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Abstract 

Quantitative weathering assessment using color changes is one of the new tools for slope 

stability assessment. In many other engineering field, CIELAB color space and image 

analytical tools have aided in enhancing the conventional method or inaccuracy due to the 

subjective and qualitative nature of visual assessment. This study focuses on the granitic 

rock slope surface assessment because of the predominant rock formation of granite in 

Malaysia. The 3D model of the rock slope was analyzed to extract the geological planes 

using compass plugin in Cloud Compare software and verified by manual compass 

mapping via scanline survey. Findings show that the a* and b* values increased with an 

increase in weathering results. This study focuses on the 50 points of measurement of rock 

slope and indicated a positive correlation of a* and b* with R2=0.9027. The image analysis 

result of the rock slope shows that major zoning (74%) is susceptible to failure due to 

structural control whilst another 26% are controlled by significant weathering in the grade 

IV-VI. This outcomes is strongly verified via a geomechanical test, geological structure, 

and mineralogical assessment. The aforementioned mechanism is recommended in any 

geotechnical and technical purpose in enhancing the method of weathering assessment 

because image analysis provides reliable measurements in addition to the manual visual 

inspection. 

Keywords: rock slope, granitic slope surface, slope stability assessment, image analysis, 

CIELAB 

1 Introduction 

Nowadays, quantitative weathering assessment of a rock slope is an important part of 

engineering geological studys and is used as a tool in slope stability assessments (Abad et al., 

2015; Borrelli et al., 2016; Luo et al., 2020). Changes in the color of the rock slope surface 

may reflect physical and chemical weathering processes (Moses et al., 2014). Geotechnical 

engineers must estimate a weathering grade, quantify the changes that occur during weathering, 

and classify the weathered rocks zone. In recent years, image analysis techniques from drone 

images emphasize the weathering impacts over rock slope instability assessment (Kim et al., 

2018; Ye et al., 2020). Weathering assessment is frequently based on qualitative or subjective 

visual inspections, the results of which will most likely vary from person to person (Tobe et 

al., 2018). This problem was encountered by quantitatively measuring the color of the rock 
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surface using CIELAB color space and utilizing an image processing method (Tobe et al., 

2018). A colorimeter is a device used to determine the color of the weathered rock surfaces. 

Geological structural and geomechanical testing, such as in situ Schmidt hammer, uniaxial 

compression strength, ultrasonic pulse wave test, and mineralogy, were used to validate the 

results. In this study, the digital image analysis reliability was enhanced by using the CIELAB 

color space to filter or convert the 2D orthophoto images of the rock slope color surface to 

different weathering grade regions. The filtered or categorized area of the weathering grades, 

together with other geomechanical inputs, geological structure, and mineralogical assessment, 

is to indicate the slope's vulnerability. In this study, Compass plugin in CloudCompare is used 

to extract discontinuity orientations for geological structure and verified by manual compass 

mapping (Garcia-Luna et al., 2019; Nagendran et al., 2019b). Unmanned Aerial Vehicle (UAV) 

photogrammetry have been used in this study to create 3D surface models and generate point-

cloud information of the rock slope surface. The high-resolution data generated by image 

analysis using a variety of analytical tools may reveal the detailed geological structure of the 

rock surfaces and weathering assessment (Kim et al., 2018; Kong et al., 2021; Nagendran et 

al., 2019a; Salvini et al., 2020; Zekkos et al., 2018). The primary goal of this study is to develop 

a quick preliminary method based on a quantitative weathering assessment that uses CIELAB 

color space and image analysis to detect the weathering characteristics of the rock mass and 

calculate the weathering degree based on the percentages of weathered zones. These methods 

would provide a simple and cost-effective method for quantifying the relative weathering of 

rock mass in tropical climatic conditions. 

1.1 Geological Background 

In this study, the weathered granitic rock slope was chosen on the basis of its predominant rock 

formation in the Malaysian Peninsula. The Lebuhraya Kuala Kubu Bharu–Teranum–Raub is 

composed of granite of the S variety (Fig. 1). The granites of the Main Range are typically 

coarsely porphyritic with perthitic to microcline alkali feldspar (Jasin, 2013; Jasin & Harun, 

2011a; Spiller, 2002). The S-type Main Range Granite (granitoid belt) is found along the 

western margin of the Bentong–Raub suture zone, although it occasionally intrudes into the 

suture zone, forming a stitching pluton (Jasin, 2013; Jasin & Harun, 2011b; Metcalfe, 2000, 

2013). The rock slope latitude is 3°33′57.23″N, and the longitude is 101°42′34.97″E. The rock 
slope's perimeters reach 102 m, and the crest's elevation is 327 m. 
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Fig. 1 General geology of the study area (Lebuhraya Kuala Kubu Bharu–Teranum–Raub 

route). Modified after the map provided by Jabatan Mineralogi dan Geosains 2014. Map 

