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Executive Summary

This report briefly presents observations and on-site test results of a survey of the
Guinsaugon rockslide-debris avalanche and other landslides that occurred in Southern
Leyte, Philippines, between February 12 and February 17, 2006. The survey was
conducted on May 6-9, 2006 by a team from the Geotechnical Engineering Laboratory of
the University of Tokyo.

Observations at the Guinsaugon rockslide site include the following:

a) Springs along the failure surface indicated a high water table, even though the
normal rainfall for the month of May (when the survey was conducted) is the annual
minimum. Such elevation of the water table may have played a critical role in the failure
of the slope.

b) Rebound hammer tests on rocks at the site indicated intact uniaxial strengths
that are around 10MPa. Such low strength indicates susceptibility to cracking and
fracturing especially in a setting where faults are known to be active.

c¢) In-situ density measurements of soil density at the site revealed an average wet
density of around 1.8g/cm”.

The Swedish weight sounding test that was conducted at the Himay-angan landslide site
in Liloan indicated a 7-m soft sub-surface layer. Although the angle of the slope is only
11° to 13°, the survey team would like to recommend that the data obtained in this test be
examined by an engineering geologist or a geotechnical engineer, and a more detailed
hazard assessment carried out. The landslide can be reactivated by another heavy rainfall
and there are houses at the toe of the slide.

The multiple landslides at a segment of the Maharlika Highway in Agas-agas, Sogod
occurred in a concave valley where run-off tends to accumulate. As such, the drainage
structures in this area play an important role in mitigating future rain-induced landslides.
The source of one landslide that resulted in the death of 7 persons is apparently a soft
deposit on top of a rock layer.

Relevant laboratory tests shall be performed on the soil samples that were obtained at the
Guinsaugon rockslide and Himay-angan landslide sites when they arrive in Japan. The
permit from the Japan Plant Protection Office to bring these samples to Japan was
received on June 30, 2006.
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1.0 Introduction

This brief report presents observations and on-site test results of the survey of the
Guinsaugon rockslide-debris avalanche and other landslides that occurred in Southern
Leyte, Philippines, between February 12 and February 17, 2006. The survey was
conducted on May 6-9, 2006 by a team from the Geotechnical Engineering Laboratory of
the University of Tokyo composed of Assoc. Prof. Taro Uchimura, Mr. Daniel C.
Peckley Jr. and Ms. Misako Nakamura. The team was assisted by volunteers from the
Leyte Center for Development, Inc.

Figure 1 shows the locations of the Guinsaugon rockslide-debris avalanche site and the
other landslide sites that were visited by the team. These landslides occurred after the
heavy rains between February 8 and February 12, 2006. The accumulated rainfall data
recorded during this period at three PAGASA' stations near the sites were around 200%
to 350% of the monthly normal rainfall for February (After Cruz and Yumul, 2006).

At 10:36AM of February 17, 2006, the day when the massive rockslide-debris avalanche
buried Bgy. Guinsaugon in St. Bernard, Southern Leyte, a 2.6-magnitude earthquake
occurred (PHIVOLCS? as cited by Catane et al., 2006). As the exact time of rockslide
occurrence has not been ascertained, there seems to be no consensus yet on whether this
earthquake triggered the rockslide or not.

2.0 The Guinsaugon rockslide - debris avalanche site

The massive landslide that buried Bgy. Guinsaugon was characterized as a rockslide-
debris avalanche by Mangahas et al. (2006) and Catane et al. (2006). Accordingly, the
slide resulted from the failure of the weak and fractured rock formations along the slopes
of Mt. Can-abag. Photo 1 shows the rockslide site when the team visited on May 7, 2006.

Figure 1 shows the survey route and activities of the team at the site. At indicated
locations in the figure, the team conducted soil sampling, Schmidt rebound hammer tests
and surface wave (SW) tests. Presented herein are observations along the survey route

' PAGASA — Philippine Atmospheric, Geophysical and Astronomical Services Administration
2 PHIVOLCS — Philippine Institute of Volcanology and Seismology



and the results of the rebound hammer tests and on-site density measurements. The data
from the SW tests are still being processed.

