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ABSTRACT 

In recent years, sand filled geotextile bags (geobags) have become a popular means of long term riverbank 

protection. However, the associated failure mechanisms of geobag revetments are still not well understood. 

Three interactions influence geobag performance, namely geobag–geobag, geobag–water flow and geobag–

water flow–river bank interactions. To enhance the fundamental understanding of the performance of geobags in 

a revetment, a laboratory experimental programme has been undertaken using both a fixed bed and a mobile 

sediment bed. In the experimental study, six hundred bags were used to construct geobag revetments, and failure 

modes were observed for these two bed configurations. In general, there were some common trends for both bed 

configurations (i.e. uplifting, turbulent bursting induced flow through the revetment voids, overtopping, pulling 

out, and/or internal sliding), but in the mobile bed case toe scouring had a significant negative influence on 

geobag performance. To extend the laboratory measured hydraulic parameters, the Conveyance Estimation 

System (CES) was used. A CES model was validated against fixed bed experimental observations and the 

validated model was then used to predict mobile bed formations. The CES bed predictions were used to produce 

a failure diagram under geobag–water flow interactions, and classification of bed formation under geobag–water 

flow–river bank interactions. It is concluded that the CES can be a useful and computationally efficient tool, for 

the prediction of hydraulic parameters and bed formations. In the next phase of the research, observations from 

the experimental programme will be used to validate a Discrete Element Model of a geobag revetment, which 

will itself be used to help develop much needed geobag revetment design guidance.  
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INTRODUCTION 

Sand filled geotextile bags (geobags) have been used to construct permanent riverbank 

and coastline protection structures for more than 10 years (Oberhagemann and Hossain 

2010). Coastal  structures  incorporating geobags can be found throughout the  world, 

including  Australia and Germany (Heerten, Jackson et al. 2000), and  geobag protection has 

been extensively used to prevent erosion in the Changjiang River in China (Zhu, Wang et al. 

2004), and  in the Jamuna and Meghna River Erosion Mitigation (JMREM) project in 

Bangladesh (Oberhagemann and Hossain 2010). However, despite their prevalence, a 

detailed investigation of geobag revetments’ performance has yet to be undertaken. An 

investigation of this type is essential to the development of design guidelines for geobag 

revetments. Typically, in a riverbank revetment, failure occurs through pullout/dislodgement, 

slump, sliding, dislodgement of the top bag or physical damage to the bags (Figure 1). Apart 

from geotechnical stability features, the observed failures in JMREM geobag revetments are 

due to interactions between (i) geobag – geobag, (ii) geobag – water flow and (iii) geobag – 

water flow – river bank.  

Most previous studies have focussed on geobag performance in coastal protection works, 

where wave action dominates. This work has identified that the common failure modes 

observed in laboratory wave basins are sliding, puncturing, pullout/dislodgement and toe 

scour (Jackson, Corbett et al. 2006; Mori, Aminti et al. 2008 ; Recio and Oumeraci 2009 b). 

However, due to the difference in hydraulic loads, hydrostatic forces and active shear stresses 

on the geobags, the results of these coastal based studies are not strictly applicable to geobag 

performance in riverbank revetments. Nevertheless, in terms of physical and mechanical 

properties of geobags, they provide a starting point. 

In contrast, the scale model experiments of NHC (2006), Zhu et al. (2004), and Korkut et 

al (2007) have investigated the performance of geobag protection works in a river context. 

NHC (2006) undertook a series of 1:20 scale physical model tests to better understand the 

issues surrounding the construction of geobag revetments in the JMREM scheme.  Although 

the majority of these tests were designed to investigate a range of launching and placement 

methods, some findings are relevant to the current investigation. For example, 

• in the prototype, 126 kg bags were  found to be more stable than bags of lower mass 

under high water velocities (up to 4.5 m/s); and 

• in an incipient motion test (incipient motion being defined as  the point at which 10 

geobags were displaced), it was found that failure initiated at a water flow velocity of 
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2.9 m/s. The current study documents the movement of 1 or 2 geobags to be more 

conservative, even though this does not contribute a zone of general failure as in the 

NHC(2006) study. 

