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Variation of Earth Pressure and Soil Density due to Vibratory

Compaction

Abstract

This report studied the change of surface settlement, soil density, and earth pressures due to
vibratory compaction at a point. Dry Ottawa sand was used as the backfill material. The height of
backfill was 1.5 m. The variation of soil density and earth pressure due to the vibratory
compaction on the surface of the loose sand (D, = 34 %) was measured. The instrumented model
retaining-wall at National Chiao Tung University was used to investigate the variation of the soil
density and earth pressures after 7, 20, 46 and 123 seconds of vibratory compaction. Based on the
test results, the following conclusions were drawn. (1) For a loose backfill, the vertical and
horizontal earth pressures in the soil mass can be properly estimated with the equation o, = )z
and Jaky’s equation, respectively. (2) The compaction of a cohesionless soil with a vibratory
compactor can be simulated with the penetration of a square steel pile driven with a vibratory pile
hammer. In the compaction process, the soils under the compacting plate settled until the ultimate
tip resistance g, and the cyclic compacting stress o,. reached an equilibrium. (3) The depth of the
relative density contour (D, = 36 %) increased with increasing time of compaction. The peak
relative density in the soil also increased with increasing time of compaction. (4) It was obvious
that the peak 4a; (3.60, 3.99, 4.44, 4.96, kN/mz) and 405, (1.93,2.41, 3.16, 3.32 kN/mz) increased
with increasing compaction time. This is because, with increasing compaction time, more
compaction energy was transmitted to the soil. (5) After the removal of the compactor, residual
stresses in the soil mass were measured due to the vibratory compaction. The point of peak Ac;,
as the compaction time increased, moved downward slightly from the depth of 250 mm to the
depth of 350 mm.

Keywords: compaction, earth pressure, model test, settlement, sand, relative density
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1. INTRODUCTION

In this study, the effects of the vibratory compaction on the surface of a cohesionless soil mass
are investigated. To achieve a dense backfill in the field, the vibratory compactor is commonly
used to densify the backfill. With a horizontal ground level, the geostatic vertical stress o, before
compaction can be estimated from its effective overburden pressure o, = jz. The horizontal earth
pressure o, before compaction can be estimated from the Jaky’s (1944) equation o5, = K,)z.
However, after the vibratory compaction, how to estimate the change of soil density due to
compaction? How to determine the variation of earth pressure in the backfill due to compaction?
In this study, experiments were conducted with the NCTU model retaining wall facilities to
investigate the change of soil density and earth pressures due to vibratory compaction at a point.

1.1 Objective of Study

In most specifications for earthworks, the contractor is required that the backfill be compacted to
90-95 % of its maximum dry unit weight ( )"gmq«) determined by the Standard Proctor test.
Compaction is considered as an artificial densification of an earth mass. It is a particular kind of
soil stabilization and one of the oldest methods for improving existing soil or man-placed fills.
The objective of the compaction operation is to improve the engineering properties of soil, such
as increasing the fill’s bearing capacity or reducing settlement. For granular soils, achieving a
relative density of 70-75 % is generally recommended (see the NAVFAC Design Manual) (US
Navy, 1982) by vibratory compaction. Therefore, in most cases, the backfill encountered in the
field would be dense soil. As indicated in Fig. 1, hand tampers or vibratory compaction
equipment are commonly used to densify the backfill.

To analyze the residual lateral earth pressure induced by soil compaction, several methods
of analysis have been proposed by Rowe (1954), Broms (1971), Duncan and Seed (1986), Peck
and Mesri (1987) and other researchers. Duncan et al. (1991) used the analytical procedures
proposed by Duncan and Seed (1986) to develop earth pressure charts and tables that can be used
to estimate residual earth pressure due to compaction. However, little information regarding the
mechanism of soils under compaction has been reported. This study presents experimental data
to investigate the surface settlement, change of soil density, and earth pressures in the soil mass
induced by the vibratory compaction. The mechanism of soils under vibratory compaction is
proposed. The National Chiao Tung University (NCTU) retaining wall facility was modified to
investigate the soil density and earth pressure changes after compaction. The vertical and
horizontal stresses in the soil mass were measured with the soil pressure transducers (SPTs)
which were embedded in the backfill.



Fig. 1. Compaction of backfill using hand tamper (after Day, 1998)



2. LITERATURE REVIEW

The coefficient at-rest K,, is referred to the condition where no lateral yielding occurs, under the
condition of constrained lateral deformation. As shown in Fig. 2(a), the overburden pressure o,
compresses the soil element A formed in a horizontal sedimentary deposit. During the formation
of the deposit, the element is consolidated under this vertical pressure. The vertical stress
produces a lateral deformation against surrounding soils due to the Poisson’s ratio effect.
However, based on the definition and the field observation, over the geological period, the
horizontal strain is kept to zero. It is concluded that the surrounding soil resists the lateral
deformation with a developed lateral stress o;. A stable stress state will develop in which o, and
o, become stresses acting on the vertical and horizontal planes as shown in Fig. 2(b). Jaky (1948)
proposed a simplified equation to estimate coefficient of earth pressure at-rest.

K, =1-sing (1)

To determine stresses at certain point beneath the surface, Holl (1940) advanced the
integration technique of the elastic solution developed by Boussinesq (1883). Considering a point
A (z in depth) beneath the corner of a rectangle rectangular load (L in length and B in width),
Holl proposed two equations to estimate the vertical normal stress o; and the horizontal normal

stress oy.
q,|. LB LBz[ 1 1
o, =——| tan + > +— 2
27 zZR, R, (R’ R, @)
q, 4 LB LBz
o, =_——|tan ———
27 ZR, R’R, )

where, gy = load per unit area; R, = NI +z27 R, = VB*+z% ;and R, = I’+B*+z%.

