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Abstract 

The purpose of this research is to develop a folding anchor model, which is a modification of the star-shaped plate 

anchor, and to investigate the pull-up capability operating in cohesive soils. Physical testing is performed in the 

laboratory and on a full scale in the field, with the findings of the pull-up capacity achieved compared. The anchor model 

is made up of four leaves with varying widths and depths. It is flexible and may be closed and opened like an inverted 

umbrella. The effective area of each anchor was determined in laboratory experiments to be A1=30.00, A2=57.60, and 

A3=147.20 cm2, evaluated in a test column bath and filled with statically compressed, cohesive soil in four layers to a 

height of 30 cm. Each model was evaluated at three different depths: 30, 60, and 90 cm. The effective area of each 

anchor in field testing is B1=57.60, B2=147.20, and B3=600 cm2. The qualities of the soils chosen in the laboratory and 

in the field are identical. Each model was tested at three different depths: 100, 200, and 300 cm. The most resemblance to 

pull-up test results was found in laboratory and outdoor testing. The findings indicated that the area of each anchor model 

increased at each depth, resulting in a considerable rise in pull-up load. The change in depth of each anchor variation, 

however, did not result in a substantial increase in pull-up load. This implies that the folding type model anchors do not 

need extensive design. Each area change has a fundamental constraint in that adding depth will no longer result in a 

higher maximum pull-up capability. It also shows that these anchors are relatively simple to install in the field using 

basic tools without excavating or drilling the soil. 
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1. Introduction 

Indonesia has around 3,700 inhabited islands and a coastline of 80,000 kilometres stretching from Sabang to 

Merauke. Residents in Indonesia often utilise coastal maritime regions to conduct different activities to suit their 

requirements, such as industrial areas, ports, fishing operations, agricultural, government, and tourist areas, so various 

infrastructure and facilities must be created offshore and along the coast. Many soft soil deposits may be found in 

coastal regions, offshore waterways, and on land in numerous coastal places across Indonesia's islands [1]. One of the 

engineering geological restrictions that might pose issues in infrastructure development and spatial planning is soft 

soil. Because of their limited bearing capacity, soft soils often pose issues in building, and settlements are possible [2]. 

The fundamental issue that coastal or offshore structures confront is structural stability owing to seawater movement, 

both vertically due to tides and horizontally due to currents, wind, and waves. To maintain stability owing to vertical 

uplift, a retaining structure known as an anchor is required [3]. Soil anchor structures have been created for a variety 

of applications, including slope reinforcement, retaining walls (pipe), tunnel stability, transmission tower foundations 

to bear tensile pressures, overturning, and so on [4]. 
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There are several kinds of anchors that have been designed for diverse applications based on the magnitude and 

type of load, construction type, local soil conditions, and so on. There has already been research on the usage of 

anchors. Several scholars have already conducted research on the pull-out capability of the ground anchor. Other 

research findings aim to better understand the behaviour of anchors in soft soils under static and cyclic dynamic 

stresses [5]. Further research advances in the creation of anchor designs and models with simplicity of installation and 

high bearing capacity are required [6]. The usage of folding type anchors on cohesive soils is done with the 

presumption that the anchor components will blossom at the time of withdrawal up to the maximum pull-up limit [1]. 

Based on the reasons stated above, this study will develop a folding anchor model as well as test the performance of 

the anchor to be produced, particularly in terms of pull-up capability for many depth variations inserted into the 

cohesive soil [7]. 

2. Literature Review 

Ground anchoring is also known as alluvian anchoring, ground anchoring, or tieback anchoring. Drilling is 

performed in soil composed of a layer of sand, a layer of gravel, a layer of cohesive fine-grained soil, or weathered 

rock, where a portion resists tensile strain in the form of cement with steel cables or cement with steel rods and plates 

with steel rods put into the soil [8, 9]. The drilled hole is subsequently followed by a tensile force to reinforce the 

structure [10]. This anchor may be put into practically any kind of soil to generate a huge concentrated force, although 

in certain foundations the force that operates is a tensile force rather than a compressive force. Because the soil cannot 

bear the draw, an armature system is employed on the ground where the pulling force or pulling force is kept by the 

armature which is planted deep into the ground [11]. According to the definition above, the anchor is a component of 

the structure that works to transfer tensile tension from the main structure to the soil layers around the anchor [12]. 

