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SUMMARY

This report, including maps and legend, identifies and quantities the variation in ground shaking expected during

damaging Garniquakcsimpacting on the Lower HUItand Portrua areas. Four ground shaking hazard zones nave

been identitied in the Lower Hutt area, and three in Portrua. These hazard zones are defined based on

geological, microseismic, and strong motion inputs, and are graded from I to 5. In gcneral, areas within Zone

5 are cxpccted 10 expertcncc the goatest amount of shaking during an earthquakc evcnt, whoreas areas within

Zone I arc expcclcd to cxpeticnce Ihc ICast amount of shaking.
.

,

Thc accompanying Ground Shaking Hazard Maps digurcs I, 2 & 3) show Ihc ground shaking hazard zones.

Tlic response o1 eacli zone is asscsscd for two earthquakc SCOnarios. Scciiario I is for a moderate to large,

distant carthquake that results ill TogionalModificd Mercalliintcnsity (Aru) V-Vlshaking on bcdrock. Scanario

2 is for a large, local, yetrarcr, Woningioii fault camiquakc. Tlic map logond (APPCndix A) providcs gcological

doscriplions of itIC ground shaking zorics, and quantities Ihc expccted shaking response for cach zone during the

two earthquake scenarios. The responsc charactcrisation for cacli zone coinpriscs: expcctcd Madilicd Mercalli

intensity; peak horizontal ground acceleration; duration of strong shaking; amplification of ground motion with

respect to bcdrock, expresscd as a Fourier spectral ratio, including 1110 ITcquency range over which Ihc most

pronouncerl amplification occurs; amplification of the peak of the 5% dampcd accelcration response spectrum

Tclative to the peak at a bedrock site; represcnlative maximum 5% damped SPCctral acccleration and velocity,

and Ihc PCriods for winclilhcsc occur.

3

,

I

.

I. INTRODUCTION

.

Local geological deposits are well known for trioir ability to influence profoundly Ihc amount of shaking a sitc

exporicnccs during an earthquake. Following the great San Francisco carthquakc of 1906, H. 0. Wood rioted that

damage in the city "... depended chiefly on the geologic characicr of the ground. Whore the surface was of solid

rock, the shock produced lime damage; whcreas upon made ground Imaii-made full great violence was

manifcstcd. ..." (Wood 1908). In gencral, sitcs underlain by softcr, more "flexiblc" matcrial exporicncc greater

shaking than near-by sites underlain by firmer material. Recent earthquakes affecting Mexico City, Leninakan,

and the Sari Francisco Bay arca sorvc to illustrulc this point, and underSCOrc the important role that local

geological conditions can hayc in influencing property damagc and life loss during earthquakes (cg. Seed at al.

1988, Borehcrdt or a1. 1989, U. S. Geological Survey Staff 1990).

If areas of increased shaking hazard can be identified, then the polontial cxists to reduce the vulnerability, and

risk, of the community to earthquake shaking. The Wellington microzoning study (Grant-Taylor at a1. 1974)

attempted to do justihis. Areas of increased shaking hazard wcre idcntified, and quaniilied in tcnns of variations

in Modified Mercalliintensity (und) units, relative to bedrock, expected during an eachquake (the nutintensity
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scale is described in Appendix B). While intensity is widely used for the evaluation andprediction of earthquake

darnagc (cg. Evcmden and Thornson 1988), it is not Ihc "filial word" on gound shaking rcsponse. Tritonsity is

not always weU correlated with peak ground acceleration. Peak ground accelerations attributed to the same

intensity can differ by an order of magnitude. Nor does intensity always provide information regarding the

frequencies over which sire-relatcd shaking amplification (or allcnuation) occurs. Peak accelcrations and

frequency content, as well as others parameters (including intensity), are required if the variation in shaking

hazard within aregion is 10 be adequately defined. Such quantification is vital itseismic hazard maps are to offer

the widest applicabitity and greatest use to both planners and engineers.
, -

I

^

*
.

This and contributing DSU^. reports' form part of an overallstudy of seismic hazard forthe Wellington Regional

Council's Natural Disaslcr Reduction Plan. Fault rupture and Tsunami hazards in Ihc Welling ton Togion have

proviously boon addrcssed by Berryman and Fellows (1989), and Gilmour and Slantoii(1990) respectively. Thc

focus of this ycars work 11as beon thc idcntilicalion and quantification of Ihc Garniqutikc ground shaking hazard

in the Lowcr Hutt and Pollrua areas origure I).
L

t
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The purpose of this reportis to: I) summarize and intogratc the findings of the various DS^^. studies that have

been canicd out to help define the ground shaking hazard in the Lowcr HUIt and Porirua areas; and 2) provide

the documentation needed to justify the ground shaking zonalion presented in the maps and legend. In doing

so, 111is rcport providcs a stand-alonc 100hnical documcntto accompany Ihc Ground Shaking Hazard Maps for

Lower Hutt and Forirua Areas digures 2 & 3, and Legcnd).

*

2. METHODOLOGY

A number of techniques werc employed to identify and define the shaking hazard zones in the Lower Hutt and

Portrua areas (Table I).

In Porirua, Ihc distribution of goological matcrials, and their doscription is givcn in Dollow at a1. (1991).

Stephenson or a1. (1990) providc rcsults from conc- and seismic-conc Donetromclcr probings, and use numcrical

techniques to modelihe seismic response of tlie mapped soft "flexible" sediments' in the POTirua Basin. All

array of 12 digital seismographs was also used to monsurc the ground response of these and other geological
matchals dadng microearthquakes (Tabcr and Smith 1991) (figure I).

The distribution of the geological matcrials in the Lower HUIt area oralnuiomata, Eastboume, Lower Hutt

Valley), and their dcscription, is given in Rcad or a1. (1991). Stephenson and Barker (1991) further quantity the
proPCrlics of thuse materials at Wainuiomata and Eastbourne using 14 conc- and two seismic-cone PCnctromelcr

probings. They also modelthe seismic response of the "ticxible" sediments at Wadnuiomata. The ground
rcsponse of the geological materials is asscsscd at 23 sites in Ihc Lower Hutt arca using records from 33

microearthquakes (Taber 1991), and at soycn sites in Ihc Lower HUIt Vancy using strong motion corniquake
rccords from up 10 14 cvciiis (Sritharan and MCVcrry 1991) (figurc I).

A workshop, hold in early March 1991, facilitated Ihc compilation of the separate studics into a single integrated,

multi-disciplinary ground shaking hazard report. At the workshop the findings of cach study were criticaUy

coinparcd 10 those of other studios, and were iterativcly used to idcnlify and dorme Ihc variations in earthquake

ground response in the Lower Hutt and Portrua areas. The agrcement found amongstthe studies is the strength

from which the Ground Shaking Hazard Maps for the Lower Hutt and Portrua Areas are presented digurcs 2

& 3). These maps, including logond, weTo draLtcd at the workshop, subsequcnily rollncd during Ihc TCPori
preparation and review process, and are dcscribed fully in section 3.

,

^
^

.

.

.

I

' Soft sediments refcr collcctively to nomally consulidaicd fine-grained enginccring soils (sands, sills and
clays with Spy values loss than 20 blowsj300 mm). Whcre itICse matcrials have low shear wavc velocities
(in the order of 200 in/s or less), they are also rcferred to in this TCPort as "flexiblc" sedimcnts.
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Table I.

,

Reports and methods used to define the Ground Shaking Hazard zones in the Lower Hutt and
Pontua areas

a

Geological mapping

Penetrometer probing

Strong motion records

Microearthquake recordings

Numerical modeUing

Read or a1. (1991)

LOWERHUTT

I'
*

Stephenson and Barker (1991)

.

Srittiaran and MCVerry (1991)

I.

Taber (1991)

Stephenson and Barker (1991)

Denow 61 a1. (1991)
Stephenson o1 a1. (1990)

FomRUA

I

Stephenson o1 a1. (1990)

Taber and Smith (1991)

^

Stephenson o1 a1. (1990)



, 2J Earthquake Scenarios

In a global IOCtonic context, the Wettington region is located within the obliquely-convergent boundary between

the Pacific and Australian plates. As a consequencc, the rcgion is cut by several major active faults (figure 4),

and is notinfi'equentiy shaken by moderate to large earthquakcs digure 5, Smith and Berry inari 1990). At the

beginning of this study, it was recogniscd that no single earthquakc scenario adcquatcly doscribes Ihc whole

range of ground shaking hazard facing the Lower Hull and Forirua arcas. A large local earthquake will cortoinl

be devastating, yet significantlocalized damage is also expectcd from largo, more ITequcnt, disimit earthquakes.

Variations in ground shaking response resulting from local goological conditions are thus assessed for two

distinct earthquakc scenarios. Scenario I is for a large, disimit, shallow (<60 kin) earthquake that produces unl

V-Vl shaking miensitics in both^ock over the Wcllington region. It is cxpcclcd that this type of carthquakc will

produce Ihc Iargcst variations in ground responsc, that is, the greatcst differcnce betweciilhc shaking of the best

arcas and Ihc worst. This scenario implics litUc darnagc 10 SITUcturcs roundcd on the bcsi silos, yct significant

damage 10 certain siructurcs on Ihc worst. An cxamplc of such an cvent would be a At 7 Garniquake CGnlred
about 100 kin from the study area at a depth of 15-60 kin, perhaps similar to the 1942 south Wailara a

Garniquakcs' (Haycs 1943). Thc larger 1848 Madborough canhquakc (Eiby 1980, Downck and Smith 1990)
would also have resulted in significant, and prcdictable, variations in ground response.