Duncan and Seed (1986) presented an analytical procedure for the calculation of peak and
residual compaction-induced stresses either in the free field or acting against vertical
non-yielding structures. This procedure employs a hysteretic K, -loading model (Fig. 3) to track
the vertical and lateral stresses for a lift of backfill as it is placed, and as overlying lifts are
subsequently placed and compacted. In this model, it is assumed that the effect of compaction
could be considered as a cyclic surcharge on the backfill surface. Chen (2003) reported some
experiments in non-yielding retaining wall at NCTU to investigate influence of earth pressure
due to vibratory compaction. Based on his test results, Chen (2003) proposed that after
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compaction, the lateral stress measured near the top of backfill is almost identical to the passive
earth pressure estimated with Rankine theory (Fig. 4). The compaction-influenced zone rises
with rising compaction surface. Below the compaction-influenced zone, the horizontal stresses
converge to the earth pressure at-rest, as indicated in Fig. 4(e). D’Appolonia, et al. (1969)
reported that the variation in the unit weight of compaction with depth for a poorly graded sand
for which compaction was achieved by a vibratory drum rolleris is as shown in Fig. 5. In Fig. 5
at any given depth, the dry unit weight of compaction increases with the number of roller passes.
However, the rate of increase in unit weight of soil gradually decreases after about 15 passes.
Another fact from Fig. 5 is the distribution of dry unit weight with depth for any given number of
roller pass. The dry unit weight and hence the relative density, D,, reach maximum values at a
depth of about 0.5 m and gradually decreases at lesser depths. This decrease occurs because of
the lack of confining pressure near the surface of the fill.
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Fig. 2. Development of in-situ stresses (after Chen, 2003)
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3. EXPERIMENTAL APPARATUS

To investigate the effects of vibratory compaction on the vertical and horizontal stresses in a
cohesionless soil mass, an instrumented model retaining wall facility at National Chiao Tung
University (NCTU) was used. The NCTU non-yielding retaining wall facilities consist of three
components: (1) the soil bin, (2) soil pressure transducers, and (3) the data acquisition system
(Chen and Fang, 2002). Details of the vibratory soil compactor employed in all experiments are
also introduced.

3.1 Soil Bin

The soil bin was made of steel plates with inside dimensions of 1500 mm in length, 1500 mm in
width, and 1600 mm in height as illustrated in Fig. 6. The sidewalls and end-wall of the soil bin
were made of 35 mm-thick steel plates. Vertical steel columns and horizontal steel beams were
used to increase the stiffness of the soil bin. The bottom of the soil bin was covered with a layer
of SAFETY WALK to provide adequate friction between the soil and the base of the bin.

To achieve an at-rest condition, the wall material should be nearly rigid. As a result, a solid
steel plate with a Young’s modulus of 210 GPa was chosen as the wall material. To avoid the
lateral deformation of the box, twenty-four 20 mm-thick steel columns were welded vertically on
the outside of the box. In addition, twelve C-shaped steel beams were welded horizontally
around the box to further increase the stiffness of the box. Assuming a 1.5 m-thick cohesionless
backfill with a unit weight = 17.1 kN/m’, and an internal friction angle = 41° was pluviated into
the box. The estimated deflection of the model wall would be only 1.22 x 10” mm. Therefore, it
can be concluded that the lateral deformation of the model wall is negligible.

3.2 Soil Pressure Transducers (SPTs)

To investigate the development of stresses in the backfill, a series of soil pressure transducers
(Kyowa BE-2KCM17, capacity = 98.1 kN/m?) were embedded in the cohesionless soil mass.
The transducers were used to measure the variation of vertical and horizontal earth pressure after
the filling and compaction of the backfill. The soil pressure transducers buried in the backfill
were strain-gage-type transducers as shown in Fig. 7. The five radial extensions attached to the
transducers were used to prevent possible rotation of the transducer due to vibratory compaction.
The effective diameter of the transducer was 22 mm and its thickness was 6 mm.

3.3 Data Acquisition System

A data acquisition system was used to collect and store the considerable amount of data
generated during the tests. The data acquisition system was composed of the following three
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parts: (1) dynamic strain amplifiers (Kyowa: DPM601A and DPM711B); (2) AD/DA card (NI
BNC-2090); and (3) Personal Computer. The analog signals from the sensors were filtered and
amplified by the dynamic strain amplifiers (Kyowa DPM601A and DPM711B). Then, the analog
test data were digitized by an A/D-D/A card. Finally, the digital data were transmitted to the

personal computer for storage and analysis.
3.4 Vibratory Soil Compactor

To simulate compaction of backfill in the field, a vibratory soil compactor was used. The
eccentric motor (Mikasa, KJ75-2P) was selected to be the source of vibration. The eccentric
force generated by the motor could be controlled by adjusting the number of eccentric plates
attached to the motor. For this study, sixteen eccentric plates (8+8) were used. The vibratory soil
compactor with the base area of 225 mm x 225 mm was illustrated in Fig. 8. The eccentric
motor was fixed on the steel compaction plate of the compactor. The height of the handle is 1.0
m, and the total mass of the compactor was 12.1 kg (0.119kN). Chen (2003) reported the peak
cyclic vertical force (static and dynamic) measured with a load cell placed under the base plate of
the vibratory compactor was 1.767kN, and the frequency of vibration was 44 Hz. With the 225
mm x 225 mm compaction plate, the peak cyclic normal stress ¢, applied on the surface of
soil was 34.9 kN/m?. It should be mentioned that the distribution of contact pressure between the
foundation of the vibratory compactor and the cohesionless soil varies with the stiffness of the
footing. If the footing was perfectly rigid, the static contact pressure on the footing increases
from zero at the edge to a maximum at the center.
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Fig. 6. NCTU non-yielding soil bin (after Chen, 2003)

Fig. 7. Soil-pressure transducer (Kyowa BE-2KCM17) (after Chen, 2003)
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Vibratory soil compactor (after Chen, 2003)

Fig. 8.
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4. BACKFILL AND INTERFACE CHARACTERISTICS
4.1 Backfill Properties

Air-dry Ottawa silica sand (ASTM C-778) was used as the backfill material for all experiments.
Grain-size distribution of the backfill is shown in Fig. 9. To establish the relationship between
unit weight of backfill yand its internal friction angle ¢, direct shear tests were conducted. Chang
(2000) established the relationship between the internal friction angle ¢ and unit weight y of
Ottawa sand. It was found that soil strength increases with increasing soil density. For the
air-pluviated backfill, the empirical relationship between soil unit weight y and ¢ angle was
described as follows

$=6.43y-68.99 (4)

where ¢ = angle of internal friction of soil (degree); » = unit weight of soil (kN/m’); Eq. (2) is
applicable for y= 15.45 ~ 17.4 kN/m’ only. For compacted backfill, the following relationship
can be formulated.

¢=725y-79.55 (5)
Eq. (3) is applicable for y=15.8 ~ 17.05 kN/m’ only.
4.2 Reduction of Wall Friction

To decrease the boundary effect for earth pressure tests, the shear stress between the backfill and
wall should be minimized to nearly frictionless. To reduce the friction between wall and soil, a
lubrication fabricated layer with plastic sheets was furnished for all earth pressure experiments.
Two types of plastic sheeting, one thick (0.152 mm-thick) and two thin (0.009 mm-thick) plastic
sheets, were adopted to reduce the interface friction. All plastic sheets were hung vertically on
each sidewall before the backfill was deposited. The measured friction angle with this method
was about 7.5°.