2.1 GPS data and height of water table

During the survey, the altitude and coordinate readings from a handheld GPS device were
recorded by taking a photograph of the device itself, as shown in Figure 3. Figure 4 plots
the longitude and latitude coordinates of the survey route and Figure 5, the altitude with
the army camp in Bgy. Tambis, St. Bernard, as reference.

Two remarkable features observed during the survey are shown in Photos 2 and 3. Photo
2 shows springs along the failure surface, indicating a high elevation of the water table at
the site, even though the normal rainfall for the month of May is the annual minimum
(After Cruz and Yumul, 2006). Such elevation of water table may have played a critical
role in the failure of the slope.

Photo 3 shows that the ground surface at the site is still quite soft and wet, indicating a
very loose debris deposit.

2.2 Approximate rock mechanical properties

As the slide in Bgy. Guinsaugon was characterized as a rockslide-debris avalanche, of
interest to both geologists and engineers involved in assessment and mitigation of similar
slope failures are the mechanical properties of the rocks along the slope.

To obtain approximate values of these mechanical properties, Schmidt rebound hammer
tests (See Figure 6) were performed on rocks and boulders found at the slide deposit,
which according to Mangahas et al. (2006) are volcanic rocks from the Leyte Central
Highland Volcanics, sedimentary rocks of the Calian Formation and breccias produced
by the movement of the Philippine Fault.

The team tried to test as many types of rocks as possible, but for simplicity the rocks that
were tested were classified into two groups: fine-grained (FG) rocks and coarse-grained
(CG) rocks. The fine-grained rocks tested appear to be porous volcaniclastic sedimentary
sandstones. The coarse-grained rocks appear to be conglomerates and breccias, some of
which are highly weathered.

Most of the tests were carried out with the hammer oriented vertically downward. Flat
surfaces of the rocks were selected as test points. At least 10 readings were obtained for
each rock fragment or boulder, and significantly low readings were excluded. When a
hammer reading (HR) of greater than 35, which was already high for most of the rocks
encountered in the area, was obtained, another hammer blow in an adjacent point was
conducted for confirmation.



Tables 1 and 2 show the hammer readings obtained from FG rocks and boulders while
Tables 3 and 4 show the readings obtained from CG rocks and boulders. The mean and
standard deviation of the readings for each sample are also shown in the tables.

It can be observed when comparing Tables 1 and 2 with Tables 3 and 4 that the mean
values of HRs of both the FG and CG rocks tested are practically in the same range, i.e.,
from around 20 to around 30. It can be noted though that the standard deviation values of
the CG rocks are generally higher than those of the FG rocks, as expected.

Table 5 shows the empirical relations used to obtain approximate values of rock
mechanical properties. These relations were proposed by Kantz et al. (2000) based on a
study of seven rocks with different types of strength, stiffness, texture, composition, grain
size and porosity. Note, however, that these empirical relations were not verified by the
survey team.

Tables 6 and 7 present the approximate uniaxial strength, density and Young’s modulus
of the FG rocks tested, using the empirical relations shown in Table 5. Tables 8 and 9,
on the other hand, show those of the CG rocks. In the case of the CG rocks, the mean
value used in calculating the approximate intact uniaxial strength and Young’s modulus
excludes HRs equal to or greater than 34, the maximum reading obtained from FG rocks.
For the density, however, the mean value used includes readings equal to or greater than
34.

From Tables 6 through 9, the following observations can be made:

1) The rocks along the slope are weak, i.e., intact uniaxial strengths are well below
20MPa, the lowest being around 10MPa and the maximum, around 17MPa. Such
low strength indicates susceptibility to cracking and fracturing, especially in a
setting where faults are known to be active.

2) The rocks have low density, which also indicates high porosity.
2.3 Soil sampling

At two locations indicated in Figure 2, soil samples were taken and were designated, as
shown in Table 10. Most of the samples, designated as DS03 to DS13, were taken from a
sliding block that appeared to be “undisturbed”. Using a portable weighing scale the
approximate in-situ wet density of each sample was measured. As shown in Table 10, the
average wet density is around 1.8g/cm’.