 

Zhu et al. (2004) undertook drop tests, where bags were released at the water surface and 

aligned to the direction of stream flow, and incipient motions tests related to riverbank 

protection. The purpose of these tests was to investigate bag settling distance and the critical 

velocity for geobag incipient motion. They described the hydrodynamic forces (drag and lift) 

associated with bag drops based on data from both physical models and field tests. It should 

be noted that there are important differences between the Zhu et al. (2004)  study and that 

conducted by NHC (2006). Zhu et al. (2004) studied incipient motion during 

construction/launching, whereas the NHC (2006) study considered incipient motion after 

revetment construction. Similarly, the settling distances of geobags were studied by Zhu et al. 

(2004) during construction, whilst the NHC (2006) study focussed on post-construction 

settling.  

Although the NHC (2006) study raised the issue of the age of the bag since first 

immersion (dry or saturated bag), the effect of geobag physical state on revetment 

performance was not considered while incipient motion and settling distances were recorded.  

The aim of the current study is to undertake quasi-physical model investigation, using a 

combination of distorted-scale laboratory experimental work and steady flow numerical 

modelling, to both develop an improved understanding of geobag stability under horizontal 

(hydrodynamic) and vertical (riverbank toe scour) loading, and to provide data for later 

numerical model validation. 

 

METHODOLOGY 

DISTORTED SCALE MODEL 

Experimental tests were performed in an open channel hydraulic flume, 22 m long by 0.75 m 

wide and 0.50 m deep (Figure 2). The bed slope of the flume was set to 5.5 × 10
-3

, which is 

typical of that found along the existing JMREM project. Two pumps with a combined total 

capacity of 150 l/s supplied the upstream end of the flume.  

For this study, a scale of 1:10 (L) was selected based on the Froude scaling law. From 

the Froude criteria, flow velocity is proportional to the geometric scale of L
1/2

, so the relevant 
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scale ratio is equal to 3.17; thus, other relevant scales are computed as in Table 1. As scaled 

down versions of the bag constituent materials (geotextile and sand) were not available, it is 

clear that material distortion existed in the study. However, realistic nonwoven geotextile and 

fine sand were used for bag preparation. An 80% bag filling ratio was used to achieve a bag 

size of 103 mm by 70 mm and a dry mass of 0.126 kg, to replicate the bag used in the field 

(1.03 m by 0.7 m, and 126 kg). For comparison, the NHC study (2006) worked with a scale 

of 1:20. 

Within the flume, a test section was built in a quasi-uniform, steady flow zone with 

600 geobags, using a 50% layer–to–layer overlapping structure (Figure 3a) with a side slope 

of 1V:2H, which gave overall revetment dimensions of 0.375 m width and 0.18 m depth. The 

selected side slope replicated previous laboratory work undertaken by NHC (2006).  

To account for a range of riverbed conditions, the performance of the geobag 

revetment was observed with both a fixed bed and a mobile bed configuration. 

 

Fixed Bed 

As it was not feasible to construct the revetment along the whole length of the flume, 

a 3m long geobag test section was located within the quasi–uniform flow zone within the 

flume (Figure 2 a). To avoid artificially induced “end effects”, due to the sudden flow 

contraction and expansion occurring at either end of the test section, tapered wooden sections 

were located immediately upstream and downstream of the test section. However, despite this 

configuration, preliminary experimental observations indicated that the experimental setup 

was still inducing geobag failure, i.e. failures occurred at the interface between the wooden 

sections and the geobag structure. To overcome this deficiency, the surface geobags at either 

end of the test section were pinned down for a distance of 0.5 m (Figure 2 a).  

