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Abstract: This study proposes a method of gradually loading plate load on-site using lever arms
to squeeze out pore water from clayey soils, allowing the soil to settle. Several types of tests were
conducted, including a conventional field plate load test (CFPLT), a numerical field plate load test
(NFPLT) and an innovative field plate load test (IFPLT) proposed in this study. Three trial pits with
soils of varied engineering properties were studied using CFPLT, which employed the use of a heavy
jack for load application, the NFPLT test using PLAXIS and an IFPLT, which employed a lever arm to
magnify the applied static load. Disturbed soil samples collected from these trial pits were tested
for index properties while the undisturbed soil samples were tested using the undrained triaxial
compression test (UTCT) and laboratory consolidation tests. The results of the index properties
classified these three clay soils as silt of low plasticity (ML) for clay from site 1, and clay of low
check for plasticity (CL) for clay from site 2 and 3. The cohesion and angle of internal friction from the UTCT
updates recorded cohesion values were 28, 29 and 37 kN /m? for sites 1, 2 and 3, respectively, while the angle
Citation: Umaru, L; Alhaji, M.M.; of internal friction values were 13, 8 and 6° for sites 1, 2 and 3, respectively. The plate load testing
Alhassan, M.; Adejumo, TE.; Alkali, using the three methods showed similar graph pattern except that the allowable load occurred at
B.; Birniwa, A.H.; Jagaba, A.H. approximately 350 kN /m? for the CFPLT and 150 kN/m? for the IFPLT. The high value of bearing
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capacity in CFPLT is due to the short period of time taken to load from a jack, which allowed the
Load Testing Equipment for In-Situ iy . . . . e

test to be completed within a short period of time. The ultimate bearing capacities computed from
the laboratory test have values of 315.0, 231.0 and 270.0 kN/ m? for sites 1, 2 and 3, respectively.

These values agree closely with the bearing capacities obtained for CFPLT but higher than the values
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recorded for the IFPLT. This is probably due to the long period of sustained loading during testing,
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which allowed for dissipation of pore water during each loading. Settlements obtained using the
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IFPLT were close to 25 mm, which is recommended as minimum settlements for building structures
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distributed under the terms and  Shallow foundations [1]. The traditional method of gathering undisturbed samples and
conditions of the Creative Commons  conducting laboratory tests on them produces erroneous bearing capacity and settlement
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without consideration for sample disturbance has been examined [5]. There is also a
limitation to normal soil test usage due to the nature of soil deposits such as gravelly
and difficult-to-sample soils [6]. Plate load testing is an in-situ test that provides a more
accurate bearing capacity estimate for soil deposits. Various plate load testing equipment
for both laboratory and field applications has been developed based on size and purpose of
operation. Laboratory load bearing plates were developed by researchers, including [7-13].
The equipment was employed on representative undisturbed soil samples in the laboratory
that recorded similar trends in the load-settlement characteristics graphs, the results of
which can be employed in large-scale foundations using appropriate formulae. The load
bearing equipment studied by [14-18] is basically for field application. This equipment are
employed directly on the in-situ soil deposits to obtain the load-settlement characteristics
directly without soil disturbance from sample collection and transportation.

A study of three plate sizes (0.30, 0.50 and 0.80 m in diameter) in sand examined the
effect of plate sizes in load bearing tests [19]. This is due to the stress bulb originating from
the base of the foundation. Results from this study did not show any clear failure pattern
for the various plate sizes [20]. However, for constant loading, the settlement was observed
to increase with an increase in plate size. The use of a 1.8m diameter plate in plate load
testing over weathered in-situ chalk was studied [21]. The common parameters that can be
evaluated with application of load bearing testing equipment are deformation modulus,
modulus of subgrade reaction, settlement, and allowable bearing pressure [22-24]. These
parameters are required for the design of various engineering infrastructures ranging from
pavements, shallow foundations for civil engineering structures and slopes.

The plate load test basically consists of loading a circular steel plate placed at a
foundation level to determine bearing capacity and settlements using either a medium or
industrial hydraulic jack for load application. These loads applied to the foundation soil
produce deformation, which is read through the dial gauge [15,16,25-27]. The hydraulic
jack used does not sustain the constant applied load or pressure for a long duration, which
leads to a drop in the loading during the test [28,29]. These drops in pressure could lead to
either under estimation or over estimation of bearing capacity and settlement of shallow
foundation for an intended structure. This test is not suitable for saturated clay soils, which
will require constant sustained loading over a period to allowed gradual dissipations of
pore water pressure before increments of loading.

