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ABSTRACT: One of the main soft (weak, clay-bearing) rocks characteristic is relatively rapid deterioration and degradation of strength when soft rock is exposed to atmospheric agents (i.e. weathering). In the investigation of strength degradation caused with weathering, wetting – drying process as a part of weathering, can cause problems even with preparation of samples for testing. In contact with water, moisture of the material is changed and deterioration process is initiated. In order to overcome problem with sample preparation, additions to test procedure are proposed. Additions are tested on marl samples from Eocene flysch formation. Before immersion into the plaster for testing, samples were covered with a thin metal net and subjected to weathering. Purpose of the net is to hold sample as one unit, because during the weathering sample break into smaller peaces. Weathering of samples was simulated with wetting-drying process in laboratory conditions. Acquired results on weathered samples are compared with shear strength of unweathered samples.
1 INTRODUCTION
Problems in geotechnical constructions caused with the weathering of soft rocks are well known phenomenon. Marl from Eocene flysch strata which can be found in Dalmatia region in Croatia, is just one example of these soft rocks. Construction such as cuttings for roads or construction pits, excavated in these strata, have considerable problems with the durability caused with marl strength degradation induced with the weathering. Excavation in these materials could be performed only with use of heavy machinery (rock breaker) or an explosive, as well as in any other rock. However, in relatively short time after excavation, meaning few months, in which period excavated slope in marl is exposed to influence of atmospheric agents, weathering process start on the slope surface. Repeated cycles of wetting and drying, heating and cooling, freezing and thawing, as a parts of weathering process can cause that marls can be deteriorated into soil like materials. 

Generally, weathering include the two dominant processes (Fookes 1988), physical weathering which results in the disaggregation of rocks without mineralogical change, and chemical weathering resulting in the decomposition of the constituent minerals to stable or metastable secondary mineral products. The weathering process on marl and marly materials from flysch layer can be mainly described as physical weathering, combined with chemical weathering on the surface of material and on the cracks walls inside the material, meaning all surfaces of material that can be in the contact with water (Miščević & Roje-Bonacci 1995; Miščević 1997). Deterioration caused by the weathering can be described with two forms of degradation process. One form is disintegration in smaller parts with the development of the cracks system (see Figure 1 – denoted with mark 1).
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Figure 1. Two forms of deterioration on marl (1-disintegration in smaller parts with the development of the cracks system; 2-an exfoliation from the surface into depth).
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On marl samples with or without any cracks on the surface, under weathering process, new cracks develop and simultaneously all cracks lengthen. That process is usually developed near the surface, but can spread throughout the material and break the sample apart in smaller pieces. Second form of degradation can be described as an exfoliation from the surface into depth, resulting eventually in a mass of small angular fragments and flat slivers which could readily be scraped loose by hand (see Figure 1 – denoted with mark 2). Exfoliation is usually a result of solubility of clay minerals.
Depending on the characteristics of unweathered material, marl can simultaneously undergo both of previously described forms of process. As a result, material is usually broken into smaller parts which have a larger surface area that can be in contact with water and the process of degradation is accelerated.
So, for an example, as a consequence of weathering, a cut that was stable after excavation even with almost vertical inclination, could become instable in the engineering time scale (i.e. a period ranging from a few years to a few decades, in which construction is in use). Figure 2 is an example of cut excavated in a flysch layer. Photograph is made one year after an excavation. At the bottom of the slope a deposited material can be observed as the result of surface deterioration caused by the weathering. The arrows point to the zones of the blocks separated on the slope with development of weathering throughout the joints. As the result of depicted processes overall stability of the slope is jeopardized.
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Figure 2. Example of weathering on slope surface cut in flysch.

From presented example it is easy to conclude that deterioration of material strength with the weathering is important data for geotechnical projects in soft rocks. In design of the construction pit slopes, this data can provide information how long this temporary construction can be stabile without any protection measures. From an economic point of view, slope without any stabilisation construction is cheaper. Second example of importance of this data is in design of cut slopes for roads that should be stabile without a stabilization construction throughout utilization period of the road. On the other side of this problem strength deterioration data can be used in a verification of stability of old cuts.

For analyse of this situations two basic information are needed. First one is the depth of degraded layer on the surface of slope, or rate of the weathering through the depth. Second one is a rate of strength degradation compared to the strength of intact material. To provide data about the strength deterioration, there should be possibility to test degraded materials. As it was described previously weathering process fragment marl samples into smaller fragments. Fragmented sample is very difficult to operate with and install into a testing device. For the purpose of this problem solution, the paper is proposal of additions to the standard test method. Additions refer to standard procedure of a direct shear test method (ISRM Suggested methods for determining shear strength, 1974) in order to enable testing of deteriorated samples. The test procedure with proposed additions is applied on two series of marl samples. Samples were deteriorated with a weathering simulated in a laboratory, and after that tested in a direct shear apparatus.
Preparation of samples

The existence of marl in many different forms, ranging from clay rich marl to calcareous marl, makes collection and preparation of samples rather difficult. Samples were collected as blocks with approximate side dimensions between 10 and 20 cm, extracted using hammer and chisel from freshly excavated slopes, or from about 0.5 m beneath the surface of outcrops. Stone cutting saw without use of water was used for preliminary preparation of the sampling place (Fig. 3). 
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Figure 3. Cutting of samples in the field.
The significance of this procedure is that some of the outer material from the exposures was removed in order to obtain intact samples. For some kinds of marl, especially those with clay content greater than 40%, sampling is difficult because of its weak nature and frequent fractures. Some blocks were split during sampling and transportation, but the remaining pieces were large enough to be usable for the performed testing. Before transportation, in order to minimize both the effects of vibration on the samples and desiccation, the samples were encased within layers of paraffin and thin plastic grid.
Collected samples were prepared in the laboratory for testing. Smaller pieces of approximate dimensions 10 × 10 × 8 centimetres were cut with stone cutting saw from the field samples, also without use of water in order to prevent the degradation. To prevent the deterioration of samples with overheating, cutting was performed very slowly with an interruption periods. Samples with the moisture close to natural moisture as it was possible after a described preparation, were used to form testing series.