12
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Fig. 9. Grain size distribution of Ottawa sand (after Hou, 2006)
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5. VARIATION OF SOIL DENSITY DUE TO COMPACTION
5.1 Soil Density and Stress Measurements

To achieve a uniform soil density in the backfill, Ottawa sand was deposited by air-pluviation
method into the soil bin. Air-pluviation of the Ottawa sand into soil bin is shown in Fig. 10. Das
(1994) suggested that the relative density of 15~50 % is defined as a loose condition. Ho (1999)
established the relationship among slot opening, drop height, and soil density. The drop height of
1.0 m and hopper slot-opening of 15 mm were selected to achieve the loose backfill (D, = 34%)
for testing in this study. The soil density cup, as illustrated in Fig. 11. were used to observe the
distribution of the fill density in the soil bin. Based on the observations, the mean relative density
was D, = 34.1 % with a standard deviation of 2.4%.

Fig. 12 (a) shows the locations of SPTs in the soil mass to measure o, and Fig. 12 (b)
illustrates the locations of SPTs in the soil mass to measure oj. The installations of SPTs to
measure o, and oy, are shown in Fig. 13 (a) and Fig. 13 (b), respectively.

5.2 Pilot Tests

To establish the program for testing, pilot tests were executed. The testing procedures of point
compaction were introduced as follows: (1) Before compaction, the loose backfill (D, = 34 %)
was filled with the air-pluviation method. (2) After the entire loose backfill had been filled, the
vibratory compactor was placed at the center of the soil bin. (3) The soil mass was compacted for
5 seconds first, then the compactor was removed to measure the surface settlement profile. (4)
Compacting the backfill, remove the compactor and measuring the surface settlement at t = 10,
20, 40, 80, 160, 320 and 640 seconds. It should be noted that the cross-section monitored in this
study was perpendicular to the model wall and located at the center of the soil bin.

Fig. 14 shows the measured surface settlement versus the compaction time. It was found
that the surface settlement increased rapidly after first 20 seconds of compaction. The rate of
surface settlement increased slowly with increasing time of compaction. Based on the test data, a
hyperbolic relationship function of the surface settlement versus the compaction time can be
established as shown in Fig. 14. In this figure, the data points obtained from different tests
indicated that the test results were quite reproducible. Based on the test results, the hyperbolic
model was established to estimate the surface settlement § (mm) as a function of compaction
time # (sec). The relationship can be expressed as:

_ 4 (6)
S(t) -
0.7348 +0.0238¢

The asymptote of the hyperbolic model was S, = 42 mm. The corresponding compaction time
to reach 0.25,4x, 0.4S,40, 0.6S54, 0.8, Were assumed as 7.7, 20.6, 46.3, and 123.5 seconds,
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respctively. The effects of compaction on the fill after 7, 20, 46 and 123 seconds of compaction
were discussed in the following sections.

5.3 Density Change due to Compaction

To investigate the change of soil relative density induced by vibratory compaction, many soil
density cups were embedded in the backfill to measure the local densities at different locations.
To constitute the contours of density change, density cups were buried closely in the soil mass at
different elevations as shown in Fig. 15. The soil density cups were dug out from the soil mass
and their weights were measured carefully after reaching the required compaction time. The
contours of the relative density after 7, 20, 46, and 123 seconds of compaction can be illustrated
as Fig. 16~19.

Before compaction, the backfill has a uniform relative density of 34 %. In Fig. 16, it is
obvious that the soil density became quite dense (D, = 51 %) under the vibratory compactor, and
the soil density decreased gradually with the increasing distance from the compactor. The
relative density increased from 34 % to 51 % right below the compactor. This indicates that the
effects of vibratory compaction on the soil density were quite obvious. As the compaction time
increased to 20, 46, and 123 seconds, more compaction energy was transmitted to the soils. In
Fig. 16 to Fig. 19, the depth of the D, = 36 % contour increased with increasing time of
compaction. The relationship between maximum relative density and compaction time was
shown in Fig. 20. It was observed that the peak relative density in the soil was increased with
increasing time of compaction.

15
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Fig. 10. Pluviation of the Ottawa sand into soil bin

Fig. 11. Soil-density cup
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(b)

Fig. 13.  SPTs placed in soil bin to measure o, and o,

18



50

40 —
_
= il
E oss,.
w
« 30 —
=
%]
£ 0.68,,,
5 |
—
N
Ed
@
3 20 —
% 048, i Lift Thickness = 1500 mm
= Loose Sand, D, =34%
wn

G——6—"9© Test 0602
10 O——0——0 Test 0604
0.28 .. O—FH&—H8 Test 0609
i Hyperbolic Model
***** Asymptote (S,,,,)
0
L L R L B B

0 100 200 300 400 500 600 700
Time, t (s)

Fig. 14. Hyperbolic model to estimate surface settlement S as a function of compaction time

Model Wall

\4}15} /i 1500 Hr35

{: Soil compactor—Motor/| |
- N ~ ]
[H100/ 2 o Oy O 1 1 150
10 o OoOoooo o oo
FHooly, o oo %1 oo o oo
{7200 ‘
L I RSt
{:200% 00 400 FOOF—=R200 400 | 0 ?
% 4 @ mommbom M L
H 200 /Densny Cup
1500 | o o
H %M%
I JT 300 ‘ 300 ‘T
_Hpoo) | 600 } 600 |
{: i o o L% o o fm ]
[H1300 | Ottawa Sand
_{: s I Al Il [l
1 |
N Steel Base Plate
Side-View
Unit : mm

Fig. 15. Location of soil density cups in the backfill

19



(Width of Compaction Plate)
225 mm

Test 0615

Lift Thickness = 1500 m
Distribution of D, (%)
t=7s
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Fig. 18. Distribution of relative density after 46 s of point compaction
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Fig. 19. Distribution of relative density after 123 s of point compaction
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6. VARIATION OF EARTH PRESSURE DUE TO COMPACTION
6.1 Testing Procedure

The testing procedure to investigate the change of vertical earth pressure, are introduced as
follows: (1) before compaction, the loose backfill (D, = 34 %, y= 15.6 kN/m’, and ¢=31°) was
prepared with the air-pluviation method. With the filling of the Ottawa sand, the SPTs were
placed at the desired locations. Fig. 21 (a) and (b) illustrated the locations of SPTs to measure o,
and o, respectively; (2) after the 1.5m-thick loose backfill had been filled, the vibratory
compactor was placed at the center of the soil bin; (3) the soil mass was compacted for ¢ = 7
seconds, and then the compactor was removed. In the range of 5 to 10 seconds after the
compacter removed, the vertical and horizontal earth pressures in the soil mass were monitored
by SPTs placed in the backfill; (4) repeat step 3 for £ = 20, 46, and 123 seconds.

