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HIKINA WHAKATUTUKI
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12 SEP 2018

Mr Jake Preston
fyi-request-8510-94430293 @requests.fyi.org.nz

Dear Mr Preston

Thank you for your email dated 16 August 2018 requesting under the Official Information Act 1982 (the
Act) the following information:

In item number 28 of the Minister Briefing document dated 2013, and referenced 432 12-13 the
author states that the guidance documents had been reviewed by international experts.

I would like to request qualifications of the international experts that provided reviews. | request
all correspondence engaging these international experts, along with any terms of engagement,
and all correspondence from these experts including all drafts reviews as well as final reviews
provided.

Searches of the Business, Innovation and Employment’s information system found three documents
within the scope of your request and are being released to you. Some information has been withheld
under section 9(2)(a) of the Act, to protect the privacy of natural persons.

Please note that the Final Report from the international reviewers, dated 25 May 2012, states:

The reviewers are satisfied that the DBH response addresses reviewer comments at an
appropriate level of care and detail, and that the TC3 guidance report of 27 April 2012 reflects
suitably the reviewer’s comments.

The Final Report from the reviewers then proceeds to record comments they had made when
commenting on earlier drafts of the guidance. It is important to note that all these comments were
acted on prior to the final 27 April 2012 document. The Department of Building and Housing response
document, attached, clarifies the response to each of the reviewer comments, demonstrating how they
have been addressed in the final document. This is acknowledged in the reviewer Final Report and in
the accompanying email, attached, from Professor O’Rourke dated 27 May 2012.

Where information has been withheld for section 9 reasons, in terms of the Act, | am satisfied that, in
the circumstances, the decision to withhold this information is not outweighed by other considerations
that render it desirable to make the information available in the public interest.




You have the right under section 28(3) of the Act to request a review by the Ombudsman. The relevant
details can be found here: www.ombudsman.parliament.nz

Yours sincerely

Dave Robson
Manager, Building Performance and Engineering
Building System Performance
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DBH Response

Review of Interim Guidance for Repairing and Rebuilding Foundations in TC3
by
T D O'Rourke, J Bray and M Cubrinovski, 16 April 2012 & 27 April 2012

Structures:

1. Ground movement R
o Ref Fig 1 — diagram showing effects of vertical anl Borzontal

damaging — see Table 3.1
Lateral stretch is most important in termsofuiiji
Stiff foundation slab best at reducing, lat@raj#
for horizontal slip

Refer Japanese examples — @ S

Even a modest slab can provi i
Foundation designs that tendiio anhor are less e

®

[ ]

®

DBH Response:

We have taken thegg comm to consider

fhslabs and response
affincitfile polythene slidifi@ilaye™ and stiffening of foundations
ally e glildance proposesig ptions which include:
% Improvemgnt,o @ ow include two layers of geogrid to

oftition to be usel g of major lateral stretch (eg stabilised

of gearid rein ent
ype 3B surfa® structure foundation - steel beams over pre-stressed

platform) includes a polythene slip layer beneath the
bearfis

\@ concrete

e Guidance Document provides a summary of which of
ructure types proposed in the document is able to respond

widance Document does not specifically refer to this source of ground
movement
Reviewers unanimous that primary cause of ground deformation and resultant
structural damage is ejecta

DBH Response:
The Guidance Document has been amended, by adding a new section on design
principles, to identify that liquefaction ejecta results in soil loss and that this is the



3.

a primary cause of ground deformation, while acknowledging that quantification
of its effects are not currently possible. It has also been highlighted in the
document that foundation options that disturb the crust will cause liquefaction
ejecta, such as where piles are driven or some surface structure options. A
statement has also been added in the design principles section that minimising
penetration of the site will lessen liquefaction effects.

Settlement calculations

e Focus on performing liquefaction-induced settlement calculations at just SLS
is problematic

e Liquefaction is a brittle phenomenon

¢ 1&B magnitude scaling factors should have been used - calc method is
suggested in text @

DBH Response: _
Settlements are routinely assessed at both SLS and URE. ¥
foundations at ULS however is life safety, and the recent Qyents have
demonstrated that this particular requirement is by evelrt
rudimentary foundation system. The DBH found;&systems are ho

on/off phenomenon '_11_._- ost all sites will sho ..;.‘1";-.;_ on settlements calculated
i i ' bout 0.3 — 0.35gWhere Whcreases in settlements

Qe as ‘indices’ of where a property

d’ and usmg an arbltrary cut-off point

, and allows for other aspects such as the magnitude
d. It has also been noted that measured settlements

JBH Response:
Surface structures Type 1 and Type 2 have been designed so that either the soil
adjacent to the buried foundations is pushed aside in a spreading event (Type 1)
or slide over the stretchmg ground (Type 2), thus accommodating expected ULS
spreading, and minimising damage which might occur should ground movement



occur in smaller events. The guidance document has been updated to clarify that
such foundations are expected to “tolerate” ground movements which might
occur in a SLS event (within the target performance expectation for SLS), rather
than necessarily be entirely undamaged.

