset across the crack to the upper-right of
the window. From the interior, the North-West corner has moved
West and outwards. This wall continues to move and deteriorate.
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¢ Cracking to South and West walls. Cracks are visible both
externally and internally,

iii. Collapse of brick chimneys:
e Both brick chimneys have collapsed off the building.

e The rear chimney has collapsed through the roof of the dining room
addition. This room has been deconstructed.

o The gable dormer at the West rear chimney has collapsed with the
chimney,

Interior damage:
¢ General cracking of plaster linings to ground floor walls,

e Significant cracking of plaster linings to ground floor walls adjacent
chimneys

o Significant cracking of first floor lath and plaster walls and ceilings. Lath
and plaster ceilings have spalled in some locations.

Other damage:

e Laleral spreading of ground to the East towards the Avon River. Loss of
several roof tiles.

¢ Setflement to local areas particularly the single slorey dining area.
Foundations:

e Minor cracking to exterior strip foundation supporting brickwork.

¢ Setflement and major cracking to dining room addition foundations.
Floor:

e Settlement of the building has caused unevenness in the ground floor.

55 Dunlop Road, Onekawa, Napier
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Building Settlement:

e The level survey suggests that the building has settled evenly over its
width by up fo 150mm across the total length.

9.0 Recommended Additional Investigations

We recommend that the following further investigations be carried out. These
can be in conjunction with the reconstruction works:

Verticdl level survey of North-West and North walls.

10.0 Immediate Securing of the Building

The following works were required by Structex to mitigate immediate hazards,
temporarily secure the building, and provide weather tightness: these have
been completed.

¢  Remove loose chimney bricks to remove any fall hazard. Plywood line
chimney roof openings and flash to provide weather-tightness.

o Repair tile roof locally where required 1o provide weather-tighiness. Rrefix
loose files to remove any fall hazard.

¢ Photograph and document timber dining extension, then fake down 1o
floor level and clear debris. Plywood line exposed internal walls and flash
to provide weather-tightness where appropriate.

e Prop front porch by constructing a braced frame inside the porch from
steel angles. Fix to porch concrete slab and arches.

e Clamp return walls adjacent North brick wall by bolting through with
RB16 Reidbar, just above first floor level, to imber framing and plywood
each side.

¢ Maintain existing cordons around the building.

Due care, safety equipment and precautions must be taken when carrying out
the above work. Maintain awareness of fall hazards and escape routes if
entering the building. The Gatehouse is a Heritage building therefore, retain
Heritage features where possible.
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11.0 Long Term Repair

This section oullines options for repair 1o restore the building to its pre-
aarthquake condition. Options for repair and/or strengthening will need to be
discussed with the owner, and will be subject to revised local authaority
legislation.

1. Foundalions and Floors:

e Survey foundation levels around the perimeter of the building to
determine the extent of differential selllement, if any. If differential
setflement has cccurred, the following options can be cansidered:

a) if the floor slope from differential settlement is less than 1 in 400, no re-levelling
action is necessary. Cracks to the foundation wall can be repaired as per the
next bullet point.

b) if the floor slope exceeds | in 400, re-levelling is recommended. This can be
cdone by either: jacking up the house, grouting underneath and re-piling; or
reconstructing the foundation wall as appropriate. Altematively foundations
can be jacked using a structural resin injected into the soil (e.g. Uretek).

Re-levelling requires thorough consideration. While re-levelling may close
some cracks, it may cause or open others. Any addilional damage will
require repair as outlined below:

Seal all cracks in concrete foundation wall larger than 0.2mm with «
pressure injected epoxy (e.q. Sikadur injectokit and Sikadurs2, or similar),
Seal smaller cracks by painting over with a brushable crack filler [¢.g.
Resene Brushable Crack Filler].

2. Front Porch:

Either:

a) Blow-out debris between cracks, and altempt 1o push porch arches
back into place. Failing this, take down porch to cracked level and
reconsiruct. Note this will not restore the porch to above 67%NBS

Or,

55 Duntop Road, Onskowa, Mapler
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b) Deconstruct and reconstruct from reinforced concrete plastered to
SUit.

3. Exterior Brick Waills:

a) Northern wall and returns: deconstruct and reconstruct from
reinforced concrete with exterior plastered surface and new
foundation.

b) For other walls below first floor level install new reinforced concrete
piers at regular intervals with reinforced capping beam at first floor
level and tie into existing brickwork.

c) Above first floor level deconstruct and reconsiruct from lightweight
fimber framed construction.

4., Chimneys:

Reconstruct fallen chimneys using lightweight replicas in the form of
plaster over plywood on timber framing with modern steel flues.
Reconstruct/repair damage gable dormer to match that which exisied
prior to the earthquake.

5. Dining Extension:

Reconstruct timber dining extension to match that which existed prior to
the earthquake,

Deconstruct and reconstruct new reinforced concrete ring foundation.
Level remainder of floor.

Break out and reinstate sunken concrete porch steps.

6. General:

Seal cracks to low height balustrades using a pressure injected epoxy,
and re-plaster over to match with existing surface profile.

Repair all cracked arch lintels by stitching with Helifix Helibars and
Cemties in accordance with Helifix specifications. Re-plaster over to
match original surface.

55 Dunlop Road, Onekawa, Napier
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Remove cracked/peeling/bubbled wdllpaper to expose damaged
Internal walls linings. Repair as appropriate using one of the following:

a) Grind-out v-shape into cracked plaster. Re-plaster and overlay crack
with fibreglass reinforcing mesh. Re-plaster over to provide a smooth
finish.

b) Overlay lath and plaster with Braceline GIB, Fix through to tfimber
framing in accordance with GIB specifications.

c) Remove lath and plaster walls and replace with Braceline GIB, or
plaster over corru-lath/rib-lath.

