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Abstract
Boulder is known as one of the weathered products that formed by the disintegration and
decomposition process of jointed rock mass, forming into spherical form by the reaction of
concentric spheroidal weathering process. However, the physical characteristic of boulder
in weathering profile where it is formed is not well understood. This paper is aimed to
investigate the physical field characterization of boulders in term of its size, shape and
distance from bedrock in the weathering profile. The study has been carried out towards
six panels located at a granite quarry in Ulu Tiram, Johor. The initial finding indicated that
the shape and the diameter of boulder were changing by the increment of the distance
from bedrock but the pattern of the shape of the boulder showed that it did not depend
on its diameter. It can be concluded that there are significant pattern and correlation
between shape, size and the distance of boulder in the weathering profile.
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Abstrak
Batu bundar dikenali sebagai produk luluhawa terbentuk dengan cara proses
perpecahan dan penguraian jisim batuan bersendi, menjadikan bentuk sfera melalui
tindakan proses luluhawa sfera sepusat. Walau bagaimanapun, ciri-ciri fizikal batuan
bundar dalam profil luluhawa di mana ia terbentuk tidak begitu difahami. Kertas kerja ini
bertujuan menyiasat pencirian fizikal batuan bundar di lapangan dari segi saiz, bentuk dan
jaraknya dari batuan dasar dalam profil luluhawa. Kajian ini telah dijalankan terhadap 6
buah panel batuan terluluhawa yang terletak di sebuah kuari granit di Ulu Tiram, Johor.
Hasil penemuan awal menunjukkan bahawa bentuk dan diameter batuan bundar
berubah dengan peningkatan jarak dari batuan dasar tetapi bentuk bantuan bundar
menunjukkan ia tidak bergantung kepada diameter. Dapat disimpulkan bahawa
terdapat corak dan hubungkait yang ketara antara bentuk, saiz dan jarak batuan bundar
dalam profil luluhawa.
Kata kunci: Batu bundar; bentuk; saiz; jarak, batuan dasar; profil luluhawa
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1.0 INTRODUCTION
The characteristics of boulder like shape, size and
distance from bedrock can provide useful information in
civil engineering works especially in construction that
involve sub-surface structure such as deep foundation
construction and tunneling. The occurrence of boulder
has been investigated by previous researchers in order to
predict and determine the size, frequency and distribution
of boulders beneath ground surface for sub-surface
construction [1],[2],[3],[4],[5].
Boulders in humid tropics are commonly found more
than 10 m and up to 60 m from ground surface and
embedded in moderately to completely weathered
profile (zone 3 to 5) of weathering granite [6],[7][8]. 70% to
90% of unweathered boulders are mostly located near the
bedrock and less than 20% of weathered boulders are
found embedded near the ground surface but there are
almost no or rarely found embedded residual soil zone
(grade VI) [9],[10],[11]. The boulders located near the
ground surface are commonly found as spherical shaped
and rounded edges while near the bedrock is in form of
cubic shape with angular edges [6],[8],[12]. There are
several factors influencing the formation of boulder in
various shapes and sizes. The main factors that influencing
the formation of boulder in block shape are the
interaction between the joint orientation, joint set spacing
and persistence of the rock mass [13],[14][15]. For boulder
with spherical shape, it is formed by the reaction of
fracturing, exfoliating, flaking, spalling, and concentric
spheroidal weathering around the rock block
[16],[17][18],[19].
Unfortunately, the correlation between the size, shape
and distance of boulder from bedrock in the weathered
material where it is formed is not well understood.
Therefore, the aim of this study is to investigate the
physical characterization and the typical pattern of
granite boulder in the tropics.

2.0 RESEARCH METHOD
2.1 Field Identification and Site Investigation
The study has been carried out at a granite quarry site at
Ulu Tiram, Johor, located at southeast of peninsular
Malaysia on June, 2014 (Figure 1).