Tile rotum lime of unlVlor grcater shaking at bcdrock sites of low topographic relief in the Wellin ton re ion
is about 20 years (Smith and Berry inari 1990). This return lime is donved from the historical occurrence of both

largo earthquakes, and Inodcrate sizcd local evcnts. While 20 yams is the return Iimc for IVDvl Vlshakin at

bcdrock sites in the Welling10n rcgion, not all earthquakcs that produce unl Vl will rcsult in 1/10 Tonounced

variations in ground Tosponsc cxpected during a scenario I evcnt. For cxample, the local Ms 1968 earthquake
documented in the Wellingtoll microzoning study (Grant-Taylor or a1. 1974) produccd unl Vlshaking on firm
sites in Wolfington, but did not cause significant damage to siruclurcs sited on softer material. Thus 20 ears

is a minimum Gadmaie for the return time of a scenario I event. A reasonable maximum estimate is about 80

ycars; Ihc Tclurii Iimc of MM Vll or grcaicr shadng at bcdrock sitCS in Ihc Wcllingioii rcgion rcsulliiig 1101n
large earthquakes (Smith and Berryinari 1990).

I

I

I_

.

.

10

;

,

.

,

Scanari0 2 is for a largo earthquake coinrcd on itIC Walling10n-Hull Vancy scgmcnt of Ihc Wcllingtoii fault
which extends through Wefungion and the Hutt Valley. Rupture of this 75 kin long segment is ex cored to be

associatcd with a c. Ivj, 7.5 earthquake at a depth less than 30 kin, and up to 5 in of right-lateral and I in of

' It is a recommendation of this report (section 4) that the variations in ground response in the Lower Hutt
and Portrua areas resulting froin these earthquakes be investigated.
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vertical displacement at the ground surface (Berryinari 1990). The mean recurrence interval for such an event

is about 600 years (Van Dissen and Berryman 1990), and the probabitity of this event occurting in the next 30

years is estimated to be in the order of 10%.

In comparison with scenario I, it is more difficult to predict the ground shaking resulting from a scenario 2

earthquake. This is becausc there are so few near-source' ground motion data from large earthquakes, and
because factors such as proximity to local aspcritics along the rupture plane, and random canCGMation and

reinforcement of seismic waves can IOCaUy ovcrwhelm the effccts caused by near-surface geological deposits.

Also, a portion of the ground shaking daring such an event will probably be at frequencies and strengths that

some local geological dcposits, such as thick soft sediment, will not amplify.

3. RESULTS

The results from the techniques uscd to define the shaking response of the geological materials in Ihc POTirua

and Lowcr HUIt Valley arcas, and how they relate to thc ground shaking zonalion o11hcsc areas are summarizcd

bolow. Morc dejail rcgarding SPCcific ICchiiiqucs and findings is containcd in tiic ciicd TCPorls.

Identification of Ground Shaking Hazard Zones3.1

3.1. I Forirua ground shaking zoriation

Stephenson oral. (1990) documcnted a significant"hazardous" thickness of soft"flexible" sediment in the POTirua

Basin that is capable of strongly amplifying certain earthquakc motions. Thcy mapped the boundary of these

sediments [also shown on the geological map in Dellow at a1. (1991)], measiircd their shear wave velocity (in

the ordcr of 110 in/s), and modelcd the seismic rcsponse of Ihc basin. Tmce seismograph sites of Taber and

Smith (1991) showed greatly increased shamg, two of which wcre "flexible" scdimentsiies, while the third was

just outside of the mapped boundary. The recorded ground shaking at these sites, expressed as an averaged
Fouricr spectral ratio (Fsr), is 10-20 timcs stronger than that of a reference bedrock site, and occurs over a

narrow frequency band, I-3 Hz. The froqucncy and approximate amplification wcre as modeled by Stephenson
or a1. (1990). SPCciralraiios ofFsr=10-20 hayc also beon incasurcd for soft"noriblc" scdimcnt in Wadnuiomaia

and the Lower Hutt Variey (sec below, Tabcr 1991).

C

.

' Near-source refers to areas within several tens of kilometres from the epicentre of a M7.5 earthquake (e. g.
Krinitzsky and Chang 1977).
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Taber and Smith (1991) also measured the ground response on firm sites, including bedrock sites and sites where

bedrock is ovalain by >10 in of deeply weathered eravcl and loess (Denow o1 a1. 1991). With the exception

of one site, the spectral ratios for firm sites varied from 110 amplification to factors of about 3 relative to the hard

rock reference site, consistGrit with results from the Lowcr Hutt area (see below; Sritharan and MCVerry 1991,

Taber 1991). The exception was a firm site on a smallridge at Whitby which showed a spectral ratio of nearly

10 at 5.5 Hz. The amplification at this site could in part be due to topographic errccts since spectral ratios of

up to 8 have bcen rccorded at hard rock ridgc-CTCst sites (Tuckcr or a1. 1984). Cone pencirometer results

discount the possibility of a significant thickness of soft scdiment near this site (Stephenson and Barker 1991).

.

.

DCUow at a1. (1991) showsthe distribution of near-surface Quatcmary age deposits of ginvcl and "compact" sand

deposits (eonan, alluvial and marine) in Ihc Portnia area, including extrcmely weak sandstones at Tintii Bay.

SICplicnsoii or a1. (1990) proSCnts conc PCnctromclcr rcsults from sitcs undorlaiii by most of Uic abovc doPOSits.

The onc scismograph sitcd on these deposits shows an amplification ofFsr=5 (Tabcr and Smith 1991), consistGrit

with the response measure on similar materials in the Lower HUIt area (SCO below, Taber 1991).
.

The Porirua area is mappcd into Ihrce Ground Shaking Hazard Zones digure 2), based on the distribution of

geological materials and the measured and modeled response of these materials to seismic waves. Zone I is

characterincd by areas undorlain by firm gcological matcrial (eg. bedrock), and little if any ampliticaiion of

seismic waves. However, localised yet poloniiaUy significant topographic amplifications are possible. Zone 2

is charactcrized by areas undorlain by 10+ in of gravel and "compact" sand, and only slight amplification of

seismic waves. Areas underlain by a significant thickness (about 10-30 in) of soft "flexible" sediment show

greatly amplified shaking, and are mapped as Zone 5.

I

3.1.2 Lower nutt ground shaking zoriation

3.1.2.1 Wainuiomata

The highest spectral amplitications recorded in Ihc Lower Hutt area are from two sites in Wainuiomata Crabcr

1991). Both sites have spectral ratios of Fsr=16-18 Tclative to a hard rock Torerence site, and are underlain by

up to 35 in of soft "ncxiblc" scdiment with shear wave VCIocities ill the ordcr of 90-150 in/s (Read at a1. 1991,

Stephenson and Barkcr 1991). The silo undcrlain by the greatest thickncss of scdimcnt (about 60 in) cxhibits

a broad band frequency response over 0.5-3 Hz, with apeak at I Hz. This Donk is also modeled by Stephenson

and Barkcr (1991). The sitc undorlain by a ICsscr thickness of scdiment (ICss than 20 in) exhibits a narrow

froquency Tosponse at2 Hz. The arca underlain by soft"norible" sediments in Wailiuiomata corresponds CIOscly

to Zone 5 on the Ground Shaking Hazard Map (figure 3).
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As with Porirua, areas in Wailiuiomata underlain by bcdrock, or loss than 10 in of weathered gravel and loess

are characterized as firm sites. Theso sites, as for similar sites with measured ground motions in Portrua and

the Lower Hutt Valley, are expected to experience litUe ifany amplification of ground shaking, and are mapped

as Zone I on the Ground Shaking Hazard Map.

}

I

Areas of alluvial gravels and fan alluvium are shown by Read at a1. (1991). As discussed in sections 3.1. I and

3.1.2.3, sites underlain by a significantthickness of near-surface dcnse gravcl(generally greater than 10 in) are

expocted to experience only slight amplifications of ground shaking relative 10 bedrock, and are mapped as Zone

2 on the Ground Shaking Hazard Map. In Wainuiomata, fan gravels intorfinger with "flexible" sediment along

the valley sides. The "flexible" sediments win dominate the ground response where they comprise a major

portion of the material at dcpth.

h

,
^

3.1.2.2 Eastbourne

.

^

The distribution of gcological materials in Eastboume (F'oint Howard to Point Arthur) is not well constraincd

q<00d or a1. 1991). In order to locate possible deposits of soft "flexible" sediment, five cone penetrometer tests

wcre carried out at likely locations (Stephcnson and Barker 1991). No significant soft or wcak layers wcre

identified below about three inclrcs depth. All probes reached rcfusalin dcnse sand or gravel, except at one site

where probing was sloppyd in very stirf clayey sifty sand. From these results, Stophcnson and Barker (1991)

conclude that Ihc areas investigalcd in Eastboume are notlikely to greatly amplify earthquake shaking. Based

on this conclusion, the non-bedrock areas of Eastboume are mapped as Zone 2, and are expected to only slightly

amplify ground shaking. The bedrock areas (finn sites) of Eastboume are mapped as Zone I. It is important

to note that there may be as yet unidcnlificd localmad deposits of soft material in Eastboume that could amplify

earthquake motions, though probably not to the extent as in Zone 5 areas in Portrua or Wainuiomata (see section

4).

