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 This thesis consists of five main chapters. Chapter 1 is introduction, describing 

the statement of the problems. Chapter 2 reviewed 2 topics related to this research: the 

application of soil-cement columns (SCCs) combined with screw pile to be a 

foundation of low to medium rise buildings in soft Bangkok clay and the application 

of SCCs as retaining wall for moderate deep excavation. The load capacity of four 

different types of pile was investigated and presented in Chapter 3. All piles were 

installed at a fixed depth of 17.0 m. Pile no 1 was a SCC with a diameter of 0.6 m 

(without screw pile) and Pile no 2 was SP. Pile no 3 and 4 were partial SCSP and full 

SCSP, respectively where the SP was installed in the SCC. A partial SCSP is a 

combination of SP (17.0 m length) and SCC with a diameter of 0.6 m and a length of 

13 m from the ground surface. A full SCSP comprises SP (17.0 m length) and the 

SCC with a diameter of 0.6 m and a length of 17.0 m. The unit cost of the SP was 

found to be the highest, and the unit cost of the SCSP and bored pile was found to be 

the lowest and almost similar. As a result, the application of the full SCSP and bored 

pile is more economical than the partial SCSP and SP under the same ultimate load 

design.  However, the partial SCSP and SP have more advantages in term of 

construction time and are suitable for a time-constrained project.The SCSP has higher  
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Em = Mixing energy 

Wc/C = Clay-water to cement ratio 

SP = Screw pile 

SCSP = Soil cement screw pile 

FEM = Finite element method 

 C' = Effective shear strength parameter 

 Φ' = Effective friction angle parameter 

E' = Effective young modulus parameter 

ᵞdry = Dry density 

ᵞwet = Wet density 

V' = Poisson's Ratio 

Qhelix =  shearing resistance along the cylindrical failure surface 

Qbearing  =  end bearing capacity 

Qshaft  = resistance developed along the steel shaft 

Sf  =  spacing ratio factor 

D  =  diameter of pile helix 

Lc  =  distance between top and bottom helical plates 

AH  =  area of the helix 

cu  =  undrained shear strength of soil 

d  =  diameter of pile shaft 
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SYMBOLS AND ABBREVIATIONS (Continued) 

 

Heff =  effective length of pile above top helix 

Acol  = Tthe cross sectional area of the column 

quf   = The field strength of the column. 

SCW  = Soil cement column wall 

SSCC  = Stiffened soil cement column 

H/Teff  = Excavation depth to effective thickness ratio 

λ*  = Modified compression index 

K*  = Modified swelling index 

δmax  = Lateral movement of wall 
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CHAPTER I  

INTRODUCTION 

 

1.1   Statement of the problem 

1.1.1  Deep cement mixing background 

Currently, the infrastructure development in urban area such as 

shopping center, low and medium rise buildings is increasing. Due to the limitation of 

property area, the deep cement mixing (DCM) technique can be applied for the pile 

foundation and the retaining wall of the infrastructure. In the deep mixing process, the 

ground is mixed in place while a binder is injected with the help of a mixing tool. 

After hardening, soil mix elements with improved mechanical and hydraulic 

characteristics are realized. DCM was first developed in Japan where first field tests 

began in 1970. Originally granular quicklime was used as a binder to stabilize the 

underlying soil, but soon better results were obtained using cement slurry and cement 

mortar. Until the end of the 1980s, DCM was used only in Japan and Scandinavia. 

Since then, it has gained popularity also in the United States and Europe. The DCM in 

Thailand has been investigated by many researchers, the factors controlling in-situ 

strength of soil cement columns have been investigated via a full-scale test 

(Horpibulsuk et al., 2000). The laboratory investigation on the strength development 

in cement admixed clay at various conditions of cement content and water content 

was presented by Miura et al. (2001) and Horpibulsuk and Miura (2001). Horpibulsuk 

et al. (2001) have proposed interrelationship among water content, cement content, 
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curing time and strength of cement admixed clays. Based on the proposed 

relationship, the strength of the cement admixed clays can be predicted by a single 

trial test. The application of deep mixing technique to reduce settlement of an 

embankment in Thailand was successfully done by Bergado et al. (1999). Moreover, 

the application of using DCM in earth work have been investigated by many 

researchers (Petchgate et al., 2003a, Jamsawang et al., 2008, Horpibulsuk et al., 2011, 

Horpibulsuk et al., 2012,  Jamsawang et al., 2011, Vootipruex et al., 2011a, 

Jamsawang et al., 2015, Tanseng et al., 2015). 

1.1.2  Screw pile background 

Screw pile or Helical piles, also known as screw anchors or screw 

piles, is deep foundation elements comprised of one or more circular helical plates 

affixed to a central shaft of smaller diameter. The shaft of the helical pile is frequently 

manufactured from standard sizes of hollow steel pipe, typically ranging from about 

114 mm to 320 mm in diameter; helical piles fabricated from hollow circular shafts 

are typically fitted with steel helical plates having a diameter of 2 to 3 times of the 

shaft diameter. Helical piles are embedded into the ground by applying a turning 

moment to the head of the pile shaft, which causes the helix or helices to penetrate the 

soil in a screwing motion, without producing any spoil. Installation of helical piles 

can be accomplished using relatively light weight equipment, such as a torque head 

affixed to the arm of a backhoe or to a trailer-mounted hydraulic boom. 

 Screw piles can be also referred to as steel screw-in foundations, screw 

piers, helical piles, helical anchors, screw anchors, screw foundations and helical 

piers. Screw foundations first appeared in the 1800s as pile foundations for 

lighthouses and were extensively used for piers in harbors. Between the 1850s 
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through 1890s, more than 100 light houses were erected on the east coast of the 

United States using screw piles. Made originally from cast or wrought iron, they had 

limited bearing and tension capacities. Modern screw pile load capacities are in 

excess of 2,000 kN (220 tons-force). Large load capacity screw piles may have 

various components such as flat half helices, cutting tips and helices, cap plates or re-

bar interfaces for connection to various concrete or steel structures. More recently, 

composite technology has been developed and patented for use in small screw piles. 

Composites offer significant advantages over steel in small screw pile manufacture 

and installed performance. 

Screw pile design is based on standard structural and geotechnical 

principles. Screw pile designers typically use their own design software, which has 

been developed through field testing of differing compression pile and tension anchor 

configurations in various soil profiles. Corrosion is addressed based on extended field 

trials, combined with worldwide databases on steel in ground corrosion. Screw pile 

foundations are still used extensively, and their usage has extended from lighthouses 

to rail, telecommunications, roads, and numerous other industries where fast 

installation is required, or building work takes place close to existing structures. Most 

industries use screw pile foundations due to the cost efficiencies and increasingly the 

reduced environmental impact. 'Screwing' the foundations in the ground means that 

there is less soil displacement so excess soil does not need to be transported from the 

site, saving on transportation costs and reducing the carbon footprint of the project. 

The main benefits of screw pile foundations include: shorter project times, ease of 

installation, ease of access, reduction of the carbon footprint, ease of removal when 

the foundations are no longer required, reduced risk to the workforce, and reduced 
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costs. They are also suitable for both tensile and compression loads, so they are also 

used for masts, signs, and retaining structures. 

1.1.3  Excavation in soft Bangkok clay 

For the excavation work with 3-5 m depth in soft Bangkok clay, the 

retaining structure and supporting system must be stable enough to prevent large soil 

movement which may cause damage to the neighboring structure. For the wide and 

convenience of construction site to transportation of materials into the site, the 

standard 12-m long steel sheet pile with bracing system is commonly used due to easy 

installation and cost-effectiveness. On the other hand, in narrow of construction site 

that is unable to transport and install the steel sheet pile, the DCM is an alternative. 

The advantage of DCM is easy and quick installation by a small machine, low noise 

and vibration during installation.  

In this study, the DCM application for foundation of low and medium rise 

building and for retaining wall in soft Bangkok clay is investigated.    

 

1.2  Objectives of the study 

1.2.1 To study the ultimate capacity of SCC, SP, and SCSP. 

1.2.2  To study and compare the cost and time of construction of SCC, SP, 

SCSP and bored pile. 

1.2.3 To suggest a stepwise procedure for designing the ultimate bearing 

capacity of SCSP at optimal time and cost. 

1.2.4 To study the time cost and stability of of SCC wall, SSCC wall without 

bracing, SSCC wall with bracing and sheet pile system as a temporary retaining wall. 
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1.2.5 To suggest a stepwise for design and construction the SCC wall, SSCC 

wall and sheet pile at optimal time and cost of construction. 

 

1.3  Organization of the dissertation 

This thesis consists of five chapters and outlines of each chapter are presented 

as follows: 

Chapter I presents the introduction part, describing the statement of the 

problems, the objectives of the study and the organization of the dissertation. 

Chapter II presents the literature review of screw pile (SP) and application of 

using deep cement mixing (DCM) in foundation and excavation work. 

Chapter III presents the ultimate load, time and cost analysis and suggested 

effective design method for soft Bangkok clay. The cost and time of executing SCSP 

were also compared with those of traditional dry-process bored pile to illustrate the 

advantage of SCSP. Four different types of studied all piles were installed at a fixed 

depth of 17.0 m. Pile no 1 was a SCC with a diameter of 0.6 m (without screw pile) 

and Pile no 2 was SP. Pile no 3 and 4 were partial SCSP and full SCSP, respectively 

where the SP was installed in the SCC. A partial SCSP is a combination of SP (17.0 

m length) and SCC with a diameter of 0.6 m and a length of 13 m from the ground 

surface. A full SCSP comprises SP (17.0 m length) and the SCC with a diameter of 

0.6 m and a length of 17.0 m. The construction site was located at Nongchok District, 

Bangkok, Thailand. The SCC (Pile no 1) was installed by the wet mixing method. The 

cement content of 200 kg/m3 of soil and the water to cement (w/c) ratio of 1.0 were 

used for SCC execution. The installation (both for penetration and withdrawal) rate is 

1.0 m/min. The SP (Pile no 2) was installed to the depth of 17.0 m by the installation 
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machine. The execution process of the partial SCSP (Pile no 3) and full SCSP (Pile no 

4) was similar. First, the SCC with 0.6 m diameter was installed by the wet mixing 

method of deep mixing machine to the designed depths of 13.0 m and 17.0 m for pile 

no 3 and pile no 4, respectively. The 17.0 m length of SP was then immediately 

installed at the center of the SCC for both partial and full SCSP. The hollow steel pile 

was next filled with concrete.  

Chapter IV presents the application of soil cement column as a temporary 

retaining wall using deep mixing technique for deep excavation in soft Bangkok clay. 

Due to the limitation of the property line of the construction site, two types of soil 

cement column wall were studied, namely Soil Cement Column (SCC) wall and 

Stiffened Soil Cement Column (SSCC) wall. SCC of 0.6 in dimeter and 12 m length 

was used in this study. SSCC was the SCC strengthened with a steel pipe diameter of 

0.2 m in the middle. The wall movement and factor of safety of SCC and SSCC walls 

were calculated by finite element method using Plaxis 2D V.8.2. The construction 

cost and time and factor of safety of SCC and SSCC walls were compared with the 

conventional sheet pile wall studied.  

 Chapter V present conclusion and recommendation. 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1 Introduction  

 Many researchers have studied the ultimate bearing capacity of a single pile 

either driven pile or bored pile. The empirical equation of ultimate bearing capacity of 

single pile was suggested. In clay layer, the bearing capacity of a single pile can be 

calculated using the following relationship. 

 

Qult = αSuAs + NcSuAb                  (2.1) 

 

where: 

 α is the adhesion factor between pile and soil  

 Su is the undrained shear strength of soil around pile 

 As is area around the pile 

 Nc is end bearing factor (can be taken as 9.0) 

 Ab is section area at end of pile 

In sand layer, the bearing capacity of single pile can be calculated using the following 

relationship. 

 

Qult = Kσ'vstanδAs + Nqσ'vbAb                (2.2) 
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where: 

 K is  the lateral earth pressure factor 

 σ'vs  is  vertical effective stress along pile 

 σ'vb  is  vertical effective stress at the end of pile 

 δ'  is  friction angle 

 Nq  is  end bearing factor 

 As  is  area around the pile 

 Ab  is  section area at end of pile 

 

2.2 The ultimate bearing capacity of pile by load settlement curve 

 The pile failure due to soil failure is the state of large settlement of pile under 

little increment of load. In the past, the definition of the ultimate bearing capacity of 

pile was the load that settlement of pile over 10 percent of end of pile diameter, but 

this definition did not consider about pile length that the long pile has more 

compressibility than the short pile. The ultimate bearing capacity of pile was also 

defined as the intersection between the first curve and final curve, but the obtained 

value is strongly dependent on interpretation and scale. Therefor many researchers 

have proposed methods of determining the ultimate bearing capacity of pile. 

 2.2.1 Davission (1972) Method 

  Davisson's limit value is defined as the load corresponding to the 

movement which exceeds the elastic compression of the pile by value of 0.15 inch 

(4mm) plus a factor equal to the diameter of the pile divided by 120.  For example, 

the 12 inchs of diameter, the value is 0.25 inch (6mm). Draw the line from origin with 

slope equal to AE/L and draw the line with the same slope having distance from first 
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line equal to 0.25 inch to intersect the relationship graph. The point is the ultimate 

bearing capacity of pile as shown in Figure 2.1. The Davisson limit was developed in 

conjunction with the wave equation analysis of driven piles and has widely used. 

 

 

 

Figure 2.1 The ultimate bearing capacity by Davission (1972) method. 

 

 2.2.2 Chin (1970) Method 

  Figure 2.2 presents the method was proposed by Chin (1970 and 1971) 

for piles in applying the general work by Kondner (1963). The method assumes that 

the load-movement curve when the load approaches the failure load is of hyperbolic 

shape. Each load value is divided with its corresponding movement value and the 

resulting value is plotted against the movement. After some initial variation, the 
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plotted values fall on a straight line. The inverse slope of this line is the Chin failure 

load. 

 

 

 

Figure 2.2 The ultimate bearing capacity by Chin (1970) method. 

 

The bearing capacity of single pile can be calculated using the following 

relationship. 

 

∆/P = c1∆ + c2                  (2.3) 

 

where: P is the load value ∆ is the movement value c1 and c2 is constant value 
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 2.2.3 De Beer (1967) Method 

  Figure 2.3 presents a method was proposed by De Beer (1967), where 

the load movement values are plotted in a double logarithmic diagram. When the 

values fall on two approximately straight lines, the intersection of these point is 

defined as the failure value. 

 

 

 

Figure 2.3 The ultimate bearing capacity by De Beer (1967) method. 

 

 2.2.4 Standard 90 percent of Brinch Hansen (1963) Method 

  Figure 2.4 presents a method proposed by Brinch Hansen (1963). The 

failure is defined as the load that gives twice the movement of the pile head as 

obtained for 90% of that load. This method also called the 90% criterion, and has 

widely used in Scandinavia (Swedish Pile Commission, 1970). 
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Figure 2.4 The ultimate bearing capacity by 90% of Brinch Hansen (1963) method. 

 

 2.2.5 Standard 80 percent of Brinch Hansen (1963) Method 

  Figure 2.5 presents the method by Brinch Hansen's 80% criterion. A 

definition for pile capacity as the load that gives four times the movement of the pile 

head as obtained for 80 % of that load. This ‘80%- criterion’ can be estimated directly 

from the load movement curve, but it is more accurately determined in a plot of the 

square root of each movement value divided by its load value and plotted against the 

movement. Normally, the 80%-criterion agrees well with the intuitively perceived 

“plunging failure” of the pile. The following simple relations can be derived for 
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computing the capacity or ultimate resistance. The criterion gives the following 

simple relationships to use in calculating the ultimate failure, Pu: 

 

Pu = 1/(2√C1C2)                 (2.4) 

 

∆u = C2/C1                  (2.5) 

 

where: C1 is the slope of the straight line, C2 is the y-intercept in the √P/∆u  ploted. 

 

 

 

Figure 2.5 The ultimate bearing capacity by 80% of Brinch Hansen (1963) method. 

 

 2.2.6  Mazurkiewicz (1972) Method 

  Figure 2.6 presents the method put forward by Mazurkiewicz (1972).  

A series of equal pile head movement lines are arbitrarily chosen and the 

corresponding load lines are constructed from the intersections of the movement lines 

with the load-movement curve.  From the intersection of each load line with the load 
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axis, a 45-degree line is drawn to intersect with the next load line These intersections 

fall, approximately, on a straight line, the intersection of which with the load axis 

defines the failure load. This method is based on the assumption that the load 

movement curve is approximately parabolic. Consequently, the interpreted failure 

load of Mazurkiewicz's method is close to that of Brinch Hansen's 80% criterion. 

However, when drawing the line through the intersections according to 

Mazurkiewicz, some disturbing freedom of choice is usually found. 

 

 

 

Figure 2.6 The ultimate bearing capacity by Mazurkiewicz (1972) method. 

