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Foreword

This GEO Report presents an area-specific seismic
microzonation assessment of a Study Area in the North-west New
Territories of Hong Kong by Arup, in collaboration with the GEO
and the Guangdong Engineering Earthquake Resistance Research
Institute (GEERRI) of the Earthquake Administration of
Guangdong Province (EAGP).

As part of the study, some site-specific ground
investigation (GI) works including vertical boreholes, geophysics
field tests, microtremor tests, and laboratory cyclic and static
triaxial tests were carried out.  The results of the GI works have
been used to evaluate the site response to earthquake ground
motions and develop site classification for the Study Area.
Microzonation maps have been produced with consideration
given to liquefaction potential and topographic amplification
effects. The results and the maps serve to provide a general
picture of the seismic behaviour of the Study Area. Although
they are not sufficiently precise for project-specific engineering
design, practitioners can make reference with these materials for
preliminary planning and other preliminary studies as
appropriate.

This Report was prepared by a team led by Dr J.W. Pappin
of Arup, in collaboration with the GEO and the GEERRI. The
team members are Dr H. Jiang, Mr R.C.H. Koo, Mr Y.B. Yu,
Dr P.L. Chen and Ms M.M.L. So. This work was overseen by
Mr Y.K. Shiu and Mr K.K.S. Ho. Draft versions of the Report
were circulated to relevant Government departments and local
academics for comment.  All contributions are gratefully
acknowledged.

J.S.H. Kwan
Chief Geotechnical Engineer/Standards and Testing



Executive Summary

On 1st April 2009, the Geotechnical Engineering Office (GEO) commissioned Arup to
undertake the Investigation Assignment of “Pilot Seismic Microzonation Study in North-west
New Territories for the Study of Potential Effect of Earthquake on Natural Terrain” under
Agreement No. CE 49/2008 (GE). The Guangdong Engineering Earthquake Resistance
Research Institute (GEERRI) is a sub-consultant to Arup on this Assignment. The
Assignment involves, among others, an area-specific seismic microzonation assessment of the
North-west New Territories.

To facilitate the area-specific seismic microzonation assessment, ground investigation
(GI) works including 27 vertical boreholes, 59 geophysics field tests (19 downhole seismic tests,
17 suspension P-S velocity logging (PS Logging) tests, 22 multi-analysis of surface waves
(MASW) tests and one crosshole seismic shear wave velocity test) and six laboratory cyclic
and static triaxial tests have been carried out in a Study Area in the North-west New Territories.
In addition, microtremor tests have been carried out at 60 locations. The results of GI works
have been used to evaluate the site response to earthquake ground motions and classify the site
in this seismic microzonation assessment. In order to better understand the trends of
earthquake induced soil amplification in the Study Area, a series of one-dimensional site
response analyses have been undertaken for all 27 boreholes with in-situ shear wave velocity
measurements. A non-linear program Oasys SIREN has been used to perform time-domain
site response analyses. The results of the analyses have been used to determine ground motion
amplitude and period-dependent parameters for different site classes in the seismic
microzonation assessment. GEERRI has also carried out an independent microzonation using
a frequency-domain program for site response analyses. Spectral ratios for the 10% in the next
50 years ground motion calculated by Arup and GEERRI are found comparable.

The borehole data have been analysed in four different ways based on their spectral
shape defined by (1) the ratios of their maximum spectral acceleration and the one-second
spectral acceleration (Smax/S1), (2) the average shear wave velocity down to a depth of 30 m
(Vs,30), (3) the average shear wave velocity down to a depth of 20 m (Vs20), and (4) the site
periods calculated on the basis of the shear wave velocities down to the depth where the SPT-
N values reached 100 (Tn10o0). By comparing these four different groups, it is considered that
the most consistent grouping was that using the Smax/S1 ratios. Incorporating a larger dataset
from the AGS borehole database, site response microzonation maps have been produced for
Vs.30, Vs20and Tnioo. Using correlations between natural slope angles and Vs 3o values, another
microzonation map has also been produced. All microzonation maps are broadly consistent
with each other. In particular, they are very dependent on the underlying data distribution.
Site response microzonation maps are not used directly in engineering design practice as
overseas codes of practice generally demand site-specific site classification to be done using
borehole data. However, they could be used for planning purpose as they provide useful
information about the seismic effects on different types of buildings situated at different
geological and topographical settings.

The GI and site response analysis results have also been used to assess the liquefaction
potential in the Study Area. Microzonation maps have been produced for liquefaction
potential. Arup adopted the Seed’s empirical method developed in 2001 to assess the



probability of liquefaction potential, while GEERRI carried out an independent liquefaction
assessment based on the Chinese Code GB50011-2010. In general, the Seed and Chinese Code
methods give rise to similar findings on the level of liquefaction potential. Furthermore,
GEERRI, using the Chinese Code method, produced a liquefaction index zoning map for
Earthquake Intensities 7 and 8, which are approximately equivalent to the ground motions
having a 10% and 2% probabilities of being exceeded in the next 50 years respectively. Allin
all, the Chinese Code method generally predicts a higher chance of liquefaction for the 10% in
the next 50 years ground motion but is similar to the Seed method for the 2% in the next 50
years ground motion.

Finally, the recommendations in Eurocode 8 have been used to estimate the topographic
amplification factors for the Study Area, where a microzonation map has also been produced.
Topographic amplification with a factor on peak ground acceleration of up to 1.5 has been
found at the crest regions in the Study Area. When the topographic amplification factor is less
than 1.1, the topographic amplification effect would be insignificant. This study indicates that
the amplification factors for ridge effects would be the largest at the natural period of the ridge
and would reduce to unity at longer structural periods. The topographic amplification factors
are restricted to ridge lines. Therefore, it is not envisaged to incur any significant impacts on
the major building areas in the Study Area, which are mainly situated in low-lying areas along
the coast and in inland valleys. However, topographic amplification may affect the risk of
earthquake-induced landslides at ridge areas. The earthquake-induced natural terrain landslide
hazard assessment has been carried out in a separate study.
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1 Introduction

1.1 Background

The Geotechnical Engineering Office (GEO) of the Civil Engineering and Development
Department (CEDD) has previously assessed the potential effects of earthquakes on the stability
of man-made slopes and retaining walls in Hong Kong, but not on natural terrain. As the
management of natural terrain landslide risk is a focus of the post-2010 Landslip Prevention and
Mitigation Programme, there is a need to examine the responses and stability of Hong Kong’s
natural terrain under earthquake conditions.

On 1st April 2009, GEO commissioned Ove Arup & Partners Hong Kong Limited (Arup)
to undertake the Investigation Assignment of “Pilot Seismic Microzonation Study in North-west
New Territories for the Study of Potential Effect of Earthquake on Natural Terrain” under the
Agreement No. CE 49/2008 (GE). The Guangdong Engineering Earthquake Resistance
Research Institute (GEERRI) is a sub-consultant to Arup on this Assignment.

The above study involves (a) an overall seismic hazard assessment of Hong Kong; (b) an
area-specific seismic microzonation assessment for a Study Area in the North-west New
Territories; and (c) an evaluation of the potential effects of earthquakes on the natural terrain,
with an account taken of local geology, topography and envisaged ground responses. The study
evaluates the overall seismic hazard assessment of Hong Kong and produces maps delineating
zones with similar predicted seismic intensity and motion at the ground surface in the Study Area.
The potential natural terrain landslide hazards associated with the seismic ground motions are
also evaluated. Findings of part (a) of the study have been documented in Arup (2015).

This report documents part (b) of the study i.e. an area-specific seismic microzonation
assessment of the North-west New Territories.  To facilitate the study, ground investigation (GI)
works including 27 vertical boreholes, 59 geophysics field tests (19 downhole seismic tests, 17
suspension P-S velocity logging (PS Logging) tests, 22 multi-analysis of surface waves (MASW)
tests and one crosshole seismic shear wave velocity test) and six laboratory cyclic and static
triaxial tests have been carried out under this project. In addition, microtremor tests have been
carried out to measure the site dominant periods at 60 locations. The field and laboratory tests
have been completed by the end of December 2010 and June 2011 respectively. The results of
Gl works have been used to evaluate the site responses under seismic ground motions and to
develop the site classification.

1.2 Scope of this Report

A seismic microzonation assessment for a Study Area in the North-west New Territories
of Hong Kong is carried out in this study. Figure 1.1 shows the location of the Study Area.
GEERRI, a sub-consultant to Arup on this Assignment, has been involved in this assessment.
Key items of the work completed under the seismic microzonation assessment are listed below:



Figure 1.1 Topographic Map Overlain with Geological Map in the Study Area
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Development of Soil Profiles

Soil profiles in the Study Area have been investigated with standard penetration tests
(SPT) and in-situ shear-wave velocity measurements (Downhole seismic, PS logging,
Crosshole seismic and MASW tests). The design profiles, defined in terms of soil
types, shear wave velocity and small-strain shear modulus versus depth, have been
determined.

Field and Laboratory Testing

A series of laboratory and field tests to collect data for site response analyses have
been carried out. Several soil properties, required in the site response analyses, have
been derived. They include the soil and rock bulk density, shear wave velocity, small
strain shear modulus and the degradation of shear modulus with increasing amplitude
of cyclic shear strain.

Development of Rock Time Histories for Site Response Analysis

The propagation of the ground motion through the soil profile requires input ground
motions for bedrock in form of acceleration time histories. The ground motion
records used for site response analyses have been derived to be compatible with the
uniform hazard response spectra (UHRS) for bedrock as derived in the probabilistic
seismic hazard assessment study (Arup, 2015). Arup adopted the latest time-domain
method to modify suitable recorded earthquake time histories to match the target
response spectrum. This method better preserves the original features of the recorded
time histories. In a parallel study, GEERRI developed input time histories for
bedrock using artificial Green’s function simulations in a frequency-domain. A
shortcoming of this method is that the original features of recorded earthquake time
histories are not represented.

Site Response Analyses

Although earthquake site response analyses have been carried out previously for a
number of sites in Hong Kong, there are no existing recommendations for design site
response spectra that can be applied throughout Hong Kong for regional site
classification purpose. In order to understand the potential regional earthquake-
induced soil amplification trends in the Study Area, a series of one-dimensional site
response analyses have been undertaken for all boreholes with in-situ shear wave
velocity measurements in this study. A non-linear program, Oasys SIREN, has been
used by Arup to perform time-domain site response analyses. The results have been
used to determine ground motion amplitude and period-dependent factors for each site
class. GEERRI have also carried out independent microzonation using their
frequency-domain program.

Seismic Ground Motion Microzonation
The ground surface response spectra produced by site response analyses have been

studied and classified such that a systematic seismic ground motion microzonation
methodology is recommended for application to the entire Study Area. The
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recommendations have also been compared with those of GEERRI considering the
conventional practice in Mainland China.

e Liquefaction

Liquefaction generally refers to the cyclic generation of large pore water pressure in
saturated granular soils and the resulted reduction of effective stress leading to a rapid
strength loss of the soils. Among others, sandy soils are the most susceptible to
liquefaction under earthquakes. The common engineering practice in assessing of
liquefaction potential is based on empirical correlations derived based on field
observations of liquefaction, or absence of liquefaction in past earthquakes. The cyclic
liquefaction resistance is correlated with different in-situ soil properties measured from
standard penetration tests (SPT), cone penetration tests (CPT), or in-situ shear-wave
velocity (Vs) tests.  Arup assessed the probability of liquefaction potential based on the
Seed’s empirical method (Seed et al, 2001). GEERRI carried out an independent
liquefaction assessment based on the current Chinese Code GB50011-2010 (Chinese
Seismic Code, 2010). The soil properties have been derived from field and laboratory
tests. Microzonation maps have also been produced.

e Topographic effect

Noticeable topographic features could affect seismic ground motions. Irregular
surface features such as ridges, canyons or slopes can affect the amplitude of the surface
ground motions. At ridgelines or cliff tops (convex features), the effect is an
amplification of the ground motion, whereas in canyons, de-amplification occurs. In
most seismic codes, topographic amplification is ignored considering that site
amplification due to local soil conditions is more significant in many locations.
Eurocode 8 (BSI, 2004b) makes recommendations for sites located near ridges or slopes
and these recommendations have been used to estimate the topographic amplification
factors for the Study Area in this study. A microzonation map has been produced.

GEERRI carried out an independent study of the above tasks, mainly based on the Chinese
Code GB50011-2010 (Chinese Seismic Code, 2010) and local practice in Mainland China. The
self-contained report, including discussions of the study methodologies and the results, is presented
in Appendix E.

2 Ground Conditions
2.1 General Ground Conditions

2.1.1 Topography

The Study Area can generally be divided into two types of topographies i.e. mountainous
terrain and low-lying area. The mountainous terrain bounds the Study Area at the southeast in Tai
Lam Chung and the west in Castle Peak (Tsing Shan), with the highest elevation of about
+560 mPD. The low-lying area covers the Yuen Long flood plain and Tuen Mun Valley in the
middle of the Study Area bounded by two mountains, and is overlain by a thick layer of alluvial
deposit. Figure 1.1 shows the topographic map overlain with 1:100,000 Hong Kong geological
map.
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2.1.2 General Geology

The geology of the Study Area is interpreted based on the available geological
publications and maps published by GEO. A 1:100,000 Hong Kong geological map is presented
in Figure 2.1. The solid geology is dominated by Mesozoic volcanic and intrusive igneous rocks
overlying the hilly terrain of the Study Area. Extensive Quaternary superficial deposits
underlain by Palaeozoic meta-sedimentary rocks cover the surface of the low-lying regions. The
majority of the geological contacts are fault-bounded within the Study Area.

2.1.2.1 Solid Geology
The rock in the Study Area can be broadly classified into three types:

(1) Metasedimentary rock of the Yuen Long Formation and the
Lok Ma Chau Formation

The metasedimentary rock within the Study Area, Yuen Long
Formation and Lok Ma Chau Formation, belongs to San Tin
Group and is Carboniferous in age. The strata are
metamorphosed, and occupy a northeast trending belt with
width of 1 - 5 km, bounded by the Tuen Mun faults on the west
and San Tin Thrust Fault on the east.

Yuen Long Formation

The Yuen Long Formation is dominantly calcareous,
consisting of white, light to dark grey, often interbedded with
impure marble and metasiltstone near the top. The marble
can be intercalated with thin layers of phyllite. According to
the 1:100,000 Hong Kong geological map, a subcrop of the
Yuen Long Formation is noted in the Yuen Long area. This
formation is inferred by borehole information and no surface
outcrop can be found. The formation is widely distributed in
Yuen Long and Tin Shui Wai.

Lok Ma Chau Formation

The Lok Ma Chau Formation is overlying the Yuen Long
Formation. The formation dominantly consists of
metamorphosed siltstone, sandstone conglomerate and
carbonaceous siltstone.  The formation is exposed at the
surface in some locations. The formation is distributed in
Yuen Long and Tin Shui Wai.
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Volcanic rocks of the Tuen Mun Formation and the Tai Mo
Shan Formation

Tuen Mun Formation

The Tuen Mun Formation is fault bounded and commonly
strongly foliated. The lower part comprises a large epicastic
and volcaniclastic sequence.  The upper part of the
formation is mainly composed of a sequence of andesitic
lavas with some interbedded lapilli-bearing ash crystal tuffs.
Within the lava in the formation, marble and other Palaeozoic
clasts are also found. The formation occupies the lower
foothills of Tsing Shan and along the west of Tuen Mun area.

Tai Mo Shan Formation

The Tai Mo Shan Formation can be found at the most eastern
side of the Study Area. The formation is commonly a
massive largely featureless, pale grey to dark grey lapill-ash
or coarse ash crystal tuff.

Tai Lam Granite and Tsing Shan Granite
Tai Lam Granite

The Tai Lam Granite can be found along the eastern part of
the Study Area and is fault-bounded with the Palaeozoic
metasedimentary rocks on its west. The granite is exposed
at Tai Tam Chung and forms the mountainous terrain in the
east of study area. It consists of a porphyritic medium-
grained to equigranular fine grained granite.

Tsing Shan Granite

The Tsing Shan Granite overlays the western part of the
Study Area in the Castle Peak. This granitic pluton forms
the mountainous topography at the western Study Area.
The western boundary is defined by the Deep Bay Fault and
eastern boundary of the Tuen Mun Fault. The Tsing Shan
Granite is variably deformed, and equigranular to
inequigranular in texture. It is typically strongly deformed
and recrystallised except that the southernmost exposures are
only weakly deformed.  The degree of deformation
generally increases from southwest to northeast.
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2.1.2.2 Superficial Deposits

Thick succession of superficial deposit of Quaternary age occupies large, flat-lying areas
in the centre of the northwest of the Study Area and extends to the offshore area. In the hilly
areas, debris flow deposits are commonly lying in valleys and grading downslope into large
fans. Alluvium forms small deposits in the hilly area, but is generally restricted to areas
downslope of the debris flow deposits and is widespread in the flat low-lying area. The marine
and estuarine deposits can be found near the shoreline area. Reclamation area can also be
found near the original coastline near developed new towns in Tuen Mun and Tin Shui Wai.

Alluvium

Alluvium is the most widespread superficial deposit overlying bedrock of the Study
Area. Alluvial deposits are further divided by the age of deposition: late Pleistocene deposits
are found in extensive fluvial terraces, while Holocene alluvium mainly occurs along the recent
stream courses. The late Pleistocene alluvial deposit often occurs as inter-layers of clayey silt
and sand. The Holocene alluvium comprises mainly gravelly sand in the upper stream courses
and clayey sand or silt in the lower courses. The general thickness of the whole alluvial deposit
Is about 5 - 15 m (GCO, 1990).

Debris flow deposits

The debris flow deposit is generally referred to as colluvium in Hong Kong. The large
area of deposit can be found below Tsing Shan in the Tuen Mun valley in the Study Area. The
composition varies from silt, sand, gravel, cobbles to boulders depending on the original
topography and source.

Estuarine/Marine deposits

Marine deposit comprises mainly very soft to soft clays. It can be found in the near-
shore area like the north of Tin Shui Wai. The estuarine deposit is mainly comprised of
brownish grey clayey silts with plant remains and organic clays containing shell fragments.

Fill (Reclamation)

Fill can be found in the reclamation area in the south and west of Tuen Mun. The
composition varies significantly from clay to cobbles.

2.1.2.3 Structure

The structure of the Study Area is dominated by northeast-trending faults, including the
San Tin Thrust Fault between the Palaeozoic and Mesozoic rocks. The Carboniferous strata
are thrust from the northwest over the Jurassic volcanic rocks to the southeast at the San Tin
Thrust Fault. Tuen Mun fault zone consists of at least four major faults, bounded by the Deep
Bay Fault (Lau Fau Shan Fault) in northwest and the San Tin Fault in the southeast. The
Palaeozoic strata thrust over from the northwestern side and overlying tuff of the Tai Mo Shan
Formation at the northwest dipping San Tin Fault. The overthrusting of Palaeozoic strata onto
the Jurassic strata contributes the metamorphism in the Study Area. The northwest-trending
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fault is also dominant within the Study Area.

2.1.3 Available Borehole Data

A total of 13 cross-sections have been plotted in the Yuen Long alluvial plain and the
Tuen Mun Valley area (see the location plan in Figure 2.2), based on the existing borehole
information obtained from the AGS borehole database. The cross-sections, as shown in
Figures 2.3 to 2.15, provide information of the soil strata, including the thickness and stiffness
of soil layers, for site response analyses.

2.2 Ground Investigation

Site-specific GI works comprising 27 vertical boreholes were undertaken by Fugro
Geotechnical Services Ltd from May to December 2010. Figure 2.16 shows the borehole
locations on the geological map of the Study Area. SPT, in accordance with BSI (1990), GEO
(2017) and the Contract Specification, have been carried out at all boreholes. Details of the
geological log descriptions are presented in the final fieldwork report (Fugro, 2011a).

Based on the geographical locations and the rock types revealed by the GI works, the
boreholes can be categorised into three areas:

(@) Areal: Yuen Long alluvial plain overlying metasedimentary
bedrock,

(b) Area 2: Yuen Long alluvial plain overlying igneous bedrock,
and

(c) Area 3: Tuen Mun valley overlaying volcanic rock.

Table 2.1 summarises the bedrock type, the ground level, the approximate thickness of
fill and the approximate depth to bedrock, and the approximate depth he SPT-N value exceeding
100 (indicating the depth to very stiff soils) for the 27 boreholes. It is noted that some locations
have a significant thickness of very stiff soil over the bedrock.

The majority of boreholes are located within Area 1 in the Yuen Long alluvial plain,
underlain by metasedimentary bedrock comprising metasiltstone, metamudstone,
metaconglomerate and marble. While the location of BH21 is shown on the geological map
as being within Tuen Mun Formation, metasiltstone and metaconglomerate bedrock is retrieved
and it is also classified as part of Area 1.
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Table 2.1 Categorisation of the Boreholes According to the Bedrock Type and Locality

Surface Fill ]s)lf}f"gi]tg Depth to
Borehole | Area Bedrock Type * Level Thickness 100 Bedrock
(mPD) (m) @) (m)
BHO1 35 1.5 27 325
BH02 6.1 7.0 25 59.0
BH22 7.0 55 43 43.7
BH32 . 8.9 5.0 14 37.7
e Metasiltstone
BH39 4.6 2.5 15 36.2
BH41 11.9 1.5 8 9.2
BH42 4.1 1.5 13 23.9
BH44 4.8 35 42 47.1
BH2o |Areal|  Metasiltstone/ 6.6 2.0 23 23.9
Metasandstone
BH21 Metasiltstone/ 115 15 29 333
Metaconglomerate
BH26 16.0 2.0 74 > 146
e Metamudstone
BH36 9.3 2.6 35 35.3
BH43 Metamudstone/ 6.5 5.7 37 45.8
Metaconglomerate
BH23 6.0 35 24 96.4
_ Marble
BH49 5.8 35 29 375
BH24 . 12.8 3.1 19 22.8
— ] Granite
BH45 8.4 1.5 16 38.6
BH27 | Area?2 10.7 0.0 50 61.3
BH29 Tuff 10.3 2.6 34 34.9
BH30 7.2 0.0 15 > 150
BHO08 Metatuff 4.8 11.3 19 23.7
BH12 ) 22.8 0.0 2 2.5
EEm— Tuff Breccia
BH13 4.6 3.1 18 23.1
BH14 Area 3 Metaandesite 9.8 4.6 34 37.8
BH15 28.6 1.5 9 11.9
—_— Metatuff
BH16 15.9 0.0 7 10.9
BH50 Tuff 19.1 1.9 2 2.0
Notes: (1) Area 1: Yuen Long alluvial plain sites with sedimentary bedrock;

Area 2: Yuen Long alluvial plain sites with igneous bedrock;
Area 3: Tuen Mun valley.
(2) * Inferred when the bedrock is not reached in BH26 and BH30.
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For Area 1, the thickness of alluvial soils ranges from 2 m to 16 m. The depth to bedrock
ranges from 9 m (BH41) to more than 146 m (BH26). It is also worth to note in BH26 that very
stiff soil with SPT-N value > 100 is encountered at a depth of 74 m and continues for more than
70 m until reaching the terminated depth.

Five boreholes in Area 2 are underlain by igneous bedrock and they are located around
the perimeter of the Yuen Long valley. The thickness of alluvial soils ranges from 2 m to 15 m.
Though BH45 is located on granitic area with a very thin soil cover according to the geological
map, it has been added to this area because of its 12 m thick layer of alluvium. The depth to
bedrock varies from 23 m (BH24) to more than 150 m in BH30. However, very stiff soil (SPT-
N > 100) has already been encountered at a shallow depth of 15 m.

There are seven boreholes in the Tuen Mun valley area i.e. Area 3. They are located on
the Tuen Mun formation. Two boreholes (BH08 and BH13), having a fill thickness of 11 m
and 3 m respectively, are in reclamation area in the geological map.

On the hillsides, no alluvium has been found except BH14 which is located near the
river channel in the Tuen Mun valley. It contains an alluvial layer of about 4 m thick.

2.3 In-situ Shear Wave Velocity Tests

In-situ shear wave velocity measurements have been carried out at all 27 boreholes.
The following four geophysics tests have been carried out at different locations:

(@) Downhole seismic,
(b) PS logging,
(c) Crosshole seismic, and
(d) Multi-analysis of surface wave (MASW).
Table 2.2 indicates the testing locations. Figure 2.17 illustrates the distribution of the
PS logging, Downhole seismic and MASW tests in the Study Area. A Crosshole seismic test
was carried out at BH36.
The range of soil and rock layer thickness, SPT-N values and measured shear wave
velocities for each soil type encountered in all testing locations are summarised in Table 2.3.

All the raw data and detailed results can be found in the final factual reports of geophysics
works (Fugro, 2011b &2011c).
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Table 2.2 Summary of the Tests Conducted and their Locations

Borehole

Downhole Seismic

PS Logging

MASW

Crosshole Seismic

BH1

BH2

BH8

BH12

BH13

BH14

BH15

BH16

BH20*

BH21*

BH22*

NI AIAYR

BH23

NEYRY A

BH24

<\

SPpspsss] ] s

BH26*

<\

BH27

BH29

BH30

BH32

BH36*

BH39

(\

NEYAYRYRYA

BH41

<\

BH42

BH43*

BH44*

BH45*

BH49*

RN ENIENIRN

BH50

RSN NN

Castle Peak

Castle Peak

SPsfspss] s

Total Number

19

17

Legend:

* Two holes at the same location
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Table 2.3 Overall Characterisation of the Soils for All Sites

- VS
Number of Sites Depth (m) ThIE:rlr(]r)]ESS SPT-N Measurements
(m/s)
. with Min | Max | Min | Max | Min | Max Min Max
Soil SPT
Material
Fill 23 9 0 11.3 0 11.3 3 39 130 350
Marine/
Estaurine 5 5 15 | 11.3 2 8.2 3 21 150 200
Deposit
Alluvium 22 21 | 15| 22 | 2 | 154 | 3 | 98 | 150 | 450
Sand
Alluvium
7 7 15 | 168 | 0.9 8 3 34 200 400
Clay
In-situ
Sedimentary 14 14 46 | 1465|457 | 131.1 | 5 | >100| 160 632
Rock
In-situ Tuff 10 9 1.5 150 1 1374 | 10 | >100 | 153 700
In-situ 2 2 | 132|513 |97 | 378 | 33 |>100| 325 | 800
Granite

2.3.1 Downhole Seismic

Downhole seismic tests have been carried out at 19 boreholes. The records of seismic
shots from ‘left’ and ‘right” source activations have been overlain so that incident shear wave
energy could be identified by characteristic shear wave (S-wave) polarisation for the arrival
time as shown in Figure 2.18. The incident S-wave arrival time can be recognised by the
polarity reversal at approximately 70 ms.

Two methodologies have been used to process the data.

(@) The determination of interval S-wave velocities can be made
by ‘picking’ the arrival time of the incident S-wave energy on
each geophone. The interval time and distance information
can be used to calculate interval velocities. With correct
channel geometry, the same process can be achieved by
drawing a velocity line through the same phase on each trace
(i.e. peak to peak or trough to trough) as shown in Figure 2.18.
This procedure is considered (theoretically) to be the most
accurate means of determining interval velocities as it is
independent of trigger (time zero) errors. However, it
requires that the characteristics of both signals are similar (so
that the same phase may be picked) from each receiver.
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Where the source signature between receivers is not
consistent (due to, for example, changes in ground material,
changes in grout bond quality, variations in mechanical
coupling with the borehole wall, equipment performance
related issues, etc.), it may not be possible to determine the
accurate interval velocities in this manner. In addition,
measurements of interval velocities (from low frequency
signals typical in downhole shot records) over relatively short
distances are prone to errors induced as a function of picking
resolution (i.e. a time pick error could be a high percentage
of the absolute travel time between receivers).

Where data do not exhibit consistent signal characteristics for
top and bottom receivers, the method described above is not
appropriate and could have led to inaccurate determination of
velocities.

25 A N - - 1 \ N A N S s
- — . A . f y \ \Y4'2\ V. A\ |
s S e S S L g TIANY v WYANS AN "TaN"%a |

Irapger —

Figure 2.18 Example of Downhole Seismic Shot Record

(b) An alternative analysis has been carried out to determine
velocity profiles by an assessment of velocity gradients from
time-distance plots of all picked arrival times.  This
procedure has been carried out by combining shot records
from each individual test depths into a complete depth section.
The data has appropriately been filtered to remove unwanted
frequencies and analysed to pick incident S-wave energy at
each test depth. Anexample of a complete depth data record
(shot gather) is provided in Figure 2.19.

Figure 2.19 illustrates a good quality shot gather, but noise can make the analysis of the
data more difficult, and therefore, the data have been classified within four quality rankings
labelled from Q1 (best) to Q4 (worst). Figures 2.20 to 2.23 illustrate typical examples for each
quality ranking.
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Figure 2.19 Downhole Seismic Shot Gather and Interpretation Example
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Figure 2.21 Q2 Downhole Seismic Shot Record Example
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Figure 2.23 Q4 Downhole Seismic Shot Record Example

2.3.2 PS Logging

PS logging tests have been carried out at 17 borehole locations. A ranking from Q1 to
Q4 has been designated to each velocity measurement as a function of the data quality and
confidence in signal recognition. The criteria to determine the interval velocities for the
different quality rankings are summarised in Table 2.4. Where a confident identification of
compression or shear wave arrivals could not be made based upon those criteria, the data are
rejected and no velocity is calculated. Examples of Q1 and Q2 shot record characteristics are
shown in Figures 2.24 and 2.25 respectively.

Only Q1 and Q2 data are considered for the determination of the shear wave velocity
design profile used in the site response analysis (see Section 4).
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Table 2.4 Quality Rankings Criteria for PS Logging

Q Index ﬁ?;g’g?rrﬁ Comments

Interval velocities determined from a visual assessment
of raw data without the need for data
1 Glog-sus processing/filtering. Confident identification of
polarised signals for left and right shots on both near
and far channels.

Interval velocities determined from a visual assessment
of raw data without the need for data
2 Glog-sus processing/filtering. Confident identification of
polarised signals for either the left or right shot on both
near and far channels.

Interval velocities determined from by identification of
polarised signals for both left and right shots on both

3 Seislmager near and far channels after appropriate frequency
filtering and channel remapping.
Direct velocities determined from by identification of
. polarized signals for left and right shots on either the
4 Seislmager

near or far channels Subject to phase, trigger and
borehole geometry errors.

1000 2000 3000 LIl  P-wave energy 8000 9000 10000 11000 12000 13000
1000 2000 IRy record on 'S’ 8000 9000 10000 11000 12000 13000
T wave channels &

Considered
unwanted noise

Clear polarised S-
wave arrivals with
consistent signal

characteristics on
fl both near and far
channels

2N Moy noA
L ALnANfa
{1

Ia IR

High frequency first
break P-wave arrivals
with consistent signal

characteristics on both
near and far channels

1A
RN A
\u[ -]':| \J “J] 1.'1 TRTAR A

Figure 2.24 Q1 PS Logging Record Example
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ol with consistent signal v
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Figure 2.25 Q2 PS Logging Record Example

2.3.3 Crosshole Seismic

A Crosshole seismic test has been carried out at BH36. In this technique, two boreholes
(BH36 & BH36A) have been sunk at about 5 m apart. Shot records from ‘left” and ‘right’ or “up’
and ‘down’ source activations are overlain so that incident shear wave energy could be identified
by characteristic shear wave polarisation. An example of the combined shot record and crosshole
shot gather are provided in Figures 2.26 and 2.27. Determination of the P- and S-wave velocities
at each test depth is made by ‘picking’ the arrival time of the incident P- or S-wave energy on each
combined shot record. Where confident identification of P- or S-wave energy could not be
determined based upon these criteria, the data are rejected and no velocity is calculated.

Incident P Incident S
wave energy wave energy

Figure 2.26 Single Depth, Combined Crosshole Seismic Shot Record Example
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Figure 2.27 Crosshole Shot Gather (Horizontally Polarised Source) Example

A notable difference in signal clarity is identified between the Downhole seismic tests
for BH36 and BH36A. Shot records for BH36 generally exhibit clear polarisation of shear
wave energy (mainly quality classification 1 and 2). Shot records for BH36A exhibit
significantly reduced signal clarity (mainly quality classification 2 to 4). The reason for the
variation in data quality is not clear but is likely to be related to localised ground/hole conditions
specifically around BH36A.

In general, velocities measured for shear wave energy primarily in the horizontal plane
are slightly higher than those velocities derived for shear wave energy primarily in a vertical
plane. The divergence between horizontal and vertical plane velocities is the greatest between
a depth of 20 to 26 m in completely decomposed Metamudstone, Sandy Silt, as logged in BH36.
This difference between the vertical and horizontal plane velocities indicates a degree of
anisotropic behaviour of the material with the shear stiffness being greater on the horizontal
plane.

The shear wave velocity measurements derived from the Crosshole seismic test are
broadly consistent with the velocities derived from the PS logger and Downhole seismic
measurements. Clearly, the vertical plane velocity from the Crosshole seismic test, rather than
that from the horizontal plane, should be comparable with the velocity results from the PS
logger and Downhole seismic tests.
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2.3.4 Multi-analysis of Surface Wave (MASW)

The 22 MASW testing locations as listed in Table 2.2 are shown in Figure 2.17. 20
tests have been located adjacent to the boreholes sunk as part of this project and 2 additional
tests have been undertaken at the lower slopes of the Castle Peak.

The inferred shear wave velocity profiles are determined from Rayleigh waves based on
the algorithms described in Xia et al (1999). Rayleigh waves, assuming a Poisson’s Ratio of
0.25, travel at a speed of about 0.9 times that of the S-wave velocity. A typical overtone image
exhibiting dispersive behaviour is provided in Figure 2.28. Only the fundamental mode was
considered when using this dispersion curve to derive shear wave velocities. The fundamental
mode is defined as the lowest dispersive, coherent phase velocity at any particular frequency.
The MASW test results are considered to be reliable down to a depth of about 10 m from the
ground based on the quality of resolution of the dispersion curve. Also, the MASW technique
is based upon acquisition at small strains (< 107).

2.3.5 Comments on PS Logging Relative to Downhole Seismic Tests

Based on the large dataset of shear wave velocities available from PS logging and
Downhole seismic tests and the quality rankings of the data, a qualitative comparison between
both techniques has been made. As shown in Table 2.5, the PS logging data seem to be of
better overall quality than the Downhole seismic processed data. The average percentage of
Q1 and Q2 data over the total amount of data is indeed 73% for PS logging against 55% for
Downhole seismic testing.

Dispersson Curve (Record § « 9)
{Mus-Station & » 22 5)

Figure 2.28 Typical Dispersion Curve for MASW Test for BH20
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Table 2.5 Summary of Quality Rankings for PS Logging and Downhole Seismic Tests

Depth to PS Logging Quality Downhole Seismic Quality
Borehole | Area | Bedrock | nNo of | Total No. | % Q1- | Average No.of | Total No.| % Q1- | Average
of Data b Q1- of Data b Q1-
(M 101802 ofD Q2 |%Q1-02| Q1&Q2 | ofD Q2 | %0Q1-02
BHO1 32.1 22 26 85*
NE
BHO02 59.0 83 88 94*
BH20 23.9 15 20 75 14 29 48
BH21 33.3 27 30 90* 12 38 32
BH22 43.7 64 64 100* 14 41 34
BH23 96.4 8 11 73 NE
BH26 > 146 5 30 17# 26 29 90*
—
BH32 g 37.7 52 55 95* 72 NE 57
BH36 35.3 19 21 90* 29 40 73
BH39 36.2 20 45 44
NE
BH41 9.2 21 25 84*
BHA42 23.9 14 35 40 NE
BHA43 45.8 53 56 95* 23 49 47
BH44 47.1 16 28 57 73 31 53 58 55
BH49 375 18 66 27 23 37 62
BH24 22.8 NE 19 28 68
BH27 61.3 86 86 100* NE
N
BH29 g 10.3 NE 85 33 41 80* 56
BH30 > 150 129 131 98* NE
BH45 38.6 23 41 56 13 68 19*
BHO8 23.7 21 25 84*
NE
BH12 25 3 6 50
BH13 23.1 19 40 48 NE
™
BH14 g 37.8 48 2 36 6% 55
BH15 11.9 15 17 88*
NE
BH16 10.9 7 15 47
BH50 2.0 2 7 29
Notes: (1) Areal: Yuen Long alluvial plain sites with sedimentary bedrock;

Area 2: Yuen Long alluvial Plain sites with igneous bedrock;
Area 3: Tuen Mun valley.

() *Q1-Q2% > 80%:;
#Q1-Q2% < 20%.
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PS logging seismic test is originally expected to give better result than downhole test for
sites with a deeper rockhead. However, by comparing the percentage of good quality data
between PS logging and Downhole seismic tests relative to the soil thickness, no such trend is
observed. For example, for BH26 where the rockhead was not reached after 146 m of
investigation, the Downhole seismic test obtained more good quality measurements (with 90%
good quality data) than the PS logging, which endured significant collapses due to the removal
of borehole casing during the PS logging test.

2.4 Microtremor Tests

Microtremor tests have been carried out at all borehole locations, with an addition of 23
tests carried out at other locations in urban/suburban areas within Tuen Mun, Tin Shui Wai and
Yuen Long (see Figure 2.17). Ten other tests have also been carried out on natural terrain at
the west of Leung King Estate, Tuen Mun. The microtremor tests have been performed from
late July to early November 2010 by the CityU Professional Services Ltd (CityU, 2010).

The instrumentation consists of a micro-g resolution force-balanced accelerometer and
a high precision signal conditioning recorder that have been used to acquire digitally triaxial
acceleration time histories at the designated site under ambient conditions. Measurement has
been taken at each location for fifteen minutes, from which the power spectra of accelerations
and the resulting site spectra have been produced for investigation on site.

The microtremor tests have been carried out as part of the study to explore the
applicability and effectiveness of this non-destructive and economic means to determine the
dominant period of a site. In Figure 2.29, the measured natural periods of the sites are plotted
against the calculated ones based on the interpreted soil profiles of each borehole (see
Section 4).

15
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Site Period Cakculated is)
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Soil thickness 20to 40m
Soil thickness 40to 60m
+ Soil thickness 60to 100m

+ Soil thickness =100 m

_l’_

0 05 1

Site Period measured by microtremor (s)

Figure 2.29 Comparison between Site Periods Measured by Microtremor Tests and
those Calculated for the Whole Soil Profile



63

The calculation of the site period is based on the following commonly used theoretical
equation developed in the United States (EERA, 2000):

where T = site period (in s)
H = thickness of soil deposits (in m)
hi = thickness for layer i (in m)
Vsi = shear velocity for layer i (in m/s).

Apart from boreholes with very thick soil layer (greater than 50 m), the site period
measurements by the microtremor method are found to match the theoretically calculated values
quite consistently (see Figure 2.29).

A further set of site period calculations has been made by only considering the soil
profile down to approximately the depth where the SPT-N value exceeds 100. The results are
compared to the microtremor measurements as shown in Figure 2.30. Again, the calculated
and measured site periods for the shallower boreholes generally agree well. For deeper sites,
the agreement is also generally quite good. The measured peak of site period determined by
the microtremor tests, therefore, appears to be dominated by the resonance of the relatively
softer soils of the shallower strata.
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Figure 2.30 Comparison between Site Periods Measured by Microtremor Tests and
those Calculated for Soil Profile down to Where the SPT-N Value > 100
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3 Laboratory Testing Results
3.1 Bulk Density Tests

A total of 78 soil samples and 25 rock samples have been tested for bulk density by the
Public Works Central Laboratory (PWCL), Gammon Construction Ltd. (GCL) and FT
Laboratories Ltd. (FT). Tables 3.1 and 3.2 sumnarise the number of samples tested for each
type of rock and soil, the range of the measured bulk densities and the design values considered
for site response analyses. Detailed summary tables for all the tests are presented in

Appendix A. The raw data can be found in PWCL (2011), GCL (2011) and FT (2011).

Table 3.1 Summary of the Bulk Density Test Results for Rock

Rock Tvpe Rock Number of Range of Measured Design Bulk
yp Description Samples Bulk Density (t/m?) Density (t/m?)
Metasiltstone 7 249-2.75 25
Sedimentary Metaconglomerate 2 2.52-2.78 '
Rock Metamudstone 3 2.68-2.91
Marble 3 2.72-2.82 2.8
Tuff 8 2.62-2.89
Igneous Rock -
Granite 2 2.49 - 2.65 2.6
Table 3.2 Summary of the Bulk Density Test Results for Soil
Soil Tvpe Soil Number of Range of Measured | Design Bulk
yp Description Samples Bulk Density (t/m®) | Density (t/m?)
Residual Soil Silt 2 1.85-1.92 1.9
Top Soil Silt 1 2.12 2.1
Debris Flow Silt 1 2.18 2.2
Fill All types 8 1.80 -2.06 2.0
Colluvium Sandy Clayey Silt 1 2.42 2.0
. Clay 7 1.91 - 2.05
Alluvium - 26 19
Silt and sand 19 1.75-2.20
Marine/Estuarine All types 5 1.59-1091 1.7
Metasiltstone 8 1.94-2.23
Completely Metasandstone 2 2.04 - 2.06
Decomposed Metaconglomerate 3 1.69 - 1.99
Sedimentary Rock Metamudstone 4 1.90 - 2.07
Metaandesite 34 1 1.77 2.0
Completely Tuff 8 1.86 - 2.25
Decomposed Granite 3 1.83-2.10
Igneous Rock Rhyolite 2 1.73 - 1.90
Fault Zone Breccia Silt 3 1.67 -2.08
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A design value of 2.0 t/m3 has been chosen for the completely decomposed rocks and
the soil densities vary from 1.7 t/m® for marine/estuarine deposits to 2.2 t/m? for debris flow
deposits. For slightly to highly decomposed rocks, the bulk density values have been taken in
between the average bulk density measured for completely decomposed rock and moderately
to slightly decomposed rock. That of the moderately to slightly decomposed rock is taken to
be in between 2.6 t/m? and 2.8 t/m?.

3.2 Fines and Clay Content

A total of 110 numbers of samples have been tested by the PWCL and GCL for particle
size distribution. The fines and clay content are defined as the percentage of particles with a
size of less than 0.074 mm (Seed et al, 2001) and 0.005 mm (Chinese Seismic Code, 2010)
respectively. Tables 3.3 and 3.4 summarise the number of samples tested for each type of soils
and in-situ decomposed rock, the range of fines and clay contents, and the corresponding
average values that will be considered in the liquefaction assessment. Detailed summary tables
for all the tests are presented in Appendix B. For a more realistic assessment of the
liquefaction susceptibility of the more critical soils i.e. alluvial sand and fill, the outlier values
of 5 soil samples remarked by a star in the tables have been excluded from the calculations of
the average values of fines and clay content.

According to the measured clay content, for values less than 16% in accordance with
Chinese Seismic Code (2010) up to Intensity 9, three types of soils can be identified as being
potentially liquefiable: Sand Fill, Alluvial Sand and Silt, as well as the Silty Debris Flow
deposits identified in BH23. Table 3.5 shows the depth of potentially liquefiable soil layers in
each borehole.

3.3 Plasticity Index

The plasticity index (Pl) is one of the key parameters of fines materials for the
liquefaction and site response analyses. Table 3.6 indicates the range and the average value of
Pl for different soils tested, as well as the number of samples tested for each soil type. The
alluvial clay samples exhibit an average Pl of 26% and the PI of Estuarine/Marine deposits is
20%. The average PI of residual soils is 19%.

Plasticity index tests have been carried out by PWCL and GCL for a total of 61 samples.
Detailed summary tables for all of the test results are presented in Appendix C.

3.4 Triaxial Tests

Three series of tests have been carried out at the Hong Kong University of Science and
Technology (HKUST). These tests include six cyclic triaxial tests with shear wave velocity
measurements by bender elements (Series 1), four static shear to failure triaxial tests (Series 2)
and four cyclic shear to failure triaxial tests (Series 3). The details of the testing procedures
can be referred to the HKUST factual report (HKUST, 2011). The results of Series 2 and 3
are related to a separate study on earthquake-induced natural terrain landslides, and are thus not
discussed here.
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Table 3.3 Fines and Clay Content Summary for Soil

Range of | Average Range of | Average
. Number Fines Fines Clay Clay
Soil Type | Sf_'lt_ ) of Content | Content | Content | Content
escriptio Samples (%) (%) (%) (%)
P.S.<0.074 mm P.S. <0.005 mm
Debris .
Flow Sandy Silt 1 - 34 - 10
Sand 2 2-19 11 0-12 6
Fill -
Silt 2 49 - 59 54 28 - 28 28
Silt 17 17 - 82 54 8-47 21
Silty Clay 6 46 - 96 76 28 -72 51
Alluvium
Sandy Clay 6 20 - 62 46 27 - 37 32
Sand 13 8 - 66 23 7-17 11
. Sandy _Clayey 1 i 34 i 10
Marine/ Silt
Estuarine Clayey
SilSilty Clay | 2 2-19 1 0-12 0

Table 3.4 Fines and Clay Content Summary for Completely Decomposed Rock

Range of Average Range of | Average
_ Number Fines Fines Clay Clay
Soil Type SO.'I . of Content Content Content Content
Description Samples (%) (%) (%) (%)
P.S.<0.074 mm P.S. <0.005 mm
Silt 20 28 -97 60 4-47 17
Sed‘r“y‘ema sand 2 29 - 48 39 10 - 12 11
Gravel 4 23-72 48 6-20 11
Clayey Silt 10 54 - 98 73 11 - 27 18
Sandy
Igneous Silt/Sandy 8 27-73 51 8-27 17
Clayey Silt
Sand/Gravel 2 20- 28 24 8-11 10
Fault 1 sandy silt 3 39- 70 56 12 - 30 19
Breccia
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Table 3.5 Summary of Potentially Liquefiable Soil

Depth of the Potentially Liquefiable Soils (m)

Borehole Area ill Alluvial Debris Flow
i
Top Bottom Top Bottom
BHO1 1.5 6.6 22.0
BHO02 7.1 7.1 17.4
BH20 2.0 2.1 7.2 NE
BH21 1.5 5.7 7.7
BH22 55 55 7.5
BH23 35 3.5 16.6 16.6 20.6
2.0 7.3
BH26 2.0
8.2 15.4
————— Areal
BH32 5.0 5.0 9.6
BH36 2.6 55 7.5
BH39 2.5 6.6 17.2
EE— NE
BH41 1.5 NE
BH42 1.5 35 9.7
BH43 5.7 7.7 19.9
BH44 35 7.7 15.7
BH49 35 3.5 15.9
BH24 3.2 3.2 13.2
BH27 NE 1.5 9.7
BH29 2.6 6.6 12.6
— | Area? NE
1.5 8.6
BH30 NE
19.3 21.4
BH45 1.5 1.5 13.5
BHO08 11.3 11.3 14.3
BH12 NE
BH13 3.1 11.3 13.9
BH14 Area 3 4.6 4.6 8.8 NE
BH15 1.5
BH16 NE NE
BH50 2.0
Note: Area 1: Yuen Long alluvial plain sites with sedimentary bedrock;

Area 2: Yuen Long alluvial Plain sites with igneous bedrock; and

Area 3: Tuen Mun valley.
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Table 3.6  Summary of the Plasticity Index Test Results

Number of
Soil Type Soil Range of PI (%) | Average Pl (%)
Samples
Residual Soil 3 12 -29 17
Fill 2 8-18 13
Marine 4 13-31 20
Clay 11 19 - 40 26
Alluvium Silt 11 9-24 16
Sand 1 8 8
CD Metasilstone 7 12 -30 17
CD Metamudstone 2 11-16 14

Sedimentary

Rock CD ]
Metaconglomerate 3 12-14 13

CD Metasandstone 2 10 - 43 27
CD Tuff 6 7-14 11
Igneous Rock | CDG 2 8-20 14
CD Rhyolite 4 14 - 27 21
Fault Breccia 3 11-26 17

3.4.1 Cyclic Triaxial Tests with Shear Wave Velocity Measurements (Series 1)
(a) Factual report summary

Different consolidation stages for the Series 1 tests are presented in Table 3.7. The soil
information for each tested sample is presented in Tables 3.8 to 3.10. The stress paths in the
deviatoric stress — mean effective stress (q-p’) space and the stress-strain curves in the
deviatoric stress — deviatoric strain (Ag-Ae;) space for each stage of cyclic loading as well as
the shear modulus degradation curves and normalised shear modulus degradation curves have
been plotted. Details can be found in the HKUST factual report (HKUST, 2011).

The shear modulus at very small strains (Go) between stages of cyclic loading is
determined by bender elements, defined for an engineering shear strain (y) of 0.001%
according to Dyvik & Madshus (1985).

