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Despite the growing demand for durable telecommunication 

infrastructure, tower stability and durability remain significant 

challenges. The self-supporting isotrussed telecommunication 

tower (SSITT) offers a promising solution, but its 

performance under wind loads requires further improvements. 

This paper investigates SSITT stability and provides 

guidelines for wind load calculations based on the 

Telecommunications Industry Association Standard 222 

Revision G (TIA-222-G). The isotruss, a lightweight lattice 

structure made from advanced composite materials, is 

analyzed using ABAQUS finite element software. Two 10 m 

8-node SSITTs, using carbon/epoxy as the material, were 

modeled. The results show that the maximum displacements 

of 45.17 mm (Model 1) and 47.29 mm (Model 2) at the top 

are within acceptable limits, while the maximum stresses of 

135.6 MPa (Model 1) and 198.9 MPa (Model 2) are below the 

material’s limit of 306 MPa. The study found that the 

longitudinal member experiences the highest stress levels, 

which may lead to buckling. To improve performance and 

durability, it is recommended that the longitudinal member be 

designed with a larger radius than the helical member. 
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1. Introduction 

In recent years, the use of fiber-reinforced polymer (FRP) composites as an alternative to traditional 

materials in infrastructure has gained significant attention [1]. This interest is driven by the many 

advantages offered by FRP materials over their traditional counterparts. For instance, FRP 

composites exhibit exceptional environmental resilience, high stiffness and strength-to-weight 

ratios, and great fatigue and corrosion resistance [2,3]. These material properties translate into a 

host of cost-performance advantages when used for structural applications [4-6], but they also allow 

for quick installation times, lower maintenance costs, and longer lifetimes compared to traditional 

materials [7]. FRP composites are composed of a polymer matrix and engineered fibers, creating a 

synergy that leverages the best qualities of both components [8, 9]. The matrix, often made from 

thermosetting resins like epoxy, polyester, or vinyl ester, binds and protects the fibers—typically 

glass, carbon, or aramid—distributing loads and imparting durability [9, 10]. The fibers provide the 

composite with remarkable strength and stiffness, crucial for the structural integrity of infrastructure 

projects. Moreover, FRP composites can be engineered to achieve specific performance criteria by 

varying the composition and arrangement of constituent materials [12]. This customization 

capability is pivotal, allowing designers and manufacturers to tailor FRP composites to meet the 

unique needs of each project. The ability to vary fiber type, orientation, and volume fraction, along 

with the choice of matrix material, offers a versatile solution to a wide range of engineering 

challenges, ensuring that FRP composites remain at the forefront of materials technology in 

infrastructure development [13]. 

The telecommunications industry is one sector that has seen the benefits of using FRP composites 

for infrastructure development [14]. Telecommunication towers are essential components of the 

communication network, and they are required to withstand environmental loads such as wind, 

snow, and ice. Conventionally, telecommunication towers have been made of steel, but in recent 

years, FRP composites have emerged as a viable alternative [13]. However, the use of FRP 

materials in telecommunication tower design requires careful consideration and analysis to ensure 

their safe and reliable performance. Due to the unique properties of FRP composites, design 

standards and guidelines such as TIA-G-222 (guidelines for antenna supporting structures) [16], EN 

1993-3-1 (European standard for steel tower design) [17], GB 50135-2006 (Chinese standard for 

high-rise structures) [18], and CSA S37-18 (Canadian standard for antenna-supporting structures) 

[19] are necessary to analyze towers made from these materials. These standards provide guidelines 

for the design, construction, and testing of telecommunication towers to ensure their structural 

integrity and stability under various loading conditions, including wind, seismic, and environmental 

loads. In addition, these standards specify the materials, fabrication, and installation requirements to 

ensure the towers' long-term durability and reliability. 