 

 2.2.7 Fuller and Hoy (1970) Method 

  Figure 2.7 shows a simple definition proposed by Fuller 82 Hoy 

(1970). The failure load is equal to the test load for where the load movement curve is 
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sloping 0.05 inch/ton (0.14mm/kN). Figure 2.7 also shows a development of the 

above definition proposed by Butler & Hoy (1977) defining the failure load as the 

load at the intersection of the tangent sloping 0.05 inch/ton, and the tangent to the 

initial straight portion of the curve, or to a line that is parallel to the rebound portion 

of the curve. 

 

 

 

Figure 2.7 The ultimate bearing capacity by Fuller & Hoy and Butler & Hoy (1970)  

method. 
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  2.2.8  Vander Veen (1953) Method 

  Figure 2.8 presents the determination of the failure load as proposed by 

Vander Veen (1953). A value of the failure load, Pult is chosen and values calculated 

from 1n (1 —P/Pult) are plotted against the movement. When the plot becomes a 

straight line, the correct Pult has been chosen.  

 

 

 

Figure 2.8 The ultimate bearing capacity by Vander Veen (1953) method. 

 

2.3   Ultimate load capacity of screw pile or helical pile  

2.3.1  Screw pile failure models.  

Two primary failure models have been proposed in the literature for 

describing the behavior of helical piles under axial loading these are the individual 

plate bearing model (Adams and Klym 1972, Narasimha Rao et al. 1993) and the 

cylindrical shear model (Mitsch and Clemence 1985, Mooney et al. 1985, Narasimha 
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Rao and Prasad 1991). The individual plate-bearing model assumes the helical pile 

behaves as a series of independent plates, whereby each helix acts independently of 

the others in bearing or uplift. The pile’s axial capacity is therefore taken as the sum 

of the bearing capacities of the individual helices in compression or tension (Figure 

2.9a and b). The cylindrical shear model assumes the formation of a cylindrical failure 

surface, circumscribed between the uppermost and lowermost helices of the pile, 

during axial loading. The axial capacity of the helical pile is presumed to consist of 

shear resistance along this cylindrical surface and bearing resistance above the top 

helix (in tension) or below the bottom helix (in compression) (Figure 2.9c and d). 

Skin friction acting along the section of the pile shaft between the uppermost helix 

and the ground surface may also be considered to contribute to the axial capacity, in 

both the cylindrical shear and the individual plate bearing models. This shaft friction 

component may be of considerable importance for deeply installed piles. It is 

generally concluded, however, that under tensile loading, skin friction should be 

neglected along the portion of the pile shaft contained within the zone of bearing 

failure above the uppermost helix. This bearing zone may be considered to extend a 

distance approximately equal to the diameter of the uppermost helix for deeply 

embedded piles (Zhang1999). For shallow helical piles in uplift, the zone of bearing 

failure above the top helix extends to the ground surface, and the skin friction 

component along the entire shaft length should therefore be neglected (Mitsch and 

Clemence 1985). The choice of the most representative failure model to describe the 

behavior of helical piles under axial loading is considered to be a function of the pile 

geometry. It is well established that the failure zone at the tip of a pile extends over a 

depth of almost twice the pile diameter (Zeevaert 1983). For this reason, the 
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assumption that the helical plates behave independently of one another (as per the 

individual plate bearing model) is only considered valid for multi-helix piles with 

inter-helix spacing ratios greater than 2.0 (Narasimha Rao et al. 1993). For multi-helix 

piles with spacing ratios of less than 2.0, interaction between the closely spaced 

helical plates under axial loading is generally considered to create a failure surface 

better represented by the cylindrical shear model. The cylindrical shear model has 

been primarily established on the basis of laboratory uplift tests performed on model 

helical piles installed in sand, silt, and clay (Mitsch and Clemence 1985; Mooney et 

al. 1985; Narasimha Rao et al. 1993; Narasimha Rao et al. 1989), and has also been 

applied to laboratory compression tests performed on model helical piles installed in 

clay (Narasimha Rao et al. 1991). 
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Figure 2.9 Helical Pile Failure Models:  ( a)  Individual Plate Bearing Model under 

compression, and (b)  uplift ( after Mooney et al.  1985) ; ( c)  Cylindrical 

Shear Model under compression, and (d)  uplift (after Narasimha Rao et 

al. 1991). 

 

2.3.2  Cylindrical shear method 

The cylindrical shear method was pioneered by Mitsch and Clemence 

(1985) and Mooney et al. (1985) to estimate the axial capacity of SP in sand and 

clay/silt, respectively. The cylindrical shear model assuming that the cylindrical shear 

failure is formed in the connection between the top and bottom helices. Nasr (2004, 

2009) concluded that the ultimate load capacity is influenced by the number of 

helices, the pile geometry, the soil condition and the helical spacing. The ultimate 

load capacity is the sum of the end bearing resistance below the bottom helix, the sum 

of shear resistance along the cylindrical shear surface and the shaft friction above the 
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top helix as shown in Eq. (2.6) (Hawkins & Thorsten, 2009; Livneh & El Naggar, 

2008; Sakr, 2009, 2011; Tappenden et al., 2009; Zhang et al., 1998): 

 

                (2.6) 

 

where Qult = ultimate load capacity; Qhelix = shearing resistance mobilized 

along the cylindrical failure surface; Qbearing = end bearing capacity; and Qshaft = 

resistance developed along the steel shaft.  

The ultimate load capacity of SP in cohesive soil is therefore derived from Eq. 

(2.7) as follows (Mooney et al. 1985): 

 

                (2.7) 

 

where Sf = spacing ratio factor; D = diameter of pile helix; Lc = distance 

between top and bottom helical plates; AH = area of the helix; cu = undrained shear 

strength of soil; Nc = bearing capacity factor for cohesive soils; d = diameter of pile 

shaft; Heff = effective length of pile above top helix; and α = adhesion factor. 

 Rao and Prasad (1993) reported that the spacing to diameter (S/D) ratio of pile 

helix significantly affects the ultimate load capacity. Increasing S/D ratio results in 

reduction of the ultimate load capacity. Rao and Prasad (1993) proposed equations to 

determine the spacing ratio factor (Sf) as follows:  

 

For S/D < 1.5  Sf = 1.00               (2.8) 

 

For 1.5 ≤ S/D ≤ 3.5 Sf = 0.683 + 0.069(3.5-S/D)             (2.9) 
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For 3.5 ≤ S/D ≤ 4.6 Sf = 0.700 + 0.148(4.6-S/D)           (2.10) 

 

2.3.3  Individual bearing method 

  Adams and Klym (1972) reported that the load capacity of SP can be 

estimated individually, where the spacing distance between each plate is large 

enough. The individual bearing method. The parameters affecting the load capacity 

are screw plate bearing area and the undisturbed surrounding soil. Furthermore, the 

equations for individual bearing method involves both the resistance from each 

individual helix and the shaft resistance. Therefore, the overall ultimate load capacity 

of the SP can be calculated by the sum of all the individual helical capacities along 

with the shaft resistance as presented in Eq. (2.11) (Hawkins & Thorsten, 2009; 

Livneh & El Naggar, 2008; Sakr, 2009, 2011; Zhang et al., 1998). 

 

               (2.11) 

 

where AH is the area of helix, cu = undrained shear strength of soil, and Nc = 

bearing capacity factor for cohesive soils. 

 Moreover, Kristen M.  Tappenden and David C.  Sego (2007) present the 

predicting the axial capacity of screw piles installed in Canadian soils. The results of 

26 full-scale static axial load tests are presented for screw piles installed in Alberta 

and British Columbia since 1998, and the effectiveness of three design methods are 

evaluated for predicting the axial capacity of screw piles in cohesive and cohesionless 

soils.  Theoretical formulations for capacity calculation are examined alongside the 

LCPC direct pile design method, and an empirical relationship correlating the 
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installation torque to the ultimate screw pile capacity. The results are shown in Figure 

2.10. 

 

 

 

Figure. 2.10 Ratio of predicted to measured ultimate axial screw pile capacities. 

 

 The axial capacities of 26 full-scale screw piles installed in Alberta and British 

Columbia since 1998 were interpreted on the basis of static load test results.  The 

effectiveness of three design methods were evaluated for predicting the ultimate axial 

capacity of the test piles, installed in cohesive and cohesionless soils.  The failure 

surfaces were approximated by the cylindrical shear model for multi-helix screw piles 

having an inter-helix spacing ratio ( S/D)  less than 3. 0, and by the individual plate 

bearing model for single-helix screw piles and multi helix piles with S/D rather than 

3.0. Good predictions of the ultimate screw pile capacities in uplift and compression 

were obtained using theoretical formulations for appropriate components of bearing 

capacity and friction. Most of the capacity predictions made by the theoretical method 

fell within 20 percent of the measured capacities, with a small number of predictions 

outside the 20 percent range erring on the side of conservatism. Capacity predictions 

based on the LCPC direct pile design method, using the results of static cone 
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penetration tests, were good for screw piles under uplift and compression in clay, but 

significant deviations from the measured capacities occurred for piles installed in sand 

and glacial till materials.  A direct empirical relationship between the installation 

torque and the ultimate axial screw pile capacity was applied using a Kt factor of 9.2 

m-1 derived by linear regression of the data set. Capacity predictions made using the 

torque method typically fell within 30 percent of the measured capacities for deep 

screw piles in uplift and compression.  The torque relationship significantly over-

predicted the uplift capacity of a shallow screw pile installed in sand. 

Ben Livneh and Hesham El Naggar (2008) presented a detailed investigation 

into the axial performance of helical piles. The study encompassed 19 full-scale load 

tests in different soils. it consisted of three helical bearing plates (diameters 300 mm, 

250 mm, and 200 mm – decreasing with depth) welded to a central shaft (44.5 mm) 

and it was defined as a segmented deep foundation system as shown in Figure 2.11. 

 

 

 

Figure. 2.11 Schematic of a typical pile lead section.  
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The load transfer mechanism for all piles tested was found to be 

predominantly through a tapered cylindrical shear failure surface and bearing of the 

‘‘lead helix’’ in the direction of loading. To avoid overlapping between the influence 

zones of adjacent helical piles, a minimum spacing of 4D and 5D was proposed for 

piles loaded in compression and tension, respectively. 

Mohammed Sakr (2010) presented the full-scale axial compression and 

tension (uplift)  testing program executed on large capacity helical piles. Figure 2.12 

shows a typical installation of a helical pile.  Helical piles were typically installed 

through the use of mechanical torque applied at the pile head.  Due to frozen soil 

conditions near ground surface and hard installation conditions between depths of 

about 1 and 3 m, pilot holes with size less than or equal to shaft size were predrilled to 

penetrate frozen and very hard soils.  

 

 

 

Figure 2.12 Typical helical pile installation. 
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Figure 2.13 shows a typical load test setup using six reaction piles. Each axial 

compression or tension test setup included a total of seven piles including the test pile 

and six reaction piles. The reaction piles were installed to provide sufficient load 

reaction at a clear distance from the test pile of at least about 2.3 m. The 400-ton test 

beam was centered over test pile and supported on four 100-ton reaction beams, 

which in turn were supported on three reaction piles per beam. The arrangements for 

applying loads to the test piles involved the use of a hydraulic jack acting against the 

test beam. The connections were designed to adequately transfer the applied loads to 

the reaction piles and to prevent slippage, rupture or excessive elongation of the 

connections under the maximum load. The axial loads were applied at the pile head 

using two 1800-kN hydraulic jacks situated at the pile head for the case of 

compression test and situated on the top of test beam between the test pile head and 

test beam for the case of tension test. The test pile is connected to the load cell 

through a loading frame consisting of four 50.8 mm diameter all-thread Grade 8 steel 

bars and 51 mm thick steel plate. The load at pile head was measured using a 7400 kN 

strain gauge load cell that was calibrated up to 4500 kN. A redundant hydraulic 

pressure transducer (10,000 psi capacity and 0.25%FS accuracy) was also attached to 

the hydraulic jack to measure the pressure applied at pile head. Pile head axial 

movements were monitored at four points during the test, using two independently 

supported Linear Displacement Transducer (LDT) gauges (0.05 mm accuracy- 150 

mm travel) and two mechanical dial gauges (0.05 mm accuracy- 50 mm travel). The 

LTDs, oriented in orthogonal directions and mounted with their stems perpendicular 

to the vertical axis of the test pile cap, were bearing against glass plate affixed to the 

pile cap. All LDTs, load cell and pressure transducer readings were recorded 
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automatically using a Flex Data Logger system at intervals of 30 seconds throughout 

the test duration. 

 

 

 

Figure. 2.13. Typical axial compression test setup. 

 

Table 2.1 provides a summary of the pile installations at test Sites 1 and 2, 

including the maximum torque recorded, predrill depth, thickness of soil plug and 

depth of embedment.  A total of twelve tests were carried out, including eight axial 

compression tests and four tension (uplift) tests as shown in Table 2.2 and Table 2.3 

respectively. 
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Table 2.1 Summary of pile installation. 

 

 

Table 2.2 Summary of axial compression test results. 

 

 

Table 2.3 Summary of axial tension (uplift) test results. 

 

  

He investigated the axial compressive capacities of helical piles estimated 

using 5%  failure criterion varied between about 1500 kN and 2500 kN.  Therefore, 
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helical piles could be used successfully to resist high compressive loads.  The uplift 

capacity of helical piles tested on site was also relatively high and varied between 

about 1500 kN and 2000 kN. The axial uplift capacities of helical piles were typically 

at least 60%  to 70%  of the axial compressive capacities. The high compressive and 

tensile capacities of helical piles were likely to reduce the number of piles required to 

support the loads for bridges, which generally reduced the foundation costs.  The 

speed of helical pile installation with minimal level of noise was really another 

differentiating factor for use of helical piles for bridge applications.  Helical pile 

installation was typically performed by screwing the pile into ground without a 

predrilling process. However, if a predrilling process was used during pile installation, 

the depth of predrilling should be limited to about 1 helix diameter above the top helix 

to avoid disturbing the bearing stratum for the most top helix.  The use of double 

helixes was recommended at this site to increase the axial capacities of large diameter 

helical piles. 

Weech et. al. (2012) presented a field study of disturbance effect on pile 

capacity using 2 types of helical piles with S/D =1.5 and S/D = 3.0.  Plots of total pile 

load versus pile head displacement are presented in Fig. 2.14. 
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Figure 2.14 Load test results. 

 

 They found that helical piles with S/D =1.5 had higher capacities than for 

S/D=3 in soft clays. The results have confirmed the applicability of the design 

approach that assumes that the failure mechanism changes as the S/D ratio of the 

helices reduces. In this case study, it appeared that the failure mechanism for piles 

with S/D =3 was by individual bearing failure at each helix, whereas for piles with 

S/D=1.5, it was by individual bearing failure for the bottom helix and by shearing 

along a cylindrical failure surface of the same diameter as the helices for the 

remainder of the lead section. The results also showed that the undrained shear 

strength mobilized by helical piles in fine-grained soils was unlikely to be equivalent 

to the shear strength of the soil prior to pile installation, unless the soil was normally 

consolidated and unstructured prior to pile installation. The installation of the helical 

piles used in this study caused significant disturbance of the soil. However, the soil 

below the pile tip, which was loaded by the bottom helix, was essentially intact after 
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pile installation. The capacity mobilized by the S/D =1.5 helices increased 

substantially with time as the shear strength of the soil surrounding the piles 

recovered after pile installation. This was because the cylindrical failure surface 

induced by the S/D =1.5 helices passed through soil that had been softened and 

destructured by pile installation. Consequently, care should be taken to load test such 

piles after dissipation of excess pore pressure is substantially complete. Conversely, 

the capacity of the S/D =3 helices did not appear to increase significantly with time 

after installation and so the effect of installation disturbance was less. This was 

believed to be due to the bearing-type failures induced by the S/D = 3 helices which 

mobilized resistance from a significant volume of soil beyond the edge of the helices, 

much of which did not appear to have experienced any significant softening or 

structural breakdown during installation. 

 Javad Khazaie and Abolfazl Eslami (2016) presented the behavior of helicle 

piles as a geoenvironmental choice by frustum confining vessel. They presented the 

performance assessment of screw piles embedded in sand in laboratory test. For 

testing, first the sand prepared and placed in FCV-AUT in loose state by air raining 

method and leveled by a wooden pallet in each 50 mm depth. In this filling method 

relative density was about 20% to 25%. In the second state, which relative density 

was about 45% to 50%, the sand placed in FCV and each 50 mm layers height 

compacted by body vibration. Hammer compaction in layers was used to achieve 65% 

to 70% relative density. The tests were applied on short rigid model piles in vertical 

compressive and pullout tests in the FCV-AUT. All fourteen model piles tested in this 

study had 750 mm embedment depth and were made from 4 mm thick steel plate. 

Shaft diameters of three usual and eleven helical model piles were 89 mm and 32 mm, 
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respectively. Helix diameters varied from 64 to 89 mm and spacing ratios were 

assumed 1 to 5. Some of model screw piles are shown in Figure 2.15. 

 

 

 

Figure 2.15 The model of screw pile. 