.

^

3.1.2.3 Lower Hutt Valley

In the Lowcr Hutt Valley there is both a general increase in total sediment thickness (Qualemary age deposits)

and thickness of ncar-surface soft sodiment down vancy and across valley (Taila gorgc to Felonc, and from

Graceficld to Felone, Read at a1. 1991). The hiUs bounding those sediments arc composed of greywacke
bedrock.

Five stations studicd by Taber (1991) were sited on bedrock, or deeply weathered gravel and loess underlain by

bcdrock. These stations show lime if any amplitication of microeadhquake ground motions relative to a hard

rock refercnce sitc, the spectral ratios arc allless than Fsr=4. Thrce strong motion instrumcnis are sited on

bedrock or deeply weathered bedrock. Compared to the rcsponse spectra of tile reference site, one site shows
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slightly amplificd ground motion, the other slightly attenuated motion (Stitharan and MCVerry 1991). In the

Lowcr Hutt Variey areas undcrlain by bedrock, deeply weathered bcdrock, or less than 10 in of doeply weathered

gravel and loess are charactcrized as firm sites. These sires exhibit mile if any amplification of earthquake

motions, and are mappcd as Zone I on Ihc Ground Shaking Hazard Map (figurc 2).

,

Much of the sediment in the Hutt Valley is composed of fine to coarse alluvial gravel. The thickness of this

sedimcntincreases from about 10-20 in near the Taita gorge to over 300 in at Petone. A signiticant thickness

of near-surface "flexible" sediment is found southwest from about Mening. Its thickness also increases towards

Petone 0:<Gad at a1. 1991). Of the 16 seismographs sited on the unconsolidated sediments in the Lower Hutt

Vancy, six had spectral ratios of less than about Fsr=5 (Tabcr 1991). Theso sites arc all undcrlaln by loss than

200 in of gravel, and somc sites are undcrlain by as little as about 10 in of gravcl. Also, none of these sites are

underlain by more than about 5 in of ncar-surface "noriblc" scdimcnt. Areas with Ihc above characteristics are

mappcd in the Lower Hutt Valley as Zone 2 on the Ground Shaking Hazard Map. The near five-fold

amplification of 111e Zone 2 site in Podrua (Tabcr and Smith 1991) is consistGrit with the Tosponsc of Ihc Zone

2 sites in Lower Hutt. The strong motion instrumcnt sited within Zone 2 shows an intermediatc response

compared 10 badrock sites, and silos located in the dcepest part of the vallcy where the strongest motions are

recordcd (Stitharan and MCVerry 1991).

.

.

The highest amplifications rccordedby Tamer(1991) in the Lower HullVallcy are at PCtone where totalsediment

thickness, and thickness of soft near-surface sodimcnt are at their maximum (Road at a1. 1991). Here, two sites

have averaged spectral ratios of Fsr=12-15 relative to a hard rock rotorence site. For sites near the Hull River,

and funhcr northcast and cast from PCtone, averagcd spectral ratios are less than 8. As discusscd in scctions

3.1. I and 3.1.2.1, sites in Pontua and Wainuiomaia that exhibit SPCctralratios of greater than Fsr=10 arc mappcd

as Zone 5. This implics that the Zone 5 boundary in the Lower Hutt Valley should be located southwest of the

Hull River, the dotted line on Ground Shaking Hazard Map (figure 2). However, the fcw strong motion records
available suggest that the maximum amplification measured at the Felone site is similar to that measured at the

central Lower Hutt silo (Sritharan and MCVerry 1991), though 1110 two sites have a differGrit frcqucncy response
(Sritharan and MCVerry 1991, Tabcr 1991). This suggests that the northcastem extent of Zone 5 should include

central Lower Hutt. Where differing interpretations arise, it is considered more appropriate to adopt the

conservative interpretation. Therefore, central Lower Hunts included in Zone 5. In doing so, the uncertainty
regarding Ihc northcastem exlcnt on the Zone 5 boundary is acknowlcdged. Additional work is needcd to

confidently locale this boundary, whclher this bc northeast of contralLower Hutt or soulhwest of the Hutt River

(see section 4).

A spectral ratio of near 15 is recorded for a site in Naenae (Taber 1991). This site corresponds to an area of

locally thick, 10-20 in, soft scdimcnt q<cad or a1. 1991), and is mappcd as Zone 5.
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The gencralincreasc in scdiinent thickncss in the Lower Hull Valley is rcncctcd in Ihc monsurcd ground motions

as a gradual down-valley increase in shaking (Sritharan and MCVerry 1991, Tabcr 1991). There is 00 distinct

boundary between sites that show only slight amplification of ground shaking (Zone 2), and sites that exhibit

high amplification (Zone 5). This transitional area between Zones 2 and 5 is mappcd as Zone 34. The 34

distinction is chosen to emphasize the transitional character of this zone, and to highlight the gloater shaking
measured, and expected, in Zone 5 relative to that in Zones I and 2.

11

I

^

3.2

I

,

Geological Description of Ground Shaking Hazard Zones

Descriptions of the geological materials that Iypify each Hazard Zone are summarized below.

Zone I: Greywacke bedrock, including areas overlain by less than 10 in of deeply weathered gravel and loess,

or won cnginccrcd fill.

Zone 2: Alluvial gravel and fan alluvium; fine to coarse gravel, up to 200 in thick, with some beds and lenses

of finer graincd sodiment(sand, silt, clay, and PCat) usually ICss than 5 in thick. The coarscr sediments typicaUy

have inodoratc to high Spy valucs, N=20->60. At Titahi Bay, 10-20 in thickiicss of cxtrcmcly weak silly
sandstone with lenses of gravel, or about a 5-10 in thickness of windblown sand.

.

Zoric 3-4: Up to 15 in of finc graincd sadimcnt dine sand, sill, clay, and pont) willIin itIC top 20 in or so of

alluvial ginvcl, underlain by up to 250 in of alluvial gravels and finer graincd sediment. Nonr-surface fine

grained sedimcnts typically have low Spy values, N=<20, whereas 1110 coarser consolidated sediments generally
have moderate to high Spy valucs, N=20->60.

,

Zone 5: Soft sediment (fine sand, sth, clay, and peat), up to 10-30 in thick, at or very near the surface, undcrlain

by bedrock or a variable thickness of gravel and other finer grained sediment. Shear wave velocities for these

"flexiblc" sediments at Lowcr Hull, Wainuiomata, and Portrua are in the order of 175 in/s, 90-150 in/s, and 110

in/s respcctively (Stephenson 1989, Stephenson and Barker 1991, Stephenson at a1. 1990).

Quantification of Ground Shaking Hazard Zones3.3

The shaking response of the Ground Shaking Hazard Zones (Zones I tiffough 5) is assessed for the two

earthquake sccnarios dcscribcd in section 2. The responsc of each Zone is exprcssed as a suitc of ground motion

painmcters, comprising: cxpcctcd Mornficd Mcrcalliinlcnsily (MM); peak horizontal ground accclcration (pga);

duration of strong shaking; amplification of ground motion with respect to bedrock, exprcssed as a Fourier

spectral ratio (Fsr), including Ihc frcqucncy range over which the greatest amplification occurs; amplification of

the peak of the 5% damped acceleration response spectra relative to the peak at a reference bedrock site;
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representative maximum 5% damped spectral acceleration (SA max, my, ) and velocity (SV max, ,,,), and the
periods over which these occur. Some of these parameters have been measured directly, others have been

estimated using comparisons found in the published sciontitic and engineentig literature.

The recent Loina Pricta earthquake is significant with respect to this rcport becausc of the recorded variations

in ground motion Tclated to local geological conditions, and because its magnitude is similar to that of the

scenario I earthquake. Thus, the values calculatorlfor the above ground motion parameters are often compared
with those measurcd for the Loina Pricta cvcnt.

^
^

,

.

.

3.3. I

;,
.-

Modified Mercalliintensity (MM)

Sccnario I: The scenario I carthquake (a large, distant, shallow earthquake, resulting in I'mI V-Vl shaking on

bedrock) will be of sufficient duration and contain surficicnt long period energy to allow strong long-period
response to develop at decoer sodiment sitcs. Thc shallow focal depth win allow strong surface wave offcots.

The rcsultis a marked diffcrence between the shaking of the "worst" scdiment site and the "bust" firm site. It

is not uncommon during an carthquakc to havc a spread of Ihrcc 10 four units of Ivl\^I in ICiisiiy scparaling the

rcsponsc of 1110 "bust" silo from tiic rcsponsc of a ncar-by "worst" silo (cg. Evcmdcn and inloinson 1988, Lowly
at a1. 1989, Plancer and Galloway 1989). A differcnce of three 10 four MM units is thus expccted bctwecn the

response of Zone I and Zoiic 5 (sec Appendix B for a description of the IVDvlintensity scale). The response of

Zones 2 and 3-4 is expccicd 10 bc slightly stronger Uian Zone I, coinparable to estimates madc in the Wcllinglon
microzoning study (Grant-Taylor at a1. 1974).

.

I

.

.

.

.

Thus, in terms of MM intonsity 1110 responsc of Zoric lis expcctcd 10 be Ivml V with somc Vl, Zone 2 is unl

Vl, Zoric 3-4 is unl Vl-VU, and Zone 5 is MM Vin-IX (Tabic 2, and Legcnd).

