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Abstract  Shallow foundations are very distinctive in 

Bhutan since construction of buildings are regulated to 7-8 

story and the superstructure loads are not very high 

compared to high-rise buildings elsewhere. However, the 

safety of the buildings depends primarily on the stability of 

the subsoil. This can be evaluated by estimating Ultimate 

Bearing Capacity (UBC) and it is the measure of the 

subsoil strength. In the current study, field test such as 

Plate Load Test (PLT) and Standard Penetration Test (SPT) 

are conducted in the study area which are most common 

conventional methods adopted in Bhutan given the 

typology of infrastructures. Detail analysis is performed for 

PLT and SPT data collected from southern parts of Bhutan 

to assess the shear stability characteristics of the subsoil. 

The field exploration was carried out at embedment depth 

of 1.5 m in both the tests. PLT directly provides UBC 

through load and settlement plot. With SPT N-values, UBC 

are estimated for square footing using empirical 

correlations proposed by Terzaghi 1943 and Meyerhof 

1963. The results are compared to comprehend the design 

parameters. Both in-situ test resulted close estimation of 

UBC. In SPT, analysis results indicate Meyerhof’s 

correlation more conservative suggesting safe and 

economical foundation design. The parametric analysis 

was performed to deduce and validate correlations among 

the parameters used. The subsoil lithology was reviewed to 

validate the subsoil characteristics for the southern belt of 

Bhutan to which resistivity profiles of the underlying strata 

of the subsoil in the region have been reported similar to 

the investigation conducted in this study. 

Keywords  Plate Load Test, Standard Penetration 

Test, Ultimate Bearing Capacity, Shallow Foundation, 

Subsoil, Stability, Buildings, Bhutan 

1. Introduction

Bhutan is located in seismically active Himalayan 

fringe with several moderate to high earthquake histories 

in the past such as 2009 Mongar earthquake (Mw 6.1) and 

2011 Sikkim-Bhutan earthquake (Mw 6.9). The major 

shear zones of the Himalayan arc are the Main Himalaya 

Thrust (MHT), the Main Boundary Thrust (MBT), the 

Main Central Thrust (MCT), the South Tibetan 

Detachment System (STDS), and the Indus-Tsangpo 

Suture Zone (ITSZ). These features span the entire 

Himalayan arc including the Bhutan Himalaya [1,2]. Due 

to high seismicity in the region and in absence of national 

seismic code [2,3], the height of the buildings is regulated 

to eight story. With recent progression in engineering 

trends in infrastructure development projects, Detail 

Project Report (DPR) is required to signify project time 
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frame, planning strategy and cost estimate [4]. 

Geotechnical investigation becomes a part of DPR under 

strategic planning to study the technical feasibility and 

suitability of the area to be developed which is a 

pre-requisite for construction [4] and to predict the 

potentially problematic soils in the area for future 

precautions to the damages and reduce maintenance cost 

[5]. Soil settings and evaluation of engineering properties 

of subsoil of an area have a crucial role in construction of 

the building. A pocketed study to vet the subsurface 

profiling in localized place in Pasakha, Phuentsholing 

(southern Bhutan) is presented elsewhere (e.g., [6]). The 

current study fleshed out its domain in global state and 

presents results of larger stretches along the south. In any 

infrastructure development projects, geotechnical site 

investigation (GSI) plays an important role in assessing 

the soil properties which are important parameters for 

architectural and structural design of structures [7] in 

relation to behavior of buildings to seismic responses [8] 

and most importantly strength characteristics of the 

foundation subsoil [4]. Shear and settlement requirements 

are two basic criterions to be satisfied for the analysis and 

design of shallow foundations. The criterion on bearing 

capacity ensures that the foundation does not undergo 

shear failure under loading, while settlement requirement 

ensures that settlement of the structure is within the 

tolerance limit of the superstructure [9]. Hence, to 

evaluate the site characteristics, geotechnical site 

investigation should be carried out through preliminary 

physical observations at the site, laboratory test and field 

exploration in various pocketed zones [10]. Correlation 

among the soil parameters such as N-value, bulk unit 

weight, angle of internal friction and bearing capacity 

factors are also presented to demonstrate the influence on 

UBC. 