Scale 1:10000 

1.2 Weathering Assessment 

The weathered rock surfaces may possess different colors because of the random chemical 

reactions occurring on the surface. Gokay (2018) reported that volcanic eruption from magma 

has its mineral composition, which results in a variety of colored rock masses. When assessing 

rock weathering effects on a selected surface, the primary distinguishing factors include rock 

surface color. Most rock weathering has altered the mechanical and chemical characteristics of 

the rock mass (Bobina & Abaturova, 2020; Borrelli et al., 2016; Ghiasi et al., 2009; Park & 

Kim, 2019). Under humid tropical circumstances, weathering of granite results in 

microstructural changes, such as discoloration, microfracturing, and loosening of grain 

boundaries (Tan et al., 2016; Tobe et al., 2018). The weathering mechanism in Fig. 2 shows 

the color changes from the granitic slope surface and the attack to the inside of the cracks 

(Thuro et al., 2002). Given the visible color changes, a weathering assessment must be 

conducted to determine whether the rock slope is slightly weathered, heavily weathered, or 

structurally failed. In Fig. 3 the visible physical and chemical weathering on the granite slope 

indicates the presence of iron staining on the surface (Grotzinger et al., 2009). Both weathering 

processes take place in conjunction with the joint runoff. Unweathered granite contains sodium 

plagioclase feldspar (Na feldspar), potassium feldspar (K feldspar), quartz, biotite, amphibole, 

and muscovite. Weathered granite will affect the hydrolysis of Na and K feldspar to form 

kaolinite (clay) and Na + and K + ions. Quartz (and, if present, muscovite) are left as residual 
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minerals due to their high weathering resistance. Hydrolysis of biotite and/or amphibole yields 

clay, which is then oxidized to yield iron oxides. Furthermore, moderate-scaled oxidation and 

hydrolysis (Fig. 3) occurred in the decayed and discolored granite surface. A summary of 

granite oxidation is provided below: 

2FeS2 + 7O2 + 2H2O → 2FeSO4 (black color) + 2H2SO4 (sulfuric acid) 

The hydrolysis in granite also occurs when feldspar in the granite body reacts with the carbonic 

acid and water from the rain and subsequently produces kaolinite as the product. The reaction 

is as follows: 

2 KAlSi3O8 + 2 H2CO3 + 9 H2O → Al2Si2O5(OH)4 + 4 H4SiO4 + 2 K+ + 2 HCO3− 

The biological weathering in this study is quite visible when the minimal vegetation grows 

along the seepage or runoff and in-between berms. The black mould covers many parts of the 

slope. 

 

 

Fig. 2 Distribution of weathering grade of the rock mass (Thuro et al., 2002) 

 

 

Fig. 3 Chemical weathering process of granite (Grotzinger et al., 2009) 
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2 Cielab Color Space 

2.1 General Concept 

This study explores the CIELAB color space analysis in examining the effects of different color 

systems based on Richard Hunter's former L, a, and b systems (Cinko & Becerir, 2019; Goyena 

& Fallis, 2019; Shrivastava et al., 2021; Thwaites et al., 2018; Yeerken, 2017). This framework 

is the most widely used color management system because it implements the international color 

consortium's (ICC) device profile in a device-independent model. L*a*b* is an abbreviation 

for the three distinct color spaces (Cinko & Becerir, 2019). RGB images were transformed to 

CIELAB (Cinko & Becerir, 2019; ju et al., 2014; Shrivastava et al., 2021; Thwaites et al., 2018; 

Yeerken, 2017). CIELAB is a nonlinear transformation of RGB in which the Euclidean 

distance between two colors equals the perceived distance between them (for distances <10 

units). Color image processing algorithms frequently provide excellent performance with 

CIELAB (Ju et al., 2014). When a color is stated in CIELAB (Fig. 4), the term L* refers to the 

image's luminance or brightness. The values are between [0, 100], where zero indicates black, 

and 100 indicates white. The colors get brighter with the increase in L* (Kim, 2015). The value 

of a* indicates the proportion of red or green tones in the picture. A massively positive a* value 

indicates the presence of red/magenta. Green is represented by a large negative a* value. 

Although there is no fixed range for a*, the values often lie between [−100, 100], whereas b* 
specifies the amount of yellow or blue tones in the picture. Yellow is represented by a large 

positive b* value. A significant negative b* value correlates to the color blue. Although there 

is no fixed range for b*, the values often lie between [−100, 100] according to CIE 1976 (Cinko 
& Becerir, 2019; Grad et al., 2013; Yeerken, 2017). The colors with "+" values (red and yellow) 

are considered "hot", while those with "−"values (green and blue) are regarded as "cold". Many 
weathered earth materials have "hot colors", making the L*a*b parameter suitable for 

quantitative evaluation. The center of each axis is zero. a* and b* with a value of zero, or very 

low, will describe a neutral or near neutral. The area around the center represents achromatic 

colors, and color saturation increases as move outside from the center (Fig. 4). 

CIELAB and ΔEab Eq.(1) were introduced by the International Commission on 

Illumination (CIE) in 1976 (Eq. 1) and were documented in ISO 11664-4:2008 | CIE S 014-

4:2007 (ISO/CIE 11664-4:2019; Ohta & Robertson, 2005). There is a lack of consistency if a 

different color is compared (Gokay, 2018; D. H. Kim et al., 2018; Mahyar & Cheung, 2007; 

Rostami et al., 2015; Westland et al., 2013; Yeerken, 2017). 