Scenario 2: The offcots of a sccnari0 2 cvcnt, a largo local Walling10n fault earthquake, will be a marked

increase in the shaking throughout the region, relative to scenario I; a decrease in the average difference in

shaking bctwecn Zone I and Zone 5; and an increasc in itIC vanability of snaking within each zone.

Another important factor innucncing ground shaking for this evcntis disimice from the earthquakc source. In

general, shaking decreases with incleascd distance away from the source. The crime Hutt Valley is within 4 kill
of the Wellington fault; Warnuiomata and Portrua are about 6-11 kin from the fault. Thus sites in Wadnuiomata

and Porirua are expectcd to shake loss than similar sites in Ihc Lowcr HUIt Valley. Epicentralintensilics for the

1989 LoinaPrietaearthquake were MMVlll(Platter and Galloway 1989); however, the LoinaPrietaearthquake

was smaller than the scenario 2 event (M 7.1 compared to 7.5). Epicentral mitensitibs for similarly sized New

Zealand earthquakes are nullX, I'M IX-X, and 1.1A^I Vlll-DC for the 1848 Marlborough, 1931 Hawkes Bay,
and 1968 Inarigahua earthquakes rosyectively (Biby 1980, Smith 1981).

.

I
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Table 2. Ground motion paramcters, and values, for tile Ground Shaking Hazard Zorics in the Porna and IDwer Hull areas

a

a

ZONES

2

2

34

MM

Intensity

I

I Forirua

I Naciiac

I Wainuioinata

I (SIMullow)

, ..----------..--.....

reak

grouiid
accclcralioii

(8)

^ --............-----

V. Vl

^

Vl

, .-...........-.......

Vl-Vll

SCENARIO I

5 IWaiiiuioiiiam
I (deep)

:

002-006

Duration

, --.......-......----

0.02-0.1

* filesc values wcrc GsmnaLerl for sirecilic sites wiUiin a Hazard Zone, and may not lie gcncral cnougli10 cliaracicrisc tile response of UTC Zone as a wliolc

I Uiwcr 11utr

002-0. I

Amplilicatio, I or
grouiid nioliuii

CTSr)
and frequency

<5 scc

Vlll-IX

2-3 x

<0.3

gcncrally
belwccn
01.02

2.3 x

X

I-3 x @ xi H,

2-5 x @ 0.5.5 I{.

Allipiinc"lion
of lionk or

acceleration

response
spectra

(5% damped)

5.10 x @ 0.5-3 H.

<0.2

gciicrally
around

005-0. I

>3 x

I @2H.
, .-....-.---..-..-

I @111.
, .........-.......

I @211.

, --.-.--...-...-..

10-20x

SA inlay*

(8)
and PCriod

<5x

^

2.5x

I 0.5-3 1.1. winia
I neatatI 11.

0.1 @ 0.2-0.3 sec

, .-.....-.......

I <3 11, down 10

0.4 @ 0.3-0.4 sec

ZONE

SV inlax*

(ads)
and period

I at lust o. 5 11.

I

>4 x

0.5 @ 04 sec

noL calculaicd

0.4 @ 08 sec

In @ 0.5 scc &
0.7 @ 0.3 scc

0.06 @ 03.04 sec

2

nom fault

Porirua &
Wainuiontam

>5 x

0.3 @ 0.4 sec

0.4 @ 1.0 sec
03 @ 0.4 sec

2-5 x

0.9 @ 0.3 scc &
07 @ 0.4 $00

0.3 willI sevenl

Iruil:s 1101wccii
0.5 - 1.5 sec

34

nom Iaulr

punrua &
WailiuiOmaia

noL calculaicd

0.6 @ 09 coc

SCl:NAR10 2

5

MM

lintcnsity

0.7 @ 0.5 sec

IX

Vlll

0.7 @ 1.1 sec

liar IaUIL

Pontua &
Wainuiomaia

Peak ground
acceleration

(8)

0.4-0.5 willI

coverallicaks
hatwccn

0.5-1.8 sec

DC-X

Vlll-IX

05-08

0.3-06

IX-X

Duration

05-08

03-06

X-XI

1540 coc

Amplification of peak
or acceleration

response spectra
(5% damped)

05-08

1.2 x

06-08

05-08

1.2 x

>2 x

<5 x

2-5 x

>5 x
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Using the above relationships and constt'ants, nullX is expected near the fault in Zone I (Table 2). Further

from the fault, ^^nvlVlllis anticipated in Wadnuiomata and POTirua for Zone I. TVnvllX-X is expected near the

fault for Zone 2, Ivnvl Vin-XI further away in Wainuiomata and POTirua. The expected Zone 34 response,

found only near the fault, is A^11X-X. Violent shaking, Ivnvl X-XI, is expected in Zone 5 both near thc fault,

and in Warnuiomata and Portrua.

,

Some of the possible ground damage effects that are Inccly in the various Hazard Zones for the two corihquake

scenarios are presented in Table 3. These are based largely on the expected unlintensities, and knowledge of

past damaging carthquakes in the Welling ton rcgion and CISewhcrc. With Ihc cost of repairs to certain lifelines,

such as cast iron pipeline systems, going up by a factor orlon for each TVnvl unitincrease (0'ROUTke or a1. 1991),

these effects have important implications with respect to eachquake damage evaluation and prediction, and

warrant runner investigation.
t

I'

I

3.3.2 Peak horizontal ground acceleration

For both scenarios, peak horizontal ground accclcration is CStimated based on comparisons with a number of

appropriate attonuation relations (cg. Campbc11 1981; Joyner and Boore 1981; Idriss 1985, 1990; Fukushima and

Tanaka 1990). In goncral, the PCak ground accelcraiions prescnled below (Table 2, and Logond) are within one

standard deviation of the values predicted using any of the appropriate attenuation relations tsee Sritharan and

MCVcrry (1991) for in orc dctailj. Valucs for scenario I are also coinparcd 10 triosc rccorded during the Loina

Prieta earthquake (F'Iaiker and Galloway 1989, BOTcherdt and Glassmoyer 1990).

Scenario I: Peak ground acceleration for Zone I is expected to be in the order of 0.02-0.06 g. This compares

10 Ihc 0.06 g recorded daring the Loina Prieta Garniquake at a hard rock site 95 kin from Ihc epicentre (Ycrba

BUGna Island). Accelerations of 0.02-0.1 g are expectsd in Zones 2 and 3-4. For Zone 5, in Portrua,

Wainuiomaia, and Nacnae, average accelcraiions of 0.1-0.2 g are expccted, thougliihesc could be as high as 0.3

g, based on the 0.29 g acceleration rccorded 97 kin from the Loina Prieia epicentre on a "soilsite" at Emeryvine.

Strong long period response is anticipated for the dcepcst sedimcnt sitcs in the Lowcr HUIt Valley, Zone 5

(Sritharan and MCVerry 1991). However, strong long-period response is not won characterized by ground
acceleration (eg. BOTcherdt 1985). Thus the Lower HUIt Valley Zone 5 accelerations are lower than the

accelcrations cxpcclcd for trio "Uiinncr" sadimcnl Zoric 5 arcas in Forirua and Wailiuiomata. ACcclcralions of

less than 0.2 g, probably in the order of about 0.05 g, are expected for Zone 5 in the southern Lower Hutt

Valley.

,

^

.

.

,

Scenario 2: The average peak ground accelerations expected for scenario 2, based on the above attenuation

relations and geological(site) considcrations are as follows: Zoric I, 0.5-0.8 g in Lowcr Hull Vancy (near faulty,

0.3-0.6 g in Portrua and Wainuiomam; Zone 2, 0.5-0.8 g in Lower Hull Valley, 0.3-0.6 g in Portrua and
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Table 3. Ground damage effects likely in the various Hazard Zones for the two earthquake

SCGnarlOS.

Hamrd

Zones

Ib^I

intensity

2

SCENARIO IEARTHQl. IAKE

.

V - Vl

34

Ground conditions and likely effects

5

Vl

"Grewacke"/arg"lite bedrock: Lime ground damage.
Small(<100 in') local failures on steep slopes and
unsupportcd cut batters. Smalllocal failures on cuts in
weathered gravels.

Vl- Vll

Alluvial deposits: Litttc or no significant damage likely.
Smalllocal failures on river banks possible.

Vlll- IX

,

Thicker alluvial deposits: Little widcsprcad damage
cxpccted. Smalllocalised failures of banks adjaccnt 10
rivers, streams, or cuts. Some local cracking and sand
ejection possiblc at An\^I Vll.

Hazard

Zones

Soft sediments: Widespread minor slumping of steep banks
(>2 in high). Localised lateral sprcading of ground adjaccnt
to river and SITcam banks with sand ejection (liquefaction
effects). Diffcrential settlement and coringso possible in
somc arcas - CSpccially in areas whorc the water table is
CIOsc 10 Ihc ground surfacc and adjaccn110 rivcr banks.

2

I'D, I

intensity

SCENARIO 2 EARTHQUAKE

Vlll- IX

3-4

Ground conditions and likely offccts

Vlll- X

5

"Grewacke" bedrock: Small failurcs of bedrock and
sumcial deposits. Widespread on steep slopcs, and on steep
unsupportcd cuts (>2 in high).