PLT [11] and SPT [12] are one of the most practiced 

field tests [13] to establish UBC of the foundation subsoil 

for shallow foundation. SPT is also achievable for larger 

depth when boring method of sub-surface investigations 

are performed [4]. PLT is suitable for the soil located 

within a depth of less than twice the width of the bearing 

plate [8]. Many studies in the past have indicated 

empirical correlation to estimate the ultimate bearing 

capacity and are globally accepted as proposed by 

Terzaghi [14], Meyerhof [15,16], Hansen [17], Vesic [18] 

and Bowles [19]. Many researchers have practiced and 

carried out studies based on these traditional methods (e.g., 

[9,20-22,41]). The in-situ tests are regarded more accurate 

to evaluate the design parameters for safe and economical 

design of foundations which rely on UBC [13]. These 

conventional methods are simple and also represent closer 

physical models [22]. This is due to the rapid 

development and advancement of field-testing instruments 

with improved understanding of soil behavior. 

Both the tests are conducted in-situ, intended for the 

same purpose but differs in principal and set-up. PLT is 

regarded direct method as UBC is acquired from observed 

field data. In contrast to PLT, UBC from SPT is based on 

penetration resistance, which are further correlated to soil 

parameters and dimension of the footing. The field 

N-value requires further correction for overburden 

pressure and dilatancy [18,23]. Additional parameters 

required to determine the ultimate bearing capacity 

through SPT includes: 

Shear parameters, c and ϕ 

Bulk unit weight, γ 

Bearing capacity factors, Nc, Nq and Nγ 

Depth of foundation, Df 

Width of footing, B 

From PLT, the UBC can be obtained from the 

load-settlement curves and safe bearing capacity of the 

foundation can be calculated by applying factor of safety 

3.0 [4,13]. This safe bearing capacity can be used by the 

structural engineer to obtain the safe and economical 

dimensions of the footings. However, geotechnical 

engineer should check settlement criteria as per IS 

1904-1986 [24] in both the cases which often governs the 

safety and stability of the underlying subsoil. Higher value 

of factor of safety are often recommended to obtain 

allowable bearing capacity [13]. It is also important for an 

engineer to conduct preliminary geotechnical 

investigation by visiting site to apprehend topography and 

geological conditions of the area, the physical properties 

of soil through visual identification and or by open pit 

investigation, since it may not be feasible to conduct all 

types of test in different soils.  

We experienced practicability of PLT both in coarse 

and fine-grained soils. It operates well in fine grained soils, 

however, when conducted over coarse grained soil 

containing majority of gravel and sand, the anchors of the 

support assembly of the loading truss as shown in Figure 

4(b), (c) are often uprooted when subjected to high loads. 

In such cases, surcharge or provisional loads should be 

applied at both the supports to stabilize the load increment 

which is also called gravity loading method [11]. Usually, 

the end supports of the loading truss does not get 

sufficient anchorage in coarse grained soils. Punching of 

test plate are often experienced in saturated clayey soils 

when high loads are applied. In such cases, larger size of 

the test pit is appropriate. Similarly, SPT is suitable in 

sandy soils with less gravel and in silty-clay soils. For 

rock outcrop, the penetration resistance N-value is usually 

recorded rebound as sampler does not undergo penetration. 

In general, the site may not be the ideal conditions, 

limitations and inadequacies should be realized [13]. 

2. Study Area 

Tests conducted at different locations in various 

southern parts of Bhutan are indicated in Figure 1. Eight 

PLT data analyzed corresponds to three locations in 
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Phuentsholing, Sarpang and Samdrup Jongkhar. Similarly, 

12 SPT data were analyzed from three locations in 

Phuentsholing, Gedu and Sarpang and the results are 

conferred. 

 

Figure 1.  Study area in southern Bhutan 

3. Materials and Methods 

Field tests are considered most reliable method of 

investigation in geotechnical engineering practice but 

requires proper planning and understanding of the site 

conditions which decides the types of test to be conducted, 

number of test pits or boreholes, settings of the equipment 

and access to the site. Site visit and conducting 

preliminary investigation involving rapid visual 

assessment of the area largely aid the overall investigation. 

This includes visual identification of soils, understanding 

topographical features, geological scenario and 

observation of the probable natural hazards if any. These 

standard procedures [11,12,24,25] in geotechnical 

engineering practices are carefully employed in the 

current study to acquire reliable in-situ data which are 

useful for infrastructure planning and design [4]. 

