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ABSTRACT: Earthquakes are natural phenomena that have caused the loss of millions of lives and property across the 

globe and they pose a severe threat to mankind. The earthquake induced damage at any particular site will be governed by 

the response of the soil deposit present there. In this paper, ground response analyses (GRA) studies are done for a typical 

soil stratigraphic profile of IIT Guwahati region. Nonlinear 1D GRA is performed for the soil profile using six different 

procedures. Both total stress and effective stress analysis are done. The Sikkim earthquake motion recorded at IIT Guwahati 

with peak bedrock level acceleration (PBRA) of 0.02g, and three of its scaled-up components with PBRA of 0.06g, 0.18g 

and 0.36g are used as input motions. Based on some of the computed response parameters, a comparison is made among 

these different analysis procedures. The suitability of each of these procedures under different circumstances is also 

scrutinied. 
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1 INTRODUCTION 

Numerous moderate to large magnitude earthquakes 

have occurred in North-East India in the past and as a 

result this entire region has been designated as zone V 

as per IS:1893 Part 1 (2002), which is the zone of 

highest seismicity in the country. Severe damages as a 

result of both structural failures as well as settlement and 

liquefaction related failures have been reported during 

the occurrence of some of the most notable seismic 

events for this region, like the 1897 Shillong plateau 

earthquake (Mw=8.3), the 1950 Assam-Tibet earthquake 

(Mw=8.6). 

In this paper, a 1D GRA study for one typical soil profile 

of IIT Guwahati campus, situated on the banks of river 

Brahmaputra, has been presented. The various 

procedures of nonlinear 1D GRA have been compared 

based on some of the computed ground response 

parameters like peak horizontal acceleration (PHA), 

maximum shear strain, excess pore water pressure 

(PWP) ratio ( which is the ratio of excess PWP to 

effective vertical stress). All the wave propagation 

problems presented herein have been solved with the aid 

of site response analysis code DEEPSOIL v6.0 (2015).  

2 FUNDAMENTALS OF NONLINEAR 1D 

GROUND RESPONSE ANALYSIS 

In nonlinear GRA, any soil profile is discretized into a 

number of layers using multiple degree of freedom 

lumped parameter model. Subsequently, the dynamic 

equation of motion is solved numerically in small time 

steps using Newmark   method. 

Any nonlinear stress-strain model following Masing or 

non-Masing rules can be used during the integration 

process. The stress-strain models developed by Kondner 

and Zelasko (1963), Hashash and Park (2001) are 

commonly used for performing nonlinear GRA 

incorporating Masing load/unload/reload criteria. The 

nonlinear stress-strain model developed by Phillips and 

Hashash (2009) is implemented in the site response code 

DEEPSOIL 6.0 (2015), for incorporating non-Masing 

criteria. This model uses a hysteretic damping reduction 

factor (MRDF procedure) which modifies the Masing 

rules and thus, incorporates the non-Masing 

load/unload/reload criteria.  

The different procedures of nonlinear GRA employed in 

DEEPSOIL 6.0 (2015) are listed in Table 1.  

Table 1 Summary of different procedures of nonlinear 

ground response analysis 

Abbreviated 

notation 

Description of procedure 

NLM1 Masing criteria, Total stress analysis 

(no PWP is considered) 

NLM2 Masing criteria, Effective stress 

analysis with PWP dissipation 

NLM3 Masing criteria, Effective stress 

analysis without PWP dissipation 

NLNM1 Non-Masing criteria, Total stress 

analysis (no PWP is considered) 

NLNM2 Non-Masing criteria, Effective stress 

analysis with PWP dissipation 

NLNM3 Non-Masing criteria, Effective stress 

analysis without PWP dissipation 
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3 METHDOLOGY 

3.1 Modeling of soil profile     

The soil properties of different layers in the profile are 

taken from an existing borehole log report (Figure 1). 

Shear wave velocities (Vs) of the soil layers are 

computed from the specified SPT-N values (measured 

at intervals of 1.5 m) using the correlation suggested by 

Imai and Tonouchi (1982). The modulus reduction and 

damping curves for the soil layers are obtained based on 

the formulations of Ishibashi and Zhang (1993), and 

they are subsequently fitted using MRDF procedure, 

which defines the parameters for the nonlinear stress-

strain model. For all the analysis presented herein, 

elastic bedrock having a shear wave velocity of 5000 

m/s is considered underlying the soil profile.  

  

Fig. 1 Soil deposit of IIT Guwahati along with plots of 

SPT-N, unit weight and Vs variation with depth  

3.2 Description of seismic loading 

 

Fig. 2 Acceleration time history of the 2011 Sikkim 

earthquake motion recorded at IIT Guwahati 

The 2011 Sikkim earthquake motion recorded at IIT 

Guwahati with a peak bedrock level acceleration 

(PBRA) of 0.02g (Figure 2), and three of its scaled-up 

components having PBRAs of 0.06g 0.18g and 0.36g are 

applied at the soil profile base for all the analyses.  

4 RESULTS AND DISCUSSIONS 

4.1 Comparison between NLM2 and NLM3/ 

NLNM2 and NLNM3 

No significant difference is observed between the Peak 

Horizontal Acceleration (PHA) profiles (Figure 3) and 

maximum strain profiles (Figure 4) obtained using 

NLM2 and NLM3 procedures of GRA. This implies that 

the excess PWP dissipation (Figure 5) that occurs during 

the time span in which the seismic loading acts is 

negligible enough to have any role in altering the 

response parameters computed using these two 

procedures. The same logic holds good for NLNM2 and 

NLNM3 GRA procedures which shows similar 

observations (Figure 6 and Figure 7).  