To understand the influence of geobag to geobag bond, three different revetment 

construction methods were tested, namely: RM1 – jack on jack (Figure 3 b), RM2 – running 

bond (Figure 3 c), and RM3 – half basket weave (Figure 3 d). In the RM1 bond, the geobags 

were laid with their longer axis parallel to the flow direction in individual “columns”, with 

each bag being placed directly on top of another. In the RM2 bond, the geobags were again 

laid longitudinally, in a typical brick wall pattern, with the geobag joints lying in the middle 

of the bags in the layers directly above and below. The RM3 bond comprised of alternate 

layers of bags aligned with their longer and shorter axis parallel to the flow direction. In the 

field, bags are manually dropped into place from the riverbank where possible, or dropped 
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from dumping pontoons located on the river (Oberhagemann and Hossain 2010). ; this 

variation in placement technique can result in a combination of different construction 

methods within any single revetment As previous field studies identified that some 60% of 

dropped bags settle onto the channel bed with the longest axis in the streamwise direction 

(Zhu, Wang et al. 2004), the bottom layer of the geobag test section was constructed with the 

longest axis in the streamwise direction for all three construction methods (Figure 3 b, c, d). 

Prior to commencement of each experimental test, the dry masses of the individual 

surface geobags were recorded to provide benchmark data for washed away bags. Each 

experiment was run for 4.5 hrs, which was both sufficient for all physical processes to occur 

and replicated the  experimental runtimes used in previous similar studies (NHC 2006). From 

preliminary model runs with many steady/quasi-steady flow tests at different water depths, it 

was determined that specific failures tended to occur in four distinct water depth ranges. 

Consequently, experimental tests were run with the following depth ranges: 

• Condition A: up to 49%, 

• Condition B: 50 to 64%, 

• Condition C: 65 to 84%, and 

• Condition D: 85% to 100% of the geobag revetment height.  

For each column of geobags, velocity measurements were taken using a side looking 

Acoustic Doppler Velocimeter (ADV) (Akter, Pender et al. 2010). The velocity was 

measured at 0.10 m intervals in the streamwise direction at 0.2, 0.4, 0.6 and 0.8 of the water 

depth below the surface. Mean velocity was calculated following the three – point method 

(BSI 2007), i.e. the average of the values at 0.2, 0.6 and 0.8 of the depth.  

Since positioning of the side – looking ADV required at least 50 mm clear distance all 

around, it could not  be used to capture velocities in  small  gaps, such as between two bags; 

as such, the velocity in front of the geobags were unknown for all but the bottommost layer. 

Therefore, to predict velocities close to the geobags in the revetment, the Conveyance 

Estimation System (CES) was used to supplement the ADV measurements (as described in 

next section). 

 

Mobile Bed  

The experimental setup for the mobile bed setup consisted of a 0.10 m deep sand bed 

(d50 = 0.2 mm) underneath the geobag test section (Figure 2b), with no upstream sediment 
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supply or re-circulation. As this essentially raised the test section by 0.10 m, it was also 

necessary to elevate the bed level immediately upstream and downstream of the test section 

by 0.10 m; this was again achieved through the use of wooden sections. In common with the 

pinning of the geobags, the transition between the wooden sections and the sand bed were 

“smoothed” by placing stones between the two bed constructions.  

From the experimental tests with a fixed bed, it was identified that the bag incipient 

velocity was not dependent on specific geobag bond configuration; consequently, only the 

RM1 (jack on jack revetment) construction was used for the mobile bed experimental 

programme. 

Initially, the geobag failure modes associated with the four different water level 

conditions and the bed formation were visually observed. Bed changes were recorded in two 

phases: (i) the original bed form was manually measured at 0.10 m intervals in both the 

streamwise and transverse directions (ii) image analysis using the Image J software (Ferreira 

and Rasband 2010)  was used with images taken at 0.50 m intervals to obtain the eroded or 

deposited areas. Final bed changes were derived from the difference between the 

measurements before and after the experimental tests. 

