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ABSTRACT 

 

Geogrid-reinforced Mechanically Stabilized Earth (MSE) walls and slopes have gained popularity and 

widespread acceptance in the Philippines over the past two decades as versatile, ductile and 

cost-effective alternatives to rigid gravity walls and reinforced concrete retaining structures in 

construction projects where there are grade separation requirements. 

 

With the recent rise in infrastructure works outside of the traditional city centers throughout the 

Philippine archipelago, more and more construction projects of considerable size and scale are being 

constructed over vast expanses of land. From massive highway projects to sprawling leisure and 

industrial facilities, it is inevitable that these developments will emerge in areas underlain by poor 

soils and land deemed as marginal. 

 

Also, aside from having less than favorable geotechnical conditions in these areas, there are other 

matters such as accessibility, right-of-way issues, steep topography, etc. that may complicate 

construction in these areas. 

 

There will be cases where the confluence of two or more of these issues at one project site would 

make it difficult for a lone slope stabilization method to effectively address all these singlehandedly, 

thereby opening avenues for innovation and making it worthwhile to explore new methods to solve 

these problems. 

 

The wealth of field and lab data, advancements in computational methods, breakthroughs in materials 

technology and testing, and modern geotechnical paradigms have made it possible to adequately 

model hybrid systems and reliably predict how these would perform once constructed. This 

presentation aims to demonstrate to civil engineering practitioners the theoretical and practical 

considerations in the design and construction of MSE structures supported by improved ground 

through discussions on soil mechanics theory, design detailing, and case histories where these hybrid 

systems were successfully used while also sharing some insights gained from these projects. 
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1 INTRODUCTION 

Since the early 2000s, there has been a steady 

increase in construction activities outside of the 

traditional city centers of the Philippines.  

 

Due to the growth and congestion of these urban 

centers (and the steep increase in real estate prices 

brought about by development), expansion towards the 

peripheral areas has become inevitable.  

 

From residential and leisure estates to techno parks 

and industrial facilities - developments are emerging in 



 

areas that were once viewed as “marginal.” 

2 BUILDING ON MARGINAL LAND 

Aside from having less than ideal geotechnical 

conditions in some of these areas, there are other 

matters such as accessibility, right of way issues, steep 

terrain, etc. that have made these properties previously 

unattractive for development.  

 

Sometimes, the confluence of multiple issues at one 

project site makes it difficult for a single solution to 

effectively address all these singlehandedly. This has 

opened avenues for innovation in pursuit of finding 

solutions.   

 

 

2.1 Hybrid Systems 

Combinations of two or more systems soil 

reinforcement techniques, if designed and executed 

properly, can produce robust systems at a fraction of 

the cost of the traditional solutions.  

 

Advancements in computational methods, materials 

technology, lab and field testing, and design processes 

have made it possible to reliably model these newer 

systems.  

 

2.2 MSE Walls and Slopes on Improved Ground 

As versatile and ductile MSE walls may be,   

 

1) there will be situations wherein the in-situ soils, in 

their natural state, would not be strong enough to 

adequately support the additional loads imposed by 

large embankments and retaining structures. 

(insufficient strength) 

 

2) there will also be instances wherein the heavy loads 

imposed by these earth structures would trigger 

deformations well beyond even the tolerances of these 

ductile structures. (potential for excessive settlement) 

 

3) there will also be cases where these MSE structures 

will be underlain by potentially liquefiable ground. 

(liquefaction susceptibility) 

 

It is in these instances that ground improvement 

works on the foundation soils may be necessary for 

these heavy earth structures to have both satisfactory 

short-term and long-term performance and stability. 

 

 

 

 

 

3 CASE HISTORIES 

The case histories below highlight various instances 

where hybrid solutions of MSE structures supported by 

improved ground were utilized to address sites with 

compounded problems.     

 

3.1 Case History 1 – Constructing a 23.0m high, 

two-tiered MSE supported by jet grouted piles on 

sloping terrain 

 

The project site is a mixed-use leisure community 

located in a mountainous region of Southern Luzon. 

The area is characterized by hilly terrain with mild to 

steep slopes and ravines being prevalent in the area. For 

future residents and guests to be able to enter the 

property from the main road, an access road had to be 

built on the side of a steep slope. Geotechnical 

investigation revealed the presence of a 6-8m thick 

layer of loose to medium dense sands and silts on the 

surface of the slopes where this steep access road will 

be built. 

 

 
Fig. 1. Site during construction 

 

3.1.1 Site Conditions 

The area is characterized by hilly terrain with mild 

to steep slopes and ravines being prevalent in the area. 

The general slope of the project site is steep, with 

certain portions of some slopes as steep as 60+ degrees. 

Due to the topographic and geotechnical conditions, the 

slopes prior to intervention were marginally stable 

(FS<1.2).  