Color difference,  △Eab
*  = �(L

2

*
- L1

*)
2
+ �a2

*- a1
* �2

+ (b
2

*
- b1

*
)
2
,     (1) 

where △ 𝑬𝑬𝒂𝒂𝒂𝒂∗  is a total color difference, L* is lightness, a* is red/green, and b* is yellow/blue 

(Fig. 4). 

In this study, perceived color distance is used in a simple and effective approach to 

improve the quality of full-reference image algorithms. The perceived color distance is 

calculated using the difference between colors in the CIELAB color space (Cinko & Becerir, 

2019; Lovisolo, 2011; Roy Choudhury, 2015a)(Lovisolo, 2011; Roy Choudhury, 2015). The 

formula for the color difference is a critical tool for industrial color quality management. Since 

1976, when the CIE suggested the CIELAB1 and CIELUV1 color spaces for unifying practice, 

different color-difference equations based on CIELAB have been created (Coloration & Kim, 

2015; D. H. Kim, 2015).  
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Fig. 4 Theoretical CIELAB color space (Hunter, 1958) 

The plot of a* and b* on the color space shows the apple's chromaticity, while the L* 

expresses the color's lightness (Fig.5). The L*a*b* color space enables precise color 

communication between a company and its supply chain, ensuring that products are 

manufactured to exact color specifications. Color difference ΔEab calculated from the L*a*b* 
values of a master and sample provides an easy quality check. The method used in this study 

for weathering assessment of rock slope with a colorimeter is similar to the mechanism utilized 

to measure the apple (Fig. 6). The color on the surface of the rock slope represents the degree 

of weathering. High a* and b* values indicate that the rock is more weathered and provides a 

good weathering assessment. The following values (Fig. 6) show that heavily weathered 

samples had higher a* and b* values than unweathered ones. 

 

Fig. 5 L*, a*, and b* color difference from the spectrophotometer 
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Fig. 6 Color analysis of the different weathering grades from the rock mass sample 

2.2 Colorimeter Test 

In this study, a colorimeter is a tool to assess the rock slope surface weathering color. In the in 

situ colorimeter test, red, green, and blue light sources were used to illuminate the rock slope 

surface. Tri-stimulus (RGB) values are distilled using these filters to match how our eyes 

perceive color (Amano et al., 2020; Ohta & Robertson, 2005; Planetary & Congress, 2014). 

When electromagnetic radiation is transmitted or reflected through an object or solution, the 

intensity of the electromagnetic radiation varies. The FRU Colorimeter WR18 with a 40 mm 

aperture was used for this study because it can measure big textured, uneven, and rough 

surfaces (Fig. 7) (Tobe et al., 2018). Kemp (2014) conducted a similar method by using a 

colorimetric analysis to measure the L*, a*, and b* values of the rock slope. In this study, the 

different surface colors were tested for the value of a* and b* at 50 points of measurement, as 

shown in the orthophoto image (Fig. 9). Colorimeters must be calibrated with computer 

monitors to ensure accurate screen colors. Color software is used to import colorimeter data, 

which are then used as input data for image analysis. 

 

  

Fig. 7 In situ colorimeter testing using FRU colorimeter WR18 (40 mm aperture) 
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3 Uav Photogrammetry Utilization 

3.1 Field Data Acquisition 

Field data for UAV photogrammetry were collected with the DJI Phantom 4 Pro Version 

Quadcopter with DJI-FC6310 sensor and a 20 MP camera. Table 1 summarizes the mapping 

parameters in details. 

 

Table 1 Summary of the mapping details 

Description Classification 

Sensor(s) used DJI-FC6310 

Image resolution 5472×3648 (~20MP) 

Orthomosaic coverage (% of the area of interest) 108.90 

Average orthomosaic image density within a 

structured area 

34 images/pixel 

Median shutter speed 

Aligned cameras  

RMSE of the camera GPS location 

1/320 

99% (478/482) 

X 1.54 ft Y 1.86 ft Z 1.79 

ftRMSE 1.74 ft 

3.2 Processing UAV Imagery Datasets 

Agisoft Metashape Professional (version 1.7.0) software is utilized in processing the 

georeferenced photos collected by the UAV (Agisoft & St Petersburg, 2016). The approach 

begins with the import and the alignment of UAV images with a high precision setting (Fig. 

8). During the alignment of the image, it matches the scale-invariant using the transform (SIFT) 

technique and undergoes bundle block adjustments. The SIFT algorithm distinguishes and 

characterizes local features in the imagery (de Matias et al., 2009). It locates important spots 

and furnishes them with quantitative methods that the descriptors will utilize for object 

recognition. Then, the image information is transformed into local feature coordinates that are 

invariant to translation, rotation, scale, and other imaging parameters. Dense geometry is 

reconstructed with a high degree of accuracy, and 59 million points are generated as a 3D dense 

point cloud. Further processing of the dense cloud results in the creation of a digital surface 

model and orthoimages (Fig. 9). 
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Fig. 8 Camera positions and the aligned images for rock slope at Lebuhraya Kuala Kubu 