Fig. 22 (a) shows the distribution of vertical earth pressure under the compactor after
compaction. Before compaction, the vertical overburden pressure can be properly estimated with
the equation o, =)z. The vertical earth pressure increased after 7 seconds of compaction. After
123 seconds of compaction, soil unit weight at the depth of 100mm increased from 15.6 to 16.5
kN/m’. Fig. 22 (b) represents the distribution of horizontal earth pressure under the compactor
after compaction. Before compaction, the horizontal earth pressures measured were in good
agreement with Jaky’s quation. After compaction, the vibratory compaction induced extra
residual horizontal stress. And the lateral stress measured near the top of the backfill was close to
the passive earth pressure estimated by Rankine’s theory. It is obvious from Fig. 22 (a) and (b)
that the compaction-influenced zone extended from the compacted surface to the depth of
approximately 600 mm. Based on the test results, the zone for measuring earth pressure was
determined to be from z = 0 to 600 mm.

6.2 Change of Vertical Earth Pressure due to Compaction

To observe the change of vertical earth pressure after compaction, SPTs were buried in the soil
mass at different elevations as shown in Fig. 23. Fig. 24 to Fig. 27 showed the contours of 4o
after 7, 20, 46 and 123 seconds of compaction, respectively. The peak Ao, increased with
increasing compaction time due to more compaction energy transmitted to the soil. After the
removal of the compactor, the residual stress in the soil mass was induced by the vibratory
compaction. The point of peak Ao, as the compaction time increased, has moved downward
slightly from the depth of 250 mm to the depth of 350 mm.

To compare the test results with the elastic solution proposed by Holl (1940), Fig. 28
represents the distribution of 4o, in the soil mass due to a surface square loading g. In this figure,
the influenced zone was nearly 500 mm in depth, and the point of peak residual 4o, was located
right below the surface static loading. However, in Fig. 27, the point of peak residual Ao, was
located about 350 mm below the vibratory compactor, and the residual Ac, right below the
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compactor is less than 0.5 kN/m?.
6.3 Change of Horizontal Earth Pressure due to Compaction

To measure the horizontal earth pressure after compaction, SPTs were buried closely in the soil
mass at different elevations at the same cross-section as shown in Fig. 29. Fig. 30 showed
contours of the horizontal earth pressure Ao after 7 seconds of the compaction. The contours of
Aoy, after 20, 46, and 123 seconds of compaction were presented in Fig. 31, Fig. 32, and Fig. 33.
It was found that the peak Ao, (1.93, 2.41, 3.16, 3.32 kN/mZ) increased with increasing
compaction time. This is because more compaction energy was transmitted to the soil. The peak
Aoy, occurred at the depth of 200 mm and the peak Ao, zone expanded transversely with the
increasing compaction time.

As compared with the elastic solution, Fig. 34 showed the distribution of Ao;, due to a static
surface loading ¢ acting on the surface of soil. It was found that the surcharge influenced zone
was approximately 300 mm. In Fig. 33 and Fig. 34, two high-stress zones can be observed under
the surface loading area.

6.4 Mechanism of Soils under Compaction

The compaction of a cohesionless soil with a vibratory compactor can be simulated with the
penetration of a square steel pile driven with a vibratory pile driver as indicated in Fig. 35. The
ultimate point resistance O, in a homogeneous soil can be calculated using the following
equation,

0,=4,9,=4,4'N, (7)

where, O, = point bearing capacity; 4, = area of pile tip; g, = unit point resistance; g’ = effective
vertical stress at the level of the pile tip; Nq* = the bearing capacity factor.

For example, after the 123 seconds of vibratory compaction, the measured surface
settlement was 40.3 mm. So the overburden pressure at the base of the compactor ¢’ = 0.62
kN/m®. Before compaction, the soil unit weight of density was 15.6 kN/m? and the soil friction
angle was 31°. Forg= 31", Meyerhof (1976) suggested that the bearing capacity factor Nq* = 60.
The ultimate point resistance g, at 123 seconds of compaction is estimated with Eq. (7) was
37.44 kKN/m’. By repeating the technique mentioned above, the ultimate load q, after 7, 20, and
46 seconds of compaction could be estimated as 19.66, 27.14, and 32.92 kN/m?, respectively. As
the compaction time increasing, the ultimate point resistance g, increased gradually to the cyclic
compacting stress o, = 34.9 kN/m” applied on the surface of soil. It is suggested that in the
vibratory compaction process, the soil mass will settle until the ultimate load g, and the cyclic
compacting stress o, reached an equilibrium.
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7.

CONCLUSIONS

Based on the vertical and horizontal earth pressure for loose sand and the surface settlement,

change of soil density and earth pressures after the vibratory compaction at a point, the following

conclusions were drawn.

1.

For a loose backfill, the vertical and horizontal earth pressures in the soil mass can be
properly estimated with the equation o, = jz and Jaky’s equation, respectively.

The compaction of a cohesionless soil with a vibratory compactor can be simulated with the
penetration of a square steel pile driven with a vibratory pile hammer. In the compaction
process, the soils under the compacting plate settled until the ultimate tip resistance g, and
the cyclic compacting stress o, reached an equilibrium.

The depth of the relative density contour (D, = 36 %) increased with increasing time of
compaction. The peak relative density in the soil also increased with increasing time of
compaction.

It was obvious that the peak 4o, (3.60, 3.99, 4.44, 4.96, kN/mz) and Aoy, (1.93, 2.41, 3.16,
3.32 kN/m?) increased with increasing compaction time. This is because, with increasing
compaction time, more compaction energy was transmitted to the soil.

