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A Scientific Approach of Bridging between 

Comprehension, Intuition and Knowledge Updating 

to Dig out the Root Cause of an Incident



General Site Conditions

 Lat: N25°31'04", Long: E92°47‘19.3", Elevation: +501m MSL

 Climatic conditions: Average Annual Rainfall – 1672 mm (high)
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Pre-Reconnaissance Round-Table Discussion

 2nd November 2015: Meeting with the client

 Pictures of damages of the 24-Colony Residential Housing blocks

 2 rows of 12 quarters face-to-face: All extensively damaged

 Wall and Floor cracking / See through cracks

 Detachment of plasters

 Abnormal sounds from cracking

 Detachment in floors

 Shifting of soil in plinth area
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Pre-Reconnaissance Round-Table Discussion

 2nd November 2015: Meeting with the client, Dalmia Cements

 Pictures of damages in the protective retaining and boundary walls

 Development of gaps and cracks in the retaining walls

 Retaining wall 1: Between cement factory (workshop) and 24-Colony

 Retaining Wall 3: Beside RCL road in front of 24 colony

 Retaining wall 2: Frontal protection of 24-Colony (3 m)

 Gaps in old boundary wall

 Dislodgment of pavement and drains

15-04-2025
Failure of a Marginally Stable Hillslope: 

A Forensic Investigation
5

1

3

3

2

2

2

2



Pre-Reconnaissance Round-Table Discussion

 2nd November 2015: Meeting with the client, Dalmia Cements

 Contour map of the site
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Pre-Reconnaissance Round-Table Discussion

 2nd November 2015: Meeting with the client, Dalmia Cements

 Rough sketch of site topography
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Site Visit for Reconnaissance Survey: 3rd Nov 2015
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Soil moving out from plinth level Underground constructions exposed

Utility lines dismantled

Retaining wall RW1 snapped



Site Visit for Reconnaissance Survey: 3rd Nov 2015
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Muddy conditions from bad drainage
Large longitudinal cracks indicating 

mass movement of soils

Mass accumulation of soil exerting 

pressure on 24 Colony

Retaining wall RW2 snapped



Site Visit for Reconnaissance Survey: 3rd Nov 2015
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Crumbling of Floor slabs 

and other RCC 

constructions

Wall gets pushed by 

earth pressure leading 

to breakage of drains 

Large-sized longitudinal 

tension cracks



Site Visit for Reconnaissance Survey: 3rd Nov 2015
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Extensive damage in the 

24-Colony leading to 

relocation of workers

• Immense mass movement of soil

• Broken boundary wall

• Ejection of seeping water

• Overtopping of retaining wall

• Breakage of downhill protection wall



Collection of Information and Data

 Geotechnical investigation locations at the site
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Collection of Information and Data

 Borehole locations at the site

 No boreholes present exactly at the failure site
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Collection of Information and Data

 Utilize information from nearby borehole to create soil profile
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Measurement and Monitoring

 Displacement monitoring stations – 19 locations

 Till December 2015
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Measurement and Monitoring

 Typical lateral and vertical displacement monitoring data

 Some monitoring points were destroyed due to extreme displacement
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Measurement and Monitoring

 Displacement monitoring stations – 17 new locations

 From March 2016 (due to collapse of earlier stations)
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Deciphering Chronological Events

 Contour and Profile of failure site

 Sequence of construction of protection retaining walls
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Deciphering Chronological Events

 Hillslope topography along different sections
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Preliminary Models and Failure Analysis 

 Forensic study of hillslope failure using Geostudio

 Soil layering done on the basis of nearby borehole stratigraphies

 Assumptive inclination of soil layers somewhat following the terrain

Depth of water table - Unknown
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Preliminary Models and Failure Analysis 

 Forensic study of hillslope failure

Material properties used in the model for the numerical simulation
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Schematic Section of Retaining Walls

 Modelling the 

retaining wall
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 1: In-situ analysis to assess the stability of the virgin slope before

human intervention
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 2: Excavation of foundation of building
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 3: Imposition of building load at the site due to the construction of the

building (Calculated from structural data)
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 4: Filling back and embedment of the shallow footings (Stages 3 and 4

are done simultaneously in the field)
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 5: Excavation of the foundation of the retaining wall R1
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 6: Construction of R1 and simultaneous back-filing
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 7: Excavation of the foundation of the retaining wall R2
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 8: Construction of R2 and simultaneous back-filing
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 9: Excavation of the foundation of the retaining wall R3
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Sequential anthropogenic intervention at the site (Stages of construction)