IX -X

Alluvial deposits: Only little significant ground damage
expected. Smalllocalised failures of river banks and cuts.
Cracking and lateral sprcading likely adjacent to river and
stream channels with sand ejection due to liquefaction.
Minor selllcmcnt and collapse of saturated matcrials in most
pianos.

X - XI Soft sediments Effects as for Zones 2, and 3-4 - except
that damage will be widcspread and at a greater scale.
Liquefaction cffccts (sand ejection, cracking, lateral
sprcading, and settlement) would be widcspread and sonously
damaging in some PIaccs, especially arcas adjacent 10 river
and SITcain courses.
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Wadnuiomala; Zone 3-4, 0.5-0.8 g; Zone 5, 0.6-0.8 g in Lowcr HUIt Vancy, 0.5-0.8 g in Portrua and

Wadnuiomata.

3.3.3

3

Duration of strong shaking

This parameter provides a qualitative estimate of the effects that local geological deposits can have in increasing

the length of time a site winexperience strong shaking. In general, amplitudes and durations of shaking increase

with decreasing firmness of the undorlying sedimcnt. This has becn obscrved for microearthquakes (eg. Taber

and Smith 1991, Taber 1991) and for larger damaging earthquakes (eg. BOTchcrdt and Glassmoyer 1990). In

this report, duration refers to Ihc time between the first and last accelerations that exceed 0.05 g.

Sccnario I: The expected duration of strong snaking in Zone I during a SCOnario I oventis less than 5 scc (Table

2). Thc cxpectcd increase in duration of shaking rclativc 10 bcdrock is 2-3 times in Zones 2 and 34, and more

than 3 limes in Zoric 5. Thcsc valucs arc broadly consistGrit with the intonsily based incrcases in duration

TCPortcd in Krinitzsky and Chang (1988).

n

,

^,

^

Sccnari0 2: Lcngth of fault rupturc is a controlling factor rcgarding Ihc duration of ncar-source ground shaking.

The Loina Prieta earthquake produced about 10 seconds of strong shaking, resulting from a bilateral rupture of

a roughly 40 kin long fault plane co. S. Geological Survey Staff 1990). Had the ruptore been unitateral, that is,

propagating from onc end of Ihc fault to Ihc o111cr, instcad of bilateral, propagating from the centre of the fault

to the ends, the shaking would havc lasted much longer, perhaps up to about 20 sec. Rupture of the Welling 10n

fault in scenario 2 is expocted to be about twice as long as the fault rupture that produced the Loina Piteta

earthquake. The duration of shaking for Zone I during scenario 2 is expected to be in the ordcr of 1540 SOC,

by comparison with the Loina Prteia evcnt and depending on whether the rupture propagates bilateralIy or

unilateralIy. This compares with the 30 sec duration predicted for a M 7.5 earthquake using figure 27 in Hays
(1980). The increase in duration, Tclaiive 10 Zone I, is 1-2 times for Zones 2 and 34, and >2 times for Zone

5 (Table 2).

.

:

3.3.4 Amplification of ground motion spectrum

The relative ground response at 35 sites through out Porirua and the Lower Hutt areas due to microearthquakes

has bcen measured digure I, Tabcr and Smith 1991, Taber 1991). Results are expressed as averaged ratios of

Fouricr spectra of the seismograms. SPCctral ratios vary from I-3 for finn sites up to about 20 for "ncxible"

sediment sites. Amplification at most of the sites occurs over a broad frequency band from 0.5 to 5 11z;

however, some sites exhibit a very narrow frequency response. Results from other areas (eg. Boreherdt at al.

1989) suggest that the ITcquency of amplificd shaking during small eachquakes remains the same for larger

damaging earthquakes. Thus the results of Taber and Smith (1991) and Taber (1991) are not only useful for
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determining relative shaking but also for identifying the frequcncies ovcr which this shaking win be most

strongly amplified.

Characteristic Fomer spectral ratios (Fsr) for coch of the mapped Hazard Zones, including the frequcncies over

which the strongest amplitications occurs, are as foUows (Table 2): Zone I, Fsr=1-3 at >I Hz; Zone 2, Fsr=2-5

at 0.5-5 Hz; Zone 3-4, Fsr=5-10 at 0.5-3 Hz; Zone 5, Fsr=10-20 at <3 Hz (down to at least 0.5 Hz) in the

southern Lower Hull Valley, at 2 Hz in POTima, at I 11z in Naenae, at 2 Hz in the shallower parts of

Wadnuiomala, and 0.5-3 Hz (with a peak at I Hz) in the dccper parts of Wadnuiomata.Z^

,

,

; These spectral ratios were measured during earthquakes that produced no damage in the WeMington region. The

amount of amplitication for large ground motions is an umesolvcd question. An amplification of near 20 in

Zoric 5 is unlikely 10 persist 10 VCry largo motions (Jamc or a1. 1989) bccausc Ihc weak scdiments may allcnuaie

ground motions as shearing stresses approach shcar sircngths and high cncrgy dissipation occurs. Nevertheless,

high amplification of small ground motions, such as Ihc sccnario I bcdrock motions, moans that significantlocal

damage in Zone 5 could result from an omitiquakc that would cause Innc or no damage in Zone I. It is

amplifications at smaller ground motions that the measured spectral ratios best characterize, thus they are given
only for scenario I.

I

.

,

,

.

.

3.3.5

.

Spectral acceleration and velocity

To muslrate again the difference that is expected in ground response during the scenario I event between

identitied Hazard Zones, spectral accelerations and velocities were denvcd by Sritharan and MCVerry (1991) for

SGIccted sites within cach Zone in the Lowcr Hull Area. In bricf, a rcsponse SPCclrum was estimated for Ihc

bcdrock refcrence site using a smoothed rosyonse spectra shape obtained from soveral rccorded earthquakes,

which was then scalcd by the PCak horizontal ground acceleration expected for bcdrock daring scenario I.
Response spectra amplification relative to the bedrock reference site were estimated for one to five sites within

each Hazard Zone, based largely on the results of Srithamn and MCVerry (1991) but drawing from those of

Tabcr (1991). From these, acccleration response spectra were estimated. In terms of SPCcttal accelerations, the

Wainuiomata sites in Zone 5 stand out for their strong response, with response peaks reaching 0.8 to I g for the

input rock motion with a peak ground acceleration of 0.03 g. The ratio between Ihc maximum spectral
acceleration CSlimaled for the Hazard Zone sites, and Ihc maximum accclcralion for Ihc bedrock refcreiice site

is also proSCntcd in Table 2 (and Logond).

n

I

I

To emphasize the strong long period response of some of the deep sedririent sites, a general estimate of relative

velocity response spectra was obtained by dividing the acceleration response spectra by the angular frequency.
The approximate relative VCIocity spectra show the distinct long period amplitication at sites like Naenae, and

the Zone 5 deep sedimentsites in the southern Lower Hutt Valley that was not clear on the acceleration response
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spectra. Table 2presents representative values for both 5% damperjinaximum spectral acceleration (SA marry),
and spectral velocity (SV max, ,.,,) for the selected sites within the Hazard Zones, also included are the periods
at which these maxima occur.

,

I

The response spectrum values included in the Legend (and Table 2) are intended only to mustrate the range of

values (motions) that may be expected for certain sites within the Hazard Zones during a scenario I event. It

is important to note that while the amplitications used to derive the response spectra all have basis in eachquake

motions recordcd in the Lowcr Hutt area, the procedure used to dcrive these rosyonsc SPCctra is not analyticalIy

rigorous. The response spectra values in Table 2 were calculated for specific sites within a Hazard Zone, and

may not be general enough to characterize the responsc of the Zone as a whole, and Ihcre may be significant

local variations from the listed values. However, at present Ihcse response spectrum values provide the best

OSIimate available for asscssing the responsc of structures in the Hazard Zorics.

r

.

I

Response SPCctra ratios for certain strong motion instrument sites in the Lowcr Hutt Valley show amplifications,

in one or more narrow frequency bands, that excecd the values derived from the Katayama (1982) empirical

model, in some bases by a factor of two or more [see Sinharan and MCVerry (1991) for further discussion].

4. ASSUMPTIONS, LIMITATIONS, ANDRECOMMENDATIONS

^

Important assumptions that limit the certainty with which the Ground Snaking Hazard Zones havc either been

idcntificd or quantificd arc discussed 'below. Recoinmcndations are also given for further work that would
resolve somc of these uncertaintics.

a) Sccnari0 2 ground motion painmclers are defined with less certainty. There is a world-wide lack of

near-source ground motion data recorded during large earthquakes. Moreover, during a large local earthquake,

near-source seismic wave propagation will be complex and non-uniform, and groundstrains will be large enough
to cause some sediments to exhibit non-linear response (attenuation of ground motions). These effects win tend

to increase the vinabitity of shaking within a zone, docrease Ihc avcrage difference in shaking between zones,

and decrease the certainty with which expected ground motions can be characterized. Also, near-source ground
motions for an earthquake associated with a long fault rupture, such as scenario 2, may be more correlated with

proximity to local aspenties along the fault rupture, Taiher than proximity to the fault itself. It is conceivable

that two sites on similar materials could be equal distant from the fault, yet one site could be next to an aspenty

whilc the other site could be lens of kilomctrcs away. Ground motions at Ihcse two sitcs would probably not bc

the same. At present, it is notpossible locate anthe major aspenties along the expected scenario 2 faultrupture.

b) Amplification of ground motions due to topographic effects has not boon addressed in this study.