To provide an indication of the low level of lateral spreading damage that could
be expected at SLS in most parts of TC3, it is useful to consider the September
2010 earthquake, which subjected most of TC3 to levels of shaking modestly
greater than SLS-level. In this event liquefaction occurred extensively alongside
the Avon River and smaller waterways and free-faces, however significant lateral

strength-loss is required before significant post-seismic lateral
under static driving stresses.

spreading was onhly observed in a limited number of such locations. This
suggests (at least for the local situation) that a certain severity of lig uefactlon and \

the Residential Red Zone by CERA, and so are exclu TC3. Therefore
the land in TC3, where lateral spreading might occk arthquakes ut
was hot observed in September 2010 (or Febru 2011 in many caseg)fdeshite
liquefaction occurring, could generally be considgre ' S
adequately from a lateral spreading pegpedh

The vast majority of these most-susceptible locationsﬁr;ce een placed in
TO
in la

o [tem 3 suggests that ing - ide global lateral
movement, only Q ¢ ed — evidence of this
should be provi

DBH Response;
$isuburb-areas listed in Table C2.2,
as |dent|f|ed suburb-scale ground

s of major global movement.

Foundatio "'*,_!‘_.-_-'-:-"
Diéed iore &yidence in document about the performance of foundations,

les

stand global lateral movement have been based on our computations

Wolving standard pseudo-static analysis procedures for kinematic interactions

“=or in-ground pile:

1. We have made simplified assumption regarding a typical soil profile
(described in footnote to Table C5.3)

2. We have assigned simple bi-linear p-y curves for each soil layer using
standard correlations

3. We have assumed typical pile material properties



1.

2,

4. We have assigned a simple soil deformation pattern for the case of 300
mm ground surface lateral movement (parabolic).

5. We have used a “Winkler spring” model to calculate the pile bending
moments.

6. We have applied judgement as to whether or not the resulting pile strains
are acceptable

Note that we are still working on the concrete pile analyses.

While it would be desirable for these analyses to be fully reported, referenced,
and reviewed, we have not had the time or resources to do so to date.

Implication that deep piles preferred
e Deep pile foundations may not perf
o Loss of ground due to the formation

damage

DBH Response:
It was not the intention of the ce Document to
foundations are a preferre pt| is has been

Lateral stretch \
Qntal stretch — TabQ.

[ ]

b entlally make sliding connectlons at the
Y t piled foundations will be able to
sh across the building footprint.

eep pile
in the document.

hould include lateral stretch

i ciude lateral stretch for deep piles in Table C5.2 was agreed
changed accordingly.

The lateral movement issue has been addressed under item A.6 above.

Vertical movement equals 8 mm for our typical case, which we have decided to
ignore.



We have studied Bhattacharya et al. 2004 and make the following comments:
These TC3 piles are intended for residential purposes only and carry very light
axial loads compared to their material capacity. For instance, a 150 diameter
screw pile stem will only be carrying factored axial loads of about 10% of the
Euler buckling load even assuming that the pile is pinned at the top and bottom of
the assumed 6 m thick liquefiable layer. The authors of the paper stress the
prime importance of the Euler buckling case and consider P-delta effects as a
secondary concern.

4. Deep pile-slab connection
o Need more detail on deep pile-slab connection
¢ Design assumption for deep pile head fixity should be stated

18 e given

gial stétch has occu
mdetails. The initial

DBH Response:
Prompted by the comments in your review, further consigefe
the pile-stab connections for locations where signific
or could occur. This will include further modelling of p

version notes (p 48) that conventional pile to slab gonnec can be us here
there is no evidence that lateral stretch has occu@d at the site (in are an
be judged to have been well tested at SLS).

5. Capacity design equation @ ® O
¢ Simplify equation (section C5.2. 5) i IBting down dragiir
s Should emphasise the cntlcal Bhigrisheck for deep piles the neutral

plane under the anticipated Igads Igains well withif't ng stratum

below any liquefiable soil :
Critical that deep piles @re d n'into bearin
Document shoulg warn t ting/pre- drlll t not be used to advance

fully the deep pi its target depth

DBH Respon
We have sim ﬁ? the design pr: 1--. by removing the need to
consider &ragrfor driven pile Ever, we believe that it shouid be
con3|de ored plles and (we have discouraged the use of such
pile
with the sswn neutral plane and have already included a
ent that the reS|stance should only be calculated from end bearing
ide resistan e bearing layer. Reqmrements for depth of
bedmenténto ng layer are included in the Meyerhof procedure.
Q dditional emphaSIs on the need to drive the pile into the

the Guidance Document (Section C5.2 Deep piles) we have
1§ e point that it is critical that deep piles are driven into the bearing

fitlement issues for bored piles
¢ Load transfer mechanism of bored piles differs from that of driven deep piles

DBH Response:



We have repeated the discussion on problems with bored piles (loss of side
resistance and settlement etc) in both CFA and bored pile sections of the
Guidance Document.

C. Review Comments on “Ground Improvement” Design Concepts:

1. Compaction methods

* Use of a steel drum vibratory roller compactor should also be specified to
form a more resistant soil fabric

DBH Response: _
The QE2 trials were carried out at 95% standard compaction and

2. Geogrid
e Need two layers of geogrid to |

DBH Response:
We have adopted this advigg

ne

jHEements have be ted to extend the depth of treatment where the
(h@f lifiliefiable sgils exce m. Geotechnical members of the advisory

vl ixing fo 8 m provides an acceptable result for typical
the depth of liquefaction is limited to this 10 m depth)
level does not justify the extra costs incurred.

otprint of the structure. Constraints on extending the excavations from 1 m to
_ 1.8/m included — cost (estimated as an extra $4000 per site for the 0.5 m
“addition); boundary issues (side yards) and the sloping of the excavation (1.5 m
at base would equate to an extension of around 2 m on the surface). It was
agreed that the extension beyond the footprint of a structure would be changed to
a minimum of 1 m (at the base of the excavation) within the Guidance Document
which would equate to around 1.5 m at the surface.