 

They found that helical piles had some advantages that had made them very 

reasonable choice for using in offshore structures, building supports and crowded 

urban sites. Some of these advantages include ease of installation, safety piling 

because of pre-drilling elimination, short installation time. Helical piles also are 

economical and environment-friendly pile types that the pile applications reduce 

carbon dioxide, noise, raw material, fuel and manpower. FCV-AUT was used to test 

small scale model piles due to its configuration (lateral stresses vary almost linear 

from zero at the top soil to system applied pressure at the bottom). The FCV device 

presented a practical and economical alternative to chambers and centrifuge devices. 

Furthermore, the most limitations associated with simple 1g and CC devices can be 

eliminated when model piles were tested in FCV. The results of stress tests have 
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shown clearly that FCV could simulate the stress gradient in reality where the full 

scale piles were instrumented. According to test results, displacement of 5% pile 

diameter in loose and medium, and 10% in dense conditions were assumed as criteria 

in usual piles. In helical piles, 15% of pile diameter was proposed as a criterion if 

structural movements allowed. Helical piles had a suitable performance to bear 

tension loads. A helical pile with two helixes could function approximately, equal to a 

steel pile when the steel pile diameter was the same as the helix diameter. The helical 

pile weight was less than 45% of steel pile in these conditions. In compression, helical 

piles with two helixes could bear about 47% to 65% of a common steel pile capacity 

with the helixes diameter. Therefore, helical piles were reasonable choices in where 

there were uplift loads, especially in marine projects. Adding a helix to a single helix 

pile in tension was more effective than compression loading. Uplift load could be 

enhanced about 30% and higher. However, it was limited to 20% in compression. If 

two helixes used in one helical pile, had various sizes, better results could be achieved 

when the larger helix is put on top. When the number of helixes were up to three, 

helical piles behavior was close to common piles behavior. Uplift loads in this state 

were equal to ordinary piles or more. Compressive loads increment was about 10-15% 

in comparison with two helixes piles. Helical piles with three or more helixes had a 

better performance when the spacing ratio in down was larger than the pile top, i.e. 

S/D be 2 in top and 3 in down. 

Based on the results, helical piles had a better performance when the relative 

density of site soil increases; this is because of more restraint between soil and pile 

helixes. 
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 Tappenden and Sego (2018) conducted a load testing program of full-scale 

instrumented helical piles to investigate the load transfer mechanism between multi-

helix piles and the surrounding soil during axial loading. Five circular shaft, triple-

helix piles were instrumented with strain gauges and installed at two separate test 

sites, comprising glaciolacustrine clay and aeolian sand soils. At each test site, the 

helical piles were loaded to failure in compression and tension in accordance with the 

ASTM “quick test” procedures for static pile load testing (ASTM D 1143-81 and D 

3689-90). The resulting load distribution curves determined at various stages of 

applied compressive or tensile load were presented in Table 2.4 for each of the five 

test piles. The measured load distributions at the ultimate compressive or tensile 

capacities were compared to the theoretical ultimate load distributions calculated 

using the cylindrical shear and individual plate bearing models. The pile capacities 

calculated using the individual plate bearing model were particularly sensitive to the 

value chosen for Nc (in cohesive soils) and Nq (in cohesionless soils). At the 

Bruderheim (sand) site, a conservative Nq value of 20 was used in both compression 

and uplift, based on Das (1990) and Vesic (1963), for the inferred soil friction angle 

of 28 degrees. With the exception of pile C1, the individual plate bearing model 

provided very good estimates (within approximately 6 percent) of the ultimate axial 

helical pile capacities, and reasonably captured the shape of the measured ultimate 

load distributions along the piles at failure. Perhaps due to the close spacing between 

the helical plates (S/D = 1.5), at the Edmonton (clay) site, the behavior of the helical 

piles in cohesive soils was better represented by the cylindrical shear model. 

However, at the Bruderheim (sand) site, the behavior of the helical piles in 
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cohesionless soils was more accurately captured using the individual plate bearing 

model. 

 

 Table 2.4 Comparison of Measured and Calculated Ultimate Pile Resistances. 

 

 

Ali and Abbas (2019) presented the performance of screw piles embedded in 

soft clay in laboratory test. The behavior of screw piles in soft clay soils has focused 

predominantly on the behavior of multi-helix screw piles loaded in axial compression 

with varying embedment depth, number of helix plates, helical plate spacing ratio, 

S/Dh, and pile length, L, as defined in Figure 2.16. 
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Figure 2.16 The geometry of screw pile. 

 

Twelve steel screw piles with a length of 300, 350 and 400 mm and a circular 

solid section with a diameter of 10 mm were made of high-strength steel. The 

diameter of helix plate (Dh) was 30mm with thickness of 2 mm and a helical plate 

pitch (p) of 10 mm. The helix plate was manufactured from steel and welded firmly 

and accurately to the pile shaft. Two spacing values were studied: 30 mm (S=Dh) and 

50 mm (S=1.6Dh). Figure 2.17 shows screw pile geometry. The termination of the 

shaft was a 45% to aid keying during installation. The experimental program was 

carried out on a single pile with different lengths, helical plate spacings and number 

of helical plates. 
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Figure 2.17 Different types of screw piles that were used in this study. 

 

They found that the screw pile were quick and easy installation, immediate use 

and other advantages over the conventional pile system have expanded the use of 

screw piles as a deep foundation for various structures. The ultimate compressive 

capacity of screw piles increased with the increasing the number of helices. The 

ultimate compressive capacity of screw piles increased with increasing the depth of 

embedment in sandy soil. The most effective spacing ratio ‘‘S/Dh” was found to be 

equal to 1. Laboratory results showed that the ultimate compression capacity of screw 

piles was (4–8) times higher than that of ordinary piles depending upon the number of 

helices. The ultimate compressive capacity of screw piles of S/Dh =1.6 less than for 

screw pile of S/Dh = 1. 
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2.4  Deep cement mixing (DCM) pile  

 2.4.1 Installation of deep cement mixing technique  

  The type of installation of deep cement mixing technique can be 

classified to three methods. 

  2.4.1.1 Wet mixing low pressure method  

   Wet mixing process is soil improvement by jetting slurry with 

low pressure into the soil. The equipment consists of base machine, low pressure 

pump, generator, mixing plant, silo and water tank. The ground is drilled by an auger 

having a head diameter equal to that of deep cement mixing pile. The auger has a hole 

at the end to jet slurry with a low pressure (around 10-20 bars) into the soil. The soil 

is then mixed with cement slurry by blade mixing. During penetration, the penetration 

rate and the quantity of slurry are controlled by the computer system until the tip of 

required depth. The jetting of slurry is stopped and the auger head is rotated with the 

reverse direction of penetration to the ground surface. In Thailand, this method has 

been widely used in many governmental projects such as Department of irrigation, 

Department of highways  and Department of marine.   

  2.4.1.2 Jet grouting method 

   Jet grouting process is soil improvement by jetting slurry with 

high pressure into the soil. The equipment consists of base machine, high pressure 

pump, generator, mixing plant, silo and water tank. The auger head with a nozzle at 

the end is used to drill the soil ground. The soil was pre-cut by high pressure (around 

150-250 bars) of air and water during penetration to become the mud until the tip of 

required depth. Then jetting slurry is started while the auger head is withdrawn to the 

ground surface. During withdrawing of the anger, the withdrawal rate and the quantity 
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of slurry are controlled by the computer system. In Bangkok, this method has been 

researched by many researchers such as Petchgate et. al (1998) and Bergado et al. 

(1999).  

         2.4.1.3 Dry mixing method   

   This process is similar to the wet mixing of low pressure 

process but only cement power is used instead of slurry. The auger head with a hole at 

the end is used to drill the soil ground. The equipment consists of base machine, high 

pressure pump, generator and cement tank. During penetration, the penetration rate 

and the quantity of cement power are controlled by the computer system until the tip 

of required depth. Then injection of cement powder is stopped and the auger head is 

lift up to the ground elevation. In Thailand, this method was employed in many 

projects such as Bangna-Bangpakong road no. 34 (Bergado et al., 1999).  

 

2.5  Ultimate bearing capacity of deep cement mixing (DCM) pile 

 The bearing capacity of a single column is either governed by the shear 

strength of the surrounding soft clay (soil failure) or by the shear strength of the 

column material (column failure). The former mode of failure depends on both the 

skin friction resistance along the surface of the column and on the point resistance, 

while the later is dependent on the shear strength of the column material. The short-

term bearing capacity of single column in the soft clay at soil failure can be calculated 

from the given expression (Bergado et al., 1996): 

 

Qult,soil  = (πdH + 2.25πd2 )Su              (2.12) 
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where Qult,soil is the bearing capacity of single column at soil failure; d is the diameter 

of the column, H is the column length and Su is the average undrained shear strength 

of the surrounding soft clay. It has been assumed that the skin resistance is equal to 

the undrained shear strength of the surrounding clay and that the point resistance 

corresponds to 9Su. Due to the strength of the cement admixed clays is insignificantly 

influenced with the increase in effective stress at pre-yield state (Horpibulsuk, 2001), 

the short-term ultimate bearing capacity due to column failure is estimated from the 

relationship: 

 

Qult,col = Acol (quf)               (2.13) 

 

where Qult,col is the bearing capacity due to column failure; Acol is the cross sectional 

area of the column and quf is the field strength of the column. 

 

2.6 Application of DCM pile  

 2.6.1  DCM for Foundation Work 

  Bergado et al. (1999) used DCM piles used to reduce embankment 

settlement. The studied site was at the Bangna-Bangpakong road, Department of 

Highways in Thailand to mitigate the severe settlement and stability problems. The 

DCM piles using ordinary Portland cement has been utilized for foundation 

improvement (Figure 2.18). They found the DCM piles could reduce the settlement of 

road as well as the predicted vertical and horizontal deformations were comparable 

with the observed values. 
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Figure 2.18 Schematic for Bangna-Bangpakong Highway using DCM. 

 

 Miura et al. (2001) studied engineering behavior of cement stabilized clay at 

high water content. The soil was collected in Saga, Japan in the experimental 

investigation and its water content was varied in the range of liquidity index between 

1.0 and 2.0. The clay water to cement ratio, wc/c was proposed as the prime parameter 

governing the engineering behaviour of cement stabilized clay both in compressibility 

and shear behavior. 

 Horpibulsuk et al. (2002) studied the strength improvement of soft marine 

clays by deep mixing technique at Saga Airport, Saga, Japan. It was effective to 

execute the columns at the number of wing rotation, WRN of 90 to 120 N/min to 

attain the Zone 3 of mixing zones as shown in Figure 2.19. Geotechnical engineers 

can achieve this range of WRN by varying the installation (penetration and 

withdrawal) rates and speed of rotation of mixing wings consistent with the 

construction period and construction cost. 

 



 
43 

 

 

 

Figure 2.19 Mixing energy and number of wing rotation relationship of the columns. 

 

 Horpibulsuk et al. (2011) found that for the cement stabilization of soft 

Bangkok clay in the range of liquidity index 1.0-2.0, the wc/C is the prime parameter 

governing the strength and the compressibility at the pre-yield state. The cementation 

bond strength increased, as the clay-water/cement ratio wc/C, decreased. A water to 

cement ratio, W/C of 1.0 was recommend for the wet mixing improvement of soft 

Bangkok clay. They also suggested the procedure for the wet mixing improvement for 

soft Bangkok clay that was useful both an engineering and economical viewpoint 

shown in Figure 2.20.    
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Figure 2.20 Suggested procedure of wet mixing method for soft Bangkok clay. 

 

 Field behavior of stiffened deep cement mixing piles were investigated by 

Jamsawang et al. (2010).  They have studied the ultimate load capacity of DCM pile 

with diameter of 60 cm and 7.0 m of length and the concrete cored piles of 0.18x0.18 

m and 0.22x0.22 m with 4.0 m and 6.0 m at the middle of DCM pile designated as 

stiffened deep cement mixing (SDCM). The plan view of test embankment on DCM 

and SDCM piles is shown in Figure 2.21 at the campus of the Asian Institute of 

Technology (AIT) Bangkok, Thailand. The schematic of SDCM pile is shown in 

Figure 2.22. The maximum of ultimate bearing capacity of SDCM piles was equal to 

320 kN (32.6 tons), which was 2.2 times higher than DCM piles. The axial load 

against settlement plots for all test pilea were shown in Figure 2.23. 
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(a) 

 

(b) 

 

Figure 2.21 (a) Plan view of test embankment on DCM and SDCM pile; (b) Cross 

section of test embankment on DCM and SDCM pile. 
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Figure 2.22 (a) Schematic diagram of SDCM pile; (b) details of prestress concrete 

core piles (dimensions in m.). 

 

Figure 2.23 The curve of axial load plotted against settlement from field tests. 

 

 Numerical simulation and parametric study of SDCM and DCM piles under 

full scale axial and lateral load as well as under embankment load were studied by 

Bergado et al., (2010).  The embankment was supported by two types of piles: 16-
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SDCM piles and 16-DCM piles. For the purpose of simulation, the length of concrete 

core piles in SDCM piles were varied from 3.00 to 7.00 m with varied sectional 

dimension from 0.22x0.22 to 0.30x0.30 m. The embankment discretization model 

using Plaxis Foundation 3D software is shown in Figure 2.24.  

 

 

Figure 2.24 Axial and lateral pile load test simulation model. 

 

 They found the appropriate parameters from back analysis of cohesion of 

cement-clay in the DCM and SDCM piles, obtained from the 3D finite element 

simulations were 300 kPa and 200 kPa, respectively, as shown in Figure 2.25. 

However, the cement-clay modulus, EDCM, were obtained as 60,000 kPa and 40,000 

kPa for DCM C-1 and DCM C-2, respectively. Moreover, for the SDCM pile, the 

corresponding value for SDCM and EDCM were 200 kPa and 30,000 kPa, respectively, 

as shown in Fig 2.26. The slightly different results reflect the construction quality 

control in the field tests. 
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Figure 2.25 Comparisons between observed and simulated axial compression load –

settlement curves for DCM-C1 and DCM-C2. 

 

Figure 2.26 Comparisons between observed and simulated axial compression load –

settlement curves for SDCM 

 

 Jongpradist et al. (2015) investigated an efficiency of using eucalyptus wood 

to reinforce deep cement mixing piles in field: pile Load and embankment tests. The 
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studied DCM pile was 0.50 m in diameter and 10.0 m in length with eucalyptus wood 

of 15 cm diameter and 6.0 m. length at the middle at Rama hospital Bangplee 

Samutprakarn. The ultimate load capacity of SDCM pile was equal to 250 kN, which 

was greater than that of DCM pile of 190 kN as shown in Figure 2.27.  

 

 

 

Figure 2.27 Load Settlement curve of DCM pile and SDCM pile. 

 

 2.6.2  DCM for excavation work  

  The field lateral movement of DCM and SDCM has been investigated 

by Jamsawang et al. (2010) in Figure 2.21. The lateral movement of SDCM was 

reduced to 60% of DCM movement as shown in Figure 2.28. The lateral movement of 

SDCM and DCM piles in Figure 2.28a was 65% and 55% of the total lateral 

movements occurred immediately after construction of the test embankment 

respectively. Due to its higher flexural stiffness, the lateral movement in the SDCM 

piles was 60% that of the DCM pile. The lateral movement of adjacent soil of SDCM 

pile and adjacent soil of DCM pile in Figure 2.28b was 65% and 50% of the total 
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lateral movements occurred immediately after construction of the test embankment 

respectively. This indicated that the SDCM pile was capable of reducing the 

magnitude of lateral movement by 60%. Therefore, the SDCM and DCM piles were 

confirmed to move laterally together with their adjacent ground. 

    

 

 

Figure 2.28 Lateral movement (a) DCM pile and SDCM pile; (b) adjacent soil of 

SDCM and adjacent soil of DCM. 

 

Tanseng (2011) studied the SCC as a temporary retaining wall structure in soft 

Bangkok clay (Figure. 2.29). The different type of SCW is shown in Figure 2.30. 
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Figure 2.29 Layout of soil protection system and mat footing. 

 

 

 

Figure 2.30 Typical cross section of SCW type 2. 

 

 Figure. 2.31 shows the monitored movements compared with the simulated 

movement from finite element simulation. All piles for mat footing are still in good 
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condition after final excavation, which indicated the excellent performance of SCW to 

resist ground movement. 

 

 

 

Figure 2.31 Performance of SCW after excavate to final depth. 

 

 The construction cost and time were also reduced as no internal bracings were 

required and no obstruction from bracing installations. The movement of the ground 

could be effectively limited with pre-boring technique and the ground movement 

caused by SCW construction did not cause any defect to the unrestraint pile. The 

movement of ground during excavation was not greater than the predicted value from 

finite element analysis.  Shallow shrinkage cracks and deterioration of SCW surface 

due to exposure to the environment did not show any significant reduction of stability 

of SCW. Field observation showed that the crack did not penetrate to the inner zone 

of SCW. 
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 Boathong et al. (2014) investigated the parameters affecting the lateral 

movement of an excavated slope at Suvarnabhumi Drainage Canal Project in soft 

Bangkok clay stabilized with DCM piles. The parameters considered included the 

spacing, depth, elastic modulus and volume of the row of DCM columns. A three-

dimensional finite element model (3D-FEM) was used for the analyses, with the 

initial calibration based on the results of full-scale field tests conducted to determine 

the elastic modulus of the soil. Figure 2.32a shows a field test with the initial 

configuration of DCM columns, which indicated that the slope failure occurred when 

the excavation depth of the canal reached 3.0 m. Unfortunately, no instrumentation 

was installed during the excavation. However, excessive lateral movement was 

believed to be the major cause of the failure. To remedy the slope failure, additional 

DCM piles were added under the berm area between the DCM bearing piles and the 

DCM pile row, as well as in front of the DCM pile row (Figure 2.32b). 