An isotruss is a three-dimensional truss structure composed of interconnected triangular units [20], 

developed by Dr. David W. Jensen, a professor at Brigham Young University in collaboration with 

NASA in 1994. This design optimizes the use of composite materials in lightweight structures 

without compromising strength [21]. Its primary components include nodes—joint connections—

and straight members that form the triangle edges, each configured into sections called 'bays' that 

are customizable for specific mechanical properties and applications [22]. Materials typically used 

for manufacturing Isotruss structures include high-performance composites like carbon fiber-

reinforced polymer (CFRP) or glass fiber-reinforced polymer (GFRP). These materials are chosen 

for their high strength-to-weight ratios and excellent corrosion resistance, which are critical for 

applications in demanding environments such as aerospace, construction, and telecommunications 
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[23]. Since its inception, ongoing research has been conducted to advance the manufacturing 

techniques [24], predict failure modes using analytical [24, 25] and numerical methods [27-29], and 

explore specific applications [30-32]. The Isotruss geometry has been employed in various 

industries and for multiple uses, including reinforced concrete beams [33], piles [27], columns [33], 

bridges [34], and bicycle frames [35]. The unique arrangement of fibers aligned with the direction 

of force enhances the material’s isotropic properties, making it transversely isotropic [36]. This 

fiber alignment not only maximizes the material's strength in the direction of stress but also 

maintains uniform properties across different directions, which is crucial for maintaining integrity 

under varied load conditions. This geometric and material configuration offers significant 

advantages including resistance to shell buckling—a prevalent issue in thin-walled structures—

owing to the repeating pattern of triangles [37]. Moreover, the isotruss structure exhibits lower drag 

forces compared to traditional solid-wall designs, providing benefits in both aerodynamic and 

hydrodynamic scenarios [38], as illustrated in Fig. 1. The triangular pattern also contributes to 

increased damage tolerance and redundancy, further enhancing the structural reliability of Isotruss 

applications [40, 41] . 

 
Fig. 1. Shell buckling resistance and drag force interpretation: (a) isotruss geometry, (b) solid-walled 

cylindrical tube. 

Isotruss technology is particularly suited to the telecommunications industry because of its 

lightweight and unique design, resulting in lower installation, maintenance, and transportation costs 

[41]. Isotruss is ideal for locations with harsh weather conditions, such as coastal regions with high 

humidity, hurricane-prone regions, and locations with difficult access for maintenance and repair, 

because it does not rust or rot. Compared to steel towers, which may need to be replaced after only 

5 years, Isotruss towers can last 50 years or more in such areas [42]. 

The present study investigates the stability of two different SSITT configurations that differ only in 

the bay length, with the second configuration having nearly half the length of the first (0.625 m and 

0.3125 m). The configuration of the isotruss structure has a direct impact on its total mass, which is 

an important consideration for tower design. The primary goal of this study is to evaluate the 

stability of the SSITT under wind loads following TIA-222-G and to provide guidelines for 

calculating wind loads. This work has been previously conducted for different tower structures by 

Rasool et al. [43]. The tower structure is modeled using ABAQUS [44] to study under two 

conditions: the ultimate limit state and the serviceability limit state. The results of this study will 

contribute to the development of SSITTs for telecommunications and other industries where 

lightweight and durable structures are required. 
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2. Data analysis 

To evaluate the stability of the SSITT, two computer models of the towers were developed and 

subjected to both dead loads and wind loads. The wind loads were calculated following the TIA-

222-G standard, while the dead load on the towers was kept constant. The tower configuration that 

was specified for the SSITT was used to create these models, along with analysis software deemed 

most suitable for the task. The software simulated the behavior of the towers under different loading 

conditions, enabling an assessment of their stability and performance. Additionally, careful 

consideration was given to the deadload applied to the towers during the analysis to ensure that the 

results accurately reflected the tower's behavior under normal operating conditions. 

2.1. Tower configuration 

This study presents an analysis of 10-meter self-supporting isotrussed towers. As shown in Fig. 