The shear strength of the soil resists this tensile stress. Hence, the higher the shear strength, the larger the anchor 

carrying capacity. Coyne used ground anchors for the first time in the mid-1930s to fortify the Cheurfas dam in 

Algeria. The benefit of employing anchors is that its implementation does not require the use of a specific field [13]. 

Several experiments, such as the behavior of spherical anchor plates with uplift tests on cohesive soils [14], the 

anchoring ability of star-shaped plates on compacted cohesive soils [15], and other similar experiments, have been 

conducted. Several more study findings seek to comprehend the behaviour of anchors in cohesive and non-cohesive 

soils under dynamic and static pressures [16]. In addition to theoretical and experimental research, the majority of 

which focuses on the failure behaviour and tensile capacity of anchors tested on non-cohesive soils, just a few have 

looked at the issue of cohesive soils [17]. Previous studies attempted to predict the behaviour of anchors in the field by 

simulating laboratory test models and using numerical algorithms or theoretical formulations [18]. During field 

installation, the researchers encountered issues with the usage of huge plate anchors [19]. This is particularly true if 

the anchors are put in water regions on saturated cohesive soils, since they must first be dug to the necessary depth, 

then the anchors installed, and then backfilled [18]. One of the previous researchers suggested that more research be 

done on the development of the shape and model of the anchor that can be expanded (spread) when the anchor has 

been planted at a specified depth position and is easy to apply in the field and has ease of installation while still having 

a large enough tensile capacity, particularly for the use of anchors on cohesive soils with a large thickness [20]. It is 

feasible to innovate by utilising anchor pieces with varying variations in size or area, particularly when using anchors 

on cohesive soils or soft soils [21]. 

A folding type soil anchor model made up of four (four) leaves is the most recent invention created in this 

research. This folding ground anchor is a variant of the star-shaped plate anchor. The use of folding type anchors on 

cohesive soil at a pre-set depth with the expectation that the anchor element would bloom or expand on its own as the 

anchor is gently pushed to enhance shear resistance until the manometer reading (dial gauge) does not occur again. 

The tensile capacity model of the folding type anchor will be tested on cohesive soil (soft soil) with modifications in 

the size and depth of the anchor as the first stage of development. In order to achieve the maximum tensile force, the 

pull-up capability of the anchor must be examined in order to determine the maximum anchor tensile force to be 

planned. 

No one has ever employed folding anchors in their studies. The previous researchers' technique, particularly the 

star anchor plate [1], is used in this study's analytical approach. The sole difference is that the plate anchor work 

system is enormous and stiff, while the folding anchor is flexible and may be placed into the earth completely [22]. 

The anchor is withdrawn after reaching the set depth, and the anchor may bloom or open after reading the dial gauge. 

Tensile strength does not grow further. The anchor work is considered after the anchor has been entirely opened. The 

analytical method is thought to be the same as the enormous stellar plate anchor [23]. 

3. Materials and Methods 

There are many ways of determining the tensile capacity of anchor plates, including theoretical approaches, 

computational approaches, model tests, and full-scale field tests. Although, in general, laboratory model experiments 
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must be supplemented by full-scale field testing [15]. This study employs two approaches: experimental research by 

evaluating the model in the laboratory and full-scale field testing. The first stage is to assess the soil's physical and 

mechanical properties to ensure that it fits the necessary soil standards in the form of cohesive soil. Furthermore, the 

anchor model is tested so that the limit tensile capacity and soil failure models may be determined. Following 

laboratory testing, full-scale field testing should be performed to compare the findings of the laboratory model test. 

