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Abstract- The geological formation at Limau Manis Besar area, are consist of low grade 

metamorphic rock and undulating mountaineers, rugged terrain and the quite steeply 45 degree slope 

gradient .The objectives of this paper are present the methods and devices used in measurement of P-

wave velocity to estimate the initial Shear Modulus (Go) in steady state and critical state soil 

consolidation. The relationship between SPT-N values and the Shear Modulus (Go) at very small 

strain is widely considered to be evaluated. Based on the seismic reflection survey, the constant (K) 

poroelastic theory, mean effectives stress and primer wave velocity (Vs) increase as the soil depth 

increase. The steady state and critical state, Degree of Soil Consolidation(U) concept is used to 

interpret the behavior of Shear Modulus (Go). The relationship between Consolidation Test and 

Seismic Reflection Survey is also discussed. Copyright © 2015 Penerbit Akademia Baru - All rights 

reserved. 
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1.0 INTRODUCTION 

The study area was located at Limau Manis Besar (in the district of Sepang) about 40km to 

the south of Kuala Lumpur. The exact location of the area is at longitudes E 101° 43´ 12.6˝ to 

E 101° 43´ 31.2˝ and latitudes N 02° 54´ 57.5˝ to N 02° 55´ 09.9˝ (Table 1). A satellite image 

map (Fig. 1-2) of the area shows that it is an undulating mountaineer’s rugged terrain covered 

of entire area of studied. Some of place in this area shown the quite steeply slope gradient, 

almost 45 degree. In the area studied, the land is generally used for agriculture, for rubber 

tree plants. 
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Figure 1: Location of seismic survey and boreholes position 

Table 1: Coordinates Information for Seismic Survey 

Seismic Line Coordinates 

 

 

 

1 

Offset 20m from Geophone 1 

N 02° 54´ 57.5˝         E 101° 43´ 15.2˝ 
Midpoint 

N 02° 54´ 59.6˝         E 101° 43´ 13.5˝ 
Offset 20m from Geophone 24 

N 02° 55´ 01.3˝         E 101° 43´ 12.6˝ 
 

 

2 

 

Offset 20m from Geophone 1 

N 02° 55´ 07.7˝         E 101° 43´ 19.7˝ 
Midpoint 

N 02° 55´ 08.1˝         E 101° 43´ 17.7˝ 
Offset 20m from Geophone 24 

N 02° 55´ 09.9˝         E 101° 43´ 15.5˝ 
 

 

3 

 

Offset 12m from Geophone 1 

N 02° 55´ 2.10˝         E 101° 43´ 31.20˝ 
Midpoint 

N 02° 55´ 01.80˝         E 101° 43´ 30.90˝ 
Offset 12m from Geophone 24 

N 02° 55´ 09.9˝         E 101° 43´ 15.5˝ 

2.0 GEOLOGICAL SETTING 

The geology of Limau Manis area can be view in Fig. 2. The study area is not far away from 

Putrajaya. Based on geological map, it is believed that the geological area is consists of 

Phylite rock in age of Devonian. Phylite rock can be categorized as low grade metamorphic 

rock whereas occur with low temperature and pressure on parent rock, slate. From the results 

of borehole and seismic survey, the thickness of residual weathered rock approximately 

ranges about 15 to 25 meter. Geologically and geographically, the area is covered by Kenny 

Hill Formation, which stratigraphic ally overlies both the Kuala Lumpur Limestone and the 

Kajang Formation. The age of this formation is still uncertain despite much work having been 

done on it. This is mainly because of the lack of good index fossils. Thus the formation could 

have any age range within the Upper limit of Lower Jurassic to Upper Triassic and the lower 

limit set by the Kajang Formation. Lithology of the Kenny Hill Formation consists of 
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interbedded sandstone, shales and mudstones that are thought to have been deposited in a 

moderately deep marine environment situated near a large supply of reworked sediments. The 

thickness of the formation is estimated to be about 1200 m. 

 

Figure 2: Geological map  
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The Kenny Hill formation (Fig. 3) is cut by numerous small and some larger faults. 

Prominent is vertical (wrench) faults at an orientations of 100°
 
to 110°, 135°

 
and 65°. The 

first two seem to be sinisterly, but the last may be dextral. Faults occur relatively have 

moderate to a steep dip and having a variety of other strikes that occur together with the 

faults. Some of the wrench faults have a crush zones up to several meters wide but most of 

the dipping faults show only very minor crush zones. Numerous small shears often sub 

horizontal and sub parallel to bedding are present but quit difficult to detect except for the 

section that crossing a lithology boundary at an angle so large that they  will be not mistaken 

as a lenticular bedding. These shears also show almost no crushing, but appear to have offsets 

ranging up to several meters.  

Joints in Kenny Hill sediments form a definite pattern, dominated by two near vertical sets 

which arranged approximately north-northeast- south-southwest and east west. 