5. Type 3 improvements
* Need evidence re: Stabilised crust ground improvements with geogrids

DBH Response:

The guidance document has been updated to include the following options for
concrete raft slabs in areas of major lateral stretch (but only where SLS
settlement < 100 mm).

Ground Improvement of either:
Type 2a (stabilised crust excavate / mix / replace, plus 2 layers geogrid), or
Type 3 (deep soil mixing)

In conjunction with enhanced concrete raft slab option of eit
Option 2 (thick slab), or

Option 4 (waffle slab) &
Satisfactory performance is expected for these options b se:

ns :
« Ejection of material from beneath the foun %ﬂl be reduced, fifhitingithe
severity of local differential settlementsf’ 2 js@chieved by ejiimgoRaviding

confinement of the underlying liquB§iedi
tensile reinforcement (to improve 46Uy

o If large-scale (multiple-bigy
encouraged to form ig

th of stretching and differential
gund to the structure.

that is not locked into the ground will reduce the level of
ents of the ground that is transferred to the superstructure

e 1 surface structure
/ Concerns with SS Type 1 detail/concept — need to confirm integrity

DBH Response:

The Type 1 surface structure has been designed to bulldoze soil ahead of the
isolated shallow foundations around the perimeter and discrete interior lines in
the event of lateral spreading. In the event of lateral stretch up to 200mm



beneath the floor, the isolated, unbraced piles will pivot about the connection of
wire dogs and skewed nails between the pile and the bearer. Some re-piling is
expected in the event of maximum expected spreading. The plywood bracing
system on the perimeter and at discrete locations between (to ensure effective
fioor diaphragm load transfer) serves to resist ULS lateral shaking actions.
Under vertical differential settlements, the dwelling is expected to distort but the
distortions are expected to be manageable with the option of packing piles to
recover a level platform. Layout constraints have been specified to minimise
distortions in the superstructure.

3. Type 2 surface structure Concept 2.1 inertial load (Now called Type 3A)
e S8 Type 2 - not clear how structure’s inertial load considere ﬁ"

philosophy _
DBH Response: Q
For the ULS case the superstructure will move over pa hin their
ove

boundary. Inertial loads have been considered. &; ht is not thought to

be great at ULS. This concept is an option for spégific design with the exflectstion

that the engineer will design a foundation alopg® s of the exam)

This relates to what are now Type 3A§ S concepts NfheRgrier case (ie,
Type 3A) the "brass anchor" bgiied h.' ection is egseRtially? frangible at
anticipated ULS "lateral spreag /deformatlon fLat@eal ULS loads are
transferred to the supportlng Blosks via friction befweeff the” bearers and the
concrete blocks. There w @ DPC in place .‘ Ruiifeduce the available

friction and thereforg a -h_,:_ bolt has M feradded at one end of each

bearer line to supplergnt the résistance. K ’

%Response y
Id laterabsprg ;
ections are expected to shear, allowing the bearers to

Sfte blocks and the brackets can be re-fixed post event. As

Sib@t the engineer will design a foundation along the lines of the
alculating inertial forces and providing appropriate fixings/stops.

& 2 surface structure Concept 2.2 inertial loads / spreading direction
galled Type 3B)
Type 2 Concept 2.2 — better version because stiffer but still issues with inertial
loads and spreading direction

DBH Response:



This option does have a preferred spreading direction, which is in the line of the
pencil beams. The connection between the steel beams and the concrete pencil
beams has been detailed more thoroughly (see Figure C5.20 in the final
Appendix C) to ensure that a grid of beams is maintained. However, this is now
identified as a concept for specific design. The now double layer of polythene
beneath the pencil beams will aid the ability of the ground to spread beneath the
beams without dragging the beams with it. Under inertial loads, because the
beams are not buried deeply in the surrounding soil, some sliding may be
expected. Removal of one layer of polythene would increase the frictional
resistance and there will be a need to balance the resistance to inertial loads
against allowance of the beams to move on the compacted hardfill under
spreading actions.

6. Type 2 surface structure Concept 2.3 (Now called T
* Type 2 Concept 2.3 — most robust

DBH Response:
This concept has been developed further taking &
into two solutions where either a 150 mm thigleng 300
on a reinforced gravel raft foundation (Rs Q'P -
structure foundations). In each case thehinTher g

reinforced concrete slab and the stiffn@ss oRthe slab in co 'n.i ha

reinforced gravel raft will serve to flalieR@nycurvatures thaf'

differential settlement of the growfld b8y HE 1530 mP thick
“underslab” and raft is capableyof f@sistifig vertical li 2 @ fhduced settlement

of the land of up to 100 m Ri€rslab’ and raft is

A at SBS.

ig - reinforced concrete slab and
f) SLS and 500 mm ULS spreading.

d §MiTt has been
e level dis lacemeng ti@t may result from looseness caused by

iles awgy from the concrete.
igvesfiggtan Fequi . .
a lowsfoundations would benefit from proposed site
iget ort - direments

& overall philosophy is that deep investigation is required for piles but that
&, SWiface structures are readily reparable therefore deep site investigations are not
=¥ds crucial. For these options we will draw on the area-wide investigation data —
this should provide CPT or SPT data that is very close to the site and allow the

required assessment of settlements. We are expecting movement of surface
structures but are requiring a site specific shallow investigation to check for
‘normal’ static issues such as organic layers etc. The footnote to Table 3.1 on



p19 does allow for more investigation than is required at the discretion of the
engineer.

The area wide investigation requirements specifically state that the number of
investigation points can only be reduced (ie, from a nominal two per site) if the
area wide results show consistency. Furthermore, the surface foundations have
now been altered in such a way that requires deep investigations to be carried
out - refer Figure C3.1.