Though probably quite localized, these effects can nevertheless be pronounced. Spectral ratios of up to 8 have
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resultcd from topographic amplifications at hard-rock sites (Tucker at a1. 1984). It is possible that the high

amplitication at a firm site in Writtby is also in part the result of topographic effects (Taber and Smith 1991).
Recommendation:

Detailed assessment of previous case histories, instrumentation of characteristic topographic shapes, and/or

sophisticated modelling should be camed out to develop a systematic approach for the identification and

quantification of "higher risk" topographic shapcs and oncntations.

I

.

..

c) Within each Hamrd Zone there are iso1atcd occurrences of materials that may cause ground motions

that are nottypical of the Zone as a whole. In the western HUIt hills there are smalllciTace remnants, and local

areas of deeply weathered bedrock. These have been included in Zone I, but it is possible their response could
be closer to that of Zone 2.

^

Much of whatis mapped as Zone2 in the Lower HuttValley is underIan by a thin near-surface layer of alluvial

sill q<Gad at a1. 1991). Usually these fine grained scdimcnts are less than 5 in thick, and are underlain by

coarser alluvial gravels. Howcver, locally they are up to 10 or more metres thick, an extreme example is at

Naenac. Althese "thicker" localities a less favourable response is expected.

.

The mappcd fins in Porirua East are PIaccd on bcdrock (Dollow o1 a1. 1991), and are included with Zone I.

However, those fills are ovcr 20 in thick in places, and may respond more like Zone 2. In Eastbourne, the

spacing of PCnetromcter probings docs not preclude the existencc of isolated pockets of "flexible" sediment. If

thick onough, these scdimcnts would respond less favourably than the general Zone 2 response expected for most

of Eastboume. Converscly, some arcas mapped in Formia as Zone 5 may not be underlain by enough sediment

to cause high amplifications of ground motion. At theso "thinner" sitcs a more favourablc rcsponse may rcsult.
Recommendation:

Detailed geological mapping, supplcmcnted by penctrometer probing and seismograph instrumentation would
resolve some of Ihcse questions.

.

,

d) High amplifications have been recorded at TitahiBay andNaenae (Taber 1991, Taber and Smith 1991),

but the distribution of the materials causing these amplifications is not well defined. The poorly resolved

boundary around these Zone 5 areas is denoted as a dot-dash line on the Ground Shaking Hazard Map digures
2 & 3).

Recommendation:

Additional work should be camcd out to define the extcnt of the geological materials present at these and similar

sitcs. This would result in a better resolved, and more accurately localcd boundary.

e) The Zone 5 and Zone 3-4 boundaries in the southern Lower Hutt Valley are gradational(see section

3.1.2.3), reflecting the gradual down-valley increase in both totalsedimentthickiiess and thickness of soft near-
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surface "flexible" sediment. Thusc boundaries are marked on the Ground Shaking Hazard Map as dashed lines.

The change in response from one zone to the other is expected to occur over distonces of about 300 in

perpendicular to the boundary (roughly the depth to bedrock). The boundary as shown on the map is accurate

to within about 200-800 in, depending on the spacing and quality of the constraining data.

Recommendation:

Additional work should be undertaken to define with certainty the location of the Zone 5 boundary in the

southcm Lower Hull Valley (sec scction 3.1.2.3). Additional geological constraints regarding shear wave

velocities and depths of flexible layers, deployment of a donse array of seismographs, an increase in the number

of strong motion records, and further detailed comparisons between strong and weak motion data are required.

1'

,

:,

I) Theresponse spectracalculated by Sritharan and MCVerry (1991), maximum valucs proSCntcdin Table

2 and the Legend) are donvcd for specific sites within a Hazard Zone. Thcy help illustrate the differing response

cxpeclcd betwccn oneh Zone, and highlightlhc strong long period response expertcd in the southern part of the

Lowcr Hull Valley. However, they may notbe gencralenough to adcquately charactcrize Ihc range of response
of cocli Zoric.

Recommendation:

Instrumcntation of additional silos within each Hazard Zone, and analysis of inorc strong motion rccords is

necessary before charactcristic response spectra for each Hazard Zone can bc doVCIopcd.

P
I'

g) There is a marked directionality in the response of some strong motion sites daring some earthquakes.

Howevcr, trio dircction of strongcstrcsponsc is not consistGrit for diffcrcnt events (Sritharan and MCVerry 1991).

h) The ground damage effects presented in Table 3 are estimated from a general knowledge of past

earthquakes in the WeMington region and elsewhere. Howevcr, further detailcd studies of these aspects should

be camed out to provide a coinprchensive evaluation of the likely extcnt and vinability of ground damage that

can be expected to occur in the mapped Hazard Zones. With thc cost of repalrs to certain lifelines going up by

a factor of ten for each ^^Dvlunitincrease (0'ROUTke 61 a1. 1991), these effects have jinporjantimplications with

respect to corniquake damage evaluation and prediction.

.

.

.

i) It is recommended that a detailed investigation be undertaken to document the variations in ground

rcsponsc producerI by the 1942 south Wadrarapa camiquakcs.

j) This report, including maps (figures 2 & 3) and Legend, is the result of a regional multi-disciplinary

study of ground shaking hazard. It provides usofulinformation for Ihc mitigation of 11ns hazard, but should not

be used to replace site spermc studies.
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CONCLUSIONS AND IMPLICATIONS

.

Four Ground Shaking Hazard Zones have bcen idcntified in the Lower Hutt area, and three in Portrua (figures

2 & 3). These zorics are gradcd from I 10 5, with Zone 5 cxpcctcd to cxperience Ihc strongest shaking during

an earthquake event, and Zone I the least. The expected response of each of these Zones is assessed for two

earthquake scenarios and summarized in Table 2 and the Legend.

^

^

During a scenario I earthquake, areas underlain by a greater than 10 in Ihicki'less of soft"flexible" sediment are

cxpected 10 strongly amplify eachquake ground motions. Theso areas are mapped as Zone 5. The high

amplifications that characicrize this Zone imply that significant local damage in Zone 5 could result from an

carthquake that would cause little or no damage at a ncar-by firm silo (Zoric I).
^

I

^

,

. -

Within Zoric 5, sitcs undcrlain by a Tclativcly simple scqucncc of "ticxiblc" scdiment, such as a 10-30 in

thickiicss ovcr bccirock, ICnd 10 show high amplifications ovcr a nanTow Ircqucncy range; whcreas sitcs underlain

by a more complex sequence, such as more than 10 in of "flexible" sediment over some appreciable thickness

of coarscr sediment(greater than about 50 in), tend to show high amplifications over a broader frequency range.

Thus any building with a natural period within the Tango of incasurcd amplificd froqucncies (Tablc 2, Lcgend)

is potentially at greater risk relative to a near-by building sitcd on similar materials but with a different natural

period.

^

^

.

The most marked difference in shaking betwcen Zones is expected during a large, distant, shallow earthquake

(SCOnario I). During this eachquake an increase of up to three A1^^I intensity units is expected between the

shaking of Zone I and the shaking of Zone 5.

I

:

I

The Katayama (1982) cmpirtcal modeldoes riotsatisfactorily predictihe amount of amplification, relativc to the

bedrock reference site spectra, exhibited by the strong motion sites in the Lower Hutt Valley that are underlain

by a gloater than 20 in thickness of scdiment. During a spermc earthquake, these sites have one or several

PCriod bands in which they cxccctlihe broad band amplitications given by the Katayama model for the

appropriate ground class [see Sritharan and MCVerry (1991) for further discussion].
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Introduction

n

.

These maps (figures A1 & A2) depict, and quantify, the variation in gound shaking expected during damaging

earthquakes impacting on the Lower Hutt and Forirua areas. Thrce ground shaking hazard zones are identificd

in Porirua, and four in the Lower Hull area. These zones are graded from I to 5. In general, areas within Zone

5 are expected to experience the strongest shaking during an earthquake event; areas within Zone I are expected

to cxpcricncc 1110 weakcst shaking. Thc Tosponsc or cach zoric is asscsscd for two earthquakc sccnarios.

Scenario I is for a large, distant earthquake, and sccnari0 2 is for a local Wellington fault earthquake.

^

.

Scenario I

.

33

A large, disimit, shallow (<60 kin) earthquake that produces unl V-Vl shaking miensities in bedrock over the

Wellington rcgion. All example of such an event would be a A^I, 7 earthquake centred roughly 100 kin from the

study area at a depth of 15-60 kin, perhaps similar to the 1942 south Waitarapa earthquakes (Hayes 1943). The

larger 1848 Madborough earthquake (Biby 1980, Dowtick and Smith 1990) produced MM Vl-Vllintensitics in

bedrock over the Wellington region. The return time of unl Vl or greater shaking at bedrock sites of low

topographic relief in the Wonington region is about 20 years (Sinitli and BCrryman 1990).

,

^

Shaking Hanard Zones

,

,

(1) Greywacke bedrock, including arcas overlain by less than 10 in of deeply weathered gravel and loess, or

weM engincercd fin.

Moderate shaking, Ivnvl V with some Vl

Peak horizontal ground acceleration (pga), 0.02-0.06 g.

Duration of strong shaking, <5 sec.