2(a), isotruss is a one-dimensional (1D) grid structure composed of longitudinal members that are 

distributed longitudinally along the structure, and the helical members spiral along the broken line 

of the axial direction of the structure to form a periodic rolling profile. Fig. 2(a) illustrates the 

construction of the structure, which consists of numerous sections or bays. From the top view of the 

eight-node Isotruss structure in Fig. 2 (b), the top view of the tower presents two misplaced squares, 

with the nodes corresponding to the vertices of the squares and the longitudinal grid bars passing 

through the intersection of the two squares. The general configuration of the tower is shown in 

Fig.2, while the specific member sizes are detailed in Table 1. 

Table 1. General arrangement and member size. 

Model 
Tower length 

𝐻(𝑚) 

Outer radius 

𝑅(𝑚) 

Member 

radius 𝑟(𝑚) 

Bay length 

𝐿𝐵(𝑚) 

Number of 

sections 𝑛sec 
Angle 𝜙(°) 

Model 1 10 0.18 0.009 0.625 16 67.839 

Model 2 10 0.18 0.009 0.3125 32 50.834 

 

 
Fig. 2. Tower configuration: (a) tower section (bay), (b) top view. 
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2.2. Analysis software 

To simulate the tower model numerically, a finite element analysis (FEA) was performed using the 

FE application ABAQUS. The modeling of the longitudinal and helical members of the Isotruss was 

achieved using the quadratic three-node beam element B32. This element is well-suited for the 

geometrically nonlinear analysis of truss structures and can be applied to evaluate thin to 

moderately thick beams. The tower was modeled with free-fixed boundary conditions. Two load 

combinations have been considered for analysis according to the limit state condition: 

Ultimate limit state (ULS) condition: 

1.2𝐷 + 1.6𝑊0 (1) 

Where 𝐷 is dead load of the structure and 𝑊0 the wind load. 

Serviceability limit state (SLS) condition: 

1.0D + 1.0W0 (2) 

Where  is dead lead of the tower and 𝑊0 the wind load. 

The towers are segmented into eight sections, and Table 2 displays the first section (0-1.25m) 

details. 

Table 2. Tower weight and area. 

Model Level (𝑚) Ht.(𝑚) 

Height from 

ground to 

centerline 

𝑍(𝑚) 

Tower mass 
(𝐾𝑔) 

Gross area of 

tower face of 

mounting 

frame 𝐴𝑔(𝑚2) 

Flat structural 

components 

projected area 

𝐴𝑓(𝑚2) 

Model 1 0-1.25 1.25 0.625 10.9375 0.45 0.23575 

Model 2 0-1.25 1.25 0.625 15.25 0.45 0.264125 

 

2.3. Dead loads on the tower 

The tower's deadloads consist of two components: the self-weight of the tower and the weight of the 

equipment to be installed on it. The self-weight of the tower can be calculated from the values 

provided in Table 2, which considers the size and geometry of the tower components. To accurately 

calculate the tower's self-weight, the material constants of the carbon/epoxy material, obtained from 

Rackliffe [41] and presented in Table 3, were used. These constants provide essential information 

about the mechanical properties of the material, which are required for calculating the self-weight 

of the tower. Using Eq. (3) so the self-weight of tower 1 and 2 are 858.375 KN and 1196.82 KN, 

respectively. 

In addition to the self-weight of the tower, the weight and dimensions of the equipment to be 

installed must be considered. Specifically, a TDD 8T8R antenna (dimensions: 1050 mm × 288 mm 

× 118 mm, 10.5 kg) is installed at 8.5 meters. 

The overall self-weight of the tower model 1 and model 2 are 868.875KN and 1217.32 KN, 

respectively. 
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Table 3. Carbon/Epoxy material nominal properties. 

Property [Unit] Symbol Value 

Density [𝑙𝑏./𝑖𝑛.3 (𝐾𝑔/𝑚3)] 𝜌 0.049(1360) 

Elastic modulus [𝑘𝑠𝑖(𝐺𝑃𝑎)] 𝐸1, 𝐸2, 𝐸3 23300(161), 966(6.66),

 966(6.66) Poison ratio 𝜈𝑧𝑟 , 𝜈𝑧𝜃 , 𝜈𝜃𝑟  0.32, 0.32, 0.33 

Shear modulus [𝑘𝑠𝑖(𝐺𝑃𝑎)] 𝐺𝑧𝜃 , 𝐺𝑧𝑟 , 𝐺𝜃𝑟 
432(2.98), 432(2.98),

 364(2.51) 

 

3. Wind load calculations and analysis 

The impact of wind loads on towers and antennas can result in abnormal structural deformation. 