The secant shear modulus (G) is determined from the Ag-Ag stress-strain curve of each
cyclic loading stage as:
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where G

Omax, min

AQ-Ag stress-strain curve of each cyclic loading
the peak and trough deviatoric stresses of each cyclic loading stage
the shear strains of the unloading curve of the fifth cycle.

&gmax, min

Table 3.7 Consolidation Stages for Cyclic Triaxial Tests in Series 1

Axial Radial Mean Deviatoric
Consolidation Effective Effective Effective
Test ID , Stress, q
Stage Stress, oa Stress, o'r Stress, p (kPa)
(kPa) (kPa) (kPa)
1 123 52 76 71
cwi 2 246 104 152 142
1 43 22 29 21
CW2 2 85 45 58 40
3 170 105 127 65
1 50 29 36 21
CwW3 2 95 51 66 44
3 191 98 129 93
1 40 27 31 13
Cw4 2 67 43 51 24
3 134 76 95 58
1 25 16 19 9
CWS 2 45 29 34 16
1 50 30 37 20
cwe 2 98 63 75 35
Table 3.8 Soil Information for Samples Tested in Series 1
Borehole Sampling Depth . e -
Test ID Number (m) Soil Type Classification
Ccwi BH20 12.2-13.2 CD-metasiltsone Sandy clayey silt
cw2 BH24 7.1-81 Alluvium Clayey fine to
coarse sand
Cw3 BH22 8.6-9.6 CD-metasiltsone Clayey silt
Cw4 BH24 51-6.1 Alluvium Silty find sand
CWS5 BH39 35-45 ESt“aJ'”e’ Marine Clayey silt
eposit
CW6 BH43 9.7-10.7 Alluvium Silty clay
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Figure 3.1 illustrates how these values are determined for Stage 5 of the CW1 test as an
example.

The shear modulus degradation curves are plotted against the engineering shear strain
amplitude (y), with y (%) determined as:

& — )
y =15¢, :1.5xw .......................................... (3.2)

The normalised shear modulus degradation curves are plotted as G/Gg versus y.

It should be noted that the secant shear moduli have not been calculated for some stages
when the interpretation of the Ag-Ag curves are found to lead to inaccurate results. Those
inaccurate results happened at very small strain and stress levels at Stages 1, 2 and even 3 for
CW:s-S;: or in the case of CWs-Sg3, Stage 6, due to the radial Hall Effect transducer being out of
range in the first cycle.

All the data curves as well as the photographs of each specimen after the test completion
can be found in the HKUST factual report (HKUST, 2011).

30

0

) L Aq(kPa) %

& = = =
i \
\
\

). % e 0.1
0 0.0 Ag, (%)

Figure 3.1 Illlustration of the Determination of Qmin, Qmax, émin @nd &max for the Cyclic
Triaxial Test CW1, Stage 5
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(b) Interpretation of the tests for the site response analyses

The site response analyses require determination of the dynamic soil properties in terms
of small-strain shear modulus degradation curves for different soil types encountered. A set
of six curves has been defined for this study. Four curves, for the following materials, are
directly derived from the cyclic triaxial tests (CW1 to CW6) as best-fit lines of the data:

(i) Estuarine/Marine deposits,

(i1) Alluvium (all types),

(iii) Completely decomposed sedimentary rock (clayey silt), and
(iv) Completely decomposed sedimentary rock (sandy clayey silt).

The design degradation curves are plotted against the cyclic triaxial test results in
Figures 3.2 to 3.4 for different soil materials. The degradation curves ranging from gravels to
clays from EPRI (1993) resulted from a broad European cyclic triaxial testing dataset are plotted
in the background. According to those curves, the alluvium tested in this study has a similar
dynamic shear modulus degradation behaviour to that of gravels from EPRI (1993) from 0.01%
to 1% strain, but has a greater degradation rate than the soils tested in EPRI (1993) for very
small strains. The Estuarine/Marine deposits follow a trend similar to the upper bound of the
sand behaviour. This is consistent with the relatively low plasticity index of the
Estuarine/Marine deposits samples tested (see Section 3.3). Finally, the cyclic triaxial tests on
completely decomposed metasiltstone show a behaviour ranging from the lower bound of sand
behaviour to a gravel behaviour, which is consistent with the general soil descriptions and a
relatively low average plasticity index of 17% (see Section 3.3).

For the purpose of site response analyses, two additional curves for fill and completely
decomposed granite and volcanic rocks have been defined based on previous testing dataset
and literature review in Hong Kong.

08 A

06 4

GiGo

04

—CW5 (clayey silt)
02 4 ¢ CW5-51
¢ CW5-52
00
0.0001 0.001

Shear strain 7 (%)

Figure 3.2 Shear Modulus Degradation Curve for Estuarine and Marine Deposits
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Figure 3.3 Shear Modulus Degradation Curve for Alluvium (All Types)
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Figure 3.4 Shear Modulus Degradation Curve for Decomposed Sedimentary Rock
(Clayey Silt and Sandy Clayey Silt)
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3.4.2 Static Shear to Failure Triaxial Tests (Series 2)

The stress path in the g-p’ space and the stress-strain curve in the Ag-Ae,; space for each
static shear to failure test are shown in the HKUST factual report. The variations of pore water
pressure (uw) and stress ratio (g/p’) versus & for each static shear to failure test are also provided.
The report also includes photographs of each specimen after tests. Table 3.9 summarises the
soil information for the samples tested in this Series of tests. The results of these tests are only
relevant to the earthquake-induced natural terrain landslide hazard assessment and will be
presented separately.

Table 3.9 Soil Information for Samples Tested in Series 2

Borehole Sampling . e
Test ID Number Depth (m) Soil Type Classification

SF1 BH22 19.7 - 20.7 CD-metasiltsone Clayey silt

SF2 BH24 151-16.1 CDG Sandy silt

SF3 BH27 10.8-11.8 CDhV Clayey silt
Slightly sandy clayey silt

SF4 UKS-TP5 18 Colluvium with medium o coarse
sized tuff and quartz
fragments

3.4.3 Cyclic Shear to Failure Triaxial Tests (Series 3)

The stress path in the g-p’ space and the stress-strain curve in the Ag-A&; space for each
stage of cyclic shear to failure test are shown in the figures of the HKUST factual report. The
variations of excess pore water pressure (Auw) versus cyclic number for each stage of cyclic shear
to failure test are also provided. The report also includes the photographs of each specimen after
tests.

As indicated in Table 3.10, the samples tested are the same as the ones tested in Series 2,
apart from the CD-metasiltstone sample from BH22. The results of the Series 2 and 3 tests are
only relevant to the earthquake-induced natural terrain landslide hazard assessment and will be
presented separately.
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Table 3.10 Soil Information for Samples Tested in Series 3

Test ID l|3\lourrenhbo;re S:gﬁlzg?) Soil Type Classification

SF1 BH22 19.7 - 20.7 CD-metasiltsone Clayey silt

SF2 BH24 15.1-16.1 CDG Sandy silt

SF3 BH27 10.8-11.8 CbVv Clayey silt
Slightly sandy clayey silt

SF4 UKS-TP5 18 Colluvium with medium to- coarse
sized tuff and quartz
fragments

4 Soil Profiles

As mentioned in Section 1, a total of 27 soil profiles have been investigated with SPT
and in-situ shear-wave velocity (Vs) measurements by Downhole seismic, PS logging,
Crosshole seismic and MASW tests. Figures 4.1 to 4.27 show the design profiles defined in
terms of soil types, shear wave velocity and small-strain shear modulus versus depth for each
borehole. In each case, the profile extends into moderately to slightly decomposed rock.

The measured Vs of rock is generally about 1,000 m/s, apart from:

(i) BH22 with Vs of rock being about 800 m/s based on good
quality PS logging data, and

(i) BH26 and BH30 which the rock level is not reached, with
Vs at the bottom of the profile being about 750 m/s.

The design lines of Vs correspond to the best-fit lines from good quality in-situ
measurements (Q1 and Q2) (see Section 2.3), taking also into account the velocities calculated
from the SPT-N and Vs correlations at depths where there were very few or no good quality in-
situ measurements.

The SPT-N and Vs correlations, as shown in Figure 4.28, have been derived from good
quality in-situ measurements (Q1 and Q2). The soil-specific correlations derived from this
dataset are listed as follows:

e CDG: Vs=90.043 NO-304
e CDS: Vs=138.17 NO-224
e  Alluvium:Vs = 198.04 N0-0643

e Clay: Vs=125.81 NO182
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e Fill: Vs = 111.07 N©-2082
For Fill, the study dataset is limited and has been expanded with regional data from
Singapore and Hong Kong to come up with a sensible correlation. The following datasets have
been additionally considered:
e  CPT from Shum (2003);
e  Downhole seismic tests from Wong et al (1998 & 2000) and
the Kai Tak Airport Site Investigation Report (Europeene de
Geophysique (Asia) (2003));
e  Spectral analysis of surface wave from Lee et al (1998);

e  PSlogging from Kwong (1998) and Ng et al (2000); and

e Crosshole and Downhole seismic tests from Veijayaratnam
et al (1993) for Singapore.

Also, a correlation based on the dataset from all soil types has been derived as:
e Allsoils: Vs = 122.37 N0-240°

Two additional correlations that are commonly used in China have been suggested by
GEERRI as follows:

The “GEERRI 1” correlation is defined as:
e  Allsoils: Vs =116 N*>%8
The “GEERRI 2” is depth dependent and is:
e Allsoils: Vs = 75.67 N%-1436 70-2563 (with Z in metres)
All of the above correlations have also been plotted on the Vs and Go profiles for
individual borehole in Figures 4.1 to 4.27 for comparison with the measured data. It can be

seen from these figures that the correlations are generally consistent with the in-situ
measurements.



Level (mPD)

Shear velocity (m/s)

10 100 1000
................................................... . Fill
0
Alluvium
-10
------------------------------ JENSNENENRRY 1 S
-20 1-Completelydecomposed
1 metasilstone
I e L et S P T L e CEEE Y L TEEEEEE
| Moderately to highly
| decomposed metasilstohe
......................... A W I
-30 +-Slightly-decompesedmetasistone
| Moderately decomposeid
{1 metasilstone
Ty S
Slightly decomposed metasilstone
-50

B PSloggerdi
o PSloggerQ3
SPT correlation_GEERR! 1
SPT correlation_Arup_soil specific

Siren Input

PSloggerQ2
PSloggerQ4
SPT correlation_(GEERRI 2_fiz)

SPT correlation_srup _All soils

Level (mPD)

40

Go (MPa)

10 100 1000 10000
| — I T R 1| N
] ++
il +a'
1 ' Alluvium
- \¢
+H ]
RN
i -+
] +it
1 +
T, e b o N
bk etelydecomposed-
I ____metasilstone_
: Moderately to hig

| decomposed metg

: Moderately decomposed

| metasilstone

1 Slightly decomposed metasilstone

PSlogaer Qi PSlogger Q2
PSloggerQ3 PSloggerd

SPT correlation_GEERRI 1
SPT correlation_Arup_soilspecific
Siren input

SPT correlation_GEERRI2_fiz)
SPT correlation_Arup_all soils

Figure 4.1

Vs and Go Profile for BHO1

9/,



Level (mPD)

Shear velocity (m/s)

100 1000
10 .
Fill
(| ——— e S S
bl
Alluvium
Highlyto
completely_ |
decomposed
metasilstone
-40 T Muderately decomposed metasitstone g
Highly to completely
50 -decomposed metasilstone . ®
3[4 04 o) T Lot 1YL 0 [ 1341 - Sl .
] Moderately to highly
50 1-decomposed metasilstone. ._l .
| |
{1 Completely decomposed l'.
] ) o
70 {-metasilstone ..d
....... - - ol
Highly decomposed fa
B0 T metasilstons
-390
B PSloggerQi PSloggerQ2
O PSloggerQ3 PSloggerQ4

SPT correlation_ GEERRI1 +
SPT carrelation_Arup_soil s pecific +
Siren input

SPT correlation_GEERRI 2_fiz)
SPT correlation_Arup_All soils

Level (mPD)

N
=

¢n
=]

60

-70

-80

90

Go (MPa)
10 100 1000 10000
s Fill
---------------- + +-_;-_; T T
Alluvium
Highly to
tompletely -
o :. im decomposed
® B  metasilstone
a N
a B
I - - . A
| _ Moderately decompdsed metasilstone __ , _ .
Highly to completely - s
decomposed metasilstone i
= Stighthydecomposedmietasitstone----- ===
] Moderately to highlyi
-decomposed metasiistone ™ Pt ey
i | ]
! e Hy
Completely deconjposed ..
T-metasitstone o
|- s
]
Highly decomposed a
metasilstone F
B PSloggerQi PSloggerQ2
O PSloggerQ3 PSlogger 04

SPT correlation_GEERRI 1

SPT correlation_Arup_soil specific

Sireninput

SPT correlation GEERRI 2_f(z)
SPT correlation_Arup_all soils

Figure 4.2

Vs and Go Profile for BH02

LL



Shear velocity (m/s)

1000

Level (mPD)

Highly ta completely
decomposed metatuff

-20
Slightly to moderately decomposed
metatuff
-25
4 Downhole@1 Downhole (2
Downhole Q3 Downhole 04
@ MASW Vs Profile1 @ MASW Vs Profile2
SPT correlation_GEERRI 1 + SPTcorrelation_GEERRI 2_f(z)
SPT correlation_Arup_Soil specific + SPT correlation_Arup_All soils

Siren input

Level (mPD)

-20

-25

Go (MPa)

10 100 1000 10000
:’ R
@ A
e |,
+ |i+‘
-] A
I/.
o Fill
+
Alluvium
+
s Highly to completely
| decomposed metatuff
+H+
F o+
‘-_d;i—_'_‘—‘-'——-—._._
____________________________________ e e ]
Slightly to moderately decomposed
metatuff
4 DownholeQ1 Downhole Q2
Downhole Q3 Downhole Q4
e MASWVs Profile1 o MASW Vs Profile2
SPT correlation_Arup_Soil specific SPT correlation_aArup_All soils
SPT correlation_GEERRI 1 + SPTcorrelation_GEERRI2_f(z)

Siren input

Figure 4.3

Vs and Go Profile for BH08

8L



Shear velocity (m/s)

100 1000
23 .
Top soil
22
Colluvium
21 \ Highly decomposedtuff-
breccia
20
1 A

=) | Moderately to slightly
T 19 | decomposed tuff breccia
E E A
(4]
|

18

1 A

17

16

15

4 Downhole Q1 Downhaole Q2 & DownholeQ3 Downhaole Q4 Siren input

Level (mPD)

Go (MPa)
10 100 1000 10000
23 = —— —
Top soil
22
] Colluvium
Tttt J“-‘:;:: ““““““““““““““““
21 &lgl‘rvﬂecomposeﬂuﬁ-
‘_\ breccia
20
{1 Moderately toslightly
| decomposed tuff breccia
19 ~
A ©
18
17
16
15
4 Downhole Q1 Downhole Q2 & DownholeQ3 Downhole Q4 Siren input

Figure 4.4 Vs and Go Profile for BH12



Level (mPD)

-5

Shear velocity (m/s)

-10

-15

100 1000
Fill
..... - o ——— o
n - .
., | N Marine deposit
| .
'
........... N S
i L Alluvium
....... § N SO
-+
Highly toicompletely
5 - decomposed tuff__|
. breccia
Slightly decomposed tuff breccia (u]

B PSloggerQi PSlogger2

o PSloggerQ3 PSloggerQ4
SPT correlation_GEERRI 1 + SPT correlation_GEERRI 2_fiz)
SPT correlation_Arup_soil s pecific + SPT correlation_arup_All sails
Siren input

Level (mPD)

-10 -
-15
-20
-25

-30

Go (MPa)

1000 10000

T ————

Fill

Marine deposit

Alluvium

ighly to completely
decomposed tuff
breccia

08

B~

[m]
Slightly decomposed tuff breccia
B PSloggerQi PSloggerQ2
O PSloggerQ3 PSloggerQ4

SPT correlation_Arup_Soil specific
SPT correlation_GEERRI 1
—Siren input

+ SPT correlation_aArup_All soils
+ SPT correlation_GEERRI 2_fiz)

Figure 4.5

Vs and Go Profile for BH13



Go (MPa)

Shear velocity (m/s)

100 10 100 1000 10000
10 10 orompone
] Fill 1 °% Fill
J ] g ..
T . B e 5 u -
1 o
i o
] & +-Hi
J A h A
0 Y : 0 &
1 Alluvium ] A Alluvium
i 1 A ]
J A i
-5 i -3 0
] A 1 A
T mmm s m g & e e s A bbbttt e B At
] A 1 A
= ] A : A
[m] -10 T a -10 Vi gun
DE- ] A Completely decomposed DE- 1 A Completely decomposed
e ] ++ metaandesite = - metaandesite
=
9 -15 ] i 2 .15 T
] ‘ + +
] & +H
-20 20 £+
i + F ] + |+
] A ‘\\ ] -"'---..._______-_
B g e R e __ﬁ. .............. P Tmmsggs oo
{ Highly to moderately decomposed ] Righly to moderatély decomposed ‘\
1 metaandesite________________________ F D lmetaandesite ____ __________________i_ A
-30 TMisderately decomposed 30 7" Moderately décomposed
1 metaandesite 1 metaandesite
235 -35
A Downhole Q1 Downhole Q2 4 Downhole Q1 Downhole Q2
& Downhole Q3 Downhole Q4 4 DownholeQ3 Downhole Q4
@ MASWYs Profile1 @ MASW Vs Profile2 0 MASW Vs Profile 1 @ MASW Vs Profile2
SPT correlation_GEERRI 1 + SPT correlation_GEERRI2 SPT correlation_Arup_Soil s pecific + SPT correlation_Arup_All soils
SPT correlation_Arup_soil specific + SPT correlation_Arup_All soils SPT correlation_GEERRI 1 + SPTcorrelation GEERRI2_fiz)

Siren input

Siren input

18

Figure 4.6 Vs and Go Profile for BH14



Shear velocity (m/s)

SPT correlation_ GEERRI 1
SPT correlation_Arup_soil specific

Siren input

100 1000
30 A : - : —
' o
28 ) N ° Fill
o
............ T Bt
] A |® Colluvium
26 &
1 A
| +° A
24
] P,
Completely
22 oSG decempeosed-metatuff--
o
DE- ]
S 20 %
=
L S H
e 1
18 o Highly dlecomposed |
] \ metatuff
1]
16 ]
] A
14 4 e
Slightly decomposed metatuff
12
10 -
4 Downhole Q1 Downhole Q2
Downhale Q3 Downhole 04
o MASW Vs Profile MASW Vs Profile 2

SPT correlation_GEERRI 2

SPT correlation_Arup_All soils

Level (mPD)

30

28

26

24

Go (MPa)

10 100 1000 10000
1 . -
1 s Fill--
4 L
it Y I ittt Sl
] A |® Colluvium
1 A
] +° N A

™
] e o Completely
] decomposed
1 metatuff

SPT correlation_Arup_Soil specific
SPT correlation GEERRI 1
Siren input

A
L)
1 Slightly decomposed metatuff
Downhale 01 Downhole 02
& Downhole Q3 Downhole Q14
@ MASW Vs Profile1 @ MASWYs Profile2

SPT correlation_Arup_All soils
SPT correlation_ GEERRI 2_fiz)

Figure 4.7 Vs and Go Profile for BH15

8



Level (mPD)

Shear velocity (m/s)

| decomposed metatuff

100 1000
1 L]
) 2l .
a [
| °
| d ° Residual soil
1 a
] ° °
l A
S oy ® o\ b ]
] A
| Completely \

1 decomposed metatuff

A
1 slightly decomposed A
1 metatuff

A
] A

A
Downhole Q1 Downhole Q2
Downhole Q3 Downhole Q4
MASW Vs Profile 1 o MASW Vs Profile2

SPT correlation_GEERRI 1
SPT correlation_Arup_soil s pecific +

Siren input

SPT correlation_GEERRI 2_fiz)

SPT correlation_Arup_All soils

Level (mPD)

Go (MPa)
10 100 1000 10000
' ! e|e
4 eol|° .
15 K r
] o
L]
| ® Residual soil
13
l . °
A
N ninimiviniuiniminiei e e
Completely \&
decomposed metatuff © °
1 + 4+ \
9 .
N '. \. .................
7 T Highly tocomptetely \
decomposed metatuff
5 ] K
A
3 [ slightly decomposed K
metatuff
A
1] K
-1

& DownholeQ1

& DownholeQ3

@ MASW Vs Profile 1
SPT correlation_Arup_Soil specific
SPT correlation_GEERRI 1

Siren input

Downhole Q2

Downhole Q4

MASW Vs Profile2

SPT correlation_Allsoils
SPT correlation_GEERRI 2

Figure 4.8 Vs and Go Profile for BH16

€8



Shear velocity (m/s)

100 1000 10 100 Go (MPa) 1000
10 I 1 1 1 1 1 1 1 10 i i i i T T i i i i i i i
Fill Fill
Alluvium Alluvium
| o Completely decomposed
]
1 metasilstone
Completely decomposed 5 o ty
=) i & | |
Q metasilstone o =
£ E .
= = A \E,.l
= 2 ]
7 o A
- = 10 A D+
1 o
—— 1 T
17 A R - 1 - - r D R
-15 1-Completely decomppsed .. _ 15 -Completely-decompoded-—+;- =
1 metasandstone . o 1 metasandstone ) a
- - - - r ----- - 1 - - - '-- -
| Moderately decomposed i
. b ilst
20 J-metasilst with-interbedded P 20 I‘\|"I.|:||:l.erai:elwr decomposed metasilstone od
with interbedded moderately
1 moderately decomposed 1
| ; Jst | decomposed metasandstone
5 25
| PSloggerQi PSloggerQ2 B PSloggerQi PSlogger@?
O P2loggerQ3 PSloggerQ4 O PSloggerQ3 PSloggerQ4
4 Downhole@1 Downhole @2 4 DownholeQ Downhole Q2
& DownholeQ3 Downhole Q4 & DownholeQ3 Downhole Q4
@ MASW Vs Profile ® MASW Vs Profile2 @ MASW Vs Profile e MASW Vs Profile2
SPT correlation GEERRI 1 + SPT correlation_GEERRI2_f(z) SPT correlation_Arup soilspecific + SPTcorrelation_Arup all soils
SPT correlation_Arup_soil s pecific + SPT correlation_Arup_All soils SPT correlation_GEERRI 1 + SPT correlation_GEERRI 2_fiz)
Siren input Siren input

¥8

Figure 4.9 Vs and Go Profile for BH20



Shear velocity (m/s)

g8

100 1000 10 100 Go (MPa) 1000
1 o4 Fill ] Fill
5 ” g . i ¥ S
4 ! H i 1l -
N .
+ ot . i
1 ] Alluvium 1 Alluvium
i ® 4
®
0 w 0 N
-----%- e R it S T
| ™ J ° Completely decomposed
] L .
1 1 metasilstone
_ 5 a] s Completely decomposed 5 o *e
Q 1 rhetasilstone o ] i
o A, o ] m +
Ep 1 1l E,, n
3 1 A R 4
3 1 A a 1 A (=N
= -10 Y. = 10 A
i - 1 L]
] - \.-,Ihl_-. ]  — <
_15 {-Completely decomppsed . 15 t-Completely decompoeded—5 &
1 metasandstone - o 1 metasandstone . a
1 - - - - - r- Y 1) S '-
| Moderately decomposed j .
90 Lmetasilst withinterbadded e 20 I‘\|"I.|:M:I?ratel\,ur decompaoseadimetasilstone o
with interbedded moderately
1 moderately decomposed
] | | decomposed metasandstone
5 25
| P3loggerQi PSloggerQ2 | PSloggerQi PSlogger@?
O PSloggerQ3 PSloggerQ4 O PSloggerQ3 PSloggerQ4
4 Downhole Q1 Downhole 02 4 DownholeQ1 Downhole Q2
& DownholeQ3 Downhole Q4 & DownholeQ3 Downhole Q4
@ MASWYs Profile 1 ®  MASW Vs Profile2 @ MASWVs Profile ® MASW Vs Profile2
SPT correlation_GEERRI1 + SPT correlation_GEERRI2_f(z) SPT correlation_Arup soil specific + SPTcorrelation_Arup all soils
SPT correlation_Arup_soil specific + SPT correlation_Arup_All soils SPT correlation_GEERRI 1 + SPTcorrelation GEERRI2_fiz)
Siren input Siren input

Figure 4.10 Vs and Go Profile for BH21



Shear velocity (m/s)

100 1000
15 : —————
Fill
Alluvium
_ s Completely decomposed
a i
% metaconglomerate
E
) L
|
L
il + \!
| - r e A .
| Highly decomposed \
20 J metaconglomerate
:- Slightly decomposed metasilstoneinterbedded | |
1.with metaconglomerate__ B
25 [“Mederatelydecomposed —
1 metaconglomerate o
| [ ]
i [ ]
-30
B PSloggerQi PSlogger2
O PSloggerQ3 PSloggerQ4
4 Downhale Q1 Downhaole 02
4 Downhole Q3 Downhole Q4
@ MASW Vs Profile 1 ©® MASW Vs Profile2
SPT correlation_GEERRI 1 + SPT correlation_GEERRI2_f(z)
SPT correlation_Arup_soil s pecific + SPT correlation_Arup_All soils
Siren input

Level (mPD)

-10

Go (MPa)
1000 10000

Fill

Alluvium

A}
i ﬁ - Complietely decomposed
| A = metaconglomerate
Al
J “ .
¥ i
J A -
] i+ +
i |
] + H o
] A
i + + A
J A
] A
+ . n
| |
] + + -
. . N
{1 Highly decomposed \
J metaconglomerat =]
1 “Slightly decomposed metasilstone intefbeddsd AT
1 _with metaconglomerate -
P oty fiplpl pplsliponipuiye il i e e~ b idieinin
ately decompased 7
metaconglomerate L
] i
- .
B PSloggerQi PSloggerQ?2
O PSloggerQ3 PSloggerQ4
& Downhole Q1 Downhole Q2
& DownholeQ3 Downhole Q4
® MASW Vs Profile 1 MASW Vs Profile 2
SPT correlation_Arup soil specific + SPT correlation Arup All soils

SPT correlation_GEERRI 1

Siren input

+ SPT correlation_GEERRI2_fiz)

Figure 4.11 Vs and Go Profile for BH22

98



Shear velocity (m/s)

SPT correlation GEERRI 1

SPT correlation_Arup_soil s pecific

Siren input

100 1000
10 : —
........ e
a - -
D‘++!§\ .\ Alluvium
++
) S —— SN N, - T S—
] o+ \ Debris flow deposit
................. oo oo _HERrIS Tlow deposit |
T +
i +H
1 ++
n
-30 T
1 Completely Tt
] decomposed o
Q metasandstone / I
E 50 metasilstone 0t
3 - N ++ =+
> 1 - +
A | +
1 + T+
| + +
70 + +
+ +
1 + +
+ +
1 + +
+ +
1 + +
+ +
1 + +
90 + +—— B
| Slightly to moderately &
{ decomposed marble
-110
B PSloggerQi PSlogger (2
O PSlogger3 PSlogger Q4
@ MASWVs Profile1 @ MASW Vs Profile2

SPT correlation GEERRI 2_fiz)
SPT correlation_Arup_All soils

Level (mPD)

-110

Go (MPa
10 100 ( ) 1000
| D U o . T S Fill _
J [m] i
oi Alluvium
. B
@
................... e ISUNPRPL S SRS e R e
] ot \ Debris flow deposit
] EE
4 +H
1 ++
+ +
Completely 4 oy TF
1 + +
| decomposed
4
| metasandstone / .
: +
{ metasilstone L
FEF
+ +
1 + +
4 +
E + 1+
| + +
¥ T+
1 + +
+ +
1 + +
+ +
1 + +
+ +
1 + +
+ T _
Slightly to moderately o
{ decomposed marble
m PSloggerQi PSloggerQ2
O PSloggerQ3 PSloggerQ4
@ MASWVs Profile 1 MASW Vs Profile 2
SPT correlation_Arup_Soil s pecific + SPT correlation_Arup_All soils

SPT correlation_ GEERRI 1

Siren input

SPT correlation GEERRI2_fiz)

Figure 4.12 Vs and Go Profile for BH23

/8




Level (mPD)

Shear velocity (m/s)

100 1000
15 .
A ‘ ®
1 i ° Fill
10 *
] -]
+ A
° . 3... Alluvium
-]
5 oy ..\
o 'y
.
+
L]
0 e
i I
|
Completely .
decomposed ": \
-5 -granite T \ .
. A
Highly decomposed \
granite e
-10
Slightly decomposed granite A A
A
15 "
-20
& DownholeQ1 Downhole Q2
& DownholeQ3 Downhole 04

@ MASWVs Profile1 ]
SPT correlation_GEERRI1 +
SPT correlation_Arup_soil specific +
Siren input

MASW Vs Profile 2
SPT correlation GEERRI 2

SPT correlation_Arup_All soils

Level (mPD)

Go (MPa)
10 100 1000 10000
] A I | Fill
............ o . iy :
1 +
1 L]
1 o Alluvium
1 A
) e
1 +
____________________ —_— e \
] e |
1 Completely o !
] decomposed 4 \
1..granite 2
& nn AN A
) N A
| 1 0
| Highly decomposéd N\
1 granite ° N
1  Slightly decomposed granite A
1 A
1 A
O
4 Downhole Q1 Downhole 02
Downhole Q3 Downhole Q4

0 MASWVYs Profile1

SPT correlation_Arup_Soil specific
SPT correlation_GEERRI 1

Siren input

o MASWVYs Profile 2
+ SPT correlation_Arup_All soils
+ SPT correlation_GEERRI 2

Figure 4.13 Vs and Go Profile for BH24

88



Level (mPD)

20 4

-100

-110

-120

-130

-140

Shear velocity (m/s) Fill
100 . . . L .1000 S
74

i — [ S ———
] o |
1 +4 .
] +# I Alluvium
1 AT 4 oo i '
b +++_‘+Q
1 Completely ++ 4L.+., O 4
1 decomposed - +++*
] metamudstone t Ftuf
] . + +
;-—--wﬁhseme-rhvellg’e Lo By
q |
] dykes R -
1 + &+ - =
L e ...-._-:':‘:':-.'." ...........................
] + o
: N
] + + 1

e & a|
] ty i
] + 1
{ Highly decomposed 1+ o
] . . + 4
1 _metasilstonewith_ + s +
i somerhyolitedykes® "¢ |+
] —e + g
A, i mm .:"."‘:::.. ...................
] Lt =+
E + Fas
1 Highlytocompletely +. T
1 decomposed + +y
] + +
1. metamudstone + o T +
p + +
] R T
B PSloggerQi PSlogger2
O PSloggerQ3 PSloggerQ4
4 DownholeQ1 Downhole Q2
A DownholeQ3 Downhole Q4

SPT correlation_GEERRI 1
SPT correlation_Arup_soil s pecific

Siren input

+ SPTcorrelation_GEERRI 2_fiz)
+ SPT correlation_arup_All soils

Level (mPD)

Go (MPa) Fill
10 100 1000 // 10000
- | W -
10 e | '
] ey Alluvium
] B
] R——— e =
g [m]
0] G-
ICompletely ++ ¢++ O %
20 ldecomposed gy
20 - FOHHE
:metamudstoneW|th+ SR i
30 seme rhyolite-dykes : ;1._,11
] i, m
] + 0 +
40 1 -+ o ;
I L L L LT LTy ._'.-..- .1..‘:'--.----. ....................
=0 ] = o
201 T
] +, +, m
60 - - & ol
] Highly decomposed +, 4 nll
70 }-metasilstone-with 4 : ﬁi
] some rhyolite dykes - Ty ¥ = o
80 7 F
] R
] + -
<0 e _ ' +d # +:--|..,~ ]
i + +
-100 o+ "
+++ +++
i - -
10 T-Highly tocompletély ¥ =
] decomposed + 5
-120 + B it
] metamudstone £ N
430 =
140
B PSloggerQi PSloggerQz2
O PSloggerQ3 PSloggerQ4
4 Downhole Q1 Downhole Q2
& DownholeQ3 Downhole Q4
SPT correlation_Arup_Soil specific + SPTcorrelation_Arup_All soils
SPT correlation_GEERRI 1 + SPTcorrelation_GEERRI 2_fiz)
Siren input

Figure 4.14 Vs and Go Profile for BH26

68



Level (mPD)

Shear velocity (m/s)

Completely
decomposed tuff

Moderatelvtocompletel‘; e g
1 decomposed tuff

Slightly to moderately decomposed tuff o

B PSloggerQi

O PSloggerQ3

@ MASW Vs Profile 1 o
SPT correlation_GEERRI 1

SPT correlation_Arup_soil specific +

Siren input

PSloggerQ?

PSloggerQ4

MASW Vs Profile 2

SPT correlation_GEERRI 2_f{z)

SPT correlation_Arup_All soils

Level (mPD)

Go (MPa)

10 100 1000 10000
____Topsoil_|
5 1 Alluvium
-5
Completely
5 1 decomposed tuff
-25
-35
45
{1 Moderately to completely
1 decomposedtuff | __ - ——-
55 ] Slightly to moderately decomposed tuff - Lo
-65

B PSloggerQi
PSloggerQ3
@ MASWVs Profile1

SPT correlation_srup_Soil specific
SPT correlation_GEERRI 1
input

PSloggerQ2

PSlogger 04

MASW Vs Profile 2

SPT correlation_Arup_All soils

SPT correlation_GEERRI 2_f(z)

Figure 4.15 Vs and Go Profile for BH27

06



Go (MPa)
Shear velocity (m/s)

100 1000 10 100 1000
15 - - —_— 15 e —_—
10 1 10

] ':'r Fill 14 '}F Fill

Fem—— B - ———— - - Femmepmm———— e .'". ------ - E
S * J.' 5 e Aliuvi

o] A ° A uvium
. Alluvium A_~°

+
+
+
*

=]
+
+

=
+
+

o mfem e o - =

5

16

MASW Vs Profile 1
SPT correlation_GEERRI1
SPT correlation_Arup_soil s pecific

Siren input

MASW Vs Profile 2
SPT correlation_GEERRI 2_fiz)
SPT correlation_Arup_All soils

@ MASW Vs Profile 1
SPT carrelation_Arup_Soil specific
SPT correlation_GEERRI
m—Ciren input

+

L b
+ Completely 1 t\ +
Q + decomposed Q ] +
E 0 o metatuff E 10 i +
] T e ] m Gompletely
3 - L - deécomposed
-15 T 15 1 k\ pe— metatuff |
‘\f: ) | L
-20 T tH -0 ] + +
™ | 3
25 iioderteh o i GecompmmRd RN e T LA L ——
] A 4
A I A
slightly decomposed metatuff 2 ] Slightly decomposed metatuff A
-30 A 30 4
i A ]
35 ] 35
Downhole Q1 Downhole 02 & DownholeQ1 Downhole 02
Downhole Q3 Downhole Q4 & Downhole Q3 Downhole Q4

@ MASWVs Profile 2

SPT correlation_srup_All soils
SPT correlation GEERRI2_fiz)

Figure 4.16 Vs and Go Profile for BH29




Top soil Top soil Go (MPa)
\ Shear velocity (m/s) \
1000 10
M 10
Alluvium 1
-10
-30
-50
= Completely _ {Completely
o | decomposed tuff o | decomposed tuff
£ E
£ ] = ]
@ 1 i o 1
- | + ] ]
_ § _
90 et -90
| +r ]
] + |
] + ]
u
] i ]
110 — gt -110
] Y+ ]
m i
] (=, ]
] im ]
i + i
-130 8 :t -130
| el |
150 150
B PSloggerQi PSlogger Q2 B PSloggerQi " PSloggerQ2
O PSloggerQ3 PSlogger Q4 O PSloggeras PSloggerQ4
® MASW Vs Profilet © MASW Vs Profile2 & MASWVsProfile © MASWVs Profile2
SPT carrelation GEERRI 1 + SPT correlation GEERRIZ._f(z) SPT correlation_Arup_Soil specific + SPTcorrelation_Arup_All soils
SPT correlation_Arup_soil specific + SPT correlation_Arup_All soils SPT correlation GEERRI1 *+ SPTcorrelation GEERRI2._f(2)
Siren input
Siren input

6

Figure 4.17 Vs and Go Profile for BH30



Level (mPD)

5

-10 _ -Hig""" o coamplataly

Shear velocity (m/s)

Fill

|~ Alluvium |

] decomposed metasilstunﬁ

1 with: ©n
15 1.-metasandstons interheddedfrom: ..
1 -7.16mPD to -9.16mPD and +

HY-$e-CoRpetaty

|
1 ] + a ®
20 1 -a rhyolite dyke from -24.26 mPD
=¥ T Yo 27.16mPD s =y
1 ® e
(o
R ++ |‘|
25 -
] CH
gy [ e, -t A
-30 T-Muoderately decomposed ~
1 metasilstone '5
35 ] Highly to completely .'
1 decomposed metasilstone =
Moderately decomposed metasilstone
40
m PSloggerQi PSloggerQ2
O PSloggerQ3 PSloggerQ4
@ MASW Vs Profile 1 ® MASW Vs Profile2
SPT correlation GEERRIA + SPT correlation_GEERRI 2_f(z)

SPT correlation_Arup_soil specific

Siren input

SPT correlation_Arup_All soils

Level (mPD)

40

Go (MPa)
10 100 1000 10000
i ) ° .
1 ¢ | e Fill
i o
e o)
""" amOw%" R
Sy Alluvium
i s ° o
1 [
EEEEEsEEEaaEE n D-Ai-q--tr -----------------------------------
1 -] +
] o _ﬂ"’i\
7 }\f
i 4B
T Highly to completety];
1 decomposed metasilstone . | -
1 with: -
T--=tretasandstormre interbedded fromr—-——-
] -7.16mPD to -9.16mPD apd +
] + [ ]
____:Ja\rmmli!:ul\‘rjmfmm_—,1’3I.2£ELJJL1£’J:L‘L ©
1 to-27.16mPD [ . »
] ]
1 [ o
T H e
i ]
1 'l
o ?;::h ............
1 Moderately decomposed -.
] metasilstone o
I "Highlyto completely I
1 decomposed metasilstone o
1 Moderately decomposed metasilstone
B PSloggerQi PSlogger@2
O PSloggerQ3 PSloggerQ4
o MASW Vs Profile 1 o MASW Vs Profile 2
SPT correlation_Arup_Soil spedific + SPT correlation_Arup_All soils
SPT correlation_GEERRI1 + SPT correlation_GEERRI 2_f{z)
Siren input

Figure 4.18 Vs and Go Profile for BH32




Level (mPD)

Shear velocity (m/s)

1000
Fill
F-
o
. Alluvium
-8B
+-
-
ﬁ. completely
T
. decomposed
g\o? metamudstone
+H Yo
l’ﬁk
+ oM .
o -
+ 4 -
+ 4 _'i .:
&
' ¢ <
+ \{. o
+ +H A
¥ oA
] L +
1. o A <
1slightly to moderately ae |
A
-30 |decomposed
Imetamudstone
-35
40
B PSloggerQi PSloggerQ2
o PSloggerQ3 PSloggerQ4
A Downhole Q1 Downhole Q2
& Downhole Q3 Downhole Q4
& Downhole Q1 Downhole Q2
& Downhole Q3 Downhole Q4
¢ CrossholeVsvh CrossholeVshh
@ MASW Vs Profile1 o MASWVs Profile2

+

SPT correlation_GEERRI 1
SPT correlation_Arup_soil specific

m—Ciren input

+ SPT correlation_ GEERRI2_fiz)
+ SPT correlation_Arup_aAll scils

Level (mPD)

40

Go (MPa)

1000

10000

Fill

Alluvium

Completely

decomposed
metamudstone

=
A
- 'ﬁ :
{ Slightly to moderately ae |
{ decomposed <
| metamudstone
| PSloggerQi PSloggerQ2
O PSloggerQ3 PSloggerQ4
4 Downhole Q1 Downhole Q2
a Downhole Q3 Downhole Q4
& Downhole Q1 Downhole Q2
4 Downhole Q3 Downhole Q4
¢ CrossholeVsvh Crosshole Vshh
@ MASW Vs Profile 1 ® MASWVs Profile 2

SPT correlation_GEERRI1

+

SPT correlation_aArup_soil specific

—Siren input

+ SPT correlation_GEERRI2_fiz)
+ SPT correlation_Arup_All soils

Figure 4.19 Vs and Go Profile for BH36

¥6



Level (mPD)

Shear velocity (m/s)

100 1000
1 % o * Fill
1 ' ;'- o B " Estuarine deposit
R
T :-{ [ L == - ==
g s
{ % .
] . u...______j__+q_1 Alluvium
L+t
o
e emeccccc == pm e ——— _—
] |
1 Highly + :
decomposed H . !
metasiistone T 4
1 ++
+- -- T e --
{ Completely + o N
1 decomposed "‘\\
T-metasilstone——— ==t
| Moderately to highly
decomposed
metasilstone
L - Moderately o highly decomposed quartz vein ___ - -
Slightly decomposed quartz vein

4 Downhole Q1

4 DownholeQ3

@ MASW Vs Profile 1 o
SPT correlation GEERRI 1 +
SPT carrelation_Arup_soil specific +
Siren input

Downhole &2

Downhole Q4

MASW Vs Profile2

SPT correlation_GEERRI 2_f(z)

SPT correlation_Arup_All soils

Level {(mPD)

Go (MPa)

10 100 1000 10000
iI% . Fill
...... BN 41 K P —
0 2 Estuarime-deposit-|
o Alluvium
-10
Highly
+ |
decomposed - !
90 |- metasilstone !
E A
++ ’ﬂ
Completely A l
i
|1 decomposed o
30 1+—metasilstone et N
Moderately to highly
decomposed
metasilstone
40 [~ “Moderately to highly decomposed quartz vein - ~777
slightly decomposed quartz vein
-50
4 DownholeQ1 Downhole @2
& DownholeQ3 Downhole Q4

MASW Vs Profile 1

SPT correlation_Arup_Soil specific +
SPT correlation GEERRI 1 +

Siren input

MASW Vs Profile2
SPT correlation_Arup_All soils
SPT correlation_GEERRI 2_f(z)

Figure 4.20 Vs and Go Profile for BH39

G6



96

Shear velocity (m/s) Go (MPa)
100 1000 10 100 1000 10000
15 - 15 — e
] 1 Fill ] } Fill
“““““““““““““ 10 7
Residual soil Residual soil
Completely Hecomposed 5 Completely decomposed
metasilstone metasilstone
o | o s ] A
o k A o 1 A
E £
= 0 & = 0 &
@ = i -
= 1 A ) = Ao Moderately to highl
= ] Moderately to highly = ] M enly
4 A decomposed
; & decomposed ; A -
. metasilstone
1 A metasilstone 1 A
-5 -5
i A 1 A
-10 -10 i
{1 Moderately decomposed 1 Moderately deconiposed
1 metasilstone 1 metasilstone :
-15 -15
4 Downhole Q1 Downhole Q2 & Downhole Q1 Downhole Q2
A DownholeQ3 Downhole Q4 & Downhole Q3 Downhole Q4
SPT correlation_GEERRI 1 + SPT correlation GEERRI2_fiz) SPT correlation_Arup_Soil specific + SPT correlation_Arup_All soils
SPT correlation_Arup_soil s pecific + SPT correlation_aArup_All soils SPT correlation GEERRI 1 + SPT correlation_GEERRI2_fiz)

Siren input

Siren input

Figure 4.21 Vs and Go Profile for BH41



Shear velocity (m/s) Go (MPa)

100 1000 10 100 1000 10000
5 L L L L L L I i 5
Fill Fill
........ P S S R E
| Estuarine deposit Estuarine deposit
......... e N N S S
0
4 + b +
Alluvium 7 Alluvium
5 T
L e PP T e
] -+
-10
= . —_ {1 Highlyto Completel
[a) Highly to Completely o enly P Y
o o decomposed
E decomposed E ;
= . ++ = metasilstone
] 1 metasilstone S
a -15 _ - m ] -15 1
+ ]
2 pesressnssssssssssessessTesssnesnesnnnses S B 30 pressssessssssssssschonnessnesnnnonnnen X
] 1 -]
i [ ] 1 ]
Moderately decomposed metasilstone o 1 Moderately decomposed metasilstone o
[ ] 1 [ ]
-25 i -25  i—
230 -30
PSloggerQ1 PSloggerQ2 B PSloggert PSlogger Q2
PSloggerQ3 PSloggerQ4 O PSloggerQ3 PSlogger Q4
SPT correlation GEERRI1 + SPTcorrelation GEERRIZ_flz) SPT correlation_Arup_Soil specific +  SPT correlation_Arup_All soils
SPT correlation_aArup_soil s pecific + SPT correlation_Arup_All soils SPT correlation GEERRI 4 SPTcorrelation GEERRIZ fiz)
Siren input - - -

— Siren input

L6

Figure 4.22 Vs and Go Profile for BH42



Shear velocity (m/s) Go (MPa)
100 1000 10 100 1000 10000

g ] EA 5 ] g
1 5
] . ]
T Fan o o
= A E A
s 2 o E e
: - e R i
2 )
= | - v Completely 3 | . % Completely
1 . N decomposed ] - decomposed
1 ; + meitamudstone 1 '+ metamudstone
-30 pll i -30 l e
] - - | .
f N 1 5] £+
g +IE ] +E
| ]
O = S — e W % = I — e .
-40 — 40 : T
Moderately decomposed metamudstone .. Slightly decomposed metamudstone ..
["slightly decomposed metamudstone "] """"""" | Moderately decomposedimetamudstone | '] """"""
1 = ] [ui
] o ] "n
.50 : -50
B PSloggerQi PSloggerQ2 B PSloggerQi PSlogger Q2
O PSloggerQ3 PSloggera4 o PSloggerQ3 PSloggerQ4
4 Downhole@1 Downhole 02 4 Downhole Q1 Downhole &2
& DownholeQ3 Downhole Q4 4 DownholeQ3 Downhole &4
SPT correlation GEERRI1 + EPT correlation_GEERRI2_fiz) SPT correlation_Arup_Soil specific + SPT correlation_Arup_aAll soils
SPT correlation_Arup_socil specific + SPT correlation_Arup_All soils SPT correlation GEERRI1 + SPT correlation GEERRI2_f(z)
Siren input Siren input

86

Figure 4.23 Vs and Go Profile for BH43



Go (MPa)
Shear velocity (m/s)

1000 10 100 1000 10000
Fill Fill
Estuarine deposit Estuarine deposit
- - -
Alluvium Alluvium
| A - - -
1 o
15 L B &
+ 4 AR am
1 . A o a o
] + Highly to completely 1 . Highly to completely
Q | + decomposed o ] + decomposed
E A + rmetasilstone E A + o metasilstone
> @ ) L S E 4
s + = | + +jt
3 n E ] + A
+ | +
' of
Eia -35 +
+ |

{ Woderately to tighly decomposed
45 |-metasilstone .
) L
Moderately decomposed metamudstone 4
| STighty decomiposed metgsistone T T
-55 -55
B PSloggerQ PSloggerQ2 B PSloggerQi PSloggerQ?2
O PSloggerQ3 PSloggerQ4 O PSloggerQ3 PSlogger Q4
4 DownholeQ1 Downhole Q2 & DownholeQ1 Downhole G2
A Downhole Q3 Downhole Q4 & DownholeQ3 Downhole 04
® MASW Vs Profile 1 ® MASW Vs Profile2 ® MASW Vs Profile1 © MASW Vs Profile2
SPT correlation GEERRI 1 + SPT correlation GEERRI2_f(z) SPT correlation_Arup_Soil s pecific + SPTcorrelation_Arup_All soils
SPT correlation_Arup_soil specific + SPT correlation_Arup_All soils SPT correlation GEERRI1 + SPTcorrelation GEERRIZ_ fiz)
Siren input Siren input

66
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5 Development of Rock Time Histories for Site Response Analyses

The propagation of the seismic ground motions through the soil profile requires input
motions for bedrock in form of acceleration time histories. The ground motion records used
for subsequent site response analyses are derived to be compatible with the uniform hazard
response spectra (UHRS) for bedrock as derived in Arup (2015).

5.1 Target Design Rock Horizontal Response Spectra

The design bedrock spectra obtained from probabilistic seismic hazard analysis are
described in Arup (2015). The UHRS is shown in Figure 5.1 for ground motions having 63%,
10% and 2% probabilities of being exceeded in the next 50 years. A de-aggregation process
was then applied to the UHRS to define earthquakes that contributed the most significantly to
different portions of the UHRS curves. These earthquake scenarios are defined in terms of
their magnitudes and distances with a scaling factor applied such that the amplitude of the
scenario earthquake spectrum matches the amplitude of the UHRS over an appropriate range.