Bharu–Teranum–Raub 

 

 

Fig. 9 Orthophoto of Lebuhraya Kubu Bharu–Teranum–Raub with 

 50 points of measurement marking 

4 Image Analysis  

Image analysis is one of the methods used in this study to improve conventional weathering 

assessment. This study is conducted in response to the need to analyze the slope surface using 

JudGeo Software as illustrated in the workflow in Fig. 10 (Tobe et al., 2018, 2020). The 

laboratory data produced from the colorimeter served as a reference and range for obtaining 

the best result to carry out the weathering assessment quantitatively. Each color shown in the 
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image analysis represents the weathering grade for the rock slope surface. Similar work has 

also been carried in which defining geological features from images and characteristics can be 

automatically recorded and reconstructed using a digital processing technique (Buyer et al., 

2018; Chen et al., 2020; Kim et al., 2018; Mohan & Poobal, 2018; Mohebbi et al., 2017; Tobe 

et al., 2018, 2020). 

 

 

Fig. 10 Image processing framework in JudGeo software (Tobe et al., 2018) 

The reliability of the digital image analysis was increased in this study by filtering or 

converting the 2D orthophoto images (Fig. 9) of the rock slope color surface to different 

weathering grade regions utilizing the CIELAB equal color space ( Fig. 11) (Gokay, 2018; 

Outal et al., 2008; Sun et al., 2019). The filtered or classified region of the weathering grades 

was utilized in verification with other geomechanical inputs and geological structure to 

determine the potential failure. However, precautions should be taken in evaluating the image 

analysis results considering the direction of the discontinuities and another index/mechanical 

attribute of the rock mass (Roy Choudhury, 2015b). This method was found to be more 

unbiased compared with the conventional weathering grade zoning. Digital camera images 

must be converted to L*a*b* values to accurately evaluate color tones using this method. This 

goal can be easily accomplished by utilizing existing image processing software. However, this 

task requires complicated operations. This system is based on equations Eq. (2) to Eq. (6) and 

automates the process to reduce the number of operations required in the field (Tobe et al., 

2020). 

r = R/255, g = G/255, b = B/255,       (2) 

�x

y

z
�=�0.3933 0.3651 0.1903

0.2133 0.7010 0.0858

0.0182 0.11170 0.9570

 ��r2

g2

b
2

� ,     (3) 

L* =116 � y

100
�-

1

3
-16,        (4) 

a*=500 ��(x/95.045)-1/3�-�(y/100)-1/3��,      (5) 

In situ Colorimeter Testing

Data were collected by using 
FRU Colorimeter WR18

L*a*b* Value 

Store and transfer data in the 

computer

References Parameter 

Field data (L*a*b*)  as a range 

input for JudGeo Software

Image Processing  

Weathering Assestment 

Established
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b
*
=200 ��(y/100)-1/3�-�(z/100.892)-1/3��     (6) 

where R, G, and B are the luminance of the three primary colors (0–255); r, g, and b are 

the luminance of the three primary colors (0–1); x, y, and z are conversion values; L* is 

lightness; a* is redness; and b* is yellowness.  

The system convert RGB values to L*a*b* ones in each pixel and assign pixels to 

weathering grades to the highly weathered (Fig. 11). The degree of weathering on the slope 

surface is contoured by setting the color of the heavily weathered sample to no. 5 and the 

unweathered sample to no. 1. The areas of the diagram corresponding to no. 3 and higher are 

referred to as the "weathering region" (green, yellow, and red areas in Fig. 11). The system 

automatically calculates the proportion of these regions to the entire slope surface, and the 

value of the proportion is displayed as the slope surface's degree of weathering.ranging five 

levels of weathering grades from unweathered. 

 

Fig. 11 Weathering evaluation for the rock slope surface by using the image analysis 

technique 

5 Geological Structural Assessment 

The Compass tool from CloudCompare is used in this study to determine the structural geology 

of rocks. The 3D point cloud is transferred as input data to CloudCompare software, allowing 

the Compass tool to extract geological planes for the assessment of rock mass discontinuities 

(Dewez et al., 2016; Tung et al., 2018; Villarreal J et al., 2020). The dip and dip direction values 

generated by the software are compared with manual mapping (scan line survey method) 

(Nagendran et al., 2019a, 2019b; Tung et al., 2018). The k-dimensional tree approach and Fast 

Marching are the two standard practices for extracting discontinuities on CloudCompare 

(Garcia-Luna et al., 2019). Both methods are less effective because the slope in this study area 

covers the highly weathered area. The COMPASS Plugin on CloudCompare is the best solution 

to overcome this problem. 