In all cases, wall ties and hold-down straps should be installed in
accordance with GIB braced wall and ceiling diaphragm specifications.

Realign, re-fix and re-paint racked door frames and architraves.

Repair cracks to adjacent shed brick wall by stitching together with Helifix
Helibars in accordance with Helifix specifications. Re-point mortar and re- paint
fo maich existing.

Repair notes:
i) Sika pressure-injected epoxies must be installed by a Sika certified
contractor. Contact Sika for a list of certified applicators.

i) " Refer Department of Building and Housing repair guidance
document 2010 for foundation wall repair method statements as a
guide.

iii) For Helifix specifications, refer to:
www.helifix.co.nz/masonryrepairdetails.htmi, Where the repair
differs from online specifications, contact Helifix for further
information.

7. To Mitigate Lateral Spread:

Install o new 3.0m deep 1310UB40 steel piles {at 800crs) palisade wall just
beyond the Eastern side, adjacent to the access road, down to and into
the gravel layer as a minimum. See also the recommendations in the
report prepared by LDE,

55 Dunlop Road, Onekawa, Napier
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The costs associated with the repadirs would require the appropriale
professional to visit the site to view the extent of damage.

12.0 Elemenis Not Inspected
The following is @ list of elements not specifically inspected:

Soils {although the Geotechnical report compleled by LDE has been reviewed
and its recommendations implemented.)

Depth of existing foundations was not determined.

13.0 Applicability

Recommendations and opinions in this report are based on data and recaras
obtained from Christchurch City Council, plus the ncn-destructive and
destructive visual inspections. Allhough there is nothing to suggest otherwise,
the nature and conlinuity of the structure hidden from sight {e.g. reinforcing
steel, bolt depths ete.) is inferred but it musl be appreciated that actual
conditions could vary.

Findings presented in this report are for the sole use of the client, The findings
may not contain sullicient information for use by other parties, and as such
should not be relied upon unless discussed wilh Structural Concepts Lid. We
have exercised our services in a professional manner using a degree of care
and skill normally, under similar circumstances, by reputable consultants
practicing in this field at this ime. No other warranty, expressed or implied, is
made as to the professional advice presented in this report.

Prepared By:

Garry Newton
BE(Civil), MIPENI{CIvILStruciural), CPEng, INIPE

Managling Director

On behall of Shuclural Concepts Lid
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APPENDIX A

MONAVALE GATEHOUSE
FENDALTON ROAD, CHRISTCHURCH

PHOTOGRAPHS

Please note that the photographs provided in this report dre not high quality and are
for providing infermation that shows the indicatlive damage found around the building
for structurdl engineering assessment only.
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APPENDIX B

MONAVALE GATEHOUSE
FENDALTON ROAD, CHRISTCHURCH

MARKED-UP DRAWING INDICATING DAMAGED
LOCATIONS
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APPENDIX C

MONAVALE GATEHOUSE
FENDALTON ROAD, CHRISTCHURCH

NEW WORKS and EXAMPLES
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Structural Concepts

APPENDIX D

MONAVALE GATEHOUSE
FENDALTON ROAD, CHRISTCHURCH

PRELIMINARY CALCULATIONS (extract only)

55 Dunlop Road, Onekawa, Napier
PO Box 3315, Napier, 4142, New Zealand
P (06) 8420111 F {06) 8420113
Einfo@structuralconcepts.co.nz
1606 130731 Monavale Galehouse DEE Quantitalive

www structuralconcepts.conz
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55 DUNLOP ROAD, PO BOX 3315, NAPIER, 4142, NEW ZEALAND, P (06) 842 0111 F (06) 842 0113, E info@structuralconcepts.co.uz

Client: Christchurch City Council

Project: Mona Vale Gatehouse
63 Fendalton Road, Christchurch

Ref: 1606

Date:  23-Jun-13

CALCULATIONS

BY GARRY NEWTON
BE (Civil) , MIPENZ(CIvH, Slruciural), CPEng, IntPE(NZ)

CONTENTS

1606 130510 calcs
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55 DUNLOP ROAD, PO BOX 3315 |Client:  Chrisichurch City Councll Ref: 1606
NAFIER, 4142, NEW ZEALAND |pProject: Mona Vale Gatehouse Date: | 23/6/13
P (06) 842 0111 F (06) 542 0113 63 Fendalton Road, Christchurch BY: GN

E info@stracturalconeepts.co.uz Su bj ect: Gravil y Loads
Sheet No.: l 2
Loads

Roof External Walls
Clay liles 0.670 Portland Plaster 0.220
Timber 20.6 0.092 Timber 15.4 0.103
Purlins 05 .4 0.034 140. Nogs & plates  0.104
Battens 05 1.2 0.011 Rockwool Insu. 0.002
Rockwool insu. 0.002 Gib Board 13 0.120
Gib Board 13 0.120
Timber 15.6 0.069

0998 kPa 0619 kPa
Timber floor Parlitions
25mm Pine deck 0.138 Timker 154 0.103
Timber 20.6 0.092 140. Nogs & plates  0.104
20. Nogs & plates 0.067 Gib Board 13 0.120
Battens 05 1.2 0.011 Gib Board 13 0.120
Rockwool Insu. 0.002
Gib Board 13 0.120

