Island Sustainability 239

A new approach to estimate armourstone
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Abstract

Since armourstones are located in the outer shelter layer of breakwaters which
absorb the first impact of hydraulic wave energy, they are prone to the highest
degree of abrasion. Sea and atmospheric conditions damage the armourstone
integrity so they lose their engineering functions in time. Existing classification
systems to investigate the potential armourstone durability are performed on the
intact rocks obtained from stone quarries; hence they do not explain the abrasion
mechanism of armourstones actually used in the breakwater. For this reason, the
standard slake durability test method was modified based on physical modelling
techniques so that armourstone abrasion was simulated in realistic conditions.
Eastern Black sea water and basaltic armourstones of the Giresun port were used
in model tests. The model tests reveal that abrasion is inversely proportional to
the mass and dimension of the armourstone.

Keywords: Eastern Black sea, armourstone, modelling, modified slake
durability.

1 Introduction

The term “modelling” is simply used for describing the investigation of events
and processes under a certain scale. Meanwhile, modelling in engineering
geology is generally referred to the studies performed to investigate either strong
ground motion (Krawnikler [15], Harris and Sabnis [9]) or mechanical behaviour
of geomaterials (Wood [20]).

Physical models, re-sized prototypes of engineering structures scaled by
Froude’s Law, are the basic elements of modelling approach (Hughes [11]).
Physical models are widely used to simulate the realistic effects of coastal
processes on the structure to perform damage analysis in a hydraulic laboratory
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environment (Hudson [10] and Van der Meer [21]), such as storms, ebbs and
tides, and tsunamis (Yiiksel et al. [22]). On the other hand, there exist various
case studies about damaged coastal structures due to the absence or insufficient
modelling analysis during the design period (Kapdasli [13]). Current modelling
applications in coastal engineering merely deal with the overall structural
damage, not with the single element, like armourstones (Melby [17]). Standard
rock mechanic tests are used to estimate the potential durability of armourstones
(CIRIA/CUR [2]) such as Los Angeles abrasion, methylene blue, magnesium
sulphate soundness, wet-dry loss and free-thaw loss etc. However, they do not
represent the actual degradation degree of rocks used in marine environments,
since the test specimen is never reacted with sea water in any of those tests. In-
service durability of armourstones is a still matter of discussion in geological and
coastal engineering research (Latham et al. [16]).

2 Slake durability test

The slake durability test (Gamble [6], Franklin and Chandra [5] and ISRM [12])
was originally developed to determine the durability of weak rocks such as shale
and mudstones. The test is performed in a steel drum which is submerged below
20 mm of water with rock samples, total 450 — 550 g. The drum is rotated for 10
minutes and dried for 12 hours in the oven, where the rocks are degraded by
hitting each other or the inner wall of the steel drum (Figure 1). The percent ratio
of dry weight of the samples after second rotation to the original weight is
known as the “Slake Durability Index, SDI”. This test was developed in several

Figure 1: Slake durability test apparatus.
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ways by various researches as increasing the rotation period (Ulusay et al. [19]
and Gokgeoglu et al. [7]), using sea water (Dhakal et al. [4]), water with different
pH degrees (Gupta and Ahmed [8]) or with specimens in various shapes (Kolay
and Kayabali [14]). None of these studies were performed to investigate
armourstone durability specifically, although the slake durability test is designed
to measure the rock abrasion in water.

3 Modified slake durability test

In rubblemound breakwaters, armourstones are selected from several weight
classes, such as 2, 4, 6, 8 and 10 tons (CERC [3]). Those stones are exposed to
coastal processes during their entire service life where sea water is the major
abrasive agent. In coastal engineering models, port and breakwater structures are
re-sized in a selected scale and exposed to 1000 and 5000 numbers of wave
attacks accordingly, which are assumed to be the worst case scenarios in terms of
structural damage (Thompson and Shutler [18], CERC [3], Van der Meer [21]).
The modified slake durability test is a developed form of the standard test
method, based on above physical modelling techniques to estimate the abrasion
degree of armourstones. During the modified test, 2 types of armourstones were
used from the Giresun port’s main breakwater (produced from “Kalearkasi” and
“Kovanlik” basalt quarries, Figure 2), representing 2, 4, 6, 8 and 10 tons each

Kovanhk armourstones Kalearkasi aimmourstones

Figure 2:  General view of the Giresun port’s main breakwater and location of
armourstones produced from Kovanlik and Kalearkas: stone
quarries.
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(Table 1). These materials were selected for model tests since they are good
examples of armourstone abrasion along the Black Sea coastline (Acir and
Kilig [1]).