After the removal of the compactor, residual stresses in the soil mass were measured due to
the vibratory compaction. The point of peak Ao, as the compaction time increased, moved
downward slightly from the depth of 250 mm to the depth of 350 mm.
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SiEERfEENFAHRE LRI FENS R
Tk RfEE KR BRIG®
TEAELATRR *GATBAFEETRR X TR A 7 08 TR

WE

A SCHE G AL FEIE BOMF 2k CP26245 1l XU I A% % T FE R AN W, 1 W T #6035y - 2 ok
AT R BEIE I L, nIREr AN R AR LR IH 7. FReg b i w E g, R LAy
Mo A AR A TESE . A o R T AN, Bl A ol R AR A AR K S A I AT R I R A
WO AR, R R TE R R KRR, M A o R A b B TRy v A 6, R TR RN AR ) v
B [ IR LS LA W R BT I R ISE L, BRBRAR . R4S LYk K CER I, N
H 2 B3 N K& vh, 7 v R BELBE 3R KOk 985 JE HL e B Bk B fE
KB GIbHE. WAEZE. WM. A BRI
—. W5

ER GG R ERETE TR, — UL & L7k (Cut&Cover Method) A ¥ i 1k
(Shield Tunnelling Method)& 3=, b KW B3 §2 78 o5 TiE 0l TEREE (0 bk, B v I % 18 9%
H & 52 NP, IR Bt & 4 sk LU 3 8 6 % 1) 9 5 F% 1 1.7 (New Austrian Tunnelling
Method, FWiFXNATM LiE)N HZERsHE . LG IbtEi S X s R4 BE TR A6, %iE
NS, BRRIERNPEE R WS E S Lk, LR Z R G LikiifE, AL
CH221 45 73 B K HHNATM T.7% . T ilifE F TRW 2 -2 rEmy, RS PR &
DRl G A b B A 2 R I & A W 2 56, R B, IR VR D) RS T S, A R AR it R X
KB 2 k. ATk, K TS AGAbHEIE R, 76 26 TR R #5 5 Ja) 2 = 5 #r B
T, BERFEEE R BRI RERER, 456 T L A, JET il A S R IE T
FEAH OGP BURF BRAL L B[] A~ \) g s | 55, A Tt T$is TREP A R TR w5 1Tk
RECRES G0 TAE, WL w55 TR g BRI 3, AU el AL & $E e TREKH
Pk B E o TREER, ARk S5l T 2%, 0aEER &l KR s T
57 Z R A0, T O H TR N DA T I S R A b ST B DR BE I, P — g A
HEEWMERTTE, Wb TR T A 5 R SR AT 24H it i o™ 55K AR 312k .

AFEH G ALFEE R AT CP26205 il X AR B TRERI =AM, Ui T84k gs + 2
R AT R R REE T, R RE I AN AR TR N R S IH 5 5K, R ) R R R, AR TR
FT R 55 Hh A RS TE i TR =, DD IR JE AN SR R AE DL

—. LE&R

mE R, GAbiEisir g CP262ts LRERE GALE . W, LB FATW A& EREIEF
OB IS BT IR R 5, 4% o LB X BL CP261 ks fiT &5, VG I 4% Hi BE W) 5 CP26 345 T 1 3 75
AT, R B Rl R AR B S B kAN, AR R R VA E . A TRERA2
MK ET7.68 m, HME6.24 mP) b AT S E LG T, BEEEAEGIT Oy m ki, BiAE
HIFAJE, 5348 K 1008 R IR T U7, FACP26 ks M HEBA 1. by FATREE &K
3,842 m, FFIEATWILANFE5.6 m, JEEE0.25 m, K REE1.0 m) I 4% V8 Bt 1+ 38 F 20 5711 1 .
002 T B K R FE 111 m PR MR R U7, BB PR R e A R, BEE K e /NE TR 12.1 m
e Th, eIl NI AR iR QB JENLE TR R 27.3 m), P35 A% 53 i 4 2.8 % /0.3 %
T X AR BT R AT KX 41340 m, A K23.5m, %23 mi4E Y, LLEEL2 m, %E55 m,
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TR Z NS miIESBE/E N34 £ it . B T2 5 /B R, D2 X I L 32 R
AKISAER], i A E S B R B S, T 3T RS, R R I HE K BB AR R K
N

NI

Lot CP262

Pt

Down-track
Bored Tunnel
ﬂ i KUP-irack
| Ventilation  Bored Tunnel e
Shaft B, <./ ==

Ventilation
Shaft A |

i
il

To BL5 Station
— =

Hwa-chiang

2
: SN 2
- Crossove e Q
b Cut-and-Cover Tunnel)'. -~ %}
4/ = Pan-chiao-City A\ s
B - s < B
To BL4 Station

B 1 &IbsEE R £ CP26247 TR ¥ H

Ground Level

EL.101.5
= ~_Pizometric level
for sublayer 5 )
4 Diaphragm Wall
SM ® =
Pizometric level Ventilation Shaft A
for sublayer 3
T~
== EL.89.0
CL
JRSUS z_ EL840
“Pizometric level
SM @ for Ching-mei
Gravel Layer
Up-Track Shield Base Slab
Tunnel No.2
SM © @@ L EL69.0
Z EL.64.0
cL @ EL.61.0
SM/ML @
EL.54.0
CL
e SIS eSS0 EL.49.0
GM L =il

Ching-mei Gravel Layer

B2 Tk R %
2.1 Hu)Z WL
W 2FT 5%, &b 7 M 26 A v K AT L BE B8 TR 5 07 I T B B, — MR 2 A 1L
B, HTFAREBRAE. LB  6ANKE, BRI R ZR LG, TE PR TR, K
3 b TR A 45 R, T AR R M R KA A/ M R Sm, 9 JE ML R = kR K A )
Y{E M F 14 m(EFEL89 m), M6 TREME T 15775 .
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F1 ThtE 28

Soil Layer Soil Type and Classification Soil Properties
. Silty cl
Topsoil and Sublayer 6 (éLy/l\cAg N = 1-6, w = 23-28%, ¢ = 0.6-0.8
Sublaver 5 Silty sand N = 6-16, w = 18-30%,e = 0.5-0.8
4 (SM) G, =2.71-2.75k = 5.0x10* co/sec
Silty clay N =6-10, w = 18-45% e = 0.6-1.2, w, = 42-49
Sublayer 4
ublayet (CL) w, = 2227, Gs = 2.74 , k = 1.0x10® cm/sec
Sublaver 3 Silty sand or sandy silt N=13-35w=15-28% ,e=0.4-0.8
Y (SM) G,=2.70-2.74 , k=1.0x10" cm/sec
Silty clay N =20-22, w = 34% , e = 0.83, wy = 40-45
Sublayer 2
ublayer (CL) w, = 13-16, G, = 2.71-2.74
Sublaver 1 Silty sand or sandy silt N=22-46, w=21-28%,e=0.4-0.8
4 (SM/ML) G, = 2.70-2.74 k = 2.5x10* co/sec
Clayey silt
Sublayer 1A a(ycez)“ k =6.5x10° cm/sec