The geology of the study area is classified as intrusive
granite rock [20]. Visual observation and qualitative
examination that have been carried out at the site have
also proved the classification of the rock type.
In order to investigate and identify the physical
characteristics of the granite boulder in weathering profile
systematically, the Ulu Tiram site denoted as Panel A has
been divided into six smaller panels (001 to 006) with each
panel is between 5 m to 6 m width and 5 m to 10 m high
(Figure 2). The division of the panels enables the
investigation and the data acquisition for boulders
identification to be easier and more systematic. The
selections of the panels are based on availability and
distribution of boulders in weathering profile.

Figure 1 Location of study area in Ulu Tiram, Johor, Malaysia

According to the observation in Panel A, there are 12
boulders exposed to the weathering profile. The exposure
of boulders on the weathering profile was due to the
evacuation of friable weathered debris on the boulder
surface. There is one boulder found in Panel A(001) and
Panel A(005), two boulders in Panel A(002) and Panel
A(004) and three boulders in Panel A(003) and Panel
A(006). Two boulders were found in isolated position from
the other boulder groups such as B9 and B12. Several
boulders were formed in a cluster or group but in a
scattered position from other clusters such as B2 and B3 in
Panel A(002), B4,B5 and B6 in Panel A(003), B7 and B8 in
Panel A(004) and B10 and B11 in Panel A(006).

Figure 2 Division of Panel A for boulders assessment
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This finding verifies the reports by Twidale [21] where the
boulders could stand either in isolation or in groups or
clusters in weathering profile.
In order to characterize the physical properties of
boulder, there were several in-situ tests that had been
carried out. The determination of the physical properties
of the boulders includes the classification of shapes,
measurement of boulders sizes, the depth and distance of
boulder from the ground surface and bedrock,
respectively.

The Croft’s chart is very practical to be used in order to
estimate and classify the shapes of the boulders in-situ
without using any equipment. It is very simple, practical,
fast and cheap. The data from the in-situ test is recorded
in Table 1.
2.3 Measurement of Size and Depth of Boulder

In order to measure the size and the depth of the boulders
systematically,
window
sampling
technique
as
recommended by Priest [28] was adopted. Through the
2.2 Shape Classification
window sampling technique, a square window was
selected and fixed on the selected weathering profile.
In order to determine and classify the shape of boulder, Measuring tape was used to measure the longest
two (2) parameters were considered, namely the diameter and depth of boulder in weathering profile [29].
roundness and the sphericity [22],[23],[24],[25]. The The diameter and the distance of boulders from the
sphericity can be briefly defined as how close a rock to bedrock and excavated surface in Panel A at TBI site are
form spherical shape while roundness is the measurement as recorded in Table 1. Due to the lack of information on
of smoothness of the rock edges [26]. Croft’s chart is used the excavation level, only distance of the boulders from
in order to classify the shapes of boulders as carried out bedrock was analyzed in details. The measurement on the
by Yang and Wu [27] as shown in Figure 3.
longest diameter, L showed that most of the boulders
found and measured possess diameter larger than 300
cm as it is already classified by previous researchers [1],
[2],[30]. The smaller boulder recorded in this Panel is B6
with diameter 0.86 m located 2.23 m from bedrock.

3.0 RESULTS AND DISCUSSION
The correlations among shape, size and distance of
boulders from bedrock have been analyzed, discussed
and demonstrated in the following sections.
3.1 Shape and Size of the Boulders

Figure 3 Classification of shapes by using Croft’s chart [25]

According to the field analysis, the boulders present in
Panel A (001-006) formed in various sizes and shapes
(sphericity) (Figure 4). From the field analysis, there are two
factors that govern the size and the shape of the boulders:
(1) the shape and size of a boulder located near the
bedrock is governd by the presence of joints

Table 1 Physical characteristics of granite boulder in weathering profile
Size of Boulder (m)
Panel