Frequency range of strongest ground response, >I Hz

Represeniaiive 5% dampcd maximum spectral acceleration (SA max, ,.,,),
and period (T) over which it occurs;

0.1 g at 0.2-0.3 sec (3-5 Hz).

Rayreseni@live 5% damped maximum spectral velocity (SV max, ,.,,),
and PCriod (1) 0vcr which it occurs;

0.06 in/s at 0.3-0.4 sec (2.5-3 Hz).

Z

,

I

*

I

^

(2) Alluvial gravel and fan alluvium; fine to coarse gravel, up to 200 in thick, with some beds and lenses of

finer grained sediment (sand, silt, clay, and peat) usually loss than 5 in thick. Modcrate to high SPT values,

N=20->60. At Titahi Bay, 10-20 in thickness of extremely weak silly sandstone with Ionscs of gravel, or about
a 5-10 in thickness of windblown sand.

.



,

Modcrate shaking, Ivnvl Vl

Peak ground acceleration (pga), 0.02-0.1 g.

Duration of shaking with respect to bedrock, 2-3x

Amplification with respcct to bedrock (Fouricr spectral ratio, Fsr), 2-5x

Frequency range of strongest ground amplification, 0.5-5 Hz

For sites underlain by <50-75 in of sediment, maximum amplitication is expected in the higher

frequency range (>2 11z).

amplification with respect to bedrock of peak of 5% damped acceleration response spectra,

weak to moderate (<5x)

SA max, ,,, and T, 0.4 g at 0.3-0.4 sec (2.5-3 lit).

SV max, ,,, and T, 0.3 in/s at 0.4 sec (2.5 Hz).

I'

,

^

I
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I.

(3-4) Lower Hutt Valley only; up to 5-15 in of fine granned sadimcnt orine sand, sill, clay, and peal) within the

top c. 20 in of alluvial ginvcl, underlain by up 10 250 in of alluvial gravels and finer grained sediment. Near-

surface fine graincd scdiments typically have low SPT valucs, N=<20, whereas itIC coarscr consolidated

sedimcnts genemlly have inodcrale 10 high Spy valucs, N=20->60.

Moderato to strong shaking, I'm Vl-VU

Peak ground accelcration (pga), 0.02-0.1 g.

Duration of shaking with respect to bedrock, 2-3x

Amplification with rcspcct to bedrock (Fsr), 5-10x

Frcquency range of strongest ground amplification, 0.5-3 Hz

Amplification with respect to bedrock of peak of 5% damped response spectra,

madcrate (2-5x)

SA max, ,,, and T, 0.5 g at 0.4 sec (2.5 Hz).

SV max, ,,, and T, 0.4 in/s at 1.0 scc (1.1 Hz), and 0.3 in/s at 0.4 sec (2.5 11z).

^

I

I

I'
*

(5) Soft sediment(fine sand, sth, clay, and peat) at or very near the surface, typically with low to very low Spy

values 01=<10-20). Shear wave velocities for these "flexible" sediments at Formia, Wainuiomata, and Lower

Hutt are in the order of 110 in/s, 90-150 in/s, and 175 in/s respcctively.

^

a) Portrua, Naenae, and Wainuiomata: Soft "flexible"

sediment 10-30 in thick, underlain by bedrock or a thin

layer of coarser sediment (less than 10 in thick) over

bedrock.

Very strong shaking, A^n\I Vlll-IX

Peak ground acceleration (pga), <0.3 g, generaUy between 0.1-0.2 g.

Duration of shaking with respect to bedrock, >3x
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Amplification with respcct to bedrock (Fsr), 10-20x

Resonant frequencies; Nagnae, I Hz

Wainuiomata, 2 Hz

Porirua, 2 Hz

amplification with respect to bedrock of peak of 5% damped response spectra,

moderate to strong (>4x)

SA max, ,.,, and T; Naenae, 0.4 g at 0.8 sec (1.25 11z).
Wainuiomata, 1.0 g at 0.5 sec (2.2 Hz), and 0.7 g at 0.3 sec (4 Hz).

SV max, ,,, and T; Nannae, 0.6 Trys at 0.9 sec (1.22 Hz)

Wadnuiomata, 0.7 in/s at 0.5 sec (2.2 11z).

, -

I

.

.

by Wadiuiomata: Soft "flexible" sediment 20-35 in thick,

underlain by a thickness (about 30 in) of gravel and

other finer gained sediment.

Very strong shaking, ^^IA^I Vlll-IX

Peak ground acceleration (pga), <0.3 g, gcncraUy bctween 0.1-0.2 g.

Duration of shaking with respcct 10 bedrock, >3x

amplification with respect to hadrock (I'Sr), 10-20x

Frequency range of strongest ground amplification; 0.5-3 Hz, with a peak at I Hz

Amplification with rcspcct to hadrock of PCak of 5% dampcd response SPCclra,

strong (>5x)

SA max, ,,, and T, 0.9 g at 0.3 sec (3.3 Hz), and 0.7 g at 0.4 sec (2.5 Hz).

SV max, ,,, and T, 0.7 in/s at 1.1 scc (0.9 Hz).

.

,

c) Lower Hull Valley: Soft "flexible" sediment 10-30 in

thick underlain by more than 200 in (up to 300r in) of

gravel and other finer grained sediment.

Very strong shaking, unl Vlll-IX

Peak ground acceleration (pga), <0.2 g, generally around 0.05-0.1 g.

Duration of shaking with respect to bcdrock, >3x

Amplification with respect to bedrock (Fsr), 10-20x

Frequency range of strongest ground amplification; <3 Hz, down to at least 0.5 Hz

Amplification with respect to bedrock of pont of 5% damped response spectra,

madcraic (2-5x)

SA max, ,.,, and T, 0.3 g with several peaks bctween 0.5-1.5 sec (0.7-2 Hz).

SV max, ,,, and T, 0.4-0.5 in/s with soreral peaks halvecn 0.7-1.8 sec (0.6-1.4 Hz).

^

*

,
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Scenario 2

I

Rupture of the 75 kin long Wellington-Hutt Valley segment of the Wonington faultthat extends from Cook Strait

through WeMington and the Hutt Valley to Kanoke. This is expected to be associated with a c. TV1, 7.5

earthquake at a depth less than 30 kin, with fault rupture producing up to 5 in of right-lateral and I in of vertical

displacement at the ground surface (Berryinari 1990). The mean recurrence interval for such an eventis about

600 years (Van Dissen and Berryman 1990), and the probability of this event occurring in the next 30 years is

estimated to be in the ordcr of 10%.

n

.
\

Shaking Hazard Zones

I

36

(1) Greywacke hadrock, including areas ovcrlain by loss than 10 in of dceply weaniercd graycl and loess, or

well cngincercd fill.

Very strong shaking (donending on proximity to source and local aspenties, and attenuation of

seismic energy)

NGar fault (I. ,ower Hull Valley), nullX

Forirua & Wainuiomata, unl Vlll

Peak horizontal ground acceleration (pga),

Near fault (I. ,owcr HUIt Valley), 0.5-0.8 g.

Portrua & Wadnuiomata, 0.3-0.6 g.

Duration of strong shaking, 1540 sec.

I

^

I'

I

I
I

(2) Alluvial gravel and fan anUVium; fine to coarse gravel, up to 200 in thick, with some beds and lenses of

finer grained sediment (sand, sill, clay, and peat) usuaUy less than 5 in thick. Moderate to high SPT values,

N=20->60. At Tintii Bay, 10-20 in thickness of extremely weak silly sandstone with lenses of gravel, or about

a 5-10 in thickness of windblown sand.

Very strong to violent shaking

Lower Hutt Valley, nullX-X

Portrua & Wainuiomata, ^^in Vlll-DC

Peak ground accelcration (pga)*

Lower Hull Variey, 0.5-0.8 g.

Portrua & Wadnuiomala, 0.3-0.6 g.

Duration of shaking with respect to bedrock, I-2x

Frequency range; broadfrequencyresponse, permanentgrounddefonnation becomes more acontrolling

factor with stronger shaking.

Amplification with respect to bedrock of peak of 5% damped acceleration response spectra,

weak to moderate (<5x)

.

,
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(3-4) Lower Hull Valley only; up to 5-15 in of fine grained sodiment(fine sand, sth, clay, and peat) within the

top c. 20 in of alluvial gravel, underlain by up to 250 in of alluvial gravels and finer grained sediment. Near-

surface fine grained scdiments typically have low SPT valucs, N=<20, whereas the coarser consolidated

sediments gencrally have moderate to high Spy values, N=20->60.

Very strong to violent shaking, unl IX-X

Peak ground acceleration (pga)*, 0.5-0.8 g.

Duration of shaking with rcspect to bedrock, 1-2x

Prequcncy range, broad ITequcncy response

amplification with ToSPCct to bedrock of peak of 5% damped response spectra,

moderate (2-5x)

^

.

,

(5) Soft sedimcnt (fine sand, silt, clay, and pont), up 10 10-30 in thick, at or VCry ncar the surface, underlain

by bcdrock or a vanablc thickness of ginvcl and o1hcr fincr grainerl scdiment. Shcar wave VCIocities for

"ticxiblc" sediments at Lowcr Hull, Wadnuiomala, and POTirua are on the ordcr of 175 in/s, 90-150 in/s, and 110

in/s rcspectively.

Violent shaking, I'm X-XI

Peak ground acceleration (pga)*

Near fault, 0.6-0.8 g.

