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Abstract---The study illustrates an application of 

3D GIS for estimating damage in vulnerable built 

up areas on slopes susceptible to collapse. Since the 

study area is very small (2910 m2) and the variation 

in slope is also not very large, hence the 

conventional Earth Observation (EO) datasets 

with large to medium resolution are not suitable for 

capturing the minute elevation details of the study 

area. Terrestrial Laser Scanner (TLS) was used to 

generate a dense surface model with a very high 

point density. This surface model was taken as 

prime data source for simulation of debris flow. An 

open source software, Trivim, which uses the 

concept of close range digital terrestrial 

photogrammetry was used to generate a 3D 

building scenarios using sequence of overlapping 

geotagged images. Corresponding database was 

attached to individual building. The RAMMS 

(Rapid Mass Movements) numerical dynamic 

model developed by Swiss Federal Institute for 

Snow Avalanche Research was used to model the 

run-out of the debris flow. Trivim results in 

aggregating all the data pertaining to a block and 

reconstructing photo-textured 3D models with sub-

meter accuracy in planimetry as well as elevation 

that can be visualized on a geo-portal. Trivim 

generated 3D buildings with associated database 

was used in conjunction with the simulated debris 

flow for estimating the risk zones. The technique 

developed can be an effective method for 

identifying potential risk prone built up areas. 

I INTRODUCTION 

Landslides, which occur mainly in mountainous 

terrain, are one of the major natural disasters that cause 

huge loss of life and property (1). Factors for 

landslides either terrain conditions, such as slope, 

aspect, vegetation or triggering such as rainfall, 

earthquake, cloudbursts, etc. Apart from these 

anthropogenic activities like construction of buildings, 

roads, unplanned utilization of land for different 

purposes, etc also result in landslides. Lower 

Himalayas in India particularly is tectonically active 

zone which results in several landslide activity.  

Slope movements do not need to be large to be 

destructive—even slope creep or small, early-stage 

landslide movements can cause substantial structural 

damage to critical facilities such as unplanned 

housing, dams, resulting in major economic damage 

and loss of life (2).  

Geospatial technologies plays a vital role in the 

efficient and accurate assessment of building or 

infrastructure damage. In hilly regions rainfall 

triggered mass movement is one of the most 

widespread earth surface hazards. Mapping the spatial 

distribution of vulnerable built up areas can help the 

decision makers for proper planning and initiating 

preventive measures.  

In 2014, a rainfall triggered debris flow site, 

Kathbangla in Dehradun, killed at least 10 people and 

destroyed many houses in the area. To reduce such 
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disastrous impact on human life and property, risk 

quantification forms a fundamental tool in risk 

management. Even though the large landslides are 

extensively studied and monitored, the smaller ones do 

not receive due attention due to their localized nature. 

Satellite photogrammetry offers capability of 

automatic generation of digital elevation models. Even 

though the satellite images of high resolution are 

capable of still these models are incapable of capturing 

minute variations in slope, which may be crucial for 

small scale landslides. Close Range Photogrammetry 

(CRP) and Terrestrial Laser Scanning (TLS) enable 

very high resolution data acquisition, hence become a 

useful tool for studying small landslide which are 

difficult to monitor using satellite imageries. 

The main focus of this study is to assess the integration 

of CRP and TLS point cloud data for monitoring 

building damage assessment caused due of landslide. 

A 3D realistic model of a building was constructed 

with open source approach. The associated building 

database can predict the probable damage to human 

life and property in case of a disaster.  This slope 

monitoring is carried out by creating 3D point cloud 

data using close range photogrammetry and terrestrial 

laser scanning.  

Present study site for this work is Kath Bangla, 

Dehradun, Uttarakhand, extending from 330 64’ N to 

330 65’ N latitude and 790 70’ E to 790 73’ E 

longitude covering about 2910 m2. Kath bangla is 

located to the middle way to Rajpur, which was 

effected by landslide in 2014. 

 
             a   b 

Fig 1a) Google earth image, b) Actual site photo  

 

II DATA ACQUISITION 

Data was acquired with Rigel VZ-400 TLS and Sony 

Cyber-shot-DSC-HX10V point and shoot camera. 

TLS data was used to generate the surface and 

geotagged overlapping images were used for 3D 

modellig.  

Photogrammetric Data acquisition:  The increased 

flexibility provided by CRP is most completely 

realized in the image acquisition (4). The images are 

acquired using a convergent image pair configuration 

with an overlap of 90-95% at 18mm focal length. 

Image acquisition constraints such as maximum 

camera to object distance, object size, number and 

distribution of image points are designed using field 

planning module of Trivim.  Fig 2 shows the set of 

overlapping photographs collected for the study area. 

Camera Calibration was carried out for accurately 

determining the principle distance, principle point 

coordinates, focal length, format size, RMS value and 

lens distortion parameters (5). In Field Planning, the 

approximate values of length of path, distance from 

the buildings, percentage of overlap and the time 

required for one photo in order to seek the 'no. of 

photos' and approximate time required in doing so was 

calculated.  

 

Fig 2 Photogrammetric Data Acquisition 

TLS data acquisition: The first step is selecting 

effective scan positions that will maximize coverage 

of the target site to minimize occluded views that will 

lead to blank spots in the point cloud (3). Control 

targets are used to register multiple scans using static 

markers. The data was acquired from four scan 

positions enabling effective coverage of entire area. 

