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Dear Mike and Jane, 

 

Use of Sandbags for Coastal Protection – Draft Revision 1 

 

This letter report is presented as a Draft Revision 1 for review and comment by OEH.  We would 

appreciate your feedback within 1 month of you receiving it.  If we have not received comment by 

this date we will assume that the report is acceptable to OEH in its present form and issue it as final. 

 

1. Introduction 

The Water Research Laboratory (WRL) of the School of Civil and Environmental Engineering at the 

University of New South Wales was engaged by the NSW Office of Environment and Heritage (OEH) 

to provide qualitative advice regarding the use of sand-filled geotextile containers (hereafter, 

“sandbags”) for coastal protection purposes.  Specific geotechnical advice from Pells Consulting has 

also been incorporated into this letter. 

 

2. Background 

As per your letter dated 12 September 2012: 

 

“The NSW Government has decided to relax the requirements relating to individual private 

landowners placing sandbags on beaches as temporary (formerly emergency) coastal protection 

works.  This decision will result in the need to update the “Code of Practice under the Coastal 

Protection Act 1979” to relax the requirements, where appropriate.  The relaxation is not to increase 

the cost or liability to Government or councils.  Key requirements relating to the allowable works are 

specified the Code, including the allowable height (currently 1.5 m) and maximum slope of the face 

of the works (currently 34° from the horizontal).  The proposed scope of the consultancy to provide 

advice on whether it is feasible to: 

 

1. Increase the allowable height of temporary coastal protection works without significantly 

increasing erosion end effects.  This should include an assessment of relative end effects for 
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short length, temporary (e.g. sandbag) seawalls relative to the effects from longer length, 

more permanent seawalls (WRL is currently finalising a technical report on impacts from 

these types of seawalls).  The assessment is to also involve assessing if increasing the 

allowable height would significantly increase public safety risks (e.g. due to increased 

likelihood of collapse).  If a height increase is considered feasible, given these considerations, 

recommendations on an appropriate height limit are to be provided. 

 

2. Increase the allowable maximum slope of the face of the works without increasing public 

safety risks due to the potential collapse of the works.  If an increased slope is considered 

feasible, given these considerations, recommendations on an appropriate maximum slope are 

to be provided.” 

 

3. Relevant Literature 

3.1 Previous WRL Advice 

WRL previously provided OEH (formerly Department of Environment, Climate Change and Water - 

DECCW) with recommendations regarding the use of sandbags for emergency coastal protection 

purposes (Coghlan et al, 2010).  In the 2010 report, it was stated that emergency coastal protection 

works may reduce or mitigate erosion impacts on land as a course of last resort where dwellings are 

at immediate threat.  However, in Coghlan et al (2010), sandbags were considered as an emergency 

measure only, and it was concluded that in this context they do not provide the same resistance to 

erosion as properly engineered coastal structures.  WRL noted that such structures had an 

approximate design life of 4 weeks to 1 year.  The 2010 WRL report did not make a recommendation 

regarding sandbag seawall height.  However, it was recommended that the toe of the sandbag 

seawall be founded at -1 m AHD or as low as reasonably practicable.  Indicative material quantities 

for typical properties were presented with sandbag seawall heights of 7 m (open coast region) and 

3 m (embayment/estuarine region).  The report recommended a slope of 1V:1.5H (34°) for sandbag 

seawalls on the basis of safety (minimise dune collapse risk during construction), ease of 

construction, footprint minimisation and hydraulic stability. 

 

3.2 Typical Sandbag Dimensions 

The typical dimensions of correctly filled 0.75 m3 sandbags, are as follows (Blacka et al, 2007): 

 

 Length:  1.80 m; 

 Width:  1.50 m; 

 Depth:  0.42 m. 

 

3.3 Current Code of Practice 

The “Code of Practice under the Coastal Protection Act 1979” (DECCW, 2011a) and “Guide to the 

Statutory Requirements for Emergency Coastal Protection Works” (DECCW, 2011b) state that 

complying emergency works “are likely to provide protection from wave action during relatively small 

storms or swells which may also coincide with king tides.  They may also provide a nominal or limited 

degree of protection from erosion during medium to large storms; however, they are also likely to be 

damaged during such storms.  As a result, these works are not a long-term management option for 

coastal hazard threats.”   
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The purpose of the Code and Guide are to allow rapid implementation of works without a lengthy 

approval process or site specific designs.  Landowners may seek approval within the existing 

development application system for more extensive structures incorporating site specific assessment 

and engineering design. 