5.1 COMPASS Plugin 

The COMPASS plugin is a structural geological toolset for modeling and interpreting virtual 

outcrops. This tool combines a flexible data format for organizing geological interpretation 

with a set of simple and computer-assisted digitization and measuring capabilities. The 

instrument is divided into two modes: Map Mode, which is used to denote geological units, 

and Compass Mode, which is utilized to determine orientations and thicknesses. In this study, 

a plane is fitted to each trace (using least squares) when it is finalized (green tick or space key), 
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providing an estimate of the structural orientation. In some situations, the best-fit plane does 

not provide a robust estimate of the structural orientation, particularly in the low relief. Planes 

derived from traces that are colinear or within 10° of the average surface orientations along the 

trace are used to prevent these issues (if point normals have been calculated). Automatic plane 

fitting can be enabled/disabled (it is disabled by default) in the algorithm menu (settings icon), 

or the shift key is pressed when accepting the trace. Plane orientations are expressed using the 

dip/dip direction convention. The trace tool in COMPASS plugin allows the estimation of a 

structure or contact's orientation based on its intersection with a non-flat surface. It uses a least-

cost path algorithm to "follow" these intersection traces along the surface between user defined 

start and end points and calculates the best fit plane to estimate the orientation (Fig. 12). The 

results of this tool depend on the cost function used by the least-cost path algorithm. When 

using this tool, it is important to note that its performance (i.e., speed) scales with trace length. 

Hence, it can be used with large point clouds if trace lengths are kept small (although long 

traces can be quickly digitized as multiple segments). Asking the tool to find long traces may 

result in system crashes (Compass (Plugin) - CloudCompareWiki, n.d.). 

The Compass plugin orientation is verified using manual field mapping (Fig. 13) to 

replace the facet method. Approximately 23 discontinuity orientations were collected for 

manual mapping and 58 discontinuity orientations for this study. The example data collection 

from COMPASS plugin for study area is illustrated in Fig. 14 and Table 2. 

Table 2 Example data collection for dip and dip direction from COMPASS Plugin and 

verification with manual measurement using geological compass 

Joint ID 
Compass Plugin, Cloud Compare Geological Compass 

Dip Dip Direction Dip Dip Direction 

Slope Face 36 45 35 40 

J12 64 32 61 29 

J13 76 47 78 45 

J14 88 44 82 41 

J15 64 41 63 42 

J16 69 55 65 51 

J17 77 49 73 44 

J18 61 57 63 54 

J19 67 47 62 44 

 

 

Fig. 12 Schematic showing the least-cost path approach to trace detection in a point cloud 

implemented in the compass plugin (Compass (Plugin) - CloudCompareWiki, n.d.) 
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Fig. 13 Manual geological sketch of slope in Lebuhraya Kuala Kubu Bharu–Teranum–Raub 

showing a variation of dip and dip directions and 23 critical planes 

 

 

Fig. 14 Example of Compass plugin's discontinuity reading for Lebuhraya Kubu Bharu–

Teranum–Raub 

6 Geomechanical Testing 

In this study, the image analysis technique will be compared with geomechanical testing to 

verify the outcomes. This study focused on 50 points of measurements of the rock slope of 

Lebuhraya Kubu Bharu–Teranum–Raub. The geomechanical testing included in this study is 

uniaxial compressive strength (UCS) from N-type Schmidt rebound hammer, laboratory UCS, 

point load test, and ultrasonic pulse velocity (UPV). The number of samples is summarized in 

Table 3. The methodology for the index properties is as follows: ASTM D5731-08, 2008; 

Franklin, 1985, and the samples tested are cylindrical cores with a width (D) to height (H) ratio 

of 0.3 DHD. The point load strength is converted to UCS using the correlation UCS = C x Is50 

(Franklin, 1985). This study tested four (4) granitic samples from the study area for the 

corrected point load strength index, Is50, using the D550 machine model. A UCS was correlated 

to the color index (a* and b* values) and image analysis zoning to validate the results. The test 

is carried out on an intact rock at the laboratory with no discontinuities and yield data on the 

rock material properties. The height to diameter r atio of 2:1 is a minimum for cylinders, 
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according to the International Society for Rock Mechanics (Fig. 15) (ASTM, 2014; ISRM, 

1977). The velocity of the P-waves (Vp) in the UPV test was determined using the time-of-

flight technique at 1 MHz (ISRM, 1978). 

 

Table 3 Summary of the number of samples for intact rock test 

Geomechanical Testing No of Samples Remarks 

UCS Schmidt 50 Point of measurement 

UCS Laboratory 4 C12, C14, C15, and C13 

UCS Point load 4 C18, C19, C20, and C21 (irregular ) 

UPV 4 C19, C20, C21, and C22 (irregular) 

 

 

Fig. 15 Samples prepare for a) UCS Test and b) UPV 

7 Results And Discussion 

7.1 Quantitative Weathering Assessment using CIELAB Color Space 

The L*, a*, and b* values from the CIELAB color space demonstrate a positive correlation 

with weathering grades. The findings (Fig. 14) show that the rock is more weathered when the 

a* and b* values are higher than those with lower values. Similar results prove the hypothesis 

stated in predicting the tunnel face weathering grades (Tobe et al., 2020). The CIELAB values 

were tabulated for each of the 50 points of measurement on this rock slope (Fig. 16). Table 4 

summarizes the data on an average basis. The results show that the a* value ranged from 5 to 

35 with an average of 18, while the b* value ranged from 10 to 50 with an average of 30. The 

correlation of the a* and b* values show significant results with R2=0.9027, which was nearest 

to one. The positive a* value in the CIELAB color space represents an object's redness (Fig. 

