The Journal of Engineering Geology, Vol.18, No.4, December, 2008, pp. 433-437

The Lateral Earth Pressure Distribution of the Earth Retaining Structure
Installed in Colluvial Soil
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It's essential to build an earth retaining structure at the beginning and end point of a tunnel constructed in a col-
luvium area. A large scale of colluvial soil may cause a problem to the stability of the excavation ground. An exca-
vation in colluvium has different behavior characteristics from those in a sandy soil due to unstable elements and
needs counter measures for it. There are few systematic research efforts on the behavior characteristics of an earth
retaining structure installed in colluvial soil. Thus this study set out to collect measuring data from an excavation
site at the tunnel pit mouth in colluvium and set quantitative criteria for the safety of an earth retaining structure.
After comparing and analyzing the theoretical and empirical earth pressure from the measuring data, the lateral
earth pressure distribution acted on the earth retaining wall was suggested.
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Introduction quantitative standard by compiling measurement data at

the time of excavation works of colluvial soil at the

The recherches performed on earth retaining structure tunnel pit mouth area with which the stability of earth
have mainly dealt with muiti-layer ground and single retaining structures can be judged and also to suggest
layer ground of inland downtown area. Accordingly the the lateral earth pressure given to the earth retaining

calculation of lateral earth pressure at the colluvial soil wall through the comparison and analysis of theoretical
in mountain topography with deep depth based on earth pressure and empirical earth pressure based on
existing researches may generate unreasonable results. carth pressure by utilizing measurement data at the

Therefore the purposes of this research are to prepare time of installation of earth retaining structures.
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(a) Profile of earth retaining structures.

Fig. 1. Earth retaining wall.

Field condition

Site description

This research site is located from Sannai-myeon
Milyang city to Sangbuk-myeon Ulsan Metropolitan
City, and earth retaining structures were constructed
at the beginning part of tunnel pit mouth among the
tunnel work districts of total length of 4,580m
which pass through Sanoe-myeon and Sangbuk-
myeon. The depth of colluvium layer of the object
area for this research is 0.0m~22.0m and contains
high level
quantity of residual soils, and therefore the result of

of rockmass while containing small
water permeability test shows the water permeability
coefficient of 1.56x10°m/s on an average and
underground water level was approximately GL.(-)
15m~16m but it showed big fluctuation depending
on the seasonal factor and precipitation.

Anchored earth retaining structures status

The type of earth retaining structure is adopted to
the conventional method. Post piles(H-Pile, 300 x 300 x
10x15) were used for earth retaining structures
while supporting method of earth retaining dry wall
was on anchored support basis with anchor installation
angle of 30° and the number of steel wire of 4-6
are installed. H-beam steel was used for earth retaining
wall with the dimension of 350x%350x12x9, The
status of earth retaining structures and their cross
section diagram is shown in the Fig. 1(a), (b).

{b) Cross section.

Instrumentation system

In this rescarch, the behaviors characteristics of earth
retaining walls were investigated by load cell installing
total 23 measuring instruments at the anchor. In order to
axial force of anchor
measurement item, while inclinometers were installed in
order to investigate lateral displacement of earth retaining
walls and the inverted ground during the construction.
And in order to survey the changes of underground
water level during the excavation stage and ground

measure  the as a major

water level gauge were installed near the inclinometer.

Result of measurement and analysis

Changes of underground water level
At the initial stage, the ground water level showed
the distribution of GL.(-)7.3m~163m while Fig. 2
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Fig. 2. Change of underground water-level.
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show the gradual reduction of ground water level
according to the increase in the number of days
elapsed and the ground water level was converging
toward the certain value which was almost similar
to the height of excavated bottom.

Prediction of lateral earth pressure

Fig. 3 shows the prediction results of lateral earth
pressure converted from measured anchor’s axial load.
Lateral earth pressures are calculated at each excavation
stage using mid-point partition method. In order to
illustrate the distribution of lateral earth pressure acted
on the anchored earth retaining wall which was
calculated as such, the elapsed days was plotted in the
horizontal axis while lateral the earth pressure derived
from anchor’s axial load are on the vertical axis.

Comparison with theoretical earth pressure
Fig. 4 is the comparison of the lateral earth
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Fig. 3. Lateral
retaining wall.

earth pressure given to anchored earth
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pressure predicted from the measured data and active
earth pressure of Rankine(1857). As shown in the
Fig. 4, there are big difference between actually
measured earth pressure and Rankine’s active earth
pressure because the earth pressures above 6m with
excavation depth of around 6m showed bigger
values than theoretical earth pressure but showed

small values at the excavation depth of below.

