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Appendix B Assessment of a revised operational school boundary
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Performance objectives

Our assessment of a revised operational school baundary to () maintain safety o a high level,
and (il minimise disruption to as low as practically possible, is based an GNS's slope stability
modelling and runout modelling (GNS 2004/78; Sections 4.1 8 4.2, respactively).

Ta achieve the aims to minimise disruption, maintain safety and minimise uncerainty we set the
following perlormance abjectives;

o Risk of fatality within the school grounds shall e nil

s [Establish a rovised operational schoal boundary at a conseratively lacated set-hack™
= Morock shall cross the rovised boundary

= Minimise riskof rock Impacting or damaging the bund

o« Minimise risk of rock requiring ceerance from behind the bund (in the catch area)

= Minimise monitaring requirements Lo those to be agreed with the CCC as part of the
Building Consent compliance monitoring programme

m  Provide conservatively cstablished ample slorage capacity such that in the event of
multiple large volume rockfall events, the rock is well centained in the catch area, and
there be little need for delalled reassessment of the slope stability,

Assessment process

GNS modelled randomly disiributed ofilf collapses as well as three local sources, The lacal
sources represent GMS' estimation of the mast likely locations ot spedific rockfall sources that
could generate large rackfall volumes (refer to GNS 2014/78; Section 1.2.2, page G and Figure 2,
page T - reproducad belaw),

Lacal saurce 1 s in the arez of Glendevere Terrace (at the cliff top to the west of the site) and
Lacal spurce 2 s to the nerth of the site. These two sites are relevant Lo the risk assessment at
the school site sooit is of benefit that GMS included these in their assessment. Local source 3
affects Main Road away fram the schoal site,

* The leyal boundarles de not change. [Eis the operational arsa that & changed Leing defined by revised operaticnal
sehiool biundarics,
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Figure BL: GNS 2014/78 Figure 2 showing local source areas 1, 2 & 3 and school plan
area (shaded green) added.

To explore the sensitivity to uncertainty in the modelling GNS estimated potential
future source volumes using a range of rock material properties, instahility models and
carthguake demand (refer o GNS 2014/78, Section 16.2.2, page 18 — Scengrios adopted
for modelling, and Section 4.1, page G1).

Their assessment of runout included an empirical procedure and numerical (RANMMS™)
modelling.  The empirical procedure followed for estimating the empirical run-out
distance, in terms of the fahrhoeschung angle, is detailed in GN5 2014/78 Appendix 1,

GNS states (page 84) that a total of 45 sections through specific debris avalanches
triggered by the 22 February and 13 June 2011 earthqualces have been assessed. For
each section the fahrboeschung for "talus” {(where the ground surface is abscured by
maty boulders) and “boulder roll” (individual boulders) have been defined based on
field mappinag. The results are shawn in Figure 32 (reproduced below) as ratios of H/L
where || is the height of fall and L is the length, or runout distance, of the mapped
rockfalls and debris avalanche deposits (talus),
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Flgure 32 Tne empircal fahrhosschung relafionships, expreszed aa the ralio of heighd (H) to length (L) for
dabris avaloncha lolug and boulder roll (rockiElis) recorded in the Pom Hille. M = 43 seotlons. Errors aro
expressed 22 the mean + one standard deviation (STDY).

GMS states (page 84) that these fahrboeschung relationships are based on debris
avalanches that fell from cliffs in the wider Port Hills area during the earthquakes, and
not just from the Redcliffs site. They therefore reflect all of the different types of slope
shape that could affect the debris avalanche runout, (Our emphasis added in underlineg),

From this statement we have confidence that the dataset is statistically robust enough
on which to base an assessment of a set-back that would be far enough removed fram
the cliff to safeguard against rockfall hazard and provide assurance against disruption
at the school site.

Referring to Figure 32 GNS states (page 84);

1. The results show that for very large failure volumes, the fahrboeschung angles — and
therefore runout distances — arg the same for talus and boulder rolls, However, for
sraller failure volumes (typically less than 100 m?) the boulders runout significantly
[urther than the talus.

2. The main problern with using the fahrboeschung method to predict runout is that it
does not take inte account the ramping effect*caused by the shape of the slope
below the source area, which can have a significant effect on debris runout.
However, they are useful as comparison tools to compare how credible the RAMMS

runcut modalling results are.