16). The results quantify the change in color of the rock slope from unweathered to highly 

weathered rock. These findings are consistent with those of Tobe et al. (2020) who found that 

heavily weathered rock samples had higher a* and b* values than unweathered rock. The 

study's findings were compared with a digital photo taken on site (Table 5), and a correlation 

with weathering description shows a significant value. The selected samples from 50 points of 

measurements in the study area demonstrate a reliable assessment, increasing the level of 

weathering from slightly weathered (strong rock) to highly weathered (weak rock) with the 

increase in the a* and b* values. This result suggests that it is a feasible and reliable method 

for quantifying weathering using the CIELAB color space. Given that color is a primary 

indicator of weathering rock, digital photographs can be an effective tool for comparing the 

value obtained with a colorimeter. 
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Table 4 Average of the 50 point of measurement (L, a*, and b*) values for the study area 

Statistical Data L a* b* 

Average 52 18 30 

Median 51 16 28 

Standard deviation 18.32 7.51 10.24 

 

 

Fig. 16 Correlation of a* to b* of the study area 

 

Table 5 Selected results for the L*, a*, and b* values referred to the weathering description 

correlation 

Point 

ID 

Lab Value Schmidt 

UCS 

Photo Color 

simulation 

Description 

L a B 

1 15 12 25 47.5 

 
 

Medium-strong, small close fracture, 

moderately weathered, and greenish-

gray color 

3 33 6 15 31 

 
 

Weak, small to medium close 

fracture and joints, slightly 

weathered, and whitish-gray color 

5 48 11 21 58.5 

 
 

Strong, small close fracture and 

joints, moderately weathered, and 

yellowish-brown color 

40 39 18 26 31 

 

 
Medium weak, small to large-close 

fracture and joints, moderately 

weathered, and reddish yellowish-

brown color 

41 38 12 20 29.5 

 

 
Weak, small to large-close fracture 

and joints, highly weathered, and 

brownish grey color 
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7.2 Quantitative Weathering Assessment using Image Analysis 

The finding illustrates some results of the image analysis method in quantitatively assessing 

the weathering grade. In Table 6 and Fig. 17, the color of the rock changes with the increase in 

the weathering grade. The orange and red colors indicate vegetation and are particularly 

noticeable near the crest area. At this zone, the rock is weathered, and the rock mass is loose. 

Granites are highly variable in thickness even at the outcrop scale (hence the differences in 

weathering extent between heavily jointed and massive granites); thus, the saprolite thickness 

may be highly variable. Rotational slides are common in the color zone red-orange, with debris 

slides in the yellowish zone. Green zoning with reddish-yellowish brown discoloration 

indicates that this zone has the possibility of rock rolling. Blue zoning has a similar possibility 

of failure as the green zone, which is influenced by rolling rocks because some rocks 

decomposed and/or disintegrates into the soil and have discontinuity on the slope surface. Blue 

zone is the second most prevalent colour, accounting for 23% of the total rock slope, indicating 

extensive discolouration on the granite masses. The texture of rock from medium to coarse 

grain when its moderately weathered also influenced rock to rolling. The black zoning 

represents the major area with 51% of the total rock slope. This percentage excludes shotcrete 

on the slope.. Green is the next color, containing 12% discoloration and rock that degrades into 

the soil. Yellow represents the residual soils found near certain types of vegetation. 

Accordingly, a combination of orange and red represents 8% of the total rock slope and is used 

to analyze the vegetation on the slope. This zone is composed of heavily weathered granite 

because of the exposure and water flow from the top of the slope. Fig. 17 shows that the left 

and right sides of the slope are severely weathered, ranging from grade IV to V. Meanwhile, 

the slope's center is slightly to moderately weathered, with grades II and III as observed in Figs. 

17a and 17b. The most intriguing discovery we made was the correlation between weathering 

grade zoning and slope image analysis. The finding from image analysis (Fig. 17c) shows a 

more significant value compared with the manual observation. 

 

Table 6 Interpretation and description of the image analysis of slope Lebuhraya Kuala Kubu 

Bharu–Teranum–Raub expressway  

Color Interpretation Description Weathering 

Percentage 

(%) 

Rock 

Grade 

Estimated 

Schmidt 

UCS 

Possibility of Rock 

Failure 

 

 

Vegetation Some vegetation on the 

soil might cause loose 

to very loose rock mass 

8 R0 5-1 Rotational slides 

and slumps 

 

 

Yellowish-brown 

(residual soils) 

Some discoloration and 

integration of soils 

7 R1–

R2 

20-5 Debris slides  

 

Reddish-yellowish 

brown (iron-

stained and 

seepage) 

Some discoloration and 

rock decomposed 

and/or disintegrated 

into the soil 

12 R3 35-20 Rolling rocks  

 

Greyish brown 

(medium to coarse 

grain) 

Some discoloration on 

the rock masses and 

discontinuity of the 

surfaces 

23 R4 50-35 Rolling rocks  

 

Dark gray to black Discoloration on the 

major discontinuities 

of the surface 

51 R4–

R5 

100-50 Rockfalls, 

rockslides, block 

glides, and slide 

over sheeting 

surfaces 
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Fig. 17 Weathering grade zoning and image analysis of Lebuhraya Kuala Kubu Bharu - 

Teranum – Raub route; a) and b) manual observation, c) image analysis observation 

7.3 Geological Structural Verification 

Based on the results (Fig. 18), the risk of planar sliding is 6.90% in the study region, with a 

critical joint set (JS) two risks of 12.5% and a flexural toppling failure risk of 1.72%. In the 

study locations, the chance of wedge sliding is 5.51%. The COMPASS tool from 

CloudCompare provides a good result for determining the rock discontinuity. The field 

mapping produced 23 visible discontinuity orientations. In Fig. 18, the granite slope in the 
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study area is susceptible to flexural toppling failure, wedge sliding, and risk of planar sliding. 