 

 

 

Figure 2.32 Canal and roadway cross-section with DCM column configuration. (a) 

Initial DCM column configuration, (b) Remedial DCM column 

configuration. 
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 The lateral movement of the soil decreased as the DCM column row spacing 

(Sr) decreased. When the spacing was close (Sr ≤ 5D), soil arching was more 

pronounced and the soil-pile system behaved as a strong composite material in 

resisting the sliding soil. When the spacing was large (Sr=10D), the piles behaved 

almost like an individual isolated pile, and the soil flows between pile. The optimum 

spacing (Sr) was judged to be in the range of 2.5D to 5D. The DCM pile row depth 

(Dr) had a significant influence on the lateral movement of the soil and the failure 

mode of the pile. When the DCM pile row depth (Dr ≤ 11 m) was not sufficient to 

provide fixity, the DCM pile row exhibited rigid-body rotation without substantial 

flexural resistance, and the lateral movement of the soil was large. Therefore, to 

utilize the full capacity of the DCM pile row to resist the sliding soil, the fixity 

condition wase needed. The results showed that the optimum DCM piles row depth 

was in the range of 1.9 to 2.1 times the critical slip surface depth. The lateral soil 

movement decreased as the elastic modulus of the DCM column row (Er) increased. 

The results showed that the influence of Er was only significant when the DCM pile 

row had low stiffness. The optimum Er was found to be in the range of 200 to 300 

MPa. Increasing the volume of the DCM piles row was highly effective in limiting the 

lateral movement of the soil and improved the factor of safety of the slope because the 

DCM pile row was stiff enough to resist the sliding soil mass. 

Meepon et al. (2016) studied a full scale test on DCM walls and SDCM walls 

of 60 cm in diameter and 8.0 m depth constructed in soft Bangkok clay in various 

forms.  There were five types of wall (Figure 2.33) namely, type A:  three rows of 

DCM pile, type B: two rows of DCM pile, type C: one row of SDCM with steel H-

 



 
55 

 

beam in each column, type D: one row of SDCM alternately inserted with H-beam, 

and type E: one row of DCM without reinforcement.  

 

 

 

Figure. 2.33  Five patterns of soil cement wall. 

 

To reduce construction area, DCM walls with H-shaped steel reinforcement 

can replace DCM walls without reinforcement.  The relationship between excavation 

depth, effective thickness ratio, and horizontal displacement is shown in Figure 2.34. 

 

 

 

Figure 2.34 Relationship between excavation depth to effective thickness ratio and 

horizontal displacement. 

 

The lateral movement of DCM wall at excavation depth of 5.0 m of five 

patterns of DCM wall are shown in Figure. 2.35. 
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Figure. 2.35  Horizontal lateral movement of soil cement wall at excavation depth of   

5.0 m. 

 

 The relationship between excavation depth to effective thickness ratio 

(H/Teff) had an effect on horizontal displacement of DCM wall. The horizontal 

movement of the wall was less than 15 mm for Type C one row of DCM, which could 

be equivalent to Type A (three rows without reinforcement) and Type B (two rows 

without reinforcement). The alternate H-shaped steel reinforcement in type D wall 

resisted bending moment due to lateral earth pressure up to certain excavation depths. 

The SSCC wall resisted bending moment due to lateral earth pressure through the 

embedded H-shaped steel in the soil cement columns. The detected strain indicated 

that horizontal force was transferred to the embedded steel. The horizontal movement 

at the pile cap increased as horizontal force increased. The SSCC continuously 

resisted the horizontal force through the embedded H-shaped steel, and a linear 

relationship between the horizontal load and horizontal displacement was observed. 
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Thanasisathit et. al. (2018) studied parameters affecting the lateral movement 

of a compound deep cement mixing retaining wall (Figure 2.36) using the three-

dimensional finite element method. The case history was of a reservoir construction 

project belonging to the Electricity Generating Authority of Thailand (EGAT) at 

Wang Noi Power Plant, Thailand. 

 

 

 

Figure 2.36 Layout of compound DCM wall: (a) plan view, (b) section view. 

 

A numerical model is first calibrated with an instrumented case history. Then, 

a parametric study was performed. The influences of various parameters were 

compared and rated in terms of the degree of importance. The degree of influence of 

each influential factor on the maximum lateral movements was defined as the ratio of 

the variation in the maximum lateral movements to the mean of the maximum lateral 

movements (Huang and Han, 2010). The degrees of influence less than 30%, between 

30 and 60% , between 60 and 100% , between 100 and 130% , and greater than 130 

were considered to be low, medium, high, very high, and extreme, respectively.  The 
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numerical results showed that the stabilized mat, the modulus of elasticity of the 

DCM column, and the thickness of the soft clay layer were the 3 most important 

design parameters for minimizing the lateral movements of the DCM wall as shown 

in Figures 2.37, 2.38 and 2.39 respectively. The thickness of the soft clay layer 

seemed to be the most important factor. Increasing the thickness of the soft clay 

resulted in larger lateral soil movement. However, the embedment of the DCM pile, 

the DCM pile pattern, the front DCM wall, and size of DCM pile were insignificant 

design parameters.  

 

 

 

Figure 2.37 Effects of stabilized mat, nonexistence of front DCM wall, and DCM 

column pattern. 
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Figure 2.38 Effect of modulus of elasticity of DCM column. 

 

 

 

Figure 2.39 Effect of thickness of soft clay. 

 

Table 2.5 show the summary of rank of degree of influence on maximum 

lateral movement. 
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Table 2.5 Rank of degree of influence on maximum lateral movement. 
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CHAPTER III 

SOIL-CEMENT SCREW PILE: ALTERNATIVE PILE FOR 

LOW- AND MEDIUM-RISE BUILDINGS IN SOFT 

BANGKOK CLAY 

 

3.1   INTRODUCTION 

The foundation is a medium through which building loads are transferred from 

the superstructure to the ground (Poulos & Davis, 1980). The foundation can be 

classified into two predominant types, namely shallow foundation and deep 

foundations. The selection of the foundation system is mainly dependent upon several 

factors, which include: location, type of structure, ground condition, access for 

construction equipment, effect of installation on adjacent foundation, local 

construction practice, and availability of construction material and relative cost.  

The shallow foundation system is used when the soil has high bearing capacity 

and can carry superstructure loads with small settlement such as Northeast region of 

Thailand. On the other hand, in some areas, the ground conditions are unsuitable for a 

shallow foundation system to support heavy-load buildings where the vertical and 

lateral loadings imposed on the foundation are significant. In these circumstances, the 

deep foundation system, particularly with the usage of piled foundations, are more 

applicable. The use of piled foundations is also a method of overcoming the 

difficulties of foundation on soft soil, which has low shear strength and high 

compressibility such as soft Bangkok clay.   
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Based on the construction method, piled foundations can be classified into two 

predominant types, being driven piles and cast in-situ piles. Driven pile foundations 

can be made from concrete, steel or timber. For reinforced concrete driven pile, it is 

prefabricated before placing at the construction site and it is driven to the ground 

using a pile hammer. The driven pile is easy to install; hence it becomes a common 

foundation construction in many projects. In addition, the transportation of the driven 

piles from the manufacturer to the construction site is more convenient and cost-

effective when compared with the cast-in-situ pile method. However, the construction 

method of driven pile produces the noise, vibration, and soil movement, which might 

cause damage to the neighboring buildings.  

The cast-in-situ or bored pile comprises of a reinforced concrete pile, which is 

constructed at the construction site by drilling a hole into the ground to the required 

depth, placing the reinforcement and then filling the steel tube with concrete. The 

installation of a cast-in-situ pile has two methods, namely the dry or wet process. The 

suitable installation process used at the construction site depends on the nature of the 

soil and the superstructure loads. For soft Bangkok clay, the dry-process bored piles 

are commonly used for low- to medium-rise buildings. However, the dry-process 

bored piles have two main disadvantages: low productivity and low load capacity, 

when compared with driven piles of the same diameter and length. The ultimate 

bearing capacity of dry-process bored piles at the construction site in central Bangkok 

area was recently investigated by Poonlappanish and Buasri (2017). The static pile 

load tests were conducted on 42 bored piles, which have diameters of 0.5 – 0.60 m 

and 19 – 21 m in length. Using the Mazurkiewicz’s method, the average factor of 

safety was found to be over 2.0. The study on the installation productivity of 172 
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bored piles (0.50 in diameter and 24 m in length) at a construction site in Bangkok 

was investigated by Monkaew and Nawalerspunya (2013). The approximate rate of 

productivity was 275.31 minutes/pile.  

Soft Bangkok clay has a thickness of about 15-30 m with high water content 

and low shear strength (Horpibulsuk et al., 2007), consequently the installation of 

bored piles requires steel casing. The driving and extraction of the steel casing is 

time-consuming and requires a lot of labors. The low load capacity of dry-process 

bored pile is caused by the soil disturbance by driving and removal of the steel casing, 

which reduce soil friction around the pile (Skempton, 1966). Furthermore, the 

installation of cast-in-situ piles requires skillful supervision and quality control of all 

piling construction materials. This method also needs sufficient space for storage of 

materials used in the construction, which is not suitable for the limited space of the 

construction site. 

To overcome these problems of using bored piles in Bangkok area, an 

alternative piling solution, designated as soil-cement screw piles (SCSP) has been 

introduced in Thailand. The SCSP is the combination of a screw pile (SP) with a soil-

cement column (SCC), in which the SP is inserted in a previously installed SCC. The 

SCC can be rapidly installed in soft Bangkok clay as a friction pile without the 

requirement of a steel casing. Since the strength of SCC is relatively low, the inserted 

SP is used to stiffen and strengthen the SCC to prevent pile failure. Previous 

researchers have demonstrated the successful usage of SCC to support low-rise 

buildings and road embankments (Shen et al., 2013a and b, 2017; Wang et al., 2018, 

2019).  
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The SCSP construction method provides many advantages including easy and 

quick installation, minimal dewatering, and minimal equipment. It also provides high 

tensile and acceptable compressive capacities and produces minimal noise and 

vibration during installation (Zhang et al., Livneh & El Naggar, 2008; Sakr, 2009, 

2011; Schmidt & Nasr, 2004; 1998). This SCSP by the Thai Piling Rig Co., Ltd has 

successfully used in piled foundation in the two important projects: The Royal 

Chitralada Pasteurized Milk Factory and The Royal Chitralada Rice Mill of 

Chitralada Palace, Bangkok Thailand, which required significantly low noise, clean 

and rapid construction. 

SCSP entered the Thailand market by Thai Piling Rig Co., Ltd in the early of 

2018 and this piling system is expected to be very popular due to its many advantages 

over conventional driven and bored piles. The success of construction project of 

SCSP depends mainly on three indicators of performance including construction 

schedule, cost, and quality (Kim et al., 2020; McKim et al., 2000; Moon et al., 2020), 

which is the focus of this research. A quality performance is the precise determination 

of ultimate load capacity of SCSP at a construction site using a simple and rational 

closed-form calculation and/or pile load test. This precise determination leads to the 

best selection of the SCSP section properties and length suitable for cost and time 

conditions.  

To the best authors’ knowledge, a complete research study on the 

determination of load capacity and the analysis of economic decision of SCSP in term 

of construction cost and time, which is the key success of construction management, 

has not been previously undertaken. Therefore, this research forms an innovative 

study on construction engineering and management on SCSP system. The outcomes 
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of this research will result in the development of guideline for the effective design of 

SCSP, in term of their load capacity calculation construction time and installation cost 

in soft clays, such as Bangkok clay. 

 

3.2   METHODOLOGY 

In order to investigate the effectiveness of the SCSP, the ultimate load 

capacity and execution cost and time of the SCSP were compared with those of soil 

cement column (SCC) and SP. The ultimate load capacity of SP and SCSP were 

measured by static load tests. The results of load tests on SCSP were then compared 

with the available load predictive methods including the cylindrical method proposed 

by Rao and Prasad (1993), the individual bearing method by Sakr (2009) and the soil 

cement column method by Bergado et al. (1996). The undrained shear strength (cu) of 

SCC, which is one of the most important parameters in the estimation of the ultimate 

load capacity of SCSP, is determined from the unconfined compressive strength of the 

field cored samples. 

3.2.1 Detail of studied piles  

Figure 3.1 shows a schematic of studied SP. The SP was made of 

circular hollow steel pipe with helices at every 1.5 m and the filled concrete in the 

pipe. The hollow steel pipe (JIS G 3444-2010) had a diameter of 0.20 m, thickness of 

4.5 mm, cross-sectional area (As) of 29.94 cm2, and tensile strength (fs) of 240 MPa. 

The helix was a hot rolled steel plate with a diameter of 0.40 m and 5 mm thickness. 

The filled concrete had a cross-sectional area (Ac) of 337.51 cm2 and compressive 

strength (fc) of 18 MPa. The SPs were galvanized to prevent the rust and corrosion in 

accordance with ASTM-A123 (2017).  
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Figure 3.1. A schematic of screw piles. 

 

Four different types of studied piles are shown in Figure 3.2. All piles were 

installed at a fixed depth of 17.0 m. Pile no 1 (Figure 3.2a) was a SCC with a 

diameter of 0.6 m (without screw pile) and Pile no 2 (Figure 3.2b) was SP. Pile no 3 

and 4 (Figure 3.2c and 3.2d) were partial SCSP and full SCSP, respectively where 

the SP was installed in the SCC. A partial SCSP is a combination of SP (17.0 m 

length) and SCC with a diameter of 0.6 m and a length of 13 m from the ground 

surface. A full SCSP comprises SP (17.0 m length) and the SCC with a diameter of 

0.6 m and a length of 17.0 m. 
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Figure 3.2. Types of studied piles: a) SCC, b) SP, c) Partial SCSP and d) Full SCSP. 

 

The construction site was located at Nongchok District, Bangkok, Thailand. 

The soil profile varied from a very soft to a stiff clay as shown in Figure 3.3. The 

SCC (Pile no 1) was installed by the wet mixing method. The cement content of 200 

kg/m3 of soil and the water to cement (w/c) ratio of 1.0 were used for SCC execution. 

The installation (both for penetration and withdrawal) rate was 1.0 m/min, which was 

recommended by Horpibulsk et al. (2011) and Srijaroen et al. (2014) for soft Bangkok 

clay. The SP (Pile no 2) was installed to the depth of 17.0 m by the installation 

machine as shown in Figure 3.4. The execution process of the partial SCSP (Pile no 

3) and full SCSP (Pile no 4) was similar. The SCC with 0.6 m diameter was firstly 

installed by the wet mixing method of deep mixing machine to the designed depths of 

13.0 m and 17.0 m for pile no 3 and pile no 4, respectively. The 17.0 m length of SP 

was then immediately installed at the center of the SCC for both partial and full 

SCSP. The hollow steel pile was next filled with concrete.  
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Figure 3.3. The soil profile at the construction site, Nongchok District, Thailand. 
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Figure 3.4. The installation process of SP and SCSP. 

 

3.2.2 Determination of ultimate bearing capacity  

3.2.2.1 Static load test 

The static load test was performed in accordance with ASTM-

D1143 (2013); the loading was incrementally applied on the piles, and the 

corresponding settlement was measured to produce the load-settlement curves. For the 

partial and full SCSP, the loading was applied on SP via a concrete pile cap.  The 

ultimate load capacity of the test piles was calculated using Butler and Hoy (1976) 

method that defines the ultimate load as the load at the intersection of the tangent 

slope (0.05 in/ton) and the tangent to the initial straight portion of the curve, or to a 
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line that is parallel to the rebound portion of the curve. The target design safe load for 

SP, partial and full SCSP (Piles no 2, 3 and 4) was 400 kN for this study. Whereas for 

SCC (Pile no 1), the design safe load at 68 kN. 

The static load testing apparatus (Figure 3.5) consists of:  

• The reaction beams (steel girders) were laid across the test pile.  

• The two reference beams (channel 125 x 65 x 5 mm) were cross connected 

and laid on the support, which was firmly embedded in ground with one fix and the 

other end free.  

• The hydraulic jack with a capacity of 3000 kN was used to apply load on 

the pile head.  

• The ball bearing was inserted between the reaction beam and the hydraulic 

jack to provide a non-eccentric load to pile head.  

• The four dial gauge micrometers 0 – 50 mm with an accuracy of 0.01 mm 

were used to monitor the pile movements by mounting between the pile head and 

reference beam.  

• The leveling instrument with an accuracy of 0.01 mm was used to check 

the relative movements of the test pile head and reference beam. Reading was made 

on fixed ruler scale on the reading point (1 point at pile head and 2 points at reference 

beam).  