Boulder
Longest, L

Shortest, S

A(001)
B1
1.62
1.29
A(002)
B2
3.64
0.89
A(002)
B3
1.14
0.68
A(003)
B4
5.12
1.25
A(003)
B5
1.09
0.65
A(003)
B6
0.86
0.68
A(004)
B7
2.26
1.34
A(004)
B8
2.10
1.67
A(005)
B9
0.94
0.37
A(006)
B10
2.63
1.04
A(006)
B11
1.29
0.51
A(006)
B12
1.07
0.64
*Classification based on Croft’s chart [25]

Distance from, (m)
Excavated
Surface
0.11
1.94
0.23
2.09
0.88
0.51
0.92
1.63
3.31
2.39
3.03
0.34

*Shape
(Sphericity & Roundness)

Bedrock

Sphericity

Roundness

0.23
0.14
1.85
0.16
2.43
2.23
2.03
2.13
0.12
1.14
1.25
4.64

Spherical
Flat
Sub Spherical
Flat
Sub Spherical
Spherical
Sub Spherical
Spherical
Sub Flat
Sub Flat
Sub Flat
Sub Spherical

Rounded
Sub Rounded
Sub Rounded
Sub Rounded
Rounded
Well Rounded
Rounded
Rounded
Rounded
Sub Angular
Sub Rounded
Rounded
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Panel A (006)

Panel A (005)

Panel A (004)

Panel A (003)

Panel A(002)

Panel A(001)

Figure 4 Influence of joints characteristics to the size and the shape of the boulders

characteristics such as joints frequency, joints orientation
and joint spacing. This finding is consistent with the findings
by previous studies [13],[14],[15]; (2) for boulder located
near the ground surface, the size and shape are
governed by the fractures and angular edges surrounding
the boulder surface. The angular edges and corners on
the boulder surface exposed greater surfaces and
provided more surfaces to be attacked by weathering
reaction especially by spheroidal weathering. This is
consistent with the findings by Alejano et al. [31].
However, the correlation between the formation of
boulder and the discontinuity characteristics is not
discussed in detail in this paper. This study only focuses on
the relationship between the shape and the diameter of
the boulder in weathering profile of the weathered
granite in tropics.
In order to analyze the relationship between the shape
and the diameter of the boulders, the diameter of boulder
(the longest, L and shortest, S) and the shape have been
measured and classified. Figure 5 shows the classification

of the boulder based on the shape and the diameter. As
mentioned before, the shape was classified based on the
longest, L and the shortest, S of the boulders. There were 6
boulders with diameter less than 1.5 m formed in sub-flat
shape (2 nos.), sub-spherical shape (3 nos.) and spherical
shape (1 nos.). No boulders with size less than 1.5 m found
in flat shape group. It is due to the high disintegration and
decomposition of the weathered boulder near the
bedrock especially for smaller boulder.
This study also revealed that the presence of boulder
with size less than 1.5 m in form of sub-flat to spheroidal
shape is due to the fracturing and spheroidal weathering
process. This is proving the findings by Røyne et al. [17].
Figure 5 indicates that the transition of the boulder
shape from flat to spheroidal shape is relative with the
decrement of the boulder size. But this is valid for the
boulders that possess diameter larger than 1.5 m. This initial
finding shows that the shape and the size of boulder can
be indicators for the determination and classification of
the weathering profile.

Figure 5 Correlation between the size and the shape of the boulders
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3.2 Diameter Size and the Distance of Boulder from
Bedrock
The data from Table 1 has been analyzed and its results
are presented in Table 2 and Figure 6 for the analysis of
the correlation between the longest diameter, L and the
distance of boulders from bedrock in Panel A. The initial
analysis shows that there is a converging pattern of the
range size of boulder when the distance of boulder is
increased from the bedrock.
The increment of the distance of the boulders from the
bedrock as far as 0.12 m to 4.64 m was significantly
reducing the range of boulder diameters. The increment
of the distance from less than 1.0 m, 1.0 m to 2.0 m, 2.0 m
to 3.0 m, 4.0 m to 5.0 m reduced the average diameter of
the boulder from 2.83 m, 1.69 m, 1.58 m and 1.07 m,
respectively.
The percentage of size the reduction is about 6% to 40
% when it is located more than 4.0 m from bedrock. It
should be noted that this finding does not represent the
other weathered granite profile but this initial finding can
be an indicator for further research. Table 2 shows the
summary of the diameters and the distances of boulders
from bedrock in Panel A at Ulu Tiram site.
For the distance between 3.0 m to 4.0 m from bedrock,
there are no boulders formed. This is due to the highly
fractured of rock mass at the upper zone which led to
severe weathering process. This process transformed the
highly fractured rock into decomposed materials without
forming any boulder with size larger than 300 cm. This
finding is consistent with the report by Komoo [11].