Each test site employs one of three anchor models (Figures 3 and 4). 

   

Figure 1. Model of 4-leaf folding anchors for Field Test 

   

Figure 2. Folding Anchor 3D Model 

Each compacted and levelled layer of soil is then painted or colored above the surface as a boundary layer in order 

to monitor the soil collapse model once the pulling test is done. The foldable anchor is installed by connecting rods 

with a diameter of 22 mm. After inserting the soil sample into the test column, which had been statically compacted as 

high as 120 cm, hydraulic jacks were used to insert/pierce the anchors into the soil at each design depth of 30 cm, 60 

cm, and 90 cm. The load is then constantly drawn until the maximum pulling force is reached, which is shown by the 

lack of a rise in the tensile load. A tensile force vs. deformation curve or anchor displacement may be recorded during 

the anchor pulling testing procedure. The maximum tensile bearing capacity of the folding anchor model may be 

observed from the tensile test results. To identify the model of soil failure, a dial gauge will be mounted on the ground 

surface surrounding the anchor model to measure the deformation of the soil that happens during loading. 

4. Results and Discussions 

This study covers the analysis of the physical and mechanical properties of the soil employed as a medium in this 

experiment, including sieve and hydrometer analysis tests, moisture content tests, soil specific gravity tests (GS), 

volumetric weight tests, and Atterberg limit tests. The mechanical characteristics are tested, including soil compaction 

(proctor compaction), direct shear test, unconfined compression test (UCT), and hand penetrometer (QC), and the soil 

test results are acquired, as summarised in Table 1. 

Table 1. Soil Investigation Result 

No. Types of Laboratory Testing Unit Results 

A. Index physical properties 
  

1 Moisture Content % 54.00 

2 Specific Gravity (GS) 
 

2.73 
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3 Sieve analysis (sieve No. 200) % 87.4 

 
Atterberg Limits: 

  

4 

Plastic Limit, wp (%) % 19.60 

Liquid Limit, wL (%) % 54.50 

Plastic Index, Ip=wL-Ip % 34.90 

Shrinkage Limit % 21.383 

B. Mechanical properties 
  

1 Unconfined Compression Test (UCT)) = qu 
ton /ft2 0.36 

kg/cm2 0.033 

2 Direct Shear Test (ø) degree 16046' 

3 C (soil cohesion) kg/cm2 1.0014 

4 Compaction (ɣdray) gr/cm3 1.08 

5 Compaction (ɣwet) gr/cm3 1.66 

The laboratory density parameters obtained from the standard compaction test (Standard Proctor Test) were the 

maximum moisture content of Wopt = 38% and the maximum dry weight of 1.26 gr/cm3. The soil moisture content to 

be compacted was w = 81.87 percent with a dry volume weight of d = 0.25 gr/cm3 based on the density of the soil in 

the test container/test column. The value of the Relative Density (R) of the soil of the test medium is determined from 

the results of the laboratory density test and the field density test, namely the ratio between the dry density of the field 

and the dry density of the laboratory = dry field/dry lab. 

𝑅 = (0.25/1.26) × 100% = 19.84 % (1) 

The unconfined compression test (UCT) findings show an average value of qu = 0.226 kg/cm2 = 0.203 ton/ft2, 

indicating that the soil has a fairly soft consistency. The Hand Penetrometer (HP) test is used to determine the bearing 

capacity of the soil, which is similar to the cone penetrometer test. The average qc = 3,731 kg/cm2 was obtained from 

the hand penetrometer testing. The earth is of very soft consistency. 