A thick (6-8m) layer of loose soils and weak clays 

occurs on the slope surface before the harder material is 

hit. With the presence of hard plastic silts and dense 

sand coupled with the steep slope angle, unfavorable 

bedding layers, it was deemed that the slope required 

enhancement to be able to satisfactorily carry the loads 

imposed by the two-tiered MSE wall.  

Stability analyses showed that ground improvement 

works were necessary to augment the strength of the 

weak soils on the slope surface. 

 

3.1.2 Selected Solution 

Due to the irregular terrain and the relative 



 

instability of the existing slope, it was decided that jet 

grouting will be the ground stabilization method used to 

273 jet grouted columns (8.0 to 10.0m long) will be 

utilized to support the two-tiered HDPE 

geogrid-reinforced MSE wall that was as tall as 23.5m 

in some sections.   

 

 
Fig. 2. Two-tiered MSE supported by Jet Grouted Piles 

 

 
Fig. 3. Project site after construction 

3.2 Case History 2 – Mechanically Stabilized Earth 

(MSE) Wall Supported by Rammed Aggregate 

Piers 

 

 
Fig. 4. The MSE wall during construction 

 

 

3.2.1 Site Conditions 

During the excavation of the base of an MSE ramp, 

it was observed that the soils were inconsistent with the 

expected formation at the project site.   

  

The results of three confirmatory borings revealed 

that a segment of the MSE bridge approach was 

underlain by uncompacted random fill of varying 

consistency and composition. Initial analyses projected 

the ramp to experience excessive deformation and 

possible shear failure (i.e. very soft to stiff soils with 

N<15 up to 6.0 m depth). 

 

 
Fig. 5. Sample borehole data used in the analyses 

 

3.2.2 Selected Solution 

Since the MSE is being built beside a trafficked 

highway, excavation-and-replacement of the poor soils 

was not an option due to slope stability and public 

safety issues. The use of displacement rammed 

aggregate piers to improve the weak underlying soils 

was an ideal pairing with the MSE. Several 320 x 

600mm diameter x 7.0-meter length RAP elements 

were installed to support the MSE embankment to 

minimize settlements and increase the shear strength of 

the random fill. 

 

 
Fig. 5. Two-tiered MSE supported by Rammed Aggregate 

Piers 

 



 

 
Fig. 6. After project completion 

 

3.3 Case History 3 – Building a 19.5m high, 

multi-tiered MSE embankment on reclaimed 

ground with liquefaction, slope stability and 

settlement issues 

The project is a seaward land reclamation for an 

industrial plant facility with heavily loaded process 

structures. The proposed facility is located within a 

petrochemical complex in Batangas. The site is in hilly 

terrain, fronting Batangas Bay to the west. The project 

area is predominantly filled as the site will have to be 

reclaimed, resulting in a maximum reclaimed fill height 

of approximately 19.5 meters. 

 

 
Fig. 7.The site prior to ground improvement works 

 

3.3.1 Site Conditions 

In general, the subsurface soils were relatively poor 

to medium in density with SPT N-values ranging from 

hammer weight to 14 down to approximately -11.0 

meters. The relatively weak underlying soils would 

have been both highly compressible and subject to 

shear failure during a large earthquake event. The 

projected deformations would be beyond tolerable 

limits.  

 

 
Fig. 8. Borehole data from the project site 

 

 

Thus, it was deemed necessary to support the 

proposed fill embankment on either piles or improved 

ground. In addition, it was discovered in some borings 

that there was a shallow sand layer a few meters 

beneath the riverbed that was deemed to be potentially 

liquefiable. 
 

 
Fig. 9. The project area right after construction 

 

3.3.2 Selected Solution 

Initial results of the analyses showed that without 

ground improvement works, factors of safety less than 

1.0 were obtained for the seismic case at multiple 

stations. Post-construction settlements were also 

estimated to be well beyond allowable limits without 

any ground improvement.  

 

 



 

Fig. 10. Analysis of MSE wall and Impact Piers 
 

After the design had undergone several iterations, it 

was decided that a complex slope (3 parts) with a 

polymer gabion-faced bottom-tier MSE and a 

green-faced reinforced steep slope (RSS) reinforced by 

HDPE uniaxial geogrids. The highest part of the 

complex slope is at 19.5m (6.0m polymer gabion-faced 

MSE Wall +13.5m RSS).  

 

After dredging out some of the shallow muck, a 

construction platform was built and displacement RAPs 

were installed as ground improvement measures to 

increase the shear strength of foundations soils, 

minimize settlements and reduce possible risk of large 

seismic deformations. 

 

 
Fig. 11. Typical cross section of MSE supported by 

displacement RAPs 

 

 
 

Fig. 12. The project site several months after construction. 

 

 3.4 Case History 4 – Road ramp MSE on improved 

ground 

A loading bay embankment with a road ramp for a 

warehouse facility for a logistics provider in an 

industrial site in Southern Luzon was constructed as 

part of expansion works in 2011.  