3.1. Subsoil Lithology 

The regional geological setting of the Bhutan Himalaya 

has been meticulously described by Gansser (1983). The 

current study on ultimate bearing capacity of shallow 

foundation stretches along the Buxa group of Lesser 

Himalayan towards the Greater Himalayan rocks. In the 

south Lesser Himalayan rocks are separated from the 

structurally higher Greater Himalaya by the Main Central 

Thrust (MCT). The MCT dips to the north and divides the 

high-grade gneiss of the Higher Himalayan crystalline 

(HHC) in the hanging wall, from the greens chist 

metamorphic rocks of the Lesser Himalaya [26]. The 

bordering geology to study area comprises of Tethyan 

sediments of different ages (Paleozoic to Eocene) 

predominated by limestone, shales and sandstones [27]. 

Further categorizing the study area, the rock profile 

belongs to the Phuentsholing formation of Buxa Group of 

Rocks which can be broadly divided into two units: 

Phyllite and Quartzite. Subsurface profile depicts three 

major stratifications namely Stratum-I: Stiff to very stiff, 

light brownish grey, sandy clayey silt mixed with small 

size rock fragments. Stratum-II: Completely weathered, 

completely fractured, brownish colored, soft and weak 

metamorphosed Garnet-Phyllite (fully weathered mantle). 

Stratum-III: Completely to highly weathered, completely 

fractured, dark grey color, soft and weak metamorphosed 

Slate/Garnet- Phyllite [28].  

Department of Geology and Mines (DGM) had briefly 

conducted subsurface investigation of regions around 

southern and central south Bhutan and the results are 

summarized herewith. Wenner’s and Schlumberger arrays 

for the resistivity test was done which exclusively projects 

the 2-D profiling of the sub soil lithology. For Arong, 

Samdrup Jongkhar-Trashigang area, an electrode spacing 

of 12m and the profile length of 84m are maintained and 

the depth of section obtained using this configuration is 

about 20m. The resulting resistivity model is shown in 

Figure 3(a). The thin colluvium layer, observed at the 

surface along the profile, is underlain by a lower 

resistivity layer, which could be grey phyllite. The blue 

layer below the 48 to 60m mark could be water saturated 

layer, clay rich (weathered phyllite) or carbonaceous 

phyllite [29]. Figure 3(b) shows the result of the resistivity 

survey for Rinchending area in Phuentsholing. The 

resistivity survey maintains spacing of electrodes as 5m. 

The profile clearly indicates the geological deposition of 

alluvium and colluvium typically of carbonaceous phyllite 

with coarse granular soils. Pockets of Quartzite deposition 

are present along the profile (40-160m). A layer of 

phyllite was also detected beneath the quartzite deposit till 

the depth of 30 to 40m approximately [30].  

 

Figure 2.  Random trial pit profiles (approximately 3.0m): (a) Sarpang, 

(b) Toribari (Pasakha), (c) Phuentsholing town, (d) Samdrup Jongkhar 
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Figure 3.  Resistivity profile of southern Bhutan, (a) Arong, Samdrup Jongkhar-Trashigang highway [29], (b) Phuentsholing area [30] 

Upon investigation of sites in various study regions 

through open pit investigation, the shallow profiling 

(Figure 2) closely resembles the resistivity results. The 

trial pits of depth approximately 3.0 m has been excavated 

and various layers of soil lithology has been studied 

visually and further laboratory test was conducted by 

sieve analysis to obtain the grain size distribution (Table 1) 

as per IS: 2720 (Part 4)-1985 [31]. Essentially it 

comprises of disturbed gravels of phyllite and quartzite 

with little fines of alluvium deposits. 

3.2. Plate Load Test 

PLT consists (Figure 4, 5) of loading truss with two 

support anchorage assembly, test plate, settlement dial 

gauges, magnetic base stand, hydraulic jack, load dial 

gauges, iron pegs and datum bars. Based on the soil type, 

the size of the test plate is decided and dimension of the 

overall test pit can be adopted suitably (Table 2). The 

loads on the steel truss assembly is applied through 

hydraulic system facilitated with jack. The reaction forces 

acts download through the loading column and the subsoil 

settlements are recorded using at least three dial gauges 

which are placed diagonally at the corner of the test plate 

with the help of magnetic stand. Settlement was observed 

for each increment of load after an interval of 1, 4, 10, 20, 

40, and 6 minutes and thereafter at hourly intervals [11]. 

The loading is applied in increments of 250 kg in case of 

loose to medium compact sandy soils, 500 kg in case 

dense sandy soils and 1000kg in very dense soils, or in 

increments of 1/5 of design load up to a maximum of 

twice the design load or when the plate starts sinking at 

rapid rate, whichever earlier. The test terminates when the 

subsoil fails or the rejection of load is observed. 