Figure 6 Correlation between diameter and distance of the
boulder from the bedrock

Further investigation found that there is only one
boulder with diameter size 1.07 m located more than 4.0
m from bedrock. According to the study of relict structure,
this phenomenon is due to the presence of wide spacing
of the joints which delaying the weathering process on the
boulder. In other words, the formation of the single
boulder at the upper zone is due to the presence of the
wide spacing of joint around the boulder and made it late
to be decomposed and disintegrated during weathering
process. Such phenomenon is classified as mechanical
weathering as reported by Dearman [32]. Generally, this
study found that the diameter size of boulders decreased
with the increment of distance from bedrock.

Figure 7 Relationship between the shape and distance of boulder from bedrock
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Table 2 Summary of the distances and diameters of boulder in
Panel A
Distance from
Bedrock (m)
< 1.0
1.0 – 2.0
2.0 – 3.0
3.0 – 4.0
4.0 – 5.0

Max
5.12
2.63
2.26
1.07

Boulder Diameter (m)
Min
0.94
1.14
0.86
-

Mean
2.83
1.69
1.58
1.07

compared to the lower zone. This leads to the formation
of boulder in form of spherical shape with rounded
surfaces.

4.0 CONCLUSION

The physical field characterizations of boulders had been
done in Ulu Tiram, Johor. The shape of boulder is relatively
changed from the shape from flat to spheroidal with the
3.3 Shape and the Distance of Boulders from the Bedrock decrement of the boulder size, but this is valid for the
boulders that possess diameter larger than 1.5 m. The
The relationship between the shape and the distance of increase of the distance from the bedrock will reduce the
boulder from the bedrock can be demonstrated as range diameter of the boulders. It’s meant that the range
shown in Figure 7. There are four boulders (B1, B2, B4 and diameter sizes of boulders become smaller when the
B9) with flat to sub-flat shape and sub-rounded to distance of the boulders from bedrock increases. The
rounded edges located less than 0.5 m from bedrock. Two initial conclusion that can be made that the shape of
boulders (B10 and B11) possess sub-flat shape located 0.5 boulder is significantly changed when it distance from
m to 1.0 m from bedrock. Five boulders (B3, B5, B6, B7 and bedrock is increased. In other words, the shape of the
B8) with shape sub-spherical to spherical located 1.5 m to embedded boulder in weathering profile changes from
2.0 m from bedrock and one boulder (B12) with sub- flat to spherical when its distance from the bedrock is
increased.
spherical shape located more than 4.5 m from bedrock
Mostly, boulders with flat to sub-flat shape with angular
edges were found located near the bedrock. According
to the field investigation, the formation of the boulders
Acknowledgement
with flat to sub-flat shapes near the bedrock is due to the
occurrence of the joint set spacing and the joint The work was financially supported by the Fundamental
orientation within the boulder in the rock mass. The Research Grant Scheme from the Ministry of High
presence of the joint properties in the rock mass has Education (MOHE). The authors would like to express
disintegrated the rock to form the rock blocks or boulders appreciation to technical assistance provided by Mr.