0.429 kPa 0.447 kPa
Exterior Brick Walls Live loads
100 Brick veneer 1.900 Domestic Flcor 1.50 kPa
215 Med Brick 4,600
Baltens 03 4 0.021
Fibrous plaster 0.090 R2 Roofs 0.25 kPa

6,611 KkPa
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55 DUNLOP ROAD, PO BOX 3315
NAPIER, 4142, NEW ZEALAND
P (06) 842 0111 F (06) 842 0113

E infostructuralconcepts.co.nz

o
i

Client: Christchurch City Council Ref: 1606

Project: Mona Vale Gatehouse Date: | 23/6/13
63 Fendalton Road, Christchurch BY: GN

Subject: Seismic loads to NZ81170

Seismic Loads to NZ$ 1170.5 sheet No.: | 3
Ref: Design Qutput
Design working live 50 Years
Importance level 2
Annual Probability of exceedance (inverse) Ulimate 500
Annuadl Probability of exceedance (inverse) Service 25
Element Area/lengit load Kpa | Total kN Live load reduction
Roof 60.00 1.00 59.90 Totat floor area 60.0
Partitions 20.00 0.45 8.94
Exterior Brick Walls 16.00 6.61 105.77 34+ _3_
0.00 0.00 0.00 \/Z = 0.687
0.00 0.00 0.00 But noft less than .5

0.00 0.00 0.00

1.00 0.40 0.00 0.00 0.00

174.61 kN

Element

Areg/lengti Load Kpa | TotalkN

Timber floor

60.00 0.43 25.77

External Walls

12.00 0.62 7.43

Exterior Brick Walls

37.00 6.61 244.59

Roof 16.00 1.00 15.97
Interior Brick Walls 12,00 4.60 55.20
Partitions 30.00 0.45 13.41

Domeslic Floor

0.69 0.30 60.00 1.50 20.00

0.69 0.40 0.00 0.00 0.00

380.93 kN

Tolal building weight
55554 kN
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55 DUNLOP ROAD, PO BOX 3315 |Client:  Christchurch City Councll Ref: 1606
NAPIER, 4142, NEW ZEALAND |Project: Mona Vale Gatehouse Date: | 23/6/13
P (06) 842 0111 F (06) 842 0113 463 Fendalton Road, Christchurch BY: GN

E infowostracturalconcepts.co.nz SUbieC’f: Seismic loads to NZ§1170
Sheel No. | 4
Ref: Design Quiput
Soil type
E D. Deep or soft "s..oil E
Across the building
Period of building across the building 0.40
Does the seismic bracing have ductile capabilities but is designed as nominally ductile
Structural ductility factor {Ultimate) b= 1.00
Structural ductility factor {Service SLS1) B= 1.00
Hazard Factor Christchurch L= 0.3
Return period facior Ru= 1.00
Return period factor Rs= 025
Structural Performance factor {Ultimate) Sp= 0.5 15% damping
Structural Performance factor {Service) Sp= 070
Spectral Shape Factor {across) Ch{l)= 3.00
Near Fault factor N(T.D} = 1.0 n/a
Flastic site spectra (Ultimate) C{l)= 090
Elastic site specira (Service) C{l)= 023
Ultimate kp= 1.00
Service kp= 1.00
Ultimate
Horizontal design action coefficients {Across) Cd(Tl)= 059 But notless than 0.030Ru
Ultimate force across the building Cd{Tl} xWi= 32499 kNTotal
Service
Horizontal design action coefficients {Across) Cd(ll)= 016
Service force across the building Cd(Tl} xWi= 87.50 kN Total
Alona the building
Pericd of building along the building 0.40
Does the seismic bracing have ductile capabilities but is designed as nemindily ductile
Structural ductility factor {Ultimate) b= 1.00
Structural ductility factor {Service SLS1) = 1.00
Structural Performance factor {Ultimate) Sp= 065 15% dampng
Spectral Shape Factor {across) Ch{l)= 3.00
Near Fault factor N(T.D) = 1.0
Etastic site spectra {Ultimate) Cl{tj= 090
Elastic site spectra {Service) C{T)= 023
Ultimate kp= 1.00
Service kp= 1.00
Ultimate
Horizontal design acfion coefficients {Across) Cd{1)=  0.59 But notless than 0.030Ru
Ultimate force along the building Cd{n) xWi= 32492 kNTotal
Service
Horizontat design action coefficients {Across) Cd{Tt)=  0.15
Service force across the building Cd({Tl) xWi= 8125 kNTotal
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35 DUNLOP ROAD, PO BOX 3315 |Client:  Christchurch City Councll Ref:
NAPIER, 4142, NEW ZEALAND |Project. Mona Vale Gatehouse Date: | 23/6/13
P (06) 842 0111 F (08) 842 0113 43 Fendalion Road, Christchurch BY: GN
E info@structuraleoncepts.co.nz Su bject: Seismic Forces
Seismic Loads to NZ$ 1170.5 sheetNo| 5
Ref: Design Output
Seismic weight at level | Wi 174.61 kN
Height at level i hi 50 m
Seismic weight at level | Wi 380.93 kN
Height at level | hi 30m
Sum of Wihi 2015.8
Base shear ultimate 32499 kN
Base shear service 87.50 kN
8% of base shear to be applied at top fevel 2600 kN
8% of base shear to be applied at top level 700 kN
Fi= .92VM
Z (Wihi)
Utimate
Equivalent Lateral force at level i {(Roof) 155.49 3110
Equivalent Lateral force at level i 169.50
Equivalent Lateral force atlevel i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
32499 kNboseV
6499.78
Service
Equivalent Lateral force at tevel i (Roof) 41.86
Equivalent Lateral force at tevel i 45.63
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at tevel i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
8750 kNbase V
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55 DUNLOP ROAD, PO BOX 3315 |Client:  Christchurch City Council Ref: 1606
NAPIER, 4142, NEW ZEALAND |Project: Mond Vale Gatehouse Date: | 23/6/13
P (05) 842 0111 F (06) 842 0113 43 Fendalton Road, Christchurch BY: GN