Main problem in an investigation of the strength degradation caused with deterioration of the material with weathering, is to acquire samples that can be tested after deterioration. This paper is a proposal of additions to the standard test sample preparation procedure in order to overcome this problem. The main idea of an addition is to enfold the sample with thin metal net before testing.
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Figure 4. Sample with net enfolded around it.
Purpose of this net is to keep pieces of sample break off with weathering as one unit that can be used for testing. Metal net can be easily enfolded around the sample without problem to form it in the shape of sample. Net with aperture dimensions of 2 × 2 millimetres was used to enable wetting and drying of sample in process of weathering. In the same time apertures of net should be large enough to enable fresh plaster used in testing to pass through the net and make a contact with a sample. In this case influence of the net to the shear strength of the sample is minimised. An example of the sample with net enfolded around it is presented in Figure 4.
Very similar procedure is already proposed for testing of joint shear strength on smaller samples. To maintain the sample with joint in one piece, sample should be enfolded with a wire. The wire should be cut after installation of a sample in testing cell, immediately before shearing. 

In this paper investigation of strength deterioration is performed with analyse of the shear strength. Shear strength is measured with a portable shear apparatus for rock. For the purpose of the testing, sample should be placed in heavy duty plaster to form two separated part in the shape of a testing cell. Figure 5 is an example of sample installed into plaster with a demonstration how the net was cut between two sides of the sample, immediately before the sample is placed in the test cell. 
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Figure 5. Cutting of the net in the line between two sides of a sample installed in plaster.

Laboratory simulated weathering
In order to analyse the influence of weathering on the strength deterioration, in this paper a laboratory simulated weathering was used. The weathering was simulated with the cycles of wetting and drying in laboratory conditions. Used wetting-drying cycle consisted of three phases:

· immersing of samples into water for the period of 48 hours,
· drying of samples in an oven at the temperature of 105( C over the period of 24 hours,
· cooling of samples at the laboratory air temperature over the period of 24 hours.
After every weathering cycle weights of samples were measured and compared with weights of samples on the beginning of process. The purpose of this comparation was to ensure that looses of samples masses through net apertures are small enough that do not have influence on the values of strength. Some kind of soft rock materials can be deteriorated completely into the soil lake material which could easily pass through the net apertures in the process of wetting and drying.

For the purpose of testing sets with five samples in each set were formed. Every sample was enfolded with net before the start of procedure. One set of samples was always tested with the laboratory preserved moisture without a simulated weathering. These results of an unweathered material strength were used as the main data for the comparations in strength degradation analyse.

In this paper weathering was simulated with one and three previously described cycles of wetting and drying. For the purpose of complete analyse of the weathering influence, this number of cycles can be increased. The intention of this paper was verification of proposed additions to a standard procedure. The question was: is it possible to measure deteriorated materials shear strength to some limits? Of course, influence of weathering cycles number can be also a subject of further investigation.
Examples of test results as conclusions
In attention to approve proposed additions to shear test procedure, marls from two locations in surrounding of town Split were tested. Samples of marls for this study came from the benches of the slopes at construction sites (Fig. 2) and from rock outcrops. Test results obtained with the proposed procedure are presented as examples.
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Figure 6. Shear test results of sample sets with laboratory preserved moisture without weathering: a) first type of marl; b) second type of marl.
First marl has light yellow brown colour and its content of carbonates is 71.6%. Slake durability index after second cycle of this material is Id2 = 98.8%. Second marl has light blue grey colour and its content of carbonates is 69.9%. Its slake durability index after second cycle is Id2 = 98.6%. 

From each type of marl three sets with five samples in each set were made. First set was tested with moisture preserved in laboratory conditions and without simulated weathering. Second set of samples was tested after one cycle of simulated weathering and the third set after three cycles of simulated weathering. Weight of all samples was measured after each cycle of simulated weathering. The loss of mass was less than 1% for all samples. In the same time with visual inspection it was confirmed that samples were broken into a smaller peaces. Used procedure with net was successful in the preservation of sample as one unit that can be used for the testing of shear strength.
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Figure 7. Shear test results of sample sets after three cycles of laboratory simulated weathering: a) first type of marl; b) second type of marl

Unfortunately, some samples after simulated weathering had so small shear strength that it was not possible to measure it with used equipment. In that case results obtained with the rest of samples in the same set were used to determine the shear strength. Visual inspection of such samples indicated that the deterioration of sample in a zone of a predestined shearing plane in direct shear apparatus is possible cause of the problem.

Obtained results of shearing resistance and determined parameters of Mohr-Coulomb criterion, i.e. cohesion and angle of internal friction, are presented in following figures. In Figure 6 are presented results of sample sets with laboratory preserved moisture without simulated weathering.
In Figure 7 are presented test results of sample sets after three cycles of laboratory simulated weathering for both previously described types of marl. The values of cohesion and angle of internal friction from the unweathered samples are compared with values measured on the weathered samples for the both types of analysed marls. It can be observed that weathered samples have lover values of cohesions and higher values of angles of friction, compared to values obtained from unweathered sets of samples. 
Altogether obtained results have confirmed that proposed additions to standard procedure made possible to measure degradation of strength after weathering to some limits.
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