2.2 WEEHT I B ] AL PR A it
W I B T — e X
T, T 9 AL ok AR
BN M, AR TR R B T
i :
1. 31 3% B i 4 o B2

Tunnel

— g 38 SR I 10 M A B T
ok S EE R HWRISHT |+ i
Ve HACEIEZI25 m. i L 7
ORI, IS R g 0 2500 A LA 5 14;/;/
TR, Il b, 5 7
5 5T DL 4 U A R B, LA
MRS A DR B |t ¢
[0 B4 BV S R 5o 85 m, % R JSG Tk :
FULHRAL T ORI B SR R Up Track

RUHE RS, AR T 5O i O R K
L v Hs W5 R (CI G) Tk 4
H5JISG Lk KAFET, CIGT
15 LL40 MPa i He K J 28 S AE Jy i
WAV E] - 38, JSG T %k WA AL
20 MPalk /1 (1 K P 10 3% K 25/
WE3HT 7w, AT FEEE B
CIJGHL A M R A, B b FATkEIE
%54 4052 CIGHE, DL =M Ek
Bl E, RN A1.8 m, #E0 1,54
m(EIEZH0.26 m), E—AKE
6.27 m 1 B 2R X . IR E LK

Additional CW1 Grouting

+ o+
+ o+

; Down -Track

+ +

@ Additional CJG (2=1.8m)

<::>CK}(®:L8m)

B 3 3 R H B3 Bt 5 B

Diaphragm Wall

Inner Wall

Ventilation
Shaft A

FE7.68 m, R IXEEAEEN CBUE, MTCIGHRIX)GTr, HHEBRKLA3 miICW1i

R, HREHAEKNI.27T m.



Jix L  GALECHATES CP262 #id@ M HB i TR BN B S &I

O O R AR R, 1t D e R A, AT S TR S i, DR R
RO, K56 T H AL i L R R RS R L L S0 S TG L A S B3 33 K AR
WU 5 R B 45 P BV 2K

2. 2135 B 1 il 7K b 1k 7K Al

FESE K by TR ATBRIE BA B M A S R AR S, DRI KR, i 2 B Bk AT B it
Ko BT IR Ak 2R T BT A Ak g DAZKSF D5 R B AL, B AR X A THUE IR R, FT T S B AL
1, MERERAERKAE .

= EAT BEIE B AT S UK I (B LA BT S AR ), KK E N 70 Vmin, JE& A
MDERY . B HTINE, NS IE S HE L CIGHb A o B A 1 J T AR B P a i, Bt e Tz Ak
BEATOHBEIK o WEI 58 m FRIEAT 2 — K, BEALIR AN LR RN 3.1 m, &5 R ORI A kK
%, mAKRENHALI70 Vmin, ZWFRJE, AR TR CIGH R A& 553 W LEBEA F AL,
B CIGH RAE, 5¢ TR, JFHEATSE = KA UK, BRI AN AT KL% K

3.JE 2 1) B 1k 7K R S AR b

LET8 i AL RE 55 210K BEA A S R DR, O Bl Lk A AL IR BN M 2 R XA
MR K BE W E AL JE R B BL(15 mm)B AR XN, Bk 73T ISR AN, IR AT E
BU B BT e e (K HE AL, T E AN CWIZHBA L, RS e s A HLINJE R IR, Bhah, 75w & AL
BEA MR O R DR S O Bk LK S SR SR X CI Gt B 5 R X F I AR T )AL B, 53 59>
Hox St CW 1Ly e S, DL IE P 1K) F i FL B . O RE 58 4 BHAE W TR LG 7 K %, 38 T L 21
BB AT T, IR T CARESE IR . BT ORI AL S T B IR S CWILZy R K

5 2% 01k 7K 35 It 56 e S AR Kl I iR s 7K T R A 3 25 BE I IR S 45 18T A9 A Bk B AR SR K AT
b o AN TR AR BT AR R M 2 B B A S 2 — B B 1 T LB A E SR RS LR AT, T
VR 5 R R 52 o T L e B IR S 3l DA B A 2 R AR I LR R REOR W K. R
W TG IR 350 J 5 6 Al o3k 38 488 B JEJ5E (11 2/3(0.8 m) o T HEAT 35 i B 1 38 8 BE ik ok £ b i BT
W BRI L BT R 1/3JE S, 0.4 m) , PRI RAK 32 55— i Beid 2 B gl B /R M i (52 3 B i3
T PR AT WA LB R ROR , WK  an b S5, 7 70 I e A5 1 Al o 114 9 B 1k

=, BN ERUHRESRBIEE

19954 7H16H, T47(No.1)fgiE Ol ik 8 ) H, I &bt 7 4k, dhit E47 (No.2)
B 3 98 i AL L 30 R S B AN, TR N Bl A P AT B0 g 16 B TR BRAE ML . R 01:
30T BE M 6 0B 7 In) R AT E IR /K S, W1 R KRN #2200 m3/hr, 5 % 400~700
m3/hro WEAFTR, BEE N K & R0 GE R, Gl R PG 0 BT R s R AR DR, B
B HERTE MBS, 2T7H17HO04:008), H KPR TFCIA6 mo EAMF MR IE &L @Y
PAORAL, RO By FATRRIE, IR b2 S RN M Az B, S AT 2R B 1K R
SRR, BRI R, MR K BB BRIV ON B M U X Ry B A A
IR PRSI TE AL, I ) B B

BANE MR AR, BREIETA AN HLEZS 53RN, TR POE R E K BB X
WL FT WA EROE e HE R R A, DA IR XY B AN YO, IR R B AR e ok, K
T T SR 1) 4% T A R it o R R .

LR M Fs XK S AR R, L3t RHE 24,850 m3,

A 5 Ry HEAT T I AE N, FRAR I N /K7 B 48B ik BLA 7K, T 5hre 4 K £142,000 m3f) /K
FENGH I Py, #E DL 47 3% 21 BE Y A K s g, A3 4030 R b R ZKOAS T 8 b e Nl X,
W M SR UURE P RE YK, W ST 7, 58 G KA PR FFE89.5 mm FE AL, MU I W 7KK Z921 m.

3. T AR I 3t R 1 HE VUM M 380 AT B DX 08 e A} o B e KT R v, % 4 M ) A YA M 33
J B3 R URE,  DAE S I SR N AR it , A ARV MR R R E
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450 AT BT M B X, B IS g B Rk A1, o DASEE 2% J7 S 78 [P BEORE R 5 AT /g 1 2SR

5.7 1M B3 DX B 3 1) A N B BRI ARV MR 3055, R 24T 2553213 mK M4 bt, Bk
—102 mf e, UL IRU0RE e B0, b b T ) S M SO IR A

6.5 8 PR AR LU, FREATRER BN, AU 18N EANAL, RKIE K KK B 5
DL e = 7 2t HE Hb 2R T 5~20 mis {4t .