For Pile no 2, 3 and 4, the static load test was carried out according to ASTM-

D1143 (2013) by standard loading procedure with load sequence in percentage of 

design load at 400 kN. In this study, two cycles of test were performed by the 

following procedures: 
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Cycle 1 (maximum to 200% of the design load) 

a. The applied loads were gradually increased from initial 0 to 25%, 50%, 

75%, 100%, 125%, 175%, and 200% of the design load.  

b. The load increment was added only when the settlement was less than 

0.25 mm per hour or after two hours of the previous achieved load increment. 

c. At each load increment, load, settlement and time were recorded at 1, 2, 

4, 8, 15, 30,60, 90, 120, 240 minutes and every 2 hour with an accuracy of at least 

0.01 mm.  

d. The maximum load was kept constant for at least 24 hours and then 

reduced to 150%, 100%, 50% and 0% of the design load, respectively. Each load was 

maintained until the rate of settlement greater than 0.25 mm per hour or after two 

hours. 

e. At initial load, the rebound movements were recorded at 1, 2, 4, 8, 15, 

30, 40, 60 minutes and every hour thereafter until a constant settlement was reached. 

Cycle 2 (Loading in excess of standard test load) 

a. The applied loads were gradually increased from initial 0 to 25%, 50%, 

75%, 100%, 125%, 175%, and 200% of the design load.  

b. When each load increment was achieved, the next load increment was 

added every after 20 minute. 

c. The load was added gradually by increasing 10% of the design load until 

pile failure.  

d. At each load increment, load, settlement and time were recorded at 1, 2, 

4, 8, 15 and 20 minutes with an accuracy of at least 0.01 mm. 
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For SCC (Pile no 1), the static load test was carried out in accordance with ASTM-

D1143 (2013) by quick load test method with load sequence in percentage of design 

load at 68 kN. The cycle of test was performed by the following procedures: 

a. The load was added gradually by increasing 15% of the design load until 

pile failure.  

b. At each load increment, load, settlement and time were recorded at 5 

minutes with an accuracy of at least 0.01 mm. 

 

 

 

Figure 3.5. Static load test apparatus. 

 

3.2.2.2 Conventional calculation methods 

The cylindrical shear method (Rao & Prasad, 1993) and 

individual bearing method (Sakr, 2009) were used to estimate the ultimate load 

capacities of the SP, while the soil cement column method (Bergado et al., 1996) was 

 



 
77 

 

used for the SCC and full SCSP, whereby the undrained shear strength of SCC at 28 

days of curing was used for calculation.  

3.2.2.2.1 Cylindrical shear method 

The cylindrical shear method was pioneered by 

Mitsch and Clemence (1985) and Mooney et al. (1985) to estimate the axial capacity 

of SP in sand and clay/silt, respectively. Figure 3.6 shows the cylindrical shear model 

assuming that the cylindrical shear failure is formed in the connection between the top 

and bottom helices. Nasr (2004, 2009) concluded that the ultimate load capacity is 

influenced by the number of helices, the pile geometry, the soil condition and the 

helical spacing. The ultimate load capacity is the sum of the end bearing resistance 

below the bottom helix, the sum of shear resistance along the cylindrical shear surface 

and the shaft friction above the top helix as shown in Eq. (1) (Hawkins & Thorsten, 

2009; Livneh & El Naggar, 2008; Sakr, 2009, 2011; Tappenden et al., 2009; Zhang et 

al., 1998): 

 

               (3.1) 

 

where Qult = ultimate load capacity; Qhelix = shearing resistance mobilized 

along the cylindrical failure surface; Qbearing = end bearing capacity; and Qshaft = 

resistance developed along the steel shaft.  

The ultimate load capacity of SP in cohesive soil is therefore derived from Eq. 

(1) as follows (Mooney et al. 1985): 

 

               (3.2) 
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where Sf = spacing ratio factor; D = diameter of pile helix; Lc = distance 

between top and bottom helical plates; AH = area of the helix; cu = undrained shear 

strength of soil; Nc = bearing capacity factor for cohesive soils; d = diameter of pile 

shaft; Heff = effective length of pile above top helix; and α = adhesion factor. Rao and 

Prasad (1993) reported that the spacing to diameter (S/D) ratio of pile helix 

significantly affects the ultimate load capacity. Increasing S/D ratio results in 

reduction of the ultimate load capacity. Rao and Prasad (1993) proposed equations to 

determine the spacing ratio factor (Sf) as follows:  

 

For S/D < 1.5  Sf = 1.00               (3.3) 

 

For 1.5 ≤ S/D ≤ 3.5 Sf = 0.683 + 0.069(3.5-S/D)             (3.4) 

 

For 3.5 ≤ S/D ≤ 4.6 Sf = 0.700 + 0.148(4.6-S/D)             (3.5) 
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Figure 3.6. Cylindrical shear model for screw pile under compression load. 

 

3.2.2.2.2 Individual bearing method 

       Adams and Klym (1972) reported that the load 

capacity of SP can be estimated individually, where the spacing distance between 

each plate is large enough. Figure 3.7 shows the individual bearing method. The 

parameters affecting the load capacity are screw plate bearing area and the 

undisturbed surrounding soil. Furthermore, the equations for individual bearing 

method involves both the resistance from each individual helix and the shaft 

resistance. Therefore, the overall ultimate load capacity of the SP can be calculated by 

the sum of all the individual helical capacities along with the shaft resistance as 
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presented in Eq. (6) (Hawkins & Thorsten, 2009; Livneh & El Naggar, 2008; Sakr, 

2009, 2011; Zhang et al., 1998). 

 

                 (3.6) 

 

where AH is the area of helix, cu = undrained shear strength of soil, and Nc = bearing 

capacity factor for cohesive soils. 

 

 

 

Figure 3.7. Individual bearing model for screw pile under compressive load. 
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3.2.2.2.3 Load capacity of SCC 

The load capacity of a single SCC can be estimated 

based on the mode of failure by either soil failure or column failure. The ultimate load 

capacity of SCC in soft clay for soil failure mode can be calculated from Eq. (7) 

(Bergado et al., 1996): 

 

                (3.7) 

 

where Qult,soil  is the load capacity of single column due to soil failure; d is the 

diameter of the column; and H is the column length. It has been assumed that the skin 

resistance is equal to the undrained shear strength of the surrounding clay and that the 

end resistance corresponds to 9cu. 

Since the shear strength of the SCC is insignificantly influenced with the 

increase in column length (Horpibulsuk & Miura, 2001 and Horpibulsuk et al. 2011), 

the ultimate load capacity due to column failure is estimated by the following 

expression: 

 

                  (3.8) 

 

where Qult,col is the load capacity due to column failure; Acol is the cross-sectional area 

of the column and quf  is the field strength of the column. 

 

3.3 RESULTS 

After 28 days of curing, the cored samples were collected by a coring machine 

from the middle of SCC (Pile no 1) at every 1-meter depth for determination of 
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unconfined compressive strength (qu). The cored samples were trimmed to the 

required nominal dimension of 50 mm in diameter and 100 mm in height. Figure 3.8 

shows the relationship between the SCC length and qu, indicating the average qu = 

730 kPa. Comparing the ultimate load capacity calculated from Eqs. (7) and (8), the 

SCC fails in the mode of pile failure with Qult,col = 207 kN. Figure 3.9 shows the load-

settlement curve of SCC (Pile no 1) obtained from the field static load test. The 

measured ultimate load capacity (200 kN) was found to be in agreement with the 

predicted value (207 kN).  

 

 

 

 

Figure 3.8. A relationship between the depth of SCC and its unconfined compressive 

strength. 
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Figure 3.9. Load-settlement curve of SCC (Pile no 1). 

 

The ultimate load capacity of SP (Pile no 2) obtained from the static load test 

is 565 kN as shown in Figure 3.10. It clearly demonstrates that the ultimate load 

capacity of SP is notably higher than that of SCC for the same length and soil 

condition. This indicates that the shear strength of SCC controls the load capacity of 

the piles studied. The ultimate load capacity of SP estimated by cylindrical shear 

method and individual bearing method is 781 kN and 553 kN, respectively. It is 

evident that the ultimate load capacity estimated by individual bearing method has a 

good agreement with static load test rather than cylindrical shear method for SP (Pile 

no. 2).  
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Figure 3.10. Load-settlement curve of SP (Pile no 2). 

 

The ultimate load capacity of a partial SCSP (Pile no. 3) can be obtained from 

the static load test results as shown in Figure 3.11. The failure occurred in the cycle 2 

of loading test (factor of safety = 2), whereby the load was maintaining around 900 

kN while the pile continued to move downward. The ultimate load capacity of a 

partially SCSP (Pile no 3) was estimated to be 860 kN by Butler and Hoy (1976) 

method. It is interesting to note that the ultimate load capacity of the partial SCSP 

(Pile no 3) is higher than that of the SCC (Pile no 1) and SP (Pile no 2), respectively. 

In other words, the ultimate load capacity of SP can be improved significantly by the 

SCC. The ultimate load capacity is contributed from the individual bearing of SP and 

the load capacity of SCC (due to either soil failure or pile failure). Assuming that the 

pile material is strong enough against pile failure, the predicted ultimate load capacity 

is 870 kN, which is close to the measured value. It is thus evident that the partial 
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SCSP behaves as a rigid composite pile so that the load capacity is contributed from 

the soil failure mode. 

 

 

 

Figure 3.11. Load-settlement curve of a partially SCSP (Pile no 3). 

 

The measured ultimate load capacity of the full SCSP (Pile no 4) is 1030 kN 

as depicted in Figure 3.12. It is evident that the full SCC can enhance the ultimate 

load capacity of the SP significantly as seen by the highest ultimate load capacity 

compared to the other studied piles. Similar to Pile no 3, assuming that the pile 

material is strong enough against the pile failure, the ultimate load capacity can be 

estimated from Eq. (7), which is controlled by the shear strength of surrounding clay. 

The predicted ultimate load capacity is therefore equal to 1089 kN, which is in good 

agreement with the measured value from the field test result. Assuming high interface 

shear strength between SP and SCC, the calculated ultimate load capacity of the test 

SCSP (Pile no 4) using the individual bearing method and shear strength of SCC 

(Eq.(6)), is equal to 3406 kN. This confirms that the failure of SCSP is governed by 
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the strength of surrounding clay without the failure at interface; both SCC and SP act 

as a rigid composite SCSP. Table 3.1 summaries the predicted and measured ultimate 

load capacity of all studied piles. It is noted that the ultimate load capacity of all 

studied piles can be predicted satisfactorily by the proposed methods.  

 

 

 

Figure 3.12 Load-settlement curve of a fully SCSP (Pile no 4). 
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 Table 3.1 Summary of ultimate bearing capacity of all types of studied piles. 

Type 

of 

piles 

SCC 

(Dia. 

0.6 m) 

Length 

SP 

(Dia. 

0.2 m) 

Length 

Ultimate Bearing Capacity (kN) 

Cylindrical 

Shear 

Method 

Individual 

Bearing 

Method 

Soil 

Cement 

Column 

Method 

Cylindrical 

Shear and 

Soil Cement 

Column 

Method 

Individual 

Bearing and 

Soil Cement 

Column 

Method 

Static 

Load 

Test 

Pile 

no 1 

17.0 - - - 207 - - 200 

Pile 

no 2 

- 17.0 781 553 - - - 565 

Pile 

no 3 

13.0 17.0 4584 3190 - 1023 870 860 

Pile 

no 4 

17.0 17.0 5248 3406 1089 - - 1030 

 

3.4 ULTIMATE LOAD, TIME AND COST ANALYSIS  

It is evident from the previous section that the ultimate load capacity of all 

studied piles was estimated based on soil failure mode. Ideally, the cost-effective 

design exists when the ultimate load capacity is mobilized from the full capacity of 

both pile material and surrounding soil equally. The ultimate load capacity of SP due 

to the material failure is determined by the following expression: 

 

                 (3.9) 
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Thus, the ultimate load capacity of SP (Figure 3.1) due to material failure (Eq. 9) is 

equal to 1300 kN (fcAc = 595 kN and fsAs = 705 kN), which is higher than that of all 

studied piles (due to soil failure) as shown in Table 3.1. This demonstrates 

uneconomical usage of the SP and SCSP. Therefore, it is important, in term of cost 

effectiveness, to analyze the ultimate load capacity of SP and SCSP, taking the value 

of 1300 kN (material failure) as a benchmark.  

3.4.1 Screw Pile  

For a particular diameter, the ultimate load capacity of SP is dependent 

on the length of the SP. The studied diameter of SP was fixed at 0.20 m as it is 

commonly available in the market. Based on the soil profile as shown in Figure 3.3, 

the relationship between the ultimate load and length of SP is shown in Figure 3.13. 

Using the individual bearing method, the calculated ultimate load of SP increases 

linearly with increasing the length and the ultimate load capacity of 1300 kN is 

reached at 27.5 m length (10 m longer than the test pile). In order to maximize the soil 

cement screw pile application, the optimum ultimate load capacity of SP and SCC 

combination must be appropriately estimated. The empirical methods are proposed to 

predict the ultimate load of SCSP in soft clay material. The cost analysis in terms of 

construction materials, labor, and time were studied to verify the SCSP performance. 
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Figure 3.13. A relationship between ultimate load and length of screw pile. 

 

3.4.2 Soil-Cement Screw Pile  

To investigate the influence of SCC and SP on the ultimate load 

capacity of SCSP, the length of SCC was varied at 3 m, 5 m, 7 m, 9 m, 11 m, 13 m, 

15 m, and 17 m whereas the length of SP was varied from 17 m to reach the ultimate 

load capacity of 1300 kN. The diameter of SCC was fixed at 0.6 m. The proposed 

equations to estimate the ultimate load capacity of the SCSP are shown in Eqs (3.10) 

and (3.11) for partial and full SCSP, respectively. The ultimate load capacity of the 

partial SCSP is the sum of ultimate load capacity of SCC, and individual helical 

capacities along with the shaft resistance and at pile base of SP below SCC. When 

calculate the ultimate load of the full SCSP, Eq. (10) will become Eq. (11) whereby 

the individual helical capacity is not considered  

 



 
90 

 

                  (3.10) 

 

                 (3.11) 

 

where d = diameter of SCC; α = adhesion factor; = length of SCC;  = 

undrained shear strength of soil surrounding SCC;  = undrained shear strength of 

soil below SCC; = undrained shear strength of soil layer at pile base; n = number 

of the helix below SCC; AH = area of the helix (without filled concrete); and Apb = 

combined area of the helix and shaft at pile base.  

The estimation of ultimate load capacity was made based on the soil profile in 

Figure 3.3. Figure 3.14 show relationship between the SP length versus ultimate load 

capacity of SCSP with various SCC lengths. The ultimate load capacity of SCSP 

increases with increasing SP length. At a particular length of SP, for example, length 

of SP = 18.80 m, the ultimate load capacity of partial SCSP slightly increases with 

increasing SCC length (from 3.0 m to 15.0 m). At a particular ultimate load of partial 

SCSP, the length of SP can be reduced by increasing the length of SCC and the SCSP 

has always higher ultimate load capacity than SP at the same pile length. For instance, 

to reach the benchmark ultimate load capacity of 1300 kN, the SP lengths for the 

partial SCSP with SCC = 3.0 m and 15.0 m are 26.5 m and 21.5 m, respectively. 

Whereas, the length of SP for the full SCSP is only 18.8 m. In other words, for the 

partial SCSP with SCC = 3.00 m and SP = 26.50 m (SP equal to about 9 times of 

SCC), the SP length have to increase about 55.9% to reach the benchmark ultimate 

load capacity. For the partial SCSP with SCC = 15.00 m and SP = 21.50 m (SP equal 

to about 1.5 times of SCC), the SP length have to increase about 26.5%, while for the 
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full SCSP, the SP length have to increase only about 10.6% to reach the benchmark 

ultimate load capacity. This indicates the economic advantage of the full SCSP 

application in term of raw material cost, because the SCC material is cheaper than the 

SP material for the same length. 

 

  

 

Figure 3.14 Relationships between length of screw pile versus ultimate load of SCSP   

at various lengths of SCC. 

 

The undrained shear strength of soil mobilized by the helical anchor affects 

the load capacity of SP (Ruberti, 2015). Hence, the undrained shear strength of SCC 

must be studied to confirm the stability of the SCSP. There are 2 conditions in the 

calculation of ultimate load capacity for SCSP: failure at the interface of SCC and SP 

and the failure in surrounding soil. To confirm that no failure at the interface of SCC 
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and SP occurs, the Qult was first calculated using Eqs. (10) and (11) for partial and full 

SCP and with undrained shear strengths (cu) of surrounding clay. The Qult results were 

used as controlled values and then the back-calculation method was performed to 

determine the required minimum cu value of the SCC, which cause the interface 

failure between SCC and SP. A relationship between the SCC friction and its 

undrained shear strength of SCC is shown in Figure 3.15. The SCC friction is defined 

as the maximum force that results in the interface failure between SCC and SP.  The 

qu of SCC for a given SCC friction is back-calculated from Eq. (3.6) by taking SCC 

friction as Qult. The qu for various SCC frictions is calculated to be in a range of 120 

to 170 kPa for the partial SCSP, while it is 186 kPa for the full SCSP. This means that 

the partial SCSP and the full SCSP require a minimum qu of about 120 to 170 kPa and 

about 186 kPa within the SCC to ensure no failure at the SCC and SP interface. 