The de-aggregation procedure defined combinations of magnitudes and distances for each
UHRS, representing approximately the peak ground acceleration (PGA), and response spectral
ordinate values in the 0.2's, 0.5 s to 1.0 s and > 2.0 s portions of the UHRS. The de-aggregated
combinations of magnitude and distance for each UHRS are summarised in Table 5.1. It was
found that only two discrete combinations of magnitude and distance were required to provide
a reasonable match to the UHRS. The 0.2 s and 1.0 s portions of UHRS have therefore been
considered. This finding is consistent with the current IBC Code Provisions (ICC, 2009)
developed in the United States, which present two spectral ordinate ranges (0.2 s and 1.0 s).
As a remark, this de-aggregation procedure is not mentioned in the current Chinese Seismic
Code GB 50011-2010 (Chinese Seismic Code, 2010).

Table 5.1 De-aggregated Combinations of Magnitude and Distance for Each UHRS

- Short Periqd Long Period Ground Motion
Probability of | Ground Motion
MO(tBi(r)onuinndthe 0.5s-1s (Near- 05s-1s
Next 50 0.2s source EQ less (Distance EQ at 5s
Years than 250 km) 250 km)
M R (km) M R (km) M R (km) M R (km)
63% 55 50 6.5 150 - - 6.5 150
10% 55 30 6.5 60 - - 7 90
2% 55 10 7 60 8 250 7.5 90




105

The scenario earthquake combinations of magnitude and distance are used to compute
the scenario earthquake response spectrum based on different weightings of the attenuation
models as presented in Arup (2015). The scenario earthquake response spectrum is then scaled
to the spectral ordinate values of the UHRS shown in Figure 5.1.

The scenario spectra are illustrated in Figures 5.2 to 5.4. The results show that the
scenario spectra scaled to the UHRS spectral ordinate values are similar and match the whole
target UHRS quite well. It was therefore decided that the whole rock UHRS should be used
for the design rock horizontal response spectra rather than to separate them into short and long
period motions for design response spectra.

5.2 Selection of Rock Time Histories

In the absence of appropriately measured strong ground motions from the South China
region, existing time histories have been modified to match the frequency contents of the target
bedrock response spectra. The distance and magnitude of the selected earthquakes match the
possible earthquake occurrences which give rise to the target ground motion hazard. Three
sets of recorded strong motion records have been selected from suitable strong motion record
database to represent the bedrock outcrop excitation having 63%, 10% and 2% probabilities of
being exceeded in the next 50 years for Hong Kong. Also, it is a conventional way of codes
of practice to select real earthquake records and scale them up to the target response spectrum
for design purposes (e.g. IBC-2009 (ICC, 2009) and GB50011-2010 (Chinese Seismic Code,
2010)). Supplementary artificial time history is allowed, if no appropriate real records are
available.

Without modification, the response spectra of the selected time histories in most cases
will not closely match the target design response spectrum. Since the purpose of the site
response analysis is to capture the average (expected) soil response rather than the variability
of it, it is desirable to modify the selected time histories such that the response spectra of the
modified recorded time histories match the target UHRS for the design return period reasonably
well.

Historically, modification of the selected recorded time histories has been carried out in
a frequency-domain. However, in the last decade with advances in the wavelet theory, a time-
domain method has emerged as the preferred approach for spectral matching. Frequency-
domain methods have the disadvantage of adding harmonic components to a recorded time
history throughout the whole duration of the record. In contrast, the time-domain method has
the advantage of adding wave packets of various periods having discrete durations. These
wave packets are added to the recorded time history within small and discontinuous time
windows where there is a significant amplitude of motion of the same period. Hence, the time-
domain method preserves better the original features of the recorded time histories. The
selected recorded earthquake time histories have been modified in the time-domain in order to
match the target UHRS closely, particularly at long periods. The computer program
RSPMATCH (Hancock et al, 2006) has been used for this purpose.
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The following selection criteria have been considered:

(a) Magnitude and distance pair similar to the de-aggregated
combinations.

(b) Minimum scaling required to match the amplitude of the
target spectral shape.

(c) Time-histories recorded at rock sites.

Table 5.2 shows three selected bedrock time histories that have been obtained from the
Pacific Earthquake Engineering Research (PEER) strong motion database to represent each
ground motion of having 63%, 10% and 2% probabilities of being exceeded in the next 50 years
for Hong Kong. Since the current PEER earthquake database is only available for earthquake
less than 200 km, ground motions of distant earthquake with a moment magnitude of 8 and a
distance of 250 km have been artificially generated from the theoretical HKU-Arup attenuation
model (Lam et al, 2000; Chandler et al, 2006).

Figures 5.5 to 5.7 show the spectrally matched target response spectra using the

RSPMATCH method for 63%, 10% and 2% in 50 years respectively. The generated time
histories are shown in Figures 5.8 to 5.10.

Table 5.2 List of Selected Rock Time History Records

Source Closest Target Period | Target Level
Distance to T
from PEER | & thquake Surface for M-R Probability of
Strong Evgnt Date Magnitude Proiection Combinations | the Ground
Motion of Rjupture (Refer to Motion in
Database (km) Table 5.1) 50 years
NGA2245 Chi-Chi- 1999-09-20 59 54 02s
Taiwan-02
NGA3137 Chi-Chi- 1999-09-22 6.2 135 1s 63%
Taiwan-05
NGA3130 | CM-Chi= 1 1999 09-22 6.2 136 55
Taiwan-05
NGA210 Livermore-01 1980-01-24 5.8 30 0.2s
NGA3171 Chi-Chi- 1999-09-22 6.2 63 1s 10%
Taiwan-05
NGA1112 | Kobe, Japan | 1995-01-16 6.9 100 55
NGA133 | Friuli-ltaly-02 | 1976-09-15 5.9 14 02s
NGA734 Loma Prieta 1989-10-18 6.9 53 1s
i Shantou ) 2%
Arup-HKU (theoretical) 8.0 250 1s
NGA1392 Chi-Chi- 1999-09-20 76 87 55
Taiwan
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5.3 GEERRI Time History Selection

GEERRI generated rock input time histories using artificial Green’s function
simulations to produce a tri-linear shape of time history in order to spectrally match the target
spectrum in the frequency-domain (see Appendix E). The Green’s function is used to solve
inhomogeneous differential equations subject to specific initial conditions or boundary
conditions. The shortcoming of this artificial method is that the time history is not generated
based on the characteristics of any real records, as discussed in Section 5.2.  Also, the distinct
characteristics of individual frequency and energy content of a real earthquake cannot be
represented. Figure 5.11 shows a comparison of Arias Intensity (cumulative square of
acceleration against time) between the 10% in the next 50 years time histories generated by
Arup and GEERRI. It shows that the energy content of the real time history generated by
Arup increases more rapidly when the main shear wave arrives and then quickly reduces.
However, that of the artificial time history generated by GEERRI linearly increases with time,
t which is not representing a real characteristic of the earthquake energy content.


http://en.wikipedia.org/wiki/Inhomogeneous_ordinary_differential_equation
http://en.wikipedia.org/wiki/Differential_equation
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6 Site Response Analyses
6.1 General

Although earthquake site response analyses have been carried out previously for a number
of specific sites in Hong Kong, there are no existing recommendations for design soil response
spectrum that can be applied throughout Hong Kong for the purpose of regional site classification.
In order to better understand the potential regional earthquake-induced soil amplification trends
in the Study Area, a series of one-dimensional site response analyses have been undertaken for
all 27 boreholes with in-situ shear wave velocity measurements. These results have been used
to determine the ground motion amplitude and period-dependent factors for various Site Classes
in microzonation. These factors are specific for the ground conditions in the North-west New
Territories and can be applied systematically across this Study Area.

6.2 Arup Methodology

The site response analysis methodology is illustrated in Figure 6.1 and involves the
following stages:

(@) Define the profiles of each borehole in terms of soil types and
profiles of small-strain shear modulus versus depth based on
the measured in-situ shear wave velocity (see Section 2). In
each case, the profile extends into bedrock.

(b) Derive the shear modulus degradation curves, which represent
the reduction of shear modulus with increasing shear strain, for
each soil type based on the laboratory testing results (see
Section 3).

(c) Define the appropriate earthquake acceleration time-histories
from the bedrock spectra of Arup (2015) for input into the site
response analyses (see Section 5).

(d) Carry out one-dimensional site response analyses using the
program Oasys SIREN.

(e) Determine spectral ratios (output response/input response)
from the analyses for a suite of soil profiles.

(F) Determine the design surface response spectra by multiplying
the bedrock response spectra by the amplitude-dependent
spectral ratios for a range of periods.

The program Oasys SIREN has been used to perform the calculations for the site
response analyses. It is a finite difference program analysing the response of a one-
dimensional soilcolumn subjected to an earthquake motion at its base. The earthquake ground
motion is modelled as vertically propagating shear waves. The soil column is specified as a
series of horizontal layers, each layer being modelled as a non-linear material with hysteretic
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damping. The soil damping is derived as a function of the shear modulus degradation curve.
Detailed calibration analyses by Oasys SIREN can be found in Henderson et al (1990) and
Heidebrecht et al (1990). Theoretically, the soil model used in Oasys SIREN can more
accurately reflect the actual hysteretic soil behaviour in comparison to the pseudo-non-linear
soil models used in other site response analysis programs e.g. SHAKE (Schnabel et al, 1972)
and EERA (2000) developed in the United States.

The maximum shear stress at each soil layer is also generated by Oasys SIREN and can
be used for the study of liquefaction analysis (see Section 8).

6.3 GEERRI Methodology

GEERRI has carried out independent site response analyses using their computer
program ESE (2005), which has been developed and approved by the China Earthquake
Administration. The results have been checked by Arup. The program performs one-
dimensional site response analysis and assumes that the cyclic soil behaviour can be simulated
using an equivalent linear model. A vertical harmonic shear wave propagates in a one-
dimensional layered system. The basic concept is the same as SHAKE (Schnabel et al, 1972)
and EERA (2000).

The “equivalent-linear” method adopted by GEERRI is commonly used in earthquake
engineering for modelling wave transmission in layered sites and dynamic soil-structure
interaction. On the contrary, the fully non-linear method embodied in Oasys SIREN is less
commonly used. As such, it is worth discussing some differences between the two methods as
follows.

In the equivalent-linear method, a linear analysis is performed, with some initial values
assumed for damping ratios and shear moduli in various layers of the model. The maximum
cyclic shear strain is recorded for each layer and a fraction of'it (0.65 in GEERRI’s case) is used
to determine new values for damping ratios and shear moduli. It is done by making reference
to the laboratory-derived curves that relate damping ratios and secant moduli to the amplitude
of cycling shear strain. GEERRI adopted the same derived G/Go curves developed by Arup
(see Section 3). The whole process is repeated several times until there is no further change in
the material properties. At this point, the “strain-compatible” values of damping and modulus
are found, and the simulation using these values is representative of the response of a real site.
Details of GEERRI’s analyses are presented in Appendix E.

In Oasys SIREN, a single analysis is undertaken using a fully non-linear method,
because non-linearity in the stress-strain law is followed directly by each element as the solution
marches on in time. Provided that an appropriate non-linear law is used, the dependence of
damping and apparent modulus on strain level is automatically modelled. This fully non-linear
method correctly represents the physics and real soil hysteresis curves as well as the energy-
absorbing characteristics under earthquake excitation. When subject to a large earthquake
excitation, Oasys SIREN should calculate a more realistic result than that from an equivalent-
linear program, such as ESE (2005). However, for the relatively small level of earthquake
ground motions in Hong Kong, the use of non-linear time-domain or equivalent linear
frequency-domain programs should not result in a significant difference.
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6.4 Comparison with GEERRI Site Response Results

GEERRI has used the average rock response spectra between that adopted by Arup
and that derived from their previous seismic hazard study (Arup, 2015) as shown in
Figure 6.2 as the input target rock response spectra. The soil design parameters presented in
Sections 3 and 4 have also been used by GEERRI in their site response analyses. The resulted
ground surface response spectrum output for each borehole for ground motions having 63%,
10% and 2% chance of being exceeded in the next 50 years have been presented in their seismic
microzonation report as presented in Appendix E.

Comparisons of the spectral ratios calculated by Arup and GEERRI are presented in
Figures 6.3 to 6.29 for the 10% in the next 50 years ground motion. The comparisons show
that the calculated spectra ratios as a function of structural period by Arup and GEERRI are
very similar. An exception is BH50, which represents a rock site.

6.5 Comparison with Microtremor Results

Microtremor tests at 60 sites have been carried out (see Section 2.4), among which 50
sites are in urban/suburban areas within Tuen Mun, Tin Shui Wai and Yuen Long, and 10 sites
are on natural terrain in the West of Leung King Estate, Tuen Mun. This method provides a
non-destructive and economic means to determine the dominant period of a site. It uses
surface waves generated by ambient environmental disturbances, e.g. traffic, machines, wind,
etc., to estimate subsurface soil characteristics.

The microtremor method is based on the Nakamura method (Nakamura, 1989). In this
method, the dominant site period can be estimated from the period at which the largest H/V
(horizontal/vertical) ratio of the power spectral density occurs. The premise is that the soil layer
tends to amplify horizontal ground motion at its dominant period, while vertical motion is not
significantly affected by site response effects in a relatively low frequency regime of horizontal
resonance.

In order to compare the measured dominant period by microtremor tests with the results of
site response analyses by Oasys SIREN, the measured vertical acceleration time history has been
used as the input motion of site response analysis for each borehole. The output SIREN surface
H/V (horizontal/vertical) ratio of the power spectral density can then be directly compared with the
measured results of microtremor tests. The comparisons are shown in Figures 6.30 to 6.56. The
results broadly agree with each other. For the sake of completeness, the calculated theoretical site
dominant periods as discussed in Section 2.3 for the entire soil profile and for the depth to where
SPT-N value is about 100 are also presented in the figures.



10

1
]
g
E
c
S
©
Q
e
S
<

0.1

0.01

Average between Arup and GEERRI

0.01

0.1 1
Period (s)

10

- == Arup 2%
=== Arup 10%

= == Arup50%
=== Arup 63%
........... GEERRI 2%
........... GEERRI 10%
----------- GEERRI 50%
........... GEERRI 63%
e Ay erage 2%
—f— Average 10%
—— Average 50%

e Average 63%

Figure 6.2 Target Rock Response Spectra Used by GEERRI

ecl



124

Arup

||||||||||||||||||||||

iiiiiiiiiiiiiii

|||||||||||||||

|||||||||||||||||||

e e B e m

|||||||||||||||||||

|||||||||||||||||||

||||||||||||||||||||

||||||||||||||||||||

|||||||||||||||||||||

3.5

oney |esydads

m n N un
i

10

0.1

0.01

Period (s)

Figure 6.3 Spectral Ratios for BHO1 for 10% in the Next 50 Years Ground Motion

Arup

=== GEERRI -}

|||||||||||||||||||||||

|||||||||||||||

||||||||||||||||

||||||||||||||||||||

|||||||||||||||||||||

llllllllllllllllllllll

|||||||||||||||||||||

||||||||||||||||||||||

xxxxxxxxxxxxxxxxxxxxxx

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.4 Spectral Ratios for BH02 for 10% in the Next 50 Years Ground Motion

Arup

— GEERRI
— TH1

||||||||||||||||||||||||||

|||||||||||||||||||

||||||||||||||||||||||||

1111111111111111111111111

lllllllllllllllllllllll

xxxxxxxxxxxxxxxxxxxx

||||||||||||||||||||||

||||||||||||||||||||||

oney |espads

10

0.1

0.01

Period (s)

Figure 6.5 Spectral Ratios for BHO08 for 10% in the Next 50 Years Ground Motion



125

£ s S
ful n = n o
1 S 1 S 1
S S
..... S m— S : _, 2 S
_ S NN SO N N =) _ , - _
P G 1 AR NN N . N < & < & — o oo
EEEE | 3 i 3 ST T T
St N S
NN S g5 |9 |l CO T
........................... =l e R =S W N & R = S N WSNOE F S
(48} (4]
(<5} (<5}
||||||||||||||||||||||||||||| Vl RSN ORI SRS SV RN SRSV, SO Vl RS TR ARUUNS SRS AU SO S
o o
Lo Te]
+ +
x x
-~ () - (5}
Pz IS A RN NN O Pz S A NN - N M O SR
[«5 7 N AR S SN ST S SR . @ 9 | b
[ [ U SRS S N A o o TR AR R N
= : =
£ B R =
z| o R A Ty S s e s T o |
3] = : ] 3l =
= o NI S St St B . M i = [ 1 N St niek sttt i it i i
2 — : 2 —
— : —
[ T I e o e e s L TR O | [mrrmrEmmmmmm e
Y— [ Y—
N i ™
— : —
I : - I
(<5 Y N ot vt ittt et 3 s (S5 R N ot it vt st e
| I e et o e e I e e e
O | bbb e B O | b e
e [ P S S S S LI E _— b N PN U N S S
wn ' ' wn
2 [ O A M A W B I D
- IS SRS SRS SN SO S S S S b N PN EN- S S SN N S
© : ©
4 RS O N HNOR NS AU N oo 0. U SO AU SO N A
© : ‘©
— . —
L [ TS Y A S, S S JRI— L [ S O N S S S
(&) ¥ (&)
[45) : [45)
o o
(9] (9]
3
© S ™~
oney jeaydads m olney |esydads m olnjey |esydads
> >
2 2
LL LL

Period (s)

Figure 6.8 Spectral Ratios for BH14 for 10% in the Next 50 Years Ground Motion




Arup

iiiiiiiiiiiiiiiii

S ‘ TN
N
—

|||||||||||||||||
N S N N A NSO S NS S
o
o o R e el e
T T T
PO e [P SR U . N =
=
=
T e ]
=
.......................... Lo
...... NN N S O S S A S
||||||||||||||||||||||||||||
||||||||||||||||||||||||||||
IIIIII he o T8 [ .
xxxxxxxxxxxxxxxxxxxxxxxxxxxx

llllllllll

||||||||||||||||

||||||||||||||

|||||||||||||||

lllllllllllll

o wn

oney |esydads

10

0.1

Period (s)

Figure 6.9 Spectral Ratios for BH15 for 10% in the Next 50 Years Ground Motion

Arup

[
L e s DR B B
111111111111111111
B s B B L B B
o
[ O M ] o N—
o, . i
PO e, N SR S SARY | WSS e
=
— _ _ Mﬂ
— (=]
e e R . SN N —2
ssssss ORI SRR NONRS SV SNSRI SO - SO SU—
aaaaaaaaaaaaaaaaaaaaaaaaaaaaa
ttttttttttttttttttttttttttttt
:::::: SO NP, SRS SRR, SO S S S——
- SR SN RO SN I S— v v
111111111111111111 5. JENPR SN RN S—
ssssssssssssssssssss 5. SRR S S SN
¥
n < N M n N 1N «H 1 o
< o0 o~ — o

oney |esydads

10

0.1

Period (s)

Figure 6.10 Spectral Ratios for BH16 for 10% in the Next 50 Years Ground Motion

Arup

—

oney |esydads

10

0.1

Period (s)

Figure 6.11 Spectral Ratios for BH20 for 10% in the Next 50 Years Ground Motion



127

S o S c s
< =) < o <
+— +—=
o o
: : S = S = =
k © ................. ©
3 W _ m z I e s s Bl iy m
[ O W O B [ T st e Y R ORI HUSWINE B SURRTIRAIS SRS
W T T [ o [T e e o
& bk ' Pru 6 F-Fb 2= hru
L o 1] i o
; e = =
i T s e e Y [ R I i i e e e e ] (15}
: («5] (<5]
.................. R > >
m = v 4 =
: 3 i 3
IIIIIIIIIIIIIIIII I" - N Lo .IIIWIIJIIIIII - N
O N I N I I < I St . - - o
.................. < e aiaial st S o . : - - <
................ . = S S-SR BN O = = A SR SO A =
;;;;;;;;;;;;; ; £ L TR £
,,,,,,,,,,, : = o .iiiii-,-,iJ"i.a.“meii: = <
. M\ 0/ : F 7 h.h\ 0/
;;;;;;;;;;;;;;; S S N TR N SN S . > 0 S A o S
, : " &
. a S . a S
; o : o
|||||||||||||||||| a7 qu e Y= R S e e ' U S Y=
; — ; N
H N . N
: L : L
H - m H - m
||||||||||||||||| ' o o R A T R R -1 o o
1N T N O O O L AN N N O O O -] L
................. o [72) IR S SR SR H ] n
; = ; j=
I R R = I - R - R -7 )
................. G 1R SO SR S N S S - @
A x : o
1Etat et At et it it © iad etk it et et et i i ©
; b b b
k = K =
................. g g
; Q ; joX
(9] (9p]
g S g 3
wn “ < ..._.ﬁ“ o .._.“ o~ H — _._OJ o e 6 [T “ < % [32) M o e 6
oney |esydads n_r.v oney |esydads m oney |eaydads
> >
2 2
LL LL

Period (s)

Figure 6.14 Spectral Ratios for BH23 for 10% in the Next 50 Years Ground Motion




128

10

Period (s)

0.1

s o s c s
< =] < Qo <
= =
o (@)
= = P
© ©
— c c
= S >
w o (@)
o] — —
) )
_ (%] [%2)
— —
||||||||||||||||||| © ©
(<5] (<5}
............................... > >
o o
Lo Lo
+— +—
x x
D (5}
................. Z , - Z
,,,,,,,,,,,,,,,,,,,,, <8} i <b)
..................... c N
................. +— k =]
................. = : =
,,,,,,,,,,,,,,, z| X ” z| X
3 o ; 3 o
;;;;;;;;;;;;;;; = — . = —
[ : [
a — ki a —
o ! ' o
..................... Y= R e e S e e I & | ey Y—
< : : ©
N k k AN
I : : I
m ' ' - m
................. - N AL —
;;;;;;;;;;;;;;;;; (@} I e e e e Aty (| iy Sty (@)
................... Y= ISP SRS SRR PPN SR SR SRS O | ot U Y—
................. [%2) ISR SV PR SO SN S SN SN | S [%2)
j= : =
................... = L o o g g ] e ] =
................... [ 1S SN SRS N NN WL WU Y | | ©
x n
RS PO O S DR nla ::::::::::::::::::::::: [ — nla
— —
= =
................. O IS S SR SN U SN U A 1 0 WS O
[«B} [«B]
o o
(9] (92)]
Lo 3 O |
— = —
2 o~ - 2 o~ -
° 3 © S - T E © YT ontnTge
oney |esydads n_r.v oney |esydads m oney jeaydads
> >
2 2
LL LL

0.01

Figure 6.17 Spectral Ratios for BH27 for 10% in the Next 50 Years Ground Motion




129

Arup

||||||||||||||||||||||

|||||||||||||||||||

iiiiiiiiiiiiiiiiiiiiiiiiiii

1111111111111111111111111111111

iiiiiiiiiiiiiiiiiiiiiiiii

|||||||||||||||||||||||||

llllllllllllllllllllllllllll

|||||||||||||||||||||||||

lllllllllllllllllllllllll

MmN N n o
—

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.18 Spectral Ratios for BH29 for 10% in the Next 50 Years Ground Motion

Arup

T ;
; i d v
! . =Y
4 : (i I
m i (L} |
i ' .
w T T T i i .
o b ;
' : .
_ _ _ : ¥
i~
— o
.
||||||||||||||||||||
.
L )
I N
: .
v
L
4 v
' .
I : v
i B v
I : .
[ .
' 5 .
AN
: v
||||||||||||||||| S .
U S U RS U S
F
||||||||||||||||||||
= [
' L
ssssssssssssssssss ;
! !
'
1111111111111111111111111111111
'
'
'
;;;;;;;;;;;;;;;;;;;;;;;
'
'
' .
' .
' .
111111111111111111 [ W . TR —
' .
' .
' .
' v
' .
' .
' .
' .
' [
IIIIIIIIIIIIIIIIII | S -
l [
||||||||||||||||||||||||| —
' [
IIIIIIIIIIIIIIIII T ST S —
! '
' .
||||||||||||||||||||||||||||||
' v
' v
|||||||||||||||||||||||| —
I v
I .
[ v
:::::::::::::::::::::::: —
I v
' v
' v
' v
' v
||||||||||||||||| oW NSRS —
' .
' . ]
' . i
' i
' ]
' ]
' :
I t
n <& 1 ®m 1 N 1N «H 1 O
< o N - o

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.19 Spectral Ratios for BH30 for 10% in the Next 50 Years Ground Motion

Arup

==== GEERRI

— THi

— TH2
H

||||||||||||||||||||||||||

|||||||||||||||||||

1111111111111111111

iiiiiiiiiiiiiiiiiiiiiiiiiiii

||||||||||||||||||||||||

llllllllllllllllllllll

llllllllllllllllllllll

MmN N n o
—

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.20 Spectral Ratios for BH32 for 10% in the Next 50 Years Ground Motion



130

Arup

|||||||||||||||||||||||||

|||||||||||||||||||||||

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.21 Spectral Ratios for BH36 for 10% in the Next 50 Years Ground Motion

a
=)
c
<
T T T
! N [
i T e B
1 H '
- S NI N EPNIE SUVINE SIS M
< : ¥
[ o sl 1 NG WY NS W S SO
v M i k
TG I e e e e B L Rt
'
_ _ _ _ :
|||||||||||||
||||||||||||||||||||||
'
' ¥
' ¥
::::::::::::::::::::: ¥
i
' ¥
I ¥
I [
I ¥
I [
' [
I [
' ¥
J )
||||||||||||||||||||||||||||
.
E .
IIIIIIIIIIIIIIIII LIIA
\
'
;;;;;;;;;;;;;;;;;;;;;
'
'
11111111111111111111111
' 4
'
' v
;;;;;;;;;;;;;;;;;;;;;;;;;;;
' v
' v
' ¥
' ¥
' v
111111111111111111 IS S g —
' v
' .
' .
' ¥
'
'
' ¥
' ¥
' [
||||||||||||||||| SN PN . W | [ S—
llllllllllllllllll | WU NU— - —
l ¥
||||||||||||||||||||||||||||
H [ [
IIIIIIIIIIIIIII NN SRRSO U - —
i l
i ' (
:::::::::::::::::::::::: —
' ¥
' ¥
||||||||||||||||||||||||||||
I ¥
I ¥
'
::::::::::::::::::::::: I —
'
' ¥
' ¥
' p
' P
||||||||||||||||| SR . —
' .
' .
' .
'
'
'
'
]
n < N M N N 1N = 1N O
< o0 ~ — (=}

olnjey |esydads

10

0.1

0.01

Period (s)

Figure 6.22 Spectral Ratios for BH39 for 10% in the Next 50 Years Ground Motion

Arup

|||||||||||||||||

xxxxxxxxxxxxxxxxx

||||||||||||||||

11111111111111111111111111111

||||||||||||||||||||||||||||||

|||||||||||||||||||||||

|||||||||||||||||||

e R it e S e

|||||||||||||||||||

NN T SN SRS IO S |

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.23 Spectral Ratios for BH41 for 10% in the Next 50 Years Ground Motion



131

Arup

— GEERRI

— TH]

— TH?
H

|||||||||||||||||||||||||

||||||||||||||||||||

iiiiiiiiiiiiiiiiiii

111111111111111111111111

|||||||||||||||||||

IR TSI SV SIS W E—

||||||||||||||||||||

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.24 Spectral Ratios for BH42 for 10% in the Next 50 Years Ground Motion

Arup

|||||||||||||||||||

|||||||||||||||||||||

iiiiiiiiiiiiiiiiiiiiiii

|||||||||||||||||||

||||||||||||||||||||||||

RS SN SRR NP FURUUS NUSPUOU: SNV USRI, VOR[N

lllllllllllllllllllllllllllll

oney |esydads

m N &N i o
—

10

0.1

0.01

Period (s)

Figure 6.25 Spectral Ratios for BH43 for 10% in the Next 50 Years Ground Motion

Arup

n  n N
o

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.26 Spectral Ratios for BH44 for 10% in the Next 50 Years Ground Motion



132

Arup

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.27 Spectral Ratios for BH45 for 10% in the Next 50 Years Ground Motion

Arup

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.28 Spectral Ratios for BH49 for 10% in the Next 50 Years Ground Motion

Arup

11111111111111111111111111111

|||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||

11111111111111111111111111111

iiiiiiiiiiiiiiiiiiiiiiiiiiiii

oney |esydads

10

0.1

0.01

Period (s)

Figure 6.29 Spectral Ratios for BH50 for 10% in the Next 50 Years Ground Motion



10

Spectral Ratio

SIREN (BH1 vertical motion})

1 =——=50 per. Mov. Avg. (SIREN(BH1 vertical
motion)}

| ==—=Mlicrotremor Measurement Fourier {(H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

0.01 0.1

Period (s)

10

Figure 6.30 BHO1 - Fourier Amplitude Spectral Ratio

€eT



10
SIREN (BH2 vertical motion})

9 | ——50 per. Mov. Avg. (SIREN(BH2 vertical

motion)}
g | =—Microtremor Measurement Fourier (H/V)
—— Calculated Site Period (s) - whole soil profile
7 -
——~Calculated Site Period (s) - SPT-N < 100
6 .

Spectral Ratio
wu

Period (s)

10

Figure 6.31 BHO02 - Fourier Amplitude Spectral Ratio

141"



10
SIREN (BH8 vertical motion)

9 | =50 per. Mov. Avg. (SIREN(BH8 vertical
motion})

| =—Microtremor Measurement Fourier (H/V)

—— Calculated Site Period (s} - whole soil profile

——Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

Period (s)

Figure 6.32 BHO08 - Fourier Amplitude Spectral Ratio

GET



10

1
SIREN (BH12 vertical motion)
=50 per. Mov. Avg. (SIREN{BH12 vertical
motion))

—Microtremor Measurement Fourier (H/V)

——Calculated Site Period (s} - whole saoil profile

—Calculated Site Period (s} - SPT-N < 100

Spectral Ratio

0.01 0.1

Period (s)

10

Figure 6.33 BH12 - Fourier Amplitude Spectral Ratio

9¢T



10

Spectral Ratio

SIREN (BH13 vertical motion)

=50 per. Mov. Avg. (SIREN{BH13 vertical
motion)}

| =—=Milicrotremor Measurement Fourier {(H/V)

—— Calculated Site Period (s) - whole soil profile

——Calculated Site Period (s) - SPT-N < 100

Period (s)

10

Figure 6.34 BH13 - Fourier Amplitude Spectral Ratio

LET



10 T
SIREN (BH14 vertical motion)
9 il —
—50 per. Mov. Avg. (SIREN(BH14 vertical
motion)}
8 - | =——Mlicrotremor Measurement Fourier (H/V) |
. ——Calculated Site Period (s} - whole soil profile
——Calculated Site Period (s) - SPT-N < 100
6 . [E—
0
=)
3]
o
T 5
kv
Q
j=3
wvy

Period (s)

10

Figure 6.35 BH14 - Fourier Amplitude Spectral Ratio

8T



10

1
SIREN (BH15 vertical motion)
=50 per. Mov Avg. (SIREN(BH15 vertical
motion)}
—Microtremor Measurement Fourier (H/V)

——Calculated Site Period (s} - whole soil profile

—Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

0.01 0.1

Period (s)

10

Figure 6.36 BH15 - Fourier Amplitude Spectral Ratio

6€T



10 T
SIREN (BH16 vertical motion)
9 —
—50 per. Mov. Avg.(SIREN(BH16 vertical
motion)}
8 — Microtremor Measurement Fourier (H/V) |
. - Calculated Site Period (s} - whole soil profile
——Calculated Site Period (s) - SPT-N < 100

6 | I
h=l
=)
(]
[
T 5
ks
<]
j=
[7,]

4 - |

3 ;| | 1

MiLIN [ e |

Period (s)

10

Figure 6.37 BH16 - Fourier Amplitude Spectral Ratio

orT



10

1
SIREN (BH20 vertical motion)

9

—50 per. Mov. Avg.(SIREN(BH20 vertical

motion)}

8 —Microtremor Measurement Fourier (H/V) |
. ——Calculated Site Period (s} - whole soil profile

— Calculated Site Period (s) - SPT-N < 100
6 . i | I
5 - {

Spectral Ratio

0.01 0.1

Period (s)

10

Figure 6.38 BH20 - Fourier Amplitude Spectral Ratio

114"



10

1
SIREN (BH21 vertical motion)

—50 per. Mov. Avg.(SIREN(BH21 vertical
motion)}

— Microtremor Measurement Fourier (H/V)

- Calculated Site Period (s} - whole soil profile

——Calculated Site Period (s) - SPT-N < 100

Spectral Ratio
wu

O T
0.01 0.1

Period (s)

10

Figure 6.39 BH21 - Fourier Amplitude Spectral Ratio

474"



10
SIREN (BH22 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH22 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

O T
0.01 0.1

Period (s)

10

Figure 6.40 BH22 - Fourier Amplitude Spectral Ratio

evt



10
SIREN (BH23 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH23 vertical

motion)}
g | =—Microtremor Measurement Fourier (H/V)
——Calculated Site Period (s) - whole soil profile
7 |
——~Calculated Site Period (s) - SPT-N < 100
6 .

Spectral Ratio

Period (s)

10

Figure 6.41 BH23 - Fourier Amplitude Spectral Ratio

144"



10

Spectral Ratio

SIREN (BH24 vertical motion)

——50 per. Mov. Avg.(SIREN(BH24 vertical
motion)}

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

| =—Mlicrotremor Measurement Fourier (H/V)

0.1

Period (s)

10

Figure 6.42 BH24 - Fourier Amplitude Spectral Ratio

14



10
SIREN (BH26 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH26 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

Period (s)

10

Figure 6.43 BH26 - Fourier Amplitude Spectral Ratio

vt



10

Spectral Ratio

SIREN (BH27 vertical motion)

| =50 per. Mov. Avg.(SIREN(BH27 vertical

motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

0.01 0.1

Period (s)

10

Figure 6.44 BH27 - Fourier Amplitude Spectral Ratio

LT



10
SIREN (BH29 vertical motion)

9 | =150 per. Mov. Avg.(SIREN(BH29 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

7 |
——~Calculated Site Period (s) - SPT-N < 100
6 .
i)
: \
[+
T 5 | /
= |
<]
j=
[7,]
4
o I \vh‘\v-\/
~N— I N e e |
0.01 0.1 1 10
Period (s)

Figure 6.45 BH29 - Fourier Amplitude Spectral Ratio

$14"



10
SIREN (BH30 vertical motion)
9 | =50 per. Mov. Avg.(SIREN{BH30 vertical
motion)}
g | =—Microtremor Measurement Fourier (H/V)
——Calculated Site Period (s) - whole soil profile
7 |
——~Calculated Site Period (s) - SPT-N < 100

6 .
02
=]
3]
o
T 5
L
o
Q
o
[7,]

4

3

2 B 1 |

1

0

0.01 0.1

Period (s)

10

Figure 6.46 BH30 - Fourier Amplitude Spectral Ratio

6vT



10

Spectral Ratio

SIREN (BH32 vertical motion)

——50 per. Mov. Avg.(SIREN(BH32 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

0.01 0.1

Period (s)

10

Figure 6.47 BH32 - Fourier Amplitude Spectral Ratio

05T



10
SIREN (BH36 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH36 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

0.1

Period (s)

10

Figure 6.48 BH36 - Fourier Amplitude Spectral Ratio

16T



1
SIREN (BH39 vertical motion)
—50 per. Mov. Avg.(SIREN(BH39 vertical
motion)}
—Microtremor Measurement Fourier (H/V)

- Calculated Site Period (s} - whole soil profile

— Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

0.01 0.1

Period (s)

10

Figure 6.49 BH39 - Fourier Amplitude Spectral Ratio

[4°1}



10

1
SIREN (BH41 vertical motion)

9 —
—50 per. Mov. Avg.(SIREN(BH41 vertical
motion)}
8 —Microtremor Measurement Fourier (H/V) |
. - Calculated Site Period (s} - whole soil profile
— Calculated Site Period (s) - SPT-N < 100
6 | —
02
=]
]
o
T 5
ke
<]
j=
[7,]
4

0.01 0.1

Period (s)

10

Figure 6.50 BHA41 - Fourier Amplitude Spectral Ratio

€aT



10

Spectral Ratio

SIREN (BH42 vertical motion)

—— 50 per. Mov. Avg.(SIREN(BH42 vertical
motion)}

= Microtremor Measurement Fourier (H/V)

—— Calculated Site Period (s) - whole soil profile

——Calculated Site Period (s) - SPT-N < 100

141"

Period (s)

10

Figure 6.51 BHA42 - Fourier Amplitude Spectral Ratio



10
SIREN (BH43 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH43 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

O T T
0.01 0.1

Period (s)

10

Figure 6.52 BHA43 - Fourier Amplitude Spectral Ratio

GST



10
SIREN (BH44 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH44 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

N

0.01 0.1

Period (s)

10

Figure 6.53 BH44 - Fourier Amplitude Spectral Ratio

99T



10

1
SIREN (BH45 vertical motion)
—50 per. Mov. Avg.(SIREN(BH45 vertical
motion)}
—Microtremor Measurement Fourier (H/V)

- Calculated Site Period (s} - whole soil profile

— Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

0.01 0.1

Period (s)

10

Figure 6.54 BHA45 - Fourier Amplitude Spectral Ratio

LST



10
SIREN (BH49 vertical motion)

9 | =50 per. Mov. Avg.(SIREN{BH49 vertical
motion)}

| =—Mlicrotremor Measurement Fourier (H/V)

——Calculated Site Period (s) - whole soil profile

——~Calculated Site Period (s) - SPT-N < 100

Spectral Ratio

0.01 0.1

Period (s)

10

Figure 6.55 BHA49 - Fourier Amplitude Spectral Ratio

89T



10

10 T
SIREN (BH50 vertical motion)
9 —
—50 per. Mov. Avg.(SIREN(BH50 vertical
motion)}
8 —Microtremor Measurement Fourier (H/V) |
. - Calculated Site Period (s} - whole soil profile
— Calculated Site Period (s) - SPT-N < 100

6 | —
i)
=]
]
o
T 5
L
o
<]
j=
[7,]

4

3 I ']

2 v A I\ AN

v \-‘\——\
l L 110 .y - FAAN — I S N E—
O .
0.01 0.1 ) 1
Period (s)

Figure 6.56 BH50 - Fourier Amplitude Spectral Ratio

69T



160

7 Seismic Ground Motion Microzonation

This section presents how the ground surface response spectra produced by the site
response analyses (see Section 6) have been studied and classified such that a systematic
seismic ground motion microzonation methodology can be applied to the whole Study Area.
It concludes by comparing the microzonation recommendations with those of GEERRI.

7.1 Established Classification Methods

It has long been recognised that local soil conditions can have a significant effect on the
seismic ground motions at the ground surface. Codes of Practice in different countries address
this issue by defining Site Classes based on the in-situ shear wave velocity of the soil profile.
For example, the Eurocode (BSI, 2004a) and the International Building Code of the United
States (ICC, 2009) adopt a site classification system based on an average shear wave velocity
down to a depth of 30 m (Vs 30).

Eurocode 8 (BSI, 2004a) defines Site Classes from A to D as shown in Table 7.1. As
can be seen, in addition to depth and soil type, there are three parameters used for site
classification, including shear-wave velocity (Vs), SPT-N value, and undrained shear strength
(Su). Vsis the preferred parameter. If it is not available, the Site Classes can also be derived
bsed on the SPT-N or Sy profile in the top 30 m (or down to hard material or rock). If rock is
encountered above 30 m, a value of Vs appropriate to the rock type should be used. It should
be noted that the International Building Code of the United States (ICC, 2009) also denotes that
an SPT-N value of 100 can be used for the rock portion. Where there is a combination of SPT-
N values and Sy at various depths, they should be converted to Vs using Figure 7.1, which are
derived from Table 7.1.

Table 7.1 Definitions of Site Classes in Eurocode 8

Site Soil Profile Average Properties in Top 30 m .
Class Description Shear-wave SPT-N Undrained Shear
Velocity, Vs (m/s) | (Blows/300 mm) | Strength, Su (kPa)
Rock or thin . .
A (< 5 m) soil 800 < Vsz30 Not applicable Not applicable
Very dense or very
B stiff soil 360 < Vs30 < 800 N > 50 Su > 250
Medium to dense
c or stiff soil 180 < V.20 < 360 15<N <50 70 < Sy < 250
Loose or soft to
D firm soil Vs,30 < 180 N <15 Su<70
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Figure 7.1 Conversion of Shear Wave Velocity from SPT-N Values and Undrained
Shear Strengths (Eurocode 8)

The representative soil property Pzo (Vszo, SPT-Nso or Sug3o) in the upper 30 m is
calculated as:

where  ».d; = 30m
i=1
Pi = soil parameter (Vs, SPT-N or Su)
di = thickness of layer i between 0 and 30 m.

The Chinese Seismic Code (2010) considers a depth of 20 m to derive an average soil
shear wave velocity. Its soil classification system is based on four types of soils defined by
the effective shear wave velocity Vs 2o defined as follows (see Table 7.2):

d
L ——-— (7.2)
nd
L 7.3
iy (7.3)

where Vs, 20 effective shear wave velocity (in m/s)

do depth of soil layer, applying minimum value of depth of overlying soil or
20 m soil (in m)
t = time to transfer shear wave velocity from ground surface to the depth of

soil layer, do
di = thickness of the i-th soil layer (in m)



162

Vsi
n

shear wave velocity of the i-th soil layer (in m/s)
number of soil layers.

The site classification system adopted by the Chinese Seismic Code (2010) is based on
Vs, 20 of the soil and the depth of overlying soil is presented in Table 7.3.

Table 7.2 Classification of Soil and Shear Wave Velocity Range, Vs2o

Soil Type Shear Wave Velocity (m/s)
Hard rock Vs20 > 800
Firm soil or soft rock 800 > Vs20 > 500
Medium firm soil 500 > Vs 20 > 250
Medium soft soil 250 > Vs 20 > 140

Table 7.3 Site Classification Based on Effective Shear Wave Velocity and Depth of

Overlying Soil
Effective Shear Wave Site Classification
Velocity (m/s) I 11 " v

Vs,20 > 800 Om

800 > Vs20 > 500 Om

500 > Vs20 > 250 <5m >5m

250 > Vs 20> 140 <3m 3-50m >50m
Vs20< 140 <3m 3-15m 15-80m >80m

Another approach of site classification is based on the site period. In Section 3, it is
shown that there was a reasonable agreement between the site period measured by the
microtremor tests and those calculated from the shear wave velocities measured down to the
depth of where the SPT-N value reached a value of 100.

7.2 Grouping of Borehole Ground Motion Spectra

In this study, the ground surface spectra have been studied and grouped according to
their shape. This exercise is mainly focused on the ground motions having a 10% chance of
being exceeded in the next 50 years. A check has been carried out for those having a 2% and
63% chance of being exceeded in the next 50 years. Figure 7.2 shows all ground surface
response spectra for the ground motions having a 10% chance of being exceeded in the next 50
years. As can be seen, there is a fair amount of variation between them. Therefore, rational



163

ways of dividing the boreholes based on their various ground surface spectra have to be derived.

To provide a rational basis for grouping the boreholes, different methods have been tried
to divide them into different groups based on four different parameters. Following the
recommendations by the codes of practice as discussed above, these parameters include Vs 3o,
Vs 20, the site periods calculated using Vs down to a depth where the SPT-N values reached 100
(Tn100), and the ratio of maximum spectral acceleration to the 1-second spectral acceleration
(Smax/S1). The Smax/S1 ratio is analogous to the inverse of the corner period Tg, used by GEERRI
and the Chinese Code, which defines the period where the design acceleration spectrum changes
from a constant maximum value to a decreasing value.

100
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—— BH13
——BH14
—— BH15
BH16
—— BH20
—BH21
BH22
— BH23
— BH24
BH26
— BH27
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BH42
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BH44
BH45
BH49
BH50
— 10%_Bedrock

Acceleration (m/s/s)

0.01

Period (s)

Figure 7.2 Calculated Ground Surface Acceleration Response Spectra Having a 10%
Chance of Being Exceeded in the Next 50 Years

Figures 7.3 to 7.6 show the resulted groupings based on Vs 3o, Vs20, Tn1oo and Smax/S1
respectively. The dashed red straight lines represent the design lines for each group (they are
the same on all figures for each group). The controlling values for each of four parameters
have been selected so that the groupings on each of the figures are as similar as possible.
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By comparing Figures 7.3 to 7.6, the most consistent grouping is the one based on the
Smax/S1 ratios (see Figure 7.6). It can be seen that the maximum spectral values tend to increase
with Smax/S1 and that the S; values tend to reduce. Although both terms are grouped by the
same single parameter, the overall match is still reasonable. The problem with this method,
however, is that it cannot be solely used to assess boreholes on the basis of their logs. Also,
borehole-specific site response analysis is required to determine its value. Other parameters
(Vs,30, Vs,20 and Tnaioo), on the other hand, can be determined directly from borehole logs and
used to extrapolate the grouping to the AGS borehole database available within the Study Area.
As such, among the remaining three parameters, it is considered that the Tn100 grouping shown
on Figure 7.5 gives the most consistent result.

The same groupings are shown in Figures 7.7 to 7.10 for the ground motion having a
2% chance of being exceeded in the next 50 years and in Figures 7.11 to 7.14 for the ground
motion having a 63% chance of being exceeded in the next 50 years.
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Figure 7.3 10% in 50 Years Spectra Grouped on the Basis of their Vs 3o Values
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7.3 Comparison with the GEERRI Borehole Classification

As can be seen in Appendix E, the GEERRI study resulted in three site classes, denoted
as Site Classes I, 1l and I1l. Their borehole classification and the design envelopes for each
site class for the 10%, 2% and 63% chance of being exceeded in the next 50 years are shown
in Figures 7.15, 7.16 and 7.17 respectively. As can be seen, the design envelopes are quite
similar with design lines derived above in terms of the peak spectral values. The major
difference is the larger spectral values of the GEERRI curves at long periods because GEERRI
used an exponent of 1 for all curves at structural periods larger than the T4 values.
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7.4 Extrapolation of the Borehole Classes to the Study Area

Extrapolation has been carried out in two ways, one using the AGS borehole database
and one using the slope data, as described in the following sections.

7.4.1 Extrapolation Using the AGS Database

The available AGS borehole data has been analysed to generate the above parameters
(Vs,30, Vs.20 and Tnioo). The results are plotted in Figures 7.18 and 7.19 for Vs 30, Figures 7.20
and 7.21 for Vs2o and Figures 7.22 and 7.23 for Tnio. For each pair of figures, the first one
shows the classification of each borehole in the AGS data shown as a coloured circle at the
location of the AGS borehole. The second one shows a contour diagram developed from these
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values. The results of the site-specific boreholes, as shown in the figures, have also been used
in generating the contours. The white areas represent an absence of boreholes that can
reasonably generate contours. The edge of the area that encloses the 15° average topographic
slope angle is also shown. It is suggested that the area within this line be considered to be rock
for microzonation purposes. The following section describes the derivation of the average
topographic slope angle.

It should be noted that the colours of the contours in these figures are consistent in that
they all represent the same groups of data as follows:

(@) Group 1 - dark blue,
(b) Group 2 - green,

(c) Group 3 - yellow, and
(d) Group 4 - orange.

Pale blue is used for rock and red is used when the variable is beyond the range of the
site-specific boreholes. Overall, it can be seen that the three contour figures show broadly
consistent trends.

To consider how the microtremor results may influence the ground motion
microzonation, their measured periods have been classified in the same way as the Tn1oo Values
and compared with the contours of the Tnioo periods derived from the site-specific boreholes
and the AGS data in Figure 7.24. It can be seen that there is generally very good agreement
between them. It indicates that the measured periods from microtremor tests are consistent
with the Tnioo values. Therefore, the microtremor results can also be used for microzonation
studies.

7.4.2 Extrapolation Using Slope Angle

The USGS published correlations between Vs 3o and topographic slope angle (Allen &
Wald, 2007). Two regions, namely active tectonic and stable continental regions, were defined.
Figure 7.25 shows their data ranges and their measured data in these two regions. The Vs 3o
values obtained from this study have been plotted in a similar fashion against the slope angle
as shown in Figure 7.26 together with the two mean curves derived from the USGS data. In
the figure, the straight black line represents an average Vs 3o — slope angle correlation derived
using the site-specific borehole data. The AGS data for the Study Area are also shown. Here,
the slope angle is defined as the average slope of the ground within 40 m of the borehole.

