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1. INTRODUCTION 

A seawall is a structure made of stones, concrete, masonry or sheet piles, built parallel to the shore at the transition between 
the beach and the mainland or dune. Seawalls are generally made of armourstone. The stones are readily available and are not 
considered as a manufactured product just because they come directly from quarry. Since they are naturally formed, they are 
not a threat to marine life in any way. The stones generally have a longer life compared to the rest of the safety measures. The 
only threat is that they may be washed away due to the high tide strength.  

Armour stone packaging is important for preparing goods for containment, protection, transport, handling, distribution, 
delivery and presentation. During the construction of seawalls, it is necessary to have proper packing of armour stone. It's 
impossible to arrange the stones one by one manually for the construction of the seawall because of the following reasons- 

•     Working on the shores is both difficult and dangerous at the same time 

•     A very large number of labours are required 

•     Its impossible to handle very stones using manual labours 

•     It’ll literally take years for the construction if it’s done manually. 

•     As a lot of labours are required the cost is increase drastically. 

Therefore one way of achieving packing efficiency is to arrange armour stone using heavy machineries like a crane or a JCB. 

 While packing stones it is essential to have voids of a certain percentage. This is because a structure packed in 0% void can be 
easily broken by wave action. When a void is given, a certain amount of seawater passes through it and the impact of the wave 
on the sea wall decreases.  

Packing affects the shape of the structure so it is important to have proper packing. Usually while construction of a seawall the 
only gradation of armour stones are considered, but if only gradation is considered the quality and overall bill are affected. For 
example if the design condition is to have stones of grade 350-700 and we used any stones within this grade irrespective of 
their shape and quality there is a chance of huge void formation within the structure which can adversely affect the bill and 
overall stability of the structure. Thus shape is an important factor that has to be considered. 

The Armourstone for the construction of the seawalls are obtained from the quarry’s. The stones obtained from the quarry are 
blasted to become the product we want. Stones blasted in this way are available in various shapes and sizes. In the old days, 
we used split stones for the construction of sea wall. It was made of exactly the same cubical shape. The void ratio between 
them was less than 5% as it is not available for construction now, blasted stones are used instead. 

The blasted stones come in various shapes and size like flaky, cubical, elongated etc. Therefore it is very important to select the 
appropriately shaped stones during construction. In this project we have used two parameters to determine which shaped 
stones are suitable and which is not one is aspect ratio and the other is blockiness. 
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1.1 PARAMETERS 

ASPECT RATIO  

Aspect Ratio (Length-to-thickness ratio) is defined as the maximum length(m)  divided by the minimum distance, d (m), 
between parallel lines through which the particle would just pass. This form description is the industry standard now 
embodied in EN 13383 for both armourstone and aggregates.  

 

FIG 4.2 ASPECT RATIO OF STONE 

BLOCKINESS 

• Blockiness (BL) is defined as the volume of a stone divided by the volume of the enclosing XYZ orthogonal box with a 
minimum volume. 

• Higher blockiness can lead to higher density, more numbers of contact points and finally it will result into greater 
interlock. 

 

(a)                                       (b)                                                   (c) 

FIG 4.3 BLOCKINESS OF STONE 

(a) CUBICAL (b) FLAKEY STONE (c) ELONGATED STONE 

 

 

 

Aspect Ratio=(L/D) 

BL=*Vstone/Vcubical+ x100 
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Armour stone with an aspect ratio greater than 3 is considered as an elongated or Flaky stone so such stones should not  be 
used and it should be rejected .Stones with an aspect ratio between 1 to 2 are most preferred as they provide better packing. 

Blockness of a perfectly cubic stone is 100% so as the number goes down the shape of the stone becomes lesser cubic and 
more of an elongated or flakey shaped stone, but 100% blocky stones is nearly impossible to obtain because these are 
obtained from blasting there for the cubic stones that we get usually have a blockness of 60 to 70% sometimes up to 80 
percentage. 

2. EXPERIMENT 1- CONSTRUCTION OF SEAWALL EMBANKMENT USING MIXED STONES 

We collected 70 samples of armour stone for this experiment. 70 stones were randomly taken and had different shapes and 
sizes. Using these stones we constructed a frustum embankment by dropping each stones. 

 

FIG 1 EMBANKMENT USING MIXED STONE 

The dimensions of the so formed embankment were measured and noted down, 

The resultant embankment has the following dimensions. 