Figure 3 depicts the relationship curve of the anchor displacement with the tensile load for various anchor types 

and depths. The behaviour of the tensile load connection with the displacement interval has a very substantial rise in 

tensile load in the laboratory tensile test at a depth of 30 cm by 60 cm with an anchor displacement interval of every 

20 mm. While the behaviour of the tensile load relationship is comparable for depths of 60 cm and 90 cm, the 

maximum tensile load is not significantly different. Similarly, the behaviour of the tensile load relationship with the 

anchor displacement interval has a very substantial rise in tensile load in the full-scale tensile test in the field at a depth 

of 100 cm by 200 cm with an anchor displacement interval of every 10 cm. Meanwhile, at depths of 200 cm and 300 

cm, the tensile load relationship behaves similarly, and the maximum tensile load is not significantly different. We can 

see the curves for all anchor types where the curve is steep at first to a specific amount of load rise until there is no 

more load growth. The maximum pull-up capacity has been attained in this circumstance. Then it seems that there is 

no increase in load until a specific anchor displacement occurs. This demonstrates that the anchor insertion/puncture 

depth has a critical limit beyond which increasing the depth will no longer improve the maximum pull-up capability. 
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Figure 3. Anchor pull-up capability and depth relationship (Left=Laboratory Test, Right=Field Test) 

According to Figure 4, the change in area increase for each anchor type to each depth resulted in a considerable 

rise in pull-up load. The maximum pull-up load produced increases with the size of the anchoring area. When pushed 

with an anchor displacement of 20 mm at intervals at a depth of 30 cm, all variants of the anchor model may be 

observed. The displacement of the anchor to a location of 140 mm has experienced the maximum pulling load and 

immediately experienced a drop in the pulling load for the three distinct variants of the anchor. The soil has failed 

under these conditions. This signifies that the soil above the anchor is no longer capable of supporting the pulling 

tension that has nearly reached the soil's surface. The pull-up load value on the towing machine's manometer (dial 

gauge) is recorded for every 20 mm of anchor displacement. The behaviour of the pulling load relationship with an 

anchor displacement interval of every 20 mm is identical for the three variants of the various anchor types at depths of 

60 cm and 90 cm. This implies that the folding type anchor model does not need to be very complex. When the anchor 

is gently withdrawn, the pulling load increases until there is no longer a rise in the pull-up load, at which point the 

anchor withdrawal is halted. The maximum pull-up capacity has been obtained at anchor displacements of up to 160 

mm. This means that once the anchor was initially pulled, the element or leaf of the anchor gradually opened, followed 

by a little rise in load until there was no further increase in load. The anchor element is completely opened at that 

moment, and the anchor withdrawal is halted. The maximum pull-up capacity has been attained in these 

circumstances. 
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Figure 4. Anchor pull-up capability and depth relationship against varied anchor types (Left=Laboratory Test, Right=Field 

Test) 

Anchoring at a depth of 300 cm, maximum extension was achieved at a displacement of 600 mm, and a maximum 

pull-up capacity of 539 kg was achieved. At a depth of 200 cm, full extension of the anchor occurs at a displacement 

of 600 mm, and the pull-up capacity reaches a maximum Pu of 500 kg (Figure 5).  
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Figure 4. Maximum pull-up capacity curve with type B1 anchor displacement to a depth of 300 cm, and 200 cm 

When the anchor was pulled at a depth of 100 cm (Figure 6), it had completely expanded at an anchor 
displacement of 600 mm and had a maximum pull-up capacity of 346 kg, but since it was so near to the surface, the 
bearing capacity of the soil above the anchor had failed. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Maximum pull-up capacity and displacement relation of B1 anchor to a depth of 100 cm 

Table 2. Recapitulation of maximum pull-up capacity (Pu) in Laboratory Tests 

No. 

Anchor 

Model 
Diameter 

A=Area of the  

Anchor Circle 

a=Effective Area  

of the Anchors 
Pult (kg) 

Type (cm) (cm2) (cm2) Depth 30 cm Depth 60 cm Depth 90 cm 

1 A1 13.50 143.07 30.00 280 450 500 

2 A2 16.50 213.72 57.60 300 480 530 

3 A3 26.50 551.27 147.20 325 500 540 

Table 3. Recapitulation of maximum pull-up capacity (Pu) in Full-Scale Field Tests 

No. 