3. Fram the assessment of the debris that fell from the three main cliffs (Redcliffs, Shag
Rock Reserve and Wakefield Avenue/Richmend Hill), during the 2010/11 Canterbury
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earthguakes, no debris passed the 31° fahrboeschung angle line (Massey et al,
2012a: GNS 2012/57).

For refoerence we include below GHNS's estimated volumes last from the various Port
Hills cliffs {GNS 201.2/57; Section 4.3.4, Table 11, p38 & 39),

(*the ramping effect was assessed using the numerical RAMMS software that takes into
account the site slope geametry when maodelling debris runout; GMS 2014/78, page
85}

With respect to forecasting runout modelling GNS states (GNS 2014/78, Section 4.2.2.3,
paga 881 In general, there is a good correlation between the fahrboeschurig angles and
RAMMS runout limits for the assessed (high volume) source areas, (Our text added in
brackets),

Within the empirical dataset of multiple rockfall events, the 317 fahrboeschung angle is
the runaut limit of rocks from debris avalariches trigogered by the 2010/11 carthguales
fram Lhe assessed cliffs (with estimated rocldall valumeas up to 35,000m° — exciuding
Whitewash Ilead). GNS notes that due to fracturing of the rockmass future rockfall
volumes could ba larger so we have talen this in account In aur assessment,
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We sought to establish a set-back distance that provides assurance that multiple large
rockfall events would be very unlikely 1o reach a revised school boundary,  With
reference to GNS 2014/78 Tahle 22 (page 79; reproduced below) we toalk an upper-
bound valume of 50,000m" taking into account the uncertainty modelling GNS had
underlaken, The dashed aulline box we have addad to Table 22 shows the scenarios
where it is estimated a rockfall event could exceed 50,000m°, Events of this size are
estimated for combinations of (i) very high earthguake demand (very high PGA -
significantly larger than ULS IL3 demand for the site) and (i) upper-baund volumes are
assumed i.e. upper-baund conservative scenarios.

Thus, for the purposes of our assessment 50,000m® represents a "large rockfall” and a
conservative threshold as a reference around which to explore suitable set-back
distarices (based on fahrboeschung angloes).

Teble 22 The eztimatzd volumes of debrls leaving the slops for diffiersnt bands of peak ground acceleration
{PGAY. STD is the standard deviation of the mean hased on'thae comrelation in Figure 28,

! PGEABand [g) 04-03 | 0305 | 0508 | 0842 | 124G 1.6-2.0 203

| ENidpaint of PGA band (g} 0.2 0.4 D65 1 1.4 1.8 25

| Midpaint of PGA band (misis) 1.95 382 Bal | @81 | 1373 | 1765 | 7453

| Upper volume: MEAM +1 STD (=)' 8735 18,249 33776 55,370 81.460 108,667 | 53445

. i LY i
| middie velume: MEAM {m")' Ja03 B4 15,084 24 578 IBz07 4 442 705149

! S s A — mh —_— - | T
! Lawar volume: MEAR -1 5TD '} 1,745 3844 6,700 10,854 16,182 21,501 &1,475

1

Only the first dipit in fhe numbar is significant,
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In Figure B2 we have added a vertical dashed line indicating the 50,000m’ volume, By
inspection  the I1/L values for the mean and mean -15TD are found, and hence the
fahrboeschung anagles (F) are simply caleulated, as Tollows:

For the mean relationship line the H/L is greater than 0./ (we rounded down to 0.7),
giving F = tan™ (0.7 = 35°,

For the mean -1 5TD relationship line the H/L is greater than 0.6 (we rounded down to
0.6), giving F = tan™{0.6) = 31°,
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Figure B2: extract from GNS 2014/78 Figure 32 {enlargement of the boulder roll figure}
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A single large rockfall event or a series of 50,000m* volume rockfalls are expected to
runaut to a limit indicated by the lower-Bound (conservative) F = 31° contour. This is
impartant to establish in terms of understanding the significance for the long-term
stability of the cfiff. With reference to Table 22 (reproduced abowe) it is possible
(though unlikaly) that & serfes of very large earthguakes could ocour during the design
life of the schaol.  However, we have avoided the need to intreduce uncerfainty
associated with estimating earthguake return periods, and opled lo accepl that
multiple large volume rockfalls are possible (though unlikely) therefore we should
ensure that the set-baclk amply accommaodates these in terms of both run-out distance
and storage capacity in the catch area.

