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This study examines the effect of groundwater level (GWL ) on the seismic site
response behavior of a one-layered liquefiable soil using one-dimensional nonlinear
numerical analyses. The response of the liquefiable soil was analyzed with the help
of DeepSoil open-source software. The calibration of the numerical model was
carried out using the results of a centrifuge experiment from the literature. The
outcomes of the site response analyses were discussed in terms of peak horizontal
acceleration, amplification ratio, excess pore pressure ratio, shear stress-strain
behavior, and maximum lateral displacement. Also, additional numerical analyses
were performed to investigate relationships between input motion intensity- GWL
, frequency content of earthquake motion-GWL , and layer thickness- GWL . It is
shown that the seismic site response behavior of the liquefiable soil is highly
affected by changes in groundwater levels. Moreover, depending on the location of
the groundwater level, the seismic behavior of the liquefiable soil may also change
with the increase of the input motion intensity, frequency content, and layer
thickness.

TEK TABAKALI SIVILASABILIR BiR ZEMININ SAHA TEPKi DAVRANISI

UZERINE YERALTISUYU SEVIYESININ ETKIisi

Anahtar Kelimeler

0z

Swilagabilir Zemin,
Saha Tepki Analizi,
DeepSoil,

Sayisal Model,
Yeralti Suyu Seviyesi.

Bu calisma, yeralti suyu seviyesinin ( YASS ) tek tabakali sivilasabilir bir zeminin
sismik saha tepki davranisina olan etkisini dogrusal olmayan tek boyutlu sayisal
analizler kullanilarak incelemektedir. Sivilasabilir zeminin tepkisi, bir acik kaynak
yazilimi olan DeepSoil yardimiyla analiz edilmistir. Sayisal modelin kalibrasyonu
literatiirde yer alan bir santrifiij deneyinin sonuclar1 kullanilarak yapilmistir. Analiz
sonuglar1 maksimum yatay ivme, biiylitme orani, artik bosluksuyu basinci orani,
kayma gerilmesi-kayma sekil degistirmesi davranisi ve maksimum yanal yer
degistirme acisindan tartisilmistir. Ayrica, girdi deprem hareketi biiyiikliigii- YASS ,
deprem hareketinin frekans igerigi- YASS ve tabaka kalinligi-YASS arasindaki
iliskileri arastirmak i¢in ek sayisal analizler yapilmistir. Sonuglar, zeminin sismik
saha davranisinin, yeralti su seviyesinin degismesinden oldukca etkilendigini
gostermektedir. Ayrica, yeralti suyu seviyesinin konumuna bagl olarak, sivilasabilir
zeminin sismik davranisi giris hareket yogunlugunun, frekans iceriginin ve tabaka
kalinliginin artmasiyla degisebilmektedir.
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1. Introduction

Soilliquefaction is a phenomenon in which soil rapidly loses its shear strength due to the generation of excess pore
water pressure as a result of sudden dynamic loads. This phenomenon is known as one of the major causes of
significant damage during earthquakes, such as in the 1964 Niigata, 1995 Kobe, 1999 Kocaeli, 1999 Chi-Chi, 2010-
2011 Christchurch, 2011 Tohoku, 2018 Sulawesi (Green et al., 2014; Ishihara, 1997; Sassa and Takagawa, 2019;
Seed and Idriss, 1967; Tokimatsu et al., 2012; Yoshida et al.,, 2001; Yuan et al., 2004). Although it is impossible to
preclude the occurrence of earthquakes, it is possible to reduce the liquefaction-induced damages and loss of lives
by means of realistic ground motion predictions. An accurate prediction of the destructive site effects of liquefiable
soils is therefore essential for the existing structures or structures in design phase.

Site effects are commonly defined as an alteration in intensity and frequency content of a seismic motion due to
the propagation of waves from the bedrock to the soil surface. Earthquake-resistant design of new structures and
evaluation of the seismic vulnerability of the existing structures involves prediction of their response considering
local site effects (Kramer, 1996). In general, site effects are evaluated by conducting site response analysis (SRA).
SRA is an important tool in earthquake engineering practice to predict the effects of soil deposits on propagated
ground motion.