E info@stracturalconcepts.conz  |Subject: West Wall - Seismic loads to NZS1170
Seismic Loads to NZ§ 1170.5 Sheet No.:f [}
Ref: Design Qutput
Design working live 50 Years
Importance level 2
Annuat Probability of exceedance (inverse) Ullimate 500
Annuat Probability of exceedance [inverse) Service 25
Element Area/lengti Load ¥pa | Tolal kN Live load reduction
Roof 11.00 1.00 10.98 Totdl floor area 0.0
Partitions 0.00 0.45 0.00
Exterior Brick Walls 6.00 6.61 39.46 3+ i
0.00 0.00 0.00 \/Z = 1.000
0.00 0.00 0.00 But not less than .5
0.00 0.00 0.00
1.00 0.40 0.00 0.00 0.00
50.64 kN
Element Area/lengtl Load Kpa | Toltal kN
Timber floor 11.00 0.43 4,72
External Walls 0.00 0.62 0.00
Exterior Brick Walls 16.00 6.61 105.77
Roof 8.00 1.00 7.99
Interior Brick Walls 0.00 4.60 0.00
Partitions 0.00 0.45 0.00
Domestic Floor 1.00 0.30 11.00 1.50 16.50
1.00 0.40 0.00 0.00 0.00
123.43 kN

Total building weight
17407 &N
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55 DUNLOP ROAD, PO BOX 3315 |Client:  Christchurch City Council Ref:
NAPIER, 4142, NEW ZEALAND |Project:. Mona Vale Gatehouse Date: | 23/6/13
P (00) 842 0111 F (06) 842 0113 63 Fendalton Road, Christchurch BY: GN

E info@structuralconceptsiconz |Sublect: West Wall - Seismic loads to NZS1170
Sheet No.: ] 7
Ref: Design Output
Soil type
!; Deep.or soft soii o _E‘
Across the building
Period of building across the building 0.40
Does the seismic bracing have ductile capakbilities but is designed as nominally ductile
Structural ductility factor (Ultimate) M= 1.00
Structural ductility factor {Service SEST) = 1.00
Haozard Factor Christchurch 1= 0.3
Return period factor Ru= 100
Return period factor Rs= 0.25
Structural Performance factor (Ultimate) Sp= 0.5 15% damping
Structural Performance factor (Service) Sp= 070
Spectral Shape Factor [across) Ch{T}= 300
Near Fault factor N{T.D} = 10 n/a
Elastic site specta [Ulimate) C{Ty= 090
Elastic site spectra [Service) C{l)= 023
Uimate kp.= 100
Service kp= 1.00
UHimate
Horizontal design action coefficients (Across) Cd({T1} = 059 But notless than 0.030Ru
Ultimerte force across the building Cd(T) xWi= 101.83 kNTotal
Service
Horizontal design action coefficients (Across) Cd{Ti)j= 0.16
Service force across the building Cd{Tl)xWi= 27.42 KkNTotal
Along the building
Period of building along the building 0.40
Does the seismic bracing have ductile capabilifies but is designed as nominally ductile
Structural ductility factor (Uitimate) W= 1.00
Structural ductility factor (Service SLS1) = 1.00
Structural Performance factor {Ulimate) Sp= 065 15% dampng
Speciral Shape Factor {across) Ch{T}=  3.00
Near Fault facior N{T.D} = 1.0
Elastic site spectra {Ullimate) C[l}= 050
Elastic site spectra {Service) Cc{ny= 023
Ultimate kp= 100
Service kp=  1.00
Ultimale
Horizontal design aclion coefficients (Across) Cd(Ti}= 0.59 But not less than 0.030Ru
Ultimate force along the building Cd(T1} xWi= 101.83 kNTotal
Service
Horizontal design action coefiicients {Across) Cd{Ti)= 0.15
Service force across the building Cd{Ti} xWi= 2546 kNTotal
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55 DUNLOP ROAD, PO BOX 3315 |Client:  Christchurch City Council Ref: 1606
NAPIER, 4142, NEW ZEALAND |Project: Mona Vale Gatehouse Date: | 23/6/13
P(06) 842 8111 F (06) 8426113 43 Fendalton Road, Christchurch BY: GN