To explore conservatism further we extended the assessment by

« Using a relationship line that passes through the lower-bound (conservative)
extremiiies of the dataset (beyond the -1 5TD lina); and

« Looking at the |1/L for an extreme event for which we adopted 2 100,000m” rockfall
volume, The relationship lines indicate that the larger the rockfall volume the further
the potential runout distance (i.e. a conservative distance). Also, with reference to
GNS 2014/78 Table 22 (reproduced above) events on the order of 100,000m? are
estimated at very large PGA (=1.6q) and are also the upper-bound (conservative)
volume estimates. So, in our assessment we have forced the relationship line to be
lower-bound and forced the estimated volume to the upper-beund,

In Figure B3 we have added the dashed lower-bound relationship line and derived the
assacated H/ value for the extrerne rockfall volume. For a 100,000m® rockfall and a
lower-bound relationship line the H/L ratio is approx. 0.5, giving F = tan™ (0.5) = 26.6°,
We have rounded this down to 26°
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Figure B3 extract from GNS 2014/78 Figure 32 (enlargement of the boulder roll figura)

We recognise that the derivation given above uses extrapolated relationships beyond
the empirical dataset, Using this approach uncertainty and conservatism is accounted
for by using an additional relationship line that passes through the lower-bound data
points {heyond -1 ST, Using the mean and mean -15TD lines the H/L values {and F
angles) at 100,000m* are 0.7 (35°) and 0.6 (31°), respactively. Using the lower-bound
line the Fangle is 267, which is a worse case estimated runout distance (e to the outer
limit) of an extrerne roclkfall event.

In addition to establishing a conservative revised school boundary lecation we
recaommend the addition of a bund, the design principle being having established a
suitably conservative set-back distance the risk of rock rolling across the boundary
should be nil for the school sito.

412345 16000123005 RFT_nkhorockiall hesend ndligatiom_fil

e Eliot Sinclair

sUpveYors | englnests | planners




Liict Sinclair & Patners Lt Fedulifls seheol: Rockizl! Hazard Mitigation

4luane

Storage capacity

The revised boundary location at the F = 26% contour retreats the revised operaticnal
schoal boundary in the arder of 25m (max.) into the school site. Even for large rockfall
events (e.q. Local Source 1 at 25,000m?) empirical data and modelling estimate the
runout to be within the F=31° contour (j.e, at the legal schoaol boundary).

Refer to Sheets 1 & 2 in Appendix A, The bund would be located on the cliff side of the
contour over most of its length with the northern end running parallel to the school
houndany with a 4m wide service road behind (see extract in Figure B4).
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Figure B4 (extract from Sheet 1, Appendix A of this report)
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For a series of large volume events the source volume becomes depleted, the fall
height reduces as the talus accumulates and the source crest retreats away from the
school land as does the F=31° contour {the limit contour establish from GRS's review of
rackfalls over 30,000m” - refer to Table 11, above). Even for a series of large volume
events empirical evidence and modelling validates that the F=31° contour as a reliable
maximum fly-rock limit, with runaut being within this contour.

As discussed above, Tar an extreme event (2. 100,000m% the runout distance could
extend 1o the F = 26° cantour, but this is the runout limit, not the hody of displaced
rocl. GMNS assessed the proportion of debris volume passing a given F angle (GNS
2014/78, page 83), and their Figure 31 is reproduced below.

1 2]
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{51]
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Figure 31 Proportion of debris volume passing & given Tahrboeschung angle (F-angle) line, from dabris
aualanches triggered during the 22 Februsry and 13 June 2011 earthquakes at Redcliffs. Trend lines are fitted to
Radcliifa dala anly. Data [rom Shag Rock Reserva, Richmand Hil akefield Avenue and Nayland Street are also
shon for comparison.
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Although the runout distance may extend with increasing event volume the Port Hills
cliff data indicates that at [ = 31" contour valumes are in the order of 00001 of the
total rocklall event volume ar 0.01%,

For example, 100,000m" of solid volume bulling by a factor of 125 (GNS 2012/57,
Secltion 4.3.5, page 42) gives 100,000m” x 1,25 % 0.0001 {(upper bound) = 12.5m" at the
T = 31° contour.  This is a very manageable volume of rock.