3.0 THEORY 

In years ago, most developing techniques which are represented by combination of Standard 

Consolidation Test with Seismic Refraction Survey have been used both in Laboratory Test 

and in the field [1]. 

Based on the suggestion definition from Terzaghi [2] presented consolidation theory to 

evaluated soil primary consolidation and dissipation of excess pore water pressure and thus, 

equation related the excess pore water pressure, u at depth z, and time t can be express as: 

 
2

2

u u
Cv

t z

∂ ∂
=

∂ ∂
             (1) 

where Cv = Coefficient of vertical consolidation. Bardet [3] presented average degree of 

consolidation Uss express on steady state average degree of consolidation Uss, and 

Jamiolkowski et.al [4] evaluated the constant for clays using a void ratio function as follows, 

( ) exp( )F e x= , where x = -1.3 for clays  

 

0

1 5.74
Tv

Tv

Uss Tv
=∞

=

= − ∑             (2) 

 

Hardin & Black [5] suggested calculation of the initial shear modulus equation as: 
2

Go PVp=              (3) 

 

Where; 

 

Go =  Shear modulus 

P =  Bulk density 

Vp =  Velocity of shear wave for linear, elastic and isotropic medium 
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Figure 3: Geology of the Study Area 

Sawangsuriya [6] suggested, the Young Modulus can be determined from P-wave velocity up 

and by knowing unit weight (α) (about 16 kN/m³) and it poison ratio (υ) (0.3) 

 

2 ( 1)(2 1)

1

v v
E Vp

g v

α + −
=

−
           (4) 

 

where, 

 

E =  Modolus Yong 

α =   Bulk density 
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Vp =  Velocity 

υ =  Poison ratio 

g =  9.8 N 

 

and shear modulus Go can be determined from Yong Modulus, 

 

2(1 )

E
G

v
=

+
             (5) 

 

Katazyma et.al [7] assuming isotropic stress condition simplified to, 

 

( )( )n
Go SF e mσ=            (6)  

 

where, 

 

mσ =  Mean effective stress 

S =  Non dimensional soil fabric  

( ) x
F e e=  As void ratio function  

 

Halim [8] was evaluated average degree of consolidation (Uss) for steady state case; 

 

1 1.57
( )n

Go
USS Tv

S mσ
= −∑           (7) 

 

This objective of this research is to evaluate the Shear Modulus (Go): relationship between 

Consolidation Test and V-p velocity of seismic reflection survey. The discussion were mainly 

on the  roles of geophysics, their applications and some results of case studies where the 

geophysical methods were used to assist in understanding the underground conditions at 

various development sites in Malaysia. The seismic refraction survey technique was used in 

these studies to help in delineating bedrock profile, to investigate the cause of subsidence in a 

residential area with Shear Modulus (Go) to study the soil profile and geological structure. 

The poroelastic theory (Chart 1: Relationship poroelastic theory between consolidation test 

and velocity of seismic reflection survey) was used a guide line for this study. 
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Chart 1: Relationship Poroelastic Theory between Consolidation Test and V-p velocity of 

seismic reflection survey. 

3.1 Poroelastic Theory 

The degree of consolidation (U) is used as one of the criteria for simplifies the real of 

consolidation using poroelastic theory. The theory was developed by Wang [9] and start with 

constitute law between the poroelastic σ, ε, ζ and p. Prokofie et al. [10] governing differential 

equation used in the ID formulation of linear relation between the variables 

 

11 12 pε α σ α= +            (8) 

 

21 22 pζ α σ α= +             (9) 

 

The poroelastic constant, α   are defined as ratio of field variable holding others constant on 

and elementary control volume. These two constitutive relations between four variables can 

be arranged in a number of formulations 

 

1
p

K K

α
ε α= +                      (10) 

 

p
K KB

α α
ζ α= +                      (11) 

Pure Stiffness Formulation: 

Undisturbed Sample Seismic Reflection Survey 

Consolidation 

Degree of Consolidation 

(U) 

 

Steady State 

Uss 
 

Critical State 

Uss = 1 – Σ 5.74 Tv 

       = 1 – Σ 1.53   Go      Tv 

                           S (σm)n 

U = 1 – Σ 2   e –M²Tv 

                M² 

 

Go = S F (e) S (σm) n 

Go = 3.67 S (σm) n 

Go = 0.27 S (σm) n 

Critical 

state   

s.s 
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( )u uK K Bσ ε ζ= −                      (12) 

 

( )u up K B K B
ε

ζ
α

= −                      (13) 

 

Mixed Stiffness Formulation: (the formulation used here) 

 

K pσ ε α= −                       (14) 

 

S pεζ αε= +                       (15) 

 

where, 

 

u

S
K B

ε

α
=                       (16) 