In the last decades, researchers and engineers have made a significant effort to understand the response of
liquefiable soil deposits during strong earthquake motions. Previous case studies revealed that the characteristics
of the ground motion (intensity and the frequency content) significantly alter due to the presence of liquefiable
soils (Gingery et al, 2015; Matasovic and Vucetic, 1996; Sato et al., 1996; Youd and Carter, 2005; Zeghal and
Elgamal, 1994; Zorapapel and Vucetic, 1994). Besides, some experimental studies focused on the site effects of
multi-layered liquefiable soils and evaluated liquefiable soil behavior with respect to excess pore pressure,
amplification ratio, and displacements (Adalier and Elgamal, 2005; Ozener et al., 2009; Su et al,, 2013; Adampira
etal, 2019).

Another way to predict the site effects of liquefiable soil during an earthquake is to perform numerical site
response analyses. Some investigators have numerically investigated the nonlinear site response behavior of
liquefiable soils through case studies (Matasovic, 1993; Zeghal et al., 1996; Foerster and Modaressi, 2007; Zheng
and Luna, 2011; Markham et al., 2016; Taghavinezhad et al., 2019). These studies have generally discussed the
effect of excess pore pressure generation on acceleration-time histories or response spectra at the ground surface.
In addition, Hartvigsen (2007), Kramer et al. (2011), and Montoya-Noguera and Lopez-Caballero (2016) have
performed nonlinear effective stress site response studies using hypothetical soil profiles. In these studies,
researchers have mainly focused on investigating the effects of excess pore water pressure on intensity and
frequency content of the ground motion Das and Chakrabortty (2020) have recently performed nonlinear one-
dimensional numerical analyses to assess the local site effects of different soil profiles. They concluded that soil
layering has an important role in the seismic site response behavior of liquefiable soils, especially when the soil is
sandwiched between two non-liquefiable soil layers. Also, Adampira and Derakhshandi (2020) have studied the
influence of liquefiable sublayer thickness, sub-layer depth, as well as input motion intensity on the seismic site
response behavior with nonlinear parametric site response analyses. The analysis result showed that liquefiable
sub-layers play a vital role on the intensity of seismic waves and earthquake-induced forces.

Despite the studies mentioned above, there is not detailed numerical study examining the site effects of the
liquefiable soils based on groundwater levels (GWL). GWL has an important role on pore water pressure
distributions in saturated cohesionless soils, which may totally change site response behavior of the soil due to
decreasing the shear strength or stiffness of the soil. The main goals of this study are to (a) examine the influence
of GWL on the seismic site response behavior of a one-layered liquefiable soil considering groundwater level
changes and (b) to provide an insight for engineers to better understand the seismic mechanism of the one-layered
liquefiable soil and its effects on to design of new structures or existing structures when the groundwater level
was changed. A 1D nonlinear numerical model considering effective stress state was constituted using DeepSoil
software (Hashash et al,, 2016) to reveal site response behavior of the soil in case of different groundwater levels
(the GWL was lowered from the soil surface to target depths). The results of the 1D nonlinear simulations were
compared in terms of peak horizontal acceleration, amplification ratio, excess pore pressure ratio, shear stress-
strain behavior, and maximum lateral displacements. Also, additional numerical analyses were performed to
investigate relationships between input motion intensity- GWL , frequency content of earthquake motion- GWL
and layer thickness- GWL .
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1.1. Simulated soil profile and properties

In this study, a centrifuge study conducted by Taboada and Dobry (1993) was used to investigate site response
behavior of the liquefiable soil (VELACS project, Model no:1). Details of the centrifuge study and properties of the
sand placed in the laminar box are given in Figure 1. In the centrifuge test, a loose Nevada with a relative density
(D, ) of about 40% (Arulmoli et al., 1992) was used to represent the one-layered liquefiable soil. The laminar box
was excited by a sinusoidal input motion with a maximum value of 0.235g (Figure 2). A centrifuge acceleration of
50 g was applied during the test. The groundwater level (GWL ) was located at the ground surface. Pore water
pressures, accelerations, and horizontal displacements were recorded during the centrifuge test at different
locations.
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Figure 1. Instrumentation layout of the simulated centrifuge test
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Figure 2. Input motion used in the centrifuge test
1.2. Numerical modeling

The open-source program DeepSoil v7.0 (Hashash et al., 2016) was utilized to perform 1D nonlinear site response
analyses. Nonlinear effective stress approach was adopted in the model during DeepSoil simulations. The
nonlinear stress-strain response was modeled by the pressure-dependent Modified Kondner-Zelasko (MKZ)
hyperbolic-type model with non-Masing hysteretic Re/Un-loading formulation (Matasovic, 1993). Moreover,
small-strain damping was represented using a frequency-independent viscous damping formulation proposed by
Phillips and Hashash (2009). Darendeli (2001) model was used to determine the modulus reduction and damping
curves of the soil profile. MRDF-Darandeli reduction factor was applied for the fitting procedure to obtain the fitted
nonlinear curves from the Darendeli (2001) modulus reduction and damping curves.