Figure 7.26 shows that the correlation between the average slope angle and the Vsz3o
value is quite loose i.e. there is a significant scatter among the data. However, both datasets
(site-specific boreholes and AGS data) are found to possess a similar mean value. It is worth
noting that the figure implies that Hong Kong is more active than what the USGS refer to as
the ‘active tectonic’ regions. On questioning the USGS about this, they advised that Hong
Kong is definitely not a ‘stable continental’ region such as Australia. This implies that the
time scale being used by the USGS in their definition is in an excess of 100 million years.
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Using the average Vs3o0 — slope angle correlation (i.e. the straight black line) derived
from Figure 7.26 and relating this to the Vs 3o classes shown in Figure 7.3, various site classes
can be determined as a function of the average slope angle. The resulted zoning is shown in
Figure 7.27. It should be noted that man-made activities exert an effect on this zoning. For
example, the blue/green strip between BH49 and BH30 is due to the road embankment forming
the Yuen Long ring road.

Comparing Figure 7.27 with Figures 7.19, 7.21 and 7.23, it can be seen that the same
overall trend is evident regardless of some significant differences. An advantage of this map
is that it is derived based on a relatively uniformly distributed dataset whereas the maps derived
based on AGS data are more variable in terms of its distribution.

7.5 Discussion

Figure 7.28 shows the differences in the design curves for the four groups using the same
colour system as that used in Figures 7.19, 7.21, 7.23 and 7.27. As can be seen, the variation
between the groups is not significant. For instance, Groups 2 and 3 are similar for 2% and
10% in the next 50 years whilst Groups 2, 3 and 4 are quite similar for the 2% and 63% in the
next 50 years. Comparing with the variations among boreholes in each group (Figures 7.3 to
7.14), the differences between these group design curves (Figure 7.28) are considered less
remarkable.

The microzonation maps produced above are, inevitably, very dependent on their
underlying data distribution. For example, microzonation maps for flatter valleys containing
deeper soils, of which soil properties and characteristics are highly variable, could not be
considered as sufficiently precise for site-specific design purposes. In essence, the
microzonation maps are not used directly in engineering design practice as overseas codes of
practice generally demand site-specific site classification to be done using borehole data. Also,
the codes allow for site-specific site response analyses which can be readily undertaken using
computer programs that are freely available. However, the microzonation maps could be used
for planning purpose as they provide useful information about the seismic effects on different
types of buildings situated at different geological and topographic settings. For example, this
study shows that low-rise buildings will be less affected by earthquakes on flatter soil areas,
and that high-rise buildings will be less affected on steeper thin soil and rock areas. However,
the final planning decision is still subject to a spectrum of factors.
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8 Liquefaction
8.1 General

Liquefaction generally refers to the cyclic generation of large pore water pressure in
saturated granular soils and the resulted reduction in effective stress leading to a rapid strength
loss of the soils.

Variables that influence the onset of liquefaction include the presence of ground water,
the particle size distribution of the soils, the in-situ relative density of the soils, the effective
confining stress and the amplitude and duration of shaking. For soils with a high percentage
of fine-grained particles, such as clays, the rate of build-up of excess pore water pressure is
much slower than that in sands. Therefore, liquefaction of this type of soils is less probable.
In very coarse-grained soils such as gravels, the excess pore water pressure is generally rapidly
dissipated. As a result, liquefaction is less probable. There are exceptions to both of these
cases, but generally sandy soils are considered to have the greatest susceptibility to liquefaction.

Liquefaction has a potential to cause bearing capacity failure and settlements of shallow
foundations, and to a lesser extent, possible damages to piled foundations due to either a loss
of support or an additional lateral loading near embankments or cuttings. The loss of strength
of foundation soils, and the associated horizontal and/or vertical displacements could cause
damages to buildings and infrastructure.

8.2 Definition of Susceptible Soils

As mentioned above, sandy soils are relatively more susceptible to liquefaction in an
earthquake event. Considering the compositions of soils in the Study Area, Reclamation Fill,
Alluvial Sands and Silts, and sandy or silty Marine Deposits are considered prone to
liqguefaction and are thus included in the liquefaction assessment in this study. For
Reclamation Fill, clean sandy fill is considered. The fact that Alluvial Silts are also considered
is because it is now generally agreed that low-plasticity silts have a potential to liquefy whilst
moderate-plasticity silts may liquefy under certain conditions (Seed et al, 2001).

The following deposits have been assumed not to be susceptible to liquefaction or any
other cyclic strength loss behaviour:

(@ Marine Clays and Alluvial Clays: the basis for this
assumption is that plastic soils with high clay contents are
generally considered to be non-liquefiable. The Chinese
Code GB50011-2010 (Chinese Seismic Code, 2010) also
specifies that soils with a clay content (particle diameter size
< 0.005 mm) of 10% and 13% can be considered not
liquefiable under Intensities 7 and 8 earthquakes respectively.

(b) Colluvium: this soil typically comprises gravel, cobbles and
boulders in a silt/clay matrix and is rarely predominantly sand.

(c) Saprolite (Completely to Highly Decomposed Rocks): this
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soil typically has a very low likelihood of liquefaction due to
its age, relative density, fines content and strength. The
Chinese Seismic Code (2010) also specifies that for any
geological age of soil condition originally formed in the Late
Quaternary Period or before, it can be considered not
liquefiable under Intensities 7 and 8 earthquakes.

In this study, the liquefaction assessment is extended to a depth of 40 m below ground
level. It is assumed that below this depth, liquefaction is improbable and also unlikely to
influence the surface behaviour of structures nor slopes.

8.3 Arup Methodology

Common engineering practice in the assessment of liquefaction potential is to use
empirical correlations. These correlations were derived based upon field observations of
liquefaction, or absence of liquefaction in past earthquakes, and in-situ soil properties measured
from, for example, the standard penetration test (SPT), cone penetration test (CPT), or in-situ
shear-wave velocity (Vs) measurements. One of the most widely applied correlations is the
SPT-based correlation proposed by Seed & Idriss (1971), as shown in Figure 8.1. This is
essentially a deterministic relationship, which allows the designer to determine a factor of safety
against liquefaction for a corrected SPT-N value and a cyclic shear stress ratio. More recently,
Seed et al (2001) presented probabilistic relationships, which was also SPT-N value based, as
shown in Figure 8.2. The use of these relationships contains a number of advantages over that
shown in Figure 8.1:

(@) They make use of a greater body of empirical data, including
data from earthquakes occurring since 1984.

(b) They make use of numerous improvements in the
understanding of the variables affecting liquefaction, such as
the interpretation of SPT data and the evaluation of the cyclic
shear stress ratio.

(c) The use of Bayesian probabilistic methods has reduced
uncertainty and improved understanding of variability.

The relationships presented by Seed et al (2001) are summarised in the following
equation:
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[Nmox(1+0.004FC)—13.32><In(CSR)— j

29.53xIn(M,, )~3.70xIn(s,")+ 0.05FC +33.73
P = <In(My,) 27(‘”) ................ 8.1)

where PL
()]
Ni 60

probability of liquefaction

standard cumulative normal distribution

SPT-N corrected for overburden effects and for energy. N is corrected
for overburden and Nz,e0 is corrected for energy and equipment, using the
following correction factors:

100 0.5
N 1= [—'] N
o

\"

Nigso = Ng, Cgr, Cs, Cg, Ce

correction for rod lengths shorter than 10 m

correction for non-standard SPT samplers

correction for borehole diameters greater than 115 mm
correction for energy efficiency of SPT hammer

where  Cgr
Cs
Cs
Ce

FC
Mw

fines content (percent finer than 0.074 mm)
moment magnitude of the earthquake for which the liquefaction
probability is being assessed

oy’ = vertical effective stress (in kPa)
CSR ‘equivalent uniform cyclic shear stress ratio’. This has been evaluated
by means of site-specific seismic site response analyses using Oasys
SIREN. Oasys SIREN computes the peak shear stress ( zmax) at each soil
element in the profile, and the ‘equivalent uniform’ CSR is assumed to be
equal to 65% of the peak, where

CSR :0.65><M

oy

Figure 8.2 illustrates the resulting probability curves normalised to Mw = 7.5, o' =
65 kPa for a ‘clean sand’ (FC < 5%).

As an alternative to using the site response analysis to estimate shear stresses and CSR,
a simplified equation is frequently used, where:

CSR =22 = 0.65% 21 s TV st 1 X My oo (8.2)

o, g o

peak surface horizontal ground acceleration
acceleration due to gravity

where Amax
g
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ov = total vertical stress
Ms = magnitude reduction factor
rq = stress reduction coefficient.

The definition of the stress reduction coefficient (rg) has a significant uncertainty since
this parameter has a high variability, and has been found to be dependent on earthquake
magnitude, intensity of shaking and site stiffness as well as the depth below ground level.
There are simplified relationships relating rq to depth (Youd & Idriss, 2001), but they are
considered potentially unconservative. For this reason, Seed et al (2001) recommended the
use of the in-situ CSR calculated by means of site-specific site response analysis, and this
approach has been used in this study.

The following Nz,60 correction factors have been assumed:

(@) The values for Cr presented in Youd & Idriss (2001) are used,
where rod length <3 m, Cr = 0.75; for rod length = 3 to 4 m,
Cr=0.8; for rod length = 4 to 6 m, Cr = 0.85; for rod length
=6to 10 m, Cr=0.95and for rod length>10m, Cr=1.0. It
has been nominally assumed that the rod length is 1.0 m above
ground level.

(b) Cs=1.0.
(c) Cs=1.0.

(d) Ce= 1.0 for standard automatic trip hammers used in Hong
Kong.

The fines contents of the soils have been used based on the laboratory testing results
presented in Section 3 and summarised in Table 3.3.

The results of site-specific site response analysis have been used to compute the profile
of shear stresses versus depth for each case using Oasys SIREN. The input earthquake time-
histories have been selected to represent de-aggregated magnitude and distance combinations
for the three ground motion levels (see Section 5). The following cases have been analysed
using Oasys SIREN to determine the site response coefficients, and these have been considered
in terms of liquefaction potential:

(@) 10% in 50 years, My = 6.5.

(b) 2% in 50 years, near-field earthquake event < 250 km,
Mw = 7.0.

(c) 2% in 50 years, far-field earthquake event at 250 km,
Mw = 7.5.

The effective vertical stresses have been calculated using the ground water level
measured in the site-specific boreholes, which is generally about 2 m below the ground surface.
It is assumed that liquefaction will not occur above the ground water level.
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8.4 GEERRI Methodology

GEERRI calculates the potential of liquefaction based on the provisions in Chinese Code
(Chinese Seismic Code, 2010) (see Appendix E). The code specifies that the potential of

liquefaction needs not to be considered for the following soil conditions:

(a)

(b)

(©)

When the geological age of soil condition is originally
formed in the Late Quaternary Period or before, in Intensity
7 and Intensity 8 regions.

Soil comprising more than 8%, 13% and 16% clay particles
(< 0.005 mm particle diameter size) in earthquake intensities
of 7, 8 and 9 respectively.

The following conditions regarding the thickness of covering
soil and the level of ground water table, under which the

assessment of the liquefaction potential can be ignored:

du>do+dp-2

dw>do+dy-3

dy+dw>15do+2dy-4.5

where dw

du

do
do

The critical

highest recorded level of ground water table
(inm)

thickness of the covering soil without marine
clay and silty clay

depth of shallow footing, not exceeding 2 m
depth of the characteristic SPT-N value.

SPT-N value for liquefaction, Ncr, can be

calculated as follows:

0-20 mdepth: Ncr = No B[In(0.6ds + 1.5) - 0.1dw)] (3/0¢)*°

where ds
dw
pc
No
B

depth of SPT layer

depth of ground water table

percentage of clay content

characteristic SPT-N for liquefaction

0.8 for Hong Kong (Earthquake Design Group
1).

The design No value is based on the recommended No range for different earthquake
ground motions in the Chinese Code. Table 8.1 summarises the recommended No values for

this study.
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Table 8.1 Characteristic SPT-N Values for Liquefaction, No

Probability of Being Exceeded Earthquake Design Peak Ground N
in the Next 50 years Intensity Acceleration () 0

10% 7 0.10 7
2% 8 0.20 12

The soil layers are identified to liquefy if their measured uncorrected N value is smaller
than the calculated Ncr. If this occurs for one or more layers, the following equation is used
to calculate the Liquefaction Index, lig, according to the Chinese Code:

n Ni
Le S, OK) AWy oo eeeeeeeeeenes (8.3)
where lie = liquefaction Index
N = depth of measured SPT-N value
Ni = measured uncorrected SPT-N value
Ncri = critical SPT-N for liquefaction
di = thickness of representing SPT-N layer, can take average thickness
between each of the two SPT-N values

Wi = depth coefficient, when depth less than 5 m taken as 10 and when depth

is 20 m taken to be zero and for 5 m to 20 m can be taken value as having
a linear reduction with depth.

Three levels of Liquefaction Index are classified in the Chinese Code:

(@) Slight liquefaction potential 0<Ile<6
(b) Moderate liquefaction potential 0<le<18
(c) Severe liquefaction potential lie > 18.

8.5 Liquefaction Results

Figures 8.3 to 8.24 show the results of liquefaction assessment using the Seed method
(Seed et al, 2001) and the Chinese Code method (Chinese Seismic Code, 2010). It is
considered that the soil layer will be liquefied when the liquefaction probability calculated by
the Seed method exceeds 50% and when the Ncr to N ratio calculated by the Chinese Code
method is greater than 1.

The calculated maximum liquefaction probability by the Seed method of any single soil
layer and the Liquefaction Index by the Chinese Code method are summarised in Table 8.2.
In general, the two methods have similar findings on the level of liquefaction potential for the
boreholes. The key factors causing differences in the results are the use of fines content in the
Seed method and clay content in the Chinese Code method. This explains the resulted zero
liquefaction potential by the Chinese Code method for boreholes BH24, BH39 and BH42.
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Table 8.2 Summary of Liquefaction Analysis for Each Borehole

Arup - Seed et al (2001)

GEERRI - Chinese Code GB50011-2010

(Chinese Seismic Code, 2010)

Max. Ligquefaction Probability (%) Intensity 7 Intensity 8
Borehole | 10%in 50 | 206in50 | 22 M0 Liquefaction Liquefaction
years at lie lie
years years 250 km Class Class

BH1 1 79 82 2.1 Slight 115 Moderate

BH2 0 11 18 - - - -

BH8 63 81 - - 10.0 Moderate
BH12 Shallow soil covers above highly decomposed Tuff Breccia
BH13 0 0 0 - - - -
BH14 0 0 0 - - - -
BH15 Shallow soil covers above completely decomposed Metatuffite
BH16 Residual Soil at surface
BH20 0 1 1 - - - -
BH21 0 0 0 - - - -
BH22 6 24 82 2.6 Slight 6.1 Moderate
BH23 0 0 0 - - - -
BH24* 0 76 40 - - - -
BH26 0 27 27 - - 5.6 Slight
BH27 0 0 0 - - - -
BH29 0 0 0 - - - -
BH30 0 0 0 - - - -
BH32 0 0 0 - - - -
BH36 0 0 1 - - - -
BH39* 0 15 50 - - - -
BH41 Shallow soil covers above Residual Soil
BH42* 1 42 65 - - - -
BH43 0 0 0 - - - -
BH44 1 29 47 8.4 Moderate 19.5 Severe
BH45 0 0 0 - - - -
BH49 0 0 0 - - - -
BH50 Shallow soil covers above slightly decomposed Tuff

Note: * Considered not to be liquefied in according to the Chinese code based on the

clay content larger than 10% and 13% for Intensity 7 and Intensity 8
respectively.
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8.6 Liquefaction Zoning

The available AGS borehole data (around 2000) have been used to analyse the
liquefaction potential under the ground motion of 10% and 2% chance of being exceeded in 50
years for Hong Kong respectively. The liquefaction probability of each AGS borehole is
calculated using the Seed method (Seed et al, 2001) as presented in Section 8.3.

In the analysis, the ground water table is assumed to be 1.5 m below the existing ground
level for simplicity. The earthquake induced maximum shear stress against depth is obtained
from the best-estimate and upper-estimate design lines of the site response analysis results for
all boreholes in the Study Area. The maximum depth of liquefaction is considered to be 40 m
below ground level because the chance of liquefaction for depth greater than 40 m is very
unlikely considering the geology in the Study Area. Also, only alluvial sand and silty sand are
considered in the liquefaction analysis. Although fill containing loose sand may also be
susceptible to liquefaction, it is considered that its composition can be highly variable and
localised. Therefore, a site-specific liquefaction analysis for any significantly filled-up man-
made areas should be considered.

The results from Oasys SIREN analyses have been used to estimate the shear stress at
various depths. The average maximum shear stress against depth for each borehole from the
site response analyses are presented in Figures 8.25 to 8.46. The three curves represent the
three different input time histories matching the 0.2 s, 1 s and 5 s spectral accelerations of the
design response spectra as discussed in Section 5. Figures 8.47 to 8.49 show the best-estimate
and upper-estimate curves of the maximum shear stress against depth for ground motions of the
10% and 2% chance being exceeded in the next 50 years respectively.

The results of liquefaction potential assessment show that the maximum probability of
liquefaction for the 10% chance being exceeded in the next 50 years ground motion is less than
10% even the upper-estimate design line of maximum shear stress is applied. Therefore, it is
concluded that liquefaction of the Study Area is very unlikely for ground motion having a
chance of 10% of being exceeded in the next 50 years. However, when the ground motion
increases to 2% chance of being exceeded in the next 50 years, quite a significant number of
boreholes would have a liquefaction probability exceeding 60% for at least one layer. This
can be considered as having a moderate chance of liquefaction.

The liquefaction probability of each borehole for the 2% in 50 years are presented in
Figures 8.50 to 8.53 for the best-estimate and upper-estimate design lines under near-field and
far-field earthquake events respectively. Liquefaction contours are then generated based of
these maps and divided into four zones of probability 0 - 40%, 40 - 60%, 60 - 80% and 80 -
100% as shown in Figures 8.54 to 8.56. Since the results of liquefaction probability between
the upper- and best-estimate design lines for far-field earthquake events are similar, only
liquefaction contour maps for the best-estimate design line is produced. Also, the best-
estimate design line seems more reasonable when compared to the site-specific borehole
liquefaction potential probability discussed in Section 8.5.

GEERRI also produced a liquefaction index zoning map for Earthquake Intensity 7 and
Intensity 8 using the Chinese Code method as described in Section 8.4. Intensities 7 and 8 are
approximately equivalent to the ground motions having a 10% and 2% chance of being
exceeded in the next 50 years respectively. The GEERRI liquefaction index zoning maps are
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presented in their report enclosed in Appendix E (see Figures 8.1 & 8.2 in the appendix). It
generally shows that the Chinese Code gives a higher chance of liquefaction for the 10% in the
next 50 years ground motion. However, the results are similar to that obtained from Seed et al
(2001) for the 2% in the next 50 years ground motion.
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Figure 8.25 Maximum Shear Stress against Depth for BH1



224

T
o
S
(%))
[%)]
o
I
3
()
e
« 0 <1 T T T T T
0 10 20 30 40 50 60
Depth (m)
(@) 10% in 50 years ground motion
90 5
80 1 y=7E-05x3-0.0051x2 + 1.4943x + 2.3626<>
70 A
—~ @
& 60 A 3
é/ 50 .
g 40 -
2 30 1
5 20
2 10 - ‘
w O <( T T T T T
0 10 20 30 40 50 60
Depth (m)
(b) 2% in 50 years ground motion (near-field)
70
60 1y =0.0001x3- 0.0112x? + 1.4385x + 2.0978
E 50 A PO ©
< 40 A
(%))
2 30
@ 20 A
3
Q10 1 ¢
« O <1 T T T T T
10 20 30 40 50 60
Depth (m)

(c) 2% in 50 years ground motion (far-field)

Figure 8.26 Maximum Shear Stress against Depth for BH2




225

20
o
12 ] y = 0.001x3 - 0.0599x2 + 1.4932x + 0.8391 o
T 14 - 8 ¢
x 12
n 10
S 8
» 6
c 4
2 2
« 0 T T T T T
0 5 10 15 20 25
Depth (m)
(@) 10% in 50 years ground motion
35
30 1 y=0.0016x3-0.0913x2 + 2.3572x + 0.9924 )\ o<
T
o
.
(%))
¢
®
3
<
n
0 5 10 15 20 25
Depth (m)
(b) 2% in 50 years ground motion (near-field)
30
o | y = 0.0003x3 - 0.0449x2 + 2.0174x + 0.924
g 20
<
n 15
¢
*E 10
& 5
e
« O T T T T T
0 5 10 15 20 25
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.27 Maximum Shear Stress against Depth for BH8




226

18
16
14
12
1

Shear stress (kPa)
o

oON b~ O O

35
30

Shear stress (kPa)

25

20 A

Shear stress (kPa)

1 y=10.0042x3-0.1186x? + 1.361x + 0.8568 2
&
0 5 10 15 20 25
Depth (m)
(@) 10% in 50 years ground motion
o

y =0.0071x3-0.1674x%2 + 1.7588x + 1.4128

25
Depth (m)
(b) 2% in 50 years ground motion (near-field)
y = 0.0051x3-0.1448x2+ 1.7397x + 1.3201
0 5 10 15 20 25

Depth (m)
(¢) 2% in 50 years ground motion (far-field)

Figure 8.28 Maximum Shear Stress against Depth for BH13




227

T
o
S
(%))
[%)]
o
I
3
()
e
n
0 5 10 15 20 25 30 35
Depth (m)
(@) 10% in 50 years ground motion
60
g0 1Y = 0.0007x3 - 0.0614x2 + 2.7284x + 1.5951<> o O 0O 0
o
— o
& 40 1 o 5 OO0
~3 o
n 30 A o
[%)]
o
2 20 1
$ 10 A
e
w O <1 T T T T T T
0 5 10 15 20 25 30 35
Depth (m)
(b) 2% in 50 years ground motion (near-field)
45
40 1 y=0.0012x3-0.0827x2 + 2.6107x + 1.8563
.35
g 30
< 25
é 20
= 15
g 10
2 5
U) O T T T T T T T
0 5 10 15 20 25 30 35
Depth (m)

(c) 2% in 50 years ground motion (far-field)

Figure 8.29 Maximum Shear Stress against Depth for BH14




228

18
16
14
12
1

o

Shear stress (kPa)

oON b~ O O

0 5 10 15 20 25

Depth (m)
(@) 10% in 50 years ground motion

35 1 y=0.0023x3-0.0914x? + 2.2126x + 0.9228 ©

Shear stress (kPa)

25

Depth (m)
(b) 2% in 50 years ground motion (near-field)

30
y =0.001x3 - 0.0462x% + 1.7041x + 1.2076

25 A
20
15
10

Shear stress (kPa)

o o

0 5 10 15 20 25

Depth (m)
(¢) 2% in 50 years ground motion (far-field)

Figure 8.30 Maximum Shear Stress against Depth for BH20




229

Shear stress (kPa) Shear stress (kPa)

Shear stress (kPa)

60

50 A

45
40

5
0

5 10 15 20 25 30

Depth (m)
(@) 10% in 50 years ground motion

35

y = 2E-05x3 - 0.0453x2? + 2.7091x + 2.0024

5 10 15 20 25 30
Depth (m)
(b) 2% in 50 years ground motion (near-field)

35

y = 0.0002x3 - 0.0473x? + 2.4716x + 2.265

5 10 15 20 25 30
Depth (m)
(¢) 2% in 50 years ground motion (far-field)

35

Figure 8.31 Maximum Shear Stress against Depth for BH21




230

30
s | Y= 0.0007x3 - 0.0515x2 + 1.5498x + 0.6068
<
o
=<
(%))
¢
17
@
(5]
<
(n 0 Y T T T T T T T T
0 5 10 15 20 25 30 35 40 45
Depth (m)
(@) 10% in 50 years ground motion
60
507 y=0.0008x3 - 0.0621x2 + 2.173x + 0.9084 ¢
&
.
(%))
¢
17
@
(5]
<
n <(
0 5 10 15 20 25 30 35 40 45
Depth (m)
(b) 2% in 50 years ground motion (near-field)
45
40 1y =-0.0002x3 - 0.0007x2 + 1.3225x + 1.9865
_. 35 - e
S 30 A 1
é 25 .
é 20 -
= 15 A
& 10 ~
2 5 -
(D 0 g T T T T T T T T
5 10 15 20 25 30 35 40 45
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.32 Maximum Shear Stress against Depth for BH22




231

y = 8E-05x3 - 0.0173x2 + 1.3898x + 1.8734

10

Shear stress (kPa)

0 T T T T T
0 20 40 60 80 100

Depth (m)
(@) 10% in 50 years ground motion

90
80 1y = 7E-05x3 - 0.0186x2 + 1.8809x + 2.180604- soo O ©
70 A o< 5—S
60 -
50 -
40 -
30 ~
20 ~
10 ~
0 % T T T T

0 20 40 60 80 100

Depth (m)
(b) 2% in 50 years ground motion (near-field)

Shear stress (kPa)

100

a
~ 00 ©
[oNeNe]

NWSU O
oNolNoNeNe

=
o

Shear stress (kP

0% . . . .

0 20 40 60 80 100
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.33 Maximum Shear Stress against Depth for BH23



232

Shear stress (kPa)

60
50
40
30
20
10

Shear stress (kPa)

40
35

Shear stress (kPa)

5
0

|y =0.002x3 - 0.0756x2 + 1.8724x + 1.2307 S

o
0 5 10 15 20 25
Depth (m)
(@) 10% in 50 years ground motion
y =-0.0011x3 + 0.0387x2 + 1.9866x + 2.2108 <
1 o
| 8
o
. >
<o
<I T T T T
0 5 10 15 20 25
Depth (m)
(b) 2% in 50 years ground motion (near-field)
1y =0.0021x3 - 0.0638x2 + 2.0266x + 2.2468
S
0 5 10 15 20 25

Depth (m)
(¢) 2% in 50 years ground motion (far-field)

Figure 8.34 Maximum Shear Stress against Depth for BH24




233

60
co | ¥ = BE-05x%- 0.0125x2 + 1.0596x + 1.9311 N
T
£
7
0 20 40 60 80 100 120
Depth (m)

(@) 10% in 50 years ground motion

T
o
<
(%))
[%)]
o
@
®
()
<
« 0 <( T T T T T
0 20 40 60 80 100 120
Depth (m)
(b) 2% in 50 years ground motion (near-field)

80

70 -
= 60 1
Q50 |
n 40 A
()]
230 A
(%]
§ 20
c 10 T
« 0 ,/ T T T T T

0 20 40 60 80 100 120
Depth (m)

(c) 2% in 50 years ground motion (far-field)

Figure 8.35 Maximum Shear Stress against Depth for BH26




234

35

30 A

Shear stress (kPa)

70

60 A

Shear stress (kPa)

Shear stress (kPa)

y = 0.0002x3 - 0.0198x? + 0.9742x + 1.09 o

0 10 20 30 40 50 60 70
Depth (m)
(@) 10% in 50 years ground motion
y = 0.0004x3 - 0.0347x2 + 1.3862x + 0.4209 o
70
Depth (m)
(b) 2% in 50 years ground motion (near-field)
“ T T T T T T
0 10 20 30 40 50 60 70
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.36 Maximum Shear Stress against Depth for BH27




235

T
o
X
(%))
()]
o
=
3
(5]
<
n
0 5 10 15 20 25 30 35 40
Depth (m)
(@) 10% in 50 years ground motion
45
40 1y =0.0002x3-0.0163x2 + 1.1413x + 0.622 N <&
T
o
X
(%))
()]
o
®
@
(5]
<
n
40
Depth (m)
(b) 2% in 50 years ground motion (near-field)
©
o
X
()]
(]
o
®
& 5
e
(D 0 T T T T T T T T
0 5 10 15 20 25 30 35 40
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.37 Maximum Shear Stress against Depth for BH29




236

P ERPDNMNMNNOWWSD
U1 O U1 O U1 © U1 OO

Shear stress (kPa)

o

20
10

Shear stress (kPa)
w
o

o

Shear stress (kPa)

1 T T T T T T T

0 20 40 60 80 100 120 140 160

Depth (m)
(@) 10% in 50 years ground motion

OO0
SOOOO

". T T T T T T T

0 20 40 60 80 100 120 140 160
Depth (m)

(b) 2% in 50 years ground motion (near-field)

1y = 6E-06x3 - 0.0061x? + 1.0643x + 0.7562

<f /, T T T T T T T

0 20 40 60 80 100 120 140 160
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.38 Maximum Shear Stress against Depth for BH30




237

35 1y = -3E-05x3 - 0.0073x2 + 1.1332x + 1.4999

<
o
X
()]
(%]
L
7
3
(]
<
n
5 10 15 20 25 30 35 40
Depth (m)
(@ 10% in 50 years ground motion
80
70 4y =-0.0014x3 + 0.0688x2 + 1.0392x + 2.306
©
o
X
(%))
%]
o
I
3
()
e -
m 0 <( ' T T T T T T T
0 5 10 15 20 25 30 35 40
Depth (m)
(b) 2% in 50 years ground motion (near-field)
60
50 1Y = -0.0005x3 + 0.0335x2 + 0.9341x + 2.5421
E 40 A
X
n 30 A
()]
o
= 20 1
$ 10 A
<
(n 0 <Y T T T T T T T
0 5 10 15 20 25 30 35 40
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.39 Maximum Shear Stress against Depth for BH32




238

|y =0.0008x3 - 0.0636x? + 1.8776x + 0.4673

25 %
T
o
X
(%))
()]
o
®
3
(5]
<
n
0 5 10 15 20 25 30 35
Depth (m)
(@) 10% in 50 years ground motion
60
50 1Y = 0.0007x3 - 0.0544x2 + 2.2895x + 1.7212 o
T
o
X
(%))
()]
o
®
@
(5]
<
0]
0 5 10 15 20 25 30 35
Depth (m)
(b) 2% in 50 years ground motion (near-field)
45
;‘g 1y = 0.0005x3 - 0.0328%2 + 1.7345x + 2.5959
£ 30
f 25
@ 20
£ 15
g 10
2 5
(D 0 T T T T T T T
0 5 10 15 20 25 30 35
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.40 Maximum Shear Stress against Depth for BH36




239

35

30 1y =0.0003x3 + 0.0002x2 + 0.5758x + 1.3957 ©
= o
o
X
(%))
¢
®
3
<
n

5 10 15 20 25 30 35
Depth (m)
(@) 10% in 50 years ground motion

70 S

60 1y =-0.0003x3 + 0.0599%x2% + 0.1911x + 2.6593
< 50 A
o
< 40 A
(%))
2 30 A
® 20 -
©
2 10 1 %
v 0 </ > T T T T T T

0 5 10 15 20 25 30 35
Depth (m)

(b) 2% in 50 years ground motion (near-field)

60

50 | Y =0.0005x3 + 0.0086x2 + 0.6701x + 1.8856

30 A

20 A

[
10 A

Shear stress (kPa)

0« . . T . . .
0 5 10 15 20 25 30 35
Depth (m)
(¢) 2% in 50 years ground motion (far-field)

Figure 8.41 Maximum Shear Stress against Depth for BH39




240

30
s |Y = 0.0009x3 - 0.0405x2 + 1.4943x + 0.7242 o
T
o
=<
(%))
o
®
3
<
« 0 T T T T T
0 5 10 15 20 25
Depth (m)
(@) 10% in 50 years ground motion
60
g0 Y= -0.0017x3 + 0.074x2 + 1.2421x + 1.9969 o
T 1 <& A
% 40 b
% 30 ~ <O <
= 20 1
$ 10 A
<
@ 0 <Y T T T T
0 5 10 15 20 25
Depth (m)
(b) 2% in 50 years ground motion (near-field)
40
35 1y =0.0014x3 - 0.022x2 + 1.4653x + 1.8114
= 30 - Q
£ 25
n 20
(]
L 15
(%]
= 10
2 5
« O T T T T T
0 5 10 15 20 25
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.42 Maximum Shear Stress against Depth for BH42




241

T
o
X
(%))
()]
o
®
3
(5]
9 S
« 0 Y T T T T
0 10 20 30 40 50
Depth (m)
(@) 10% in 50 years ground motion
50
45 1y =-7E-05x3 + 0.0002x2 + 0.8914x + 1.81 o
T
o
X
(%))
()]
o
®
@
(5]
<
n
50
Depth (m)
(b) 2% in 50 years ground motion (near-field)
©
o
X
()]
(]
o
®
3
()
e
(D T T T T
10 20 30 40 50

Depth (m)
(¢) 2% in 50 years ground motion (far-field)

Figure 8.43 Maximum Shear Stress against Depth for BH43




242

35
30 1y = 0.0002x3 - 0.0214x? + 1.1301x + 1.0998
25
20
15
10

Shear stress (kPa)

0 10 20 30 40 50

Depth (m)
(@) 10% in 50 years ground motion

Shear stress (kPa)

0 & : ; ; :
0 10 20 30 40 50
Depth (m)
(b) 2% in 50 years ground motion (near-field)

Shear stress (kPa)

0 S : . : :
0 10 20 30 40 50
Depth (m)
(¢) 2% in 50 years ground motion (far-field)

Figure 8.44 Maximum Shear Stress against Depth for BH44



243

Shear stress (kPa) Shear stress (kPa)

Shear stress (kPa)

70
60

45
40
35
30
25
20
15
10

o o

y = 0.0008x3 - 0.0638x2 + 2.2145x + 0.7955 S

(¢) 2% in 50 years ground motion (far-field)

0 5 10 15 20 25 30 35 40
Depth (m)
(@) 10% in 50 years ground motion
1y =0.001x3-0.0752x2 + 2.9994x + 1.851 o g
O
0 5 10 15 20 25 30 35 40
Depth (m)
(b) 2% in 50 years ground motion (near-field)
y = 0.0009x3 - 0.0794x2 + 2.7572x + 1.7556
0 5 10 15 20 25 30 35 40
Depth (m)

Figure 8.45 Maximum Shear Stress against Depth for BH45




244

T
o
X
(%))
()]
o
®
3
(5]
<
(n 0 T T T T T T T T
0 5 10 15 20 25 30 35 40
Depth (m)
(@) 10% in 50 years ground motion
60
50 1Y = 0.0005x3 - 0.0325x2 + 1.4755x + 1.0327
T
o
X
(%))
()]
o
®
@
(5]
<
n
40
Depth (m)
(b) 2% in 50 years ground motion (near-field)
35
30 1Y = -0.0003x3 + 0.0058x2 + 1.0139x + 1.678
O
< 25
o
< 20
()]
@ 15
® 10
@
2 5
(D 0 T T T T T T T T
0 5 10 15 20 25 30 35 40
Depth (m)

(¢) 2% in 50 years ground motion (far-field)

Figure 8.46 Maximum Shear Stress against Depth for BH49




50

UpperEstimates

Best Estimates

Shear stress (kPa)

¢ BH1

y = 8E-05x3 - 0.0173x2 + 1.3898x + 1.8734 o BH2

A BH8

y = 6E-05x2 - 0.0125x2 + 1.0596x + 1.9311 X BH13

X  BH14
o BH20

+ BH21
= BH22
= BH23
o BH24
o BH26
A BH27
x  BH29

[ = i >}

¥ BH30
O BH32
+ BH36
- BH39

BH42
¢ BH43

BH45

BH44

25 30 35 40 BH49
Poly. (BH23)

Poly. (BH26)

Depth (m)

Figure 8.47 Maximum Shear Stress against Depth for All Boreholes with 10% in 50 Years Ground Motion

5174



90

80
70
60

g 50

<

[%)]

%]

Q

& 40

@

()

=

wn
30
20
10

Upper Estimates

Best Estimates

y = 0.001x3 - 0.0752x2 + 2.9994x + 1.851

y = -0.0003x3 + 0.0067x? + 1.3037x + 1.5397

O
< E|<>
a
<& o =
, X .’ x < O
[m]
* (=) =
X AW $D°> ol
X X0 =" =
4+ o,
© )K=I @'T"' 4-1_ DQ r L=
+ g-h_)d_uﬁi ESR S s S
+= ) x- BaE =
%Iﬁ _E i-l E (> +|= = 1P< o
o X x| & 8
Cu s <>§J = o & Z\‘ A
= % & | %

20 25 30 35

Depth (m)

o

u]

A

X

X

(o]

u]

+

C=; -

ot o

u]

A

fp X
h

A X
A

A A +
40

BH1
BH2
BH8
BH13
BH14
BH20
BH21
BH22
BH23
BH24
BH26
BH27
BH29
BH30
BH32
BH36
BH39
BH42
BH43
BH44
BH45
BH49
Poly. (BH44)

Poly. (BH45)

Figure 8.48 Maximum Shear Stress against Depth for All Boreholes with 2% in 50 Years Near-field Ground Motion

ave



90

¢ BH1
O BH2
80 A A BH8
Upper Estimates y = 6E-06x3- 0.0078x2 + 1.6157x X BH13
70 - X BH14
BestEstimates  y = 9E-05x3- 0.0201x2 + 1.7057x o BH20
60 1 + BH21
= BH22
= BH23
& BH24
0O BH26

BH27

X BH29

Shear stress (kPa)

*  BH30

BH32

+ BH36

BH39

BH42

BH44

BH45

0 5 10 15 20 25 30 35 40 = BH49

Poly. (BH22)
Depth (m)

Poly. (BH23)

Lve

Figure 8.49 Maximum Shear Stress against Depth for All Boreholes with 2% in 50 Years Far-field Ground Motion



815000

0 2,000

2% in 50 yrs Near Field

Best Est. Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

0-40

40-60
60 - 80
80 - 100

Figure 8.50 Liquefaction Probability of Each Boreholes Based on Best Estimate Design Lines for Near-field Earthquake for 2% in

50 Years Ground Motion

8v¢



815000

0 2,000

2% in 50 yrs Far Field

Best Est. Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

0-40

40-60
60 - 80
80-100

L

Figure 8.51 Liquefaction Probability of Each Boreholes Based on Best Estimate Design Lines for Far-field Earthquake for 2% in 50

Years Ground Motion

6v¢



805000 810000 815000 820000 825000

Legend

2% in 50 yrs Near Field

Upper Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

* 0-40
©  40-60 B
*  60-80 g
e 80-100

Figure 8.52 Liquefaction Probability of Each Boreholes Based on Upper Estimate Design Lines for Near-field Earthquake for 2% in
50 Years Ground Motion

0S¢



Legend

2% in 50 yrs Far Field

Upper Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

* 0-40
©  40-60 B
*  60-80 g
e 80-100

T6¢

Figure 8.53 Liquefaction Probability of Each Boreholes Based on Upper Estimate Design Lines for Far-field Earthquake for 2% in
50 Years Ground Motion



j
o

Legend

2% in 50 yrs Near Field

Best Est. Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

B o-40

| 40-60 -
I 60-80 §
I s0- 100

¢sc

Figure 8.54 Liquefaction Probability of Each Boreholes Based on Upper Estimate Design Lines for Near-field Earthquake for 2%
in 50 Years Ground Motion



805000 810000 815000 820000 825000
N 1 1

Legend

2% in 50 yrs Far Field

Best Est. Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

B o- 40

- 40-60
I 60-80 -
I s0- 100

805000 810000 815000 820000 825000

Figure 8.55 Contour of Liquefaction Probability Based on Best Estimate Design Lines for Far-field Earthquake for 2% in 50 Years
Ground Motion

€4¢



Legend

2% in 50 yrs Near Field

Upper Shear Stress
Design Profile

Maximum Liquefaction
probability (%)

B o-4

| 40-60 -
I 60-80 §
I s0- 100

Figure 8.56 Contour of Liquefaction Probability Based on Upper Estimate Design Lines for Near-field Earthquake for 2% in 50
Years Ground Motion

144



255

9 Topographic Effect

9.1 General

It is well understood that larger ground motions are observed where there are noticeable
topographic features. Irregular surface features such as ridges, canyons or slopes can affect
the amplitude of the surface ground motions. At ridgelines or cliff tops (convex features), the
effect is an amplification of the ground motions, whereas in canyons, de-amplification occurs.
The phenomenon is due to focussing (or defocusing) of the seismic waves (Faccioli et al, 2002).

In addition to amplifying the ground motions at the base of buildings located on slopes,
the topographic effect during an earthquake may contribute to the reactivation of landslides and
rockslides (Paolucci, 2002).

Topographic amplification of seismic ground motions is evident from historical
incidences of concentrated damages to areas located on prominent topographic features
(Faccioli et al, 2002). Additional research has been carried out (e.g. Geli et al, 1988; Bard,
1995) using both instrumental data and two-dimensional modelling. There is insufficient
published data to draw any quantitative conclusions, but the general features identified by
researchers are:

(@) Significant amplification occurs when the wavelength is of a
magnitude similar to the length of the feature (e.g. ridge length).

(b) Steeper slope angles cause greater amplification at their crests
whilst higher slopes are also more critical.

(c) Amplification is sensitive to the angle of the incidence wave.

(d) The response of irregular topographic features is too complex to
represent.

Instrumental data generally shows significantly higher amplification than analytical
modelling. However, it is generally very difficult to separate out topographic effects from
other ground motion variability responses.

As indicated above, there are many variables that affect the prediction of topographic
effects. Simplified approaches, using a range of amplification factors, are discussed below.
Spectral amplifications from analytical models, as summarised by Stewart et al (2001), ranged
between 1 and 2. For a ridge with a shape ratio (height / half-width) = 0.4, and a wavelength
equal to the half-width of the ridge, Geli et al (1988) reported a factor of 1.6. The maximum
amplification was found to occur at the top of a ridge or slope, decreasing towards the base.
An instrumental study for a single slope during the M = 6.3 Coalinga earthquake resulted in an
amplification factor of 1.2 (Stewart et al, 2001).

In most seismic codes, topographic amplification is ignored (Paolucci, 2002). This may
be because in many locations the site amplification due to local soil conditions is more
significant. Some amplification factors are suggested in the published literature mentioned
above. In particular, the French seismic design code (French Seismic Code, 1992) makes



256

particular recommendations for sites located near ridges or slopes. The French code has been
superseded by Eurocode 8 (BSI, 2004b) with more appropriate and simplified rules.

9.2 Methodology
9.2.1 The French Seismic Design Code

The Régles de construction parasismique (French Seismic Code, 1992) makes specific
recommendations for topographic amplification factors, which are to be applied to the spectral
acceleration for sites situated on or adjacent to the edge of a slope. The parameters used to
define the slope geometry are shown in Figure 9.1. The recommended topographic
amplification factor, z, are defined as follows:

For a site at location C, if H>10m, and i < I/3:

=1 forl-i<04
=1+0.8(1-1-0.4) for0.4<1-i<0.9
=14 forl-i>09

The distance, b (m), over which the above rules apply is defined by:

201
b = min HAH1Q werererrerasarsenimnnniinsnns (91)
4

Within sections a and ¢ (AC and BD in Figure 9.1), 7 varies linearly between its upper
limit and 1, where:

a=H/3 and b=H/A.
Whitman (1992) provided some additional commentaries on this code:

“Empirical coefficients given...should be considered as design
coefficient intended on reducing the mean risk and on deterring
from choosing settlements of which it has been proven by
experience that they might be liable to be dangerous. The whole
article...should be considered to be provisional.”

The determination of the height H is subject to judgement. Whitman (1992) suggested
that since slopes with | < 0.4 are not considered, the base of the slope could be assumed to be
the point where | becomes < 0.4. The commentary recommends consideration of both
maximum slope and average slope with their corresponding heights, where there is a variable
topography. Finally, for ridges, rather than slopes, the same rules should be applied, but (I +
1) should be used in lieu of (I - ).
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H Height (in m)

I = Tangent of slope angle measured from base of slope
I = Tangent of slope angle from break in slope

v = Topographic amplification factor

Source:  French Seismic Design Code - Regles de construction parasismique, Regles PS
applicables aux batiments - PS 92 (Normes NF P 016-013).

Figure 9.1 Definition of the Slope Geometry for Topographic Amplification Factor

9.2.2 Eurocode 8

The Eurocode 8, Part 1 (BSI, 2004a) states that ‘For important structures in high
seismicity zones it is necessary to consider topographic amplification effects’. The Eurocode
8, Part 2 (BSI, 2004b) states that ‘An increase in the design seismic action shall be considered
in the ground stability verifications for important structures on or near slopes with significant
inclination’.  Key recommendations for topographic amplification factors are discussed in
Annex A of BSI (2004b) and summarised as follows:

(a) Slopes less than 15° can be ignored.

(b) A site-specific study should be carried out for strongly
irregular topography.

(c) For sites near the edge of isolated cliffs and slopes, a factor
> 1.2 should be used.
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(d) Where the crest width of a ridge is significantly greater than
the base width, if the slope angle > 30°, a factor > 1.4 should
be used, or > 1.2 otherwise.

(e) A 20% increase to any factor should be applied where there
is a thick loose surface layer.

(F) The factor at the base of a ridge can be assumed to be unity,
with a linear variation between the top and the base.

The factors are to be applied to spectral amplification at all structural periods.

9.2.3 Procedures Adopted for this Study

The following issues have been taken into consideration when developing the
methodology for assessment of topographic effects for ridges in the Study Area. They are
consistent with the recommendations in the Eurocode 8 (BSI, 2004b) discussed above.

(@) A digital terrain model (DTM) for Hong Kong has been
developed from the Lands Department 1:5,000 scale
topographic maps using the software ArcGIS with 3D
Analyst Extension.

(b) Slopes inclined less than 15° are considered to have no
topographic amplification.

(c) Slopesinclined 15°to 45° are considered to have topographic
amplification of 1.0 to 1.8 increasing linearly with the slope
angle.

(d) The factor at the base of a ridge is assumed to be unity, with
a linear variation between the top and the base defined as
being where the slope inclination became greater than 15°.

Topographic ridgelines have been defined in the DTM and a buffer has been established
on either side of the ridgeline to define the location of the upper convex break in a slope.
Intermediate convex and concave breaks in the slope have not been considered. There are 148
topographical sections produced in this study to analyse the topographic effects in the Study
Area, which are presented in Appendix D. All the defined ridges and slope inclinations and
calculated topographic amplification factors are also included in Appendix D.

Topographic amplification with a factor between 1.0 and 1.5 is applied to the crest region
of the slope as shown in Figure 9.2. When the factor is less than 1.1, it is recommended to be
ignored. The calculated amplification factors and the associated slope heights are plotted in
Figure 9.3. It shows that the ridge height varies from 30 m to 300 m in the Study Area.

A preliminary study carried out using a non-linear two-dimensional dynamic
analysis using FLAC dynamic (a non-linear finite-difference program similar to Oasys



259

SIREN) indicates that the topographic amplification factor is likely to be period-
dependent. Figure 9.4 shows the smoothed results for the spectral ratios obtained from
the FLAC analyses for 30 m, 100 m and 300 m high ridges with 30° side slopes. The
spectral ratio is calculated using the crest response spectrum divided by the surface response
spectrum at a distance from the toe. The natural period of the ridge is indicated to be about
2.0 to 2.5 times the ridge height divided by the shear wave velocity of the rock mass of the
terrain (taken as about 1,000 m/s). It is noted that the calculation has only considered a rock
slope with no soil cover. The preliminary results indicate that the ground motion amplification
will be the greatest at the natural period of the ridge and will reduce to unity at longer structural
periods. The period-dependence of the topographic amplification factors is evidenced.

The topographic amplification is restricted to ridge lines and will therefore not have a
significant effect on the major building areas within the Study Area, which are concentrated in
low-lying areas along the coast and in inland valleys. However, topographic amplification
may affect the risk of earthquake-induced landslides at the ridge areas.
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10 Conclusions

A seismic microzonation assessment for a Study Area in the North-west New Territories
of Hong Kong has been carried out in this study. The following sections summarise the key
findings of this study.

10.1 Soil Profiles

The soil profiles in the Study Area have been investigated with SPT and in-situ Vs
measurements (downhole seismic, PS logging, crosshole seismic and MASW tests). The
design profiles, defined in terms of soil types, shear wave velocity and small-strain shear
modulus versus depth are presented.

The PS logging data appear to be of better overall quality than the downhole seismic
processed data. However, similar trend is not observed for sites with a deeper rockhead. It
is probably because of some significant collapses due to the removal of the borehole casing
during the PS logging tests in deep rockhead site.

The MASW test results are considered to be reliable down to a depth of approximately
10 m from the existing ground level based on the quality of resolution of the dispersion curves.

Regarding the microtremor test, the calculated and measured site periods for sites with
a shallower rockhead generally agree well. For sites with a deeper rockhead, the agreement is
also generally quite good if the soil profile down to a depth where the SPT-N value exceeds
100 is considered. The measured site period determined from the microtremor test, therefore,
appears to be dominated by the resonance of the relatively softer soils of the shallower strata.
As the test is economical to be carried out and is non-invasive, it may be considered to be a
useful method for determining the variation of site periods for a site with widely-spreaded
boreholes.