The CES was again employed for velocity estimation for the known flow rate and 

water level.  

CONVEYANCE ESTIMATION SYSTEM (CES) 

Conveyance is as a quantitative measure of the flow capacity of a watercourse based on the 

channel’s resistance to flow due to bed friction and channel morphology (Mc Gahey and 

Samuels 2004). The calculation approach within the CES is based on the depth–integrated 

Reynolds Averaged Navier Stokes (RANS) equations and the original Shiono–Knight 

Method (SKM) for estimating flow in the streamwise direction and laterally across the 

channel section (Shiono and Knight 1989; Mc Gahey and Samuels 2004). For a prescribed 

water level, the CES output includes total flow rate, flow area, conveyance, average velocity, 

Reynolds number, Froude number, kinetic energy correction coefficient (α) and momentum 

correction coefficient (β) for any  cross–section, and the distribution of unit flow, unit 

conveyance, depth averaged velocity, bed shear stress, shear velocity, Froude number, 

Darcy–Weisbach friction factor and unit roughness across the cross–section (Mc Gahey and 

Samuels 2004). The CES approach is dependent on four calibration parameters, namely unit 

roughness, dimensionless eddy viscosity, secondary flow parameter and the coefficient of 

meandering (Mc Gahey and Samuels 2004). For a straight laboratory flume, the roughness 
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value is the most important user defined parameter, as the eddy viscosity and secondary flow 

parameters are calculated by the embedded equations. 

During the experimental runs, the nearest velocity measurements to the geobag 

revetment toe were at the centreline of the flume; hence, with the exception of the edge of the 

bottommost layer edge of the revetment, the actual flow velocities immediately adjacent to 

individual bags were unknown. To overcome this, the CES was used to predict the 

streamwise velocity over the geobags in the revetment. For these calculations, the revetment 

section was treated as a half – trapezoidal section, which is an accurate representation of the 

experimental setup (Figure 2a and b, section bb). 

To obtain the CES predicted velocity distribution on the geobags for  the fixed bed 

setup, the measured flow and depth data was used to calibrate a roughness value for the flume 

and geobag revetment by obtaining a reasonable match with the ADV measured velocity 

(Akter, Pender et al. 2010). 

The validated CES model from the fixed bed situation was applied to the mobile bed 

under the geobag–water flow–river bank interactions. The measured flow and water depth 

data was used to calibrate a roughness value for the bed material (sand) as the values for the 

geobag and flume was already obtained for the fixed bed situation. The CES model was then 

applied to predict bed formation due to this interaction (Figure 10). 

The CES was also applied to predict velocities at 0.01 m intervals in order to develop 

the mapped velocity field necessary for use in a Discrete Element Model (DEM) (see Akter et 

al, (2011)). 

RESULTS AND DISCUSSION 

DISTORTED SCALE MODEL 

Fixed Bed  

A number of the experimental runs illustrated some distinct incipient failure mechanisms 

related to water level and revetment construction method. In general, these failures were 

initiated through combinations of partial or full uplifting, turbulent bursting induced flow 

through the revetment voids (mostly outward interactions of bags), overtopping (higher water 

velocity even swept bags), pullout (or ejections of bags), or internal sliding (or inward 

interactions of bags) (Figure 4). Thus it cannot be said that any particular failure mode 
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dominates, as different failures were observed due to different hydraulic combinations. 

Similarly varied failure modes have also been observed in the field (Figure 1). 

Bag displacement due to turbulent bursting induced flow through the revetment voids 

was observed at relatively shallow depths, less than 49% of the revetment height (Figure 4 a), 

whilst uplifting was typically observed in moderate water levels, more than 50% of the 

revetment height (Figure 4 c, d), and followed a similar process to that previously described 

for coastal revetments (Recio and Oumeraci 2009 b). Uplifting can be associated with local 

vortices or pullout processes depending on the flow conditions and the initial physical state of 

the geobags (dry or saturated).  