The TIA-222-G standard provides guidelines for accounting for load amplification due to wind 

gusts that resonate with the self-supporting structure's along-wind vibrations. ABAQUS was 

utilized to evaluate the tower structure based on the wind load calculations. 

3.1. Tower configuration and general parameter 

The wind load in TIA-222-G is based on 3 − sec𝑔𝑢𝑠𝑡 (a 50 − 𝑦𝑟 return). Due to space limitations, the 

wind forces are computed here for a basic wind speed of 150𝑘𝑝ℎ Structure Class-I as per relations 

given in TIA-222-G. The factors include basic wind speed 𝑉 = 150𝐾𝑝ℎ = 41.7 𝑚 s⁄ , importance 

factor, 𝐼 = 0.87 (Structure Class-I), exposure category= 𝐶, velocity pressure coefficient, 𝐾𝑍 (see Eq.(3)

), 𝐾𝑍min = 0.95, topographic factor, 𝐾𝑍𝑡 = 1.0 (Topographic Catagory-1), wind direction probability 

factor,𝐾𝑑 = 0.85, gust effect factor, 𝐺ℎ = 0.85 for ℎ = 10𝑚 < 137𝑚, velocity pressure (see Eq.(4)). 

KZ = 2.01(Z/Zg)
2 α⁄

 (3) 

(qz) = 0.613KZKZtKdV2I(N/m2) (4) 

Two models have been developed as shown in Table 1 and the solidity ratio (𝜀) is calculated using the 

relation: 

ε = (Af + Ar) Ag⁄  (5) 

Where 𝐴𝑓  is the projected area of flat structural components, 𝐴𝑔  is the gross area of one tower face is 

calculated as shown and 𝐴𝑟  is the projected area of round structural components 𝐴𝑟 = 0, as there are 

no round members. 

3.2. Effective projected area (EPA) 

The effective projected area (𝐸𝑃𝐴)𝑆 of tower segments is calculated in Table 4, with reference to 

Fig. 3. Using Eq. (7), the wind force is assumed to be applied at an angle of . The formula for 

(𝐸𝑃𝐴)𝑆 is given by: 

(EPA)S = Cf[Df∑(DfAf) + Dr∑(ArRr)] (6) 

Where 𝐶𝑓  is the force coefficient for a structure, 𝐷𝑓  is wind direction factor for flat structural 

components, 𝐷𝑟  is the wind direction factor for round structural components, and 𝑅𝑟  is reduction factor 

for a round element in a tower face 𝐶𝑓 = 4.0𝜀2 − 5.9 + 4.0. 

The projected area of one bay (see Fig. 3) is as follows: 
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A = nsecAB (7) 

Where 𝐴 is Full tower projected area, 𝐴𝐵  is projected area of a bay and 𝑛sec denotes numbers of sections 

(bays). 

The effective projected area of the antenna (𝐸𝑃𝐴)𝐴 is calculated as the formula below: 

(EPA)A = CaAa (8) 

where 𝐶𝑎  is force coefficient for the appurtenance and 𝐴𝑎  is the projected area of the appurtenance. 

 
Fig. 3. projected area calculation . 

Table 4. Effective projected area (EPA)S . 

Model 
solidity ratio 

𝜀 

force coefficient 

𝐶𝑓 

projected area 

𝐴𝑓(𝑚2) 

wind direction factor 

𝐷𝑓(0°) 
(𝐸𝑃𝐴)𝑆(0°)(𝑚2) 

Model 1 0.5239 2.0069 0.2358 1.0000 0.4731 

Model 2 0.5869 1.9150 0.2641 1.0000 0.5058 

Table 4 shows the values of one section of the two models. 