 

The present requirements state that the height of the sandbag seawall shall not exceed 1.5 m and 

that the slope of the works shall not exceed 1V:1.5H (34°) from the horizontal plane.  Given that the 

depth of 0.75 m3 sandbags is approximately 0.42 m, no more than three courses of sandbags 

(seawall height 1.26 m) are allowed under the present requirements.  Excavation of the beach is 

limited to that necessary to enable the bottom course of sandbags to be placed approximately 

horizontally.  The requirements also state that the sandbag seawall must not have a cross-shore 

width greater than 4 m.  Given that it is expected that sandbags would be placed in a stretcher bond 

fashion, with the long axis of the sandbags perpendicular to the direction of wave attack (i.e. long 

axis parallel to wave crest), no more than two layers of sandbags (seawall width 3.0 m) are allowed 

under the present requirements.  Note that construction of sandbag seawalls with the long axis of 

the sandbags parallel to wave attack is also allowed under the present requirements but significantly 

more sandbags per metre of seawall length are required. 

 

3.4 Criticisms of current Code of Practice (2011a) 

Several authors have criticised the present sandbag seawall requirements including 

Gordon et al (2011) and Lord et al (2011).  Key criticisms include limitations placed on the maximum 

permissible sandbag volume, seawall height and excavation of the beach.  It should be noted that 

(as described above) landowners may lodge a development application for a site-specific engineered 

design which may address the key criticisms. 

 

3.5 Summary of proposed changes to current Code of Practice (2011a) 

As stated in Section 2, the proposed changes to the Code of Practice can be summarised as: 

 

 A potential increase in seawall height; and 

 A potential increase in seawall slope. 

 

This report provides qualitative information on whether the proposed changes will increase or 

decrease the stability and end effects of sandbag structures relative to those allowed under the Code 

of Practice (2011a). 

 

4. Potential Failure/Damage Modes of Sandbag Seawalls 

4.1 Difference between Damage and Failure 

The US Corps of Engineers (USACE, 2003), defines the failure of a coastal structure as: 

 

“Damage that results in structure performance and functionality below the minimum anticipated by 

design.” 

 

That is, damage does not necessarily equate to failure. 

 

To distinguish between damage and failure of sandbag seawalls due to sandbag displacement from 

wave impacts, Coghlan et al (2009) proposed a classification for single and double layer structures 
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reproduced in Table 1.  Sandbag seawall failure/damage was expressed in percentage terms and 

defined as the number of displaced sandbags divided by the total number of sandbags within a 

reference region × 100%. 

 
Table 1: Damage Classification for Sandbag Seawalls (1.0V:1.0H to 1.0V:2.0H) 

 

Damage 

Classification 

Single Layer 

(% Displaced)  

Double Layer 

(% Displaced) 

No Damage 0% 0% 

Initial Damage 0-1% 0-2% 

Intermediate Damage 1-10% 2-15% 

Failure 10% 15% 

 

 

The most common reasons for the failure/damage of a coastal defence structure are (USACE, 2003; 

CIRIA, 2007): 

 Design failure: this occurs when either the structure as a whole, including its foundation, or 

individual structure components cannot withstand load conditions within the design criteria; 

 Load exceedance failure: this results from an underestimation or exceedance of the design 

conditions; 

 Construction failure: this can be caused by unsuitable construction techniques or poorly suited 

construction materials in which the design capacity of the structure is not achieved; 

 Deterioration failure: this failure is the result of structure deterioration and lack of project 

maintenance such that the intended design capacity of the structure no longer prevails. 

 

4.2 Modes of Failure/Damage of Sandbag Seawalls 

Failure or damage may occur through a range of modes.  The estimation of seawall stability may 

require input from a coastal engineer (CE) and a geotechnical engineer (GE).  The failure or damage 

may be predominantly two dimensional or due to three dimensional effects. 