In the laboratory revetment, the water pressure differences between the channel side 

and the geobag lee side introduced turbulent bursting induced flow through the revetment 

voids; similarly with relatively dry geobags, higher streamwise velocities influenced the bag 

pullout processes. Internal sliding, combined with other modes, characterized the failure 

process in almost all cases, but most prominently in the lower to moderate water level 

condition (Figure 4 a, b). The measured velocities are given in Table 2. 

The geobag–water flow interactions progressed with increasing flow velocity on and 

around the bag voids, which resulted in flow accelerations and the associated hydrodynamic 

forces, i.e.  drag force, lift force, buoyancy force and the self-weight of the geobags Akter et 

al, (2011). These interactions were evaluated through ten additional experimental runs under 

specific flow conditions, which focused on bag movement as a function of change in water 

level and thus water velocity. The additional tests included four water level conditions for 

both the RM1 (jack on jack) and RM2 (running bond) construction methods, but only two 

water level conditions (B and D) for the RM3 (half basket weave) construction method 

(Table 2); this was because the preliminary experimental runs had shown very similar 

outcomes with water levels A&B and C&D for this construction method. Initiation of bag 

failure was observed in all three construction methods, along with velocity measurements and 

the effect of bag saturation level (evaluated through change in bag mass and travel distance). 

The key observations from the fixed bed experiments can be summarized thus: 

• All failure modes were typically initiated with an anticlockwise geobag movement 

(looking downstream) with respect to streamwise direction, regardless of water depth. 

• The initial failure modes in each water level condition were:  



 

9 

- Condition A (up to 49% of the geobag revetment height): geobag displacement 

due to turbulent bursting induced flow through the revetment voids in 

combination with internal sliding (Figure 4 a); 

- Condition B (50 to 64% of the geobag revetment height): turbulent bursting 

induced flow through the revetment voids in combination with sliding of the 

geobags (Figure 4 a, b); 

- Condition C (65 to 84% of the geobag revetment height): uplifting, sliding 

and/or pullout of the geobags (Figure 4 b, c, d); and 

- Condition D (85% to 100% of the geobag revetment height): overtopping, 

washing away or pullout of geobags from the revetment. 

• The maximum velocity observed at 0.6 of the water depth, when the initiation of bag 

failure took place, was 1.1 to 1.3 m/s, representing a prototype velocity of 3.5 to 4 m/s 

(Table 1). NHC (2006) found a prototype velocity at incipient failure of 2.9 m/s for a 

structure with the same side slopes (1V: 2H); 

• The mean transverse and vertical velocities were 2.4% and 0.5% of the mean 

streamwise velocity respectively (Table 2). This proportion of streamwise velocity 

was used elsewhere to calculate the transverse and vertical velocities needed to 

develop a 3D mapped velocity field for associated numerical modelling (Akter 2011); 

and 

• The Froude and Reynolds numbers confirm that the flow in the flume was of a 

supercritical turbulent nature (Table 2).  

Mobile Bed  

As the mobile bed could not sustain supercritical velocities, flow conditions were necessarily 

different from the fixed bed case, i.e. fixed bed was supercritical and mobile bed was 

subcritical. Nevertheless, a number of runs showed similar failure modes to those found in 

the fixed bed situation, but with more noticeable geobag–geobag internal sliding due to toe 

scour (Figure 5 a, b, c, d). Thus the geobag – water flow – riverbank interactions seemed to 

progress with hydrodynamic forces along with sand bed movements. Geobag displacement in 

the streamwise direction, due to turbulent bursting induced flow through the revetment voids, 

was affected by the bed changes underneath the revetment, resulting in more bag 
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displacement in the downward vertical direction. However, uplift, pull out and internal 

sliding  were induced by similar mechanisms to the fixed bed condition, though sliding often 

ended with the development of scour holes (Figure 5 d).  