10.2 Site Response Analyses

Although earthquake site response analyses have been carried out previously for a
number of specific sites in Hong Kong, there are no existing recommendations for design site
response spectra that can be applied throughout Hong Kong for regional site classification. In
order to better understand the potential regional earthquake-induced soil amplification trends
in the Study Area, a series of one-dimensional site response analyses have been undertaken for
all 27 boreholes with in-situ shear wave velocity measurements. A non-linear program Oasys
SIREN has been used by Arup to perform time-domain site response analyses. The results
have been used to determine the ground motion amplitude and period-dependent factors for
each of the Site Classes defined in the microzonation exercise. GEERRI have also carried out
independent microzonation using their frequency-domain program.

A comparison of spectral ratios calculated by Arup and GEERRI has been carried out
for the 10% in the next 50 years ground motion. It shows that the calculated spectral ratios as
a function of the structural period by different methods used by Arup and GEERRI are similar.
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10.3 Seismic Ground Motion Microzonation

The ground surface response spectra produced by site response analyses have been
studied and classified such that a systematic seismic ground motion microzonation
methodology can be applied to the whole Study Area. It also compares the recommendations
with those of GEERRI based on the conventional practice in the Mainland China.

The boreholes have been divided into different groups on the basis of four different
parameters (Smax/St, Vs 30, Vs,20 and Tnzoo) to understand how they could be rationally classified.
These parameters have been selected based on the recommendations by different seismic codes.
It is found that the most consistent grouping is the one based on the Smax/S1ratios. Nevertheless,
this parameter has to be determined from site response analyses and cannot be derived directly
from borehole logs. Other parameters (i.e. Vszo, Vs 20 and Tnioo), on the other hand, can be
determined directly from borehole logs. They are, therefore, used to extrapolate the grouping
to the AGS borehole data available within the Study Area. Of these parameters, it is found
that the Tn1oo grouping gives the most consistent result. Microzonation maps, incorporating
the AGS data, have been produced for these three classification methods. Another
microzonation map, based on the correlation between the natural slope angle and the Vs3o
values, has also been developed. An advantage of this map is that it is derived based on a
relatively uniformly distributed dataset whereas other maps derived from AGS data are more
variable in terms of its distribution. However, it is noted that man-made activities could exert
an effect on the resulted zoning based on the natural slope angle — Vs correlation.

The microzonation maps produced above are, inevitably, very dependent on their
underlying data distribution. For example, microzonation maps for flatter valleys containing
deeper soils, of which soil properties and characteristics are highly variable, could not be
considered as sufficiently precise for site-specific design purposes. In essence, the
microzonation maps are not used directly in engineering design practice as overseas codes of
practice generally demand site-specific site classification to be done using borehole data. Also,
the codes allow for site-specific site response analyses which can be readily undertaken using
computer programs that are freely available. However, the microzonation maps could be used
for planning purpose as they provide useful information about the seismic effects on different
types of buildings situated at different geological and topographic settings. For example, this
study shows that low-rise buildings will be less affected by earthquakes on flatter soil areas,
and that high-rise buildings will be less affected on steeper thin soil and rock areas. However,
the final planning decision is still subject to a spectrum of factors.

10.4 Liquefaction

Liquefaction generally refers to the cyclic generation of large pore water pressure in
saturated granular soils and the resulting reduction in effective stress leading to a rapid strength
loss of the soils. Sandy soils are the most liquefiable under an earthquake event. Common
engineering practice in the liquefaction potential assessment is to use empirical correlations,
which have been derived based on field observations of liquefaction, or absence of liquefaction
in past earthquakes, and in-situ soil properties measured from, for example, SPT, CPT and Vs
tests. Inthis study, Arup have adopted the Seed’s empirical method (Seed et al, 2001) to assess
the probability of liquefaction potential whilst GEERRI carried out an independent liquefaction
assessment based on Chinese Seismic Code (2010). The soil properties are derived from site-
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specific field and laboratory tests for the Study Area. Microzonation maps have also been
produced.

The maximum liquefaction probability calculated using the Seed method of any single
soil layer and the liquefaction index calculated using the Chinese Code method have been
compared. In general, the two methods have similar findings on the level of liquefaction
potential for the boreholes. The different results are mainly attributed to the use of fines
content in the Seed method and the use of clay content in the Chinese Code method.

GEERRI also produced a liquefaction index zoning map for Earthquake Intensities 7
and 8 (equivalent to the ground motions having 10% and 2% probabilities of being exceeded in
the next 50 years respectively) using the Chinese Code method. It generally shows that the
Chinese Code method gives a higher chance of liquefaction for the 10% in the next 50 years
ground motion but is similar to the Seed method for the 2% in the next 50 years ground motion.
As discussed above, the microzonation maps could be used for planning purpose but are not
suitable for direct engineering design purpose.

10.5 Topographic Effects

It is well understood that larger ground motions are observed where there are noticeable
topographic features. Irregular surface features such as ridges, canyons, or slopes can affect
the amplitude of the surface ground motions. At ridgelines or cliff tops (convex features) the
effect is amplification of the ground motion, whereas in canyons, de-amplification occurs. In
most seismic codes, topographic amplification is ignored mainly because the site amplification
due to local soil conditions is more significant in many locations. Eurocode 8 (BSI, 2004a;
2004b) make particular recommendations on topographic amplification for sites located near
ridges or slopes. These recommendations have been used to estimate the topographic
amplification factors for the Study Area. A microzonation map has also been produced.

Topographic amplification with a factor on peak ground acceleration of up to 1.5 is
found at the crest regions in the Study Area. When the topographic amplification factor is less
than 1.1, it is recommended to be ignored. Preliminary studies show that the amplification
factors for ridge effects will be the largest at the natural period of the ridge and reduce to unity
at longer structural periods.

The topographic amplification factors are restricted to ridge lines and will, therefore, not
have a significant effect on the major building areas in the Study Area, which are concentrated
in low-lying areas along the coast and in inland valleys. However, it may affect the risk of
earthquake-induced landslides at those ridge areas.
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Table A1 Bulk Density Summary for Alluvial Soils

Borehole D(iﬁ;h Soil Description Bullzt/?nesr)lsity égﬁ;i?/e(s;g;
BH21 4.6 1.96
BH29 4.6 1.91
BH44 8.6 1.97
BH30 3.5 Clay 1.96 1.98
BH45 15 2.01
BH49 3.5 2.00
BH26 8.2 2.05
BH30 9.5 1.89
BH22 5.5 2.06
BH20 6.0 1.78
BH21 6.6 1.93
BH14 6.6 2.17
BH13 12.2 2.01
BH29 10.6 1.82
BH32 5.0 1.92
BH23 14.6 2.14
BH43 11.7 Sand & Silt 1.75 1.96
BH43 16.8 1.76
BH45 5.5 2.20
BH49 11.7 2.00
BH45 5.5 2.20
BH24 11.1 1.91
BH24 9.2 1.99
BH22 15 1.92
BH23 3.5 1.79
BH43 18.8 1.99
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Table A2 Bulk Density Summary for Estuarine/Marine Deposits, Fill, Residual/Top

Soil, Debris Flow Deposits and Colluvium

Borehole D(fﬁ;h Soil Description Bull(<t/|r3ne3r)15ity g:ﬁ;i%e(sglg
BH39 5.5 1.75
BH39 3.5 Estuarine/ 1.59
BH43 5.7 Marin_e 1.65 1.73
BH44 35 deposit 1.76
BH13 8.2 1.91
BH43 2.6 1.91
BH44 1.5 2.04
BH29 15 1.95
BHO8 8.2 ) 2.06
BH14 15 il 2.02 190
BH13 2.0 1.94
BH23 1.5 1.96
BH36 15 1.80
BH41 15 _ _ 1.92
E—— = Residual soil aE 1.89
BH49 1.5 Top soil 2.12 2.12
BH23 18.6 Debris flow 2.18 2.18
UKS-TP5 2.8 Colluvium 2.42 2.42
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Table A3 Bulk Density Summary for Completely Decomposed Rock

Borehole Depth (m) Soil Description Bul?ﬂ?g;sﬂy é:ﬁ;i%e(sgjg
BH22 11.7 2.04
Metasandstone 2.05
BH32 16.1 C 2.06
BH42 126 D 2.11
BH32 24.1 S 2.11
BH39 31.2 E 2.14
BH49 24.8 D . 1.94
| | Metasiltstone 2.09
BH41 55 M 2.03
BH32 14.1 E 2.06
BH42 16.6 N 2.23
BH39 19.2 T 2.11
BH36 135 é 2.07
BH43 21.9 Y 1.90
BH2E ol Metamudstone 207 2.03
BH43 39.0 g 2,07
BH21 13.7 C 1.69
BH21 24.8 K | Metaconglomerate 1.98 1.89
BH21 29.9 1.99
BH14 21.9 Metaandesite 1.77 1.77
BH15 5.7 C 2.24
BH29 16.6 D 1.86
BH29 33.7 | 1.93
2:23 igg ﬁ Tuff (all types) iii 2.05
BH30 12.6 E 2.17
BH30 80.6 8 2.02
BH13 18.1 S 2.25
BH45 175 2.09
BH24 13.1 g Granite 1.83 2.01
BH24 171 C 2.10
BH49 28.8 K Rhyolite 1.90 182
BH49 16.8 1.73
BH23 59.2 1.67
BH23 64.3 CD Fault Breccia 2.08 1.93
BH23 21.7 2.05
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Table A4 Bulk Density Summary for Rock

- Bulk Density | Average Bulk
Borehole Depth (m) Rock Description (t/m°) Density (t/m°)
BH50 5.0 Tuff 2.74 2.74
BH12 6.5 _ 2.81
Tuff Brecciate 2.76
BH13 26.4 | 2.71
BH16 12.2 G 2.89
BHO08 24.0 ’E' Metatuff 2.78 2.82
BH15 15.8 e 2.78
BH27 63.3 U 2.62
S | Crystal Tuff 2.66
BH29 40.9 2.70
BH45A 40.9 _ 2.49
Granite 2.57
BH24 23.9 2.65
BHO02 443 2.65
BHO02 46.0 2.66
BH21A 36.3 2.49
BH22A 46.3 Metasiltstone 2.75 2.64
BH43 50.7 E 2.69
BH44A 53.0 D 2.74
BH32 39.2 |\I/| 252
BH21A 36.8 E 2.52
N | Metaconglomerate 2.65
BH43A 53.4 T 2.77
BH36A 415 A 2.91
BH43A 50.4 5 Metamudstone 2.68 2.78
BH44 50.9 2.76
BH23 102.1 2.80
BH49 45.0 Marble 2.82 2.78
BH49A 37.4 2.72
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Appendix B

Fines and Clay Content Detailed Summary
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Table B1 Fines and Clay Content Summary for Alluvial Soils

Depth Fine Clay Average Fines Average Clay
Borehole (n?) Soil Description Content (%) Content (%) Content (%) Content (%)
P.S.<0.074 mm | P.S.<0.005 mm [ P.S.<0.074 mm | P.S.<0.005mm
BH21 4.6 46 28
BH29 4.6 80 47
BH44 8.6 . 96 72
BHO2 51 Silty CLAY 70 47 76 51
BH08 11.3 68 43
BH43 9.7 96 70
BH30 3.5 55 27
BH45 15 49 32
BH24 7.1 43 31.0
BH30 | 75 | SAndyCLAY 62 33.0 46 82
BH49 3.5 47 33
BH26 8.2 20 37
BH30 9.5 43 14
BH42 3.5 81 47
BH22 55 Clayey SILT 2 7 59 26
BH27 8.6 78 16
BH20 6.0 17 8*
BH21 6.6 22 17
BH14 | 66 gfﬁy Clayey 62 8 46 17
BH36 3.5 48 20
BH13 12.2 82 30
BH42 5.5 57 37
BH29 10.6 79 20
BH32 5.0 35 18
BH23 14.6 25 g*
BH43 117 Sandy SILT 50 > 57 22
BH43 16.8 73 20
BH36 5.5 52 12*
BH2 9.1 76 35
Total average for SILT 54 21
BH45 58 18 12*
BH24 3.1 8 7
BH49 12 Clayey SAND 20.0 17 18 13
BH45 8 18.0 12*
BH24 11 25.0 17
BH23 11.5 66 8*
BH24 5.1 . 13 8*
BHA5 115 Silty SAND 6 s 26 8
BH24 9.2 10 6*
BH23 5.5 24 14
BH22 1.5 20 12*
BH02 13.1* | SAND 86" 65* 28 11
BH23 3.5 7 S
BH43 18.8 60 13*
Legend:
* Clay Content < 13%
# Ignored values for the following reasons:

! outlayer values compared to Alluvium Silt;
2 not representative of Sand for a conservative approach of liquefaction assessment
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Table B2 Fines and Clay Content Summary for Estuarine/Marine Deposits, Fill,

Residual/Top Soil, Debris Flow Deposits and Colluvium

Fine Clay Al\:/?r::sge Average Clay
Borehole | PEPth Soil Description Content (%) | Content (%) | .. ) Content (%)
(m) P.S. < P.S.< P < P.S.<
0.074 mm 0.005 mm 0.074 mm 0.005 mm
BH39 5.5 73 38
Sandy clayey SILT 63 25
BH13 3.1 53 12
BH39 3.5 | Estuarine/ 97 77
Marine
BH43 5.7 deposite clayey SILT/ 88 54
ity C 76 47
BH44 | 35 silty CLAY 52 28
BH13 8.2 68 30
BH43 3 19 12*
BH44 il 5 2 0
SAND 11 6
BH29 15 73% g
BHS8 8.2 52#2 34#2
BH14 1.5 Fill 59 28
Sandy clayey SILT 59 28
BH13 2.0% 97# 28"
BH23 15 49 28
Sandy SILT 49 28
BH36 1.5% 99#1 78
Total average for SILT 54 28
BH41 1.5 clayey SILT 72 32 72 32
BH16 | 15 | Residual | Silty clayey SILT 27 18 27 18
BH49 1.5 soil Sandy SILT 31 13* 31 13
Total average for Residual Soil 43 21
Debris
BH23 18.6 Flow Sandy SILT 34 10* 34 10
Deposit
Legend:

Clay Content < 13%
Ignored values for the following reasons:

L outlayer values compared to Alluvium Silt;
2 not representative of Sand for a conservative approach of liquefaction assessment
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Table B3 Fines and Clay Content Summary for Completely Decomposed Rocks

o I o i
0, 0,
Borehole D(enp]))th Type of Decomposed Rock | Soil Description Cor;te;nt((@) Cor;tesnt<( %) Content (%) | Content (%)
0.074mm | 0.005 mm P.S. < PS. <
' ' 0.074 mm 0.005 mm
BH22 11.7 72 13
BH22 237 CD Metasandstone 77 7
BH42 12.6 33 10
BHO02 24.3 . 42 16
BH22 | 86 CD Metasiltstone Clayey SILT 77 18 64 16
BH26 95.5 85 12
BH36 135 S 30 15
BH43 21.9 E CD Metamudstone 65 24
BH26 23.5 D 97 22
BH21 13.7 | CD Metasandstone Sty ey 56 25
BH20 12.2 M 47 15 58 18
i SILT
BH20 162 E CD Metasiltstone 7 15
BH21 248 | N | CD Metaconglomerate 65 14
BH32 | 241 | T 38 4
BH39 | 312 /Q 69 34
BH49 24.8 CD Metasiltstone 28 10
BHAL 55 Y Sandy SILT 3l 47 56 18
BH44 17.7 R 63 15
BH36 235 42 8
0
BH23 390 c CD Metamudstone 59 10
K Total average for SILT 60 17
BH20 20.2 48 10
BH32 61 CD Metasandstone Sandy SAND 29 B 39 11
BH21 29.9 HD Metaconglomerate 32 6
BH32 14.1 72 10
BH42 16.6 HD Metasiltstone GRAVEL 23 9 48 1
BH39 19.2 65 20
BH14 21.9 CD Metaandesite 93 17
BH08 15.3 96 27
BH15 5.7 54 15
BH29 | 166 CD Metatut 78 20
BH29 33.7 69 18
BH30 66 Clayey SILT 65 7 73 18
BH30 56.6 | CD Tuff 65 20
BH27 12.6 G 77 20
BH13 18.1 N CD Tuff breccia 58 11
BH49 16.8 E CD Rhyolite 81 24
(0] Sandy clayey
BH45 235 U CDG SILT 36 21 36 21
BH49 28.8 S CD Rhyolite 27 8
BH45 17.5 40 27
BH24 | 131 | R cbe 39 18
BH30 | 126 8 sandy SILT 63 14 53 16
BH30 80.6 69 17
BH27 | 246 | K CD Tuff 73 12
BH27 48.6 58 17
Total average for Sandy SILT/Sandy clayey SILT 5ill 17
BH24 17.1 CDG Sandy SAND 20 11 20 11
BH12 15 HD Tuff GRAVEL 28 8 28 8
BH23 59.2 Sandy clayey 59 30 59 30
BH23 64.3 CD Fault Breccia 39 12
BH23 217 Sandy SILT 70 15 55 14
Total average for CD Fault Breccia 56 19
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Appendix C

Plasticity Index Detailed Summary
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Table C1 Plasticity Index Summary for Alluvial Soils

283

Borehole Depth (m) Soil Description Pl (%) Average Pl (%)
BH21 4.6 21
BH29 4.6 40
BH44 8.6 35
BHO02 51 20
BHS8 11.3 27
BH43 9.7 Clay 34 26
BH30 85 16
BH45 1.5 21
BH24 7.1 30
BH30 7.5 19
BH49 3.5 24 ’1
BH30 9.5 9 21
BH42 215 18
BH22 55 20
BH21 6.6 24
BH36 85 19
BH13 122 Silt 12 16
BH42 55 17
BH29 10.6 19
BH32 5.0 15
BH43 11.7 13
BH43 16.8 12
BH23 115 Sand 8 8

UKS-TP5 2.8 Colluvium (Silt) 17 17

Table C2 Plasticity Index Summary for Estuarine/Marine deposits, Fill and Residual

Soil
Borehole Depth (m) Soil Description Pl (%) Average Pl (%)

BH39 5.5 19

BH39 35 . . . 31
Estuarine/Marine deposit 20

BH43 5.7 13

BH13 8.2 17

BH43 2.6 8
Fill 13

BH23 15 18

BH41 15 15
BH16 1.5 Residual soil 29 19

BH49 15 12
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Table C3 Plasticity Index Summary for In-situ Completely Decomposed Rocks

Borehole Depth (m) Soil Description Pl (%) Average Pl (%)
BH22 8.6 12
BH39 31.2 13
BH49 24.8 16
BH41 55 S CD Metasiltstone 30 17
E
BH32 24.1 D 12
BH20 10.2 | 26
BH20 12.2 M 12
E 17
BH43 21.9 N 16
CD Metamudstone 14
BH43 39.0 T 11
BH21 13.7 : 14
BH21 24.8 Y CD Metaconglomerate 14 13
BH21 29.9 12
BH22 11.7 10
CD Metasandstone 27
BH22 23.7 43
BH29 16.6 13
BH29 33.7 10
BH30 36.6 11
CD Tuff 11
BH27 10.8 | 14
BH30 18.6 G 7
BH30 126 N 10
E 15
BH49 16.8 o) 20
CD Rhyolite 14
BH49 28.8 U 8
BH45 235 S 14
BH45 175 20
CD Granite 21
BH24 13.1 22
BH24 17.1 27
BH23 59.2 26
BH23 64.3 CD Fault Breccia 14 17
BH23 21.7 11
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Appendix D

Topographical Sections
(data in enclosed CD)
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Appendix E

GEERRI Seismic Microzonation Assessment Report
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TR TAEERAVHE ~ SR EA R T E 2 BASEA TR (B Em NI T
T 27 R T AR LA S (ﬁﬁ_ﬁ PEFLMIE R B LR - REYNETT T 9 (EEH
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#5.1 shE TREMERAREERLSINR

Hole HK Grid E HK Grid N Ground Level Termination
(m) (m) (mPD) Depth (mPD)

BHO1 820 788.01 834 662.81 3.49 49.05
BH02 818 797.50 835 346.62 6.10 91.00
BHO08 814 731.24 826 550.68 4.81 28.86
BH12 814 545.68 829 101.75 22.83 7.45
BH13 815 228.54 828 606.03 4.60 31.89
BH14 815 878.90 829 623.70 9.76 42.88
BH15 814 736.30 830 479.68 28.55 16.97
BH16 815 248.43 830 122.68 15.89 15.95
BH20 817 186.69 833 269.83 6.56 29.02
BH21 816 742.75 834 053.95 11.50 38.61
BH22 817 639.96 833141.84 6.98 55.28
BH23 818 574.03 833 547.56 6.03 105.59
BH24 819 373.99 832 415.73 12.82 28.41
BH26 820 329.16 830 697.38 16.01 146.50
BH27 820 851.05 831 545.75 10.70 70.58
BH29 821 526.55 832 139.46 10.28 41.52
BH30 821 782.24 832 860.94 7.22 150.00
BH32 819 518.02 833 226.85 8.94 48.43
BH36 820 061.08 834 344.40 9.25 44.43
BH39 821 126.41 835 767.88 4.56 49.68
BH41 820 154.63 835 247.23 11.85 24.90
BH42 820 208.96 835 782.70 4.08 32.92
BH43 818 385.85 836 137.79 6.49 51.00
BH44 818 381.82 836 888.04 4.77 55.93
BH45 818 426.21 838 562.87 8.44 68.13
BH49 820 239.20 832 872.00 5.81 54.12
BH50 814 975.32 828 963.20 19.70 7.39
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*® 5.2 WETEMEGEBETSNR

Hole

HK Grid E (m)

HK Grid N (m)

Ground Level
(mPD)

Termination
Depth (mPD)

BH20A

817 186.72

833 264.73

6.57

35.75

BH21A

816 743.61

834 055.50

11.55

43.90

BH22A

817 648.10

833 140.55

6.86

50.16

BH26A

820 327.71

830 702.62

15.88

30.00

BH36A

820 056.39
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9.34

44.9

BH43A

818 379.00

836 139.15

6.17

57.30

BH44A

818 379.26

836 885.51

4.75

54.70

BH45A

818 423.83

838 563.74

8.35

49.26

BH49A

820 241.08

832 873.62

5.68

43.97

1137547 113°57" 114°00
gk T ST P
R N R o I B Y v I T YA . !
e
0 | 2 3 dkm 27y BHASK !
” ] P4y | 2
22 y | 22
291 A ! by
id I
o - - |
Vi I e mm b e m ey
1T G 2R AL 2 b L BHA44 :
s I
s |
P
L BHA3 4 ]
[
P
. BH424 BH39 i
7 Lk I it }
s
o BHO24 BH 4 |
.
ra |
A - BHOIx/ M
s o il BH3064 b :
b7 . )
e BH2 1 !
pd BH234 e !
e BH2OA BH3 24 Kl }
rd 1
e BH22 b BHAO% BH304 !
7 i BH244 !
s BH294 }
L 1l
/1’ FER - At l‘
L R BH2 T4 {
/ ) !
o , !
22 o~ gy M BH264 " jisbfy !
5 BH154 B o |
1
£t BH164 UV W |
y — TN
i BH 44 7
.'J
BHI2y LI (
1
BHS0 gH13 5
.
A4k -
il - S
1 1
I
i) "i \\‘-\)"
. | S
T I b 3
BHOS 4 !
fryn :
]
i
1
' )
g |
*(:f-,l } ]
"¢ :
i
i
_____________________________________________________________
113°54 113°57° 114°00°

[ 5.2 TRSEMETEELVEVERNSEE (ERERTESE)



442

5.2 B TRERE R4
5.2.1 M

TAEGEALFYHT eI > 74 ~ m ~ JE=Eg0aKEE > BNKEREEE » Jaa#d -
b5 B [ 5, (TIRE58.6°F- 77 23 B ) R ~ IUAE/ NP IR (ELFR LTS SR R P-4
HfE51.2° V5 N — BRI ER R N T g ) - #hB3AARaer S - J0(R -
ERIHH S BV R PSR > R EIRSE - RIS IS HIEGIRHE - 16 p EiH
TAREREER > (IBARE - Sl il mimra RS L CBHS83K) - FAlRS
Ry TR SR A 4 D00 R A LU - iR EOBHU 0K » A S 72 2E500850K §
EEE%@Z?MI:%B R P REE TR TP > B AE200K LT o HUZ EE AR /N
53-55) -

B 5.3 TRESEMSEERE KE TERAUER



443

ENES I NWES7EURERE AV
0 1 2 3 dkm

@

VLA 2055

R BURR ALR Gi

835000

830000

2300

SI0000 SISO 820000

& 54 TREFEMEE



444

113°54" 113°57' 114°00"

s/ DRI TR bl S Pl

0 1 2 3 4km

22: ..........................
22 e PO s PO s O P s -

LU AR AT 20 RE 1R 4L A ¥ 3 iz AR L X
Apl, OB SHUEX

55 TiEGEEMIE

52.2 At-Myikigkat

EEME EIREDKECE ~ DS B EEREN > KECEr BRI R > B
KiE (50%) KfEAE (35%) &MGIEEAEERR 85% - Hor itk & B (L & B R maLY
=z EESGMERBS - JUEFE - FURIRBEILILES © Jifa KEE S i
PR - EEEE R SILER T K Z A AE AR P TR = AR LSS P - ARIE 25
B E AR E TP RAR . FABAYHE TR RS A S0y K 17 {6
HhfGAARD 4 K ILEERE » 2% 5.3

VBRI ¢ A (2005 4F) ¢ (ERASIEIE Z 2 FSE) - B/ © BHRERHIRR L - ISBN 962-8872-68-0
BB SLEYE | “FRNEEREER (PDF) - EBE— BALRKEN > F3212H ) HEE &
T7E > HOEIEEE (2004 4F) « (FBARREHR) 25 24~30 | - &/ © =H#E)E - ISBN 962-04-2386-0 -


http://zh.wikipedia.org/wiki/Special:%E7%BD%91%E7%BB%9C%E4%B9%A6%E6%BA%90/9628872680
http://www.lcsd.gov.hk/CE/Museum/History/download/the_hk_story_exhibition_materials_c.pdf
http://zh.wikipedia.org/wiki/Special:%E7%BD%91%E7%BB%9C%E4%B9%A6%E6%BA%90/9620423860

445

%53 FHRMEMERDFIIR (BBl (FANMEEERER) )

R

Gt/ %

B/

ERECK)

ST

SERR(EEE)

Era Series/System Group/Formation Thickness (meters) Distributions/Environment Ages(Ma)
ATFHCESED 21 SRR
it SR ARR R 4R) 0-15 AR R LIRS A/ L TGd
(Holocene) colluvium/proluvium ] TR o
IO st gt .
H'm\'*?{'\u ll::lorm h SRR
o L FEREE B 10-36 FTAALRATLR A (SR LIRS
G é EEES% Shan Ha Tsuen Form RS
g S -
= (Upper Pleistocene) SR raa I
ﬁ = B PR ESGIAR) A RS MR
o Upper Chek Lap Kok Form. sl EERSAIRT 1.40-0.6
waLLEH(EE L) 17-30 EI 7 Lo VAL = AR N2
e Wong Kong Shan Form. ; R R
(Middle Pleistocene) B FEEE T ERCRE) . .
j 3 TS T s LU
Lower Chek Lap Kok Form. = ERRRT
THE=% SEER o P — :
(Eogers) Ping Chau Form 450 SIS L A E) (i 53-33.7
AR e e NN
>100 LR ~ IR - ERmERLTLL
Kat O Form o
EB=EHE
(Upper Cretaceous) Frmen X ) o 96-63
Port Isknd Form. >1200 Ao ~ A RS E SN
Sli4R A
Pat Sin Leng Form. >500 Al e i
AN K UESEE AR E » AKE - R
et Kau Sai Chau VolcanicGroup >1000 B 135-96
(Lower Cretaceous) ) i
BACE KU AR . =
£ '§ Repules Bay Voleanic Group oL ARG, ~ W | - TIRAUEER,
i
#+ FTHE&H AU KR ST
= (L.Cretaceous) Lantau Voleanic Group = NGB,
154-96
LfREEYE EEKI EEE 28~ FoK ~ SOERIAE
(U. Jurassic) Tsueng Wan Volcanic Group =300 TERA - LK - SVEIRIAS
R ARERG o
(L.&. M. Jurassic) Tai O Form. 800 KB
TH@E TuenI llf/lﬁsll::lnrm WLl UFFRERRE i e
@Lover Jurassic) T 0 [N ~ LI ~ SR R
Tolo Channel Form. SHAITTEN
o - 5 YNAH T
(L. & M. Permian) Centre Island Form. =100 R Y M
290-260
T84 RAliaE —om
) (Lower Permian) Tolo Harbour Form. 500 TSI
g
£ g SEFGIER CRTEEED 300-400 HEH - ROPEREEEN - ZENS
f‘lﬂ E TER® Lok Ma Chau Form. (San Tin Group) ~ SR - fEAAIFE B 355305
.I.] i (Lower Carboniterous) SR (B EERE) 0 T —
5- Yuen Long Form. (San Tin Group ) o - B
ot Nl FE
SEa Ma On Shan Form =300 ml
g 400
(Devonian) ETAER 300-600 Byl g sENEE Al
Bluff Head Form. s JERAIASIE A




446

[Ff - MRHE B RIEFRGR - BEKIEMEEEHERE - KIEEER
REECIE AR A B2 oy i - B a1 E R R AEcE (S AP asERcE
IUBENCE RSB EEE) R/ VBZUIENRSE  RASEEER Bt EE (1T
Fie ~ RS - BEaTRAEEEN SR S HENSMitEE » 1Tk
FESEAYILED « th ) e EE B o i IREBSCHIRD S ~ iphE ~ BEEE RO SRACHT AR
= AkEZE (B 56) -

EIUAEREB S » SSEHERG 47% L8 2 IR BE P
ALH  FRERBTIRR - SRR = » SPREFR AR 53 KM ES AL
5B OIVE il ~ BYEDREESF) AOW-LIE (SRS R SR LED - HL%) -

5.3 it + JIRMEREAIE

Sitts £ I ERVERE I E S e e it T EB R RBRRE - 1AL SRS R0E it LR
188N ) SO E S RAEEHY

5.3.1 EiE T SIEMAE

AR AU EN S E T SRS A - HEE 1 - & ssEb
wfEETEEAEE AsER > RS el - EEREWRPREEY T A st
e MR R B UBR R 5 > /KRR o sl

5.3.2 @BV EE Fo kB e e A HH R
5.3.2.1 JIFETTEKEENR

TR A R T L E N TR R AR SR [FRHLR S A
it SRR BB - A1 Bt TR RIS LAY [T » TR THE AL
Ty JEE BT VR R AR E R an @ R E - 45 it s L 3 i S £ 00 e BT V) R
LAY LR - R RN & m] SR BA Ut e A Bis LA (HERIEEA SRR 20K
Pt g oy ST AT RE NI EHRE - DU S Es S B AL 25 -

ARRHE TR/ E $EFLAY BV BN - BRABEFLE (PS Logging ~ Downhole
Seismic) 15 FLiA (Crosshole Seismic) HETTHIE - WAETT 77 22 (LAY EZEEINE
(MASW Tests) F1 61 BEavyirEARENNEL (Microtremor Tests) T.E » Ml B2
5.4-57¢



R0

X100

$2000)

ngffeenfe

/N DRI TR A7 b T ]

0 1 2 3 4kn

n
]

(e [med

VUAEDCG IR 200 5% A5 T AL e 4 )

£}

UG
2B

>

o5

N
20 4
7

WT

CEZID

5.6 TGt B

Lyy



*® 54 BV ENHRERR

448

BH Type Deepest Data (m) Shallowest Data (m) Date Logged

1 PS 45.7 3 14/12/2010
2 PS 88.11 7.64 08/11/2010
8 DH 28.5 1 05/11/2010
12 DH 6.8 1 25/08/2010
13 PS 28.42 3.91 09/11/2010
14 DH 6.5 1 29/09/2010
15 DH 16 1 08/08/2010
16 DH 15 1 19/08/2010
20 DH 28.8 0.8 29/07/2010
20A PS 33.3 3 09/12/2010
21 DH 38 1 23/08/2010
21A PS 44.1 3 12/07/2010
22 DH 55.3 0.3 29/07/2010
22A PS 30 3.7 16/11/2010
23 PS 101.5 4.5 11/09/2010
24 DH 28 1 23/08/2010
26 PS 89.4 3.9 28/08/2010
26A DH 30 1 03/12/2010
27 PS 66.8 35 21/07/2010
29 DH 41 1 24/08/2010
30 PS 145.6 25 17/07/2010
32 PS 44.7 3.7 22/07/2010
36 PS 40.5 2.97 29/09/2010
36 DH 40 1 04/11/2010
36 XH 40 1 04/11/2010
36A DH 44.5 1 10/10/2010
36A XH 44.5 1 04/11/2010
39 DH 49 1 22/09/2010
41 DH 24 1 19/08/2010
42 PS 29.4 6.3 12/07/2010
43 DH 50 1 21/08/2010
43A PS 47 3 10/12/2010
44 PS 51 2.5 12/08/2010
44A DH 54 1 03/12/2010
45 DH 57.5 0.5 24/07/2010
45A PS 49.8 3 15/12/2010
49 oYO 48.7 2.5 05/08/2010
49A DH 44 1 02/12/2010

50 DH 6.5 1 28/09/2010
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R 55 HMEFSEMETE/ NG

BHID Seismic Source
14 Accelerated Weight Drop
15 Accelerated Weight Drop/Sledgehammer
16 Sledgehammer
8 Accelerated Weight Drop
21 Sledgehammer
32 Accelerated Weight Drop
44 Accelerated Weight Drop/Sledgehammer
45 Accelerated Weight Drop
49 Accelerated Weight Drop/Sledgehammer
50 Accelerated Weight Drop
20 Accelerated Weight Drop
22 Accelerated Weight Drop
23 Accelerated Weight Drop
24 Accelerated Weight Drop
27 Accelerated Weight Drop
29 Sledgehammer
30 Sledgehammer
36 Accelerated Weight Drop/Sledgehammer
39 Sledgehammer
CP2(M55) Sledgehammer
CP1(M60) Sledgehammer
43A Sledgehammer

5322 &SR
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% 5.6 M1 5.7 > [@ 5.7 - 5.33 Jy S WA I FLAL T BT VLR RS A8 FE 0 o3 fffi Je TAZME R F
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Hep s Ve = HEEREIUNRE (ms)
do = FHEHE (m) -~ WAESEEEN 20 KHEEVIME
t = SOUD A 2 5 TR IR R
di = FIEAVERENS T TEER (m)
Vsi = STREFERENG I LAY (m/s)
n = *Z%VﬁIWiﬁm TIER

R T R 2 B TR Y 500 m/s H MRS &S AT
VIR RS A /NS 500 m/s 1Y+ Je TH I HYREREEREE © &3 5 KDL N FAERT DR HORY H
EEE eV 2.5 EHYLE > B+ RE TR s B VIR A/ NR
400 m/s B - m] it 22 % T RO TH IR BEREREE BT U ZROK Y 500 m/s Byfia ~ iESRAS
TEGEEE L © LETHKUIEEER)E - R MG - R RS e ik -

R TIEGHEEEEE - ERONHEEFEER > fKiE GB50011-2010 (EEEHTER

ﬁﬁﬁ>%%%ﬁﬁ’ﬁﬁ%%iﬁﬂﬁ%ﬁﬁ%mﬂm HEERAR 5.6 - R
5l it T SRR S R~ RS M+ o TSRS H Ry 111 -

® 5.6 BIUIRENEREIRR

FLIL BEERERE do(m) | SHRCHE Ve (MUs) it A A pecEe i nt = Wil
BHO1 28.99 222 FHER I
BH02 33.40 248 FHER I
BHO8 22.60 201 FHER I
BH12 2.50 200 FHER I
BH13 23.10 166 rhifi I
BH14 35.00 333 cphg Il
BH15 11.90 256 thfE I
BH16 7.19 350 cphg Il
BH20 20.20 208 R Il
BH21 28.80 280 rRRE I
BH22 39.90 203 R Il
BH23 21.70 309 rRRE I
BH24 19.85 301 g Il
BH26 60.60 270 thfE I
BH27 53.50 173 rhifi i
BH29 36.47 195 rhifi I
BH30 > 150 238 R 11
BH32 18.10 245 R Il
BH36 33.25 241 g Il
BH39 17.20 206 g Il
BH41 9.17 304 hfE I
BH42 15.20 255 hfE I
BH43 45.80 184 thifl I
BH44 47.10 219 thifi I
BH45 26.44 292 HRE I
BH49 34.50 252 HRE I
BH50 4.00 350 HRE I
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#5.7 HEAEARE EREARGERER

Freq. Period Freq. Period

No. (o) (H2) No. (o) (H2)
M01 3.00 0.33 M26 2.50 0.40
M02 3.10 0.32 M27 2.20 0.46
MO03 4.20 0.24 M28 2.90 0.35
M04 11.09 0.09 M29 2.50 0.40
MO05 2.20 0.46 M30 2.50 0.40
MO06 2.90 0.35 M31 1.80 0.56
MO7 6.89 0.15 M32 2.80 0.36
M08 2.40 0.42 M33 2.90 0.35
M09 6.29 0.16 M34 2.40 0.42
M10 2.00 0.50 M35 2.90 0.35
M11 5.99 0.17 M36 2.60 0.39
M12 28.27 0.04 M37 2.40 0.42
M13 2.30 0.44 M38 2.50 0.40
M14 3.90 0.26 M39 2.70 0.37
M15 6.69 0.15 M40 4.20 0.24
M16 4.20 0.24 M41 5.89 0.17
M17 2.40 0.42 M42 4.70 0.21
M18 2.50 0.40 M43 1.90 0.53
M19 3.60 0.28 M44 1.90 0.53
M20 2.30 0.44 M45 3.10 0.32
M21 2.20 0.46 M46 3.00 0.33
M22 2.30 0.44 M47 3.10 0.32
M23 3.30 0.30 M48 2.70 0.37
M24 3.20 0.31 M49 2.20 0.46
M25 2.30 0.44 M50 45.25 0.02
N Frequency (Hz) Period (sec)

> XIY Y/Z H/Z X/Y Y/Z H/Z
M51 51 5.2 5.1 0.20 0.19 0.20
M52 5.1 5.1 5.1 0.20 0.20 0.20
M53 3.5 3.2 3.5 0.29 0.31 0.29
M54 4.6 4.8 4.6 0.22 0.21 0.22
M55 5.0 5.0 5.0 0.20 0.20 0.20
M56 7.6 6.4 6.4 0.13 0.16 0.16
M57 18.1 134 134 0.06 0.07 0.70
M58 - - - - - -
M59 4.9 4.7 4.9 0.20 0.21 0.20
M60 5.3 6.8 53 0.19 0.15 0.19
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TRER |Fi/NXE Hiflgm 5 |BHOL EXPE (222. 320/s
THREH A [820788. 01 834662. 81 EEFLIREE |49.05m |tk |hint
PRI 8] KA |1.49 B |10
o [ e [ s e o | ) i
T | 5 | RE | B R EER R C ik PUY N63.5 | R[] ik B B 7
(m) (m) 1:300 m~—~m (m) (m/s) 500 1,000
> i 0.79 {200
Q" |1 |1.50]1.5 b sandy SILT, Firn 1.50 {200
'y r|sandy silty CLAY,Soft 2.49 200 2
Z 3.49 |200
4.49 {200 A
5.49 {200
5
2 17.005.5 62~ 650 |0 4o o0
3 [8.101/1.1 silty fine to coarse SAND 12 ’ ql
A —12___I3.49 |200 g
b clayey fine to coarse 8.2~ 8.50 9.49 |200
> 7 " 7| SAND, Loose 9 ) 1
y 10.2~10.50 10. 49 |200
' T 11,49 |210 II
Q™! — T |12.49 |220 12
12.27~12.50 13.49 |231 ).l
6 14
4 14.2~14.50(14.99 |243 I.l
. f - | fine to coarse SAND, Loose 6 16,49 261 1
5 |17.002 ¥ x 16.2~16.50| "[
///_//',’; sandy SILT, Soft to firm 3 17.99 |280 18
A, 18.2~18.50 l
P . 19.69 (301 )
S 20. 2~20. 50
6 122.005 BAAERAPA 5 22.10 [326 22
|+ k- == -~ IMETASILTSTONE (slightly 22.2%22.50
i+t v i sandy, clayey 53 95—93 5!
" STLT), Extremely weak. V 225725 Ma1.49 |66 24
ER P 25. 1~25. 40 2 —I
7 _127.005 — 27.00 |410 LI
8 |28 1d1.1 L= - |METASILTSTONE (Jionts are o8
.. .. .. ..|closely to medium 28.99 (462 I_
~ - - -~ | spaced), Moderately stong #
L4 - |moderately decomposed. III 29.43~29.7 3
- - --|(27.00~27. 30m weak, highly
9 132.104 -~ - - - ||decomposed) 32.10 |509 32| L
————| METASILTSTONE, weak, highly 34
10 134.702. 6 decomposed, IV (29. 33~ 34.70 590 L
o 1129, 78m, Extremely 3
. \weak, completely
“lldecomposed. V) .
- \ 37.99 |668 38
- |IMETASILTSTONE (Moderately
- ||strong to strong, slightly 4
decomposed), II (Jionts are
- +- -+ llclosely to medium spaced) ”
11 [42.507.8 [~ - - 12,50 |782 42
= -+ -+ - IMETASILTSTONE, Moderately
" | stong, moderately 44
: Ndecomposed. 1 (35. 25~35. 85m
“fland 37.46~38. 96m 4
—||completely decomposed, V)
Iy | . 48
-~ - - - |METASILTSTONE
12 149. 096. 55 (Strong, slightly 49. 05 {1000
decomposed), II (Jionts are
closely to medium spaced)
(44. 15~44. 42m completely
decomposed, V ;44. 42~44. 70m
and 45.00~45. 106m Weak
highly decomposed, IV)

VAR e, @—HUREALE
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TRER |Fil/hXX Hiflgms (BHO2 L |245. TTn/s
TREHM A (818797.50 835346. 62 LR (91.00m  |BpHhE2 [Pt
TR 7] faseAKAL (4. 00 R |1
ﬂFJ?ﬁ%%ﬂE st o PRI BT I )
KT | 5 | KB | B | HRE ER A0 N63. 5 | 7R BE| Pk BYYE B 7 B
(m) | (m) 1:500 m~m | (m) | (m/s)
500 1,000
J fine to coarse SAND(4.30~ ] 00 N
5.10m Meduim dense). 3 200 A
ml 13 é 588 4
0" 115,10 5.1 [R5 T Teli |
6. 20 1.1 s~ silty CLAY, Soft. m 7.1 200 |
LIU10.9 1.7~ .7~ )\clayey fine to coarse 14 0.1 280 8
G0 —7=7]|SAND, Loosed. 8.307, 8.60|™ 1
1 STty CLAY, Sof't. 1034710601575 |55 12
a bﬁ:: 0 13
Q %: }%% 5% f - ‘Saniy g?ﬁgtr?f 12.302;126 14.1 |280 14
Fx.. .|lsandy oLl = ——416.1 |280
2_16.303.2 o |lsilty CLAY, Soft. 15.40515. 70177y 1250 1
% 124015 siTty fine SAND, Mediun T 5055 17-8019.1 |28 19
19.401. 1 e e dense. 10. 5%1 19.8021.1 |98 2 LI
e fine to coarse SAND, Dense. 97.50~21. 8 22|
SRRV by e 05285 5 321 L
T —|lclayey fine to coarse 73.50~23.8 24
————||SAND (Dark grey). “lo0™™ 7255|351 2 L
=t - [METASILTSTONE (Sandy clayey |20-50725:8007 5 la7g N L
- HBILD), 29.5 (407 2 L
= ) 3
13 |31. 4012 - NETASILTSTONE, V. 314 438 |_I
— \METASTLTSTONE (Slightly N 32 i
~|\sandy, clayey SILT), V 33.4\470 34
| METASILTSTONE, IV. 3541506 3
: 37.4 |545 L
14 138.507. 1 ) 38 L
- I\{}ETASILTSTONE(Sandy SILT), 39.4 1587 4
15 |42. 504 - 42|
16 | 44. 001. - |[METASTLTSTONE, IV. 44 632 44
17 146.202.2 F———— METASILTSTONE (Jionts are 4
o dosely to medium spaced), N
18 148.682.48 [~ - - 48.68 (750 48
S METASILTSTONE(honts are |0 S
. llclosely to medium spaced), . . 52|
19 | 53. 404. 72 111 (48. 28 ~48. 68m FAULT 53.4 |750 54
20 |58. 304. 9 . I:TASILTSTONI: IV (48. 68~ 58
59 [750
21 160.402.1 - ETASILTSTONE(Slightly 60
N sandy SILT), 62
29 |65. 004. 6 “|METASILTSTONE, II (Jionts are 64
“|lclosely to medium spaced) 66|
237166.301.3 (58 30~59. 00m, IV) 68
|\ \METASILTSTONE IV. 7
- \METASILTSTONE V. 72
“_ | METASTLTSTONE (Sandy clayey 4
“[SILT), V (66.90~67. 70m, III). 4
7
70
24 |79.7013.4 8
- |METASILTSTONE, IV.
: 82
84
8
80
25 |91.0011.3 91 [1000 9

V=R
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TRAR |&FilhX L5 [BHOS SMIE (200. 62m/s
TREH S 814731, 24 826550. 68 HFLIRE |28.86m  |pHuER it
TR A FasEKAL (2.80 Bk |1
M| 2| MR | M| M N N FREE | R 89 o
KT | 5 | REE | B | HRE =LA N63.5 | R BE| Pk B T
(m | (m) | 1:200 n~m | (m | (m/s) 500 1,000
; Silty fine to medium SAND. 0.9 |200 .
2 200 2
1 12.602.6 p 22
/| Sandy SILT, FIRM. 2.70~ 3.00|3.1 |200 3
A
2 14.60 2 : 4.6 |200
: Angular coarse GRAVEL and 5
COBBLES 5.8 [200
Q" |3 16.20]1.6
Silty fine to medium 6.8 |180
SAND, Loose. 7 7
7.40~ 7.70 al
8.8 |180
9
9.40~ 9.70(9-8 |180 1 L
4 [11.305.1 1.3 [300 11
B Slightly sandy, silty 12
o™ .77 /| CLAY, Soft. 9 .
5 113.302 . // 12.50~12.80,3 5 |399 13 —
<o ~ e ZIMETATUFF (Slightly . 14
/° N @ // sand,)Clayey 11 14.3 1170 &
§ >~ 7 SILT), Extremely 14.50~14. 80, . IS
/° ~ ® ~ |weak, completely 15.3 1170 1
c"\\o °// decomposed. V o 16.3 1170 1
/04\\00// 16.50~16.80 ., | .0 17
P o «
~ \\o = 28 18.3 [170 18 -
PRI 18.50~18. 8 1
RN -
7o we o 20 |230 2
N 20.50~20. 8 21
o N o s 21.7 {230
9
6 122.409.1 [7= ~o~ 65 [22.6 |230 22
<4 2 ZIMETATUFF (Weak, highly 22.50~22. 8 23
7 123.791.35 F=—~"7 | decomposed), IV. 23.7 |230 A
< o /I\ETATUFF (Strong, slightly 24
° ™ ¢ 7 |decomposed), Il (Jionts are o5
7° ~e Zlelosely to medium spaced)
> ° 7 | (23.75~23.90m and 27. 65~ 5
Oc \oo Z127.75m moderately
= 0\ 0// strong, moderately 27
s decomposed, I1I)
L 28
7o we
8 128.865. 11 —~——— 28.85 1000

VbR E, @—HUREALE
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TEAK

AN XL

Hims

BH12

200. 00m/s

TR

814545. 68 829101. 75

BEFLIREE

7.45m

H K

it

WA ]

oz KL

Dry

RS

I

Wz |2
K5 |5

W2 | HuE |
RE | R FRE FEl WG E P
(m) | (m) | 1:50

PR
N63. 5
m~m

WA
R
m)

B
(m/s)

ml

.7 7| sandy SILT, firm

dl

¢ e o 2ol coarse GRAVEL, moderately
= @02 Istrong tuff

A=~ a-~2 TUFF BRECCIA, weak, highly
~a=-2 | decomposed. [V

4= 2=-2 TUFF BRECCIA, strong to
~a=2a | yery strong, slightly

4~ a~a| decomposed (5. 32~6. 30mJy
~eama | KAGIID . 1T

7.4514.95 | ~a—~a

2.5

7.45

200

200

1000

500

1,000

BN

oo oo

0

DNN

NN NN

DN w oo«

w W w w

DD oo

Aoe s s

0

J

BN

o)

o oo o

BN

o o0 o

DN N oo«

~N o~
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TRER | &/ XK #flgw's |BHI3 LB 166. 0Tn/s
T2 S |815228. 54 828606. 03 EEFLEREE |31.89m |t b L
TR [A] KL |2.30 ks |1
e |z e . . | Wi ) o
5 | = | REE | R | HRE MR R NG3. 5 | ¥ | P B T E T E
(m) | (m) | 1:200 m~m | (m) | (m/s) 500 1,000
: Sandy clayey SILT,Firm
(0. 00~0. 30m CONCRETE). 1 150 1
Q™ 2 150 2
1 13.103.1 X 3.1 |150 3
o+ .7+.’2| Sandy clayey SILT, Soft
277057 .| (dark grey). 8 4.1 1150 4
2 5102 et 430~ 460|515 5
I N . .
"7 |Slightly sandy, silty
77/ " | CLAY, Sof't. 6.1 150 6
e 5 7.1 |150 7
7.0~ 7.70|g | |i50 8
Qal 7 9.1 |150 9
9.40~ 9.70 0.2 |150 1
3 [11.3 7 24 11.3 |150 1
o 4”772 |Sandy clayey SILT,Firm IL40~11.70
247 (13.10~13. 85m subangular 12:3 |150 12
v, 7'’ |medium to coarse GRAVEL 13.1 [150 13
4 [13.850.55 |~z |and COBBLES). 13.85 [150 14
= | sandy, clayey 15
... |SILT), Extremely 15.85 (187 L
-~ - - |weak, completely 4 16 I_
T .| decomposed. V 16. 15~16. 48165 85 |212 17
= 18
i 18.6 |240 L
— 100 19
" 19.25~19. 5
5 120.506.65 - 20.5 |209 2 L
- | METASILTSTONE (Weak, highly 21
= | decomposed), IV. -
6 123.102.6 - 23.1 380 23
e e I\(ﬁETASILTSTONE 5
- o | (Strong, slightly 4
1 244013 .. .. ..ldecomposed), Il (Jionts are i
closely to closely spaced) 25
| METASILTSTONE (Strong to 26
very strong, slightly 27
- | decomposed), Il (Jionts are
8 |28 504 1 - Imedium to wedely spaced) 28
“—| METASILTSTONE 29
| (Strong, slightly
~| decomposed), I (Jionts are 3
closely to medium spaced) 31
9 131.893.39 31.89 |1000

VR E, @ — AL E
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TRAR (&N #iflgm's |BH14 P (332, 94m/s
TS |815878.90 829623. 70 HFLRE |42.88m (Mt |t
TR [A] FEAKALL |4.50 FHRE |1
wi [z el wn e o | Wi ) o
T |5 | R | R | AR ER R I Hu N63.5 | VRS Dk BYET i BT
(m) | (m) | 1:250 m~m | (m) | (m/s) 500 1,000
: Sandy clayey SILT, Firm. 1 200 1
2 200 2
Q™ 39 13 200 9
1 13.503.5 1 2.7~ 3.00 N
2 14.601.1 > silty fine to coarse SAND. 46 400 4
/o:/, ,7+.72|Sandy clayey SILT, Firm. 9 5
/o}o 5.80~ 6.10|6.6  |400 6
S, 7
AN 8
3 18.804.2 | o1 |66 |10 9
- .~ .7 Slightly sandy, clayey 8.90~ 9.20
22 SILT, Firm to soft. o8 400 1
1 Ry 34 -
Q° e 10.90~11.2 1
VA // /. 12
o 31 12.8 400 13 -
NS, 12.90~13. 2 ~
R 14
oy 3115|350 15
15. 706. 9 s 0, 14.90~15. 2
16.801. 1 re j." * ¢| Subangular medium to 1 16.8 1350 16
* * \L/\/ coarse GRAVEL. 16 90~17.2 ’ 17|
METAANDESTTE (S1ightly 8
NN sandy, clayey 18.8 (350 19
. %W |SILT), Extremely 19 )
weak, completely —_—
AN decomposed. V (16. 80~ 20.00~20. 3¢y, 350 21
W 129.90m, 1ight yellowish
LS| Prown, 29. 90~35. 00m, greyish 22
green) 56 23.1 |350 23
Y 23.10~23.4 .
VIV 91 25.1 |350 ;‘f
. [~
N 25.10~25. 4 i
NV 70 27.1 {350 2
E 27|
V N 27.10~27. 4 o
VAV 28
72 29.1 |350 Lo}
NV 20.10~29. 4 29
VAV AV 3
AVERS 31.5 (350 31
AV AV 62 32
\l/ \/ 32.20~32.5035 | 350 123
VAV AV 100 34
6 135.0018.2[.% « 31.20~34. 5035|350 35
RV Y METAAVDESI;PEf\l;i(ghly 36
decomposed), 36. 10~
NN N136 65m and 37. 15~ 37
7 |37.822.82 | ~.~ .~ |37.45m, Moderately 37.82 11000
v~ |stong, moderately
\\//\/\/ decomposed. III).
ST METAANDESITE (Jionts are
S very closely, 1)0ca11y
closely spaced), Moderately
8 [42.885.06 NV stong, moderately
decomposed. III

VRREALE, @ —HUREALE
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LA

R VNS

iR

BH15

255. 86m/s

TR

814736. 30 830479. 68

HHILIRE

16. 97m

Ziity 2%

it

TR 7]

R AKAL

5.10

Fy K5

11

Wz | =
5|

2
W
(m)

2
B
(m)

b
FEAR
1:150

E= TP

PRET
N63. 5

m~—~m

W) BT )
(m) | (m/s)

ml

1.50

7| Sandy SILT, Firm.

dl

2.60

| Slightly sandy, clayey

SILT, Firm.

