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Bearing Capacify Correlation by Using Dynamic Cone
Peneterometer Test and california Bearing Ratio Test

for Mining Equipment Recommendation
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ABSTRACT
Coal mining in Indonesio has grown largar in the late century. Accorcling to o greqt market demand to fulfil coat
supply' the coal mining company increase.s the coal production. Therefore, the coal mine areawould be expontled to
increase coal production and it needs study. Furthermore, oile of t'he studies is bearing capacity study u,hich isrequired to expand pit area. Pttpose of this sludy is to tleterntine the correlatio, oTruoTriing capacily ntethctcls
and give the recommendation.for appropriate mining equipment infield. Dynamic Cone pen"tiotrnter (DCp) test
and Calfornia Bearing Ratio (CBR) test are two methocls, which aie compared to obtain the best value of bearing
capacity' Clay, coal, sandy clay mlterials are tested a.s sample materiais. The result of this study indicates that
bearing-capacity value from DCP test is higher than CBR t)st. An increment and rlegresion of bearing capocity
value of DCP test are notfollovted by CBR test, it can be concluclerl that bearing rrpoi,y value'of CBR test is usecl
as basic refbrence to recommend the tnining equipment. As the result, ground lr"siure of mining equipment v,ould
not be more than I 24kPa, as recommendation.
Keywords : bearing capacity, DCp test, CBR test, correlation

INTRODUCTION
To expand mining area requires several studies, one of
them is bearing capacity study. This study aims to
provide a mine equipment recommendation that could
be applied in the mine are. pT. Senamas Energindo
Mineral (PT. SEM) one of the mining company would
like to do this study. PT. SEM is a mining company
located in Central Kalimntan with an Mining Business
Permitted Area approximately 2000Ha. pT. SEM will
expand the mining area in Pit 2 and pit 3, thus it will
needs bearing capacity for some existing material.
Studies of bearing capacity required testing that could
be done either insitu or laboratory with certain
condition.

OBJECTIVES
The objectives of this study is to determine the mine
equipment recommendation based on materials bearing
capacity in pit 2 and pit 3 of pT. SEM.

METHODOLOGY
This study tested bearing capacity using insitu or
laboratory test. lnsitu bearing capacity test is using
Dynamic Cone Penetrometer (DCp). Laboratory test
for bearing capacity using California Bearing Ratio test
(cBR).
Firstly sampling point has been determined. After that,
DCP test could be done at the location. After
completing DCP test, followed by material sampling at
the same point for CBR test.
For any laboratory test, sample always need
preparation phase. Therefore, before entering CBR test,

the sample must be prepared. Once the preparation has
done, continued for physical test and proctor test.
After getting the bearing capacity value from both
testing, the result will be correlated by using scatter
diagram and linier regression. The correlation result
used as a basic recommendation for determining mine
equipment.

SOIL DEFINITION
Soil has several definitions in several disciplines.
According to civil engineering expert, soil is defined as
a natural aggregate of mineral grains that can be
mechanically separated as soluble in water. According
to experts in geological engineering, soil definition is
the result of weathering of rock material that can be
caused by plants. From those opinions could be
concluded that soil is the result of weathering ofrock
material consisting of organic and inorganic material
(Terzaghi, 1996).

Soil Classification
Soil has a certain grain size that can determine the type
of soil. Determination of the type of soil called soil
classification (Terzaghi, 1996). Existing soil
classification methods vary, but the commonly used
method is the Unified Soil Classification System
(USCS). USCS soil classification method inrroduced
by Casagrande (1943) further refined by the U.S.
Corps of Engineer and Bureau of Reclamation (USBR)
in 1963 in Soil Mechanics for Engineering practices by
Karl Terzaghi (1996).