This study is aimed at developing an innovative field plate load test equipment whose
supporting bases are fixed firmly into the ground to avoid extrusion of the supporting
bases during load application. This plate load test uses a constant load applied at the top of
a lever arm and is sustained for 24 h before the addition of another loading.

2. Methodology
Laboratory Test Procedures

Three soil samples were collected from three different trial pits located at Federal
University of Technology, Minna, north central Nigeria. Disturbed soil samples were
collected from each of the trial pits for classification tests. Undisturbed soil samples were
also collected from each of the trial pits and used for the undrained triaxial compression
test and consolidation test. A conventional plate loading test with a circular base plate of
30 cm loaded with an industrial jack was used for plate load testing in each of the trial
pits. The deformation readings were recorded for each loading increase, after which the
load-settlement graph was plotted. The proposed innovative plate loading test was also
used in each of the three trial pits with constant loadings of 5, 10, 20, 40, 80 and 160 kg,
which translates to constant loadings of 7, 14, 28, 56, 112 and 224 kN/ m?, respectively.

A numerical analysis using PLAXIS was used to develop a load-settlement character-
istic graph from the engineering parameters obtained from the laboratory samples.
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3. Results
3.1. Index Properties Test

The result of the index properties of soils from the three trial pits were classified as
silt of low plasticity (ML) for Trial pit 1 and clay of low plasticity (CL) for Trial pits 2 and
3, according to the Unified Soil Classification System (USCS). The soils were classified as
A-5, A-4 and A-6 according to the American Association of State Highway and Transport
Officials (AASHTO) soil classification [30] for the soils from Trial pits 1, 2 and 3, respectively.
The soil samples have a specific gravity (Gs) of 2.51, 2.61 and 2.57 for Trial pits 1,2 and 3,
respectively. The liquid limit and plastic limit values are 37.5, 32.5 and 35.50% and also
13.76, 11.87 and 13.02% for Trial pits 1, 2 and 3, respectively [31]. The results of the index
properties are summarized in Table 1.

Table 1. Summary of Index Properties Test Results.

Soil Soil
9 > % . . . .« .
Sample % £ %o Passing Sieve Size Atterberg Limits Classification Classification

Sample  Depth (m) Descript N.M.C =0

' » 2000425 0.075 PI (USCS) (AASHTO)

mm mm mm

Site 01 0.5 Brown 14.5 2.51 79.01 56.30 43.75 37.50 13.76 A-5 ML
Site 02 0.5 Brown 14.8 2.61 89.92 72.21 43.81 32.50 11.87 A-4 CL
Site 03 0.5 Dark 15.4 2.57 99.49 82.77 56.56 35.50 13.02 A-6 CL

3.2. Undrained Triaxial Compression Test

Undrained triaxial compression tests were carried out on three undisturbed cylindrical
soil samples with a diameter of 38 mm and a height of 76 mm. The samples were subjected
to triaxial test cell pressures of 100, 200 and 300 kN / m?, respectively.

The result of the UTC test for Trial pits 1, 2, and 3 are shown in Figure 1la—c and the
shear strength parameters are tabulated in Table 2. All these soil samples are C — @ soils
with high cohesion and minimal angle of internal friction. These characteristics justify the
use of the soils for plate load testing using the innovative plate load testing equipment.
Figure 1a—c shows that the angle of internal friction (¢) of the three soil samples were found
to be 13°, 8° and 6° for the samples from Trial pits 1, 2 and 3, respectively.

Table 2. Shear strength parameters for sites (a) 01, (b) 02 and (c) 03 soils.
Test No Cell Pressure  Deviator Stress Major Principal Cohesion Inte?nnaglllsr(i’:tion Unit Weight of Soil
! (kN/m?) (KN/m?) Stress (kN/m?) C (KN/m?) 0 ©) v (kN/m?)

(@

1 100 125 225

2 200 180 380 28 13 18.86

3 300 240 540
(b)

1 100 98 198

2 200 130 330 29 8 18.55

3 300 160 460
(c)

1 100 106 206

2 200 130 330 37 6 18.34

3 300 160 460

These parameters were used to compute the bearing capacities for the soils from Trial
pits 1, 2 and 3. The cohesion recorded for the soil samples were 28, 29 and 37 kN /m? for
soil samples from Trial pits 1, 2 and 3, respectively. The higher cohesion in the sample from
Trial pit 3 agreed with the higher fines recorded in this sample.