 

Following work completed in the UK in the late 1980s and early 1990s, it was documented in 

CIRIA (1986) that “around 34% of seawall failures arise directly from erosion of beach or foundation 

material, and that scour is at least partially responsible for a further 14%”.  That is, approximately 

48% of documented seawall failures in the UK were either partly or solely attributed to toe erosion. 

 

4.2.1 Two Dimensional Failure/Damage Modes 

The main two dimensional potential failure/damage modes of sandbag seawalls are listed below, with 

the predominant practitioner (CE or GE) who would quantify the seawall stability listed.  The main 

two dimensional potential failure/damage modes are: 

 Undermining (CE), in which the sand or rubble toe level drop below the footing of the seawall, 

causing the seawall to subside and collapse into the hole (Figure 1); 
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 Sliding (GE), in which the seawall slides seaward from the retained profile (Figure 1); 

 Overturning (GE), in which the seawall rotates seaward (forward) (Figure 1); 

 Deep seated shear failure (GE), in which the entire embankment fails (Figure 2) - note this is 

often referred to as “slip circle” failure but in reality a circular failure mode is not the critical 

kinematic mechanism in sands; 

 Deep seated shear failure through the sand behind the wall (Figure 2) and through a sandbag 

wall; 

 Sandbag displacement (CE), due to wave impact (Figure 2); or 

 Erosion of the backfill (CE), caused by wave overtopping, high water table levels, or leaching 

through the seawall (Figure 2). 

 

4.2.2 Three Dimensional Failure/Damage Modes 

In addition to the failure/damage modes listed above, seawalls may fail at their ends due to erosion 

outflanking the seawall – the seawall “end effect” (Figure 3). 

 

In addition to damaging the seawall, the seawall “end effect” may cause erosion or recession on 

neighbouring properties. 

 

4.2.3 Impact of Potential Failure on Public Safety 

Sandbags having a volume of 0.75 m3 have a mass exceeding 1 tonne each.  All failure modes have 

the potential to cause death or injury to people who are positioned above, on or below a sandbag 

seawall.  A similar hazard can exist for steep natural sand dunes, however, beach sand will usually 

collapse in smaller amounts. 

 

For a person on or below a sandbag seawall, failure due to overturning or sliding presents the 

greatest hazard, however, injury or death due to other failure modes cannot be excluded. 

 

For failure due to sandbag displacement (by waves), it could be argued that when the waves are 

large enough to displace 0.75 m3 sandbags (mass > 1000 kg), people (typical mass 50 to 100 kg) 

would be injured by such wave impacts and would/should therefore not be on or below the structure.  

However, there may be times when dislodged sandbags are shifted to a position or orientation of 

incipient instability after a storm and may move further during mild conditions. 

 

Failure due to undermining may often be gradual provided no large voids with incipient instability 

form in the seawall. 

 

Erosion of backfill generally only occurs at times of high waves and water levels.  This is generally of 

lower hazard to the public than the other failure modes, unless people position themselves close to 

the edge of a steep scarp above or directly under it.  The presence of sandbag walls would slightly 

reduce these risks relative to a natural sand dune, since the lower portion of the slope would be 

armoured in the sandbag wall case. 
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4.2.4 Mixed Damage/Failure Modes 

While there is no definitive information in this regard, field observations and judgement indicate that 

walls consisting of multiple courses would be more prone to mixed damage/failure modes.  For 

example, the lower portion of the structure suffers container displacement, while the upper portion 

may remain undamaged.  This has the potential to form voids and incipient instability in the 

structure.  The potential for voids from mixed damage/failure would be small for walls comprising 

only three courses.  Provided the walls are not constructed steeper than 34° the likelihood of such 

voids collapsing after a storm is low. 

 

5. Seawall End Effects 

5.1 Initial Assessment of End Effects 

WRL (in preparation) has reviewed literature on alongshore seawall effects (Figure 3).  A brief 

summary of findings is that the work of Komar and McDougal (1988) is suitable for seawalls having 

an alongshore crest length of up to 500 m.  The alongshore end effect (y in Figure 3) of such a 

seawall is approximately 70% of its alongshore length, while the additional cross shore erosion (x in 

Figure 3) is approximately 10% of its alongshore length. 