However, the typical qu value of about 600 kPa at 28 days of curing was used for SCC 

in soft Bangkok clay. It indicates that the design qu value is significantly higher than 

the required qu values, which confirms the excellent bonding between SP and SCC 

(no interface failure between SCC and SP). 
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Figure 3.15 Relationships between SCC friction versus unconfined compressive 

strength of SCC. 

 

The cost of SCSP execution was also studied to illustrate the economic 

advantage of its application in soft Bangkok clay. The execution costs included those 

of raw materials for the SCC and SP, as well as labor costs based on the local 

construction rates in Thailand for 2018. The calculated cost versus ultimate load 

relationship of SP, partial SCSP and full SCSP is plotted in Figure 3.16 and the 

corresponding execution time and unit cost are shown Table 3.2. The execution cost 

including material anal labor expenses is 37.5 US dollars per 1 m length for SP and 

8.85 US dollars per 1 m length for SCC. It is evident that the execution cost of SP is 

4.2 times higher than that of SCC for the same pile length.  Figure 3.16 shows that for 
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a particular ultimate load, the execution cost of SP is the highest while the execution 

cost of SCSP is the lowest. The longer SCC length in partial and full SCSP can reduce 

the SP length for the same target ultimate load capacity. In other words, the execution 

cost of partial and full SCSP is governed by the SCC length; the longer SCC length 

results in the cheaper execution cost. For example, at the benchmark ultimate load at 

1300 kN, the execution cost is only 871 US dollars for the full SCSP with 18.8 m pile 

length while it is 1030 US dollars for the SP with 26.50 m pile length (see Figures 

3.14 and 3.16). Overall, the execution cost of full SCSP is approximately 15% lower 

than that of SP. 

 

 

 

Figure 3.16 Relationships between cost versus ultimate load of SP and SCSP. 
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Table 3.2 Cost and time analysis of SP and SCSP execution. 

Pile 

Type 

 

Pattern 

 

SCC 

(m) 

 

SP 

(m) 

Qult 

(kN) 

Qa 

(kN) 

(FS. = 

2.50) 

Time of 

installation 

(hr./no.) 

Total 

Cost 

(US dollars) 

Unit 

Cost 

(dollars  

/kN) 

SP 1 - 17.00 

 

553 221 0.50 637.50 2.88 

 

Partially 

SCSP 

2 3.00 

 

17.00 

 

632 253 0.60 664.05 2.62 

3 5.00 

 

17.00 

 

691 273 0.70 681.75 2.50 

4 7.00 17.00 732 293 0.80 699.45 2.39 

5 9.00 17.00 791 317 0.90 717.15 2.26 

6 11.00 17.00 851 340 1.00 734.85 2.16 

7 13.00 17.00 877 351 1.10 752.55 2.14 

8 15.00 17.00 959 384 1.20 770.25 2.00 

Fully 

SCSP 

 

9 17.00 

 

17.00 

 

1089 436 1.30 787.95 1.80 

10 18.80 

 

18.80 

 

1300 520 1.40 871.38 1.68 

Bore Pile 

(Dia.0.60

x21.00) 

11 - - 1300 520 
 

3.50 

843.75 1.62 

 

Remark 

Execution cost of SCC with 0.6 m diameter = 8.85 dollars/m (material cost = 3.40 

dollars/m, and labor cost = 5.45 dollars/m) 

Execution cost of SP = 37.5 dollars/m (material cost = 18 dollars/m, and labor cost = 

19.5 dollars/m) 

Execution cost of dry-process bored pile = 40.18 dollars /m (material cost = 24.60 

dollars/m, labor cost = 15.58 dollars/m) 

1 US dollar = 32 baht 
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When compared to the dry-process bored pile commonly used in Thailand, it 

is evident that the execution cost of both the full SCSP and the bored pile is 

essentially similar for the same target ultimate load as seen Table 3.2. The required 

pile length of bored pile is slightly longer than that of full SCSP because of the 

friction between pile and surrounding soil being lower due to the soil removal for 

installation of reinforcement and filling of concrete.  

Table 3.2 shows that the execution time for SP is the lowest of 0.5 hour/pile 

while the execution time for the full SCSP is the highest of 1.3 hour/pile (the 

execution time for the SCC is approximately 0.8 hour/pile) at the same pile length of 

17 m. In other words, the execution time is 0.03, 0.05 and 0.08 hour/m length for SP, 

SCC and full SCSP; the execution time of the full SCSP is approximately 2.5 times 

longer than that of the SP. It is evident that the execution time of SCC governs the 

execution time of partial and full SCSP. The execution time of SCSP increases with 

the increase in the SCC length. It is also noted that the execution time of dry-process 

bored pile is 2.5 times longer than that of full SCSP. 

The unit cost of SP, partial and full SCSP and dry-process bored pile at 

various pile lengths is also presented in Table 3.2. The unit cost of SP is found to be 

highest of 2.88 dollars/kN while the unit cost of full SCSP and bored pile is more or 

less than same and is found to be lowest of approximately 1.62 to 1.80 dollars/kN. As 

a result, the application of the full SCSP and bored pile has more economical benefits 

than both partial SCSP and SP under the same ultimate load design. But the partial 

SCSP and SP have more advantage in term of construction time and is suitable for a 

time-constrained project. When comparing the full SCSP with the traditional dry-

process bored pile at the same target ultimate load capacity, the full SCSP has higher 
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efficiency and productivity than the bored pile. A stepwise procedure for designing 

the ultimate bearing capacity of SCSP at optimal time and cost based on the critical 

analysis of the test results is suggested as follows: 

1. Conduct the in-situ soil investigation at the construction site and laboratory 

test on soil samples to obtain soil profiles and undrained shear strength (cu). 

2. Determine the relationship between ultimate load capacity of SCSP versus 

SCC and SP lengths (see Figure 3.14). From the target ultimate load, determine SP 

and SCC lengths from the developed relationship. 

3. Determine required cu of SCC to have sufficient SCC friction for each set 

of calculated SP and SCC (see Figure 3.15). 

4. Plot the relationship between execution cost and ultimate load capacity 

(see Figure 3.16) and determine the corresponding execution time. 

5. Select the SCC and SP lengths to meet the time and cost criteria of the 

construction project. 

  

3.5 CONCLUSIONS 

This research paper presented the ultimate load, time and cost analysis and 

suggested effective design method for soft Bangkok clay. The cost and time of 

executing SCSP were also compared with those of traditional dry-process bored pile 

to illustrate the advantage of SCSP. The ultimate load capacity of the piles studied 

was examined by the field static load test and compared with the conventional design 

methods. The ultimate load capacity of SP was significantly enhanced by the SCC. 

The full SCSP provided the highest ultimate load capacity comparing to SCC, SP, and 

partial SCSP at the same pile length. The conventional individual bearing method 
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could be used to estimate the ultimate load capacity of SP. The load capacity 

predictive equations for both partial and full SCSP due to soil failure were proposed 

and validated based on the field static pile load test results. The equations are 

applicable for soft Bangkok clay and were successfully used for some construction 

projects in Thailand. 

In Thailand, the application of the full SCSP can save on the installation cost 

when compared to SP and partial SCSP at the same required ultimate load. The 

execution (raw material and labor) cost of SP is 4.2 times higher than that of SCC for 

the same pile length. In other words, the execution cost of partial and full SCSP is 

governed by the SCC length; the longer the SCC length results in the cheaper 

execution cost. The execution time was 0.03, 0.05 and 0.08 hour/m length for SP, 

SCC and full SCSP; the execution time of the full SCSP was approximately 2.5 times 

longer than that of the SP. The execution time of SCSP increased with the increase in 

the SCC length. The unit cost of SP was found to be the highest while the unit cost of 

SCSP was found to be the lowest for the same target ultimate load. As a result, the 

application of the full SCSP has more economical benefits than both partial SCSP and 

SP. But the partial SCSP and SP have more advantage in term of construction time 

and is suitable for a time-constrained project. When comparing SCSP with the 

traditional dry-process bored pile at the same target ultimate load capacity, the SCSP 

had higher efficiency and productivity than the bored pile. 

It should be kept in mind that the construction process and construction cost are 

strongly dependent on the current cost of construction materials, which varies from 

country to country. The outcome of this research will lead to the development of a 

guideline and code of practice of SCSP in soft Bangkok clay and other similar soil 
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conditions. It can also be used as a fundamental knowledge for the usage of SCSP in 

other countries, which have different soil profiles and construction costs. This practice 

research highlights the critical elements for the design and construction management 

(cost and time), installation process and load test results of SCSP, which are useful for 

construction industry particularly pertaining to the scheduling and cost performance 

of SCSP in construction projects. It provides recommendations for good practice in 

Thailand, which can be used as a reference for project engineers, developers, 

contractors, local authorities and other relevant end-users. Outcomes of this research 

are also applicable to other developed and developing countries. 
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CHAPTER IV 

APPLICATION OF SOIL CEMENT COLUMNS AS A 

TEMPORARY RETAINING WALL FOR NARROW DEEP 

EXCAVATION IN SOFT BANGKOK CLAY 

 

4.1   Introduction 

Soil excavation is practically constructed to maximize the underground 

construction project including office and parking space, storage, mechanical and 

electrical rooms, and living units. The excavation work is typically conducted with a 

stable slope to prevent the soil collapse in available area adjacent to the excavation 

site. In many cases, the construction site’s property lines and surrounding conditions 

are the constraint of the soil excavation within the property lines especially in urban 

areas. Temporary earth retaining structure with or without support system to protect 

the soil collapse is therefore practically adapted. The design of excavation work 

depends on many factors including depth of excavation, geotechnical properties, 

groundwater table, superimposed vertical and lateral loads from surrounding 

buildings, and construction equipment and material storage. In other words, different 

types of retaining walls can be adapted depending upon construction procedures and 

methods. 

In recent years, shallow (3 to 5 m depth) and narrow excavation projects in 

Bangkok area for the installation of water treatment tanks are remarkably increasing 

due to the rapid growth of urbanization in limited space of land. The temporary 
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retaining wall structure is vital for the underground excavation due to large 

compressibility and low shear strength of soft Bangkok clay. Steel sheet pile wall is 

commonly used as a temporary retaining wall in many excavation projects in 

Bangkok. However, the mobility of steel sheet pile and heavy rig into the confined 

site is the main barrier of using sheet pile wall for some construction projects. In 

addition, the vibration of sheet pile and soil movement during the installation process 

might cause a damage to neighboring buildings. The soil-cement column (SCC) wall 

using the deep cement-soil mixing (DCM) technique is therefore an alternative 

construction of a temporary retaining wall. 

DCM is one of the effective ground improvement techniques that the 

cementing agents including lime, cement slurry, and cement mortar are injected into 

the ground for soil stabilization (Wang et al., 2020, Shen et al., 2003, Shen et al., 

2008, Horpibulsuk et al., 2012). DCM technique has been successfully employed in 

various projects such as building, road, railway, embankment, highway, and airport 

(Horpibulsuk et al., 2011, Shen et al., 2013, Shen et al., 2008, Shen et al., 2009, 

Srijaroen, et al., 2021). DCM method was successfully used to improve the bearing 

capacity and embankment settlement of the Bangna-Bangpakong highway in Thailand 

(Bergado et al., 1999). Jamsawang et al. (2015) used two types of pile for the 

construction of Rama Hospital at Bangplee, Samutprakarn Province, near the 

Bangkok area. Type 1 was SCC of 0.5 m in diameter and 10.0 m length, while type 2 

was stiffened SCC (SSCC) that eucalyptus wood (0.15 m in diameter and 6.0 m 

length) was installed in the middle of SCC. It was reported that the ultimate load 

capacity of SSCC was 250 kN, which was about 30% higher than that of SCC. 

Similarly, the performance of the SCC and the SSCC was compared via a full-scale 
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pile load tests in soft Bangkok clay (Jamsawang et al., 2010). The SCC had a diameter 

of 0.60 m and 7.0 m length. The SSCC consisted of SCC with a precast reinforced 

concrete cored pile (0.22 x 0.22 m) installed in the middle. The average ultimate 

vertical and lateral load capacities of SSCC were about 2.2 and 15 times higher than 

those of SSC, respectively.  

The behavior of the test embankment constructed on SCC in soft Bangkok 

clay has been investigated by many researchers (Chen, 1990; Lin and Wong, 1999; 

and Lai et al., 2006). Vootipruex et al. (2011a) also performed the comparison study 

between SSCC (precast reinforced concrete core pile inserted in its center) and SCC 

constructed in the soft ground via a full-scale embankment load test and finite element 

simulation. It was indicated that the SSCC can reduce the vertical settlement and 

lateral movement about 40% and 60%, respectively when compared with SCC. 

SCC was also used for excavation works to build foundation and basement of 

high-rise buildings (Wang et al., 2010). Jamsawang et al. (2017) investigated the 

behavior of SCC wall using a top-down support system for unbalanced deep 

excavation in soft Bangkok clay. It was found that the SCC wall significantly reduced 

the effect of unbalanced pressure. The ground movement during excavation was 

within an acceptable range and did not cause any defect to the unrestraint pile. 

Tanseng (2012) also indicated that the SCC wall with wall-strut system could be used 

to minimize the ground movement of tunnel construction in soft Bangkok clay. The 

amount of observed lateral movement was relatively low compared with the 

conventional sheet pile and diaphragm wall. 

Many researchers have mainly studied on the stability of the SCC and SSCC 

walls in soft Bangkok clay via finite element method (FEM) and full-scale tests. 
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However, no studies have completely reported on the relationship among execution 

time and cost and stability of SCC and SSCC. The comparison of SCC and SSCC 

walls with the conventional sheet pile wall system in terms of execution time and cost 

and stability (factor of safety and lateral movement) is useful in selection of the 

suitable retaining structures for different constraints such as site accessibility to attain 

the target stability with reasonable construction cost and time. In this research, the 

calibration of FEM model was first carried by comparing the simulated results of 

constructed SCC and SSCC walls at a studied construction site in Bangkok with the 

corresponding field measurement. Then, a parametric study was performed to 

investigate the influence of various factors on wall movement, stability and 

construction cost and time. The influential studied parameters included types, 

patterns, and length of SCC and SSCC walls. The outcome of this research will 

facilitate an effective design and selection of SCC and SSCC walls and sheet pile wall 

as a temporary support system for excavation work in soft Bangkok clay to have an 

adequate factor of safety and minimal lateral movement at reasonable cost and time.        

 

4.2 Field Case Study 

4.2.1 Project description 

The construction site was located at Bangkok-Noi District, Bangkok, 

Thailand, and the site geometry is shown in Figure 4.1a. The excavation of up to 4.5-

meter depth was required to install three huge recycled water tanks. This excavation is 

considered as shallow and narrow excavation and the 4.5 m deep excavation is 

common for the recycled water tank projects. The sheet pile wall with bracing 

typically used in soft Bangkok clay was not suitable at this site because the existing 
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buildings obstructed the entrance of the installation machine (Figure 4.1a). Due to the 

limitation of the property line of the construction site, two types of soil cement 

column wall, namely soil cement column (SCC) Wall and stiffened soil cement 

column (SSCC) Wall were designed as temporary walls in this project. The SCC was 

0.6 m in diameter and 12.0 m length and was installed in 3 rows, designated as SCC-

3Row Wall. While the SSCC consisted of the steel pipe (0.2 m in diameter and 9.0 m 

length) embedded in the middle of SCC (SSCC-1Row Wall) was installed in the 

confined area. Figures 4.1b and 4.1c show the layouts and sections of SCC-3Row 

Wall and SSCC-1Row Wall. 

Figure 4.2 demonstrates the construction sequence of this project. The 

construction of retaining wall and installation of recycled tanks took about 56 days. 

The construction process was started by the installation bored piles for about 7 days.  

The mobilization of equipment and the setup of plan mixing were prepared for 5 days. 

The SCC-3Row Wall was first installed for 8.5 days and followed by SSCC-1Row 

Wall installation for 2.5 days. Subsequently, the inclinometers were installed to 

measure the lateral movements behind the SCC-3Row Wall and SSCC-1Row Wall 

during the excavation and after the installation of recycled water tanks (Figure 4.1a). 

After 10 days of inclinometers installation, the excavation was commenced.  

The soil excavation was carried out in two stages: (1) soil excavation to a 

depth of 2.0 m (for 2 days) and (2) soil excavation to a final depth of 4.5 m (for other 

3 days). The first lateral movements were measured (28 days and 20 days after 

installation of SCC-3Row Wall and SSCC-1Row Wall, respectively). The duration for 

cutting pile head, and construction of lean concrete and basement was about 5 days. 

The installation of columns to support the recycled water tanks took about 4 days and 
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the installation of three recycled water tanks took other 4 days. The second lateral 

movement was then measured after the leaking test of recycled water tanks (41 days 

and 33 days after installation of SCC-3Row Wall and SSCC-1Row Wall, 

respectively). Finally, the filling sand was backfilled for constructing the concrete 

pavement on the top of water tanks (3 days). 