E info@stracturalconcepts.co.nz Subjec’r: West Wdll - Seismic Forces
Seismic Loads to NZS 1170.5 sheetNo.| B
Ref: Design Qutput
Seismic weight at level i Wi 50.64 kN
Height af leveli hi 50m
Seismic weight at level | Wi 12343 kN
Height at level | hi 30m
Sum of Wihi 623.5
Base shear ultimate 101.83 kN
Base shear service 27.42 kN
8% of base shear to be applied at top level 8.15 kN
8% of base shear to be applied at top level 2.19 kN
Fi=.92FV —%
> (Wini)
Ullimate
Equivalent Lateral force at level | (Roof) 46.20 924
Equivalent Lateral force at level 1 55.64
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force af level | 0.00
101.83 kN base V
50.92
Senvice
Equivalent Lateral force at level | [Roof) 12.44
Equivalent Lateral force ot level i 14.98
Equivalent Lateral force at level | 0.00
Equivalent Lateral force at level 0.00
Equivalent Lateral force ot level i 0.00
Equivalent Lalerdal force at level | 0.00
27.42 kNbaseV
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Client:  Christchurch City Council Ref: 1606
Project: Mona Vale Gatehouse Date:  23/6/13
43 Fendalton Road, Christchurch BY: GN
Subject: West Wall URM Pier in-plane
In-Plane strength of walls and plers fo FEMA URM seismic guidelines Sheet No.:l 9
Ref: Design Quiput
The following calculation follows the FEMA 273 guild lines for seismic rehabilitation
of existing unreinforced masonry buildings (URM). This calculation is for piers or
walls between window and door openings. Typically these piers are limited by
diagonal tension in the panel or foe compressive stress, but bed-joint sliding
shear or expected rocking strength can also limit the capacity.
A
= ¥
Z
Effective height and pier geometry may vary in the same wall assembly
Expected axial gravity force on pier PcE 27 kN
Pier dimentions
Effective height of pier heff 200 m
Pier length (net mortared lengih) L 0920 m
Pier thickness (net mortared width) Tm 325 mm
Net mortared area 292500 mm?
Average bed-joint shear strength Vie 1.00  Mpa
{7-Y)  |Expected shear strength
0.75[0‘751‘18 + EJ
#’” = Vme 0.421  Mpua
Expected lateral strength is the |lesser of:-
{(7-3) {Bed-joint shear strength Vmex An=  QCE 123.2 kN
a = 0.5 for cantilever or 1.0 for fixed pier o 1.0
9aPce( L ]
(7-4) |Expected rocking strength ' heff =  QCE 10.9 kN
Masonry compressive strength fm 40  Mpa
Diagonal tension strength
Vme = fatin eq. {7-5) only fat 0.421  Mpa
Verfical axial compressive stress fa 0092 Mpa
Aspect ratio {L/heff)j= 0.45
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Client; Christchurch City Councll Ref: 1606
Project: Mona Vadle Gatehouse Date:  23/6/13
63 Fendatlton Road, Christchurch BY: GN
Subject; West Wall URM Pier in-plane
In-Plane strength of walls and piers conlinued sheetNo:| 10
Rel: Design Output
Expected lateral strength of pier is lesser of:-
{7-5}  |Diagonal fenson stress
g L f Je
Vet = fdt.An[hq’]_J 1+ i QclL 612 KN
(76} |[Toe compressive stress
e gPel A VL4
ltc-apc{heﬁ l 0»7ﬁ?1] QcCL 11.7 kN
The govening lateral force for this pier is 10.9 kN
Actural force on pier is 510 kN
% of NBS, proportion of NZ§1170.5 %INBS 21 %

Not acceptable
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MONAVALE GATEHOUSE
FENDALTON ROAD, CHRISTCHURCH

LDE GEOTECHNICAL REPORT

55 Dunlop Road, Onekawa, Napier

PO Box 3315, Napier, 4142, New Zealand
P (04) 8420111  F (06) 8420113
tinfo@siruciuralconcepis.co.nz

£606 130731 Monhavale Gatehouse DEE Quantitalive
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1 INTRODUCTION

Land Development & Exploration Ltd was engaged by Insight Unlimited on behalf of
Christchurch City Council to undertake a detailed geatechnical investigation of the ground
beneath buildings and land at Maona Vale Gate House, 73 Fendalton Road, Fendalton. The
buildings and land were damaged by earthquake shaking, particularly from the 22

February 2011 earthquake event.

The purpose of the investigation was to assess the stratigraphy and strength distribution
of the materials beneath the property to assist with the foundation design to remediate the
building on it and to reduce the potential for damage that may result from future
earthquake events. This included an assessment of the potential for future liguefaction and

lateral spreading arising from earthquake shaking.

This wark follows on from a preliminary assessment of the property in July 2011,

2 SITUATION

2.1 Location

The Gate House comprises a relatively small, predominantly two starey masonry building
adjacent to Fendalton Road and the Avon River [Figure 1 and 2). LIDAR data indicates that

the ground surface is about 8m above sea level.

s

Figure 1: View of Gate House. Main tension crack from lateral spreading in foregraund [arrowed].

Project Flef: 40048 Page 1 12/08/2011 \% o
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2.2 Building Foundations

The building foundations appear to comprise largely strip footings under load bearing walls,

with suspended internal timber floors on pile foundations.

Figure 2: Aerial view of property. Fendalton Road passes along the narthern side of the property and
the Avon River to the right. Main tension cracks from lateral spreading shown in red.

2.3 Earthquake Damage

Much of the damage to the house appears to have been the result of extensive earthquake

shaking.

However, minor to moderate settlernent of the building has occurred as a result of

liquefaction of the underlying ground and the subsequent loss of bearing support.

Lacalised lateral spreading has also occurred within the area between the house and the
stream resulting in the formation of a meandering tension crack up to some 150mm wide
passing along within 4m of the fult length of the house {Figure 1). Minar lateral spreading
has also occurred beneath the house resulting in the formation of a crack <10mm wide in
the footing adjacent to Fendalton Road. A hairline crack along which sand has ejected also

exists adjacent ta the southwestern corner of the building.