with flat or sub-flat shapes. This is agreeing with the findings Zulkifly Abdul Wahid, the Faculty of Civil Engineering,
by Palmström et al. [15].
Universiti Teknologi Malaysia and the staff of the
The increment of distance up to 1.5 m from bedrock Department of Infrastructure and Geomatics, Universiti
relatively changes the shape of boulders (B10 and B11) to Tun Hussein Onn Malaysia.
be sub-flat shape with sub-angular to sub-rounded edges.
This is due to the disintegration and decomposition during
spheroidal weathering at surrounding of the flat boulder. References
Additionally, the presence of joints and discontinuity
around the boulder provides avenues for water to
[1]
Boone, S., Westland, J., Busbridge, J. and Garrod, B. 1998.
circulate and increases the reaction of disintegration and
Prediction of boulder obstruction. Tunn. Metropolises, Negro Jr
decomposition to form sub-flat shape. This verifies the
Ferreira. 817–822.
[2]
Felletti, F. and Pietro Beretta, G. 2009. Expectation of boulder
findings by Raj [8] and Huber [33].
frequency when tunneling in glacial till: A statistical approach
The shapes of the boulders are found in form of subbased on transition probability. Eng. Geol. 108(1–2): 43–53.
spherical to spherical shape at the distance from 1.5 m to
[3]
Medley, E. W. 2002. Estimating Block Size Distributions of
2.5 m from the bedrock. At this stage, the spheroidal
Melanges and Similar Block-in-Matrix Rocks (Bimrocks).
weathering is synchronous with the fracturing and spalling
Hammah, R., Bawden, W., Curran, J. Teles. M. (eds), Proc. 5th
North Am. Rock Mech. Symp. 509–606.
in order to form boulders in rounded shape. This is similar
with the report by Røyne et al. [17]. In this process, [4] Poot, S., Boone, S., Westland, J. and Pennington, B. 2000.
Predicted boulder frequency compared to field observation
spheroidal weathering was decomposing the outer
during construction of Toronto’s Sheppard subway. in
surface of boulder to form concentric shells. It is gradually
Proceedings 16th Annual Conference of Tunneling Association
reducing the size and the volume of the boulder and
of Canada–Montreal. 47–54.
forming the sub-flat boulder to become spherical shape. [5] Tang, W. and Quek, S. T. 1986. Statistical model of boulder size
and fraction. J. Geotech. Eng. 112(1): 79–90.
The shape of boulder became sub-spherical shape when
[6]
Ruxton, B. P. and Berry, L. 1957. Weathering of granite and
the distance of boulder is more than 4.5 m bedrock zone.
associated erosional features in Hong Kong. Bull. Geol. Soc. Am.
This is due to the continuous processes of disintegration
68(10): 1263–1292.
and decomposition via the reaction of spheroidal [7] Komoo, I. 1995. Geologi kejuruteraan perspektif rantau tropika
lembab. Syarahan Perdana,Universiti Kebangs. Malaysia,
weathering on the boulders which finally altering the
Bangi, Selangor Malaysia, 1–62.
shape and edges of boulder to become sub-spherical
shape. Such process was revealed by Fletcher et al. [34] [8] Raj, J. K. 1985. Characterisation of the weathering profile
developed over a porphyritic biotite granite in Peninsular
and Buss et al. [35]. Furthermore, weathering process at
Malaysia. Bull. Int. Assoc. Eng. Geol. 32: 121–129.
the upper zone near the ground surface is very severe

65
[9]

[10]
[11]
[12]
[13]