-+.1 -



GIIISI t3-0I lruil paDcrl

According to USCS soil classified by
percent escapes, and consistency limits
l). To determine these parameters based
D2487 testing

From DCP testing results will be obtained data sum pe
blorv number and depth of penetration. According tr
the United States Army Engineer (USAE) formulater
as follows:

LDn

''- TB/^ """" """'(I)

Description :

PI = Penetration Index (DCp Value)
ADo - Penerration depth (mrn)
AB. : Sum of Blow based on penetration

Based on Webster (1992) in perancangan perkerasar
Jalan dan Penyelidikan Tanah by Harry Christad,
(2010) bearing capacity value could be obtained b!
CBR value fi'om DCP test. The correlation of DCp anr
CBR value fonnulated as follows :

Log (CBR) : 2.46 l.l2 log (pr) ............ ,.......... (2)

Description :

CBR - CBR value (96)
PI - Penetration Index/DCp value (rnm/blow)

California Bearing Ratio Test
Bearing capacity test conducted in laboratorv usinr
Califomia Bearing Rario (CBR) rest. CBR test could bi
done by natural sarnple condition or modifiying sarnplt
condition to saturated. CBR testing based ori ASTIv
D1883 CBR testing is done by conrpacting sarnple ir
mold and conditioning sample in sorre ways ther
penetrate the piston with rating of 0.1 inches to i
compacted sarnple (Yoder&Witzak, I 975).
CBR value can be determined by the follotvinl
formula :

cBRor -correcleqly!-atutP) x 1009o ........ ..(3)

With P value obtained fiom :

P:txdial. (t\

Description :

k : callibration (lbs)
dial - dial measurement (div)

BEARING CAPACITY
Bearing capacitl, is the ability, of soil to rvithstand the
load when the land was given as the burden of loaclinl
fbundation -and 

mechanical equipntent ,"it;;,;
inducing collapse (Meyerhoff, 1947 in Soil Mechanics
for Engineering practices 1996). Bearing capacirl,.car
be detenrined by USAE fonnula as folloivs :

BC: L6649 + 4.35921og CgR............. ... ...... .(5)

Description :

BC : Bearing Capacity (kgicrn:)
CBR : CBR value (%)

GROUND PRESSURE

grain size,
(see Figure
on ASTM

UNIFIED SOIL CLASSIFICATION SYSTEM
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BEARING CAPACITY TEST
Dynamic Cone Penetrometer Test
Bearing capacity could be done by insitu test using
Dynamic Cone Penetrometer (DCp) test. DCp test
done by wham load fiom a certain height to measure
penetration rate per blow at the certain depth (Luo,
1998 in Perancangan perkerasan Jaian dan
Penyelidikan Tanah by Harry Christady, 2010). The
testing procedure based on ASTM D695 1/695 1M. In
general, DCP consist of two rods with one conical
tipped and expenses (See Figure 2)

rffi-ll ili I 1""-l'rff-1 --i lrlrl I

<,6t-m
Hffi

Fig2. DCP Equipment
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A mine equipment placed above materials will provide
ground pressure. Wheels burden for each vehicle
determined based on the specificatios ofthe
manufactures. In each calculation, the largest wheel
loads used as the basis for determining load and
bearing capacity. Ifthe subgrade is capable to support
the greatest load on the wheel, the smaller wheel does
not need to be taken. Mine equipmnet ground pressure
can be adjusted to type, brand and used equipment.

CORRELATION ANALYS!S
Correlation is the relationship between the two
variables is positive and negative (Supranto,
1990). Correlation analysis can be determined using
scatter diagram.
In this study, the correlation is carried out by simple
linear regression analysis. Linear regression can be
used to predict, seek, and find out the relationship. The
magnitude ofthe effect ofindependent variables on the
dependent variables can be expressed by the coefficient
of determination (r 2).

DATA AND STUDY
DCP Test Data
DCP test conducted at 15 different points in pit 2 and
Pit 3 with three different materials, clay, sandy clay
and coal. DCP test result can be seen in Table I and
Table 2. Bearing capacity value based on DCp test
result using USAE, formula (see equation 5) can bee
seen in Table 3.