 

For a typical domestic allotment having a frontage in the range of 10 to 20 m, a fronting seawall 

would therefore have an alongshore effect of 7 to 14 m and an additional cross shore effect of 1 to 

2 m. 

 

It is not known whether a relatively smooth, sloping sandbag seawall has a different end effect to a 

rough rock rubble seawall or smooth concrete vertical seawall. 

 

5.2 Suggested Scope for Model Testing to Assess Sandbag Seawall End Effects 

Full quantitative modelling of sediment transport is not possible in any scaled physical model, 

however, valuable insight and quantitative information can still be obtained using contemporary 

techniques.  Lightweight surrogate sediments have been trialled in physical models, however, WRL’s 

experience is that they overcomplicate the modelling process without justifiable benefit, and 

therefore WRL generally suggests that (subject to detailed model design) fine beach sand be used. 

 

The aim of testing would be to determine shoreline change due to a range of coastal structures, in a 

similar manner to that undertaken by Komar and McDougal (1988). 

 

Offshore wave direction in NSW can vary from north clockwise to south.  However, with typical wave 

periods of 10 seconds, waves in the nearshore/surf zone reach open coast seawall structures at small 

angles due to refraction. 

 

WRL suggests the following situations be tested in a three dimensional wave basin, at a scale 

(subject to detailed model design) of 1:10 to 1:40.  The suggested conditions would be typical for 

design on the open NSW coast.  A range of permutations should be tested, subject to an agreed 

scope, with the main variables being: 

 

 Structures representing: 

o Overtopped sloping sandbags (~1.5 m high); 

o Non overtopped sloping sandbags (~6 m high); 

o Sloping rock (~6 m high); and 



 
WRL2012090  LR20130328    DRAFT REVISION 1  7 

o Vertical concrete (~6 m high). 

 

 Wave heights: 

o Ambient wave heights (Hs ~1.5 m); 

o Moderate storm (Hs ~3 m). 

 

 Wave angles at the structure: 0°, 5°, 15°. 

 

 Wave periods: 

o 5 s, 10 s, 15 s. 

 

It may not be optimal to undertake every combination of the above variables.  It is recommended 

that the full range of variables be tested for the key cases (geotextile structures), with abbreviated 

testing undertaken for the alternative seawalls.  It is suggested that the model be operated for 

approximately 1 day (model time) for each condition and observations made of the shoreline 

asymptoting to an equilibrium planform. 

 

6. Advice on Impacts of Proposed Changes 

Sandbag seawalls which comply with the present requirements have been considered in this analysis, 

namely: 

 

 0.75 m3 sandbags placed in a single layer stretcher bond against a trimmed sand slope; 

 a double layer of 0.75 m3 sandbags placed seaward of the bottom course; and 

 no geotextile underlayer between the sandbags and the trimmed sand slope. 

 

A summary of the impacts of the proposed changes discussed below is provided in Section 7. 

 

6.1 Increase in Height 

6.1.1 Potential Alongshore Impacts of Increase in Height 

An increase in seawall height will not influence alongshore beach response under ambient (non 

storm) conditions, provided the seawall is undamaged and not overtopped by waves. 

 

However, if a seawall is overtopped and/or damaged (e.g. in a storm and/or because of a low crest), 

erosion of the sand behind the seawall is likely to supply sand to the coast on the downdrift side, 

reducing the end effect.  That is, a higher seawall which is not overtopped may have a greater end 

effect.  It should be noted that the potential reduced end effect of the lower seawall would only be 

realised if the lower seawall in fact failed, was seriously damaged or failed to protect the land in its 

lee.  Due to reduced likelihood of overtopping, a higher seawall would be less likely to fail or be 

damaged due to overtopping. 
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6.1.2 Likelihood of Collapse with an Increase in Height 

As stated in Section 4, there are several modes by which sandbag seawalls can be damaged or fail.  

The impact of an increase in height on each of these modes is discussed below. 

 

Impact of increased height on undermining 

Given that excavation of the toe is not permitted (other than horizontal levelling) an increase in 

height would cause no change to the likelihood of undermining. 

 

Impact of increased height on sliding 

For a seawall with a slope no steeper than 34°, the likelihood of sliding would be reduced. 