Figure 4.  Plate load test setup procedure, (a) Preparation of test pit, (b) 

Laying of support column, (c) Anchor details, (d) Hydraulic jack and 

loading column 
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Figure 5.  Overall set-up of the Plate Load Test (PLT) 

Table 2.  Size of the test plate based on the soil type 

Type of soils 
Test plate 

(m) 

Test pit 

(m) 

Gravely sandy soils with less fines 0.3 x 0.3 1.5 x 1.5 

Sandy soils with gravel and fines 0.45 x 0.45 2.25 x 2.25 

Silty sand or sandy soils with clay 0.6 x 0.6 3.0 x 3.0 

3.3. Standard Penetration Test 

SPT was conducted confirming to IS: 2131-1981 

[12,23,33]. The test provides penetration resistance 

N-value which is also the bow counts of last 30cm 

penetration of split spoon sampler driven by hammer 

weight of 65.0 kg from 75cm height through guide pipe 

assembly. The split spoon sampler is connected by the 

extension rod called A-drill rod and are useful for deeper 

exploration. The split spoon sampler is marked with 45cm 

penetration depth and driven into the soil. The number of 

blows required to drive each 15cm mark is noted. 

However, blow count of first 15cm is considered as 

seating value or seating load. The number of blows 

required to penetrate last 30cm is called as the N-value 

[23,33]. In order to further utilize the N-value, it was 

corrected for overburden pressure and checked for 

dilatancy correction to get N-corrected “Ncor’ and 

corresponding ϕ-value were correlated. SPT equipment 

consist of tripods stand, hammer weight, pulleys and split 

spoon sampler as shown in Figure 6. In SPT test, for 

shallow depth (<2.0m) of foundation, smaller the size of 

the pit size is required. For larger depth of the foundation 

(2-4.0m), bigger the size of the test pit is recommended to 

comfortably conduct the test. 

Figure 6.  (a), (b) Standard penetration test at the sites 

4. Results and Discussions

4.1. Sieve Analysis 

Sieve analysis conducted for samples collected from 

open pit indicate coarse grained soils containing larger 

portion of sand between 45-65% followed by gravel of 

22-37% and less than 10% silt and clay content in the 

study region (Table 1). The soil is classified as non-plastic 

poorly graded sand (SN-NP) as per IS: 1498-1970 [25]. 

Table 1. Grain size distribution in study regions 

Locations 

Boulders 

>300mm 

(%) 

Cobles 

300-80mm 

(%) 

Gravel 

80-4.75mm 

(%) 

Sand 

4.75-0.075mm 

(%) 

Silt and Clay 

<0.075mm 

(%) 

Sarpang 0 5.62 36.46 54.56 3.36 

Phuentsholing town 2.14 6.14 38.75 48.56 4.41 

Toribari (Pasakha) 4.52 5.24 22.12 62.32 5.80 

Samdrup Jongkhar 3.24 6.56 26.54 54.62 9.04 
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4.2. UBC from PLT 

In conjunction with the various PLT test conducted in 

Bhutan, the details presented in Table 1 are suggested for 

the choice of size of test plate and corresponding size of 

the test pit. 

The setup of the PLT is carried out as shown in Figure 

4, 5. According to the results presented in this paper, the 

soils in terms of its bearing capacity are soft to medium 

type of soil with moderately dense soils which confirms to 

IS 1893: 2002 [32]. The ultimate bearing capacity ranges 

between 275 to 785 kN/m2 approximately as shown in 

Figure 7, 8 from eight PLT test data. The higher value 

indicates dense sands like in the case at Toribari-3. 

Figure 7.  Load–settlement curve for ultimate bearing capacity 

Figure 8.  Ultimate bearing capacity for respective test sites from PLT 

4.3. UBC from SPT 

Field N-value is primary source of data to estimate the 

ultimate bearing capacity, however, many other dependent 

soil parameters are required. Estimation of ultimate 

bearing capacity is challenging with uncertainty with 

many soil parameters [34]. Field density of the in-situ soil 

is one of the main soil properties that largely influence the 

ultimate bearing capacity as it reveals physical 

characteristics at the particular site with the actual 

moisture content. It is defined as the weight of unit 

volume of soil present at a site and is also called bulk unit 

weight (γ). The penetration resistance N-value and field 

density show significant relationship as both are in-situ 

values similar to relative density [35]. In the current study, 

field density was obtained by conducting Core-Cutter 

method as per IS: 2720 (Part-29)-1975 [23,36,37]. The 

correlation between N-value and field density is unique 

and most relevant in geotechnical engineering. For 

N-value between 7-16, the field density ranges from 12 to 

17 kN/m
3 approximately. As per the regression analysis, 

the empirical relation between these two field parameters 

produced correlation coefficient, R2 = 0.7530 (Figure 9) 

and the equation can be represented as in Equation 1. This 

equation is considered applicable only to the study region 

with similar soil characteristics. 