Table l. DCP Test Result in pit 2

Table 3. Bearing Capacity Result Based On DCp
Test

Samplc Code Lithology
Bearing
Capacity
(ke/cm'?)

Pit 2 DCP LW B1

Sandy Clay

5.50

Pit 2 DCP LW 82 7.47

Pit 2 DCP Lw 83 5,60

Pit 2 DCP LW 84 9.22

Pit 3 DCP LW BI

Clal

6.60

Pit 3 DCP LW 82 6,87

Pit 3 DCP T,W 83 7.21

Pit 3 DCP I,W B.1 7.59

Pit 2 DC]P I-W A1

Coal

10.23

Pit 2 DCP LW A.2 10,48

Pit 2 DCP LW A3 9.98

Pit 3 DCP LW A1 9.68

Pit 3 DCP LW 42 10.84

Pit 3 DCP LW A3 10.25

CBR Test Data
Samples for CBR test comes fiom DCp testing points.
The first stage is to do the CBR test with sample
preparation. Preparation done for make uniform grain
size. Next phase, is doing standar proctor test to
determine optimum moisture content of material. The
optimum moisture content add to sample for next
preparation phase. Further, soaking sample in the mold
up to 96 hours to get the weakest condition. CBR test
result can be seen in Table 4 and Table 5. Bearing
capacity value based on DCp test result using USAE
formula (see equation 5) can bee seen in Table 6.

Table 4 Pit 2 Material CBR Test Result

Sample Code Lithologl
DCP

(mmi'blo\\')

CBR

(9'")

Pit 2 DCP LW BI

Sandy,

Clay

26,00 7,60

Pit 2DCP LW B2 13,81 21.45

Pit 2 DCP LW 83 33.1 4 8.00

Pit 2DCP LW 84 )Q 7r 51.21

Pit 2 DCP LW AI
Coal

2.'76 93.59

Pit 2 DCP T,W A.2 3,05 I r 6,01

Pit 2 DCP LW A3 9,81 84,66

Table 2. DCP Test Result in pit 3

Sample Code Lithology
DCP

(mm/blow)

CBR

PI 3 DCP LW BI

Clav

15,48 13,58

P,3 DCP LW 82 17,62 15,61

P' 3 DCP LW 83 17.67 18,70

P,3 DCP LW 84 12.67 22,88

P# 3 DCP LW AI
Coal

3.46 72,68

Pft 3 DCP LW A2 3"r0 140,47

P/ 3 DCP LW A.3 3,38 98,60

Sample Code Lithology
CBR

(t00%
ydmax)

CBR
(9596

ydrnax)

Pit 2 DCP Lw BI

Sandy
Clal'

1.98 1.5

Pit 2DCP LW 82 2.t2 0.59

Pit 2 DCP LW 83 1,69 I,38

Pit 2DCP LW 84 1,79 I,l8
Pit 2 DCP LW A1*

Coal

8,82 6.7

Pit 2 DCP LW A.2 5.59 4,12

Pit 2 DCP LW A3 9.5 r 6,51
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Sample Code Lithology

CBR
Lab

(100%
ydmax)

CBR
Lab

(9s%
ydmax)

PiI3 DCP Lw B I

Clay

1,55 l,l5
Pil 3 DCP LW 82 7,59 0,86
P,r 3 DCP LW 83 1) 0,82
Pit 3 DCP LW 84 0,91 0,61
PIT3 DCPTWAl

Coal

7,69 6,6
Pit 3 DCP Lw A2 6,4 4,36
P,i 3 DCP LW ,{3 6,92 1q

Bearing Capacity Correlation
lrom Table 3 and Table 6 has been obtained values ofbearing capacity value from Ocp-"rJ-clin t.rtresults. Furthermore, to find the relationship U.t"".n
the two tests, then conducted a simple fin"u.l"g."r.ion
correlation analysis. The analysis is done basej on theq,fe of material and nor distinguish ,u*pi. to"utior.Correlarion resulr using Mr. E*;"i ,;u;, ii.*.., .robe seen in Figure 3,4;d 5. ----'-' srsbru