Relevant laboratory tests shall be performed on these samples, including measurement of
dry densities, when they arrive at the Geotechnical Engineering Laboratory. The special
permit required to bring in these samples to Japan was issued on June 30, 2006 and
shipment of these samples is now being arranged.



3.0 The Himay-angan landslide site

Photo 4 shows the Himay-angan landslide site and Figure 9, the approximate geometry
of the landslide. The landslide occurred in a silty-sand slope with scattered very weak
siltstones. At this site, Swedish weight sounding test (See Figure 10), surface wave tests
(SW) and soil sampling were conducted at around mid-height of the failed slope. Only
the results of the Swedish weight sounding test shall be reported here as the data from
SW tests are still being analyzed.

Swedish sounding tests are commonly conducted to obtain estimates of the shear strength
or SPT-Numbers of shallow subsurface layers (Tsukamoto et al. 2004, Towhata et al,
2004). In this test, a screw point connected to a series of rods is driven into the ground by
applying a surface weight Wsw of 100kgf (0.98KN) and then rotating the rods (See
Figure 10). The number of half-rotations for every 25-cm penetration is recorded and this
number is multiplied by four to obtain the equivalent number of rotations for 1-meter
penetration Ngw. With the enactment of the Japan Housing Quality Assurance Act in
2000, this test has been recommended for the evaluation of foundation strength for
residential construction (Tsukamoto et al., 2006; Suemasa et al. 2005). Due to the
portability of the equipment, this test has been also used in reconnaissance and surveys of
earthquake-disaster-stricken sites (Towhata et al, 2004).

Table 11 presents the results of the Swedish weight sounding test conducted at the
Himay-angan landslide site. As can be inferred from the table, the site has a very soft
surface layer of around 1.5m tol.7m, underneath which is another 5-m soft layer with an
average Ngw value of around 40. This is equivalent to an SPT-N value of around 7. The
layer at around 7m deep appears stiff with a measured Ngw of around 400, which is
equivalent to an SPT-N value of around 32. Note that Ngw values of more than 100
measured in the second layer appear to correspond to penetration resistance by very weak
siltstones, a number of which were scattered at the surface as noted earlier. Note also that
these test results may not be representative of the subsurface at the site, as only one test at
one location was conducted.

Although the angle of the slope is only 11° to 13° the survey team would like to
recommend that the data obtained in Table 11 test be examined and confirmed by an
engineering geologist or a geotechnical engineer, and a more detailed hazard assessment
carried out. The landslide can be reactivated by another heavy rainfall and there are
houses at the toe of the slide.

4.0 The multiple landslides in Agas-agas, Sogod

Multiple landslides along a segment of the Maharlika Highway in Agas-agas, Sogod
occurred as a consequence of the heavy rains between February 8 and February 12, 2006.
One of the landslides resulted in the death of 7 persons. Figures 11 to 15 show
approximate geometries and photos of the landslides. As can be inferred in Figure 11, the
landslides occurred in a concave valley, where run-off tends to accumulate. The drainage



structures in this area, which were damaged by the landslides, thus play an important role
in mitigating future rain-induced landslides in the area.

Figure 12 shows the source of the landslide that killed 7 persons who were resting in a
bunkhouse on the other side of the road. As can be observed from the photograph, the
source is apparently a soft deposit above a rock layer.

5.0 Other landslide sites

The team also visited other smaller landslides. Figures 16 and 17 show photographs and
the approximate geometries of these landslides. Also included in these figures are the
GPS coordinates of and soil type at these sites.

6.0 Processing of surface wave test data

The objective of the surface wave tests that were conducted at the Bgy. Guinsaugon
rockslide and Himay-angan landslide sites was to obtain shear wave velocity profiles of
these sites (See Photo 5). The data from these tests, however, have yet to be processed
and a separate report shall be prepared later.
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Figure 15. Agas-agas 4
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Figure 17. Libagon-Sogod Highway
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