0.41 10.32t Nγ = +   (1) 

Figure 9.  Correlation between unit weight and N-values of the study 

locations 

The N-value in cohesionless soils is influenced by the 

depth at which the test is conducted. Because of increased 
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overburden pressure due to greater confinement of the 

subsoil strata, N-values at increasing depths indicate 

different relative densities than actual one. Hence, 

overburden correction was applied by Equation 2 

proposed by Peck et al. 1974 [18,38]. 

  (2) 

Figure 10.  Penetration location in different test locations 

In all the test locations, there was no water table 

indication at the depth of exploration and dilatancy 

corrections were not necessary. The variation of corrected 

N-values to the field values are shown in Figure 10. 

Figure 11.  Correlation plot between ϕ and N-values 

Based on the corrected N-values, the angle of internal 

friction (ϕ) was correlated as proposed by Meyerhof 1963 

[16,18,33,35,39], Ohsaki 1962 [40], Bowles 1996 [19] 

and Kumar et al. 2016 [41] in the current study. An 

average value with correlation coefficient R2 = 0.9960 

(Figure 11) was used for the current study to obtain the 

bearing capacity factors for all the sites. Angle of internal 

friction are the most important soil parameter which 

defines the soil type for which ultimate bearing capacity 

depend on. It ranges from 25-30˚ for corrected N-value 

between 11-23. In present study, ultimate bearing capacity 

was estimated for square footing at the foundation depth 

of 1.5m below the ground surface using N-values by 

Terzaghi and Meyerhof formula and parametric studies 

are conducted to draw the inferences pertaining to 

foundation design. 

Bearing capacity factors are related to angle of internal 

angle of friction which is used in empirical equation to 

derive ultimate bearing capacity. Different bearing 

capacity factors are proposed by many researchers 

[14,15,17,33] and these factors have similar acceptance. 

In the current study, bearing capacity factors are 

correlated with the Terzaghi 1943 and Meyerhof 1963 

proposals as presented in Figure 12, 13. The exponential 

relationship between the two mentioned parameters is 

well observed and established in the current study since 

bearing capacity factors show exponential function of ϕ 

[13]. 

Figure 12.  Terzaghi’s bearing capacity factors Vs. angle of internal 

friction 

2000
0.77 logNC

σ
=

′
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Figure 13.  Meyerhof’s bearing capacity factors Vs. angle of internal 

friction 

Terzaghi 1943 [14] initially proposed ultimate bearing 

capacity for strip footing but later revised to other types of 

footings considering various types of shear failure modes. 

Terzaghi 1943 ultimate bearing capacity Equation 

[14,18,33,39,42,43] is given by Equation 3. 

For strip footing: 

0.5ult c qq cN qN BNγγ= + +    (3) 

For square footing: 

1.2 0.4ult c qq cN qN BNγγ= + +      (4) 

where, 

qult ultimate bearing capacity  

c cohesion parameter 

 overburden pressure equal to γDf 

Nc, Nq, Nγ non-dimensional bearing capacity factors an 

exponential of ϕ 

γ  bulk unit weight of soil  

Df  embedment depth of foundation 

B width of the footing  

Further, Meyerhof [14], Hansen [17] and Vesic 

[18,33,39,42-44] applied modification factors (Table 3) to 

the original Terzaghi bearing capacity equation, which 

was conservative [13] and is represented commonly by the 

following general Equation 5: 

0.5ult c c c c q q q qq cN s i d qN s i d BN s i dγ γ γ γγ= + +    (5) 

where, 

sc, sq, sγ  non dimensional shape factors 

ic, iq, iγ  non-dimensional inclination factors 

dc, dq, dγ non-dimension depth factors 

Table 3.  Meyerhof’s correction factors applied in current study for 
cohesionless soils 

Correction 

factors 
Expression In current study 

sc - Not applicable 

sq, sγ 

for ϕ* > 10° 

For square footing, B/L 

=1.0 

ic, iq, iγ - Not applicable 

dc - Not applicable 

dq, dγ 

for ϕ* > 10° 

Depth of embedment, D 

= 1.5m 

Width of footing, B = 

1.0, 1.5, 2.0, 2.5, 3.0, 

3.5, 4.0, 5.0 and 6.0m 

*ϕ-values corresponds to different site locations

The ultimate bearing capacity obtained from Meyerhof 

1963 formula indicate higher results compared to 

Terzaghi 1943 estimation and it is obvious that the former 

results are more conservative than the later due to 

provision of shape and embedment depth correction 

factors, although shape factor for square footing (Equation 

4) in the current study had been incorporated as proposed

by Terzaghi 1943. 