Table 5. Pit 3 Material CBR Test Result

I:iJ. 
. Bearing Capacity Result Based On CBR

Sample Code Lithology
Bearing

Capacity
(ke/cm2)

Pit 2 DCP LW BI

Sandv
Clay

2.43

Pit 2 DCP LW 82 0.67
Pit 2 DCP LW 83 2.27
Pit 2 DCP LW 84 1,98

Pit 3 DCP LW BI

Clay

1,93

i.38
Pit 3 DCP LW 82

Pit 3 DCP LW 83 1.24

Pit 3 DCP Lw 84 0.13

Pit 2 DCP Lw AI

Coal

s l"
Pit 2 DCP LW A2 4,35
Pit 2 DCP LW ,43

Pit 3 DCP LW AI 5,24
Pit 3 DCP LW A2 4.45
Pit 3 DCP LW ,43 4,24

Fig.4. scattiroilffirE@
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was done because DCP test performed directly on the
field, so it would be more represent the acfual
conditions in field.
From the test above, DCP test was held in solid form
material in field. Then CBR test was held in the
weakest condition of loose materials (soaked). From
the different testing condition, obtained insitu test
result is more than laboratory test result.
Of correlation results using diagrams transmit and
simple linear regression, it was found that more clay
material has a strong correlation. It is characterizedby
a correlation coefficient {r2) of 0.992. Then, for coal
and sandy clay have correlation coefficient (r') < 0.5.
It happens that the suitability test DCp and CBR will
get better results if the grain size of the material is
relatively uniform (Christady,20l0). In this study, clay
have uniform grain size than sandy clay and coal
material, mean clay having the highest coefficient
correlation among all.
Yoder and Witzak (1975) in Guide for Mechanistic-
Empirical Design of New and Rehabilitated pavement
Structures Appendix CC-l Correlation of CBR Values
with Soil Index Properties (2001) have been
approached as CBR value for several materials. The
test result in comparasion with (or within) (??)this
study cante seen at Figure 6.

Grafik CBR

Fr
I CBR dari

DCP

,&&

I

T

Pasiran

0.oo 2mm (740,00

Fig 6. Comparasion of CBR Value

Figure 6 shows that unsoaked CBR for material clay
CL (green bar) that held by Yoder and Witzak (1975)
close to CBR value of Clay in this study (red bar).
From this result could be concluded that there is a
strong relationship between CBR from Iaboratory test
and CBR value based on DCP test in the same testing
condition.

Mechanical Recommendation
After performing conelation values, obtained the
samlest bearing capacity value based on two study For
more through application design, CBR test performed
on the weakest possible condition in the field
(Christady, 2010). In designing the use of carrying
capacity in Indonesia using graph SKBI2.3.26.19g7 in
Perencanaan Tebal Perkerasan Lentur Jalan Raya
dengan Metode Analisa Komponen (1987).
On the graph that there is a minimum carrying capacity
of I kg/cm2. Therefore, the determination of mining
equipment to use the value of CBR test results with a

minimum value of the bearing capacity of I
kglcm2. From the data in Table 6 obtained a minimum
bearing capacity used at 1.24 kdcm2 (124
kPa). Mining equipment that can be used by pT SEM
can be seen in Table 7.

Bearing

CONCLUSION
From this result ofthis study, it is noted that:
1. DCP and CBR test more optimal when used on
materials with uniform grain size.
2. Bearing capacity value of CBR test result in certain
conditions is smaller than DCp test.
3. There are strong relation between CBR test and DCp
test in the same condition of sample.
4. Minimum bearing capacity used for
recommendation is 124 kPa.
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