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Abstract.  Slope mass rating (SMR) is commonly used for the geomechanical classification of rock masses in an 
attempt to evaluate the stability of slopes. SMR is calculated from the RMR89-basic (basic rock mass rating) and from 
the characteristic features of discontinuities, and may be applied to slope stability analysis as well as to slope support 
recommendations. 

This study attempts to utilize the SMR classification system for slope stability analysis and to investigate the 
engineering geological conditions of the slopes and the slope stability analysis of the Gas Flare site in phases 6, 7 and 
8 of the South Pars Gas Complex in Assalouyeh, south of Iran. After studying a total of twelve slopes, the results of 
the SMR classification system indicated that three slope failure modes, namely, wedge, plane and mass failure were 
possible along the slopes. In addition, the stability analyses conducted by a number of computer programs indicated 
that three of the slopes were stable, three of the slopes were unstable and the remaining six slopes were categorized as 
‘needs attention’ classes. 
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1. Introduction 
 

Engineering rock mass classification systems have been designed by many researchers around 

the world and have been widely used in engineering projects. Based on surface or subsurface 

ground conditions, some of these engineering classifications are: Rock Mass Rating (Bieniawski 

1976, 1979, 1989), Mining Rock Mass Rating (Laubscher 1990), Modified-Mining Rock Mass 

Rating (Haines and Terbrugge 1991), Modified-Rock Mass Rating (Unal 1996), Rock Tunneling 

Quality Index or Q (Barton et al. 1974), TBM Rock Tunnelling Quality Index or QTBM (Barton 

1999), Rock Structure Rating (Singh and Goel 1999), Rock Structure Rating (Wickham et al. 

1972), Rock Mass Strength (Selby 1980), Slope Mass Rating (Romana et al. 2003), Chinese Slope 

Mass Rating (Chen 1995), Slope Stability Probability Classification (Hack 1998, Hack et al. 

2003), Geological Strength Index (Marinos et al. 2005, Hoek et al. 2013), Rock Quality 

Designation or RQD (Deere et al. 1967, Deere and Deere 1988, Deere 1989), Modified Basic 
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Rock Mass Rating (Cummings et al. 1982, Kendorski et al. 1983) and Alternative Rock Mass 

Classification System (Pantelidis 2010). In these classifications, various parameters and features 

such as intact rock and discontinuity properties are present. With the help of these classifications, 

engineering geological and geomechanical conditions may be assessed with a reasonable degree of 

accuracy and reliability. 

Among these classifications, some have been developed for specific purposes. Examples for 

such specific classifications are the Q system (Barton et al. 1974) which has been exclusively used 

for tunneling, QTBM (Barton 1999) which has been used for tunnel boring with TBMs and the SMR 

(Romana et al. 2003) which has been used in the classification of rock slopes, where the role of the 

engineering classification systems for quantifying the geological structures extensively and for 

designing suitable engineering support systems are highly important. 

The SMR is estimated by assigning a specific rating to each parameter under consideration 

(Pradhan et al. 2011, Tomás et al. 2007a, 2007b, 2012). The SMR method for slope stability 

analysis has been applied to understand the stability and probability of failure for natural and 

engineered slopes (Singh et al. 2010, 2013, Trivedi et al. 2012, Gupte et al. 2013, Vishal et al. 

2010, 2011, 2015). 

 

 

2. SMR classification 
 

The SMR classification system was proposed by Romana et al. (2003) for the geomechanical 

classification of rock slopes. It was derived from the RMR89-basic classification system (Bieniawski 

1989) and possesses adjustment factors which rely on the discontinuity conditions, slope 

orientation and the excavation method. 
 

2.1 RMR89-basic 
 

Based on the latest modification of RMR in 1989 by Bieniawski (1989), the first five 

parameters of the RMR classification referred herein as the RMR89-basic classification are used. Eq. 

(1) gives the five RMR89-basic parameters 

GWDCDSRQDUCS
basic

RMR 
 

(1) 

where, UCS is the uniaxial compressive strength of intact rock, RQD is the rock quality 

designation (RQD), DS is the discontinuity spacing, DC is the discontinuity condition, and GW is 

the groundwater condition. 

The sixth parameter of RMR, which has not been shown herein is the correction based on 

discontinuity orientation. Instead of this correction, the adjustment factors proposed by Romana et 

al. (2001), (2003), (2005) have been utilized in the paragraphs below in an attempt to account for 

the correction related to discontinuity orientation in rock slopes by the SMR system. 
 