[

"""""""""""" Ventilation
Shaft A

NS T
° 5
e L Scale
a > :
''Hwa-chiang 9 0 20 m
Bridge
B4 40 F0 W
Surf:
Settl
1| Ventilation

Scale | Shaft A

unit: m d
$=0.041 S$=0.202  $=0.750 S=1.456 $=0.967 .
Co T T TR

A 1 T = — = -
UpsTrack | “ L'Sl'unnel “ T “ Shield Piping Point
Tunnel~ . ettlement Debris | No2 P /M Debris e 7R
~ - \ s
7 = ”ﬁﬂcmiw
Lining Segments e PR B
= o

B 5 B S H K ih R Ui K E

. SIH/EN
4.1 HIH TR &EE

AT AR SE R BN AR I S, A S B WA e, BRI TR A AR E AN ST E I T
FEM R B e, DUAf S T At B 1 32 5045 T S it 2 P sl R il S A e B Rk, 18 ks okl e B IH
RIS Tykm Sk 4l . et B/ENLE S st )2 52 8000 Frl & . @ XS ks E Nk . 1k
TRKRE SRR W E B R N BUK HERR 25, B S iR R .

13050 2 5 A

AT R 2k B T A DR K B D RN U P, 9 AL R G M 2 s B Bl K
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TikEE  GARECHATE CP262 Fid M i TR BN EH S B

Rt o B4R T it B HE ) DR S i S B A st Ya [, T AT BE B WY S EAT B AN S S 1
JEERERAENY, BREERG1.0 mBLAE 1 2 AR A Ak DUES B R, JEAT 3 — e s v pOR B A, AR
FH -6 L EURE I 16 I3 A o 53 AR50 (SPT-N)ME . 5 oA & 28 S W 1) b 5 o8 2 B PR 45 A0 I
Ehdge, Mg HARKIE T, LA 38 nT e & AR v 2 A RS 1 O

2. % W A

BANFE MR, KEMH T KRISHFRPEANE XSG, &k b FATREER &
WRMATCM R, AT AR IE I 32808 %, DURIEE 7 52 10 s [ 1 5 e, 5 i 2 45 7L A
TRWIR R B, JF o /K 03 0E N 38 XU R A0 B S P AR R o 5 R B, bR N GE
HAHAZ11,500 m3, ATBEIE IR - 780~8183 K 11 393K %2 1, WM APEIEZ 3,300 m3, ZHIF
Utk EsA, A THELLS m. FTREIE J800~833 11 34¥ 24, LW AL
100 m3, X m K FFEEZA0.34 m.

338 R I B% 1 1k s

T8 A T 1k I AR T AR g T e I R B T (4 0 K RS, TR 205 Rl A N T
ERVE]7

(1) 38 R A b 4h B

RS LW BRAEN, R 21 K W N A GE N AT R, N TR IR IR K, EEAME
b R e, 38X R KA R AR FE 2089 m L b, DAY 3% 4 BE AMRA R B R KR,
B 1 W0 T IR OE K B AR RN

(2) BiTh kK B 5% it T

WE B b K BB E B R (VIR E SRR, BRI A IESLRE O R =0
TR P BR A ) 5 BE R b K O AR AT AR F s () K AR VK s K s T B, B T
7K Ak 25 5 I BH B AHR B8 RIE SR ) e S K R s (8) BATZREIE 2 IH T4, T RIR AINATM
Tkt 1, IR CURAS TEAE A 4B Tk, VKBS AL 75 A 2 9% 1 5R E L A E S, CLBT Ik k%
N EGE A T EREE, e R, AR s LoKE WS bR R K AR
I3 PRV B - (Ve vh 9 B 240 kgf/lem?), AEN BTN K AL ) KA R, TR B AT, DLE
R EE L (BT 5R 250 kgflem?2) 4L & i HE 77 30k K B RS B A AN BRI, RV K AL P JE DR K, Of
A HR T IE RSN N oK R Ty, e BEE R IH I ) s SR

AR, AEXTO EAT R R AL, T RSN MUK AET, O BRI IE
RL100 mmJF (FELRE, R KF G, MRATFKYHE, %8R IHE
T k1 B T AR AN DA R FE 5 R K PR, DLEE SR R B T .

L.W. Grout Pipes CB Grout Pipes

ZREREAR, AR
TR 2 A,

Ventliation Shaft A =

ICementBentonjte
Grout

Hydrocrete
Retaining Wall

— Base Slab

L.W.Grouting Wall

Om B

[ 6 CBE¥IHTE & E /= 1k sk 35 i
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4.0 H KRR R

T JEAT G0 A B K HEBR VML I, B A b K B R B T R B 4 R AR VB K, iR
TR P E AT, T K B 0 B KR, FRMT BUK RN, AR
MR KBRS A Az, BIRT R FH % 0 5 e A 1 oK K

5. HE B 18 Xy AR K

0@ I E g PR W T B . B IR B T AL B B ZEAEAE L T, B RS HE AT K P AR K
BRAENY o 2 8l RIF N BUKHEH 5, KK TR, IR = k)2 H R /K W] R PR kAl B b, il
NI RS, WE RN C e AR KET, AT E AR AT BUKHEBRAE L o 7K 7 # HE K AE L 4> 4 8
ANHBE, BEAS B B fo VR IE 9K AL R 2.5 mo ZEBEANFEAK B B, 7™ 55 W 5 o A AT )
BTN AP KAL R B 2 B B i 1 KA B, B b sl K ARk, FE W EROK AL . A
R KA AL K B U A, FRA I R w e s, TR B B EEK .
4.2 ZIHAE

12 P 7 i 3 CBK

AN O OB KT R R K e SR TN, S EORE E BE  R S - 48 Ok
MRA RN, BT ek cfa s )2, &R T LA, 37 )5 822 B0 A X 45
(1)L 7838 FEAE ML I, 2% DRl 2 0 AN A2 10 P B DT R, 0 1 b 3R R L 2 B I 3 (40 L 3R R 34 m),
DL CBR #E 27 3 S i 3 2 30

2.5 45 bi% 18 X 35k 9 i 3% 2E e X N CB2RIH 72

W GHT 7, ik i 22 1 B% 18 A EAT CIG 4 38 5 K B i Sh 0 AR 00, vl 3 10 38
HERBRINBEIE N, I TG IVETE T B O R A, WK S PR R DX R e a2 e, EATRRIE
WA 25 8 AT BRI 3 JE ML 22 & 22 5 W 2% BT AE IR AL B, 70 7 R 8 76 77534 Ab 5K il 1 2 .
H T 775540 JLT- TR LD, MR FHLWZGME K, 77538 K 77638 N I A D 35 ) T8 e o R
]k, A oy —un O SRk K B R, R R R K2 HIW . el umis % s, A
MR ERER AL, BT A XS CBR I 7 ARk .