Praject Ref: 10048 Page 2 13/09,/2011 \f%
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In our opinion there is a moderate potential for the regression of the main zane of lateral

spreading beneath the hause from future large earthquake events.

2.4 Geotechnical Recommendations for Property

Based an the visual assessment undertaken the following recommendations were made

with respect ta the geotechnical issues affecting the property:

1. Repair of the footings and re-evel floors as required.
2. Install a palisade wali down to the gravel layar along the river side of the

hbuilding to minimise the patential for regression of lateral spreading.

3 DETAILED INVESTIGATIONS

The detailed investigation of the site included the fallowing work;

= A desktap study of published and unpublished information of the site.

= A walkaver assessment of the site and surrounding area to assess its
geomorphology and any features which may patentially inflvence the long
term behaviour of the site.

* Two electronic cone penetrometer tests (CPTs) put down to refusal (2.5m
to 2.8m depth] using a specialist rig.

¥  Three 50mm handaugered boreholes put down ta refusal ranging between
1.2m and 1.7m depth. Measuraments of the undrained shear strength
were taken at 200mm intervals within cohesive soils encountered down
through the boreholes using a calibrated shear vane. The sails
encountered were generally logged to NZ Geotechnical Saciety Logging
Guidelines for the field classification of soil and rock for engineering
purposes.

* One dynamic penetrometer test put down to refusal [1.8m depth}. The
penetrometer tests were measured in 50mm increments to better identify
lower strength zones beneath the surface.

= (Observations and measurements of the soil moisture content and levels of
groundwater encountered down through the boreholes, The possible
seasonal variation of these levels was nated and compared to the regional
groundwater table expected for the area and the timing of the

investigation.

The locations of the subsurface investigations are shown in the Geotechnical Investigation

Plan appended. Logs af the boreholes and penetrometer tests are also appended.
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The field work was completed in winter.

Allwork was completad by qualified geological-geotechnical specialists.

4 ENGINEERING GEOLOGY

4.1 General

The engineering geology of the site is summarised below and in the appended cross
section [Appendix B). It is based on an integration of published and unpublished data, the
geomarphology of the site, and subsurface investigations carried out at discrete locations.
The nature of the ground between the investigation points is inferrad and may vary fram
that described. For details of the materials encountered and measurements of their

respective strengths please review the appended investigation logs.

4.2 Subsurface Conditions

The investigations show that the building is generally underlain by generally low strength

soils overlying very dense sand and gravel present from 1.7m depth,

More specifically, stiff to very stiff silty clay, clayey silt and silt generally underlie the site
down to about 0.8m depth.

These low strength layers overlie loose to medium dense sand and gravel down to 1.7m
depth beneath the western side and centrat building areas and firm silty clay down to 1.7m

depth beneath the road [Cross Sectian).

Very dense sand and gravel is present below 1.7m depth and was not able to be
penetrated by the boreholes and penetrometer tests. However regional investigations
undertaken by the Earthguake Comimnission indicate it is same 2.5m thick and extends
down to B.5mAL. Loose silt, firm clayey silt and loose to medium dense sand some 3m
thick are indicated to underlie the gravel down to some 4m RL, and to overlie a thick layer

of dense gravelly sand.

Non-engineered fill up to 1.2im thick is present beneath the eastern side of the building and
possibly extends out towards the river bank to the east. Fill was also encountered to 0.3m
depth along the northern side. Fill was absent at the rear of the property. The fill includes
brick and concrete, and is variable in strength ranging between 50kPa and 160kPa
[average 120kPa).

&
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Figure 3: CPT 2 put down to the east of building showing typical ground prafile heneath praperty

4.3 Soil Moisture Profile and Groundwater Conditions

Groundwater was encountered at 1.0m to 1.2m depth in the borgholes, which is

consistent with the level of the Avon River. However, wet to saturated sails were

encountered from 0.5m depth.

4.4 Site Subsoil Category

We consider that the site is & Class D deep soil site as defined by NZS 1170.5 (2004)

“Structural Design Actions: Part 5: Earthquake actions - New Zealand”.

Assuming a building importance level of 2, the following peak ground accelerations are

considered appropriate for seismic analyses and design:

Ultimate Limit State event: 0.34g
Serviceability Limit State: 0.11g

Note that the SLS value has been calculated using a risk factor [Rs} of 0.33.
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The following earthquake magnitudes are estimated’ from the peak ground accelerations
assuming rupture on a fault line beneath the Port Hills, some 10km to the southeast of the

site.

Ultimate Limit State event: MB.6
Serviceabhility Limit State: M 5.1

5 GROUND DErORMATION POTENTIAL

5.1 Liquefaction Potential and Besultant Deformations

Analyses have been carried out using specialist software to determine what material
layers heneath the site are likely to be prone to liquefaction under ULS and SLS design
conditions, the resultant potential settlement at the surface due to consolidation of the
liquefied sand layers, possible dry settlement due to shaking, building settlement due to the
patential loss of ground bearing capacity as a result of the liquefaction of the near surface
soils, and the potential for sand boil development at the surface. A review of the layers that
are likely to have liquefied during the 22 February and 13 June 2011 earthquake events

was also carried out using measured peak ground acceleration data.

5.1.1 Layers Suhject to Liquefaction

SLS Conditions

No layers are predicted to liquefy during a 5LS seismic event.

LLS Conditions
The analyses show that the saturated sandy layer at 1.4m to 1.6m beneath the surface
building is likely to be prone to liquefaction during an ULS seismic event (see Figure 5). The

underlying very dense layer is not shown to have the patential to liquefy.