The parameters obtained from these tests were also employed in the numerical evalu-
ation of the load-settlement characteristics graph developed using PLAXIS.
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Table 2 presents the summary of shear strength parameters along with the principal
stresses used in the test.
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Figure 1. Cont.



Geotechnics 2023, 3

146

0= 615 c= 3682

Shear Stress,t (KN/m?)

225
200
175
150
125
100
75 §P= N AR
S RN :
T
50 ____________,,-f-—'-—:;"‘- / % \
%5 / \ / /\ \
/ .\'\ll ."I "l.l ".I
| | | | | |
0 \ | | I \
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450
Principal Stress,c (KN/m*)
()
Figure 1. Graphs of Triaxial Tests for sites (a) 01, (b) 02 and (c) 03.
3.3. Laboratory Consolidation Test
The laboratory consolidation test was conducted on the undisturbed soil sample from
the three trial pits, as shown in Figure 2, to determine the magnitude of the settlement
of the soils in the laboratory. The compression index, Cc, of the soil samples were 0.124,
0.166 and 0.111 for soils from Trial pits 1, 2 and 3, respectively, while the magnitude of the
settlements were 28 mm, 39 mm, and 29 mm for soils from Trial pits 1, 2 and 3, respectively.
Table 2 shows the summary of shear strength parameters and the magnitude of settle-
ments. The magnitude of settlements is relatively high due to sustained saturation of the
soil samples during consolidation testing as recommended by the standard. The laboratory
oedometer test results in Table 3 yielded a higher settlement, which could be attributed
to sample collections, sample preparations and other environmental factors, such as stress
distributions, pore water and degree of saturation when compared with the in-situ methods.
Table 3. Summary of Strength Properties Test Results.
Modulus of Shear Bearing Capacity
Bulk Unit wet Elasticity E (kN/m?) Strength Parameters (kN/m?) Settlement
Sample Depth (m) 3 8
(kN/m?) C
(kN/mz) @ Qult- Jallow (mm)
Site 01 0.5 18.86 3714 28 13 421.53 105.38 28.0
Site 02 0.5 18.55 5107 29 8 310.24 77.56 39.0
Site 03 0.5 18.34 7428 37 6 360.25 90.06 29.0
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Figure 2. Graph of Laboratory Consolidation Test of Void ratio against Load.

3.4. Field Plate Load Testing Apparatus and Experimental Procedures
3.4.1. Conventional Plate Load Test

The conventional plate load test (CFPLT) was conducted on the three trial pits. There
was no disturbance on the surface within a distance of 3.5 times size of test plate from its
center. The test plate of 300 mm diameter and 25 mm thick placed at depth of 0.5 m was
used for the test [15]. The plate was placed in the center using a plumb bob from the beam
center to check the level using a spirit level. A truck load was used as a reaction weight to
keep the base plate on the ground after the application of the load through an industrial
jack. The vehicle wheel was maintained such that there was no wheel contact close to the
range of the testing area. The vertical steel supporting members were arranged on both
sides of the marking at an equal distance. A hydraulic jack was placed on the plate and
surcharge place above the jack piston up to the steel beam level. The jack was lifted until
the steel beam touched the bottom of the loaded truck. Two supports for the reference
beam were arranged for the fixing of dial gauges resting at the diametrically opposite ends
of the plate, as shown in Figure 3. The readings of deformation on the dial gauge were
taken after 15 min or when deformation was less than or equal to 0.002 mm /min.
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Figure 3. Conventional Plate load test.

The test was conducted according to [31]. The deformation curve obtained from
the field data shows a gradual movement of the curve from zero to the maximum load,
producing a higher bearing capacity when the tangential method of obtaining bearing
capacity is used and gives rise to a corresponding lower settlement value. The values are
presented in this study. The reason behind the higher value of bearing capacity for Trial
pits 1, 2 and 3 soils is that ML and CL soil are semi pervious soils, which do not allow for
movement of pore water when conducting a short duration test to dissipate or expulse pore
water. That gave rise to higher values of bearing capacity and lower settlement because the
stress is carried by pore water instead of the soil skeleton, as seen in Figure 4.

Settlement (mm)
[+:] ~ o [%)] = w ] = [=]

100

Pressure (kN/m?)