8. Polythene slip layer

o Figures C5.17- C5.19 — polythene slip layer is not shown, be@have 2
layers

DBH Response:

Two layers of polythene have been provided betwee crete slab and the
reinforced gravel raft in the (new) Type 2 options. Co ign Type 3B has a
single layer of polythene. One layer is sufficient with reinforcing ent
this could be dispensed with. {

" Technical Category Map: ‘

General comments: 2 B

Detailed review has not been e dle to timeframes @ ecause the
complexity of the analysis ig di completely @xpiin @rd understand in a
short methodology stateme

DBH Response:
The Technical Cate!

-’. 1495

ology — does not discriminate between areas subject to
d those that were not; does not give proper weighting

fige:

L ion in seismic demand across the region is critically
Yoeisider when interpreting post-earthquake observations. This was a
y one of the reviewers early in the development of the methodology,
rewasipcorporated as a fundamental component of the analysis. However, the
Bgology document is perhaps unclear regarding the mechanism used to
grporate seismic demand into the analysis and this may have lead to some

There are two aspects of the TC analysis where the level of shaking which was
experienced is incorporated:

» To normalise the damage observations — this is important for ensuring that
different parts of the region are assessed fairly. For example, it would be

10



unfair to automatically assume that a site with severe liquefaction is poorer
ground than a site with minor liquefaction if the only reason for this difference
is because the first site was closer to the epicentre and shaken twice as hard
as the second.

To determine the appropriate weighting of observations of actual performance
in the earthquakes to date against theoretical predictions of performance
based on analysis of ground conditions. For example, when assessing a site
which was subjected to strong shaking (well in excess of SLS-level) and yet
suffered little liquefaction damage, there is strong evidence to support the
conclusion that significant liquefaction is unlikely in a future SLS-level event,
regardless of what theoretical analysis of the ground conditions might
suggest. However, the observation of a similar low-level of dgrmage on a site
where the shaking was well below SLS-level would provide (jitlefevidence

e Forthe purposes of this analysiS
intermediate levels of sh g

: *& L of hquefact!on
1005 sWidce-effects of
ffildgch svils - e, a rapid

; 3 SLS and greater damage at ULS. Again
{gn is interpolated for PGA values between SLS

' . So in effect, the observed damaged data is
lised relative to the intensity of earthquake shaking which caused
amage.

ghting of actual observations against theoretical predictions is achieved as
ows:

» It was considered that even though the September 2010 earthquake
caused less severe shaking and liquefaction in the Christchurch urban
area than the February 2011 event, observations of areas which did or did
not liquefy in September provide important information to differentiate
highly susceptible areas from those which are slightly less susceptible.

11



Therefore a reasonable weighting should be given to observations from
areas of moderate shaking in September, rather than strongly favouring
observations from strong shaking in February.

o It was identified that the weighting between observation and prediction for
a given site should depend not only on the maximum strength of shaking
experienced in any earthquake, but also the number of earthquakes which
caused moderate to strong shaking. For example, a site which
experienced strong shaking in both September 2010 and February 2011
could have very high weighting towards observation. If it had strong
shaking in February but only moderate in September then a moderately-

high weighting could be appropriate. Moderate in one and low in the other
could give a moderate weighting, and low in both would gj low O

weighting.
¢ To achieve this objective, a weighting mechanisiiyas St 0p which sel
adjusted to the “quality” of the total dataset avajlabl®gt each residential

property — ie, how reliably the ground was testedQyerthe course of the
various earthquakes, and the amount of data avail BlIe (i
because many properties do not have dafiffor all the layers). S
than setting the weighting factor for aJay®s : |
shaking in the relevant earthqualge, italgd ¢bnsidered how ffie GUg
data in a layer compares to the gifer Tayer8. Absolute Weigk :
were assigned to each layer ba§ i Rexper

(with a zero value for layergmyitiRqissing data). T ighting for each
layer is then calculated agihe I its absolut 3hting value to the

sum of values from all igyer This may be b lajfed by the
example table below, whigh otitlines the cal the four
earthquake gombina narios outlin OVEeS

Location Expedenced Erperienced CSR \ing - sbsclute Value Laver w! ~ resuling % welght Resulling oversd weight
PGA(s) ot Febland | Duilding | Crustd: o | S Tebfand | Bullding | Cunt& |  Acteal | Theoretical
Sep-10 | Feb-11 | Sep-10 | Fefrll | dm damage | post-feb | solltype d e | dama) -Feb | soitype | Observation | Prediction
ieon o3¢ | o4 | _ast | 1) 0. 026 | 026 o 2% | 2m% | 27 | 0% 3
Wichmond | 021 | 042 | 1. 2 26 o b 2% | 2% | 9w | 2% 8% 2%
[Mairehau 039 | 030 35 20 1 s | 1% | 21% | oar% | 4% | 5w 42%
Betiast 018|020 0. 0.15 07 s 2 | 1% | ™ 7% | S9% ax S9%

2, Deﬂn%egoﬂes
o Brush ess practi% determinant for defining technical category in

e &_m ere the Kelf)f ing experienced was low; other factors need to

based on tions) for areas where near-zero shaking was
expepenced, in ice the level of shaking experienced in the main residential
areds yag at at least some weighting can be given to observations (see

e oRBelfast in table above).