Portrua & Wainuiomata, 0.5-0.8 g.

Duration of shaking with respect to bedrock, >2x

Frequency range; pronounced non-linear effects, lack of high froquency peaks, less marked in
Porirua and Wadnuiomata.

Amplification with respect to bedrock of PCak of 5% damped response spectra,

moderate to strong (2->5x)

.

.

.

I

:

,

.

I

^

* Assuming a near linear response of the underlying sediment, though at high accelerations (>0.4-0.6 g) this

assumption may not be valid. Whcn ground strains cause scdiments to exhibit non-linear response, peak
horizontal accelerations may have a maximum value of about 0.6 g.

a

a

These maps are the result of a regional multi-disciplinary study of ground shaking hazard. They provide useful

information for the mitigation of this hazard, but should not be used to replace site specific studies

it



GROUND SHAKING HAZARD MAP
FOR THE PORIRUA AREA
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Figure A1. Ground shaking hazard map for the POTirua area.
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GROUND SHAKING HAZARD MAP
FORTHE LOWER HUTFAREA
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MODTFTED MBRCAL, LT SCALE OF TNTENSi:TY OF EARTHQUAKE SlumTNG (NZ Versi. on 1965)
min VI Feltby an.

Not fezc by ht=. a=s, except in especiaLly fav. u=able citet=aster, ces,
People aria almals ale=aed.but bizds aria an:=;aLs nay be at 52u=bed.
Hany z:=., outside.Repo=Led namLy Ego=, the up::e= fLco=s oE buLLdLngs core than Difficulty expe=ten=ed in uaLking steadily.

LO sto=eys high.
DLz=:. ness or nausea ray be expe=tenced.

Slight ae. ,. age to Masonry D.
Seae pias=e= cracks or falls.Branches o5 t=ees, cha, del. iezs, doors, and other suspended sys=gas
Zsolated cases of chimey ae. ,age.of long natural period nay be seen to rove SLOWLY.

Water ,. n pends, Lakes, reservoirs, etc. , rey be sec tnto setche
nines*'s, glasswaze, a*a c=OCXezy broken.DSC:. 112ttOn.
cojec=s telL from shelves, and Fleeuzes fzc:a vaLls.
Heavy f\:.,. L=u=e moved. Unstable furniture eve=turned.

s=aLL chu==h and schooL bells ztng.
r=ees aria bushes she:<e, or are he a=a to rustle.
Loose aa=e=:aL nay be dislodged from existing slips,

talus slopes, or shingle SLides.

.-., -.-

mm ri

...... * .

Fezt by a Ee, persons at rest ,neoozs, especially by those on
uppe= fLo. =s o2 other, :se favourabLy PI. aced.

The long. Fezi. od effects listed under KHz nay be Fore riottceable.

minxTT

..*.

Felt indoors, but he= ,dent:ELed as an earthquake by everyone.
Vibration ray be Like, ed to the passing of JighC traffic.

Zt nay be possible to esti:, ate tine durat:. DR. bu= hoc the direct:. on.
Hanging objects Flay s, trig SLightly.
Standing cotor=a=s Day rock slightLy.

min TV

.

Generally noticed 1.5co=s, but not outsiee.
Very Light SLee. e=s ray be wakened.
V:. bra=ion r. ay be likened to die passing o5 bee'. y traffic, or to

the jolt of a heavy object faLling o2 s=xiktng the but Laing.

Halls aria f=ate GE buildings are heard to czea:<.
Doors aria vineous ra. t, .e.
GLassuare Lad c=DCke=>* rattles.
Liquids in open vessels nay be slightly at SECbed.
standing coto=cars nay rock, and the shock can be fezt by the:. z

occu, ants .

, ...,.. . ...~.. .

mm V Generally feLC outside, aria by altost everyone thecots.
lbst SIee::ezs a. ,at<ened.
A few people frightened.

Direction GE notion can be ESE:Elated.
sinaLl unstable objects are displaced or upset.
Sone glass*are and egockery nay be broken.
Sone vineous c=acked.

A few earthen*a=e toilet fixtures cracked.
Hanging pic=12=es FC. .'e.
D'ors and shutters nay suing.
Pendul":I clocks stop, start, 0= change rate.

.,. . ~ ....,.. - ~... .,,. ,

inn VTL GenezaL alga.
DLE^ICULEy e::perte=cee in standing.
Noticed by drivers of rotorcazs.
,=ees aria bushes SL=orig:. y shaken.
La. .'92 beLIS ring.

Fasonzy D c=acked gad ae. .*. aged.
A few iris=Laces of aa.=age to Masonry C.

Loose brick^^rk and tiles '25/6dge3.
cab=aced p==ape=s and architectural one'. ents ray EaLL.
Seer. a Halls c=acked.
Heal< chi=, Ieys broken, usually at the roof-Ltne.
EC=es=tc va=ez ta, ,ks burst.
Cone=e=e i. 22:9atLon ditches damaged.

Waves seen on ponds Lad Lakes.
Hate= Fade EU=bid by stirred-up r. ud.
S=41L SL:=s, aria caving-:.:, GE 53. ,a and graveL banks.

inn VllT A, .a== ray approach panzc.
Steering of rotorca=s aEfec=ed.

PESOnzy C danaged, vtth partial COLLapse.
FASOhr/ a danaged tn Sane Cases.
Hasonry A uriaa. =laged.

G, :.=,, eys, factory stacks, Eont::, eats, towers, and eLevated
Larks twisted o2 brought do. 71.

Pa. .el walls thrown ou= GE Erae SEEuctuzes.
So=e brick veneers ae. ,aged.
re=ayed **oden piLes broken.
Tza=e houses riot secured to the foundatt. n nay rove.

C=acks EFFeaz on steep slopes and in vet ground.
La. ,dslips in roadside cuttings aria unsupported excavaL!. orig.
Sene t=ee b=anches nay be broken off.

Ch", ges in the fLow or Leape=atu=e o2 springs and weiLs
gay occur.

Sanll ea==hquake fountains.
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mm Ix General panic

Masonry D destroyed
Masonry C heaviLy aa. =;aged, sometimes COLLapsing completeLy
Masonry B seriousLy ae. .aged
Frame structures racked and distorted

Damage to foundations generaL.
Frame houses riot securea to the foundations shifted off.

Brick veneers faLL aria e>, pose frames

Cracking of the ground conspicuous
Innoz damage to paths and roadways
Sand and mud ejected in aLluv, .ated areas, w, .th the

formatton of ea=t:.., ua:<e fowltatns and sand craters

Underground pi. pes broken
Serious damage to reserrozrs

mm X HOSE masonry structures destroyed, togeehez with dieLr
foundations

Some weLL butLt wooden but Laings aria bridges seriousLy
damaged

Dams, arkes, and embe. toents serious, .y damaged
RatLway Lines SLighLly bent
Cement and asphalt roads and pavements baaLy cracked or

thrown J. nto waves

Large Landslides on river barLks and steep coasts.

Sand aria mud on beaches aria fLaL Land Trovea horizontal. ,. y

Large and spectacuLa= sa.. a and mud fowlLaLns
Water from xi. vets, ,. a:<as, aria canaLs thrown up on the bank

I;

mm XI

mill XII Damage vi. ECUaLLy total. PracticalLy aLL works of
constructi. on destroyed or greatLy damaged.

Large rock masses at591aced
Lines of SLght and Level distorted
Vi. SIble wave-mutton o5 the ground surface reported
Objects thrown upwards into the azz.

Wooden frame SEXuctuzes destroyed
Great damage to railway Lines
Great damage to underg=aund pipes

Masonry A SEEuctures designed to resist lateral forces of about 0.1 g,
such as those satisfying the New ZeaLand Model Building Bylaws,

Typical buildings of this kind are well reinforced by,. 955

means of SLeeL or fezro-concrete bands, or are whoLLy of fezzo-
All mortar is of good quality and theconcrete constructLon

design aria workmanshtp is good. Few butLaings erected prior
to 3935 can be regarded as in category A

Reinforced but Laings of good workmanship aria with sound 11.0rtaz,
but not designed in aetai. L to resist LateraL forces

ButLaings of ordinary workmanship, wtth trottar of average quaLi. ty.
110 extreme weakness, such as inadequate bonding of the corners,
but neither designed nor reinforced to resist lateral forces

BULLdi. rigs with Low standards of workmanship, poor tortar, or
constructed of weak Traceri. als Like Dud brick aria tanned earth

Weak horizontaLLy

00

Masonry B

Masonry C

Masonry D

*

litndows

Window breakage depends greatLy upon the nature of the frame and xts orLenta-
Windows cracked at 11.1V areticn with respect to the earthquake source

usua:. Iy either Large display windows, or w:. neows tightly fitted to metaL
frames

S^^.

7:1e "weak chi. mmeys" Listed under 11.1 VTL are wireinforced domesLLC chimneys
GE bz:. ck, concrete b, .ock, or poured concrete

Water tanks

The "domestic water tarL\:s" Li. sted under 1.91 VTL are of the cyl. martcaL
corrugated-iron type colton in New ZeaLarid rutaL areas. ::f these are onLy
partLy EULL, rove, lent Of the water tray burst SOLdered aria riveted seams

Hot-water cyL, .riders constrained onLy by SUPPLY and delivery pipes may rove
sufficientLy to break the pipes at about the same tritensLty
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