 Stage 10: Construction of R3 and simultaneous back-filing
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Preliminary Models and Failure Analysis 

 Forensic analysis of hillslope failure

 Application of Parent-Child concept to amalgamate various modules

 SEEP/W SIGMA/W  SLOPE/W (Applied in sequence)

 SEEP/W  Finite element based steady-state seepage analysis to generate the

pore-water pressures under a given WT

 FE-based transient seepage analysis to identify the steady state WT

due to a rainfall based infiltration and development of transient

pore-water pressures

 SIGMA/W  Finite element based load-deformation analysis conducted by

incorporating the steady-state WT and pore-water pressures generated from the

preceding SEEP/W analysis

 SLOPE/W  Limit Equilibrium based slope stability analysis to identify the critical

slip surface and the Factor of Safety values, by incorporating the results from the

preceding SIGMA/W analysis
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition

15-04-2025
Failure of a Marginally Stable Hillslope: 

A Forensic Investigation
39

Stage 6



Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Stage 10

Retaining walls and 

backfills simply kept 

on adding weight to 

the system leading to 

more destabilization

Overall, the slip surfaces 

passing much below the 

retaining walls



Preliminary Models and Failure Analysis 

 Slope stability analysis using Slope/W

Morgenstern-Price Method for analysis

 Entry-Exit method for slip surface definition
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Interestingly, FoS rises to much

higher value (indicating safety) if

the bottommost RW is considered

in the analysis

Slip surface is restricted by the

impenetrable rock layer

This did not happen in the

field, RW4 was overtopped by

mud and water  Necessity for

further investigation



Preliminary Models and Failure Analysis 

 Identification of the most feasible soil stratigraphy

 Based on stability analysis of various stages (Slope/W Module)

 PM and SM fails under the presence of any WT condition even in the in-situ

condition (landslide in natural hillslope was not recognized at site)
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Tertiary model indicates that 

imposition of building load 

(Stage 3) induced the marginal 

stability in the natural hillslope



Preliminary Models and Failure Analysis 

 Influence of WT depth on the Tertiary Model

 Attempt to identify the location of the Water Table

 In dry condition, the imposition of building load (Stage 3) might have initiated some

creep instability, which was arrested by constructed RWs

 WT assumed at any depth (W1, W2 or W3) showed similar instability after Stage 3

 However, under such scenarios, no water seepage is expected in the hillslope

 The possible location of initial WT yet remains unsolved from this aspect
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Preliminary Models and Failure Analysis 

 Displacement along the hillslope

 From SIGMA/W analysis

15-04-2025
Failure of a Marginally Stable Hillslope: 

A Forensic Investigation
45

Dry

W2

W3W1

24-Colony 

Location

170 m from 

Workshop 

building

1-2 m

W1 seems to be the 

most probable WT 

location, given that 

it produces some 

deformation 

around 24 colony



Preliminary Models and Failure Analysis 

 What happened to water seeping out from slope face behind the 24

colony Question still looms !

 Inclusion of rainfall and rainwater infiltration in the SEEP/W analysis

 Prevalent infiltration during the monsoons

 5.4 x 10-8 m/s (estimated from climatic and meteorological data)

Modeled as constant head of water over the entire slope
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Preliminary Models and Failure Analysis 

 Interesting inferences !!!

 Infiltration leads to the rise of the WT

 WT, upon rising, intersects the slope face near the 24 colony
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Preliminary Models and Failure Analysis 

 Interesting inferences !!!

 Intersection of WT at the slope face near the 24 colony (160-180 m from left)

 Denoted by achievement of zero or negative water flux at the slope face

 Water comes out of the slope face at the prescribed location

 Time duration of the rise of WT to intersect: Approximately 3-6 h of rain

 Coincidentally, the same was reported from the field that the first slide behind the

colony was noted after an initial 3-4 hr of rainfall around October 2015
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Preliminary Models and Failure Analysis 

 Interesting inferences !!!

 Intersection of WT at the slope face near the 24 colony (160-180 m from left)

 Field observation of water emanating out of the slope face behind 24 colony
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Preliminary Models and Failure Analysis 

 Still, we were unhappy !!! 