Respogse:
g > ile a weigh& r-100% would be given to theoretical predictions (ie,

e Wgoretical prediction layer is based not only on crust thickness, but also on
fether the saturated shallow soils (2-5 m depth) are predominantly gravelly.
he intention of this criteria is to ensure that all areas with near-surface saturated
[WwmEandy/silty soils are classified as at least TC2. This is based on the general
assumption that soils of this type in the Christchurch region are usually loose and
susceptible to liquefaction. This assumption is potentially somewhat conservative,
but was necessary given the time constraints for production of the initial TC
categorisation. This assumption is considered appropriate at this stage given that
the intention of the TC categorisation to provide a general screening tool to

12



ensure that appropriately-resilient foundations are constructed, rather than to
create a detailed liquefaction hazard map.

Nonetheless, as more geotechnical investigation data is collected and analysed,
this theoretical prediction data layer will be refined to incorporate additional
liguefaction evaluation detail.

3. Building damage
¢ Building damage not necessarily related to land damage or liquefaction

DBH Response:
This limitation in the use of overall building damage information was recognised
during development of the TC analysis, however at the time this was the only \'

building-related data available (specific foundation-damage dat %- ly
%‘- his shakin

|rag 2s observed,
the building damage data was given a very low weigl‘&

Also, the effect of this issue will have been reduceg by th a-wide avegaging
process which was undertaken. This provides a 8iQving-average over

radius window, so the influence of individual prapertias with shaki amage

prop ing-
is diminished (aithough there is still su ﬁr 0 area-wide’tre%

construction-type).
When the TC methodology is refi , foundation- ific BYilding
damage data will be incorporat herg, available.

recently been compiled). As an interim measure to filter out sg

lhis does not reference the preferred
[Pased method should be

‘ &B mondfir; £
% al.; use of P

D ,_." - -‘-:,;._‘_. fiue ‘ N Q
: ' e onN al. in the Guidance Document instead of the
¥ d from

e (2006) m driss and Boulanger

? L
\Jse of I1&B wi @samples
. Meana@ B procedure without retrieving soil samples should be

b5 al Boulanger do mention a number of methods, including Suzuki et and
Awelhas Robertson and Wride. While we agree that soil sampling is the better
ay to determine fines content, this adds disproportionate costs, complexity and
. _tighe to the process, requiring separate boreholes for sample retrieval as well as
“laboratory testing ( then, with the typically highly variable subsoil profiles, there is
no certainty that the limited number of samples that can be practically retrieved
and lab tested are necessarily representative of the soil profile). Given that
carrying out CPT testing and having a geotechnical engineer involved in the
process is a quantum leap in quality over the previous practice, the inaccuracies

13



inherent in using a CPT-fines relationship are considered acceptable. We have
(as suggested) specified the Robertson & Wride methodology, but request some
clarification as to why this is preferred over the Suzuki et al method that is also
mentioned (and illustrated) in Idriss & Boulanger 2008).

3. Need for engineering design
« Inconsistencies in document between pages 5 and 35 of the draft on the need
for specific engineering design

DBH Response:

some) specific engineering design input, including in relation to land,performance

Page 5 (now page 10) notes that all of the new foundation types require (at least

and option selection. The later reference was to the adoption add d
of the solution. R,

pcumentation ¢

4, International structural engineering review M R
« It would be advantageous for the document to be revigwewby international
structural engineering experts familiar with resjgiential construction pragtices

DBH Response:

At this stage we are satisfied with the

We have had to complete the guidance.ang, iew in a yenylinied fimeframe
S for thigse who need §ig e

e undertak

faitted, and subsequently on a
ore, for Surface Structures Types 2 and 3,

Hescribed as conservative

,?\'.'{

Response:

e capacities may seem low, but are adequate for residential situations where
pile loads are limited by practical spacing requirements (span) between piles.
We have recalculated these upwards by removing down-drag. We have added
comments as suggested, but are mindful that pile driving equipment will be light

14



and in many cases the embedment depth will be limited by the available
thickness of the bearing layer.

8. SPT method
e SPT sampler and standardised method of performing SPT should be
described

DBH Response:

We are not sure that this level of detail is necessary in such a document, for
example we do not describe the (more complex) CPT process in detail either, yet
the vast majority of liquefaction assessments will be done with CPT data.

9. Liquefaction susceptibility criteria
e Use of liquefaction susceptibility criterion of I >2.6 is in
e The recommended liquefaction susceptibility criteri
used without performing some representative soilf{agie’

this criterion is appropriate for Christchurch soils

DBH Response:
believe in the meantime it is overly corf§g

screening tool.

identified as research work that&l
Once coordinated area-wide
work should be relatively agsy t

The latest versioff ofg e P
link: hitp://wwa A i Bh-rehaie-after-earthquake. Scroll down from
the main dgf f
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FINAL REPORT

25 May 2012

To:  Mike Stannard, Chief Engineer, Department of Building and Housing

From: T. D. O’Rourke, J. Bray, and M. Cubrinovski

Re:  Review of “Guidance for Repairing and Rebuilding Foundations in Technical
Category 3 (TC3)”

and Rebuilding Foundations in Technical Category 3 (11C3).” It also
Department of Building and Housing (DBH) response to reviewe ommel

This report summarizes review comments pertaining to the referenged I, idance for Re
% miments pettaining

The reviewers were contacted by DBH on 30 March 2012, angdgeie
a short time ﬁame to comply with deadlmes for --_- ing t’ '

Housing, 2011), and “Draft Methodology
(DBH Residential Advisory Group, 201

calls to discuss and develop their j rev
comments on 16 April 2012 DBH. R

. and it provides valuable guidance for designing and
Wsing in these areas. The reviewers acknowledge the high

that the DBH response to reviewer comments is comprehensive and
ided an explanation for its response to each review comment Moneover, the

Categony 3, dated 27 April 2012 available through DBH. The reviewers are
response addresses reviewer cominents at an appropriate level of care and detail,




as requested in the DHB response and as identified by the reviewers after their examination of the DHB
response and TC3 guidance document.