The initial failure modes in each water level condition were:  

• Condition A: ripple bed with mild toe scour, along with turbulent bursting 

induced flow through the revetment voids and internal sliding; bag 

displacement was observed within the test section; 

• Condition B: dune bed with uplifting and sliding of geobags within the test 

section; 

• Condition C: failure due to turbulent bursting induced flow through the 

revetment voids, uplifting, sliding or/and pull out of bag. The transitional 

flatbed resulted in displacement of bags from different locations in the lower 

parts of the revetment (i.e. up to 45% of the revetment height), with washed 

out bags passing beyond the test section; and 

• Condition D: transitional flat bed associated with overtopping, washing away 

or pull of geobags from the revetment.  

For different water levels and flows, the mobile bed setup exhibited different bed 

formations along with different failure modes. Several researchers have classified such bed 

forms based on visual inspection (Mantz 1992; Bennett and Best 1996; Friedrich, Nikora et 

al. 2006). Observations were taken on bag failure modes and  bed formations  in full length 

experiments under known water level and flow (Table 3), with the water depth gradually 

increasing to its maximum (at approximately 0.2 to 0.3 mm/s) (Table 3). The observed bed 

formations were then classified based on available literature, and correlated with the geobag 

failure mode (Figure 6, Table 3 and Figure 10). 

 

The Image J analyzed data shows that the deposition rate eventually decreases at higher water 

level conditions (Figure 8). A combination of the Image J data (for determining the change in 

surface area (on a 0.50 m grid) and the manual measurements of change in depths (on a 0.10 

m grid) provided detailed bed formations for all of the four water level conditions. 

The key observations from the mobile bed experiments can be summarized thus: 
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• During the transition between Conditions A and B, the sand ripples were on average 

0.11 m long and in the range 0.03 m to 0.27 m. The appearance of ripples has been 

described elsewhere by researchers with respect to bed material size, and their 

findings indicated that ripple lengths in the range 0.015 m to 0.15 m for the bed 

material size (= d50) of 0.015 mm to 0.238 mm (Mantz 1978; Baas 1999); 

• In the ripple bed, the average deposited area was approximately twice that measured 

with the dune bed. Similarly, the dune beds acquired around two times more 

deposition than the transitional bed. The maximum deposited and eroded areas 

observed were over 25% and 30% of the total area respectively; 

• The bed depth changes for the different water level conditions are tabulated in Table 

4, and are summarized as follows: 

- Condition A: mean erosion 0.023 m, and mean deposition 0.025 m; 

- Condition B: mean erosion around twice that of the ripple condition (0.05 m), 

and mean deposition 0.02 m; 

- Condition C: mean erosion of 0.081m (maximum of 0.09 m) and mean 

deposition lowered to about half that of the dune condition (0.013 m),; and 

- Condition D: mean erosion of 0.09 m (maximum of 0.093 m) and mean 

deposition 0.008 m.  

 

CES STUDY RESULTS 

Fixed Bed 

Unit roughness values were calibrated using data from Condition D, and validated using the 

other three condition datasets (Table 5). The overall mean percentage difference (Λ) and 

standard deviation (σ) between the experimental data and the CES predicted data indicates 

that the CES performed better in higher water depths (Table 5). A geobag failure diagram 

was prepared using the CES predicted Froude number and active shear stress on a bag 

causing bag movement (Figure 9). 