The implied shear strength procedure proposed by Hashash et al. (2010) was applied for all DeepSoil simulations.
Shear wave velocity (V,) of the soil profile as a function of depth (z ) was defined using Equation (1) that was

generated from the resonant column test results conducted by Arulmoli et al. (1992) using soil’s small strain shear
modulus (G,,,)-mean effective stress ( p') relationship. The detail of the V, formulation is included in the

Appendix. The soil profile was divided into 12 layers to adjust each layer's frequency greater than 30 Hz, which is
the maximum frequency criterion recommended by Hashash et al. (2016). The bottom of the soil profile was
modeled as a rigid half-space. Figure 3 shows the variation of V,, maximum frequency ( Max.Freq.), and implied

friction angle of the simulated soil profile.
V, =99.0(2)*% (1)

A pore water pressure model (Vucetic and Dobry, 1986) implemented in DeepSoil was used to generate excess
pore water pressures in the soil (Equation 2).
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where r,  isresidual PWP ratio after N, cyclesand y, is cyclic shear strain. Details of the other parameters were
listed in Table 1.
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Figure 3. V,, Max.Freq., and implied friction angle of the soil profile

DeepSoil only requires the coefficient of consolidation (c,) of the soil as an input value for evaluating PWP
dissipation. Each layer’s coefficient of consolidation was computed through Equation (3).

_k@+e)
" ona (3)
where k is the permeability, y, is the unit weight of the water, e, is the initial void ratio, and a, is the

compressibility coefficient of the soil. The coefficient of consolidation and initial void ratio were used to be 6.6x10-
5m/sand 0.74, respectively (Arulmoli etal., 1992). a, was estimated based on laboratory studies on Nevada sand

presented by Gibson (1997). It should be noted that ¢, used in DeepSoil simulations was scaled with the centrifuge
acceleration of 50g, which makes the value of ¢, in prototype dimensions 50 times higher than in model
dimensions. Table 1 shows the overall model input parameters used in DeepSoil simulations.

Table 1. Input parameters of DeepSoil used 1D simulations

DARANDELI (2001) MODEL PARAMETERS

PARAMETER UNIT VALUE REFERENCE
Relative Density, D, % 40 -
Saturated unit weight, y5q4¢ kN/m3 19.23 -
Over consolidation ratio, OCR - 1.0 Normally consolidated sand
Number of loading cycles, N - 10 Default
Frequency, Freq Hz 1.0 Default
Plasticity index, Pl % 0 No fine content
Effective friction angle, ¢’ ° 32 (Meyerhof, 1959)
Lateral earth pressure coefficient at rest, K, - 0.47 (Jaky, 1944)

EXCESS PORE WATER PRESSURE MODEL PARAMETERS
PARAMETER UNIT VALUE REFERENCE
Curve fitting parameter, F - 1.7 Mei et al. (2018)
Curve fitting parameter, s - 1.0 Mei et al. (2018)
Curve fitting parameter, p - 1.15 -
Curve fitting parameter, v - 1.0 -
Model constant depending on 1D or 2D - 1.0 -
shaking, f
Volumetric threshold shear strain, y,, % 0.05 -
Coefficient of consolidation, ¢, m?/sec Equation (3) -
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1.3. Validation of the model input parameters

The ability of the model parameters to estimate nonlinear site response effects of the liquefiable soil was
investigated through a comparison of simulations to measurements from the centrifuge test. The numerical results
were compared with the experimental results in terms of excess pore water pressure, 5% damped spectral
accelerations (S, ), and lateral displacements, presented in Figure 4. As seen from Figure 4(a), the simulation of

the onset of liquefaction and maximum excess pore pressures are very similar to those in the centrifuge test. On
the other hand, DeepSoil simulations overestimate S, values at the soil surface (AH3) between periods of 0.01 to