 

is defined as the constrained specific storage coefficient and 

 

3(1 2 )

E
K

v
=

−
                      (17) 

 

Katazyma [7] assuming isotropic stress condition, simplified as equation 

 

( )( )n
Go SF e mσ=                      (18) 

 

and Hardin [5] suggested Modulus Yang (E) equation 

 

2 (1 ),E G v= +  and                     (19) 

 

2(1 ) ( )( )n
E v SF e mσ= +                    (20) 

 

of ( ) x
F e e=  where 1.3x = −  void ratio function for 40%PI <  Kawaguchi [11], and 

Modulus Yong 

 

(2)(1 ) (0.27)( )n
E v S mσ= +                     (21) 

 

and 

 

(0.27) ( )n
G S mσ= , steady state                   (22) 

 

for 1.3x = −  when  40%PI <  and  
3(1 2 )

E
K

v
=

−
                (23) 

2(1 ) (0.27)( ) (1 )( )
0.54

3(1 2 ) 3(1 2 )

n n
v S m S v m

K
v v

σ σ+ +
= =

− −
                 (24) 
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( )(1 )( )
0.18

(1 2 )

n
S v m

K
v

σ+
=

−
                    (25) 

 

where K = poroelastic constant for steady state 

The poroelastic constant K to classily elastic constant E, (σm)n, ν, S (soil fabric constant), E 

(Young Modulus), ν is Poison Ratio and (σm)n is effective stress. To developed 3D 

constitutive equation reduced to 4 equations for 4 dependent variables, 

 

1 1 2 3

2 1 2 3

3 1 2 3

1 2 3

1

3

1

3

1

3

1
( )

3

v v
p

E E E K

v v
p

E E E K

v v
p

E E E K

P

H R

α
ε σ σ σ

α
ε σ σ σ

α
ε σ σ σ

ζ σ σ σ

= − − +

= − − +

= − − +

= + + +

                   (26) 

 

Classically field related stress and strain through use of the shear modulus G and Young 

Modulus E through equation 

 

2 (1 )E G v= +                       (27) 

 

2(1 )

E
Go

v
=

+
                      (28) 

 

The steady state degree of consolidation 

 

1

( %) 1 5.74
Tv

Uss Tv
∞

=

= −∑ , Consolidation test                          (29) 

  

1

( %) 1 1.53
Tv

Uss
∞

=

= −∑  
_

( )n

Go Tv

s mσ
, Seiemic Vp reflection survey               (30) 

 

where Tv is time factor of soil consolidation and Go shear modulus equation 

 

1

( 1) ( )

1.53

n

Tv

Uss S m
Go

Tv

σ
∞

=

−
=

∑
                    (31) 

    

where, 

 

S = constant soil fabric 

σ = effective stress 
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Uss = Degree of consolidation for steady state 

 

and Halim [8], Jamiolkowski et al. [4] and Hardin and Black [5] assuming empirical function 

depend on the plastic index k=1 for PI > 40, x=1.3, and shear modulus is simplified to 

equation; 

 

6.65 ( )n
Go S mσ= , Critical state                  (32) 

 

and  

 

2.5( )(1 )( )

(1 2 )

n
S V m

K
V

σ+
=

−
                    (33) 

 

where K = Poroelastic constant for none steady state 

 

3.2 Theory of Seismic Reflection Method 

Seismic reflection tests were conducted on medium silty SAND based on the characteristic 

that elastic waves travels with different velocities in materials having different elastic 

properties and densities. The velocity of a highly weathered material is lower than the 

velocity in fresh or hard rock. Seismic or body waves can be initiated at a point on the surface 

such as using hammer. These body waves may be reflected on refracted by discontinuity such 

as interface between weathered and fresh or hard rock. The reflected or refracted wave 

energy can be detected at another point on the surface using a geophone (Fig. 4).  

 

Figure 4: Propagation of body wave in a two layered structure. 

Seismic energy source from the hammer on the surface generate two types of body or seismic 

waves. There are the compressional (P) waves. These body waves (P) can take three different 

possible paths through the subsurface medium. The paths are the: (1) direct, (2) reflected and 

(3) refracted wave path. These give rise to the names: the direct, refracted and reflected 

waves. 
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Figure 2 shows the different possible path taken by the P-wave in a horizontal two layered 

structures. The refracted wave passes through the lower layer and at critical angle, moves 

parallel to the interface and refracted back. For distance near the impact source the first wave 

to arrive at the surface is the direct wave. However, after the crossover distance only the 

refracted wave forms the first arrival. The reflected wave always arrives later than both the 

direct and refracted waves. This is the main basis of the refraction procedure. 

In any seismic survey when the noise level or disturbances are low the first arrivals are 

normally easily identified. These arrival times are plotted against the geophone distances and 

termed as time distance curve.  

