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– Design Proposal  

1.0 INTRODUCTION 

This report presents the design proposal using Keystone Wall stabilization works 
system for the rehabilitation works near the Dewan at Jalan Kg. Gentam Seberang, 
Sawah Lebar, Daerah Kuala Pilah, Negeri Sembilan Darul Khusus. 

The design and analysis methodology and assumptions will be first presented, 
followed by the evaluation of analysis results and finally recommendations for the 
proposed slope stabilization works to be installed will be highlighted. 

Based on the information gather, it showed that the height of the wall varies between 
1.5m to mm high for a length of approximately 250m. We will base on the average 
height of 2.5m for the estimation cost purposes. 
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2.0 ASSUMPTIONS 

Due to the lack of information about the site (history, hydrology, subsoil & 
topography survey data, underground services, etc.), some assumptions were made 
to accomplish the design proposal based on the knowledge and engineering 
judgements of the designer. All engineering assumptions have to be verified and 
confirmed by soil investigation and topography survey. It is also difficult to assume 
the quantity as we do not know what the existing angle of slope is and also the 
amount of earth that needs to be excavated and refill with good material. 

 

3.0 DESIGN & ANALYSIS  

Section of the proposed slope rehabilitation was modelled and checked for stability. 
The acceptable slope stability safety factor for the proposed slope treatment is set to 
minimum 1.5. 

Using the reinforced slope stability analysis German software GGU Stability, 
numerous trial slip circles were tried out and the slip for the lowest safety factor was 
presented. 

The related design parameters are shown in the next page 
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a. Soil Engineering Parameters  

Layer 
(top 
down) Description  

Soil 
Model 

Bulk unit 
weight,  
(kN/m3) 

Design 
cohesion, C’ 
(kN/m2) 

Design soil 
internal 
friction, ' 
() 

1 
Backfill soil or 
Reinforced soil 

Mohr-
Coulomb 

18 5 28 

2 Existing/Retained soil 
Mohr-
Coulomb 

18 3 30 

3 
Foundation Soil 
(original) 

Mohr-
Coulomb 

18 5 30 

4 
Foundation Aggregate 
(compacted) 

Mohr-
Coulomb 

20 0 34 

 

b. FibroGrid Parameters  
Ultimate Tensile, Tu 
(kN/m) 

Installation damage 
factor, f1  

Durability 
factor, f2 Creep factor, f3 

Design Value, T des 
(kN/m) 

FG 60 1.05 1.1 1.47 36 

The allowable long-term design tensile for the reinforcement FG60 for example,  

Ta = Tu/(f1 + f2 + f3) =36 kN/m 

Both the internal and global stabilities were checked and the lowest safety factors 
were determined. 

The result of the analysis shows satisfactory safety factor using an approximate 
height of the Keystone Wall of 1.5m high in a single tier up to 3.5m high with 
Reinforcing FibroGrid elements, FG 60/30 as shown in the drawings in Appendix B. 

The factors of Safety (FOS) were shown in the analyses attached in Appendix A. 
The table below summarizes the different FOS for different wall heights. 

 

4.0 RECOMMENDATIONS & CONCLUSIONS 

Basically, our proposal with Keystone Wall design is a combination of the following 
elements: 

1. Drainage controls – subsoil drainage media to cater for the under-ground water 
and infiltration during and after construction. 

2. Wall reinforcement – the use of FibroGrid geogrid as reinforcement behind the 
wall system not only stabilized the slope but also reduced the cost as compared 
to RC wall system. 
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3. Temporary protection – the excavation for the wall construction shall ensure the 
short-term stability of the excavation slopes.  

The proposed design can be constructed easily without the need of heavy 
machinery. Excellent flexibility aspect of the geogrid-FibroGrid as reinforcement and  
with Keystone wall system as the fascia is another advantage over the conventional 
rigid wall system like RC wall. We believe the above proposal suits the tight budget 
constraint of the project without sacrificing the stability aspect.  

 

5.0 LIMITATIONS 

The design proposal was performed using the degree of care and skill ordinarily 
exercised, under similar circumstances, by engineers practising in this or similar 
localities. No warranty, expressed or implied, is made as to the conclusions and 
professional advice included in this report. 

The assumptions and engineering judgements made to accomplish the proposal are 
believed to be representative of the entire contract area. However, as revealed by 
many previous developments, the actual soil and geological conditions faced during 
the construction may vary drastically from the soil investigation result. If this occurs, 
the changed of conditions must be evaluated by geotechnical engineer and revision 
or alteration of design may be made accordingly. 
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Slope Stability Analysis 

For 

1.5m High Keystone Wall 
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E = 5.68 kN/m

j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

Soil j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

SB1

SB2

Geos 2/µ:0.75/R0:10.0/zul.F:35.0/F:0.0

Basic calculation data
Friction reduction due to geosynthetics taken into consideration.
eta (pull-out) = 1.5000
Slip body no. 7: h = 1.70
with shear strength on intermediate slip lines