Why so less displacement behind the 24

colony, while the field displacement

was maximum at that location !?

 Max displacement around building???
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Model Updating from Further Field Studies

 What did we miss earlier???

 Is it the boreholes and 

stratigraphy??

 Yes !! They were not really 

from failure site

 It is possible that our 

assumption of soil 

stratigraphy and even some  

of the soil parameters are 

incorrect 

 Prescription

 Conduct few more borehole 

surveys at the landslide site 

itself

 Site was accessible? – Yes !!
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Model Updating from Further Field Studies

 A new understanding of the failure site

 Presence of thick cover of loosely deposited fill soil

 Deposited during construction of workshop and store

 This information was completely missing in earlier discussions
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Model Updating from Further Field Studies

 A new understanding of the failure site

 Presence of shale pockets

 Offers shear surface when get wet due to infiltration and percolation of water
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Model Updating from Further Field Studies

 A new understanding of the failure site

 Presence of weathered rock/stone

 Allows easy gradient-based migration of water beneath the slope surface
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Model Updating from Further Field Studies

 A new understanding of the failure site

 Presence of thick deposit of shale

 May act either as bedrock when dry, or offer sliding surface when wet
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Model Updating from Further Field Studies

 A new understanding of the failure site

 A strong intuition developed that the failure is actually shallow slide due to the

movement of the loose deposit itself

 All the retaining walls and workers colony were simply resting on the loose deposit
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Model Updating from Further Field Studies

 A new numerical model is developed
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Model Updating from Further Field Studies

 Model parameters are chosen from the new set of experimental

investigations (from both field and lab)
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SEEP/W

SIGMA/W and 

SLOPE/W



Results from Updated Analysis

 Application of various loads in stages (as earlier)
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Displacement Results from Updated Analysis

 Application of colony load

 Invokes sufficient displacement in saturated stage
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Displacement Results from Updated Analysis

 Application of building load

 Another slip deformation zone is initiated
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Displacement Results from Updated Analysis

 Application of RW1

 RW1 placed on loose deposit

 Didn’t help Added more load to invoke enhancement of deformation zone
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Displacement Results from Updated Analysis

 Application of RW2

 RW2 placed on loose deposit Deformation zones start overlapping
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Displacement Results from Updated Analysis

 Application of RW3

 RW3 placed on loose deposit Deformation zones completely overlaps

 MASS MOVEMENT OF SOIL towards complete failure
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Displacement Results from Updated Analysis

 Application of RW4

 The bottommost barrier gets overtopped by excessively displacing soil
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Stabilization Schemes

 Several stabilization schemes were proposed

 Tie-back walls
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Stabilization Schemes

 Several stabilization schemes were proposed

 Reinforced Earth Walls
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Stabilization Schemes

 Several stabilization schemes were proposed

 Reticulated Micropiles

15-04-2025
Failure of a Marginally Stable Hillslope: 

A Forensic Investigation
69



Stabilization Schemes

 Several stabilization schemes were proposed

 Proper Drainage (Surface and Subsurface)
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Stabilization Schemes

 Several stabilization schemes were proposed

 Stabilization by vegetative cover
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Adopted Stabilization Scheme

 Cut-off Sheet Pile Wall with adequate drainage

 Sheet pile walls to be pushed and embedded in the weathered rock layer

 2-sheet pile row / 3-sheet pile row strategies
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Adopted Stabilization Scheme

 Cut-off Sheet Pile Wall with adequate drainage

 A successful stabilization scheme was noted from stability analysis
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Adopted Stabilization Scheme

 Cut-off Sheet Pile Wall with adequate drainage

 Large displacement behind the colony were well arrested
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Final Remarks

 Domain of Forensic Geotechnical Engineering

Understanding of the failure after the incident has occurred

 Pre-reconnaissance round-table discussion

 Reconnaissance for data collection (Collection of evidences)

 Incident scene inspection

 Interview with eye-witness and specimen collection

 Measurement and monitoring data

 Deciphering the chronological events

 Development of preliminary models and failure analysis

 May be based on several preliminary unknown assumptions

 Examining cause-effect and triggers

 Updating models based on observations and experimental investigations

(laboratory / field)

 Development of remedial measures (if scope permits)
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Umrangsho Falls: A True Beauty 
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Current Day Visuals
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Thank You for Patient Hearing