Example plot of the arrival times against the geophones distance (time-distance curve) from 

the hammer points is shown in Fig. 5. This is a four layered case. 

The time-distance plot enable determination of the velocities of the different subsurface 

layers through which the body waves propagate. The intercept time for all the velocity lines 

can also be determined. Using the intercept time method or procedures the depth to any 

interface at the impact point can be calculated. The delay time procedure for determining 

depth to interface allows determination of depth below many of the geophones when using 

multiple impact point distance along each seismic spread. This method of depth 

determination has been used for interpreting the data. 

 

Figure 5: Time distance curve for a four layered subsurface structure

4.0 EXPERIMENTAL ANALYSIS 

3 boreholes were drilled to a depth of 20m from original ground level. The boreholes were 

drilled by local trained drilling contractor under technical supervision and instruction given 

according to BS 5930 (1981). The samples were collected at every 1.5m depth for visual 

examination. These samples will be further analyzed with other laboratories test to determine 

the physical parameter of the soil samples (BS 1377, 1980). The standard penetration test 

(SPT-N) is an in-situ dynamic penetration test designed to provide information on the 

geotechnical engineering properties of soil. The test procedure is described in the British 

Standard BS EN ISO 22476-3 and ASTM D1586.  

A portable 24 channel seismograph, ABEM Terralock MK6 was used on this study. A sledge 

hammer fitted with a contact switch was used as a seismic source. The wave was produced by 

striking an aluminum plate placed firmly on the ground and detected using a set of 24 
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geophones. The seismograph has a capability of amplifying, displaying and enhancing the 

ground motion received at the geophone. Immediate filtering of the noise can also be carried 

by the system. The seismograph has a hard disk, which are used to store the field data. The 

data was also copied into floppy diskettes for backups. Velocity determinations can be 

quickly carried out on the system. 

 4.1 Procedure 

The undisturbed sample were collected using a thick-walled sample tube, with an outside 

diameter of 50mm and an inside diameter of 35mm, and a length of around 650mm. The 

sample tube were driven into the bottom of a borehole by a slide hammer with a weight of 

63.5kg (140lb) falling through a distance of 760mm (30in). The sample tube is driven 150mm 

into the ground and a number of blows needed for the tube to penetrate each 150mm (6in) up 

to a depth of 450mm (18in). The sum of the number of blows required for the second and 

third of penetration is termed the “standard penetration resistance” or the “N-value”. In cases 

where 50 blows are insufficient to advance it through a 150mm (6 in) interval the penetration 

after 50 blows is recorded. The blow count provides an indication of the density of the 

ground, and it is used in many empirical geotechnical engineering formulae. 

The seismic spreads surveyed in the field were marked at 5m interval to place the geophones. 

The 24 channel system thus gives 115m interval meters per spread length. A 5 points/impact 

method is used for each seismic spread. These hammer points are placed at 6 geophones apart 

that is : 2.5m away from the first geophones (H1), between geophones numbers 6-7 (H2), 12-

13 (H3), 18-19 (H4), and 2.5m (H5) away from the 24th geophone. Two additional impact 

points H0 and H6 may be use where necessary and placed at 20-30m away from the end 

geophones on each side of the seismic spread. These are the two offset impact points. The 

distances varies and depending on soil conditions. The corresponding distance taking 

geophone 1 as 0 meters are H1 at 2.5m, H2 at 2.75m , H3 at 57.5m , H4 at 87.5m and H5 at 

117.5m . Offset shot points can be used to investigate deeper depth. 15m offset points (H0 at 

15m and H6 at 130m) have been used. This layout arrangement seems to provide sufficient 

data to investigate the depth required along the spread. (Fig. 6 is a typical seismic spread 

showing the relative position of geophone and impacts points and Figure 7is a schematic of 

overall field set up for a seismic survey) 

 

Figure 6: A seismic spread with relative position of geophones and impact points. 
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Figure 7: Schematic of overall field set up for a seismic survey 

Before starting the data acquisition work, an initial test was carried out to determine the 

optimum equipment parameter for the survey and the quality of data. Among the parameters 

tested are trigger sensitivity, amplification factor, clipping factor, recording range, signal 

sampling and others. This is then use as a guide for the equipment parameters throughout the 

survey. However it still requires fine-tuning at each spread and hammer/impact point. 

In the actual work, the seismic spreads were marked at 5m interval. The geophones were 

firmly planted in the ground at these marked points along the seismic lines. A shallow hole 

was dug to place the geophone on firm soil where necessary. The necessary cables were then 

connected to the geophone and the seismograph. A set of 24 seismic traces can thus be 

obtained from each hammer impact. These traces are studied. If good signals are obtained 

from all the 24 geophones the seismic traces were stored. Else if any of the traces shows high 

noise content it is removed and new set of traces were obtained. In cases where the traces 

have high noise content filtering may be carried out on the wave form to enhance the signal. 

