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SUMMARY
I. Title
Development of 2-dimensional imaging method of soil stiffness using SPT -

Uphole and HWAW methods

II. Object and necessity of this study

The evaluation of reliable shear wave velocity (Vs) profile of the site has
become important in the static deformation analysis as well as in the
geotechnical earthquake engineering. Recently, two—dimensional (or
three-dimensional) imaging of Vs profile becomes more important because of
the lateral non-homogeneity of soil stiffness. Nowdays various seismic field
tests are generally used for the evaluation of Vs profile. These seismic tests
consist of two representative categories. One is a borehole method such as
cross—hole, down-hole, PS logging and the other is a surface method such as
SASW and MASW. Though many researchers provided successful results on
imaging of rock stiffness variation, there are relatively poor efforts to obtain a
reliable imaging on soil stiffness itself. Also, the conventional seismic field tests
have a weakness to realize the reliable imaging of subsurface stiffness variation
particularly in the economic view.

A new method which combines SPT based up-hole test (SPT-uphole) and
surface wave based Harmonic Wavelet Analysis of Wave (HWAW) method
were proposed to overcome a portion of weak point in the existing seismic
methods as tools for subsurface stiffness imaging. Up-hole test is a seismic
field test using receivers on the ground surface and a source in borehole. In the
SPT-upholetest, SPT sampler which is common in site investigation was used
as a source and several surface geophones were used as receivers. Then
subsurface stiffness imaging is obtained through tomography which considers
travel times of several receivers. HWAW method is based on time-frequency
analysis to evaluate the phase velocity. HWAW method can not only obtain the

dispersion curve of various points quickly but also sample the detailed shear



wave velocity profile of whole depth. Then subsurface stiffness imaging is
completed through interpolation of individual Vs profile. Because the SPT test
is essential in most site investigations and HWAW method doesn’t require any
borehole, the proposed method can lead the imaging of the lateral stiffness
variation effectively and economically.

The investigation on 2D subsurface stiffness imaging using SPT-uphole
and HWAW methods will be performed. Through numerical analysis and in-situ
application, preliminary test set-up was established and convenient commercial
rool for testing and data reduction will be developed. Final goal of this study is

to develop and transfer commercialized techniques to an enterprise.

IMl. Contents and scope
(1) Verification and improvement of test methods using numerical analysis
—- Verification and improvement of SPT Uphole method

- Verification and improvement of HWAW method

(2) Improvement of in-situ testing equipment and construction of data
acquisition system
- Improvement of in-situ testing equipment such as soure & receiver
- Construction of data acquisition system using laptop computer

- study about establishment of commercial testing system

(3) Development & improvement of analysis programs
— SPT uphole data logger and 1D & 2D tomography program
- Automated program of data acquisition and deduction of results

- Inversion program for HWAW method

(4) Various field application of developed testing system
- Verification of applicablilty and reliability of developed system through
field tests



(5) Proposal of final commercial testing system
- SPT Uphole system
- HWAW method system

- making manuals of each method

IV. Results

(1) Verification and improvement of test methods using numerical analysis
- Construction of numerical model for wave propagation
- Establishment of field testing method of SPT uphole

- Evaluation of travel time information of SPT uphole

Verification of tomography technique of SPT uphole
- Establishment of field testing method of HWAW method
- Evaluation of reliable dispersion curve of HWAW method

- Establishment of forward modeling for inversion

(2) Improvement of in-situ testing equipment and construction of data
acquisition system
- Simultaneous use of vertical and horizontal geophones with 8712 pairs in
SPT Uphole test
- Organization of source and receivers system of HWAW method
- Laptop computer-based data acquisition system using Geode

- Laptop computer-based data acquisition system using NI-DAQPad

(3) Development & improvement of analysis programs
- Development of filed data logger and analysis program (automated
evaluation of first arrival time)
- Development of SPT uphole 1D analyzer for 1D Vs profile
- Development of SPT uphole 2D tomography program for 2D Vs profiles
— Development of HWAW field data logger and automated analysis program

- Development of inversion program suitable to HWAW method



(4) Various field application of developed testing system
- Verification of suggested methods through RRT
- Verification of SPT-Uphole and HWAW methods using model testing site
~ Verification of SPT-Uphole at Kimje site
- Verification of HWAW method at Jang-an site

- Field tests at Bundang and Iksan site using final testing system

(5) Proposal of final commercial testing system

- SPT Uphole system

- HWAW method system

- making manuals of each method

- Development of final commercial testing system using Geode and NI
DAQPad of SPT uphole method

- Development of final commercial testing system using Geode and NI
DAQPad of HWAW method

- making field test and program manuals of each method

V. Plan to make practical application of results

— Substitution of the conventional methods

— Promotion of commercialization through transfer of developed system to a
participant company

— Publicity campaign of developed methods & systems and promotion of
practical use through various positive applications to site characterization

survey
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Geode Al2®l9] R2ZEHojE ANITE 53t FEo & Hol gou A& &
Au FALE A% $A4E AP £FHA Fdrh F5F JEE SEG2 Eliolm
2 ASCIH ZHo® wghst Hof & HAJolA Az a4 Z2aHds o] & ¢
AEE sttt £ HgolA Geode 7w 25 5 A2¥lg 483t o] 44
2 FAT olfe VE ANERAL AA A ol BT FALE AHE B
NE A$7E ol o]E AwkRAN GAA FrhEl B &S HAhsste WA
SPT 4& A&3 A" F5& & 5 Jde WS wdsy] f3oltt. Geode ™
A 71E dAY AHE ST A =EE Vo] oidte oA B HAH
Aol A&y SHoA HolE olF 5o SHAA e EATS UAT 714
9] FL& Jpstth B AW A GAGA AZE @43 "AF FHE Geode

E T3S A$ Geode:= SPT 94F 7% 9o & @87 EA% 8 7153
22 e AHZ g gAE Fasor st AzA GA A

E9e A% F7F g REE E 5 9

¥ 35.1. Geode 4] 2] Specification

24 bit result using Crystal Semiconductor sigma-delta
converters and Geometrics proprietary oversampling.