9.70

7.1

METATUFF (Slightly
sand, Clayey
SILT), Extremely
weak, completely
decomposed. V

11.90

2. 2

METATUFF (Weak, highly

- decomposed), V.

16. 91

5. 07

METATUFF (Strong to very
strong, slightly
decomposed), Il (Jionts are

~ closely to medium spaced)

17

3.80~ 4.10|* 0

21
5.80~ 6.10

45

8.90~ 9.20

100
10.80~11.1

1.5 200

2.6 {200

5.55 (220

7.25 (280

9.7 330

11.9 |370

16. 97 | 1000

500

B BOE E T

1,000

N

w

N

[6)]

(o]

VR E, @ — AL E

[E5.13 BH1SFLHIE T4 SFEIRE
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TRER |THE/NXL g5 |BHLG6 SEME |350. 00m/s
TFEHh A [815248. 43 830122. 68 BHFLIRAE |15.95m (i3 |
W3R B 8] KA |7.60 SRR |10
| 2 | e gt | v o
RS |5 | RE | BE| HRE L IR N63. 5 | TR 5E| ik BTG 7 &
(m) | (m) 1:100 m~m | (m) | (m/s) 500 1,000
2.7 7. |Slighty clayey SILT, Soft
R 0.5
RN 1
R 1.39 |350
A 1.5
o 2
Q! e ) 25
NP 270~ 3700|289 [350 i
RIS 9]
SOt 3.5
146046 |0 """ o |16 |m0 | 45
74 ~ ¢ ZIMETATUFF (Sandy 4.70~ 5.00 .
° ™~ 2~ ISILT), Extremely 9
7 ® w2 7l yweak, completely 55
° ™ * 7 Idecomposed. V -~
N
RN 6
N
P 14 6.5
P A 6.70~ 7.00
- — e 7.19 (350 7
2 748288 Lo N o S 75
<o~ o /| METATUFF (Weak, highly '
® ~ ¢ 7 Idecomposed), IV (7.93~8. 23m 8|
7o ~e 7 '8.65~8.86m. 9.23~9.55m
° e L IRV, 8.5
Lo e S
[N 9
Lo e S
PN 9.5
Lo e S
RN 1
s o
Y 105
3 110.863.38 7o ~ =~ 10. 86 | 700
<o~ o Z[NETATUFF (Strong to very 11
° ™ ° 7 Istrong,slightly
i °\\ °// dgcomposed), Il (Jionts are 115
e windely spaced) 12
o N, o
St 12,5
RN
7o o 13
o N 0 S [~
Se e S 13.5
RN 14
Se e S
ERNE 145
Lo e S
PN 15
Lo e S
PN 15.5
4 115.9595.09 [£¢ ~°~ 15. 95 |1000

VRREALE, @ —HUREALE
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TRAR (&N #iflgm's |BH20 P 208, 420/s
THEH A |817186.69 833269. 83 HiALEE (29.02m R [t
TR [A] KA |1.00 FHRE |1
|2 e | s e o | Wi ) i
T |5 | R | R | AR ER R I Hu N63.5 | VRS Dk BYET i BT
(m) | (m) | 1:200 m~m | (m) | (m/s) 500 1,000
™ 77 Sandy CLAY, Soft, Ti#k20cm Ay )
< & (Cconcrete) 1 200 1]
1 12.002 . 2 200 2
~“|Clayey fine to coarse
| SAND, Loose 8 |3 220 3
Q! 2 ]4.00p . R PR P2 4
Sandy cla SILT, Fi
andy clayey irm 5 506|220 5
5.20~ 5.50 6.06 |220 6
3 [7.1013.1 7.1 ]220 7 _
— — — — |METASILTSTONE (sandy clayey o
— — — — |SILT witn some fine to 19 8.1 170 9
— & — — |medium gravel of quartz 8.30~ 8.60|¢ 1 |70
—— — —|vein, SHEAR ZONE).Extremely : 9
— — — — |weak, completely
— — — — | decomposed. V 1011170 1
_ 24 11.2 |170 11
:*: —= LA~ o |17 |
4 113.306.2 ———— 36 13.3 {200 13
— + — — |METASILTSTONE (sandy clayey 13.40~13.7 14
— — — —[SILT). Extremely 14.3 1200 i
— — — — |weak, completely 5
— — — —|decomposed. V (13. 30~ 43 1.2 1200 1 ]
E—— 20m, reddish browm;16. 20 15.40~15. 70,65 |97 16
—— — — | ~20.20m, greyish green)
[ 42 )17.56 |270 &
—F—— 17.40~17. 7 18
———- 60 19. 06 |270 19
5 120.206.9 [==—— 19:40719. %0 5 a0 2
METASANDSTONE (silty fine
sand with occasional fine 69 21
¥ gravel) V ZLA0~2LT0,, o |oo 22
23
6 |23.893.69 23.89 (550 4
— — — — |METASILTSTONE (interlayered a
—— — — |with fine sandstone). Il 25
—— — — | (24.10~24. 30m, 25. 20%:}:11
— — — —925.85m. 26.30~26. 60mAyH1X 26
7 126.602. 71 |— — — — | {p A Filb )
- = = 27|
——— | METASILTSTONE, Moderately 28
—— | stong, moderately 4
8 129.022.42 decomposed. [l (with some 29. 02 {1000 29
voids, FAULT ZONE)

VRREALE, @ —HUREALE
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TRER | &/ XK Hiflgms |BH21 LB 280. 4Tn/s
TFEHh R |816742. 75 834053. 95 EEFLIRE 138.61m [ mEE LR i@ L
TR [A] KA |1.20 ks |1
s |2 1w [z s e w5 [y T
K5 | = | REE | R | HRE MR R NG3. 5 | ¥ | P B T E T E
m | (m) | 1:250 m~m | m | (n/s) 500 1,000
l : firm, sandy SILT 1
Q 1 |1.501.5 > 1.5 |220
7 _~,|Slightly sandy, slity 2
g -~ ~|CLAY, Sof't. 3 220 3
// - 8 1
A 3.80~ 4.10(4.6 {220 A
Q¥ o 5
2 15.70 4.2 AR 25 5.7 [220 6
o %7772 | Sandy clayey SILT,Firm. 5.80~ 6.10|g 7 |299 ,
SO . 7
3 [7.70 2 RRIRs: 12 7.7 |240 . L
¢ 4 © © = METACONGLOMERATE (Sandy 7.80~ 8.10 9
° @ @ 2 lclayey SILT), Extremely 9
¢ ¢ @ ° ¢ weak, completely 10 270 1
° ® ¢ ° |decomposed. V (7. 70~ 20
° 9 © ¢ ©20.80m, light yellowish T en—11 T, . 11
°’e © ° | hrowm: 20. 80~28. 80m, greyish 10- 801110115 1300 12 |'|
22 = % green) 13 12.8 {320 13 L
e % o o o 12.90~13.2
) 14.35 |350 14
3 i o & o 27 15
ove o o 14.90~15. 2
PR — 15.9 |350 16 L
© o o o 13 17
o4 o o o 16.90~17. 2017. 45 |400
P 18
2o o - o 25 19
els o o 18.90~19. 2019.5 (400 I
oo o o o 2
e e 16 20.8 [400
PRI 50,90~ 21. % 21
s o o o 22
o0 o o o 41
e o o 22, 90~23. 20233 |400 23
o0 o o o 24
000000000 25
v o o 15 : 25.9 |400 26
s d o o o 26. 00~26. 3
o o O O 27
R S — 8
4 128.8021.1 [+ « - 28.00~28.3028 8 (400 29 L
° 2 © ¢ ¢ METACONGLOMERATE (RECOVERED
°° ® ¢ |AS SILTY ANGULAI FINE TO 3
° o o o/ EDIUM GRAVEL) (Weak, highly 3
¢ ¢ ¢ ¢ |decomposed), IV.
L 32
5 133.280.48 [no s s 33.28 |60 33
-+ - | METASILTSTONE 34
| (Strong, sl)ight%y 35
| decomposed), I (Jionts are )
6 135.902.62 PEPa— closely to medium spaced) 36
22 % | METACONGLOMERATE (Jionts ol
—— 5 |are closely to medium 38
7 138.612.71 spaced), Moderately 38.61 |1000
stong, moderately
decomposed. III

VR E, @ — AL E
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TRER | &/ XK HWflgw's |BH22 LB 202, 93m/s
TFEHL A [817639. 96 833141. 84 HiFLEE |55.28m  |FHitR [t
TR [R] fasEKAL |1.35  [FHekH |1
S |2 | | | R ‘ FREC | ) 9 N
5 | = | REE | R | HKE MR R NG3. 5 | ¥ | P B T E T E
= 0.78 [170
ol 1 1.50 1.5 S?l’ldy clayey SILT, Soft to L5 170
« 2 1260101 |~ =« firm(0. 00~0. 30m CONCRETE) 5 26 |200 2|
247 -0 -2 \Silty fine to coarse SAND 2.70~ 3.00(3.5 {200 .
al 3 13.8810.9 ’: * ° ' “NSandy clayey SILT, Soft 4 4.6 1200 N
Q O Silty fine to coarse SAND 4.70~ 5.00/5-5 200 6
P - 8 6.6 200
b [7.50[2.9 [-¥ 7|Slightly sandy,very clayey |gz5—7g5|7.5 |20t
——  \SILT, Soft 56 |60 8l .
L METASILTSTONE, Extremely 10 9.48 |169 ll
T " |weak, completely 9.70~10.00]10. 78 |177 1
s " | decomposed. V (7. 50~ 11.78 1190
—"18.60m, red, soft, clayey 16 128 |200 12
T SILT,S.' 60~12. 80m, light 12.90~13.2013.78 |211 .
—————|yellowish 14
T —| browm, Firm, clayey SV E ?8 géi I'L
L SILT;12.80~16.80m, light 14.90~15. 201o. 16
- grey, Stiff, clayey L 17.08 (246 l
e SILT; 16.80~19. 70m, light 16.90~17. 2 18
= grey, Very stiff, clayey 54 18.8 1260
B SILT;19. 70~33. 90m, light 18.90~19. 2019, 98 | 260 2
.- greyish browm, Stiff, very 35 i
Y “|clayey SILT:33.90~ 20.90~21. 2021. 48 | 260 2
- - == | 41.90m, light grey, Stiff to 37 22.98 |260 4
k- -+ - |very stiff, clayey SILT) 22.90~23. 2 24
LI 30 24. 88 (260 B
— 24.90~25. 2
— 36 |26.8 |260 26
| ~
Vo 26.90~27. 2 95, 48 260 28
L. 46 29.9 (219 3 I._
s 30. 00~30. 3030.9 (240 L
s 46 31.9 |240 32
g 32.00~32.3 L
'.'.'. 58 [33.9 |270 34
{ 34.00~34. 3 L
- 39 35.9 [300 36
L. 36. 00~36. 3
.. 57 37.9 {360 38
i 37.90~38. 2 I_
s 64 39.9 [450 4
ke 40. 00~40. 3/
6 141.9034.4 - L 79 42
sov- -|Vein of QUARTZ, Extremely 42.00~42.30 |
7 143.651.75 — closely irregularly 43.65 550 44
fractured, recovered as
clayey silty angular fine 46
to coarse gravel of
“||moderately strong QUARTZ (J&& 18
8 148.675.02 #B15cmAy AL A 9L KT N
— 5
-+ |METASILTSTONE, Moderately
9 |52.533.86 - |Strong to very 52
strong, slightly
decomposed, Il (Jionts are 54
10 | 55.282. 75 closely to medium spaced). 55. 28 {800
METASILTSTONE, ITI (48. 67~
49. 00m, 50.22~51.00m, V,
49. 00~49. 70m, IV) .
METASTLTSTONE (jiont). II
(Jionts are medium to
windely spaced).
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THREWR | HFHB/NXE LS |BH23 LU |309. 40m/s
TFEHh /R [818574. 03 833547. 56 EEFLYREE 1105.59m pHE L3k |hiE L
AR RAKR 180 BH |1
W2 | 2| U2 || s . B PR MR By i
KT |5 | HEE | B | HRE Ee R L E b N63. 5 | | Pk BY) o E 7
(m) | (m) 1:600 m~m | (m) | (m/s) 500 1,000
nl 2| Sandy SILT, Firm 1 1.75 |250
Q" |1 13.503.5 X _ 2709, 3.00| 130|330
2 [5.502 T~ © - 4Slity fine to coarse ——=———15.50 |260 5
%o+ \SAND, medium dense 4.70%0 5. 00 7.48 |270
bxoL |\ 6.7073 7-00|"
3 19.50 14 4| Fine SAND, very dense 37057 9.00 9.50 (291 1
? 10. 664, & - 3/ Sandy SILT, Stiff W 11.50 (314
al 13- 807 "1 " "lFine to coarse SAND, Very 12 70~13. 0013 50 339
Q 7 |16 65 1 R \dense g V15,00 | 366 15
. . 16. 60 |387
//3/ P \Slity fine SAND, Very dense 15. 8Qg-16. 1 18.60 |411 IL‘
s |20, 6d4 f Sandy SILT, Very stiff 17. 8077 18. 1 )
- " N\Sandy SILT, Very stiff 19~805;20~1 21. 70 444
9 12L70L1 s a~2|Subangular fine to medium 2. 9 5. 2
10 | 25.704 ~ &~ IIGRAVEL of strong quartz =0 2195, 43 (500 25
vein, DEBRIS FLOW DEPOSIT 24.90-25.2
26.801. 1 [a-a-a ’ —100___l2g 80 |550
~la~a |METASANDSTONE/METASILTSTON |27 90~28.2 3
£~ A~s|E(FAULT ZONE). Extremely 100 [31.80 |550
~da—~ . |lweak, completely 31. 9y 32. 20 B
A4 4~ s|decomposed. V 32.00~34, 30° 1 80 [590 35
A 100 53 |5
Ao | [(QUARTZ VEIN). 37.00:537.3 3753 1550
“U 937 a9 g0 (550
~da -2 | METASANDSTONE/METASTLTSTON 39. 10;5-39. 4 4
A4 s~ E(FAULT ZONE). V (27. 10~ I To<4L 4
eih~ees | 27.20m QUARTZ VEIN) 43.53 1550
A A 100 45.80 |550 45
A s 46. 200 46. 5
12 [49.0022.2 | ., . 18.20~18.5049. 83 {550
3150.101.1 [a~—a—as (QUARTZ VEIN). 51.60 {550 5
A M]%TASANDSTON)E/ME?ASILTSTON ’
— - E(FAULT ZONE). V (50. 60m _
47 277 Clast TUFF;50. 80~50. 94m 55.60 |550 55
TUFF matrix;54. 10~56. 20m
14 |59. 389. 28 |“ ™ < ™2 QUARTZ VEIN) 59.38 |550 6
A A e
15 162.302.92 | _ u.. Slightly silty CLAY(FAULT 62. 30 |550
6 163. 200. A~ a~|\BRECCIA) V 65. 20 [550 65
17 167.404.2 | ~=""* ||(QUARTZ VEIN). 67. 40 |550
- \METASANDSTONE/METASTLTSTON
18 | 70. 403 e A\E(FAULT ZONE). V 79 71.03 {550 7
19 173.503.1 [ .-Ya-cn \(QUARTZ VEIN). 71.60~T71.90-, o0 1550
39 |74.0809.5 [~ |\METASANDSTONE/METASILTSTON 82 75
2+ 2 —~||E(FAULT ZONE). V 76. 1y 76. 4477 03 [550
—~42 =2 Il (QUARTZ VEIN). 78. 1Q-78. 4 0. 63 |550 3
AT 24 Slightly sandy, silty 80. 175°80. 4
A‘T s CLAY, Firm. 82. 100 82. 4 2173 550
— A . 5
34— |METASANDSTONE/METASILTSTON |84 1fgy84. 4 85
A4 a-on E(FAULT ZONE). V 86. 16386, 40 o |
s 88.10~88.40 " °|° 9
LA 45 -
A s 92, 107-92. 4 92. 83 |550
A A A 94 10—04 4 g
29 196.4020. 4 | =520 9410944996 40 |550 95
1l I .
237197.501. 1 ”H HH Ig’fgggiﬂiég‘gé‘;ts are 99. 00 | 1000
[ [ | MARBLE, II (Jionts are
T 1 closely to medium spaced)
24 1105. 58. 09
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TRER |THE/NXL g5 |BH24 SEME (301, 05m/s
T2 A [819373.99 832415. 73 LR (28 41m it Pt
W3R B 8] /KA |1.90 SRR |10
Pz | 2 e || e PR | MR By T
RS |5 | R | B HRE L IR N63. 5 | TR 5E| ik BTG 7 &
(m) | (m) 1:150 m~m | (m) | (m/s) 500 1,000
J| Sandy SILT, Firm.
1.02 [200 1
Q" 2,02 [200 2
1 13.103.1 : 3.1 |200 3
Tl / Clayey fine to coarse SAND
2 42011 ¥ 000 9 | 4
4o [Silty fine SAND, Loose 1.30~ 4.60|% 52 |200
—— 5
3 6200 | o sz g
/V// Sandy CLAY, Firm 6.30~ 6.60
4 17.1010.9 VA 7.1 ]200 7
c e~ e I (Clayey fine to coarse _I
a5 18.2001.1 P 2 | SAND, " 8
Q /V// Sandy CLAY, Firm 8.30~ 8.60 |
6 19.1010.9 VW "/ 9.1 |300 9 -
= -2 9§Silty fine to coarse SAND
7 110.200.1 .o .0 -, 15 1
; /// Sandy CLAY, Firm 10. 30~10. 6
8 111.100.9 [/~ 11.1 |380 11 =
T T 0 /1Silty clayey fine
© . [|SAND, Medium dense y 12
/ 12.30~12. 6
9 [13.102 S 13.1 |450 13 E
+ + +|GRANITE, (sandy SILT with
+ + |some fine gravel of 14,
+ + +|quartz).Extremely 33
W+ + |yeak, completely 14.30~14. 6 o
+++++ decomposed. V 15
+ + +
+ + 44 16.32 (480 16
+ +++ 16. 30~16. 6
17
10 |17.504.4 |+ + *+
+ 4+ +|GRANITE(silty fine to SAND 18
P with s3>me fine to medium 43
gravel). Extremely 18.30~18. 6
+++++ weak, completely 19
11]19.850.35 | + + |decomposed- V s |
+_|_+++ GRANITE, Weak, highly
+ + +|decomposed, IV (20. 00m~ 21
+ 4+ |20.33m. 20.60m~21. 18m,
Tk 21. 63~21. 85m AL AL, V) 2
12 122.762.91 | V. 22.76 [800 . L
+ + +[GRANITE, Strong, slightly 23
+ + |decomposed, Il (Jionts are
+++ +|very closely to closely 24
i +++ spaced, 23. 46~23. 90mJy H1 R,
1J£IH) .
+ + 25
Tt
Tt 26
+ + +
+ + 2
+ + +
+ + 28
13 128.415.65 |+ 1+ 1 28. 41 {1000

VRREALE, @ —HUREALE

B5.19 BH2AFME TRELFESHRE




465

TRER | &/ XK #flgm's |BH26 LM |270. 36m/s
T2 R [820329. 16 830697. 38 HFLEE |146.50m |tk |+
TR [A] BEKAL |1.90 bo75: e A
w2 |2 | || . } e | T
KT |5 | HEE | B | HRE Ee R L E b NG3. 5 | ¥ | P B T E T E
(m | (m | 1:800 m~m | (m | (w/s) 200 400 600 800
il 200 12 XOOGC Sandy SILT, Firm ig? ;gg L
M 5 51013t | Silty fine to medium m ) 5
= = 4\SAND, Loose. S T Zi g% g%g
al % %@i//// Silty fine to medium M 11. 30 |280 1
Q ~F o . 4|SAND, Loose. 10. 505 10.8 14 29 1280
6 116.605.3 |° *° °llSilty CLAY,Very soft 13.50;-13. 89167 60 | 280 15 —
— b — —|lSand CLAY, Soft 16.70317.0019. 01 |400
[y gy (A A a . 18. 7G4+ 19. 00, , 2
—T—— Silty I"1r}e to coarse 20, 700021 0022 01 |00
—1———||SAND, medium dense 2278223, 0025. 01 | 400 25
— L — — | METAMUDSTONR (Clayey 24. 76225 00,0 1 {400
— & — _|SILT), Extremely mﬁ ’ 3
— — — |weak, completely 30 76310 31.01 400
— = — — | decomposed. V (38. 60~39. 50m 370034- 01 400
— — —|and 42.60~43.50m and 44. 60 0037 o1 1400 35
— = — — | ~46. 60m, RHYOLITE DYKE. V). 00
— - — — ~0440- 01 400 4
:lt:: .0043. 01 |400
[y —— :84&01 400 45
—= == 1549. 01 [400 5
:t:: :g52A01 400
_t__ 285501 400 55
7 leo6du [FE== 60 100 6
. N E— . 0(60. Lo
sV~ I RHYOLITE DYKE, Extremely -0063. 60 |530
9 g% 28421 i’ = |weak, completely 00 j 65|
. N decomposed. V (Very 5. 0066. 60 530
% R stift, slightly > '8 69. 21 |530 7
}f > |lsandy, clayey SILT) —71- 90 |530
10 |74.608 [P~ = -0074. 70 |530 75
b - |IMETASILTSTONE, Weak, highly 5.0077.10 [530
e decomposed, IV -0 20,70 1530 8
- |RHYOLITE, Extremely
.. .. .. ||weak, completely 84.51 (530 85
11 [86.6012 [~ - ||decomposed. V (Slightly 86.70 |530
e e s \sandy,claycy SILT) s 89. 40 530 9
~ ¥ - \NETASILTSTONE, Veak, highly  |83-AR288-93 01 530 o
o =t - lldecomposed, [V N E
= 96.91 |530
- .- -~ - |METASILTSTONE (Slightly
12 1100.604 Sand)y,clayoy . 100. 76(530 10
= w0 S| SILT), Extremely ___ 5% -
~¥ s¢ |weak, completely 102. 76~103, 894. 26530 105
13 | 108. 68 ~<1 ¢ 3¢||decomposed. V (87. 80~ 105. 80~106.108. 01|530
: 88. 30m, RHYOLTTE DYKE. V). 1
14 | 111.68 . 111. 60530
— — _ _|RHYOLITE DYKE, Extremely 116. 011750 115
— — _— _|lweak, completely
— _ _ _||decomposed. V (Slightly 12
— _— — _||sandy, clayey SILT) 121. 601750
— ; 125
—— — _|\F D 126. 01750
5 12,3001 FE= TSI o :
16 [131.70 — — — — |METAMUDSTONR, Weak, highly 131. 01}750
— — — — |ldecomposed, IV 135
- J|
==~ | METAMUDSTONR, Extremely 136. 51750
—_— — _||lweak, completely 14
— _— _ _||decomposed. V 141. 50/ 750
17 | 146. 504. 8 [————| METAMUDSTONR, Weak, highly 146. 50750 145
decomposed, [V
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TRAR (&N #iflgm's |BH2T P 172, 69m/s
TFEHE A (820851. 05 831545. 75 HiFLEE |70.56m  |FHtR [t
TR [A] FEAKALL |4.89 kR |
MR | [ | . - BB ) o
KT |5 | HKE | BE | HRE FeRRa LAk ibu N63. 5 | ¥ | P EIR7IN 3y Q=g
(m | (m | 1:450 m~m | (m) | (n/s) 500 1,000
ol |1 [1.50[1.5 [-~"-%-7|Sandy SILT,Firm 150 [150 .
N 2, | silty fine SAND, Loose. o420 | 180 ‘
2 |4.603.1 | 0 "Oog‘gg 150 4
al |3 |g.6012 [ #a |Fine to coarse SAND, Medium 170 e 6o |180 6
q P /T 7 \dense. 5807, 6-1017 760 180 o
4 19.703.1 V/*-|SLightly sandy, clayey 805 SO R (150 |
57 <5 \SILT, Firm 5.80~10.10|10- 80 |153 1
N : . O
° 5@ 7 |TUFF (Slightly sandy, clayey |—d2——l15"50 |158 12
~ 4 ~ o AISILT), Extremely SO 913,50 | 161 .
® |~ * 7 |weak, completely 13,8014, 1014 60 |164 14
< ~ e 7l decomposed. V (9. 70~14. 60m 20 {(5) 28 {% 16
e © 7 |reddish browm 14.60~28.60m |15. 805161077 0 173
Se N s ish yellow) T esrea L 18
e srevishy 780181 18:18 |14 9
= 35 190,10 [182
e 19.80~20. 1021, 10 | 185 2
i 3T (22710 |188 22
74 we s 21.80~22. 1023. 10 {192
° w0 s __ 40 124.10 |195 24
NG 23. 8%~24A 1025. 10 |199
v — ol 196110 |202 26
IR 25-805726. 1957 50 | 206 .
5 [28.6018.9 [ =~ 57,8028, 1028- 60 |212 28 \
<o ~¢ ZITUFF(Slightly sandy, silty ___ 40 30,20 |216 3
e b e~ |CLAY), Extremely 29.80-30. 1031 20 |22 |I
6 |32.604 P& ~=-weak, completely T 80321032 60 226 32
7o ~ o ~|decomposed. V (FAUT ZONE) T 537 134,00 |232 34
T o 33.80~34. L )
7 135.703.1 o TUFF (Sandy clayey = 8;236 : 35 78 328 36
o \o = SILT), Extremely 490. 80596 1037. 1 6 o
— é\ — weak, completely 37.80~38. 1038. 70 {252 38
— "7 lldecomposed. V 60 40.00 |259 4
I @ 7 39.80~40. 10,1 50 |9
PR Y 34 50 266 .
PN TUFF (Sandy SILT),Extremely T 80~1Z 1043, 20 |273 42
7 - | Weak, completely A T : 24
- ‘v\ . 7 decomposed. V 43. 8%;441 45. 20 281 7
i SN 5. 80~146. 1047. 20 |292 46 |I
o\ e/ 84 48
N 47.80~48. 1049. 00 [303 © I_|
o e 98 5
NV 19,5950, 1051. 00 (363 I_I
100 9
N —_— 52
IR 51. 955552. 2353, 50 (428 o) |__|
o T o « — Q4
8 156.7020 o 5T a5 70 526 | L
<4 ~° 7| TUFF, Weak, highly 55. 80~56. | o6
° > @~ |decomposed, IV (56. 90~57. 75m 58. 70 631 58
7o ~e Zhand 59.95~60. 35m, 11;59. 02
9 61.395. 62 /OA\\O ,‘// ~59.42m and 61. 12~61. 32m, 61.32 |807 6 |_
* : Y V). ’ 62
10 | 63.001. 68
Lo Ne s TUFF (Jionts are closely to 64
o N ® .
e e medium spaced), Moderately 66
e ||strong, Moderatly
s o ||[decomposed. III 68
11 [70.567.56 L&~ © -7 TUFF (Jionts are closely to 70. 56 | 1000 7
medium
spaced), Strong, slightly
decomposed, I (65. 35~
66. 20m, I11) .
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TRER | &/ XK #flgm's |BH29 LB |194.51n/s
TR A [821526. 55 832139. 46 HiFLEE |41.52m  |FHtR [t
TR [A] KL (2.15 ks |1
s 2w [ s j j gt | v o
K5 | = | REE | R | HRE MR R NG3. 5 | ¥ | P B T E T E
(m) | (m) | 1:250 m~m | (m) | (m/s) 500 1,000
: Silty fine to coarse SAND 1
le 1.53 [200
2l
1 12.60 p 8 2.6 |200 N
7| Sandy silty CLAY,Firm 2.70~ 3.00|3 58 {200 3
2 _14.60 4.6 200 4
Silty CLAY,Stiff o 56 |20 5
3 16.60 |2 5.80~ 6.1016.6 (200 ;;
n LT GRS DN S e [ | o
Q /v N\t 7.80~ 8.10|g 7 |170 ;
°° : » 31 9.7 [170
e Slightly sandy, SILT TR0 T0 1
R 10.78 |170 1
5 |11.704 e 35 1.7 {170 1
6 112.600.9 | 4772 |Sandy clayey 11.80~12. 10126 |170 L
7o ~ v |SILT, moderately strong o 13
o~ e/ ||tuff 60 |13.68 200 14
P IR 13.80~14. 1014. 48 | 200 N
| Crystal TUFF(Slightly 15
7« ~ | sandy, clayey 47 15.7 [200 18
<+ =~ |SILT), Extremely 15.80~16. 1016.7 |200
7« ~ < ~|weak, completely 17
>~ o ~ |decomposed. V 49 17.7 1200 18 L
74 e 17.80~18. 1015 7 |230 ©
o N 0 S 19
7o ~o/ 47 |19.7 230
T 19.80~20. 1050 7 939 2
RN ’ 21
e s 29 [21.7 |230 .
R 21.80~22. 1 22
o e 23 230 23
Lo e S 735 A
o e s 23.80~24. 1024. 38 |190 24
/0°\\o°// a7 |25.58 |190 25
S e s 25.80~26. 1 26
PR 21 |190 27
SN e S 39 ol
NN 27.80~28. 1098 g3 | 295 9
Se e S 29
o 59 29. 88 |225
73 o7 29.80~30. 1 3
o N o 31 225 31
7 31.7019.1 7= ~ =~ 47 )
74 o 7| METATUFF (slightly 31.80~32. 1 32
° ~ ° -~ |sandy, clayeye 33.38 325 33
< e~ 7ISTLT), Extremely 34
8 |34.863. 16 | Veak completely 34.86 | 325 i
o o\ decomposed. V 35
e . 36
9 36. 471 61 ——= \ETATUFF (Jionts are very 36. 47 1325 a7
P closely to closely
== 7| spaced), Moderately 8
=+~ ||strong, Moderatly 39
~ 5 || decomposed. II1(35. 66~
e (36, 12m, IV) 4
BN . 41
— 41.52 1000
10 At 05 METATUFF (Jionts are medium K
to windely
spaced), Strong, slightly
decomposed, 1l