Fig 3 shows the scan positions and tie point 

distribution.   
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Fig 3: Google Earth image of study area, where small 

circle and stars represent scan positions and tie point 

respectively, whereas blue circle represent landslide 

area. 

III DATA PROCESSING 

CRP data Processing: Then geotagged overlapping 

photographs were processed in 'Trivim' software for 

generating 3D Point Cloud data. The georeferencing 

of the point cloud matched it to the real world 

coordinates. For database creation and query in 

Database Query part, the buildings were segmented 

using Image segmentation module of Trivim. Height 

extraction module was used to evaluatecompute the 

real world height of all building segment created. 

These building segment heights were used for 3D 

model generation. It compiles the planimetry, 

elevation and attribute information related to the 

building segment and reconstructs 3D models of 

buildings with fine textures that was visualized on  

web portal (Google Earth). Fig 4 depicts a 3D view of 

the scenario generated using open source 

photogrammetric software. 

 

Fig 4: 3D view of the study area 

TLS Data Processing: Data registration is an important 

step to get the whole 3D model in one scan world 

coordinate system for the scanned object. In this 

process all the scanned position will be merged with  3 

common reflectors for registration using RiScan Pro 

Software (8). In the present the point cloud for the area 

is subsetted to extract the area vulnerable to debris 

flow. The terrain filter is used to remove above ground 

objects (e.g. vegetation, small objects, moving objects 

such as vehicles, outliers, etc.) from TLS data (6).  

 

Fig 5 a) raw point cloud, b) area subset, c) DEM 

Further the filtered ground points are used to generate 

DEM using Arc GIS. Fig 5 (a-c) shows raw point 

cloud, study area subset of the point cloud and 

generated elevation model. 

Debris Flow Simulation: The debris flow simulation 

was carried out using RAMMS software which 

employs a Voellmy-fluid friction model. The TLS 

dervived elevation model was imported into RAAMS 

environment. The debris flow initiation zone was 

identified based on field observations and 

geomorphologic analysis of the area. Areas with slope 

greater than 60° were taken as inanition zone.  The 

debris flow was simulated at various time moments 

and the maximum flow, velocity, pressure and 

momentum were calculated. Fig 6 depicts the 

maximum flow, velocity, pressure and momentum for 

the simulation.  

 

 

 

 

 

 

 

 

Fig 6: a) Maximum Flow, b) Maximum Velocity c) 

Maximum Pressure, d ) Maximum Momentum 
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Simulation, Volume And Damage Estimation of 

Debris Flow Through Maps : The Fig 7 a to g depict 

debris flow simulation from time 0 second to 50 

second. It can be concluded from the graphics that the 

maximum damage occured at 50 seconds. As per 

database analysed from the map an approximate 88 

housing structures are effected, affecting a population 

of approximately 352. The entire simulation shows 

that the flow is rapid in the initial stage, and causing 

rapid destruction to life and property, followed by 

lowering of the momentum.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7 (a-g): Simulated Debris Flow from 0 to 50 

seconds 

IV RESULTS 

Final result representing the total loss of property and 

human population are shown in Table 1. The flow 

volume is decreased with the increasing time because 

of the momentum. The data in the table shows that the 

flow increases upto about 20 seconds, after that 

approximate constant flow is observed. The high flow 

momentum is observed for about 50 seconds, highest 

momentum being observed in the first 5-10 seconds. 

This indicates that the debris flow will end in the river 

bed which is about 200m away from the landslide area 

causing damage to settlements located within the river 

bed.  Debris mounds are also deposited on the river 

bed and bank. Fig 8 depicts 3D visualization of 

affected built up area. 

Table1: Estimated loss of life property during debris 

flow 

Time 

(s) 

Volume 

Released 

(m3) 

Effected 

House 

Effected 

Population 

Time 

(s) 

Volume 

Released 

(m3) 

Effected 

House 

Effected 

Population 

0 2911.4 0 0 15 2761.4 53 212 

1 2807.2 4 20 20 2761.1 55 220 

2 2775 10 40 25 2760.8 58 232 

3 2768.5 28 112 30 2760.5 64 256 

4 2765.5 32 128 35 2759.8 70 280 

5 2764.2 37 148 40 2758.7 76 304 

8 2762.6 47 188 45 2757.0 81 324 

10 2762.1 50 200 50 2755.0 88 352 

  

   

Fig 8: 3D visualization of affected area 

V CONCLUSIONS 

The study successfully demonstrates the integration of 

CRP and TLS point cloud data for monitoring building 

damage assessment caused due of landslide. 

Terrestrial laser scanning is a very suitable technology 

for surveying and documentation, since it provides fast 

and comprehensive survey of objects, stable results, 

relatively easy processing of measured data and 

visualization of data in the form of digital 3D models 

(9). Trivim is an effective open source application for 

3D realistic modelling of buildings. The use of low-

cost solutions and open-source photogrammetric 

software, is among the latest trends in the area of 
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photogrammetry. Analysis of 3D building model and 

debris flow simulation resulted in assessing the 

vulnerability of buildings. The associated building 

database predicts the probable damage to human life 

and property in case of a disaster, which can be a good 

information source for the decision makers.  
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