 
Fig. 13. Site during construction 

 

3.4.1 Site Conditions 

The location of the proposed 5.8m high 

embankment was on a portion of the property that had a 

10m thick layer of compressible clays. Analyses 

showed that due to the presence of the thick 

compressible layers of clay which presented bearing 

capacity, settlement and deep-seated slope failures, area 

wide improvement was deemed necessary. 

 

3.4.2 Selected Solution 

Initially, a retaining wall on piles was considered. 

However, a wrap-around MSE (RSS) was eventually 

selected as the earth retaining system due to its low cost 

and inherent ductility.  

Having a vegetated face was also deemed as a 

pleasant bonus. Moreover, rammed aggregate piers 

were installed to support the main embankment and the 

perimeter MSE slope.  

 

 
Fig. 14. Typical section details for MSE-RSS and RAPs 

hybrid solution 

 

 
Fig. 15. The RSS after construction 

 



 

3.5 Case History 5 – Instrumented 5.0m 

Mechanically Stabilized Earth (MSE) trial 

embankment supported by Rammed Aggregate Pier 

(RAP) columns 

A 5.0 meters high HDPE geogrid-reinforced 

wrap-around MSE trial embankment supported by 

Rammed Aggregate Piers (RAP) installed to a depth of 

14.0 meters was constructed in Bulacan. The 

embankment is equipped with pore water pressure 

(PWP) transducers and settlement gauge assemblies to 

monitor pore water pressure and settlement variations 

during and after construction.   

 

 
Fig. 16. Site during construction of RAP 

 

3.4.1 Site Conditions 
Four (4) boreholes were drilled to determine the soil 

stratification in the area of the embankment. Based on the 

site investigation, the site is underlain by medium stiff to 

stiff clay material 5.0 to 8.0 meters from the normal 

ground line (NGL). This is underlain by very soft clays 

until 15.0 meters. Beneath the soft clay soil layer is hard 

or stiff sandy clay which is found until the 25.0 meter 

borehole termination depth.  

 

 
Fig. 17. Sample borehole data used in the analyses 

 

 

3.4.2 Selected Solution 

Thirty-three (33) rammed aggregate piers were 

installed to a depth of 14.0 meters below the NGL. The 

RAPs were installed in a triangular pattern at 

approximately 1.50 meters center to center spacing. Prior 

to the installation of the RAPs, PWP transducers were 

installed at a depth of 5.0, 7.0 and 12.0 meters below NGL 

to observe the changes in PWP during installation and 

monitor the PWP dissipation over time. 

 
After the installation of the RAPs, the trial 

embankment was built to a height of 5.0 meters above 

NGL with three (3) sides having a slope of 1.5H:1V and 

one (1) side with a near vertical face reinforced with 

extruded, punched and stretched HDPE uniaxial geogrids 

extending approximately 7.50m horizontally to reinforce 

the fill. The test embankment was constructed on top of 

the RAP improved foundation overlain by a layer of 

non-woven geotextile followed by a gravel bed acting as a 

drainage layer. PP biaxial geogrids with 30kN x 30kN 

design strength were also laid out between the gravel bed 

and the embankment. The embankment layers were 

compacted and the reinforcement spaced at 500mm 

intervals. 

 

Results showed that the embankment settlements 

tapered off at around 35-40 days and that the actual post 

construction settlements were much less than the 

theoretical calculations due in part to the pre-stressing and 

pre-straining of the foundation soils from the installation 

of the displacement RAPs, as well as the inherent 

conservatism of the design calculations used. The end 

result was a successful proof of concept trial embankment 

for cost-effective and easy to construct, ductile MSE RSS 

supported by rammed aggregate pier elements.         

 

 
Fig. 18. Typical cross section of MSE trial embankment 

supported by RAP elements 

3 CONCLUSIONS 

1) Advances in materials technology, construction 

methodologies, and computational methods have paved 

the way for the emergence of “new” iterations of hybrid 

solutions in the field of geo-construction.  

 

2) MSE walls and slopes continue to be robust and 

cost-effective grade separation structures due to their 
inherent ductility and ease of construction.   

 



 

3) As ductile as MSE walls and slopes may be, these 

too have limits as far as settlements are concerned. 

 

4) When applicable, rammed aggregate piers and jet 

grouted columns can be effective ground improvement 

measures to increase soil shear strength of foundations 

soils, minimize differential settlements and reduce 

possible risk of large seismic deformations in 

embankments and MSE slopes. 

 

5) Never underestimate the value of good data. 

Everything starts with the quality of data. (G.I.G.O.)   

 

6) Good data, a well-thought-out design, and 

knowledge of the in-situ conditions are of paramount 

importance in any engineering endeavour, more so in 

these atypical projects. 

 

7) Hybrid solutions using complementary technologies 

can provide cost-effective solutions to problems in 

projects with compounded issues. 

 

8) Synergistic combinations of soil reinforcement 

systems, if designed and executed properly, can 

produce safe, robust, high-performing hybrid solutions 

at lower costs and shorter construction periods. 
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