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Soil Parameters

The soil parameters used in the calculations were determined on the basis of sampling and testing conducted for projects in the vicinity. The shear strength parameters and unit weight of the siltstone were determined using as guide the information from neighboring boreholes, such as borehole KG28, which includes values of unit weight (25.4 and 25.7 kN/m3) and uniaxial compressive strength (σci = 20.33, 37.33 and 64.9 MPa). These compressive strength values are considered upper estimates, since they were determined on pieces of good-quality rock. For the unit weight, a value of 24 kN/m3 was used in the calculations. The values for the backfill were engineering estimates. 

It should be noted that due to the time lapsed between design and compilation of case material, no traces were found of the specifics of estimation of soil parameters considered in design, which are summarized in Table 1:

Table 1. Soil parameters used in analyses

	Material type
	Properties

	Siltstone
	cs = 100 kPa, φs = 25o 

γs = 24 kN/m3

	Backfill material
	cb = 5 kPa, φb = 28o 

γb = 20 kN/m3


What follows is a description of the general procedure that could have been followed to determine soil parameters.

With information on uniaxial compressive strength and GSI values, the shear strength parameters of the Mohr-Coulomb failure criterion can be determined according to Hoek and Brown criterion (Hoek et al., 2002), using the RocLab software (available free of charge at http://www.rocscience.com/products/RocLab.asp). The following values were considered in sample calculations:

High-quality rock range (based on information from boreholes)

GSI =  30, 40, 50, 60

mi = 7 (proposed value for siltstone from the RocLab software)

σci = 10, 15, 20MPa (intact uniaxial compressive strength)

D = 0.5 (disturbance factor)

Low-quality rock range (from experience, personal communication with G. Tsiambaos)

GSI =  15, 20, 25

mi = 7 (proposed value for siltstone from the RocLab software)

σci = 8, 10, 15 MPa (intact uniaxial compressive strength)

D = 0.5 (disturbance factor)
The following tables present the results of the calculations.

Table 2. Shear strength parameters for high-quality range, calculated for slopes with γ = 24kN/m3 and hslope = 10m.
	INPUT VALUES

	GSI
	30
	40
	50
	60

	σci (MPa)
	10
	15
	20
	10
	15
	20
	10
	15
	20
	10
	15
	20

	RESULTS 

	c (kPa)
	42
	51
	58
	59
	72
	85
	84
	109
	132
	133
	182
	231

	φ (o)
	34
	37.5
	40
	39
	42
	44
	43
	46
	48
	46
	48
	50


Table 3. Shear strength parameters for low-quality range, calculated for slopes with γ = 24kN/m3 and hslope = 10m.
	INPUT VALUES

	GSI
	
	15
	
	
	20
	
	
	25
	

	σci (MPa)
	8
	10
	15
	8
	10
	15
	8
	10
	15

	RESULTS

	c (kPa)
	32
	35
	42
	40
	44
	52
	47
	52
	63

	φ (o)
	33
	34.5
	37
	35.5
	37
	40
	38
	39.5
	42.5


The soil profile used for the calculations is shown on Figure 1. The material behind the 6.5m-wide wall consists of 7m of siltstone and 5m of backfill, while the embankment is 2m-high. 
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Figure 1. Cross section of reinforced wall and embankment considered in stability calculations.
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