1.0s. Nonetheless, a better match with the centrifuge measurements at 5.0m depth is seen from DeepSoil
simulations as compared to the soil surface records (Figure 4b). Lastly, lateral displacement-time history results
at the soil surface and 7.5m depth obtained from centrifuge test results and numerical simulations are compared
in Figure 4(c). In general, the magnitude of lateral displacements at each time step is consistent with the
experimental measurements.
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Figure 4. Comparison of (a) excess pore pressures, (b) response spectra (5% damped), and (c) lateral displacements of
centrifuge test and numerical simulation results at various locations
2. Results

In this section, a parametric study was conducted considering various groundwater levels and the influence of
groundwater level (GWL ) on the site response behavior of the one-layered liquefiable soil was investigated in

terms of peak horizontal acceleration ( PGA_,, ), amplification ratio ( A ), excess pore pressure ratio (I, ), shear
stress-shear strain (SS) behavior, and maximum lateral displacement at the ground surface (L., J-

Furthermore, additional numerical analyses were performed for evaluating relationships between input motion
intensity (&, )- GWL, frequency content ( f,)- GWL, and layer thickness (H )- GWL .

A group of five groundwater levels was selected during nonlinear 1D simulations, GWL =0, 1, 2, 4, and 6m. Here,
GWL =0 corresponds fully saturated soil profile, which means that GWL locates at the ground surface. Besides,
the input motion given in Figure 2 was scaled to a,, = 0.05g, 0.1g, 0.2g and 0.4g to evaluate a,, - GWL

relationship. During a,,, - GWL simulations, frequency content and layer thickness of the soil were kept constant
(f,=2.0Hzand H =10m). Similarly, four earthquake motions with different predominant frequencies ( f,=0.29,
1.10,4.83,7.22Hz,and H and a,,, fixed to 10m and 0.3g) and four different layer thicknesses (H =5, 7,10, 20m,
and a,, and f, fixed to 0.235g and 2.0Hz) were considered to assess the other relationships between f -GWL,

and H-GWL. Details of the parametric study are listed in Table 2. The acceleration-time histories and
corresponding Fourier amplitudes of the selected earthquake motions are given in Figure 5.

Table 2. Details of the parametric study

SYMBOL PARAMETRIC VALUE CONSTANTS
GWL 0,1,2,4,6m £,=2.0, H=10, @, =0.235
Amax 0.05,0.1,0.2, 0.4g £,=2.0, H=10
f» 0.29,1.1,4.83,7.22Hz Amax=0.3, H=10
H 5,7,10,20m Umax=0.235, f,=2.0
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Figure 5. Fourier amplitudes of the earthquake motions (a) CM, (b) CL, (c) LP, and (d) IV

2.1. Analysis results of PGA _ , A r,, SS,and L,

2.1.1. Variations in PGA , and A

The effects of groundwater level on the peak horizontal accelerations are examined, as shown in Figure 6.
According to the figure, as the groundwater level increases, PGA,,, values increase as well through the soil profile.

When the groundwater level is located above 2.0m, the values of PGA_,, at the ground surface are deamplified

however, PGA,,, values are amplified in cases of GWL 22.0m.

PGA,, . (9)
0 — —
1 B /
2.— —0m
3|
’é 4'_ —Im
g_ 5:' 2m
6 |
= i 4m
7
8 —6m
9
10 1 /I l 1

0 0.2 0.4 0.6
Figure 6. Variation of peak horizontal accelerations with ground water level.

Variation of spectral accelerations in a periodic range is presented in Figure 7 using amplification ratio ( A, ). Here
A, is the ratio of the spectral acceleration of the soil surface to the spectral acceleration of base input motion. As

shown, the amplification ratio is very similar for all GWL values at periods 1.0-10sec, implying the variation of
groundwater level has little effect on A, values. It is seen that from Figure 7, the effect of GWL on the A, values

are more remarkable at short periods (T<0.5sec), whereas for long periods (T>0.5s) the influence is less
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noticeable. The increase of GWL value leads to some increase in A values at periods T<0.5sec. Moreover, A

values increase conspicuously at about T= 1.0sec and reach approximately A, =3.5-4.0.
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Figure 7. Change of amplification ratios with groundwater level.