Base length=170cm 

Base width=90cm 

Top length=110cm 

Top width=50cm 

Height=75cm 

Using the obtained data’s we were able to calculate the volume of the frustum section. Each stone from the embankment were 
taken out to measure it’s weight and dimensions(length,breadth,depth).These readings were noted down. Using these 
readings, we calculated the aspect ratio(Aspect Ratio=(L/D) and blockiness (BL=[Vstone/Vcubical] x100) of each stone. 

Now to find Volume of voids we need to subtract the total volume of stones from the volume of the embankment. Next step is 
to find the value Void Ratio & Porosity. 
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Void Ratio=(Volume of Voids/Total volume of stones) 

Porosity = (Volume of Void / Total volume of embankment) 

3. EXPERIMENT 2- CONSTRUCTION OF SEAWALL EMBANKMENT USING CUBIC STONES 

We collected 84 samples of cubical armourstone for this experiment. Although these are cubical stones they are not exactly 
cubical but resembles cubical stones .Using these stones we constructed another frustum embankment by dropping each 
stones . 

 

FIG2 EMBAKMENT USING CUBICAL STONE 

The dimensions of the so formed embankment were measured and noted down, 

The resultant embankment has the following dimensions 

Base length=160cm 

Base width=90cm 

Top length=100cm 

Top width=30cm 

Height=70cm 
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FIG3  MINIATURE EMBAKMENT USING CUBICAL STONES 

Using the obtained data’s we were able to calculate the volume of the frustum section. One by one each stone from the 
embankment were taken out to measure it’s weight and dimensions(length,bredth,depth).These readings were noted down. 
Using these readings we calculated the aspect ratio(Aspect Ratio=(L/D) and blockiness (BL=[Vstone/Vcubical] x100) of each 
stone 

 

Fig 4 CUBICAL STONES 
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Now to find Volume of voids we need to subtract the total volume of stones from the volume of the embankment. Next step is 
to find the value Void Ratio & Porosity. 
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TABLE 1MEASUREMENT AND CALCULATION USING CUBICAL STONE 

CALCULATION 

Total volume of stones = 0.39337m^3 

Volume of embankment = 0.0.55936m^3 

Volume of voids  =Volume of embankment – Total volume of stones 

=0.16599m^3 

Void Ratio (e) = (Volume of Voids / Total volume of stones) 

0.16599 / 0.39337= 0.42196 

Porosity (n) = (Volume of Void / Total volume of embankment) 

0.16599 / 0.55936 =0.2967 

=29% 

4. EXPERIMENT 3- CONSTRUCTION OF SEAWALL EMBANKMENT USING FLAKEY & ELONGATED STONES 

We collected 46 samples of flaky and elongated armourstone for this experiment. Now it’s clearly visible that the no of stones 
decreased drastically this shows the presence of voids & decrease in stone volume. Using these stones we again constructed a 
frustum embankment by dropping each stones . 
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FIG5  EMBAKMENT USING FLAKEY STONES 

The dimensions of the so formed embankment were measured and noted down, 

The resultant embankment has the following dimensions 

Base length=160cm 

Base width=90cm 

Top length=95cm 

Top width=50cm 

Height=70cm 

 

FIG 6 MINIATURE EMBAKMENT USING FLAKEY STONE 
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Using the obtained data’s we were able to calculate the volume of the frustum section. One by one each stone from the 
embankment were taken out to measure it’s weight and dimensions (length,bredth,depth). These readings were noted down. 
Using these readings we calculated the aspect ratio(Aspect Ratio=(L/D) and blockiness (BL=[Vstone/Vcubical] x100) of each 
stone 

 

FIG 7 FLAKEY STONES 

Now to find Volume of voids we need to subtract the total volume of stones from the volume of the embankment. Next step is 
to find the value Void Ratio & Porosity. 
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TABLE2  MEASUREMENT AND CALCULATION USING FLAKEY STONE 

CALCULATION 

Total volume of stones =0.2623m^3  

Volume of embankment = 0.6398m^3 

Volume of voids =Volume of embankment – Total volume of stones 

=0.3775m^3 

Void Ratio (e) = (Volume of Voids / Total volume of stones) 

0.3775 / 0.2623=1.43 
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Porosity (n) = (Volume of Void / Total volume of embankment) 