 

 

(a) Site geometry.  
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(b) SCC-3Row Wall      (c) SSCC-1 Row Wall 

 

Figure 4.1. (a) Site geometry, and types of retaining wall that construction: (b) SCC-

3Row Wall and (c) SSCC-1Row Wall. 
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Figure 4.2. Construction sequence.  

 

4.2.2 Soil and SCC properties 

The soil profile at the construction site varied from soft to stiff clay 

where about 10 meters of soft clay had very low undrained shear strength (Su) of 

approximately 20 kPa with a high water content (Figure 4.3). This soil profile is 

typical in central Bangkok (Horpibulsuk et al., 2007). The natural water content of the 

soft clay was approximately 80%, liquid limit = 60 – 80%, plastic limit = 20 – 30%, 

coefficient of compression = 0.35, and friction angle = 23o.  

After 28 days of construction of SCC Wall, the core samples obtained 

from the middle of SCC at various depths by a coring machine were prepared for the 

unconfined compressive strength (qu) tests. The qu samples were trimmed to have a 

dimeter to length ratio of 1:2 (50 mm in diameter and 100 m length). The undrained 

shear strength of SCC ( )
SCCuS  was approximated from qu value as 1/ 2

SCCu uS q= . 
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Figure 4.4 indicates the 
SCCuS values at various depths whereby the average 

SCCuS value 

was about 535 kPa.  

 

 

 

Figure 4.3. The soil profile at the construction site, Bangkok-Noi District, Thailand. 
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Figure. 4.4. A relationship between depth and undrained shear strength of SCC. 

 

4.2.3 Finite element analysis  

Finite element (FE) method using PLAXIS 2D program was used to 

investigate the behavior of constructed SCC Wall and SSCC Wall. The soil, SCC 

Wall and SSCC Wall were 15-node wedge elements. The Mohr-Coulomb failure 

criterion was used for SCC Wall and SSCC Wall, which were modeled as linearly 

elastic to perfectly plastic materials as suggested by previous researchers (Han et al., 

2007; Abusharar et al., 2009; Voottipruex et al., 2011, Huang & Han, 2009; Mun et 

al., 2012, Wonglert et al., 2018). 

The Mohr-Coulomb model was suggested to simulate the soft clay in 

some previous studies due to its simplicity (Hossain et al., 2006; Huang et al., 2006; 

Madhyannapu et al., 2006; Han et al., 2005; Chen et al., 2006). However, the Soft 

Soil model was employed to simulate the behavior of soft clay in this study. The Soft 

Soil model is suitable for materials that exhibit degree of compressibility such as 
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normally consolidated clays (Neher et al., 2000). The Soft Soil constitutive model was 

successfully used to model the behavior of soft Bangkok clay (Rukdeechuai et al., 

2009, Surarak et al., 2012). The model parameters for SCC and soft clay are shown in 

Table 4.1. Table 4.2 summarizes the parameters of steel pipe. Figure 4.5 

demonstrates the FE mesh used for the simulation of SCC Wall and SSCC Wall. The 

construction stages of SCC Wall were performed as follows: Stage (1) the generation 

of initial stresses, Stage (2) the installation of the 12-m depth SCCs, Stage (3) the 

excavation of 2.0 m depth, Stage (4) the excavation of 4.5 m depth, and Stage (5) the 

determination of factor of safety (FS). Similarly, the construction stages of SSCC 

Wall were carried out by Stage (1) the generation of initial stresses, Stage (2) the 

installation of the 12-m depth SCCs, Stage (3) the installation of the steel pipes in the 

center of SCCs, Stage (4) and Stage (5) the excavation of 2.0 m depth and 4.5 m 

depth, respectively, and finally the determination of FS was performed in Stage (6).  
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Table 4.1 Soil parameters for finite element analysis. 

Material 

Depth 

(m) 

Model 

Material 

Behavior 

 

C’ 

(kN/m2) 

 

Φ’ 

Poisson'

s Ratio, 

V 

λ* K* 

Young 

Modulus, 

E 

(kN/m2) 

k 

(m/ 

day) 

ᵞdry 

(kN/

m3) 

ᵞwet 

(kN/

m3) 

Soft 

Clay 

(0-10 m) 

Soft Soil Undrained 2 23 0.33 0.10 

 

 

0.02 

 

 

 

- 

 

5x10

-4 

9 15 

Medium 

Clay 

(10-18 

m) 

Soft Soil  Undrained 3 

 

25 

0.30 

 

0.03

2 

 

0.00

8 

 

- 

2.5x

10-4 

10 15 

Stiff 

Clay 

(18-25 

m) 

Soft Soil Undrained 5 26 0.30 

0.02

0 

0.00

6 

- 

2.5x

10-4 

14 18 

SCC 

(0-12 m) 

Mohr- 

Coulomb 

Undrained 500 1 0.33 - - 1.0E5 

2.5x

10-4 

15 18 
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Table 4.2 Parameter of steel pipe and sheet pile (Plate) for finite element analysis. 

Type of 

wall 

Type of 

behavior 

Normal 

Stiffness 

EA 

(kN/m) 

Flexural 

Rigidity 

EI 

(kNm2/m) 

Equivalent 

thickness 

d 

(m) 

Weight 

w 

(kN/m/m) 

Poisson's 

Ratio, 

V 

SSCC Elastic 1.22E6 6850 0.262 0.470 0.15 

SSCC 

with 

bracing 

system 

Elastic 

6.10E5 3425 0.262 

0.235 0.15 

Sheet Pile Elastic 1.5E6 3360 0.164 1.500 0.15 

 

 

     

   (a) SCC-3Row Wall                                       (b) SSCC-1 Row Wall 

 

Figure 4.5 FE mesh used for the back-analysis soil stiffness: a) SCC-3Row Wall and 

b) SSCC-1Row Wall. 

 

The approximation of FS was performed by the shear strength reduction (phi-c 

reduction) method in PLAXIS 2D program, whereby the strength parameters tanϕ and 
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c of the soil were reduced until the structure failure occurred. The calculation of FS 

can be obtained from the following equations: 

 

available stregnth
value of  at failure

strength at failure
FS Msf= =             (4.1) 

tan

tan

input input

reduced reduced

c
Msf

c




= =                 (4.2) 

 

where tan input  and inputc  are the strength parameters of the material sets input 

during modeling and  tan reduced  and reducedc  were the reduced values obtained from 

the FE program. Msf was first set as 1.0 at the start of calculation and the 

incremental Msf was used to specify the increment of the strength from the first 

calculation step until its unreduced values (strength at failure).  

 

4.3 Parametric study 

After the finite element modeling has been validated, it was used for the 

parametric study. The effect of influence factors on the analysis and design in term of 

cost, time, and quality (FS and lateral movement) of the retaining wall types (SCC, 

SSCC and sheet pile with bracing) were studied. The stiffness of sheet pile is low, 

therefore the bracing is required to prevent the large lateral movement. The number of 

SCC rows can be reduced by inserting the steel pile to be SSCC Wall. The bracing 

also improves the FS. The SCC-2Row Wall, SSCC-1Row Wall with and without 

bracing system, and sheet pile wall were studied in this research (Figure 4.6). For 

SSCC Wall with bracing system, the steel piles were installed at the edge of SCC at 
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every other SCC to weld with the wale and strut system. The parameters of soil and 

pile structures for FEM analyses were presented in Tables 4.1, 4.2, and 4.3. 

 

(a) SCC-2Row Wall           (b) SSCC-1Row Wall with bracing    (c) Sheet pile system 

 

Figure 4.6. Layout and section of retaining wall: a) SCC-2Row, b) SSCC-1Row with 

bracing, and c) sheet pile. 

 

 

 

 

 

 

 

 

 



 
119 

 

Table 4.3. Parameter of strut (Anchor) for finite element analysis. 

Type of wall 

Type of 

behaviour 

Normal 

Stiffness 

EA 

(kN/m) 

Spacing out 

of plan 

Ls 

(m) 

Maximum 

force 

(kN) 

SSCC with 

bracing system 

Elastic 

2.0E6 5.00 1.0E15 

Sheet Pile Elastic 2.0E6 5.00 1.0E15 

 

Figure 4.7 shows the FE model and FE mesh of SCC-2Row Wall, SSCC-

1Row Wall with bracing system, and sheet pile wall. The phi-c reduction method 

based FS analyses were also carried out to investigate the stability and lateral 

movement of various types of SCC and SSCC Walls and compared with those of the 

sheet pile wall system. In this parametric study, the final depth of excavation was 

fixed at 4.5 m depth as it is common for the recycled water tank project. The thickness 

of soft Bangkok clay was fixed at 10 m, which is typical for central Bangkok area 

(Horpibulsuk et al., 2007). 
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                (a) SCC-2Row Wall                (b) SSCC-1Row Wall with bracing 

 

© Sheet pile wall 

 

Figure 4.7. FE mesh: a) SCC-2Row wall, b) SSCC-1Row Wall with bracing, and c) 

Sheet pile wall. 

 

4.4 Finite Element Analysis Results 

The first and foremost important consideration in retaining wall design is the 

stability as unstable excavation might lead to catastrophic failure. The stability of the 

SCC and SSCC Walls can be examined by the FS. Typical FS of retaining structure 

can be varied based on international or local standards. In this research, the minimum 

required FS for a temporary structure of 1.30 specified by the Department of Public 

Works and Town & Country Planning, Thailand was used as a benchmark.  

Figure 4.8 presents the simulated lateral movements compared with the field 

measurements at 28 days and 20 days after SCC-3Row Wall and SSCC-1Row Wall 

installation, respectively and after the installation of recycled water tanks (41 days 

and 33 days after SCC-3Row Wall and SSCC-1Row Wall installation, respectively). 
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The maximum lateral movement (δmax) approximately occurred at the final excavation 

depth of 4.5 m for both simulation times. The measured field lateral movements 

during the excavation and after the installation of recycled water tanks were in good 

agreement with the FE results for SCC-3Row Wall and SSCC-1Row Wall. As such, 

the selected soil model could be used for the parametric studies. The FE estimation 

results indicated that FS of the SCC-3Row Wall and SSCC-1Row Wall were 2.05 and 

1.45. With higher FS, the SCC-3Row Wall exhibited lower lateral movement than the 

SCCC-1Row Wall; the maximum lateral movement of SCC-3Row Wall was about 24 

mm at 41 days while it was about 34 mm for the SSCC-1Row Wall at 33 days.  

 

  

(a) SCC-3Row Wall      (b) SSCC-1Row Wall 

 

Figure 4.8. Soil movement a) SCC-3Row Wall and b) SSCC-1Row Wall.  
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4.5   Results of Parametric Study 

Jamsawang et al. (2015) revealed that maximum lateral movement, δmax for a 

SCC retaining structure was directly related to FS. Figure 9 demonstrates the 

relationship between the δmax  and FS of various types of SCC and SSCC Walls. It 

was evident that the relationship was different and depended on the type of retaining 

structures. For instance, the SCC-2Row Wall exhibited higher δmax when compared to 

the SCC-3Row Wall at the same FS. This indicated that the higher stiffness of 

retaining wall led to the lower lateral movement at the same FS. The SSCC-1Row 

Wall exhibited the lowest δmax at the same FS. This implies that the δmax of retaining 

wall can be reduced by increasing the number of SCC rows or enhancing the stiffness 

of the SCC by inserting the rigid pile. Furthermore, adding bracing to the SSCC-

1Row Wall could significantly reduce the δmax at the same FS. 

 Note that the FS of all studied types of walls can also be enhanced by 

increasing length of pile (L). 
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Figure 4.9. Correlation between maximum lateral movement and factor of safety of 

various walls.  

 

Figure 4.10 shows the relationship between δmax  and FS of all different types 

of walls with various lengths of pile (L = 5 to 13 m). It was noted that FS increased 

while δmax decreased with L up to the maximum FS and minimum δmax at the critical 

L. The FS and δmax  of SCC-3Row Wall were approximately constant when L > 12 m, 

while its FS and δmax gradually decreased and increased, respectively when L < 12 m 

(the critical L = 12 m). The critical L of SCC-2Row Wall was found to be lower of 10 

m (the stiff clay layer). Although the FS of SCC-2Row Wall was lower than that of 

SCC-3Row Wall, the FS value of SCC-2Row Wall at L = 7 m was greater than the 

minimum requirement (FS > 1.3). This indicates that the temporary retaining wall 

with two rows of SCC and L = 7 m can be used for the narrow excavation in soft 
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Bangkok clay in term of FS. However, its δmax = 48 mm was slightly high compared 

with the SCC-3Row Wall.  

Similarly, the FS and δmax of both SSCC Walls with and without bracing 

increased and decreased, respectively with increasing L. The bracing system 

significantly increased FS and reduced δmax of SSCC Wall compared with the SSCC 

Wall without bracing (Figure 10). With this bracing system, the number of steel piles 

in the SSCC Wall reduced to half of the SSCC Wall (without bracing). The FS of 

SSCC-1Row without bracing was higher than 1.3 when L was greater than 7 m 

(similar to SCC-2Row Wall) while L of only 5 m could achieve FS > 1.3 for SCC-

1Row Wall with bracing system. 
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Figure 4.10. The relationship between factor of safety and lateral movement varied 

with lengths of piles. 

 

Figure 4.11 shows the relationship between the FS and cost of construction at 

various L of different types of retaining walls. The cost of construction was estimated 

based on the cost of material and labor in 2020. Execution cost of SCC was 10.95 

USD/m (material cost = 5.50 USD/m and labor cost = 5.45 USD/m), while the 

execution cost of steel pipe was 34 UDS/m (material cost = 17 USD/m and labor cost 

= 17 USD/m) (1 USD = 32 baht). The cost of construction was estimated per 1-m 

length of retaining wall, where there were 4 SCCs and 6 SCCs per 1-m length for 

SCC-2Row Wall and SCC-3Row Wall, respectively. Practically in Thailand, the 

execution cost of sheet pile is 14 USD/m, which includes labor cost and rental cost 
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per one month. As such, the sheet pile wall system is not economic for a long-term 

project due to the increased rental cost. 

The construction cost of all types of SCC Walls gradually increased with 

increasing L (Figure 4.11) due to the increased construction material and time. At a 

particular L, the SSCC-1Row Wall without bracing had the highest cost, while the 

SCC-2Row Wall had the least followed by SSCC-1Row with bracing and SCC-3Row 

Wall. Comparing the SCC-2Row Wall with the conventional sheet pile, the 

construction cost of SCC-2Row Wall was lower when L < 10 m. Besides the stability 

enhancement, the bracing system could reduce the construction cost of SSCC Wall. It 

was found that the construction cost of SCC-1Row with bracing was lower than that 

of SCC-1Row without bracing for all L while FS was much higher. When compared 

with SCC-3Row Wall, the SSCC-1Row with bracing had higher FS and lower 

construction cost. For FS > 1.3 criterion, the construction cost of SCC-2Row with L = 

7 to 10 m, SCC-3Row with L = 7 m and SSCC-1Row with bracing with L = 7 to 8 m 

were comparable with that of the conventional sheet pile. The FS of the SSCC-1Row 

with bracing with L = 7 to 8 m was between 1.95 and 2.15 while the FS of 

conventional sheet pile was 2.60 with L = 12 m.  
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Figure 4.11. The relationship between factor of safety and cost of construction varied 

with lengths of piles. 

 

Figure 4.12 shows the relationship between time and cost of construction for 

all types of walls with various L. The time of the construction was presented in hours 

per 1-m length of retaining wall. Figure 4.12 indicated that the number of rows and L 

of SCC Wall notably influenced the construction time (i.e., for the same L, the 

construction time of SCC-3Row Wall was significantly longer than that of SCC-

2Row Wall). The construction time of SSCC-1Row Wall without bracing was the 

shortest although its construction cost was the most expensive. The SCC-2Row Wall 

was the cheapest and the construction was fast (just after SSCC-1Row without 

bracing). Compared the SCC-2Row Wall and the SCC-3Row Wall, the slope of the 
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construction time versus L relationship was steeper for SCC-3Row Wall because the 

number of SCC rows controlled the construction time. Even the construction time of 

SSCC-1Row with bracing was higher than that of SSCC-1Row without bracing for L 

between 5 and 13 m, the slope of the construction time versus L relationship was 

gentler. As such, the difference in construction time was smaller with longer L. For L 

< 7 m, the SSCC-1Row with bracing had the longest construction time and followed 

by the SCC-3Row. However, for L > 7 m, the SCC-3Row had the longest 

construction time and followed by the SSCC-1Row with bracing. 

 

 

 

Figure 4.12. The relationship between time and cost of construction varied with 

lengths of piles. 
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Based on Figures 4.11 and 4.12, the comparison of construction time and cost 

and FS of all types of SCC Wall were investigated. The FS of SCC-3Row Wall and 

SSCC-1Row with bracing were greater than 1.3 when L > 5 m while SCC-2Row Wall 

and SSCC-1Row without bracing with L > 7 to 13 m had FS > 1.3. Compared SCC-

2Row with SCC-3Row when FS > 1.3, the construction cost and time of SCC-2Row 

were lower than SCC-3Row when L was between 7 and 13 m. Similarly, when 

compared SSCC-1Row with and without bracing for FS > 1.3, although the 

construction time of SSCC-1Row with bracing was higher than that without bracing 

when L was between 7 and 13 m, the slope of the construction time versus L 

relationship indicated that the construction time of bracing wall was smaller for very 

long L. On the other hand, the construction cost of SSCC-1Row without bracing was 

significantly higher than that with bracing at all L. 