2.1.2. Variations in r,

The variation of r, values at 2.5, 5 and 7.5m depths are presented in Figure 8 for different GWL values. As
expected, larger pore water pressure ratios (I, ) are predicted when using lower ground water levels. r, values
reach nearly 1.0 (r, = 0.8-1.0) for all depths in the case of GWL =0 and GWL =1.0m, indicating soil liquefaction.
Besides, maximum r, values decrease with increasing GWL and soil depth.
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Figure 8. Simulated [, -time histories at different depths.
2.1.3. Variationsin SS,and L,

Shear stress-strain ( SS ) behavior of the soil at three depths and maximum lateral displacements ( L, ., ) at the

ground surface with different GWL values are shown in Figures 9 and 10, respectively. It is seen that from the
hysteresis shear stress-shear strain loops of the soil given in Figure 9, the increase of GWL value leads to a
decrease in the shear strain level. For instance, when GWL increases from 0 to 6m, the maximum shear strain
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reduces from 2% to 0.8% at 2.5 depth. This is expected because fully saturated liquefiable soils exhibit more
nonlinearity as compared to unsaturated or dry soils when the soil layers are subjected to strong input motions.
On the other hand, similar SS responses are observed at 7.5m depth for all GWL values.
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Figure 9. Numerically computed shear stress-strain loops at different depths.

Figure 10 shows L, ., values at the ground surface according to the increase of GWL values. In Figure 10, when

,max

the GWL values are increased, lower lateral soil displacements are observed. The value of L, . decreased by

approximately 30% as the GWL value increased from 0 m to 6 m.
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Figure 10. Change of maximum lateral displacements at the ground surface with groundwater level.

2.2. Analysis of the relationships between a,, -GWL, f -GWL,and H -GWL.

In this section, numerical analyses were performed with two groundwater levels (GWL =0 and GWL =10) to
investigate the behavior between a,, -GWL, f -GWL, and H-GWL. Here, GWL =0 and GWL =10 represent
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saturated and dry soil cases, respectively. Simulation results were evaluated in terms of PGA,, and L, . values

at the ground surface, and maximum shear strain value developed in the soil profile.

2.2.1. Relationship between a_,, and GWL

Figure 11 shows variations of PGA,,,, L; ., ,and maximum shear strain values predicted in saturated ( GWL =0)
and dry soils (GWL =10) versus the input motion intensity ( a,, ). In general, as the input motion intensity
increases PGA L, .., and maximum shear strain values increase both for saturated and dry soil cases.

Numerical predictions obtained from saturated soil case exhibit similar responses as compared to dry soil in terms
of PGA,,, during weak input motion intensities ( a,,, =0.05 and 0.1g). However, PGA,_, values depart noticeably

with a,,, increase. As the groundwater level is lowered from the soil surface to the base, seismically induced
horizontal accelerations at the ground surface are increased. For example, PGA_,, values increase by about two
times when a,_,, = 0.4g. Furthermore, when the soils are shaken under the strong input motion intensities, soils

tend to deamplification behavior, especially in the case of saturated soil. It is also noticeably seen from Figure 11
thattheincreaseof a,,, leadstoanincreaseinthe L, . and maximum shear strainlevel. This is expected because

the soils exhibit nonlinear behavior when soil layers are subjected to strong input motion intensities, which leads

to the development of large lateral displacements and shear strains in the soil. In addition, the saturated soil shows

more lateral displacements and shear strains than the dry soil as a,,, increases due to the change of effective
stresses.
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Figure 11. Effect of @, and GWL valueson PGA__ , L, and maximum shear strains

,max ’

2.2.2. Relationship between f and GWL

Figure 12 displays the PGA _ , L, ..,and maximum shear strains in the soil computed during four earthquake

motions. It is clearly seen that frequency contents (predominant frequencies) of the earthquake motions
significantly influence peak horizontal accelerations, lateral displacements, and strain behavior of the soil. In
accordance with the results given in Figure 11, predicted values of PGA,,, from the dry soil are larger than those

in the saturated soil. In general, as the GWL lowers and f, increases, PGA_, values decrease. Decreasing the

predominant frequency of the earthquake motions result in large variations of the maximum shear strains and
lateral displacements in the saturated soil. Larger shear strains are predicted from saturated soil simulations when
using input motions with lower frequency content. Besides, the influence of f  valueson thel, . and maximum

shear strains are negligible for dry soil case.