 

Fig. 3 PHA variation with depth for two motion 

components having PBRA of 0.02g and 0.18g 

 

Fig. 4 Maximum strain versus depth for two motion 

components having PBRA of 0.02g and 0.18g 

 

Fig. 5 Excess PWP dissipation with time for 0.18g PBRA 

seismic motion in the silty sand soil strata (NLM2 

procedure) 
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Fig. 6 PHA variation with depth variation for two motion 

components having PBRA of 0.06g and 0.36g 

 

Fig. 7 Maximum strain versus depth for two motion 

components having PBRA of 0.06g and 0.36g 

4.2 Comparison between NLM2 and NLNM2 

For the seismic motions with PBRA of 0.02g and 0.06g, 

the obtained PHA profiles (Figure 8) and maximum 

strain profiles (Figure 9) are almost similar for both 

NLM2 and NLNM2 procedures. However, for seismic 

motions having higher PBRA (greater than 0.06g), the 

difference in obtained PHA profiles (Figure 10) and 

maximum strain profiles (Figure 11) for these two 

procedures is more prominent. 

The basic difference between Masing and non-Masing 

procedures lies in the way in which the target modulus 

reduction and damping curves are fitted to obtain the 

parameters of nonlinear stress-strain model. At low 

strains, Masing procedure gives a good fit with the target 

modulus reduction and damping curves whereas, at high 

strains, it overestimates the hysteretic damping 

significantly. In non-Masing MRDF curve fitting 

procedure, even at high strains the target damping curve 

is fitted accurately. For lower PBRA input motions, the 

maximum strains developed in the soil layers are less. 

Thus, at low strains, results obtained for both Masing 

and non-Masing procedures are similar and accurate. 

However, at high strains, usually developed for motions 

with high PBRA values, the difference between Masing 

and non-Masing procedures becomes significant. 

 

Fig. 8 PHA profiles for seismic motions having PBRA of 

0.02g and 0.06g 

 

Fig. 9 Maximum strain profiles for seismic motions 

having PBRA of 0.02g and 0.06g 

 

Fig. 10 PHA profiles for seismic motions having PBRA of 

0.18g and 0.36g 

 

Fig. 11 Maximum strain profiles for seismic motions 

having PBRA of 0.18g and 0.36g. 
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4.3 Comparison between NLM1 and NLM2/ 

NLNM1 and NLNM2 

It is observed that total stress analysis (NLM1 or 

NLNM1) without PWP generation produces higher 

values of peak ground acceleration (PGA, which is the 

peak horizontal acceleration at ground surface) than 

effective stress analysis. This is because of the fact that 

in effective stress analysis the PGA values are calculated 

based on effective stresses developed in soil whereas, 

total stresses are used to compute the PGA in total stress 

analysis procedure. For larger amplitude motions with 

high PBRA values (greater than 0.06g), significant PWP 

develops in a soil profile which brings down the 

effective stresses. As a result a marked difference in 

results is observed between total stress and effective 

stress analysis procedures. For motions having low 

PBRA values, PWP developed in a soil profile is 

minimal (almost zero), and thus the two analysis 

procedures produce similar results. Figure 12 shows the 

PHA profiles developed for total stress and effective 

stress analyses incorporating Masing criteria. PHA 

profiles obtained using non-Masing criteria are shown 

in Figure 13 for the two procedures. 

 

Fig. 12 PHA profiles obtained incorporating Masing 

criteria for motions with PBRA of 0.02g and 0.36g 

 

Fig. 13 PHA profiles obtained incorporating non-Masing 

criteria for motions with PBRA of 0.06g and 0.36g 

However, NLM2 procedure produced higher PHA 

values than NLM1 procedure (for 0.36g PBRA motion) 

at depths greater than 20 m. This is possibly on account 

of higher strains that might have developed in the soil 

profile for NLM2 procedure in the deeper layers. Higher 

strains induce greater hysteretic damping and, thus, 

lowers the stress developed and subsequently the PHA. 

5 CONCLUSIONS 

In this paper, a comparison among different procedures 

of nonlinear 1D GRA, and their suitability under 

different circumstances has been presented. Results 

have been presented in terms of parameters like PHA, 

PGA, excess PWP ratio and maximum shear strain. For 

both Masing and non-Masing analyses, the PHA and 

maximum strain profiles obtained when PWP 

dissipation is allowed have been observed to be similar 

to the profiles of the same when PWP dissipation is not 

allowed. A comparison has been made between Masing 

and non-Masing analysis procedures using motions 

having different PBRA values. It has been observed that 

for motions having high PBRA values (greater than 

0.06g) the difference between Masing and non-Masing 

analysis procedures becomes significant. Finally, total 

stress and effective stress analysis procedures (both 

Masing and non-Masing) have been compared. Higher 

PGA values are obtained for total stress analysis when 

seismic motions selected have high PBRA values 

(greater than 0.06g). Thus, an idea about the seismic site 

response for IIT Guwahati region, quantified with 

respect to some response parameters, has been 

developed in this study.  
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