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MOTIVATION:

What is the VS30 ?

The time-average shear wave velocity (Vs) 
of upper 30 meters of a soil profile.

What is seismic site effect?

The Site classification is an important factor in 
seismic hazard evaluation. 

TAP014

TAP067

Source : Chun-Hsiang Kuo(2017)

https://quakeledge.blogspot.com/

2018/02/blog-post76.html

Soft material
(soil)

Rock

The Mexico City Earthquake,1985

Vs30(m/s) Class Description

>1500 A Hard rock

760-1500 B Rock

360-760 C

Very dense soil/

soft rock

180-360 D Stiff soil

<180 E Soft soil

BSSC,2001
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Ground Motion Prediction Equation 

𝑙𝑛 𝑌 =
𝐶1 + 𝐶2𝑀 + 𝐶4 ln 𝑅 + 𝐶5𝑒

𝐶6𝑀 + 𝐶7𝑅 + 𝐶8𝐻

+ 𝑪𝟗 𝐥𝐧 ൗ𝑽𝒔𝟑𝟎
𝟏𝟏𝟑𝟎 + 𝐶10𝑍𝑡 + 𝐶11𝐹𝑛𝑚 + 𝐶12𝐹𝑟𝑣

Yang (2019)
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How to estimate Vs30 ?

Geophysical prospecting : 

• Seismic refraction method

• Suspension PS logging

• Downhole logging 

• Crosshole logging

𝑉𝑠30 =
30

σ𝑖=1
𝑛 𝑑𝑖

𝑽𝒔𝒊
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It is time-consuming and

need a lot of money in large

area investigation

Study Area: Taipei Basin

Soil data and Vs data Soil data 



The Vs estimate from other parameters : 

𝑉𝑠 = 𝑎𝑁𝑏𝐷𝑐 Ohta and Goto (1978)

𝑉𝑠 = 𝑎𝑁𝑏 Lee and Tsai (2008)

ln 𝑉𝑠 = f(𝑁60, 𝜎𝑣
′ , 𝐹𝐶, PI, OCR) Tsai et al. (2019)

𝑁: SPT-N value

𝐷: Depth

𝐹𝐶: Fines content

𝑃𝐼: Plasticity index

𝑂𝐶𝑅: Over Consolidation Ratio 

𝜎𝑣
′ : Vertical effective

stress
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𝑙𝑜𝑔𝑉𝑠30 = 𝑎 + 𝑏𝑙𝑜𝑔𝑉𝑠(𝑑) Boore (2004)

Bottom constant velocity Kuo et al. (2009,2011)

Conditional independence property Dai et al.,2013

The Vs estimate by extrapolation methods :
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PURPOSE:
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Experiment results: Vs-e & Vs-𝝈’ Robertson et al. (1995)

𝑉𝑠 = (𝑚1 −𝑚2𝒆)(
𝑷𝒄
′

100
)𝑛𝑎Soil data and Vs data

Regression analysis

𝜎𝑣
′ : Vertical Effective Stress

𝜎ℎ
′ : Horizontal Effective Stress

𝑃𝑐
′ : Mean Effective Stress

𝑒 : Soil void ratio

Correlation between Vs, e and 𝜎𝑣
′ (laboratory data)

Boreholes (Soil data)
in Taipei Basin

Depth ≥ 30 m  𝑉𝑠 equations

Depth < 30 m 
𝑉𝑠 equations 

Extrapolation methods

𝑉𝑠30 for each borehole

𝑽𝒔𝟑𝟎 map in Taipei Basin

Spatial interpolation



Methodology2



WORKCHART:
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Engineering Geological 

Database for TSMIP(EGDT)
CGS, drilling 

Database  

𝑽𝒔 𝒛,𝟑𝟎 𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏

Extrapolation method

𝑉𝑠 Data Soil Data
(e, 𝜎′)

Soil Data
(e, 𝜎′)

Borehole depth: 
≥ 30 meters

Borehole depth:  
<30 meter

𝑽𝒔𝟑𝟎 𝒇𝒐𝒓 𝒆𝒂𝒄𝒉 𝒃𝒐𝒓𝒆𝒉𝒐𝒍𝒆

Spatial interpolation

𝑽𝒔𝟑𝟎 map in Taipei Basin

𝑉𝑠30: The average velocity 30 meter.
𝑉𝑠: Shear wave velocity

e: Void ratio

𝜎′: Effective stress

𝑉𝑠 𝑧,30 : The average velocity from depth z to 30 meter. 

𝑽𝒔 𝒆𝒎𝒑𝒊𝒓𝒊𝒄𝒂𝒍 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔:
Gravel, Sand, Silt, Clay
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Engineering Geological 

Database for TSMIP (EGDT)

Soil profile characteristics are determined by subsurface investigation and field/lab testing program.