Samples were fixed in polymer nets having 25 mm spacing, to prevent either
hitting each other or being smashed by the inner walls of the drum (Figure 3) and
the only contact was with water. The duration of the test was also set up as

Table 1: Physical model weights of the armourstones by 1/30 scale, which
were used in the modified slake durability test.
Armourstone weight (tons) Prototype physical models (g)
Kalearkasi samples Kovanlik samples

2 71,11 72,81
4 155,20 144,06
6 222,43 218,16
8 286,42 296,57
10 361,14 349,95

Figure 3: Modified slake durability test apparatus: Physical model is fixed by
fishing line along the center of the drum and covered by a 25 mm
hollowed polymer net.
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Figure 4:  Relationship between the Modified Slake Durability Index (SDI,q)

versus armourstone weight (W) for Kovanlik (a) and Kalearkasi (b)
armourstones.
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50 minutes (for 1000 ea waves) and 250 minutes (for 5000 ea waves) since
standard rotation speed of the slake durability test is 20 rev/min. In the modified
slake durability test, it is assumed that each 360° rotation of the drums create 1 ea
sea wave which hits the armourstone’s face. After each test, samples were dried
in an oven at 105+5°C during 24 hours and the dry weight of the samples after
the second rotation to the original weight was calculated, which is called the
“Modified Slake Durability Index, SDI,;oq”.

The salt concentration of sea water taken from the offshore side of Giresun
port is 0.18 % and the pH is 8,4. Accordingly, the pH of the normal water used in
standard tests is 7,35. The modified slake durability test was performed with
both sea and normal water to compare the armourstone reaction with water type
and time.

4 Test results

Tests were conducted with 2 armourstone sources (Kalearkasi and Kovanlik
quarry basalts) and 5 sets of samples, 2 types of water (normal and sea water),
5 representing armourstone classes (2, 4, 6, 8 and 10 tons) and 2 time periods (50
and 250 minutes). Therefore 200 ea test results were derived from the model
experiments, which are shown in Figure 5 and Table 2.

Figure 5: Prototoype armourstone models used in the experiments prepared
by 1/30 scale.
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Table 2: Equations derived from the experimental results.
Kalearkasi Kovanhk

Mode_l Armourstones Armourstones
experiments Equation R Equation R
Sea water, _ 0.0014W _ 0.0006W
5000 cycle SDI;0q = 97,386¢ 0,95 | SDI0q = 99,054e 0,91
Normal water, _ 0,0011W _ 0,0005W
5000 cycle SDI,0¢= 97,818 0,98 | SDI0q = 99,242¢ 0,95
Sea water, _ 0,0008W _ 0,0003W
1000 cycle SDI0¢= 98,194¢ 0,99 | SDI0q = 99,443¢ 0,99
Normal water, | gpyr 98 465¢"00% 10,99 | SDI,0q = 99,544¢2Y | 0,99
1000 cycle

5 Conclusions

Test results reveal that

In both Kalearkasi and Kovanlik armourstones, the highest abrasion
occurs at 5000 rotation with sea water whereas the lowest abrasion
occurs at 1000 rotation with normal water. This result indicates that sea
water has a relatively higher effect on degradation of rocks with regards
to the salinity and pH degree through time.

Abrasion mechanism is inversely proportional to the armourstone
weight. In other words, abrasion increases where the mass of
armourstone decreases, vice versa. This result can be explained by the
specific area of the rocks, which is the ratio of surface area to the mass.
As the mass increases, specific area and the exposed area of rocks,
which is prone to the sea water, decreases, relatively. Therefore,
abrasion occurs at most in smaller masses.

This test is developed by using basaltic rocks used in the same
breakwater, therefore results can not be generalised. However, the
methodology of this model is suitable to test various case studies with
armourstones from different lithology and water chemistry from
different seas.
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