 

Impact of increased height on overturning 

The factors of safety against overturning associated with bearing capacity failure, are a function of 

height.  However, for typical NSW beach sands, bearing capacity failure would not be an issue for 

heights up to 5 m or more. 

 

Impact of increased height on deep seated shear failure 

For sandbag walls of a particular geometry founded on sand, and retaining sand, the factors of safety 

against deep seated shear failure are independent of wall height.  That is, an increase in height 

would have no impact on the likelihood of deep seated shear failure. 

 

Impact of increased height on sandbag displacement 

If the increase in height allows the crest sandbags to be above the wave runup limit, the likelihood of 

sandbag displacement (particularly of the crest bags) would be reduced.  On the open NSW coast, a 

seawall crest elevation of 5 to 6 m AHD is preferable, provided the seawall is backed by dune sand. 

 

Impact of increased height on erosion of backfill 

If the increase in height allows the sandbags to be above the wave runup limit, the likelihood of 

erosion of backfill would be reduced.  On the open NSW coast, a seawall crest elevation of 5 to 6 m 

AHD is preferable, provided the seawall is backed by dune sand. 

 

Impact of increased height on three dimensional flanking erosion 

The increase in height may result in a reduction in the likelihood of flanking erosion, due to reduced 

erosion above the ends of the seawall, but this failure mode needs to be fully managed through 

appropriate design of the ends of the seawall (e.g. returns on the seawall). 

 

Impact of increased height on Mixed Damage/Failure Mode 

A substantial increase in height would increase the likelihood of voids forming.  However, if this 

height increase is from the present three courses to say five courses, the increase in the likelihood of 

voids forming is minor. 
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6.2 Increase in Steepness 

6.2.1 Potential Alongshore Impacts of Increase in Steepness 

As stated in Section 5.1, the potential differences in alongshore impacts of seawalls of different 

materials or steepness are presently unknown. 

 

6.2.2 Likelihood of Collapse with of Increase in Steepness 

An increase in steepness would reduce the likelihood of bag displacement (Coghlan et al, 2009). 

 

From the viewpoint of shear failure through the wall (i.e. shearing between geobags) a relatively 

steep face say 40° to 60°, is structurally better than a flatter face, say 20° to 30°.  That is, a steeper 

wall would reduce the likelihood of shear failure through the wall. 

 

In regard to deep seated sliding beneath the wall there is no substantial difference between a 45° 

face angle and a 26° face angle. 

 

An increase in steepness would increase the likelihood of damage/failure by undermining and 

erosion of backfill. 

 

An increase in steepness would increase the likelihood of voids forming. 

 

6.2.3 Sandbag Seawall as Access 

After construction, the sandbag seawall is likely to have a secondary function as a beach access way.  

As such, the safety of persons trafficking the sandbag seawall should be considered.  AS 1657 states 

that safe stairway slopes are required to be between 1V:2.0H (26.5°) and 1V:1.0H (45°).  More 

detailed standards for stairways are also contained in the Building Code of Australia (BCA, Australian 

Building Codes Board, 2012).  An illustration reproduced from AS 4997 overlain with the structure 

slope of the sandbag seawall is shown in Figure 4.  This indicates that sandbag seawalls with a slope 

of 1V:1.5H (34°) are safe for pedestrian access, although they don’t strictly comply with the BCA for 

step riser height (BCA maximum is 190 mm, versus typical sandbag of 420 mm).  If the present 

requirements were modified by increasing both the allowable seawall height and slope (to greater 

than 45°), a balustrade may be required to be installed at the crest and an alternative beach access 

way placed over the sandbag seawall. 

 

7. Summary of Impacts of Proposed Changes to Height and Steepness 

As stated above, assessment of the above damage/failure modes can require varying levels of input 

from coastal and geotechnical engineers. 

 

7.1 Impacts on Erosion End Effects 

A higher sandbag seawall may have increased erosion end effects compared to a lower seawall of the 

same length.  However, the potential reduced end effect of the lower seawall would only be realised 

if the lower seawall in fact failed, was seriously damaged or failed to protect the land in its lee.  Due 

to reduced likelihood of overtopping, a higher seawall would be less likely to fail or be damaged due 

to overtopping. 
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The end effects of temporary sandbag seawalls remain a significant issue because of the potential to 

exacerbate erosion on adjoining properties.  The end erosion effects of sandbag seawalls are 

currently not well understood compared to rock rubble or steep concrete seawalls.  Additional 3D 

model testing of sandbag seawall end effects as recommended in Section 5.2 would provide suitable 

information to strengthen policy on the use of geotextile containers as temporary protection. 