We expect that the silt and sand layers within the 3m of fine alluvium below the grave! layer

are also likely to be prone to liquefaction under ULS seismic loads.

22 February MB.3 earthquake

The analyses show that the medium dense to dense layers beneath the site at depth are

likely to have liquefied during the February 22 MB.3 earthquake event [see Figure B).
Despite this, the dense sand from 3.8m to 6.4m depth is unlikely to have liquefied and is

therefore expected to be a suitable bearing layer.

' Estimation using chart in Youd, Leslie, and Bartlett [2002) "Havised Multlinear Regression Equations for Prediction of
Lateral Spread Displacement”

Praoject Ref: 10048 Page 6 te/08/2011 \t% A(ENI
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Figure 4: Layer beneath site shown to be prone to liquefaction.

5.1.2 Surface Settlement due to Liquefaction and Dry Settlement

The predicted surface settlement for each test location is presented below in Table 1.

Table 1: Potential surface settlements due to liquefaction*®

CPT Settlement {mm]) for Settlement (mm) for
Serviceability Limit State Ultimate Limit State
Event Event
CPT1 Omm 2mm
CPT12 Omm 1mm

* surface settlement potential may he greater due to liquefaction potentiaf of layers below gravel layer.

Serviceability Limit State Gonditions
In surmmary, no settlement is predicted to occur as result of a SLS earthquake event.

Ultimate Limit State Canditions

The potential surface settlement beneath the building under ULS conditions is shown to be
negligible. The magnitude of surface settlement may be higher due to the potential for
liquefaction of the fine alluvium beneath the grave! layer. However, we expect that the total
settlement would be less than 2Bmm. We also expect that the very dense gravel layer

would inhibit adverse surface deformation due to settlement of the layers at depth.

Negligible differential settlement is expected from future ULS seismic events.
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5.1.3 Building Settlement due to Loss of Bearing Capacity

The potential for punching failure or settlement of the building foundations due to
liquefaction of the ground at 1.4m to 1.6m depth beneath the building has been assessed
for each seismic condition. A footing width of 0.3m has been assumed, as has an
undrained shear strength of the liquefied layer of 5kPa estimated using the Seed and
Harder (19390} methedology.

SLS conditions
Building settlement due to a loss of ground strength beneath the foundations or punching

shear failure is not expected under SLS seismic conditions.

ULS Conditions

The analyses indicate that the bearing capacity of the near surface soils is likely to be
reduced under ULS seismic conditions due to the loss of strength of the liquefied layer
below the groundwater table. Assuming 0.4m deep faundations are used analyses show
that settlement of the building foundations could occur under ULS seismic conditions
(estimated up to 7Bmm), which is consistent with the observed foundation settlement of

parts of the building following the 22 February 2011 earthquake event.

Accordingly, to avoid adverse settlements following a future ULS seismic event we
recommend that the replacement strip footings be limited to depths less than 0.4m,
unless supported on piled foundations taken to the dense sand and gravel from 1.8m
depth.

5.1.4 Sand Boil Potential

No sand boiling is expected for a SLS earthquake event, however given the potential for
fiquefaction within the near surface soils below the groundwater table there is some
potential for the development of sand hoils and fissures at the surface as a resuft of a ULS
seismic event, However, as the near surface soil layer is thin the volume of sand ejecta is
not expected ta be great. This is consistent with the limited extent of sand ejecta adjacent

to the building foliowing the 22 February and 13" June earthquake events.

5.2 Lateral Spreading Potential

A tension crack up to 150mm wide passes along the eastern side of the building. The size
of the crack is consistent with the magnitude of lateral spreading calculated for the

liquefied layer at 1.4m depth.

DEVELOPMENT
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Lateral spreading through the alluvium beneath the gravel may have occurred from the
February event although the effects of this are not evident. We expect that deformations

fram future event will be restricted to the upper 1.6m of soils.

For a future ULS event 150mm is predicted to occur 10m fram the river, while 80mm
may occur at the rear of the site 30m from the river. Some 70mm of extension may ccour
across the site from future ULS events, which should be taken into account with the design

of any replacement foundations.

5.3 Compressible Ground and Consolidation Settlement

While the 1.1m to 1.2m thick layer of fill encountered beneath the southern end of the site
appears ta be non-engineered, it was found to be stiff to very stiff in strength with an
estimated allowable bearing capacity of 70kPa. Limiting the foundation pressures to this is

recommendead.

5.4 Ground Shrinkage and Swelling Potential

The near surface soils appear to be slightly expansive to non-expanse soils with a liquid limit
below 50% based on their physical characteristics determined during testing. We
consider that the effects of soil shrinkage and swelling on the foundations due to seasonal

changes in soil moisture is not likely to adversely affect the building.

6 ENGINEERING RECOMMENDATIONS

6.1 Strip and Pad Footings

Should replacement strip or pad footings be required for the reconstruction of the house

we make the following recomimendations.

Depth
For design we recaommend strip footings and any pad footings be taken to a depth of 0.4m

depth,

Bearing Capacity
At that depth a geotechnical ultimate, factored (ULS, ®=0.5]) and allowable (FoS=3]

bearing capacity of 210kPa, 140kPa and 70kPa is recommended.

Project Ref. 10048 Page 9 12,/08,/2011 \%
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6.2 PBiles

Purpase
Piles taken into the dense sand and gravel layer present from 1.7m depth are

recommended along the eastern side of the property to provide shear resistance against
lateral spreading through the overlying low strength sediments immediately above that
depth, and also to provide resistance for regression of tension cracking beneath the

eastern wing of the building.