2.2 Adjustment factors 
 

The adjustment factors named by Romana et al. (2001), (2003), (2005) as F1, F2, F3 (as risk 

parameters) and F4 are defined as follows: 

F1: A parameter that represents the difference between the dip direction of a discontinuity (αj) 

and the dip direction of a rock slope (αs) with a value of 0.15 to 1.0. This factor is calculated by the 
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following equation 

2)sin1(
1 sj

F  
 

(2) 

F2: A parameter that is dependent on the amount of discontinuity inclination (βj) with a value of 

0.15 to 1.0. This factor is calculated by Eq. (3) 

j
F 2tan

2


 
(3) 

F3: A parameter that reflects the difference or sum between the dip of slope inclination (βs) and 

that of the discontinuity set inclination (βj). It takes on values ranging from 0 to -60 and is given by 

Eq. (4) 

sj
F  

3  
(4) 

F4: A parameter that is related with the excavation method used along the rock slope. It ranges 

from -8 to +15 where -8 is selected for a poorly blasted slope and +15 for a natural slope. 

 

2.3 SMR 
 

The SMR value is expressed as follows 

4
)

321
( FFFF

basic
RMRSMR 

 
(5) 

 

The SMR classification entails 5 categories, 10 classes and 6 suggested support method classes 

(Romana et al. 2003). 

 

 
3. Case study 

 

In this study, a stability analysis of 12 separate cases of rock slopes that are present at the Gas 

Flare Site of Phases 6 to 8 of the South Pars Gas Complex (SPGC), located in the latitudes 27°, 

32', 35.7'' N to 27°, 32', 19.9'' N, and the longitudes 52°, 36', 12.1'' E to 52°, 35', 20.5'' E was 

performed. The SPGC is located in the southeastern Bushehr province that is approximately 300 

kilometers southeast of Bushehr city in the south of Iran (Fig. 1). This site is located in a narrow 

region at the foothills of the northern coast of the Persian Gulf. The geological map of the study 

area is shown in Fig. 2, and the locations of the 12 slopes are shown in Fig. 3. 

The field observations indicated that the rock masses of the study area consisted of sandstones 

and conglomerates of the Bakhtiari formation (Pla), clayey marl and marlstone of the Mishan 

formation (Mm) and carbonated marl and marlstone with sandstones of the Aghajari formation 

(Mpla) (Azarafza 2013, Azarafza et al. 2013, 2014). The marlstone was particularly noticed to be 

highly susceptible to weathering in moist condition and produced soils that were very sensitive to 

moisture changes. The geological characterization of the project site is summarized in Table 1. 
 

3.1 Slope stability analysis based on the SMR method 
 
A total of twelve slopes were examined in regards to rock mass quality and the results were 
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Fig. 1 The location of the study area 

 

 
Fig. 2 The geological map of the study area 
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Fig. 3 Location map of the studied slopes 

 

 

used to assess the stability of the slopes that were located in the study area. According to the field 

investigations performed in the Gas Flare site, the rock masses of the slopes possess four 

discontinuity sets of which three of them are joint sets and one of them is a bedding plane set. Fig. 

4 shows pictures of the mentioned slopes. 

According to the field investigation, it was determined that the most probable mode of rock 

mass failure was wedge instability. Planar and mass modes of failures were the other two possible 

modes of failures with lower chances of occurrence as compared to wedge failure. The results are 

listed in the Tables 2 to 6. 
 

3.2 Stability analysis by computer programs 
 

The SWEDGE (Rocscience 2010a), RocPlane (Rocscience 2010b) and SLIDE (Rocscience 

2010c) softwares were used to evaluate and validate the slope stability analysis. The input 

geomechanical data (based on the Mohr-Coulomb criterion) for the stability analysis is 

summarized in Table 7. Table 8 presents the results of the slope stability analysis with these 

softwares.  

In this study, the results of the stability analyses of slopes have been classified in three classes 

based on the factor of safety (FOS) as follows: 

•FOS<1 stands for “unstable”, 

•1<FOS<1.5 stands for “needs attention” and 

•1.5<FOS stands for “stable” slopes, respectively. 

The results of modeling with the SWEDGE, SLIDE and RocPlane softwares are shown in Figs. 