3.3. Wind force on the tower. 

The wind force on the structure 𝐹𝑆𝑇  and the appurtenance 𝐹𝐴 are calculated using the following 

equations, respectively: 

𝐹𝑆𝑇 = (𝑞𝑧)𝑆𝐺ℎ(𝐸𝑃𝐴)𝑆 (9) 

FA = (qz)AGh(EPA)A (10) 

From Eq. (4) the velocity pressure coefficient 𝐾𝑍  varies according to the height 𝑍. Using exposure 

category 𝐶, means the coefficients 𝛼 = 9.5 and 𝑍𝑔 = 274𝑚. 

3.3.1. Ultimate limit state condition (ULS) 

As per the standard requirements, structures must be designed to ensure their design strength 

surpasses or is equivalent to the load effects of the factored loads for every limit state combination. 

Table 5 provides information on the wind load experienced by the tower under ultimate limit state 

(ULS) conditions, employing the combination specified in Eq.(1) 

A TDD 8T8R antenna (1050×288×118) is attached at 8.5 m to the tower body. Using both Eqs. (9) and 

(11), deriving 𝐶𝑎  from TIA-222-G in Table 2-8: 𝐹𝐴 = 0.2728𝑘𝑁(0°). 

The total design wind load, 𝐹𝑊, should be determined according to the following: 

FW = FST + FA (11) 
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Table 5. Design wind force on the tower body as per TIA-222-G. 

Section Level (𝑚) 
Velocity pressure coefficient 

(𝐾𝑍) 
Velocity pressure 𝑞𝑍(𝑘𝑁/𝑚2) 

Model 1 Model 2 

𝐹𝑆𝑇(0°)(𝑘𝑁) 𝐹𝑆𝑇(0°)(𝑘𝑁) 

8 8.75-10 0.9838 0.8667 0.3486 0.3726 

7 7.5-8.75 0.9545 0.8409 0.3382 0.3616 

6 6.25-7.5 0.9215 0.8118 0.3265 0.3490 

5 5-6.25 0.8833 0.7782 0.3129 0.3346 

4 3.75-5 0.8376 0.7380 0.2968 0.3173 

3 2.5-3.75 0.7802 0.6874 0.2764 0.2955 

2 1.25-2.5 0.7005 0.6172 0.2482 0.2653 

1 0-1.25 0.5556 0.4895 0.1968 0.2104 

 

3.3.2. Serviceability limit state (SLS) condition 

According to the TIA-222-G, the horizontal wind forces for determining service loads shall be based 

on an importance factor, 𝐼, of 1.00, for a 60𝑚𝑝ℎ [27𝑚/𝑠] basic wind speed, and a directionality factor, 

𝐾𝑑, of 0.85 for all structures. The velocity pressure coefficient, 𝐾𝑍, the gust effect factor, 𝐺ℎ, and the 

topographic factor, 𝐾𝑍𝑡, shall be equal to the values for the ultimate limit state condition. Table 6 

presents the wind force in the SLS condition. 

The wind loads in the ABAQUS model were applied using the concentrated load approach. This 

method involves dividing the pole into multiple sections and applying the calculated wind load for 

each section as a concentrated force at the midpoint of the section. This approach ensures an 

accurate representation of the wind forces acting on the pole while simplifying the modeling 

process. Fig. 5 illustrates the application of these concentrated wind loads at various heights along 

the pole. 

Table 6. Service limit state wind force as per TIA-222-G. 

Section 
Level 
(𝑚) 

Velocity pressure coefficient 
(𝐾𝑍) 

Velocity pressure 𝑞𝑍(𝑘𝑁/𝑚2) 
Model 1 Model 2 

𝐹𝑆𝑇(0°)(𝑘𝑁) 𝐹𝑆𝑇(0°)(𝑘𝑁) 

8 8.75-10 0.9946 0.3737 0.1503 0.1607 

7 7.5-8.75 0.9670 0.3626 0.1458 0.1559 

6 6.25-7.5 0.9361 0.3500 0.1408 0.1505 

5 5-6.25 0.9007 0.3355 0.1349 0.1442 

4 3.75-5 0.8593 0.3182 0.1280 0.1368 

3 2.5-3.75 0.8087 0.2964 0.1192 0.1274 

2 1.25-2.5 0.7424 0.2661 0.1070 0.1144 

1 0-1.25 0.6414 0.2110 0.0849 0.0907 

 

 
Fig. 4. ULS and SLS conditions load along the tower . 
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Fig. 5. Load pattern in ABAQUS. 