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

Mohd Firdaus Md Dan et al. / Jurnal Teknologi (Sciences & Engineering) 76:2 (2015) 59-65
Tuğrul, A. and Gürpinar, O. 1997. A proposed weathering
classification for basalts and their engineering properties
(Turkey). Bull. Int. Assoc. Eng. Geol. - Bull. l’Association Int.
Géologie l'Ingénieur. 55(1): 141–149.
Tsidzi, K. E. 1997. An engineering geological approach to road
cutting slope design in Ghana. Geotech. Geol. Eng. 15: 31–45.
Komoo, I. 1989. Engineering properties of the igneous rocks in
Peninsular Malaysia. Proc. 6th Reg. Conf. Geol. Miner.
Hydrocarb. Resour. Southeast Asia, Jakarta, Indones. 445–458.
Ollier, C. 1971. Cause of spheroidal weathering,” Earth-Science
Rev. 7(3): 127–141.
Maerz, N. H. and Germain, P. 1996. Block size determination
around underground openings using simulations. Proc.
FRAGBLAST 5 Work. Meas. Blast Fragm. Montr. Quebec,
Canada. 215–223.
Palmström, A. 2000. Block size and block size distribution.
GeoEng2000 Conf. no. November, 18–24.
Palmström, A., Sharma, V. I. and Saxena, K. R. 2001. In-Situ
Characterization Of Rocks. 49–97.
Ollier, C. 1967. Spheroidal weathering, exfoliation and constant
volume alteration. Zeitschrift für Geomorphol., 11(1): 103–108.
Røyne, A. Jamtveit, B., Mathiesen, J. and Malthe-Sørenssen, A.
2008. Controls on rock weathering rates by reaction-induced
hierarchical fracturing. Earth Planet. Sci. Lett. 275(3–4): 364–369.
Jamtveit, B. and Hammer, Ø. 2011. Chapter 7: Hierarchical
fracturing
during
weathering
and
serpentinisation.
Geochemical Perspect. 418–432.
Sarracino, R. and Prasad, G. 1989. Investigation of spheroidal
weathering and twinning. GeoJournal. 19(1): 77–83.
Tan, D. N. K. 1985. Geological Map of Peninsular Malaysia. Gen.
Dir. Miner. Geosci. Dep. Malaysia, Minist. Nat. Resour. Environ.
Malaysia,8.
Twidale, C. R. 1982. Part II: Major forms and assemble, Chapter
4- Boulders. in Granite Landforms, Amsterdam: Elsevier. 89–123.
Wadell, H. 1932. Volume, shape, and roundness of rock particles
J. Geol. 40: 443–688.

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

Krumbein, W. C. 1941. Measurement and geological
significance of shape and roundness of sedimentary particles.
J. Sediment. Res. 11(2): 64–72.
Powers, M. C. 1953. A new roundness scale for sedimentary
particles. J. Sediment. Res. 23(2): 117–119.
Crofts, R. S. 1974. A visual measure of shingle particle form for
use in the field. J. Sediment. Res. 44(3): 931–934.
Dunlop, H. 2006. Rock Shape Characterization. Comput.
Percept. Scene Anal.
Yang, Z. Y. and Wu, T. J. 2006. An index for describing the corestone shape in weathered columnar joints. Geotech. Geol. Eng.
24(5): 1349–1363.
Priest, S. 1993. Discontinuity Analysis for Rock Engineering,
Springer Netherlands.
Ditlevsen, O. 2006. A story about distributions of dimensions and
locations of boulders. Probabilistic Eng. Mech.,21(1):9–17.
Jee, W. W. and Ha, S. 2007. Feasible Boulder treatment
methods for soft ground shielded TBM. Undergr. Sp. – 4th
Dimens. Metropolises. 217–222.
Alejano, L. R. , Ordonez, C. Armesto, J. and Rivas, T. 2010.
Assessment of the instability hazard of a granite boulder. Nat.
Hazards. 53(1): 77–95.
Dearman, W. 1974. Weathering classification in the
characterisation of rock for engineering purposes in British
practice. Eng. Geol. 33–42.
Huber, N. K. 1987. The Geologic Story of Yosemite National Park.
US Geological Survey.
Fletcher, R. C., Buss, H. L. and Brantley, S. L. 2006. A spheroidal
weathering model coupling porewater chemistry to soil
thicknesses during steady-state denudation. Earth Planet. Sci.
Lett. 244(1–2): 444–457.
Buss, H. L., Sak, P. B., Webb, S. M. and Brantley, S. L. 2008.
Weathering of the Rio Blanco quartz diorite, Luquillo Mountains,
Puerto Rico: Coupling oxidation, dissolution, and fracturing.
Geochim. Cosmochim. Acta. 72(18): 4488–4507.