When L > 7 m, the FS of SCC-2Row and SSCC-1Row without bracing were 

similar while the construction time and the slope of construction time versus L 

relationship of SCC-2Row were lightly higher. However, the construction cost of 

SSCC-1Row without bracing was significantly higher than that of SCC-2Row due to 

the material cost. The FS of SCC-2Row was found to be constant when L > 10 m 

while FS of SSCC-1Row was linearly increased. As such, for FS > 1.3 criterion, 

SCC-2Row had an advantage than SSCC-1Row without bracing at the critical L < 10 

m in term of construction cost but disadvantage in term of construction time. The 

stability of these two types of wall can be increased by increasing its stiffness by 

either bracing system or increased number of SCC rows.  

When compared SCC-3Row with SSCC-1Row with bracing, although the 

construction cost of SSCC-1Row with bracing was slightly lower than that of SCC-
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3Row, its FS was remarkably higher than SCC-3Row at all L. It implies that the 

SSCC-1Row with bracing had benefits than SCC-3Row in term of stability and 

construction time. For this application, L = 5 m is recommended for both types of 

retaining wall.  

When compared SCC-3Row and SSCC-1Row with bracing at L = 5 m with 

SCC-2Row at 7 m (these had FS > 1.3), the construction cost of SCC-2Row (306.6 

USD) was the lowest followed by SSCC-1Row with bracing (361.4 USD) and SCC-

3Row (394.2 USD). The construction time of SCC-2Row (1.03 hr/m) was the shortest 

and followed by SCC-3Row (1.54 hr/m) and SSCC-1Row with bracing (1.56 hr/m). 

In other words, the SCC-2Row at 7 m was the most effective in term of time and cost 

at the same FS > 1.3 criterion when compared with other type of SCC and SSCC 

walls. 

 

4.6 Advantages and Disadvantages of the Studied Walls 

4.6.1 For an accessible construction site 

The standard 12-m long steel sheet pile with bracing system is 

commonly used as a temporary retaining structure for underground excavation. When 

comparing the FS of various studied walls at L = 12 m, the sheet pile wall with 

bracing had higher FS than SCC-3Row Wall, SCC-2Row Wall, and SSCC-1Row 

without bracing, but lower than SSCC-1Row with bracing (Figure 4.11). At same L = 

12 m, sheet pile wall had the cheapest cost of construction and followed by SCC-

2Row Wall, SSCC-1Row with bracing, SCC-3Row Wall, and SSCC-1Row without 

bracing, respectively. The time of construction of sheet pile wall was similar to that 

SCC-2Row Wall while it was higher than SSCC-1Row without bracing and lower 
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than SSCC-1Row with bracing and SCC-3Row Wall. It can be seen that at the 

standard L = 12 m, sheet pile had advantage in term of construction cost, while it had 

comparable benefits of FS and time of construction when compared with other types 

of walls. In general, the advantages of SCC and SSCC Walls over the conventional 

sheet pile is the designed length of pile can be varied to meet the required FS > 1.3 

(for temporary retaining wall) while minimize the construction cost and time of 

retaining wall.   

4.6.2 For a confined construction site 

The 12-m standard length of sheet pile and the bracing system are 

considered as a constraint for the confined construction area such as Bangkok city. 

Consequently, the sheet pile wall and SSCC Wall with bracing are not suitable for 

such a condition. SCC Wall is a good alternative choice for a shallow and narrow 

excavation in soft Bangkok clay whereby the stability, lateral movement, cost and 

time of construction of SCC Wall can be flexibly designed at various desired length of 

pile. The length and number of SCC rows as well as its stiffness significantly 

controlled the stability and the construction cost and time of the SCC Walls. The 

construction cost and time analyses in this research revealed that the SCC-2Row at 7 

m (about 1.5 times longer than excavation depth) was found to be the most effective 

when compared with other type of SCC walls at the same FS > 1.3 (see, Figure 4.11 

and 4.12). Even though SCC-3Row at 5 m can be used as a temporary retaining wall 

as its FS > 1.3, the construction cost and time were slightly higher than that SCC-

2Row at 7 m. It implies that the reduction L of SCC-3Row Wall exhibits no 

advantages in terms of construction cost and time over SCC-2Row Wall. However, 
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increasing row number of SCC can enhance the stiffness of the wall and resulted in 

reducing δmax (see Figure 4.10). 

4.6.3 Summary and Recommendation 

Based on the minimum requirement of FS = 1.3 for temporary 

retaining wall, the cost and time of construction of the case study can be reduced with 

effective wall design. The advantage of SSCC and SCC Wall system is the 

selectabilty of L whereas the L of sheet pile is fixed at 12 m and the FS is much higher 

the minimum requirement for temporary support. The construction cost of sheet pile 

system is mainly from the rental cost of sheet pile. The mobilization of long sheet pile 

and bracing system is disadvantageous for confined construction site.  

Therefore, to maximize the performance of the SCC as a temporary 

retaining wall for the narrow excavation project in soft soil, some influence factors 

including types of wall, length of pile, FS, lateral movement, cost and time of 

construction should be considered in the analysis and design procedure. The 

procedures for the design of SCC Wall are summarized as follows: (1) carry out the 

in-situ soil investigation and geotechnical laboratory testing to obtain the required soil 

parameters, (2) design and select the SCC Wall properties, (3) design and select 

option of retaining structures, (4) variation of pile embedment depth and wall 

thickness (stiffness), (5) consider construction sequences and constraints, and (6) 

calculate wall stability and soil movement by FE method, and finally study the cost 

and time of construction as summarized in Figures 4.10, 4.11 and 4.12. 
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4.7 Conclusion 

This research work performed the comparison studies of SCC and SCCC walls 

with the conventional sheet pile wall system in term of execution time and cost and 

stability (factor of safety and lateral movement), which is useful in selection of the 

suitable retaining structures for different constraints such as site accessibility to attain 

the target stability with reasonable construction cost.  

The case study of the narrow deep excavation construction in soft Bangkok 

clay using SCC and SSCC walls as temporary retaining wall was studied and 

compared with the conventional sheet pile wall system. The model calibration was 

carried out using finite element method (FEM) in computer program, PLAXIS 2D to 

fit the FEM results with the field measurement data. The parametric studies including 

types of retaining structures, embedment depths, and bracing system were then 

performed to investigate the advantages and disadvantages between the SCC, SSCC, 

and sheet pile wall in term of stability (FS and lateral movement), effective economic 

analysis (construction cost and time) in the different site conditions. 

The results indicated that the performance of retaining wall in term of cost and 

time of construction and FS and lateral movement can be achieved by the variation of 

the parametric studies. The simplicity and low construction cost of sheet pile wall 

were advantageous for the project in the accessible construction site when compared 

with other types of SCC and SSCC walls at only standard length of pile (L = 12 m). 

However, the rental cost of sheet piles during construction and their removal cost after 

the completion of construction were disadvantages for the long-run construction 

project. In addition, due to the low stiffness of sheet pile, bracing system was required 

to prevent the failure from the large lateral movement, or it might cause the problem 
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to the neighboring infrastructures. The variation of sheet pile length or the 

requirement of bracing system was not suitable for the narrow and shallow to medium 

depth excavation. As such, the SCC and SSCC Walls can be designed to maximize 

the stability performance (FS and lateral movement) while minimize the construction 

cost and time, which have more advantages than that conventional sheet pile system. 

In this research, SCC-2Row at 7 m, where the length of pile was about 1.5 times 

longer than the excavation depth was found to be the most effective wall in term of 

time and cost at the same FS > 1.3 criterion when compared with other type of SCC 

and SSCC walls in both accessible construction site and confined construction site.  

The outcomes from this research can be used as a guideline to facilitate an 

effective analysis and design as well as selection of SCC Wall as a temporary 

retaining wall for excavation in the soft Bangkok clay. The knowledge gained from 

this research can be also applied to the similar excavation in soft soils.   
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CHAPTER V 

CONCLUSION 
 

5.1   Conclusion 

The significance of this research in field investigation and finite element 

analysis of soil cement columns in foundation and excavation applications in soft 

Bangkok clay can be concluded as follows. 

 The cost and time of executing SCSP were compared with those of traditional 

dry-process bored pile to illustrate the advantage of SCSP. The ultimate load capacity 

of the piles studied was examined by the field static load test and compared with the 

conventional design methods. The ultimate load capacity of SP was significantly 

enhanced by the SCC. The full SCSP provided the highest ultimate load capacity 

comparing to SCC, SP, and partial SCSP at the same pile length. The conventional 

individual bearing method could be used to estimate the ultimate load capacity of SP. 

The load capacity predictive equations for both partial and full SCSP due to soil 

failure were proposed and validated based on the field static pile load test results. The 

equations are applicable for soft Bangkok clay and were successfully used for some 

construction projects in Thailand. 

In Thailand, the application of the full SCSP can save on the installation cost 

when compared to SP and partial SCSP at the same required ultimate load. The 

execution (raw material and labor) cost of SP was 4.2 times higher than that of SCC 

for the same pile length. In other words, the execution cost of partial and full SCSP is 

governed by the SCC length; the longer the SCC length results in the cheaper 
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execution cost. The execution time was 0.03, 0.05 and 0.08 hour/m length for SP, 

SCC and full SCSP; the execution time of the full SCSP was approximately 2.5 times 

longer than that of the SP. The execution time of SCSP increased with the increase in 

the SCC length. The unit cost of SP was found to be the highest while the unit cost of 

SCSP was found to be the lowest for the same target ultimate load. As a result, the 

application of the full SCSP had more economical benefits than both partial SCSP and 

SP. But the partial SCSP and SP had more advantage in term of construction time and 

was suitable for a time-constrained project. When comparing SCSP with the 

traditional dry-process bored pile at the same target ultimate load capacity, the SCSP 

had higher efficiency and productivity than the bored pile. 

The case study of the narrow deep excavation construction in soft Bangkok 

clay using SCC and SSCC walls as temporary retaining wall was studied and 

compared with the conventional sheet pile wall system. The model calibration was 

carried out using finite element method (FEM) in computer program, PLAXIS 2D to 

fit the FEM results with the field measurement data. The parametric studies including 

types of retaining structures, embedment depths, and bracing system were then 

performed to investigate the advantages and disadvantages between the SCC, SSCC, 

and sheet pile wall in term of stability (FS and lateral movement), effective economic 

analysis (construction cost and time) in the different site conditions. 

The results indicated that the performance of retaining wall in term of cost and 

time of construction and FS and lateral movement can be achieved by the variation of 

the parametric studies. The simplicity and low construction cost of sheet pile wall 

were advantageous for the project in the accessible construction site when compared 

with other types of SCC and SSCC walls at only standard length of pile (L = 12 m). 
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However, the rental cost of sheet piles during construction and their removal cost after 

the completion of construction were disadvantages for the long-run construction 

project. In addition, due to the low stiffness of sheet pile, bracing system was required 

to prevent the failure from the large lateral movement, or it might cause the problem 

to the neighboring infrastructures. The variation of sheet pile length or the 

requirement of bracing system was not suitable for the narrow and shallow to medium 

depth excavation. As such, the SCC and SSCC Walls can be designed to maximize 

the stability performance (FS and lateral movement) while minimize the construction 

cost and time, which have more advantages than that conventional sheet pile system. 

In this research, SCC-2Row at 7 m, where the length of pile was about 1.5 times 

longer than the excavation depth was found to be the most effective wall in term of 

time and cost at the same FS > 1.3 criterion when compared with other type of SCC 

and SSCC walls in both accessible construction site and confined construction site. 

  

5.2   Recommendation 

The outcome of this research will lead to the development of a guideline and 

code of practice of SCSP in soft clay, which useful for construction industry 

particularly pertaining to the scheduling and cost performance of SCSP in 

contemporary construction projects. The knowledge gained from study of SCC wall, 

SSCC wall and sheet pile system in excavation can be applied to the similar 

excavation in soft soils. However, in this research were studied only in soft Bangkok 

clay. Therefore, the study of apply SCC in different soils such as sand is 

recommended for further research for benefit of geotechnical works.     

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
144 

 
 

 

The estimation of the ultimate load capacity of the SP (Eq.3.6), partial and full SCSP 

(Eqs.3.10 and 3.11) and bored pile (Eq.3.12) presented in Table 3.2 is presented as 

follows: 

 

𝑄𝑢𝑙𝑡 = ∑ 𝐴𝐻 𝑐𝑢𝑁𝑐                (3.6) 

 

𝑄𝑢𝑙𝑡 = 𝜋𝑑(𝛼𝑖𝐿scc𝑖
𝑐𝑢𝑖

) + 9n𝐴𝐻𝑐𝑢𝑗
+  9𝐴𝑝𝑏𝑐𝑢𝑝𝑏              (3.10) 

   

𝑄𝑢𝑙𝑡 = 𝜋𝑑(𝛼𝑖𝐿scc𝑖
𝑐𝑢𝑖

) +  9𝐴𝑝ℎ𝑐𝑢𝑝𝑏               (3.11) 

 

𝑄𝑢𝑙𝑡 = 0.45𝑆𝑢𝐴𝑠 + 9𝑤𝐴𝑏𝑆𝑢 where, w = 0.80 based on 

 Skempton (1966)                                                                                 (3.12) 

 

 

 



 
145 

 
 

where d = diameter of SCC; α = adhesion factor; Lscci = length of SCC; 𝑐𝑢𝑖
 = 

undrained shear strength of soil surrounding SCC; 𝑐𝑢𝑗
 = undrained shear strength of soil 

below SCC; 𝑐𝑢𝑝𝑏  = undrained shear strength of soil layer at pile base; n = number of 

the helix below SCC; AH = area of the helix (without filled concrete); and Apb = 

combined area of the helix and shaft at pile base, and Nc = bearing capacity factor for 

cohesive soils .  

Calculation of SP Using Eq. (6) 

For L = 17 m, Qult = 9(8)π(0.42-0.22)/4(20) + 9(1)π(0.42-0.22)/4(75) + 9(2)π(0.42-

0.22)/4(125) + 9π(0.42)/4(125) = 553 kN 

 

Partially SCSP Using Eq. (10) 

For SCC = 3 m, Qult = π(0.60)(1)(3)(20) + 9(6) π(0.42-0.22)/4(20) + 9(1) π(0.42-

0.22)/4(75) + 9(2) π(0.42-0.22)/4(125) + 9π(0.42)/4(125) = 632 

kN                             

For SCC = 5 m, Qult = π(0.60)(1)(5)(20) + 9(5) π(0.42-0.22)/4(20) + 9(1) π(0.42-

0.22)/4(75) + 9(2) π(0.42-0.22)/4(125) + 9π(0.42)/4(125) = 691 

kN                             

For SCC = 7 m, Qult = π(0.60)(1)(7)(20) + 9(3) π(0.42-0.22)/4(20) + 9(1) π(0.42-

0.22)/4(75) + 9(2) π(0.42-0.22)/4(125) + 9π(0.42)/4(125) = 732 

kN                             

For SCC = 9 m, Qult = π(0.60)(1)(9)(20) + 9(2) π(0.42-0.22)/4(20) + 9(1) π(0.42-

0.22)/4(75) + 9(2) π(0.42-0.22)/4(125) + 9π(0.42)/4(125) = 732 

kN     
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For SCC = 11 m, Qult = π(0.60)(1)(11)(20) + 9(1) π(0.42-0.22)/4(20) + 9(1) π(0.42-

0.22)/4(75) + 9(2) π(0.42-0.22)/4(125) + 9π(0.42)/4(125) = 851 

kN    

For SCC = 13 m, Qult = π(0.60)(1)(12)(20) + π(0.60)(0.50)(1)(75) + 9(2) π(0.42-

0.22)/4(125) + 9π(0.42)/4(125) = 877 kN   

For SCC = 15 m, Qult = π(0.60)(1)(12)(20) + π(0.60)(0.50)(2)(75) + 

π(0.60)(0.50)(1)(125) + 9(1) π(0.42-0.22)/4(125) + 

9π(0.42)/4(125) = 959 kN 

Fully SCSP Using Eq. (11) 

For SCC = 17 m, Qult = π(0.60)(1)(12)(20) + π(0.60)(0.50)(2)(75) + 

π(0.60)(0.50)(3)(125) + 9π(0.42)/4(125) = 1089 kN 

For SCC = 18.8 m, Qult = π(0.60)(1)(12)(20) + π(0.60)(0.50)(2)(75) + 

π(0.60)(0.50)(4.8)(125) + 9π(0.42)/4(125) = 1300 kN  

Calculation of Bored Pile (Dia. 0.60 x 21.0 m) 

Qult = 0.45π(0.60)(20x12 + 75x2 + 7x125) + 9(0.80)π(0.62)/4(125) = 1327 kN ≈ 1300 

kN.  
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