The process of acquiring and filtering (where necessary) was carried out until satisfactory 

(clear and obvious) first arrivals were obtained. In some cases shifting the geophone or the 

impact points slightly improves the signal especially if the ground is soft. The set of good 

traces are always stacked or added to the previous good set of traces. A total of 6 to 12 good 

traces were stacked to give a set of seismogram.  

4.2 Standard Penetration Test (S.P.T-N)  

The main purpose of the test (Fig. 8: Lodging soil profile) is to provide an indication of the 

relative density of granular deposits, such as sands and gravels from which it is virtually 

impossible to obtain undisturbed samples. The great merit of the test and the main reason for 

its widespread use is that it is simple and inexpensive. The soil strength parameters which can 

be inferred are approximate, but may give a useful guide in ground conditions where it may 
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not be possible to obtain borehole samples of adequate quality like gravels, sands, silts, clay 

containing sand or gravel and weak rock. In conditions where the quality of the undisturbed 

sample is suspect, e.g. very silty or very sandy clays, or hard clays, it is often advantageous to 

alternate the sampling with standard penetration tests to check the strength. If the samples are 

found to be unacceptably disturbed, it may be necessary to use a different method for 

measuring strength like the plate test. When the test is carried out in granular soils below 

groundwater level, the soil may become loosened. In certain circumstances, it can be useful 

to continue driving the sampler beyond the distance specified, adding further drilling rods as 

necessary. Although this is not a standard penetration test, and should not be regarded as 

such, it may at least give an indication whether the deposit is really as loose as the standard 

test may indicate. The usefulness of SPT results depends on the soil type, with fine-grained 

sands giving the most useful results, with coarser sands and silty sands giving reasonably 

useful results, and clays and gravelly soils yielding results which may be very poorly 

representative of the true soil conditions. 

4.3 The Atterberg Limits     

The Atterberg limits [12] are a basic measure of the nature of a fine-grained soil. Depending 

on the water content of the soil, it may appear in four states: solid, semi-solid, plastic and 

liquid. Thus, (Fig. 11: Graph Liquid Limit (Against Plastic Index (PI)) the boundary between 

each state can be defined based on a change in the soil’s behavior. The Atterberg limits (Fig. 

10) can be used to distinguish between silt and clay, and it can distinguish between different 

types of silts and clays. 

 

Plastic Limit (PL) (14-24) % is the water content where soil starts to exhibit plastic behavior. 

A thread of soil is at its plastic limit when it is rolled to a diameter of 3mm and crumbles. 

Liquid Limit (LL) (31-58) % is the water content where a soil changes from plastic to liquid 

behavior. The original liquid limit test of Atterberg’s involved mixing a part of clay in a little 

round-bottomed porcelain bowl of 10-12cm diameter.  

 

Plasticity Index (PI) (4-33) % is a measure of the plasticity of a soil. The plasticity index is 

the size of the range of water contents where the soil exhibits plastic properties. The PI is the 

different between the liquid limit and the plastic limit (PI=LL-PL). Soils with a high PI tend 

to be clay, those with a lower PI tend to be silt, and those with a PI of 0 tend to have little or 

no silt or clay. The indication PI<40% of the test is defined the steady state case of the study 

area [3,4]. 

4.4 Particle Size Distribution 

The Particle Size Distribution [8] (PSD) of a, granular material, or particles, dispersed in 

fluid, is a list of values or a mathematical function that defines the relative amounts of 

particles present, sorted according to size. PSD is also known as grain size distribution. The 

method used to determine PSD is called particles size analysis, and the apparatus a particle 

size analyzer. (Fig. 12: Particle Size Distribution) is expressed is usually define by the 

method of determination is sieve analysis, where powder is separated on sieves of different 

sizes. Thus, the PSD is defined in terms of discrete size ranges: e.g. “% of sample between 

0.1-100mm”, when sieves of this size are used. The PSD is usually determined over a list of 

size ranges that covers nearly all the sizes present in the sample. Some methods of 

determination allow much narrower size ranges to be defined that can be obtained by use of 

sieves, and are applicable to particle sizes outside the range available in sieves. 
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Figure 8: Soil Profile logging 



Journal of Advanced Research in Materials Science 

                                           ISSN (online): 2289-7992 | Vol. 7, No. 1. Pages 1-32, 2015 

 

16 

 

Penerbit

Akademia Baru

 

Figure 9(a): Plot of P-wave (Vp) and S-wave (Vs) velocities against the N value of the 

standard penetration test 

 

Figure 9(b): Using seismic wave and SPT result  
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Figure 10: Atterberg Limit analysis  
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Figure 11: Graph Liquid Limit (LL) against Plastic Index (PI) 
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Figure 12: Particle Size Distribution show the Clay (55%), Silt (21%) and Sand (24%) 

5. RESULT SEISMIC & SUMMARY 

5.1 Line 1 

The distance transverse cable is about 155m and 5m of geophones interval with shot offset is 

20m. Interpretation of velocity materials data was used software namely, SeisOptim 

(SeisOptPick, SeisOp™2D) 

Five distinct velocities layer can be identified and have been named as the residual soil 

(unsaturated), residual soil (saturated), strongly weathered, moderately weathered and the 

metamorphic rock layer (Fig. 13). Table 2(a) and 2(b) are shown the summary of results 

obtained from profile seismic line 1. The distinct velocities were compared with Table 5 for 

searching types of materials. These layering indicate different material type occur with depth. 