There would need to be an adjustmeant to Figure 31 relationship for larger volumes
than have been experienced to date, but taking the upper bound 0.0001 proportion at
F=31" and using bulking factor as high as 2.0 gives 100,000m® x 2.0 x 0.0001 = 20m’ at
the F = 31° contour.

From Figure 31, fallowing the -1 STD line down to the x-axis it is seen that the velume
at the F=26" contour could be an order of magnitude less ie. in the arder of 2m?,

These numbers are estimates but we are interested in the arder af volumes that might
travel to the outar limits of the where we are recommending the revised school
boundany.  Even for such an extreme event {e.g, 100,000m? triggered by a greater than
1.6g earthquake, or perhaps greater than 2g — refer to Table 22, above) it is evident that
such small volumes of rock are of little conseguence for a protection bund’s integrity or
storage capacity.

Similarly, a series of large rockfall events are also of little consequence for a bund
located at the revised schoal boundary defined by the F=26° contour, as cach event
would lilkely shed relatively little rock across the existing school boundary,
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Appendix C Rockfall hazard analysis
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Appendices

Appendiz A Rockfall madelling results (G5 slope parameters)

Appendix B - Rockfall moaelling resulls (intermediate slope profiles X51oUsmall and X5160big, GMS slope
pararmeters)

Appendix C; Rockfall madelling results (451600, Smd and 30 baulder, with scaling by mass and
vl ooty

Appendix D Typical barrier design at F=26° line
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Executive Summary

Eliot Sinclair has modelied tho individual rockfall hazard for Redeliffs School, Christchureh,

The rockfall modelling has been undertaken in accordance with the requirernents ot out in the

Chiristchureh City Council's "Technical Guidelines for Rockfall Protection Structures” and uses
standard slope parameters that have been determined for the Part Hills by GRS, The standard
slope paramelers have been develaped by GNS after back-snalysis of a wvariety of rock fall
racords from the Canterbury sarthquakes, and represents the bost available data for rockfall
wadelling in Christchurch,

Redclils School is located on an area of level ground, however a large <fiff that is around 40 10
70m high is located to the southwest and northwest ot the school CII collapse and rockfall
pecurred fram this area in the Camterbury earthguakes, and resulted in some rockesll onto the
couthwostern part of the schoal grounds in the area of the schoel hall. The main cluster of
schoo! buildings to the east of the school hall were not impacted.

It is now praposed to limit the arca cocupicd by the schaet by loating a nominal rockfall
protoction structure at the distal limil of potential rock rall and cl.iff-:ollapﬁe tlebris runout. This
location is refsrred to by Eliot Sinclair's review as the F=26% cantour line. This assessment
considers whether or not a roclkfall/roll hazard is lkely at the F=26° line,

In order to verify the modelling undertaken by GNS in report CR2014/78 we have independently
medelled the extent of rockiall runout using RecFall® software, When standard slope
parameters set out in GMS repart CRZ011/411 and CRZ014/78 are adopied, madealling confirms
a lmg, smTand 30m® boulder would nat reach the revised operational school boundany, neted
as F=#6° an Elint Sinclair drawing 41236851 shest 2 af 2, dated 23.3.2014.

The 95" percentile boulder size for the Port Hills is reported by GMS to be 3m°, and therefore
th

the modealled baulder sizes typically excecd the 957 porcentile size by & signilicant amount,
When GMS' slope parameters are adopted for rockfall modelling, all rockfall is calculated to
come o rest before the F=26° ling, regardless of boulder size. Based an thase parameters, cliff
collapse and rock rall is not a known hazard to the proposed schoal ares (at or heyond the
E=262 contolr),

Even if the rolling and bouncing characteristics adopted for rockfall modslling were adjusted to
artificially increase runcut distance, it was anly possible to generzle boulder roll to the F=269
line if tho properties of the talus slope and flat land between the schoaol and the <liff are
assumed Lo comprise a very hard, smocth, rigid surface that would need to be similar o a
concrate ar asphalt read. Clearly this is not a realistic scenario at this site, and again it can be
concluded that reclkioll to the proposed F=26° line is not lkely,