DynamicRange 24114]134 dB (system), 110 dB (instantaneous, measured) at 2ms,

A/D Conversion

Distortion 0.0005% @ 2 ms, 1.75 to 208 Hz

Bandwidth 1.75 Hz to 20 kHz. Low corner frequency option available
rommon  Model - 100 dB at <=100 Hz, 36 dB

ejection

Crosstalk -125 dB at 23.5 Hz, 24 dB, 2 ms

Noise Floor 0.2uV, RFI at 2 ms, 36 dB, 1.75 to 208 Hz
A(itl?:g;lg Trigger 1/32 of sample interval

‘Maximum  Input 2.8 VPP
Signal

Input Impedance 20 kOhm, 0.02 uf

SGOS software enables selectable gain pair of either 24 or
Preamplifier Gains|36 dB. MGOS software selection between jumpered gain pair
12 and 24 dB, gain pair 24 and 36 dB, or OdB.
Anti-alias Filters -3 dB at 83% of Nyquist frequency, down 90 dB

Up to 4,096 Samples. Optional event detection software
enables system for earthquake, vibration monitoring
Sample Interval 160(.)03;150.3125, 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0,

Record Length 16,000 samples standard, 64,000 samples optional

Pre-trigger Data
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Delay 0 to 9999 ms in 1 ms steps

Uses reliable Ethernet connections and requires no custom
DataTransmission {transmission software. Interfaces directly with network
capabilities of Windows 95/98/NT

- All Geode channels can be programmed as either AUX or
AuxiliaryChannels DATA. Fixed data aux channels available in StrataVisor DZ
LowCut:OUT, 10, 15, 25, 35, 50, 70, 100, 140, 200, 280,
Acquisition and 400 Hz, 24 or 48 dB/octave, Butterworth.
DiolaeFilters Notch:50, 60, 150, 180 Hz and OUT, with the 50 dB
piay rejection bandwidth 2% of center frequency.
HighCut:OUT, 250, 500 or 1000 Hz, 24 or 48 dB/octave.
Real time noise monitor displays real-time output from
LineTesting geophones. Optional geophone pulse test helps identify bad
geophones and shorted or broken cables.
Stores data locally on laptop hard drive for transfer to
portable media . Additional tape options available

Triegerin Positive, negative or contact closure, software adjustable
£gerng threshold

Data Storage

Data Formats SEG-2 standard with SGOS. SEG-D and SEG-Y available
Requires 12V external battery. Uses 0.65 W/channel during
Power acquisition, sleep mode reduces power consumption by 70%

while in standby

-30 to 75 degrees C. Waterproof and submersible.
Withstands a 1 m drop onto concrete on 6 sides and 8 corners

Environmental

. NI-DAQ RE 7|9 A5 5 A
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¥ 353. &% SPT 94F 3 AN=d¥ 7ja

#7171 HFEE 2| g 7+
k) 3L
FASA 3 3T Axd AA7
7] Spread - ) :
Cable Geopace cable with 12 wire wrap takeouts
oldZ2 a1 YHIEdE 16hit
HAY ANz FE5 71HF4 0.0125ms
Notebook based A5 A%
DAQ, NI 292 HdY (X E)
USB-6259 =3 7% A AZE o
(A A=) EEAZ AR EF Field UH_v1.1
s 5dd =5 &
A= =5 +74)
9= olFz2 1 Y= 24bit
& BhA o AL A NS g5 7+4 0.02ms
T 0o h=)
° z2ogA~ Ay (olFz= 7}
Notebook based 4 — 1 (1_} ) Fe
DAQ =3 7%
’ FAEA 7T TolE o W
E )=y
Geode wuag A wg |0 ASCIE BR A
CERE) = 2 3 AA = LES
s S = Field_UH_v1.10] &
i )
T35 TA) -
1549 EGA AR 4 V)
@ AnalD UIIiI 1.1 #77]¢ pracg
sy (2T 7 A 14 SE FAE BF
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" |Ana2D_UH_v1.1 Sk AN A 2 BE
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3. FAZIEES AZT 2709 Spread Cable2 A3 S Ao AZAst) zHA
Az Fv)E 27pin NK AYEE vz AZ3=E 5o 9t} wreF Spread Cable
AGE 7 243048 61pin Bendix A e NK AVE 2 W3A7)E= ANE unite
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o 7§ Y-spread cableg ©]&3l 122148 Spread Cable 270 E 3}<] 6lpin
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(Geode®] %ol wz Wi ® Trigger XE EgA #l& d4)

5. 2% 5 A9 eSS dddt. AA AF FuH Exd d49E 2L
RE59 USB XEZ dZ3}(Geoded A+ Geode EA9 EES U9

AolE=E dA4)
6. 24l A2 AT H5 AH AdE A F fEHS AP AF dHolgrt
Add g ME e H Field UH_v11& BEAHmyd 3} fignte 2%)sta 2

PAZIh (29 3510) 2 Z2aE APA7]7] JeidE W EH main program

3} data acquisiton toolbox version 2.9 o]4to]l @R 3 tHGeoded A9 Geode Wl
& Fuste] AT E 59,
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