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On the Evaluation of Construction Standards Based on Seismic Velocities
Obtained In-Situ and through Laboratory Rock Tests

Kang Nyeong Lee, Yeon Jun Park*

Abstract Seismic velocities measured from in-situ tests (n=177) and through rock core samples (n=1,035) are reviewed
in light of construction standards, widely used standards as a first-hand approximation of rock classification solely based
on seismic velocities. In-situ down hole tests and refraction survey for soft rocks showed seismic velocities of 1,400~
2,900 m/s which is faster than those specified in construction standards. For moderate ~ hard rocks, in-situ down hole
tests and refraction survey showed 2,300~3,800 m/s which roughly corresponds with the range specified in the
construction standards. A similar trend is also observed for seismic velocities measured from rock core samples. The
observed differences between construction standards and seismic velocities can be explained in two ways. If construction
standards are correct the observed differences may be explained with seismic velocities affected by underlying fast
velocities and also possibly with selection of intact cores for velocity measurement. Alternatively, construction standards
may have intrinsic problems, namely artificial discrete boundaries between soft rocks and moderate rocks, application
of foreign standards without consideration of geologic setting and lack of independent verification steps. Therefore,
we suggest a carefully designed verification studies from a test site. We also suggest that care must be exercised when
applying construction standards for the interpretation and accessment of rock mass properties.
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Fig. 1. Seismic velocity chart and relation with
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Table 1. Classification of rocks by seismic velocity (Construction standard production unit system, 2001)

Features Field P-wave Lab P-wave
. . Strength*
Rock Group velocity velocity (MPa) Remarks
classification (V, km/s) (Vc, km/s)
A 07~12 20~27 204~686 Strength* Measurement
Weathered rock ’ ’ ' ' . ) 1. cuboidal sample with 50 mm edges
B 1.0~1.8 2.5~3.0 9.8~19.6 L
2. dried in furnace for 24 hours
) A 12~19 2737 68.6~98.0 3. wetting i{l water for two days
Soft rock B 18~2.8 3.0~43 19.6~49.0 |4 compressive test
5. compression direction: perpendicular
A 1.9~2.9 37~47 98.0~127.4 to planar structures in rocks or parallel
Moderate rock B 28~4.1 43~57 49.0~78.4 to z axis or parallel to slowest
direction of elastic waves
Hard rock A 29~42 47~5.8 127.4~156.8 )
B greater than 4.1 | greater than 5.7 |greater than 78.4 Measurement of Lab P-wave velocity
1. Sample: slab with two parallel sides
and with thickness of 150 ~200 mm
Extremely 2. Measurement direction: parallel to x
hard rock A greater than 4.2 | greater than 5.8 |greater than 156.8| axis (the fastest direction of elastic
waves) or parallel to planar structures
in rocks
Groups A & B Group
Features A Group B Group
gneiss, psammitic schist, greenish schist, breccia, . . . . . .
k sch h schi hyol hal
Rock type limestone, sandstone, diabasic rhyolite, conglomerate, ilar dsfsn:t’rﬁrziﬁl: asc llsrtr’l;ftzasw thyolite, shale,
granite, diorite, dunite, shale, andesite, basalt 4 - Ty > age
Features rocks with high contents of quartz rocks with high contents of micaceous minerals with

little quartz

Characteristics when
hit by a hammer with
500~1,000 gram

platy rock fragments with little rock powders

mostly powders with little rock fragments
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Table 2. Rock classification according to ground condition (Korea Engineering & Consulting Association, 2017)

Rock classification Rock type

Unconfined compressive
strength (MPa)

Field P-wave velocity
(km/s)

Weathered rock - below 5 lower than 1.2
Soft rock unconsolidated sediments below 30 lower than 2.5
hal i
Moderate rock sandstone, sandy. Shale, gneiss, 30~80 25~3.5
pyroclastic rock
Hard rock conglomerate, gneiss, igneous rocks 80~150 3.5~48
Extremely quartzose rocks,
ter than 150 ter than 4.5
hard rock hornfels, chert greater than greater than
ith relatively 1
Fracture zone fault zone, fracture zone - zones with re .a tively fow
velocity
hammer

seismograph

plate

ground surface

borehole

seismic wave

geophonel: vertical

@

geophone2: longitudinal

geophone3: transverse

magnetic sensor

3-component geophone

(@)