Despite this, there is always a remaote risk that future rocle rall runout cxceeds known parameters
{l.e. does not fit within cxisting statistical data).  We have considered The very unlikely scenario
that a baulder travels beyond the distal extent (F=267 line) of known rock roll, Tn this scenarie,
any baulder would be decelerating and is likely lo be coming to rest. \We have, therefore,
adopted a nominal boulder velocity af 2ms™ for the purpose of designing a barder.  Analysis
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finds that in erder to arrest a 3m” boulder travelling at 2ms™, a gabian basket bund that is 2m
high, 1m wide al the top, and L.5m wide at the kase would be needed,

I summary, all roasonable modelling indicates rockfall to the proposed revised operational
schoal boundary, defined by the F=26% line, would not accur, In order to address the remote
risk that rockfall could travel beyond known limits, a small rockfall bund should be constructed
that is 2m high and at least L5m witde at the base, and Lm wide at the top of the bund. This
could he achioved using a simple gabion basket wall. We have adapted a 2m wide basze for the
purpose of the design at this stage (refer to Rockfall Hazard Mitigation repart).
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1 Introduction and Scope of Worlc

Fliot Sinclair was engaged Lo review Lhe existing rockfall hazard assessment undertaken
previously by other consultants for the Reddiffs Schoal,

This roport outlines the results of reckfall medelling Lo verity If a rockiall hazard exists at
the F=26" line, and o comment on the extent and type of any measures that could he
used to mitigate any unceriainty relating to future mckfall hazand at the proposed
school boundary,

2 Site Description

21 Topography

The siteis localed across an area of level ground, northeast and southeast af a large cliff
of valcanic bedrock.

Ther crest of the ¢lill varies in elevation, but gradually reduces in elevation ta the narth
and south. The clilf face is near-vertical in many places.
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Figure 1z Site focation plan. Source: Gongle Mans, barch 2006,

A lalus slope is located at the base of the cliff, and compriscs volcanic debris from
pravious cliff collapse and regrossion, The height of the talus slope varies across the cliff
face.

The variation in height of the talus slope results in the height of the near-verlical part of
the cliff face varying along its length, and the parl of the diff face which has the largast
sub-vortical meposure is located near Lhe western corner of the Redcliff School site.

A number of residential dwellings aro Incated adjacent to and north and southeast of
the school site; on relatively level ground,
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The area of level ground norlhwest and northeast of the main cluster of schaol buildings
is largely grassed and fs used as the school sports fisld/playgraund, with the area
immediately adjacent to the buildings surfaced with asphalt and used as either & courl
surface, or for vehicle parking.

The schaot hall is located to the west of the main cluster of school buildings, near the
toe of the talus slope. Rock rall occurred around the area of the schoaol hall in the
Canterbury earthguakes,

Figure 2; aerial photo ol sike and surrounding lznd. (Source: Google Maps, Merch 2616},
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Figure 3: Asrial swipw of Uhie lalus slope below the cliff after the 22 Febeuany 2011 eanthguake, ard Lofone the
A3 June 2011 parthoguake, Mobe school hall with reddish recf in foeegrannd. {(Souece GMS roporl 2014/7E,
Fimure A, Augqust 201)

2.2  Geology

Cur chservations are that the nature of the exposed rock cutcropping can wvary
significantly across the Port Hills, The clilf face located to the southwest and northwest
of the school site is no exception, and GNS report CR2014/78 [17 Wentifies the presence
of relatively shallow (il loess silt and silt colluvium across the upper part of the diff face,
ovnr basall lava breceia, lava, epiclastic materials, basalt lava, and basalt lava breccia.

3 Design Boulder Size

3.1  Background

Boulder size is a key parameter thal is needed to assess rockfall/roll runout distance, and
is also an impaortant consideration where designing roddall mitigation measuras,

The Christchurch City Coundil's Vechaio! Guideline for Rockfall Protection Struchures
reguires the 95" percentile boulder size be used & minimum standard for rockfall
mitigation design,

The methed of determining the 35" percentile boulder size is nat clearly defined by the
Councl’s Technicn! Guideline for Rockfall Protection Sfructures, however, ‘percentile’ is a
standard statistical term which the Merriam Woebster dictionary defines as "o value on o
seole of 100 that indicates the percent of o distribution that (s equal fo or below it

Therefare, the 95" percentile baulder size is the size that is equal to or larger than 95%
of the boulder sizes in the data sot, and Implies that 5% of the boulder sizes recardad in

the data set will sxceed the 85" percentile size,
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Based on aerial photography and Eliat Sinclair's site inspection, the g5t percentile
haulder size that has travelled to the toe of the talus slope is likely Lo be sround 2 m* to
3. This is ronsistent with the 85" percentile boulder size of 3m? set out in GNS repart
AO0L17310,

rhe 95" percentile boulder size is MOT the largest possible boulder size than can be
found within & rockfall catchment.