7.2 Impacts of Increased Height on the Likelihood of Damage/Failure 

The impacts of an increase in height are summarised in Table 2. 
 

Table 2: Impact of Proposed Increase in Height on Likelihood of Damage/Failure 

Failure/ Damage Mode Impact on Likelihood of Damage/Failure 

Undermining No change 

Sliding Potential decrease  

Overturning Minor to no change  

Deep seated shear failure No change 

Sandbag Displacement Decrease 

Erosion of Backfill Decrease 

Flanking Erosion Decrease 

Mixed mode between lower and 

upper structure, resulting in voids 
Increase or minor 

 

7.3 Impacts of Increased Steepness on the Likelihood of Damage/Failure 

The impacts of an increase in steepness are summarised in Table 3. 

Table 3: Impact of Proposed Increase in Steepness on Likelihood of Damage/Failure 

Failure/ Damage Mode Impact on Likelihood of Damage/Failure 

Undermining Increase 

Sliding Potential increase 

Overturning Minor to no change  

Deep seated shear failure Decrease  

Sandbag Displacement Decrease 

Erosion of Backfill Increase 

Flanking Erosion Increase 

Mixed mode between lower and 

upper structure, resulting in voids 
Increase 

 

Furthermore, since sandbag seawalls are frequently used as de facto access stairs, AS 1657 

recommends a maximum steepness of 1V:1H (45°) for safe use as stairs. 
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8. Recommendations 

The present guidelines do not allow for excavation of the toe, other than levelling for the first course.  

This and other deficiencies in the generic structures can be overcome by landowners seeking site 

specific engineering advice to design engineered structures for which approval can be sought under 

the conventional development application process. 

 

From a coastal engineering and geotechnical engineering perspective, it is feasible to increase the 

allowable sandbag seawall height beyond the present 1.5 m.  The likelihood of damage/failure does 

not increase with increasing wall height by most criteria, however, the likelihood of voids forming due 

to mixed failure modes does increase with increasing wall height.  While it is difficult to relate the 

likelihood of this to an exact number of courses, substantial void formation is unlikely with three 

courses (1.26 m) and would remain unlikely for five courses (2.1 m) provided the sandbag seawall is 

backed by the dune face and is not steeper than 34°.  If a height limit is necessary for interim works, 

WRL recommends 2.2 m would be appropriate, which allows five courses.  Landowners are strongly 

encouraged to obtain site specific engineered designs for longer term works to overcome the 

deficiencies of the interim walls. 

 

Increasing the allowable sandbag seawall slope would increase the likelihood of damage/failure on 

several criteria and may make traversing the slope dangerous.  Therefore, WRL recommends that 

the slope limitation remain at a maximum of 34° in the revised requirements. 

 

The end erosion effects of sandbag seawalls of varying slope and height relative to rock rubble and 

steep concrete seawalls are presently not well understood and could cause significant additional 

erosion of properties adjacent to an installed temporary sandbag seawall.  A three-dimensional wave 

basin physical modelling program is recommended to better understand sandbag seawall end effects. 

 

Please contact James Carley in the first instance should you require further information. 

 

Yours sincerely, 

 

 

 

 

 

G P Smith 

Manager 
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End Effects of Seawall (Adapted from Komar and McDougal, 1988) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gold Coast, 1967 (Source: Delft, 1970) 

 

 

 

 



2012090 0328 4


	LR20130327 Rev 1 JTC Pells gps.pdf
	All_Figures_Combined
	2012090_01_Failure Modes of Sandbag Revetments
	Page 1

	2012090_02_Failure Modes of Sandbag Revetments
	Page 1

	2012090_03_Limits of Slope
	Page 1


	LR Figure 3 20130328
	Pells Consulting letter 20130327

		2013-03-28T15:36:22+1100
	Grantley P Smith