Figure 14.  Terzaghi’s (1943) ultimate bearing capacity for 

corresponding width of the foundation for all study locations 

q

21 0.1 tan 45
2

B

L

φ + ° +  

1 0.1 tan 45
2

D

B

φ + ° +  
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Figure 15.  Meyerhof’s (1963) ultimate bearing capacity for 

corresponding width of the foundation for all study locations 

The ultimate bearing capacity is minimum as 294 

kN/m2 for lower width of footing and maximum up to 

1300 kN/m3 approximately for higher width of footing 

with Terzaghi’s correlation. On the other hand, 

Meyerhof’s approximation had indicated minimum of 389 

kN/m2 at lower width of footing and 1754 kN/m2 for 

higher footing width. The progression trend in both the 

case are similar and linear having least ultimate bearing 

capacity in Gedu-3 and highest in PHPA-3 for the 

respective corresponding foundation width as presented in 

Figure 14, 15. All the test site at Gedu exhibit 

characteristics of local shear failure of the foundation 

subsoil (ϕ < 28˚) and the translational or mix mode of 
shear failure at all other sites (28º < ϕ < 38º). 

Since, unit weight obtained through field test show 

significant relationship with the N-value, the variation of 

ultimate bearing capacity with the field density with the 

unit width of the footing is linear in nature as per the 

findings. The analysis results depict correlation coefficient 

R
2 = 0.8199 and similarly, the correlation between angle 

of internal friction and the ultimate bearing capacity 

produced R2 = 0.9632 suggesting conceivable 

approximation of ultimate bearing capacity using field 

density and angle of internal friction as one of the base 

parameters as presented Figure 16, 17 and in any case 

laboratory test are suggested to obtain the shear strength 

parameters (c and ϕ-values) to validate. However, these 

findings are applicable for the present study region 

broadly considering similar geological formation within 

the southern belt. 

Figure 16.  Ultimate bearing capacity and unit weight plot 

Figure 17.  Ultimate bearing capacity and angle of internal friction plot
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5. Conclusions

1. Geotechnical investigation through open pit indicates

coarse grained soils containing larger portion of sand

between 45-65% followed by gravel of 22-37% and

less than 10% silt and clay content in the study

region. The soil is classified as poorly graded sand of

non-plastic (SN-NP) [25].

2. Field density show direct relation to ultimate bearing

capacity with correlation coefficient equal to 0.7530

as it represents the physical characteristics of the soil

at the site with the actual moisture content. It is

recommended to conduct the field density test at the

same depth of exploration. Similarly, correlation

coefficient between ultimate bearing capacity and

angle of internal friction is 0.9632, suggesting

conceivable approximation of ultimate bearing

capacity using field density and angle of internal

friction in the study region.

3. PLT results have shown ultimate bearing capacity

ranging between 275 to 785 kN/m
2 approximately in

eight study locations for embedment depth of 1.5m.

Increase in the size of the footing will result is higher

ultimate bearing capacity similar to results of SPT.

4. Meyerhof empirical relation produced more

conservative ultimate bearing capacity compared to

results of Terzaghi using SPT N-values which is in

accordance to numerous past studies. The ultimate

bearing capacity is minimum as 294 kN/m2 for lower

width of footing and maximum up to 1300 kN/m3

approximately for higher width of footing with

Terzaghi’s correlation. On the other hand, 

Meyerhof’s approximation had indicated minimum

of 389 kN/m2 at lower width of footing and 1754

kN/m2 for higher footing width. Gedu area suffer

much lower ultimate bearing capacity compared to

other sites in both Terzaghi and Meyerhof’s methods.

5. All the parametric analysis shows linear correlations

between each of the parameters. Bearing capacity

factors indicate an exponential function of angle of

internal friction (ϕ) [13]. All the investigated sites

contain suitable soils for shallow foundations for any

infrastructure development projects.
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