GRS [1] advise 'the talus ab the toe of the diff — present before the 2010/11 Canterbury
parthquake-induced talus accumulations — comprises sevaral car-sized baulders along
with many smaller boulders of valcanic rock that have fallen fram the oliid',

& 'carsized' boulder that §s around 5m long » 2m wide x 2m high has come to rest next
tor the dwelling that is northwest of the scheol hall in Figure 2. The bauldar has an
eslimated valume of around 30m”.

Whether or not a 857 percentile or the 99" or 100" percentile (ie. largest credible
boulder zize) is adopted far assessing rockfall hazard to the schoal is discussed later in
this report.

3.2 Effect of geclogy

Large boulders were randomly distributed across the talus slope, and are most likely 1o
comprise columnar joirded basall, or lava breccia. The location and thickness of the
souree of these materials varies randomly across the diff face, and is a refleciion of the
highly variable nature af the Port Hills volcanic deposits.  Further, the jointing and any
fracturing within the rockmass will predispose the cfiff face to failire of various sizes
over time, and this is discussed in detail by GNE repart 20014/78,

3.3 Design Boulder Size

Far tho perpose af this assessment, Lhe Council's guidelines require any rockfall
protection slructure adopl the 95" percentile boulder size as a minimum standard,
which is reported by GNS Lo be at least 3m” for the Port Hills,

Ghs assessment of the rockfall hazard to Redlclifls (GHS 2014/78) adonls & 1m” boulder
size for Roctall modelling.

There are also a numbar of boulders across the sile that are cdearly around 2m diameter,

and are estimated Lo be around 5m”. Furlher, GNS acknowledge very large boulders can
v 3 - E i 3

ocour infreguently, e the 20m™ 'car-sized houldor’

Therefore, far the purpose al our rockdall modelling, @ mare commen bollder size of

: E ' : 3
im? a less comimen boulder size of 5Sm™ and an extremely unlikely boulder size of 30m
have been modelled.
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4  Site-Specific Rockfall Modelling

4.1  Cross-5ections

A number of topographical cross-seckions have been generated from LIDAR dats, and
imparted inte RocFall sottware (v4,058) as 2-dimensional data.

Cross-sections 02 B0, 120, and 160 were used to assess the rockfall hezard to the
Reddiffs Schoal,

Y

Figure 4; | cration of cross-sections wsed Tor rockfa’l madelling. {Sounce: Ciat Sinclain, 2018).

4,2 2D rockfall analysis using standard GNS parameters

The methed of analysing the rockfall hazard used standard GMS slope parameters, and is
cansistent with the recommendations of GMS Sclence Report CR2Z011-211 (Massey, et
al, 2002). |

As a canservative approach, three soparale celoulations wete perfarmed to medel the |
affect of 2000 baulders of either 1m?, 5m’ or 30m? relezsed from the cliff crest, cliff face,
and the talus slope arsas,

Boulders were modelled with an jnitial horizantal velocity of 11.5ms™ (ie. movernant
from lett do right oul of the oiff face), and an Inftial vortical velocity of +1.0m/s (e
uplift}.
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A& bavidar density ol 2700kg/m was assumed for rockfall modelling, as set-out in GNS
Scjence Repart CR2011-311 (Massey, ot al, 2012,

Tha cliff face and any other obvious sub-vertical cxposures of bedrock were modelled
wsing GMS parameters for ‘bedrack’, the steep slape belaw the diff modellad using GNS
parameters for talus’, and the flal land between the tee of the slope and the prapased
school houndany was modelled as ‘rollivic! loess with vegetution, smoath’. Reler to Table
1

The modelling indicates rockfall frorm X502, 80, and 120 would not reach the F=31
degree ling, but at X5160 & very small proportion of fallen boulders may reach the F=31
degree line but would not reach the F=26° line, Tnis is consistent with the conclusions of
GME repot 201478,

Refer to summary charls in Appendix & that identify the moedelled locations at which
im’ S’ and 20m? boulders would come to rest al cross sections 02, 80, 120, and 180,