5 to 7. 
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Fig. 4 Views of the studied slopes, (a) SPh6-01, (b) SPh6-02, (c) SPh7-01, (d) SPh7-02, (e) SPh7-03, (f) 

SPh8-01 (g) SPh8-02, (h) STR-01-1, (i) STR-01-2, (j) STR-02, (k) STR-03 and (l) STR-04 
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Table 1 Geological characterization of the studied slopes 

 
Table 2 Dip and dip directions of the discontinuity sets in the rock masses forming the slopes 

Type of discontinuity Dip (degree) Dip direction (degree) 

Joint set 1 49 161 

Joint set 2 50 115 

Joint set 3 45 207 

Bedding plane 54 323 

 

Table 3 The RMR parameters and RMR ratings of the slopes 

Slope Name UCS RQD DS DC GW RMR89-basic 

SPh6-01 2 13 8 10 15 48 

SPh6-02 7 13 8 10 15 53 

SPh7-01 2 8 5 0 15 30 

SPh7-02 2 13 8 10 15 48 

SPh7-03 2 8 5 0 15 30 

SPh8-01 2 8 5 0 15 30 

SPh8-02 7 13 8 10 15 53 

STR-01-1 2 13 8 10 15 48 

STR-01-2 2 13 8 10 15 48 

STR-02 4 13 8 10 15 50 

STR-03 7 13 8 10 15 53 

STR-04 4 13 8 10 15 50 

 
Table 4 The SMR parameters and the SMR ratings/classes of the slopes 

Slope Name F1 F2 F3 F4 SMR Class 

SPh6-01 0.70 1.00 0.00 10 58 IIIa 

SPh6-02 0.15 1.00 0.00 10 63 IIb 

Slope name Geological formation Lithology 

SPh6-01 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

SPh6-02 Mishan Gray marl with interlayers of shale 

SPh7-01 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

SPh7-02 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

SPh7-03 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

SPh8-01 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

SPh8-02 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

STR-01-1 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

STR-01-2 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

STR-02 Aghajari Red marl with gypsum veins, marl and red to green siltstone 

STR-03 Mishan Gray marl with interlayers of shale 

STR-04 Aghajari Red marl with gypsum veins, marl and red to green siltstone 
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Table 4 Continued 

Slope Name F1 F2 F3 F4 SMR Class 

SPh7-01 0.85 1.00 0.00 10 40 IVa 

SPh7-02 0.70 1.00 0.00 10 58 IIIa 

SPh7-03 0.85 1.00 0.00 10 40 IVa 

SPh8-01 0.85 1.00 0.00 10 40 IVa 

SPh8-02 0.15 1.00 0.00 10 63 IIb 

STR-01-1 0.70 1.00 0.00 10 58 IIIa 

STR-01-2 0.70 1.00 0.00 10 58 IIIa 

STR-02 0.70 1.00 0.00 10 60 IIIa 

STR-03 0.15 1.00 0.00 10 63 IIb 

STR-04 0.70 1.00 0.00 10 60 IIIa 

 

Table 5 Description of SMR classes (Romana et al. 2003) 

Class Description Stability Failures Support 

Ia 
Very good Completely stable None None 

Ib 

IIa 
Good Stable Some blocks Occasional 

IIb 

IIIa 
Fair Partially stable Some joints Systematic 

IIIb 

IVa 
Bad Unstable Planar/wedges Important 

IVb 

Va 
Very bad Completely unstable Soil like (mass) Re-excavation 

Vb 

 

Table 6 Probable failure modes according to the SMR values 

Slope name SMR value Wedge failure Plane failure Mass failure 

SPh6-01 58 Some - - 

SPh6-02 63 - - None 

SPh7-01 40 Many - - 

SPh7-02 58 Some - - 

SPh7-03 40 Many - - 

SPh8-01 40 Many - - 

SPh8-02 63 - None - 

STR-01-1 58 - - None 

STR-01-2 58 Some - - 

STR-02 60 Some - - 

STR-03 63 -  None 

STR-04 60 - None - 
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Table 7 The geomechanical properties of the studied rock masses 

No. Lithology (general) Properties Mean value 

1 Clayey marl 

Cohesion (kPa) 0.89 

Friction angle (deg.) 24 

σc (MPa) 17.3 

σT (MPa) 0.69 

τ (MPa) 2.23 

2 Marlstone 

Cohesion (kPa) 1.1 

Friction angle (deg.) 35 

σc (MPa) 27.6 

σT (MPa) 1.10 

τ (MPa) 3.20 

3 Carbonated marl 

Cohesion (kPa) 1.70 

Friction angle (deg.) 33 

σc (MPa) 33.4 

σT (MPa) 1.34 

τ (MPa) 3.65 
 

 