200 300 400 500 600 700

—@— site01 —O—site 02 —0— site 03

Figure 4. Graph of Conventional Plate Load Test.

The load-settlement characteristic curves shown in Figure 4 represent the result of the
soils from Trial pits 1, 2 and 3. All three curves showed a yield load at 350 kN /m?. These
values are close to the ultimate bearing capacities computed from the laboratory results.
However, the settlement values were observed to be low due to short time loading from
the loading jack.
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3.4.2. Innovative Field Plate Load Test

The proposed innovative plate load testing equipment emanated from a structural
analysis and design of all the component steel members. This allowed for evolving the
appropriate member sizes and shapes that can withstand the anticipated loadings. The
base plate is made of a 30 cm x 30 cm square steel plate of 25 mm thickness. This plate is
structurally designed to withstand loading without any form of bending. The anchored
legs use an H-steel member with a flat steel plate attached to the end of the supporting legs,
which sufficiently anchor the leg into the ground to 2 m depth. The equipment consists of a
straight lever mechanism to magnify the weight of the load applied at the tip of the lever
arm. The device is loaded incrementally through the loading hanger, known as effort, and
maintains distance, L, from the fulcrum, F, and balance/canter load, W, at the opposite end
with distance X from fulcrum F to produce equilibrium at the fulcrum. The load transfer
Column C transfers the loads from the lever to the square base plate at the foundation
level [11]. This is because dissipation of pore water from clay soils is gradual and requires
a long duration and incremental loadings from smaller to higher loads. Each load placed
on the lever arm is maintained for the period of 24 h before the next incremental loadings.

The fabrication of the proposed innovative Field Plate Load Test (IFPLT) equipment
was carried out in a mechanical engineering workshop at Federal University of Technology,
Minna, Nigeria, using the appropriate design data. Although the analysis and design of
the IFPLT is not included in this paper, the materials used for the fabrication were obtained
from the Panteka market in Kaduna, Kaduna State, Nigeria. The equipment (see Figure 5)
was fabricated to allow for dismantling and movement from one position to the other. The
fabrication is so simplified and portable that two people can setup the equipment on the
field, load the equipment and take readings. It can also be moved from one point to another
with ease when compared with conventional methods that require many personnel and
heavy trucks to set up [17].

Fulcrum F

Effort P
Balancing Crossing Beam
Load W
Plate ansfer Column C
Ground Tevel Gronnd Level Anchored Leg H

AN -

Figure 5. Line diagram of Innovative plate load test equipment.

The test using the proposed innovative plate load test was carried outona 1.5by 1.5m
square pit with a 0.5 m depth using a square plate of 300 mm and 25 mm thickness with a
load hanger attached to the lever arm, as shown in Figure 6. The stand legs were installed
in the soil up to a 2 m depth using lean concrete to prevent pullout and sinking of the entire
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mechanism when the setup is loaded to the maximum. Incremental loads of 5, 10, 20, 40,
80, 160 kg and 320 kg were conducted with each loading maintained for 24 h before the
next incremental loading. The dial reading of the dial gauge was taken at5s,10s,15s,30s,
1 min, 2 min, 4 min, 8 min, 15 min, 30 min, 1 h,2h, 4 h, 8 h, 12 h and 24 h. The deformation
was recorded at each interval. The test was conducted on three trial pits; Trial pit 1 was sited
directly behind the Civil Engineering laboratory, Trial pit 2 directly in front of the Center for
Distance e-learning and Trial pit 3 was sited close to the National Information Technology
Development Agency (NITDA) at Federal University of Technology, Minna. These trial
pits are located at Latitude 9.535154 N, Longitude 6.452758 E, Latitude 9.532421 N and
Longitude 6.451625 E, and Latitude 9.534101 N, Longitude 6.451475 E for Trial pits 1, 2 and
3, respectively.

Figure 6. Proposed Set-up for Innovative Field Plate Load Test.

The load-deformation characteristics observed on the silt of low plasticity (ML) soil
from trial pit 1 using the proposed Innovative field plate load testing equipment shows
that, at the beginning of the smaller loadings for an interval of twenty-four (24) hours
each, the pore water of the soil carried the applied pressure exacted by the applied load.
When the applied pressure reached the fourth loading, it yielded minimal deformations
due to pore water dissipation. The application of the fifth and sixth higher loads caused a
sharp downward movement of the curve, indicating settlement due to further dissipation
of the pore water from the soil skeleton and rearrangement of soil particles to fill the
void spaces [7].