The key findings can be summarised as: 
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• The unit roughness values for the flume wall and bed seem reasonable with respect to 

typical Manning’s n values. There are no typical roughness values for geobags for 

comparison. The CES calibrated values result in reasonable velocity predictions in 

comparison with the ADV measurements;  

• The higher the water depth (≥ 85% of structure height), the better velocity 

representation by the CES for the near bank region; and 

• The failure diagram (Figure 9) shows that when individual bag movements are 

initiated at flow Froude numbers between 1.38 and 1.45, failures are due to turbulent 

bursting induced flow through the revetment voids (Shear stress, τ = 1.32–5.17 N/m
2
), 

uplifting (τ = 2.81–8.00 N/m
2
), plugging (τ = 3.8–8.01 N/m

2
) and overtopping (τ = 

4.685–10.09N/m
2
). This large spread in shear stress is a function of the saturation of 

the bag and its position in the revetment. 

• Within these shear stress ranges, and from field observations, it can be concluded that 

bag uplifting or/and pull out can occur. This seems reasonable since pull out or 

washing out is usually observed with dry bags due to their lower stability than a 

saturated bag. 

 

Mobile Bed 

The Conveyance Estimation System (CES) was employed on the mobile sediment bed to 

predict the depth-averaged velocity, bed shear stress and friction factor (Table 6). Following 

Raudkivi (1998) a relationship was developed relating water velocity, shear stress and the 

Darcy–Weisbach friction coefficient (Figure 10). The key findings from this work were: 

• The CES-predicted Froude number and Reynolds number values confirm that the flow 

in the flume is subcritical and turbulent; and 

• According to Raudkivi’s (1998) classification of sand wavelets, ripples should be 

observed up to 0.56 m/s, whereas dunes started in our study at a CES predicted flow 

velocity of 0.57 m/s (Figure 10). Using a fine sand bed (D50 = 0.238 mm) Baas 

(1999) derived the threshold velocity for dune development as 0.60 m/s, a similar 

value to the 0.57 m/s of Southard and Boguchwal (1990). The visual inspection in 

our study (Condition B, Figure 5) showed the velocity range for dunes was 0.49 m/s 
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to 0.64 m/s (CES predicted velocity values, Table 6), again showing good agreement 

with the Raudkivi (1998) classification.  

DISCUSSION 

The distorted modeling laboratory experiments and CES application in this phase of the 

research have the following limitations: 

• physical model scale effects; 

• laboratory turbulence is higher than real river flows, although  the higher turbulent 

flow allowed for easier observation of the failure modes; 

• in the mobile bed experiment, classifications of bed formations were undertaken  

based on the sediment supplied only at the start of each experimental run to simulate 

the riverbed (Figure 2 b); and 

• although the unit roughness used by the CES is different from Manning’s n values, the 

unit roughness for the flume wall and bed seem reasonable. While there are no typical 

roughness values for geobags, the obtained ‘n’ value (0.02) seems lower than would 

be expected. This is thought to be due to the representation of the geobag revetment 

slope in the CES setup, where discrete geobags on the revetment slope were 

represented by considering a continuous revetment slope; this neglected the effect of 

water  within the gaps between bags. However, the CES calibrated values result in 

good velocity predictions in comparison with ADV measurements. 

Considering the above restrictions, both the distorted model and the CES modeling provide a 

good basis for the 3D numerical model setup described elsewhere (Akter, Pender et al. 2011). 

CONCLUSION AND RECOMMENDATIONS FOR FUTURE 

WORK 

The failure processes in a geobag revetment have been studied in a laboratory flume 

using both fixed and mobile beds. A CES model was validated against fixed bed 

experimental observations, and the validated model was then employed to estimate the 

Froude number and the active shear stress causing initiation of bag movement. Finally a 

geobag–water flow interface failure diagram was developed. For the mobile bed 

configuration, toe scouring and induced bed formations had a significant influence on 
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revetment performance. The validated CES model was used to predict the bed shear stress 

and coefficient of friction of the mobile bed for different water depths. The CES model gave 

good representations of bed formation and provides a useful tool for characterizing bed 

changes against different water depths in revetment failure. 