4. Tower analysis and discussion 

4.2. Strength verification 

To ensure the tower's strength, it is important to evaluate the maximum stress it can withstand under 

different conditions. In the analysis, the ultimate limit state condition was considered, which 

assesses the tower's ability to withstand extreme loads and stresses. 

The evaluation revealed that the highest stress values were mostly concentrated at the longitudinal 

members of the tower, specifically near the junctions where the longitudinal members meet the 

helical members and at the base of the tower. In Model 1 and Model 2, the maximum stress values 

were 135.6 MPa and 198.9 MPa, respectively, as shown in Fig. 6. These stress values represent the 

maximum stress the tower experienced under extreme loading conditions. 

The concentration of stress in the longitudinal members can be attributed to the structural role these 

members play. Longitudinal members primarily carry axial loads, which are significantly influenced 

by bending moments and shear forces induced by wind loads. Due to their orientation and function, 

they experience higher stresses compared to other members. Additionally, the intersections of 

longitudinal and helical members create points of stress concentration, further amplifying the stress 

levels in the longitudinal members. 

To determine whether the tower's strength met the necessary requirements, these stress values were 

compared to the design value of the carbon/epoxy material used in the tower's construction. This 

material’s design value is 306 MPa, indicating that it can withstand stresses of up to 306 MPa 

without failing. The analysis showed that both Model 1 and Model 2 were well below this value, 

indicating that the tower's strength meets the necessary requirements for the ultimate limit state 

condition. This means that the tower can withstand extreme loads and stress without experiencing 

significant deformation or failure. 
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Fig. 6. Mises stress: (a) Model 1, (b) Model 2 . 

4.2. Stiffness verification 

When constructing a tower, it is essential to ensure that it is stiff enough to withstand wind loads and 

other environmental factors. To verify the stiffness of the tower, engineers typically refer to industry 

standards like the TIA-222-G, which provide guidelines on maximum allowable displacement/height 

ratios for structures under various conditions. According to the TIA-222-G standard, the maximum 

displacement value for a tower's top under working wind speeds (serviceability limit state condition) 

should be less than 5%. This specification ensures that the tower can withstand normal wind loads 

without causing excessive deflection or deformation. 

To determine whether the tower meets the TIA-222-G standard's requirements, an ABAQUS 

analysis was performed on two different models. The first model (Model 1) exhibited a 

displacement value of 0.045 m at a height of 10 meters, while the second model (Model 2) 

exhibited a displacement value of 0.047 m at the same height. The displacement ratio was 

calculated by dividing the displacement value of each model by the height of the tower (0.045/10 = 

4.5% and 0.047/10 = 4.7%). Both models showed displacement ratios below the TIA-222-G 

standard's maximum limit of 5%, indicating that the stiffness of the tower is adequate for normal 

wind loads. 

In Fig. 7 and Fig. 8, the displacement of the two models is graphically presented. These figures 

illustrate the deformation of the tower along its height. Both towers displayed identical 

displacements up to a height of approximately 6 m. Beyond this point, slight differences in 

deformation were observed, likely due to variations in the isotruss configuration and wind load 

distribution. 

The displacement ratios of 4.5% (Model 1) and 4.7% (Model 2) are relatively sensitive to changes 

in wind speed and tower geometry. An increase in wind speed would result in higher wind pressures 

and consequently greater displacements, potentially exceeding the allowable limits. Similarly, 

changes in tower geometry, such as variations in the cross-sectional area or the length of the 

members, would alter the stiffness and deflection characteristics of the structure. Additionally, FRP 

materials exhibit elastic behavior until failure, which can result in sudden and catastrophic failure 

under high wind loads. To mitigate this risk, the design process should incorporate safety factors 

and robust design practices to ensure the structure remains within safe operational limits. 
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Fig. 7. Deflected shape under service load: (a) Model 1; (b) Model 2 . 