VR E, @ — AL E

[E5.22 BH29FLHIE TRE4FSFEIRE




468

TRAR (&N #iflgmS |BH30 P 237, 96m/s
TR [821782. 24 832860. 94 iFLEE 150, 00m FH+K [dhigt
TR [A] FEAKALL (245 kR |
s |2 w2 | s j - B | 9 -
T |5 | R | R | AR A R N63.5 | LR JE| Bk BYET i BT
(m | (m) | 1:800 m~m | m | (n/s) 100 200 300 400
ml PR :
———>—=\Sandy SILT(TOP SOIL),Firm 6 :
N % thi 38 }3? /(/// Sandy CLAY, Soft 2.708233.00 |1 : 5
o [ 88889 707 Silty fine SAND, Medium RTERAT |
o 604 7/// dense 8.702819.00|11.02 |225 1
b 12. <L Sandy_CLAY, Stiff 10. 7711 0912.6 |24 ]
§: 14. 602 - v Slightly sandy, clayey 13. 8006 14. 1016, 22 | 296 15
BRI 74 ASTLT, Stirf 15.800016. 1015 72 1334 —I_I
NE > 17.800018.10, " |} 2
74 = |Crystal TUFF(Slightly 19. 80~20. 1021 22 |387 L
o~ o -~ |lsandy SILT), Extremely 24.22 |449 i T
/o o /||weak, completely 2792 |450. 00 25
o ~. o - |ldecomposed. V ’ o
e o S 30. 22 |450. 00 3
s o [ et T ST el |
S o S ap o
——>=|of tuff breccia, FAULT 36.22.1450.00 =9
~ o = ~|[LONE), V 39.22|450.00 |
o N @ 42. 22 1450. 00
9 143.7010 >~ <~ ~7|Crystal TUFF(Slightly 15, 22 1450, 00 o
7 e ~° Zllsandy SILT), Extremely : o 45
/" ™ @ 7 llweak, completely 48. 22 [450. 00
oo\:°// decomposed. V 51.22 |450.00 | O
72 ~° Zlcrystal TUFF (Very 54.22 1450. 00 55
/" \\" // stiff, slightly 57.22 [450. 00
° > ° Zlisandy, clayey o
/° > ® 7 ISTLT), Extremely ?0' 22 1450.00 6
oo\\o‘)// weak, completely 63.22 |450. 00
> s | [decomposed. V 66.22 |450.00 | 69
LN 69. 22 |450. 00 7
2= o7 Crystal TUFF (Very 72.22 |450. 00
o™ @ 7 I stiff, slightly
10 | 76.6032. 9 |2~ sandy, clayey SILT) 75.22 1450.00 75
& x| (coarse), Extremely 78. 22 |450. 00
o~ | Weak, completely 81.22 |450. 00 8
A At decomposed. V 8422 |450. 00
11 185.709.1 [ ~a~a ’ o 85
<o ~°/|Crystal TUFF(Sandy SILT 87.22 |450.00
° ~ 2~ lwith occasional fine to 90. 22 450. 00 9
7@~ Zimedium gravel, FAULT .
o~ 27 IIZONE), Extremely 93. 22 145000 o5
7~ 2 Zlweak, completely 96. 22 |450. 00 N
° ™ ° 7 |ldecomposed. V 99. 22 |450. 00
e s e S 10
o~ o 102. 22/450. 00
7o wo | Crystal TUFF(Slightly 105.22450.00 | 105
+ ~ <« - |sandy, clayey o N
~ o ~ o /|SILT), Extremely 108. 22450. 00
v~ o | weak, complete%y 111.29450.00 | 11
<+ ~ v /| decomposed. V (85. 70~
"= | 100. 60m, LIght grey;100. 60~ 114.29450.00 4y 1
<9~ 71133, 70m, LIght yellowish 117. 22450. 00
e~ =/ |brown;133.70~150.00m, LIght 120. 22/450. 00 | 12
~ e« ~¢ 7 grey, Sandy SILT)
o~ @ s 123. 22/450. 00
Se e s 126. 2245000 | 125
o N @ S
e 129.22/150.00 | |
o N o 132. 22/450. 00
7 e ar o
8 \\o // 135. 22450.00 | 135
7o o 138. 22/450. 00
RN 141. 22450. 00 | 14
AN 144. 22/450. 00
e N e/ ’ ’ 145
7o e 147. 22/150. 00 N
12 [150.064.3 | >~~~ 150 [450.00 | 15
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TRAR (&N #iflgm'S |BH32 P 244 86m/s
THEH A |819518. 02 833226. 85 HiFLEE |48.43m  |FHtR [dhirt
TR [A] FEAKALL |2.90 FHRE |1
wi [z el wn e o | Wi ) i
T |5 | R | R | AR ER R I Hu N63.5 | VRS Dk BYET i BT
m m : m~m m m/s
(m) | m | 1:300 (m) | (m/s) 500 1,000
’| Sandy SILT, Firm 1 250
2.14 {250 yi
le 1 3.00 13 ) 3.24 (250
9 14.3011.3 ¢| Coarse GRAVEL 19 4
lSandy SILT, Firm 4.30~ 4.60/5  |250
3 15.0000.7 | Sandy SILT,Firm to stiff 30 __|6.14 190 6
al f 6.20~ 6.50|7 9 190
Q 8.2 [190 8
4 19.20 4.2 . 61 9.2 190
- | METASILTSTONE (sandy 9.30~ 9.60 14 44 {190 1
SILT), Extremely 31 1L 44 |218
* | weak, letel 11 30~11.60 - )
5 12,1029 ek comlete s i |
96
- 13.64 (277
| METASILTSTONE (recovered as  |13-30~13.6 14
- .. - .- |sandy angular fine to 100 ac I_
6 116.104 INE - gedium grgv?\}), Weak, highly  |15.30~15.60!> 74 |320 16
ecomposed,
61
7 |18.102 i METASANDSTONE (silty fine 17.30~17.6018. 1 [411 18
= \SAND),Eeremely 100
+————|\weak, completely 19.30~19. 6 2
— —||decomposed. V 100 20.94 |545
| METASILTSTONE (sandy SILT 21307216 22
B |with some angular fine to 100 23.3 1550
i ~|medium gravel), Extremely 23.30~23. 6 24
- - -- .- |weak, completely 100
b - | decomposed. V 95.30~25. 6 26
100 27.3 |550
T 27.30~27. 6 28
82 29.3 [550
29.30~29. 6 3
3")
8 133.2015. 1 33.3 [550
< < 3<|RHYOLITE DYKE (sandy SILT 34
%4 %¢ |with some 'dngl).ll'dl" fine to
~< ¢ w¢|medium gravel), Extremely 35. 74 |550
9 {36.102.9 .. .. |weak, completely 36
10 |37.701. 6 I \decomposed. A 37.7 550 .
A A A 38
A A |METASILTSTONE (sandy SILT
MNoA A |with some angular fine Al
A A |gravel), Extremely
A A A ||lweak, completely
11 142. 044. 34 e econposed. V 42
- META)SILTSTONE(joints,FAULT 44
- -+ -+ -+ |ZONE), Moderately
12 {45.933.89 [-- -- - - strong, moderately 46
- ||decomposed. I
13 |48.432.5 " |\METASTLTSTONE, Weak, highly 18.43 | 1000 48
decomposed, IV (42. 04~42. 80m
« 44.10~44. 50m, V).
METASILTSTONE (Jionts are
very closely
spaced), Moderately weak to
moderately
strong, moderately
decomposed. III
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TRER | &/ XK #flgm's |BH36 FRPGE |240. 950/
TFEH /5 [820061. 08 834344. 40 EEFLEREE |44.43m |t b L
TR [A] KA |1.40 ks |1
e |z e . . | e o
K5 | = | REE | R | HRE MR R NG3. 5 | ¥ | P B T E T E
(m) | (m) | 1:250 m~m | (m) | (m/s) 500 1,000
;| Sandy SILT, Firm 1
le 1.50 {220
2l
1 12.602.6 [x > 9 2.60 (220 ’; L
2 13.50l0.9 |4 "7 |Slightly sandy clayey 270~ 3.00|3.50 |250 3
oo \SILT, Soft 4
o : 1 1.50 [250
Qal 3 15500 XL Sandy clayey SILT,Firm 170~ 500|550 |50 5
.77~ Sandy SILT, Firm s les0 |20 6
4 175002 |00 6.70~ 7.00|7.50 |250 L
— — — — |METAMUDSTONE (slightly 29 8
— — — — |sandy clayey ———19.00 |[210
Y — —|SILT), Extremely 8.70~9.00 19
== = = |weak, completely ; 10.50 (210
_ _ _ _ . . 37 .
——= decomposed. V 0,701,001, 50 | 210 11
—— 34 12.50 [210 12 L
_ L — 12.70~13. 0013, 50 {270 13
—— 42 14.50 [270 14
J — 14.70~15. 0015. 50 |270 15
5 116.609.1 [———— 56 |16.60 |270 16
— & — —[METAMUDSTONE (sandy 16.70~17.00,, 0 970 1
—— — —|SILT), Extremely 18]
— — — — | weak, completely 68 18.70 |270 19
—+ — — | decomposed. V 18.70~19.0 N
—— —— 2
- = = 72 20.70 {270 L
—F — — 20.70~21. 0 21
—_—— == 22,
- = = 100 22.70 350 ol
J E— 22.70~23.0 23
e 24
- — = 69 . .
— - — — 52.70~25. 01 25.00 350 25
— 26.20 {350 26
e 95
6 127.5010.9 |== == 26.70~27. 0027, 50 |350 27
— — — — [METAMUDSTONE (sandy STLT o 8
—— — —|with some fine to medium 57 7050 429- 00 350
—© — —|gravel), Extremely 28.70~29.0 ;9
— — — — |weak, completely _
————|decomposed. V (27. 50~ 307(;1% 30.60\350 31 ]
— = — —130.60m, Light yellowish : : .
— — — — | brown; 30. 60~35. 27m, Greyish 7 3
———| sveen) 32.70~33.0(33. 25 |400 33 S
- == 34
- — — 98
7 35.297. 77 [ —— 34. 70~35. 0035. 27 {600 35
— — — — |METAMUDSTONE (Joints are 36
— — — — |medium to widely, locally 37
—— — —|closely spaced), Strong to
— — — — |very strong, slightly 38|
— — — — | decomposed, I (34.65~37. 70m nl
—— — =], 38.10~38. 50m, 38.85~ e
—— — —139.10m, 11D 4
—— — — 41
== == 42
— 43
8 144.439.16 ———— 44. 43 11000 44
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TRER | &/ XK #iflgm's |BH3Y9 LB |205. 62m/s
TFEHh /R [821126. 41 835767. 88 EEFLIRE 49.68m [ mEE LI L
TR [A] e AKAL ks |1
s |2 1w [z s e | e T
5 | = | REE | R | HRE MR R NG3. 5 | ¥ | P B T E T E
(m) | (m) | 1:300 m~m | (m) | (m/s) 500 1,000
J| Sandy SILT, Firm 0.86 |200
Q" 1.76 {200 .
1 12.50 2.5 4 2.5 {200 4
472 |Sandy clayey SILT, Soft 2,70~ 3.00| 3 26 1200 )
T 7 |48 |200 i
KSR 4.70~5.00|5 76 |200
2 16.604.1 |oo'mre 3 6.6 |200 6
V.7 2" | Sandy SILT, Soft 6.70~ 7.00|7.46 |200
A 8.26 |200 8
S0 9 |200 |
al 3 19.70 3.1 [.~.7.7." 28 9.7 |170 1
Q 4 110.600.9 |: 4~ " |Medium to coarse 9.80~10.10{10.6 [170
5 |11.701.1 |~ " ~\SNAD, Dense 1.7 170 1
6 112.801.1 |™ " ° Fine SNAD, Dense 36 12.8 |170 L
7 _[13.700.9 |1 -- -)Slity fine to medium 12.80~13.1013.7 |270 )
T TC T||SNAD, Dense 14
- - . 15. 26 (270
N \Sllty fine SNAD, Dense 100 16
- - “|Medium to coarse 16.02~16.32,, o |
8 |17.203.5 2 L] GRAVEL, Dense 17.2 {270 y
| NETASILTSTONE, Weak, highly 00 N
| decomposed, IV 19.40~19. 7090 4 |600 2
— 22.4 (600 22
_— 24.4 (600 24
. 26
9 128.3011.1 F—= 64 28.3 |600 28
b - | METASILTSTONE (Sandy 28. 40~28. 7
s SILT), Extremely 66 3
* | weak, completely N An—an
10 131.202.9 ~—=— decomposed. V (Yellowish 50. 407307 31. 76 |600 N
- —||\brown) 100 32
= \ 32.40~32. 7
- | METASTLTSTONE (Sandy 34
SILT), Extremely
11 136. 205 " | weak, completely 36.2 |600 36
“\decomposed. V (Dark grey) h
- METASTLTSTONE,(Weak,high]y 38
-+ | decomposed, IV (36. 20~36. 85m
12 139.603.4 = i'ﬂLI—'J?ngCI,I(I‘]oints are closjiléy 4
. d ;37.95~38. 25mA
13 | 41. 602 Ryt " 42
11143.201.6 & —METASILTSTONE (Joints are )
15 | 44. 641. 44 very closelyc to closely 44
. “Ispaced), Moderately strong
to strong, moderately 46
=lldecomposed. II1(40. 78~41. 09m
VES A 48
16 149. 685. 04 = = METASTLTSTONE, Weak, highly 49. 68 11000
decomposed, IV
QUARTZ VEIN(Very closely
fractured), . [I[(43. 71~
43. 86m. 44. 16~44. 44m, V)
QUARTZ VEIN(Joints are
very closelyc to closely
spaced), II
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TRAR (&N #ifLgm's |BH4L &SP 303, 86m/s
THEH A |820154. 63 835247. 23 HFLRE (24.90m  ZHtF [+
TR [8] fasEKAL |11.50  [FHekH |10
wi [z el wn e | vy o
5 | = | REE | JERE | HRE B LERR N63. 5 | ¥ | P EIR7IN 3y Q=g
(m) | (m) | 1:150 m~m | (m) | (m/s) 500 1,000
’| Sandy SILT, Firm
le 1
1 [1.50/1.5 : 1.5 [240
|1Slightly sandy, clayey 2
SILT, Firm "
2.70~ 3.00|3.15 |240 3
1
QL
2 14.60]3.1 . 20 4.6 |240 L
- | METASTLTSTONE (sandy 4.70~ 5.00 5
| SILT), Extremely
* | weak, completely A
| decomposed. V °
28
= = 6.70~ 7.00 7
3 |7.502.9 F——"——= 7.5 |415
=+ - -+ - IMETASILTSTONE (sandy SILT 8
*|with some fine
- | gravel), Extremely __100
4 19.17 [1.67 |-+ - - |yeak, completely 8.70~ 9.0019 17 |415 9 =
~- -+ -+ -~ \decomposed. V
: 1
| METASTLTSTONE (Joints are
closely spaced), Moderately 11
| strong, moderately
~| decomposed. I (11. 50~11.97m 11.85 |500
NERMV) 12
13
5 [14.004. 83 F——— 13.85 {500 1
~ - - - |METASILTSTONE, Weak, highly
- | decomposed, IV c
. 15
6 |15.6591.65 : : 15. 85 |500
- IMETASILTSTONE (Joints are 16
*|very closely to closely
spaced), Moderately 17
- |strong, moderately
7 |18 ot 40 [t decomposed. III 17. 85 1500 18
AA AAA METASILTSTONE (FAULT
NOAA ZONE), Weak, highly 19
decomposed, IV
AA 19.85 |500
AN A 2
ACA
AN A
ATA 21
8 121.803.73 [A A A 21.8 [500 .
- -+ =+ - |METASILTSTONE (Joints are 22
very closely to closely
spaced), Moderately 23
strong, moderately
~| decomposed. 11 (22. 38~22. 52m 24
| NERKY) 7
9 124.903.1 [---- - - 24.9 1000
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TRER | &/ XK HWiflgw's |BH42 BRPGE |254. T6n/s
T2 /5 [820208. 96 835782. 70 EEFLEREE |32.90m |t |t
TR [A] KA |1.20 ks |1
i |2 i g s j } gt | v T
5 | = | REE | R | HRE MR R NG3. 5 | ¥ | P B T E T E
(m) | (m) | 1:200 m~m | (m) | (m/s)
500 1,000
: Slightly sandy clayey .
ml : o 3 0.88 {200
STLT, Firm (Ti#30cm/yie 1
Q 1.50 1.5 | Coonerete) B 1.5 {200
: 2.18 |200 2
Slightly sandy clayey 3 9.88 200
9 |3.500p | SILT, Soft 270~ 3.00|, o |y00 3
1Slightly sandy clayey 4
SILT, Firm 26 4.78 |210 .
3 15.502 g 470~ 50015 5 1210 N
Q™! ~[Sandy SILT, Firm 6
15
o7 00/6-98 |210 7
8.18 |210 8
9
4 19.70 4.2 18 9.7 [210 L
: * [METASILTSTONE (Slightly 9.80~10. 10 1
- | sandy clayey 11
: *|SILT), Extremely )
L ~ | weak, completely _ 31 |18 |400 12 =
=¥ decomposed. V 11.80~12. 1
TR 13
- e 100
1. 138014 1 14
5 14. 604. 9 ] 13.80~14. 1
=+ | METASILTSTONE (Sandy 15.2 {460 15 L
| SILT), Extremely
| weak, complet\;}l(y 16
" | decomposed, 16. 60~ _
17. 60m, IV) 17.2 {580 17 =
18
19
2
21.2 |650 21 —
22,
23
6 |23.609 .
23.9 (850 p L
A A A METASILTSTONE (FAULT ZONE) 24
AN joints are closely to c
A A A |medium spaced), Moderately 25
& A |weak to Moderately 26
A A A strong, moderately
A A |decomposed. HI(W.:FBOcmjﬂE 27
MA A RERIV)
FANN 28
AN A
AA 29
AN A
A A 3
AN A
AA 31
A A A 32
AA
7 132.909.3 |a w 32.92 11000
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TRAR (&N #iflgm's |BH43 P 184, 0Tn/s
THEH &S |818385.85 836137.79 HiALEE |51.00m  FHER [t
TR [A] KA (1. 10 FHRE |1
w2 [ ] e | vy .
K5 | = | REE | JERE | HR A B LERR N63. 5 | ¥ | P EIR7IN 3y Q=g
(m) | (m) | 1:300 m~m | (m) | (m/s) 500 1,000
J|Fine to coarse SAND (0. 00~ 0.75 1130
1.50m Light yellow;1.50~ L i o
1 12.6012.6 2.60m Light yellow brown) 2.6 130 4
Q" |2 [3.70011 5o S 10 |3es |1
L <\Silty CLAY,Soft 10 |599 |1 4
3 14.600.9 XW( Fine to medium SAND, Medium 3.807 4.10)4.74 1130
4 |5.70 1.1 dense 5.7 130 L
. 7/ - 9 6.7 |175 6 I_
Q" |5 |7.708 "4/ |Mediun_to coarse SAND 6.90~ 7.20|7.7 175
z // Silty CLAY, Soft 8.7 |230 8
/|Silty CLAY, Firm(7.70~9.70m |—13 _|"  |™
/(// Greyish whiteLight;9. 70~ 8.90~ 9.2019.7 230 1
g // 11.70m Light yellow) 17 10.7 |230
6 |11.704 ¥ / 10.90~11.2011.7 |230 12
7 112.801.1 |-~-.7.";|Slightly sandy SILT, Firm 43 12.8 [230
al <ot o Sty clayey fine to 12.90~13.2013.8 |230 14
Q 8 |14.802 o7+ -2 coarse SAND, Dense 14.8 230 B
9 115.901.1 = - < -~ Sandy fine to coarse 70 15.9 {230 16
.} 7+ -7 \GRAVEL, Dense 16. 00~ 16. 3
17.5 230
Lo Sandy SILT, Very dense 67 18
10 [18.802.9 [ 4.7~ .~ 18.00~18.3018.8 {230
11119.9d1.1 |7 /|silty fine to medium SAND 19.9 (230 2 L
— — — — | METAMUDSTONE (Slightly 56
— = — — |sandy clayey SILT, 23. 00~ 91 10~21_ 4
— — — —125.00m With gravei of 2110 . 21-4021. 99 | 300 22
— — — — | QUARTZ VEIN 46
—+ — — | fragments), Extremely 23.10~23. 4023. 99 300 24
— — — — |weak, completely 50
—F——| decomposed. A% 25, 10~25. 4025. 99 |300 2
Ep——— 59
= — — 27.10~27. 4027. 99 |300 28
pp— 58
——— 29. 10~29. 4029. 99 300 3
—— — = 55
- — = 31.10~31.4031. 99 300 32
Ep— 80
— 33.10~33. 4033. 99 300 34
12 [35.0015. 1 [~ — — — 80
— — — | METAMUDSTONE (sandy 35. 10~35. 4035. 99 300 36
— — — —|SILT), Extremely 100
— = — — |weak, completely EvET YT ;
—— — —|decomposed. V 37 10737.4037..99 | 300 38
: : : : 39.99 {300 4
p— 11.99 [300 42
: : : : 43.99 {400 44
13 [45.8010.8 ——— 45.8 |400 48
— — — — [METAMUDSTONE (Jionts are
—— — —|very closely to closely
— — — — | spaced), [I[(46. 30~46. 70m 48
14 149.203.4 |=—— — — and 47.70~48. 00m
. .- -- - | CONGLOMERATE;47. 00~47. 20m 5
15 151.001.8 - \QUARTZ VEIN) 51.00 1000
METASILTSTONE (Jionts are
medium spaced), II (49. 85~
50. 15m CONGLOMERATE)
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TRER | &/ XK Hiflgm's |BH44 LM |219. 08m/s
T2 /5 |818381. 82 836888. 04 EEFLRE |55.93m |t bt
TR [A] BEKAL |1.40 bo75: e A
W2 | 2| U2 || s . B PR MR By i
R |5 | HEE | B | HRE Ee R L E b NG3. 5 | ¥ | P B T E T E
(m) | (m) 1:300 m~m | (m) | (m/s) 500 1,000
; Silty fine SAND;0.00~0. 10m 0.77 |160
l ASPHALT 1.5 160 5
Q 3 2.5 |160 2
1 13.503.5 2.70~ 3.00(3.5 [160
Silty CLAY, Very soft 4.5 |160 4
4 5.5 |160
m [ S—
Q 5.80~ 6.10/6.6 |160 6
2 17.70 4.2 21 7.7 |180 o
Slightly sandy, silty 7.80~ 8.10(8.7 |180 ©
CLAY, Firm 18 9.7 |200 L
9.80~10.10(10.7 |280 1
. 1311704 - .
Q ‘|Silty fine SAND, Dense 11.80~12.1012.6 |280 4
; (12.60~13.70m Silty fine 30
4 114.602.9 to coarse SAND) 13.80~14. 1014.6 |280 14
5 |15.701.1 Sandy CLAY, Firm 15.7 280 16 L
* | METASILTSTONE, Extremely 19 o
- ~|weak, completely 16.90~17.2017-4 |360 .
S | decomposed. V (15. 70~ 18
S 23.70m, SUTT, slightly — 6L |18.9 |360
| sandy SILT;23. 70~ 18.90719-20 1 laco 2
———| 24. 80m, Dark yellowish 38 ’
i —|brown, IV;24. 80~46. 42m, Very  [20.90~21.2 .
. stiff) 1 22.57 |360 22
b 22.90~23. 2 2
T 63 24.8 |360
i 24.90~25. 2
— 26.3 |360 26
- 26.90~27.2 28
- 49 28.8 |360
k- 28.90~29. 2 3
— 73 309|360
R 30.90~31.2 32
s 44 32.9 (360
- 32.90~33.2 34
73 34.9 |360 i
34.90~35. 2
36
36.9 |360
90 qQl
38.00~38.3038. 9 |360 38
- 88 4
v 40.00~40.3040. 9 (360
. 97 42
g 42.00~42.3042.9 |360
o y
44.9 {360
6 | 46.4930. T4 ‘ 46
- o+ | METASILTSTONE (Jionts are 47.1 1360
~ |very closely to closely 48
" | spaced), II1 (46. 42~47. 10mIV)
7 149.753.33 5
— — — — | METAMUDSTONE, I1I (50. 00~
— — — —150.20m, 51.25~51.450m.
—— — —52.30~ 52
— — — — | 52. 55m, CONGLOMERATE, 53. 44~
—— — —|53.74, V) 54
8 [54.704.95 [— — — —
9 155.931.23 ~| METASILTSTONE (Jionts are 55.93 | 1000
very closely spaced), II
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TRER |THE/NXL #ifL9m'S |BH45 P 292, 130/s
TFEHE A (818426. 21 838562. 87 HFLRE (68, 13m Mt [t
TR [A] KL |4.81 FHRE |1
S | | ) N o BB |0 By o
R |5 R | R & ER R I Hu N63.5 | VRS Dk BYET i BT
m) | (m) m~m | m | (n/s) 500 1,000
Al |1 [1.50]15 ~-=|Sandy SILT,Firm 1.5 |250 .
A 2 [2.601.1 /| Sandy CLAY, Firm 18 |26 (250
350 10, 9 -ASandy SILT, Firm 270 3.00)3:5 200 4
| Clayey fine to coarse 4.70~ 5.00 :
SAND, Very firm T R 6
a1 4 17.50 14 i i 6.70~ 7.00|7-5 |20 o L
Q L Sandy CLAY, Very stiff . 7051 ool [s2s .
71
5 11. 504 10. 70~11.0011.5 {325 12
Silty fine to coarse 54
6 |13.502 2| SAND, Very dense 12.70~13.0413-5 |325 14
7 115.00L.5 Grained GRANITE (Sand TG
y 14.70~15. 0015. 94 |325
clayey SILT), V 16
Grained GRANITE (Sandy 18.25 (325 18
SILT), V
20. 44 |325 2
8 122.607.6 22.44 [367 22 —||_|
Grained GRANITE (Sandy
clayey SILT), V 24441410 24 “l
26. 44 458 26 =
28.44 |512 28
9 130.608 ; 3 |_
Grained GRANITE (Sandy 31411572 >
SILT), V
10 | 35. 004. 4 3144|675 34 —
Grained GRANITE (Sandy 36
11 136.601.6 clayey SILT), V
q I Ql
12 1 38.551.95 Grained GRANITE (Sandy 38.55 |797 38
clayey SILT), IV (37.50~ 4
37. 80m, I, 38. 20~38. 55m, V)
Grained GRANITE(Jionts are 42
closely to medium spaced), 44
11 (42. 29~42.59m, V, 47. 30~
47.60m, IV) 46)
13 147.609. 05 47.60 {1000
Grained GRANITE (FAULT
ZONE?47.60~47. 90m. 49. 00~
14 |51.303. 7 50. 40m, 50.60~51.10m, V?).
vV
15 |54.202.9 Grained GRANITE (Jionts a§e
closely to medium spaced),
16 156. 011 81 111 (52. 21~52. 55m )93 KAL)
. Grained GRANITE, IV (53. 33~
17 |59. 303. 29 55. 68m. 55. 81~56. 01m, V)
Grained GRANITE (Jionts are
18 |61.802.5 closely spaced), III
Grained GRANITE, IV (60. 57~
61.45m. 61.55~61.66m, V)
19 166.404. 6 + Grained GRANIT])E(IIIiI(()nts are
closely spaced), 63. 92~
20 |68.131.73 61 1om V)
Grained GRANITE, IV (66. 53~
66. 82m. 67.02~67.32m, V)
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TRAR (&N #hiflgm's |BH49 P (251, 95m/s
T2 R [820239. 20 832872. 00 HILEE |54 12n AR bR+
TR [A] KL |0.90 FHRE |1
wi [z el wn e o | Wi ) o
5 | = | REE | JERE | HK A B LERR N63. 5 | ¥ | P EIR7IN 3y Q=g
m | (m | 1:350 m~m | (m) | (/s) 500 1,000
’| Sandy SILT, Firm L6l lozo
Q" 1 2.51 (230 2
1 13.503.5 : 2.70~3.00(3.5 |230 ;
7 2| Sandy CLAY, Firm 10 3
2 [5.5012 /4//// 170~ 500> 11 |20
e / Clayey fine SAND, Dense 34 6.81 |230 6
3 |7.502 ) 6.70~ 7.00 o
- fx ~|Fine to coarse SNAD, Very 8.31 1230 )
u S % | dense 52 9.81 (230 1
q 4 |11.203.7 |4 9-8010-10) 1) 51 230
5 112.801.6 / / Clayey fine to medium SNAD 35 13,01 |230 12
4" Sandy CLAY, Stiff, 12.90~13.2014. 11 |230 14
14.800. 9 '/* / Medium to coarse SNAD 15. 11 |230 )
8 115.901.1 T e Clayey fine to coarse SNAD TR 002316 5 15.9 1230 16
7 7L, | RHYOLTTE (Firm to g (1T 400 ]
7. . |stiff, Slightly 18.00~18. 3018. 81 |400 18
7 7% 75 sandy, clayey 99
>f 7% |SILT), Extremely 22 120.31 |400 2 —
547 3 ¥ weak, completely 20.00~20. 3021, 11 (230
9 |22.356.45 | ¢ >< |decomposed. V o552 35 230 22
Tt ettt ’ 2 “123.5 (230 .
- |METASILTSTONE (Sandy SILT  |37.00~24.3024.81 |230 24
.. .. .. |with some angular fine to 100 25.81 (230 26
~§. .- .. |medium gravel), Extremely 26.00~26. 3097 11 |230
10 | 27.905. 55 [~ - | weak, completely 12 |21.9 |230 28
Sl 52 32 decomposed. V 28.00~28.3 9
AN 29. 61 |230
11 129.902 L e . - 3
S SE 3 RH\OI)MITE(Stlff, Sandy 100
b s |SILT), Extremely 31.00~31.30,,, .
... . |\weak, completely 32.31 (450 32
777 ||decomposed. V
12 134.504.6 [t 34.5 |450 34
> 3¢ 3¢ RHYOLITE(Silty fine
~¢ 3¢ |SNAD), Extremely 36
13 137.503 ¢ 5¢ ~7||\weak, completely 37.5 |700
| 1] |ldecomposed. V 38
[ 1
T 1 RHYOLITE, IV (34. 80~35. 69m. 4
T 1 36. 36~36. 87m. 37.07~
T T 37.40m, V) 42. 31 {1000 42
[Tl MARBLE (no joints or Joints 44
[ ][ |are widely spaced), II (39.00
~39. 46m. 39.94~40. 17m. .
14 | 46. 408. 9 H H — 40, 75~41. B0m. 42. 15~ 46.4 |1000 46
0% R144,50m, 46. 02~46. 40mA 48
15 [48.852.45 | >* > ||CAVITY) 48.85 {1000 9
></></>< 5
}‘ :’\ _|RHYOLITE (Very closely
o~ % lfractured), II1(46. 55~46. 75m 52
DI v 47.00~47. 42m, 48.20~
16 |54. 195. 27 [3% »< 3<|148. 50m, V) 54. 12 |1000 54
RHYOLITE (Jionts are very
closely to closely
spaced), II
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LA

R VNS

iR

BH50

350. 00m/s

TR

814975. 32 828963

20

HHILIRE

7.39m

Ziity 2%

it

TR 7]

R AKAL

0.70

Fy K5

I

Wz | =
5|

2
W
(m)

2
B
(m)

5%
FEAR
1:50

E= TP

PRET
N63. 5

m~—~m

i

VR PE| Y
(m/s)

(m)

1)

0.90

0.9

-

Sandy SILT, Firm

ml

1. 20

0.3

1. 60

0.4

Angular medium to coarse
GRAVEL

Sandy SILT, Firm

1.95

0. 35

A

Angular medium to coarse
GRAVEL

4. 00

2. 05

Ve o s

RN

7o e s

RN

7o e s

RN

Lo e S

RN

SN e S

o N, o S

Lo e S

o N, o S

Lo e S

o N, o

7o e s

METATUFF (Jionts are very
closely to closely
spaced), Strong, slightly
decomposed), II

7.39

3. 39

Lo e S

o N e

7o o/

RN

7o e s

RN

7o e s

RN

7o e s

RN

Lo e S

BN

SN e S

o N, o S

Lo e S

o N, o S

Lo e S

o N e

7o o/
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5%, 1) [ sk = 510X ) | X200 (6.11)
210X 1) [ %20 = 0o (6.12)
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ENg—LRERETHAEME - KEhiE= 6.8 WFIHCAVE EREE AR N ESE -
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FAGHIRIEHAE FORER A U] D2 BB TRy (B 2MRHEEONERE) —F %
%5 358 H £ 363 HIYNA °
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SWENIEIUINESE - FIF_EHT AT ROEE TR > Ma T AR ERY &5 £ g PN TP i /Y
SUNESE S ERY MR » TR HVEE— L N e R e 1 18 SR e RS R (E SR LAFIT ek
8 (iSHHY 0.65) HYMELMF FyaZ L& 7 E RSB ESERYETRIE - Lhlat RTS8
VIHESE K ST RS S BT VI ESE AT S R S 8@ T BT U E A I JE LR > 1SR e
AUHETRRE D N Sa ERY feaTarsE (IE#EEL 0.05) - AURE A HAGHYIER MR MERY 5
Je TEDR > BRI DIEggat B AT S VIEE E R eI VeSS E - WEHR b
AT EAERE - EEIHERREED NS ETRRE R AL -

6.2.2 EEtHE L EHEEE 2 BEIHEE

LTSt R B SIS E T > FRE L EEN TE o R Kt AR
AN} - [FIRF T AR 2 A o o R RS TSR R R - MBS T AGRIR R (E (BIVDR K
HENOBME ) ~ TEGHYRE(E K EASEN IR IR R 28U - FEEITISH T e B
TR > DVASARR S TR B R A R e st RS R R s L8 S 28 -

T2 EE B EE R BEE - TE RIS - WEFLUETERS L
&g L RGETVIR R Aen RN & o (esBFL P HUSER sy LRSS DB e A IR A% J6AI A
JFGIR AT T = N RSy & (B 1 e @h I IR MER I B e - SFRAIGE IR AR S AT
AUARHEE - 3% 6.2a 3% 6.2 B R BfLa T RIS HIE ARy B B S 28 -

% 6.2a FEIEESHHEMERE

LR | L | b | e (m) | DRI SRR LRI
1 [oE 1 1 0.8 0-0.8 320 1.80
2 U 3 1.7 0.8-25 398 2.00
3 Rt 3 15 25-40 431 2.01
4 U 3 2.0 4.0-6.0 437 2.03
5 Ryt 3 2.0 6.0-8.0 450 2.04
6 U 3 2.0 8.0-10.0 457 2.05
7 Ryt 3 2.6 10.0-12.6 460 2.06
8 Wt 3 1.4 12.6-14.0 461 2.07
9 Rp 3 1.2 14.0-15.2 469 2.08
10 oA 5 2.4 15.2-17.6 613 2.10
11 GRS 3 1.4 17.6 - 19.0 462 2.08
12 Ry 3 2.0 19.0-21.0 467 2.10
13 Hh 5 14 21.0-22.4 599 2.10
14 oA 5 >224 599 2.00
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% 6.2 BHOL1 SEFLEESM + /B RIIR %R

Y | b | s ) | CRREREL ) B RE LR
1 1 0.8 0-0.79 200 2.0
2 1 0.7 0.79-1.50 200 2.0
3 2 0.8 1.50-2.49 200 2.0
4 2 1.0 2.49 - 3.49 200 2.0
5 2 1.0 3.49 -4.49 200 2.0
6 2 1.0 4.49 -5.49 200 2.0
7 2 1.0 5.49 - 6.49 200 2.0
8 2 1.0 6.49 - 7.49 200 1.9
9 2 1.0 7.49 - 8.49 200 19
10 2 1.0 8.49 - 9.49 200 1.9
11 2 1.0 9.49 - 10.49 200 1.9
12 2 1.0 10.49 - 11.49 210 19
13 2 1.0 11.49-12.49 220 1.9
14 2 1.0 12.49 - 13.49 231 19
15 2 15 13.49 - 14.99 243 1.9
16 2 15 14.99 - 16.49 261 19
17 2 15 16.49 -17.99 280 1.9
18 2 1.7 17.99 - 19.69 301 19
19 2 2.4 19.69 - 22.10 326 1.9
20 5 2.4 22.10 - 24.49 366 2.0
21 5 2.5 24.49 — 27.00 410 2.0
22 5 2.0 27.00 - 28.99 462 2.1
23 5 3.1 28.99 - 32.10 509 2.1
24 5 2.6 32.10-34.70 590 2.4
25 5 3.3 34.70 - 37.99 668 2.1
26 5 4.5 37.99-4250 782 2.1
27 7 N/A > 42.50 1,000 2.4
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% 6.3 BHO2 SEFLEESM + /SR %R

S | e | e ) | CDEERE ) SERGR LR
1 1 1.0 0-1.0 200 2.0
2 1 1.0 1.0-20 200 2.0
3 1 1.0 20-3.0 200 2.0
4 1 1.0 3.0-40 200 2.0
5 1 1.0 40-50 200 2.0
6 1 1.0 5.0-6.0 200 2.0
7 1 1.1 6.0-7.1 200 2.0
8 2 2.0 7.1-9.1 280 1.9
9 2 2.0 91-11.1 280 19
10 2 1.1 11.1-12.2 280 1.9
11 2 19 12.2-14.1 280 1.9
12 2 2.0 14.1-16.1 280 19
13 2 1.3 16.1-17.4 280 1.9
14 5 1.7 17.4-19.1 280 2.0
15 5 2.0 19.1-21.1 298 2.0
16 5 2.4 21.1-235 321 2.0
17 5 2.0 23.5-255 351 2.0
18 5 2.0 255-275 378 2.0
19 5 2.0 27.5-295 407 2.0
20 5 1.9 295-314 438 2.0
21 5 2.0 31.4-334 470 2.0
22 5 2.0 334-354 506 2.0
23 5 2.0 354-374 545 2.0
24 5 2.0 37.4-394 587 2.0
25 5 4.6 39.4-440 632 2.0
26 5 4.7 44,0 - 48.68 750 2.1
27 5 4.7 48.68 - 53.4 750 2.0
28 5 5.6 53.4-59.0 750 2.0
29 7 N/A >59.0 1,000 2.5
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% 6.4 BHO8 SEFLEESM + /B TR %R

TR | bmasE | R m) | TRHESCEE ) STRR LR
1 1 0.9 0-0.9 200 2.0
2 1 1.1 09-20 200 2.0
3 1 1.1 20-31 200 2.0
4 1 1.5 3.1-46 200 2.0
5 1 1.2 46-58 200 2.0
6 1 1.0 5.8-6.8 180 2.0
7 1 2.0 6.8-8.8 180 2.0
8 1 1.0 8.8-9.8 180 2.0
9 1 1.5 9.8-11.3 280 2.0
10 2 2.0 11.3-13.3 300 2.0
11 6 1.0 13.3-14.3 300 2.0
12 6 1.0 14.3-15.3 170 2.0
13 6 1.0 15.3-16.3 170 2.0
14 6 1.0 16.3-17.3 170 2.0
15 6 1.0 17.3-18.3 170 2.0
16 6 1.7 18.3-20.0 230 2.0
17 6 1.7 20.0-21.7 230 2.0
18 6 0.9 21.7-22.6 230 2.0
19 6 1.1 22.6 - 23.7 230 2.0
20 7 N/A >23.7 1,000 2.8
265 BH12 RTLHESH L ROV
LR | R | e ) | DREERE ) S LR
1 2 1.5 0-15 200 2.1
2 6 1.0 15-25 200 2.0
3 7 N/A >25 1,000 2.8
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% 6.6 BHI13 EFLEESM +/EETEIR xR

LR | s | g | CREEEER ) SRR LR
1 1 1.0 0-1.0 150 2.0
2 1 1.0 1.0-20 150 2.0
3 1 1.1 2.0-3.1 150 2.0
4 3 1.0 31-4.1 150 1.7
5 3 1.0 41-5.1 150 1.7
6 3 1.0 51-6.1 150 1.7
7 3 1.0 6.1-7.1 150 1.7
8 3 1.0 7.1-8.1 150 1.7
9 3 1.0 8.1-9.1 150 1.7
10 3 11 9.1-10.2 150 1.7
11 3 1.1 10.2-11.3 150 1.7
12 2 1.0 11.3-12.3 150 19
13 2 0.8 12.3-13.1 150 1.9
14 2 0.8 13.1-13.9 150 19
15 6 1.0 13.9-14.9 165 2.0
16 6 1.0 149-159 187 2.0
17 6 1.0 15.9-16.9 212 2.0
18 6 1.8 16.9-18.6 240 2.0
19 6 1.9 18.6 - 20.5 299 2.0
20 6 2.6 20.5-23.1 380 2.0
21 7 N/A >23.1 1,000 2.8
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% 6.7 BH14 ST HESM + /BRI R

LEE | e | g m | SRR SR LRI
1 1 1.0 0-1.0 200 2.0
2 1 1.0 1.0-2.0 200 2.0
3 1 1.0 20-30 200 2.0
4 1 1.6 3.0-46 400 2.0
5 2 2.0 4.6-6.6 400 1.9
6 2 2.1 6.6 - 8.7 400 1.9
7 2 2.1 8.7-10.8 400 1.9
8 2 2.0 10.8-12.8 400 1.9
9 2 2.2 12.8-15.0 350 1.9
10 2 1.8 15.0-16.8 350 1.9
11 6 2.0 16.8-18.8 350 2.0
12 6 2.2 18.8-21.0 350 2.0
13 6 2.1 21.0-23.1 350 2.0
14 2 2.0 23.1-25.1 350 2.0
15 6 2.0 251-27.1 350 2.0
16 6 2.0 27.1-29.1 350 2.0
17 6 2.4 29.1-315 350 2.0
18 6 1.6 315-33.1 350 2.0
19 6 1.9 33.1-35.0 350 2.0
20 6 2.8 35.0-37.8 1,000 2.3
21 7 N/A >37.8 1,000 2.5

6.8 BH1S LTS L IR

LS | s | ER m | DRESRE SRR LR
1 1 1.5 0-1.50 200 2.0
2 2 11 1.50 - 2.60 200 2.0
3 6 15 2.60 - 4.05 200 2.0
4 6 1.5 4.05-5.55 220 2.0
5 6 1.7 5.55-7.25 280 2.0
6 6 2.5 7.25-9.70 330 2.0
7 6 2.2 9.70 - 11.90 370 2.5
8 7 N/A >11.90 1,000 2.8
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* 6.9 BH16 SEFLEESM +/EHETIEIRT IR

EFYE | b | e ) | CDREEREL ) SIRGR ) LR
1 6 1.39 0-1.39 350 1.9
2 6 1.50 1.39 - 2.89 350 1.9
3 6 1.71 2.89 - 4.60 350 1.9
4 6 2.59 4.60-7.19 350 2.0
5 6 3.67 7.19- 10.86 700 23
6 7 N/A >10.86 1,000 2.8

#6.10 BH20 RILEIE S LBHRIETI%

LR | b | R ) | TRESEE SR L
1 1 1.00 0-1.00 200 2.0
2 1 1.00 1.00 - 2.00 200 2.0
3 2 1.00 2.00 - 3.00 220 1.9
4 2 1.00 3.00 - 4.00 220 1.9
5 2 1.06 4.00 - 5.06 220 1.9
6 2 1.00 5.06 - 6.06 220 1.9
7 2 1.04 6.06 - 7.10 220 1.9
8 5 1.00 7.10-8.10 170 2.0
9 5 1.00 8.10-9.10 170 2.0
10 5 1.00 9.10-10.10 170 2.0
11 5 1.10 10.10-11.20 170 2.0
12 5 1.00 11.20-12.20 170 2.0
13 5 1.10 12.20 - 13.30 200 2.0
14 5 1.00 13.30 - 14.30 200 2.0
15 5 0.90 14.30 - 15.20 200 2.0
16 5 1.00 15.20 - 16.20 270 2.0
17 5 1.36 16.20 - 17.56 270 2.0
18 5 1.50 17.56 - 19.06 270 2.0
19 5 1.14 19.06 - 20.20 270 2.0
20 5 2.00 20.20 - 22.20 550 2.0
21 5 1.69 22.22 - 23.89 550 2.0
22 7 N/A >23.89 1,000 2.2
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* 6.11 BH21 SEFLE(ESH - EREAIBERY R

TR | s | g | CREEEE ) SRR LB
1 1 15 0-15 200 2.0
2 2 1.5 1.5-3.0 200 1.9
3 2 1.6 3.0-46 220 1.9
4 2 11 4.6-5.7 220 1.9
5 2 1.0 5.7-6.7 220 1.9
6 2 1.0 6.7-7.7 240 1.9
7 5 2.3 7.7-10.0 270 2.0
8 5 15 10.0-115 300 2.0
9 5 1.3 115-12.38 320 2.0
10 5 1.6 12.8-144 350 2.0
11 5 1.6 14.4-159 350 2.0
12 5 1.6 15.9-175 400 2.0
13 5 2.1 17.5-195 400 2.0
14 5 1.3 19.5-20.8 400 2.0
15 5 2.5 20.8 - 23.3 400 2.0
16 5 2.6 23.3-25.9 400 2.0
17 5 2.9 25.9-28.8 400 2.0
18 5 4.5 28.8 - 33.3 600 2.1
19 7 N/A >33.3 1,000 2.2
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* 6.12 BH22 SEFLEESH - ERIABERY R

LEE | e | g m | SRR SR LRI
1 1 0.78 0-0.78 170 2.0
2 1 0.72 0.78 - 1.50 170 2.0
3 1 1.10 1.50 - 2.60 200 2.0
4 1 0.90 2.60 - 3.50 200 2.0
5 1 1.10 3.50 - 4.60 200 2.0
6 1 0.90 4.60 - 5.50 200 2.0
7 2 1.10 5.50 - 6.60 200 1.9
8 2 0.90 6.60 - 7.50 200 1.9
9 4 1.10 7.50 - 8.60 160 2.0
10 4 0.88 8.60 - 9.48 169 2.0
11 4 1.30 9.48 - 10.78 177 2.0
12 4 1.00 10.78 - 11.78 190 2.0
13 4 1.02 11.78 - 12.80 200 2.0
14 4 0.98 12.80 - 13.78 211 2.0
15 4 1.02 13.78 - 14.80 222 2.0
16 4 0.98 14.80 - 15.78 234 2.0
17 4 1.30 15.78 - 17.08 246 2.0
18 4 1.72 17.08 - 18.80 260 2.0
19 4 1.18 18.80 - 19.98 260 2.0
20 4 1.50 19.98 - 21.48 260 2.0
21 4 1.50 21.48 - 22.98 260 2.0
22 4 1.90 22.98 - 24.88 260 2.0
23 4 1.92 24.88 - 26.80 260 2.0
24 4 1.68 26.80 - 28.48 260 2.0
25 4 1.42 28.48 - 29.90 219 2.0
26 4 1.00 29.90 - 30.90 240 2.0
27 4 1.00 30.90 - 31.90 240 2.0
28 4 2.00 31.90 - 33.90 270 2.0
29 4 2.00 33.90 - 35.90 300 2.0
30 4 2.00 35.90 - 37.90 360 2.0
31 4 2.00 37.90 - 39.90 450 2.0
32 4 3.75 39.90 - 4356 550 2.0
33 7 N/A > 43.65 800 2.3
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% 6.13 BH23 SEFLE(ESH - EEAIBIRY R

RS | e | e m) | DERSRE SRR LR
1 1 1.75 0-0.75 250 2.0
2 1 1.75 1.75-3.50 250 2.0
3 2 1.00 3.50- 4.50 250 1.9
4 2 1.00 4.50 - 5.50 260 1.9
5 2 1.98 5.50-7.48 270 1.9
6 2 2.02 7.48 - 9.50 291 1.9
7 2 2.00 9.50-11.50 314 1.9
8 2 2.00 11.50 - 13.50 339 1.9
9 2 1.50 13.50 — 15.00 366 1.9
10 2 1.60 15.00 - 16.60 387 1.9
11 2 2.00 16.60 - 18.60 411 2.2
12 2 3.10 18.60 - 21.70 444 2.2
13 5 3.73 21.70 - 25.43 500 2.0
14 5 3.37 25.43 - 28.80 550 2.0
15 5 3.00 28.80 - 31.80 550 2.0
16 5 3.00 31.80 - 34.80 550 2.0
17 5 2.73 34.80 - 37.53 550 2.0
18 5 2.27 37.53 - 39.80 550 2.0
19 5 3.73 39.80 - 43.53 550 2.0
20 5 2.27 43.53 - 45.80 550 2.0
21 5 4.03 45.80 - 49.83 550 2.0
22 5 1.77 49.83 - 51.60 550 2.0
23 5 4.00 51.60 - 55.60 550 2.0
24 5 3.78 55.60 - 59.38 550 2.0
25 5 2.92 59.38 - 62.30 550 2.0
26 5 2.90 62.30 - 65.20 550 2.0
27 5 2.20 65.20 - 67.40 550 2.0
28 5 3.63 67.40 - 71.03 550 2.0
29 5 2.79 71.03 -74.00 550 2.0
30 5 3.03 74.00 - 77.03 550 2.0
31 5 3.60 77.03 - 80.63 550 2.0
32 5 4.10 80.63 - 84.73 550 2.0
33 5 4.00 84.73 - 88.73 550 2.0
34 5 4.10 88.73-92.83 550 2.0
35 5 3.57 92.83 - 96.40 550 2.0
36 7 N/A >96.4 1,000 2.6
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% 6.14 BH24 SEFLEESH - EEABERY R

RS | e | e m) | DERSRE SRR LR
1 1 1.02 0-1.02 200 2.0
2 1 1.00 1.02 - 2.02 200 2.0
3 1 1.08 2.02 -3.10 200 2.0
4 2 1.42 3.10-4.52 200 1.9
5 2 1.50 452 -6.02 200 1.9
6 2 1.08 6.02 - 7.10 200 1.9
7 2 2.00 7.10-9.10 300 1.9
8 2 2.00 9.10-11.10 380 1.9
9 2 2.00 11.10-13.10 450 1.9
10 6 3.22 13.10-16.32 480 2.0
11 6 3.53 16.32 - 19.85 480 2.0
12 6 291 19.85 - 22.76 800 2.0
13 7 N/A > 22.76 1,000 2.6

% 6.15 BH26 SEFLEES +EREAEESIR (F 1 HE2H)

RS | s | s | CREIER ) SRR LB
1 1 1.01 0-1.01 150 2.0
2 1 0.99 1.01-2.00 150 2.0
3 2 2.01 2.00-4.01 280 19
4 2 2.00 4.01-6.01 280 1.9
5 2 1.29 6.01-7.30 280 19
6 2 1.91 7.30-9.21 280 1.9
7 2 2.09 9.21-11.30 280 19
8 2 2.00 11.30-13.30 280 1.9
9 2 1.21 13.30-14.51 280 1.9
10 2 2.09 14,51 - 16.60 280 19
11 4 2.41 16.60 - 19.01 400 2.0
12 4 3.00 19.01-22.01 400 2.0
13 4 3.00 22.01 - 25.01 400 2.0
14 4 3.00 25.01 - 28.01 400 2.0
15 4 3.00 28.01 - 31.01 400 2.0
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% 6.15 BH26 SEFLEESEH +EREAEEIIR (F2HE2RH)

EFYE | b | e ) | CDREEREL ) SIRGR ) LR
16 4 3.00 31.01 - 34.01 400 2.0
17 4 3.00 34.01-37.01 400 2.0
18 4 3.00 37.01-40.01 400 2.0
19 4 3.00 40.01-43.01 400 2.0
20 4 3.00 43.01 - 46.01 400 2.0
21 4 3.00 46.01 - 49.01 400 2.0
22 4 3.00 49.01 - 52.01 400 2.0
23 4 3.00 52.01-55.01 400 2.0
24 4 3.00 55.01 - 58.01 400 2.0
25 4 2.59 58.01 - 60.60 400 2.0
26 4 3.00 60.60 - 63.60 530 2.1
27 4 3.00 63.60 - 66.60 530 2.1
28 4 2.61 66.60 - 69.21 530 2.1
29 4 2.69 69.21 - 71.90 530 2.1
30 4 2.80 71.90 - 74.70 530 2.1
31 4 2.40 74.70 - 77.10 530 2.1
32 4 3.60 77.10 - 80.70 530 2.1
33 4 3.81 80.70 - 84.51 530 2.1
34 4 2.19 84.51 - 86.70 530 2.1
35 4 2.70 86.70 - 89.40 530 2.1
36 4 3.61 89.40 - 93.01 530 2.1
37 4 3.90 93.01 - 96.91 530 2.1
38 4 3.85 96.91 - 100.76 530 2.1
39 4 3.50 100.76 - 104.26 530 2.1
40 4 3.75 104.26 - 108.01 530 2.1
41 4 3.59 108.01 - 111.60 530 2.1
42 4 441 111.60 - 116.01 750 2.1
43 4 5.99 116.01 - 121.60 750 2.1
44 4 4.41 121.60 - 126.01 750 2.1
45 4 5.00 126.01 - 131.01 750 2.1
46 4 5.50 131.01 - 136.51 750 2.1
47 4 4.99 136.51 - 141.50 750 2.1
48 4 5.00 141.50 - 146.50 750 2.1
49 7 N/A > 146.50 750 2.1
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#6.16 BH27 SBFLEIESM L EHAERER (F1H#E2H)

i Fﬁ%ﬁ iiﬁzﬁ%ﬁ Eg i)?éz/%rg%ﬁ @tﬂ/ﬁg i&uﬁﬁ
(m) (m) (m/s) (g/lcm?®)
1 2 0.8 0-08 180 2.1
2 2 0.8 0.8-15 180 2.1
3 2 1.0 15-25 180 1.9
4 2 1.0 25-35 180 1.9
5 2 1.1 3.5-4.6 180 1.9
6 2 1.0 46-5.6 180 1.9
7 2 1.0 5.6-6.6 180 1.9
8 2 1.0 6.6-7.6 180 1.9
9 2 1.1 76-8.7 180 1.9
10 2 1.0 8.7-9.7 180 1.9
11 6 0.9 9.7-10.6 153 2.0
12 6 0.9 10.6-115 156 2.0
13 6 1.0 11.5-12.5 158 2.0
14 6 1.0 125-135 161 2.0
15 6 1.1 13.5-14.6 164 2.0
16 6 1.0 14.6 - 15.6 167 2.0
17 6 1.0 15.6 - 16.6 170 2.0
18 6 1.0 16.6-17.6 173 2.0
19 6 0.8 17.6-18.4 177 2.0
20 6 0.7 18.4-19.1 179 2.0
21 6 1.0 19.1-20.1 182 2.0
22 6 1.0 201-21.1 185 2.0
23 6 1.0 211-22.1 188 2.0
24 6 1.0 22.1-23.1 192 2.0
25 6 1.0 23.1-24.1 195 2.0
26 6 1.0 241-25.1 199 2.0
27 6 1.0 25.1-26.1 202 2.0
28 6 1.4 26.1-27.5 206 2.0
29 6 1.1 27.5-28.6 212 2.0
30 6 1.6 28.6 - 30.2 216 2.0
31 6 1.0 30.2-31.2 222 2.0
32 6 1.4 31.2-32.6 226 2.0
33 6 1.4 32.6-34.0 232 2.0
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% 6.16 BH27 SEFLEESH+EEAERIFE (F2HE2H)

LR | s | e | CREEE SRS R
34 6 1.7 34.0-35.7 238 2.0
35 6 1.4 35.7-37.1 246 2.0
36 6 1.6 37.1-38.7 252 2.0
37 6 1.3 38.7-40.0 259 2.0
38 6 1.5 40.0-415 266 2.0
39 6 1.7 41.5-43.2 273 2.0
40 6 2.0 43.2 -45.2 281 2.0
41 6 2.0 452 -47.2 292 2.0
42 6 1.8 47.2 -49.0 303 2.0
43 6 2.0 49.0-51.0 363 2.0
44 6 2.5 51.0-535 428 2.0
45 6 2.2 53.5-55.7 526 2.0
46 6 3.0 55.7 -58.7 631 2.3
47 6 2.6 58.7-61.3 807 2.3
48 7 N/A >61.32 1,000 2.6

& 6.17 BH29 SErLEE S+ R ERIEE (F1HE2H)

LR | b | R () ifm%ﬁﬁ ”Eﬂgﬁ éff‘;
1 1 1.53 0-1.53 200 2.0
2 1 1.07 1.53-2.60 200 2.0
3 2 0.98 2.60 - 3.58 200 2.0
4 2 1.02 3.58 -4.60 200 2.0
5 2 1.00 4.60 - 5.60 200 2.0
6 2 1.00 5.60 - 6.60 200 2.0
7 2 1.10 6.60 - 7.70 200 1.9
8 2 1.00 7.70 -8.70 170 1.9
9 2 1.00 8.70-9.70 170 1.9
10 2 1.08 9.70 - 10.78 170 1.9
11 2 0.92 10.78 - 11.70 170 1.9
12 2 0.90 11.70-12.60 170 1.9
13 6 1.08 12.60 - 13.68 200 2.0
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#6.17 BH29 SBfLHIESM L EHAERER (F2H#E2H)

FEE | EEs | e m) i@fﬁm ”fﬂf)@ (E?m%
14 6 0.80 13.68 - 14.48 200 2.0
15 3] 1.22 14.48 - 15.70 200 2.0
16 3] 1.00 15.70 - 16.70 200 2.0
17 3] 1.00 16.70-17.70 200 2.0
18 3] 1.00 17.70 - 18.70 230 2.0
19 6 1.00 18.70 - 19.70 230 2.0
20 6 1.00 19.70 - 20.70 230 2.0
21 6 1.00 20.70-21.70 230 2.0
22 6 1.30 21.70 - 23.00 230 2.0
23 3] 1.38 23.00 - 24.38 190 2.0
24 3] 1.20 24.38 - 25.58 190 2.0
25 3] 1.42 25.58 - 27.00 190 2.0
26 3] 1.68 27.00 - 28.68 225 2.0
27 6 1.20 28.68 - 29.88 225 2.0
28 6 1.12 29.88 - 31.00 225 2.0
29 6 2.38 31.00 - 33.38 325 2.0
30 6 1.48 33.38-34.86 325 2.0
31 3] 1.61 34.86 - 36.47 325 2.3
32 7 N/A > 36.47 1,000 2.6
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%2 6.18 BH30 SBfALEIESM L EHAERER (F1H#E2H)

e | eem | 7T | peemmmm | AR | REE
(m) (ms) (glem?)
1 2 15 0-150 200 2.1
2 2 1.0 1.50-2.50 200 1.9
3 2 1.0 2.50 - 3.50 200 1.9
4 2 1.0 3.50-4.50 200 19
5 2 1.0 450 -5.50 200 1.9
6 2 1.0 5.50 - 6.52 200 1.9
7 2 1.1 6.52-7.6 200 1.9
8 2 1.0 7.60 - 8.60 200 1.9
9 2 1.0 8.60 - 9.60 212 1.9
10 2 14 9.60 - 11.02 225 1.9
11 2 1.6 11.02 - 12.60 245 1.9
12 6 1.6 12.60 - 14.22 269 2.0
13 6 2.0 14.22 - 16.22 296 2.0
14 6 2.5 16.22 - 18.72 334 2.0
15 6 2.5 18.72 - 21.22 387 2.0
16 3] 3.0 21.22 - 24.22 449 2.0
17 3] 3.0 24.22 - 27.22 450 2.0
18 3] 3.0 27.22 - 30.22 450 2.0
19 3] 3.0 30.22 - 33.22 450 2.0
20 6 3.0 33.22 -36.22 450 2.0
21 6 3.0 36.22 - 39.22 450 2.0
22 6 3.0 39.22 -42.22 450 2.0
23 6 3.0 42.22 - 45.22 450 2.0
24 3] 3.0 45,22 - 48.22 450 2.0
25 3] 3.0 48.22 - 51.22 450 2.0
26 6 3.0 51.22 - 54.22 450 2.0
27 6 3.0 54.22 -57.22 450 2.0
28 6 3.0 57.22 - 60.22 450 2.0
29 6 3.0 60.22 - 63.22 450 2.0
30 6 3.0 63.22 - 66.22 450 2.0
31 6 3.0 66.22 - 69.22 450 2.0
32 6 3.0 69.22 -72.22 450 2.0
33 6 3.0 72.22 - 75.22 450 2.0
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%2 6.18 BH30 dBf LIS +EHEAERIFE (B2HE2RH)

| bes | o | e | et | LE
(m) M9 | (o)
34 6 3.00 75.22 - 78.22 450 2.0
35 6 3.00 78.22 - 81.22 450 2.0
36 6 3.00 81.22 - 84.22 450 2.0
37 6 3.00 84.22 - 87.22 450 2.0
38 6 3.00 87.22 - 90.22 450 2.0
39 6 3.00 90.22 - 93.22 450 2.0
40 6 3.00 93.22 - 96.22 450 2.0
41 6 3.00 96.22 - 99.22 450 2.0
42 6 3.00 99.22 - 102.22 450 2.0
43 6 3.00 102.22 - 105.22 450 2.0
44 6 3.00 105.22 - 108.22 450 2.0
45 6 3.00 108.22 - 111.22 450 2.0
46 6 3.00 111.22 - 114.22 450 2.0
47 6 3.00 114.22 - 117.22 450 2.0
48 6 3.00 117.22 - 120.22 450 2.0
49 6 3.00 120.22 - 123.22 450 2.0
50 6 3.00 123.22 - 126.22 450 2.0
51 6 3.00 126.22 - 129.22 450 2.0
52 6 3.00 129.22 - 132.22 450 2.0
53 6 3.00 132.22 - 135.22 450 2.0
54 6 3.00 135.22 - 138.22 450 2.0
55 6 3.00 138.22 - 141.22 450 2.0
56 6 3.00 141.22 - 144.22 450 2.0
57 6 3.00 144.22 - 147.22 450 2.0
58 6 2.78 147.22 - 150.00 450 2.0
59 7 N/A >150.00 750 2.2
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2 6.19 BH32 JBf L HIEmSHH + BB RIRE

o | b | 10| DERTGEE G SGE  LET
1 1 1.00 0-1.00 250 2.0
2 1 1.14 1.00-2.14 250 2.0
3 1 1.10 2.14-3.24 250 2.0
4 1 1.76 3.24-5.00 250 2.0
5 2 1.14 5.00-6.14 190 1.9
6 2 1.06 6.14-7.20 190 1.9
7 2 1.00 7.20-8.20 190 1.9
8 2 1.00 8.20-9.20 190 1.9
9 5 1.24 9.20-10.44 190 2.1
10 5 1.00 10.44 - 11.44 218 2.1
11 5 1.00 11.44 - 12.44 246 2.1
12 5 1.20 12.44 - 13.64 277 2.1
13 5 2.10 13.64 - 15.74 320 2.1
14 5 2.36 15.74 - 18.10 411 2.1
15 5 2.84 18.10 - 20.94 545 2.1
16 5 2.36 20.94 - 23.30 550 2.1
17 5 4.00 23.30 - 27.30 550 2.1
18 5 2.00 27.30 - 29.30 550 2.1
19 5 4.00 29.30 - 33.30 550 2.1
20 5 2.44 33.30- 35.74 550 2.1
21 5 1.96 35.74 - 37.70 550 2.1
22 7 N/A >37.70 1,000 2.3
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% 6.20 BH36 SEfLEIESHH + B ERIFE