Anchor 

Model 
Diameter 

A=Area of the  

Anchor Circle 

a=Effective Area 

of the Anchors 
Pu (kg) 

Type (cm) (cm2) (cm2) Depth100 cm Depth 200 cm Depth 300 cm 

1 B1 16.50 213.72 57.60 346 500 539 

2 B2 26.50 551.27 147.20 385 539 577 

3 B3 46.50 1,697.37 600.00 962 1,423 1,462 

Figure 7 which displays the histogram of the relationship between the maximum pull-up capacity of each variation 
of the anchor model as follows, illustrates the differences in the results of determining the maximum pull-up capacity 
for all variations of the anchor model that have been tested in the laboratory with variations in depth (Table 4). 
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Figure 6. Relation of maximum pull-up capacity (Pu) for varied anchor models and depth 

Table 4. Decrease in effective anchor area and pull-up capacity 

Anchor Type 
 

A1 A2 A3 

Area (mm)2 
 

3000 5760 14720 

Area Change (%) 
 

0 92.00 390.67 

Pull-up Capacity / Percentage 

Ultimate Pull-up Capacity Change 

depth 30 280 300 / 7.14 325 / 16.07 

depth 60 450 480 / 6.67 500 / 11.11 

depth 90 500 530 / 6.00 540 / 8.00 

By using the A1 anchor model as a reference, the variations in pull-up capability for each model of anchor type at 

various depths are calculated as follows (see Figures 8 and 9): 

 Pull-up capacity rose from A1 to A2 by 7.14 percent and from A1 to A3 by 16.07 percent at a depth of 30 cm. 

 Pull-up capacity rose from A1 to A2 by 6.67 percent and from A1 to A3 by 11.11 percent at a depth of 60 cm. 

 Pull-up capacity changes from A1 to A2 at a depth of 90 cm by 6.0 percent and from A1 to A3 by 8.0 percent. 

Additionally, it is observed that the pull-up capacity varies depending on the depth for each effective region of the 

anchor type model. The percentage change in pull-up capacity is calculated using the A1 anchor model as a reference 

and is as follows: 

 In the A2 type anchor model, the change in area from A1 to A2 is 92.00 percent, and the percentage of tensile 

stress at each level decreases starting at 30 cm by 7.14 percent, then by 6.67 cm at 60 cm, and by 6.00 percent at 

90 cm. 

 In the A3 type anchor model, the area change from A1 to A3 is 390.67 percent, and the percentage of tensile 

stress decreases at each depth, starting at 30 cm by 16.07 percent, continuing to 11.1 cm at 60 cm, and ending at 

90 cm by 8.00 percent. 

 

Figure 7. Decrease in effective anchor area and pull-up capacity of Anchor A2 and A3 
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Figure 8. Maximum pull-up capacity against intake depth 

Tensile load changes with improvements in area for each anchor model at each depth, although there is a 

percentage drop in tensile load with each rise in depth for each anchor model. The tensile load percentage decreases 

with increasing anchor depth. In light of this, it can be said that this folding anchor does not need a deep insertion or 

stab before being pulled. Prior to choosing the depth, the maximum number of pull-ups must be anticipated or 

determined. 

5. Conclusion 

The maximum pull-up capacity for the variation of the anchor model's area to depth reveals that the change in the 

area for each anchor model to each depth experienced a significant rise in pull-up load. The maximum pull-up load 

produced increases with the size of the anchoring area. The pull-up load did not significantly rise as the change in 

depth did for each alteration of the anchor. This suggests that a folding type anchor model does not need a deep 

design. The research of how the depth of insertion/piercing of the folding type of soil anchor affected the maximum 

pull-up capacity for each variation in dimensions (area) found a critical limit beyond which an increase in depth would 

no longer automatically enhance the capacity. The maximum pull-up test results were comparable when the pull-up 

capability of the results of laboratory experimental tests with those of full-scale field testing were compared. It 

identified a way that uses appropriate equipment in the field without excavating or drilling the ground, is extremely 

simple to install, and yet has a lot of pull-up capability. 
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