The results of soils from Trial pits 2 and 3 depicted in Figure 7 follow the same pattern
as Trial pit 1. However, for Trial pits 2 and 3 soils, the magnitude of deformation was higher
for same load applications, which signifies a more porous soil structure compared to soils
from Trial pit 1. This is probably due to the class of the soil that is classified as clay of low
plasticity (CL). The deformation was minimal at lower loads and gradually became higher
with higher loadings. The results of the bearing capacities and settlements are presented in
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this study. The bearing capacity (g,) was determined using Equation (1) developed for the
clayey soils by [32].
qu(F) = qu(P) 1

where g,(F) is the ultimate bearing capacity of a proposed foundation and q,(P) is the
ultimate bearing capacity of the test plate.
The settlement of soil for the foundation can also be determined from Equation (2).

Sf=5px be 2)
where
Sy Permissible settlement of foundation (mm),
Sp Settlement of plate (mm).
While B is Size of foundation (m),
by is Size of plate (m).

Settlement (mm)

10
15
20
25
30
35
40
45

Pressure kN/m?

50 100 150 200 250

—0— Site 1 Site 2 Site 3

Figure 7. Graph of Innovated Field Plate Load Test.

3.4.3. Numerical Plate Load Test Using PLAXIS Software

PLAXIS 3-D is a finite element software package known as the numerical Plate Load
Test (NPLT) and is widely used for geotechnical engineering. It provides a 3-D model
capability that can be applied for various geotechnical engineering analyses. The 3-D
Mohr-Coulomb model was used because the 2-D axisymmetric model was not sufficient to
represent the geometry because the bearing plate reached a considerable punch depth to
create the finite strains. The soil geometry of the boundary condition of 5 m by 5 m and pit
dimensions of 1.5 x 1.5 m and a depth of 0.5 m was excavated. The dimension of the pit is
five times the diameter of the plate size. The PLAXIS 3-D software model uses soil skeleton
of the subgrade layer, which provides soil behavior under different loading conditions.
This program develops a 3-D subgrade model for the load-deformation curve for the plate
load test to find the subgrade reaction modulus, settlement and bearing capacity. The
software requires soil properties that include shear strength parameters, Poisson’s ratio
and the unit weight of soil, as seen in Table 4.
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Table 4. Soil Properties used in Carrying out Numerical Analysis.
. Depth (.)f Undra.med Angle of Unit Weight of  Poisson’s Ratio Moc.lulus Of.
Site Foundation Cohesion C Internal Soil v (KN/m?) of Soil Elastic of Soil
(m) (KN/m?) Friction @ (°) Y H E (kN/m?)
A 0.5 28 13 18.86 0.3 3714
B 0.5 29 8 18.55 0.3 5107
C 0.5 37 6 18.34 0.3 7428

The properties of the steel material were 300 mm in diameter, a density of 7850 kg/m3
and a 25 mm thickness. The PLAXIS software is demonstrated in Figure 8.

Fie €dt View Saged constructon Phases Opions Epet Help
QEH NP X BS0ABMODM e AR |PD
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Loading 10kN [Phase_S] "
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Session | Model hstory
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command (target] [pecsm1 (pacead [...]1]]
for example:
point 123
info poirt 1 -
< >
| Command

Figure 8. PLAXIS 3D Software application.

The PLAXIS model analysis has been conducted by considering the axisymmetric
loading geometry and using a fine mesh for the domain, as shown in Figure 9. Then, the
results are checked for the displacement of vertical loading [33].

["10%m)

Figure 9. PLAXIS 3D Outputs for Applied Vertical Deformed Mesh.
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The results of the PLAXIS 3-D model of the Numerical plate load test for bearing
capacity and settlement of soils from the three sites are presented in this study, while the
stress settlement curve is presented in Figure 10.

Pressure (kN/m?2)
-1 9 500 1000 1500 2000 2500
0\’7 7‘7—77 T N e —
1
2
—~ 3
E 4
2 5
(3]
£ 6
<
s 7
5]
» g
9
10
11
12
—o—Site 01 —e—Site 02 Site 03

Figure 10. Stress-Settlement behaviors of PLAXIS Model Test.

