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Background

Landslides are common geological disasters, causing casualties, resource
degradation, and infrastructures damage. North West Rwanda frequently

experiences severe landslides due to its mountainous, rain nature.

Study Objective

The study aims to analyze landslide instability and propose

preventive engineering measures



LANDSLIDE CONTEXT IN RWANDA

Geographical setting Climate Factors

Rwanda is a high-elevation, landlocked The country has heavy annual rainfall, averaging over 500mm, with

East African country, prone to landslides some areas receiving up to 2000mm. Combination of high rainfall,

due to its hilly terrain and significant rainfall steep slopes, and human activities increases landslide risk.
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MAIN CAUSES OF LANDSLIDES IN RWANDA

Slope Map of Rwanda

Natural Causes

Key contributors include intense rainfa

slope steepness, and soll properties. Hi

clay content increases water retention,

Slopen degrees

leading to slope Instability & e
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Human Activities - = e o

Deforestation, undercutting slopes for construction, e __ = oo oz

Rwanda has a steep topography with an altitude between 915m and about

and improper land-use practices exacerbate the risk. 1500
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LANDSLIDE ANALYSIS AND METHODOLOGY

This study utilized numerical simulation methods to analyze slope instability

AutoCAD 3D contours generation

In North West Rwanda. Tools include GTS NX Software and methods like

Bishop’s Simplified method and Spencer’'s method of slices. These

methods evaluate factors of safety (FS) concerning slope gradients, rainfall ==

Digital elevation model (DEM) data GTS NX terrain reference model

Impact, and soll properties under different conditions
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KEY FINDINGS FROM THE STUDY

Slope Impact

Safety Factor Analysis

Slopes with gradients over 30

Using Bishop and Spencer methods, many

degrees in North West Rwanda

slopes showed FS below the standard

were particularly prone to

value of 1.35, indicating natural instability,

landslides, influenced

) 5.000
. . . . 2 5.500
particularly in multi-layer soll slopes and I ;

000+

Slgnlflcantly by ralnfa” and Clay cut SIOpe There is no big difference between the results of spencer and Bishop as shown in Figure 3-6.

: : The FS using Spencer method is equal to 1.087090 as shown in Figure 3-6. The value of
rich soll

center

. and radius are (43.156, 25.252), and 15.325, respectively with the left and right slip surface
/ / endpoint equal to (28.759, 20.000) and (44.954, 10.033), respectively.
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KEY FINDINGS FROM THE STUDY

Evaluation of slope stabllity of the excavation

DISPLACEMENT
TOTALT, m

+5,13642e+003
DISPLACEMENT '. 0.1%

Total

Displacement

Before the
excavation

“ MaidlZ7.20

+4.12726e+003
0.3%

+3,78332e+003
0.8%

+3,43930e-+003
1. 7%

+3.0%44e+003
1.6%

+2,72151e+003
0.5%

+2,40757e+003
0.3%

+2,06363e+003
0.4%

+1,7196%+003
0.3%
+1,37575e+003
0.3%
+1.03181e+003
0.5%
+6,87876e+102
0.4%
+3.43930e-+002
93.0%
+0,00000e-+000

Total

Displacement Of

the Second
excavation

TOTALT, m -, +4,7093%-+ 108

0.1%
+4,28035e+003
0.4%
+3,82232e+003
0.5%
+3.42428e+003
0.4%
+2,3%:25e+003
0.3%
+2,36821e+003
0.2%
+2,14018e-+003
0.3%
+1.71214e+003
0.4%
+1.28411e+003
0.1%
+3,36070e+007
0.4%
+4,20035e+007
%.8%
+0,00000e+000

DISPLACEMENT
TOTALT, m

+3. 7102884011
DISPLACEMENT | 0.0%

TOTALT, m \ +8,90109e+011

Total

Displacement Of

the First

excavation

+0,00000e+000
0.0%,
+0,000002+000
0.0%
+0,000002+000
0.0%,
+0,00000e+000
0.0%,
+0,00000e+000
0.0%,
+0,000002+000
0.0%,
+0,000002+000
0.0%,
+0,000002+000
0.0%,
+0,000002+000
0.0%
+0,00000e+000
0.0%,
+0,00000e+000
0.0%,
+0,000002+000
100,0%
+0,000002+000

Total

Displacement Of

the Third
excavation

‘(Max:?.?lEIZEHDH{

0.1%
+8.091908+011
0.6%
+7.28271e4011
0.4%
+6.4735284011
0.5%
+5.6643384011
0.2%
+4.85514e4011
0.2%
+4.045%2e4011
0.3%
+3.23676e+011
0.7%
+2.42737e4011
0.6%
+1.61638e+011
0.8%
+8.091908+010
95.2%
+0,000008-+000




KEY FINDINGS FROM THE STUDY Cont’

First :
4. ~excavation Material Anchors
Weathered soil TS (Truss)
o

\\ Second Elastic Modulus E 20500
eemeee-on 7 @Xcavation
(KN/m2)
Third

Evaluations of anchor rods and H-Type Weak soil _ excavation Poisson’s . 0.3
- /)_ > ratio (u)
’ yd Dry Unity 75

Reinforcement Feasibility

&

piles showed potential effectiveness Iin Hard soil

(\’ / weight
Anchors — \ (kN/mS)

reinforcing unstable slopes in Rwanda

DISPLACEMENT
TOTAL T, m

+0,00000e+000 TOTALT , m

No deformation after using H-piles and

Anchors

+0,00000e+000
I 0.0% DISPLACEMENT

+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
0.0%
+0,00000e+000
100, 0%
+0,00000e+000

No deformation after using H-piles and Anchors after the third

excavation

+4.91186e+003
0.0%
+4,46533e+003
0.0%
+4.01879e-+003
0.0%
+3.57220e+003
0.0%
+3,12573e+003
0.0%
+2.67920e+003
0.0%
+2.23266e+003
0.0%
+1.78613e+003
0.0%
+1,33%60e+003
0.0%
+1,930658-+]
0.0% *

+4.46533e+012
100.0%
+0.00000e+

0.0% +5,3583%:+003
+0,00000e+000 0.0%
0.0%




PREVENTIVE MEASURES AND RECOMMENDATIONS

Engineering Solutions Management Strategies Policy Recommendations

Proposed countermeasures To manage risks, further Government policies should

include reinforcing slopes deforestation prevention, support sustainable

using anchor rods, and H-Piles controlled construction landslide management and

and constructing Soil nails to practices, and detailed community awareness

improve slope stability landslide risk assessment programs to mitigate

are recommended. andslide lisks.




CONCLUSION

Summary of Findings

ldentified primary causes, analyzed slope
stability using simulations, and propose

engineering and policy measures.

Future Recommendations

Continuous monitoring, adopting

preventative engineering practices, and

Incorporating findings into national disaster

management plans.
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