Legende Wand
DIMENSIONS
Bottom: x = 0.000    y = 0.000 m
Length = 1.512 m    Inclination = 82.86 °
BASIC DATA
H = earth press. = 5.68 kN/m
Batter of rear face = 82.87 °
Earth pressure reduction due to wall rear face batter = 0.867
Earth pressure reduction due to wall rear face batter = 0.867
V = 49.17 kN/m
Moments around mid-point of wall base:
M (from H-forces) = 2.84 kN*m/m
M (from V-forces) = -6.97 kN*m/m
b = 1.50 m
j,k = 36.0 °
SLIDING
h (sliding) = 4.06
j,k = 25.1 ° (Geosynthetics in slip surface)
OVERTURNING
Wall eccentricity = -0.084 m
Permissible eccentricity = 0.250 m = b/6
Overturning safety verified
BEARING CAP. for level ground
c,k = 0.0 kN/m²
g2,k = 20.0 kN/m³
h (Bearing capacity) = 16.40
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1.00

1.13

1.27
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Geos 3/µ:0.75/R0:10.0/zul.F:35.0

j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

Soil j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

1.80

j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

Soil j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil
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Basic calculation data
Friction reduction due to geosynthetics taken into consideration.
Unfavourable slip circle:
hmin = 1.80
xm = -1.25 m   ym = 5.53 m
R = 5.66 m
eta (pull-out) = 1.5000
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Appendix A2 

Slope Stability Analysis 

For 

2.5m High Keystone Wall 
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E = 18.42 kN/m

j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

Soil j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

SB1

SB2

Geos 2/µ:0.75/R0:10.0/zul.F:35.0/F:0.0

Basic calculation data
Friction reduction due to geosynthetics taken into consideration.
eta (pull-out) = 1.5000
Slip body no. 7: h = 1.57
with shear strength on intermediate slip lines

Legende Wand
DIMENSIONS
Bottom: x = 0.000    y = 0.000 m
Length = 2.519 m    Inclination = 82.87 °
BASIC DATA
H = earth press. = 18.42 kN/m
Batter of rear face = 90.00 °
Earth pressure reduction due to wall rear face batter = 1.000
Earth pressure reduction due to wall rear face batter = 1.000
V = 90.97 kN/m
Moments around mid-point of wall base:
M (from H-forces) = 15.35 kN*m/m
M (from V-forces) = -7.97 kN*m/m
b = 2.00 m
j,k = 36.0 °
SLIDING
h (sliding) = 2.23
j,k = 24.3 ° (Geosynthetics in slip surface)
OVERTURNING
Wall eccentricity = 0.081 m
Permissible eccentricity = 0.333 m = b/6
Overturning safety verified
BEARING CAP. for level ground
c,k = 0.0 kN/m²
g2,k = 20.0 kN/m³
h (Bearing capacity) = 9.78
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j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

Soil j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil
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30.00 5.00 18.00 Base Soil

Soil j c g
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Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
36.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil
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Basic calculation data
Friction reduction due to geosynthetics taken into consideration.
Unfavourable slip circle:
hmin = 1.49
xm = -1.12 m   ym = 4.41 m
R = 4.55 m
eta (pull-out) = 1.5000
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Slope Stability Analysis 

For 

3.5m High Keystone Wall 
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E = 36.29 kN/m

j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
34.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

Soil j c g
[°] [kN/m²] [kN/m³]

Designation

45.00 10.00 22.00 Concrete Facing
28.00 5.00 18.00 Reinforced Soil
30.00 3.00 18.00 Retained soil
34.00 0.00 20.00 Foundation rock
30.00 5.00 18.00 Base Soil

SB1

SB2

Basic calculation data
Friction reduction due to geosynthetics taken into consideration.
eta (pull-out) = 1.5000
Slip body no. 3: h = 1.58
with shear strength on intermediate slip lines

Legende Wand
DIMENSIONS
Bottom: x = 0.000    y = 0.000 m
Length = 3.527 m    Inclination = 82.87 °
BASIC DATA
H = earth press. = 36.29 kN/m
Batter of rear face = 90.00 °
Earth pressure reduction due to wall rear face batter = 1.000
Earth pressure reduction due to wall rear face batter = 1.000
V = 194.43 kN/m
Moments around mid-point of wall base:
M (from H-forces) = 42.34 kN*m/m
M (from V-forces) = -25.14 kN*m/m
b = 3.00 m
j,k = 34.0 °
SLIDING
h (sliding) = 2.32
j,k = 23.5 ° (Geosynthetics in slip surface)
OVERTURNING
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Permissible eccentricity = 0.500 m = b/6
Overturning safety verified
BEARING CAP. for level ground
c,k = 0.0 kN/m²
g2,k = 20.0 kN/m³
h (Bearing capacity) = 8.22
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Basic calculation data
Friction reduction due to geosynthetics taken into consideration.
Unfavourable slip circle:
hmin = 1.62
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eta (pull-out) = 1.5000
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