Pile Depth
A minimum pile depth of 2.0m is recommended.

Lateral Load Considerations
Potential lateral movement of 100mm towards the river of the soils to 1.6m depth can be
assumed.

Fixity can be assumed to exist at 1.7m depth.

End Bearing Capacity

Should the piles be used for bearing, at 2m depth geotechnical ultimate, factored {ULS,
$=05) and allowable (FoS=3) end bearing capacities of 5400kPa, 2700kPa, and

1800kPa respectively can be used for bored and cast insitu piles,

Skin Friction
A geotechnical ultimate, factored (ULS, ®=0.5) and allowable (FoS=3] skin friction of
50kPa, 25kFa, and 17kPa can be assumed for static load conditions. This should be

reduced by 25% for ULS seismic conditions.

Construction Issues
The excavations for bored piles may be subject to collapse below the groundwater table,
although the cohesive nature of some of the alluvial layers may limit this to & certain

degree.

Driven piles are unlikely to be able to be driven into the dense sand and gravel and

excessive shaking could damage the huilding as a result.

6.3 Verification Checks

Verification testing of the ground by a Christchurch City Council Building Inspector or

Suitably Qualified Professional is recommended to ensure that the ground conditions at
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the base of the foundation excavations are as described in this report, and that all
unsuitable and loose materials have been remaved. We should he contacted immediately if
these conditions vary from that described in this report. A modification to the

recommendations or design may be required.

7 OTHER CONSIDERATIONS

This report has been prepared exclusively for Insight Unlimited on behalf of the
Christchurch City Council with respect to the particwlar brief given to us. Information,
opinions and recommendations contained in it can not be used for any other purpose or by
any other entity without our review and written consent. Land Development & Exploration
Ltd accepts no liability or respansibility whatsoever for or in respect of any use or reliance

upan this report by any third party.

Opinians given in this report are based on visual methods, and subsurface investigations at
discrete locations. The nature and continuity of the subsurface materials between these
locations are inferred and it must be appreciated that actual conditions could vary from
that described herein. We should be contacted immediately if the conditions are faund to

differ fram that described in this report.

Yours faithfully
LAND DEVELOPMENT & EXPLORATION LT

/gjf L/ }/ [ é O

Georg Winkler
Geological & Geotechnical Engineer
MIPENZ, CPEng

Managing Director

\\sbe\docurments\EDE  Proects\ 10000 to 10099\10048 Isight Chch Buldng [nwestigations\Stes\Mana Vele\Gate House\Detaled |restigation
Reparth 10048 GEW 07082011 Mona Vale Gate House Detaled brestigation Report.doc
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APPENDIX A

GEOTECHNICAL INVESTIGATION PLAN
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CERA BUILDING EVALUATION FORM
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Detalted Engineering Evalustion Summary Data i

Location . g .
Buidng Harr.e’ [tronavaz Gatehouse i . ) Reveaet:[Gary Nzaton
Ut No: Street : CRErg Ho: 65305
Buidng Add 119 I 1 _63[Fenda¥on Road | . -Gompany: [Shructural Conozpts Lid
1sgak Descripton: | : B B Company preect number, 1805
. - Company phone numbar, [o3 euo1iy
o g Deprees Mn Sec T

- GPS scu-‘.h.l | | ] Date of subrssion: 307082013

" GPS gast| | | ] inspecton Dete: &Augl
A . E . Reuision:
" Buding Unque idantfee (GCO)] | . . 1s there @ fift repori with fhis summary?[yes |
-S2e gopa:[Fat . . S . . ax reta'ning height (m):] o}
- -Seltype: |ty sand T : .86 Profla (favalabie)] ]
Sie Class (to NZS1170.5): v _— B
to waterazy (m, if <100m}: 51 . 1f Ground improverent on s¥e, descrive: [settement focally |
Proxmity to chfop (m, if < 100m) . e o :
Proximety to €59f base {mif <100m). - Approa 57z elvaton (m)] 6.00]
[Eviiding . IR .
; 0. of storeys abave gicund: 2 “shghs slorey =1 569}
- Ground feor sER?fno L Ground foor elevaten =baf.egrnu'yd (m) ! 0.50}
Sleteys befow ground [ EE o :
Foundaton hpe:|sinp feotngs . it Foundation typ is other, deserte | 1
: Buding height {m) 7.0Q reight from growrd to level of uppermost selsmic mass (for ISP only) (mi:| |
Flatd foolprint area (apprax): 5]
Ane of Buiding {years): 03| Date of desipx[Fre 1635

Strenghaang present?[no ] i z0, when (yean)?[ |
E Ard whatload Ee.ei £9)? | |
Use (ground ficory: [offer (specty) Brisf strengthering desor { 3

Use {upper Faors): [ pubic
oles [ required) iR
{toNZS$170.5:[R2

Eﬁra\‘m Struchure

- Gravhy System: [losd bearng wals
Reot [fmbser framed . raflet bype, purin fype and claddngftmbermbanciay 725 on saraing

C[fmEer Joist dagth and spacing (mm){ 300450

rhar . . . fpejtmbsr

brick masansy . : m“»caldrrens o0s (mm x mm)[ 3002108

lnad tearing brick - .. #NJA
{Lateralload re g shrushure - . L )
BN St A “Laera] system a'ong:fother {nate} " Hote: Define atong and aczoss in : L deseribs systemJURM shiar wsls
Vs L Dty assumed, o 1.00 detailed reporil
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