
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


1 INTRODUCTION 

Recent development in the Philippines has been extended to 
mountainous areas. Developments on these areas often require 
alteration of the topography to make space for the roads, 
utilities and pads for several building structures. This alteration 
of the topography often requires the construction of earth 
retaining structures. Typical earth retaining structures are 
usually rigid which are composed of reinforced concrete or 
grouted boulders. The use of flexible type of slope protection 
system has been established to be more effective when working 
with relatively high slopes. This type of protection are 
composed of the granular backfill, reinforcements (geogrids) 
and facing.  

This paper presents the design considerations for high 
reinforced earth structure constructed on seismically active 
mountainous region.  

2 EXISTING CONDITIONS 

A project site in Laurel, Batangas required a construction of an 
access road as part of its site development. The project site is 
located north west of Taal Volcano and Lake, southwest of 
Laguna Bay and South of Manila Bay.  

2.1 Topography 

The project site is located in Tagaytay ridge with an average 
elevation of 600 meters above mean sea level. Tagaytay and 
Laurel, Batangas area have generally rolling terrain, sloping 
towards the Taal Lake. As such, structures for the 
developments on these area often requires alteration of the 
topography.  

2.2 Seismicity 

Philippines is situated within the Circum-Pacific Belt or the 
“Ring of Fire”, where 80% of the world’s earthquakes occur. 
Philipines seismicity is mainly related to plate subduction and 

in part to strike-slip motions along trans-current. The nearest 
active seismic sources in Tagaytay area are the West Valley 
Fault System and  the offshore, Lubang Fault, located between 
the islands of Batangas and Mindoro. Considering these, the 
structures including earth retaining structures are designed to 
withstand ground acceleration due to earthquakes that will be 
generated by the mentioned active seismic sources.  

2.3 Precipitation 

On the average, twenty tropical cyclones which pass through 
the Philippines, five of which can be classified as destructive. 
Morever, the country often experience heavy rainfall during 

Habagat or Southwest monsoon season which falls from 
months of June to October.  

Based on the records of Philippine Atmospheric, 
Geophysical and Astronomical Services Administration 
(PAGASA), the average rainfall on the month of September 
from 1981-2010, range from 300mm to 500mm on most areas 
in Luzon.  

2.4 Geologic and Geotechnical Conditions 

The area is generally underlain by quaternary volcanic 
piedmont deposits which are chiefly pyroclastics and volcanic 
debris from the eruption of the Taal Volcano. These 
pyroclastics generally consists of interbedded shale and 
sandstone with thin layers of tuff and reworked sandy tuffs, 
calcareous and partly tuffaceous shale. 

The results of geotechnical investigation reveal that the 
project site is generally composed of relatively thick residual 
soil which are classified as silt and silty sand. The geotechnical 
parameters that was used in the slope stability analysis are 
presented in the succeeding table. 
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Table 1. Geotechnical parameters for slope stability analysis 

Depth 
(meters) 

Type  
of soil 

γ  
(kN/m3) 

c 
(kPa) 

φ 
(degrees) 

0.0 – 10.0 SM 17 2 28 

10.0 – 20.0 SM 18 5 32 

>20.0 SM 19 15 35 

3 SITE DEVELOPMENT AND REINFORCED SOIL 
SLOPE (RSS) STRUCTURE 

The site development of the project site calls for a construction 
of an access road with segments with hairpin configuration. 

 
 Considering the topography of the project site and 
proposed layout of the access road, earth retaining structures 
would be needed to support the backfill for the construction of 
the road. With this, a flexible system such as reinforced soil 
system was deemed to be one of the most effective solution. 
Taking into consideration the seismicity of the project area, a 
flexible system would be able to allow considerable 
deformation compared to the rigid concrete retaining structures.  

The reinforced soil slope (RSS) scheme was composed of 
granular backfill, geosynthetics reinforcement (geogrid), 
gabions as facing and subsurface gravel drains. Considering 
the topography of the project site, and the anticipated surface 
and subsurface flow of water during heavy precipitation, 
gabion facing was selected because of its better drainage 
characteristics. 

4 DESIGN CONSIDERATIONS 

4.1 Slope Height 

Based on the proposed road alignment and the topography of 
the project site, resulting RSS heights range from 18 -23 meters 
on the hairpin area. Considering the offset distance due to the 
road width, superimposed RSS wall design was considered in 
the analysis.  

4.2 Saturation 

Considering the rainfall record of the project area, it is essential 
to ensure that earth retaining structures would be able to 
accommodate additional pore water pressure due to saturation 
of the soil. Appropriate drainage management system, both for 
surface and subsurface water flow, should be incorporated in 
the design of earth retaining structures. To simulate soil 
saturation in the design, pore water pressure ratio (Ru) was 
incorporated in the analysis. Ru of 0.20 and 0.45 was assigned 
for partially and fully saturated conditions, respectively. 

4.3 Seismic Acceleration 

The project site is located on seismically active region. As such, 
it is necessary to design the structure to withstand seismic 
acceleration. For the design of reinforced soil structure, 
maximum horizontal (kh) and vertical (kv) seismic 
acceleration of 0.2g and 0.1g, respectively, were considered in 
the analysis. 

5 STABILITY ANALYSIS 

To verify the stability of the proposed scheme for different 
scenario, slope stability analyses were conducted. Slope 
modelling and stability analysis was conducted using 
Rocscience Slide software.  

5.1 Global Stability 

The analyses considered different soil saturation and seismic 
acceleration. The following scenario were simulated. 
 

Table 2. Slope stability analysis scenario 

Case Ru kh kv 
Min. 
FS 

1 Dry and Static 0 0 0 1.5 

2 
Partially Saturated and 

Static 
0.2 0 0 1.5 

3 Fully Saturated and Static 0.45 0 0 1.25 

4 
Dry with moderate 

earthquake 
0.0 0.1 0.05 1.1 

5 
Dry with strong 

earthquake 
0.0 0.2 0.1 1.1 

6 
Partially saturated with 

strong earthquake 
0.2 0.1 0.05 1.1 

 Moreover, a traffic load of 15kPa was considered in each 
analysis. The final design was based on the results of Case 3 
and Case 6. The results of other cases were used as reference 
and guide for further optimization. 

5.2 External and Internal Stability 

Further analyses, checking the external and internal stability of 
the RSS, were carried out for slope sections every 10 meters 
along the road alignment. Analyses were conducted to check 
the stability of each section against overturning, sliding, 
eccentricity, bearing capacity, and pullout resistance of 
reinforcement. 

5.3 Foundation 

Considering the height of the structure, it was anticipated that 
it will induce significant load on the slope. As such, ground 
improvement technique such as jet grouting and stone columns, 
were utilized to support the structures. The jet grouted piles 
and stone columns were also utilized to intercept deep seated 
failure surface 

6 CONCLUSION 

RSS Structures are deemed to be an effective and suitable 
scheme for high retaining structures in a seismically active 
region and areas with high rainfall records. The application of 
RSS should be carefully analyzed and design for both external 
and internal stability.      
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