Within the different layering there are no obvious velocity variations in lateral direction. This 

indicates that within the layers they are almost homogenous following the gradient of the 

terrain. The groundwater tables were found at depth 6.5 to 25m from land surface. The 

proposed borehole 6 subsurface condition are same with the cross section of profiles B-B’ in 

Fig. 13. 
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Figure 13: Results of seismic line 1 

Table 2(a): Results summary of seismic line 1 for cross section A-A 
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Table 2(b): Results summary of seismic line 1 for cross section B-B’ (BH 6) 

 

5.2. Line 2 

6 distinct velocities layer can be identified and have been named as the residual soil 

(unsaturated), residual soil (saturated), very strongly weathered, strongly weathered, 

moderately weathered and the metamorphic rock layer (Fig. 14). Table 3 is shown the 

summary of results obtained from profile seismic line 2.  

 

Figure 14: Results of seismic line 2 

The distinct velocities were compared with Table 5 for searching types of materials. These 

layering indicate different material type occur with depth. Within the different layer there are 
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no obvious velocity variations in lateral direction. This indicates that the layers were almost 

homogenous following the gradient of the terrain. The groundwater were detected at depth 22 

to 30m from land surface. The proposed borehole 1 subsurface condition are same with the 

cross section of profiles A-A in Fig. 14. 

Table 3: Results summary of seismic line 2 for cross section A-A’ (BH 1) 

 

5.3 Line 3 

For the third line the distance for the transverse cable is about 93m with 3 meter geophones 

interval. Shot offset is 20m. Interpretation of velocity materials data was used software 

namely, SeisOptim (SeisOptPick, SeisOp™2D) 

 

Six distinct velocities layer can be identified and have been named as the residual soil 

(unsaturated), residual soil (saturated), very strongly weathered, strongly weathered, 

moderately weathered and the metamorphic rock layer (Fig. 15). Table 4 is shown the 

summary of results obtained from profile seismic line 3. The distinct velocities were 

compared with Table 5 for searching types of materials. These layering indicate different 

material type occur with depth. Within the different layer there are no obvious velocity 

variations in lateral direction. These indicate that the layers were almost homogenous 

followed the gradient of the terrain. The groundwater tables for this line were encountered at 

depth 7 to 20m from land surface. The proposed borehole 1 subsurface condition are same 

with the cross section of profiles A-A in Fig. 15. Residual soil (unsaturated) 



Journal of Advanced Research in Materials Science 

                                           ISSN (online): 2289-7992 | Vol. 7, No. 1. Pages 1-32, 2015 

 

22 

 

Penerbit

Akademia Baru

 

Figure 15: Results of seismic line 3 

Table 4: Results summary of seismic line 2 for cross section A-A (BH 8) 

 
 

Water table  

Residual soil 

(unsaturated) 

Residual 

Soil 

(Saturated) 
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Table 5: Typical P-Wave velocities of weathered and fractured igneous and metamorphic 

rocks 

 

Table 6: Typical P-Wave velocities of weathered soil 

 

Weathering/rock type Velocity (meters/sec) 

Soil and very weathered materials <600 

Gravel, rubbles or sand (dry) 460-900 

Sand (wet) 600-1800 

Clay 900-2700 

Sea water 1460-1530 

Sandstone 1830-3970 

Shale 2750-4270 
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 Table 7: Typical parameter for steady state (ss) and critical state state (nss) 

  

Line Depth(m) 
Thickness 

(m) 

Average 

Vp 

(m/s) 

v = 

Poison 

Ratio 

Go 

(kPa) 

(Shear 

Modulu) 

(104) 

E (kPa) 

(Modulus 

Young) 

(104) 

(σm)n  

(kPa) 

(Effective 

Stress)nss 

(104) 

(σm)n  

(kPa) 

(Effective 

Stress)ss 

(104) 

K 

poroelastic 

constant 

none steady 

state (104) 

kPa      

K 

poroelastic 

constant 

steady 

state           

(104) kPa     

S (soil 

fabrik 

constan) 

α  

(kN/m3) 