4. Discussion of Results
4.1. Laboratory Experiment

According to the results of the laboratory tests (oedometer and triaxial tests),
Figures 11 and 12 site 2 show a high settlement of 45.77 mm, followed closely by Site
3 with a settlement value of 43.86 mm, while Site 1 soil has the lowest settlement value of
31.5 mm. For the allowable bearing capacity, Site 1 has an allowable bearing capacity of
105.38 kN /m?, which is closely followed by Site 3, with an allowable bearing capacity of
90.06 kN/m?. Site 2 has the least allowable bearing capacity of 77.56 kN/m?, and these
results are related to those reported by [34].

Allowable Bearing Capacities Using Different test Methods

300
250
200
150
100
%0 II -y

0

Lab Test CPLT IFPLT NPLT
Type of test conducted

Allowable Bearing Capacity (kN/m~2)

M Site 01 mSite 02 ™ Site 03

Figure 11. Allowable Bearing Capacity of the three sites.
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Settlement Using Different Test Methods
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Figure 12. Settlement of the three sites.

4.2. Conventional Plate Load Test

However, the results from the graph of the conventional plate loads test (CPLT), as
seen in Figure 3, show that Site 3 has a settlement value of 9 mm, follow by Site 2 with
a settlement of 6 mm and Site 1 with a settlement value of 2.5 mm. The corresponding
allowable bearing capacity indicates that Site 2 has an allowable bearing capacity value
of 92 kN/m?, closely followed by Site 1, which has an allowable bearing capacity of
91.25 kN/m?. Lastly, Site 3 with an allowable bearing capacity of 90 kN/m? [35], is
presented in Table 5.

Table 5. Conventional PLT bearing capacity.

Site Ultimate Bearing Capacity (kN/m?)  Allowable Bearing Capacity (kN/m?) Settlements (mm)
01 365 91.25 2.5
02 368 92 6
03 360 90 9
4.3. Innovative Field Plate Load Test
The results from the graph from the innovative field plate load test (IPLT) shows that
Site 2 yields a settlement of 10 mm, followed by Site 3, with a settlement of 17.5 mm. Site 1
yields a settlement of 12. 5 mm, as seen in Figure 9. The results of the innovative test are in
agreement with the results obtained by [36]. The corresponding allowable bearing capacity
shows that Site 2 has an allowable bearing capacity of 24.5 kN/m?, Site 1 has an allowable
bearing capacity of 22.5 kN/m? and Site 3 has the lowest allowable bearing capacity of
21.75 kN/m?2 [10,37], as presented in Table 6.
Table 6. Innovated Plate Load Test Bearing Capacities and Settlements.
Site Ultimate Bearing Capacity (kN/m?)  Allowable Bearing Capacity (kN/m?) Settlements (mm)
01 90 225 12.5
02 98 245 10
03 87 21.75 17.5

4.4. PLAXIS Software

The allowable bearing capacities of the soil from Site 01 using the PLAXIS model
(Numerical Plate Load Test NPLT) was 275 kN/m? and the corresponding settlement was



Geotechnics 2023, 3

155

2.0 mm. The graph is shown in Figure 10, as reported by [38]. The settlement is below the
25 mm minimum as recommended for building structures in [36]. Furthermore, Site 02
soil gives an allowable bearing capacity of 300 kN/m? and the corresponding settlement
0.75 mm, using Equation 1 and Equation 2, respectively. The graph is presented in Figure 10,
and the findings are in agreement with [29,39]. The settlement is far below the 25 mm
minimum as recommended for building structures in [36]. However, allowable bearing
capacity and settlement using numerical analysis (PLAXIS 3D) was 163 kN/m? and 0.3 mm,
respectively. The graph presented in Figure 7 is in line with the findings of [40-45]. The
results of the bearing capacities for the four different test methods are presented in Figure 8
with Numerical Plate Load Test (NPLT) PLAXIS showing the highest allowable bearing
capacity. The results of the corresponding settlements for the four different test methods
are presented in Table 7, with the laboratory test method having the highest settlement and
the PLAXIS method having the lowest settlement.

Table 7. PLAXIS model Numerical Plate load test.