Planar sliding at these study locations has a common trend whereby the failure planes are sub-

parallel to the slope face, and the rock mass slides down along a relatively planar failure 

surface. The observed failure surfaces are overlain by slightly to completely weathered rock. 

The limitation of this study is that the extracted values from CloudCompare has a certain offset 

of 10° or 10% from the actual reading on-site (Nagendran et al., 2019a; Tung et al., 2018). For 

instance, the extracted slope face orientations from COMPASS tool CloudCompare for the 

study area provides 36°/45°, while the manual mapping on-site produces 35°/40° (Table 2). A 

slight difference of 1° for the dip and 5° dip directions was observed. The apparent difference 

is acceptable, and the offset of dip direction is caused by the misconception of the slope plan 

profile's point of view. The combination of UAV photogrammetry and field discontinuity data 

measurement overcomes the limitation in assessing the big scale slope face. Based on the 

results (Table 6), the rock slope can still fail due to geological structural failure; rolling, 

rockfalls, rockslides, block glides, and slide over sheeting surfaces, although the rock is 

considered strong (R4–R5). According to the image analysis, 51% (black zone ) and 23% (blue 

zone) shows the critical zone intent to slope failure because only this zone is a structurally 

controlled failure. The results from stereonet (Fig. 16) verify this statement. The blue and black 

color zoning can still slide with the stated type of failure. The findings demonstrate the potential 

of improving the technology for quantitative weathering assessment using CIELAB and image 

analysis. In the zoning image, the Schmidt hammer value is used to determine the weathering 

grade. With this correlation, the weathering results obtained through image analysis are more 

detailed than those manually obtained using the Schmidt hammer value. It is much easier to 

determine and verify which portion or area has been moderately or significantly weathered. 

 

 

Fig. 18 Stereographic plots defining a) planar, b) toppling failure, and c) wedge failure mode 

7.4 Geomechanical Verification 

Table 7 illustrates that the rebound values of the UCS Schmidt hammer range from 100 MPa 

to 105 MPa. The weathering of grade (II) shows positive trends, with values ranging from 54 

MPa to 75.5 MPa for the study areas. The weathering grade (III) indicates a strength range of 
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28.5–49 MPa (Fig. 19). Given that grades (IV) and (V) are considerably low for Schmidt 

hammer, no UCS Schmidt hammer rebound values are tabulated for these weathering 

classifications. The finding is important to validate the results from the image analysis. 

According to the UCS Schmidt (Fig. 19), the laboratory results showed a positive trend. The 

grade classification for the study area is classified as medium-strong (R3–R4); hence, it is a 

strongly validated the image analysis technique results (Fig. 17). These relationships minimize 

the uncertainties of the UCS Schmidt hammer rebound values. 

 

Table 7 Vp, UCS, and density of the granite sample from the KKB slope 

Compressional 

Wave Velocity, Vp 

ranges (m/s) 

UCS 

Schmidt 

(MPa) 

UCS Lab 

(MPa) 

UCS Point 

Load 

(MPa) 

Density 

(g/cm3) 

Average UCS 

(MPa)/Rock Grade 

Classification 

3700–4800 100–105 28–105  2.5–2.7 45.9/R3 Medium 

Strong 

 

 

Fig. 19 Relationships between surface weathering, UCS Schmidt hammer rebound values, 

laboratory UCS, and UCS point load test from the study area 

7.5 Mineralogical Verification 

The analysis and results must be verified with their mineralogical properties. The thin granite 

samples TS18, TS19, TS20, TS21, and TS22 from the rock sample at the study area (Table 8) 

were used to generate a rock mineralogy evaluation, which was classified depending on the 

degree of weathering that the samples had experienced. The result demonstrates that the typical 

weathering grade of granite samples ranges from Grades III to IV, with Grade II samples found 

in some areas. According to the mineral evaluation on the study area, quartz, plagioclase and 

fragments of rock are 40%, 40%, and 20% in TS18, respectively. TS19 is characterized by 50% 

quartz, 40% plagioclase, and 10% rock fragments. However, TS20 is characterized by 20% 

alkaline feldspar, 5% hornblende-chlorite, 30% quartz, and 45% plagioclases. The rock 

fragments are difficult to see. TS21 is characterized by 30% quartz, 20% hornblende chloride, 

40% plagioclase, and 20% rock fragments. Nonetheless, TS22 is distinguished by 40% quartz, 

