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ABSTRACT: Clay shale formation is one of the problematic soils often encountered in Indonesia. In unweather
condition, it can have SPT blow counts of 60 blows/ft or higher. However, once exposed in cut and fill operation,
in just a few days it will degrade and crumble. Its cohesion can drop from as high as 80-90 kPa to nearly zero
and its friction angle from as high as 41o will drop to just a mere 9o. Unfortunately, many engineers often did
not recognize it and misidentified the clay shale as stable and problem free hard clay or soft rock. This paper
discusses a case history on the slope failure of a targeted 20m to 35m high slope construction where engineers
did not recognize the properties of this problematic clay shale formation. Subsequent redesign and remedial
work by used of geosynthetic reinforced soil to form a hybrid reinforced soil structure and its performance
during an unexpected rainstorm and flash flood is presented.
Keywords: clay shale formation, geosynthetic reinforced slope, hybrid reinforced soil structure

INTRODUCTION
Apart from soft clay, peats, and liquefiable loose sands, clay shale is one of the problematic
ground conditions often encountered in Indonesia. In many soils investigation report, as the SPT
blow counts can be as high as 60 blows/ft or even higher, it is often reported as hard clay or soft
rock giving the engineer an impression that it is a stable and problem free soil formation.
Unrealizing the potential danger that come with this clay formation, landscaping by cut and fill
operation is often performed. Slopes with high degree inclination are often formed by cutting this
clay shales formation. Weeks later the slopes just failed. One of the examples of such failure is the
massive slope failure of the Cipularang Toll Road embankment which was built over clay shales.
This failure attracted national attention due to the road strategic and critical function of linking two
Indonesian main cities, i.e. Jakarta and Bandung (Irsyam et al, 2007).
This paper describes the characteristic of clay shale formation and the application of
geosynthetics reinforced soils in building high slope over such clay shale formation.
CHARACTERISTIC OF CLAY SHALE FORMATION
Clay shale is basically a fine-grained sedimentary rock formation, geologically formed by layered
clays sedimented over thousands of years and hardened due to long term pressure deep in the
ground. Over time, geological events brought the clay shale formation to near surface. In unweather
condition, this clay shale generally have SPT blow counts of 60 blows/ft or even higher. However,
once it is exposed to outside weather, few days or weeks later it will degrade, crumble and
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substantially losing its shear strength. Figure 1 shows a freshly excavated hill of unweather clay
shale formation. Figure 2 shows pieces of rock like clay shale freshly excavated.

Figure 1. An overview of freshly excavated unweather clay shale formation

Figure 2. Pieces of rock like clay shale freshly excavated

Figure 3 shows the exposed clay shale formation start to weather and losing its cohesion, water
start to erode part of the surfaces and gullies start to appear along the slopes. Figure 4 shows the
disintegrated clay shales after just a few days expose to atmosphere, even if they still look like rock
it is easily spalling off and disintegrated by just applying a small force onto it. It can even be peeled
off layer by layer as shown in Figure 5.

Figure 3. Weathered clay shale formation
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A few chunks of clayshale “soft rocks” look intact, but with a small force the
“rocks” can be peeled off and easily fragmented.
Figure 4. Disintegrated clay shale drastically losing its shear strength

Figure 5. Disintegrated clay shale easily peeled off by just small force and it crumbles off
Gartung (1986) reported unweather clay shale can have an effective cohesion as high as 85 kPa
with internal friction angle as high as 41o. However, when exposed to atmosphere, it weathered
very fast and its shear strength dropped to as low as zero cohesion and internal friction angle of
merely 9o. This finding is presented in Figure 6.
Stark and Duncan (1991) compared the shear strength of soaked and unsoaked clay shales
taken from California’s San Luis Dam supporting clay layer. Drained direct shear tests were done.
Their finding is presented in Figure 7. It can be seen that the unsoaked peak strength cohesion was
as high as 5500 psf (260 kPa) with friction angle of 39o, while its soaked cohesion practically
nonexistence anymore and its residual friction angle dropped to as low as 15o.
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Figure 6. Shear strength degradation of
clay shale (Gartung, 1986)

Figure 7. Shear Strength of soaked and
unsoaked clay shale (Stark and Duncan,1991)

PROJECT BACKGROUND AND ITS PROBLEM
In the last five years, under the leadership of President Joko Widodo, Indonesia has been
accelerating the construction of its infrastructures. One of that development is the New Tana Toraja
airport which is located in the South Sulawesi province of Indonesia (Figure 8). The aim of building
the airport is to boost tourism of Tana Toraja which has breath-taking landscapes, unique tradition,
ancestral house and burial rituals of the Toraja ethnic group. This multi-year airport project was
started in 2014. Its runway will be 210 m wide and 2 km long planned to host ATR type aircrafts.