Table 1; N5 [2] slope parametars,

Slope parametars, GRS [2] Clean, hard Rock atfnear Colluvial [oess
hedrock and surface, wihen with vegetation
rocl at surface | rockis coveread [smooth)
{e.g. hasalt, in parts by |
trachyte rockfall talus, etc. '
SOUrCes)
Coefficiant of norma! restilution {Fn) 053 [FRTH 0.3
Standard frviation 004 004 ea
 Piladaihs PRIy |
Coefficent of targentizl restitelion (R | 052 [1.83 [as
<tandard deviation | 0.04 0,04 003
Friction anols [degree) 40 20 4
srandard deviation 2 7 2
Slape nughness (degree; - -
Siandard deviation 5 | 5 i 0

Table 23 Rocklall propedics at proposed revised operational bounday {F=26%) using standard GNS slops

parametecs,
]
Boulder Size in? | Sm’ ELiITY
[ Kinetic Enorgy, kK n 0 {1
Bourice Haight, m H a 1
Velasity, ms! 0 il ]

4.3  Clifftop regression

The height of the exposed vertical to sub-verlical €liff face, and the length of the talus
slupe vary along the cxient af the proposed scheel boundary, Based on the modelling of
Lhe four cross-sections it is the verlical cliff height that has the greatest ellfecl on the
dlistal extent of any rockfall.
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Of the cross-sections modelled, ¥5160 produces the greatest runout distance from the
clill face,

Consideration was then given 1o the effect of clifitap regression at X5160 in order to
assess if this could result in an increased harard, which is not immediately apparent.

Thore is a theoretical limit 1o the amount the cliff face could regress back before it
stabllises. This paint is largely controlied by fallen debris al the base of the cliff
accumulating to the point where it sel-supports or butiresses the cliff face. This is
unlikely to osour s a single mass-feilure, and we have therefore considered two
intormediate profiles L investigate the risk of rockfall as cliff regression nccurs over
time,

The affect of progressive ciff regression and sccumulation of debris across the talus
slape has been modelled at ¥5160 assuming a ‘small’ failure and a ‘nig’ failure, with a
bulking facter of 1.3 used for the small failure and a bulking lactor of 2.0 adopted for
the 'big failure’.

The results of this rockfall modelling confirms a "small’ and a 'big" failure would not
result in rock roll reaching the F=26° line, Refer to Appendix B,

4.4  Scaling Rn by velocity and mass

GNS report CR2011/311 suggests, as a default, the coefficient of nermal restitution be
scaled by taking into sccount the boulder velocity, and this has been followed with the
madelling cutlined in Appendix & and Appendix B,

However, as a scnsitivity check we have alse analysed XS160 'Big' by scaling the
coefficient of narmal restitution by taking into account koth the houlder velocity and
mass. Again, using these parameters, the results of the mockfall modelling confirms
boulders would not reach the F=26° line. Refer to Appondis C

5 Design parameters for a rockfall protection structure

Al of the madalling undertaken by both GRS and verified by Ellot Sinclair confirms that
Rased an existing data from across the whole of the Part Hills after the Cantorbury
carthuakes, even in the worst-case scenario reck rell would not reach the F=26" ling,

There is a remote chance theat rock runcut in the future could ocour in & manner that
does not fall within the existing statistical bounds, While this risk of this poourning 1s
meceptionally small and in our opinion the risk of this occurring is virtually nil, the scheol
may want to address this small uncertainty by construction ol & physical barrier at/dose
ta the F=26" line.

For the purpose of this report; we have assumed a Reinfarced Earth Embankment Bartier
{REEE) cauld he constructed naar the F=267 line,

Diespite the apparent zero risk heyond the F=26" line, the REE2 would still be designed
and constructed in aconrdance with the Council’s 'Technical Guideline for Rockfoll
Pratection Strictires’,
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The philasaphy of any REER at the F=256" line would be arrest any boulder that will at the
distal imit of possible rockroll, and would therefore be rolling very slowly and would
require anly minet energy dissipation to bring it to rest.

A REED with o wertical face Lhat extends 2m above surrounding ground level on the
uphill face would be capable of arresting 2 im® boulder travelling at 2 metres per
sacond. Refer to Appendix D

6 Conclusion

GMNS has assessed numerous rockfall and rocroll evenls across the Port Hills which
rrsulted fram the Canterbury carthnuakes. This data was then used by GNS e dovelop a
riange of slope parametors to be used for reckfall modelling.