A. Review Comments on Lateral and Vertical Ground Movement Effects on Structures:

1. The document indicates that the design of repaired or rebuilt foundations in TC3 areas should
accommodate minor to moderate levels of: 1) global lateral movement (0 - 300 mm) [pp. 10-13],
2) lateral stretch across a building (0 — 200 mm) [pp. 13-14], and 3) settlement (< 100 mm) [pp.
14-15]. Global lateral movement as large as 300 mm can have a sig {
foundation performance, as discussed under deep foundations belows 2
and settlement as large as 100 mm can also have a potentl ly R
structures.

Figure 1 summarizes the effects Q€ vcal and horizont {€ntjgll” ground movements on
buildings developed by Bosogxdi . fie Wygure”was developed from field
measmements and olggervation a‘“‘w_: utldmg response to ground

buildings include w el i ”37 ructures. The figure is based on data
and observationsyehi f fvalie ver many years, and has been applied
: relaf®’s various degrees of building damage with
rentia [ settlement divided by the horizontal distance
an® horizontal ground strain, Table 1 provides a
gure 1, based on the classification of building damage

building plan dimensions like those in Figure C5.3 in the TC3
etch of 200 mm over 13 m results in horizontal strain of 15 x 107,

tlal settlement would be expected to be approximately half the total
s asshmed in relation to Table 3.1 in the document, the angular distortion is

fatio of 50 mm differential settlement to 13 m or 3.8 x 10, assuming there is no
across the structure This value exceeds the th:eshold fm moderate to sevene

Ffom the previous work, we see that minor to moderate ground movement, as classified by DBH,
will likely produce moderate to very severe damage to residential structures unless mitigated by



the foundation and superstructure design. To reduce the potential damage associated with the
upper bounds of moderate to severe ground movement, the horizontal strain and angular
distortion need to be on the order of 2 x 10% and 4 x 10?, respectively. Most of the potential for
damage is driven by lateral stretch of the building. To provide protection against horizontal
ground strain damage, the foundation and superstructure must be able to reduce the effective
lateral stretch in the ground to about 25 mm across the structure. This reduction can be
accomplished best by a stiff foundation slab that resists lateral ground strain and by foundation
features that allow for horizontal slip between the ground and structure (e. 2. pl2

the 2011 Great East Japan Earthquake, Tokimatsu and
foundalions settled or tilted, few supe;struclm es

earthquake (Bray 2001) show that polyeth /| e
ground movements effects on buildin, i
subsidence mitigation techniques pr:

ally the influence of horizontal
i desngns that tend to anchor the
ents that are not mterconnected or

quefaction reconsolidation settlement, using a calculated vertical land
5- S as the threshold of potentlally sngmﬁcant damage (see Table C2 S,

animously concur with the relative importance of ejecta as a primary cause of

Bbmation and resulting structural damage. We encourage recognition of this important
Pmovement within the TC3 guidance document, and the inclusion of recommended
6es for addressing this phenomenon.

/

WdThe focus on performing liquefaction-induced settlement calculations at just the SLS is
problematic. Liquefaction is a “brittle” phenomenon. A site that does not liquefy at the SLS level




may liquefy at a slightly higher acceleration level. In addition, a site in which a relatively thin
layer of soil liquefies at the SLS level may liquefy over a significantly greater thickness of the
soil deposit at a slightly higher acceleration level. Thus, a site that does not liquefy or only
marginally liquefies at the SLS and is judged to undergo minimal settlement may undergo
significant liquefaction and settlement when shaken just slightly harder.

factors should have been used. As an example of the potenti
Science used an inverse magnitude weighting factor of 0.57,
use 0.67 (i.c., a ratio of these values of 1.18).

lw':.‘
4 'J‘_

hquefy at the SLS PGA = 0.13 g level but '_ {

deposit at a slightly higher PGA level, con g that hqueﬁc o ced settlement

calculations be pel formed at the SLS PGA = ﬁ requi oeument) and ata
' iti p GA that is about

lly“Compensates for the
e Sites that do not liquefy

a

_ N Cg er fjo significant damage due to lateral ground movements in a SLS evenf” is
L] 4
¥po iStie: If liquefaction is triggered in the SLS event, significant lateral spreading can
1 lO

g ground or near a free-face, as once liquefaction occurs, the Jateral movement is
Rly gr#¥vity controlled (not shaking controlled).

th 3 in the list on p. 12 states that a type of “... large-scale global lateral movement has the
dotential to cause significant global lateral ground movements. However, ... it causes only minor
ground stretching, and thus little damage fo surface shructures ..." It is very difficuit to exclude



the possibility of significant ground stretching in cases when global lateral ground movements are
significant. Evidence supporting this statement should be provided. It is also important to
acknowledge that liquefaction-induced horizontal movements can also impose lateral stretching
on deep pile-supported foundations. Both global lateral movement and lateral stretch can affect
deep pile foundations.

6. There are a number of places in the document where claims are made about the performance of
foundations, but no supporting evidence in the form of references to technical publications or

q, State that deep piles will likely
“_- orised as, TC3 are considered

ally, the interface between a pile and the
'} enable liquefied sand tobe transported more
Qs ;?;-; water can damage the supported house. These

#when evaluating the relative benefits of deep pile

¥should consider horizontal “stretch” of the ground across the building footprint.
i the requirement noted in Item 5 of Section C5.2.2 (p. 39) of designing pile
datibhs to withstand lateral movement at the ground surface relative to the bearing stratum,

pile foundanons should be able to withstand differential horizontal ground dlsplacements

=1 retch under deep plles at the top of the table. Its absence 1mphes that such deformation may not
need to be considered. Thus, Table C5.2 should include lateral stretch categories in part (a) “Deep




piles” as it is just as important for deep piles as it is for part (b) “Site ground improvement and
surface structures.”