S1/A-A1 0 14 450 0.26 1.098 2.767 0.293 4.066666667 1.9228125 1.9215 1 16 

  14 3 1000 0.26 5.421 13.661 1.465 20.07777778 9.6140625 9.48675 1 16 

  17 12 2300 0.35 30.355 81.9608 8.2 112.4259259 92.25 91.065 1 24 

  29 3 3250 0.35 60.611 163.649 16.38 224.4851852 184.275 181.833 1 24 

  32 5 3750 0.35 80.695 217.877 21.8 298.8703704 245.25 242.085 1 24 

                          

S1/B-B1 0 23 700 0.26 2.6563 6.6938 0.7179 9.838148148 4.71121875 4.648525 1 16 

  23 2 950 0.26 4.892 12.329 1.3223 18.11851852 8.67759375 8.561 1 16 

  25 7 2200 0.35 27.773 74.988 7.506 102.862963 84.4425 83.319 1 24 

  32 3 3200 0.35 58.76 158.653 15.881 217.6296296 178.66125 176.28 1 24 

  35 12 3850 0.35 83.814 229.652 22.652 310.4222222 254.835 251.442 1 24 

                          

S2/A-A2 0 14 500 0.26 1.3552 3.4153 0.3662 5.019259259 2.4031875 2.3716 1 16 

  14 8 950 0.26 4.89261 12.3293 1.3223 18.12077778 8.67759375 8.5620675 1 16 

  22 3 1850 0.35 19.6394 53.026 5.3079 72.73851852 59.713875 58.9182 1 24 

  25 2 2950 0.35 49.9377 134.832 13.4967 184.9544444 151.837875 149.8131 1 24 

  27 2 3800 0.35 82.8614 223.7259 22.3949 306.8940741 251.942625 248.5842 1 24 

  29 3 4450 0.35 94.6943 306.8097 25.593 350.7196296 287.92125 284.0829 1 24 

                          

S3/A-A3 0 7 450 0.26 1.09778 2.7664 0.29669 4.065851852 1.947028125 1.921115 1 16 

  7 8 900 0.26 4.3911 11.0657 1.18679 16.26333333 7.788309375 7.684425 1 16 

  15 2 1650 0.35 15.6225 42.181 4.2223 57.86111111 47.500875 46.8675 1 24 

  17 1 2850 0.35 46.6095 125.845 12.5971 172.6277778 141.717375 139.8285 1 24 

  18 2 3400 0.35 66.335 179.1046 17.9283 245.6851852 201.693375 199.005 1 24 

  20 3 4450 0.35 113.6332 306.8097 30.7116 420.8637037 345.5055 340.8996 1 24 
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Figure 16: Depth of strata against velocity Vp 

The average Vp is increase with the increase of soil depth. It is related to the void ratio of the 

soil. Chien et al. [16] suggested 10% fine content of critical wave void ratio is a maximum 

shear wave velocity, and the shear wave velocity decrease with the increase of as the fine 

content material .The modification factor (M) was increase as the soil depth increase. 
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Figure 17: Depth of soil strata against Shear Modulus (Go) and Young Modulus (E) 

On the depth of about 15m showing significant different between value of shear wave 

velocity due to effect of soil type change and influence of ground water table. Shear Modulus 

(Go) value are slightly lower than Young Modulus (E). 
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Figure 18:  Shear Modulus (Go) against Young Modulus (E) Young Modulus (E) are slightly 

higher than Shear Modulus (Go) 
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Figure 19: Shear Modulus (Go) vs effective stress 

The test result indicated a possibility of estimation of the initial shear modulus (Go) in 

cohesive soil based on mean effective stress and void ratio function. The shear modulus (Go) 

at a very small strain was measurement according to the following equation 

( )( )Go SF e m nσ= , if steady state case (0.27) ( )Go S m nσ= , and none steady state case 

3.65 ( )Go S m nσ= . The effective stress of steady state case increase than none steady state 

case. 

Steady state  

Critical state  

Critical state  
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Case (σm)n  (kPa) (104) 

(effective stress) 

K (104) kPa 

Constant  Poroelastic 

Steady State (4-299) (1.92-340.89) 

 Critical state  (Non Steady State) (0.293-21.8) (1.92-254.83) 

 

The increase of mean effectives stress for both stage will decrease the void ratio and the 

increase of shear wave velocity and modulus shear wave (Go). However the poroelastic 

constant (K) are constant for both case. 