Soil Data(e, 𝜎′)

Suspension PS logging method

S-Wave (m/sec)

𝑉𝑠 Data 9

41 boreholes
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TAP005

Sandy clay and silt clay

Silty sand and 
sand-silt mixture



(1)

Bottom constant velocity (BCV) model (Kuo et al., 2009,2011)

- The assumption of model that 𝑉𝑠 is constant from zp to 30m

𝑉𝑠30 =
30

∆𝑡𝑧 +
30 − 𝑧𝑝
𝑉𝑠(𝑧𝑝)

∆𝑡𝑧 the shear wave travel time from 𝑧𝑝 to the surface

2.1: Extrapolation methods
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Conditional independence property model (CIP) (Dai et al.,2013)

- The assumption that the 𝑉𝑠 profile is a Markov process staring from z = 0

𝑉𝑠30 =
30

∆𝑡𝑧 +
30 − 𝑧𝑝
𝑉𝑠(𝑧𝑝,30)

log(𝑉𝑠(𝑧,30))= 𝑐0+ 𝑐1log𝑉𝑆𝑍

𝑐0, 𝑐1, : regression coefficients 

(2)

(3)

- The instantaneous velocity at depth Zp, the average velocity from surface to the depth Zp (𝑉𝑆𝑍) cannot be effectively in

estimating the average velocity from depth Zp to 30 m (𝑉𝑠(𝑧𝑝,30)

∆𝑡𝑧 the shear wave travel time from 𝑧𝑝 to the surface
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- Using the average velocity from z to 30 m to 

estimate 𝑉𝑠30

Boreholes have Vs data

𝑉𝑠 𝑎𝑡 20𝑚
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2.2 Correlation between Vs ( Shear wave velocity), e(void ratio) and 𝜎𝑣
′ ( effective stress)

Data collecting and selecting USCS; void ratio; vertical effective stress from laboratory test

Velocity Data Quality

Stratum Description

Velocity Data Quality:

Check the original waveform of velocity measurement via visually inspected the first arrival and cross-correlation. 

Example of good and bad quality data

Good Quality

Bad Quality

Data in 2000 ~ 2004: the result from Lee and Tsai(2008)

Data in 2005 ~ 2008: the result from Kuo (2021)
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After data collecting and checking: 

388 samples

Gravel Sand Silt Clay 

𝑉𝑠 = (𝑚1 −𝑚2𝒆)(
𝑷𝒄
′

100
)𝑛𝑎

Regression analysis:

R Language



Preliminary result3
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3.1: Result of extrapolation methods in Taipei Basin:

CIP MODELBCV MODEL

CIP MODEL
log(𝑉𝑠(𝑧,30)= 1.11log𝑉𝑆𝑍 − 0.25Z=10 -15( m):

log(𝑉𝑠(𝑧,30))= 1.01logVSZ − 0.003Z=16 – 29 ( m):
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𝟑. 𝟐 ∶ 𝑽𝒔 𝒆𝒎𝒑𝒊𝒓𝒊𝒄𝒂𝒍 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔: Gravel, Sand, Silt, Clay

𝑉𝑠 = (584.7−461.1e)(
𝜎′

100
)0..17

R2 = 0.88

RMSE(m/sec): 52.2

Gravel: 6 samples

𝑉𝑠 = (186.53 + 31.9e)(
𝜎′

100
)0.29

R2 = 0.61

RMSE(m/sec): 54.41

Sand: 130 samples

𝜎𝑣
′ : Vertical Effective Stress

𝑒 : Soil void ratio
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Clay: 190 samples

R2 = 0.49

RMSE(m/sec): 49.29

𝑉𝑠 = (167.8−12.1e)(
𝜎′

100
)0.28𝑉𝑠 = (191.1−49.64e)(

𝜎′

100
)0.35

R2 = 0.41

RMSE(m/sec): 78.10

Silt: 62 samples

𝜎𝑣
′ : Vertical Effective Stress

𝑒 : Soil void ratio



Future work4
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Engineering Geological 

Database for 

TSMIP(EGDT)

CGS, drilling 

Database  

𝑽𝒔 𝒛,𝟑𝟎 𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏

Extrapolation method

𝑉𝑠 Data Soil Data
(e, 𝜎′)

Soil Data
(e, 𝜎′)

Borehole depth: 
≥ 30 meters

Borehole depth:  
<30 meter

𝑽𝒔𝟑𝟎 𝒇𝒐𝒓 𝒆𝒂𝒄𝒉 𝒃𝒐𝒓𝒆𝒉𝒐𝒍𝒆

Spatial interpolation

𝑽𝒔𝟑𝟎 map in Taipei Basin

𝑉𝑠30: The average velocity 30 meter.
𝑉𝑠: Shear wave velocity

e: Void ratio

𝜎′: Effective stress

𝑉𝑠 𝑧,30 : The average velocity from depth z to 30 

meter. 

𝑽𝒔 𝒆𝒎𝒑𝒊𝒓𝒊𝒄𝒂𝒍 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔:
Gravel, Sand, Silt, Clay
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Total: 10768 boreholes



Thanks for your attention!