(©)

(b)
P-wave  S-wave
—
[T T T[T T[T T T[T T[T T[T T T T[T T T[T T T[T T T TTTT[TTTT]
0.0 0.1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 12
Time (ms)

Fig. 2. Down hole test method: (a) Scheme of down hole test, (b) 3-component geophone, (c) S-wave data of down hole test
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Table 3. Data acquisition parameters for down hole test
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record length (s) sample interval (ms) time delay (s) preamp gains (dB) data type
0.256 0.256 -0.02 36 SEG-2
distance (m) distance (m)
l T 1 15 17 | 19 1,2 25 27 | 2% 1
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Fig. 3. In-situ data of down hole test:
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Fig. 5. Data processing for seismic refraction
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Table 4. Data acquisition parameters for seismic refraction exploration

record length (s) sample interval (ms) time delay (s) preamp gains (dB) data type
0.512 0.256 24 SEG-2
Distance (m) 80
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Fig. 6. Example of seismic refraction data, (a) Raw data, (b) Travel time curve
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Table 5. Source of raw data for down hole tests and seismic refraction

location rock type test type number of data
Incheon, Yeongju, Hwacheon, Yangpyeong, . down hole 18
neiss

Hwaseong, Seongnam, Suncheon & seismic refraction 93
. . down hole 10

Yeongcheon, Yeosu, Wonju, Daegu granite — -
seismic refraction 48

. . down hole

Danyang, Chungju limestone — -

seismic refraction
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Fig. 8. P-wave velocity distribution of bed rock: (a) Soft rock, (b) Moderate ~hard rock

Table 6. P-wave velocity (in this study) in relation to i) construction standard production unit system and ii) Korea engineering
& consulting association

construction standard production Korea engineering & consulting
o o unit system association
in situ seismic
rock type velocity percentage of the number percentage of the number
(m/s) St?;‘j:’)rd of data satisfying the St?r?j:)r d of data satisfying the
standard (%) standard (%)
soft rock 1,400 ~2,900 1,200~1,900 22.0 1,200~2,500 55.9
moderate 2,300~ 3,800 > 1,900 95.3 > 2,500 88.9
~hard rock
Table 7. Source of raw data for P-wave velocity
rock type gneiss granite limestone tuff schist
number of data 292 564 71 52 56
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Table 8. Summary of rock test results

P-wave velocity (m/s) Uniaxial compressive strength (MPa)
rock type - -
average standard deviation average standard deviation
soft rock 3,205 1,212 62.6 459
gneiss moderate 4,261 870 1127 53
~hard rock
soft rock 3,389 1,115 70.0 55.2
it
grante moderate 4,071 983 1138 60.8
~hard rock
soft rock 3,226 773 589 27.2
limest
imestone moderate 4,115 1273 85.9 3.1
~hard rock
soft rock 4,291 1,004 94.9 60.9
tuff
moderate 4,606 350 145.7 66.3
~hard rock
soft rock 3,393 957 52.4 28.9
schist moderate 4,048 746 782 458
~hard rock
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Fig. 9. Relationship between uniaxial compressive strength and P-wave velocity: (a) gneiss, (b) granite, (c) limestone, (d)

tuff, (e) schist, (f) total
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Table 9. P-wave velocity and UCS distribution in relation to i) construction standard production unit system and ii) Korea

engineering & consulting association

P-wave velocity ucCs
percentage of the percentage of the
rock type ou standard number of data standard number of data
gfoup (m/s) satisfying the (MPa) satisfying the
standard (%) standard (%)
gneiss 27.0 26.4
granite A 2,700~3,700 25.0 18.0
soft rock limestone 57.1 49~294 20.0
tuff 21.7 13.0
B 3,000~4,300
schist 423 17.9
gneiss 713 98.1
granite A > 3,700 72.7 96.3
moderate [T, one 94.6 > 294 92.7
hard rock
tuff 82.8 100.0
B > 4,300
schist 38.5 100.0
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Fig. 10. Comparison of seismic refraction: (a) inversion result without information from bore hole survey, (b) inversion result

with consideration of bore hole survey
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