=0.3775 /0.6398 =0.590 

=59% 
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TABLE 3 MEASURMENT AND CALCULATION OF MIXED STONES 

CALCULATION 

Total volume of stones = 0.375m^3 

Volume of embankment = 0.749m^3 

Volume of voids =Volume of embankment – Total volume of stones 

= 0.37367m^3 

Void Ratio (e) = (Volume of Voids / Total volume of stones) 

0.37367 / 0.37533=0.995 

Porosity (n) = (Volume of Void / Total volume of embankment) 

0.37367 / 0.749 =0.5 

=50% 
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FIG 8 MIXED STONES 

5.PAYMENT ISSUES 

 There are two bulk volumes to consider. Before construction the design bulk volume, Vd, is required. This volume equals the 
area A times the orthogonal thickness Td,which is a theoretically predicted average thickness that the engineer has introduced 
for the design drawings, using recommended layer thickness coefficients. Clearly, for a given range of armourstone weights or 
sizes, the best design guidance on the expected single or double layer thickness is required. These volume calculations are 
necessary for ordering the quantities prior to construction. After construction, in addition to profile tolerance conformance 
checks, it may be necessary to determine volumes for payment purposes. Having surveyed the under layer surface and the 
armour layer surface, the average cross-sectional area, D, times the chainage length L gives the surveyed bulk volume, Vs. 
From D and the down-slope length, an actual average orthogonal thickness can be deduced and this often makes an interesting 
comparison with the orthogonal thickness shown on the design drawings. Large differences generally lead to contractual 
problems. 

6. HOW VOIDS AFFECT THE OVERALL COST OF THE PROJECT 

Consider building a seawall with dimensions 2m, 3m & 5m. 

Let this seawall extend to a length up to 5 km. 
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Volume of the entire embankment = ([3+5] / 2)*2*5000 =40000m^3 

 For 30% voids 

40000*0.7= 28000m^3 volume of stones are needed 

ie 40000*0.3=12000m^3 volume  is just voids  

Weight of the stones in ton =volume of stones in embankment * specific gravity of stone 

Weight=28000*2.65=74200 ton stones are needed (Ideal) 

 For 10% voids 

40000*0.9= 36000m^3 volume of stones are needed 

Example  40000*0.1=4000m^3 volume is just voids  

Weight of the stones in ton =Volume of stones in embankment * specific gravity of stone 

Weight=36000*2.65=95400 ton stones are needed 

 For 40% of voids 

40000*0.6= 24000m^3 volume of stones are needed 

ie 40000*0.4=16000m^3 volume is just voids  

Weight of the stones in ton =volume of stones in embankment * specific gravity of stone 

Weight=24000*2.65=63600 ton stones are needed 

 For 20% decrease in voids with respect to 30% voids -Increase in stones volume =95400-74200=21200 ton(for the 
contractor) 

Considering the cost 1  ton of stone costs 710rs 

Example if 10% volume  of voids are considered total cost would be  

95400*710= 6.77 CR 

Cost of stones for 30% voids= 74200*710=5.26 CR 

Example  6.77-5.26=1.51CR extra cost for 20% decrease in voids with respect to 30% voids 

 For 10% increase in voids with respect to 30% volume -decrease in stones volume =74200-63600=10600 ton(for the 
company) 

Considering the cost,1 ton of stone costs 710rs 

Example if 40% volume of voids are considered total cost would be  

63600*710= 4.51 CR 

Cost of stones for 30% voids= 74200*710=5.26 CR 

Example 5.26-4.51=0.75 CR decrease in cost for 10% increase in voids with respect to 30% voids 

7. CONCLUSION 

Among the three experiments conducted cubical stones gave better packing with a porosity 30% .The 30% void gives 
favourable cost for buyers and sellers in Sea wall construction. 
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Good interlocking property was provided for the sea wall when using cubicle stone. Secondly, we used flaky stones for the 
experiment in which the structure was not stable with this stone.  With flaky stones R valuable to lateral forces. These kinds of 
stones tend to break when dropped from a certain height since it’s porosity value is more. 

 Finally, mixed stones like flaky, elongated and cubical were used for the structure the porosity value that we got for the 
structure is 50% so it's better to use cubicle stones which is better for the construction of seawall than mixed stone structure. 
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