Comparison with empirical earth pressure

The distribution of lateral earth pressure given to
earth retaining wall of this sites and the distribution
of empirical earth pressure by NAVFAC(1982), Hong
and Yun(1995b) which were suggested for achored
earth retaining wall were compared and reviewed.

Fig. 5(a) is a graph which illustrated the comparison
of the suggested expression of NAVFAC, Hong and
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Fig. 4. Comparison of measured earth pressure and
Rankine's earth pressure.
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Fig. 5. Comparison with empirical earth pressure.
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Yun(Pa=065Ka YyH) and actually measured -earth
pressure. Maximum earth pressure of NAVFAC, Hong
and Yun showed 7.6ton/m’ while showing actually
measured earth pressure of 2.6~7.4 ton/m? with maximum
7Aton/m? Fig, 5(b) shows the suggested expression of
Hong and Yun(Pa=02 yH) and actually measured earth
pressure in graphic form and maximum earth pressure of
Hong and Yin shows 7.0ton/m® which represents
smaller value by approximately 9% compared to the
suggested expression of NAVFAC, Hong and
Yun(Pa=0.65Ka yH). Fig. 5(c) shows the suggested
expression of Hong and Yun(Pa=04Ko yH) and
actually measured earth pressure in graphic form in
which maximum earth pressure of Hong and Yun is
76ton/m?, which shows the same value as the
suggested  expression of NAVFAC, Hong and
Yun(P,=K,yH). Maximum actually measured earth
pressure was 7.4ton/m? and showed similar value to
maximum value of empirical earth pressure of
70~76on/m* and from this we can see that the
distribution of earth pressure of anchored earth refaining
dry wall in colluvial soil was similar to thesuggested
expression of NAVFAC, Hong and Yun. However,
actually measured earth pressure at the upper end of
excavation showed a little bit bigger value than that of
NAVFAC, Hong and Yun, it showed that predicted earth
pressure was calculated to be a little bit bigger due to
surcharge load at the back side of the excavation site.
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(a) Flat behind the wall.

Fig. 7. Distribution of lateral earth pressure.
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Fig. 6. Maximum lateral earth pressure.

Suggestion on. lateral earth pressure distribution

Fig. 6 shows maximum lateral earth pressure by
respective cross section in graphic form in order to
get the distribution of lateral earth pressure given to
earth retaining wall and to calculate the form of
maximum lateral earth pressure. As shown in the
Fig. 6, the distribution of lateral earth pressure given
to earth retaining dry wall showed rectangular form
and the size of maximum lateral earth pressure of
respective cross section was 0.12 yH ~0.21 yH.

Fig. 7(a) shows the distribution of earth pressure at
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the flat ground behind the wall, and there maximum
earth pressure is a little bit smaller but it shows the
distribution of ecarth pressure in trapezoid form which
is similar to the suggested earth pressure of Hong and
Yun(Pa=02yH). And also the Fig. 7(b) show the
earth pressure of slope ground behind the wall and we
can see that the upper 0.3H at the suggested earth
pressure of Hong and Yun(Pa=02yH) shows the
distribution in rectangular form.

Conclusions

Based on the measurement cases for the earth
retaining structures installed at the colluvial soils at
the beginning part of tunnel, we compared and
analyzed the measurement cases against theoretical
earth pressure and empirical earth pressure, and
obtained the following conclusion:

1. The result of measuring at the site showed
that changes of ground water level appeared to go
down gradually with excavation depth and to
converge at the same height as the final excavated
bottom, which explicitly shows the characteristics of
in which the water
coefficient is high.

2. The result of calculation of earth pressure

colluvial ~ soil permeability

through mean point partition method showed that the
distribution of ecarth pressure depending on the depth
showed approximately a trapezoid form.

3. The result of comparison of empirical earth
pressure of NAVFAC, Hong and Yun (Pa=0.65Ka 7
H) and actually measured earth pressure showed that
maximum earth pressure of NAVFAC, Hong and
Yun was 7.6ton/m’>. And also, maximum earth
pressure of Hong and Yun(Pa=02yH) and Hong
and Yun(Pa=04Ko yH) was 7.0~7.6ton/m’ respectively
which showed similar value to the actually measured
maximum earth pressure of 7.41ton/m?, and therefore
it will be safe to use the suggested earth pressure
of NAVFAC, Hong and Yun for anchored -earth
retaining dry wall in colluvial soil.

4. Based on this research, We would like to
make a suggestion on the flat ground and slope

ground for earth pressure given to the anchored
earth retaining wall in colluvial soil. that is to say,
maximum earth pressure given to the anchored earth
retaining wall in soils is Pa=02 vH, and the
distribution of earth pressure is the form of
trapezoid, but slope ground behind the retaining wall
has the rectangular form at the upper 0.3 H section.
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