 
Fig. 8. Horizontal displacement of the tower versus height under wind load conditions . 

4.3. Stability verification 

To assess the stability of the structure, a buckling eigenvalue analysis was conducted using the 

Lanczos method. This involved calculating the first three modes of the structure and determining 

the corresponding buckling eigenvalues, which provide information on the structure's tendency to 

buckle or deform under loading conditions. 

In Model 1, the buckling eigenvalues for the first three modes were 5.260, -5.303, and 5.379, 

respectively. In Model 2, the values were 8.420, -8.486, and 8.548. The analysis revealed that the 

primary mode of instability was local buckling in the longitudinal members, as illustrated in Fig. 9. 

Despite this instability, the analysis showed that the structure's stability met the necessary 

requirements for the given loading conditions, indicating that it can withstand the expected loads 

without experiencing significant deformation or failure. 

The local buckling in the longitudinal members is attributed to their slenderness ratio, making them 

prone to buckling under axial loads. This finding is critical for refining and optimizing the design to 

ensure that the structure remains stable and safe under different loading conditions. Potential 

mitigation strategies to address this issue include increasing the cross-sectional area of the 
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longitudinal members, reducing their effective length by adding intermediate supports, decreasing 

the bay length, or using materials with a higher modulus of elasticity. These strategies can improve 

the buckling resistance and overall stability of the structure. decreasing the bay length or using 

materials with a higher modulus of elasticity. These strategies can improve the buckling resistance 

and overall stability of the structure. 

 
Fig. 9. Buckling analysis modes: (a) Model 1, (b) Model 2 . 

5. Conclusion 

In summary, the investigation into self-supporting isotrussed telecommunication towers (SSITT) 

under wind loads, guided by the TIA-222-G standard, offers vital insights into their structural 

performance. Utilizing advanced composite materials and ABAQUS finite element software, the 

models demonstrated compliance with industry standards across various parameters. The stiffness 

verification confirmed the towers' capacity to withstand normal wind loads, with displacement 

ratios comfortably below the 5% limit specified by TIA-222-G. Concurrently, the ultimate limit 

state strength analysis showcased robustness as stress values in both models remained well within 

the safe limits of the material used. 

While local buckling in the longitudinal member emerged as the primary instability mode, the 

stability analysis confirmed that the towers could endure expected loads without significant 

deformation or failure. The graphical representation of tower deformation illustrates the 

displacement behavior under wind loads, supporting the analysis outcomes. This visual 

 

(a) 

 

(b) 



66 M. Faharidine et al./ Journal of Rehabilitation in Civil Engineering 13-3 (2025) 54-685 

representation, combined with the stress and buckling analysis, provides a comprehensive 

understanding of the tower's performance. 

In conclusion, the study underscores the resilience of SSITTs constructed with advanced composite 

materials, specifically carbon/epoxy, offering a stable and durable solution for telecommunication 

applications. Compliance with industry standards and identified areas for refinement, particularly 

reinforcing the longitudinal member, positions SSITTs for optimal performance, ensuring stability, 

and safety under diverse loading conditions. 

6. Limitations and future research directions 

To broaden the impact of this work, future research should consider modifying tower designs for 

different wind load scenarios, such as varying terrain or extreme weather events, to ensure structural 

stability. Additionally, the choice of material significantly influences stability and performance, with 

different outcomes expected from using other FRP materials like glass/epoxy. Scaling to taller 

structures would require consideration of additional factors like increased wind loads and dynamic 

effects. Furthermore, addressing other factors that affect the integrity of SSITT, such as soil 

durability, environmental conditions, material degradation, and accidental impacts, will provide a 

more holistic understanding of the tower's performance and longevity. Finally, a detailed economic 

analysis, including life-cycle cost assessment and sustainability considerations, should be conducted 

to determine the feasibility of using SSITT in practical applications. 
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