These parameters have been adapted by Eliol Sinclait’s rockfall modelling to verify the
nature of any rockfall hazard to the Reddliffs Scheool including assessment of Lhe
potenlial effects of cliff-top regression.

Our rackfall modelling indicates that based on known data, there is a very, very small
proparlion of rockfall that could reach the F=31 degree line at the westorn corner of the
site (¥5160% where the cliff face is the highest, but rock roll would come o resl just
beyond this point and would not travel to the F=2&° line,

In arder o mitigate any uncertainty in rock runout, a small gabion basket wall cauld be
vonstructed that we recommend be 2m high, 1m wide at the top, and at least 1.5m wide
al its base.
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Appendix A: Rockfall modelling results (GNS slope parameters)

- ER T

AR T ) e e TR B TP e R | SiaE s | o AT e BTG

|

e R ,

Cross-Section ¥502, Irnd boulder, Mo boulders roach F=317 er F=26 line.

Tt e R e et e AL A == T = T T—i5
b Fde i mer Poop e Tedh Wrdwa Hep R i
o S T A 5 S i [l furven e d  [ER |
o Huianpasl bacsilan ¢f Rack Crd-peinla
= —
i:’n’u
=
B
.
P - . - N
Tea 148 = g = 1 ] T _-n- =4 A - Y 2 "
i e
ey 1dEa ek G, wtd deven)
azng brearml k1] Sarait
[ELTSRETE H S |
A !
Cross-Section ¥502, 5m3 baulder, Mo boulders reach F=31° or F=262 [ine,
T TV W e ER T LI ey et et ] s A i - — = _u,:lml_-

fa brt 101 rw fode Sepe e Aaree Bl
[ it Bl | M g Tl O A il R Lo sriayca sl qzendt el e l-| e I |
BT R == o R

W e oo | R =i i DS |

Hearlesrilel Lorsijnn ol Hesl Bnd peinsa

[
A ) .
110 "I (B (B {1 (L] - L L ! - - i B3 in
ki ot
s
o R (S Y
rord wrar lomad dwerh
AT At
=31
PO SO SO R P MPOC L) (Ll 0 S ATy 5 s

Cross-Sectian ¥502, 30m3 bouldern Mo boulders reach F=31% ar F=246" line,

Aldsai 16028115513 RRFT_Roc b iilrandealling flalen

page|lz Eli Ot Sill Clﬂil"

SUrvByors | Bnginesrs | planners




Fling Sinclair & Parlnors Lid
412368

Fercliils Sehool: Rockiall BMadelling
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Appendix B: Rockfall modelling results (intermediate slope profiles
XS160small and XS160big, GNS slope parameters)
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Appendix C: Rocldfall modelling results (XS160big, 5m® and 30m®
boulder, with scaling by mass and velocity)
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Appendix D: Typical barrier design at F=26° line

Table #: Momlnal design asswmptions - Reinforced earth embanlment barrier

Intention to bring slow moving boulder to a stogx
Nominal boulder volume [.;.Elhpllfr.l.‘.'i'”l.l? i P Ml GIS 2023 /511) . - and
- N;minal h;Jk‘l er speed foming i real dispd disal i r:-fu.'r.fc;m-m-r'.-l raclfall data for tha Lart Hills) 2mst
Morainat boulder diameter (05" percentile of Part Hills, G5 T4 1Hm
Frﬁah::a_rd- i-:L-m'.-'a wop of boulder . 0.2m
Roulder bounce height, 2t F=26deg fine 0.0rm
dinimum RLCE he'lghzagwe_grcund el 20m
Marninal baalder vetocity, s tor bund design EH
Panetration of Jm’ hnllld:—z.r J"t‘[‘];:“]biu:" (STHYH) | 2.5m
KEZE Fill materizl {groywacke river cobbles) bull dansity, knfma 17T
REZE Fill material I:_L}ri;f;'-'.".;'utku r'uE calibtes), angle of friction - _I-_B_E:“‘:H}“
[ -RE EB_I’acc angle 82 degroes

forerage of 83 degrees, repressnfs Tmowide gubilon over 15 wide gotion)

relinrmnm widdtizt top of RESR 1.0

rinimum width at base of REER 15m
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