804



DEMIR

10.21923/jesd.901500

PGA
o

3

Shear Strain (%)

o ©
T

Figure 12. Effect of f and GWL valueson PGA_,, L,

I — Saturated soil
L E —IDry sloil .

2

(=]

,max ’

2.2.3. Relationship between H and GWL

and maximum shear strains

Figure 13 presents the effect of layer thickness ( H ) and groundwater level on the PGA _, L, ..., and maximum
shear strain values. The increase of the soil layer thickness leads to a slight decrease on PGA,, values. All dry
soil layers resulted in higher PGA,, values than the saturated layers due to the change in the effective stress of

the soils. Comparisons of the L; . and maximum shear strain variations in the dry and saturated soils are also

shown in Figure 13. It is seen that L, . and maximum shear strain values in the dry soil case are smaller than

saturated soil case. Furthermore, the trend of L, ., and maximum shear strain curves are almost similar with H

increases for dry and saturated soils. L;
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4., Conclusions

1D nonlinear numerical analyses were performed in this study to investigate the effect of different groundwater
levels on the site response behavior of a one-layered liquefiable soil. The following conclusions can be drawn from
the results:

The peak horizontal accelerations throughout the soil profile were increased, and earthquake-induced horizontal
accelerations at the ground surface were amplified with lowering groundwater level from the soil surface to the
base. The amplification was seen more clearly at short periods (T<0.5sec), considering the amplification ratio. On
the contrary, excess pore pressure ratios, maximum shear strains and maximum lateral displacements became
even less when groundwater levels lowered deeper depths. This mechanism is directly related to the change in the
effective stress of the liquefiable soil due to the variation of the groundwater level.

As the input motion intensity increases, PGA,,, L, and maximum shear strain values increase both for

,max ’
saturated and dry soil cases. When the soils were shaken under the strong input motion intensities, soils tend to
deamplification behavior, especially in the case of saturated soil. Saturated liquefiable soils behave like a seismic
isolator under strong seismic loads and significantly reduce the horizontal accelerations affecting the ground
surface (Kokusho, 2014). Although this behavior was seen to be a positive contribution to the seismic site response
effect of the liquefiable soils, shear strains and lateral displacements obtained from the liquefiable soil case were
found higher than the dry soil case. The frequency content of earthquake motion was considerably altered the site
response behavior of the saturated liquefiable soil. Especially large shear strains and lateral displacements were
observed for the saturated soil ( GWL =0) during earthquake motions with low predominant frequency. On the
other hand, the effect of predominant frequency on the site response behavior was negligible for dry soil case (
GWL =10). The results indicated that the effect of the layer thickness ( H ) appeared to be lower as compared to
a, and f values both for saturated and dry soil cases.

max

It is thought that this study provides a guide for designers and geotechnical engineers to better understand the
seismic mechanism of the one-layered liquefiable soil and its effects to superstructures at the ground surface when
the groundwater level changes.
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Appendix

Arulmoli et al. (1992) was carried out resonant column (RC) tests to define dynamic properties of Nevada Sand.
The soil’s small strain shear modulus ( G, ) with mean effective stress ( p') are shown in Figure 14. From nonlinear

regression analyses, power curve fit of the G, - p' relationship was determined using Test no: 40-77 data, and
related equation was proposed in Equation (4).

G, =7.67(p")*°, MPa (4)
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Figure 14. Power curve fit of the laboratory measurement used in Deepsoil simulations

Equation (4) was converted into V, formulation as a function of depth (z) as follows:

The small strain shear modulus of a soil can be obtained in terms of the shear wave velocity through the basic
expression given in Equation (5).

G, = p(V,)? kPa (5)
here p is soil mass density. Hereafter, Equation (4) and Equation (5) were equalized as shown in Equation (6).
p(V,)* =7.67(p)°* (6)

From this condition, V,-z relationship given in Equation (1) obtained by combining Equations (7) and (8) in
Equation (6).

— O-Iv+20Ih
3

(7)

where o, is the effective vertical stress and o', is the effective horizontal stress. o', was rewritten in terms of

o', using coefficient of lateral earth pressure at rest, K,. o', was defined from Equation (8).
o', =(p- p.,)oz (8)

where p =1.96t/m3, p,=1.0t/m3 and g is the gravity load.
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