20% alkaline feldspar, 30% plagioclase, and 10% rock fragments. Chlorite change in 

hornblende granite, and the alteration in alkaline feldspar is caused by the weathering in the 

TS20 and T21 samples. The variation in the mineral assembly of granite also regulated surface 
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weathering at the site. The change in quartz and other mineral products depends on the cooling 

variety of the volcanic rocks versus the crystal growth. The alteration of minerals associated 

with surface weathering is interpreted in different ways. Mineral alteration in granite occurs in 

certain minerals, such as alkaline feldspar, plagioclase, and hornblende. The plagioclase with 

epidote (whitish stripes) alteration occurs in sample TS19. Samples TS18, TS20, TS21, and 

TS22 show alterations in hornblende (light green) and alkali feldspar (light burn) with chlorite 

(rusty). The larger quartz rate in TS19 indicates a spike in UCS readings in laboratories and 

weathering grade (II). The low reading of the UCS load test indicates that the sample is heavily 

fractured (grade IV weathering). 

The study significantly verified that the rock from the study area is categorized as a 

strong rock with weathering grades II and III. Meanwhile, the analysis from CIELAB and 

imaging technique justifies that range is similar. Granite exhibits weathering ranging from 

grade (I) to grade (III) as determined by the UCS Schmidt hammer rebound test. The range is 

adjusted on the basis of the laboratory UCS and UCS point load test results where the actual 

ranges become grade (II) to grade (IV) weathering. In granite samples, hornblende and alkaline 

feldspar minerals were altered by chlorite, and while plagioclase was altered by epidote. These 

findings confirm the progression of granite weathering from grade (II) to grade (IV). 

Table 8 Selected thin section samples with their mineral compositions of Lebuhraya Kuala 

Kubu Bharu–Teranum–Raub 

Thin 

Section ID 

Rock 

Type 

Weathering 

Grade 

Thin Section Images Mineral Composition (%) 

TS18 Granite III 

 

Quartz 40 

 Alkali Feldspar – 

 Plagioclase 40 

 Rock Fragments 20 

TS19 Granite III 

 

Quartz 50 

 Alkali Felspar – 

 Plagioclase 40 

 Rock Fragments 10 

TS20 Granite III 

 

Quartz 30 

 Alkali Feldspar 20 

 Plagioclase 45 

 Hornblende Chloride 5 

TS21 Granite II 

 

Quartz 30 

 Hornblende-Chloride 20 

 Plagioclase 40 

 Rock Fragments 20 

TS22 Granite II Quartz 40 

 Alkali Feldspar 20 

 Plagioclase 30 
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Rock Fragments 10 

8 Conclusion 

In summary, this slope mapping study accomplished all its primary objectives in assessing the 

quantitative weathering assessment of rock slopes for the Lebuhraya Kuala Kubu Bharu–

Teranum–Raub route. The Colorimeter test is one of the methods for quantifying weathering 

grade using the color variants from the CIELAB concept. JudGeo software's for image analysis 

generates a spectrum of colors that represents the degree of weathering based on the ortho-

images generated from UAV photogrammetry. The sequence of red, orange, yellow, green, 

blue, and black represents the various degrees of weathering (grades VI to I). The granite on 

the study area exhibits an unusually high black color code, indicating that it is a strong rock. 

The general geology of the study areas demonstrates considerable variation in terms of rock 

formation. This notion is validated through the analytical geomechanical test and its geological 

structure. Apart from justifying the analysis of the weathering rock slope surface, this study 

emphasizes the relationship between the strength of intact rock assessments and surface 

weathering. This study is conducted to ensure the accuracy of the results and to reduce 

uncertainty. UCS and values obtained from Schmidt hammer rebound tests were compared 

with the standard weathering classification grade. The finding demonstrates the significant 

similarity in the ranges of UCS Schmidt hammer rebound values regardless of the rock type or 

location. The variation in weathering grade is directly related to the mineral composition and 

alteration of the mineral. The weathered granite eventually becomes significantly more 

permeable, accelerating the rate of weathering. Erosion agents utilize the disparity between 

unweathered and weathered rocks to ensure that the fracture patterns associated with crustal 

stress are closely represented in landform and topographic patterns independent of climatic 

conditions. The volcanic rock varies in texture and contains stable minerals that are less 

susceptible to weathering on the surface. The weathering grade in the imaging technique, which 

corresponds to the UCS Schmidt hammer rebound values, is grouped and classified using user-

defined colors of blue, purple, green, and orange on the ortho-images. The color scheme 

indicates the degree of weathering, ranging from grade (I) to grade (V). The comparison of the 

color images generated by the JudGeo software demonstrates an acceptable trend in terms of 

color codes and their coverage areas. In comparison to UCS Schmidt, the JudGeo images 

provide a more precise grade of weathering classification. Schmidt's hammer is a point 

accumulator. This slope does not cover the top areas of rock slopes in the investigation due to 

technical limitations. The grade of weathering in the upper portion of the slope was not 

recorded, necessitating imagination when classifying the grade of weathering. This situation is 

unquestionably causing interpretation errors, which can be correctly verified only with the 

JudGeo software application in the imaging technique. 
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