Tt | e JE TR EIUT) Rz iR i%?
(m) (m) (m/s) (g/em’)
1 1 15 0-15 220 2.0
2 1 1.1 15-26 220 2.0
3 2 0.9 26-35 250 1.9
4 2 1.0 35-45 250 1.9
5 2 1.0 45-55 250 1.9
6 2 1.0 55-6.5 250 1.9
7 2 1.0 6.5-75 250 1.9
8 5 15 75-9.0 210 2.0
9 5 15 9.0-10.5 210 2.0
10 5 1.0 105-115 210 2.0
11 5 1.0 11.5-125 210 2.0
12 5 1.0 125-135 270 2.0
13 5 1.0 13.5-14.5 270 2.0
14 5 1.0 145-155 270 2.0
15 5 1.1 155-16.6 270 2.0
16 5 1.0 16.6-17.6 270 2.0
17 5 1.1 17.6 - 18.7 270 2.0
18 5 2.0 18.7 - 20.7 270 2.0
19 5 2.0 20.7 - 22.7 350 2.0
20 5 2.3 22.7-25.0 350 2.0
21 5 1.2 25.0-26.2 350 2.0
22 5 1.3 26.2-275 350 2.0
23 5 15 275-29.0 350 2.0
24 5 1.6 29.0-30.6 350 2.0
25 5 2.7 30.6 - 33.3 400 2.0
26 5 2.0 33.3-35.3 600 2.0
27 7 N/A >35.3 1,000 2.3
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2 6.21 BH39 SEFLHIESH + EHAERIRE

FEEE | fmess = TR EURPIDINEES j:jéu?zg
(m) (m) (m/s) (g/cm’)
1 1 0.86 0-0.86 200 2.0
2 1 0.90 0.86-1.76 200 2.0
3 1 0.74 1.76 - 2.50 200 2.0
4 3 0.76 2.50 - 3.26 200 1.7
5 3 0.70 3.26 - 3.96 200 1.7
6 3 0.90 3.96 - 4.86 200 1.7
7 3 0.90 4.86 -5.76 200 1.7
8 3 0.84 5.76 - 6.60 200 1.7
9 2 0.86 6.60 - 7.46 200 1.9
10 2 0.80 7.46 - 8.26 200 1.9
11 2 0.74 8.26 —9.00 200 1.9
12 2 0.70 9.00-9.70 170 1.9
13 2 0.90 9.70 - 10.60 170 1.9
14 2 1.10 10.60 - 11.70 170 1.9
15 2 1.10 11.70 - 12.80 170 1.9
16 2 0.90 12.80 - 13.70 270 1.9
17 2 1.56 13.70 - 15.26 270 1.9
18 2 1.94 15.26 - 17.20 270 1.9
19 5 3.20 17.20 - 20.40 600 2.1
20 5 2.00 20.40 - 22.40 600 2.1
21 5 2.00 22.40 - 24.40 600 2.1
22 5 3.90 24.40 - 28.30 600 2.1
23 5 3.46 28.30 - 31.76 600 2.0
24 5 4.44 31.76 - 36.20 600 2.0
25 7 N/A > 36.20 1,000 2.3
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2 6.22 BHAL SRF B + BB RIRE

LR | twa | 0| TERSEE G SMEE )RR
1 1 1.50 0-1.50 240 2.0
2 ) 1.65 1.50-3.15 240 1.9
3 5 1.45 3.15-4.60 240 1.9
4 5 2.90 4.60 - 7.50 415 2.0
5 5 1.67 7.50-9.17 415 2.0
6 5 2.68 9.17-11.85 500 2.1
7 5 2.00 11.85-13.85 500 2.1
8 5 2.00 13.85-15.85 500 2.1
9 5 2.00 15.85-17.85 500 2.1
10 5 2.00 17.85-19.85 500 2.1
11 5 1.95 19.85 - 21.80 500 2.1
12 7 N/A >21.80 1000 2.3

% 6.23 BHA2 EFLEE S+ BRI ERIA B

eI o B Bl s
1 1 0.88 0-0.88 200 2.0
2 1 0.62 0.88 - 1.50 200 2.0
3 3 0.68 1.50-2.18 200 1.7
4 3 0.70 2.18-2.88 200 1.7
5 3 0.62 2.88 - 3.50 200 1.7
6 2 1.28 3.50-4.78 210 1.9
7 2 0.72 4.78 - 5.50 210 1.9
8 2 1.48 5.50-6.98 210 1.9
9 2 1.20 6.98 - 8.18 210 1.9
10 2 1.52 8.18-9.70 210 1.9
11 5 2.10 9.70 - 11.80 400 2.0
12 5 3.40 11.80 - 15.20 460 2.0
13 5 2.00 15.20 - 17.20 580 2.0
14 5 4.00 17.20 - 21.20 650 2.0
15 5 2.70 21.20 - 23.90 850 2.0
16 7 N/A >23.90 1,000 2.3
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2 6.24 BH43 SBf LIS + BB RIFE

R | e JE TR EIUT) Rz iR i%?
(m) (m) (m/s) (g/em’)
1 1 0.75 0-0.75 130 2.0
2 1 0.75 0.75-1.50 130 2.0
3 1 0.60 1.50-2.10 130 2.0
4 1 0.50 2.10-2.60 130 2.0
5 1 0.60 2.60 - 3.20 130 2.0
6 1 0.79 3.20-3.99 130 2.0
7 1 0.75 3.99-474 130 2.0
8 1 0.96 4,74 -5.70 130 2.0
9 3 1.00 5.70-6.70 175 1.7
10 3 1.00 6.70 - 7.70 175 1.7
11 2 1.00 7.70 -8.70 230 1.9
12 2 1.00 8.70-9.70 230 1.9
13 2 1.00 9.70-10.70 230 1.9
14 2 1.00 10.70 - 11.70 230 1.9
15 2 1.10 11.70-12.80 230 1.9
16 2 1.00 12.80 - 13.80 230 1.9
17 2 1.00 13.80 - 14.80 230 1.9
18 2 1.10 14.80 - 15.90 230 1.9
19 2 1.60 15.90 - 17.50 230 1.9
20 2 1.30 17.50 - 18.80 230 1.9
21 2 1.10 18.80 - 19.90 230 1.9
22 5 2.09 19.90 - 21.99 300 2.0
23 5 2.00 21.99 - 23.99 300 2.0
24 5 2.00 23.99 - 25.99 300 2.0
25 5 2.00 25.99 - 27.99 300 2.0
26 5 2.00 27.99 - 29.99 300 2.0
27 5 2.00 29.99 - 31.99 300 2.0
28 5 2.00 31.99 - 33.99 300 2.0
29 5 2.00 33.99 - 35.99 300 2.0
30 5 2.00 35.99 - 37.99 300 2.0
31 5 2.00 37.99 - 39.99 300 2.0
32 5 2.00 39.99 - 41.99 300 2.0
33 5 2.00 41.99 - 43.99 400 2.0
34 5 1.81 43.99 - 45.80 400 2.0
35 7 N/A > 45.80 1,000 2.3
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2 6.25 BH44 JBf HIESHH + EHAERIFE

R | e JE TR EIUT) Rz iR i%?
(m) (m) (m/s) (g/em’)
1 1 0.77 0-0.8 160 2.0
2 1 0.73 08-15 160 2.0
3 1 1.00 15-25 160 2.0
4 1 1.00 25-35 160 2.0
5 3 1.00 3.5-45 160 1.7
6 3 1.00 45-55 160 1.7
7 3 1.10 55-6.6 160 1.7
8 3 1.10 6.6-7.7 180 1.7
9 2 1.00 7.7-8.7 180 1.9
10 2 1.00 8.7-9.7 200 1.9
11 2 1.00 9.7-10.7 280 1.9
12 2 1.90 10.7-12.6 280 1.9
13 2 2.00 12.6-14.6 280 1.9
14 2 1.10 14.6 - 15.7 280 1.9
15 5 1.70 15.7-17.4 360 2.1
16 5 1.50 17.4-18.9 360 2.1
17 5 1.50 18.9-20.4 360 2.1
18 5 2.17 20.4-22.6 360 2.1
19 5 2.23 22.6-24.8 360 2.1
20 5 1.50 24.8 - 26.3 360 2.1
21 5 2.50 26.3 - 28.8 360 2.1
22 5 2.10 28.8-30.9 360 2.1
23 5 2.00 30.9-32.9 360 2.1
24 5 2.00 32.9-349 360 2.1
25 5 2.00 34.9-36.9 360 2.1
26 5 2.00 36.9 - 38.9 360 2.1
27 5 2.00 38.9-40.9 360 2.1
28 5 2.00 40.9-42.9 360 2.1
29 5 2.00 42.9-44.9 360 2.1
30 5 2.20 449-471 360 2.1
31 7 N/A >47.1 1,000 2.3
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%2 6.26 BH45 JRFLEIESHH + EHAIERIFE

Tt | e JE TR EIUT) Rz iR i%?
(m) (m) (m/s) (g/em’)
1 1 1.50 0-1.50 250 2.0
2 2 1.10 1.50 - 2.60 250 1.9
3 2 0.90 2.60 - 3.50 250 1.9
4 2 2.44 3.50-5.94 250 1.9
5 2 1.56 5.94 -7.50 250 1.9
6 2 1.94 7.50-9.44 325 1.9
7 2 2.06 9.44 - 11.50 325 1.9
8 2 2.00 11.50 - 13.50 325 1.9
9 6 2.44 13.50 - 15.94 325 2.0
10 6 2.31 15.94 - 18.25 325 2.0
11 6 2.19 18.25 - 20.44 325 2.0
12 6 2.00 20.44 - 22.44 367 2.0
13 6 2.00 22.44 - 24.44 410 2.0
14 6 2.00 24.44 - 26.44 458 2.0
15 6 2.00 26.44 - 28.44 512 2.0
16 6 3.00 28.44 - 31.44 572 2.0
17 6 3.00 31.44 - 34.44 675 2.0
18 6 411 34.44 - 38.55 797 2.0
19 7 N/A > 38.55 1,000 2.3
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2 6.27 BH49 SRFLHIESHH + EHAERIRE

Tt | e JE ENEN ST HE B Rz 2R i%?J;E
(m) (m) (m/s) (g/em’)
1 1 1.61 0-1.61 230 2.0
2 1 0.90 1.61-251 230 2.0
3 1 0.99 2.51-3.50 230 2.0
4 2 1.61 3.50-5.11 230 1.9
5 2 1.70 5.11 - 6.81 230 1.9
6 2 1.50 6.81-8.31 230 1.9
7 2 1.50 8.31-9.81 230 1.9
8 2 1.50 9.81-11.31 230 1.9
9 2 1.70 11.31-13.01 230 1.9
10 2 1.10 13.01-14.11 230 1.9
11 2 1.00 14.11 - 15.11 230 1.9
12 2 0.79 15.11 - 15.90 230 1.9
13 6 1.41 15.90 - 17.31 400 2.0
14 6 1.50 17.31-18.81 400 2.0
15 6 1.50 18.81 - 20.31 400 2.0
16 6 0.80 20.31-21.11 230 2.0
17 6 1.24 21.11 - 22.35 230 2.0
18 5 1.15 22.35 - 23.50 230 2.0
19 5 1.31 23.50 - 24.81 230 2.0
20 5 1.00 24.81 - 25.81 230 2.0
21 5 1.30 25.81 - 27.11 230 2.0
22 5 0.79 27.11 - 27.90 230 2.0
23 6 1.71 27.90 - 29.61 230 2.0
24 6 2.70 29.61 - 32.31 450 2.0
25 6 2.19 32.31-34.50 450 2.0
26 6 3.00 34.50 - 37.50 700 2.1
27 6 4.81 37.50-42.31 1,000 2.3
28 6 4.09 42.31 - 46.40 1,000 2.3
29 6 2.45 46.40 - 48.85 1,000 2.1
30 7 N/A > 48.85 1,000 2.6
%% 6.28 BH50 sEFLEIE S - @AV ERNEE
Tt | e B ENENSET FI) Rz 2R i%”%i
(m) (m) (m/s) (g/cm)
1 1 1.95 0-1.95 350 2.0
2 6 2.05 1.95 - 4.00 350 2.6
3 7 N/A > 4.00 1,000 2.6
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o T LSRR b iy H 32 B i Eh — iSRS - 6 TRELA + HYHERE(H 0% 6.29 M1
1 R A o R RG B D IRGR IR e R R E ([8] 6.2) P -

#6.29 S+ BN BT L RRE IR MR AR S B

e ) ] BIEE (10+)
; | 28
2 0.05 0.1 0.5 1 5 10 50 100
G/ 0.999 0.995 | 0.900 | 0.831 | 0.52 0.385 0.15 0.1
1 Fill Gmax
A 0.004 | 0.0058 | 0.025 |0.0362 | 0.10 0.139 0.235 0.259
G/
0.99 0.975 | 0.73 | 0.56 0.22 0.13 0.05 0.028
2 Alluvium Gmax
A 0.006 | 0.0102 | 0.07 | 0.120 | 0.25 0.28 0.295 0.30
Estuarine/ e/ 0.999 0.995 | 0.900 | 0.831 | 0.52 0.385 0.15 0.1
3 Marine Gmax
deposit A 0.004 | 0.0058 | 0.025 |0.0362 | 0.10 0.139 0.235 0.259
G/
cDS 0.999 0.99 0.88 0.8 0.47 0.31 0.12 0.078
4 Gmax
Clayey silt
A 0.004 | 0.0056 | 0.024 | 0.039 | o0.127 0.18 0.24 0.25
G/
. . 81 . 37 24 . .
: cos sand | gray | 0999 0.99 0.8 0.69 0.3 0 0.09 0.06
clayey silt
A 0.005 | 0.0069 | 0.04 | 0.07 0.16 0.19 0.24 0.25
CDG and c/ 0.999 0.99 0.87 | 0.75 0.41 0.3 0.12 0.08
6 CD volcanic |_Gmax
rock A 0.005 0.007 | 0.037 | 0.06 0.14 0.17 0.212 0.22
G/
1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
7 rock Gmax
A 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
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Gd/Go Gd/Go
e T I
A A
00 vh 000 Y%
1E-6 1E-5 0.0001 0.001 0.01 o 1E-6 1E-5 0.0001 0.001 0.01
RIS %2 Kt
Gd/G Gd/Ge
A A
040
032
024
0.16
o8
v 0.00 Y%
1E-6 1E-5 0.0001 0.001 0.01 T 1k 1E-5 0.0001 0.001 0.01
W3 KL # 4 %t
Gd/G Gd/Ge
A A
00 o 000 vh
1E-6 1E-5 0. 0001 0.001 0.01 - 1E-6 1E-5 0.0001 0.001 0.01
%5 %K+ %6 %t

B 6.2 Sith+ &Ko RS I RR MR M Hh 4R

6.2.3 FHREER

TRIE TRES IR THYEDK B TR TS S fER IR - 3Bl BT
T2 50 EARE R fy 63% ~ 10% Kz 2% FSHESIIRTERAE (% 3 A - 1%
W A/ N — Pl — 4 - SUE D TR B T R R A A & - B — 5057 51
sTHR R it S FERT IR R RN S ERE - 3% 6.30 fy iR 38 1 50 4
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R 63% ~ 50% ~ 10% ~ 2% [y /KAE A IR L IEE fe P9 (EIE - [E] 6.3 - 6.29 B35
S FEFL 50 4 3 (Al B4 7K B R E55 I IT20 PR Hy A R 5 3t A B I 28R R S R -

% 6.30 TIEEHLREETL 50 FABMEER 63% ~ 50% ~ 10% -~ 2% HY/KFE il R il
KMENEE (ga) (B1EHE4EH)

N . N " N AL 4
[ SRS PEFLSRE A 1 i A 2 A 3 i Ty
BHO1 42.2 49.8 40.3 44.1
BHO02 50.8 55.7 48.6 51.7
BHO08 43.9 53.7 47.4 48.3
BH12 39.8 37.1 37.5 38.1
BH13 43.3 515 43.9 46.2
BH14 48.7 52.7 46.1 49.1
BH15 70.9 58.2 73.1 67.4
BH16 44.1 42.9 45.1 44.0
BH20 46.3 48.7 39.2 44.7
BH21 50.0 62.4 61.6 58.0
BH22 43.1 46.0 43.7 44.3
BH23 53.4 51.6 51.9 52.3
BH24 66.3 66.6 61.2 64.7
63% BH26 44.0 46.8 43.6 44.8 48.6
BH27 38.5 38.0 44.9 40.5
BH29 39.4 35.6 37.3 37.4
BH30 35.8 46.2 44.1 42.0
BH32 43.3 64.0 54.5 53.9
BH36 42.7 54.7 441 47.2
BH39 39.2 44.3 37.6 40.3
BH41 63.0 54.2 63.9 60.4
BH42 56.8 63.9 57.1 59.3
BH43 44.6 51.7 47.4 47.9
BH44 50.9 60.8 52.7 54.8
BH45 56.2 58.1 62.5 58.9
BH49 37.4 41.4 36.6 38.5
BH50 32.0 32.8 33.7 32.8




522

#6.30 TIESH T 50 FRBMMHER 63% ~ 50% ~ 10% ~ 2% HY/KFREIZREEEE
KEFHEE (ga) (F2H#E4R)

N et n N . AL 4a
EEN i S LR i A 1 i A 2 i A 3 T P
BHO1 60.5 56.7 60.2 59.1
BHO02 72.8 67.3 73.3 71.1
BHO08 62.2 58.4 61.7 60.8
BH12 51.6 46.0 48.3 48.6
BH13 61.7 57.5 61.0 60.1
BH14 58.9 60.2 63.4 60.8
BH15 92.5 86.8 86.6 88.7
BH16 55.7 51.6 55.2 54.2
BH20 58.9 58.2 62.7 59.9
BH21 66.1 69.4 73.3 69.6
BH22 66.3 515 58.0 58.6
BH23 66.7 63.7 67.9 66.1
BH24 78.7 68.6 78.5 75.3
50% BH26 58.1 47.0 54.7 53.3 60.7
BH27 48.0 43.5 42.6 44.7
BH29 421 39.8 41.7 41.2
BH30 57.1 46.2 50.9 51.4
BH32 72.8 56.4 67.4 65.5
BH36 67.0 59.8 69.8 65.5
BH39 53.8 48.7 53.5 52.0
BH41 75.1 64.8 71.7 70.5
BH42 74.1 60.6 76.2 70.3
BH43 58.9 61.7 60.1 60.2
BH44 72.4 67.9 66.8 69.0
BH45 74.5 67.6 65.0 69.1
BH49 53.3 53.1 46.7 51.0
BH50 42.6 41.0 42.9 42.2




% 6.30 TRZEEH BT 50 FEHEHERR 63% ~ 50% ~ 10% ~ 2% HY7K & mn R k(i

523

KESE (gal) (B3EH£4H)

N et n N . AL 4a
EEN i S LR i A 1 i A 2 i A 3 T P
BHO1 94.5 77.5 88.3 86.8
BHO02 128.5 107.7 132.8 123.0
BHO08 122.1 96.2 101.0 106.4
BH12 137.6 140.1 132.3 136.7
BH13 106.6 76.8 92.7 92.0
BH14 144.8 126.9 150.8 140.9
BH15 239.1 246.5 197.4 227.6
BH16 165.7 137.3 152.7 151.9
BH20 124.7 106.7 122.7 118.0
BH21 1275 173.0 160.1 153.6
BH22 110.3 101.7 106.2 106.1
BH23 113.8 126.0 120.2 120.0
BH24 124.3 163.3 150.2 145.9
1094 BH26 100.0 91.0 112.3 101.1 119.3
BH27 79.2 85.5 89.1 84.6
BH29 72.0 63.4 69.8 68.4
BH30 75.6 77.3 99.1 84.0
BH32 102.2 88.9 112.7 101.3
BH36 129.3 110.9 128.0 122.7
BH39 87.9 68.5 78.8 78.4
BH41 206.5 202.0 179.0 195.8
BH42 115.0 122.9 133.2 123.7
BH43 87.3 84.7 90.0 87.3
BH44 108.5 97.1 114.9 106.8
BH45 138.3 163.1 173.9 158.4
BH49 77.9 81.4 81.0 80.1
BH50 119.7 117.5 117.8 118.3
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% 6.30 TRZEEH BT 50 FEHEHERR 63% ~ 50% ~ 10% ~ 2% HY7K & mn R k(i
FEHEME (gal) (FE4EHE4H)

N W N n " AL 4
[ SRS PEFLSR A 1 i A 2 A 3 i eTy
BHO1 118.5 118.5 157.0 131.3
BHO02 157.2 152.8 196.1 168.7
BHO08 144.1 127.6 209.1 160.3
BH12 252.7 279.1 229.8 253.8
BH13 129.7 105.0 157.4 130.7
BH14 178.1 177.6 167.2 174.3
BH15 335.6 342.5 395.4 357.8
BH16 293.7 346.3 3124 3175
BH20 150.7 142.8 179.3 157.6
BH21 234.7 2255 189.6 216.6
BH22 142.5 141.4 1725 152.1
BH23 176.4 167.7 195.0 179.7
BH24 238.2 204.3 201.3 214.6
2% BH26 145.9 136.1 149.2 143.7 180.8
BH27 125.6 111.8 119.9 119.1
BH29 103.4 95.1 107.8 102.1
BH30 119.0 109.6 105.6 1114
BH32 147.3 151.8 158.4 152.5
BH36 166.1 173.9 185.3 175.1
BH39 109.4 91.8 148.8 116.7
BH41 317.7 338.1 375.4 343.7
BH42 195.5 170.3 154.5 173.4
BH43 124.0 101.6 128.2 117.9
BH44 136.4 143.7 154.4 144.8
BH45 234.8 220.1 204.9 219.9
BH49 115.8 106.3 131.6 117.9
BH50 223.5 234.8 224.9 227.7
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] 63% 509
ol —— T, | Bn | T v | Amx | To | Bn | T y
BHO1 45 | 055 | 25 | 01 | 10 | 57 | 06 | 25 | 01 1.0
BHO2 50 | 055 | 25 | 01 | 10 | 65 | 06 | 25 | 01 1.0
BHO8 47 | 060 | 25 | 005 | 10 | 5 | 062 | 25 | 005 | 1.0
BH12 45 | 022 | 25 | 01 | 10 | 55 | 024 | 25 | 01 1.0
BH13 45 | 065 | 25 | 01 | 10 | 50 | 07 | 25 | o1 1.0
BH14 50 | 040 | 25 | 01 | 10 | 57 | 05 | 25 | 01 1.0
BH15 70 | 025 | 25 | 01 | 10 | 8 | 025 | 25 | 01 1.0
BH16 55 | 020 | 25 | 008 | 10 | 60 | 022 | 25 | 008 | 10
BH20 45 | 055 | 25 | 01 | 10 | 55 | 06 | 25 | 01 1.0
BH21 60 | 040 | 25 | 01 | 10 | 68 | 045 | 25 | 01 1.0
BH22 45 | 065 | 25 | 01 | 10 | 5 | 068 | 25 | 01 1.0
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BH12 135 | 025 | 25 | o1 10 | 235 | 028 | 25 | 01 10
BH13 85 | 085 | 25 | 01 10 | 105 | 11 | 25 | o1 1.0
BH14 125 | 06 | 25 | 01 10 | 165 | 075 | 25 | 01 1.0
BH15 210 | 027 | 25 | o1 10 | 300 | 035 | 25 | 01 1.0
BH16 155 | 023 | 25 | 008 | 10 | 300 | 025 | 25 | 008 | 1.0
BH20 105 | 072 | 25 | o1 10 | 150 | 09 | 25 | o1 10
BH21 150 | 05 | 25 | o1 10 | 200 | 065 | 25 | 01 1.0
BH22 100 | 085 | 25 | 01 10 | 150 | 11 | 25 | o1 1.0
BH23 110 | 065 | 25 | 01 10 | 160 | 085 | 25 | 01 10
BH24 140 | 043 | 25 | 01 10 | 200 | 055 | 25 | 01 1.0
BH26 100 | 06 | 25 | 01 10 | 140 | 085 | 25 | 01 1.0
BH27 80 | 11 | 25 | o1 10 | 110 | 13 | 25 | o1 10
BH29 70 | 08 | 25 | 01 10 | 100 | 13 | 25 | o1 1.0
BH30 80 | 063 | 25 | 01 10 | 110 | 065 | 25 | 01 10
BH32 100 | 067 | 25 | o1 10 | 145 | 085 | 25 | 01 10
BH36 120 | 068 | 25 | 01 10 | 175 | 085 | 25 | 01 1.0
BH39 75 | 085 | 25 | o1 10 | 105 | 11 | 25 | o1 10
BHA41 795 | 028 | 25 | 008 | 10 | 330 | 03 | 25 | 008 | 1.0
BH42 120 | 05 | 25 | 01 10 | 160 | 065 | 25 | 01 1.0
BH43 85 | 095 | 25 | o1 10 | 110 | 12 | 25 | o1 10
BH44 100 | 085 | 25 | 01 10 | 140 | 105 | 25 | o1 1.0
BH45 160 | 05 | 25 | o1 10 | 230 | 06 | 25 | 01 10
BH49 80 | 095 ]| 25 | o1 10 | 110 | 12 | 25 | o1 1.0
BHS50 110 | 030 | 25 | 006 | 1.0 | 210 | 032 | 25 | 006 | 1.0




554

e
e

BHO1

BHO02

BHO8

e
P

BH12

BH13

BH14

- E E

#
b

BH15

BH16

BH20

oot on ) B

Pl
P

BH21

BH22

BH23

B 7.1a ZSEFLHFROKN (IR B IN R R S PR S AR e i R B S L (50 £F 6396)

(R1RE#2EH)




555

e
b
b

A
P
3

-+

,,,,,
oo

BH32

H!

-
L
-

BH43

i
F

=

BH49

B 7.1a ZSEFLHFROKN (IR BN R S PR S AR e i R B S L (50 £F 6396)
(R2R#2FH)




556

Fe
P
a

BHO1

BH02

BHO08

H
u
y

BH12

BH13

BH14

pe
H

e

BH15

BH16

BH20

Rl
000

B

P

BH21

BH22

BH23

[ 7.1b S SEFLHNER K R R BN 2R S R S B e R B S MR (50 47 509 )
(R1RE#2EH)




557

pei
P

i

BH24

BH26

BH27

e
P
H

BH29

BH30

BH32

P
P
#

BH36

BH39

BH41

pe
e
B

BH42

BH43

BH44

H

P
o

BH45

BH49

BH50

B 7.1b HSEFLHER KRR BN 2R R S R S e R B S MR (50 47 509 )
(R2R#2FH)




558

i

H

i

BHO1

BH02

BHO08

i
o

i

BH12

BH13

BH14

i

'
F

BH15

BH16

BH20

i
b

i

BH21

BH22

BH23

(R1RE#2EH)

B 7.1c BBEFLHRAKP a2 S e R AL E BB S fEst (50 £F 10% )




559

h
b
3

BH24

BH26

BH27

'

b

b

BH29

BH30

BH32

i
/

b

BH36

BH39

BH41

i
F

3

BH42

BH43

BH44

i
F

5

BH45

BH49

BH50

(R2R#2FH)

[ 7.1c BEFLIHFAKFRHEEN IR S B AR R B S R (50 48 10%6)




560

2
£l
T

BHO1

BH02

BHO08

T
B
T

BH12

BH13

BH14

#
#

T

BH15

BH16

T
Pl
a

BH20

BH21

BH22

BH23

B 7.1d ZSEFLHERK st BN e S ML S A E RIS RS (50 £ 2% )

(R1RE#2EH)




561

FE
E
>

BH24

BH26

£,
P

2

BH27

BH29

BH30

BH32

E
2

Fe

BH36

BH39

BH41

r
£

EL

BH42

BH43

BH44

L
2

Ee

BH45

BH49

BH50

B 7.1d SRR E SRR S M E R S R, (50 48 296)
(R2R#2FH)




562

DL $8 L35 G Y 35 it /K SV [ b RS e {228 P8 ot B 4 SR S e S Y 2 B
RFERE > 2B TREME B TS - RS E ARG 50 R 10%: 1 5H/KCE
(IR B SRR G IR - B HESH SBOE TP & > /AR — HP &
V2503 By 3 (EHEE B 2 H& -

I 18 £y 50 SR 1096 ARSI IEREE K7 R UM Tg < 0.30 s Ay -

A& BH12 ~ BH15 ~ BH16 ~ BH41 ~ BH50 il » H M ESIIEE M ERELR 4R R
7.2 T Fy 50 SERBREEAR 1096 HY R EhINERE S MER R ErE F{E 0.30 s<Ty<0.55 s
HylalE - Bl BH21 ~ BH24 ~ BHA2 ~ BHA5 i1, - HIES IR R e R i &g &,

7.3 T Ry 50 SRR 1096 1yt S Bl 12K 5 2 M R (U A 0.55 s < To gLtz »
f#% BHO1 - BHO2 « BHO8 ~ BH13 ~ BH14+ BH20 - BH22 « BH23 ~ BH26 - BH27 » BH29 -

BH30 ~ BH32 ~ BH36 ~ BH39 - BH43 + BH44 - BH49 Ff#7l. » H BB E i sty
TR <R LB 7.4 -

10.00 0.01 0.10 100 10.00
JA B

63% 50%

10% 2%

B 7.2 FAETTH—EFIE I SEHIHEEIII AR e b i & 4



563

= =
R Sk
wis s
o
o "
. 2
o oo oo 10 w00
i Bt
- ~
R
s
wo
"
. "
oo oo s 000 oo oo s 000
i A

10% 2%

B 7.3 FHETH—EFHE O 2SR BB INERE K R R SR



564

2%

= =
Bt SR
100 100
100
»
1 1
0.01 0.0 100 10,00 001 0.0 100 10,00
A JeL
0 0,
63% 50%
= ~
] SR
1000 1000
100
»
1 0
0.01 o 100 100 001 0.0 100 10.00
i Jijil
10%

B 7.4 FHETH—EFHE 2SR BB INERE K R R S iR




565

7.2 WEESBUNER MasT RS 8
FRISHE B S R st e B 4% (18] 7.2 - 7.4 PRVALEATER) > n[1SE1%

SEEeHEESE (&7 2) - Hb o TEW T1{E/R0.06 s> TIEAIMEL T1{EHY
01s-

TreGthaat g BHAER -

,E\EE%Amax Ryseat R BN E NS - A(T) Rt B BRI GE S R - HE
=5 W

1 T <0.04s
1+ (8, -1 T-004 0.04s<T <T,
T,-0.04
ﬂ(T): B LIRS IR PR (7.2)
T b4
,Bm(?gJ T,<T <6s
=l 7.1 F17.2 7)1 ¢
K T <0.04s
K+ (o, —K) T-004 0.04s<T <T,
T,-0.04
a(T): a, TCT ST, e (7.3)
T, Y
a | = T,<T <6s
T

HoH K = Avadg 0 B3 PRI > Anacdide 7.2 TUE 5 %o = Ambrg s psie
S/ EG R A Sa(0.2) 1 Sa (L0) 5T BIHEH 5 0.2 s A1 1.0 s MRS BT e K7 MR A HUE -
% 7.3 BBzt 7.3 HIEN S B BT 28 -

o AT B — HP T e Gt A e T R T A S T R Eh 2 B B
— A A > R EREROR > HhE S FESE R EOE] Ty BOR > ARRERYIIER
FEUE(EA N » FrlL - BT — P & E g2 B Na &8 S E F A © 1 &y
BT ERBPAE AEUAE S > T~ W4 EAVE T BB eI Es e
B AT ~ Fe 50 4 3 {[E R 1096 HHEE IS B T (H =% %K @ 455
TR E BT oy e N RS A e S B R 57 )= A e B — EP il TR
% {%ﬁfﬁtt%ﬁb%%iﬁlﬁﬂ’ﬁ%% MBS R NEEE AR 7.5 OB ERS

SIZ < 7.3 -



®12 BEWESHIESEER (5% [HEK)

B L& e m g
Amax Ty y Pm Sa(1) Amax Ty Y Pm Sa(1) Amax Ty Y Pm Sa(1)
63% | 50 028 | 1.0 2.5 36 60 0.40 1.0 2.5 60 45 0.60 1.0 2.5 67
50% | 60 029 | 1.0 2.5 43 75 0.43 1.0 2.5 80 50 0.65 1.0 2.5 80
10% | 155 | 030 | 1.0 2.5 120 150 0.50 1.0 2.5 190 100 0.75 1.0 2.5 185
2% | 265 | 035 | 1.0 2.5 228 210 0.65 1.0 2.5 343 140 1.00 1.0 2.5 350
G Sa(0.2) Y HUEEL Amax FH[E]
R 13 FEIHEBESTESEER (5% [HEEL)
S I & I & I &
S8 T Ty K Om T1 Ty K Om T Ty K O
639% 0.06 0.28 0.051 0.127 0.1 0.40 0.061 0.153 0.1 0.60 0.046 | 0.115
509 0.06 0.30 0.061 0.153 0.1 0.43 0.076 0.191 0.1 0.65 0.051 | 0.127
10% 0.06 0.32 0.158 0.395 0.1 0.50 0.153 0.382 0.1 0.75 0.102 | 0.255
2% 0.06 0.35 0.270 0.675 0.1 0.65 0.214 0.535 0.1 1.00 0.143 | 0.357
S y 54(0.2) Sa(1.0) y S4(0.2) Sa(1.0) y S4(0.2) Sa(1.0)
639% 1.0 120 34 1.0 150.0 60 1.0 1125 67
509 1.0 145 43 1.0 187.5 80 1.0 125.0 80
10% 1.0 375 120 1.0 375.0 190 1.0 250.0 185
2% 1.0 650 228 1.0 525.0 343 1.0 350.0 350

99G
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8.1 HhEBHNE K EHE

8.1.1 HE+I&HIb

(EEEEPIRESETREL) (GB50011-2010) #HME » FFAFEAIRD - Meufliy + (K&
=) AUHIES o B 6 EREAN > MEETTRIEHA]  FAERE LA > EMRE RS
PSSR ~ HEANRIESES » &6 BRI N REUHERTHE T -

BT HIRRE Ry e — TR s > FERR AR A s A A
F 20 KRR -

FEHKTT T 20 SKOERERUEIN » (L FIRI A B A SR B S AT T3

Hef Ner = RIBARIEEEE A EIREEERE
No = JRAGHFIBIFEREE ASRERRCECE(E - A% 8.1 fRA
ds = HERILAREE ARREE CR) !
do = HUF/KAL CK) S
pe = MRIEEEZTE (%) & pe (%) < 3B HHDLHFHL3
B= FHEERE - SGTHIESS —4HHL 0.80 » S5 "&HHL 0.95 > S5 —4HH{ 1.05

% 8.1 BBHIBIFER AsERREAE(E No

RETEAMEIZEE (9) 0.10 0.15 0.20 0.30 0.40

WAL IR E A S SRR 7 10 12 16 19

@ et ST B B Nor BB IR B8 S 2B N ETTEERE & Nor 2 N BiRAE > AR

SFEER B L E Wy LB > 2 NGRS EE LR ETE 8 Wik 8.2
“E e B ER RS ¢

n N.
e = Z[l_N_I}diWi .......................................... (8.2)
i=1 cri
Hrp e = JRICHE®L:
n - fEHEIEERENG - EHEIEEE /\uiﬁ%!ﬁﬂﬁﬁ'ﬁi
Ni ~ Neri = ??UQEEE ASREEIVE HIEERFE & R E AN S E R E
y n{ng
di = iEPARNIEEY
W, = i HEEMOEEENE T e EE (B mt) .
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% 8.2 BRALFRIRAEAS RV ERR (%

TRIEEEAR HEIH e N
TRAEFEEL (Ie) 0<Ie<6 6<Ile<18 Ie> 18

fRIE TRSGE 27 (i TARMEEFLACEERY 5 T 2L &R - TG S (EHEL
SR L - R (ERPTERETEE) (GB50011-2010) AREMZEEETEK » ¥
TG BF LAY £ 8 oy Bl fa st t R ACHEEE IIZRE 0.10 g A1 0.20 g 2 TRO L IRAEAYFI ] -
27 {6 TREH B HIHGE RN 8.3 lHZRAT > TARSEAVEIAIRD £ e VI ¢ VI
FERE(ERTT » EErIge s AL - EEFERE "0 2 “EE - FERE TSR
HRD LA LB EF TR ANAY ST B > 3 5 T S L BRIV BEAIRD £ th 53 B s T A A
7= JIZEEE 0.10 g A1 0.20 g #7171 WD LIR(EAYH] (2R & & B o BRIV E R
e =RYAR > FERR & 8 T R REUR 3% ) » fRIZ FAtayHIRIEE R - B TG VA
W IRALIE DT/ NEE] - F5 @ N SR BRGE TR HE 2B ks BdE R AR 8.1
8.2
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JRE AR AL FIRIZE5(0.10 9) AL FIRIZE5(0.20 9)

Lok c N i (s iid(s YR Bk (s
g E=E £33 Rk fa# £33

BHO1 | 820788.01 | 834662.81 = 2.14 LG yoss 11.51 rh&g

BHO02 | 818797.50 | 835346.62 & &5

BHO08 | 814731.24 | 826550.68 &5 = 10.03 g

BH12 | 814545.68 | 829101.75 | fiEffg ~ Jf&Ehb 1 /&

BH13 | 815228.54 | 828606.03 & TN

BH14 | 815878.90 | 829623.70 & TN

BH15 | 814736.30 | 830479.68 | fiid & ~ JfEid /g

BH16 | 815248.43 | 830122.68 | fiEid & ~ Jif&id /g

BH20 | 817186.69 | 833269.83 & i LISE

BH21 | 816742.75 | 834053.95 & 5

BH22 | 817639.96 | 833141.84 e 2.61 KW ye3 6.06 S

BH23 | 818574.03 | 833547.56 & TN

BH24 | 819373.99 | 832415.73 & ¥y

BH26 | 820329.16 | 830697.38 & Y 5.58 S

BH27 | 820851.05 | 831545.75 & N

BH29 | 821526.55 | 832139.46 & N

BH30 | 821782.24 | 832860.94 &5 &=

BH32 | 819518.02 | 833226.85 &S TN

BH36 | 820061.08 | 834344.40 5 %

BH39 | 821126.41 | 835767.88 &5 N

BH41 | 820154.63 | 835247.23 | fiEidfE ~ Jif&Ewb /g

BH42 | 820208.96 | 835782.70 & N

BH43 | 818385.85 | 836137.79 & N

BH44 | 818381.82 | 836888.04 £ 8.43 &g 2 19.50 B EE

BH45 | 818426.21 | 838562.87 & TN

BH49 | 820239.20 | 832872.00 &= TN

BH50 | 814975.32 | 828963.20 | fiEdfE « (f&EHD /&




571

113754 113°57" L1400

g2 NES I 8 77811 L o
(0. 10g)
- 0 1 2 3 dkm )2
o ' o

[Z]r fwe]: s [ Jo [
e B [ s

VARERRGT T 21 R R G AL 2 by 3SRtk iy + 4 A X
Alb A A X SERRUTIILES 60D BB 77 IR S I HA AL

hot!
b7l

é? b/ &mal“ -a.-a :
,El-m !;%"_J%’T A

-3 Pz #liH22|
8¢ st rB"“’7

% B2

221
25

122
23’

113754 113°57" 114200’

B 81 TiEHEWLRCESE (0.109)



572

113°54' 113°57" 114°00"
Frits /R RS M Ak A 1
(0. 20g)
> 0 1 2 3 4]ch
N rza e Y s Y e T e
- B

1 UAEGE i 20 L F AL R 2 by 358 i P + o A B
b+ 53 A SERBIE LS 6P AR B 77 IR SR R L

ViR o143 .
" wis . ‘\

. Oy
ES
ABH27
N/
e
BH2

ABH30

H29

X
)

221
29"

229
25"

23

E 82 THEBEWITRIEERE (0.209)

8.1.2 M+EK
fREZ (it TREME Bh22ifiEn) (JGJ 83-91) R TR AR -
(1) SNELURR 1 LRI £
(2) RARBKERNHRENRRR
(3) RAAFLBREE AT EERL 1.0




573

R (CAEHE FME) - FORMEREE AR 0.75 () - fRIBIEREE ARt
BREQBURMER IR % > AT Ness HY{E < 3 8 (fk = 105 kPa) - RIZINE TAZHE
PEFLAIUCEERY 5 TERFLEER AR - TG EEHEL Neas (H < 3 8> WRITREYES
LB o AR L

27 i E TR E # L0 > L5 BH26 ~ BH39 ~ BHA2 H={Efl &AL - iE
TR E AUREEIR - UrdEAY 5,000 gRflH A (EH 432 FLEFEEHCL - RIRELE
FLAVIHLE > SIS E R AR ErTE ]y > G E 8.3 - HilEl vl - T2
BN L RE A EYHIE 2SS EAAKIEIEES ~ KHEILES ~ AKEFIEED -
EDA PR ~ AHEER AR ~ (& SRR ~ B Crg L ~ PR AR I AT S Y e P (4
R 5.6 “FI7AH > (B5EERARY 5.1% ) © i+ B BREtt: - R&EJIE - f£588
HRELERT > ATRE S IR T B S W TARGUE A RItL » AR LAY IS eI S
Ry EESRPURE R RIS - B2l B PR SR AR L AG (R O THEE R Py oAt 3 -

8.1.3 HEEEG

BIASMNY R B REE ERIERI - Th B R R BN A B 1 BRI AR
N $EEhS [FEESRYIAIRE IR - HWHYSETEHYESR - AR A GB17741-1999 f§
HHEEEAESR > B MRl DURATEEIESL o T a]RE S [REHh R e st =
RS E R HREBETE -

AIATEE S TR A EOS BT T o AIss ST > 5l N EVEr R
JEENRHAAE PRI o R FSBVUSCENS - SR it R e Rt R

8.1.4 Fakm ~ A

AR ~ TS EHE K RS — BN -

8.2 HhEBHE KE/NEE]

FRUE DL 3 TAZ MM S B S AT A5 - AT L By BB TRl
5 0.10 g F110.20 g HFE NIER FE FLEEE 0D+ e L ATER - R M R L S e (T B
A R[] 8.4 11 8.5 ¢

feE I E > e~z 0.10 g A1 0.20 g MEENIERE R B - R K (WD
TR ) ERE PR AAE R /KEILES ~ ZJFEILE ~ KERILE - B/
> AHEEEER M ~ HrE R ~ HOPEIE - PR R > SR BB AR 1R
(BB L RE I 5t 6] 5 A7 W Feh A B S (WD i Bt AR B R DAY T AE -
KA RIHE 2 0.10 g H10.20 g U= IR FER2 200 - UM IS SE T IRl KGR AT
A EZ A HIRA AL S B EIHY AR - #82 0.20 g HYsZEEE#E~Z 0.10 g P2 RA L ED
[BA £~ 0.10 g R IR R 20 - i S A M EE M SE IS AR fREY 8.2
TNE > ASSERERTATREY 7.5% > fE38~2 0.20 g HEENIEERYZ B - HOR LEAUE
Zpa i AHRERG 0 > SREAAHIRER « SURAN — W T A AR b R > SRR
HE K FEHIE AR 11.6 P A - (S5 &R E ey 10.6% -



574

113°54 113°57'

114200

22
29"

A/ X C R L A

0 1 2 3 4km
@ B ) O B
-t

AT 2005 A T L R gy SO L
AEPYFIP . PRI GG X SHE AP A X 645+ 0 i X

113°54' 113°57

114°00"

22
29"

& 8.3 Ti2BEE&LHilE




575

221
29

D2
7"

[TERS 11357
s/ DR AR b R T T X R
(0. 10g)
0 i 2 3 dkm

@ B [ [0+ Bl
O B BN B o
o M

LA DA T2 M TR L M i ) 338 (AR T T [ 4l 1
U R AR AR o1 #1210 B X 7% AE AR O Th
BCREBRIS S AL A RE IR X
Ot £ 7 i {4, BE R I 10U 4 1)
LIPS T SHESRUUIES
e BBV

113°54° 113°57

L14°00

. " .
D¢

114°00'

o
et

ik

221
29"

229
27

25"

22
23

[ 8.4 TRESEMENHEKE/ NERIE (F3 0.10 g BN




576

113554 113757 114700
T/ LX) T A B A X A P
(0. 20g)
0 1 2 3 4km

F=): () [+ Bl
3 I I D
e e

L R TR 2 1 b L 3t A A R 4 £
PRI B ST T O T B G o - RE B B T AR SR AT
Bt W DK SR 0 P AL A RE R X -
O£ R I AT i X 10N 1) i

EALTIER + Sk K 12550 &R
LU AR (VAT Y

1229
7

Ciai

- BH24

113754 113°57 114700

.
&

22
29

227
p7

229
25"

1227
23"

[ 8.5 TESEMENHEKE/ NERIE (FH 0.20 g BN




ST

FIE &
9.1 HEBTIZMEREE

(1) HeZRFE

TSRS 2 R F PR S MR ~ U NP 23 ARG S5 e R Y 53.4%
1 46.6% - #BAGERG RS » JLEK > et REARE LA T~ iR/ N R FARE 23 -
HEFZAELR N ©

(2) =L TIRMRERS R

S KIIEMBEEEHESRE - KilreatE 2R BEEICaE (Saidasehcs »
DUEENCE ROSEIREW S A% ) R/ VEZUIaEfRsla K sftaif (Terke ~ Termb&
w5 o BEETELEEVWEENA S ESERILE - TE K S R o i H REE
LIRS ~ e ~ BEEFERIA RIS ~ AES -

FVURES @iz - SUEREMTETERY 47% - FEEREIR M5 T Ef K
JLHB > HpRN BdmliiA ~ Mo RO =4 - AP Rh 351 OV ~ it~ E
R+ ) Mwb+HE (S AERRAIRD fe &k 080 ~ Fy +5)

5l it AR S ek ~ RS+ - TSGR R T ~ T SHE TR
HENEEA SR - FREIVIEER TR OL -

(3) Bt TEHMHE S E

SFaGEIMSUPRE « WIERUR KRS + ISR MERE S - GG RS EFR
ESISMWES A Iy

() BEAMEAS TRIEE ;
(il) SR TR E ;

(i) LR SR TS &

(iv) RIS TR S > DO LA -

el A s TAEHE & - oA U L — 75 LR 5 6 B e SRR LA L — 7
RmfELY 56.5 P A E - FEENE > MPRIRE(EA - SRR AN 15 8 - A
eSS B 2 BUs ~ (ERE ~ oibe R EEE RN > H E XA RO - TR
L S BRI S TP ~ BREEGM £ > SREUSHRIS R 1 BED R T > St
FRAERD £ o3+ B2 @A B RE IR B R > BHCIERAR - B RDTEA
FIHES © FIREHHFRARSR  JEBC SR K F -

SREHERR TAE M E & - i iR — B LRI e B e B A LS LS A AR A
Py - AR 20.1 P A E Lz E AR ERYR > #PE IR P4 » B2 2 - 10
FEZ ] > Aea i > EiRE s B2 RE ~ fefkds ~ e K HESEER > L



® 9.1 BUIRENFSGSERR

578

A fr BEE SRR it SR
JEFE do (M) Ve (M/S) MO BMooAl
BHO1 28.99 222 HHER II
BHO02 33.40 248 R I
BHO8 22.60 201 R I
BH12 2.50 200 HHER I
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