Site Ultimate Bearing Capacity (kN/m?)  Allowable Bearing Capacity (kN/m?) Settlements (mm)
01 1100 275 2.0
02 1200 300 0.75
03 650 163 0.3

The settlement of the conventional method in Table 4 was very small when compared
with the innovative plate load test in Table 5, which was due to the intensity and the
duration of the test conducted. This is because the duration for the conventional test was
short and, hence, resulted in a minimal settlement, while the values of the settlement
recorded using innovative plate load equipment was due to the long duration test, which
allows for expulsion of pore water in clay soil [46-52]. Thus, expulsion of pore water from
the soil was not part of the scope of the research [53]. However, the conventional method
of determining the allowable bearing capacity using the plate load test yielded a higher
bearing capacity, which was attributed to a large sudden load applied to the soil through
the truck load, which was not maintained for a long time. The innovative plate load test
load intensity was not large when compared with the conventional method, but the load
was applied to the soil gradually in small to the higher loads, which resulted in lower
bearing capacity values and higher settlement, as presented in Table 5.

Correlation of Field Plate load Test Device with the PLAXIS Model Numerical Simulation

The PLAXIS models depicted in Figure 13 were compared with the experimental
results of the IPLTD to achieve a more effective investigation. The results showed evidence
that the consistency between the observed behaviour and that of the predicted one by the
PLAXIS 3D (Numerical Plate Load Test) model yields relatively high correlation coefficients
of (R? = 0.986) and a linear equation (Equation (3)) expressing the correlations between
the independent variable, X, and the dependent variable, Y. The findings are in agreement
with [54-57].

y =18x+0.85 (©)]

As seen in Figure 14, the PLAXIS models were again compared with the experimental
results of the IPLTD. The results showed evidence that the consistency between the observed
behaviour and the predicted ones in the Numerical Plate Load Test model yields correlation
coefficients (R? = 0.974) lower than that of Figure 11 and the linear equation expressed in
Equation (4) [58].

y=68x+12 4)
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Figure 13. Relationship between Measured FPLTD and PLAXIS Model settlement values on
Site 01 Soil.

Site 02 Soil
35 T T T T T T T T
g data1
- L =6.8*x + 1.2 linear | |
=3 Y
[}
5 2
2 R“ =0.974
B 2T 2 ]
1%5) Adj. R =0.807
k7]
@ il
o
©
o
a
@ i
<
o
)
Q@ B
[
[}
=
= i
>
o
=
=
O 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Plaxis Model Settlement (mm)

Figure 14. Relationship between Measured FPLTD and PLAXIS Model settlement values on
Site 02 Soil.

However, comparing the Finite Element Model with the experimental results of IPLTD
Figure 15 yielded good correlation coefficients of (R? = 0.985) when compared with the
results from Figures 12 and 13, while the linear expression given in Equation (5) was
reported by [59].

y =34x—0.79 ®)
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Figure 15. Relationship between Measured FPLTD and PLAXIS Model settlement values on Site 03.
4.5. Advantages of the Proposed Innovated Field Plate Load Test

ii.

ii.

iv.

The advantages of the proposed innovative field plate load testing equipment are:

The equipment is portable, as it can be dismantled and moved from one position to
the other even where access to the site is difficult.

Few numbers of personnel, i.e., not more than two people, can set-up and operate
the equipment.

It has a great advantage when used on saturated clay deposits as it will allow for max-
imum deformation after dissipation of pore water pressure for each load application
before increment of next loading.

Multiple plate load testing can be set-up simultaneously in multiple foundation
trenches and the readings recorded simultaneously over the required period of time.

4.6. Limitations of the Proposed Innovated Field Plate Load Test

The major limitation in the proposed Innovative Field Plate Loading test is that the

equipment is suitable where low bearing capacity not exceeding 250 kN /m? is required.

5. Conclusions

The following conclusions were drawn:

The proposed innovative load bearing testing equipment was designed and fabricated
to standard. All the component steel members were observed to resist maximum
loading during testing without deformation or failure of any of the steel members.
The soils from the three trial pits were classified as silt of low plasticity (ML), clay of
low plasticity (CL) and clay of low plasticity (CL) for Trial pits 1, 2 and 3, respectively.
The bearing capacities obtained from the CFPLT are close to the ultimate bearing capaci-
ties calculated from the laboratory triaxial tests. The bearing capacities from the proposed
innovative plate load testing equipment, however, recorded lower bearing capacities.
This is probably due to the long period allowed for each load before the next loading.
Settlement values recorded for the CFPLT were observed to be lower than those
recorded for the IFPLT. The CFPLT does not allow for sufficient time for the dissipation
of pore water pressure and, therefore, limits the magnitude of the settlement.
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