Table 8 The results of the slope stability analysis with computer programs 

Slope name Software Failure mechanism FOS Stability 

SPh6-01 SWEDGE Wedge 1.43 Needs attention 

SPh6-02 SLIDE Mass 1.53 Stable 

SPh7-01 SWEDGE Wedge 0.93 Unstable 

SPh7-02 SWEDGE Wedge 1.35 Needs attention 

SPh7-03 SWEDGE Wedge 0.94 Unstable 

SPh8-01 SWEDGE Wedge 0.91 Unstable 

SPh8-02 RocPlane Plane 2.42 Stable 

STR-01-1 SLIDE Mass 1.42 Needs attention 

STR-01-2 SWEDGE Wedge 1.49 Needs attention 

STR-02 SWEDGE Wedge 1.01 Needs attention 

STR-03 SLIDE Mass 1.51 Stable 

STR-04 RocPlane Plane 1.39 Needs attention 

 

 

3.3 Stability analysis by the SMR method 
 

When a slope falls within the unstable class, slope stabilization is necessary. The distinctive 

abilities of the SMR method are to provide recommendation for the slope support systems as 

illustrated in Fig. 8. Based on the results of the stability analysis by the SMR method and the 

softwares utilized, the proposed support systems for the slopes in SPGC are presented in Table 9.  

Table 9 indicates that three slope failure mechanisms, namely wedge, plane and mass failure 

are identified at the flare site of which three of the slopes are “stable”, three of the slopes are 

“unstable” and the rest are placed in the “needs attention” class. 
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Fig. 5 Results of the stability analysis by the SWEDGE software for slopes, (a) SPh6-01, (b) SPh7-01, (c) 

SPh7-02, (d) SPh7-03, (e) SPh8-01, (f) STR-01-2 and (g) STR-02 

 

 
Fig. 6 Results of the stability analysis by the SLIDE software for slopes, (a) SPh6-02, (b) STR-01-1 and 

(c) STR-03 

 
 

 
Fig. 7 Results of the stability analysis by RocPlane software for slopes, (a) SPh8-02 and (b) STR-04 
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Fig. 8 Suggested support methods for slopes (Romana et al. 2003) 

 
Table 9 SMR support recommendations for the studied slopes 

Slope name 
Failure 

mechanism 
SMR value Stability Recommended support 

SPh6-01 Wedge 58 Needs attention - 

SPh6-02 Mass 63 Stable - 

SPh7-01 Wedge 40 Unstable Shotcrete, dental concrete, ribs 

and/or beams, toe walls or bolts, 

anchors as necessary 

SPh7-02 Wedge 58 Needs attention - 

SPh7-03 Wedge 40 Unstable Shotcrete, dental concrete, ribs 

and/or beams, toe walls or bolts, 

anchors as necessary 

SPh8-01 Wedge 40 Unstable Shotcrete, dental concrete, ribs 

and/or beams, toe walls or bolts, 

anchors as necessary 

SPh8-02 Plane 63 Stable - 

STR-01-1 Mass 58 Needs attention - 

STR-01-2 Wedge 58 Needs attention - 

STR-02 Wedge 60 Needs attention - 

STR-03 Mass 63 Stable - 

STR-04 Plane 60 Needs attention - 

 
 

According to the SMR method, three of the slopes were proposed to be stabilized by shotcrete, 

dental concrete, ribs and/or beams, toe walls or bolts, anchors as necessary (Table 9). 

 

 

4. Conclusions 
 

The SMR (slope mass rating) method may be utilized in rock slope stability assessment and 

analyses. The twelve slopes of the Gas Flare Site in the Assalouyeh region, south of Iran were 

studied with the aid of the SMR method. The main lithology of the slopes consists of marlstone 

and sandstone and the rock mass of the slopes possess four sets of discontinuities. The values of 
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the SMR indicated that three failure mechanisms, mainly wedge, plane and mass failure have 

occurred in the slopes. In addition, according to the stability analysis conducted by the softwares 

such as SWEDGE, SLIDE and RocPlane, it was determined that three of the slopes were stable, 

three of the slopes were unstable and the others were categorized as ‘needs attention’ class. 

According to the SMR method, three of the slopes were proposed to be stabilized by shotcrete, 

dental concrete, ribs and/or beams, toe walls or bolts, anchors as necessary. 
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