3. The document states that several deep pile types (e.g., timber and screw piles) “... have sufficient
resilience or ductility for sites with moderate potential for lateral movement [i.e., up to 300 mm]
...” (p. 47). As stated previously, the analytical and observational basis for this claim should be
provided. It might be useful to include an illustrative diagram such as that shown in the provided
Flguve 2. Lateral movement of the crust can mduce plastic hmges m deep ,.«- 4f the approximate

a1 the pile
2004) Thls

e piles are fixed against rotation. In this
#huoiom, and their value is between 2 and 5,

¢ ing the deep pile-slab connection. The connection of the
ion slab is a critical design consideration, yet few details are
ustrative diagrams such as Figures C5.3 and C5.4 (pp. 45-46)

capacity design equation that is provided in Section C5.2.5 (p. 43) can be
deleting the down drag term (this term is also included in Step 9 of Annexure C3 on

this conservatism, there is no need to include the down drag force due to liquefaction.



The document should emphasize that the critical design check for deep piles is that the neutral
plane under the anticipated loads remains well within the bearing stratum below any liquefiable
soils. The neutral plane is located at the point in which the soil and pile have displaced downward
an identical amount so that the relative soil-to-pile displacement is zero. Above the neutral plane,
the soil has displaced downward relative to the pile (and hence already loaded it), and below the
neutral plane, the pile has displaced downward relative to the soil (to develop bearing). The
neutral plane under working loads should be in the bearing stratum for dti driven deep piles. With

Removing the calculation of the down drag load of the
and make them conSIStent for each driven deep pile

T

WDhe load transfer of the bored deep pile is from top-down,
aft of the deep pile is lost due to liquefaction, the load will
‘h maf ile, which will lead to settlement, The document states that it is
“r 1kely that oredffieeRiles il be used, but this warning should be emphasized as opposed to
the general stat *w fs now made that “bored piles face similar issues to CFA piles.” (p. 42)

j SBecified in Item | of Section C5.3.4 (p. 50), compaction practice in the U.S. indicates
€ minimum density of compacted sandy soxls (with < 15% nonplastlc fines) should be

- ey are placed with a relative density of at least 75% (Lee & Singh 1971). The use of a steel
drum vibratory roller compactor is generally used to develop a more resistant soil fabric.



2. In addition to what is specified in Item 4 of Section C5.3.4 (pp. 50-51), a second layer of geogrid
should be placed above the base layer of geogrid to improve the performance of the densified
block of soil. Two horizontal layers of geogrid are significantly more effective in spreading out
underlying ground movements and in maintaining the integrity of the densified block of soil
(Bray, 2001).

the soil mix at 8 m depth.

3 Type 3, Secti® 4, PP
e extended 1.5_m ut' the footpnnt of the

4. The densified or stabilized crust methods
deliver improved performance if the e
proposed structure.

will perform satisfactq '
exceeding 300 mm are pi

tion § options have been proposed in the document
[Bundation and supelstructure due to lar; ge and non-

Pand minor to moderate lateral strain across the building footprint (up to 200
. While this solution is proposed for areas of minor to moderate ground strains
b n easy repair rather than a significant reduction in damage, it is useful to have in

4 robust foundation that is not locked into the ground will effectively reduce the level



2. The proposed Surface Structure Type 1 shallow foundation presumes a well-defined (known)
predominant spreading direction and has much lower stiffness and resistance in the direction
which is orthogonal to the anticipated spreading direction. There are several concerns with this
detail/concept: 1) the spreading direction cannot be always well defined (anticipated), or even if it
is well defined, it may not be aligned with the foundation axes; 2) the lack of stiff connections in
the orthogonal direction may result in differential movement and deformation of the foundation
causing racking or twisting of the superstructure; and 3) by embedding the “pile” supports in the
ground, the strains due to ground stretching will be transferred to the foundation, and then the
superstructure. In this context, it is useful to confirm the integrity of @: aundation and its
performance under earthquake loads, including the effects of li aetiorn Gﬂf eadi
using an appropriate analysis (if this has not been done alread )

slide on the concrete pads in a ground spreading event (
wind loads). It is not clear how the structure’s inex

$¥ith regard to the inertial loads and spreading
e foundation consists of many detached or weakly
: ‘have the integrity of a robust foundation that would be
githe damaging effects of liquefaction-induced differential
| stretching of the ground.

] e 2 Surfage S ety ' oulidation - Concept 2.3 appears to be the most robust of the proposed
@ solutions that a _:s-: ny of the uncertainties related to Concepts 2.1 and 22.

low Jfoundations are the only option for which deep site investigations are not
{ conditions are a key factor in the foundation performance, and this is
3 "”- e for liquefiable soils. All types of shallow foundations will benefit from the site




8. In Figures C5.17 to C5.19, the polythene slip layer is not shown. When it is beneficial to use a
slip layer, it would be better to have two layers of 1.0 mm-thick HDPE. At a minimum, two
layers of a relatively thick polythene plastic sheet should be used because a single layer of thin
plastic, which will likely be damaged during installation, will not be as effective in decoupling
the underlying ground movements from the foundation elements. Lastly, dry rot may occur for
the Detail A of Figure C5.18.