Seismic refraction survey Limau Manis

y = 13.707x + 0.0203

R2 = 1

y = 13.704x - 0.0008

R2 = 1

y = 13.704x + 0.0005

R2 = 1

y = 13.704x + 3E-05

R2 = 1

0

50

100

150

200

250

300

350

400

450

0 5 10 15 20 25 30 35

(σm)ⁿ  (kPa)(104 )nss

(σ
m

)ⁿ
  
(k

P
a

)(
1

0
)s

s S1/A-A1

S1/B-B1

S2/A-A2

S3/A-A3

Linear (S1/A-A1)

Linear (S1/B-B1)

Linear (S2/A-A2)

Linear (S3/A-A3)

 

Figure 20: The effective stress (nss) against effective stress (ss). The effective stress steady 

states are slightly higher than none steady state 

6.0 CONSOLIDATION TEST 

When a load is applied on a fully saturated soil, the soil undergoes a time-dependent 

deformation that occurs concurrently with the dissipation of excess pore water pressure from 

the soil as a result of gradual transition of applied load from the pore water to the soil 

particles. Such process is known as primary consolidation. Based on the definition by 

Terzaghi [2] , he presented a one dimensional consolidation theory to evaluate soil primary 

consolidation. Among the notable assumptions in the theory are compression (deformation) 

and flow of pore water is one-dimensional that is in the vertical direction only, coefficient of 

volume compressibility, vertical permeability and vertical consolidation (Mv, Kv, and Cv) 

remain constant throughout the consolidation process, and there is a unique relationship, 

independent of time, between void ratio, e, and effective stress, σ’ v. 
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Figure 21:  K poroelastic (ss) against K poroelastic (nss) 

According to Terzaghi [2] , there is an absolute linkage between soil primary consolidation 

and dissipation of excess pore water pressure and thus, equation relates the excess pore water 

pressure, u at depth, z and time, t can be expressed as 

 
2

2

u U
Cv

t z

∂ ∂
=

∂ ∂
                      (34) 

 

where Cv = coefficient of vertical consolidation. The theory also assumes that Cv is a 

function of permeability and compressibility and hence, Cv can also defined as in Equation 8. 

 

/Cv Ksat Mv wγ=                     (35) 

 

where Ksat= Coefficient of permeability for vertical flow, Mv= Coefficient of volume 

compressibility, and γw unit weight of water. As direct measurement of Kv is not done in 

standard oedometer consolidation test, Cv is determined by fitting the experimental time-

compression curves with the theoretical curve in which the relationship between theoretical 

time factor, Tv and average degree of consolidation, U are obtained by solving equations) 

(Bardet, 1997) 

2

2
0

2

2
( ) 1 exp( )

90

M

M

U none steady state M Tv
M

Cvt
Tv

H

=∞

=

− − = − −

=

∑
                 (36) 
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Figure 22: Graph of U (%) against Tv 

The evaluated constant for a number of clay using a void ratio function as follows 

 
2exp( ) ( )M Tv F e− =                     (37) 

 

where 2
M Tv− = -1.3, and K=0 

 
1.2

0

( ) 1 5.74
Tv

Tv

U steady state Tv
=

=

− = − ∑                    (38) 

 
where Tv is time factors of consolidation (Fig. 23: Uss against Tvss) show the correlation 

time factors for steady state Tvss 
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Figure 22: Uss (%) against Tvss. The average degree of consolidation Uss was compressed 

gradually with decreasing rate and under constant effective stress (poro elastic k) 
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Figure 24: The relationship between steady state and none steady average degree of soil 

consolidation. 

(i) The ‘none steady state’ PI>40%, a degree of consolidation change to secondary 

consolidation, and PI<40%, steady state degree of consolidation when U(%)=0, Tv=0 

(ii) The slope gradient for degree consolidation is negative when PI<40% (steady state case) 

and slope gradient positive for, degree of consolidation PI>40% (none steady). 
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Figure 25: Show Void ratio vs vertical stress (Consolidation test OCR=0.5) 

The value of OCR is 0.5, the soil is classified as normally consolidated to slightly 

consolidated. The degree of under consolidation and shear modulus (Go) is greater with 

increase depth [15,16]. 
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7.0 CONCLUSIONS 

P-wave velocities obtained from seismic reflection profiles acquired throughout Putrajaya, 

together with surface geology and SPT data have provided mechanical characterization of the 

geological formations of the area.  

1) There are liner relationships between mean effective stress and void ratio function to 

obtain visible on the shear wave and modulus young. 

2) Shear Modulus (Go) are slightly lower than Young Modulus (E). 

3) K poroelastic are constant for both case and Shear modulus are obtained steady state 

and none steady according to proposed empirical formulae. 

4) The correlation of underground water table show the consensus saturated soil and 

unsaturated soil at various depth (15-25) m from ground level and vadose zone are 

integrated by void ratio and soil structure. 

5) The correlation of SPT-N are very dense at depth more than 15m and the velocity Vp 

slightly higher, more than 1500m/s and seismic line 2 show phreatic water (BH1) are 

near the surface. 

Although a good correlation between Shear modulus (G) steady state and none steady state, it 

is necessary to continue the investigation of effective stress and consequent soil settlement 

based on degree of soil consolidation. 
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