The outcomes from this study have been used to help develop a DEM model of 

geobag revetments. Once validated, the DEM model will be used to develop guidance on the 

performance of geobag revetments in riverbank situations.  
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Table 1: Scale ratio for the experimental setup 

Quantity Dimension Scale Ratio 

Length, Breadth L  1 : 10 

Bag Volume/ Mass 3L  
1 : 1000 

Velocity 2
1

L  
1 : 3.17 

Discharge 2
5

L  
1 : 316 
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Table 2: quasi–physical model outcomes with different revetment construction method  

Model Setup 
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Reynolds 

No. 

Initial 

Failure 

type % of the mean 

stream wise 

velocity 

 
(RM1) Jack on 

Jack 
A 1 0.051 1.09 2.38 1.20 0.024 1.54 55,369 Turbulent 

bursting  
B 2 0.065 1.13 2.54 2.23 0.033 1.42 73,157 

C 3 0.095 1.27 2.24 0.86 0.055 1.32 120,169 Uplift 
c
 

D 4 0.110 1.30 2.28 0.69 0.070 1.25 142,430 Uplift 
c
 

(RM2) Running 

bond 
A 5 0.054 1.13 2.48 0.33 0.027 1.55 60,777 Turbulent 

bursting  
B 6 0.072 1.18 2.54 0.06 0.039 1.40 84,622 

C 7 0.098 1.28 2.25 0.26 0.058 1.31 124,940 Uplift
 c
 

D 8 0.112 1.30 2.35 0.98 0.071 1.24 145,020 Uplift
 c
 

(RM3) Half basket 

weave B 9 0.079 1.21 2.57 0.56 0.043 1.38 95,209 
Turbulent 

bursting  

D 10 0.115 1.36 2.14 0.16 0.071 1.28 155,777 Uplift
 c
 

a
The water level conditions were classified for 0.13 m revetment height; 

b
Froude Number,

gL

V
F = , L= Characteristic length , i.e., hydraulic depth, h (for an open 

channel);  
c
Partial or full uplifting. 
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1: Pullout ; 2: Slump; 3: Dislodgement of the top bag; 4: Slide; 5: Physically damaged 

 

Figure 1: Failure in geobag revetment (field study in the Jamuna River, 2009) 
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(a) Schematic of fixed flume bed experiment setup 

 

 

 (b) Schematic of mobile flume bed experiment setup 

 

Figure 2 (a and b): Experimental setup in flume 
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(a) 50% Layer to Layer overlapping 

 

  

(b) Jack on jack 

  

(c) Running bond   

 

  

(d) Half basket weave 

 

Figure 3 (a) Geobag slope and (b, c, d) geobag construction methods 
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(a) Turbulent bursting induced flow through the revetment voids 

 

 

 (b) Turbulent bursting induced flow through the revetment voids and sliding 

 

  

(c) Partial uplifting and sliding 

 

 

 (d) Overtopping 

 

Figure 4: Detail of different failure modes in the geobag revetment 
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(a) Turbulent bursting induced flow through the revetment voids and toe scouring 

 

 

(b) Uplifting 

 

 

(c) Uplifting and sliding 

 

 

 (d) Internal sliding 

 

Figure 5: Different failure modes in geobag revetment 
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Figure 6: Bed formation under different water level and quasi–physical model run times 
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(a) After the experiment 

 

 

(b) Deposited area 

 

 

(c) Eroded area 

 

Figure 7: (a) Outline of bed changes after experiment, (b) and (c) Changing bed analysis 
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Condition A water level equal to up to 49% of the geobag revetment height 

 

Condition B water level equal to 50 to 64% of the geobag revetment height 

 

 

Condition C water level equal to 65% to 84% of the geobag revetment height 

 

Condition D water level equal to 85% to 100% of the geobag revetment height 

 

Figure 8: Changing bed under different conditions 
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Figure 9: Geobag failure diagram due to geobag–water flow interaction using CES 
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Figure 10: Classification of sand wavelets following Raudkivi(Raudkivi 1998) 

 

 