3.2 IR Fy AR CI G HE A 5 B

EATREIE Z R R B AL, R SR NATM T4 DL < T3k, TSk O
FECB¥ MRS, PRBRIGINIAR I PLLE B . BANFHMOR A5, BE W ML i 1 38 ™ 9 Ok &
Peahtnih . T ISR I, A DU Ty B, 22 Jov A Rk oK K By ok B i A [ 1 458 5
ORI R S IH B IRt 22 4y, T TT 5004 B 18 B2 400 DX A [ ) - 2 AT CIGRE R o ), LA
fem L E 0 AL AR M AE 19232 A M H A2 2.3 m, K276 M H 1.8 mIf CIGHE .
B EATBEE N A No 28 JE ML G 2 & 2, FER S 0k Lo ek i /E o1, B ok =it 1 ¥R
JEEBEIE 4.5 mEFEIE T J76.5 m, oS0 R U B R BE B CIGER R IX AE 2547 m, K
e AR R TE () CBR A FEX o

4. VA OK R T35 R &5 98 JE WL 1 1 48

SIHAE MY AT 22 B IE B0 I, Z0HF B G L% 26 W0 P B Ik K R, IR e AT A 1k
KM, A HERE, AR U T SR UK LR O R R A

A TRRVKER TAER KGR R G, B AL T IR 2N B AREA o, DUA R 455
SEL L )ZE, AHEWKIIER, HE D)2 BRI -12°C ik, TBEE N 15 1 358 58 ik
gh I, TR R BT T AL T U IR b K A K o SR TE AL, R EE R AL L% X B IR B A

VKR AR ) ¥ 45 48 R iR A e S TR n T e 8P oR, E ER 45 L% 623, R 0.8
m. KNEPRGELY B AR B2 N R AR R, 3 R I 83 (S1~S8), LU
b T AT, B EE GRS SR ESRE T EHEEAL, HB e EES S, &
B L BE NI SR, O B 40 5 45 (W ADD3 &2 ADD4, ADD1 & ADD2W & % + 5 3%

7



TikEE  GARECHATE CP262 Fid M i TR BN EH S B

32 BE 8] 1 1B 7K ROR BT IS )
WME8Hr s, FRe2 oW aNI AL ATBRIE N, T B VR4 E o ik B0 AN T 5 U 45 9 i
BUR J7 28, W0 E G RTE PBEE KT R S5 115 KD A 258, K R 454 TR EE R 0.8 m.
AR IR - BUOIR B, R bE E K R 26%, MLAIRE N 24°C, EHAKERNO0 %, #H
KA (Brine)ifi € 4 -25°C, M5 PG 90K nl F R 45 5 A BB i R 1.4 mF K+, BK
1 #2860 m3.

ADD-1
!‘L\ e
] i l (sg( ADD-3 S1 o <
o o 0 0O o 0o 0O o 0 0o |®
¢} ADD-4 S4 o |© I
® ©]
o o| |®»
o o|lo o o o o o O o o o=
Ventilation Shaft A
S o S7 S3 [e] 29
= B - - - 6.45
= o ollo
o olo o o o o o o o o of|zE
] S5 o |~
©]
Lo ol |-
*x
z] | S
1l 1t o o o o o o o o o o o |¥
S8 Freezing Zone S2
® [©] o |- Inner Wall N
AD%-Z Diaphragm Wall T
{ o Vertical Freezing Pipe
12 11 10 9 8 7 6 5 4 302 1
L 10.0 ‘ unit : m @© Thermal Sensors Pipe

@ Extra Vertical Freezing Pipe

L K J C B \
! \n
o
Insultated J EL. 78.87
Freezing Pipes B ] l RN
-
h -
Vertical S
Freezing of
Pipes '*.J 1
ol
. Sy
}]:rl;tl;)cjrlature | Up-track :r
Measurment }ﬁ‘ : Tunnel -
305 o i
’ EL. 72.64 I n -
'y
)
o Horizontal Freezing Pipe :r
e Horizontal Temperature -
Measurment Pipe /lp — I
T 0 D)} /¢ 1) b8! [«]
C C T 0 T C C bl ~C 1 — (\i
Scale —
|
L
0 S I 10.0 ~| EL.67.07

B8 IR &% & K I & AL B H =
5.LANATM T 34 IH
PAINATM L3472 530 v IR ), A H R A LyEB b Rk AR E N . T EATRE
T8 B ALV B s AR, AR R B BR TE ON A O B K MRS ARG (Adr lock) . 7E B% 38 I
AKEEMAL, e W EIEKERE, MOATA S8 &I RS D RE
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NATM LR E IR T2, R I Wi 2 9 5485, B ok Dt A SR CBR M R +
WAZER, 33 AT TR AL 2R 7 M9 BR . §7 IR I — REEE £ (50 mm). 2248 ki 4N 22 K9
59 R AENY (150 mm) BT E T AL S S A T Ja A BRRE SR AR AR . TR R ) 58
B Jn P A BEAT Ja SR W A T S IH AR, B R R R A A R O b

fi. EREHR

5.1 i R 2k B B HL G 6 B 2% 20 Mt

AR TR 8 O B 0 TR R SRR N T, WIENL A B R G LL-2.2~-2.8% [ S BE
Yo, A E A PR TR EAT KX £1340 mAb ()38 KA. WG WL OB E LIRS 8 10.3 m, &
WX R R 27.8 m, A5 FIN B E AL AMR6.24 m, BEIE RIR A CIAHLER T 33.54
m, 3 JE LT R RS = 2 T K Hs 29200 kPa. 38 XU 98 JE L3 3k BB BB AR, 0 A
f N KR B R R it L, BEe v RS . b Ak, 3 XU R T VR AT KX AL 21340 m, K
A G 2 B ok, HEE NS E A DTN R U REGUR Y, v BE R R 1 s Bk,
8 i T A Bk
5.2 18 R 21k B AR 7K 1 ] RE et [

Lo R =

T o R A FE LR, ik R, R R 28, i THLE, ji T A
RN R il TSR SRR, SAMHY%%ER, BT R RARS AR .
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