This report summarizes the methodology used for the zoning of Chrisjchup e, TC2 and T
foundation technical categories. It presents a comprehensive \ B!
characterization of the seismic demand, land damage, building o8 an :
conditions, and their combination into various factors and index measures ventual compilation into@
foundation technical category map. The map is of paramou portant, because it de ‘a*“f'?q' e soi
investigations and appropriate types of foundations for any gixen a¥@a/location in Christch Thé® was
not sufficient time for us to conduct a thorough reviegy of t thod ARk

/,

iffg the»2010-2011 earthquakes
i Spjsmicstemand was significantly

fin ‘,‘__. low seigpic 1d, @
i g more reliable éir classification. The proposed methodology

the\inost damaging 22 February 2011 earthquake that
ly half of Christchurch contributes at most 30% in the
support of the weighting factors listed in Table 5 should be

. @

eg ““‘. 5 that in areas of low seismic demand (PGA < PGAg,s) that the
acteafly the only factor defining the technical category. TC3 is assigned for a
O <z < Im, TC2 for a water table depth Jm < z < 3m, and TCI for z > 3m.
ikness is recognized as an important factor affecting the liquefaction resistance

¢

fle building damage was not necessarily related to the land damage or liquefaction. In this
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context, and for the purpose of the DBH TC Map, the use of foundations damage (instead of
building damage) seems more appropriate.

jew ents:

. The document references the Idriss and Boulanger (2008) monograph, but this monograph does
not reference the preferred method for estimating seismic post-liquefaction settlements of Zhang
et al. (2002). The use of this CPT-based method should be recommended.

appropriate) without soil borings as suggested by the docu
provide a relationship for estimating fines content (FC) as a

Gstfo -F’ velop a coa;erv fetation of

On p. 5, the document states that “.ff ol
specific engmeer mg desrgn " __.“‘*_T-;

field of “liquefaction engineering.” It is an evolving field
t sources of uncertainty. Independent peer review is an important
te-of-the-practice and in improving resilience.
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7. Table C5.3 (p. 44) presents low load capacities for driven deep piles. The low capacities of the

2 Q‘{ Buckli R,
\a,% Sgetitifuge tests weid g e
and no increas :
(/

driven deep piles appear to result from the assumption that they have only been embedded | m
into medium density sand. It would be more appropriate to describe these values as “conservative
capacities,” and inform the reader that in most cases, the use of higher load capacities can be
justified through a proper site investigation and appropriate design calculations.

The standard SPT sampler and the standardized method of performing the SPT should be
described or referenced (e.g., to ASTM (2011 & 2012) D1586 and D6066). .

Saptibility of these
in Christchurch

Chnstchum sand densxty is vauab]e and not uniformly susceptible to llquefacnon, 2)

6 Analytlcal simulations in that paper, which show very good comparison with
deep foundatlon displacements and fanlure for the Nugata Famlly Court House (NFCH)
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and tilted 1 degree, thus demonstrating the downward movement of piles subjected to excessive
moments during lateral spreading.

. C.l. Compaclion Methods: A definition or reference for the term “standard compaction” should

be provided in the revised document so that it is clear what is meant by “95% standard

compaction.” If this term is intended to indicate standard Proctor relative compaction (ASTM

D698-07), then 95% standard Proctor relative compaction equates roughly to a relative density of B
just 50% for sandy soils with less than 15% nonplastic fines (Lee &-Singh, 1971). Soil g%,.
reinforcement works better in compacted fill if the soil is dense so that it i @?
avoid liquefaction of compacted sandy soils that could become ot |
compacted to a relative density of at least 75%.

phrasing of “Depth of columns should be determined B§f
minimun of 8 m below ground level ...” is used. Thissa
foundation freatments of deep soil mlxmg Lype

cases where very loose soils from a depth @

deformatlon under the overlying i improxed R0 i

b mprove the methodology for
on-speclﬁc building data become
#lies and combinations of different

encourage DBH to mC
technical land zoning,
available, and to f

PT-based liquefaction triggering procedure of
the reviewer comments Instead, the reference is

d ' & Boulanger (2008) and Moss et al. (2006). The reviewers understand that
the Idriss & Boulanger (2008) liquefaction triggering evaluation procedure, and we

he reviewers draw attention to the following sentence: “For fines corrections where soil
samples have not been retrieved and tested, the method of Robertson and Wride (1998) should be

13



used, ", which appears on p. 24 of the revised document. This sentence could be misinterpreted to
imply that when soil samples are not taken and a fines content correction is required to be made,
the Robertson & Wride (1998) procedure should be used. This is not the intent of the revised
document after reading ahead to the next page. The reviewers suggest a sentence in the future to
be clear on this issue, such as the following: “When soil samples have not been refrieved, the I~
FC correlation of Robertson & Wride (1998) should be used to estimate FC for use in the Idriss
& Boulanger (2008) procedure.”

encounteled issues wuh its use. However, the SPT method varig
which is why ASTM developed the additional standard D60J6 '
performing the SPT in as standardized a manner as possible.
and D6066, the reviewers hope to avoid the use of non-stapdard
problem in the U.S. and in many other countties.
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Table 1. Categories of Building Damage

TABLE 2. Classification of Visible Damage

Class of Approximate width®
damage Description of damage® of cracks, mm
{1) () (3
Negligible | Hairline ¢racks ’ <0.1
Sy — -,

Vo A
RO, (IJUOW 1

R e e————r e L

pl S AN
. ¥

r

=3

depends on
‘ng. | number of cracks
1

considcred when classifying
be used on alone as a direct
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