Figure 8. Location of Tana Toraja airport
The presence of hills and valleys made a massive cut and fill earthworks have to be undertaken
in order to construct a flat runway into its planned elevation. Slopes/retaining wall as high as 20 to
35 m height has to be built (Figure 9). The first stage of the construction involved the execution of
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a 100 m long and 15 m high retaining structure. Afterward, a second stage was to build an
additional 10 m high slope on top of the retaining wall to reach the final runway elevation. The total
height of the mentioned structure would be 25 m.
Unknowing the presence and the potential problem of clay shale formation, the first stage of
the construction, i.e. building a 15 m high retaining wall, was carried out in 2015 involving cut and
fill operation. Not long after, slope failures took place. It was found that the foundation soil of the
slope was deteriorated (Figure 10). The author was called upon to visit the site and provide solution.
It was found the foundation soil, initially reported as hard clay having SPT blow counts higher than
60 blows/ft and had the appearance of soft rock, was actually a clay shale formation that easily
disintegrated and lose its shear strength upon prolong exposure to atmosphere.
Apart of the problematic clay shale, another main technical issue related to the design and the
execution of this works was the high seismicity of the area with PGA=0.3g for a return period of
500 years.

Figure 9. Overview of the project area

Figure 10. Deteriorated foundation soils of retaining wall and slope
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THE SOLUTION ADOPTED
To build the 25 to 35 m high slopes or retaining walls, the project technical advisory committee
gave the following design criteria:
•

Locally available backfill material which is cohesive in nature must be used. Therefore, proposed
retaining structures must have permeable facing and proper internal drainage system to
alleviate the possible accumulation of pore water pressure in the cohesive backfilling soil,
especially during the rainy season.

•

Proposed retaining structures must have flexible behavior to accommodate potential differential
settlements, especially under earthquake condition with anticipated PGA of 0.3g for a return
period of 500 years.

•

Proposed construction method must maximize the employment of locally available unskilled
manpower.

•

Shortest construction time and lower overall construction cost
In this fast strength degradation clay shale, forming a stable unreinforced embankment slope

requires a very gentle inclination of 1V: 5H or even gentler under the required seismic design
condition. Space limitation and land acquisition issues made this option unsuitable.
Reinforced concrete retaining wall or contiguous bored piles were evaluated. Technically, both
alternatives could provide a stable structure. However, the structure might be too rigid to
accommodate differential movement under earthquake condition. Heavy equipment, mass
concrete rather than locally available soil, and skilled labor would be required, resulting in high
construction cost. Therefore, in many aspects, this alternative could not fulfill the given criteria.
Another alternative considered was geosynthetic reinforced earth wall which is much more
flexible compared to rigid concrete structure, apart from that experiences in Japan show that this
type of structure performed well under earthquake condition (Tatsuoka et al, 1977; Koseki et al,
2009; Koseki, 2012, Kuwano et al, 2011). Further consideration led to the conclusion that
geosynthetic reinforced soil retaining structure with no concrete facing was the most suitable
structure that can fulfill all the given design criteria. Therefore, this system was adopted. This
retaining structure basically consists of stones filled anchored gabion, geogrids, and compacted
backfilled to form a hybrid reinforced soil slope (Figure 11).
Limit equilibrium analysis by using Geo5 software and finite element analysis by using Plaxis 2D
software were carried out to evaluate the stability of the structure both under static and seismic
condition. A pseudo-static model was used to investigate the behavior of the structure under a
seismic event causing an additional horizontal mass acceleration equivalent to half of the PGA i.e.
equal to kh = 0.15 g. Based on the known characteristics, reduced shear strength of c’=20 kPa and
' = 17o were taken for the first upper 3m of the foundation clay shale. Figure 12 shows the typical
section and the soil layers. Table 1 shows the input parameters used for the FEM analysis. The
modelling aspects of the structures into the finite element model is not elaborated here, interested
readers can refer to the relevant article on this aspect (Gouw, 2016). To optimize the design, many
geometrical configurations of the hybrid reinforced structure were analyzed. Table 2 shows the
safety factors obtained. Figure 13 shows the predicted movement under static and seismic
condition. The typical construction cross section adopted is shown in Figure 14.
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Figure 11. Hybrid reinforced soil structure (Courtesy of Maccaferri Indonesia)

Figure 12. Typical soil layers used for the FEM analysis

Table 1. Soil data input parameters
Soil Data Input - Mohr Coulomb Soil Model
γunsat

γsat

v

Eref

cref

ϕ

ψ

kN/m3

kN/m3

[-]

kN/m2

kN/m2

[°]

[°]

Drained

17

17

0.30

40000

42

16

0

Drained

17

17

0.30

10000

20

17

0

Tator-Clay-Shale-1

Drained

17

17

0.30

10000

20

24

0

Tator-Clay-Shale-2

Drained

18

18

0.30

20000

20

30

0

5

Tator-Clay-Shale-3

Drained

19

19

0.35

20000

20

32

0

6

Tator-Clay-Shale-4

Drained

20

20

0.35

100000

40

37

5

ID

Name

Type

1

Structural Soil

2

Tator-Clay-Shale-0

3
4

Gabion - Linear Elastic Model
ID

Name

Type

7

Gabion Filling

Drained

γunsat

γsat

v

Eref

Rinter

kN/m3

kN/m3

[-]

kN/m2

[°]

