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3. Field Tests to Measure the Ground Vibration and Earth Pressure
Induced by Trench Excavation Work

by Satoshi TAMATE"*, Noriyuki HORII* and Yasuo TOYOSAWA*

Abstract ; A lot of slope failure accidents have been occurring in every year during the carrying
out of trench excavation work. Some of these accidents were caused by vibration induced by
the movement of construction machinery such as bulldozers and backhoes. These vibration
may have been the cause of the decrease in ground foundation strength. Generally, slope
stability in trench excavation is calculated using the static state conditions. To estimate
foundation strength during excavation, it is necessary to make sure the influence of vibration
caused by the movement of construction machinery and pile driving work and the earth
pressure change acting on sheet pile with excavation. Therefore, field tests were carried out
to investigate all these factors at the RIIS testing field.

A backhoe and a bulldozer were used for tests. In order to measure the vibration,
acceleration sensors were set up on the ground surface, at a depth of 1m, 2m and 3m.
These tests were performed under the conditions of low and high speed passing in addition
to the different distance between acceleration sensors position and passageway for each
construction machinery. Regarding the pile driving tests, sheet piles were driven by use of a
crane and a vibro-hammer. Ground vibrating acceleration were measured with driving of
sheet piles. Fourier analyses were performed to investigate the frequency characteristics of
transmitted ground vibration. In order to measure the earth pressure, three earth pressure
sensors were used. These sensors were attached on the surface of one sheet pile.

The results from field tests are summarized below ,

(1) The predominant frequency of vibration induced by the movement of construction
machinery was distributed from about 20 to 30 Hz.

(2) The vibrating acceleration caused by the movement of construction machinery was about
10 gal on ground surface and 3 gal at a depth of 3 m. :

(3) The predominant frequency of v1brat10n induced by the pile driving work was distributed
from about 10 to 20 Hz. »

(4) The vibrating acceleration on the ground surface caused by the pile driving work tended
to be large in case driven depth of the sheet piles were shallow. The horizontal component
of the vibrating acceleration tended to be small in comparison to the vertical component
with a increase of ground depth.

(5) The earth pressure acting on sheet piles decreased with excavation.
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Fig. 3.1 Ground condition and sensors position in test-
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Table 3.1 Specifications of construction
machinery used for tests.
BRBROET

HE | R ) mE

(kgf) | (m) (m) (m)

TWVE—%| 6,700 | 3.854 | 2.050 | 2.705

Ny 7w 11,800 | 7.580 | 2.460 | 2.700
Zv—r |25,660 | 10.750 | 2.620 | 3.555

Table 3.2 Vibration factors by the move-
ment of construction machinery.
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Table 3.3 Specifications of sheet piles.
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Fig. 3.7 Relation between predominant frequency and
acceleration during sheet pile driving.
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(a) Acceleration distribution in 1 m depth

(b) Acceleration distribution in 2 m depth

(¢) Acceleration distribution in 3 m depth
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Fig. 3.13 Earth pressure distribution from experimental
result.
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Fig. 3.14 Earth pressure distributions from standard of
Architectural Institute of Japan.
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Table'3.5 Comparison of total earth pres-
sure.
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Fig. 3.15 Relation between elapsed time and earth
pressure acted on sheet pile wall during bull-
dozer passing.
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