17.5

17.5

0.35

40000

1

EA

Np

kN/m

kN/m

3900

272

Geogrids
ID

Name

Type

1

geogrid 300 kN/m

Plastic
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Table 2. Typical Factor of safety (FS) of the designed hybrid reinforced soil structure

Condition

Minimum FS

FS obtained by Limit

FS obtained by Finite

required

Equilibrium Method

Element Method

Static

1.5

1.62

1.67

Seismic

1.1

1.10

1.12

Figure 13. Predicted movement of the designed hybrid reinforced soil structure

Figure 14. Typical construction cross section of the hybrid reinforced soil structure
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Figure 14 shows that behind the hybrid reinforced soil structure (HRSS), drainage blanket
system is provided. This drainage is connected to flexible PVC discharge pipe to carry the water out
of the HRSS system. To prevent against leakage the pipes are wrapped with geomembrane. The
top part of the wall is protected against seeping water by providing proper vegetation. This way
ingress of water into the HRSS is largely prevented. Behind the steel wire mesh and gabion wall
facings, non-woven geotextiles are installed to prevent soil particles migration out of the facing.
THE CONSTRUCTION PROCESS
Based on this remedial design, the first construction stage was carried out in December 2015
and finished by end of January 2016, which was within two months’ time frame allocated for this
job. To avoid degradation of the clay shale, the foundation the HRSS was constructed in 8 to 10 m
wide strip interval. Once the topsoil was removed and excavation reached ‘hard’ clay shale, the first
layer of HRSS was immediately prepared and constructed to cover the whole clay shale. The
exposure of the foundation clay shale to outside atmosphere was limited into one day or less, and
no water was allowed to enter the construction area. Figures 15 to 18 show the construction stages.

Figure 15. Removal of topsoil to the ‘hard’ clay shale and laying of geogrids

Figure 16. Quickly place and compact backfill soil material to cover the clay shale
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Figure 17. Constructing drainage system behind the wall and piping to drain out water

Figure 18. Installation of the anchored gabion
As the anchored gabion was 1m high, the HRSS construction was carried out at every 1 m high
interval. The locally available red cohesive clay backfill material was compacted at every 30 cm lift.
Figure 19 shows the compaction process and the constructed anchored gabion. After the first 7 m
stoned filled gabions were constructed, a special wired mesh known as “terramesh” facing was used
to construct the second stage of HRSS (Figure 20). The finish HRSS is shown in Figure 21.
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Figure 19. Backfill compaction and the constructed anchored gabion units

Figure 20. Second and subsequent stage of HRSS were built by using “terramesh” facing

Figure 21. One month after construction vegetation start to grow at the facing of the “terramesh”
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Not long after completion of the said HRSS, on March 5, 2016, an unexpected heavy rainstorm
and flash flood hit the project. Since surface drainage at the runway platform level had yet to be
constructed, the water flow over the HRSS as shown in Figure 22. At that instance the construction
team were worried that the HRSS might fail and collapse. Fortunately, it did not! Figure 23 shows
the wall condition after the heavy rainstorm. Only all the vegetation was washed out, and minor
surface / facing soil erosion at some “terramesh” section took place. Minor repair was performed.
Figure 24 shows the condition of the wall on Feb 2018 and June 2019., the HRSS has practically
become green with vegetation and no problem on the wall movement or stability encountered.

Figure 22. Unexpected rainstorm flowed over the HRSS (courtesy of Tana Toraja project team)

Figure 23. Vegetation was washed out and minor soil erosion occurred at the “terramesh” section
(courtesy of Maccaferri)

Figure 24. Condition of the HRSS in 2018 and 2019 (courtesy of Maccaferri)
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CONCLUDING REMARKS
Clay shale is one of the problematic soil conditions when undetected can be very dangerous
for the stability of a geotechnical construction. Experience engineer and proper understanding on
the clay shale characteristic and behavior is required to handle such difficult ground condition.
Considering that the strength degrades in just a few days, construction must be carried out in the
fastest time possible, prolong exposure of the good clay shale layer to outside atmosphere must
be prevented, and reduced shear strength parameters must be adopted in the design process. In
this case history reduced shear strength parameters of c’ = 20 kPa and ’ = 17o was adopted for its
first 3 m thick of clay shale, far less than its maximum unweather strength of c’ = 85 kPa and ’ =
41o. In conclusion, combination of good understanding of soil characteristic and its behavior,
geotechnical knowledge, design experience and good construction procedure is required in order
to successfully develop geotechnical structures on problematic soils.
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